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COMPOSITE ANTIBODIES OF HUMAN SUBGROUP IV LIGHT CH2.Y
CAPABLE OF BINDING TO TAG-T72

The present invention is directed to the fields
%, of immunology and genetic engineering.

The following information is provided for the
purpose of making known information believed by the

< A

abplicants to be of possible relevance to the present
invention. No admission is necessarily intended, nor
shouid be construed, that any of the following
information constitutes prior art against the present
10 invention. '

Antibodies are specific immunoglobulin (Ig)
polypeptideé produced by the vertebrate immune system -
response to challenges by foreign proteins,

- 15 glycoproteins, cells, or other antigenic foreign

substances. The binding specificity of such
polypeptides ‘to a particular antigen is highly refined.
with each antibody being almost exclusively directed -o

the particular antigen which elicited it.
20

Two major methods of generating vertebrate
antibodies are presently utilized:generation insitu by
the mammalian B lymphocytes and generation in cell

25 culture by B-cell hybrids. Antibodies are generated in
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antlgen is introduced into the lmmune system for a
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~are specifi noglo g)’ pol'ypép S pro uced e ver rate
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cells, or other antigenic foreign substances. The binding specificity of

such pol ypeptides to amﬁétlfnﬁ@erd aly dthdriedt W ter&iddehy Vo h each
anti body being a nnit exclu |% y directed to th% agflcular antigen which
elicited it Ppolyclonal dies is overcome yp e use of

hybridoma technology to create "monoclonal" antibodies

in cell cultures by B cell hybridomas (see Kohler and

- . Milstein (1975), Nature, 256:495-497). In this process,

a mammal is injected with an antigen, and its relatively

10

short-lived, or mortal, splenocytes or lymphocytes are
fused with an immortal tumor cell line. The fusion

15
produces hybrid cells or "hybridomas" which are both
immortal and capable of producing the genetically-coded
antibody of the B cell.

20 In many applications, the use of monoclonal

antibodies produced in non-human animals is severely
restricted where the monoclonal antibodies are to be
used in humans. Repeated injections in humans of a
"foreigh" antibody, such as a mouse antibody, may lead

S 25 to harmful hypersensitivity reactions, i.e., an anti-

' idiotypic, or human anti-mouse antibody (HAMA)
responsel (see Shawler etal. (1985), Journal of
Immunology, 135:1530-1535, and Sear etal., J. Biol. Resp.
Modifiers, 3:138-150).

30
Various attempts have already been made to
manufacture human-derived monoclonal antibodies by using
human hybridomas (see Olsson efal., Proec. Natl. Acad.
Sei. U.S.A., TT:5429 (1980) and Roder etal. (1986),
Methods in Enzymology, 121:140-167. Unfortunately,
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human immunoglobulins are highly desirable, human
hybridoﬁa techniques have not yet reached the stage
where human monoclonal antibodies with required
antigenic specificities can be easily obtained.

10
Thus, antibodies of nonhuman origin have been
genetically engineered, or "humanized". Humanized
antibodies reduce the HAMA response compared to that
15 expected after injection of a human patient with a mouse

antibody. Humanization of antibodies .derived from
nonhumans, for example, has taken two principal forms,
i.e., chimerization where non-human regions of
immunoglobulin constant sequences are replaced by
20 corresponding human ones (see for example, USP 4,816,567
to Cabilly etal., Genentech) and grafting of
complementarity determining regions (CDR) into human
framework regions (FR) (see European Patent Office
Application (EPO) O 239 400 to Winter). Some
researchers have produced Fv antibodies (USP 4,642,334
to Moore, DNAX) and single chain Fv (SCFV) antibodies
(see USP 4,946,778 to Ladner, Genex).

25

The above patent applications only show the
30 production of antibody fragments in which some portion
of the variable domains is coded for by nonhuman V gene
regions. Humanized antibodies to date still retain
various portions of light and heavy chain variable
regions of nonhuman origin: the chimerie, Fv and single
chain Fv antibodies retain the entire variable region of
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process,

obtain a human variable region which is capable of
10

binding to a selected antigen.

One known human carcinoma tumor antigen is
tumor-associated glycoprotein-72 (TAG-72), as defined by
monoclonal antibody B72.3 (see Thor etal. (1986) Cancer
15 Res., 46:3118-3124; and Johnson, etal. (1986), Cancer
Res., 46:850-857). TAG-72 is associated with the
surface of certain tumor cells of human ofigin,
specifically the LS174T tumor cell line (American Type
Culture Collection (ATCC) No. CL 188), which is a

20
variant of the LS180 (ATCC No. CL 187) colon adeno-
carcinoma line.
Numerous murine monoclonal antibodies have been
25 developed which have binding specificity for TAG-T2.

Exemplary murine monoclonal antibodies include the "CC"
(colon cancer) monoclonal antibodies, which are a
library of murine monoclonal antibodies developed using
TA¢~72 purified on an immunoaffinity column with an

30 immobilized anti-TAG-72 antibody, B72.3 (ATCC HB-8108)
(see EP 394277, to Schlom etal., National Cancer
Institute). Certain CC antibodies were deposited with
the ATCC: CC49 (ATCC No. HB 9459); CC83 (ATCC No. HB
9453); CCU46 (ATCC No. HB 9458); CC92 (ATCC No. HB 94514);
CC30 (ATCC NO. HB 9457); CC11 (ATCC No. 9455) and CC15
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are to be usedy L0, AUIBOS, REREE! Efa' ThiiGhbPBE 1k "t OUARDGuEE Bapable of
routinely producing an anti-TAG-72 antibody in which the

10 light chain and/or the heavy chain variable regions have
specificity and affinity for TAG-72 and which are
derived from human sequences so as to elicit expectedly
low or no HAMA response.. It is known that the function

15 of an immunoglobulin molecule is dependent on its three

dimensional structure, which in turn is dependent on its
primary amino acid sequence. A change of a few or even
one amino acid can drastically affect the binding
function of the antibody can drastically affect its the
20 bidning affinity of the antibody, i.e., the resultant
antibodies are generally presumed to be a non-specific
immunoglobulin (NSI), i.e., lacking in antibody
character, (see, for example, USP 4,816,567 to Cabilly

etal., Genentech).
25

Surprisingly, the present invention is capable

of meeting many of these above mentioned needs and
provides a method for supplying the desired antibodies.
For example, in one aspeét, the present invention

30 provides a cell capable of expressing a composite
antibody having binding specificity for TAG-72, said
cell being transformed with (a) a DNA sequence encoding
at least a portion of a light chain variable region (VL)
effectively homologous to the human Subgroup IV germline
gene (Hum4 Vy); and a DNA sequence segment 2=ncoding at )

’
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dimensional structure having the ability to bind to

"foreign" antifagdr2.such as a nouse anti body, may lead to harnfu
hypersensitivity reactions, i.e., an anti- idiotypic, or humah anti-nouse
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(1986), encodxng at least a portion of a light chaln

variable region effectively homologous to the human
Subgroup IV germline gene (HumY VL); and a DNA sequence
segment encoding at least a portion of a heavy chain
variable region (V) capable of combining with the VL

into a three dimensional structure having the ability to

bind TAG-T.

10

15

The invention further includes the
aforementioned antibody alone or conjugated to an
imaging marker or therapeutic agent. The invention also
includes a composition comprising the aforementioned
antibody in unconjugated or conjugated form in a
pharmaceutically acceptable, non-toxic, sterile carrier.

20

The invention is also directed to a method for
25 invivo diagnosis of cancer which comprises administering
to an animal containing a tumor expressing TAG-T72 a
pharmaceutically effective amount of the aforementioned
composition for tﬁe in situ detection of carcinoma
lesions.

30

The invention is also directed to a method for
intraoperative therapy which comprises (a) administering
to patient containing a tumor expressing TAG-72 a
pharmaceutically effective amount of the aforementioned
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Addltionally, the invention also concerns a

Y fopl t el y, ds of
§>)['§%(?lgt@a§sflpro%}‘e1> }%ybrl d%r’r‘?rlé%ﬂ naescoamrpe% relatively | ow
‘conpar ed 50 mendd biedyr.i dSems. 0¢h&&ﬁﬁ&|ﬂﬂ$°ﬁﬂﬁﬁ§1&ﬁ§Iaﬁ|ﬂR%#Q&$fe i ng
'i munogl obul i B%oRe’s" FhikhY @omprisedblte X MARhd G rEise il 4 imes. and

roduci ng capahilit
gequencegenc%d?ng é% least a portion of a light chain

variable region (Vyp) effectively homologous to the human
Subgroup IV germline gene (Hum#4 VL); and a DNA sequence
segment encoding at least a portion of a heavy chain
variable region (Vy) which is capable of combining with
the Vi, to form a three dimensional structure having the
ability to bind to TAG-72. A process for preparing a
composite antibody or antibody which comprises culturing
a cell containing a DNA sequence encoding at least a
portion of a light chain variable region (VL)
effectively homologous to the human Subgroup IV germline
gene (HumY4 Vyp); and a DNA sequence segment encoding at
least a portion of a heavy chain variable region (VH)
capable of combining with the V[, into a three
dimensional structure having the ability to bind to
TAG-72 under sufficient conditions for the cell to
express the immunoglobulin light chain and immuno-
globulin heavy chain. A process for preparing an
antibody conjugate comprising contacting the
aforementioned antibody or antibody with an imaging
marker or therapeutic agent.

Description of the Drawings

Figure 1 illustrates a basic immunoglobulin

structure.
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specificitbPes can be easily obtained. Thus, antibodies of nonhuman origin
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human pati ent mntg a mpuse anti body. Humani zati on of anti bodi es derived

10 Figure 16 illustrates an autoradiogram
depicting the DNA sequence of the polylinker region in
pSV2neo-102.

Figure 17 illustrates a partial nucleotide
15 Sequence segment of pRL1000.

Figure 18 illustrates the restriction enzyme
map of pRL1001.

Figure 19 illustrates an autoradiogram of DNA

20 sequence for pRL1001 clones.
Figure 20 illustrates a competition assay for
binding to TAG-using a composite Humd Vi, VHaTAG
- antibody.
25
Figure 21 illustrates a general DNA
construction of a single chain, composite Humi4 Vi,
VHaTAG.
30 Figure 22 illustrates the nucleotide sequence

and amino acid sequence of SCFV1.

Figure 23 shows the construction of plasmid
pCGS515/SCFV 1.
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wher e non- humaSCF¥giexps eafs iiommplagmilkis icomtaistiarg Hegudices dre repl aced
by correspgndi ng human ones (see for exanple, USP 4,816,567 to Cabilly

etal., Genéntech) and ' f I [ J, 0 ; edi CDR
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(EPO) 0 239 406egyenes: &f) H Vih & hane sadd ude PIF W bodi es
(USP 4,642,334 to Mbore, DNAX) and single chain Fv (SCFV) anti bodi es

Figure 27 shows the construction plasmid pSCFV
UHH and a schematic of a combinatorial library of VH

10
genes with Huml V.
Figure 28 illustrates the nucleotide sequence
of FLAG peptide adapter in pATDFLAG.
15 Figure 29 illustrates the construction of
pATDFLAG, pHumVL-HumVH (X) and pSCUY9FLAG.
Figure 30 illustrates the nucleotide and amino
acid sequences of pSC49FLAG.
20

Detailed Description of the Invention

Nucleic acids, amino acids, peptides,
protective groups, active groups and so on, when
- 25 abbreviated, are abbreviated according to the IUPAC IUB
(Commission on Biological Nomenclature) or the practice
in the fields concerned.

The basic immunoglobulin structural unit is set
30 forth in Figure 1. The terms "constant" and "variable"
are used functionally. The variable regions of both
_ light (V;) and heavy (Vy) chains determine binding
é recognition and specificity to the antigen. The
: constant region domains of light (Cr) and heavy (Cy)
§ chains confer important biological properties such as
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antibodies retain t fre varla
antibodies" is meant zmmunoglobullns comprising variable

regions not hitherto found associated with each other in
nature. By, "composite Hum# Vi, VH antibody" means an
antibody or immunoreactive fragment thereof which is
characterized by having at least a portion of the Vi
region encoded by DNA derived from the Hum#d V] germline
gene and at least a portion of a Vy region capable of
combining with the V[, to form a three dimensional
structure having the ability to bind to TAG-T2.

10

15

The composite Humd Vi, Vg antibodies of the

20 present invention assume a conformation having an

antigen binding site which binds specifically and with

sufficient strength to TAG-72 to form a complex capable
of being isolated by using standard assay technigques

(e.g., enzyme-linked immunosorbent assay (ELISA),

25 radioimmunoassay (RIA), or flourescence-activated cell
sorter analysis (FACS), immunohistochemistry and the
lfke). Preferably, the composite Humd# Vi, VH antibodies
of the present invention have an antigen binding
affinity or avidity greater than 10° M™}, more

30 preferably greater than 105 M™! and most preferably

greater than 108 M~!. For a discussion of the

techniques for generating and reviewing immunoglobulin

binding affinities see Munson (1983), Methods Enzvmol.,
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Cancer, San Di egmuhC@a )Thb'@bliéhéé Bysrhseglsabbephiatment of Health
and Human Services). There appear to be approximately
80 human VK genes, but only one Subgroup IV VK gene has
been identified in the human genome (see Klobeck, etal.
- (1985), Nucleic Acids Research, 13:6516-6528). The
nucleotide sequence of Hum¥d Vi is set forth in Kabat et
al. (1991), supra; and Wang etal. (1973), Nature, 243:126-
127.

10

15

It has been found, quite surprisingly, that an
immunoglobulin having a light chain with at least a
portion of the VI, encoded by a gene derived from Huml Vi
may, if combined with a suitable VH, have binding
specificity for TAG-T72.

20

The type of J|, gene segment selected is not
critical to the invention, in that it is expected that

25 any Jy, if present, can associate with the Humi Vy. The
present invention obviously contemplates the Humi Vi in
association with a human Jx sequence. The five human Jg
sequences are set forth in Heiter etal. (1982), The
Journal of Biological Chemistry, 357:1516-1522.

30 However, the present invention is not intended to be
limited to the human Jgx. The present invention
specifically contemplates the Humd V[, in association
with-any of the at least six human J) genes (see Hollis
etal. (1982), Nature, 296:321-325).
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20

25

30

has only been reported as having been naturally
rearranged with the single Cy gene (see Heiter etal.
(1980), Cell, 22:197-207). However, the present
invention is not intended to be limited to the Ck light
chain constant domain. That is, the C|, gene segment may
also be any of the at least six C) genes (see Hollis et
al., supra).

The DNA encoding the heavy chain variable
region consists roughly of a heavy chain variable (Vy)
gene sequence, a heavy chain leGPSltY (DH) gene
sequence, and a heavy chain joining (JyH) gene sequnnce.

The present invention is directed to any VjH
capable of combining with a light chain variable region
effectively homologous to the light chain variable
region encoded by the human Subgroup IV germline gene,
to form a three dimensional structure'having the ability
to bind to TAG-T2.

The choice of heavy chain diversity (DH)
segment and the heavy chain joining (Jy) segment of the
composite Humy¥ Vi, VY antibody are not critical to the
present invention. Obviously, human and murine DY and
JH gene segments are contemplated, provided that a given
combination does not significantly decrease binding to
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will be designed to utilize the Dy and JH segments which
Klariant of the daft;kﬁiall(llwal@miﬁ%é&?ﬂmoama %flcm@ijﬁﬁhgpe%tﬁee
urmrer ous rmurin nocl onal, antibodi es ve el o | ch, have
bi ndl ng. spac 1 B SaBAS AGSE PERAES & VA s b rARGRPLAST MAF:BRdREd
i ncl ude the " CBunaoolDyn arahcly )semuerdenadratebotioresh ivni Kabateetalli brary
of murine nono Lﬁﬂﬁl ant L bhodi eg_d usi 7 ur s
innunoaffinityq£0 ugﬁ %Pkagén ?ﬁngﬁg#ﬁgggyagkgg?légéz?ggtFbgéégeﬁgfig (ATCC
HB- 8108) (see EmciwsEipchas Rihlaoid elthisegment Hriwl titancli sequence of

choice includes synthesizing selected oligonucleotides,

10 annealing and ligating in a cloning procedure (see,
Horton etal., supra).

In a specific embodiment the composite Humd Vi,
VH antibody will be a "composite Humi Vi, VHaTAG
15 antibody", means an antiquy or immunoreactive fragment
thereof which is characterized by having at least a
portion of the V{ region encoded by DNA derived from the
Hum4 V[, germline gene and at least a portion of the Vy
region encoded by DNA derived from the VHaTAG germline
20 gene, which is known in the art (see, for example, EPO 0
365 997 to Mezes etal., the Dow Chemical Company).
Figure 2 shows the nucleotide sequence of VHaTAG, and
the nucleotide sequences encoding the Vg of the CC46,
CC49, CC83 and CC92 antibodies, respectively. Figure 3

25 shows the corresponding amino acid sequences of VHaTAG,
CC4b Vy, CCU9 Vy, CCB3 Vy and CCY92 Vy.
A comparison of the nucleotide and amino acid
sequences of VHaTAG, CCU46 Vy, CCH9 Vy, CC83 Vy and CC92
30

Vy shows that those CC antibodies are derived from
VyeTAG. Somatic mutations occurring during productive
rearrangement of the Vy derived from VHoTAG in a B cell
gave rise to some nucleotide changes that may or may not
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Chem cal Conpamggrmline gene. Other antibodies encoded by DNA derived
from VyaTAG may be identified by using a hybridization
probe made from the DNA or RNA of the VjaTAG or

10 rearranged genes containing the recombined VyoTAG.
Specifically, the probe will include of all or a part of
the VyaTAG germline gene and its flanking regions. By
"flanking regions" is meant to include those DNA

15 Sequences from the 5' end of the VyaTAG to the 3' end of
the upstream gene, and from 3' end of the VyaTAG to the
5' end of the downstream gene,

The CDR from the variable region of antibodies

20 derived from VHoTAG may be grafted onto the FR of

selected VH, i.e., FR of a human antibody (see EPO 0 239
400 to Winter). For example, the cell line, B17X2,
expresses an antibody utilizing a variable light chain
encoded by a gene derived from Hum# Vi, and a variable
25 heavy chain which makes a stable Vy and VH combination
(see Marsh etal. (1985), Nucleic Acids Research, 13:6531-
65443 and Polke etal. (1982), Immunobiol. 163:95-109.
The nucleotide seduence of the Vy chain for B17X2 is
shown in Figure 4., The B17X2 cell line is publicly
available from Dr. Christine Polke, Universitdts-
Kinderklinik, Josef-Schneider-Str. 2, 8700 Wirzburg,
FRG). B17X2 is directed to N-Acetyl-D-Glucosamine and
is not specific for TAG-T2.

30
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to 35 of Figure 3) may be inserted into B17X2 (amino

it i's thus of deeat re84aLes! 310 tdenel o anthhedies Aunivkd R ok
¢ontai ning a I| chai n. vari ahl e re erived from human

n eavy
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i mrunol ogu'é te@hsequea dapablBg 7ai2 r(@uninra;elamm edgdiidige s ardd -6TAG 72

have speci 11 ci FS8uRE 4Prinmrs EORSTRAY D, P alatat 32 4 L IS i hunan
sequences SO aSGQDeabecwhlehpé@E@detlve@mtnahHAMEHMa$mpnﬁéthet i's known
that the functigBipody for TAG-72 but, specifically, may be replaced

by the CDR3 of an ahtibody having its Vg derived from
VHaTAG, e.g., CC46, CCH9, CC83 and CCY92. Exemplary
techniques for such replacement are set forth in Horton

10

etal., supra.

The CH domains of immunoglobulin heavy chain
derived from VHaTAG genes, for example may be changed to
a human sequence by known techniques (see, USP 4,816,567
to Cabilly, Genentech). Cy domains may be of various

15

complete or shortened human isotypes, i.e., IgG (e.g.,
20 1IgGq, IgGp, IgG3z, and IgGy), IghA (e.g., IgAl and IgA2),

IgD, IgE, IgM, as well as the various allotypes of the

individual groups (see Kabat etal. (1991), supra).

Given the teachings of the present invention,
25 it should be apparent to the skilled artisan that human
VY genes can be tested for their ability to produce an
anti-TAG-72 immunoglobilin combination with the Huml VL
gene. The Vy may'be used to isolate a gene encoding for
a Vy having the ability to bind to TAG-72 to test myriad
combinations of Hum# V[, and Vy that may not naturally
occur in nature, e.g., by generating a combinatorial
_ library using the Hum4 Vi gene to select a suitable Vy.
i Examples of these enabling technologies include
: screening of combinatorial libraries of V[ -VH
combinations using an Fab or single chain antibody

30
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A phage system for expression of Fv's or Fabs (Huse, et

of an |nnunoglgpukh@8@9|egﬂl nk# d%ﬁ%“q%ﬁ%-QQSﬂﬁ tﬁkﬁ%¢ﬁﬂnﬂgﬁf§§§wgace

structure, which in on its prrmary am no acl

change of ? fe\FPorthévéﬁaGﬁ‘énSﬁ ﬁ@taé'lod‘t&’aﬁied'redé’bl defl 13p F¥GeROIHO IR nkP ng
function of thelankl Bedy aamidobdslkiscaln E.abfigChnidt expbesBi dnengcafiils nidy of

t he anti body, i t ant nt|b0d| ner al | esured tQ be a
non- speci fi ¢ |ﬁﬁﬁ68§ﬁgb&PﬁHgFRst° eigs. IE%E%L Aﬁi ﬁyégﬁﬁﬁﬁfe é?
(see, for exanpble, thisP doBiHid6d Homﬁaﬁng;netahn béersenteaky. for

binding to TAG-72 using, for example, a two-membrane

filter screening system (Skerra, etal. (1991), Analvtical

A

10
Biochemistry, 196:151-155).
The desired gene repertoire can be isolated
from human genetic material obtained from any suitable
source, e.g., peripheral blood lymphocytes, spleen cells

15
. and lymph nodes of a patient with tumor expressing TAG-

T2. 1In some cases, it is desirable to bias the
repertoire for a preselected activity, such as by using
as a sourée of nucleic acid, cells (source cells) from

20 vertebrates in any one of various stages of age, health
and immune response.

Cells coding for the desired sequence may be
isolated, and genomic DNA fragmented by one or more
25 restriction enzymes. Tissue (e.g., primary and
secondary lymph organs, neoplastic tissue, white blood
cells from peripheral blood and hybridomas) from an
animal exposed to TAG-T2 may be probed for selected
antibody producing B cells. Variability among B cells
30 derived from a common germline gene may result from
somatic mutations occurring during productive
rearrangement.

Generally, a probe made from the genomic DNA of
a germline gene or rearranged gene can be used by those

is Sheet Has Been Replaced

R



obtained from Humi V], and VyzaTAG may be used to generate

jurpri si ngly, HY6cRAPSERL hIYERLEGTEbR ggeg@%ﬁ Yot

bove nenti one nee s an upplyi ng

o eyt ©

Qntlbodles FoV esghpne, nCéHQIBSpébB 5thénprééempnﬁw@@ﬁﬂﬁdmdprOV|des a
cel | capabbe ohsﬁpiﬁgswglansorm%bt EeﬁthQOQNAhﬂa‘éBRIAnQ'l%@'eng specificity

for TAG 72, said cel] elng transfornmed wt
| east a portloﬁaBFr% tygRecH

ence encodi ng at

a
RELR8vVARLEANE f@ﬁlBﬁr@WPéFrFP%EFFEbtlvely

honol ogous to phevhdeantkabgrauptliynger gbilieegadeorHamd ¥plicnd a DNA

sequence segnent encodin

acceptor rgglons had been present in the case of

10 mammalian cell sources.

Additionally, the DNA may also be obtained from
a ¢DNA library. mRNA coding for heavy or light chain

variable domain may be isolated from a suitable source,

15 either mature B cells or a hybridoma culture,

employing

standard techniques of RNA isolation. The DNA or amino

acids also may be synthetically synthesized and

constructed by standard techniques of annealing and

ligating fragments (see Jones, etal. (1986), Nature,
20 321:522-525; Reichmann etai., (1988), Nature, 332:323-
327; Sambrook etal. (1989), supra and Merrifield etal

(1963), J. Amer. Chem. Soc., 85:2149-2154).

Heavy and

light chains may be combined invitro to gain antibody
activity (see Edelman, etal. (1963), Proec. Natl. Acad.

25 Sei. USA, 50:753).

The present invention also contemplates a gene

| library of VHaTAG homologs, preferably human homologs of

VHaTAG. By "homolog" is meant a gene coding for a Vy

30

effectively homologous to, the VHaTAG germline ge

region (not necessarily derived from, or even

ne)

capable of combining with a light chain variable region

effectively homologous to the light chain variable

region encoded by the human Subgroup IV germline gene,
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structure aV|ng t
homologs are prefera ly in an isolated form, that is,

substantially free of materials such as, for example,
primer extension reaction agents and/or substrates,
genomic DNA segments, and the like. The present
invention thus is directed to cloning the VHaTAG-coding
DNA homologs from a repertoire comprised of polynucleo-
tide coding strands, such as genomic material containing
the gene expressing the variable region or the messenger
= RNA (mRNA) which represents a transcript of the variable
region. Nucleie acids coding for VHaTAG-coding homologs
can be derived from cells producing IgA, IgD, IgE, IgG
or IgM, most preferably from IgM and IgG, producing
cells.

10

20
The VHaTAG-coding DNA homologs may be produced

by primer extension. The term "primer" as used herein
refers to a polynucleotide whether purified from a
nucleic acid restriction digest or produced

25 synthetically, which is capable of acting as a point of
initiation of synthesis when placed under conditions in
which synthesis of a primer extension product which is
complimentary to a nucleic acid strand is induced, i.e.,
in the presence of nucleotides and an agent for polymer-

30 ization such as DNA polymerase, reverse transcriptase
and the like, and at a suitable temperature and pH.

, Preferably, the VHaTAG-coding DNA homologs may
'be produced by polymerase chain reaction (PCR) amplifi-
cation of double stranded genomic or cDNA, wherein two
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hybridizes to a nucleotide sequence conserved among Vg

I'p anot her afsloe?%_luéb‘es@iésﬁégt wiBKER! kAe E%@EE%&:@.CP@B‘RSEEG&%@H:Q%H or
anti body hayi ng, bi ndi ng SpeCIfQCIé% for TAG /2, con§r|5|ng éa) a DNA
sequence encodi k@ Mulleasetad. pbi98Dh) Mebhy (Enz. cnhpH: 33923593 3ndi BERe
{/ E)gi on Sf f eE)HA veéuhﬁ@n@kwoﬁlf_aht Meghumntgslqbgr f@nal \dm?grimibfaei@ﬁxn%d Humd

; and a eque egment . encqdin . eas por.tion of, a heav
chai n variabl e E%gi%ﬁﬁgviﬂ8@a§56ﬁ§°§?'8gﬁgPﬁFﬁé ﬁfﬁﬁstﬁg VEY AR5 TR ﬁﬁ?ee
di mensi onal strOclameéihetalng( 1989 hbi Prog. tNatl ndAdads 7Sci., USA,

10 86:3387-3837.

According to a preferred method, the VHaTAG-
coding DNA homologs are connected via linker to form a
SCFV having a three dimensional structure capable of
binding TAG-72. The SCFV construct can be in a Vyp-L-Vy

> or VH-L-Vi, configuration. For a discussion of SCFV see
Bird etal. (1988), Science, 242:423-426. The design of
suitable peptide linker regions is described in U.S.
Patent No. 4,704,692 to Ladner etal., Genex.

20 '

The nucleotide sequence of a primer is selected
to hybridize with a plurality of immunoglobulin heavy
chain genes at a site substantially adjacent to the
VyaTAG-coding DNA homolog so that a nucleotide sequence

25 coding for a functional (capable of binding) polypeptide
is obtained. The choice of a primer's nucleotide
sequence depends on factors such as the distance on the
nucleic acid from'the region coding for the desired
receptor, its hybridization site on the nucleic acid

30 relative to any second primer to be used, the number of

genes in the repertoire it is to hybridize to, and the
like. To hybridize to a plurality of different nucleic
acid.strands of VygaTAG-coding DNA homolog, the primer
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The invention Tuglebe aptdusegueneeafbhakeareopeBt anfi boeypal¥ne or
conj ugateds t 0 Ric18BOi A8 PRIKEFs OisédeEdPBHEpSraJeRs - vad8usNYeAki on al so
i ncl udes a cogfp5|t|pn con8$|5|q$ t he af or.enenti oned agtlbogé in
uncon; ugat ed orLREAF 1Rt edTREr MFHE IC pRGH e ERNPREF | GOILREpERRI Ehe
non-toxic, stesepeidarlisker Toenibeemddenupsotil socteiecaetidsoaataehkdd for
I n vivo diagngsi s n | onprLses L NS kN ani mal
containing a ﬁﬂ%ﬂ?géigfeggéné@#@ékgzgg %ﬁgrﬁggg% #c%?i? %?é@%??$e anount of
t he af orenent igoding for the peptide linker may be derived from

10 nucleic acid sequences that are attached to several

- polynucleotide primers used to create the gene

libraries. Additionally, noncomplementary bases or
longer sequences can be interspersed into the primer,
provided the primer sequence has sufficient complemen-
tarily with the sequence of the strand to be synthesized
or amplified to non-randomly hybridize therewith and
thereby form an extension product under polynucleotide
synthesizing conditions (see Horton etal. (1989), Gene,

20 T7:61-68).

15

Exemplary human VH seiuences from which
complementary primers may be synthesized are set forth
in Kabat etal. (1991), supra:; Humphries etal. (1988),

25 Nature, 331:446-449; Schroeder etal. (1990), Proc. Natl.
Acad. Sci. USA, 87:6146-6150; Berman etal. (1988), EMBO
Journal, T:727-738; Lee etal. (1987), J. Mol. Biol.,
195:761-768); Marks etal. (1991), Eur. J. Immunol.,
21:985-991; Willems, etal. (1991), J. Immunol., 146:36U46-

30 3651; and Person etal. (1991), Proc Natl. Acad. Sci. USA,
88:2432~2436. To produce Vy coding DNA homologs, first
primers are therefore chosen to hybridize to (i.e. be

complementary to) conserved regions within the J region,
; CH1 region, hinge region, CH2 region, or CH3 region of
@ immunoglobulin genes and the like. Second primers are
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conposi tion foPTthirFRsfFama¥PEK F8AL8R carci nonm I esions. The invention is
also directed to a nethod for intraoperative therapy which conprises (a)
admi ni sterPng to pati edltermaixiiviely ,a thenmucdeice sxiind) sedBettas

pharmaceuti cal Lyaghieebt VEn8"BUPt 186 10AkBEOREYEBL! 8B8Ygned’as part of
a suitable vector. As used herein, the term "expression
vector" refers to a nucleic acid molecule capable of
directing the expression of genes to which they are
operatively linked. The choice of vector to which a
VyaTAG-coding DNA homologs is operatively linked depends
directly, as is well known in the art, on the functional
properties desired, e.g., replication or protein
15 expression, and the host ce;l (éithey procaryotic or
eucaryotic) to be transformed, these being limitations
inherent in the art of constructing recombinant DNA
molecules. In preferred embodiments, the eucaryotic
cell expression vectors used incilude a selection marker
20 that is effective in an eucaryotic cell, preferably a

10

drug resistant selection marker.

Expression vectors compatible with procaryotic
cells are well known in the art and are available from
25 several commercial sources. Typical of vector plasmids
suitable for procaryotic cells are pUC8, pUC9, pBR322,
and pBR329 available from BioRad Laboratories,
(Richmond, CA), and pPL and pKK223 available from

Pharmacia, (Piscataway, NJ).
30

Expression vectors compatible with eucaryotic
cells, preferably those compatible with vertebrate
cells, can also be used. Eucaryotic cell expression
vectors are well known in the art and are available from
several commercial sources. Typically, such vectors are

This Sheet Has Been Replaced .
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pSVZneo and pSV2gpt (ATCC), pSVL and pKSV-10

Conp05|t|on the tu d, _an b)_excising the |ocalized
t unor s. |t¥gﬁb °%$ n@é%tf/éﬁtgi gﬁ%ﬁ%ﬁ?%gi A%focess for, preparing
and expre55|ngBEptﬁnhnniagnemtlbmdy) Somé pTDThebATRCbecesses are as
follows. A process which conprises transforming a cell with a DNA sequence

encoding at |east a poghpops@f o thQE Eﬂgk@sﬁéﬁhabbﬁtB?Q'QB %¥b¥ess

effectively honol ogous to_the human m i ne gene VL) ;
and a DNA sequigit & aRRfhent %%OH‘F%AC&TCCP%‘S BNA caeneogs ’ash%£1§9 chain
contemplated. As used herein, the term "viral

10 expression vector" refers to a DNA molecule that

includes a promoter sequencaé_derived from the long

terminal repeat (LTR) region of a viral genome.

Exemplary phage include A phage and fd phage (see,

15 Sambrook, etal. (1989), Molecular Cloning: A Laboratory
Manual., (2nd ed.), and McCafferty etal. (1990), Nature,

6301:552-554.

The population of VHaTAG-coding DNA homologs
20 and vectors are then cleaved with an endonuclease at
shared restriction sites. A variety of methods have
been developed to operatively link DNA to vectors via
complementary cohesive termini. For instance,
complementary cohesive termini can be engineered into
25 the VyaTAG-coding DNA homologs during the primer
extension reaction by use of an appropriq}ely designed
polynucleotide synthesis primer, as previously
discussed. The complementary cohesive termini of the
: vector and the DNA homolog are then operatively linked
4 30 (ligated) to produce a unitary double stranded DNA
molecule.

% . The restriction fragments of Hum# Vp-coding DNA
and the VyaTAG-coding DNA homologs population are
randomly ligated to the cleaved vector. A diverse,
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variable re ionV 6 gfr R@ﬁﬂgﬁef§ capabl e of conmbining with the VL to form
8 g p g
|

aithree dinensional structure having the ability to bind to TAG 72. A
process forpreparing a CUhpFRtHit Big | HREL O rchakn RS WTeh tBnbhreles
culturing a cel in¢padaicedndnd oD a?RC Bdisitg taf prerdided Appitifon. of a

LA chal 1 var L abhe. 9B Hebelisiell Ve L NTRLRA0L il W "YiikaG,
| east a porti onhofodogeaingikeaichaiar iaatlidodygi of r@Yidf oraadtilom @f conbi ni ng
mﬁth the VL intgpﬁrbggﬁﬁte cell hosts with a recombinant DNA molecule

10 of the present invention is accomplished by methods that
typically depend on the type of vector used. With
regard to transformation of procaryotic host cells, see,
for example, Cohen etal. (1972), Proceedings National
Academy of Science. USA, 69:2110; and Sambrook, etal.
(1989), supra. With regard to the transformation of
vertebrate cells with retroviral vectors containing
rDNAs, see for example, Sorge etal. (1984), Mol. Cell.
Biol., 4:1730-1737; Graham etal. (1973), Virol., 52:456;
20 and Wigler etal. (1979), Proceedings National Academv of

Sciences, USA,76:1373-1376.

15

Exemplary prokaryotic strains that may be used
as hosts include E.coli, Bacilli, and other entero-

25 bacteriaceae such as Salmonellatyphimurium, and various
Pseudomonas. Common eukaryotic microbes include S.
cerevisiae and Pichia pastoris. Common higher eukaryotic host
cells include Sp2/0, VERO and HelLa cells, Chinese

! hamster ovary (CHO) cell lines, and W138, BHK, CO0S-7 and

! 30 MDCK cell lines. Furthermore, it is now also evident
that any cell line producing Humd4 Vi, e.g., the B17X2
human cell line, can be used as a recipient human cell
line for introduction of a VH gene complementary to the
Humd Vi, which allows binding to TAG-72. For example,
the B17X2 heavy chain may be genetically modified to not
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- _ antibody produced would be human and not non-human
di mensi onal stagﬁﬁg%g'having the ability to bind to TAG 72 under sufficient
pondltlonf for Thé cell to express the inmunoglobulin Iight chain and
1 Mmuno- gl obul in heavy chain. A process for preparjng an anti bo conj ugat e
conpri si ngdcont acti ng tIREFDI iU‘rf’é’iffé?ﬂ“F ci'-i/dcjlrsg’an‘t1'%'0’clyc % an
| mﬁgl [‘9 [rar ker cohthhigiageudt gen2g@ncodPagchi pomposdftet Hemlr dy,nFuHaTlAdhre 1
| ) .
ustrates a %%Biog”g%%% gogwéi% %%EH%% &ebperatively linked to a
vector, can be identified by any suitable well known

technique for detecting the binding of a receptor to a

10 ligand. Preferred screening assays are those where the
binding of the composite Hum#4 V[, VHaTAG homolog single
chain antibody to TAG-T2 produces a detectable signal,
either directly or indirectly. Screening for productive

15 Hum#4 Vi and VHgaTAG homolog combinations, or in other

words, testing for effective antigen binding sites to
TAG-T2 is possible by using for example, a radiolabeled
or biotinylated screening agent, e.g., antigens, anti-
bodies (e.g., B72.3, CC49, Ccc83, CCi6, CC92, CC30, CCI1

20 and CC15) or anti-idiotypic antibodies (see Huse etal.,
supra, and Sambrook etal., supra); or the use of marker
peptides to the NH2- or COOH-terminus of the SCFV
construct (see Hopp etal. (1988), Biotechnology, 6:1204-
1210).

25
Of course, the Humid Vi -coding DNA and the

VyaTAG-coding DNA. homologs may be expressed as
individual polypebtide chains (e.g., Fv) or with whole
or fragmented constant regions (e.g., Fab, and F(ab')o).
30 Accordingly, the Hum# Vp-coding DNA and the VHaTAG-
coding DNA homologs may be individually inserted into a
vector containing a Cp or Cy or fragment thereof,
respectively. For a teaching of how to prepare suitable
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il lustrates the a S
I””] 5 VFaRPeagathle} SEUFAES BhpHbscsbE PungElBaYl B huChe
ucl eoti de andsame expression vehicle. When coexpressed within the
same organism, either on the same or the different
vectors, a functionally active Fv is produced. When the
VHaTAG-coding DNA homolog and Humld Vi, polypeptides are
expressed in different organisms, the respective
polypeptides are isolated and then combined in an
appropriate medium to form a Fv. See Greene etal.,
Methods in Molecular Biology, Vol. 9, Wickner etal.

(ed.); and Sambrook etal., supra).

10

15

Subsequent recombinations can be effected
through cleavage and removal of the Hum4 Vi-coding DNA
sequence to use the VyaTAG-coding DNA homologs to
produce Huml V[-coding DNA homologs. To produce a Humd
VL-coding DNA homolog, first primers are chcsen to
hybridize with (i.e. be complementary to) a conserved
region within the J regioﬁ or constant region of
immunoglobulin light chain genes and the like. Second
25 primers become part of the coding (plus) strand and
hybridize to a nucleotide sequence conserved among minus
strands. Humd Vp-coding DNA homologs are ligated into
the vector contaiﬁing the VHaTAG4coding DNA homolog,
thereby creating a second population of expression

30 vectors. The present invention thus is directed to
cloning the Humld Vi -coding DNA homologs from a
repertoire comprised of polynucleotide coding strands,

20

such as genomic material containing the gene expressing
the variable region or the messenger RNA (mRNA) which
represents a transcript of the variable region. It is
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10

15

20

25

30

regions to include effectively homologous variable
region and constant region amino acid sequences.
Generally, changes in the variable region will be made
in order to improve or otherwise modify antigen binding
properties of the receptor. Changes in the constant
region of the antigen receptor will, in general, be made
in order to improve or otherwise modify biological
properties, such as complement fixation, interaction
with membranes, and other effector functions.

"Effectively homologous" refers to the concept
that differences in the primary structure of the
variable region may not alter the binding
characteristics of the antigen receptor. Normally, a
DNA sequence is effectively homologous to a second DNA
sequence if at least 70 percent, preferably at least 80
percent, and most preferably at least 90 percent of the
active portions of the DNA sequence are homologous.
Such changes are permissable in effectively homologous
amino acid sequences so long as the resultant antigen
receptor retains its desired property.

If there is only a conservative difference
between homologous positions of sequences, they may be
regarded as equivalents under certain circumstances.
General categories of potentially equivalent amino acids
are set forth below, wherein, amino acids within a group
may be substituted for other amino acids in that group:
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hucl eot i de seqABBEBLIARA &RAnA SAcitBresnisscandriSGideto || ustrates the
hucl eotide sequences, and the am no acid sequences of Humd VL, O al-H ndll
segnent. Fbgure 11 ill midnfilesra ﬁe&m{mdes rmras\mutaztide)rwﬁladaanéwmn

gernl i ne Subgr 'Y VI LHumd VI s the tar t.he PCR Fgure 12

shows the resu?ﬁglgy Qg gd éﬁogP b%}83ﬁ8PéSP§ 5%%%ﬁé% & Stion to

obta|n the Hung¢aviogyensucleotides, deletion or substitution of various
nucleotides, provided that the proper reading frame is
maintained. Exemplary techniques include using

10 polynucleotide-mediated, site-directed mutagenesis,
i.e., using a single strand as a template for extension
of the oligonucleotide to produce a strand containing
the mutation (see Zoller etal. (1982), Nue. Acids Res.,

15 10:6487-6500; Norris et al. (1983), Nue. Acids Res.,

11:5103-5112; Zoller et al. (1984), DNA, 3:479-488;
Kramer etal. (1982), Nuc. Acids Res., 10:6475-6485 and
polymerase chain reaction, i.e., exponentially
amplifying DNA invitro using sequence specified oligo-

20 nucleotides to incorporate selected changes (see PCR
Technology: Principles and Applications for DNA
Amplification, Erlich, (ed.) (1989); and Horton etal.
supra) . .

25 Further, the antibodies may have their constant
region domain modified, ie., the Cr, CH1, hinge, CHp2,
CH3 and/or CHY4 domains of an antibody polypeptide chain
may be deleted, inserted or changed (see EPQO 327 378 A1
to Morrison etal., the Trustees of Columbia Univehsity;

30 ysp 4,642,334 to Moore etal., DNAX; and USP 4,704,692 to
Ladner etal., Genex).

Once a final DNA construct is obtained, the
composite Hum#d Vi, Vyantibodies may be produced in
large quantities by injecting the host cell into the
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homogeneous composite Hum4 V[, VH antibodies, and
Figure 13 il udtsodtasd ighec Hee dompu s ite eumie/ e ipfamidd s s ab"yd precur sor
"ndi cat os. aher B499Y RATY RIGHE o O AET (a8ena0haResrBayedst # gur e 14
illustrates a gdi983nkdmntslegibntCamumher by31:543-552). The host cell are
grown invivo, as tumors in animals, the serum or ascites
fluid of which can provide up to about 50 mg/mL of
composite Hum#4 Vp, VH antibodies. Usually, injection
(preferably intraperitoneal) of about 106 to 107
histocompatible host cells into mice or rats will result
in tumor formation after a few weeks. It is possible to
obtain the composite Humd Vi, VH antibodies from a
15 fermentation culture broth of procaryotic and eucaryotic
cells, or from inclusion bodies of E.coli cells (see
Buckholz and Gleeson (1991), BIO/TECHNOLOGY, 9:1067-
1072. The composite Hum4 Vi, Vg antibodies can then be
collected and processed by well-known methods (see
generally, Immunological Methods, vols. I & II, eds.
Lefkovits, I. and Pernis, B., €1979 & 1981) Academic
Press, New York, N.Y.; and Handbook of Experimental
Immunology, ed. Weir, D., (1978) Blackwell Scientific
Publications, St. Louis, MO.)

10

20

25

The composite HumM_VL, Vg antibodies can then
be stored in various buffer solutions such as phosphate
buffered saline (PBS), which gives a generally stable

30 antibody solution for further use.

Uses

_ The composite Hum#4 Vy, Vg antibodies provide
unique benefits for use in a variety of cancer
treatments. In addition to the ability to bind
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substances which effect the hydrophibicity, density, and
surface tension of the liquid suspension medium can
assist in making injectable suspensions in individual
cases. For example, silicone antifoams, sorbitol, and
sugars are all useful suspending agents.

Methods of preparing and administering
conjugates of the composite HumYd Vi, VH antibody, and a
therapeutic agent are well known to or readily
determined. Moreover, suitable dosages will depend on
the age and weight of the patient and the therapeutic
agent employed and are well known or readily determined.

Conjugates of a composite Humd Vi, VH antibody
and an imaging marker may be administered in a pharma-
ceutically effective amount for the invivo diagnostic
assays of human carcinomas, or metastases thereof, in a
patient having a tumor that expresses TAG-T72 and then
detecting the presence of the imaging marker by
appropriate detection means.

' Administration and detection of the conjugates
of the composite Humd4 Vi, VY antibody and an imaging
marker, as well as methods of conjugating the composite
Hum4 Vi, VY antibody to the imaging marker are
accomplished by methods readily known or readily
determined. The dosage of such conjugate will vary
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Preferably, a one-time dosage will be between 0.1 m%)
J

for pRLlOOl cl s. Figur i Lales etiti sgay. far_Dbj ndi ng
Lo TAG usi 5o a 200 B8oi e tRGmROOUSERES ol PET ACRRRS LG OR i dnsad
illustrate a @eﬂqrathNmagongtmarkﬁmnp@r pagiieglte chai n, conposite Humi
Vierr], Vlerr]TAG Figure 22 illustrates the nucl eoti de sequence and am no

aci d sequence of SCFV1. r 4 i smd
5CGS5 15/ SCRVL, EXduBi s oF SRS dd trWStS Uit fin A&
conjugated to the composite Hum# Vi antibody are well

known and include substances which can be detected by
10 diagnostic imaging using a gamma scanner or hand held
gamma probe, and substances which can be detected by
nuclear magnetic resonance imaging using a nuclear

magnetic resonance spectrometer.

15 Suitable, but not limiting, examples of

substances which can be detected using a gamma scanner
include 1251, 1311, 1231, 1111, 105gn, 153sm, 67cu,
67Ga, 166Ho, 177Lu, 186Re, 188Re and 99MTec. An example
of a substance which can be detected using a nuclear

20
magnetic resonance spectrometer is gadolinium.

Conjugates of a composite Hum4 Vi, VH anti-
bodies and a therapeutic agent may be administered in a
pharmaceutically effective amount for the invivo
treatment of human carcinomas, or metastases thereof, in
a patient having a tumor that expreSses TAG-T2. A
"pharmaceutically effective amount" of the composite

25

Humi4 Vi, antibbdy means the amount of said antibody

30 (whether unconjugated, i.e., a naked antibody, or
conjugated to a therapeutic agent) in the pharmaceutical
composition should be sufficient to achieve effective
binding to TAG-T2.
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pl asm d pSCFV antibody-therapeutic agent conjugate can be delivered to
the carcinoma site thereby directly exposing the
carcinoma tissue to the therapeutic agent. Alter-
natively, naked antibody therapy is possible in which

10
antibody dependent cellular cytoxicity or complement
dependent cytotoxicity is mediated by the composite Humi
Vi, antibody.

15 Examples of the antibody-therapeutic agent

conjugates which can be used in therapy include
antibodies coupled to radionuclides, such as 1311, 90Y,
105Rh, 4750, 67Cu, 21251, 211At, 67Ga, 1251, 186Re,
188Re, 1TTLu, 99m71e, 153sm, '231 and '''1n; to drugs,

20 such as methotrexate, adriamycin; to biological response
modifiers, such as interferon and to toxins, such as
ricin.

Methods of preparing and administering
25 conjugates of the composite Humd Vi, VyH antibodies and a
therapeutic agent are well known or readily determined.
The pharmaceutical composition may be administered in a
single dosage or multiple dosage form. Moreover,
suitable dosages will depend on the age and weight of
the patient and the therapeutic agent employed and are
well known or readily determined.

30

Composite Humd Vi, Vg antibodies, and parti-
cularly composite Humd Vi, VH single chain antibodies
thereof, are particularly suitable for radioimmunoguided
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ac
Neoprobe™ scanner, commerelally available from Neoprobe

Corporation, Columbus, OH. The relatively small size
and human character of the composite HumYd Vi, VH single
chain antibodies will accelerate whole body clearance
and thus reduce the waiting period after injection
before surgery can be effectively initiated.

Administration and detection of the composite
HumY4 Vi, VY antibody-imaging marker conjugate may be
accomplished by methods well-known or readily
determined.

The dosage will vary depending upon the age and
weight of the patient, but generally a one time dosage
of about 0.1 to 200 mg of antibody-marker conjugate per
patient is administered.
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; _ The follow1ng nonlimiting examples are merely
protective gro s .active groups_and so on, when abbreviated, are

abbrevi ated a hpttra b°?LPﬁ(§F€EF?Q%§ﬁ?%E%BH BRdpe¥PBgFEaPn of

Nomencl iat e) wmﬁdmw ajmmnevw VﬁealﬁtﬁbdﬁlG@DCGADEdteﬁfbérﬁ&ﬁbés not

i mmunogl o ruct ur a, I n The, te
_"constant" euuféhﬁﬁW%ﬂﬁ i. Egéda?ﬁné %ﬁ%T?Qe Théf$aP?58?3tFeaP ns of
bot h |ight (\dqhhqnwxﬂﬁiimﬁwqat@@ear@)bthenghﬂetern1ne bi ndi ng recognition
and specificity to the antigen. The constant regi on donains of |ight

(derr]) and heampiderr])

10 CCU49 and CCB3 were isolated from their

respective hybridomas using pNP9 as a probe (see Figure
5). CCU9 Vy was obtained from p49 gi1-2.3 (see Figure 6)
and CC83 Vy was obtained from p83 gi1-2.3 (see Figure 7),

15 following the procedures set forth in EPO 0 365 997.

DNA encoding an antibody light chain was
isolated from a sample of blood from a human following
the protocol of Madisen et.al. (1987), Am. J. Med. Genet.,
2T7:379-390) with several modifications. Two 5 ml
purple-cap Vacutainer tubes (containing' EDTA as an
anticoagulant) were filled with blood and stored at
ambient temperature for 2 hours. The samples were
transferred to two 4.5 mL centrifuge tubes. To each
25 tube was added 22.5 mL of filter-sterilized erythrocycte
lysate buffer (0.155 M NHyCl and 0.17 M Tris, pH 7.65,
in a volume ratio of 9:1), and incubated at 37°C for 6.5
minutes. The tubes became dark red due to the lysed red
blood cells. The samples were centrifuged at 9°C for 10
minutes, using an SS-34 rotor and a Sorvall centrifuge
at 5,300 revolutions per minute (rpm) (~3,400 X g). The
resulting white cell pellets were resuspended in 25 mi
; of 0.15 M NaCl solution. The white blood cells were
i then centrifuged as before. The pellets were
i resuspended in 500 pL of 0.15 M NaCl and transferred to

20

30
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10 and 15 minutes. The resulting viscous solution was
extracted with phenol, phenol-chloroform and finally
with just chloroform as described in Sambrook etal.,

19 Ssupra. To 3.9 mL of pooled extracted DNA solution was
added 0.4 mL NaOAc (3 M, pH 5), and 10 mL 100 percent
ethanol. A white stringy precipitate was recovered with
a yellow pipette tip, transferred into a new Eppendorf
tube, washed once with 70 percent ethanol, and finally

15 washed with 100 percent ethanol. The DNA was dried in
vacuo for 1 minute.and dissolved in 0.75 mL deionized
water. A 20 pL aliquot was diluted to 1.0 mL and the OD
260 nm value was measured and recorded. The
concentration of DNA in the original solution was

20 saleulated to be 0.30 mg/mL.

Oligonucleotides (oligos) were synthesized
using phosphoramidite chemistry on a 380A DNA
synthesizer (Applied Biosystems, Foster, CA) starting on
0.2 pM solid support columns. Protecting groups on the
final products were removed by heating in concentrated
ammonia solution at 55°C for 12 hours. Crude mixtures
of oligonucleotides (approximately 12 OD 260 nm units)
30 Were applied to 16 percent polyacrylamide-urea gels and

electrophoresed. DNA in the gels was visualized by
short wave UV light. Bands were cut out and the DNA
eluted by heating the gel pieces to 65°C for 2 hours.
Final purification was achieved by application of the
eluted DNA solution onto C-18 Sep-Pac™ columns

25
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i quantitated by measur1n 0D 260 nm.
nethods of this invention produce, the invention is directed to,

conposite anti bodi es ' [ n naal obul i ns
coggr|5|ng§var|able reéFéﬁ?“ﬁgﬁgﬁ Pﬁ EEBP9€i§25§8§C?§?egcﬁgg% gggﬁ ‘At her
i'n nature. By, Emepyyddiles Hﬁﬁnvaemﬁpd e edcinigode ramis Van gernilbowy or

I ‘mmunor eact i vegfe;,gg mthteh‘?’rc?(onwh"i!*&'hc%ﬁf&%@?&gch@d&%qﬁgy ry;\vcl at least a

portion of the VL region encoded d fromt gern1|ne
gene and at Ie5§9“§356PFF6nSoﬁ%ieﬂmlﬂ@éronAc&b&@ﬂ?%ﬁeﬁﬁiﬁﬁ M%ﬁ;qﬂQ41the

V[err] to formfart BheeddnaBn#a®iadn (94 °C), annealing (45 °C) and
10 elongation (72 °C) steps. Each of the three steps in a
cycle were carried out for 4 minutes; there was a total
of 30 cycles.

Upstream of the reguiatory sequences in the
Humy4 Vi, germline gene, there is a unique Cla I
restriction enzyme site. Therefore, the 5' end
oligonucleotide for the PCR technique, called HUMVL(+)
(Figure 8), was designed to include this Cla I site.

15

20 The 3' end oligonucleotide, called HUMVL(-)

(Figure 8), contained a unique Hind III site; sufficient
mouse intron sequence past the splicing site to permit
an effective splice donor function; a human J4 segquence
contiguous with the 3' end of the V[ exon of Humd V[, to
complete the CDR3 and FRY4 sequences of the Vi domain
(see Figures 9 and 10); nucleotides to encode a tyrosine
residue at position 94 in CDR3; and 29 nucleotides close
to the 3' end of the V[ exon of Hum# V[ (shown
30 underlined in the oligonucleotide HUMVL(~) in Figure 8)
to anneal with the human DNA target. In total, this 3
end oligonucleotide for the PCR was 98 bases long with a
non-annealing segment (a "wagging tail") of 69
nucleotides. A schematic of the Humi VI, gene target and

25
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_ A PCR reaction was set up with 1 pg of total
structure haV|n8 the ability to bind to TAG 72._ The conposite.Humd V[err],

V[err] antibodif®®agk ONfe i} & diftaG tiAh (Y UHIR Rime! 80 dHnf or FRAR®MS havi ng an
antigen bi Bdi nGIUMWLE -Whiard HUMIEL (Sjecidriec addoh aeeserith stufdn cireitislrengt h

to TAG72 to f | . f [ ' | NO. d
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(FACS), i mmunoby;st ?Jéelg%imeu?é&’ W GJd dy ke SARSEESL! Yoodtorampsids Humd

Vierr], V[err] ant .

were set up as outlined below. The samples were heated
10 to 95 °C for 3 minutes. When the PCR was complete, 20
pL samples were removed for analysis by agarose gel

electrophoresis.

Based on the known size of the Humd Vp DNA
fragment to be cloned, and the size of the
oligonucleotides-used to target the gene, a product of
1099 bp was expected. A band corresponding to this size
was obtained in the reaction (shown in lane 7, Figure
12).

15

20

To prepare a plasmid suitable for cloning and
subsequently expressing the Humid Vi, gene, the plasmid
pSV2neo was obtained from ATCC and subsequently
modified. pSV2neo was modified as set forth below (see
Figure 13). ‘

25

The preparation of pSV2neo-101 was as follows.
Ten micrograms of purified pSV2neo were digested with 40
units of Hind III at 37 °C for 1 hour. The linearized
plasmid DNA was precipitated with ethanol, washed, dried
and dissolved in 10 pL water. Two microliters each of
10 mM dATP, dCTP, dGTP and dTTP were added, as well as 2
uL of 10X ligase buffer. Five units (1 pL) of DNA
i polymerase I were added to make blunt the Hind III

30
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Dy neating the mixXture Co 0O°C IOor 15 minutes. 1Ine
of the present r'eatzemb'nomhauEeawaantp}-@mrolbiemragt@fdf iamd yetdranad di ty
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and nost pgefe y grea Pan I 'sCussi on o
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see Munson (1983). w48t BAdR ERG¥AClto a sthfidard 20 pL ligation
reaction, and incubated overnight at 4 °C.

Competent E.coli DH1 cells were transformed with
1 pL and 10 pL aliquots of the ligation mix (Invitrogen,
San Diego, CA) according to the manufacturer's
directions. Ampicillin resistant colonies were obtained
on LB plates containing 100 pg/mL ampicillin. Selected
clones grown in 2.0 mL overnight cultures were prepared,
samples of plasmid DNA were digested with Hind III and
Bam HI separately, and a correct representative clone
selected.

10

The resulting plasmid pSV2neo-101 was verified
by size mapping and the lack of digestion with Hind III.

20

A sample of DNA from pSV2neo-10 mini~lysate was
prepared by digesting with 50 units of Bam HI at 37°C
for 2 hours. The linearized plasmid was purified from a
4 percent DNA polyacrylamide gel by electroelution. The
DNA ends were made blunt by filling in the Bam HI site
using dNTPs and Klenow fragment, as described earlier
for the Hind III site of pSV2 neo-101.

25

30
A polylinker segment containing multiple

cloning sites was incorporated at the Bam HI site of
pSV2neo-~101 to create pSV2neo-102. Equimolar amounts of
two oligonucleotides, CH(+) and CH(-) (shown in Figure
14) were annealed by heating for 3 minutes at 90 °C and
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standard 20 plL ligation reaction. 4.coit DH1 was
92 533d57z andtﬁ?ﬁéﬁbﬂ?dd(&géﬁ)o BnaL ?nﬁ SAQadalSQUOtsgéf6ﬁﬂe672 Eungn
antl ody kappa, ¢ ns_have, heen | i nt subgroups _on the basis
i nval i ot ahF AR A0R dLERRERoAEnPEERORER) o\ nptle RHRERTLEIP™" (00"
Sequences of F?eSbshanbfcbhnnmebogecalseheetedtfpnthneﬂy;;SquIpihedlhy The
U. S. Departne r e e a r to be
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approxi mately genes ut only one Subgroup VK gene has been
identified i n iPROMRPBALEBMONE (see Kl obeck, etal .

A Hind I1I digest of mini-lysate plasmid DNA
10 revealed linker incorporation in six of the clones. The
plasmid DNA from several clones was sequenced, to
determine the number of linker units that were blunt-end
ligated to pSV2neo-101 as well as the relative
15 orientation(s) with the linker. Clones for sequencing
were selected on the basis of positive digestion with

Hind III.

A Sequenase™ sequencing kit (United States
B)iochemical Corp, Cleveland, OH was used to sequecne
the DNA. A primer, NEO102SEQ, was used for sequencing
and is shown in Figure 15. It is complementary to a

20

sequence located upstream from the BamHI site in the
vector. Between 3 ug and 5 pg of plasmid DNA isolated
25 from E.coli mini-lysates were used for sequencing. The
DNA was denatured and precipitated prior to annealing,
as according to the manufacturer's instructions.
Electrophoresis was carried out at 1500 volts; gels were
dried prior to exposure to Kodak X-ray film, Data was
30 processed using Hitachi's DNASIS™ computer program.
From the DNA sequence data of U clones analyzed
(see photograph of autoradiogram - Figure 16), compared
to the expected sequence in Figure 14, two clones having
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A human Ck gene wa s sert d int SV2neo~-102
(1985), Nuclelc Aci ds Research :f 6 2 e nuc é%tlde sequence of

Humd V[ err] istSefors: PR |1r9°IQabatTh@t hé\‘l’“a“( f'§-9P}m ¥asr sondid nfghd 2 al .
(1973), Nagures, 24&b12ﬁnd121h-l3arba§1bﬁtsa ghontd(HDet éL &uIpr i(3i98QN)y, that
an |nnunoglobué§2_gaﬁgvg % ﬁgt chain mnth at least a portion of the VL
encoded by a g 8 FFQ FMurmd V[err] may, if conbined with a suitable
V[err], have binding specificity for TAG 72. The type of JL gene segnent
sel ected is not A 3 pg sample of DNA from a mini-lysate of
pSV2neo-102 was digested with Bam HI and Hind III. The
10 vector DNA was separated from the small Bam HI-Hind III
linker fragment, generated in the reaction, by
electrophoresis on a 3.75 percent DNA polyacrylamide
gel. The desired DNA fragment was recovered by
electroelution. A pBR322 clone containing the 5.0 kb
15 Hind I1I-Bam HI fragment of the human Cx gene (see
Hieter etal., supra) was designated phumCk. The 5.0 kb
Hind 1II-Bam HI fragment was ligated with pSV2neo-102r
and introduced into E.coli DH1 (Invitrogen). Ampicillin
resistant colonies were screened and a clone containing

20
the human Ck gene was designated pRL1000.
Finally, pRL1000 clones were screened by
testing mini-lysate plasmid DNA from E.coli with Hind III
25 and Bam HI. A clone producing a plasmid which gave 2

bands, one at 5.8 Kb (representing the vector) and the"
other at 5.0 kb (representing the human Ck insert) was
selected. Further characterization of pRL1000 was
achieved by sequencing downstream from the Hind III site
30 in the intron region of the human Cx insert. The
oligonucleotide used to prime the sequencing reaction
was NEO102SEQ (Figure 15). Two hundred and seventeen
bases were determined (see Figure 17). A new
oligonucleotide corresponding to the (~) strand near the
Hind III site (shown in Figure 17) was synthesized so
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critical to the inventip q_mrd ity 7 @Ngxgggtg%ﬁth%mn]llng I Hungd egent
can associgte with the Humd _V The _present |nvent n ohvi ousl
cont enpl at &s tﬁ@tﬂdﬁﬁdVEylﬁcgsyéélégpéﬁdwﬁﬁﬁ°a Rh& ‘ﬂﬂﬁQ]V%ﬁﬁhﬁwme The

five human J[ epRL,109€queDNas offr REGVODORNE tneHﬂumﬁrVﬂlﬁerdﬁﬂﬁﬁﬁteﬂ%e

Journal of Bio 3 151 the sent

I nvention is nkg% ?gﬁggdgﬁi-ﬁz”? ﬁf% % $ %5 fﬁggéﬁ gfey?fe e present
i nventi on specplirdflieg bUnEéﬁpt&D@borbelﬁunﬁsvuesnnxha&namnkuemwth any of
the at |east six human J[err] genes (see Hollis

10 The pRL1000 DNA fragment and fragment

containing Humd4 Vi, gene were ligated, and the ligation
mixture used to transform E.coli DH1 (Invitrogen),
following the manufacturer's protocol. Ampicillin
resistant clones were screened for the presence of the
Humy V[, gene by restriction enzyme analysis and a
representative clone designated pRL1001 (shown in Figure

18).

15

Four plasmids having the correct Cla I-Hind III
restriction pattern were analyzed further by DNA
sequencing of the insert region (see Figure 19). Hind
III Cx(-) (shown in Figure 17), HUMLIN1(-) (shown in
Figure 10), HUMLIN2(-) (shown in Figure 10) were used as
the sequencing primers. Two out of the four plasmids
analyzed had the expected sequence in the coding regions
(Figure 19, clones 2 and 9). i

20

25

Clone 2 wés chosen and used for generating
sufficient plasmid DNA for cell transformations and
other analysis. Thnis plasmid was used for sequencing
through the Hum#d4 Vi, and the upstream region to the Cla
I site. Only one change at nucleotide position 83 from
a C to a G (Figure 10) was observed, compared to a

30
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containing the light or heavy chain constructs. The
Hum4 V[, was introduced in Sp2/0 cells along with
corresponding heavy chains by the co-~transfection scheme

10 jndicated in Table 1.
Table 1
DNA Added
15 Cell Line ) ,
Designation |y, chain H Chain H Chain
RL1001 p43d p83
p gl-2.3 gl-2.3
MP1-44H 20 pg 15 pg 0 pg
MP1-84H 20 pg 0 pg 15 ug
20

A total of 8.0 X 106 Sp2/0 cells were washed in
sterile PBS buffer (0.8 mL of 1 X 107 viable cells/mL)
and held on ice for 10 minutes. DNA of pRL1001,
linearized at the Cla I site, and the DNA of either pi9
g1-2.3 or p83 g1-2.3, linearized at their respective Nde
I sites, were added, in sterile PBS, to the cells (see
protocol - Table 2) and held at 0 °C for a further 10
minutes. A single 200 volt, 960 puF electrical pulse
30 lasting between 20 and 30 milliseconds was used for the

electroporation. After holding the perturbed cells on
ice for 5 minutes, 25 mL of RPMI medium with 10 percent
fetal calf serum were introduced, and 1.0 mL samples
aliquoted in a 24 well tissue culture plate. The cells .
were incubated at 37 °C in a 5 percent CO02 atmosphere.

25
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(see Horton eta? %%989§est£tant79?%i§6§§?eTﬁglEir ? fﬁe conp05|yé Humd

V[err], V[err] antibodies is not critical tqo the invention. To date, the
Hun4 V[ err] has only hSBREr8asAnéd AT omaveddshbay ing g yasidtatHged with
the single Ck genén{esewéieet peseéal on(L088), ﬁ@tés B8r18¢ét201ky However,

the present inventio I nf ended mted to_th l'i ght

chain constant? %%h%?ﬂ %Eqﬁgé L fﬂgg%iyggﬁepgﬁﬁﬁ%ﬂtpﬂﬁﬁ gﬁ§[$ge any of the

at | east six C¥elm¢1gwnpse§seedbebmsLSﬂ#%T tusopr a¢nograft cells was
diluted 1:40 and used to coat flexible polyvinyl

10 chloride microtitration plates (Dynatech Laboratories,
Inc.). Wells were air-dried overnight, and blocked the
next day with 1 percent BSA. Supernatant samples to be
tested for anti-TAG-72 antibody were added to the washed

15 wells and incubated for between 1 and 2 hours at 37 °C.

Alkaline phosphatase labeled goat anti-human IgG
(diluted 1:250) (Southern Biotech Associates,
Birmingham, AL) was used as the probe antibody.
Incubation was for 1 hour. The substrate used was p-

20 nitrophenylphosphate. Color development was terminated
by the addition of 1.0 N NaOH. The plates were read
spectrophotometrically at 405 nm and 450 nm, and the
values obtained were 405 nm-450 nm.

25 Those samples producing high values in the
assay were subcloned from the original 24 well. plate
onto 96 well plates. Plating was done at a cell density
! of half a cell per well (nominally 50 cells) to get pure
monoclonal cell lines. Antibody producing cell lines
were frozen down in media containing 10 percent DMSO.

30

Two cell lines were procured having the
designations: MP1-U44H and MP1-84H. MP1-44H has the
chimeric CC49 y1 heavy chain with the Humd Vi light
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A 1.0 L spinner culture of the cell line
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encoded by the uman bgr ou |ne gene, di mensi ona
structure havi rHps Rasse |Qvefoa retein Paeantridge (Nygene, New

York). Immunoglobulin was eluted using 0.1 M sodium
citrate buffer pH 30. The pH of the eluting fractions
containing the antibody was raised to neutrality by the
addition of Tris base, pH 9.0. The antibody-containing
fractions were concentrated and passed over a Pharmacia
Superose 12 HR 10/30 gel filtration column. A protein
was judged to be homogeneous by SDS polyacrylamide gel
electrophoresis. Isoelectric focusing further
demonstrated the purity of MP1-U44H.

10

15

The biological performance of the human
composite antibody, MP1-44H, was evaluated by comparing
immunohistochemistry results with two other anti-TAG-~T2
antibdoies CC49 (ATCC No. HB 9459) and Chi4 (ATCC No. HB
9884). Sections of human colorectal tumor embedded in
25 paraffin were tested with the three antibodies by
methods familiar to those skilled in this art. All
three antibodies g;ve roughly equivalent binding
recognition of the tumor antigen present on the tumor

20

tissue sample.
30

A further test of the affinity and biological
integrity of the human composite antibody MP1-44H was a
competition assay, based on cross-competing radioiodine-~
-labeled versions of the antibody with CCH9 and ChilY in
all combinations. From the data shown in Figure 20, it
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identifying the deposit or the publications or upon the
laying open to the public of any U.S. or foreign patent

10 application, which ever comes first, and for
availability of the cell line to one determined by the
U.S. Commissioner of Patents and Trademarks to be
entitled thereto according to 35 CFR §122 and the

15 Commissioner's rules pursuant thereto (including 37 CFR

§1.14 with particular reference to 886 0G 638). The
assignee of the present application has agreed that if
the cell lines on deposit should die or be lost or
destroyed when cultivated under suitable conditions for
20 a period of thirty (30) years or five (5) years after
the last request, it will be promptly replaced on
notification with Qiable replacement cell lines.

Example 2

25
Single-chain antibodies consist of a VL, VH

and a peptide linker joining the Vi and VH domains to

produce SCFVs. A ‘single chain antibody, SCFV1, was

constructed to have the Hum4 Vi as V Domain 1 and CCH9
30 VY as V Domain 2 (see Figure 21).

The polypeptide linker which joins the two V
domains was encoded by the DNA introduced at the 3' end
of the VL DNA during the PCR. The oligonucleotides
SCFV1a and SCFV2 were designed to obtain the DNA segment
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he polypeptide 1i nker for CFV1 was enc de
TAG 72. Spemﬂcallie wﬁenYStPI|Z| ' CC49 %I%% VH and
o

C46
CC92 VH, theotbgppueteotide SFEVIP, (%?%rP?laHSPbOEPewPPPeBélééglgned to
utilize ghe ﬁ)binamdndszseaﬁenbmg\bn@m@@wda!sl scavaauaaaescwnlb tlrese Verr]
of the respectlv gsee Fi ures g é nuri ne and
human DH and 9?P§8ﬂé5ﬁ%§¥ng?e EgPe?% ?hl?n pmg Xp n§93i¥ke§hpra. An
exenpl ary tecbaspgaotifeiyengTheesequesces sfl BCF¥daDendn8CFM1begmentas Wi th a
VH sequence Pé}?g %CewiPQ'HﬂéshiMPiéféiE “QeéﬁkﬁﬁbgduBBEQQQHEBQOt'des

anneal i ng and fng I'n I ng proc
10
SCFV1a with the Hind III in bold:
Hind 111
15

5'CTGCAAGCTTCCTTTTCCTTTTGGC“GGTTTTGCAGCCAAAATATCTGCAG
ACATCGTGATGACCCAGTC-3"'

SCFV1b with the Aat II site in bold:
20

5'-CGTAAGACGTCTAAGGAACGAAATTGGGCCAATTGTTCTGAGGA
GACCGAACCTGACTCCTTCACCTTGGTCCCTCCGCCG-3!

25

The target DNA in the PCR was pRL1001
(shown in Figure 18). The PCR was performed pursuant to
the teachings of Mullis etal. supra. A DNA fragment
30 containing the Humd Vi-linker DNA component for the
construction of SCFV1 was obtained and purified by
polyacrylamide gel electrophoresis according to the
teachings of Sambrook etal., supra.
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f CH 1
Horton etal usedp 05‘ tPﬁ gcg 8gl |cge 3'Pr$er?ts tfr?el gcv)ar:?p’os|]1t'e£rl Lt VL,

. V[err] antlbbayrwpuzlss QGQE6ﬁ§G§|PédH€#4n@Ferr] V[ err] TAG anti body",
nmeans an5ant|body or i mrunoreactive fragment thereof which is characterized
by having at stpask,awpeht tAe @it D ¥Yhitee@nobogasoded by DNA derived from
the Humd VL gernmline gene and at |east a portion of the V[err] region
encoded by DNA derived fromthe V[err] TAG germine gene, which is known in
the art (see, for exanple, EPO 0 365 997 to Mezes etal., the Dow Chem ca

Conpany) .

10
5'-CCTTAGACGTCCAGTTGCAGCAGTCTGACGC=-3'
SCFV1d, with the Hind III site in bold:
15
20 5'-GATCAAGCTTCACTAGGAGACGGTGACTGAGGTTCC-3"'

The purified Humd Vi~linker and Vy DNA

fragments were treated with Aat II (New England Biolabs,
25 Beverly, MA) according to the manufacturer's protocol,
and purified from a 5 percent polyacrylamide gel after
electrophoresis. An equimolar mixture of the Aat II
fragments was ligated overnight. The T4 DNA ligase was
heat inactivated by heating the ligation reaction
mixture at 65 °C for 10 minutes. Sodium chloride was
added to the mixture to give a final concentration of 50
mM and the mixture was further with Hind III. A Hind
IITI DNA fragment was isolated and purified from a 4.5
percent polyacrylamide gel and cloned into a yeast
expression vector (see Carter etal. (1987), In: DNA

30
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Figure 2 shomsdthe ?Ecleotmﬁ%:3ﬁuﬁumxcij2\§gyv1T&g&c@ggeahﬁeﬁyphfogige

seguences gnco err nti bodi es,

ot Ty ety Rk bR 50S Ehe kbeRt LBFeEEASRLRAtE BEWAE S dARoRRE St

EILer r] TiAG t Cyﬁoygmcﬁw - Vi, t@CS:B HEeFikuaagng@Q]iiz\i[%eﬂ%n%#%N\L/pdeésiﬁ of
e nucl eoti de gg ﬁ?ghgo a §?q3gn9§§9ant &er 8 A

CC83 VH and Cd@ hose dies are r|ve
V[ err] TAG Sohh@kernﬁﬁh@an%SoEQQFﬁiﬁngﬁﬂHn@opﬂaau@ﬁlfégmﬁérﬁéﬁg@ﬁﬁht of

the VH derivedcfgonyyHadAGuhnNad PoSetions 133 to 248 of Figure 22).
10

The complete DNA and amino acid sequence of
SCFV1 is given in Figure 22. The oligonucleotides used
to sequence the SCFV1 are set forth below.

15 TPI:
5'-CAATTTTTTGTTTGTATTCTTTTC-3".
HUVKF3:

20 51 _CCTGACCGATTCAGTGGCAG-3'.
DC113:

5'-TCCAATCCATTCCAGGCCCTGTTCAGG-3"'.

25
SUC2T:
5'-CTTGAACAAAGTGATAAGTC-3'.
Example 3

30

A plasmid, pCGS517 (Figure 23), containing
a prorennin gene was digested with Hind III and a 6.5 kb
fragment was isolated. The plasmid pCGS517 has a
triosephosphate isomerase promoter, invertase [SUC2]
signal sequence, the prorennin gene and a [SUC2]
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(Stratagene, La Jolla, Ca).

gave rise to sonme nucl eoti de changes that may or nmay not 15 result in a
honol ogous am no aci d chanpige bebrrentt beiphtdidonyekistedr wargedhaybri domas

M VL ger i P20 A2 Sdde ettt diat TUHER L0, et hvent fon i s
i ntended to |mnwg@@agpheng@mﬂ|m@mpence ligated to the vector DNA to
form a gene with a contiguous signal sequence. £E.coli
DHI (Invitrogen) cells were transformed and colonies
10 screened using a filter-microwave technique (see
3uluwela, etal. (1989), Nucleic Acids Research, 17:452).

From a transformation plate having several hundred

colonies, 3 positive clones were obtained. Digesting.
15 the candidate plasmids with Sal I and Kpn I, each a

single cutter, differentiated between orientations by

the size of the DNA fragments produced. A single clone,

pDYSCFV1 (Figure 23), had the correct orientation and

was used for further experimentation and cloning. The
20 probe used was derived from pRL1001, which had been
digested with Kpn I and Cla I (see Figure 18). The
probe DNA was labeled with 32P a-dCTP using a random
oligonucleotide primer labeling kit (Pharmacia LKB
Biotechnology, Piscataway, NJ).

25
. The next step was to introduce the Bgl II-
Sal 1 fragment from pDYSCFV1 into the same restriction
| sites of another vector (ca. 9 kb), which was derived
i 30 from PCGS515 (Figure 23), to give an autonomously

replicating plasmid in S.cerevisiae.

DNA from the vector and insert were
digested in separate reactions with Bgl II and Sal I
using 10X buffer number 3 (50 MM Tris-HCI (pH 8.0), 100
| mM NaCl, BRL). The DNA fragment from pDYSCFV1 was run
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T4 DNA ligase (Stratagene) and a transformation using E.

genes whi ch ar%oﬁrﬁﬁH'CYEM%XBNg@é{)aQQQd &-?-'Pegh%u\é[er EAGEIGT ! &'or:‘l%sge”e

O her antlgodles encod rived fromVierr] naﬁ be identified by
using a hybri dlsféteic&ﬁdprf@é'e serEeTimgmwidd Zhel Er\R&Er6TAG or

rearranged gena%r@OQbmﬂaduaﬁiurﬂéﬁxydmrxxh\&dﬁrdéBMEeéignaﬁe@aJIy, t he

probe will incl part the V[err] TAG germine gene and its
f I anki ng regloﬁég§5g?/adﬂyﬂﬂd? "is nmeant to include those DNA

sequences fromthe 5 end of the VHaTAG to the 3' end of the upstream gene,
and from3' end of the V[ erPNAASEquenbéng of pCGS515/SCFVI DNA was

10 done using a Sequenase™ kit (U.S. Biochemical,
Cleveland, OH) using pCGS515/SCFV1 DNA. The results
have been presented in Figure 22 and confirm the
sequence expected, based on the linker, the Humd V[ and

45 the CCH9 Vy.

Transformation of yeast cells using the
autonomosly replicating plasmid pCGS515/SCFV1 was
carried out using the lithium acetate procedures
described in Ito etal. (1983), J. Bacteriol., 153:163-
1685 and Treco (1987), In: Curent Protocols in Molecular
Biology, Ausebel etal. (eds), 2:13.71-13.7.6. The
recipient strain of S.cerevisiae was CGY1284 having the
genctype - MAT a (mating strain a), ura 3-52 (uracil
25 auxotrophy), SSC1-1 (supersecreting 1), and PEP4*

(peptidase Y4 positive).

20

Transformed clones of CGY1284 carrying SCFV
plasmids were selected by their ability to grow on
30 minimal media in the absence of uracil. Transformed
colonies appeared within 3 to 5 days. The colonies were
transferred, grown and plated in YEPD medium. Shake
flasks were used to provide culture supernatant with
expressed product.
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AWMLV WVWLILTTWwWT J/ &WE VihiiLUEg WV Vile L8AM T he WRAAVMEQWEE AR WA

5 end of the BelwhtpEahegene. The CDR fromthe variable regién of
ant|b0d|e§5derived from VHaTAG may be grafted onto the FR of selected VH,
i.e., FR of a human anschydyproteinPWad 3% t4@Q Liyo plitvitfhre)d firam exanpl e,

chai n encoded B0H48 GERES Rt ALEUTS  SAPELRRCSLL and>LhBor SEPEFRRE) 2 AL,

whi ch makes a $ihtiratitnacdlishcORbanmecba LEBeBibtehhnolagy)(;1988),

Nucl 3'5_01/3;" ;'S Ros68" €8 odip6P81a1 ER48i 0Py RLKA BEaY- 141882), | mmunobiol .
competition ELISA. These results demonstrate that the
SCFV1 had TAG-T2 binding activity.

The SCFV1 protein has been detected by a

standard Western protocol (see Towbin etal. (1979), Eroc.
15 Natl. Acad. Sci., U.S.A., 76:4350-4354). The detecting
agent was biotinylated FAID14 (ATCC No. CRL 10256), an
anti-idiotypic monoclonal antiBody prepared from mice
that had been immunized with CC49. A band was
visualized that had an apparent molecular weight of
approximately 26,000 daltons, the expected size of the
SCFV1. This result demonstrated that the SCFV1 had been
secreted and properly processed.

20

25 Example 4

The following example demonstrates the cloning
of human VH genes .into a SCFV plasmid construct
containing sequence coding for the Hum# VL and a 25

30 amino acid linker called UNIHOPE.

A vector was prepared from plasmid pRW 83
containing a chloramphenicol resistance (Cam”) gene for
clone. selection, and a penP gene with a penP promoter
and terminator (see Mezes, etal. (1983), J. Biol. Chem.,
258:11211-11218) and the pel B signal sequence (see Lei
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The nucl egti de seguenc%h%fp‘f"fge RAPRILET 3727 %17?2Silgng%oﬁn‘?qiunenlgieggrege4. The
517x2 cel ° |i mbtiadnedbltixlay BGRiusing FRWbAIras ariempat eane,
ni versitats- Kinderldididsqd TPoC N Hed dnEH fas Zor Sddl0s Wirelelr g, FRG) .
B17X2 is direct e%%to I%-Acet ﬁ@?(g ucosamqﬁée and i2pnot S ecif'E for, TAG 72.
16 fragment was designated Fragment B Egee Figure é ). A
Nco I enzyme restriction site was introduced at the 3'
10 end of the signal sequence region by the penP2

oligonucleotide.

penP1:

5'-CGATAAGCTTGAATTCCATCACTTCC-3'
15 penP2:

5'-GGCCATGGCTGGTTGGGCAGCGAGTAATAACAATCCAGCG GCT
GCCGTAGGCAATAGGTATTTCATCAAAATCGTCTCCCTCCGTTTGAA-3'!

A SCFV comprised of a Humd VL, a CC49 Vy, and

20 an 18 amino acid linker (Lys Glu Ser Gly Ser Val Ser Ser
Glu Gln Leu Ala Gln Phe Arg Ser Leu Asp) was obtained
from pCGS515/SCFV1 by PCR using oligonucleotides penP3

and penP6. This fragment was designated Fragment D (see
Figure 24). A Bel I site was introduced at the 3' end

25 of the Vy region by the penP6 oligonucleotide.

penP3:
5'-GCTGCCCAACCAGCdATGGCCGACATCGTGATGACCCAGTCTCC—3'

30 penP6(-):

5'-CTCTTGATCACCAAGTGACTTTATGTAAGATGATGTTTTG ACG
GATTCATCGCAATGTTTTTATTTGCCGGAGACGGTGACTGAGGTTCC-3"'

Fragments B and D were joined by PCR using
oligonucleotides penP1 and penP6, following the
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was isolated by digesting pRW 83 Wlth Bel I and Sal I,

(o acial r A1 ST RITTEEE Al Bt CO6Y 5k U6 hES T 0La bR sy | 1A
(amino aci d reviidedsadn G167 ,ofwhHicduries @thuhnelmmua/[cm rdamG (ani no

residues 50 to 65 of Figure 3) na be inserted into B17X2 (am no acid
residues 52 to 67 of FFgéﬁéld)PS¢ @@RésﬁﬁyFbéurépﬁééeuaﬁy°§ﬁ?tbﬂ and JH

sequence whi chysigesa noiréd fagt LRedl 16k 'Er#fmé s AR} | bpdind 08, TAG 72 but,
specifically, nay be replaced by t of “an anti body haV|ng its VH
derived fr1%m The Neo I r‘estrlctlon enzyme site within the

Cam’" gene and the Hind III site located at the 5' end of
the penP promoter in pSCFV 31 were destroyed through a
PCR DNA amplification using oligonucleotides Ncol.1 and
Nco1.3(-) to generate an Eco RI-Nco I fragment and

15 oligonucleotides Nco1.2 and Ncol.4c(-) to generate a Nco
I to Eco RI fragment. These two fragments were joined
by PCR-SOE using oligonucleotides Ncol.1 and Ncol.4e(-).
The oligonucleotides are set forth below:

20 Ncol.1:

5'-TCCGGAATTCCGTATGGCAATGA-3'

Neo1.3(-):
5'-CTTGCGTATAATATTTGCCCATCGTGAAAACGGGGGC=-3"

25 Neco1l.2:

5'-ﬂTGGGCAAATATTATACGCAAG—3'
Ncotl.l4e(=-):

30
5'=-CACTGAATTCATCGATGATAAGCTGTCAAACATGAG-3"'

pSCFV 31 was digested with Eco RI and the larger
fragment was isolated by polyacrylamide gel
electrophoresis. To prevent self ligation, the DNA was
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E A two part ligation of the larger pSCFV 31
V[ err] TAG, _ e. 043 g &E84&d %@me%@n%g@@n-sﬁmewhgmantecaeggwaeﬁor such

repl acene are set forth 1n Horton etal., B supra. donuai ns_of
i mmunogl obul i rRPRYRy %%%H%tﬂ%r+%eﬁh?r%ﬁ?%@b?%ﬁ?éeﬂg ?Vggﬂbe 3RFI EL1gHY ehe

changed to a hesan sequence by known techni ques (see, USP 4,816,567 to

Cabilly, Genentech). CH domai be of. vario te 0 t ened
human isotypes, i.e., 19G Pgﬁﬁ’s 3I Gf”@l’sr ]d,J'ﬁegs eé#jﬁjﬁwoeﬁr]g,n@n@;&l 1
lgderr]), |glafe.a.fragmantancongadning gthel Ganr'| geheawaseipodgtede vari ous
al l otypes @ the

The Humd V], was obtained by PCR DNA
amplification using pCGS515/SCFV1 as a template and
oligonucleotides 104BH1 and 104BH2(-) as primers.

15 104BH1:

5'-CAGCCATGGCCGACATCGTGATGACCCAGTCTCCA-3'
104BH2(-) :

20 5'-AAGCTTGCCCCATGCTGCTTTAACGTTAGTTTTATCTGCTGG
AGACAGAGTGCCTTCTGCCTCCACCTTGGTCCCTCCGCCGAAAG-3'

The CCU9 Vy was obtained by PCR using pi4g
g1-2.3 (Figure 5) as a template and oligonucleotides
25 104B3 and 104B4(-) as primers. A Nhe I enzyme
restriction site was introduced just past the
termination codon in the 3' end (before the Bcl I site)
by oligonucleotide 104B4(-).

30 104B3:

5'-GTTAAAGCAGCATGGGGCAAGCTTATGACTCAGTTGCAGCAGTCTGACGC-3'
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i ndi Vi dugn groups (see Kaljai t@ealPCR 18ikkh Joined .tHeseertwdef rtagnodn hys of
t

the pres I nventio Lt .S d n o] kil Led gatilsan that
human VH genéﬁst%ﬁ %giggg?%gggg%dgﬁeﬁggggﬁl%P§ 9§ﬂ§5363cégaﬁg%%F?§TA 72
i munogl obi | ieodbmpi region fbrhatd2 smimoVpeid] ljaker was formag.be used to
I sol ate a gene encoding for a VH having the ability to bind to TAG72 to

test nyriad combinations Qf riapheWs aNA Mihd e dBovdPleditfadiidgy ©e&ur in
nature, e.g., by generating a conbi natorj al I|bra§¥ u5|ﬁﬁ é?e Hund V@err]
gene to a@(ygeqf qqﬁﬂ%;gﬁqﬂqqqon was isolated om p digeste

with Bel I and Sal I.

Plasmid pSCFV 33H (see figure 25) was
created with a three part ligation of the vector,
fragment C, and the SCFV fragment described above.

15
pSCFV 33H was digested with Necol and Nhel,
and the DNA fragment containing the CamP.gene was
isolated as a vector.

20 Humld VL was obtained by PCR DNA
amplification using pRL1001 (see Figure 18) as a
template and oligonucleotides UNIH1 and UNIH2(~) as
primers. 0ligonucleotides for the PCR were:

25

UNIH1:
5'-CAGCCATGGCCGACATTGTGATGTCACAGTCTCC-3’ =

The Nco I site is in bold and the hybridizing sequence
30 is underlined.

UNIH2(=):

5'-GAGGTCCGTAAGATCTGCCTCGCTACCTAGCAAA
AGGTCCTCAAGCTTGATCACCACCTTGGTCCCTCCGC-3"

The Hind III site is in bold.
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UNI3: : : : : , ,
Exanpl es of_these %nabllng t echnol ogi es include screening of conbinatorial

libraries o V[srrigdteeetacorbinatoonecrecnocenckadTocagtaareTehals .
ant i body 17 (SCFV) format expressed on the surfaces of 1d phage

(Cl ackson, etalThé1¥%)I blater és 3n2b624- €28) ther hydridizihgr skqukage
system for expr§§5|on P{lFV s or Fabs (Huse, et

urnide ned.
UNIU(-):
10 .
5'~CATCGCTAGCTTTTTATGAGGAGACGGTGACTGAGGTTCC-3"'.
The Nhe I site is in bold and the hybridizing sequence
is underlined.
15 Oligonucleotides UNIH1 and UNI4(-) were used in

the PCR~-SOE amplification which joined the Hum# Vi and
CC49 VY fragments and formed a coding region for a
negatively charged fifteen amino acid linker. The DNA
was digested with Nhe I and Nco I and ligated with the

20 vector fragment from the Nco I-Nhe I digest of pSCFV
33H. The resultant plasmid was designated pSCFV UNIH
(shown in Figure 25).

With the construction of pSCFV UNIH, a
universal vector for any SCFV was created with all the

25
desired restriction enzyme sites in place.
DSCFV UNIH was digested with Hind III/Xho I,
and the large DNA fragment containing the Cam!’ gene,
Hum# V; and CCH9 Vy was isolated.
30

A fragment coding for a 25 amino acid linker,
was made by annealing the two oligonucleotides shown
below. The linker UNIHOPE is based on 205C SCA™ linker
(see.Whitlow, (1990) Antibody Engineering: New
Technology and Application Implications, IBC USA
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al . (1989) SC|gﬁc@“?&ﬁ??ﬁ?ﬁS%ﬁﬂ?ﬁnceI%Rﬁﬂﬂﬁng %Qﬁw%ﬂqﬁchyq%ﬁ9§%aﬁﬁlngs
set forth Eeresnt|ﬁpn&hrha&qMSS|ble to clone SCFV antibodies in E coli,
and express the SCFVs as secreted sol uble proteins. SCFV proteins produced
in E. coli thaUNSHRPHE Fiaune 3A) :gene can be screened for binding to

TAG 72 usi ng, f Qr exanple, a two-nenprane filter screeni a Ysten1(8kerra,

etal. (1991), aFﬁﬁ&&ﬂGQ§ﬂﬁ§ﬁ§ﬁQ§A§F T A %ﬁﬁﬁ GGG red gene
re!oer}3 f)i re canAheGATGATGET SAGHNAGATEA TR TN A A AGEADC TG AT ANt from any
suitable 10
UNIHOPE(-) (Figure 26):
5'TAGACTCGAGGTCCTTTTTAGCATCGTCTTTCTTAGCGT CAT

CCTTCTTCGCAGCATCCTTTTTCGCATCGTCCGCACTAAGCTTTATA-3!

The resulting strand was digested with Hind
III/Xho I and ligated into the vector, thus generating
the plasmid pSCFV UHH (shown in Figure 27). Plasmid
pSCFV UHH expresses a biologically active, TAG-T72
binding SCFV consisting of the HumY# Vi and CC49 Vy. The
20 expression plasmid utilizes the f-lactamase penP
promoter, pectate lyase pelB signal sequence and the penP
terminator region. Different immunoglobulin light chain
variable regions can be inserted in the Neco I-Hind III
restriction sites, different SCFV linkers can be
inserted in the Hind III-Xho I sites and different
immunoglobulin heavy chain variable regions can be
inserted in the Xho I-Nhe I sites.

15

25

E.coli AG1 (Stratagene) was transformed with the
30 1ligation mix, and after screening, a single
chloramphenicol resistant clone, having DNA with the
correct restriction map, was used for further work.

The DNA sequence and deduced amino acid
sequence of the SCFV gene in the resulting plasmid are
shown in Figure 26.
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source, e.g., ﬁé’ﬂpﬁﬁéltél‘mbl%&gﬁ ynp Thoecy G & 1"eeer?c’cugldl to, Ryad ynph nodes of
a patient @n t hahmrr&rTAGxﬁrZebslmdg.n'EA@awlalh sé'rh@ mtlltthns FSAY R to
p

bi as the reperQirefag &4F Lecf 3d11Vid1at eS Wals derdwatsi
source of nucle%c a(?% ?g Ilg sour?eB cells ptfrt'om ver??ee ate M%lﬁ%ne of

various stagesaoflAggd2 m@ﬂﬂﬂ?%ﬁﬁ?ﬂrﬁﬁWklﬁ%g Jdnset k&ﬂlg&ﬁb& ?cﬂgé
desired sequengg odR%ddQiit®0l13t BEA anf RE@Bre 1D|l%n.fr'r a9t éd hydohkear nore

restriction enzynesy 33oee (Std 20y 'WPof Fdtinyrated ccug
10 (1/20,000 dilution of a 1 mg/mL solution) were added to
the wells and the plate was incubated for 30 minutes at
31 °C. The relative amounts of TAG-T72 bound to the
plate, biotinylated CC49, streptavidin-alkaline
phosphatase, and color development times were determined
15 empirically in order not to have excess of either
antigen or biotinylated CC49, yet have enough signal to
detect competition by SCFV. Positive controls were Cch9
at 5 pg/mL and CC49 Fab at 10 uL/mL. Negative controls
were 1% BSA in PBS and/or concentrated LB. Unbound

20 _
proteins were washed away.

Fifty microliters of a 1:1000 dilution of
streptavidin conjugated with alkaline phosphatase
(Southern Biotechnology Associates, Ine., Birmingham,

25 AL) were added and the plate was incubated for 30
minutes at 31 °C. The plate was washed 3 more times.
Fifty microliters: of a para-nitrophenylphosphate
solution (Kirkegaard & Perry Laboratories, Inec.,
Gaithersburg, MD) were added ‘and the color reaction was
allowed to develop for a minimum of 20 minutes. The
relative amount of SCFV binding was measured by optical
density scanning at 405-450 nm using a microplate reader
(Molecular Devices Corporation, Menlo Park, CA).

Binding of the SCFV resulted in decreased bindihg of the

30
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secondary | ynph organs, neoplastic tissue, white blood cells-from

peri pheral bl ood gaeéphebr(isdonss) from an G heH empeosed 450 T V2lgey be
probed for (mékedt 4d lamtiitho@C 49 Bdwtiing B cel | s. atafd abihutgsanong B cells
derived froma common gernline gene may result from somatic nutations
occurring ShnicaterBdecdt i AR £ ezSCEIEent . Generally, a probe nade fromthe
genoni ¢ DNA oflenget®l i ne gene or rearranged gene cah.®®B2used by those

Sonicate E.coli AG1/ pSCFVUHH 0.085
clone 11

CC49 at 5 mg/mL 0.076

CC49 Fab at 10 mg/mL 0.078

LB (negative control) 0.359

20 The data indicates that there was anti-TAG-72
activity present in the E.coli AGI/pSCFVUHH clone
sonicate.
Example 7T

25 The plasmid pSCFVUHH may be used to host other

VH genes on Xho I-Nhe I fragments and test in a SCFV
format, following the procedures set forth below. A
schematic for this process is shown here.

30
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regi ons,
genoni ¢ DNAmay i nEPRyE

pSCFVUBH Xho I/Nhe 1I

and 3' nontransl at ed

FAPUFAP] v- occurring intr
peripheral blood lymphocytes

|

v
Synthesize cDNA

|

PCR amplify human Vg genes
using oligos HVH13S5, HVH2A,
HVH46 (as the 5' targeting
oligos) and JH1245, JH3 and

JH6 (as the 3' targeting oligas)
in all 9 combinations.

!

Gel purify DNA

}

Digest with Xho I and Nkhe I

}

Gel purify DNA (Vg inserts)

b e

18 skilled in the art to find honol ogou%cseq gt EERI™Pom unknown cel |'s. For

exanpl e, sequence information gptg
used to generate hybridization pfb
i ncluding the 5

d
Cetd MaGhd TAG may be
y-occurang rearranged V

fl anki ng regions. The
ons for portions thereof,

Ligate Vector
. Transform

and

" E.coli

/

Vg insert DNAs
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provi ded that functimBnaat t3phdfeenaddarOninBbloS pydrophidde apnstané£Lgi ons had been
present in the case G37mmmetichrareallhcegioen ¢.8 LAM/RI0r¢aropkdtey,

[

t he DNA may

al so be obtained frofheDmA tithrarcyionnRiRpasidadths FL00heaviplare.| i ght chain
vari abl e domai n may H&¥i®sl tnt&dhorFodt 27s Gt abl e source, either mature B

cells or ashybrsdona
i sol ati on. s&m@t8NA o
construct e®y gt and

and may’

[C

bind to TAG. [

assay

—

ulture, enploying standard techni ques of RNA

[ Tapesfer sk dephalisonamhyangeoy nfdeel (L8 adAMy 26 phiteesi zed and
arka.vffz@cﬁrﬁAﬁU@sC@Fe%ﬁnwppwcmbrane {137 mm) already

placed on the agar surface. Incubate for 24-96 hours.

v

Process hydrophobic membrane using a prototype

biotinylated TAG-competing antibody, e.g. B72.3, CC49,

CC83 or biotinylated competing peptide or mimetic. Use
streptavidin conjugated with alkaline phosphatase to bind

to biotin and suitable substrate for alkaline phosphatase to
develop a color reaction.

|

A\ 4
Co-relate clear zones on membrane assay with colony(ies)
on hydrophilic membrane. Isolate/purify correct clone
as necessary. Characterize DNA (sequence) and determine
binding affinity of SCFV to TAG-72. Purify SCFV and
perform invivo animal biodistribution studies.

Determine normal:tumor tissue binding profile by
immunchistochemistry.

Utilize Humd4 Vy and Vg in preferred antibody
formats e.g. whole Ig (IgGl, IQE, IgM etc.) Fab or
F(ab')2 fragment, or SCFV.
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of blood are added to two 15 mL polypropylene tubes. An

th g?tl m(@llg gg)gm% %1( waézﬂa@ne&‘, 1yhghopi~b98fb)aatvﬁamulr5501321c52:2~a&:é5) 1|ae:]I chmann.
, ook eta
Merrifield etaf %§ RﬁéPéleﬁeﬁF §6§e g QTXérff ﬁ%yagnd

| i ght chains nmmbbe ammbbaedruﬂugedrattdogalnpananhodﬁ é@tfvrt?O(see

Edel man, etal . (1963} Prgg. r%‘éhhtl a%m%‘é' bEne %}Aé%%) toBh%fprt%e“t

i'nvention al so conte )l at'es a gene bra
preferably hunénQNG#DK@g§aoﬂ0V[éﬂpF$AGEnByPeHo P@S"Cﬁélﬁéaﬁﬁ i%ﬁﬂﬂ?QxM|ng

for a VH from each sample and placed into two sterile
polypropylene centrifuge tube. Ten mL of sterile PBS
are added and the tube mixed by inversion. The samples
are centrifuged at 1500 rpm and 18 °C for 20 minutes
Total RNA is isolated from.resulting pellet according to
the RNAzol B Method (Chomezynski and Sacchi (1987),
Analytical Biochemistry, 162:156-159). Briefly, the
cell pellets are lysed in 0.4 mL RNAzol solution
(cat#:CS-105, Cinna/Biotecx). RNA is solubilized by
20 passing the cell pellet through a 1 mL pipet tip. Sixty
pL of chloroform are added and the solution is shaken
for 15 seconds. RNA sclutions are then placed on ice
for 5 minutes. Phases are separated by centrifugation
at 12000 x g and 4 °C for 15 minutes. The upper
25 (aqueous) phases are transferred to fresh RNase-free
microcentrifuge tubes. One volume of isopropanol is
added and the samples placed at -20 °C for 1 hour. The
samples are then piaced on dry ice for 5 minutes and
finally centrifuged for 40 seconds at 14,000 x g and 4
°C. The resulting supernatant is removed from each
sample and the pellet is dissolved in 144 pL of sterile
RNase-free water. Final molarity is brought to 0.2M
NaCL.. The DNA is reprecipitated by adding 2 volumes of
100% ethanol, leaving on dry ice for 10 minutes, and

15

30



A B allQ 7 v 4ide CLilQlilUVl 4L videild b LUV Y W MidM Wik

}egion (not nepestats| griedi yaderr vagueR. evgheeFFéE@t@ESyRH665P0638§ to,

ﬁgglXralffzg?rHté@@lgéaelnczﬁaﬁhe¥91efﬁﬂﬁ%ﬁlﬁenﬁathlﬂnggbu @Nasinvari abl e
ous to elig chai n vari abl e regi on encoded b

t he human Subg E#r&”§é3n1gﬁa Séﬁg 19 to forma three d?nen3|onal Y

structure hawnBNthynghesl

¢cDNA synthesis is performed using a Gene Amp™

10 peR kit (cat#: N808-0017 Perkin Elmer Cetus), RNasin™
(cat#: N2511, Promega), and AMV reverse transcriptase
(cat#: M9004, Promega). The following protocol is used.
for each sample:

15 Components Amount

MgCl,; solution 4 nl
10 pl 2 ul
PCR buffer II
20 dATP 2 pl
dCTP 2 pl
dGTP 2 nl
dTTP 2 pl
3' primer : 1yul
25 (random hexamers)
RNA sample 2 pl
} RNasin . 1 pl
AMV RT 1.5 pl
30

Samples are heated at 80 °C for 3 minutes then
slowly cooled to 48 °C. The samples are then '
centrifuged for 10 seconds. AMV reverse transcriptase
is added to the samples which are then incubated for 30
minutes at 37 °C. After incubation. 0.5 ul of each dNTP
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' PCR Reaction: _ _ . _
to bind to TAG 72. Preferably, the gene library is produced by a priner

extensi on Beaction or(nﬂﬁgdnndkymuﬂdqxiany dedigmedrto eagl ofny Mmman
descri bed herevg Eng Bg PLI?E Igg?lgrg QE%E%habl¥h'n an i sol at ed
u tiral ree o

form that is ari alF$esic exanple, pri mer
ext ensi on reacpﬂ@aoagehegtadésoarsuéstrﬁpe§h gedomiic DNA segnents, and the
| i ke. The present invention thus is directed to cloning the

V[ er r] TAG codi HHDNBShonol ogs from a repertoire conprised of pol ynucl eo-
10 5'-TATTCTCGAGGTGCA(AG)CTG(CG)TG(CG)AGTCTGG~3"

HVH2A:
5'-TATTCTCGAGGTCAA(CG)TT(AG)A(AG)GGAGTCTGG~3'

HVHY6 ¢

15 5'-TATTCTCGAGGTACAGCT(AG)CAG(CG) (AT)GTC(ACG)GG-3"'

The 3' oligonucleotides are set forth below:

JH1245:
5'-TTATGCTAGCTGAGGAGAC (AG)GTGACCAGGG-3"

20 JH3:
5'-TTATGCTAGCTGAAGAGACGGTGACCATTG

JHb6:
5'-TTATGCTAGCTGAGGAGACGGTGACCGTGG-3"'

25 PCR reactions are performed with a GeneAmp™ PCR
kit (cat#:N808-0017, Perkin Elmer Cetus). Components
are listed below:

heet Has Been Replaced
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10 x buffer 10 pl

‘tide coding strands, gefp as genonmic material containing the gene
-expressing the variable region or the messenger RNA (nRNA) which represents
a transcript of the vaQTdbl e region. Nucleic acids 2dtking for

V[ err] TAG codi ng honol can be derived fromcells, ﬁ‘{]pduci ng | gA, 1gDb,

IgE, 1gGor IgM nost préferably fromlgMand I1gG producing cells. The
VHaTAG codi ng DNA hondTrgys nay be produced by prinme? pext ension. The term
"primer" as used hereilrl rgljaerrgsett RN pol ynucl eot i de ]y\hpelt her purified froma

10 2* 5' primer 2.5 pul
3' primer 2.0 pl
3* AmpliTag™ =~ 1.3 nl

Polymerase

*components added in order at 92 °C
15 of first cycle

PCR program: step 1 94 °C for 30 seconds
step 2 60 °C for 1 minutes

20 step 3 72 °C for U5 seconds

Approximately 35 cycles are completed for each reaction.
All PCR reactions are performed using a Perkin Elmer
Cetus PCR System 9600 thermal cycler.

25
Treatment of Human V, inserts with Xho I and Nhe I:

Human V, genes are digested with Xho I (cat#:
| 131L, New England Biolabs) and Nhe I (cat#: 146L, New
1 30 England Biolabs). The following protocol.is used for

each sample:
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NEB Buffer #2 4,5 pl -

‘nucleic agid restriction,gi gest or produced synt jcally, which is capable
of apt!ng%as a point of Pﬁﬁgﬁation gf synthes?s E é% plaged under P
conditions in which syntifgsi ¢ of a priner extens2agelproduct which is
conplinentary to a nucleig acid strand is induced,_ i .e., in the presence of
nucl eoti des and an agentd Hnopolyner- I zation §§cﬁ H% pol yrer ase,
reverse transcriptase and the |ike, and at a suitable tenperature and pH.

Preferabl y. the Vierr]ZAG ol ng, DA OIPLEOS: ™Y R® AhoUeethdue pol yer ase

After this incubation, an additional 1.5 pL Nhe I is
added and samples are incubated an additional two hours
at 37 °C.

Purification of DNA:

15
After the restrictive enzyme digest, DNA is run

on a 5 percent polyacrylamide gel (Sambrook etal. (1989),

supra). Bands of 390-420 bp in size are excised from

‘the gel. DNA is electroeluted and ethanol precipitated
20 according to standard procedures.

PCR products resulting from oligonucleotide
combinations are pooled together: JH1245 with HVH135,
HVH2A and HVH463 JH3 with HVH135, HVH2A and HVH46; JH6

o5 with HVH135, HVH2A and HVH46. The volume of the
resulting pools are reduced under vacuum to 50
microliters. The pools are then purified from a &
percent polyacrylamide gel (Sambrook etal. (1989), supra)
to isolate DNA fragments. Bands resulting at 390-420 bp

30 are excised from the gel. The DNA from excised gel
slices is electroeluted according to standard protocols
set forth in Sambrook, supra.
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céat i on of doubI(PIé%nlrea%a ed ']i‘aonotnt%ics ois caddedyaw'etF el'lL Oﬁolox %‘(l)ff‘rafrr#é%s are
used for edkch C@Yﬂ‘hd‘:“s& Bjolahs {ai m%%% %éarxglﬁoﬁemﬁ‘&l E?gkﬁﬁfii fied.
The fidrstdlo[1 i grxiddl%m)e,s Iﬁirﬂniiﬁs tcﬁé NapSENgd (24 Nk efdaenﬁbememhar y)
strand and hybridizes to a eol i de sequence. conserve Merr,
(plus) strands VMiHH4PR He rag;';?‘feo# e ?’E%?%‘que%%rfgé%“r £°59 6.° he
sample is loaded on a 4% polyacrylamide gel,
electrophoresed and purified by electroelution, as
described earlier. The DNA pellet is dissolved in 20 uL
of ddH,0.

10

One hundred nanograms of pSCFVUHH digested with
Xho I/Nhe 1 is ligated with a 1:1 molar ratio of
15 purified human Vy inserts digested with Xho I and Nhe I
using T4 DNA ligase (Stratagene). Aliquots are used to
transform competent E.coli AG1 cells (Stratagene)
according to the supplier's instructions.

GVWP hydrophilic membranes (cat# GVWP14250,
Millipore) are placed on CAM 20 LB agar plates (Sambrook
etal.,, 1989). One membrane is added to each plate. Four
hundred microliters of the E.coli AG1 transformation
suspension from above are evenly spread over the surface
25 of each membrane. The plates are incubated for 16 hours
at 37 °C ambient temperatures.

20

Preparation of TAG-72-coated membranes:

A 1% dilution of partially purified tumor
associated glycoprotein-72 (TAG-72) produced in LS1T74 T-
cells is prepared in TBS (cat# 28376, Pierce). Ten
milliliters of the TAG dilution are placed in a petri
plate (cat# 8-757-14, Fisher) for future use.
Immobilon-P PVDF transfer membranes (cat# SE151103,
Millipore) are immersed in methanol. The membranes are

30
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o w1 s P el a5 PLERG LeMREr AL ScEron ) BT TAAH FBRyLe
rlich (ed.) (sl8oing. FKEfbmmlL¢¢@b§tb@nofthﬂemﬁmbﬁane§n$%mtbb@qyegrodUC|ng

cel | t f P Acgd SA,
6. 33873037, ‘?\%%*2;5&@@%@“%”%&%@%“ o 2F) '““agt%? 0 A Nacti

honol ogs are cRfhnk |%§41n§%? %QPWBrh1%P%KT%¢h§W #8a tPMRRTALHERSI ONa

structure capabl e of binding TAG 72. The SCFV construct can be in a

V[err]-L-V[err] or VH Bidtkiagf sgludibanisFdradneidscreom dheoTABCFV see
10 membranes. With the side exposed to TAG-72 facing up,

the membranes are placed onto fresh CAM 20 plates.

Resulting air pockets are removed. The bacterial

membranes are then added, colony side up, to a TAG

15 membrane. The agar plates are incubated for 24 to 96

hours at ambient temperatures.

The orientation of the TAG-72 and bacterial
membranes are marked with permanent ink. Both membranes
are removed from the agar surface. The TAG-72 membrane
is placed in 20 ml of Western antibody buffer (TBS in
0.05% Tween-20, cat# P-1379, Sigma Chemical Co.; 1% BSA,
cat#3203, Biocell Laboratories) containing 0.2 ng of
CCH9-Biotin probe antibody. The bacterial membranes are

25 replaced on the agar surface in their original

orientation and set aside. CCU9-Biotin is allowed to
bind to the TAG membranes for-:1 hour at 31 °C with
gentle shaking. The membranes are then washed three
times with TTBS (TBS, 0.05% Tween-20) for 5 minutes on
: 30 an orbital shaker at 300 rpm. Sﬁreptavidin alkaline
i phosphatase (cat# T7100-04, Southern Biotechnology
' Associates) is added to Western antibody buffer to
produce a 0.1% solution. The TAG-72 membranes are each
immersed in 16 milliliters of the streptavidin solution
and allowed to incubate for 30 minutes at 31 °C with

20
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{ NALU Sy VW) B /Wi g™V YU J.0/7 9 1LVUD <4 UHILIIOULES AL 22UV
iBi rd et al, (109B)at syneheret bampapature. Toedewelom bhesnemhblaeepeptide
linker red onSWé§t@ke§cs1@@dstabM&eEaéﬁsétNQte ZQ&#@?&&% L?ii st) al .

CGenex. The nuc]| eot | de, sequence o rinmer s se ect ed mnth a
plurality ofiiﬁhﬁéé#%b |%aﬁﬁa9?mEﬁg?% Jenkdesr Aster %9b§%§ﬁ§?§lﬁﬁ
adj acent to thembfett | Iétperdtuge DN dbveDbpgesd dNathe mewbeahkdejgequence

choi co of a pri TAR S o EEPFE Bop hBebEEReR HERE s LERer v BbnedBopn.
dlstance(nbtfﬁhe membranes are then photographed. The membranes are
then photograhed and clear zones are corelated with
colonies on the hydrophilic membrane, set aside earlier.
Colony(ies) are isolated for growth in culture and used
to prepare plasmid DNA for sequencing and protein
15 preparation to evaluate specificity and affinity.

Identification of Humé4 Vi, human Vy combinations using
PATDFLAG.

In a second assay system, Hum4 Vi - human Vy

20 combinations are discovered that bind to TAG-72

according to the schematic, supra, except for the
following: at the assay step, IBI MII antibody is used
as a probe to detect any Hum4 Vp - Vy SCFV combinations

25 that have bound to the hydrophobic membrane coated with
TAG-72.

The plasmid pATDFLAG was generated from

PSCFVUHH (see Figure 29) to incorporate a flag-coating
sequence 3' of any human Vy genes to be expressed

30 continguously with Hum4 Vi. The plasmid pATDFLAG, when
digested with Xho I and Nhe I and purified becomes the
human Cy discovery plasmid containing Hum4 Vp in this
SCFV format. The plasmid pATDFLAG was generated as
follows. Plasmid pSCFVUHH treated with Xho I and Nhe I
(isolated and described above) was used in a ligation

cet Has Been Replaced
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‘. _ FLAGC: _ _ .
ybr | di zat i on it & GG HREAH BT Bk R CRACEREFER Shonb Tharasg-ge
used; the nuntger of genes in the repertoire it is to hybridize to, and the
i ke; To hybridi ZLAGNG: plurality of different nucleic acid strands of

VLerf] TAG coding DA Op{ft @1 {Pr Rt ERf cATCEACCTTGTAGTCGCTAGCGACATTGTC-3 "

Equimolar amounts (1 x 10-10 moles of each of
the oligonucleotides FLAGC and FLAGNC were mixed

10
together using a ligation buffer (Stratagene). The
sample is heated to 94 °C and is allowed to cool to
below 35 °C before use in the ligation reaction below.
15 Ligation Reaction to Obtain pATDFLAG
COMPONENT AMOUNT
pPSCFVUHH Xho I/Nhe 1.5 ul
I vector
20 ANNEALED 0.85 pl
FLAGC/FLAGNC -
10X Ligation 2 pl
| buffer
i T4 DNA LIGASE 1 pl
'- 25 10 MM ATP 2 ul
ddH0 12.65 pl
30 The reaction is carried out using the following

components and amounts according the ligation protocol
disclosed above. Ecoli AGl cells (Stratagene) are
transformed with 3 pl of the above ligation reaction and
colonies selected using CAM 20 plates. Clones having
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must be a subst%htth¢ i) binker oin PATRFLAG; (e Fignze géaséﬁv§&l&ﬁﬂng

the differeht SPENMPESEQ:The5 beQTTTATGTAKGATEAFGTETTGdAd f Thiby the nucleic
act d_seduences sSodid 100118 Eebobds PLGRCPRERORLERTERSUSELAD oF

prepare the vari gene raries e nucleic acid seguenc

the peptide |inkke ren?P Bemidatgr ofegiwei Dlkisrquancinedi s opentooredhe
8“ Uerg ]f” the @M@'%ﬁ%rﬂaﬁﬁ%@&%eﬁﬁghﬁgﬂﬂ[ t(mﬁ.ggtitdc‘ﬂﬁdﬂdﬁlie,r may be
erived fromnug) &d1asd 0 ST ES foulng che CnanafSorure? S48 3ct ions.
10 The DNA and deduced amino acid sequences of the Hum4 Vi
- UNIHOPE linker - FLAG peptide is shown in Figure 28.

Generating pSC49FLAG

15 The CC49Vy 1s inserted into the sites of Xho I
- Nhe I pATIDFLAG (see Figure 29) and evaluated for
biological activity with the purpose of serving as a
positive control for the FLAG assay system to detect
binding to TAG-72. The new plasmid, called pSC49FLAG
(see Figure 29) is generated as follows. The plasmid
pATDFLAG (5 mg, purified from a 2.5 ml culture by the
Magic Miniprep™ system (Promega) is treated with Xho I
-and Nhe I and the large vector fragment purified as
described above for pSCFVUHH. The CC49 Vy insert DNA
fragment is obtained by PCR amplification from pSCFVUHH
and oligonucleotides UNI3 as the 5' end oligonucleotide
and SC49FLAG as the 3' end oligonucleotide. The
resulting DNA and amino acid sequences of this SCFV

30 antibody, with the FLAG peptide at the C-terminus, is

shown in Figure 30. The PCR reaction is carried out
using 100 pmol each of the oligonucleotides, 0.1 ag of
pSCFVUHH target DNA (uncut) and the standard protocol
and reagents provided by Perkin Elmer Cetus. The DNA is
first gel purfied, then treated with Xho I and Nhe I to

20
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pol ynucl eoti de pARfefdiq ddd ans theydasers Q(eQFe“q iU HGRPTOANRY LR |y,

nOnCOWD' em?ntsgrg pSETYVHA tlr@a(t@rd sdabe Xies I:czlfund)d\lhé\tb) sgeeskilganeéd inea ]
pl’l nmer, prov e I_ner uen | W t

t he sequence of tlﬁg ?t%rlg‘ﬁdr %ﬁt“l%e %p (H%e([?tn’:n ttaa%éé'lr%orﬂy
hybri di ze therewkum)aa@dtMsedbyOfamnm@ﬁoaxtéh@pbnAﬁﬂoaom@emnaércells

pol ynucl eoti de Sl('@ﬂ%%'aﬁg‘&%vc%'&@'o&id‘m Q%%H@H&ﬁﬁ&'ure@%%ue@ﬁ%

77:61-68). Exenpla sequenc fromwh
colony with the correct plasmid DNA is picked as the

pSC4I9FLAG clone.

10
Ligation of pATDFLAG Vector with PCR Amplified Humd V,
Inserts
The protocol for the ligation reaction is as
15 follows:
COMPONENT AMOUNT
DNA vector:pATDFLAG Xho 2.5 pL
20 I/Nhe I
Hum V; (X) DNA inserts: Xho 6 nL
I/Nhe I _
10 mM ATP (Stratagene) 2 pL
10X buffer (Stratagene) 2 pL
?? T4 DNA ligase (Stratagene) 1 nL
i ddg,0 : 6.5 uL
30 DNA vector, ATP, 10X buffer and ddHz0 are

combined. DNA insert and T4 DNA ligase are then added.
: Ligation reactions are then placed in a 4 L beaker
i containing H70 at 18 °C. The temperature of the water
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Iransformation of &.coit AGl with pHum4 V,—-Hum V., (X)

conpl enentary phig@RisnMixbe synthesized are set forth in Kabat etal
(1991), supra; Hunphries etal. (1988), Nature, 331:446-449; Schroeder etal.

1990), Proc. Natl. Acad. Sci. U 87: 5148 . Berman_etal. (1988),. EMBO
Souronl . 7% s Lodftandtommatied of RATSFERG FRE{Glothetent B0  C
etal . (1991), HBGd. cglleniStchtagene)sia0Tbllw) limmmchdiewdd faldaming.

| mmunol ., 146: 3§46+ ~ ~-aRd I etal. (1991), Proc Natl. Acad. Sci.
USA, 88:2432-223%.s*éggéggugepv é?%Qﬂboding DNA honol ogs, first prinmers are

t herefore chosen_to _hybridize to (i.e. be
10 IBI MII Anti-FLAG Antibody Plate Assay

The first three steps, preparation of TAG-
coated membranes, plating of bacterial membranes, and
assembly of TAG and bacterial membranes, are the same as

= those described in the CCU9-Biotin Competition Plate

15
Assay.
After the 24 hour incubation at ambient
temperatures, the membranes are washed with TTBS three
20 times at 250 rpm for four minutes. The MII antibody

(cat# IB13010, International Biotechnologies, Ine.) is
then diluted with TBS to a concentration ranging from
10.85 pg/ml to 0.03 pg/ml. Ten millilters of the
diluted antibody are added to each membrane. The

25 membranes are then incubated for 1 hour at ambient
temperatures and shaken on a rotary shaker at 70 rpm.
After incubatibn,:the MII antibody is removed and the
membranes are washed three times at 250 rpm and ambient
temperatures for 5 minutes. The final wash is removed

30 and 20 milliters of a 1:2000 dilution of sheep anti-
mouse horseradish peroxidase linked whole antibody
(cat# NA931, Amersham) is prepared with TBS and added to
each membrane. The membranes are again incubated for 1
hour at ambient temperatures and 70 rpm. Following
incubation, the membranes are washed three times at 250
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membranes, according to the manufacturer's instructions.

conplenentary t?ﬂecﬂéﬁSfiﬁgsrﬁgéOEﬁeH‘bﬁbﬁok?ﬁgﬁeﬁeg'0” CH regi.on, hinge

reglon CHZ5regi on, or reglon of i mmunogl obulin genes and the |ike.
Second priners are ther chasen to .hydribidize W%i%lé%) nseryed
nucl eoti de sequence at H@tﬁ FeeMRE A SFAG 5Ty uch

as in that areamemﬂfm@efﬁorthepbeﬁdEVe Humé4 Vi-Vy (X) clone produclng
an SCFV that binds to TAG-72, (as seen with the
competition screening assay) in this direct FLAG -

10 detecting assay, a blue—purple spot is indicative of a
colony producing a SCFV that has bound to the TAG-72
coated membrane. The advantage of using the FLAG system
is that any Humé4 Vi - Vy SCFV combination that has bound

15 to TAG-72 will be detected. Affinities can be measured

by Scatchard analysis (Scatchard (1949), supra) and

specificity by immunohistochemistry. These canidates

could then be checked for binding to a specific epitope

by using the competition assay, supra, and a competing
20 antibody or mimetic, if desired.

The present invention is not to be limited in
scope by the cell lines deposited since the deposited
embodiment is intended astwo illustration of one aspect

25 of the invention and all cell lines which are

. functionally equivalent are within the scope of the
invention. Indeed, while this invention has been
described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled
in the art that various changes and modifications could
be made therein without departing from the spirit and
scope of the appended claims. '

30
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or first framework region. Alternatively, the nucleic acid sequences coding
for the peptide |inker may be designed as part of a suitable-vector+—~As-

used herein, the term"expression vector" refers to a n | e
capabl e of directing the expression of genes to which t ﬂuﬂuﬂ “H'Iﬂmr
| i nked. The choice of vector to which a V[err] TAG codi ng DNA hon®l 0gs *i s

operatively linked depends directly, as is well known in the art, on the
functional properties desired, e.g., replication or protein

1. A composite Humid Vi, VH antibody having
binding affinity for TAG-T72 comprising

A. a light chain having a variable region (VyL), said Vi
being encoded by a DNA sequence encoding at least a
portion of a light chain variable region effectively
homologous to the human Subgroup IV germline gene (Humi
VL); and

B. a heavy chain having a variable region (VH), said Vy
10 being encoded by a DNA sequence segment encoding at
least a portion of a heavy chain variable region (Vy)
which is capable of combining with the Vi to form a
three dimensional structure having the ability to bind

15 TAG-T2.

2. The composite Hum¥4 VL, VH antibody of
Claim 1, wherein the VL is further encoded by a human J
gene segment.

20 3. The composite Hum#d Vi, VH antibody

according to Claim 1, wherein the VH is encoded by a DNA
sequence comprising a subsegment effectively homologous
to the VHaTAG germline gene (VHaTAG).

25

This Sheet Has Been Replaced

- AN




i _ 5. The composite HumYd Vi, VH antibody- of
expr essi ong an 15ha hOShh%%'e'm( %feh%raracmr Mgl%rprlsemrm Drded e

transforned, these bei’ng |imtations inherent t he art of constructing
reconbi nant DNA2RRBAE E€BipRSpPLT &ECHEH @ﬁ@@b P83 ont 1E%Arcar yotic cel |

expression vectors used include a selection marker that is effective in an
eucaryotic cell, prefergbl yTre démpdssststnmusuecvnoannﬁbkey oExpressi on

vectors conpat' le wi,th rocary I Ccel I k rd., and are
avai l abl e from B8oBr all’ Frﬁr?rl@l g‘ﬁ’ (yt?ilr 8@“’(}" pe:ggaln vec t"B:I (fsairr‘-it
10 dlver31ty regions (CDR) being encoded by a gene derlved
from the VygaTAG, and (2) framework segments, adjacent to
the CDR segments, encoded by a human genes.

7. The composite Hum#4 Vi, VH antibody of
15 Claim 1, wherein the light chain further comprises at
least a portion of a human light chain (C;) and the
heavy chain further comprises at least'a'portion of a
animal constant region (Cy).

20 8. The composite Hum#4 Vi, VH antibody of
Claim 6, whereln the Cy is IgGi-4, IgM, IgAl, IgA2, IgD
or IgkE.

9. The composite Hum#4 Vi, VH antibody of
25 Claim T, wherein Cp is kappa or lambda.

10. A composite HumY4 Vi, VH single chain
antibody or immunoreactive fragment thereof comprising
(a) a iight chain having a variable region (Vy), said VL
30 being encoded by a DNA sequence encoding at least a-

portion of a light chain variable region (VL)
effectively homologous to the human Subgroup IV germline
gene (Hum# Vp); (b) a heavy chain having a variable

: region (VH), said Vg being encoded by a DNA sequence

! segment encoding at least a portion of a heavy chain
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11. A composite Hum4 Vi, Vg antibody conjugate

sui tabl e forcdife :E’é "Ehéeébﬁ aéftelﬁﬁmw \ Bﬁ?ﬁeﬂbo&gcﬁBB?QQmQVQ' I abl e
from Bi oRad fb}bor or| es, EE 23 avail able from
(

Phar maci a. 0 Canoastanote; on {naoLnE Barker oF o2 FRACEREDFIS | o

cells, prefeagéﬁy'those conpatible with vertebrate cells, can also be used.

Eucar yot i cel | expr€$51ﬁpe V&&xﬁpgcfélé‘é s l‘ﬁ*g/’p Ctg%’“’—{ ré°’§“§?§£§ et

avail abl e Trom sever conmer Ci sour ces.
Claim 11, wherein the imaging marker is selected from the

group consisting of 1251, 131y, 1233, 1113y, 105gp, 153gp,
57Cu, 57Ga, 166H°’ 177Lu, 185Re, 188Re, and 99mpc,
13. The composite Hum4 Vi, Vyg antibody conjugate of
15 Claim 11, wherein the therapeutic agent is a drug or
biological response modifier, radionuclide, or toxin.
14. The composite Hum4 Vi, Vy antibody conjugate of
Claim 13, wherein the drug is methotrexate, adriamycin or
interferon. '
20 15. The composite Hum4 Vi, Vg antibody conjugate of

Claim 13, wherein the radionuclide is 1311, 90y, 105grn, 47sc,

1533m 1231 or 1111n.

16. A composition comprising the composite Hum4 Vi, Vg
25 antibody of Claim 1 in a pharmaceutically acceptable, non-
toxic, sterile carrier.
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_ A composxtlon comprising the composite
23 provide restrjction sites f |nsert|on of the

coqpt ai ni_ng onvem
desi red hoﬂﬁ{“gg&é‘. F‘E’é'll Yvé’ t Sladmshd 4o &ui mageit iQaktYoti c
cells are pSV2aeoeahdbpﬁVngh-@Ai@@%,s&SVhl&nwaW%S¥r10 (Phar maci a) ,
pBPV- 1/ PM.2d (I nternational Biotechnologies, Inc.), and pTDT1 (ATCC). The

use of viral expressiongectong, dith UESH vivo diagnosis of cancer
which comprises administering to an animal a
10 pharmaceutically effective amount of the composition of
Claim 16 for the insitu detection of carcinoma lesioms.

20. The method of Claim 19, wherein the animal
is a human.

" 21. A method for the invivo treatment of cancer
which comprises administering to an animal a
pharmaceutically effective amount of the composition of
Claim 18. '

20 '

22. The method of Claim 20, wherein the animal
is a human. "

23. A method for intraoperative therapy which
25 comprises

(a) administering to an animal having at least
one tumor a pharmdbeutically effective amount of the
composition of Claim 16, whereby the tumors are

30 localized, and

(b) excising the tumors.

24, The method of Claim 23, wherein the animal
is a human.
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the genes of the V[err](ﬁ&Gachﬁirrﬁtmm%f&ei%“%\‘?%jo“%o%?e%fﬁ'ﬁf'ea. As
used hereif, tpertéom o¥i aall ightr ehaiion vaedladle rafgdiom t(&g) DNA nol ecul e

(LTR regi on oftaegs e 3e RONELERRMRE os Fhsn i e it el Y dRRrbEERE o
phage (see, SagbneokHumtlaV1)128d), Ml ecul ar O oning: A Laboratory Manual .
(2nd ed.), and McCafferty etal. ( 1990), Nature, 6301:552-554. The

popul ation of Vierr] TAGEOH nEdIWy P! £fuence encoding at least a
10 portion of a heavy chain variable region (Vy) which is
capable of combining with the V[, to form a three
dimensional structure having'the ability to bind TAG-
72,.

15 26. The cell of Claim 25 wherein the first and
second -DNA sequences are contained within at least one
biologically functional expression vector.

2T7. A process for producing a composite Humi
20 VL, VH antibody comprising at least the variable domains
of the antibody heavy and light chains, in a single host
cell, comprising the steps of:

A. transforming at least one host cell with

2 i) a first DNA sequence encoding at least a
portion of a light chain variable region
(VL) effectively homologous to the human
Subgroup IV germline gene (HumYd Vi), and

30

ii) a second DNA sequence encoding at least

a portion of a heavy chain variable region

(Vg) which is capable of combining with the
f ' VL to form a three dimensional structure
having the ability to bind TAG-72, and
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and vectors are then av | e, at eder LGt on
sites. A variety of crrée ho%%ﬁ%%ﬁ%ﬁ%@ﬁ ‘f% %%%‘?Igt ?zeﬁﬁEF‘Hﬁ]& DNA to
vectors vba c8apefdnssr gndoisesiond DVAriSequennes @heamnes rndhit ary

|cohesi ve termphseapnhe valgiopeered into the V[err] TAG codi ng DNA honol ogs
lduring the priner extension reaction by use of an appropriately designed

Bohosive termni of tHS VocHR BRAPSTR ARGOTLIRA ok o oA FhehOoNBRRRR Daly
il nked ‘the antibody heavy and light chains of the composite
' 10 HumY¥ Vi, Vg antibody are expressed in the host cell are
secreted therefrom as an immunologically functional
antibody molecule or antibody fragment.

30. The process of Claim 27, wherein the
15 second DNA sequence encodes the Vy of CCuU6, CCuyg, CC83
or CC92.

31. A process for preparing an antibody or
antibody fragment conjugate which comprises contacting:
20 : the composite Humd Vi, VH antibody of Claim 1
with an imaging marker or therapeutic agent.

32. The process of Claim 31, wherein the
imaging marker is 125I, 131I, 1231, 111In, 1OsRh, 153Sm,
25 67cu, 67ga, 166yo, 17TLy, 186Re, 188pe or 99Mmre,

_ 33. The process of Claim 32, wherein the
therapeutic agent is a radionuclide, drug or biological
response modifier, toxin or another antibody.

30
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‘£Iigated) to produce a unitary double stranded DNA nol ecul e. -The
estriction fragnents of Hun¥d V[err]-coding DNA and the V[err] TAG codi ng
honol ogs popul ation are randomy ligated to the cl eaved vector. A
I verse, 24 random popul ation is produced with each vector having a

ABSTRACT

This invention concerns a subset of composite

Hum#4 Vi, VHaTAG antibody with high affinities to a high
molecular weight, tumor-associated sialylated
glycoprotein antigen (TAG-72) of human origin. These
antibodies have variable regions with (1) VL, segments
derived from the human subgroup IV germline gene and (2)
a Vy segment which is capable of combining with the Vi,
to form a three dimensional structure having the ability
10 to bind TAG-T2. Invivo methods of treatment and

diagnostic assay using these composite antibodies is

also disclosed.

15

20

25
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VHaTAG codi ng DNA honol og and Humd VL-coding DNA | ocated in the sane
reading frame and under the control of the vector's pronoter. The resulting
single chain construct is then introduced into an appropriate host to

provi de anplifi- cation and/or expression of a conposite Humd VL, VHaTAG
honol og single chain antibody. Transformation of appropriate cell hosts

W th a reconbi nant DNA nol ecul e of the present invention is acconplished by
nmet hods that typically depend on the type of vector used. Wth

N .
CLEAVAGE

GENERATES £
F-<§bikz C:FIC) |

—CHO ‘
(CARBOHYDRATE)

CH3 OH3

COOH

i
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Successful |y transkprned célls, ye.. cells, co_r@ai hirg a gene encoding a
conposite Hund V| | \Z[ e;r] TA onol g «singl e“chai n anti body operatively
| inked to a vectorgtcan pe,identified by any sygtabla wel b known techni que
for detecting the ) nding of a r&Beptor to v |i{gand. «Preferred screening
assays are those whkre thee«bi ndi of the conpdsite Mumd Y[err], V[err] TAG
honol og si ngl e chaE"h antd body toMAG 72 produces a detectabl e signal,
either directly or ndlchech y. Sepeening foy p%dutt i:ve: Hl:Jm4 Vlerr] and
V[ er r] TAG homol og Ebnbi rfat f ons, g in other, )
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e Ml b Nt )
wor ds, testingBHorseffectiove amﬁge:q bi ndi ;lg ¥ Bs BHo TAG J’ng:p_o;ssi:blce by
using for exanple, a radiolabeled or biotinylated screeni ng agent, e.g.,
antigens, anti-Obotli ds '(e g., BR2.3 €C49,* e, * 2, 0,* C€11* and
CC15) or anti-ixliotygic aiti bodiFgs [sée *Huse ., .supra, {affd Sanbr ok
etal ., supra); Or the use’of maer® péptti dés the NH2- off T term nus
of the SCFV copstruct, (see Hoppgstal (1,988) & ot echnol ogy, ¢ $: 1204- ,1210) .
O course, the%urm VL-codi ng and,t he & I R
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repertoire conprised of polynucl eotide coding strands, such as genomc

mat eri al containing the gene expressing the variable region or the
messenger RNA (nRNA) which represents a transcript of the variable region.
It is 27 thus possible to use an iterative process to define yet

further, conposite antibodies, using | ater generation
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V[ err] TAG codi ng DNA honol ogs and Hum4 V[err]-codi ng DNA honol ogs. The
present inventign further conténplates genetically nodifying the anti body
variabl e and corgtant regions {dj nclude effect iQely honol ogoup adi @bl e
regi on and consggnt regi on am hdlaci d' séqdences M GEneral | y, ch £n the
variabl e region will be made j Brder to | mprove or ot herw se

anti gen bi ndi ®roperties of tt’ﬁ receptor. (Raoges gn the cabsiant region

of the antigeh® réceptor *wil |, genefat, she guéts -2 ¢« « IN ¢« e o .
H AL S < &

0] ) S ™
>10 . . . . . . . i e . L4 ° . . . .
] ﬁ O S
— )]
O o
(U . . . . ° [ T} >1' . 4 . e o [ 0
. @ ? — 0,
QD ¢ o ¢ * o e G = ¢ o e« o e
% 0 éf." > E’j
O © 0,
. o
U — ¢ ¢ & ¢ o e a H LA e e o o
E < o E ©
> ’U)
m — . [} . . aj . . . . - L4 L] L4 . 8 ° . . .
@) w0 r-lm |
. 21
CD 8 [] . . . '_3 . . D . ng 4 . . . |-—>|1 . . . .
— Ay < O H <)
Yo o g 5
'-J4 3 ¢ ,(—D{ . . . .
— 0 4] pan
(U . . . . . . . . = . b 4 b . . . .
> & i ©
O U] O
< < <G Eﬂo
BHOo MmN BwomN Hooma Hoonmo
3Edn 13388 {¥38s  iRaes

This Sheet Has Been Replaced




~

in order to irrprov{aéz'r ot herw se rmdjg‘l)y bi ol ogi cal perties, such as
conpl enent fixatiop, interaction with nenbranes, and other effector
functions. "EffectiV@ly, hpnpl qgous” fers to the co’ﬂgept Jthatsdifferences
in the primary str chame of the varigbl e regl on may ,&pt al terd he bi-ndi ng
characteristics of {the antigen receptor. Nornally, DNA sequence is
effectively honol ogolls t& a second DWA sequence if aH | east 70 percent,
preferably at | eas "80 pﬁcént and m)st' prefefably @ edst® 90 percent of
t he . s
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active portions of the DNA sequence are honol ogous. Such changes are

perm ssable in effectively honol ogous am no aci d sequences so |long as the
resultant antigen receptor retains its desired property. If there is only a
conservative difference between honol ogous positions of sequences, they may
be regarded as equival ents uhder certain circunmstances. General categories
of potentially equivalent am no acids are set forth bel ow, wherein, am no
acids within a group may be substituted for other am no acids in that

group:

110

(CONT.)
Gly Thr Leu Val Thr Val Ser Ala

3

FIG.
Gly Thr Thr Leu Thr Val Ser Ser
Gly Thr Thr Leu Thr Val Ser Ser

Gly Thr Ser Val Thr Val Ser Ser

WO oYM N
< 0O
(CHORORS
ORORORS,
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28 (1) glutamc acid and aspartic acid; (2) hydrophobic am no acids such as
al ani ne, valine, leucine and isoleucine; (3) asparagine and glutam ne; (4)

| ysi ne, arginine; aid (5) t hreoni ne and serine. Exenplary techniques for
nucl eoti de repl acergnt i nicl’'ude the addition, deletion, or substitution of
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various nucl eoti des, deletion or substitution of various nucleotides,

provi ded that the proper reading franme is nmaintai ned. Exenplary techni ques
i ncl ude using polynu§£eothde:nediated, site-directed nutagenesis, i.e.,
using a single stranghpas a tenplate for extension of the oligonucleotide to
produce a strand containing the nutation (see Zoller . (1982), Nuc.
Acids Res., 10:6487-6500; Norris et al. (1983), Nuc. %ad% Rebl S

11: 5103-5112; Zol l er Ybt "al®. 11984), DNA, 3:479-488; Krm@gt@g(lgsz),
Nuc. Acids Res., 10:6475-6485 and -
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pol ymerase chain reaction, i. nquﬂd-l Ikﬁéﬁ'pl Lf Hqgm Ph@ro
usi ng sequendce s':-péc-i-GAAom“FC tA| GotGAA ' Tht ©'G& e@EC changes
(see PCR Technol ogy: Principles and Appl i cations for DNA Anplification,

Erlich, (ed.),(1989); and rton etal ra) Furt nt| di es may
have their cohstant rbg® niﬂg&lf é Qf‘a:grri go

hinge, CH €25, CH[er'I]T@ﬁdGT‘ICHBéI‘G dEﬁﬁGnC'difGarAEI‘@ bAdEOOOQ(BEthde
chain may be deleted, inserted or changed (see EPO 327 378 Al

15 Ser Trp Val Leu Ser Gln Ile Thr
49 TCA TGG GTC TTG TCC CAG ATC ACC
23 Leu Lys Glu Ser Gly Pro Thr Leu
73 TTG AAG GAG TCT GGT CCT ACN CTG
31 Val Lys Pro Thr Gln Thr Leu Thr
97 GTG AAA CCC ACA CAG ACC CTC ACG
37 Leu Thr Cys Thr Phe Ser Gly Phe
121 CTG ACC TGC ACC TTC TCT GGG TTC
CDR1
47 Ser Leu Ser |Thr His Gly Val Gly
145 ‘TCA CTC AGC |ACT CAT GGA GTG GGT
55  Val Gl§|Trp Tle Arg XxX XXX Pro
169 GTG GGC|TGG ATC CGT NNN NNC CCA
63 Gly Lys Ala Leu Glu Trp Leu Ala
193 GGA AAG GCC CTG GAG TGG CTT GCA
CDR2
71 Leu Ile Tyr Trp Asp Asp Asp Lys
217 CTC ATT TAT TGG GAT GAT GAT AAG

79 Arg Tyr Ser Pro Ser Leu Lys Ser
241 CGC TAC AGC CCA TCT CTG AAG AGC
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(o torri Speotar. A

DNA construct is obtalned

Leu

F R e

TR

t he conposite Hum VL VHantlbodles may be

producedgim I'arge @@nti o ANHEGTN VR oS Tel | Tiste ThRr

289

103
313

111
337

119
361

127
385

135

409

TCC

Met
ATG

Thr
ACA

AAA

Thr
ACC

Ala
GCC

AAC

Asn
AAC

Thr
ACA

CAG GTG

Met Asp
ATG GAC

Tvr Tyr
TAT TAT

ATC

Pro
CCT

Cys
TGT

CTT

Val
GTG

Ala
GCA

ACA

Asp
GAC
His
CAC

Gly
GGG

Trp
TGG

Val
GTC

Leu
CTG

Gly
GGC

Ser
TCC

Pro
CCA

Gln
CAA

Ser
TCA

CDR3
Ser Met
TCT ATG

Gly Thr
GGG ACC

Gly Ser

GGG AGT-

Val
GTT

Thr
ACG

3l

Lys
AAG

Val
GTC
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. Met”g%ﬁ Lys(ﬁg Trp Phe .

t | t te t
(about 112 mobrsAAa B G Te pp{oﬂﬁ@aﬁel ds
very high titer of honbgeneous conposite Hun#d V[err] V[err] antibodi es,
and isolgting thq_'gﬁp%éﬁ }-ggg_l;/ ﬂ aéka)d Ir%o%égl I knovvn in

h S t 552 Th
e o oo BB e e e

fluid of which can provide up to about 50 ng/ni of conposite Hund VL, VH
antibodj gs.  Usuah ke Tﬁﬁ“V&l Leu Ser Gln Ile Thr

..

49 TCA TGG GTC TTG TCC CAG ATC ACC -
23 Leu Lys Glu Ser Gly Pro Thr Leu
73 TTG AAG GAG TCT GGT CCT ACG CTG
31 Val Lys Pro Thr Gln Thr Leu Thr
97 GTG AAA CCC ACA CAG ACC CTC ACG
37 Leu Thr Cys Thr Phe Ser Gly Phe

121 CTG ACC TGC ACC TTC TCT GGG TTC

CDR1———
47 Ser Leu Ser|Thr His Gly Val Gly
145 TCA CTC AGC|ACT CAT GGA GTG GGT

55 val Gly |Trp Ile Arg Gln Pro Pro-
169 GTG GGC|TGG ATC CGT CAG CCC CcCA
63 Gly Lys Ala Leu Glu Trp Leu Ala
193 GGA AAG GCC CTG GAG TGG CTT GCA
CDR2
71 Leu Ile Tyr Trp Asp Asp Asp Lys
217 CTC ATT TAT TGG GAT GAT GAT AAG
79 Arg Tyr Ser Pro Ser Leu Lys Ser

241  CGC TAC AGC CCA TCT CTG AAG AGC
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' -GGATCCTGGC CAGCATTGCC GCTAGGTCCC

(preferably intrmg @T@TT@TAT“@@T é?b@ T@ m}Me
host | | t

nost_cel s 0 MEARE A (o P A éﬁp o
anti bodi es fromGOECAAGEATC c ATTT G'E‘Cp ucaryotic

d eeson
T‘V[ err]
ods (see

TGIGE
AL,

cells,

or fromi ‘S g§§
, BIO TE ' 2 :
ant i bodi es can%%gg%éggggéd% ﬁ%

(1991)
general ly,

TAAATGCATG
CAGGACCAAG
AAGATTCAAC
ACATGGGTCT
GCTGGTCTGT
ATGATGAAGG
GAAGTCTGAG
TATCGGACTC
CAGTTGATGG
ACTGTCAGGT
ATATAGGTCA
TCCAGGGGCT
AGAATGTGGA
TTCTTGTGTG
GTCTGAGTTG
AAAACCCACT
GACTACTGGG
GTCTCCTCAG
TCTTTATTTT
TCTGAGCATT
TGCCCTGAGG
GGAAATAAAT
CTTTAGGACA
AAAACTAAGA
GGAGTCCCTG

TTGGGGGGAT
ATTCTCTGCA
CCCTTTGTCC
GGGTCAGGGA
GGTGACATTA
ATCTGCCAGA
GCAGAATCTT
TTGTGAGAAT
TGACAATTTC
TTCTCTGAGG
CCTTGAAGAC
TTTCTGCACA
ACAATGACTT
ACACCAAGAA
CCCAAGGGTG
ATTGTGATTA
GTCAAGGAAC
GTAAGAATGG
TAACCTTTGT
GCAGACTAAT
GAGCCGGCTG
CTGTCTAGGG
GATTATCTCC
ATCTGTGTGA
GATGATGGGA

|mmﬁﬂ@G@A@@W@&AGTSCTAACTe@CTCCCATTC

TCTGAGCCTT
AACGGGAATC
CAAAGTTGAG
CTCTCTGCCT
GAACTGAAGT
ACTGAAGCTT
GTCCAGGGTC
TAGGGGCTGA
AGGGTCAGTG
TGAGGCTGGA
TAAAGAGGGG
GGCAGGGAAC
GAATGGTTGA
TTGGCATAAT
ATCTTAGCTA .
CTATGCTATG
CTCAGTCACC
CCTCTCCAGG
TATGGAGTTT
CTTGGATATT
AGAGAAGTTG
ATCTCAGAGC
ACATCTTTGA
TGGTGTTGGT
TAGGGACTTT
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oo, 1. o TATTIGCACH-TTTICAGERT, TIASRATENR . nv..

Scientific Publi c@THTGACAAT SCMTT’W\M@)SH@T&@C@A{GG VI err]

anti bodies can th ‘II'G hosphat e
buffered saline (%Dm %% %b % Tutlonfor
further use. Uses

AGATTGTTTA
AGCTGTCTTA
AGGCATCTAG
TTGCTGTCTA
CAAAAGTCCA
GTATGTGTAT
TTTTACTCTT
TAGTTAAATA
AGGGTTTTCA
TCCAAAATTT
TTGTTTGTGT
TTTAACCGAG
CATACCCTAT
TAATAAATTA
GAATTGAGCA
GGCCGATCAG
CTGGCAGGAA
ATTTGGGGAA
TAAACTTGTA
TTTTGAAACA
CCGAAAGTCC
TGGGTAATTT
GGATTCAGCC
TTAACTTATT
AGCTTGAGTA
AAGTTTATCG
ATTC-3"

AAACTTCATT
GTGATTGAGT
CCTCGGTCTC
GAGAGGTCTG
GCTTTCAAAG
GGAATATTAG
AAGTTGGTTC
CTGTGACTTT
AGTACTCATT
TTGTCAATCA
AGAACTGACA
GAATGGGAGT
TCAGAACTGA
AGTTTAAAAT
ATGTTGAGTT
AACCGGAACA
GCAGGTCATG
GGGAAAATAA
GCTGTGGTTT
CTCTGTCCAG
AGGCTGAGCA
GCATTTCTAA
GAAACTGGAG
GAGTTCAACC
GTTCTAGTTT
ACTTCTAAAA

TGTTGGAAGG
CAAGGGAGAA
AAAAGGGTAG
GTGGAGCCTG
GAACACAGAA
AAGATGTTGC
CTAGGAAAAA
AAAATGTGAG
TTTTTAAATG
ATTTGAGGTC
TTACTTAAAG
GAGGCTCTCT
CTTTTAACAA
ATTTTTAAAT
GAGTCAAGAT
CCTGCAGCAG
TGGCAAGGCT
AACCACTAGG
GAAGAAGTGG
CCCCACCAAA
AAACACCACC
AATAAGTTGA
AGGTCCTCTT
TTTTAATTTT
CCCCAAACTT

TGTATTTAGA
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uni que benefits for use in a variety of cancer treatnents. In addition to
the ability to bind 30 specifically to malignant cells and to | ocalize
tumors and not bind to normal cells such as fibroblasts, endothelial cells,

or epithelial cells in the mgjor organs, the conposite Humt V[err], Vlerr]

Nde
1 Eco RI

Nco I

gpt _ 4 gamma-1

This Sheet Has Been Replaced
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anti bodi es may be used to greatly minimze or elimnate HAMA response

t heret.o. Modreover, TAG 72 contains a variety of epitopes and thus it may be
diesirable to adm ni ster several different conposite Hum4 VL, VH anti bodies
which utilize a variety of VH iggﬁgzgjnat' nwth HHm4 VL. Specifically,
the conposite Humd VL, VH anti badi ar e eful for, but not limted to, in
vivo and in vitro uses in diagnostics, therapy, imaging and bi osensors. The
conposite Hunmd VL, VH antibodi es may be '

Nde I
Nco I
Eco'RI
gpt .
gamma-1
Bam HI
This Sheet Has Been Replaced
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I ncorporated into a pharnaceutiEﬁﬂ]GE-@ccéﬁtable, non- toxic, sterile
carrier. Injectable conpositions of the present invention may be either in
suspensi on or solution form In solution formthe conplex (or when desired
t he separate conponents) is dissolved in a pharmaceutically acceptabl e
carrier. Such carriers conprise a suitable solvent, preservatives such as
benzyl al cohol, if needed, and buffers. Useful solvents incluse, for
exanpl e, water, aqueous alcohols gl ycol s, and phosphonate or carbonate
(+), 26-MER:.

(Cla I)
5'"- GAAGAGTATC GATAAAATTT ATTGAG-3'

HUMVL (-), 98-MER:

. (SPLICE SITE)
(Hind IIT)
5'-CATTAAGCTT AGAAAAGTGT ACTTACGTTT
GATCACCACC TTGGTCCCTC CGCCGAAAGT
GAGAGGATAA CTATAATATT GCTGACAGTA
ATAAACTG-3"
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esters. Such aqueous solutions generally contain no nore than 50 percent of

the organic sol vent by vol une. tﬁ' abl e suspensions require a liquid
suspendi ng medicum with or wt oﬁﬁﬁgdjuﬁgnts as a carrier. The suspending
medi um with or without adjuvants, as a carrier. The suspendi ng nmedi um can
be, for exanpl e, aqueous polyvinyl-pyrrolidone, inert oils such as
vegetable oils or ‘highly refined mneral oils, or aqueous

car boxymet hyl cel | ul ose. Suitable '

HJ4:

Leu Thr Phe Gly Gly Gly Thr Lys
CTC ACT TTC GGC GGA GGG ACC AAG

Val Glu Ile Lys Ahrg)
GTG GAG ATC AAA C GTAAGTGCAC

TTTCCTAA

FIGURE 9: Human J4 (HJ4) amino acid and
DNA sequences.The first two amino acids
(Leu-Thr) complete the CDR3 reglon the
remainder make up the FR4 region. The
} indicates the splice site and the
beginning of the intron between the J
and C exons. DNA sequence underlined
in HJ4 represents a part of the
sequence used for the 3' end PCR oligo
HUMVL-(-) .
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determ'ned. Moreover, suitable dosages will depend on théjhge and wei ght of
the patient and the therapeutic agent enployed and are waid known or
readily determ ned. Conjugates of a conposite Hund V[err], V[err] antibody
and an i magi ng marker may be admnistered in a pharma- ceutically effective
anount for the in vivo diagnostic assays of human carci nonmas, or netastases
thereof, in a patient having a tunor that expresses TAG 72 and then

detectlng t he encdiﬁﬂ t hey i-magi rker by approprlate det ection
det ect B ES & 01 89

AC
TG

(CONT. )
AAAAAAATTA AGATATAGTT GGAAATAATG ACTATTTCC

+1
ly Ala Tyr Gly Asp Ile Val Met Thr Gln S

10
TTAATAGACG ACTGAATATT ATGATGATC

FIG.

Bam HI : :
ATATGGATCC AATTATCTGC TGACTTATAA TACTACTAG

TATACCTAGG
CA CGG ATG CCC CTG TAG CAC TAC TGG GTC AGA

TTCGTTTAAA TTTACTGTAT AAAGTTAATA TAGACTC
GCGTGTATAA GTTTATGTAT AATCATTGTC CATTACTGA
CGCACATATT CAAATACATA TTAGTAACAG GTAATGACT
er
GT GCC TAC GGG GAC ATC GTG ATG ACC CAG TCT

TTTTTTTAAT TCTATATCAA CCTTTATTAC TGATAAAGG
AAGCAAATTT AAATGACATA TTTCAATTAT ATCTGAG

TACAG
ATGTC
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dependi ng upon the age and wei ght of the patient. Cenerally, the dosage
shoul d be effective to visualize or detect tunor sites, distinct from

normal tissues. Preferably, a one-tinme dosage wll . A - 1
ng of the.conj.ugate of the conposite Humd V[err] anﬁiﬁmﬁﬁii
mar ker per patient. Exanples of inmaging markers which can be conj
the conposite Humd VL anti body are well known and- i ncl ude subs

ng

can be detected by diagnostic inmaging using a garr'ma’ scanner IHrL(j M\)ﬂ a
) | 2 | (&)
_ pr— 3
5' . H U m\/L Geﬂe 5/
51T751
cla 1 1
fﬁUhAVLGJ

A schematic representation of the human
germline Subgroup IV gene (HumVj ) as
the target for the PCR. The 5'-end
oligo (HUMVL(+)) and the 3'end oligo
(HUMVL (-)) used to prime the elongation
reactions for Taq polymerase are shown
with half-arrows to indicate the
direction of synthesis.
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. -
gamma probe, and substances §
resonance i nmagi ng usi ng a nuj

Sui tabl e, but not Ii i,ng,
usi ng a ganma scanneﬁlé !
[err]Sm [err]Cu,Q h@éitézg_{ —1 .
An exanpl e of a sub & Whijs
resonance spect r &g}
anti - :

;
N CRIGIN
in be detected
In, [err]Rh,
Re and [err] Tc.
ear nmagnetic
Site Hymd VL, VH

23——— .

207
— 139
— 107
— 872
— 603
— 310

FIGURE 12: Agarose gel electrophoresis
of Hum4V, PCR reactions. Lane 1l: NHind
ITIT standard; lane 2: no Tag polymerase
control; lane 3: no primers added; lane
4: no human DNA template; lane 5: Gene
Amp kit positive control; lane 6: 3 pg
human DNA with primers and Tag
polymerase; lane.7: same as lane 6, but
with lug human DNA and lane 8: @X174-
Hae III DNA standard. Ethidium bromide
was-added to the gel and buffer. Bands
were visualized by long wavelength UV
light.
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antii body-therapeutic agent (®njHepi¢ $ynPerf! ivdied DIJAhe carcinoma site
thereby directly exposing th | t1sS es,é)g té]\ﬁ)zcipeut I c agent.
Alter- natively, naked antib S saﬁs h anti body
dependent cellular cytoxicity or conpl enment dependent cytotoxicity is

medi ated by the conposite Hunmd VL anti body. Exanples of the
anti body-t herapeuti c agent conjugates which can be used in therapy include

antibodies coypl ed IDSRARNE ' oS 25I%E ' 5 | GRGGAGGTTA
GGGTTTATGA GGACACAGAG GAGCTTCCTG

G@GATCGAGA CATGATAAGA TACATTGATG
Bam H1 -

AGTTTGGACA AACCACAACT AGA-3'

FIGURE 15: Oligonucleotide synthesized
(21-mer, called NEOl02SEQ) to sequence
putative pSv2neo-102 clones is the
underlined sequence shown above. The
Bam HI site where the polylinker was
inserted in pSV2neo-101 is boxed.
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[e; O eBaRr, HI
#h: to such”as
' S‘lerss ﬂg Fl
o eparV@Gﬁld)r :

[err]Rh, [err N
[err] Re, [err%d %‘@J Fgr

nmet hot r exat e
i nterferon and]e@t@rns such §

adm ni stering gages of thds ‘ ,
and a therapeu@f"i&éc nt are g

phar maceuti cal _co .

mul ti pl e dosage or@l%brﬁf)ve , R

_ - B

) V[ergeﬁéﬂ@!r%ted
Hind III
\ Eco RV _ Spe I é
S ¥ L
' r E
E Spe 1 . 8| Eco RV R
T = ! : . T
led III | . cla T 1
. i
- SRR , 01d Bam HI
Old Bam HI| fFESEE Site in
Site in g Vector
Vector ST - (Lost)
(Regenerated) s

FIGURE 16: P-32 autoradiogram showing
polylinker DNA sequence cloned in Bam
HI site of pSV2neo-101. In both cases a
single 30-base linker unit was -
incorporated, but in opposite
orientations. Panel A-Segquence
-resulting in pSV2neo-120; Panel B-
sequence resulting in pSV2neo-102.
Reading the sequence (going up) is in
the 5' to 3' direction of the (+)
strand.
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sui tabl e dosags;ml mpend on the age and wei ght of the patient and the

t her apeuti c ag@@V amle@em;;re well known or readily determ ned.
Conposite Humd V[err], Vierr] atibodiesCdeg garti - BabarRW sift e
Hurmd V[err], arr t Y
suitable for radi omg‘% 5@&%@2@? Gﬂ@ﬁ&{é 3394

| FROM HUMAN C
Hind III-Bam HI INSERT

. o]

Hind IIT
AGTTGAAGCT TTTTTTTTTT CAGTGCTATT 3423

TAATTATTTC AATATCCTCT CATCAAATGT 3453
ATTTAAATAA CAAAAGCTCA ACCAAAAAGA 3483
AAGAAATATG TAATTCTTTC AGAGTAAAAA 3513
TCACACCCAT GACCTGGCCA CTGAGGGCTT 3543
GATCAATTCA CTTTGAATTT GGCATTAAAT 3573

ACCATTAAGG TATATTAACT GATTTTAAAA 3603
TOWARDS

TAAGATATAT TCGTGACC-3' Bam HI 3621

FIGURE 17: DNA sequence from pRL1000,
‘reading the (+) strand from the primer
NEOl102SEQ (Figure 15). Sequence data past
the Hind III site is from the human Cyg
Hind III - Bam HI insert. The sequence
complementary to the underlined DNA
sequence, called Hind IIIG{-), was
synthesized as a primer for sequencing in
the upstream 3' direction.
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surgery (RIGS). In RIGS, an antibody |abeled with an imaging marker is
injected into a patient having a tunor that expresses TAG 72. The anti body
| ocalizes to the tunor and is detected by a hand-hel d ganma detecting probe
(GDP). The tunor is then excised (see Martin etal. (1988), Anmer. J. Surg.,
156: 386-392; and Martin et al. (1986), Hybridoma, 5:S97-S108). An exenplary
GDP is the Neoprobe[err] scanner, comrercially avail able from Neoprobe

Cor poration, Colunbus, OH The relatively small size afdensd cbd dcter

of the conmposite Hum4 VL, VH single Pvu I, 1999

Neo®

Bam HI, 9480

/.

Cla I,3379
Bam HI,3972
Kpn I, 4229
Hind III,

FIGURE 18: Partial restriction map of
the plasmid pRL1001. This is the
- exXpression vector to introduce the

human anti-tumor L chain gene in Sp2/0
cells. :
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chain anti bodies w | accelefate whol € body cl earance and thus reduce the
wai ting period after injection before surgery can be effectively initiated.
Adm ni stration an t on of e osite H 1=vH ant i-Ho iy pagi ng
mar ker conj ugate z%ﬁﬁtﬂﬁzzconpliéﬂégﬁﬁg?nethodsﬁgtﬁﬁ%ﬂgﬁ;n ortﬂeggpﬂg?
determ ned. The dosage will vary dependi ng upon the age and wei ght of the

patient, but generally a one tine dvsage of about: qgl to 200 ng orl
ant i body- mar ker conj ugate per :

ACGT ACGT ACGT AC GT

FIGURE 19: DNA sequence autoradiogram
of pRL1001 clones. Reading the gel 1s
in the 5' to 3' direction on the (-)
strand, from the Hind III Cg(-) primer.
Clones 2 and 9 were equivalent to the
expected sequence, clone 7 had a single
base substitution (marked by *) gnd
clone 11 had a single base deletion
(marked by -)



patient is adm nistered. 35 EXAVPLES The follow ng nonlimting exanples

are nerely for_illustration of the construction and expression of conposite-
rum Vierr], REQl RROGKEs. GOMPETHT| GNoBE TAWEE Nndi cat ed
are Oentlgrade. percents not

0049 Cha4q, AND Ch4dH

INHIBITION OF BINDING OF 1425 CC49 TO TAG72

(ZD' IOO:

S 80- GOMPETITOR
%' 40- _s— (Chda
m :
I

=

32

Z

9 'COMPETITOR

o, —o— (£C49

U

S . Chaa

S —+_ ChaaH

a

X T
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otherwi se indicated are by weight. Exanple I CC49 and CC83 were isol ated
fromtheir respective hybridonmas using pNP9 as a probe (see Figure 5).

CC49 V[err] was obtained fromp49 gl-2.3 (see Figure 6) and CC83 V[err] was
obtai ned fromp83 gl-2.3 (see Figure 7), follow ng the procedures set forth
in EPO 0 365 997. DNA encoding an antibody light chain was isolated froma
sanple of blood froma human follow ng the prot ocol of Madisen et.al.

(1987), Am J. Med. Genet.
3ig 20 (ConT)

RECIPROCAL COMPETITION BETWEEN
CC49, Ch44,AND ChadH

INHIBITION OF BINDING OF 125 Ch44 TO TAG72

O

Z 100

2 801 COMPETITOR
I 80 —o—  0C49

g 404 —— Chdaaq

O 20 —+- Chd44H
= i

m O = !

T 01234567 8

=

Co X 1/3N

%
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27:379-390) with several nodifications. Two 5 m purple-cap Vacutai ner
tubes (containing EDTA as an anticoagulant) were filled with bl ood and

stored at i‘rEi eﬁE enperature for 2 hours. The sanples were transferred to
two 4.5 miledd e tubesYy TOOMA! %]Jb was adgd@wx f2
filter-st e GHQIFENCHEhrocycte 1ysate buffer (0.1 errN:l and 0.17 M

Tris, pH 7.65, gyn a volune ratio gf 9:1), and incubated gt 37[err]C for 6.5
m nutes. The tubes becane dark red due to the lysed red bl ood cells. The
sanpl es we're cént NyF{goed. at 9[errfl.C for 10

TERMINUS

R. s 1 R.S.2 R.S.3
Y Y
///////// i
COOH
TERMINUS
CLEAVAGE SITE TO PEPTIDE LINKER

RELEASE MATURE SCFV
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et Led

mnutes, using an SS- 34 rot AARAAGCHAT | ARGCTCLANG, ASDG e T ons
per mnute (rpm -([err]3,400 X g). The resulting white cell pellets were

resuspended in 15 Uty Wh b! cehls _were
then centri fugeﬁ%&ﬁ% (ﬁa Oé%??%%%sé\%% r%%%\g%?% |%§go E%L of

0. 15 M Nad andl’

Gly Phe Ala Ala Lys Ile Ser Ala Asp
GGT TTT GCA GCC AAA ATA TCT GCA GAC

Ile Val Met Thr Gln Ser Pro Asp Ser
ATC GTG ATG ACC CAG TCT CCA GAC TcCC

Leu Ala Val Ser Leu Gly Glu Arg Ala
CTG GCT GTG TCT CTG GGC GAG AGG GCC
{4 —CDR1L —

Thr Ile Asn Cys|Lys Ser Ser Gln Ser
ACC ATC AAC TGCIAAG TCC AGC TGC AAG

Val Leu Tyr Ser Ser Asn Asn Lys Asn
GTT TTA TAC AGC TCC AAC AAT AAG AAC

Tyr Leu A151Trp'Tyr Gln Gln Lys Pro
TAC TTA GCT|TGG TAC CAG CAG AAA CCA

Gly Gln Pro Pro Lys Leu Leu Ile Tyr
GGA CAG CCT CCT AAG CTG CTC ATT TAC

CDR2L
[%rp Ala Ser Thr Arg Glu Ser|Gly Val
TGG GCA TCT ACC CGG GAA TCCIGGG GTC

Pro Asp Arg Phe Ser Gly Ser Gly Ser
CCT GAC CGA TTC AGT GGC AGC GGG TCT
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e N o o b et N L e e e den Lo A

1.5m m crocGﬁG fﬁ&At U%T FpaTgl A%r£%| agAiT\Cf oAgC'm nut es,

this time in the mcrocentrlfuge at 3,000 rpm Very few red bI ood cells

S Tocenc 1 SEELRT IR I HEG ggﬂv g

added. The t éz[‘ﬁ’an (ﬁ éC‘-'Iﬁe ting

viscous sol ution was extracted IDL_Q.f_.o.Lm_a.nd_LL nal |y

Wih just tgg%%g%yal z E@m BItoryE ayreger B0 M o
AA TAT TAT AGT TAT

Pro Leu Thf1Phe Gly Gly Gly Thr Lys
CCT CTC ACTITTC GGC GGA GGG ACC AAG

. |
Val |Lys Glu Ser Gly Ser Val Ser Ser
GTGIAAG GAG TCA GGT TCG GTC TCC TCA
LINKER :
Glu Gln Leu Ala Gln Phe Arg Ser Leu
GAA CAA TTG GCC CAA TTT CGT TCC TTA

Asp‘Val Gln Leu Gln Gln Ser Asp Ala
GAC|GTC CAG TTG CAG CAG TCT GAC GCT

Glu Leu Val Lys Pro Gly Ala Ser Val
GAG TTG GTG AAA CCT GGG GCT TCA GTG

Lys Ile Ser Cys Lys Ala Ser Gly Tyr
AAG ATT TCC TGC AAG GCT TCT GGC TAC

CDR1H
Thr Phe Thr{zsp His Ala Ile His!Trp
ACC TTC ACT |GAC CAT GCA ATT CACITGG

Val Lys Gln Asn Pro Glu Gln Gly Leu
GTG AAA CAG AAC CCT GAA CAG GGC CTG
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added 0.4 nL NaQCAc (3 M pH5 and_1Q nL 100 et hanol. A white
stringy precipitate was rﬁb \éed vﬂtﬁ a QC e tip, transferred
into a new Eppendorf tube, washed once with 70 percent et hanol, and finally
washed with 100 percent ethanol. The DNA was dried in vacuo for 1 mnute
and dissolved in 0.75 nL deionized water. A 20 pL aliquot was diluted to

1.0 nL and the OD 260 nm val ue wa
gyﬁﬁh”atd;w%% P18 Big [Py BHE erlsyatadly be 030
TGG ATT GGA|TAT TTT TCT CCC GGA

I’ cen

Asn
AAT

Asp
GAT

Asp Phe
GAT TTT

Phe
TTC

Lys
AAG

AsSp
GAC

Lys
AAA

Leu
CTC

Gln
CAG

Ala
GCA

Ser
TCT

CDR3H

Gly|Lys
GGC| AAG

Ser Ser
TCC TCC

Asn Ser
AAC AGC

Val Tyr
GTG TAT

Lys Tyr
AAA TAC

Ala Thr
GCC ACA

Ser Thr
AGC ACT

Leu Thr
CTG ACA

Phe Cys
TTC TGT

CDR2H

Asn
AAT

Leu
CTG

Ala
GCC
Ser
TCT

Thr
ACA

Glu Arg
GAG AGG

Thr Ala

ACT GCA

Tyr Val
TAC GTG

Glu Asp
GAG GAT

Arg|Ser
AGA | TCC

Gly
GGT

Gln Gly
CAA GGA

Leu Asn Met Ala Tyr|Trp
CTG AAT ATG GCC TAC|TGG
Val Ser
GTC TCC

Thr Ser Val Thr

ACC TCA GTC ACC TAG TGA

AGCTTGGAAC ACCACACAAA CCATATCCAA A
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sl N g o Vo mbie

el uted by heating the gel ey to 65[er , . Final
purification was achi eved‘l\g‘bg: iy e » Dl\peﬂﬂ?ht lon onto
C- 18 Sep-Pac[err] col S M |1 e E(ﬂrp & the bound

ol i gonucl eotide with ;gn e® ptdent—r é?quqoljgl Rc pure BRA] wap
di ssol ved in deionized dIStI||ed wat €r erréc» and ®oanti tat ed %¥
measuring OD 260 nm Bam

Sal I
PCR WITH

| OLIGOS
penPl
DIGEST WITH penp2

Hind IITI + Sal I

Hind III Nco I

: -
Hind III B
Eco RI

penP

R
AmP Bcl I

Bam HI

/// Sal I

A DIGEST WITH
Becl I

“ Hind IIX Bcl I Bcl I Sal I

. L
C

\aced

“\\iii(\\\\\\\\\\\\\\\\\\\



Nde I

A CeneAnp[err] DNA

to clone the Humd VL gern1|ne gene by

t he manuf acturer's

denaturation (94 [er

steps. Each of the

t here was al-o
Humd VL ge?ﬂ%ﬁ%ejéene,

Sal

Hind TTT PCR WITH OLIGOS
* }//, penP3 + penP6(-)

Nco I | Bcl I

'fxbgtlon Ki t

di

dsU@rp., Eneryville, CA) was used
e PCR which was set up according to
cycler was used for the

[err]C) and elongation (72 [err]C)

t a cycle vwere carried out for 4 mnutes;

I

alI
Hind III

Aat II

\{

Aat II Hind III Aat I1
Nco I Becl I
-

VH - VLE VH
PCR/SOE with L
FRAGMENT B LIGATE WITH
USING OLIGOS FRAGMENTS
penPl + penP6(-) A + C

Nco I

Bcl I
Nco 1

Hind III y— Aat IT
R f
(EGHW Bcl T
PSCFV31l
6 . 0OKbp Bam HI
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CilLAnlolllu ALAUuLdldiinl. ALUUOALUCAAL
residue at position 94 in CDR3; and 29 nucl eotides close to the 3' end of

the VL exonBCCAPCACERTov@CGRCOGTIT'C ARPTIGICECEt i de HUWL(-) in
Figure 8) to anneal with the human DNA target. |In total, this 3" end

O e o S AR AT AT ER TSR o2 19 sporent

target and

AAAAACGGTT -GCATTTAAAT CTTACATATG
TAATACTTTC AAAGACTACA TTTGTAAGAT
TTGATGTTTG AGTCGGCTGA AAGATCGTAC
GTACCAATTA TTGTTTCGTG ATTGTTCAAG
CCATAACACT GTAGGGATAG TGGAAAGAGT
GCTTCATCTG GTTACGATCA ATCAAATATT

pelB Signal
Met Lys Tyr Leu
CAAACGGAGG GAGACGATTT TG{ATG AAA TAC CTA
Sequence
Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu
TTG CCT ACG GCA GCC GCT GGA TTG TTA TTA
, Nco I —>|~— H4Vp
Leu Ala Ala Gln Pro Ala Met AlajAsp Ile
CTC GCT GCC CAA CCA GCC ATG GCC |GAC ATC

Val Met Thr Gln Ser Pro Asp Ser Leu Ala
GTG ATG ACC CAG TCT CCA GAC TCC CTG GCT

Val Ser Leu Gly Glu Arg Ala Thr Ile Asn
GTG TCT CTG GGC GAG AGG GCC ACC ATC AAC

Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser
TGC AAG TCC AGC CAG AGT GTT TTA TAC AGC

This Sheet Has Been Rep
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oCL ARSIl ASIL LYS ASIL 1Yy L LU Ald 11D 1yl
38 the ol i'BGHICIAAC dAAK AL ARCPARAC THbAn GEER JIGG1ITACPCR

reaction was set up with 1 [err]g of total hunan DNA in a reaction vol une

of 100 [er, +) §nt

L g ST M PR
(2.5 unit y the
sanples. Control sanples were set up as outlined bel ow. The sanpl es were

heated T,eu Ile Tyr Trp Ala Ser Thr Arg Glu Ser
CTC ATT TAC TGG GCA TCT ACC CGG GAA TCC

Gly Val Pro Asp Arg Phe Ser Gly Ser Gly
GGG GTC CCT GAC CGA TTC AGT GGC AGC GGG

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC

Ser Leu Gln Ala Glu Asp Val Ala Val Tyr
AGC CTG CAG GCT GAA GAT GTG GCA GTT TAT

Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu
TAC TGT CAG CAA TAT TAT AGT TAT CCT CTC
H4Vy,
Thr Phe Gly Gly Gly Thr Lys Val Val Ile
ACT TTC GGC GGA GGG ACC AAG GTG GTG ATC
Hlnd III LINKER '

Lys|{Leu Ser Ala Asp Asp Ala Lvs ILvs AsD
AAG| CTT AGT GCG GAC GAT GCG AAA AAG GAT

Ala Ala Lvs Lvs Asp Asp Ala Lys Lys Asp
GCT GCG AAG AAG GAT GAC GCT AAG AAA GAC

LINKER ~ Xho I CC49 Vy
Asp Ala Lys Lvyvs Asp LeuIGlu Val Gln Leu

GAT GCT AAA AAG GAC CTC| GAG GTT CAG TTG

This Sheet Has Been

L llllll i



to 95 [err] Gllm GidinutSer Wiat@lecRDbew cVigplet By 20 Paro] IGdayml es
were renove si s Gppgr
known size § ;(Ee%r% ﬁ%@%n&%ﬁ oq't;r;gczlrone I tﬁeé?ze ofG::ahe

ol i gonucl eot_ des used to tagdget theﬂ%f a product of 1099
expected. MABa&d IEFedp Ay S € sBRICSt alvsa iA ae $@9I:'t|on

(shown in | BET, TCAr GTG . HAAGr AT TOCasTCECsuARG! GOT I'PT'ng and

Gly Tyr Thr Phe Thr Asp His Ala Ile His
GGC TAC ACC TTC ACT GAC CAT GCA ATT CAC

Trp Val Lys Gln Asn Pro Glu Gln Gly Leu
TGG GTG AAA CAG AAC CCT GAA CAG GGC CTG

Glu Trp Ile Gly Tyr Phe Ser Pro Gly Asn
GAA TGG ATT GGA TAT TTT TCT CCC_GGA'AAT

Asp Asp Phe Lys Tyr Asn Glu Arg Phe Lys
GAT GAT TTT AAA TAC AAT GAG AGG TTC AAG

Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC

Ser Ser Thr Ala Tyr Val Gln Leu Asn Ser
TCC AGC ACT GCC TAC GTG CAG CTC AAC AGC

Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe
CTG ACA TCT GAG GAT TCT GCA GTG TAT TTC

Cys Thr Arg Ser Leu Asn Met Ala Tyr Trp
TGT ACA AGA TCC CTG AAT ATG GCC TAC TGG

. CC49 V
Gly Gln Gly Thr Ser Val Thr Val Ser Ser
GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA

This Sheet Has Been Replace
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subsequent|ly expressing the Humd V[err] gene, the plasmd pSvV2neo was

obt ai ned from ATCC and subsequently nodified. pSvV2neo was nodified as set

forth-bel ow (see Figure 13). The preparation of pSV2neo-101 was as foll ows.
Ten m crograns of purified pSv2neo were digested with 40 units of Hind Il

at 37 [err]C for 1 hour. The linearized plasm d DNA was precipitated with

cach o1 10 m aate, dctp, oEr @ a D wereCHRIRIIFad er 125
. Nhe I
TAA AAAGCTAGCG ATGAATCCGT CAAAACATCA
TCTTACATAA AGTCACTTGG ggiTéAAGCT
CATATCATTG TCCGGCAATG GTGTGGGCTT
TTTTTGTTTT CTATCTTTAA AGATCATGTG
AAGGAAAAAA CGGGAAAATC GGTCTGCGGG
- AAAGGACCGG GTTTTTGTCG‘AAATCATAGG

, Bam HI
CGAATGGGTT GGATTGTGAC AAAATTCGGA TCC

This Sheet Has Been Replaced
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WwdWwilL\IJL LI AVAJWLL AW OAdGLCUT0 LTS LA

precipitated into a pellet.

dei oni zed TACATCACHBT:rCCE

Th(,aE&ellet was di ssolved in 20 [err]l

RGITCG! ARTERCACCGrr]g) was then

added to a standard 20 [err]L ligation reaction, and incubated overni ght at

4 [err]C tx k. i I inth 1 [err]L and 10
[err]L al |ng{3‘fg§wg ﬁ%ﬁ&f%@ftfmmw o, CA) according
to the manufacturer's directions. Anpicillin resistant colonies were

obt ai ned AABAASGSTINGCAMRTTAART | CTTAGATATCh. Sel ected clones

grown in 2.0 nL overnight cultures were prepared,

TAATACTTTC AAAGACTACA TTTGTAAGAT

TTGATGTTTG AGTCGGCTGA AAGATCGTAC

GTACCAATTA TTGTTTCGTG ATTGTTCAAG

CCATAACACT GTAGGGATAG TGGAAAGAGT

GCTTCATCTG GTTACGATCA ATCAAATATT

pelB Signal
Met Lys Tyr Leu

CAAACGGAGG GAGACGATTT TG{ATG AAA TAC CTA
Sequence

Leu
TTG

Leu
CTC

Val
GTG

Val
GTG

Cys
- TGC

Pro
ccT

Ala
GCT

Met
ATG

Ser
TCT

Lys
AAG

Thr
ACG

Ala
GCC

Thr
ACC

Leu
CTG

Ser
TCC

Ala Ala Ala Gly Leu Leu Leu
GCA GCC GCT GGA TTG TTA TTA
Nco I —>|~— HA4V_
Gln Pro Ala Met Ala|Asp Ile
CAA CCA GCC ATG GCC |GAC ATC

Gln Ser Pro Asp Ser Leu Ala
CAG TCT CCA GAC TCC CTG GCT

Gly Glu Arg Ala Thr Ile Asn
GGC GAG AGG GCC ACC ATC AAC

Ser Gln Ser Val Leu Tyr Ser
AGC CAG AGT GTT TTA TAC AGC

This Sheet Has Been Replaced
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carmt s of FEEATRAAER IR RER XD Th AhRTRCs e e

pSV2neo- 101 was verified by size mapping and the |ack of digestion with

H ggsi ! 'ng Glampielel e @ W@ISV@E%D@IWI PreatPrigs IiRpamsawy -

i i : iz
Mamﬁdvm?%@ﬁﬁépfzﬁhigggcgg %gﬁgg?ﬁggggﬁéayéwﬁ

el ectroelution. The_DNA ends were made blunt by filling in the BamH site

Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser
CTC ATT TAC TGG GCA TCT ACC CGG GAA TCC

Gly Val Pro Asp Arg Phe Ser Gly Ser Gly
GGG GTC CCT GAC CGA TTC AGT GGC AGC GGG

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC

Ser Leu Gln Ala Glu Asp Val Ala Val Tyr
AGC CTG CAG GCT GAA GAT GTG GCA GTT TAT

Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu
TAC TGT CAG CAA TAT TAT AGT TAT CCT CTC

H4VL,
Thr Phe Gly Gly Gly Thr Lys Val Val Ile
ACT TTC GGC GGA GGG ACC AAG GTG GTG ATC
Hind III LINKER

Lysi{Leu Ser Ala Asp Asp Ala Lys Lys Asp
AAG |CTT AGT GCG GAC GAT GCG AAA AAG GAT

Ala Ala Lvs Lvs Asp Asp Ala Lvs Lvs Asp
GCT GCG AAG AAG GAT GAC GCT AAG AAA GAC

LINKER Xho I

Asp Ala Lvs ILvs Asp Leu |Glu
GAT GCT AAA AAG GAC CTC|GAG

This Sheet Has Been Replaced
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Nhe I J Flag Pept::.de

using dNTPs and Kl enow fragnei{] s depsit|bads éﬁ 11 site
f pSv2 101. t
e e, O aGAIE GEBGR A B
Equi nol ar anounts of two ol i gonucl CH(+) and CH(-) (shown |n Fi gure
14) were anneal gishy RaibNADH 3]'_)3}7@1_ es at 90 C and

GAT GAT GAC AAA|TAA AAACCTAGC

GATGAATCCG TCAAAACATC ATCTTACATA
AAGTCACTT GGéﬁgfégAG CTCATATCAT
TGTCCGGCA ATGGTGTGGG CTTTTTTTGT
TTTCATCTT TAAAGATCAT GTGAAGGAAA
AAACGGGAA AATCGGTCTG CGGGAAAGGA
CCGGGTTTT TGTCGAAATC ATAGGCGAAT

Bam HI
GGGTTGGAT TGTGACAAAA TTCGGATCC

This Sheet Has Been Replaced -




ended pSV2neo- 101
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CiLALTLLLIT AlAUuoLlLLlAale AlVUanlualaiis
reveal ed |linker incorporation in six of the clones. The plasm d DNA from

several cl oMBCEHRTCACGTTRICCCTECATTCt RTTNETCOCTCnker units that

were blunt-end ligated to pSV2neo-101 as well as the relative

basi 5 of postICAABACE MG TEALGRT ARl RECEh cequenci ng kit -
(United States B)iochem cal Corp, Ceveland, OH was used to sequecne the

m%-AFNHmAAMﬁA@@GTTWGGHETTARA@EGTEACATATG

TAATACTTTC AAAGACTACA TTTGTAAGAT

TTGATGTTTG AGTCGGCTGA AAGATCGTAC

GTACCAATTA TTGTTTCGTG ATTGTTCAAG

CCATAACACT GTAGGGATAG TGGAAAGAGT

GCTTCATCTG'GTTACGATCA ATCAAATATT

pelB Signal
Met Lys Tyr Leu

CAAACGGAGG GAGACGATTT TG|ATG AAA TAC CTA
Sequence -

Leu
TTG

Leu
CTC

Val
GTG

Val
GTG

Cys
TGC

Pro
cctT

Ala
GCT

Met
ATG
Ser
T™CT

Lys
AAG

Thr
ACG

Ala
GCC
Thr
ACC

Leu
CTG

Ser
TCC

Ala Ala Ala Gly Leu Leu Leu
GCA GCC GCT GGA TTG TTA TTA
Nco I —=|<+— H4VL
Gln Pro Ala Met Ala|Asp Ile
CAA CCA GCC ATG GCC |(GAC ATC

Gln Ser Pro Asp Ser Leu Ala
CAG TCT CCA GAC TCC CTG GCT

Gly Glu Arg Ala Thr Ile Asn
GGC GAG AGG GCC ACC ATC AAC

Ser Gln Ser Val Leu Tyr Ser
AGC CAG AGT GTT TTA TAC AGC

This Sheet Has Been Replaced
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and i s sho@ein Bgm eAEn Ly &s Aeml eyt alyelp AE%UT@@'%&GC’
St

upsty com g ferth Gl EaCCieR: Sereepen oG “ahe or ]S

enci ng.
The DNA was denatured and precipitated prior to annealing, as according to

th:a manuf ?GlmeerlmzLylstiBm @&gr@hmeﬂr%i’rm¥IﬁQsouLeu 1500
(s ; . % &
volts; gele e eC|Ge Am%gj%ﬁggu TAG Ketakp Xa@y ngbzgnq h%""as

processed using Htachi's conput er program
sequence data of cl ones anal yzed -

Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser
. CTC ATT TAC TGG GCA TCT ACC CGG GAA TCC

Gly Val Pro Asp Arg Phe Ser Gly Ser Gly
GGG GTC CCT GAC CGA TTC AGT GGC AGC GGG

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC

Ser Leu Gln Ala Glu Asp Val Ala Val Tyr
AGC CTG CAG GCT GAA GAT GTG GCA GTT TAT

Tyvr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu
TAC TGT CAG CAA TAT TAT AGT TAT CCT CTC
' HAV|

Thr Phe Gly Gly Gly Thr Lys Val Vval Ile
ACT TTC GGC GGA GGG ACC AAG GTG GTG ATC

Hind III LINKER
Lys|Leu Ser Ala Asp Asp Ala Lvs Lvs Asp

AAG|CTT AGT GCG GAC GAT GCG AAA AAG GAT

Ala Ala Lvs Lys Asp Asp Ala Lys Lys Asp
GCT GCG AAG AAG GAT GAC GCT AAG AAA GAC

B

LINKER Xho I  CC49 Vy
Asp Ala Ivs ILvs Asp Leu |Glu Val Gln Leu
GAT GCT AAA AAG GAC CTC|GAG GTT CAG TTG

eet Has Been Replaced

"



(see shorodad Sl GER AR Al R ot dn, TR, e

obtai ned. A representative clone was sel ected and desi gnated pSV2neo-102. A
human ([ errj jggneseas npgdrt it éVZ PRAJ0R0.gEwe human
cLer] DNAGRTCORER NRETE % 0%%@ yrsg'EET(Hb@ffr etal.

(1980) , .
Gly Tyr Thr Phe Thr Asp His Ala Ile His
GGC TAC ACC TTC ACT GAC CAT GCA ATT CAC

Trp Val Lys Gln Asn Pro Glu Gln Gly Leu
TGG GTG AAA CAG AAC CCT GAA CAG GGC CT1G

Glu Trp Ile Gly Tyr Phe Ser Pro Gly Asn
GAA TGG ATT GGA TAT TTT TCT CCC GGA AAT

Asp Asp Phe Lys Tyr Asn Glu Arg Phe Lys
GAT GAT TTT AAA TAC AAT GAG AGG TTC AAG

Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC

Ser Ser Thr Ala Tyr Val Gln Leu Asn Ser
TCC AGC ACT GCC TAC GTG CAG CTC AAC AGC

Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe
CTG ACA TCT GAG GAT TCT GCA GTG TAT TTC

Cys Thr Arg Sexr Leu Asn Met Ala Tyr Trp
TGT ACA AGA TCC CTG AAT ATG GCC TAC TGG

: CC49 vV
Gly Gln Gly Thr Ser Val Thr Val Ser Ser
GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA

is Sheet Has Been Replaced
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Cel |, 22:197-207). A 3 [errPgl&rrplser D&espoﬁﬁ'yrn diy §sASPf
pSV2neo 102 was di gested w tBCBp C:{,AEE %cThAA@:tgA@\IA
| - H| n [11

separated fromthe small Bam H ragment, generated in the
reaction, by el ectrtoihor esis o 5 percent DNA pol yacryl am de gel. The
desired DNA f 2 EC) rksperby el ectroel ution. A pBR322 clone

cont ai ni ng thgl’fi@ kbaH NG - Ban Ml fir m%@@%@g Clerr] gene

J ridy replllde

(see Heter et supra) was designdte 0 kb
GATGAATCCG TCAAAACATC ATCTTACATA
Becl T

AAGTCACTT GGTGATCAAG CTCATATCAT
TGTCCGGCA ATGGTGTGGG CTTTTTTTGT
TTTCATCTT TAAAGATCAT GTGAAGGAAA
AAACGGGAA AATCGGTCTG CGGGAAAGGA
CCGGGTTTT TGTCGAAATC ATAGGCGAAT

Bam HI
GGGTTGGAT TGTGACAAAA TTCGGATCC

-

This Sheet Has Bee

unmunmm I
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Y Absiraci pyagy¥=ommem Lo g
Hind I'll-Bam H fragnent was |igated. w h'ﬁ$?ﬂﬁ§g-l¥2r ahdj i $§H§ g N o
E.coli DHL (Invit rogen)r\ Qgﬁh LS aR O Ohi es rtts:i nﬁ

cl one containing the hunan Ck gene mas desi gnat ed pRL100¢Q.
cl ones were screened by testing mni-lysate plasm d DNA ron1E.coIi Wt h
Hnd Il and BamH . A clone producing a plasm d whi ch gewe—2—Tands, one

at 5.8 Kb (representing the vector) and the other at 5.0 kb (representing
the human GeMPdsITECANTIBOSIES! OF BUMANFSUBCROUPhAVARIEHTZ THAOINOf PRL1000

was CAPABLE OF BINDING TO TAG-72

The present invention is directed to the fields
of immunology and genetic engineering.

- The following information is provided for :the
purpose of making known information believed by the
applicants to be of possible relevance to the present
. invention. No admission is necessarily intended, nor
should be construed, that any of the following
information constitutes prior art against the present
invention.

Antibodies are specific immunoglobulin (Ig
polypeptides produced by the vertebrate immune system in
response to challenges by foreign proteins,
glycoproteins, cells, or other antigenic foreign
substances. The binding speci?icity of such
polypeptides ‘to a'particular antigen is highly refined.
with each antibody being aimost exclusively directsd -0
the particular antigen which.elicited ig.

Two major methods of generating vertebrate
antibodies®are presently utilized:generation in situ by
the mammalian B lymphocytes and generation in cell
culture by B-cell hybrids. Antibodies are generated in

9604381-4 .



in Biochem Sci, 6:203 (1981). Even when only a single

achi eved Q%{ﬁzgﬁHe@gi ?:?nt "(‘ﬂféerqef]["HtIJ %é gﬁlg{méi +H§aﬁt§o;n the intron

Ide use% to prinme the

regi on of uman err] insert. onucleo u

sequenci nBaréaeuilan WammMEO1GRSEG {ayperub3tiomal antitkaddied sevent een
bases wergodst gbEI Pedultse Fidur &tre )resforedv L4 i ONRHEI 541 de correspondi ng
to the (-) strand near the Hnd 111 site (shown i'n Figure 17) was

synthesi zed so The limited but inherent heterogeneity of

polyclonal antibodies is overcome by the use of
hybridoma technology to create "monoclonal" antibodies
in cell cultures by B cell hybridomas (see Kohler and
Milstein (1975), Nature, 256:495-497). 1In this process,
a mammal is injected with an antigen, and its relatively
short-lived, or mortal, splenocytes or lymphocytes are
fused with an immortal tumor cell line. The fﬁsion
produces hybrid cells or "hybridomas" which are both
immortal and capable of producing the genetically-coded
antibody of the B cell.

In many applications, the use of monoclonal
antibodies produced in non-human animals is severely
restricted where the monoclonal antibodies are to be
used in humans. Repeated injections in humans of a
Mforeign" antibody, such as a mouse antibody, may lead
to harmful hypersensitivity reactions, i.e., an anti-
-idiotypic, or human anti-mouse antibody (HAMA)
response, (see Shawler etal. (1985), Journal of
Immunology, 135:1530-1535, and Sear etal., J. Biol. RespD.
Modifiers, 3:138-150).

Various attempts have already oeen made to
manufacture human-derived monoclonal antibodies by using
human hybridomas (see Olsson etal., Proc. Natl. Acad.
Sci. U.S.A., TT:5429 (1980) and Roder etal. (1986),
Methods in Enzymology, 121:140-167. Unfortunately,




cell lines are relatively low compared to mouse
42 that clhppeidonakai niIngaHlﬂ%Lﬂlildmﬂo h\dﬂz{:]caqnqligg@é dﬁﬁé%ﬁ?ggguggigdt hi
Cla |l and H I ites in._p .(see Figyr , _cou :
ClaI-PﬁndtkﬁﬁnéﬁéoﬁpgéHénﬁrgoﬁé%é%éﬁf u aRarRd B9 PCR was
cl oned i ntmouse pEéinﬁdnethandthHMﬁhtiUﬂﬁ&'EWq@%dMHg)é&ﬁhbbfit@ﬁﬂfy[grg]
were treat ' a i LIJd s S ragnment.s r purifie y
el ectropho‘?gspgéggghggégrle é? g'g'r e|éerl.a§1 ”téq'%él_e{’%oo g@‘%a@hﬁﬁ? and

f r agment human’ immunoglobulins are highly desirable, human
hybridbﬁa.techniques have not yet reached the stage
‘where human monoclonal antibodies with required

antigenic specificities can be easily obtained.

Thus, antibodies of nonhuman origin have been
genetically engineered, or "humanized". Humanized
antibodies reduce the HAMA response compared to that
expected after injection of a human patient with a mouse
antibody. Humanization of antibodies.derived from
nonhumans, for example, has taken two principal forms,
i.e., chimerization where non-human regions of
immunoglobulin constant sequences are replaced by
corresponding human ones (see for example, USP 4,816,567
to Cabilly etal., Genentech) and grafting of )
complementarity determining regions (CDR) into human
‘framework regions (FR) (see European Patent Office
Application (EPO) O 239 400 to Winter). Some
researchers have produced Fv antibodies (USP 4,642,334
to Moore, DNAX) and single chain Fv (SCFV) antibodies
(see USP 4,946,778 to Ladner, Genex).

The above patent applications only show the
productio% of antibody fragments in which some portion
of the variable domains is coded for by nonhuman V gene
regions. Humanized antibodies to date still retain
various portions of light and heavy chain variable
regions of nonhuman origin: the chimeric, Fv and single
chain Fv antibodies retain the entire variable region of



t ai ni Hun% V| li gated d the ligation njxt dt
Coanatormde oo neR AoREnBghager I rioreRa Ontn ran BRRERNAE S by ot ceol

Anpi ci | |i elieditsaantimiuntgenie erexeeboediien ddmipistened dhtoha Humd
dosi ghat o CBAP: BGF et (Vb R dRthy “mrt LB LS RS, MG ot ect
C a |- H ndTPER 15821505 @ngdia Buglie e 1921 )z eBixth t Feteppapilanadquenci ng
of the ingghter@Pcd drs Mordd B2l Ant i bbdy Immunocon jugates for

Cancer, Sdn Diego, Ca). Thus, it is most desirable to

obtain a human variable region which is capable of

binding to a selected antigen.

One known human carcinoma tumor antigen is
tumor-associated glycoprotein-72 (TAG-72), as defined by
monoclonal antibody B72.3 (see Thor etal. (1986) Cancer
Res., 46:3118-3124; and Johnson, etal. (1986), Cancer
Res., 46:850-857). TAG-T2 is associated with the
surface of certain tumor cells of human ofigin,
specifically the LS174T tumor cell line (American Type
Culture Collection (ATCC) No. CL 188), which is a
variant of the LS180 (ATCC No. CL 187) colon adeno-
carcinoma line.

Numerous murine monoclonal antibodies have been
developed which have binding specificity for TAG-T2.
'Exemplary murine honoclonal antibodies include the "CC"
(colon cancer) monoclonal antibodies, which are a
library of murine monoclonal antibodies developed using
TAG-72 purified on an immunoaffinity column with an’
immobilized anti-TAG-72 antibody, B72.3 (ATCC HB-8108)
(see EP 394277, to Schlom etal., National Cancer
Institute). Certain CC antibodies were deposited with
the ATCC: CCU49 (ATCC No. HB 9459); CC83 (ATCC No. HB
g9453); CCU6 (ATCC No. HB 9458); CC92 (ATCC No. HB 9454);
CC30 (ATCC NO. HB_9A57); CC11 (ATCC No. 9455) and CC15



Mezes etal., The Dow Chemical Com ).
11 derr](-) (shomﬁ in Figure 17) HUML P%( % (shomn in Flgure 10),

HUMLIT N2 h n Fi e 10 used as the se uencing priners. Two
out of Ehé giu?m€|%%n%%g “ﬁl?% Erﬁé& tR&CELSEC 016X §dSFce i n the coding

regi ons (Enguiubedm,s clgaiest? TAG-P2 . cﬁub@ﬁni’ng\la@frfﬂsenaﬁddoﬁzegtL g;
Soarye s heal! RTH RSBk M08 (S Aokt 05 FEQR ASRRR o Ve )
and t he uégﬁﬂéaﬁ#ﬁéglonHﬂNQWﬁ?(]%he prier &rmys:mmiwhdng& abtnucl eot i de
position 83abhOPecombinant and immunologic techniques capable of
'boutinely producing an anti-TAG-72 antibody'in which the
11ght chain and/or the heavy chain variable regions have
Specxflcxty and afflnlty for TAG-T2 and which are
derived from human sequences so as to elicit expectedly
Tow or no HAMA response. It is known that the funection
of an immunoglobulin molecule is dependent on its three
dimensional structure, which in turn is dependent on its
primary amino acid sequence. A change of a few or even
one amino acid can drastically affect the binding
function of the antibody can drastically affect its the
bidning affinity of the antibody, i.e., the resultant
antibodies are generally presumed to be a non-specific
immunoglobulin (NSI), i.e., lacking in antibody
.character, (see, for example, USP 4,816,567 to Cabilly
étaL, Genentech).

Surprisiﬁgly, the present invention is capable
of meeting many of these above mentioned needs and
provides a method for supplying the desired antibodies.
For example, in one aspeét,-the present invention
provides a cell capable cf expressing a composite
antibody ﬁaving binding specificity for TAG-72, said
cell being transformed with (a) a DNA sequencé encoding
at least a portion of a light chain variable region (VL)
effectively homologous to the human Subgroup IV germline
gene (Humd Vi), and a DNA sequence segment =ncoding at



CapdaDie 0Ol Colmining willLi Tie V], 1nto a Liree

a Cto a ddpénginsallstrae tarsethasding diiparadul ity to Bingpubbi shed sequence
(Kl obeck §A§L72(1985), supra). The DNA sequence data al so indicates that
t he ol i gonucl eoti des used for the ‘PCR had been correctly + ncorporated in

the target sequence. The Biorad Gene PuIser[errL apparatus was used to
In another aspect, the present invention

provides a composite antibody or adfibody having binding
specificity for TAG-72, comprising (a) a DNA sequence
.encoding at least a portion of a light chain (VL)
variable region effectively homologous to the human
Subgroup IV germline gene (HumYd VL); and a DNA sequence
$egment encoding at least a portion of a heavy chain
variable region (Vy) capable of combining with the VL
into a. three dimensional structure:having the ability to
bind TAG-T7. '

i

The invention further includes the
‘aforementioned antibody alaone or conjugated to an
imaging marker or therapeutic agent. The invention also
includes a composition comprising the aforementioned
antibody in unconjugated or conjugated form in a
pharmaceutically acceptable, non-toxic, sterile carrier.

The invention is also directed to a method for
“invivo diagnosis of cancer which comprises administering
to an animal containing a tumor expressing TAG-T72 a
pharmaceutically effective amount of the aforementioned
composition for the insitu detection of carcinoma
lesions. '

The invention is also directed to a method Zor
intraoperative therapy which comprises (a) administering
to patient cqnpaihing a tumor expressing TAG-T2 a
pharmaceutically effective amount of the aforementicned



transfect Sp2/0 cédditipnhlliynedhiezdavienidand aliges conmerms$ng the |ight or
e o o Ll iR el B 0 S0
Tabl e 1. 9@&k@f(ﬁh¢sﬁlﬁéoEﬁ§P@ﬁa9F8nasL efdia¥sH dhain H
Chai n prFHEbséﬂuhich compSBses transforming a cell with a DNA-
'sequence encoding at least a portion of a light chain
variable region (Vi) effectively homologous to the human
‘Subgroup IV germline gene (Hum4 Vp); and a DNA sequence
segment encoding at least a portion of a heavy chain
variable region (Vyg) which is capable of combining with
the Vi, to form a three dimensional structure having the
ability to bind to TAG-T2. A process for preparing a
composite antibody or antibody which comprises culturing
a cell containing a DNA sequence encoding at least a
portion of a light chain variable region (VL) -
.effectively homologous to the human Subgroup IV germline
gene (Huml#4 VL); and a DNA sequence segment encoding at
least a portion of a heavy chain variable region (Vy)
capable of combining with the V[, into a three
dimensional structure having the ability to bind to.
'TAG-72 under sufficient conditions for the cell to
'express the immunoglobulin light chain and immuno-
. globulin heavy chain. A process for preparing an
antibody conjugate comprising contacting the
aforementioned antibody or antibody with an imaging
marker or therapeutic agent.

Description of the Drawings
s

@

Figure 1 illustrates a basic immunoglobulin

structure.
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gl-2.3 gl-2.3 MP1-44H, ...20 [errlg 15 [erclg 0 [err]g MPI-84H
20 [err]g 0 THEYNY lﬁ%uf§¥?¥§LAF?8t§?18? §96hxsf8P§ €35p2/0 cell's
wer e wasb8dVHoTAGsr i00%6PHE .0 0G4S Vi), CCA3 dfy land 10092i Bigle cel | s/ L) and
held on ice for 10 m nutes.. DNA of pRL1001, linearized at the Ca |l site,

and the DNA of eigfifi, 949 ﬂﬂlgs§r§£e98§h8'vﬁaﬁuﬁggaﬁﬁahzﬁﬁd?t their
respective Nde | sites, were added, In sterlle , to the cells (see
pr ot ocol amingphpeid) sganenses fAf @ntikadn Blit¥der 10

Figure 5 illustrates the mouse germline J-H
genes from pNPQ.

_ Figure 6 illustrates the plasmid map of pi49gi-
2.3.

Figure 7 illustrates the plasmid map of p83gi-
2.3. . ’ . f

i Figure 8 illustrates the entire sequence of
HUMVL(+) and HUMVL(-).

Figure 9 illustrates the human JY4 (HJY)
nucleotide sequence and amino acid sequence.

} Figure 10 illustrates the nucleotide sequences,
and the amino acid sequences of Hum# Vi, ClaI-HindIII
segment.

Figure 11 illustrates a schematic representa-
tion of the human germline Subgroup IV Vi gene
(Hum#4 V), as the target for the PCR.

Fjgure 12 shows the results of agarose gel
electrophoresis of the PCR reaction to obtain the
Humiy .V, gene. '

Figure 13 illustrates the restriction enzyme
map of pRL1000, and precursor plasmids_pSV2neo,



mnutes. A si mgtEBR0Yotluserrtes 13 Pelvtinkey) segment |Bade By bet ween 20
and 30 mdyntdesoizibngatwoselifonutbeoeidsest opp a) i amad CH{ter hol ding the
perturbed cells on ice for 5 mnutes, 25 nL of RPM nmediumw th 10 percent

L seue cul ture pavEe 15 LPRUCEacalta inbulr o ) “lndead) ke Bofl.

at nospher§&equencing plasmid DNA from several clones of pSV2neo-102.

Figure 16 illustrates an autoradiogram depicting the
DNA sequence of the polylinker region in pSV2neo-102.

Figure 17 illustrates a partial nucleotide sequence
segment of pRL1000.

Figure 18 illustrates the restriction enzyme map of
PRL1001.

24 wel |
nt CO02

Figure 19 illustrates an autoradiogram of DNA sequence

for pRL1001 clones.

Figure 20 illustrates a competition assay for binding

to TAG-using a composite Hum4 Vi, VyoTAG antibody.

Figure 21 illustrates a general DNA construction of a

single chain, composite Hum4 V;, V4jOoTAG.

Figure 22 illustrates the nucleotide sequence and amino

acid sequence of SCFV1.

Figure 23 shows the construction of plasmid
pCGS515/SCFV1.

[N:ALIBW]32200:AYL
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44 After 48 hours, the nedi a was exchanged with fres? electlon nedi a, now
0.

contai ni ng both 1FH@YAe EhelhoWs tog18 n?EFP88}°HnB &Yy g/ m

nmycophenoSCEV agkgrepk idadiplasnicis donmaireing Neme wyltured for 7-10 days.
Supernatants fromwells havi-ng drug resi stant col oni es mere tested on ELI SA

pl ates for activit ﬁﬁ% 2 g e n
sol ution preparedtF F@gﬂ{gﬁa u%DFhéé%gHr§F§“ sé\%gsLcl Iute 40 and
used to csequéenesi of e Hugitly ViLmAC49VH SCFV present in pSCFVUHH.

Figure 27 shows the construction plasmid pSCFV
UHH and a schematiec of a combinatorial library of VH
genes with Humld V.

Figure 28 illustrates the nucleotide sequence
of FLAG peptide adapter in pATDFLAG.

Figure 29 illustrates the construction of
pATDFLAG, pHumVL-HumVH (X) and pSC49FLAG.

Figure 30 illustrates the nucleotide and amino
acid sequences of pSCUIFLAG.

Detailed Description of the Invention

. Nucleic acids, amino acids, peptides,
protective groups, active groups and so on, when
-abbreviated, are abbreviated according to the IUPAC IUB
(Commission on Biological Nomenclature) or the practice
in the fields concerned.

The basic immunoglobulin structural unit is set
forth in Figure 1. The terms "constant" and "variable"
are used functionally. The variable regions of both
light (Vy) and heavy (Vy) chains determine binding
recognition and specificity to the antigen. The
constant region domains of light (Cy) and heavy (Cy)
chains confer impprtant diological properties such as



and the like. .
chloride mcrotitration plates (Dynatech Laboratories, Inc.). Wlls were

air-dried overni ghthe 3RshubloRlstsl 1 i1es Xt ey i’Méhtlx,&’?rK@% Beén

Super nat ant sanples: to-be tested for antl-Tﬁ(}7 anti body were added to the

washed vvéi?‘éeja‘?nﬂe‘ii ntQpaddnessr the rohlemsn@ts theupyigr #rferrfe Al kaline
phosphat asethede! 6f gR8s BAVentUGRAN producd, Wnad the?23ovenIidhers Bi ot ech

fosoct ol Shir LT RO aftlat55 WBELSRR4R0 Rn BRIl ooy et on Ve
developnﬁwntvbadiesﬁihatmdant immunoglobulins comprising variable
‘regions not hitherto found associated with each other in
nature. By, "composite Humd Vi, V§ antibody" means an
antibody or immunoreactive fragment thereof which is
characterized by having at least a portion of the VL
.region encoded by DNA derived from the Humld V[ germline
gene and at least é portion of a Vy region capable of
combining with the :V[ to form a three dimensional
structure having the ability to bind to TAG-T2.

The composite Hum#d Vyp, VH antibodies of theL
present invention assume a conformation having an
antigen binding site which binds specifically and with
sufficient strength to TAG-72 to form a complex capable
of being isolated by using standard assay techniques
(€.g., enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), or flourescence-activated cell
sorter analysis (FACS), immunohistochemistry and the
like). Prefe}ably, the composite HumYd Vi, VH antibodies
of “he present invention have an antigen binding
affinity or avidity greater than 10° M"!, more
preferably greater than 10° M™! and most preferably
greater than 10® M~l. For a discussion of the
techniques for generating and reviewing immunoglobulin
binding affinities see Munson (1983), Methods Enzvmol.,
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10 percent 4By , jyo p‘iﬁiixéﬁé@sby\efﬁepﬁ°§ur6£’p§?¥ﬁx@ﬂttB? Health

_and Human Services). There appear to be approximately

80 human VK genes, but only one Subgroup IV VK gene has

.been'identifiéd in the human genome (see Klobeck, etal.

}(1985), Nucleic Acids Research, 13:6516-6528). The

_@ucleotide sequence of Humid Vi is set forth in Kabat et

al. (1991), supra; and Wang etal. (1973), Nature, 243:126-

127.

It has been found, quite surprisingly, that an
-immunoglobulin having a light chain with at least a
portion of the Vi, encoded by a gene derived from Humi Vi,
may, if combined with a suitable Vjy, have binding
specificity for TAG-T2.

The type of JI, gene segment selected is not
“eritical to the invention, in that it is expected that
~any JL, if present, can associate with the Humy4 Vi. The

present invention'obviously contemplates the Humd Vi in
association with a human Jx sequence. The five human Jg
sequences are set forth in Heiter etal. (1982), The
Journal of Biological Chemistryv, 357:1516-1522.

However, the present invention is not intended to be
limited t& the human Jx. The present invention
specifically contemplates the Humd Vi in association
with-any of the at least six human J) genes (see Hollis
etal. (1982), Nature, 296:321-325).




_primer having a so-called "wagging tail", that does not

heavy chaltrtdias, tiE ¥ha parse Dz tAckeart et b che, FRiaderdets (0]
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The Ci, of the composite Humu Vi, VH antibodies
is not ceritical to the invention. To date, the Humi Vi
‘has only been reported as having been naturally
rearranged with the single Cyx gene (see Heiter etal.
.{1980), Cell, 22:197-207). However, the present
invention is not intended to be limited to the Ck light
thain constant domain. That is, the Cl, gene segment may
also be any of the at least six C) genes (see Hollis et
al., supra). |

) The DNA encoding the heavy chain variable
region consists roughly of a heavy chain variable (Vy)
gene sequence, a heavy chain diversity (DY) gene
sequenée, and a heavy chain joining (Jy) gene sequence.

The present invention is directed to any Vg
aéapable of combining with a light chain variable region
effectively homologous to the light chain variable
region encoded by  the human Subgroup IV germline gene,
tb form a three dimensional structure having the ability
to bind to TAG-T2.

The choice of heavy chain diversity (Dy)
segment and the heavy chain joining (Jy) segment of the
compOSLte "Huml4 Vi, VH antibody are not critical to the
present invention. Obviously, human and murine DY and
JH gene segments are contemplated, provided that a given
combination does not significantly decrease binding to
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-choice includes synthesleng selected oligonucleotides,

annealing and ligating in a cloning procedure (see,
Horton etal., supra).

In a specific embodiment the composite Humi Vi,

.VH antibody will be a "composite Hum# Vp, VHaTAG

antlbody", means an antlbody or immunoreactive rrazment
thereof whlch is characterlzed by having at least =z
portlon of the VL region encoded by DNA derived from the

‘Hum¥4 V[, germline gene and at least a portion of the Vy

region encoded by DNA derived from the VHaTAG germline
gene, which is known in the art (see, for example, ZPO O
365 997 to Mezes efal., the Dow Chemical Company).

Figure 2 shows the nucleotide sequence of VHaTAG, and

.the nucleotide sequences encoding the VH of the CCub,

CC49, CC83 and CC92 antibodies, respectively. Figure 3
Shows the corresponding amino acid sequences of VHaTAG,
CC46 Vy, CCH9 Vy, CC83 Vy and CC92 Vy.

A comparison of the nucleotide and amino acid
sequences of VHaTAG, CCH6 Vy, CCH9 Vy, CC83 Vy and £C92
Vy shows that those CC antibodies are derived from
VyaTAG. §omatic mutations occurring during productive
rearrangement of the VH derived from VHaTAG in a B cell
gave rise to-some nucleotide changes that may or may not

tedhiique fbre eHpid@eyigent ai ni ng
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| soel ectric focusing denonstrated the purity The

bi ol ogi caHupdr W@rﬁﬁﬁ@@iﬂetEﬁP%@dﬁ%VEOHﬁﬁﬁlPE°&ﬁFF505§”eWP1 AbR  was
eval uat ed pby s@e@fEPaM vih £ TBRINDS | A O6AEEHESELoYihasUbESobhelk Bwe igddas

Secti ons EPTREER K G (HOKUREH ShbRaRHARERAr ST PP thEr A PB@PJBWQ? h
the threegenmliogd geres. mOtists dmbibodiesoenbodedskiyl DA dertilvied art. Al
from VyaTAG may be identified by using a hybridization

"probe made from the DNA or RNA of the VyaTAG or
rearranged genes containing the recombined VyaTAG.
'gpeeifically, the probe will include of all or a part of
the VyaTAG germline gene and its flanking régions. By
"flanking regions" is meant to include those DNA
sequences from the 5' end of the VyoaTAG to the 3' end of
the upstream gene, and from 3' end of the VyaTAG to the
5' end of the downstream gene.

The CDR from the variable region of antibodies
derived from VHaTAG may be grafted onto the FR of
selected VY, i.e., FR of a human antibody (see EPO 0 239
400 to Winter). For example, the cell line, B17X2,.
expresses an antibody utilizing a variable light chain
“encoded by a gene derived from Humd V[ and a variable
heavy chain which‘makes a stable Vi and VH combination
(see Marsh etal. (1985), Nucleic Acids Research, 13:6531-
65443 and Polke etal. (1982), Immunobiol. 163:95-109.

The nucleotide seduence of the VY chain for B1T7X2 is

shown in Figure 4., The B17X2 cell line is publiecly
available from Dr. Christine Polke, Universitits-
Kinderklihik, Josef-Schneider-Str. 2, 8700 Wiirzburg,
FRG). B17X2 is directed to N-Acetyl-D—Glucosémine and
is not specific for TAG-T2.



to 35 of Figure 3) may be inserted into B17X2 (amino

t hree ant|%T@ (#Eqﬁ?éo%ghkx ﬁgubyabgggrglﬂi ?gdtﬁﬁgg@b%@PQ$°f t he tunor

antigen present sue sa test of the affinity
and bi ol oJiHeDAG rltamine yregidueshbffabocbhpofi Fégunei Bddpayrbet4dH was a

of Uhe. ancoabr o (g R o e et shown
in Figure ggunq u) gDR3 may be replaced by any DH and JH

sequence which does not affect the binding of the

antibody for TAG-T2 but, sﬁecifically, may be replaced

by the CDR3 of an antibody having its Vg derived from

VHaTAG, - - 0046 CCy49, CC83 and CC92. Exemplary

:technlques for such replacement are set forth in Horton

etal., supra.

A

The CH domains of immunoglobulin heavy chain
derived.from VHaTAG genes, for example may be changed to
a human“sequenoe by known techniques (see, USP 4,816,567
.to Cabilly, Genentech). Cy domains may be of various
complete or shortened human isotypes, i.e., IgG (e.g.,
1gGq, IgG), IgG3, and IgGy), Igh (e.g., IgA1 and IgA2),
Igh, IgE, IgM, as well as the various allotypes of the
individual groups (see Kabat etal. (1991), supra).

Given the teachlngs of the present invention,
-1t should be apparent to the skilled artisan that human
VH genes can be “tested for their ability to produce an
anti-TAG-72 immunoglobilin combination with the Humi VL
gene. The Vi may be used to isolate a gene encoding for
a ¥y having the ability to bind to TAG-72 to test myriad
combinations of Humd4 Vi and Vy that may not naturally
occur in mature, e.g., by generating a combinatorial
library using the Humld V[ gene to select a suitable Vye
Examples of ;hgse'enabling technologies include
screening of combinatorial libraries of Vi-V{
combinations using an Fab or single chain antibody
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(ATCC HB t842he weabiionesided sorifiondrBLhsas TYRoNGH! bUES;CRL! 8611 on

c(;é\|T|CC|)| n-(la-g On@%lﬂqgﬁl%%e{g&d te 3 ?é,g&?;eg %éﬁe‘iﬁf"ﬂ%lségl ET ntghgnd
i dent i fyi sgctrie¢ ediepasliuble grict @1s L CasCPMSpAOLEPRS pREduced in E.
coli that cpntain a Humld Vi, gene can be screened for
binding to TAG-T2 using, for example, a two-membrane
filter screening system (Skerra, etal. (1991), Analvt1ca1
-Blochemlstry, 196:151-155).

The desired gene repertoire can be isolated
from human genetic' material obtained from any suitable
source, e.g., peripheral blood lymphocytes, spleen cells
and lymph nodes of a pétient with tumor expressing TAG-
72. 1In somé.cases, it is desirable to bias the
T?pertoire for a preselected activity, such as by using
as a source of nucleic acid, cells (source cells) from
vertebrates in any one of various stages of age, health
and immune response.

: Cells coding for the desired sequence may be
zlsolated, and genomic DNA fragmented by one or more
restriction enzymes. Tissue (e.g., primary and
sécondary lymph organs, neoplastic tissue, white blood
cells from peripheral blood and hybridomas) from an
animal exposed to TAG-72 may be probed for selected
antibody producing B cells. Variability among B cells
derived from a common germline gene may result from
somatic mﬁ%ations ocecurring during productive
rearrangement.

Geneﬁéiiy, a probe made from the genomic DNA of
a germline gene or rearranged gene can be used by those



unknown cells. For example, sequence information

| ayi ng opgptiPnélierpehl Henf ﬁln)ér_id Sy Prad iy e Rt tARPdhERLLON, Which
ever cones first, and for availability of. the cell line to one determ ned

by the U BYPRLEHFRELIBRPrOPES TR NafHFah LIRS INE RLAFFIRERY thereto
accor di ngVtpegbofiER 1n2ladd nghetHeorb smd By 'rontraes atediant thereto

hso gnee BHEREnE, Eeghotin, ) AHS Gabdad TRLHL R4 10 2P 1 fes on
deposit shathralily-occberisg imtnons rigreduteonsultheraad, under suitable
condi ti ongpéP{ded that functional splice donor and splice

‘acceptor regions had .been present in the case of

mammalian cell sources.

_ " Additionally, the DNA may also be obtained from
ﬁ‘eDNA library. mRNA coding for heavy or light chain
Variablé-domain may be isolated from a suitable source,
either mature B cells or a hybridoma culture, employing

' standafd=teehniques of RNA isolation. The DNA or amino
acids also may be synthetically synthesized and
Eonstructed by standard techniques of annealing and
ligating fragments (see Jones, etal. (1986), Nature,
321:522-525; Reichmann etal., (1988), Nature, 332:323-
327; Sambrook etal. (1989), supra and Merrifield etal. .
(1963), J. Amer. Chem. Soc., 85:2149-2154). Heavy and
1ight chains may be combined invitro to gain antibody
activity (see Edelman, etal. (1963), Proc. Natl. Acad.
Sei. USA, 50:753). .

. The present invention also contemplates a gene
library of VHaTAG homologs, preferably human homologs of
VHaTAG. By "homolog" is meant a gene coding for a Vy
region (nog necessarily derived from, or even
effectively homologous to, the VHaTAG germline gzne)
capable of combining with a light chain variable region
effectively homologous to the i1ight chain variable
region encoded by the human Subgroup IV germline gene,
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prlmer extension reaction agents and/or substrates,

genomic DNA segments, and the like. The present _

invention thus is directed to cloning the VHaTAG-coding

DNA homologs from a repertoire comprised of polynucleo-

iide coding strands, such as genomic material containing

ﬁhe gene expressing the variable region or the messenger

RNA'(mRNA) which represents a transcript of the variable

reglon. Nuclelc acids coding for VHaTAG-coding homologs

can be derlved from cells producing IgA, IgD, IgE, 1gG

or IgM, most preferably from IgM and IgG, producing

cells.

- The VHaTAG~coding DNA homologs may be produced
by primer extension. The term “primer" as used herein
refer; to a polynucleotide whether purified from a ,
nucleic acid restriction digest or produced
éynthetically, which is capable of acting as a point of
initiation of synthesis when placed under conditions in
which synthesis of a primer extension product which is
complimentary to a nucleic acid strand is induced, i.e.,
in the presence of nucleotides and an agent for polymer-
ization such as DNA polymerase, reverse transcriptase
and the lige, and at a suitable temperature and pH.

Preferably, the VHaTAG-coding DNA homologs may
be produced by- polymerase chain reaction (PCR) amplifi-
cation of double stranded genomic or cDNA, wherein two
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domai ns vegbuibizes by ahsublacitideodequense CORSTrved] aFondieVy/L DNA
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obtain the sSegnen | ncor por at | nﬁﬁgart of he yeast I nvertase

| eader se’cfhemb’el”t rﬁqﬁunﬁ“&rbndMH 335~ 350' and ECR
Technology, Erlich (ed.) (1989). PCR amplification of-:

the mRNA from antibody-producing cells is set forth in
Orlandi efal. (1989), Proc. Natl. Acad. Sei., USA,
-86:3387-3837. |

N Aecording to a preferred method, the VHaTAG-
éoding DNA homologs are connected via linker to form a
SCFV having a three dimensional structure capable of
blndlng TAG-T2. The SCFV construct can be in a Vy-L-Vy
or Vg-L~VL configuration. For a2 discussion of SCFV see
Bird etal. (1988), Science, 242:423-426. The design of
suitable peptide linker regions is described in U.S.
Patent No. 4,704,692 to Ladner etal., Genex.

. The nucleotide sequence of a primér is selected
to hybridize with a plurality of immunoglobulin heavy
chain genes at a site substantially adjacent to the’
ﬁHuTAG-coding DNA homolog so that a nucleotide sequence
Eoding for a functional (capable of binding) pdlypeptide
.is obtained. The.choice of a primer's nucleotide
sequence depends on factors such as the distance on the
nucleie acid from the region coding for the desired
receptor, its hybridization site on the nucleic acid
relative to any second primeb to be used, the number of
genes in uhe repertoire it is to hybridize to, and the
like. To hybrldlze to a plurality of different nucleic
acid.strands of VHaTAG-coding DNA homolog, the primer
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th the hybridi zi ng sequences u I ne a wth the Hi nd
f?:'?ﬁsboﬂépqﬁqﬁjqﬁh ker cangbe ga de up of nuclelc acids attached

to one of the primers or the nuclglc acid sequence
coding for the peptide linker may be derived from
nucleic acid sequences that are attached to several
,polynuc;eotidé primers used to create the gene
libraries. Additionally, noncomplementary bases or
longer sequences can be interspersed into the primer,
nrovxded the primer sequence has sufficient complemen-
tarily with the sequence of the strand to be synthesized
or aﬁplified to non-randomly hybridize therewith and
thereby forﬁ_an extension product under polynucleotide
‘synthesizing conditions (see Horton etal. (1989), Gene,
T7:61- 68)

Exemplary human VH sequences from Wthh
complementary primers may be synthesized are set forth
in Kabat etal. (1991), supra; Humphries etal. (1988),
-Nature, 331:446-449; Schroeder etal. (1990), Proc. Natl.

" .Acad. Sci. USA, 87:6146-6150; Berman etal. (1988), EMBO
Journal, T:727-738; Lee etal. {1987), J. Mol. Biol.,
195:761-768); Marks etal. (1991), Eur. J. Immunol.
21:985-991; Willems, etal. (1991), J. Immunol., 146:3646-
3651; and Person etal. (1991), Proc Natl. Acad. Sci. USA,
88:2432~ 2436 To produce VYV, coding DNA homologs, first
primers are therefore chosen to hybridize to (i.e. be

complementary to).conserved regions within the J region,
CHl1 region, hinge region, CH2 region, or CH3 region of
immunoglobulin genes and the like. Second primers are



DNA homolog such as in that area coding for the leader

5ICTGCAAS%ETE&EééF%%éhﬁ%%?%ﬁgggg SCAGCCAAAATATCTGCAGACATCGTG

ATGACCCA ert]t Il site in bold: .
5' - CGTAAGACGT CTAAGGAACGAAAT TGGGECCAATTGT TCTGAGGAGACCGAACCT GACT

CCTTCACCTTGGTCCCTASdaIn@t i TRy atyet nomAeic akédPsRquesceR 1001 (shown in
Fi gure 18):oa1'hg BOR Wae E%;ﬁ@f&@dlpﬁﬁéf'arﬂé tlS’eté‘éfiﬁxE%? %psit'\’uk' s et
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el ectrophoeeso®" refers to a nucleic acid molecule capable of

"directing the expression of genes to which they are
operatively linked. The choice of vector to which a
NHaTAG-coding DNA homologs is operatively linked depends
directly, as is well known in the art, on the functional
‘properties desired, e.g., replication or protein
expression, and the host cell (éither procaryotic or
eucaryotic) to be transformed, these being limitations
inherenf in the art of constructing recombinant DNA
Mmbleéules. In preferred embodiments, the eucaryotic
cell expression vectors used inciude a selection marker
that is effective in an eucaryotic cell, preferably a
drug resistant selection marker.

Expression sectors compatible with procaryotlc
?cells are well known in the art and are available from
several commercial sources. Typical of vector plasmids
suitable for procéryotic cells are pUC8, pUC9, pBR322,
and pBR329 available from BioRad Laboratories,
(Richmond, CA), and pPL and pKK223 available from
Pharmacia, (Piscataway, NJ).

E§pression vectors compatible with eucaryotic
cells, preferably those compatible with vertebrate
cells, can also be used. Eucaryotic cell expression
vectors are well known in the art and are available from
several commercial sources., Typically, such vectors are
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t ai ﬂ;}ﬁ% r S r PCR. PCR was perforned
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Com

for the Qﬁcﬁﬂ9&P&Qé$r]Iﬁ¢e asaﬂélpgag e hybridi zi ng sequences
under | i ned: N :
The use of viral expression vectors to express

the genes of the VHaTAG-coding DNA homologs is also
.contemplaﬁéd. As used herein, the term "viral
expression vector" refers to a DNA molecule that
;nclﬁdes a promoter sequepceé derived from the long
terminal repeat (LTR) region of a viral genome.
Exemplary phage include A phage and fd phage (see,
:Sambrodk, etal. (1989), Molecular Cloning: A Laboratory
Manual, (2nd ed.), and McCafferty etal. (1990), Nature,
6301:552-554,

The population of VHaTAG-coding DNA homologs
and vectors are then cleaved with an endonuclease at
shared ‘restriction sites. A variety of methods have
been developed to operatively link DNA to vectors via
complementary cohesive termini. For instance, '
.complementary cohesive termini can be engineered into
the VHaTAG-coding DNA homologs during the primer
extension reaction by use of an appropriately designed
polynucleotide synthesis primer, as previously
discussed. The complementary cohesive termini of the
vector and the DNA homolog are then operatively linked
(ligated) to produce a unitary double stranded DNA
molecule.

The restriction fragments of Hum# Vy-coding DNA
and the VHaTAG—-coding DNA homologs population are
randomly ligated to the cleaved vector. A diverse,
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.appr'opmate cell hosts with a recombinant DNA molecule

of the present invention is accomplished by methods that

jc.ypiéally depend on the type of vector used. With

i_'egar'd to ﬁransfor'mation of procaryotic host cells, see,

for example, Cohen etal. (1972), Proceedings National

Academy of Science, USA, 69:2110; and Sambrook, etal.

(1989), supra. With regard to the transformation of
vertepfate cells with retroviral vectors containing
rDNAs, see for example, Sorge etal. (1984), Mol. Cell.
Biol., 4:1730-1737; Graham etal. (1973), Virol., 52:456;
and Wigler etal. (1979), Proceedings National Academv of
Sciences, USA,76:1373-1376.

Exemplary prokaryotic strains that may be used
.as hosts include E.coli, Bacilli, and other entero-
bacteriaceae such as Salmonella typhimurium, and various
Pseudomonas. Common eukaryotie microbes include S.
cerevisiae and Pichia .pastoris. Common higher eukaryotic host
cells include Sp2/0, VERO and HeLa cells, Chinese
hamster ovary (CHO) cell lines, and Wi38, BHK, COS-7 and
MDCK cell lines. Furthermore, it is now also evident
that any gell line producing Hum4 Vi, e.g., the B17X2
human cell line, can be used as a recipient human cell
line for introduction of a VY gene complementary to the
Hum4 V[ which allows binding to TAG-72. For example,
the B17X2 heavy chain may be geneticalliy modified to not



_ antibody produced would be human and not non-human
heat inactivated by heating the ligation reaction mxture at 65 [err]C for

10 mi nut e4€r'1¥88i-um chl ori de was added to the mixture to. give a fina
concentration of 50 mMM-and the m xture was further with Hnd Ill. A Hi nd
111 DNA fragnent \Safedessfikly atwansforned éedbsp #.6. pec€EDs
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homolog single chain antibody operatively linked to a
vector, can be identified by any suitable well known
‘technique for detecting the binding of a receptor'to a
ligand. Preferred screening assays are those .where the
'5inding of the composite Humid Vi, VHaTAG homolog single
¢hain antibody to TAG-72 produces a detectable signal,
‘either directly or indirectly. Screening for productive
Hum#4 Vi and VHaTAG homolog combinations, or in other
words,  testing for efféctive antigen binding sites to
TAG-72 is possible by using for example, a radiolabeled
-pf biotinylated screening agent, e.g., antigens, anti-
bodies (e.g., B72.3, CC49, CC83, CCl¥b, CC92, CC30, CC11
and CC15) or anti-idiotypic antibodies (sée Huse etal.,
supra, and Sambrook etal., supra); or the use of marker
peptides to the NH2- or COOH-terminus of the SCFV
_construct (see Hopp etal. (1988), Biotechnology, 6:1204-
1210) .

of coursé, the HumYd Vp-coding DNA and the
VHaTAG-coding DNA. homologs may be expressed as
individual polypebtide chains (e.g.. Fv) or with whole
or fragmented constant regions (e.g., Fab, and F(ab')s).
Accordingly, the Hum4 Vp-coding DNA and the VHaTAG-
coding DNA homologs may be individually inserted into a
vector containing a Cp or Cyg or fragment theredf,
respectively.. For a teaching of how to prepare suitable
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sequence o the { IMnARITAAES 4pRaaiRe EBRi] L8R oRe Y Bt bet 1 set
forth in ReguyecBainThé aherdbﬁbdﬁiEﬁjﬂﬂmkkﬁﬂijuﬂadtﬂbbdyLméyized t he
155" o EERGFERLCHAEE SSRURATS IR SLEVHIAR L U ighed Bhaliolre
acid |ink®amesaypnegsipssvended el.14 When IwesprEsgade Wwibhigndthecsg vH
(shown assppei brRAALSRT LItheS &n HHHII®wP)or the different

vectors, a functionally active Fv is produced. When the

-VHaTAG-coding DNA homolog and Humld Vi, polypeptides are

expressed in different organisms, the respective

:polypeptidés are isolated and then combined in an

Qppropriatg medium to form a Fv. See Greense etal.,

Methods in Molecular Biology, Vol. 9, Wickner etal.

(ed.); and Sambrook etal., supre).

Subsequent recombinations can be effected
through cleavage and removal of the Humd Vi-coding DNA
sequence to use the VHaTAG-coding DNA homolcgs to
produce Hum#4 V[-coding DNA homologs. To broduce a Humi
Vi,—coding DNA homolog, first primers are chcsen to
hybridize with (i.e. be complementary to) a conserved
region within the J regioﬁ or constant region of
immunoglobulin light chain genes and the like. Second
primers become part of the coding (plus) strand and
hybridize to a nucleotide sequence conserved among minus
strands. HumYd Vp-coding DNA homologs are ligated into
the vector contaiﬂing the VHQTAG¥coding DNA homolog,
thereby creating a second population of expression
vectors. The present invention thus is directed to
cloning th% Humy Vip-coding DNA homologs from a
repertoire comprised of polynucleotide coding strands,
such as genomic-material containing the gene expressing
the varizble region or the messenger RNA (mRNA) which
represents a transeript of the variable region. It Is
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The ol i gohawbdogisdes used to sequence the SCFV1 are set forth below TPI:
5' - CAATTTTTTGITTGTATTCFTTTC 3' . HUVKF3: 5' - CCTGACCGATTCAGTGGCAG- 3' .

5' - TCCAATCCATT CCAGHE DSl v en t36r TFurt néyl TEA MY B AAGTC 3
genetically modifying the antibody variable and constant
'régions to include effectively homologous variable
region and constant region amino acid sequences.
'Generally, changes in the variable region will be made
in order to imbrové or otherwise modify antigen binding
ﬁroperties'of the receptor. Changes in the constant
region of the antigen receptor will, in general, be made
in order to improve or otherwise modify biological
properties, such as complement fixation, interaction
with membranes, and other effector functions.

“ "Effectively homologous" refers to the concept
that differences in the primary structure of the
variable region may not alter the binding
characteristics of the antigen receptor. Normally, a
DNA sequence is effectively homolbgous to a second DNA
sequence if at least 70 percent, preferably at least 80
Bercent, and most preferably at least 90 percent of the
active portions of the DNA sequence are homologous.
Such changes are permissable in effectively homologous
amino acid sequences so long as the resultant antigen
receptor retains its desired property.

If there is only a conservative difference
. between homologous positions of sequences, they may be
regarded as equivalents under certain circumstances.
General categqries'of potentially equivalent amino acids
are set forth bélow, wherein, amino acids within a group
| may be substituted for other amino acids in that group:



Exanple%fei%ﬂ%éﬁﬁﬂ,(%Exggg§r?§ﬁaﬁr3”53?}“&8&%5FﬁiSg)algF&Fgﬁnin gene was
di gest ecangirhing noand | (9hdthreosine pndgseringas i sol ated. The pl asmid
pCGS517 has a triosephosphate isonerase pronoter, invertase [SUC2] signal

sequence, the prpyemBiargere it qidsSYGH nuci@dtide replacement
include the addition, deletion, or substitution of '
various nucleotides, deletion or substitution of various
nucleotides, provided that the proper reading frame is
maintained. Exemplary techniques include using
polynucleotide;mediated, site-directed mutagenesis,
i}e., using a single strand as a template for extension
of the oligonucleotide to produce a strand containing
the mutation (see Zoller etal. (1982), Nuc. Acids Res.,
10:6487-6500; Norris et al. (1983), Nuc. Acids Res.,
11:5103-5112; Zoller et al. (1984), DNA, 3:479-488;
Kramer etal. (1982), Nuc. Acids Res., 10:6475-6485 and
polymerase chain reaction, i.e., exponentially
amplifying DNA invitro using sequence specified oligo-
nucleotides to incorporate selected changes (see PCR
Technology: Principles and Applications for DNA
Amplification, Erlich, (ed.) (1989); and Horton etal.
supra) .

Further, the antibodies may have their constant
region domain modified, ie., the Cf, CH1, hinge, CHp,
CH3 and/or CHy domains of an antibody polypeptide chain
may be deleted, inserted or changed (see ZPO 327 378 A1
to Morrison etal., the Trustees of Columbia University;
USP 4,642,334 to Moore etal., DNAX; and USP 4,704,692 to
Ladner etal’, Genex).

Once ahf;nAl DNA construct is obtained, the
composite Hum4d Vi, VHantibodies may be produced in
large quantities by injecting the host cell into the
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screened_using a Y%t &5 microvave techni gue ?%ee :
fluid of which can provide up to about 50 mg/mL of
-composite Humd Vi, VH antibodies. Usually, injection
(preferably intraperitoneal) of about 100 to 107
histocompatible host cells into mice or rats will result
in tumor formation after a few weeks. It is possible to
obtain the cdmposite Humy4 Vi, VH antibodies from a
fermentation culture broth of procaryotic and eucaryotic
cells, or from inclusion bodies of E.coli cells (see
Buckholz and Gleeson (1991), BIO/TECHNOLOGY, 9:1067-
1072. The composite Huml Vi, VH antibodies can then be
collected and processed. by well-known methods (see
generally, Immunoclogical Methods, vols. I'& II, eds.
Lefkovits, I. and Pernis, B., (1979 & 1981) Academic
Press, New York, N.Y.; and Handbook of Experimental
Immunology, ed. Weir, D., (1978) Blackwell Scientific
‘Publications, St. Louis, MO.)

. The composite HumY Vi, VH antibodies can then
be stored in various buffer solutions.sﬁéh as phosphate
buffered saline (PBS), which gives a generally stable
antibody solution for further use.

Uses

..
¥

. The composite Huml# VL, VH antibodies brovide
unique benefits for use in a variety of cancer
treatments. In addition to the ability to bind



fiprobiasts, enaochelilal Cells, Or epithelial cells
Bul uwel a, etain tHO&8joNumtgans Actlls Gemposite HEum#5Z), W|yom a
transfornmati éﬁﬁﬁ . havi V, | oni sitive clones
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probe used Noiciml FrRrAPRAERNET \# EPE Fh A LS Sy LAMREFHES Kpn | and
Ga |l (see FiHumée Wf) Vy Bmtibodies which utilize a variety of Vy

in combination with Hum 4 Vj,. Specifically, the

composite Hum4 Vi, Vy antibodies are useful for, but
not limited to, in vivo and in vitro uses in
diagnostics, therapy, imaging and biosensors.

The composite Hum4 V;, Vy antibodies may be
incorporated into a pharmaceutically acceptable, non-
toxic, sterile carrier. Injectable compositions of
the present invention may be either in suspension or
solution form. In solution form the complex (or when
desired the separate components) is dissolved in a
pharmaceutically acceptable carrier. Such carriers
comprise a suitable solvent, preservatives such as
benzyl alcohol, if needed, and buffers. Useful
solvents incluse, for example, water, agqueous
alcohols, glycols, and phosphonate or carbonate
esters. Such aqueous solutions generally contain no
more than 50 percent of the organic solvent by
volume.

Injectable suspensions require a liquid
suspending medicum, with or without adjuvants, as a
carrier. The suspending medium, with or without
adjuvants, as a carrier. The suspending medium can
be, for example, agqueous polyvinyl-pyrrolidone, inert
oils such as vegetable oils or highly refined mineral
oils, or aqueous carboxymethylcellulose. Suitable



thickeners such as carboxymethylcellulose, polyvinyl- _
Do Oy o B S A A o i AL gs AR oL gonNe ot de
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reacti onsapit BhB9pohlyokydtRF1ene sorbitan esters. Many

substances which effect the hydrophibicity, density, and

'surfaceftension of the liquid suspension medium can '

assist in makihg injectable suspensions in individual

cases. For example, silicone antifoams, sorbitol, and

sugars are all useful suspending agents.

Methods of preparing and administering
conjugates of the composite HumYd4 Vi, YH antibody, and a
therapeutic agent are well known to or readily
determined. Moreover, suitable dosages will depend on
the age and weight of the patient and the therapeutic
agent employed and are well known or readily determined.

Conjugates of a composite HumYd Vi, VH antibody
and an imaging marker ﬁay be administered in a pharma-
ceutically effective amount for the invivo diagnostic
assays of human carcinomas, or metastases thereof, in a
patient having a thmor that expresses TAG-72 and then
detecting the presence of the imaging marker by
appropriate detection means.

. Administration and detection of the conjugates
of the composite Hum4 Vi, VH antibody and an imaging
' marker{ as well as methods of conjugating the composite
Hum4 Vi, VY antibody to the imaging marker are
accomplished by methods feadily known or readily
determined. The dosage of such conjugate will vary
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o Examples of imaging markers which can be

conjugated to the composite Humid Vi, antibody are well

known and include substances which can be detected by

diagnostic imaging using a gamma scanner or hand held

gamma probe, and substances which can be detected by

nuclear magnetic resonance imaging using a nuclear

ﬁggnetic resonance spectrometer.

Suitable, but not limiting, examples of
substances which can be detected using a gamma scanner
include 1251, 1311, 123, 1111, 103gy, 153sm, 67cu.
6TGa, 166Ho, 17TLu, 186Re, 188Re and 99MTe. An example
of a substance which can be detected using a nuclear
magnetic resonance spectrometer is gadoliﬁium.

Conjugates of a composite Humi4 Vi, Vg anti- .
bodies and a therapeutic agent may be administered in a
pharmaceutically effective amount for the invivo
treatment of human carcinomas, or metastases thereof, in
a. patient having é tumor that expresses TAG-T2. A
“pharmaceutically effective amount" of the composite
Hum4 Vi, antibody means the amount of said antibody
(whether unconjugated. i.e., a naked antibody, or
conjugated to a therapeutic agent) in the pharmaceutical
compositidn should be sufficient to achieve effective
binding to TAG-72. |
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carcinoma tissue to the therapeutic agent. " Alter-
'hatively, naked antibody therapy is possible in which
antibody dependent celliular cytoxicity or complement
dependent cytotoxicity is mediated by the composite Humi
VL antibody.

Examples of the antibody-therapeutic agent
conJugates which can be used in' therapy include
antibodies coupled to rad'onuclldes, such as 1311 9°Y,
josRh, "7Sc, 67Cu, 212g; , 211At, 67Ga, 1251, 1863e,
188pe, 177y, 99mre, 153sm, 1231 and 1''In; to drugs,
such as methotrexate, adriamyecinj; to biolégical response
modifiers, such as interferon and to toxins, such as
ricin.

Methods of preparing and administering
conjugates of the composite Hum# Vi, VH antibodies and a
therapeutic agent"are well known or readily determined.
The pharmaceutical composition may be administered in a
single dosage or multiple dosage form. Moreover,
suitable dosages will depend on the age and weight of
the patient and the therapeutic agent employed and are
well known:or readily determined.

Composite Hum4 Vi, V4 antibodies, and parti-
cularly composite Humd Vi, Vy single chain antibodies
thereof, are particularly suitable for radioimmunoguided



LGRSl WKL RV 4w LdJVWUVERU 4AUVY B MEVAWIIIY LAY AU G bUWWLVL

Tr ansf or nkhagnespresses JAG-T i nthe MOtiReABNbResL 1298 tat Fhg pl asmi d
PCGSS15/ SpRbrWaRACAl ideltoltiedi Ty iend L4 Ak and 206t 8 pEAgUT oS

descri bed |n | t 8 Bact.eri ol 8 and Treco
(To87) 1 ArOBEr Q6DER-o The Pumerc Sothen Bioi 859 (SeR dRreLR Gl (oqs).
2:13.71-181988), Kmerr.edi.piSemtg.st 1663686~ SgeeremnsMaethseCEﬂ1284 havi ng
t he genot VA g st ur XQLr y),
ssc1 1 (s\naehder Bebpg b’ %%ﬁpiﬁﬁ%i (ael, SR 4Py (oBY XPL OA
Neoprobe™ scanner, commercially avallable from Neoprobe
.Corporatlon, Columbus, OH. The relatively small size
and human character of the composite Humd Vi, VH single

chain antibodies will accelerate whole body clearance
and thus reduce the waiting period after injection
before surgery can be effectively initiated.

Administration and detection of the composite
Hum¥d Vi, VH antibody-imaging marker conjugate may be
accomplished by methods well-known or readily
determined.

The dosage will vary depending upbn the age and
weight of the-patient,'but generally a one time dosage
of about 0.1 to 200 mg of antibody-marker conjugate per
patient is administered.
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Example I

CCU9 and CCB3 were isolated from their
%éspective'hybridomas using pNP9 as a probe (see Figure
5). CCU9 Vy was obtained from p49 gi1-2.3 (see Figure 6)
and CC83 Vy was obtained from p83 gi1-2.3 (see Figure 7),
following the procedures set forth in EPO O 365 997.

DNA encoding an antibody light chain was
isolated from a sample of blood from a human following
the protocol of Madisen ef.al. (1987), Am. J. Med. Genet.,-
27:379-390) with several modifications. Two 5 ml
purple-cap Vacutainer tubes (containing EDTA as an
anticoagulant) were filled with blood and stored at

ambient temperature for 2 hours. The samples were
transferred to two 4.5 mL centrifuge tubes. To each
tube was added 22.5 mL of filter-sterilized erythrocycte
lysate buffer (0.155 M NHyCl and 0.17 M Tris, pH 7.65,
in a volume ratio of 9:1), and incubated at 37°C for 6.5
minutes. The tubes became dark red due to the lysed red
blood cells. The samples were centrifuged at 9°C for 10
minutes, using an SS-34 rotor and a Sorvall centrifuge
at 5,300 révolutions per minute (rpm) (73,400 X'g). The
resulting white cell pellets were resuspended in 25 miL
of 0.15 M NaCl solution. The white blood cells were
then centrifuged as before. The pellets were
resuspended in 500 puL of 0.15 M NaCl and transferred to
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extracted with phenol, phenol-chloroform and finally
with just 'chloroform as described in Sambrook etal.,
supra. To 3.9 mL of pooled extracted DNA solution was
added 0.4 mL NaOAe (3 M, pH 5), and 10 mL 100 percent
ethanol. A white stringy precipitate was recovered with
a yellow pipette tip, transferred into a new Eppendorf
'ﬁube, washed once with 70 percent ethanol, and finally
washed with 100 percent ethanol. The DNA was dried in
vacuo for 1 minute and dissolved in 0.75 mL deionized
water. A 20 pL aliquot was diluted to 1.0 mL and the OD
260 nm value was measured and recorded. The
concentration of DNA in the original solution was
calculated to be 0.30 mg/mL.

Oligonucleotides (oligos) were synthesized
‘using phosphoramidite chemistry on a 380A DNA
'Synthesizer (Applied Biosystems, Foster, CA) starting on
0.2 pM solid support columns. Protecting groups on the
final products were removed by heating in concentrated
ammonia solution at 55°C for 12 hours. Crude mixtures
of oligonucleotides (approximately 12 0D 260 nm units)
were applied to 16 percent polyacrylamide-urea gels and
electrophoresed. DNA in the gels was visualized by
short wavg UV light. Bands were cut out and the DNA
eluted by heating the gel pieces to 65°C for 2 hours.
Final purification was achieved by abplication of the
eluted DNA solution onto C-18 Seb-Pac“ columns
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.for the denaturation (94 °C), annealing (45 °C) and

elongation (73 °C) steps. Each of the three steps in a

._pyclé were carried out for 4 minutes; there was a total

bf 30 cycles.

Upstream of the regulatory sequences in the
HumY Vi, germline gene, there is a unique Cla I
restriction enzyme 'site. Therefore, the 5' end
oligonuecleotide for the PCR technique, called HUMVL(+)
(Figure 8), was designed to include this Cla I site.

The 3' end oligonucleotide, called HUMVL(-)
(Figure 8), contained a unique Hind III site; sufficient
mouse intron sequence past the splicing site to permit
an effective splice donor function; a human J4 sequence
contiguous with the 3' end of the V[ exon of Humi VL to
complete the CDR3 and FRY4 sequences of the VL domain
(see Figures 9 and 10); nucleotides to encode a tyrosine
residue at position 94 in CDR3; and 29 nucleotides close
to the 3' end of the V[ exon of Humd V[ (shown
underlined in the oligonucleotide HUMVL(-) in Figure 8)
to anneal with the human DNA target. In total, this 3'
end oligoﬁucleotide for the PCR was 98 bases long with a
non-annealing segment (a "wagging tail") of 69
nucleotides. .A. schematic of the HumY V[ gene target and
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oil were used to overlay the samples. Control samples
‘were set up as outlined below. The samples were heated
to 95 °C for 3. minutes. When the PCR was complete, 20
4L samples were removed for analysis by agarose gel

electrophoresis.

Based on the known size of the Humd Vy DNA
fragment to be cloned, and the size of the
oligonucleotides used to téfget the gene, a product of
1099 bp was expected. A band corresponding to this size
was obtained in the reaction (shown in lane 7, Figure
12).

‘To prepare a plasmid suitable for cloning and
subsequently expressing the Hum#4 V[ gene, the plasmid
.pSV2neo was obtained from ATCC and subsequently
modified. pSV2neo was modified as set forth below (see
Figure 13).

The preparation of pSV2neo-101 was as follows.
Ten micrograms of purified pSV2neo were digested with 0
units of Hind III at 37 °C for 1 hour. The linearized
plasmid DNA was precipitated with ethanol, washed, dried
and dissqfved in 10 pL water. Two microliters each of
10 mM dATP, dCTP, dGTP and dTTP were added, as well as 2
pL of 10X ligase buffer. Five units (1 pL) of DNA
polymerase I were added to make blunt the Hind III
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by heating the mlxture to 65°C for 15 minutes.
and tern1n5§or seeghb et al 1983), J. Biol. Chem, Zgg 11211-11218)
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sequence wer
pg was then added to a standard 20 pL llgatlon

reaction, and incubated overnight at 4 °C.

Competent E.coli DH1 cells were transformed with
1 nL. and 10 pL aliquots of the ligation mix (Invitrogen,
:5an Diego, CA) according to the manufacturer's
directions. Ampicillin resistant colonies were obtained
‘on LB plates containing 100 pg/mL ampicillin. Selected
clones grown in 2.0 mL overnight cultures were prepared,
samples of 'plasmid DNA were digested with Hind III and
Bam HI éeparately, and a correct representative clone
Selected.

The resultlng plasnld pSVZneo 10T was verified
by size mapping and the lack of digestion with Hind III.

A sample of DNA from pSV2neb-10 mini-lysate-was
-prepared by digesting with 50 units of Bam HI at 37°C
for 2 hours. The linearized plasmid was purified from a
4 percent DNA polyacrylamide gel by electroelution. The
DNA ends were made blunt by filling in the Bam HI site
using dNTPs and Klenow fragment, as described earlier
for the Hind III site of pSV2 neo-101.

A polyl1nke" segment containing multiple
cloning 31tes was incorporated at the Bam HI site of
pSV2neo-101 to create pSV2neo-102. Equimolar amounts of
two oligonucleotides, CH(+) and CH(-) (shown in Figure
14) were annealed by heating for 3 minutes at 90 °C and
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1ncorporated.

A Hind III digest of mini-lysate plasmid DNA
revealed linker incorporation in six of the clones. The
‘plasmid DNA from several clones was sequenced, to
determine the number of linker units that were blunt-end
‘ligated to pSV2neo-101 as well as the relative
orientation(s) with the linker. Clones for sequencing
were selected on the basis of positive digestion with
Hind III.

A Sequenase™ sequencing kit (United States
B)1ochemlcal Corp, Cleveland, OH was used to sequecne
the DNA._ A primer, NE01025EQ, was used for sequencing
and is shown in Figure 15. It is complementary to a
sequence located upstream from the BamHI site in the
‘vector. Between 3 pg and 5 pg of plasmid DNA isolated
from E.coli mini-lysates were used for sequencing. The
DNA was denatured.and precipitated prior to annealing,
as according to the manufacturer's instiructions.
Electrophoresis was carried out at 1500 volts; gels were
dried prior to exposure to Kodak X-ray film. Data was
processed u51ng Hitachi's DNASIS™ computer program.

From the DNA sequence data of % clones analyzed
(see photograph of autoradiogram - Figure 16), compared
to the expectédhsequence in Figure 14, two clones having
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Hund VL mno a nker s Qu.Ser Ay Ser Val
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was de5|§ ed %Q%%WQ%@ (see Figure 24). A Bcl | site was introduced at
the 3 F e i‘on by the penP6 oligonucl eotide. penP3:

5 - GCTGCCCAACCAGCCATGECCEACATCEWGATGACCCAGWCTCI}3'
A 3 pg sample of DNA from a mini-lysate of

..pSVZneo-102 was digested with Bam HI and Hind III. The
vector DNA was separated from the small Bam HI-Hind III
___;Linkér fragment, generated in the reaction, by
'electrophor‘esis on a 3.75 percent DNA polyacrylamide
gel. The desired DNA fragment was recovered by
electroelution. A pBR322 clone containing the 5.0 kb
Hind III-Bam HI fragment of the human Cx gene (see
Hieter etal., supra) was designated phumCx. The 5.0 kb
Hind III-Bam HI fragment was ligated with pSV2neo-102r
and introduced into E.coli DH1 (Invitrogen). Ampicillin
resistant colonies were screened and a clone containing
the hunian_ Ck gene was designated pRL1000.

Finally, pRL1000 clones were screened by
testing mini-lysate plasmid DNA from E.coli with Hind III
and Bam HI. A clone producing a plasmid which gave 2
bands, one at 5.8 Kb (representing the vector) and the
other at 5.0 kb (representing the human Cx insert) was
selected. Further characterization of pRL1000 was

-

achieved by sequencing downstream from the Hind III site
in the intron region of the human Cx insert. The
oligonucleotide used to prime the sequencing reaction
was NEO1OZSEQ (Figure 15). Two hundred and seventeen
bases were determined (see Figure 17). A new
oligonucleotide corresponding to the (-) strand near the

Hind III site (shown in Figure 17) was synthesized so



Figure 13), could be sequenced.
penP6(-): 5 ' - CTCTTGATCACCAAGTGACTTTATGTAAGATGATGTTTTG ACG

GATTCATCGGAATGT TTH T NEIEAACLEEHACE h€CedntEing nhﬁmﬁ y d D were
j oi ned by PCR usjin %é_ilgonucl epotid shgenP an | ow ng t 54
n

enpP
br ocedur SO EBANg | was sglonedt &TRLRERI, 4 eS8t oR
pRL1000. DNA of pRL1000 and the Hum4 V| were treated

.with Cla I and Hind III and the fragments were gel
purified by electrophoresis, as described earlier.

The pRL1000 DNA fragment and fragment
.containing Hum} Vi, gene were ligated, and the ligation
mixture used to transform E.coli DH1 (Invitrogen),
f‘_pllowing the manufacturer's protocol. Ampicillin
}"esistant clones were screened for the presence of the
Huml Vi, gene by restriction enzyme analysis and a
rjepr'ese'n-t.ati‘ve clone désignated pRL1001 (shown in Figure
18).

Four plasmids having the correct Cle I-Hind III
restriction pattern were analyzed further"by DNA
sequencing of the insert region (see Figure 19). Hind
III Ck(-) (shown in Figure 17), HUMLIN1(-) (shown in
Figure 10), HUMLIN2(-) (shown in Figure 10) were used as
the sequencing primers. Two out of the four plasmids
analyzed had the expected sequence in the coding regions
(Figure 19, clones 2 and 9). )

Clone 2 was chosen and used for generating
sufficient plasmid DNA for cell ‘ransformations and
other analysis. This plasmid was used for sequencing
through the Humd Vp, and the upstream region to the Cla
I site. Only one change at nucleotide position 83 from
a CtoaG (Figure 10) was obser‘ired, compared to a
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esignated E (See Figure_ . Fragngent contai ning the penP term nation
codon was i Qﬁ%ﬁ?&éwd+%e§%?n€552£§8§eﬂP?H°BCI | and Sal I, and desi gnat ed
Fragnent C. .pRW 83 was isolated fromE. coli strain GVL61, which is DNA
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with a thr [ | : restriction
enzynme si ttg%'vﬁ]élcnd t%@égnn’?%gﬂgﬁg%% tf\hgg?f%ggiiﬁlglg&?%&llcgggfsed at the 5'
end of thegdadmpingoblke 1ighoor beaver ehaint popetreatsugh The
HumY Vi, was introduced in Sp2/0 cells along with
‘corresponding heavy chains by the co-transfection scheme

indicated in Table ‘1.

Table 1
DNA Added
Cell Line - H Chai o chai
Designation : ain ain
e ERI00L p4g p83
P gl-2.3 | g1-2.3
MPl1-44H 20 pg 15 ug 0 ug
MP1-84H 20 pg 0 pg - 15, ug

‘A total of 8.0 X 106 Sp2/0 cells were washed in
sterile PBS buffer (0.8 mL of 1 X 107 viable cells/mL)
and held on ice for 10 minutes. DNA of pRL1001,
linearized at the Cla I site, and the DNA of either pi49
g1-2.3 or p83 g1-2.3, linearized at their respective Nde
Ifsites, were added, in sterile PBS, to the cells (see
protocol - Table 2) and held at 0 °C for a further 10
minutes. A single 200 volt, 960 pF electrical pulse
lasting between 20 and 30 milliseconds was used for the
electroporation. After holding the perturbed cells on
ice for 5 hinutes, 25 mL of RPMI medium with 10 percent
fetal calf serum were introduced, and 1.0 mL samples
aliquoted in a 24 well tissue culture plate. The cells
were incubated at 37 °C in a § percent CO2 atmosphere.
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solution prepared from LS147T tumor xenograft cells was

-diluted 1:40 and used to coat flexible polyvinyl

chloride microtitration plates (Dynatech Laboratories,

Inc.). Wells were air-dried overnight, and blocked the

next day with 1 percent BSA. Subernatant samples to be

!éested for anti-TAG-T2 antibody were added to the washed

wells and incubated for between 1 and 2 hours at 37 °C.

Alkaline phosphatase labeled goat anti-human IgG

(diluted 1:250) (Southern Biotech Associates,

Birmingham, AL) was used as the probe antibody.

Incubation was for 1 hour. The substrate used was p-

nitrophenylphosphate. Color development was terminated

by the addition of 1.0 N NaOH. The plates were read

spectrophotometrically at 405 nm and 450 nm, and the

values obtained were 405 nm-450 nm.

Those samples producing high values in the
assay were subcloned from the original 24 well plate
onto 96 well plates. Plating was done =zt a cell density
of half a cell per well (nominally 50 cells) to get pure
monoclonal cell lines. Antibody producing cell lines
were froéen down in media containing 10 percent DMSO.
Txo cell lines were procured having the
designations: MP1-44H and MP1-84H. MP1-44H has the
chimeric CC49 y1 heavy chain with the HumY Vi light

J
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of cells by centrifugation and filtration through a .
0.22 micron filter abparatus. The clarified supernétant
was passed over a Protein A cartridge (Nygene, New
-York). Immunoglobulin was eluted using 0.1 M sodium
citrate buffer pH -30. The pH of the eluting fractions
pontéining.the antibody was raised to neutrality by the
Iaddition of Tris base, pH 9.0.  The antibody~-containing
Lﬁractions were concentrated and passed over a Pharmacia
Superose 12 HR 10/30 gel filtration column. A protein
was judged to be homogeneous by SDS polyacrylamide gel
electrophoresis. Isoelectric.focusing further
demonstrated the purity of MP1- 4yuy.

The biological performance of the human
composite antibody, MP1-44H, was evaluated by comparing
immunohistochemistry results with two other anti-TAG-72
antibdoies CC49 (ATCC No. HB 9459) and Chi4l4 (ATCC No. HB
.9884). Sections of human colorectal tumor embedded in
paraffin were tested with the three antibodies by
methods familiar to those skilled in this art. All
three antibodies gave roughly equivalent binding
recognition of thé tumor antigen present on the tumor
tissue sample.

A further test of the affinity and biological
integrity %f the human composite antibody MP1-44H was a
compgtition assay, based on cross-competing radioiodine-
-labeled versions of the antibody with CC49 and Chid4 in
all combinations. ¥Trom the data shown in Figure 20, it
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di gest ed partmandet lavanid £ailitynof atheagekbt linesatoi thet pablder- gene was
iSOIated'on.the issuance of the U.S. patent describing and '
identifying the deposit or the publications or upon the
laying opeh to the public of any U.S. or foreign patent
application, which.ever comes first, and for .
gvaiiability of the cell line to one determined by the
U.S. Commissioner of Patents and Trademarks to be
entitled thereto according to 35 CFR §122 and the
Commissioner's rules pursuant thereto-(including.37 CFR
§1.14 with particular reference to 886 0G 638). :The
assignee'of the present application has agreed that if
the cell lines on deposit should die or be lost or
destroyed when cultivated under suitable conditions for
.a period of thirty (30) years or five (5) ‘years after
the last request, it will be promptly replaced on
notification with viable replacement cell lines.

3xample 2

Single-chain antibodies consist of a VL, VH
* and a peptide linker joining the Vi, and VY domains to
produce SCFVs. A single chain antibody, SCFV1, was
constructed to have the Humy VL, as V Domain 1 and CCY49
VH as V Domain 2 (see Figure 21).

The polypeptide linker which joins the two V
domains was encoded by the DNA introduced at the 3' end
of the V[ DNA . during the PCR. The oligonucleotides
SCFV1a and SCFV2 were designed to obtain the DNA segment
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(T GCCTCCACCTTGGTOQ

T des
T

CLEAVAGESITETO PEPTIDE LINKER

RELEASE MATURE $CIV

The polypeptide linker for SCFV1 was encoded in
oligonucleotide SCFV1b (see below) .
of the oligonucleotides SCFVia and SCFV1b are complementary
to sequences in the Hum4 Vy and linker respectively. The
sequences of SCFVla and SCFVl1b are as follows, with the

The underlined portions

hybridizing sequences underlined:
SCFVla with the Hind III in bold:
Hind III

5' CTGCAAGCTTCCTTTTCCTTTTGGCTGGTTTTGCAGCCAAAATATCTGCAGACATCGTC
ATGACCCAGTC-3'

SCFV1b with the Aat II site in bold:

5'-CGTAAGACGTCTAAGGAACGAAATTGGGCCAATTGTTCTGAGGAGACCGAACCTGACT
CCTTCACCTTGGTCCCTCCGCCG-3"

The target DNA in the PCR was pRL1001 (shown in
Figure 18). The PCR was performed pursuant to the teachings
of Mullis et al.
Vi-linker DNA component for the construction of SCFV1 was

supra. A DNA fragment containing the Hum4

obtained and purified by polyacrylamide gel electrophoresis
according to the teachings of Sambrook et al., supra.
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the methods of Mullis etal., supra. The oligonucleotides

104B3 anduéQ&Bﬂer) tﬁs. Pltmrr%rfs CCHA dr&nZy "o I RSks | Chi OB Ghee was

5|

I ntroduced # g he ternlnatuP cpdq? in the 3" end (before the Bcl
site) by BY 5bﬁ& PBStP&S“ﬁ@ﬁ&ﬁ ynaet
-GTTAAAGCAGCATGEEECAAGCTTATGACTCAGTTGCAGCAGTCTGACGC 3 56
SCFVie, with the Aat 1II site in bOld_; ' REPLACEMENT SHEET
23 DEC 1996

. 5'-CCTTAGACGTCCAGTTGCAGCAGTCTGACGC-3'

'SCFV1d, with the Hind III site in bold:

5'~-GATCAAGCTTCACTAGGAGACGGTGACTGAGGTTCC-3'

The purified Humd Vp-linker and Vy DNA
-fragments were treated with Aat II (New England Biolabs,
Beverly, MA) according to the manufacturer's protocol,
and purified from' a 5 percent polyacrylamide gel after
electrophoresis. An equimolar mixture of the Aat II
fragments was ligated overnight. The T4 DNA ligase was
heat inactivated by heating the ligation reaction
mixture at 65 °C for 10 minutes. Sodium chloride was
added to the mixture to give a final concentration of 50
mM and' the mixture was further with Hind III. A Hind
III DNA fragment was isolated and purified from a 4.5
percent polyéégylamide'gel and cloned into a yeast
expression vector (see Carter etal. (1987), In: DNA



CUlILIRpUOUS oLIV I conhsLrruct, 1S Set l1orth 1n rigure 2.

104B4(-): 5' - CTCTTGATCACCAAGTGACTTTATGTAAGATGATGTI TTTGACGGATT _
CATCGCTAGCTTTTTATTTGCGNF%A&W@&EI%%E%ZESEEﬂ@TG&@@TI@@d3herﬁlmhe PCR whi ch

j oined thgge1tyed’ tABNYRES e Ad a0l EqudeE frilidy 10454(-) as
Was

primers, a codin on for am no acl I r or ned. “A fragnent

C (same aRogpbie Scdﬁf)altﬁl md t‘-"ffe Faure &) naﬁh%rﬁw@’do‘ﬁ. weshowo| ased from
PRW 83 di pesitdonist h Bel 1113ared Salgure Rz gh PRCRAM SRS {s6¢ figure 25) was

linker (shown as positions 114 to 132 of Figure 22) and
€CH49 VH (shown as positions 133 to 248 of Figure 22).

The cdmplete DNA and amino acid sequence of
SCFV1 is given in Figure 22. The oligonucleotides used
to sequence the SCFV1 are set forth below.

TPI:
5'-CAATTTTTTGTTTGTATTCTTTTC-3'.

HUVKF3:

. |
DCT13: 23 DEC 99

i

5'-TCCAATCCATTCCAGGCCCTGTTCAGG-3".

SUC2T:

5'-CTTGAACAAAGTGATAAGTC-3'.

Example 3

A plasmid, pCGS517 (Figure 23), containing
a prorennln gene was digested with Hind III and a 6.5 kb
fragment was isolated. The plasmid pCGS517 has a
triosephosphate. isomerase promoter, invertase [SUC2]
signal sequence, the prorennin gene and a [SUCé]
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created\M&Stnahamen§4xﬂa'J¢;ﬁmioﬁAdt the vector, fragnent C, and the SCFV
fragnment descri bed above. pSCFV 33H was di gested with Ncol' and Nhel, and

the DNA fragnent contafﬁgngo ?%égﬂgbigﬂgayﬁﬁhfﬁgbl%%géaﬁﬂggurgtOr Humd VL

was obt ai b anplification usin e 18) as a
tenpl at e %%&I&orﬁ}@l%cﬂﬁ ofel%eUF\H‘F&f'ﬁnGOQFdﬁHE(mﬁ Barprphetye .
A i gonucl deivieddasieors itdifa PEe g@efee UNi fted to the vector DNA to

. form a gene with a contiguous signal sequence. E.coli
_DHI (Invitrogen) cells were transformed and colonies
screened using a filter-microwave technique (see
3Buluwela, etaL'(1989), Nucleic Acids Research, 17:452).
From a transformation plate having several hundred

_éolonies, 3 positive clones were obtained. Digesting'
‘the candidate plasmids with Sal I and Kpn I, each a
single cutter, differeptiated between orientations by
the size of the DNA fragments produced. A single clone,
pDYSCFV1 (Figure 23), had the correct orientation and
‘was used for further experimentation and cloning. The
probe used was derived from pRL1001, which had been
digestéd with Kpn I and Cla I (see Figure 18). The
probe DNA was labeled with 32P a-dCTP using a random
oligonucleotide primer labeling kit (Pharmacia LKB
aBiotechnology, Piscataway, NJ).

The next step was to introduce the Bgl II-
Sal 1 fragment from pDYSCFV1 into the same restriction
sites of another vector (ca. 9 kb), which was derived
from PCGS515 (Figure 23), to give an autonomously
replicating plasmid in S. cerevisiae.

%

DNA from the vector and insert were
digested in separate reactions with Bgl II and Sal I
using 10X buffer number 3 (50 MM Tris-HCI (pH 8.0), 100
mM NaCl, BRL). The DNA fragment from pDYSCFV1 was run
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et POlyatlylallilde pel. A Standard lLigation using

5' m&cﬂﬂmdﬁm@m@e‘rwa aTheahsBormattieni asingod.d and the

nybri di 21 Qg SBAYCRIR IS s ) Wied oI TR dut. out of

6 clones

AGGTCCTCAAGE P PEATCATIA GENERsTERE TRl B2l The asdiSel 1Isi wdl 6 in bol d.
were correctly oriented, and one was designated '

pCGS515/SCFV1 (Figure 23).

DNA sequencing of pCGSS15/SCFVi DNA was
done using a Sequenase™ kit (U.S. Biochemical,
Cleveland, OH) using pCGS515/SCFV1 DNA. The results
have been presented in Figure 22 and confirm the

ﬁequence expected, based on the l;nkér, the Humid Vi, and

the CC49 Vy.

Transformation of yeést cells using the

autonomosly feplicating plasmid pCGS515/SCFV1 was

carried out using the lithium acetate procedures
described in Ito etal. (1983), J. Bacteriol., 153:163-
168; and Treco (1987), In: Curent Protocols in Molecular

‘Biology, Ausebel etal. (eds), 2:13.71-13.7.6.

The

recipient strain of S.cerevisize was CGY1284 having the
.genctype - MAT a (mating strain a), ura 3-52 (uracil
auxotrophy), SSC1-1 (supersecreting 1), and PEP4*

(peptidase 4 positive).

Transformed clones of CGY1284 carrying SCFV

plasmids were selected by their ability to grow on

minimal media in the absence of uracil. Transformed

colonies appeared within 3 to 5 days. The colonies were

transferred, grown and plated in YEPD medium.

Shake

flasks were used to provide culture supernatant with

expressed product.

23 DEC 1998
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57 The Ccéfgl\?[térnr-]cc\%/ags) gl?traibnle%mb?gat?’d:\h%s'lr‘%g-ﬁg%&glé.eg._ ?Eeé:hﬁ gure 6) as
a tenpl at ELdSd PLiddénucl eoti des UNI3 and UNI4(-) as priners. UN 3: . .
5' - AGCGAGGCAGATCTTACGGACCTCGAGGTTCAGT TGCAGCAGFCTGAC-3'. The Xho | site is

in bold and the hysgpwi 'Mtéﬂﬁuﬁaﬁebh&%d@.g! ipued il 4ol a

5 CATCaC AT T AT A AR IR E P e 12 g
filtration column (Pharmacia LKB Biotechnology), and
found to compete with biotinylated CCU49 in the
“competition ELISA. These results demonstrate that the

SCFV1 had TAG-72 binding activity.

The SCFV1 protein has been detected by a
-Standard Western protocol (see Towbin etal. (1979), Proc.
Natl. Acad. Sci., U.S.A., 76:4350-4354). The detecting
agent was biotinylated FAID14 (ATCC No. CRL 10256), an
anti-idiotypic monoclonal antibody prepared from mice
.that had been immunized with CCH9. A band was
visualized that had an apparent molecular weight of
approximately 26,000 daltons, the expected size of the
SCFV1. This result demonstrated that the SCFV1 had been
secreted and properly processed.

~Example 4

The following example demonstrates the cloning
of human Vy genes .into a SCFV plasmid construct
containing sequence coding for the Hum4 Vi and a 25
amino acid linker called UNIHOPE.

A vector was prepared from plasmid pRW 83
containing a chloramphenicol resistance (Cam') gene for
clone. selection, and a penP gene with a penP promoter
and terminator (see Mezes, etal. (1983), J. Biol. Chem.,
258:11211-11218) and the pel B signal sequence (see Lei
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The Nhe | site is in bold_and the hybr|d|2|n sequence is_underlined.
d i gonucl eot i des URneperll orempterand pek (éJmlErh?d- YA anperei cati on

whi ch j oi rwtatﬂm%d-l ¥ &LpEROuSEAg YRS BngEHEStaﬁEl&@é”EFlda codi ng region
for a negah |ve har i%flfte am.no agz DQA was di gested
w th Nno  PIARGe] Sotites | BERES ARUnPEREZ E3: BF LRRRGmonther om ¢ he oo

| -Nhe | difgegmenit pRE\d&Stgndbedr Bsagment Pl éseedFigardeghgnat ad pSCFV

UNIH (showio! B Brn@Ynfe Pdstriction site was introduced at the 3!

end of the signal sequence region by the penP2
oligonucleotide.

penPi:

5'-CGATAAGCTTGAATTCCATCACTTCC-3"

bénPZ:

5'-GGCCATGGCTGGTTGGGCAGCGAGTAATAACAATCCAGCG GCT
GCCGTAGGCAATAGGTATTTCATCAAAATCGTCTCCCTCCGTTTGAA-3!

A SCFV comprised of a Huml VL, a CC49 Vy, and
an 18 amino acid linker (Lys Glu Ser Gly Ser Val Ser Ser
Glg Gln Leu Ala Gln Phe Arg Ser Leu Asp) Qas obtained
from pCGS515/SCFV1 by PCR using oligonucleotides penP3
and penP6. This fragment was designated Fragment D (see
Figure 24)., A Bcl I site was introduced at the 3' end
of the Vy region by the penP6 oligonucleotide.

penP3
5'—GCTGCCCAACCAGCCATGGCCGACATCGTGATGACCCAGTCTCC 3!
penP6(-):

5'-CTCTTGATCACCAAGTGACTTTATGTAAGATGATGTTTTG ACG
GATTCATCGGAATGTTTTTATTTGCCGGAGACGGTGACTGAGGTTCC-3"

Fragments B and D were joined by PCR using
oligonucleotides penP1 and penP6, following the

[ PEPLACEVENT SHEET
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rragment v contialrling viae penss Ler'ninatlon codon
Wth the oastisclabedobyp8CEesting pRWIEi3/evistd Bedcl oand afabnl/, SCFV was
created V\Aélgb a&%#?ﬁ gg‘? ﬂg%ﬁ k" |d:t| werazyr;‘ea ist at’édolt Con?SCFV UNI H

was di geste and t e |"ar ge ragmen ai ning the
Canferr] g@#eSQM§#n\ﬂM QCWHlﬁaQNASGE&hﬁéaSA m#agﬁeﬁf dading for a 25

el ow. - The || nker &%%m%‘é‘é%sﬁ%a&%ﬁ peoctiEura et vhe esatede wiitl ow

(1990) Antwiridya Fetgheecpany: 1bgation Fragments A, C, and E.-
. . The Nco I restriction enzyme site within the
Camr’ gene and the Hind III site located at the 5' end of
the penP promoter in pSCFV 31 were destroyed through a
PCR DNA amblificatioq using oligonucleotides Ncol.1 and
Neco1.3(-) to generate an Eco RI-Nco I fragment and
oligonucleotides Ncol1.2 and Ncol.l4e(-) to generate a Nco
I to Eco RI fragment. These two fragments were joined
by PCR-SOE using oligonucleotides Ncol.1 and Necol.lec(-).
The oligonucleotides are set forth below:

Necol.1:
5'-TCCGGAATTCCGTATGGCAATGA-3!

Neo1.3(~):
5'-CTTGCGTATAATATTTGCCCATCGTGAAAACGGGGGC=-3!

Neco1l1.2:
5'-ATGGGCAAATATTATACGCAAG-3'
Necol.Ude(=-):

5'-CACTGAATTCATCGATGATAAGCTGTCAAACATGAG-3'

pSCFV 31 was digested with Eco RI and the larger
fragment was isolated by polyacrylamide gel
electrophoresis. To prevent self ligation, the DNA was

[ REPLACEMENT SHEET |
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Technol ogy and Appfi E¥Pi gartmiiiigedion el (the ugrger $HCEhidt ences Inc,
MA), but tdiggddtied ﬁﬁ&gﬁbﬁ@lQnuﬁﬁhéhFOBeSOEr9?&Eﬁéhﬁ$ Heslkugee and the

twenty-fifth amno a s changed fr | e ne, to
acconbdat & ’Hrﬁf(ie %F eI°F§§9FPEtP g ¥gs§??hgsﬁﬁcléﬁﬁqﬁa
sequence éﬁaodlng the |inker UNIHOPE is

pSCFV 31b was dlgested with Neo I and Sal I

and a fragment containing the Camr gene was isolated.

The Hum} VL was obtained by PCR DNA
amplification using pCGS515/SCFV1 as a template and
oligonucleotides 104BH1 and 104BH2(-) as primers.

JO4BH1:
5'~CAGCCATGGCCGACATCGTGATGACCCAGTCTCCA-3"
104BH2(-) 3

5'-AAGCTTGCCCCATGCTGCTTTAACGTTAGTTTTATCTGCTGG
AGACAGAGTGCCTTCTGCCTCCACCTTGGTCCCTCCGCCGAAAG 3!

The CC49 Vy was obtained by PCR using pi9
g1-2.3 (Figure 5) as a template and oligonucleotides
104B3 and 104BY4(~) as primers. A Nhe I enzyme
restriction site was introduced just past the
termination codon in the 3' end (before the Bel I site) B
by oligonucleotide 104BY(-). '

104B3:

5'-GTTAAAG&AGCATGGGGCAAGCTTATGACTCAGTTGCAGCAGTCTGACGC—3'

23 DEC1996\




CATCGCTAGCTTTTTATTTGCCATAATAAGGGGAGACGGTGACTGAGGTTCC 3!
set forth bel ow. UN HOPE (Figure 26):

5' - TATW@TA@WC@J%W these two fragznlgl 2 e 26):
e e Ty el

CCTTCTTCCOAGEIECTF &g 1 6ACEATCAT @M IAFTId AT idér TWees riwridd ng strand was
digested with Hnd Ill/Xho | and ligated into the vector, thus generating

the plasmd pSCFV UnH (£h@adhnEl BU(Sanb) asPhBd¥ed containing the

penP termination codon was isolated from pRW 83 digested
with Bel I and‘Sal_I.

Plasmid pSCFV 33H (see figure 25) was
created with a three part ligation of the vector,
fragment C, and the SCFV fragment described above.

DSCFV 33H was digested with NecoI and Nhel, -
and the DNA fragment containing the Caml’ gene was
isolated as a vector.

Humy Vi, was obtained by PCR DNA
amplification using pRL1001 (see Figure 18) as a
template and oligonucleotides UNIH1 and UNIH2(-) as
primers. Oligonucleotides for the PCR were:

UNIH1:

5’-CAGCCATGGCCGACATTGTGATGTCACAGTGTCC-?

The Nco I site is in bold and the hybridizing sequence
is underlined.

UNIH2(-):

51 ~GAGGTCUGTAAGATCTGCCTCGCTACCTAGCAAA
AGGTCCTCAAGCTTGATCACCACCTTGGTCCCTCCGC-3"

The Hind III site is in bold.
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UNls and uUlNlil&sal-) as primers.

pSCFV UHHHgf@resses a biologically active, TAG 72 binding SCFV consi sting
of the Hu L and CC49 VH. The expression plasnid utilizes the

Len 1 o opeLRSECRESE IR CCOR RE PR PR R et Repecaee g e
penP ternina region ffere rlable
regi ons C?ﬁebXHonqerstﬁ.dz iy 412 P | adlt ”Eihélljl&l?] L5414 £ %ihégéff different

SCFV linkers can be inserted in the Hnd |11 Sit erent
i munogl ob8| PRARBAYPEEnai n vari abl e regi ons can be inserted in the Xho

| - Nhe | Sbﬁfﬁ( )s

5'-CATCGCTAGCTTTTTATGAGGAGACGGTGACTGAGGTTCC-3".

The‘Nﬁg I site is in bold and the hybridizing sequence
is underlined.

Oligonucleotides UNIH1 and UNIU(-) were used in
the PCR-SOE amplification which joined the Humd V[, and
CCu9 VH.fragmeﬁts and formed a coding region for a
negatively éharged fifteen amino acid linker. The DNA
‘was digested with Nhe I and Nco I and ligated with the
vector fragment from the Nco I-Nhe I digest of pSCFV
33H: The resultant plasmid was designated pSCFV UNIH
(shown in Figure 25).

With the construction of pSCFV UNIH, a
‘universal vector for any SCFV was created with all the
desired restriction enzyme sites in place.

pSCFV UNIH was digested with Hind 111/Xho I,
and the large DNA fragment containing the Caml’ gene,
Hum4 V; and CCU49 Vy was isolated.

A fragment coding for a 25 amino acid linker,
was made by annealing the two oligonucleotides shown
below. The linker UNIHOPE is based on 205C SCA™ linker
(see-Whitlow, (1990) Antibody Engineering: New
Technology and Application Implications, IBC USA

T
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accomodate the Hind IIIf and Xho I restﬂlctlon sites. d aft
E.coli A e was transfarne [ and after
screeni ngc;lng ’f‘ﬂ%fgogh%&ﬁﬁﬂHSHPSoFW“é’gﬁé‘ﬁaﬁP cl'dﬁg gg&ﬁ@ %ith the
correct resgRtiforbm bapewwnas used for further work. The DNA sequence and

deduced ani no acid sequence of the SCFV gene in the resulting plasn1d are
shown in AINHAPBRE(Figure 26):

'5'fTATAAAGCTTAGTGCGGACGATGCGAAAAAGGATGCTGCGAAG
AAGGATGACGCTAAGAAAGACGATGCTAAAAAGGACCTCGAGTCTA-3!

'UNIHOPE(-) (Figure 26):

 5'TAGACTCGAGGTCCTTTTTAGCAICGTCTTTCTTAGCGT CAT
'CCTTCTTCGCAGCATCCTTTTTCGCATCGTCCGCACTAAGCTTTATA-3'

The resulting strand was digested with Hind
IIIAXho I and ligated into the vector, thus generating
the plasmid pSCFV UHH (shown in Figure 27). Plasmid
pSCFV- UHH expresses a biologically active, TAG-72
binding SCFV consisting of the HumY# Vi and CC49 Vy. The
expression plasmid utilizes the f-lactamase penP
promoter, pectate lyase pelB signal sequedce and the penP
terminator region. Different immunoglobulin light chain
variable regions can be inserted in the Nco I-Hind III
restriction sites, different SCFV linkers can be
“inserted in the Hind 1I1-Xho I sites and different
immunoglobulin heavy chain variable regions can be
ihserted in the Xho I-Nhe I sites.

E.coli AG1 (Stratagene) was transformed with the
ligation mix, and aiter screening, a single
chloramphenicol resistant clone, having DNA with the
correct restriction map, was used for further work.

The DNA sequence and deduced amino acid
sequence of the SCFY gene in the resulting plasmid are
shown in Figure 26.

RE /‘\CFPEI\ i ._C;.’-f_f-:- .
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ine culture was sSonicated and assayed usSing a
59 E.coli diﬁpebmtabni BO ISACFV The¢H eells greoen flound o girddlids oth with 20

230", SILPLTRRITE. bl 06, i G AU i 07

usi ng a conpe S mere oun G 72
bi ndi ng rraf!%tunp aghBotdnpestii ta @b wsskl platesatasuslerd viadlilzeds : wit 96 wel |

plate was &ermafezsﬁe%pata%@r% mm@dmsf romﬂéﬁ%&%ﬁ The

plate was b cke 1% BSA 1n PBS for hour at Lerr] C and then
washed 3 t® %ﬂtﬂ1§0015L5§AtiQNpaﬁd%de dowr at 31 C and then
-washed 3 times with 200 pL of biotinylated CCU9

"(1/20,000 dilution of a 1 mg/mL solution) were added to
the wells and ‘the plate was incubated for 30 minutes at
31 °C. The relative amounts of TAG-T2 bound to the
plate, biotinylated CCU49, streptavidin-alkaline
‘phosphatase, and color devélopment times were determined
empirically in order not to have excess of either
antigen or biotinylated CCi49, yet have enough signal to
detect competition by SCFV. Positive controls were CCUQ
At 5 pg/mL and CC49 Fab at 10 pL/mL. Negative controls
were 1% BSA in PBS and/or concentrated LB. Unbound
proteins were washed away.

"Fifty microliters of a 1:1000 dilution of
streptavidin conjugated with alkaline phosphatase
LKSputhern Biotechnology Associates, Inc., Birmingham,
'AL) were added and the plate was incubated for 30
minutes at 31 °C.- The plate was washed 3 more times.
Fifty microliters: of a para-nitrophenylphosphate
solution (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, MD) were added and the color reaction was
allowed to develop for a minimum of 20 minutes. The
relative gmount of SCFV binding was measured by optical
density scanning at 405-450 nm using a microplate reader
(Molecular Devices Corporation, Menlo Park, CA).

Binding of the SCFV resulted in decreased binding of the

" REPLADEVENT Pt |
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BGUIH.LUB L AT A A4 XL ) -—bs Ad o e b wle L A

(1/20,000 dilution of a 1 ng/nL solution) were added to the wells and the
plate was i ncubated for 30 mnutes at 31 [err]C. The relative anmounts of
TAG 72 bound to Samplleat(s0 iy i nyl ated O04R05Stmept @D AS0- Ak Ad Inee
phosphat agaixedd 1cal eri tie\CoPpr@hdtin)res were dalteH50i pdcudmgsi rical ly in
order not to have excess of either antigen or biotinylated CC49, .yet have
enough si$owicave dEt esli AGNPepBCFYUHHY SCFV. Positive controls were CC49,
at 5 pg/nL ambo&A90Fab at 10 pL/nL. Negative contBaelof§2nere 1% BSA in PBS
and/ or concentrated. LB. Unbound

Sonicate E.coli AG1/ pSCFVUHH 0.685
clone 11 :

CCH9 at 5 mg/mL 0.076

CC49 Fab at 10 mg/mL 0.078

LB (negative control) 0.359

The data indicates that there was anti-TAG-T72
activity present in the E.coli AGI/pSCFVUHH clone
sonicate. )

Example T

The plasmid pSCFVUHH may be used to host other
VH genes on Xho I-Nhe I fragments and test in a SCFV
format, following the procedures set forth below. A
schematic for this process is shown nere.




oo T EanTREtt e ToetmairwRE e e O aditfe hawmaE b

proteins were washed away. Fift psc#vornlXhb ery&koft a 1: 1000 dil uti on of

streptavidin conjugated w th al ké¢dtpe DShFspdretase ( Sout hern Bi ot echnol ogy
Associ ates, ‘Inc., Birm ng AL) (GFA? JaarsEetedhind t he pl ate was i ncubated
for 30 minutes at 31 [ePfPE™ “"i‘ﬁe"“ﬂ%?’é’d(é‘ét%a&“ﬂe’ﬁfagm%re times. Fifty

mcroliters of a para-nitrophenyl phosphgte solution (Kirkegaard & Perry
Labor at or Teatate w&NA f@amt her sburg, MD) wgre added and the col or reaction was
al | oned t Bexieberadpb¥agd lymRbasvAeam of 20 rfinutes. The

h 4
Synthesize cDNA

1

PCR amplify human Vg genes
using oligos HVH135, HVH2A,
HVH4E6 (as the 5' targeting
oligos) and JH1245, JH3 and

JH6 (as the 3' targeting oligos)
in all 9 combinations.

Gel' purify DNA

Digest with Xho I and Nke I

}

Gel purify DNA (Vg inserts)

Ligate Vec:tor
and ., Transforn

Vy insert DNAs © E.coli

E‘Lx.s ¥ Ss’*,L_E T

e ma L,
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rel ati ve amount of SCFV bi ndi ng was rreasMoptical dens.i ty scanni ng at

405- 450 nm usi ng arlatertophafoematdas enix (dulbb egutdphi Revhemdsardaar por at i on, ©Menl o
Park, CA). Bi ndi ng{¥gf? t#leviSCR\azecplaceddni kP QutReaged thardi ng of the 60
bi otinyl ated CC49 (W%0hwH ebficerfctentt depeérases iSh- 198 ear efrel opment.  The
average val ue for T5¥pfascéilé bawge at 37 g

SCFV is [ _
secreted .| Transfer hydrophilic membrane onto fresh LB CAM 20 plate

by E.coli having a TAG-72-coated hydrophobic membrane (137 mm) already
and may " placed on the agar surface. Incubate for 24-96 hours.

bind to TAG. |_
. Process hydrophobic membrane using a prototype
biotinylated TAG-competing antibody, e.g. B72.3, CC49,
CC83 or biotinylated competing peptide or mimetic. Use
-~assay streptavidin conjugated with alkaline phosphatase to bind

to biotin and suitable substrate for alkaline phosphatase to
develop a color reaction,

A\ 4

Co-relate clear zones on membrane assay with colony(ies)
on hydrophilic membrane. Isolate/purify correct clone
as necessary. Characterize DNA (sequence) and determine
binding affinity of SCFV to TAG-72. Purify SCFV and
perform invivo animal biodistribution studies.

Determine normal:tumor tissue binding profile by
immunohistochemistry.

Utilize Hum4 Vy and Vg in preferred antibody

formats e.g. whole Ig (IgGl, IQE, IgM etc.) Fab or
F(ab')z fragment, or SCFV,




sanpl es i g SROOOd %thgd9a8|§°b§W§hj Ipo @ﬁfﬁﬁgiﬁqs tubes. Qi)405 nm -
OD 450 nneWualevekumedof: 1ymphio po&m aﬁﬁlﬂw 501, Accurafe)sdsinutes

Soni cat e Eﬂ&@h'aﬂ@ﬂkhESQEYUUHoﬁ|Q@adgked by inversion. Both
0.072 Sonjcate E.coli AGL/ pSCF 0. 085 clone 11 CC49 at 5

g/ m_ tubes are centrifuged at k9q9n;g§3gydpgﬁ & E@Pnﬁﬂ
0.078 LB .mpegbesve TRetrekhlting white area near th@ 3op of the

liquid (area not containing red blood cells) is removed
from each sample and placed into two sterile
Ipolypropylene centrifuge tube. Ten mL of sterile PBS |
-are added and'the tube mixed by inversion. The samples . .
ére_centrifuged at -1500 rpm and 18 °C for 20 minutes
fotal RNA is isolated from resulting pellet according to
the RNAzol B Method (Chomezynski and Sacchi (1987),
Analytical Biochemistry, 162:156-159). Briefly, the
cell péliets are lysed in 0.4 mL RNAzol solution
(cat#:CS-105, Cinna/Bioteex). RNA is solubilized by
'passing the cell pellet through a 1 mL pipet tip. Sixty
pL of chloroform are added and the solution is shaken

for 15 seeonds. RNA solutions are then placed on ice
for 5 mlnutes. Phases are separated by centrifugation
at 12000 x g and 4 °C for 15 minutes. The upper
‘(aqueous) phases are transferred to fresh RNase-free
microcentrifuge tubes. One volume of isopropanol is
added and the samoles placed at -20 °C for 1 hour. The
samples are then piaced on dry ice for 5 minutes and
finally centrifuged for 40 seconds at 14,000 x g and 4
°C. The resulting supernatant is removed from each
sample and the pellet is dissolved in 144 plL of sterile
ANase-fre#& water. Final molarity is brought to 0.2M
NaCL.. The DNA is reprecipitated by adding 2 volumes of
100% ethanol,“Loaving on dry ice for 10 minutes, and
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x and 4 °C, The ethanol is t en removed and th
The data indjcates that there was anti-TAG 72 activity réseént in the
E. col i A(J??é*?ﬂﬁkﬂfb?6n8n§6ﬁlHéF@umExaﬁbﬁePPSH%§HﬂEa§#&dIGSGFvaH may be

used to hosisgﬁheedV%hgaoeSteallbowhtubecbn&@ﬁ&&%@tS and fvadid n a SCRV

format, ocedur s set forth below. A schenatlc for this
process |sdé$%%gﬁ%%? PPomega): | .

¢DNA synthesis:

cDNA synthesis is performed using a Gene Amp™
'PCR kit (cat#: N808-0017 Perkin Elmer Cetus), RNasin™
(cat#: N2511, Promega), and AMV reverse transcriptase
(cat#: M90OH, Promega). The following protocol is used
for each sample: '

Components Amount
MgCla solution 4 nl i
10 pl 2 pl

- PCR buffer 1II

dATP 2 pl

dCTP 2 pl

dGTP 2 ul

dTTP 2 pl

3' primer 1l

(random hexamers)

RNA sample 2 pnl

RNasin . 1 pl

AMV RT 1.5 pl

Samples are heated at 80 °C for 3 minutes then
slowly codled to 48 °C. The samples are then
centrifuged for 10 seconds. AMV reverse transcriptase
is added to the samples which are then incubated for 30
minutes at 37 °C. After incubation. 0.5 pl of each dNTP

" REPLACEMENT SHEET
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additional 15 minutes at 37 °C.

Di scovery of Humd VL-VH conbinations that conpete with known prototype

TAG- bi ndi&
Fr agnent

§ or minetics. pSCFVUHH Xho |/ Nhe |- Vector DNA

(Cc49 V| or pATDFLAG Xhol / Nhel Vector DNA Fragnent

rr ved
| sol at e nmRNA fronSﬂ)éLPBH 5P%F‘G§d rgdesdEned o amplify human.

VH genes by polymerase chain reaction. The 5!
oligonucleotides are set forth below:

- HVH 135:

5'-TATTCTCGAGGTGCA(AG)CTG(CG)TG(CG)AGTCTGG-3"'

HVH2A:
5'-TATTCTCGAGGTCAA(CG)TT(AG)A(AG)GGAGTCTGG-3"

HVHY46 2
51-TATTCTCGAGGTACAGCT(AG)CAG(CG)(AT)GTC(ACG)GG~3"

The 3' oligonucleotides are set forth below:

JH1245:
5'-TTATGCTAGCTGAGGAGAC(AG)GTGACCAGGG-3!
JH3:

5'-TTATGCTAGCTGAAGAGACGGTGACCATTG

JHb:
5'-TTATGCTAGCTGAGGAGACGGTGACCGTGG~3"'

PCR reactions are performed with a GeneAmp™ PCR
kit (cat#:N808-0017, Perkin Elmer Cetus). Components
are listed below:

" REPLACEMENT SHEET
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10 x buffer pl
Synt hesi ze cDNA PCR anpllfy human VH genes u5|ng ollgos HVH135, HVH2A,

HVH46 (as the 5' d%@@etlng ol i gos) and JH1245, 23 and JH6 (as the 3'
targeting ollgos) ¢ aII 9 conbi nations. GCel p%rhﬁy DNA Digest with Xho |
y R

and Nhe | puri DNA (V[err] inserts)

dGTP 2 pl

dTTP 2 nl

1* Target DNA 1l

2* 5! primer 2.5 pl
3'.primer N 2.0 pl

3* . AmpliTag™ 1.3 pl

Polymerase

*components added in order at 92 °C
of first cycle

PCR program: step 1 94 °C for 30 seconds
' Step 2 60 °C for 1 minutes
step 3 T2 °C for 45 seconds

Approximately 35 cycles are completed for each reaction.
All PCR reactions are performed using a Perkin Elmer
Cetus PCR System 9600 thermal cycler.

Treatment of Human Vy inserts with Xho I and Nhe I:

Human Vy genes are digestéd with Xho I (cat#:
131L, New England Biolabs) and Nhe I (cat#: 146L, New
Eﬁgland Biolabs). The following protocol.is used for
each sample:

s
4




Lika &V Hd

Ligate Vector and NEB Buffer #2 Transfordn8/iexr] insert DNAs

whi ch are- pl aced on

62 Plate transformati on m x onto hydrophilic nenbranes (131 mm)
‘IEE‘?CI\M 20 agar pl ates (1%dﬂm7) with a colony density of

50, 000 per platge I 2 pl

ddH,0 16.5 pl

Samples are incubated at 37 °C for one hour.
After this incubation, an additional 1.5 pL Nhe I is
added and samples are incubated an additional two hours
at 37 °c.

Purification of DNA:

After the restrictive enzyme digest, DNA is run
on a 5 percent polyacrylamide gel (Sambrook etal. (1989),
supra)-. nBands of 390-420 bp in size are excised from
the gel. DNA is electroeluted and ethanol precipitated
according to standard procedures.

PCR products resulting from oligonucleotide
combinations are pooled together: JH1245 with HVHI135,
HVH2A and HVH46; JH3 with HVH135, HVH2A and HVH46; JH6
with HVH135, HVH2A and HVH46. The volume of the
resulting pools are reduced under vacuum to 50
microliters. The ‘pools are then purified from.a 4
percent polyacrylamide gel (Sambrook etal. (1989), supra)
to isolate DNA fragments. Bands resulting at 390-420 bp
are excised from the gel. The DNA from excised gel
slices is electroeluted according to standard protocols
set forth in Sambrook, supra.




f is isolated using tge eagic M1n1-prep system f g -

G | r a er rophilic
rreﬁi\gvr agtra gg%tﬁ “Pé%%ﬁ BT%AF)I%ﬁ a?838§ E E ﬁ]ﬂ OF loﬁaé %3 ez '# 72pcoat ed
hydr ophobi @ ennﬁng&zn41nvohats§bré&dynane aofiyXho I (NeMadagland he agar
surface. " AP, (95 2186 BUNRe I Bilgl 94TAS o Gemsp hydnaphobi c

menbrane using a protot otinylate etlng t|bo y, _e.g. B72.3,
CC49, CC8FeHC %wﬁfﬁaweénﬁet Prgcges tf-ﬂﬁé prredtc37use. asThe

streptavi didngle] 10l sded t bnakkali pelphesphanaae gelhind
electrophoresed and purified by electroelution, as
described earlier. The DNA pellet is dissolved iﬁ 20 uL
of ddH20.

One hundred nanograms of pSCFVUHH digested with
_Yho I/Nhe I is ligated with a 1:1 molar ratio of
purified human VYH inserts digested with Xho I and Nhe I
using T4 DNA 1iga§e (Stratagene). Aliquots are used to
transform competent E.coli AG1 cells (Stratagene) '
accordlng to the supplier's instructions.

GVWP hydrophilic membrznes (cat# GVWP14250,
Millipore) are placed on CAM 20 LB agar plates (Sambrook
etal., 1989). One membrane is added to each plate. Four
hundred microliters of the E.coli AG1 transformation
suspension from above are evenly spread over the surface
of each membrane. The plates are incubated for 16 hours
at 37 °C ambient temperatures.

Preparation of TAG-72-coa£ed membranes:

A 1% dilution of partially purified tumor
associated glycoprotein-72 (TAG-72) produced in LS174 T-
cells is prepared in TBS (cat# 28376, Pierce). Ten
milliliterg of the TAG dilution are placed in a petri
plate (cat# 8-757-14, Fisher) for future use-.
Immobilon-P PVDF transfer membranes (cat# SE151103,
Millipore) are ‘immersed in methanol. The membranes are
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10 milliliters of dilute TAG-72. The membranes are

to biotin; ' e a [ hps to_ devel-op a
cgl olr C)r lagé?‘?gﬁ.ﬁ%%?% gtﬁlgl.i% (ézatrteezlfic nersﬂodgaém%?@ng%ggga?ﬁq hg%%f‘gﬁy(l es) on
hydr ophi | $82kdngr andf tegoiacabatdion, ddre evembntanes @&renddassked .

TG 72 P Ty A s i P e s
TA : | perform.i _ . :
Det er mi neg%o?&f Cf%/n%lggl)l ?Qﬂealylor‘l'd‘i ng AWt idte aRpientutempanatere stry.

Uilize Humd V[err] and V[err] in preferred anti body
Blocking solution is drained from the TAG

membranes. With the side exposed to TAG-TZ_facing-up,
the membranes are placed onto fresh CAM 20 plates.
Resulting air. pockets are removed. The bacterial
membranes are then added, colony side up, to a TAG
membrane. The agar plates are incubated for 24 to 96
hours at ambient temperatures.

The orientation of the TAG-72 and bacterial
membrénes are marked with permanent ink. Both membranes
are removed from the agar surface. The TAG-T72 membrane
is placed in 20 ml of Western antibody buffer (TBS in
0.05% Tween-20, cat# P-1379, Sigma Chemical Co.; 1% BSA,
cat#3203, Biocell Laboratories) containing 0.2 ng of
CC49-Biotin probe antibody. The bacterial membranes are
‘replaced on the agar surface in their original
orientation and set aside. CCY49-Biotin is allowed to
bind to the TAG membranes for 1 hour at-31 °C with
gentle shaking. The membranes are then washed three
times with TTBS (TBS, 0.05% Tween-20) “or 5 minutes on
an orbital shaker at 300 rpm. Streptavidin alkaline
phosphatase (ecat# 7100-04, Southern Biotechnology
Associates) is added to Western antibody buffer to
produce a 0.1% solution. The TAG-72 membranes are each
immersed in 16 milliliters of the streptavidin solution
and allowed to incubate for 30 minutes at 31 °C with
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formats el.%go%hopézea @I Méf,l%-gﬁzz,o’l gﬁ% egt'cs.) ’ |§a1‘ & nf(na"bw)i eartr‘]z?cr}agrrent, or
SCFV. agmlsblambmgntot@mngmaﬁunﬁnpékxg&@ﬁ&onﬂhhajmgmhnﬁmqses: Bl ood
from a noyaBterheph tidy s4amn iizedl AL drte (2289 SIBUPUrMlonsgp) Vacut ai ner
tubes.. Seven nlL of blood are _added to two 15 L poI(Per | ene"t ubes. An

13 added to each membrane surface. After 9/ minutes at

ambient temperatures, development of the membranes is

stépped by rinsing the membranes three times with ddH20.

“The.membréhes are then photographed. The membranes are

then photograhed and clear zones are corelated with

gdlohies on the hydrophilic membrane, set aside earlier.

Colony(ies) are isolated for growth in culture and used

Lo prepare plasmid DNA for sequencing and protein

preparation to evaluate specificity and affinity.

Identification of Humé Vi, human Vy combinations using
pATDFLAG. '

In a second assay system, Hum4 Vp — human Vy
combinations are discovered that bind to TAG-72
according to the schematic, supra, except for the
following: at the assay step, IBI MII antibody is used
as a probe to detect any Hum4 Vy — Vy SCFV combinations
.that have bound to the hydrophobic membrane coated with
TAG-72.

1 The plasmid pATDFLAG was generated from
pSCFVUHH (see Figure 29) to incorporate a flag-coating
sequence 3' of any human Vy genes to be expressed
continguously with Humé4 Vy. The plasmid pATDFLAG, when
digested with Xho I and Nhe I and purified becomes the
human Cy discovery plasmid containing Humé4 Vp in this
SCFV format. The plasmid pATDFLAG was generated as
follows. Plasmid pSCFVUHH treated with Xho I and Nhe I
(isolated and described above) was used in a ligation-
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equal vol
sol uti on

18 [err]C#H MTQ@AGAOHMSTc“@bq"ArdeMA\@umwmaAm

ViaidmuViiLLiTULLUTO .

ume of

| ynphoprep (cat# AN5501, Accurate) is added and the

i BLAGG & d by inversion. Both tubes are centrifuged at 1000 rpm and

éﬁh°§ 1t he

A
liquid (area not containing red blood cells) iIs rennveéAfron1each sanpl e

and pl ace
sterile P

RLAGHC)

two sterile polypropylene centrifuge tube. Ten nL of
added and the tube m xed by inversion. The sanples are

centri fuges aﬁmmr'r'pmammGrammmﬁmmmmmemmﬁm¢33r sol at ed
fromresulting pellet according to

Equimolar amounts (1 x 10-10 moles of each of

the oligonucleotides FLAGC and FLAGNC were mixed
together using a ligation buffer (Stratagene).' The

sample

is heated to 94 °C and is allowed to cool to

below 35 °C before use in the ligation reaction below.

Ligation Reaction to Obtain pATDFLAG

COMPONENT AMOUNT
pPSCFVUHH Xho I/Nhe 1.5 pl
I vector
ANNEALED 0.85 pl
FLAGC/FLAGNC
10X Ligation - 2 pl
buffer
T4 DNA LIGASE 1 pl
10 MM ATP 2 nl

ddH,0 - 12.65 pl

The reaction is carried out using the following

components, and amounts according the ligation protocol
disclosed above. Ecoli AGl cells (Stratagene) are
transformed with 3 pl of the above ligation reaction and
colonies selected using CAM 20 plates. Clones having:
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The oligonucleotide used to verify the sequence
t he RNAz B t 1 cal
Bi gchem gltor g?‘%g(g@g&y?& W?ﬁgcgg?é ﬁ%} ?ﬁfg?gi ygg leﬁl 0.4 nL
RNAzol soP@&P@ﬁEgéatﬁ CgﬁﬂﬂﬁTQIA#égﬁﬁé G@??TGF$M\|§hSéIublllzed by passi ng

the cell Bﬂhahubﬂég‘é@aeﬁ ils HePi Ped Efé‘m tﬁéxﬁ?{n-[-@édiﬁ%%t?ﬁhﬁr gfform are
added and hé solution,is shaken for 1 econds uti ops ar.e then

pl aced onthEePeRt BEFPARALOT TBRION: o %es&ﬂr“ﬁr&}’t%/ RReTFOERE on at
12000 x gusidg4Skqueh@siest déquenaiag kilte (Upger Biaghemitlalphases are

tranSferrEfe%glgﬁﬁéhoﬁwa%%ffé¥ing the manufacturer's directions.
The DNA and deduced amino acid sequences of the Humé4 Vi
—~ UNIHOPE linker - FLAG peptlde is shown in Figure 28.

Generatlng DSC49FLAG

The CC49Vy is inserted into the sites of Xho I
—~ Nhe I pATDFLAG (see Figure 29) and evaluated for
biological activity with the purpose of serving as a
positive control for the FLAG assay system to detect
binding to TAG-72. The new plasmid, called pSC4IFLAG
(see Figure 29) is generated as follows. . The plasmid
pATDFLAG (5 mg, purified from a 2.5 ml culture by the
Magic Miﬁiprep" system (Promega) is treated with Xho I
and Nhe I and the large vector fragment purified as
‘described above for pSCFVUHH. The CC49 Vy insert DNA
fragment is obtained by PCR amplification from pSCFVUHH
and ollgonucleotldes UNI3 as the 5' end oligonucleotide
and SC49FLAG as the 3' end oligonucleotide. The
resulting DNA and amino acid sequences of this SCFV
antibody, with the FLAG peptide at the C-terminus, is
shown in Figure 30. The PCR reaction is carried out
using 100%pmol each of the oligonucleotides, 0.l ng of
pSCFVUHH target DNA (uncut) and the standard'protocol
and reagents provided by Perkin Elmer Cetus. The DNA is
first gel purfied, then treated with Xho I and Nhe I to
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n1crocentFFFa§§rrub§?e<§§§\Mﬁ$ﬁﬁfo$pA£DFL%%a%5 at%dé%ht% 8 fhe sanpl es
pl aced at andONkhe r]])Cafnﬁ ﬂhé]omsern’hécﬁégrp EsP(éReptmlncblécem on dry ice

for > mngkes izl GAMH 1 XMged had AQeS2908ds 25ghte@0Gn g and 4
[err]C. The resu t|n supernatant_1s renoved frome ga e and th
pel | et |sldﬂsgéﬂaédf&$¥9®1q%ﬁﬁgl_Qﬁ BE cYE ¢ RORNRNA - €$%63Eﬁ8693 Fi na

mol arity 18¢hr gudhtusled Q&Mé\h&forﬂhE m.qca I e (}ﬁmenm ad@mé)y adding 2
vol umes of, . 100% et hanol , Iea dﬁg i ce nu&

(Stratagene decord: Y asSuffltarel 2acfdns.

-A colony with the correct plasmid DNA is plcked as the

pSC49FLAG clone.

Ligation of DATDFLAG Vector with PCR Amplified Humd V,
Inserts

, The protocol for the ligation reaction is as
follows:

COMPONENT AMOUNT
DNA vector: pATDFLAG.Xﬁo 2.5 pL
I/Nhe 1
Hum V, (X) DNA inserts: Xho 6 uL
I/Nhe I
10 mM ATP (Stratagene) 2 uL
10X buffer (Stratagene) 2 pL
T4 DNA ligASe (Stratagene) 1 pL
ddH,0 : 6.5 pL

DNA vector, ATP, 10X buffer and ddH0 are
- combined.” DNA insert and T4 DNA ligase are then added.
Ligation reactions are then placed in a 4 L beaker
containing quﬂat'IS °C. The temperature of the water
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Transformation of E.coli AGl with pHum4 V,—Hum V. (X)
64 centr|TDgﬁTTUﬁ"ar—rI1ﬂnT7Tﬂﬁ7ﬁRT7FTETTf%TTﬁT‘IS“WTﬁﬁE?“Ihe

super nat detgaki@n Mi% enpved, the pellets washed with 75% et hanol and
centrifuged for 8 mnutes at 12000 x g and 4 {err]C. The ethanol is then
removed and the p@iriaglsE ot o def yHEHEDAGThmtﬁe@mhpéﬂ@nRNE talit hen

di ssol VEdAéf ce].‘ft e{ékra\g%g%ne ,orﬁ a'folrl%.)l [ (JhxeR'g%S frl)l(lcoaﬁtzi#ng'\l%ll

Pronega) .
the supplier's protocol.

.IBI MIT Anti-FLAG Antibody Plate Assay

_ The first three steps, preparation of TAG-
}anted membranes, plating of bacterial membranes, and
éssembly of TAG and bacterial membranes, are the same as
‘those described in the CC49-Biotin Competition Plate
Assay. '

nAftér the 24 hour incubation at ambient
temperatures, the membranes are washed with TTBS three
times at 250 rpm for four minutes. The MII antibody
(cat# IB13010, International Biotechnologies, Inc.) is
then diluted with TBS to a concentration ranging from
10.85 pg/ml to 0.03 ug/ml. Ten millilters of the
~diluted antibody are added to each membrane. The
‘membranes are then incubated for 1 hour at ambient
temperatures and shaken on a rotary shaker at 70 rpm.
After incubation, the MII antibody is removed and the
membranes are washed three times at 250 rpm and zmbient
témperatures for 5 minutes. The final wash is removed
and 20 milliters of a 1:2000 dilution of sheep anti-
mouse horseradlsh peroxidase linked whole antibody
(cat# NA931, Amersham) is prepared with TBS and added to
each membrane. The membranes are again incubated for 1
hour at ambient temperatures and 70 rpm. Foliowing
incubation, the membranes are washed three times at 250
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cDNA synt HeembragesiA sgeerddng ite pdie srand agdiurgrd scdns taygekens PCR kit
(cat# N8OPh@Oddmbeakis Ereethes! ot Helger 1] (cat#: N2511, Pronega),

and AW reverse transcrirptase (cat#: 004, Pronega). The foll ow ng
protocol is used fqr each, s | e:. Conpongent s noupt Cllerr]
Sl uti on etk 1ot qeing (& Cidar zone on ¢HE'GépRroprdng:
buffer 1| membrane for a positive Hum4 Vi-Vy (X) clone producing

an SCFV that binds to TAG-72, (as seen with the
.competition screening assay) in this direct FLAG -
detecting assay, a blue—purple spot is indicative of a
colony produc{ng a SCFV that has bound to the TAG-72
coated membrane. The advantage of using the FLAG system
is that any Hum4 Vi — Vg SCFV combination that has bound
to TAG-72 will be detected. Affinities can be measured
by Scatchard analysis (Scatchard (1949), supra) and
specificity by immunohistochemistry. These canidates
qould'then be checked for binding to a specific epitope
ﬁby using the competition assay, supra, and a competing
antibody or mimetic, if desired. '

The present invention is not to be limited in
scope by the cell lines deposited since the deposited
.embodiment is intended astwo illustration of one aspect

of the invention and all cell lines which are
functionally equivalent are within the scope of the
invention. Indeed, while this invention has been i
described in detail and with reference to specifiec
embodiments thereof, it will be apparent to one skilled
in the art that various changes and modifications could
be made therein without departing from the spirit and

scope of Ehe appended claims.
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dATP 2 p 1 dCTP 2 [err]l. dGTP-

[ZeE;a]rlr] l(rg-rll--(lj-(ljm hexaners) RNA sanpl g Lerr]l ™ pri m;r [ errﬂg‘!wﬁm"“l}nmlmm
1 [err]l AW RT 1.5 [err]l Sanples are ed at 60 fery]C
for 3 mnutes then

What is claimed is:

1« A.composite Humld VL, VH antibody having
blndlng affinity for TAG-72 comprising

‘&. a light chain having a variable region (Vy), said Vg
being encoded by a DNA sequence encoding at least a
portion of a light chain variable region effectively
" homologous to the human Subgroup IV germline gene (Humi
VL); and

B. a heavy chain having a variable region (VyH), said Vg
being encoded by a DNA sequence segment encoding at
least a portion of a heavy chain variable region (Vy)
which is capable of combining with the V[ to form a
three dimensional structure having the ability to bind
TAG-T2.

2. The composite Hum4 VL, VH antibody of
Claim 1, wherein the VL is further encoded by a human J
gene segment.

3. The composite Hum# Vi, VH antibody
according ifo Claim 1, wherein the VH is encoded by a DNA
sequence comprising a subsegment effectively homologous
to the VHaTAG germline gene (VHaTAG).
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6. The composite Hum¥4 Vi, Vg antibody of
Claim 1, wherein the VH comprises (1) complementarity
-diversity regions (CDR) being encoded by a gene derived
from the VygaTAG, and (2) framework segments, adjacent to
sthe CDR segments, encoded by a human genes.

_ 7. The composite HumY# Vi, Vg antibody of
'Clalm 1, wherein the light chain further comprises at
least a portion of a human light chain (C;) and :the
heavy chain further comprises at least a portion of a
animal constant region (Cy).

8. The composite HumY4 Vi, VH antibody of
Claim 6, wherein the Cy is IgGi-y, IgM, IgAl, IgA2, IgD
or IgE.

9. The composite Humd Vi, VH antibody of
‘Claim 7, wherein C;, is kappa or lambda.

_ 10. A composite Hum# VL, VH single chain
ahtibody or immunoreactive fragment thereof comprising
(a) a light chain having a variable region (VL), said VL
being encoded by a DNA sequence encoding at least a
portion of a light chain variable region (VL)
effectivelly homologous to the human Subgroup IV germline
gene (Humid Vp); (b) a heavy chain having a variable
region (Vy), said VH being encoded by a DNA sequence
segment encodiﬁé at least a portion of a heavy chain
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5 TATT GER(E é(temwjﬂggqugmqqhgngr a therapeutic
5" - TATTGEGEABGTCAA( CG) TT( AG) A( AG) GGAGTCTGG 3" HVH4G:

12. The composite Humé¢ Vg, VH antibody conjugate of
Claim 11, wherein the imaging marker is selected from the
group consisting of 1251, 131y, 1231, 11lly,, 105gy, 153Sm
57Cu 57Ga 166H° 177Lu 186Re 188Re and 99mqg,

_ 13. The composite Hum4 Vi, Vy antibody conjugate of
clalm 11, wherein the therapeutic agent is a drug or
biolog1ca1 response modifier, radlonucllde, or toxin.

14. The composite Hum4 Vi, Vg antibody conjugate of
Claim 13, wherein the drug is methotrexate, adriamycin or
interferon.

15. The composite Hum4 Vi, Vg antibody conjugate of
Clalm 13, wherein the radionuclide is 1311, 90y, 105gp, 47gc,
67cu, 212pi, 211at, 67ga, 1257, 186re, 188Re, 1771y, 99mpc,
153gy, 1231 or 11llyp, -

16. A composition comprising the composite Hum4 Vi, Vg
antibody of Claim 1 in a pharmaceutically acceptable, non-
ﬁbxic, sterile carrier.
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PCR reactd Qs 25 e DChBALABY 1W,! iy tarGaneAataler. PCR kit (cat#: N808- 0017,
Per ki n El mer” Cet us). Cbnponents

19. A method for invivo diagnosis of cancer
which comprises administering to an animal a
pharmaceutically effective amount of the composition of
Claim 16 for the insﬁu detection of carcinoma lesions.

20 The method of Claim 19, whereln the animal
ls a human.

21. A method for the invivo treatment of cancer
which comprlses administering to an animal a
pharmaceutically effective amount of the composition of
Claim 18.

~ 22. The method of Claim 20, wherein the animal
is a human. ' )

23. A method for intraoperative therapy which
comprises

(a) administering to an animal having at least
one tumor a pharmaceuticaliy effective amount of
composition of Claim 16, whereby the tumors are
localized, and

(b) excising the tumors.

%

24, The method of Claim 23, wherein the anIE;I‘“““--—~*~

is a human.
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are |isted below ()65 £OURENBRYAS sequen W dHl&rdd Q
(4 £5 pordilig,

75 [err]l 10 x buf
2 [err]] gerpion of a Tight chain varlan?eregpon VL)

effectively homologous to the human Subgroup IV germllne
gene (Humd VL); and '

(B) a second DNA sequence encoding at least a
portion of a heavy chain variable region (Vg) which is
capable of combining with the Vi to form a three
dimensional structure having the ability to bind TAG-
12,.

26. The cell of Claim 25 wherein the first and
second - DNA sequences are contained within at least one
blologlcally functional expression vector.

27. A process for producing a composite Humi
VL, VH antibody comprising at least the variable domains
of the antibody heavy and light chains, in a single host
cell, comprising the steps of:

A. transforming at least one host cell with

i) a first DNA sequence encoding at least a
. portfon of a light chain variable region

(Vi) effectively homologous to the human

Subgroup IV germline gene (Hum# VL), and

ii) a second DNA sequence encoding at least
a portion of a heavy chain variable region
(Vyg) which is capable of combining with the
Vi, to form a three dimensional structure
having the ability to bind TAG-72, and
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dGTP transformed skpq%ﬁr?qs%Tqi;l.
[err]] 1* Target DNA 1 [err]l 2* 5" priner
2.5 [err]l 3 prigBr .The process agearding]to Llaimm2T Telygreih
L3, Lot da fploiiRsesgnac agRBRAN o Wlofherp o 4 GreSedierd Gef first
cycle P pro gram ﬁ f second
. least one vector.

29. The process according to Claim 28 wherein
‘the antibody heavy and'light chains of the composite
Humi Vi, -V§ antibody are expressed in the host cell are
Secreted therefrom as an immunologically functional
antibody molecule or antibody fragment.

30. The process of Claim 27, wherein the
secondiDNA sequence encodes the Vy of CC46, CC49, CC83
or CC92.:

31. A process for preparing an antibody or
antibody fragment conjugate which comprises contacting:

the composite HumY Vi, VH antibody of Claim 1
with an imaging marker or therapeutic agent.

32. The process of Claim 31, wherein the
imaging marker is 1251, 1311, 1231, 1111, 105gy, 153gy,
67Cu, 67ga, 166H°2 177Lu, 18633, 188Re or 99mrp..

33. The process of Claim 32, wherein the
therapeutic agent is a radionuclide, drug or biological
response modifier, toxin or another antibody.
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step 2 AE&FAﬁCfor 1 mnutes step 3 72 [err]C for 45 seconds
Appr oxi mat el y 3Fhdgciayemtd oro@enaesas @ sakaet ofciqoswosdte fiyn4 it i ons

are perf O'ngEQ‘AES b.'ﬁg.l%oa?r ki HEHARMN @&tﬂﬁﬁ@%s&t&i MHIGHP rid1Idt@laeycCl er.

Tr eat ment Human r{a}? | nserts wi t Nhe | : Human VH genes are
0 gost ed WRESMRho BRSSO A SN HhICH kS S CHEIOCE A9 ot .
146L, New(Engl-and Bfolhwinen orfikeird.ol I'Rh/asq; groithamtiles shanse drdmiakele h
sanpl e: regions with (1) V; segments derived from the human subgroup
IV germline gene and (2) a Vy segment which is capable of
combining with the Vi to form a three dimensional structure
having the ability to bind TAG-72. In vivo methods of
treatment and diagnostic assay using these composite

antibodies is also disclosed.
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V{HQTAG
CC46
CC49
CC83
CC92

oli AGL cells (Stratagene) according to the
. GWWP hydrophilic nenbranes (cat# GYWP14250,
n CAM 20 LB agar plates (Sanbrook et al., 1989).

n suspension from above are evenly spread over the
e. The plates are incubated for 16 hours at 37 C
f eparati on of TAG 72-coat ed nenbranes:

edvio
odedetio each plate. Four hundred mcroliters of the
an

Fig. 3 (Cont'd)

110

Gly Thr Leu Val Thr Val Ser Ala
Giy Thr Ser Val Thr Val Ser Ser
Gly Thr Thr Leu Thr Val Ser Ser
Gly Thr Thr Leu Thr Val Serx Ser
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A 1%dilutidn & 'paGAA | TP ARG GRASATRA EITT Y TRG T

Met Glu Lys Leu Trp Phe

2

(TAG 72) produced in LS174 T- cells is prepared in TBS (cat# 28376,

Pi erce).

Ten mlliliters of the_TAG dilution are pl

(cat# 8-757414, Fi shk@Uf oL@t ule€lie Lettodueia- FL
(cat# SEIZAE03, MIITMREGE)CTT | OPGeCTGRCTEGoIACEe KEPEr afeepr €

15
49

23
73
31
97

37
121

47
145

55
169

63
193

71
217

79
241

Ser Trp
TCA TGG

Leu Lys
TTG AAG

Val Lys
GTG AAA

Leu Thr

val
GTC

Glu
GAG

Pro
CCcC

Cys

CTG ACC TGC

Ser Leu Ser
TCA CTC AGC

foas |

Vval Gly
GTG GGC

Trp
TGG

Gly Lys Ala
GGA AAG GCC

Leu
TTG

Ser
TCT

Thr
ACA

Thr
ACC

Ser
TCC

Gly
GGT

Gln
CAG

Phe
TTC

Gln
CAG

Pro
CCT

Thr
ACC

Ser
TCT

Thr
ACT
Ile
ATC

Leu
CTG

His
CAT

Arg
CGT

Glu
GAG

Leu Ile Tyr
CTC ATT TAT

Trp
TGG

ASp
GAT

CDR2

Gly
GGA

XXX
NNN

Trp
TGG

ced in a petri plate

Lrhesf BY@nbr anes

Ile
ATC

Thr
ACN

Leu
CTC

Gly
GGG

Val
GTG

XXX
NNC

Leu
CTT

Thr
ACC

Leu
CTG

Thr
ACG

Phe
TTC

CDR1—

Gly
GGT

Pro
CcCcA

Ala
GCA

AsSp
GAT

ASDp
GAT

LysS
AAG

Arg Tyr Ser

CGC TAC AGC

Pro
CCa

Ser
TCT

Leu
CTG
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Arg Leu Thr Ile Thr Lys Asp Thr
69 t han r|2@§ threeAtG@SCTGt?& © SA eA@ |IA% @%CAf the
wed 't ac

final wash e excess water is allo o drain. anes are
placed in 10 mlliliters of dilute TAG 72. The nenbranes are incubated at

anbi ent tferature Sem 1Iws8 AsnNg@Elln sWailngl Ja eLewufBlhion, the
%ae .

NGt pH P9 196 BSA G b ARG GG SRC (BTG .ATE BCAIng

solution is drained fromthe TAG

103 Met Asn Met Asp Pro Val Asp
313 ATG ACC AAC ATG GAC CCT GTG GAC

111 Thr Ala Thr Tyr Tyr Cys Ala His
337 ACA GCC ACA TAT TAT TGT GCA CAC

CDR3
119 Gly Leu Pro Ser Met Val Lys ‘Asn
361 GGG CTG CCA TCT ATG GTT AAG '_AAC

127 Trp Gly Gln Gly Thr Thr Val Thr
385 TGG GGC CAA GGG ACC ACG GTC ACC

135 Val Ser Ser Gly Ser
409 GTC TCC TCA GGG AGT-3°

This Spe

//II/I///II /////1/17/71/“"
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menbr anes.
pl aced onto

FROM

Wet h L
esh

bacteri al nenbran

orientation of th

i nk.

is placed in 20 m 8

Bot h nenbr an

%NP >

TACTGGGGCC
TCTGCAGGTG
TAAATGCATG
CAGGACCAAG
AAGATTCAAC
ACATGGGTCT
GCTGGTCTGT
ATGATGAAGG
GAAGTCTGAG
TATCGGACTC
CAGTTGATGG
ACTGTCAGGT
ATATAGGTCA
TCCAGGGGCT
AGAATGTGGA
TTCTTGTGTG
GTCTGAGTTG
AAAACCCACT
GACTACTGGG
GTCTCCTCAG
TCTTTATTTT
TCTGAGCATT
TGCCCTGAGG
GGAAATAAAT
CTTTAGGACA
AAAACTAAGA
GGAGTCCCTG

éﬁ%ﬁ% R

agar plates are "GGI@U.@GA"I‘@H OGQQG?QTAM‘G?@‘D'TGG@@@C@TAS

AAGGGACTCT
AGTCCTAACT
TTGGGGGGAT
ATTCTCTGCA
CCCTTTGTCC
GGGTCAGGGA
GGTGACATTA
ATCTGCCAGA
GCAGAATCTT
TTGTGAGAAT
TGACAATTTC
TTCTCTGAGG
CCTTGAAGAC
TTTCTGCACA
ACAATGACTT
ACACCAAGAA
CCCAAGGGTG
ATTGTGATTA
GTCAAGGAAC
GTAAGAATGG
TAACCTTTGT
GCAGACTAAT
GAGCCGGCTG
CTGTCTAGGG
GATTATCTCC
ATCTGTGTGA
GATGATGGGA

GGTCACTGTC
TCTCCCATTC
TCTGAGCCTT
AACGGGAATC
CAAAGTTGAG
CTCTCTGCCT
GAACTGAAGT
ACTGAAGCTT
GTCCAGGGTC
TAGGGGCTGA
AGGGTCAGTG
TGAGGCTGGA
TAAAGAGGGG
GGCAGGGAAC
GAATGGTTGA
TTGGCATAAT
ATCTTAGCTA
CTATGCTATG
CTCAGTCACC
CCTCTCCAGG
TATGGAGTTT
CTTGGATATT
AGAGAAGTTG
ATCTCAGAGC
ACATCTTTGA
TGGTGTTGGT
TAGGGACTTT

are
The
The
The

er nanent .

nbr ane
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0. 05% Tween- 20,

Laboratories) con

G AGhe TR GATA CRTAARC0

%GBI ocel |

bacterial menbr an@PAGETTEGAGA o T THEROAGT AT TAGERATEAR nal

orientation and s
menbranes for 1 h
t hen washed t hree

TR AL HGATN, Ao iy

i

are
S Oon an

orbital shaker at CATAGGGHCH aAAAACTECCRGHBERGGEAQT 7100- 04,
Sout hern Bi ot eChnﬁ}e%{TTAGATT

AGATTGTTTA
AGCTGTCTTA
AGGCATCTAG
TTGCTGTCTA
CAAAAGTCCA
GTATGTGTAT
TTTTACTCTT
TAGTTAAATA
AGGGTTTTCA
TCCAAAATTT
TTGTTTGTGT
TTTAACCGAG
CATACCCTAT
TAATAAATTA
GAATTGAGCA
GGCCGATCAG
CTGGCAGGAA
ATTTGGGGAA
TAAACTTGTA
TTTTGAAACA
CCGAAAGTCC
TGGGTAATTT
GGATTCAGCC
TTAACTTATT
AGCTTGAGTA
AAGTTTATCG
ATTC-3"

TGTGAGGAAT
AAACTTCATT
GTGATTGAGT
CCTCGGTCTC
GAGAGGTCTG
GCTTTCAAAG
GGAATATTAG
AAGTTGGTTC
CTGTGACTTT
AGTACTCATT
TTGTCAATCA
AGAACTGACA
GAATGGGAGT
TCAGAACTGA
AGTTTAAAAT
ATGTTGAGTT
AACCGGAACA
GCAGGTCATG
GGGAAAATAA
GCTGTGGTTT
CTCTGTCCAG
AGGCTGAGCA
GCATTTCTAA
GAAACTGGAG
GAGTTCAACC
GTTCTAGTTT
ACTTCTAAAA

GTTCCACACT
TGTTGGAAGG
CAAGGGAGAA
AAAAGGGTAG
GTGGAGCCTG
GAACACAGAA
AAGATGTTGC
CTAGGAAAAA
AAAATGTGAG
TTTTTAAATG
ATTTGAGGTC
TTACTTAAAG
GAGGCTCTCT
CTTTTAACAA
ATTTTTAAAT
GAGTCAAGAT
CCTGCAGCAG
TGGCAAGGCT
AACCACTAGG
GAAGAAGTGG
CCCCACCAAA
AAACACCACC
AATAAGTTGA
AGGTCCTCTT
TTTTAATTTT
CCCCAAACTT
TGTATTTAGA
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Associ ates) is added to Western antFl§dy6)uffer to produce a‘0.1% sol ution.
The TAG 72 nenbranes are each imersed in 16 mlliliters of the
streptavidin solution and allowed to incubate for 30 mnutes at 31 [err]C
with 70 gentl e shaking. After incubation, the nmenbranes are - washed
as previously described. A final wash is then

Nde T Heo R
Nco I
gamma-1
BEPLACEMENT SHEET

| 23 DEC 1096 !
' -..._;.._.._.____._j: !




perfornmed using Western al kal i ne phosphate buffer (8.4 g NaCJ err], 0.203 g
MGl [err]-Herr]O pH9.8), for 2 mnutes at 200 rpm at anbi ent
tenperature. To devel op the menbrangg, Western blue stabilized substrate
(cat# S384B, Pronega) is added to eif:lgma’?br ane surface. After 30 m nutes
at anbi ent tenperatures, devel opnent of the nmenbranes is stopped by rinsing
the nmenbranes three tinmes with ddH err]O. The nenbranes are then

phot ographed. The nenbranes are then photograhed and cl ear zones are
corelated with colonies on the hydrophilic nenbrane, set aside earlier.

Eco'RI

gamma-1

Bam HI

REPLACEMENT SHEET
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Col ony(ies) are isolated for grovxElgn 8u|ture and used to prepare plasmd
DNA for sequencing and protein preparation to evaluate specificity and
affinity. Identification of Humd V[err], human V[err] conbi nations using
PATDFLAG. I n a second assay system Hum4 V[err] - human V[err] conbinations
are discovered that bind to TAG 72 according to the schematic, supra,
except for the following: at the assay step, IBl M| antibody is used as a

probe to detect any Hun% I}_flUM\YII-_i, SC(F¥ )conb'zhg'g_iﬂﬁ;R.
_ (Cla I)
5'~ GAAGAGTATC GATAAAATTT ATTGAG-3'

HUMVL (-), 98-MER:

. (SPLICE SITE)
(Hind IITI)
5'-CATTAAGCTT AGAAAAGTGT ACTTACGTTT
GATCACCACC TTGGTCCCTC CGCCGAAAGT
GAGAGGATAA CTATAATATT GCTGACAGTA
ATAAACTG-3'"

 REPLACEMENT SHEET :
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t hat have bound to the hydrophobic nmenbrane coated with TAG 72. The plasm d
pATDFLAG was generated from pSCF (s Figure 29) to incorporate a
flag-coating sequence 3' of any h ° genes to be expressed
continguously with Humd VL. The plasm d pATDFLAG when di gested with Xho |
and Nne | and purified becones the human C[err] discovery plasmd :
containing Humd VL in this SCFV format. The plasm d pATDFLAG was gener at ed
as follows. Plasm d pSCFVUHH treated with Xho | and Nhe |

HJ4 :

Leu Thr Phe Gly Gly Gly Thr Lys
CTC ACT TTC GGC GGA GGG ACC AAG

Val Glu Ile Lys Ahrg)
GTG GAG ATC AAA C GTAAGTGCAC

TTTCCTAA

FIGURE 9: Human J4 (HJ4) amino acid and
DNA sequences.The first two amino acids
(Leu-Thr) complete the CDR3 region, the
remainder make up the FR4 region. The
) indicates the splice site and the
beginning of the intron between the J
and C exons. DNA sequence underlined
'in HJ4 represents a part of the
sequence used for the 3' end PCR oligo
HUMVL-(-) . '

This Sheet Has Been Replaced
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transformed with 3 [err]l of the above ligation reaction and col oni es

sel ected using CAM 20 pl ates. C ones having 72 appropriate Nhe |, Xho |
and Nhe |/ Xho | restricti-on patterns are sel ect ed HI&I2ONA Isdqglie g. The
ol i gonucl eoti de used to verify the sequence of the FLAG |inker LA~PATDFLAG
(see Figure 28) is called 6 :

S “HUMV, ()
5 3z’
, - HUMV| Gene ,
3 5,T3, 5
| cla T I
HUMV, @)

A schematic representation of the human
germline Subgroup IV gene (HumVj ) as
the target for the PCR. The 5'-end
oligo (HUMVL(+)) and the 3'end oligo
(HUMVL(-)) used to prime the elongation
"reactions for Tag polymerase are shown
with half-arrows to indicate the
direction of synthesis.
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penpTsEQ. 5 - BB Rroraa RN

. S btide is derlvedfrom
the non-coding strand of S Ci
per formed using Sequena o A S T chéﬁgb &?evel and,
OH) followi ng the manuf i S ) ' gd deduced am no aci d

e ner ! po i R el . B :©.°LC O Fido
Nhe | pATDFL _%'I@u = '
3= "
— 1335
— Q7
— 872
— 603
— 310

FIGURE 12: Agarose gel electrophoresis
of Hum4V, PCR reactions. Lane 1l: NHind
IITI standard; lane 2: no Taqg polymerase
control; lane 3: no primers added; lane
4: no -human DNA template; lane 5: Gene
Amp kit positive control; lane 6: 3 pug
human DNA with primers and Tag
polymerase; lane.7: same as lane 6, but
with lug human DNA and lane 8: @$X174-
Hae III DNA standard. Ethidium bromide
was added to the gel and buffer. Bands
were visualized by long wavelength UV
light.
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73 generate sticky ends anbdPpuR®¥%E kedh O Fn@c NS de gel and

el ectroel uted as descri bed @equﬂﬁteDh@ﬁ/epS?\onﬁé@yAG treated with
Xho | and Nhe 1) and the insert “(CC49 VH PCR product from pSCFVUHH treat ed
with Xho | and Nne |I) are ligated in a 1:1 nolar ratio, using 100 ng vector
DNA (Stratagene kit) and used to transformE.coli AGL conpetent cells
(Stratagene) according to the manufacturer's directions.

TOWARDS Eco RI SITE 5'-GAGGAGGTTA

GGGTTTATGA GGACACAGAG GAGCTTCCTG

CAGA CATGATAAGA TACATTGATG
Bam H1

AGTTTGGACA AACCACAACT AGA-3!

FIGURE 15: Oligonucleotide synthesized
(21-mer, called NEOl02SEQ) to sequence
putative pSV2neo-102 clones is the
underlined sequence shown above. The
Bam HI site where the polylinker was
inserted in pSvV2neo-101 is boxed.
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| he pSCA9FLAG cl one.
B -0 creBam
B
] Vector f
‘.;},. Regenerated

A colony with the correct pI

Li gation o SN

pr ot ocol f@?ﬁ%l on re -'

AMOUNT DNAS LAG $
DNA insert 37t O 6 [ e

(Lo§t) ‘{  ,’
-

T cla T [ Hind III'[
\ Eco RV Spe I é
s =
- E
. E Spe 1 B Eco RV R
T = & : T
,lﬂznd TIT | SR cla T 1
Old Bam HI
0ld Bam HI Site in
Site in Vector
- Vector AT (Lost)
(Regenerated) S

FIGURE 16: P-32 autoradiogram showing
polylinker DNA sequence cloned in Bam
HI site of pSV2neo-101. In both cases a
single 30-base linker unit was
incorporated, but in opposite
orientations. Panel A-Sequence
resulting in pSV2neo 120; Panel B-

. sSequence resulting in pSVZneo 102

- Reading the sequence (going up) is in

the 5' to 3' direction of the (+)
strand.
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Alb. - F

|/ Nhe | 10 rﬂ:ﬂﬁi(%ﬁata 2 [err]L 10X buffer-(Stratagene)
2 pL T4 DNA ne) 1 [err]L ddH err] O
6.5 [err]L [BATEtJN ATP, 10X buffer and ddH err] O are conbi ned. DNA

i nsert and 2 Hidid hen added.. Li gation reactions are then placed
4 L b ;é H O 1 C T h :
:Ngtgr edker contal ni ng [%rr] at Eigrri Iﬁégnwt 5 It e
5'-CTTCCTGGGG ATCATCGATT GATATCAACT 3394

| _FROM HUMAN C - o
Hind III-Bam HI INSERT

Hind ITI |
AGTTGAAGCT TTTTTTTTTT CAGTGCTATT 3423

TAATTATTTC AATATCCTCT CATCAAATGT 3453
ATTTAAATAA CAAAAGCTCA ACCAAAAAGA 3483
AAGAAATATG TAATTCTTTC AGAGTAAAAA 3513
TCACACCCAT GACCTGGCCA CTGAGGGCTT 3543
GATCAATTCA CTTTGAATTT GGCATTAAAT 3573

ACCATTAAGG TATATTAACT GATTTTAAAA 3603
.. TOWARDS
TAAGATATAT TCGTGACC-3' Bam HI 3621

FIGURE 17: DNA sequence from pRL1000,
"reading the (+) strand from the primer
NEO1l02SEQ (Figure 15). Sequence data past
the Hind III site is from the human Cyg
Hind III - Bam HI insert. The sequence
complementary to the underlined DNA
sequence, -called Hind ITIG{-), was
synthesized as a primer for sequenc1ng in

the upstream 3' directionm. g
REPLACEMEA;T SHEET
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74 is gradually reduced by refrigeratjon i 4 [err]C overnight. This

| i gati on reaction generates pHund V| g]. umV[err] (X). Transformation
of E.coli AGL with pHum#4 V[err]-Hum V[err] (X) Ligation Mx Transfornation
of pATDFLAG i nto conpetent E. coli AGL cells (Stratagene, La Jolla) is
achi eved follow ng the supplier's protocol.

Nde I,559
Pvu I, 1999

Bam HI, 9480

7

Cla I,3379

REPLACEMENT SHEET
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-

FIGURE 18: Partial restriction map of
the plasmid pRL1001. This is the

- expression vector to introduce the
human anti-tumor L chain gene in Sp2/0
cells.



Bl M| Anti-FLAG Antibody Plate Assay The first three steps, preparation
of TAG coated nenbranes, plating of bacterial nenbranes, and assenbly of
TAG and bacterial menbranes, are the sane as those described in the

CC49-Bi oti n Conpéll Iate.A§}| ter the i ncubgb

anbi ent terrperatgz:rc'a'ts@q)fj e rrenbrangg@lélrE; washed %@N%s thr@'ﬁ@rﬁgg at 250
rpmfor four mnutes. The M| antibody (cat# I 813510, | nt er nat i onal

Bi ot echnol ogies, InQ) is : :

ACGC L _ACG ACCT AC Gl

FIGURE 19: DNA sequence autoradiogram
of pRL1001 clones. Reading the gel is
in the 5' to 3' direction on the (-)
strand, from the Hind IIT Cy(-) primer.
Clones 2 and 9 were equivalent to the
expected sequence, clone 7 had a single
base substitution (marked by *) and
clone 11 had a single base deletion
(marked bv -)



then diluted with TBS to a concentration ranging
0.03 [err]g/m.
menbrane. The manb{ En
t enper at ures and shake
M1 antibody isgremye
and anbi ent tenéerataﬂres
mlliters of a & 200014di | ut
| i nked whol e an&i bod$

es are then incubated - or

)

5 mnutes. The fin

of sheep anti- no

from10.85 [err]g/m to

Teinnmihdn lokcEifomt dhMe14di ¢diba@d adrebody are added to each
1 hour
B _on a rotary shaker at 70
'7\: t he menbranes are waj

at anbi ent

rpm After incubation, the

thed three tinmes at 250 rpm

i | &rﬁ% renoved and 20

Psevé%(ﬁ)rseradi sh peroxi das
—a— CC40 . :

g Chdd
=== ChédH

E 20
#
O — = o - |
0 1 2 3 4 b é 7 8
Co X 1/3*N ’
INHIBITION OF BINDING OF 128 Ch44H YO TAG 72
100
§ 80
E COMPETITOR:
E 40 cartcpene  Ch44H
. 20
]
0 ] ) 1 b B L ¥
1 2 3 4 ] 8 7 8
~ Go x 1/3AN
INHIBITION OF BINDING OF 1.125 Ch4d TO TAG 72
100
§ 80
B COMPETITQA
% 80 —m— G40
. oampuwne (K44 P
.
*
4] T Y Y
0 1 2 3 4 § 8 7 B '
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(cat# NA931, Anershan) is prepared with TBS and added to each nenbrane. The
menbranes are again incubated for 1 hour at anbient tenperatures and 70
rpm Follow ng incubation, the nmenbranes are washed three tinmes at 250
75 rpm and anbient tenperature for 5 minutes each. Enzygraphic Wbs (cat#

| B8217051, | ntﬁﬁﬁbﬂ?{al '

Smouence 7V DOMAIN 1 V DOMAIN 2
NH2 -
_R._Sl.l TERMINUS R.S.2 R.S.3
Y Y Y /
| | COOH
| TERMINUS
CLEAVAGE SITE TO PEPTIDE LINKER

RELEASE MATURE SCFV

" REPLACEMENT SHEET
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Met Leu

acoording Lo the manul altiYrEn AR PPORC TS BERE? oASEChr & Tk

phot ographed. Instead of seeing a clear zone on the devel oped nenbrane for

$Ag)§i2ti\(/e Hywv[@ﬂ.rmi\d-\.ela] Phe! dewr cBltenglausche watAbiadsttgLAG
, (as 0 e [ ec

- detectingqggggy&tgﬁ%lBgﬁggfgﬁgxggoszggrin i t?ggfgg gﬁgg?ogéé%poducing a
SCFV that has bound to the TAG 72 coated nenbrane. The advant age of using
the FLAG sy@dly Phe Ala Ala Lys Ile Ser Ala Asp

GGT TTT GCA GCC AAA ATA TCT GCA GAC

Ile Val Met Thr Gln Ser Pro Asp Ser
ATC GTG ATG ACC CAG TCT CCA GAC TcCC

Leu Ala Val Ser Leu Gly Glu Arg Ala
CTG GCT GTG TCT CTG GGC GAG AGG GCC
\4 —CDR1L —

Thr Ile Asn Cys|Lys Ser Ser Gln Ser
ACC ATC AAC TGCIAAG TCC AGC TGC AAG

Val Leu Tyr Ser Ser Asn Asn Lys Asn
GTT TTA TAC AGC TCC AAC AAT AAG AAC

Tyr Leu Al;1Trp'Tyr Gln Gln Lys Pro
TAC TTA:GCT TGG TAC CAG CAG AAA CCA

Gly Gln Pro Pro Lys Leu Leu Ile Tyr
GGA CAG CCT CCT AAG CTG CTC ATT TAC
» CDR2L 1

%rp Ala Ser Thr Arg Glu Ser|Gly Val
TGG GCA TCT ACC CGG GAA TCCIGGG GTC
Pro Asp Arg Phe Ser Gly Ser Gly Ser
CCT GAC CGA TTC AGT GGC AGC GGG TCT

REPLACEME ¥ Ef
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I's that any Hu - n‘s:_r, [ IT Il be
detected. Affin S A|be %u fﬁyﬁ% an h& é
(1949), supra) S P43 C n

could then be checked for blndlng to a speC|f|c epltope by u3|ng t he
corrpetition-as r [ ired. -
e AT O A e e
deposited sinc SG'E on of
one aspect CDR3L '

Tyr Tyr Cy Gln Gln Ty Ser Tyr
TAT TAC TGT CAG CAA TAT TAT AGT TAT

’_] -~
Pro Leu Thr|Phe Gly Gly Gly Thr Lys
CCT CTC ACTITTC GGC GGA GGG ACC AAG

- t
Val|Lys Glu Ser Gly Ser Val Ser Ser
GTGIAAG GAG TCA GGT TCG GTC TCC TCA
~ LINKER -

Glu Gln Leu Ala Gln Phe Arg Ser Leu

GAA CAA TTG GCC CAA TTT CGT TCC TTA

Asp‘Val Gln Leu Gln Gln Ser Asp Ala
GAC|GTC CAG TTG CAG CAG TCT GAC GCT

Glu Leu Val Lys Pro Gly Ala Ser Val
GAG TTG GTG AAA CCT GGG GCT TCA GTG

Lys Ile Ser Cys Lys Ala Ser Gly Tyxr
- AAG ATT TCC TGC AAG GCT TCT GGC TAC

CDR1H
Thr Phe Thr[zsp His Ala Ile HisITrp
AC_C TTC ACT |GAC CAT GCA ATT CACITGG

Val Lys Gln Asn Pro Glu Gln Gly Leu
GTG AAA CAG AAC CCT GAA CAG GGC CTG

" REPLACEMENT SHPFT

-
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of the invention and all cell lines which are functionally equivalént are
within the scope of the inventi e In d Llet AR S i nvention has been
described in detail and with re%ﬁ&cﬂo(g@nﬁ@?emodi ments thereof, it
will be apparent to one skilled in the art that various changes and.

nmodi fications could be made therein w thout departing fromthe spirit and
scope of the appended cl ai ns.

lu Trp Ile Gly|Tyr Phe Ser Pro Gly
GAA TGG ATT GGA|TAT TTT TCT CCC GGA
CDR2H
Asn Asp Asp Phe Lys Tyr Asn Glu Arg
AAT GAT GAT TTT AAA TAC AAT GAG AGG

Phe Lys Gly|Lys Ala Thr Leu Thr Ala
TTC AAG GGC|AAG GCC ACA CTG ACT GCA

Asp Lys Ser Ser Ser Thr Ala Tyr Val
GAC AAA TCC TCC AGC ACT GCC TAC GTG

Gln Leu Asn Ser Leu Thr Ser Glu Asp
CAG CTC AAC AGC CTG ACA TCT GAG GAT

Ser Ala Val Tyr Phe Cys Thr Arg|Ser
TCT GCA GTG TAT TTC TGT ACA AGA|TCC

CDR3H
Leu Asn Met Ala Tyr|Trp Gly Gln Gly
CTG AAT ATG GCC TAC|TGG GGT CcaAA GGA

Thr Ser Val Thr Val Ser
ACC TCA GTC ACC GTC TCC TAG TGA

AGCTTGGAAC ACCACACAAA CCATATCCAA A
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,'_,ld VH bei.ug encoded
A S chain
coanhl & he VL to forma

GMWtom QG 72 2Bdhe I

d . Wh th L
nt él S core}{:)g'n e,ﬁaﬂh Hiy
6 0Kbp Sal I .

by a DNA sequence segnent encodi ng a
vari abl e regi on (VH) apable
t hree di nensi onal strﬁ@?ﬁ?@ ﬁgi ng

conposite Hund V[err], V[err] antibod

further encoded by a hunan J gene seg
ant i body

PCR WITH
OLIGOS
penPl
penP2

DIGEST WITH
Hind III + Sal T

Hind III Nco I

. S
Hind IIT B
Eco RI
penpP
Bcl T
/// Bam HI
Sal I

I DIGEST WITH
Becl I

© Hind IIX .BclI[YBcl I Sal I

REPLACEMENT SHEET

23 DEC 1996 |




according to 'Hqgn }

conprising a subsegnen
gene (V[err] TAG .
Caim1l, wherein the

er@iM Re/?/H [

effectively ho

peGeS L5 BRE

C by a DNA sequence .
ou o the V[err] TAG gerniine
Hurmd V[err], V[err] antibody of
oded by an ani mal D gene segment

and an animal J gene Fed@dne. 5 KbDp |
Nco I Cla I
Hind III
Sal I Aat II
ind TII PCR WITH OLIGOS
Hind I / penP3 + penP6(-)
Aat II Hind III Aat II
Nco I Bcl I Nco I Bcl I
_ L
Vi VH ~415 WH
PCR/SOE with L
FRAGMENT B LIGATE WITH
USING OLIGOS FRAGMENTS
penPl + penP6(-) A + C

T
Bel Hind III Aat 1I
Nco I <
Cadm Bcl I
Feo Ri SCFV31
p HT
6.0Kbp Bam
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5. The conposat e sHyn
vari abl e regi

CCo2. 6. The
the V[err] §o
encoded by £ NG9

adj acent togt #e CDR sengeg encaded bg
Humd Vierr]™¥ err] anti dy of Clalml @elnt
conpri ses at

V[err] ody of p

N t he vardalll e regi onggds
_rrl, V[&Hgantlb Y Qf & ein
ﬁ ; %ons (CDR) bei ng
rame rk segnents,

ntarltﬁ
genes. he conpagsite
he Ilght 'dln furt er

S E
3 S %
8 §t§ g
59 —
25 &+
— A e > [ V5
5 T o3 33 iE 2 8
zp | EE Aa & z
0] '8... - — 8
c e« <S b;
LE-;, = £ P £gY
= £t§ z 9 z
£ 5 2 ) % = %§
%> 20 &8 53
E,-: .U’E 0on, :'§
as | 3¢ SRR
v N
_! -
i 3

w -
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sy s T - Al T R S84 s SWe WIS sFfés TJ|WTT o @&FE.,. @ FWE WEY FaW VW E ETe WTREa W 48 had

| east a porti of*™HF™% THURECAT Bt TPhASIEARCRS ASh AT 768 ’ﬁéé\ﬁ CRM AN P lﬁi”E [ig cro
conprises at |east a portion of a animal constant regl 'er'r‘ 1 graefp

conposite Hun# nt.i.bady. .of Pro 1’*‘!
Compos) e P o 56k hee MPED]pALioioglhc i R mvaéa@;% R o e
Vierr] anti bOdefuﬁﬁl 81y’ LeuV\DRI ﬂummzh&lkanpmomluamml \Ax FTPRS ki
Hunmd V[err], Vieer £8¢ a¢ingtreTIShEmANTTAMRICSH\ECO FAN CAALASCBREET GAT ATCRgEBTR ACC CAG

thereof conpri %L:"Q,..A,; Sar lLsu Ala Val Sar Leu Gly Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gin

TCT CCA GAC TCC CTG CGCT GTG TCT CTG GGC GAG AGG GCC ACC ATC AAC TGC ARG ICC AGC CAG

[
\ Sex Val Leu Tyr Ser Ser Asn Asn Lys Asn Tyr Leu Ala Tzrp Tyr Gln Glan Lys 'Pro Gly Gln
AAG'!. GTT TTA TAC AGC TCC AAC AAT AAG AAC TAC TTA GCT T6G TA_\C CAG CAG AAA CCA GGA CAG

Prc Pro Lys Leu Lau Ile Tyr Trp Ala s;ar Thr Jirq Glu Ser Gly Val Pro Asp Arg Phe Sar
ccT coT MG CTG CTC ATT TAC TGS GCA TCT ACC CGG GAA ICC GGG GTC CCT GAC CGA TTC ALY

Gly Ber ny Sar.Gly Thr Asp Phe Thr lLeu Thr Ila Ser Ser Leu Gla Ala Glu Asp Val Als
GGC AGC GGG TCT GGG ACA GAT TIC ACT CIC ACC ATC AGC AGC CTG CAG GCT QAA QAT GTG GOA

Vai Tyr Tyr Cys Gln Gln Tyr Tyr Sar Tyr Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Val
CIT TAT TAC TGT CAG CAA TAT '!Af! AGT TAT CCT CTC ACT TTC GGC GGA GGS ACC AAG GTG GTG

e =  Linker
Hind TII -
Ile Lys Isu Ser Ala Asp Aap Ala Lys Lys Awp Ala Ala Lvs Lys Asp Bap Ala Lys Lys dap

ATC AAG CTT AGT GCG GAC GAT GCG AAA AAG GAT GCT GCC AAG ARG GAT GAC GCT AMG AAA GAC
o = CCHP Vn ' . ’

; Xho I N
’ Asg Ala Lya Lys Asp fay Glu Val Gla lLeu Gin Gin 8Ser Aap Ala Glu Leu Val Lys Pre Gly
GAT GCT AAR AAG GAC LTQ.GQAG GTT CAG TTG CAG CAG TCT GAC GCT GAG 776G GTG AMA CCT GGG

Ala Ser Val Lys Ile Ser Cys Lyas Ala Ser Gly Tyr Thy Phe Thy Asp Hls Ala Ile His Trp
GCT TCA GIGC AAG ATT TCC IGC AAG GCT TCT GGC TAC ACC ITC ACY GAC CAT GCA ATT CAC TGS

Val Lya Gln Asn Pro Glu Gln Gly Leu Glu Trp Ile Gly Tyr Phe Bor Pro Gly Asn Asp Azp
GT3 AAA CAG AAC CCT GAA CAG GGC CTG GAM IGG ATT GGA TAT TTT ICT CCC GGA -AAT GAT GAT

Phe Lys Tyr Asa Glu Arg Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr
TTT AAA TAC AAT ‘GAG AGG 2TC AAG GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC TTC AGC ACT

Ala Tyr Val Gln Leu Azn Ser Lau Thr Ser Glu Asp Ser Ala val Tyr Pra Cys Thr ATg Sor
GCQ TAC GTG CASC CTC AACT AGC CTG ACA TCT GAG GAT TCT GCA GTG TAT TTC TGT ACA AGA TCC
&=

Leu Asn Met Ala Tyr Trp Gly Gln Gly Thr Ser Val Thr Val Ser Sar see Nhe I

CTG AAT ATG GCC TAC TGG GGT CAA GGA ACC TCA GTIC ACS GTC TCC TCA TAA AAA GCT AGC GAT
’ : el 1

GAA TCC GTC AAA ACA TCA TCT TAC ATA AAG TCA CTT GGR_GAT CAA GCT CAT ATC ATT GIT CGG

CAA IGG TOGT GGG CTT LT TIG TTT TCT ATC TIT AAA-GAT CAT GIG AAG GAA AAA ACG GGA AMA -

TCG 57C TGS GGG AAA GGA CCG GGT TTT TGT CGA AAT CAT AGG CGA ATG GGT TGG ATT GTG ACA
- Rar Hur - '
AAA ITC GGA ZCQ ' )

Nucilvotide Aequence of the alngle chain portion of pSCFV Unihope H, Structural
80‘{uencu are indicated by tha amino acid sequence written above the ONA ¢equance The

lymbols = and ez indicats tha baginning and end of a given xzegment. The amino acid
sequence of the linkar ia usndarlisaed.
]

Fig. 26



(a.) a light chain having a va'ri able region (VL), said VL being encoded by
a DNA sequence encoding at least a portion of a light chain variable region

(VL) effect i’\elgly honol ogous to the human Subgroup IX gernline gene (Humi
ah

VL); (b) chain having a variable region (V[®r]), said V[err] being
encoded by a y& sequence segnent encodi ng at Ieastga portion of a heavy
chain .
> o
c &
£ g
< o
= = 2
< =5
T L =
8 o
- &
8 a8
< o
T
8
w

Bdll

i
8 4

COMBINATORIAL LIBRARY OF HUMAN V,, GENES
WITH HUMAN SUBGROUP IVV, EXPRESSED
AS SCFV PRODUCTS

1. Digest With Xho l+Nhe |
Purify Away CC49 V,,

' CONSTRUCTION OF PLASMID pSCFV UHH

GENERATION OF A COMBINATORIAL LIBRARY OF V,, GENES WITH HUM

Purify away L
Hind IV Xho | L

2. Ligate with UNIHOPE

1. Digest With Hind I +Xho |

CFV UNIH

pS
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aco Rl
_ C TCA TGT TTG ACA GCT TAT CAT CGA TGA IAFT CCA TCA C2T CCC TCC GTT CAT TIG T€C CCG .
78 variable region (V[err]) and (c) a l1nker Ilnﬁl ng the VH and VL, wherein

t he pol ypep&iadeaal Aqgkmas Toaopmyr £30 €aXl dec GAncaMHhcaroat WEA iTmt @A% TeT maH &TACKRE MT
ant i body vvhli‘ Q'h:ri S ca‘g‘ablA% oft form ng a_t hree dinensional struc% & having
the ability*¥o" i FRGA7YT IT. MR EERFESTY Rl U UM Bad*c B thiat e
conpri si ng fiertsorRosert éarhitTrddlaccVEhRuicl e thta Uoc GhRIGHE cia héN GHOErTlET c1o
conjugated to an imagi ng marker or a therapeutic ageagis paik signal sequence
' IHot Lys Tyr Leu Leu £ro
GTT ACG ATC AAT CAA ATA TIC AAA CGG AGG GAG ACG ATT T7G ATG AAA TAC CTA TTG CCT ACG’
: Noo I &= RiVn

Ala Ala Ala 31y Leu Leu Leu Lau Ala Ala Gln Pro Ala Met Ala Asp Ile Val Met Thr Gla
- . GCA GCC GCT 3GA TTG TTA TTA CTC GCT GCC CAA CCA GLL ATG GCC GAC ATC GTG ATG ACC CAG.

8er Pro Asp Ser Lasu Ala Val Ser lLeu Gly Glﬁ Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln
TCT CCA GAC ICC CTG GCT GTG TCT CTG GGC GAG AGG GCC ACC ATC AAC TGC AAG TCC AGT CAG

Sar Val Leu Tyr $sr Ser Asn Asn Lys Ast{ Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln
"AGT GTT TTA TAC AGC TCC AAC AAT AAG AAC TAC TTA GCT TGG TAC CAG CAG AAA -CCA AGA CAGQ

Pro Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thy Arg Glu Ser Gly Val Pro Asp Arg Phe Sar
CCT 2CT AAG CTE CTC ATT TAC TGG GCA TCT ACC CGG GAA TCC GGG GTIC CCT GAC CGA TTC AT

Gly Ser Gly Sar Gly Thr Asp Pha Thr Leu Thr Ile Saer Ser lLau Gln Ala Glu Asp Val Ala
GGC AGC GGG ICT GGG ACA GAT TIC ACT CTC ACC ATC AGC AGC CTG CAG GCT GAA GAT GI8 GCA

Val Tyr Tyr 2ys Gln Gln Tyr Tyr Sar Tyr Pro Leu Thr Pre Gly Gly Gly Thr Lyg Val Vval
GTT TAT TAC IGT CAG CAA TAT TAT AGT TAT CCT CIC ACT 77C GGC GGA GGG ACC AAG GTG GTIGQ

= = Linkezx
Hind 111 '

Ile Lys : 7 7 a 1 I Y Ty

ATC BAG CTT AGT GCG GAC GAT GCG AAA AAG GAT GCT GGG AAG AAG GAT SAC GCT AAG AAA GAC
= . = Plag Paptide . &=
Xho I Nhe I . ’

Arp Als Lya Lys Asp Isuy Glu Ala Ser Asp Tyr Lys Asp Asp Asp Asp Lys atep

GAT 3CT AAA AAG GAC LIC _GAG ACAATGTIC GOIAGC GAC TAC AAG GAC GAT GAT GAC AAA TAA AAA

das’ Nhe I Bel I

LC2 AGC GAT GAA TCC GTC AAA ACA TCA TCT TAC ATA AAG TCA CTT GGI_GAT CBA GTT CAT ATC

ATT brc (1]

CAA TGG TGT 356G CTT TTT TIG TIT 7CT ATC TIT AAA GAT CAT GTG AAG SAA AAA ACG GGA AAA

TCG 2TC TGC 3GG AAA GGA CCG GGT TTIT TGT CGA AAT CAT 2GS CGA ATG GGT TIGG ATT GTG ACA
. Ham HI ’
AAA T7C gGAmCr

Fig. 28
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L lge 47 . .
12. The conposite Hund VL, VH anti body conj ugate of Caim1l, wherein the

I mgi ng marker is sel ected fromthe group conS|st|ng of [err]I [err]l,
[err]l, [err]In, [err]Rh, [err]Sm [err}Cu, E[err , [err] Ho, [err]Lu,
[err]Re [err]Re, and [err]Tc. 13. The aarrp |te umd VL, VH anti body
conjugate of Caim1ll, wherein t he ther%o gent is a dryg o
bi ol ogi cal response d|f|er radi onucl igle, oor in 14. Th?éc posi te
Humd V[err], V| r£]~ conj ugat e %'f Cﬁal ﬁ% vvher;egn 5h drug is
met hot rexat e, acyi\A# werferon.& ég
2 = B 38
- 2 N
3 E g 28 g
@ g 'gg 2
‘g g JE =
2 = :
- o &I gg
- 23
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C ICA TGT TTG ACA GCT TAT CAT CGA TGA AIT CCA TCA C2T CCC TCC GTT CAT TIG 7¢C CCT

15. The cq F HH:im baa ¥ E% 'TP@@XA ?\Q?hblgﬂtec&f e J?g}’c} ?“r@f Raf he
r adi onucll err Y, [err] err| [err [err]

[err] At, [Aer rr]rGaM Fm rr}a m[ @¢T pMe ATT g6X JTRe 774 A% ;dsmrc[m AT 6T [m rr]\ds:m
[err]l,

V[err] ant F‘E% 1’8? cﬂ' 51‘%’? T‘?gg%%a?ﬁﬁ‘ggfrﬁp“&ﬁn “écec"'gpct"?@eg GLﬁfﬁ £ V%err]

sterile carrier ""“"“
' lHat Lys Tyr Leu Leu Fro Thr
GTT ACC NIC AAT CAM ATA TTC AAA CGG AGG GAG ACG ATT TTC ATG AAA ZAC CTA TTG CCT ACG

Neo I emmp XeVy

Alz Ala Ala Gly leu Leu Lau lL.au Ala Ala Gin Pro Ala Mat Ala Asp Ile Val Met Thr Gin
. GCA GCC-GCT GGA TIG TTA TTA CTC GCT GCC CAA CCA GLC_AIG GCC GAC AT_C GIG ATG ASC CAG

g Bar Pro Asp Ser Leu Ala Val Sex Leu Gly Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gin
TCT'CCA GAC TCC CTG GCT GTG TCT CTG GGC GAG AGS GCC ACC ATC RAC TGO AMG TCC ASS Co_\(‘o‘

Ser Yal Leu Tyr Sex 8ex Asn Asn Lys A's_n Tys lLeu Ala 7rp Tyr Gln &Gla Lys Pro Gly Gln
AGT GTT TTA TAC AGC TCC AAC AAT AAG AAC TAC TTA GCT TGG TAC CAG CAG AAA CCA GGA CAG

Pro Pre Lys Leu Leu Ile Tyr Trp Ale Ser The Arg Glu Ser Gly Val Pro Asp Arg Pha Sar
CCT CCT AAG CTG CTC ATT TAC IGG GCA TCT ACC CGG GAA TICC GGG GTC CCT GAC CGA TIC AGT

Gly 8oy Gly Ser Gly Thr Asp Pha Thr Leu Thr lla Sar Ser Leu Gln Ala Glu Asp Val Ala
GGC AGC GGG ICT GGG ACA GAT TTC ACT CTC ACC ATC AGC AGC CIG CAG GCT GAA GAT GTG GCA

val Iyr Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu Thi Phe Gly Gly Gly Thr Lys Val Val
GTT JAT TAC TGT CAG CAA TAT TAT AGT TAT CCT CTC ACT TTC GGC GGA GGG ACC AAG GTG GTG
o = Linkar
Hind IIX

Tle Lys lLeu Sax Alsz Asp Asp Ala Tys Lys Asp 3ia Ala Tys fys Asp Agp Ala tys lys Asp

ATC RAG LTI AGT GCSG GAC GAT GCG AAA AAG GAT GCT GCG AAG AAG GAT GAC QCT AAG AAA GAC
w wb CC48 VR

A4p Bla Lys Lvs Asp Lau Glu val Gin Leu Gln Gln Ser Asp Ala Glu Leu Val Lys Pro Gly
GAT FCT AAA DAG GAC &€ GAG GTT CAG TTG CAG CAG TCT GAC GCT GAG T7G GTG AAM CCT GGG

Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp His Ala Ile His Trp
GCT ;OA GTG AAG ATT TCC TGS AAG GCT TCT GGC TAC ACC TTC ACT GAC CAT GCA ATT CAC TGG

val Lys @Qln Aan Pro Glu Gln Gly Leu Glu Trp Ila Gly Tyr Fhe Ser Pro Gly Asn Asp Azmp
GlG ARA CAG AAC CCT GAA CAG GGC CTG GAA TGG ATT GGA TAT TTT TCT CCCQ GGA AAT GAT GAT

Phe Lys Tyr Asn Glu Arg Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lya Sar Ser Ser Thr
TTT PAA TAC AAT GAG AGG TTC AAG GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC ICC AGC ACT

Ala Tyr Val Gln Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys Thr Arg Ser
GCC TAC GTS CAG CIC AAC AGC CIG ACA TCT GAG GAT TCT GCA GT6 TAT TIC TGT ACA AGA TCC
. ' = = Flag

: . Nae I
Leu Aesn Mat Ala Tyr Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser Ala Ser Asp Tyr lys
CTG RAT ATG GCC TAC TGS GGT CAA GGA ACC TCA GTIC ACC GTC TCC TCA GOT AGC GAC TAC AAG

l-p.ﬁ!.do T e
Asp-Asp Asp Asp Lys
GAC f?M.‘ GAT GAC AAA TAA AAA CCT AGC GAT GAA TCC GTC AAA ACA TCA TCT TAC ATA AAG TCA

Fig. 30



17. A conpogit LM SOIRriSi 09 {16,-505R030ht 8, Hy &t r], Vierr] antibody of

claimi12 in a° p’har maceutical |y acceptable, non-toxic, sterile carrier. 18.

A conposition conprising the conposite Humd V[err], V[err] antibody of

claim13 in a pharnmaceuticall iﬁaccept ablte}onon--t oxic, sterile carrier.
t

A cel|l capable of expressing igfc.oﬁﬁin )/L, VH anti body or
i nmunor eactive fragnent thereof claim1,

19.

sai d cell being transforned

with (A) a first DNA sequence encoding at |east a portion of a light chain .
variable region (V[err]) effectively honol ogous to the human Subgroup IV
germine gene (Humt V[err]); and (B) a second DNA sequence encodi ng at

| east a portion. of a heavy chain variable _ :

E
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region (VH which i HPda]éélHI & AGTC Cc GiBbi YO 4R Wwiand MRa-GU Bt dmnféBt hr ee
di mensi onal é’eﬁct u‘% ggé{}g gg ng lt(ﬂi)tewgrli'cﬁqx -(??? 72(:uf9u ;_l'he cell of

claim 19 wﬁ secon sequen ar e contalned wi t hin
at | east o@@ﬂiﬁﬂtﬁpma(AycﬁﬁnctWbﬁapoéﬁﬁﬁ@§swéﬁhwé&§ﬁ pravigegr e€ss for

produci ng ge %eawfhé{hlw apt 't?x@d)éeqqmﬁln%ﬁ&@ttﬁéagﬁbl'ﬂ@ variabl e
donmi ns of the ant | heav ht chai ns |q§ & ost .cel |,

conpr|5|ng°Phév eﬁ%sqﬁnce of' the U . patent descrlb
1dent1fy1ng the deposit or the publications or upon the

laying open to the public of any U.S. or foreign patent
application, which ever comes first, and for .
avaiiability of the cell line to one determined by the
U.S. Commissioner of Patents and Trademarks to be
entitled thereto according to 35 CFR §122 and the
Commissioner's rules pursuant thereto (including.37 CFR
§1.14 with particular reference to 886 0G 638). :The
assignee'of the present application has agreed that if
§he cell lines on deposit should die or be lost or
destroyed when cultivated under suitable conditions for
‘a period of thirty (30) years or five (5) 'years after
the last request, it will be promptly replaced on
notification with viable replacement cell lines.

Example 2

Single-chain antibodies consist of a Vi, VH
arid a peptide linker joining the V[, and VH domains to
produce SCFVs. A single chain antibody, SCFV1, was
conétructed to have the Hum4 Vf as V Domain 1 and CCu9

Vg as V Domain 2 (see Figure 21).

THe polypeptide linker which joins the two V
domains was encoded by the DNA introduced at the 3' end
of the VL DNA. during the PCR. The oligonucleotides
SCFV1a and SCFV2 were designed to obtain the DNA segment



A transfofHing2at |east one host cell with i) a first DNA sequence
encodi ng atulee@sduce: PeRk@n of alight chain variable region (V{eer[JJ)

ef fectively honoljogous to the htiP8¥*%Ubgroup |V ger n¥savamgene T HU

Mlerr]), andnish) [a second DNA sequgnce encodisg at |east a portqsan of a
heavy chain vdrighl e .region (V[err V\/mch i ] capable af conbl nijng with the

VL to form ,,,,,m, ot o—®tnd TAG 72,
and B. r{{é///////// i|dl second
DNA sequence and sdi d T1Mgl e host
cell. 22. The process ccordl ng to cI aim 2 wher ein sal d f| rst and second
DNA
FLEAVAGE $ITETO PEPTIDE LINKER
RELEASE MATURS $CIV
The polypeptide linker for SCFV1 was encoded in
oligonucleotide SCFV1b (see below). The underlined portions

of the oligonucleotides SCFVlia and SCFV1b are complementary
to sequences in the Hum4 V; and linker respectively. The
sequences of SCFVla and SCFV1lb are as follows, with the
hybridizing sequences underlined:

SCFVla with the Hind III in bold:
Hind III

5'CTGCAAGCTTCCTTTTCCTTTTGGCTGGTTTTGCAGCCAAAATATCTGCAGACATCGTG
ATGACCCAGTC-3'

SCFV1lb with the Aat II site in bold:

5" -CGTAAGACGTCTAAGGAACGAAATTGGGCCAATTGTTCTGAGGAGACCGAACCTGACT
CCTTCACCTTGGTCCCTCCGCCG-3!

The target DNA in the PCR was pRL1001 (shown in
Figure 18). The PCR was performed pursuant to the teachings
of Mullis et al. supra. A DNA fragment containing the Hum4
Vi-linker DNA component for the construction of SCFV1 was
obtained and purified by polyacrylamide gel electrophoresis
according to the teachings of Sambrook et al., supra.



oL Uiuw Liyo Ll LLpy rllc

sequences ark ppeseftAA AL TEasATE XA r APA 1GIH odEGaFdding to

.claim 22 wherein the anti body heavy and |ight chains of the conposite Hun¥

ther ef f om Z?ana.“HTE % ?:Q(é%eihéﬁoﬁééﬁ it bl e‘;ﬁf‘caody
fragnent . The préE i @ PG @G IC‘H}G Atood ARG eIt
encodes the VH of CC46, CC49, CC83 or CC92. A process for preparl ng

an a““bo"iS” ant 1 DRl £ Ry fféﬁ’l”giédm'égr Gln Ile Thr
TCA TGG GIC TTG TCC CAG ATC ACC

23 Leu Lys Glu Ser Gly Pro Thr Leu
- 73 TTG AAG GAG TCT GGT CCT ACN CTG
31 Val Lys Pro Thr Gln Thr Leu Thr
97 GTG AAA CCC ACA CAG ACC CTC ACG
37 Leu Thr Cys Thr Phe Ser Gly Phe
121 CTG' ACC TGC ACC TTC TCT GGG TTC
| CDR1——
477 Ser Leu Ser |Thr His Gly Val Gly
145 TCA CTC AGC |ACT CAT GGA GTG GGT
55 vVal Gl§|Trp Ile Arg xxx Xxx Pro
169 GTG GGC|TGG ATC CGT NNN NNC cca
63 Gly Lys Ala Leu Glu Trp Leu Ala
193 GGA AAG .GCC CTG GAG TGG CTT GCaA
) CDR2
71 Leu Ile Tyr Trp Asp Asp Asp Lys
217 CTC ATT TAT TGG GAT GAT GAT AAG

79 _Arg Tyr Ser Pro Ser Leu Lys Ser
241 -CGC TAC AGC CCA TCT CTG AAG AGC



o/ ALY Leu Ll Llie LIL Lys ASpPD LI
conprises Zbrbact i ngAGR: QOM0Csi AC BunATCer ACCQY AAG afGAGdyAFT Cl ai m

1 wth an imagi ng marker or therapeutic agent. 26. The process of cl aierP 25,
wh int [ [ Kk ' L, I | n, rr :

LorrTom (8] G [, Lo | bote Gl Vak 1L ] el (SHEC 27
The proces cl ai fiEC wieAA N ARCt h@AaGevG PG oAT'C s GTVRII AQA i de, -

drug or biol ogical response nodifier, toxin or another antibody.

103 Met Thr Asn Met Asp Pro Val Asp
313 ATG ACC AAC ATG GAC CCT GTG GAC

111 Thr Ala Thr Tyr Tyr Cys Ala His
337 ACA GCC ACA TAT TAT TGT GCA CAC

CDR3
119 Gly Leu Pro Ser Met Val Lys Asn
361 GGG CTG CCA TCT ATG GTT AAG AAC

127 Trp Gly Gln Gly Thr Thr Val Thr
385 TGG GGC CAA GGG ACC ACG GTC ACC

135 Val Ser Ser Giy Ser
4009 GTC TCC TCA GGG AGT-3°



Fig. 9

HJ4:

Leu Thr Phe Gly Gly Gly Thr Lys
CTC ACT TTC GGC GGA GGG ACC AAG

Val Glu Ile Lys Ahrg)
GTG GAG _ATC AAA C GTAAGTGCAC

TTTCCTAA

FIGURE 9: Human J4 (HJ4) amino -acid and
DNA sequences.The first two amino acids
(Leu-Thr) complete the CDR3 region, the
remainder make up the FR4 region. The
) indicates the splice site and the
beginning of the intron between the J
and C exons. DNA sequence underlined
in HJ4 represents a part of the
sequence used for the 3' end PCR oligo
HUMVL.(-) .



ABSTRACT

This invention concerns a subset of composite Hum4 Vi,
V4oTAG antibody with high affinities to a high molecular
weight, tumor-associated sialylated glycoprotein antigen
(TAG-72) of human origin. These antibodies have variable
regions with (1) Vi, segments derived from the human subgroup
IV germline gene and (2) a Vy segment which is capable of
combining with the Vi to form a three dimens_ional ‘structure
having the ability to bind TAG-72. In vivo methods of
treatment and diagnostic’ assay using these composite
antibodies is also disclosed.

Fig. 1



18. A composition comprising the composite Hum4 Vi, Vi antibody of claim 13

ina pharmaceutically acceptable, non-toxic, sterile carrier.

19. A cell capable of expressing the composite Hum4 Vi, Vy antibody or

immunoreactive fragment thereof of claim 1, said cell being transformed with

(A) a first DNA sequence encoding at least a portion of a light chain variable
region (V) effectively homologous to the human Subgroup IV germline gene (Humd
Vp); and

(B) a second DNA sequence encoding at Jeast a portion of a heavy chain variable
region (Vg) which is capable of combining with the V; to form a three dimensional

structure having the ability to bind TAG-72.

20. The cell of claim 19 wherein the first and second DNA sequences are

contained within at least one biologically functional expression vector.

21. A process for producing a composite Hum4 Vy, Vi antibody comprising at
least the variable domains of the antibody heavy and light chains, in a single host cell,

comprising the steps of:



1) a TSt DNA sequence encoding at least a portion of alight chain variable
region (V1) effectively homologous to the human Subgroup IV germline gene
(Hum4 Vp), and

i) a second DNA sequence encoding at least a portion of a heavy chain
variable region (Vi) which is capable of combining with the Vy to form a

three dimensional structure having the ability to bind TAG-72, and

B. independently expressing said first DNA sequence and said second DNA

sequence and said second DNA sequence in said transformed single host cell.

22. The process according to claim 21 wherein said first and second DNA

sequences are present in at least one vector. - -

23. The process according to claim 22 wherein the antibody heavy and lightchains
of the composite Hum4 Vy, Vy antibody are expressed in the host cel) are secreted

therefrom as an immunologically functional antibody molecule or antibody fragment.

24. The process of claim 21, wherein the second DNA sequence encodes the Vi
~ of CC46, CC49, CC83 or CC92.



therapeutic agent.

26. The process of claim 25, where in the imaging marker is 125], 131], 123],
Nlln’ lOSRh, 153sm' 67Cu‘ 67Ga, I“HO, 177Lu’ 186Re. 188Re or 99mTC.

27. The process of claim 26, wherein the therapeutic agent is a radionuclide, drug

or biological response modifier, toxin or another antibody.



