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1
IMMUNOTOXINS DIRECTED AGAINST
C-ERBB-2(HER-2/NEU) RELATED SURFACE
ANTIGENS

2
ing region, exhibiting binding specificity for the c-erbB-2
protein and a cell growth modulator, e.g.. a toxin or growth
suppressing reagent. This composition acts as an immuno-
toxin to specifically target a cell growth modulator to tumor

CROSS REFERENCE TO RELATED 5 cells overexpressing the c-erbB-2 protein.
APPLICATION Thus. in one embodiment of the present invention, there is
provided a new composition of matter comprising a conjugate
The present application is a divisional of application Ser. ofa targeting moiety with binding specificity for the c-erbB-2
No. 09/320,156 filed May 26, 1999 now abandoned, which is protein, e.g., TAb 250 monoclonal antibody, and a cytotoxic
a continuation in part of U.S. patent application Ser. No. 10 moiety. The cytotoxic moiety may be a toxin, a cytocidal
08/404.499, filed Mar. 17, 1995 now abandoned. which is a drug, a cytostatic drug, or a biological response modifier. In
continuation in part of U.S. patent application Ser. No.  one particular embodiment, the cytotoxic moiety is gelonin,
08/300,082, filed Sep. 2. 1994, now abandoned, which is a Another embodiment of the present invention provides a
continuation of U.S. patent application Ser. No. 08/164.638, method of treating a neoplastic condition. e.g.. disease, which
filed Dec. 9, 1993, now abandoned, which is a continuation of 15 js characterized by amplification or overexpression of the
U.S. patent application Ser. No. 07/867.728, filed Apr. 10. c-erbBB-2 oncogene, comprising administering a cytocidally
1992, now abandoned. effective dose of an immunotoxin of the present invention to
BACKGROUND OF THE INVENTION an individual in need of such treatment.
In still another embodiment of the present invention, there
1. Field of the Invention 20 s provided compositions of matter comprising fusion con-
The present invention relates generally to the field of treat- structs of targeting moieties with binding-affinity for
ment of neoplastic disease. More specifically, the present c-erbB-2 protein and a cytotoxic moiety. Preferably. the tar-
invention relates to novel immunoconjugates and their use in geting moiety is an antibody which recognizes an extracellu-
the treatment of neoplastic disease. 5 lar epitope of c-erbB-2, e.g.. TAb 250, and the cytotoxic
2. Description of the Related Art =7 moiety is relatively inert when applied separately from the
Neoplastic disease is one of the leading causes of mortality targeting moiety. e.g.. gelonin. In other embodiments of the
and morbidity in the Western World. Neoplastic conditions, present invention there are provided methods of extending the
eg. diseases or “cancers”, share at least one characteristic. survival time Ofﬂ tl‘llllol' bearin_g marr_una] by ‘administration
i.e., the involvement of defects in the cellular growth regula- % oftargeted toxins of the present invention to this m‘ammal and
[(_]ry process. '111(: process by which n(]n'na] cells are trans- also a method Uf rclardmg the rate of growlh of tumors hy
formed into malignant cells has been a subject of intense administering targeted toxins of the present invention. Typi-
study for decades. More recently, study has focused on the cally, the targeted toxins will be targeted by an immunologi-
role of oncogenes in the cancer process. Oncogenes are genes c;al binding r eg@on, €.g.,an antibody bindipg segment. AAd_di‘
that have the ability to transform eukaryotic cells so that they 5 Umw“}’_ Pm"]df’d 15 4 I-‘hE‘}'ITl_'dCCl“lcal _ composihion
2row ina manner ;_lna]l]g()us 10 tumor cells. ©ocomprising an mmunotoxin C(']l'lSlSllllg L‘SS’CD[]H“Y ofa C_\"IU-
An oncogene is created when a normal gene or proto- toxic moiety conjugated to a monoclonal antibody. Most pref-
oncogene is mutated, rearranged, or amplified. One such  erably. the antibody is TAb 250 and the cytotoxic moiety is
oncogene is the c-erbB-2(HER-2/neu) proto-oncogene. gelonin.
Hereinafier. this oncogene will be referred to as c-erbB-2. % In another embodiment of the instant invention, there is
This gene encodes a protein similar to epidermal growth provided a conjugate of tumor necrosis factor to an antibody
factor receptor. Amplification of this proto-oncogene can exhibiting binding specificity for an extracellular epitope of
result in a cascade of cellular events leading to unregulated c-erbB-2 protein. The antibody may be an intact full length
cell growth. antibody with either the heavy chain or light chain peptide
Antibodies are proteins produced by the immune system of 45 conjugated to tumor necrosis factor. Alternatively, the anti-
an animal, normally in response to foreign antigens or anti- —~ body may be or a Fv fragment with the toxin linked to either
genic determinants. Antibodies bind to the specific antigen to the V, orV, peptide. In the preferred embodiment, conjugate
which they are directed. The development of specific mono- is a fusion protein between a single chain antibody and tumor
clonal antibodies has provided investigators with a possible necrosis factor which is preferably produced by recombi-
means of selectively targeting therapeutic agents to cells % nantly fusing a gene encoding a single chain antibody to a
which overexpress defined antigens. gene encoding tumor necrosis factor. One possible sFv is
Overexpression of the c-erbB-2 proto-oncogene in neo- scFv-23.
plastic transformation has been postulated. Several types of Finally, another embodiment of the instant invention com-
human cancers including some mammary carcinomas and prises a method of treating neoplastic cells with an antibody-
some ovarian carcinomas have an amplified c-erbB-2 gene. S5 TNF conjugate. Possible target cells include mammary car-
Moreover, amplification and subsequent overexpression of ™ cinoma cells, ovarian carcinoma cells, lung carcinoma cells,
the c-erbB-2 gene has been correlated with poor disease prog- salivary gland carcinoma cells, gastric tumor cells, colon
nosis. Thus, there exists a great need and desire in this art for adenocarcinoma cells, and bone marrow leukemia cells. A
a method of selectively targeting a chemotherapeutic agent to specific example entailing breast carcinoma cells is provided.
a cell which exhibits overexpression of the c-erbB-2 onco- 5
gene to modulate growth of cells which overexpress the pro- BRIEF DESCRIPTION OF THE DRAWINGS
tein. The present invention provides means foraccomplishing
this. FIG. 1 demonstrates the effects of ZME antibody, TAb 250
SUMMARY OF THE INVENTION antibody or immunonconjugates of TAb 250 and gelonin on
65 SKOV-3 cells as measured by ELISA.

The present invention provides a composition comprising a
conjugate of a cellular targeting moiety, e.g., an antigen bind-

FIG. 2 demonstrates the cytotoxicity of the TAb 250 gelo-
nin construct on SKOV-3 cells.
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3

FIG. 3 demonstrates the competition of relevant versus
irrelevant antibody with the conjugate on SKOV-3 cells.

FIG. 4 demonstrates the dose response relationship and the
effects of the TAb 250-gelonin conjugate on SKOV-3 cells.

4
refolded GST-fusion of scFv-gelonin; Lane 6: flowthrough
after binding scFv-23-gelonin to BLUE SEPHAROSE: Lane
7: scFv-23-gelonin eluate from BLUE SEPHAROSE; Lane
8: gelonin standard (40 ng).

FIG. 5 demonstrates the cytotoxicity of TAb 250 and the s FIG. 12 demonstrates binding of TAb-250/recombinant
TAb 250-gelonin conjugate on SKOV-3 cells. gelonin, TAb-250, or an irrelevant murine antibody (ZME) to
FIG. 6 demonstrates the ability of the TAb 250 antibody to adherent SKOV-3 cells. Binding was measured in an ELISA,
internalize in various cell lines. in which various concentrations of each reagent were added
FIG. 7 demonstrates the cyluloxicily of the TAb 25()—gc]0- to each well and the p]a[es were assayed for the presence of
nin immunoconjugate in the MTT assay. 10 murine antibody. The values shown are the means (+SEM) of
FIG. 8 shows a schematic of the construction of the quadruplicate determinations.
scFv23-gelonin immunotoxin gene. The first PCR syntheses FIG. 13 shows displacement of either BACh-250 or BACh-
were performed in separate tubes and one tenth of each of the  250/recombinant gelonin on SKOV-3 cells. Both BACh-250/
reaction products were subsequently combined and used as recombinant gelonin and unconjugated BACh-250 showed
templates for the second PCR (Davis et al., BioTechnology. 15 gimilar binding curves, with affinity constants of 6.12x10-'°
9:165-9 (1991). Neo I and Hind III restriction sites were and 8.42x107'” respectively, indicating that the conjugation
included into the sequences of the “outer” flanking primers of recombinant gelonin to BACh-250 did not significantly
and 1 and 4 for future cloning purposes. Homology between interfere with the ability of the conjugate to bind to the
bases in the PCR primers 2 and 3 is indicated by the filled c-etbB-2 protein on the cell surface.
boxes at the &' tfnds of each primer and represented DNA 20 p1G. 14 shows dose-response curves for BACh-250/re-
SSqUEHCEs encoding the Gly—(:jly—G]y—G]y—Ser. (G_4S) (Seq ID_ combinant gelonin on SKOV-3 cells. Various concentrations
No: 1) linker between the antibody and gelonin fragments of ' BACh-250/recombinant gelonin were added to log-phase
the qlm‘munoluxm : . SKOV-3 cells. The immunotoxin was also admixed with fixed
FIG. 9 shows the configuration and sequence of the scFv- ¢opcentrations of free BACh-250 and then added to cells.
gelonin IMMmuNotoxin. [’!1(: single Chf‘““ af“'b”d)' l"ragl.ncnl 23 Cells were incubated for 72 hours and cell concentrations
huti) clone:d inthe ‘VL—212 linker-VH onentatlon‘aud was fl]SF'Td were assessed. The values shown are the means (£SEM) for
to thfa tox1£1 g;e]cu‘lm‘ by a short, nonstructured five amino a_c]d octuplicate determinations.
peptide (G4S). FIG. 9B shows the DNA sequence encoding FIG. 15 demonstrates the effect of BACh-250 on SKOV-3
e e o B P 33 Colony formation. SKOV-3 cells were treated with 1.0, 0.5,
. B . 0.1.0.05. and 0.01 ug/ml of BACh-250/rGel and plated in soft
(CDR,S) and Ih.e 2 1_2 linker sequeoe between .the'VL andV H agar. Colonies wcrcgf:uumcd for up to 10 days :flcr plating.
dameise ary !nghhgl ited; the 648 SaquEncs slong thAe A The values shown are the means (xSEM) of quadruplicate
body and toxin and fragments is italicized. DNA encoding the e Bt one
synthetic gene for gelonin was used as a template for the gene ) . .
fusion and is addition, encoded the targeting signal KDEL 35 FIG'_16 den_lenstra}ejs e eiTec} of HER—2 SRR lgve!
incorporated into the 3' end. on the Lyl()?(]?(‘lt.lly of lAb-ZSOJ'r(m];\rar‘musr lulmap C(fll lines
HIG. 10 shows = binding analysis of shieen ntividoai in ]()g—phas{.: L.l:lllllrc were treated with concentrations of the
sclv-gelonin immunotoxin clones. Bacterial culture super- itciznungtbxin fof T2 Iy, The.ce]l HImber vl aSSt?ssed i
natants and periplasmic extracts of individually expressed Sxpressed a‘s the percemagta e umreate‘d confal 'Wells. I
immunotoxins were added to wells of a 96 well ELISA plate 40 va_]u.es_, sh-t‘-wn A R e BER DR Gt LR g et
coated with either (AA) mouse anti-gelonin antibody 13A3, mm““f“m‘ ‘ .
or (B) 5x10* antigen positive SK-OV-3 cells. Bound immu- F1G. 17 dcr.nnnslrau-.‘s plasma clearance of BACh-250 and
notoxin was detected with a rabbit anti-gelonin polyclonal BA‘Ch'ZSO"{ 1Gel. BOﬂ} BAC]1—250 and BACh-2 SOHG‘?I g
antibody followed by addition of a horseradish peroxidase raf:holabelec! and administered se.paraFely to groups of balb/c
(HRPO) conjugate of a goat anti-rabbit IgG secondary anti- 45 Mice by an intravenous bo]us_ (tail vein). Six mice per group
body. Signals were developed with the horse radish peroxi- were sacrificed at various times aflcr. éld]'l]]]llSl]":jl](J]‘l and
dase substrate ABTS and measured at 405 nm. The negative blood was l.:.ol.lccu-.'d from the chest cavity and weighed and
and positive controls were free gelonin (at 50 micrograms/ml. the radloacgtlyny f:ounted. The values shown are the means
10 micrograms/ml and 1 microgram/ml) and a gelonin con- (+SEM) of six mice. The curves represent the least-squares,
jugate of TAb 250, a murine anti-HER-2/neu antibody (tested 50 Pest-fit lines through the data points.
at 50 ng/ml, 10 ng/ml, and 1 ng/ml), respectively. FIG. 18 demonstrates the tissue disposition of BACh-250
FIG. 11 shows a western blot anﬂlysis of the scFvZME- and BACh-250/rGel 24 hours after administration. Radiola-
gelonin and scFv-23-gelonin proteins refolded and purified beled antibody and immunotoxin were administered intrave-
from insoluble inclusion bodies. Refolded GST fusions of the nously into the tail vein in nude mice bearing well-developed
two immunotoxins were concentrated. bound to glutathione- ss SKOV-3 subcutaneous tumors. Twenty-four hours after
agarose (GSH-ag) and digested with thrombin protease. The administration, 6 mice in each group were sacrificed. and
supernatant containing cleaved protein was retreated with various organs were excised, and weighed and the radioac-
GSH-ag rebind any GST and immediately bound to Blue tivity counted. The values shown are the means (+SEM) of six
Sepharose (B.S.) resin. Immunotoxins were subsequently mice.
eluted with 2 M NaCl and dialyzed into TBS. Nitrocellulose 60 FIG. 19 demonstrates the tissue disposition of BACh-250
filters used in the western analysis were developed using the and BACh-250/rGel 48 hours after administration. Radiola-
Amersham ECL system with an exposure time of 30 seconds. beled antibody and immunotoxin were administered intrave-
Molecular weight are indicated on the left. Lane 1: Refolded nously into the tail vein in nude mice bearing well-developed
GST-fusion of scFvZME-Gel: Lane 2: Flowthrough after SKOV-3 subcutaneous tumors. Forty-eight hours after
binding of scFvZME-Gel to BLUE SEPHAROSE; Lane 3: 65 administration, 6 mice in each group were sacrificed and

scFvAME-gelonin eluate from BLUE SEPHAROSE: Lane
4: GST-scFvAME-gelonin molecular weight marker; Lane 5:

various organs were excised, weighed and the radioactivity
counted. The values shown are the means (£SEM) of 6 mice.
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FI1G. 20 demonstrates the tissue disposition of BACh-250
and BACh-250/rGel 72 hours after administration. Radiola-
beled antibody and immunotoxin were administered intrave-
nously into the tail vein in nude mice bearing well-developed

6

the arrow. Western analysis using anti-sfv23 antibody dem-
onstrates reactivity against purified scFv23 antibody (left
lane) and the scFv23/TNF fusion construct (right lane) while
probing the same Western blot with an anti-TNF antibody

SKOV-3 subcutaneous tumors. Seventy-two hours alter 5 demonstrates reactivity only with the scFv23/TNF construct.
administration, 6 mice/group were sacrificed and various FIG. 28 shows ELISA binding of either sfv23 or sfv23/
organs were excised, weighed and counted. The values shown TNF to SKBR3 immobilized cells.

are the means (+SEM) of six mice. FIG. 29 shows ELISA binding of scFv23/TNF construct to

FI1G. 21 demonstrates the tissue disposition of BACh-250 either antigen-positive SKBR3 or antigen-negative A-373
and BACh-250/rGel 96 hours after administration. Radiola- 10 cells.
beled antibody and immunotoxin were administered intrave- FIG. 30 demonstrates western analysis of two variants of
nously into the tail vein in nude mice bearing well-developed SKBR3 cells (insert) showing that the SKBR3 (LP) cells
SKOV-3 subcutaneous tumors. Ninety-six hours after admin- express approximately 5-fold lower HER2 protein that the
istration, 6 mice in each group were sacrificed and various SKBR3(HP) cell line. Direct comparison of the cytotoxic
organs were excised, and weighed and the radioactivity 15 effects of continuous exposure of various concentrations of
counted. The values shown are the means (+SEM) of six TNF demonstrate that the cell line expressing higher levels of
mice. HER2 was effectively resistant to TNF while the cells

FIG. 22 demonstrates tumor:blood ratios of BACh-250 and expressing low levels of HER2 were sensitive to the cytotoxic
BACh-250/rGel at various times after administration. Analy- effects of TNF.
sis of the radioactivity of blood and tumor after administra- 20 FIG. 31 demonstrates the cytotoxicity of either TNF or
tion of '**T BACh-250 or BACh-250/Gel conjugate showed purified stv23/TNF against log-phase SKBR3-HP cells in
that the maximal tumor concentration of either antibody or culture. As this figure demonstrates, the 1Cs, of the sfv23/
immunotoxin occurs approximately 48 hours after adminis- TNF construct (20 U/ml) was approximately 2000-fold lower
tration and remains fairly constant up to 48 hours thereafter. than that of free TNF (1C5,=4,000 U/ml).

FIG. 23 demonstrates the treatment of subcutaneous 25 FIG. 32 shows the cytotoxicity of TNF and s{v23/TNF
tumors in balb/c mice with the immunotoxin conjugates. against log-phase SKBR3-LP cells in culture. As this figure
Balb/c athymic mice received subcutaneous implants of the illustrates, the 1C5, of TNF against these resistant cells was
ovarian tumor cell line SKOV-3 in the right hind flank. One 5x107 U/ml while that of the sfv23/TNF construct was
week after implantation. the mice were randomly divided into approximately 20-fold lower (2x10° U/ml).
groups of 8 and treated with PBS, 42 ug TAb-250 plus 8 pg 30
gelonin, or 50 ug TAb-250/rGel via intraperitoneal injection. DETAILED DESCRIPTION OF THE INVENTION
Treatments were administered 2 times per week for three
weeks. Tumor volume (LxWxI) was determined by caliper As used herein, a cellular targeting moiety is capable to
measurements taken twice per week and a\;eragod for each SCIOCIiVCl)’ bi]ldi]'lg to a c-erbB3-2 pmlcin which is EXp]'CSSL‘d
treatment group. This figure shows that tumor growth was 35 ona cell, typically on its surface. This includes both a ligand
significantly more inhibited than in the PBS control mice and specific to binding to the c-erbB-2 protein and antigen bind-
also in animals receiving the TAb-250/rGel conjugate (99% at ing region, e.g.. intact antibodies or epitope binding frag-
day 35 after implantation, 94% at day 49) and also more than ments thereof. This encompasses both classical antibody
it was in animals given equimolar amounts of unconjugated molecules. chimeric versions, single chain. and modified
TAb-250 plus free rGel (4% at day 35, 56% at day 49). 40 antibody fragments which retain epitope binding specificity

FIG. 24 demonstrate the results of immunotoxin treatment ~ and affinity.
ofintraperitoneally implanted tumors in balb/c athymic mice. As used herein, the term “immunoglobulin™ or “antibody
Mice (7-8 mice/group) were implanted (day 0) subcutane- peptide(s)” refers to an entire immunoglobulin or antibody or
ously with SKOV-3 tumor cells. Treatments were adminis- any functional binding fragment of an immunoglobulin mol-
tered intraperitoneally 3 times per week for 3 weeks starting 45 ecule. Examples of such peptides include complete antibody
on day 5 after implantation (tumor volumes were 0-30 mm?*). molecules, antibody fragments, such as Fab, F(ab'),, CDRs,
Mice received either PBS (control), TAb-250 (42 ug/dose) V. V. and any other portion of an antibody. particularly
plus gelonin (42 ug/dose), or the TAb-250/rGel conjugate (50 those exhibiting antigen binding specificity or affinity. For
ug/dose). Tumors were measured twice per week with vernier instance, an IgG antibody molecule is composed of two light
calipers and volumes (mm?) were calculated as a product of so chains. each linked by disulfide bonds to two heavy chains.
lengthxwidthxheight. Tumor volumes were plotted as a func- The two heavy chains are, in turn, linked to one another by
tion of day of growth. As shown in FIG. 29. TAb-250/rGel disulfide bonds in an area known as the hinge region of the
treatment enhanced the survival of mice with intraperitoneal antibody. A single IgG molecule typically has a molecular
SKOV-3 tumors by an average of 12.4 days as compared with weight of approximately 150-160 kD and contains two anti-
survival in mice treated with unconjugated TAb-250 or TAb- 55 gen binding sites. Fragments of these molecules. e.g., heavy
250 plus gelonin. or light chains alone, can sometimes bind antigen. Antibod-

FIG. 25 shows a schematic representing the design of the ies, fragments of antibodies, and individual chains can be
sfv23/TNF fusion construct and the assembly of the expres- functionally equivalent to immunoglobulins.
sion vector. A normal antibody heavy or light chain has an N-terminal

FIG. 26 demonstrates the expression and purification of 60 (NH,) variable (V) region, and a C-terminal (—COOH) con-
both the sfv23 antibody as well as the sfv23/TNF fusion stant (C) region. The heavy chain variable region is referred to
construct from . coli utilizing an immobilized metal affinity as V, (including. for example, V. ), and the light chain vari-
column(IMAC). able region is referred to as V, (including V, or V,). The

FIG. 27 demonstrates the SDS-PAGE and Coomassie variable region is the part of the molecule that binds to the
staining profile of bacteria prior to induction (left lane) and 5 antibody’s cognate antigen, while the Fc region (the second

following induction (right lane) by addition of I'TPG. The
position of the scFv23/TNF fusion construct is indicated by

and third domains of the C region) determines the antibody’s
effector function (e.g., complement fixation, opsonization).
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Full-length immunoglobulin or antibody “light chains” (gen-
erally about 25 Kd, about 214 amino acids) are encoded by a
variable region gene at the N-terminus (generally about 110
amino acids) and a _ (kappa) or , (lambda) constant region

8

the interchain disulfide bonds to the antibody. This can result
in loss of antigen recognition. To circumvent this problem,
papain may be activated and then exchanged into buffer con-
taining a concentration of reducing agent compatible with

gene at the COOH-terminus. Full-length immunoglobulin or 5 maintaining antigen binding activity. The antibody digestion
antibody “heavy chains” (generally about 50 Kd. about 446 is typically carried out under an inert atmosphere to prevent
amino acids), are similarly encoded by a variable region gene deactivation of the papain.

(generally encoding about 116 amino acids) and one of the The following protocol is an example of this process: (A)
constant region genes, e.g. gamma (encoding about 330 Activation of papain: Papain, supplied as 10 mg/ml NH,SO,
amino acids). Typically, the “V,” will include the portion of 10 guspension, is dissolved in 10 mM EDTA, 20 mM cysteine,
the light chain encoded by the V, and/or I, (J or joining pH=8.0, to a final concentration of 2 mg/ml. The solution is
region) gene segments, and the “V,,” will include the portion  degassed and allowed to incubate 2 hours at room tempera-
of the heavy chain encoded by the V. and/or Dy (D or ture under nitrogen. (B) The activated papain is exchanged
diversity region) and I, gene segments. See, Roitt, et al., into 20 mM NaPO,, pH=7.0, 150 mM NaCl, 10 mM EDTA,
Immunology. Ch. 6. (2d ed. 1989) and Paul, Fundamental 15 30 yM DTT. (C) Digestion of antibody: 1 mg of activated
Immunology. Raven Press (2d ed. 1989). papain is added for every 100 mg of antibody, and the solution

An immunoglobulin light or heavy chain variable region is dialyzed against a large excess of 20 mM NaPO,, pH=7.0,
consists of a “framework” region interrupted by three hyper- 150 mM NaCl, 10 mM EDTA, 30 uM DTT, with continuous
variable regions, also called complementarity-determining helium sparging. Dialysis is used to maintain a molar excess
regions or CDRs. The extent of the framework region and 20 ofreducing agent during the course of the digestion. (D) After
CDRs have been defined (see, “Sequences of Proteins of 2-4 hours at room temperature the digestion is terminated by
Immunological Interest,” E. Kabat, etal., U.S. Department of addition of iodoacetamide. (E) Fab fragments are separated
Health and Human Services, (1987)). The sequences of the  from undigested or partially digested antibody using standard
framework regions of different light or heavy chains are rela- chromatography methods.
tively .cm]st:rvud \J}flthm a species. ljhc lrammurk'rcgmn.s of 25 As used herein, the terms “Fab”, or any other antibody
Al anvtlbody_.' that is the combllfled framework r t?glons of .the fragments, have similar classifications when applied to the
const‘ltuent_ light and‘hezwy_ chaimg; sexm e pE\smon 0 :!llgn present invention as to the general terms “antibodies™ or
:-]i]]():/ (]_:z :1{(;1]:[::3(]‘";:1;:111‘:12:1:T(?L?Fi[ihoi)?iﬁ" l?lR;]‘:]rch[:'ﬂ‘lt “immunoglobulins”. Thus, “mammalian” Fab protein, “chi-

S ; 2 meric Fab”, and the like are used analogously to the corre-
CDRs are typlca]])f referred.to as CDRI, CDR2,. and CDR3, 30 sponding definitions in general usage, al%d as zcl forth in the
numbered sequentially starting from the N-terminus. subsequent paragraphs.

The two types of light chains, K and A, are referred to a s 5 I T
isotypes. Isotypic determinants typically reside in the con- As uscd' hcii,::m.‘lhc term (.‘l'lvl]]]C]'I]C anllqulcs or ,ChI-
stant region of the light chain, also referred to as the C, in mene Peptldes reiver to tl%oseamlbo'dles orantlbody.peptldf.:s
general, and Ck or Ch in particular. The constant region of the 35 wherein one pargan Ot‘ . pe]_)tlde of BT
heavy chain molecule, also known as Cj,, determines the sequence that is dcr?vcd from, or is lmmu!oguus 1o, a corre-
isotype of the antibody. Antibodies are classified as IgM, IgD, s‘pmldmg sequence in an anllb()(.]y' or peptide d(.‘l."lvcd l"rt')m a
19G, IgA, and IgE depending on the heavy chain isotype. The !n‘st gene source, while the remaining segment of'the chain(s)
isotypes are encoded in the mu, delta, gamma, alpha, and is homologous to corres;_)ond_mg sequences of _another gene
epsilon segments of the heavy chain constant region, respec- 40 SOUCe: o _example._a chm}enc hea\fy ahenantiiocy pepade
tively. In addition, there are a number of gamma subtypes. may comprise a murine variable t‘"cgmn‘and a human constant

The heavy chain isotype determines different effector TERIDIL [he l“fo gene E‘il.'lll.l'C(:S _Wln typically bc' two separate
functions of the antibody, such as opsonization or comple- species, but will occasionally involve one species.
ment fixation. In addition, the heavy chain isotype determines Chimeric antibodies or peptides are typically produced
the secreted form of the antibody. Secreted IgG, IgD, and IgE 45 using recombinant molecular and/or cellular techniques. In
isotypes are typically found in single unit or monomeric form. many cases, chlmcnc‘anl lh(}dlcs ha‘vc varlab]!:: regions qubolh‘
Secreted IgM isotype is found in pentameric form; secreted light and heavy chains that mimic the variable regions of
IgA can be found in both monomeric and dimeric form. antibodies ‘{jri"‘i'fl from Ull\w ma.mma]imll spccilcs. while l};C

An F(ab'), fragment lacks the C-terminal portion of the ~ constant and/or framework portions are homologous to the
heavy chain constant region, and usually has a molecular so Sequences in an?ibodies derived from a second, different
weight of approximately 110 kD. It retains two antigen bind- mammalian species.
ing sites and the interchain disulfide bonds in the hinge As used herein. the definition of chimeric antibody, how-
region, but it does not have the eflector functions of an intact ever, is not limited to this example. A chimeric antibody is any
1gG molecule. An F(ab'), fragment may be obtained from an antibody in which either or both of the heavy or light chains
IgG molecule by proteolytic digestion with pepsin at pH 55 are composed of combinations of sequences mimicking the
3.0-3.5 using standard methods such as those described in sequences in antibodies of different sources, whether these
Harlow and Lane, infra. sources be differing classes, differing antigen responses, or

An “Fab” fragment comprises a light chain and the N-ter- differing species of origin, and whether or not the fusion point
minal portion of the heavy chain which are linked together by is at the variable/constant boundary. For example, chimeric
disulfide bonds. It typically has a molecular weight of 60 antibodies can include antibodies where the framework and
approximately 50 kD and contains a single antigen binding CDRs are from different sources. For example, non-human
site. Fab fragments may be obtained from F(ab'), fragments CDRs are integrated into human framework regions linked to
by limited reduction, or from whole antibody by digestion a human constant region to make “humanized antibodies.”
with papain in the presence of reducing agents. (See, Harlow See, e.g., PCT Application WO 87/02671; U.S. Pat. No.
and Lane, infra.) In certain cases, the concentration of reduc- 65 4.816.567; EP Patent Application 0173494: Jones, et al..

ing agent necessary to maintain the activity of papain in the
presence of atmospheric oxygen is sufficient to fully reduce

Nature, 321:522-525 (1986); and Verhoeyen, et al.. Science,
239:1534-1536 (1988).
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Asused herein, the term “human-like framework region” is
a framework region for each antibody chain, and it usually
comprises at least about 70 amino acid residues, typically 75
to 85 or more residues. The amino acid residues of the human-

be obtained from a number of sources, such as the American

Type Culture Collection (“ATCC™).

In addition to the chimeric antibody peptides specifically
described herein. other “substantially homologous™ modified

like framework region are at least about 80%. preferably 5 immunoglobulins can be readily designed and manufactured
about 8(_)'85%.- an‘d most prclcrab]y more lhal_‘ 85"0.h0mu]0- utilizing various recombinant DNA techniques known 1o
1%_01:3 W“l}t]ahof’he mn adhuman lnmtl'll:l)n(c‘lglowhnv tTlll{S shared those skilled in the art. Modifications of the genes may be
€ature with other encogenous anlibodies 15 useiul 1n gener- readily accomplished by a variety of well-known techniques,
ating a targeting moiety which introduces only a minor such :s site{liprected m}lfltagenegs (see, Gillman and Sﬁlith,
immune reaction, e.g., a mechanism which minimizes 10 Gene, 8:81-97 (1979) and Roberts, S., etal., Nature, 328:731-
rcszunsc lé) ‘l‘sc]l:" mz;rkcrs. 1 7.0 1 it 734 (1987)). These modifications can include amino acid
As used herein, the term “humanized” or “human-like  additions, deletions. substitutions, preferably conservative,
immunoglobulin® refers to an immunoglobulin comprising a and other changes irthe sequence gf the pol);peptide while
human-like framework region and a constant region that is retaining the appropriate property or biological activity.
substantially homologous to a human immunoglobulin con- 15 Alternatively, polypeptide fragments comprising only a por-
St;‘]m rsgi(t‘g.-s e.g%(,yh«'l\’i.ﬂg at ]egst "'b?'-“ St'o%b(;r 11;301'31.- g;f;'}ér = tion of the primary antibody structure and possessing binding
ably aboul 50-Ue Or more and most preierably abou oQr and/or effector activities may be produced. Also because, like
11;0;3 ?omo]ogy. tHence,A;HOSIEarts(?li;:].i{lmn;an—liki 11:}][11“11]?; many genes. th]e immunoglot;ullin—re]aled genes comai(lll sepa-
globulin, - except  possibly  the s, dre subslanta rate functional regions. each having one or more distinct
homologous to corresponding parts of one or more native 20 pjplogical aclivili‘i;. the genes maygbc fused to functional
h‘-“i:"'n ilen;lnlunog‘bl:;]]int Sequfl?css:d S i 4 regions from other genes to produce fusion proteins (e.g..
As used herein, the term ~hybrid antibody relers [0 an immunotoxins) having novel properties or novel combina-
antibody wherein each chain is separately homologous with tions of proper)ties. B L
reference to a mammalian antibody chain, but the combina- The cloned variable and constant regions can be isolated
tionrep ms‘"tn::jal;“wt‘fl ‘""’L‘t“l;l:c)( SUI“RE l\g’(;;]il‘ﬁ;l:ﬁ&;.anligcns 2 from plasmids and ligated together into a mammalian expres-
are recogniz he anti . In rid antibodies, one . e A L i
heavy an%liight cljl(ain pair is ho?nologgus to that found in an :;;::Sz:;"mr &80 2,]“'0' orpRSV-gpt, v Hnt s lun(.llonal
; ; ; A i ption unit. These expression vectors can then be trans
antibody raised against one antigen recognition feature, e.g., fected into host cells. Mouse myeloma cells, such as SP 2/0
epitope, Whi]f: lh.c ulh{-{r heavy a{]d light Ljha in pai!- is homolo- or P3X cells, are a preferred host because Ihéy do not secrete
R found ey antibody r:llse.d againsi anr:)ther 0 endogenous immunoglobulin protein and contain all of the
E::;r;;' iT:lngflsi:];rtstoul;i;ﬁeafliggsint};;)f di'g_::;;f“éﬁ:ggg components used in immunoglobulin expression. Myeloma
simultaneously. Such hybrids may. of course, also be formed Zzilsricbzz ;Jlfmtgansiected RRHE SRR fodunies Ay
using chimeric chains. ) L
Asused herein, the term “monoclonal antibody” meansan 35 Ciniertypesiat PROITGITIE -l e‘nhancers i
antibody composition recognizing a discrete antigen deter- host cc]!s are known in the art. See, Kamcyum'fl. K.. et al...
minant. It is not intended to be limited as regards the source of e I'Uf' cxamp]?‘ the .] INA sequence Cnc{.‘dmg the chi-
the antibody or the manner in which it is made. meric antibody amino acid sequence can be linked to yeast
Using standard methods known in the art, the variable promoters and el:l!‘lancers and transigcted Into yeast b.y meth-
regions and CDRs may be derived from a hybridoma that 40 ods well known in the att: Bee, Kricgler, supra. Tlns e
produces a monoclonal antibody that is specific for c-erbB-2. approach can be taken to isolate the C-Cl'!'l]?r-z sp(:.(.:lﬁc CDRs
The nucleic acid sequences of the present invention capable I:mm Oe-SOULCE Sl"‘:h_ as one mammalian species and the
of ultimately expressing the desired chimeric antibodies can tramework reglops of another source, such avs a different
be formed from a variety of different nucleotide sequences mammalian Spesles. The CLIRe can then:be hgated " tl‘_le
(genomic or cDNA, RNA, synthetic oligonucleotides, etc.) 45 fm]} "'"Wﬂrk SRIACS and constant regions to form : chimeric
and components (e.g., V., J, D, and C regions), as well as by a anllbm‘l)f‘ l'hc‘(_ DRs could be c]unct‘l in an expression vector
variety of different techniques. Joining appropriate-genomic comprising, for example, human framework and constant
sequences is presently a common method of production, but Teglons,
cDNA sequences may also be utilized (see, European Patent Another example is a recombinant DNA sequence com-
Publication No. 0239400 and Reichmann, etal., Nature, 332: so prising the heavy and/or light chain CDR1, CDR2, and CDR3
323-327 (1988)). of one species. such as mouse, and the framework regions of
Human constant region DNA sequences are preferably human heavy chain to encode an antibody specific for c-erbB-
isolated from immortalized B-cells, see e.g., Heiter, et al.. 2. Other possibilities include using CDRs specific for c-erbB-
Cell, 22:197-207 (1980) but can be isolated or synthesized ~ 2: using part of the variable region encompassing CDR1 and
from a variety of other sources. The nucleotide sequence of a ss CDR2 from one mammalian species, and then ligating this
human immunoglobulin C,, gene is described in Ellison, et sequence to "1“0_[]1‘3" cm:}]dmg the framework portions of a
al., Nucl. Acid. Res., 10:4071 (1982); Beidler, et al.. J. Immu- second mammalian species to the CDR3 of the first; or trans-
nol, 141:4053 (1988); Liu, etal., Proc. Natl. Acad. Sci. US4, fecting a host cell line with a recombinant DNA sequence
84:3439 (1987). encoding a c-erbB-2 specific heavy chain CDRs derived from
The CDRs for producing the immunoglobulins of the 60 a first mammalian species, interspersed within the framework
present invention preferably are derived from monoclonal of'a second mammalian species with a light chain containing
antibodies capable ol binding to the desired antigen, c-erbB-2 avariable region DNA sequence derived from the first species
protein, and produced in any convenient mammalian source, and the constant region derived from the second species.
including, mice, rats, rabbits, hamsters, or other vertebrate Recombinant DNA expression vectors comprising anti-
host cells capable of producing antibodies by well known 65 body sequences may be transfected by electroporation into

methods. Suitable source cells for the DNA sequences and
host cells for immunoglobulin expression and secretion can

host cells. Standard selection procedures are used to isolate
clones that produce the c-erbB-2 specific chimeric antibody.
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Antibodies may be expressed in an appropriate folded
form, including single chain antibodies, from bacteria such as
E. coli. See, Pluckthun, Biotechnology, 9:545 (1991); Huse.
et al., Science, 246:1275 (1989); and Ward, et al., Nature,
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Antibodies and other binding regions which exhibit binding
specificity for overexpressed c-erbB-2 may be raised against
fragments of the protein.

Mouse monoclonal antibodies have been made against the

341:544 (1989). The antibody peptide sequences may be 5 extracellular portion of c-erbB-2. One example of such an
amplified for cloning by use of polymerase chain reaction, or antibody is TAb 250, which is deposited with the American
PCR. a technique used to amplify a DNA sequence of interest Type Culture Collection, (ATCC) bearing Accession No.
using a thermostable DNA polymerase, such as Taq poly- HB10646.
merase, and polymerase and oligonucleotide primers, all as Alternatively, a targeting moiety may be derived from any
described in PCR Protocols, ed. Innis. et al., Academic Press. 10 other targeting method which exhibits affinity and specificity
Inc. (1990), incorporated by reference herein. See also fora c-erb3-2 expressing cell. For example, a ligand which is
Orlandi, supra and Larrick, et al., Biotechnology, 7:934 recognized and bound by the c-erbB-2 protein would be a
(1989). useful targeting moiety. See, e.g., Ciccodicola. et al. (1989)
The c-erbB-2 protein (also referred to here simply as Embo J. 8:1987-1991; Ciardiello, et al. (1991) Cancer
c-erbB-2) 1s a 185 Kd (Kilodalton) membrane glycoprotein 15 Research 51:1051-1054: and Ciardiello, etal. (1991) PN.A.S.
having tyrosine kinase activity and is related to, but distinct USA 88:7792-7796, which describe CRIPTO, a molecule
from, the epidermal growth factor receptor (EGFR). Like the which appears to serve as a ligand for the EGF receptor, and
EGFR protein, the c-erbB-2 protein has an extracellular will likely also bind with specificity to the c-erbB-2 protein.
domain that includes two cysteine-rich repeat clusters, a In the case of the sequences described herein. it should be
transmembrane domain, and an intracellular kinase domain. 20 understood that variants of these sequences are also included,
In addition, the amino acid sequence of the c-erbB-2 protein such as substitution, addition. and/or deletion mutations. or
as well as the nucleotide sequence has been described by any other sequence possessing substantially similar binding
Coussens, et al., Seience, 230:1132 (1985). activity to the sequences from which they are derived or
The c-erbB-2 protein is encoded by the c-erbB-2 oncogene otherwise similar to.
described in 1985 by three different research groups: 25 For this invention, an antibody or other peptide is specific
Semba, et al., Proc. Nail. Acad. Sci. USA, 82:6497 (desig- for a c-erbB-2 protein if the antibody or peptide binds or is
nating the gene as c-erbB-2); Coussens, et al., supra, (desig- capable of binding c-erbB-2, e.g., protein as measured or
nating the gene as HER-2); and King, et al., Science, 229: determined by standard antibody-antigen or ligand-receptor
1132 (designating the gene as v-erbB related). Thus, the assays. [or example, competitive assays. saturation assays, or
c-erbB-2 gene sequence and its corresponding protein 30 standard immunoassays such as ELISA or RIA. This defini-
sequence are well-known and described in the art. The tion of specificity applies to single heavy and/or light chains,
c-erbB-2 protein has a defined intracellular design, a trans- CDRs, fusion proteins or fragments of heavy and/or light
membrane region, and an extracellular region. Typically, the chains, that are also specific for c-erbB-2 protein if they bind
targeting moieties of the present invention will bind to the c-erb3-2 protein alone or if. when properly incorporated into
extracellular region, which should be exposed to the exterior 35 immunoglobulin conformation with complementary variable
of the neoplastic cell. The targeting moiety will generally regions and constant regions as appropriate, are then capable
recognize a feature or features found there, including a ligand of binding c-erbB-2 protein with specificity.
binding region. or antigen recognition sites, e.g.. epitopes. In competition assays the ability of an antibody or peptide
The epitopes will often be directed to pure polypeptide [ragment to bind an antigen can be determined by detecting
epitopes, either linear peptide sequence determinants or con- 40 the ability of the peptide to compete with the binding of a
formational determinants, but can also be directed to epitopes compound known to bind the antigen. Numerous types of
having carbohydrate components. The epitopes can thus competitive assays are known and are discussed herein. Alter-
include combined protein/carbohydrate components, or car- natively, assays that measure binding of a test compound in
bohydrate components alone. Other modifications to the pro- the absence of an inhibitor may also be used. For instance, the
tein, normal or abnormal. will present important epitopic 45 ability of a molecule or other compound to bind the c-erbB-2
determinants, also. protein can be detected by labeling the molecule of interest
Detection of the c-erbB-2 protein may be accomplished by directly or it may be unlabeled and detected indirectly using
well-known immunoassays employing antibodies specific to various sandwich assay formats. Numerous types of binding
the c-erbB-2 protein, such as those described here. Such assays such as competitive binding assays are known (see,
antibodies are commercially available, for example, from so e.g., U.S. Pat. Nos. 3,376,110, 4,016.043, Harlow and Lane,
Chemicon International, Inc., Temecula, Calif. or may be Antibodies: A Laboratory Manual, Cold Spring Harbor Pub-
prepared by standard immunological procedures. See. e.g.. lications, N.Y. (1988). and Coligan, et al. (eds), Current Pro-
Harlow and Lane. Antibodies: A Laboratory Manual, Cold tocol in mmunology. Wiley and Sons, N.Y.). Assays for mea-
Spring Harbor Publications, N.Y. (1988). suring binding of a test compound to one component alone
It is intended herein that the c-erbB-2 protein definition 55 rather than using a competition assay are also available. For
will also include those proteins developed from other host instance, immunoglobulins can be used to identify the pres-
systems, e.g.. proteins that are immunologically related to the ence of the c-erbB-2 protein. Standard procedures for mono-
human c-erbB-2 protein. For example, a related rat gene clonal antibody assays. such as ELISA. may be used (see,
(designated neu) has been reported in Schecter, et al., Science, Harlow and Lane, supra). For a review of various signal
229:976 (1985). 60 producing systems which may be used, see, U.S. Pat. No.
Useful epitopes to which antibodies may be easily raised 4,391,904,
include extracellular epitopes found on target cells. These Further. the specificity of the binding moieties to c-erbB-2
epitopes will generally be protein epitopes, e.g., linear or can be determined by their affinity. Such specificity exists if
conformational epitopes of the protein as found on neoplastic the dissociation constant (K,=1/K, where K is the affinity
cells. Other useful epitopes will include non-proteineous 65 constant) of the moiety is <1 uM, preferably <100 nM. and

components including carbohydrate or other modifications,
usually post-translational, found on the c-erbB-2 protein.

most preferably <1 nM. Antibody molecules will typically
have a K, in the lower ranges. K,,=[R-L)/[R][L] where [R],
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[L], and [R-L] are the concentrations at equilibrium of the
receptor or c-erbB-2 (R), ligand, antibody. or peptide (L) and
receptor-ligand complex (R-L). respectively. Typically. the
binding interactions between ligand or peptide and receptor

14
control cells (i.e.. not exposed to the c-erbB-2 specific pep-
tide). Preferably for these assays, the cells are directly sub-
jected to the labeled anti-c-erbB-2 antibodies after washing.
The down modulation observed is typically dose depen-

or antigen include reversible noncovalent associations such 5 dent. i.e., the extent of down modulation increases with the
as electrostatic attraction, Van der Waals forces, and hydrogen amount of peptide specific for c-erbB-2 protein exposed to the
bonds. c-erbB-2 protein. A peptide that causes a decrease in 90% or
Other assay formats may involve the detection of the pres- greater of binding of the treated cells versus control cells to
ence or absence of various physiological or chemical changes anti-c-erb3-2 antibodies is preferred.
that result from the interaction, such as down modulation., 10 Another preferred peptide specific for c-erbB-2 protein is
internalization, or an increase in phosphorylation. See also. one that binds tumor cells expressing c-erb3-2 protein and is
Receptor-Effector Coupling—A Practical Approach. ed. internalized when placed in contact with such tumor cells.
Hulme, IRL Press. Oxford (1990). “Internalization™ occurs when the peptide becomes seques-
A preferred peptide specific for c-erbB-2 protein induces tered in the cytoplasm of the cells. Once internalized, the
an increase in the phosphorylation of the c-erbB-2 protein 15 receptor and/or peptide may be degraded in the cell lysos-
when placed in contact with tumor cells expressing the omes or may be recycled to the cell surface. A method for
c-erbB-2 protein. A molecule that “induces an increase in the determining internalization of a ligand-receptor complex is
phosphorylation of c-erbB-2 protein™ is one that causes a also described in Haigler. et al., J. Biol. Chem., 255:1239-
detectable increase in the incorporation of phosphate into the 1241 (1980).
protein over that which occurs in the absence of the molecule. 20 A cell growth modulator is a molecule which affects the
Typically this detectable increase will be a two-fold or greater growth of a cell to which it is targeted. Typically, the modu-
increase in phosphorylation, preferably greater than a three- lator must be internalized into the target cell, but this function
fold increase over controls. Phosphorylation may be mea- is usually provided by internalization which results from the
sured by those methods known in the art for detecting phos- targeting moiety. The modulation will typically be a decrease
phorylation of receptors. See, for example Cooper. et al.. 25 in metabolism or growth rate, preferably a cytotoxic effect,
Methods in Enzyvmology, 99:387-402 (1983): Antoniades and but a significant increase in metabolism or growth rate will
Pantazis, Methods in Enzyvmology, 147:36-40 (1987); and also be useful. When a significant increase in metabolism or
Lesniak. etal.. Methods in Enzymology, 150:717-723 (1987). growth rate is eflected, a short term poison might be used in
Typically, phosphorylation can be measured by in vivo combination to kill only those cells exhibiting such.
phosphorylation of intact cells (Lesniak, supra) or by an in 30 For modulators which decrease metabolism or growth rate,
vitro autophosphorylation reaction (Antonaides, supra). For it is preferred that the modulator be highly potent, e.g., have
measuring in vivo phosphorylation, for example, assays may a very high activity. The toxin may include inorganic or
be conducted where cells bearing the c-erbB-2 protein are simple organic molecules, but biological molecules will usu-
placed into contact with radioactive labeled phosphate. To ally be more potent. Although viral and fungal toxins exist,
detect phosphorylation of the c-erbB-2 protein receptorin the 35 particular bacterial or plant toxins have among the highest
in vivo assay, it is advantageous to incubate the test cells for specific activities known. Growth arrest may occur by pre-
about 12 to about 18 hours, with the labeled phosphate. The venting any of a number of essential cellular functions includ-
cells are divided into two or more batches. where some are ing nucleic acid synthetic, protein synthesis, and cellular
exposed to the molecule expected to increase the phosphory- metabolism, general or specific. For example, pseudomonas
lation of the receptor and some are separated out a s controls. 40 exotoxin and diphtheria toxin function by irreversibly arrest-
The aliquots are subsequently immunoprecipitated, the ing protein synthesis in eukaryotic cells. Both examples enzy-
receptor is recognized. for example. by SDS polyacrylamide matically inactivate elongation factor 2, which is an essential
gel or autoradiography methods, and an increase in phospho- component of protein synthesis. Other elongation factors may
rylation is considered statistically significant when there is a be targets for other toxins. Ricin, in contrast, is a plant toxin
two-fold or greater increase in the background of the aliquot 45 which acts directly on the ribosome, acting on the 285 rRNA.
exposed to the test molecule over the control aliquots. To Preferably, the growth modulators will have enzymatic activi-
measure in vitro autophosphorylation, for example. cells or ties with high turnover numbers so internalization of very few
cell extracts may be incubated in the presence or absence of molecules can kill the target cell. See, Pastain, et al.. Science
the peptide specific for c-erbB-2. Following immunoprecipi- 254:1173-1177.
tation with an anti-c-erbB-2 antibody, the immune complex 50  Gelonin is a glycoprotein (M. W. approximately 29-30,000
may be incubated with y**P-ATP and analyzed by SDS- Kd) purified from the seeds of Gelonium multiflorum and
PAGE autoradiography. belongs to a class of potent ribosomal—inactivating plant
Another preferred peptide specific for c-erbB-2 protein is toxins. Other members of this class include chains of abrin,
one that causes down modulation of the c-erbB-2 protein. ricin, and modeccin. Gelonin, like abrin and ricin, inhibits
“Down modulation of the c-erbB-2 protein” is determined by 55 protein synthesis by damaging the 60S subunit of mammalian
a detectable decrease in the presence on the tumor cells of the ribosomes. Gelonin appears to be stable to chemical and
c-erbB-2 receptor. Such down modulation is detected by a physical treatment. Furthermore. gelonin itself does not bind
decrease in the ability of antibodies or other specific binding to cells and is normally non-toxic (except in high concentra-
moieties to bind to or recognize the c-erbB-2 receptor protein tions) when administered alone, and is safe to manipulate in
on the tumor cells. For example. down modulation can be 60 the laboratory. The inactivation of ribosomes is irreversible,
determined by incubating tumor cells bearing the c-erbB-2 does not appear to involve co-factors, and occurs with an
protein receptor with the peptide of interest. washing the efficiency which suggests that gelonin acts enzymatically.
cells. then contacting the cells with labeled (preferably radio- Gelonin and ricin inhibit protein synthesis and are among
labeled) antibodies specific for the c-erbB-2 protein. The the most active toxins on a protein weight basis. Gelonin is 10
extent of binding of the labeled anti-c-erbB-2 antibodies to 65 to 1000 times more active in inhibiting protein synthesis than

the cells exposed to the peptide specific for c-erbBB-2 protein
is compared to the extent of binding of the antibodies to

ricin A chain. Peptides like ricin and abrin are composed of
two chains, an A chain which is the toxic unit and a B chain
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which acts by binding to cells. Unlike ricin and abrin, gelonin
is composed of a single chain, and, because it lacks a B chain
for binding to cells, it is itself relatively inert, or non-toxic to
intact cells. This feature of having a much lower cellular
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such as the liver and bone marrow. Use of drugs conjugated to
the TAb 250 antibody as a delivery system allows lower
dosage of the drug itself, since all drug moieties are conju-
gated to antibodies which concentrate on neoplastic cells, and

effect when not conjugated to a binding or targeting moietyis 5 will usually be internalized therein.
an important feature of various embodiments of the present The targeting moiety and the cell growth modulator may be
invention. This differential toxicity is important in high speci- conjugated using a variety of bifunctional protein coupling
ficity for c-erbB-2 expressing cells. agents. Representative reagents are N-succinimidyl 3-(2-py-
Mammalian cells apparently lack the ability to bind and/or ridyldithio)(propionate)(SPDP), 2-IT, 4-succinimidyloxy-
to internalize the native gelonin molecule. Conjugates of 10 carbonyl-a-methyl-o(2-pyridyldithio)  toluene  (SMPT)
gelonin with a tumor-targeting reagent, such as the mono- bifunctional derivatives of imidoesters such as dimethyl
clonal antibody TAb 250 directed to a tumor associated anti- adipimidate, HCI, active esters such as disuccinimidyl suber-
gen present on certain tumor cells, provide both a specific ate, aldehydes such as glutaraldehyde, bis-azido compounds
method for binding the gelonin to the cell and a route for such as bis(p-azidobenzoyl) hexanediamine. bis-diazonium
internalization of the gelonin-antibody complex. 15 derivatives such as bis-(p-diazoniumbenzoyl)-ethylenedi-
The cytotoxic moiety of the immunotoxin may be a cyto- amine, diisocyanates such as tolylene 2,6-diisocyanate, and
toxic drug or an enzymatically active toxin of bacterial or bis-active fluorine compounds such as a 1,5-difluoro-2.4-
plant origin or an enzymatically active fragment (“A chain™) dinitrobenzene.
of such a toxin. Enzymatically active toxins and fragments Prior to use in these studies, the Sp2/0-Ag14 cells is grown
thereof are preferred and are exemplified by gelonin, diph- 20 initially in the presence of 0.1 pg/ml of native gelonin. Over
theria A chain, nonbinding active fragments of diphtheria several months, the concentration of gelonin is gradually
toxin, exotoxin A chain (from Pseudomonas aeruginosa), increased until the cells can be maintained in up to 10 mg/ml.
ricin A chain, abrin A chain. modeccin A chain. alpha-sarcin. Cells will then be cloned by limiting dilution in the presence
Aleurites fordii proteins, dianthin proteins, Phytoiacca of 10 mg/ml gelonin and the resulting colonies resistant to
americana proteins (PAPIL, PAPIL and PAP-8), momordica 25 gelonin is expanded. Gelonin i s then removed from the
charantia inhibitor, curcin, crotin, saponaria officinalis culture media for two passages and the cells challenged again
inhibitor, mitogellin, restrictocin, phenomycin, and enomy- with gelonin exposure to confirm development of stably-
cin. The active toxins can function by any of a number of resistant clones. Afier tests to confirm the production and
mechanisms, each of which affects cellular physiology and activity of chimeric TAb-250, gelonin-resistant SP2/0 cell
growth. The toxins may be metabolic inhibitors or poisons. 30 producing antibody is grown and the cDNA for the TAb 250
nucleic acid synthesis inhibitors, protein synthesis inhibitors, antibody removed from the total DNA by incubation with
or any other mediators of abnormal or deleterious functions. restriction endonuclease. In parallel, the cDNA from JM105
Most preferred is conjugation with gelonin. E-Coli expressing optimized gelonin is removed. purified and
Active fragments and derivatives include any compounds the DNA encoding gelonin released after digestion with Hin-
which have the same core structure as the full length structure 35 dIIl and Eco RI. The gelonin gene is ligated into the heavy-
of gelonin but lack the entire primary sequence. These frag- chain fragment and the insert replaced into gelonin resistant
ments or derivatives will have the same or improved biologi- SP2/0 cells. Cells is sub-cloned by limiting dilution and the
cal or cytotoxic activity as gelonin. The cytotoxicity of the clones screened for both chimeric antibody production and
gelonin fragments or derivatives may be routinely determined gelonin content. Finally. positive clones will be expanded and
by those with skill in the art using the rabbit reticulocyte 40 the recombinant fusion protein will be purified and tested in
lysate assay. both in vitro cytotoxicity assays and in vivo tissue distribu-
Biological response modifiers which may be coupled to the tion, pharmacokinetics, therapeutics and toxicity trials. A
TAb 250 antibody and used in the present invention include, comparison of TAb-250-gelonin fusion protein properties to
but are not limited to. lymphokines and cytokines such as the characteristics of the previously described TAb 250 gelo-
1L-1,IL-2, interferons (a,  ory), TNF. LT, TGF-f, and IL-6. 45 nin constructs is performed to determine the advantages and
These biological response modifiers have a variety of effects drawbacks of each. Based upon these studies a Phase [ clinical
on tumor cells. Among these effects are increased tumor cell study of chimeric TAb 250 gelonin fusion protein is per-
killing by direct action as well as increased tumor cell killing formed in patients with advanced breast cancer.
by increased host defense mediated processes. Conjugation Administration of the immunotoxins of the present inven-
of antibody TAb 250 to these biological response modifiers 50 tion to an individual who has been diagnosed as having neo-
will allow selective localization or targeting to tumors or cells plastic cells, e.g., a tumor with an undesirable level of expres-
overexpressing c-erbB-2 and. hence, improved anti-prolifera- sion of the c-erbB-2 oncogene, allows targeting and
tive effects. Non-specific effects leading to toxicity of non- concentration of the cytotoxic agent at the site where it is
target cells will be minimized since the selected cell growth needed to kill them. By so targeting the cytotoxic agents,
mediator is ineffective absent a targeting component. 55 non-specific toxicity to other organs. tissues and cells will be
Cytotoxic drugs (and derivatives thereof) which are useful eliminated, minimized or at least decreased.
in the present invention include, but are not limited to. adria- When used in vivo for therapy. the immunotoxins of the
mycin, cis-platinum complex, bleomycin and methotrexate. present invention are administered to the patient or an animal
These cytotoxic drugs are useful for clinical management of in therapeutically effective amounts, i.e., amounts that elimi-
recurrent tumors, but their use is complicated by severe side 60 nate or reduce the tumor burden. They are administered
effects and damage caused to non-target cells. The TAb 250 parenterally, preferably intravenously, but other routes of
antibody may serve as a useful carrier of such drugs providing administration are used as appropriate. The dose and dosage
an efficient means of both delivery to the tumor and enhanced regimen depend upon the nature of the cancer (primary or
entry into the tumor cells themselves. In addition, specific metastatic) and its population, the characteristics of the par-
antibody delivery of cytotoxic drugs to tumors will provide 65 ticular immunotoxin, e.g.. its therapeutic index the patient,

protection from the deleterious action of the chemotherapeu-
tic agents of sensitive sites which do not overexpress c-erb3-2

the patient’s history and other factors. The amount of immu-
notoxin administered typically is in the range ol about 0.1 to
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about 10 mg/kg of patient weight. The schedule is continued

to optimize effectiveness while balanced against negative
effects of treatment. See Remington’s Pharmaceutical Sci-
ence, 17th Ed. (1990) Mark Publishing Co., Easton, Penn.:
and Goodman and Gilman's: The Pharmacological Basis of 5
Therapeutics 8th Ed (1990) Pergamon Press.

For parenteral administration the immunotoxins are most
typically formulated in a unit dosage injectable form (solu-
tion, suspension, emulsion) in association with a pharmaceu-
tically acceptable parenteral vehicle. Such vehicles are prel-
erably non-toxic and non-therapeutic. Examples of such
vehicles are water. saline, Ringer’s solution, dextrose solu-
tion, and 5% human serum albumin. Nonaqueous vehicles
such as fixed oils and ethyl oleate may also be used. Lipo-
somes may be used as carriers. The vehicle may contain
minor amounts of additives such as substances that enhance
isotonicity and chemical stability, e.g.. buffers and preserva-
tives. The immunotoxin will typically be formulated in such
vehicles at concentrations of about 0.1 mg ml to 10 mg ml.

The immunotoxins of the present invention may also be 20
used to extend the survival time of tumor bearing mammals
and to retard the rate of growth of tumors comprised of cancer
cells carried by a mammal. For example, nude mice bearing
xenografts of human tumors growing subcutaneously or
intraperitoneally can be treated with doses of immunotoxin,
antibody alone, toxin alone or saline at a dose between 25 and
100 mg/kg. Tumor growth inhibition can be measured by the
change in physical size of the subcutaneous tumors or by
prolongation of survival in mice-bearing intraperitoneally
tumors such as SKOV-3 cells. Such studies are useful or
indicative of methodologies and which might be applicable to
other mammals, including primates.

The present invention also provides an immunotoxin com-
prised of a single chain antibody raised against an epitope on
HER-2/neu. In one embodiment, the single chain antibody is
raised against the 185 kD antigen of HER-2/neu. For
example, such a preferred single chain antibody is antibody
¢-23. Preferably, the composition of the present invention is
made by recombinantly fusing the gene encoding said anti-
body to the gene encoding gelonin.

The instant invention also provides a conjugate of tumor
necrosis factor to an antibody specific for c-erbB-2 protein.
The antibody may be an intact full-length immunoglobulin in
which either the heavy chain or light chain is conjugated to
tumor necrosis factor. Alternatively, the antibody may be an
Fv fragment with tumor necrosis factor conjugated to either
the V,, or the V, peptide. Preferably. the conjugate is a fusion
protein between a single chain antibody and tumor necrosis
factor produced by fusing a gene encoding the single chain
antibody to the gene encoding tumor necrosis factor. Specific
example with single chain antibody scFv-23 are described
herein.

The following examples provide a detailed description of
the preparation, characterization. and use of the immunotox-
ins of this invention. These examples are not intended to limit 5
the invention in any manner.

10

15

25

40

EXAMPLE 1

60

Purification of Gelonin
A procedure for the isolation of gelonin is available in
Stirpe, et al., . Biol. Chem., 255, 6947-53 (1980). Seeds of
Gelonium mudtiflorum were shelled and the nuts ground in a
homogenizer with eight volumes of 0.14 M NaCl containing
a5 mM sodium phosphate (pH 7.4). The homogenate was left
overnight at 4° C. with continuous stirring. cooled on ice and
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centrifuged at 35,000 times g for 20 minutes at 0° C. The
supernatant was removed, dialyzed against 5 mM sodium
phosphate (pH 6.5) and concentrated using a PM10 filter. The
sample was layered on a CM-52 ion-exchange column (20x
1.5 em) equilibrated with 5 mM sodium phosphate (pH 6.5).
Material which bound to the ion exchange resin was eluted
with 400 ml of a linear NaCl gradient from 0 to 0.3 M at a rate
of 25 ml per hour at 4° C. Five ml fractions were collected.
The fractions were monitored at 280 nm in a spectrophotom-
eter. The gelonin eluted in about fractions 55-70 and was the
last major elution peak. Fractions 55-70 were pooled, dia-
lyzed against double distilled water and concentrated by lyo-
philization. The purity and the molecular weight of each
preparation was checked on high pressure liquid chromatog-
raphy using a TSK 3000 gel permeation column with 50 mM
sodium phosphate buffer, pH 7.4 and 15% sodium dodecyl-
sulphate-polyacrylamide gel electrophoresis (SDS-page).
Gelonin migrated as a single band with an approximate
molecular weight of 29-30,000 daltons.

EXAMPLE 2

Assay of Gelonin Activity

The gelonin activity was monitored in a cell-free protein
synthesis inhibition assay. The cell-free protein synthesis
inhibition assay was performed by sequentially adding to 50
pl rabbit reticulocyte lysate, mixing after each addition, the
following components: 0.5 mlof 0.2 M Tris-HCI (pH 7.8). 8.9
ml of ethylene glycol, and 0.25 ml of 1 M HCI).

Twenty microliters of a salt-amino acid-energy mixture
(SAEM) consisting of: 0.375 M KCI, 10 mM Mg(CH,CO,),,
15 mM glucose, 0.25-10 mM amino acids (excluding leu-
cine), 5 mM ATP, | mM GTP, 50 mM Tris-HCI (pH 7.6). 10
ul Creatinine phosphate-creatinine phosphokinase, 12 ul *H
leucine (Amersham. 74 mCi/mmol), and adding 1.5 pl of
solutions containing varying concentrations of the gelonin
mixture. The mixture was incubated for 60 minutes at 30° C.
*H-leucine incorporation was monitored in an aliquot of the
mixture by precipitating synthesized protein on glass fiber
filters, washing in 10% TCA and acetone, and monitoring the
radioactivity in a Beta-counter using Aquasol scintillation
fluid. Gelonin with a specific activity no lower than 4x10”
U/mg was used for conjugation with the antibodies. A unit of
gelonin activity is the amount of gelonin protein which causes
50% inhibition of incorporation of ['*C] leucine into protein
in the cell free assay.

EXAMPLE 3

Conjugation of TAb250 With A Preparation of 2-1T Modified
Gelonin

Gelonin in phosphate buffered saline was concentrated to
approximately 10 mg/ml in a Centriprep 10 concentrator.
Triethanolamine hydrochloride (TEA/HCI), pH 8.0, and
EDTA were added to a final concentration of 60 mM TEA/
HCI and 1 mM EDTA, pH 8.0. A 2-iminothiolane stock
solution (500 mM in 60 mM TEA/HCI buffer containing 1
mM EDTA, pH 8.0) was added to a final concentration of 1
mM and the sample was incubated for 90 min at 4° C. under
a stream of nitrogen gas with stirring. Excess iminothiolane
was removed by gel filtration on a column of Sephadex G-25
(1x24 em) pre-equilibrated with phosphate-EDTA bulfer, pH
7.5, containing 0.01 M Na,HPO,. 0.0018 M KH,PO,. 0.0034
M KCI. 0.001 M EDTA and 0.17 M NaCl. Fractions were
analyzed for protein content in microtiter plates using Bio-
Rad assay. Gelonin eluted at the void volume (about fractions
21-23). These fractions were pooled and stored at 4° C.
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EXAMPLE 4

Preparation of Monoclonal Antibodies
BALB/c mice were immunized intraperitoneally (i.p.) and

20

mate ratio of one iodine atom per IgG molecule. The incor-
poration was allowed to proceed at room temperature for 7.5
minutes with intermittent mixing. The reaction mixture was
removed from the beads, and after 5 minutes. the volume was

y . & = 5 adjusted to 0.5 ml with Na-phosphate buffer and 2 pl were
zgﬁglg:?:?;?tlg d(:\.:tl?l \:l‘;?b%xé?c:lﬁlgmﬁiiﬂ?ﬁ {I:I;I;Ii;{f taken to estimate specific activity (see below). The remaining
iy el Rl s ; ! a volume was desalted by gel filtration using a NAP-5 column
I‘]‘-‘i] r‘\"‘t']““] = "d_JAll"va‘“:jl'}_\l?lfndqlb ?f‘}:l}t}[ﬁ'l"d ("l\:-{:.:c]]-yb%]m 1'; (Pharmacia) equilibrated with PBS containing 0.1% BSA and
weel Zl ]:cll F“‘i-]‘_“l “]"" el LAl T s ( 'E’;ﬂ E10W, 0.02% azide. The radiolabeled antibody was eluted in 1 ml
:feli eteEt P »4a lilalp orslnfravenou]tl» (iv.) 0}’_{ we“::ls g“iei: 10 column buffer and was stored at 4° C. for up to six weeks with
P3 )ggg A ggge% l.lbll]JIl. P ﬁen c.elsv \e&'delje RI]’;/H 124]-:] no apparent loss of binding activity. The de-salted material
3- £8.653 myeloma cells maintained in ) Silb oot ted jodine since >95% was
10% FBS. and 2 mM L-glutamine. Hybridoma supernatants }V(ajsf—ssferlil;itzble SRR e ee O
Z";fﬁ;fﬁ;ﬁi lh:]r aﬁléﬂﬁfa'iﬁiﬁﬂﬂ i Létf;.ﬁlffgi ;elmil_- The specific activity of the radiolabeled antibody was esti-
- a vty ];’_] p NIH’-T; d 15 mated by TCA precipitation of the material before the de-
TeE JOIRHDOEHOIesLHlee TBINE RIEe 0 4t salting step. Thus, 2 pl of the reaction mixture was diluted
Tﬁl?ﬂ{;gtiﬂ;‘;ﬁUim‘g(;]lllrbcg 5'3’}:3:;;3:;‘::‘;;& I'::;:l)::; 500-fold in column buffer and duplicate aliquots mixed with
; ™ o 1 vol fi Id 20% TCA. After 25 minut
source. Most preferably, the anti-c-erbB-2 antibody used in ?é;elﬁ]iaprf:ziglillzgd :E:[g?ia] wa‘;ocul]ecl e l?; cc[:::_i?::gif]ﬁﬂ
Ihe.p];redsent invention is either a human antibody or a murine ,, (10 min. 3000xg). Supernatants and pellets were counted
ant[l[y(:)r)i((i¢1111a IO L - separately, and the incorporation was expressed as the percent
i s : of TCA-precipitable counts. The incorporation obtained in
continuous perfusion bioreactor. The cell supernatant from separate E)dinglions ranged from 27(%_{5 45%, yielding spe-
}[1‘“' h“’wadﬂfl: 1]’]‘ ﬁ]lc;clgl afld lhcnhpasscdllhmugh 4 Pnl]wl!]f-l(i cific activity estimates from 3.9 ta 7.2 uCi/ug. Pcforc each
1111:11?ei]{]sll?;nt11211(i:woﬁcelir:i:de)z;idagfeiife“;l?;ar:;lgrla"gs:ﬁg (1; 25 binding experiment, an appropriate amount of '**[-TAb 250
i : was de-salted by gel filtration using a NAP-5 column equili-
final product includes tests for total DNA, protein purity, pH.  prated in bindilfgbbuﬂ'er, This profedure removed the gzide
E‘:ﬁé 1;;;2]) g;“_}"];r; ;;Ldszi:x]‘[:‘;e[;?ll;:“}l’ntg‘"g;:g l?tlil;lizzs)z; and yielded material that was routinely >98% TCA-precipi-
g Bl J : table.
chimeric antibody, including a hybrid antibody or a human- 5
ized or human-like antibody. In a preferred embodiment, the EXAMPLE 7
variable sequence originates from and is substantially identi-
cal to a sequence of the murine TAb 250 antibody. Such a
chimeric antibody is BACh-250. Cell Culture
5 The human breast adenocarcinoma cell lines, SKBR-3,
EXAMPLE 5 © MDA-MB-453, and MDA-MB-231, and the human ovarian
adenocarcinoma cell line SKOV-3, were used. SKBR-3,
o MDA-MB-231, MDA-MB-453 cells were maintained in
Ll ,IbAlAssay "y 4 ] minimal essential medium supplemented with 10% FBS and
Sterile 96-well plates were pretreated for 2 hours at 37° C. 2 mM L-glutamine. Medium for MDA-MB-453 cells also
with hO‘Vi“C collagen at 1 mgf ml in sterile PBS. NIH3T3,. 4 contained 1% non-essential amino acid and 1% vitamins.
(NIH3T3 cells transformed with the vector) cells were grown SKOV-3 cells were cultured in Iscove’s modified Dulbecco’s
to 80% confluence and harvested with warm Puck’s Versene medium supplemented with 10% FBS and 2 mM
(0.02% EDTA in PBS). washed, and plated at 0.5-1x10° [ gjutamine. All cultures were incubated at 37° C. in either 5
cells/ml in the treated wells overnight at 37° C. Plates were _ or 10% CO, as required.
gently washed and treated with 10% neutral buffered forma- 43 -
lin followed by a blocking step with 1% bovine serum albu- EXAMPLE 8
min BSA/PBS. Sample supernatants or antibody dilutions
were then added to the plates and incubated for 2 hours at 37° _— —
C. followed by incubation with an alkaline phosphatase-con- Inter na]]za‘tlm} of ; llz_}qb 250 .
jugated goat anti-mouse IgG Fe-specific secondary antibody 3¢  Intemalization of “""I-TAb 250 was assessed by determin-
and incubated Tor 1 hourat 37% C. Plates were: washed with ing the amount of rac}mactl.wty in acid sensitive and insensi-
PBS. a para-nitropheny! phosphate and diethanolamine sub- tive compartments. Cells Were h_“f""""‘l‘:d and resuspended in
stfite were added and incibated o 15 minites st v ice cold binding bu.ﬂcr with " "I-TAb 250 alone (from 6 llgfim]
temperature, and A,; was measured. Supernatants or anti- t0 153 ng{'l}ll] oL “'.'“h excess unlabeled TA_b 250_ to }je‘em_ﬂ“le
bodies that reacted with the transfected cells at an absorbance 55 non-specific binding. After the cell surface binding of the
of 0.2-1.0 greater than the absorbance for a negative control radiolabeled anllh‘ody rc‘ached ‘iq“"]'h“""]' the cells weae
antibody were considered positive. p(.?l]c!cd at 2()ng .lur 5 minutes 4° C. and washed l!m:c times
with ice cold binding buffer to remove unbound antibody. The
EXAMPLE 6 ce_l] pellets were resuspended i1} ice cold binding m_ec!i}]m.lzzléld
60 aliquots were taken to determine the amount of initial “=71-
) ) i TAb 250 surface binding. To initiate internalization of the
Preparation and Handling of "~’I-TAb 250 radiolabeled antibody, the cells w ere warmed to 37° C. At
TAb 250 was radiolabeled using lodobeads (Pierce) times from 15 to 150 minutes, aliquots were removed and the
according to the manufacturer’s specifications. Carrier-free cells were collected by centrifugation (1400xg 5 minutes, 4°
2 p y 2 2
Na'#*I (400 uCi of IMS. 30, Amersham) was reacted with 25 65 C.). The supernatants which contained dissociated or

ug TADb 250 in 100 mM Na-phosphate bufler (200 ul, pH 7.4)
in the presence of 3 lodobeads. This resulted in an approxi-

recycled antibody were collected. The pellets were resus-
pended twice in an acid wash (100 pl/tube PBS, 1% glucose,

IMMUNOGEN 2047, pg. 44
Phigenix v. Immunogen
IPR2014-00676



US 7,754,211 B2

21

pH 1). Supernatants containing the surface-bound antibody
were combined and counted. The tips of the tubes containing
the remaining cell associated radioactivity were clipped and
counted.

22
Rad assay. The fractions are pooled and stored at 4° C. under
N,. The cross-link with 2-1T is carried out at 27° C. under N,
with stirring for 96 hr. The final product is purified as
described for SPDP in Example 9.

FIG. 6 illustrates that monoclonal antibody TAb 250 isnot 5 One milligram of purified gelonin (2 mg/ml in PBS) pre-
internalized in MDA-MB-231 cells (FIG. 6B). In contrast. pared as described in Example 1 was modified with iminothi-
SKBR-3 cells internalized the TAb 250 antibody most effi- olane as described in Example 3. Monoclonal antibody
ciently (FIG. 6A) while internalization of the antibody into TAb250 modified as described in Example 9 was mixed with
SKOV-3 cells and MDA-MB-453 cells was intermediate an equal weight of the modified gelonin. This proportion
(FIGS. 6C and 6D, respectively). 10 corresponded to a 5-fold molar excess of gelonin as compared

to antibody. The pH of the mixture was adjusted to 7.0 by the
EXAMPLE 9 addition of 0.05 M TEA/HCI buffer pH 8.0 and the mixture
was incubated for 20 hours at 4° C. under nitrogen. lodoac-
i . ; A etamide (0.1 M) was added to a final concentration of 2 mM
Mod]hcat} Ofl (':‘t Monoc]onz}l Ant.lbc.)dy TAb_ 250 With SPD,P 15 1o block Emy remaining free sulfhydryl groups and incubation
. N—Sucmmmldj{l 3-(2-pyridyldithio)(p roplonate.](SPDP] in was continued for an additional hour at about 25° C. The
dimethylformamide was prepared as a stock solution of 3 mg reaction mixture was stored at 4° C. until purification by gel
ml in dry dimethylformamide. Since the crystalline SPDP can filtration.
undergo hydrolysis. the actual concentration of chemically
reactive crosslinker was determined by spectrophotometric EXAMPLE 11
methods by analyzing the absorbance at 260 nm in a dual-
beam spectrophotometer. The concentration of SPDP stock is
calculated from the ']‘()]l(_]wing (_,‘q]_]a[i(]]]; Purification of Gelonin-Monoclonal Ant lb()dy TAb 250
Complexes
,5  Non-conjugated gelonin and low molecular weight prod-
Change in absorbance (260 nm) (30D _ = oo ucts were removed from the reaction mixtures of Example 10
0.02% 103 ml mmol 1 by gel filtration on a Sephadex S-300 column (1.6x31 cm)
pre-equilibrated with PBS. Reaction mixtures from Example

One milligram of monoclonal antibody TAb 250 in 1.0 ml ‘]).gwetre Comestiates) t(l';a}?prmlnn:ja.tely ! ml] WISth ahc:jemrlcolu
of phosphate buffered saline (PBS) was added to a glass tube. 30 ° mlcroconcentralc‘)r e‘ore oa"lng s L sl
SPDP stock solution was slowly added at about a 5-fold molar GRHI 0 TS o R WAL b Do i digl
excess 1o the tube (approximately 10 pl of stock solution), were collected and 50 pl aliquots are analyzed for protein by
mixing constantly. The mixture was incubated for 30 minutes the Bmdﬁ“‘_d s i .
at room temperature, mixing every 5 minutes during the incu- N(“]'C”“J“gf“ed “"“bﬂqu was removed from the gelonin
bation period. 35 conjugated a!mbody by affinity clumnatog__raphy ona co_lumn

Excess unreacted SPDP was removed from the sample by (Ix2¢em)o: Blue Sepharose CL—GB_pr_‘e—eqm]1bratedﬂw1th‘l0
gel filtration chromatography on a Sephadex G-25 column mM‘phosph‘alc buffer, pH 7.2 containing 0.1 M NaCl. Al!cr
(1x24 cm) pre-equilibrated with 100 mM sodium phosphate loading '.1""‘5"300 Clual.c sample, thecotnmn waswaShf“‘d with
buffer pH 7.0 containing 0.5 mM EDTA (Buffer A). Fractions - !:nl SR st i L T
(0.5 ml) were collected and analyzed for protein content using 4° amlbody: y x
the Bradford dye binding assay (Bradford, Anal. Biochem. Gelon;n{opjugaled amlb_ody bound to the co]u_m_n and was
72:248-254 (1976). Absorbance (600 nm) was monitored in a eluted witha lm‘car salt gradient of ().;Z w2M Na(.f] in 10 mM
96-well plate using a Bio-TEK Microplate autoreader. Anti- phosphate hul‘lcr._ pH 7.2. The 311}1hUdY'g_‘~‘10“1“ complex
body eluted at the void volume (fractions 14-20) and these eluted at ap.pruxunalc]y 0.7M NaCl. Protein content of the
fractions were pooled and kept at 4° C. The protein was elutec_i tractlogls. s det.ermmed by the Bradford assay: The
concentrated in a Centricon-30 microconcentrator. The Cen- ~ Protein-containing fractions were pooled and the elution pat-
tricon retentate was washed with 100 mM sodium phosphate €™ confirmed by electrophoresis onas to 20% gradient
buffer, pH 7.0 containing EDTA (0.5 mM). The antibody was “Em'"_"'d”cmg polyacry.]amldc 591- n"j‘ ﬂow-lh.ruugh I?cak
concentrated to a final volume of approximately 0.5-0.75 ml. (fractions ]4'29] contains only 1r§e antibody while .fractlo.ns

so 50-80, eluted with high salt, contain TAb 250-gelonin conju-

EXAMPLE 10 gate free of unconjugated gelonin or antibody. The final prod-

uct contained TAb 250 antibody coupled to 1, 2 and 3 gelonin

molecules. Average gelonin content was 1.5 molecules per

Conjugation of SPDP-Modified TAb250 With Iminothi- antibody molecule. The rabbit reticulocyte in vitro translation
olane-modified Gelonin: Conjugation of 2-1T Modified Gelo- 55 system was utilized to estimate the gelonin activity of the
nin and TAb 250 essentially pure gelonin-TAB 250 antibody complex. One

TAb 250-gelonin linked with SMPT is prepared by cou- unit of activity in this assay was defined as the amount of
pling 2-IT-modified gelonin with SMPT-modified mono- protein required to provide 50% inhibition of protein synthe-
clonal antibody TAb 250. Briefly, to modify TAb 250 with sis as compared to untreated controls. Utilizing this assay, the
SMPT, 10 mg of antibody in 1.0 ml of PBS is diluted 1:1 with 60 specific activity of both the native gelonin and the TAb 250
2x borate buffer (0.05 M sodium borate 1.7% sodium chlo- gelonin conjugate were determined to be 2x10* U/mg and
ride, pH 9.0) and 52 pl of 4 mM SMPT in dry DMF is slowly 8.2x10” U/mg, respectively. The essentially pure gelonin-
added to the antibody solution. The reaction is incubated at TAb 250 antibody is active in the reticulocyte lysate assay. A
room temperature for 2 hr with stirring under N,. Excess 1:1000 dilution of the original sample caused approximately
SMPT is removed by passing the reactions mixture througha 65 a 50% inhibition of protein synthesis, i.e.. a 50% reduction of

Sephadex G-25 column containing phosphate-EDTA buffer,
pH 7.5, and antibody positive fractions are evaluated by Bio-

the incorporation of '*C-leucine into protein. Thus, the activ-
ity of the original preparation was 1000 U/ml.
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The compositions of the present invention may include
fusion constructs of the TAb 250 monoclonal antibody and a
cytotoxic moiety. Fusion constructs of the immunotoxin of
the present invention may be prepared, e.g.. by the following

24
followed by the addition of 10 pwl/well of MTT. MTT was
prepared as a 5 mg/ml solution of PBS, filtered sterilized, and
storedat 4° C. inthe dark. Plates were kept dark and incubated
for an additional 4 hours at 37° C. The MTT crystals were

method. The nucleotide sequence of both the Hand I chainV' 5 dissolved by mixing the contents of the wells vigorously with
regions of TAb 250 are easily determined. For example, total 100 microliters of isopropanol containing 0.04 N HCl and 3%
RNA is extracted from TAb 250 producing cells with quan- sodium dodecylsulfate. Absorbance at 570 nm was deter-
dinium thiocyanate. Poly A+ RNA can be isolated by oligo mined using an enzyme-linked immunosorbent assay reader.
(dT) cellulose chromatography. The appropriate genes can be
isolated using standard techniques. including reverse tran- 10 RRAMELE LD
scription and PCR techniques. A ¢cDNA strand may be syn-
thesized from isolated mRNA using an oligo-dT primer and CPA
reverse transcriptase. Such a cDNA strand can be amplified The cell proliferation assay (CPA) measures cell growth by
using standard PCR techniques with appropriate primers. A determination of cell number and viability. On Day 0, cells at
primer near the poly-A tail of the message can be based either 15 80-90% confluency are released from a tissue culture flask,
upon the poly-A sequence, or upon common adjacent pelleted at 200xg at 20° C. for 6 minutes, and resuspended in
sequences found in mouse immunoglobulins. See Devereaux., Iscove’s MEM containing 2 mM glutamine and 10% fetal
Genetics Computer Group, University of Wisconsin Biotech- bovine serum to a concentration of 6000 cells/ml. The cell
nology Center and its associated sequence databases. A suspension is added to 24-well plates at 1 ml per well. The
primer at the other end of the gene may be selected from 20 plates are incubated at 37° C., 5% CO,, for 24 hours. On day
common sequences found in mouse immunoglobulins. See 1. the cells in three wells are washed with PBS and released
Orlandi et al. (1989) PNAS 86:3833-3837 and Larrick et al. from the plate with 1 ml 0.05% trypsin in PBS and 500 pl are
(1989) Bio/Technology 7:934-938. The TAb 250 heavy chain counted using a Coulter Counter. To the remaining wells are
gene has a 5' upstream sequence of ATATAG CAGGAC added 20 pl of PBS, TAb 250, or TAb 250-gelonin, at the
CATATG (Seq ID No: 2) and starts coding with ATGAA 25 concentrations indicated in the figures. The plates are
CTTGG GGCTC (Seq ID No: 3). The TAb 250 light chain returned to the incubator. At the time-points indicated in the
gene has a 5' upstream sequence TTTAC TTCCT TATTT figures, the cells are released with trypsin and counted as on
(Seq 1D No: 4) and starts coding with ATGGG CATCA Day 1. The remaining 500 pl of cells are stained with pro-
AGATG (Seq 1D No: 5). These primers can be used to amplify pidium iodide so that viability can be determined by flow
the genes b y PCR technology, and cloned into plasmid 30 cytometry. For each point on the graph, a mean cell number
expression vectors. (n=3) is determined and multiplied by the percent of live cells
Transfection of DNA into Mouse Cells by Electroporation to find the _number of v1ab]§: cells. This is divided by the
5 s ; number of live cells treated with PBS to the percent of control
Standard transfection methods can be applied to these e
genes. For example, DNA can be introduced into murine 5 '
hybridoma Sp2/0-AG14 cells by electroporation. 1-2x10% EXAMPLE 14
actively growing SP2/0-AG14 cells are washed and resus-
pended in 1.0 ml of sterile PBS. Thirty micrograms of each - - ——— e .
chimerio, Te and oG s hmmid i added o thecall suspen- (1yloluxu..1ly of Gelonin and Gelonin-TAb 250 Antibody
sion. The DNA/cells are transferred to a precooled shocking Complex ; . .
g A ; 40 As can be seen in FIG. 1. ZME antibody had virtually no
cuvette, incubated on ice at least 5 minutes and then a 0.5 : . i
; : 2 2 sy ) effect on SKOV-3 cells. In contrast, TAb 250-gelonin immu-
kvicm electro-pulse is delivered for 10 msec (Transfector noconjugate was highly active. FIG. 2 illustrates a cytotoxic-
300, BTX). After shocking, the DNA/cell mixture is returned z et o Sl : - s .
: z ; : : i ity of the TAb 250-gelonin immunoconjugate on SKOV-3
to ice for 10 minutes. diluted in 10 ml of DMEM containing . ;
7% e A i cells compared to gelonin alone. At the same concentration,
5% NCTC-109 and 10% FCS. and incubated at room tem- _ e : 4
- : s 45 TAb 250-gelonin immunoconjugate was approximately
perature for 10 minutes. Finally, the cells are transferred to a : .
g Py : 5 st 10,000x as cytotoxic as gelonin alone. FIG. 3 demonstrates
37° C. incubator with 7% CO, for 48 hours before plating in ; g P z
: s e : that an irrelevant antibody, ZME 18 monoclonal antibody. has
selective medium, containing 1 pg/ml Xanthine. Cells can be 5 sk i e
. no competitive effect on the cytotoxicity of the TAb 250-
plated in 96-well plates at 3x10” cells/well and the culture T : I e ;
spertistants assayed by ELISA for antibody bound to TAB gelonin immunoconjugate. In contrast, increasing concentra-
250 anfigen positive target cells “ 50 tion of TAb 250 monoclonal antibody decreases the cytotox-
genp e ’ icity of the immunoconjugate in a dose dependent fashion.
FIG. 4 illustrates a dose response relationship of the TAb
EXAMPLE 12 Vi = ;
250-gelonin immunoconjugate on SKOV-3 cells. As seen in
the CPA assay. a dose above 0.1 micrograms/ml produced
MTT Assay 55 80% inhibition at six days. FIG. 5 illustrates the effects of
3-(4.5-dimethyVthiazolyl)-2,5-diphenyltetrazolium  bro- either the monoclonal antibody TAb 250 alone or the conju-
mide (MTT) assays were carried out by removing cells from gate of TAb 250 with gelonin on SKOV-3 cells. As can be
tissue culture flasks with versene 1:5000, centrifuging at seen, there is a dose dependent inhibition by the TAb 250-
500xg for five minutes, and resuspending the cells in medium gelonin immunoconjugate in the CPA assay. FIG. 7 depicts
at a concentration of 1x10° cell/ml. Cells were plated at 100 60 the effects of the TAb 250-gelonin immunoconjugate on four
ul/well into 96-well microtiter plates and incubated in a different cell lines. As would be expected, the greatest amount
humidified CO, incubator at 37° C. for 24 hours. of toxicity occurred in the SKBR-3 cell line. Intermediate
On the next day, TAb 250 or TAb-250 gelonin was added. toxicity was evidenced in SKOV-3 and MDA-MB-453 cells
Immediately after deposition of the highest antibody concen- while virtually no cytotoxicity was seen in MDA-MB-231
tration into the first column of wells, 1:2 dilutions of antibody 65 cells. Thus, the cytotoxicity of the TAb 250-gelonin immu-

were performed directly in the microtiter plates using a mul-
tichannel pipette. Plates were then incubated for three days.

noconjugate correlates with the number of cell surface recep-
tors in these cells.
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EXAMPLE 15

Single Chain Immunotoxins

26
CGCTAGCTGAGGAGACTGTGA-3" (Seq ID No: 7).
Simultaneously, DNA encoding gelonin from the vector
pRCM1808B was amplified using the following primers:

Single-chain antibodies (scFvs or sFvs), incorporating the it 2 '?I_C,'GTGGCGGTGGCTCCGGTC:—E??"?T{‘Q_
binding characteristics of the parent immunoglobulin, consist s (‘(’I IA(,’_("'B (""q “)_ N‘” 8) é“,lfl prinet 4: 3-CGGCCG-
of the antibody V, and V, domains (the Fv fragment) linked CAAGCTTAACTAGTTACAGCTCGTC _]'
by a designed flexible peptide tether. The translation of scFvs TCTCGAGGAATTTCAGCAG-3' (Seq ID No: 9)
as single polypeptides ensures expression of bothV, and V,, PCR syntheses were carried out in a Perkin Elmer Thermal
chains in equimolar concentrations and the covalent linking 1o Cyeler and the profile used for the construction of the com-
ofthe two sequences facilitates their association after folding. plete immunotoxin gene was as follows: the first step
Compared to intact IgGs or Fab fragments, scFvs have the  jnyolved 25 cycles of 94° C. denaturation for 1.5 minutes, 50°
3‘1"3“133‘35}‘[ 5"“‘_1]91_'5“‘3 afld_ 5'11'"(3““"‘11 svirilp]icilywil.h com- C. annealing for 1.5 minutes, and a | minute extension at 72°
parable antigen-binding affinities. !n addl‘llon, they are more C. followed by a single 72° C. incubation for 5 minutes using
stable than the ana.logf:)‘us two-chain Fv 'iragl.'m'?nts. Furll.ler— 15 all four aforementioned primers. Following this, one tenth
e SCFV.S ha_ve sigatficant afivanta_ges i c]nnc;al and diag- volume of the crude PCR product was removed and added to
nostic applications currently involving conventional mono- d PCR mixture containing onlv primers 1 and 4. This
clonal antibodies or Fab fragments thereof. The smaller size a e ; e gonyp o
of'scFvs would provide for better penetration of tumor tissue, becc:nd PC RAbymheb]S i compns?d 5 cyclf:s eaf:h e I‘h.a
. i T s profile identical to that of the previous amplification. This
improved pharmacokinetics, and a reduction in the immuno- 20 1.500 bp product was gel purified using Geneclean 11 (Bi
genicity and high backgrounds observed with intravenously ~ L, P PIOGHCE WS B, PUIded ustig \onenican (Bio
dmiristered Fabs. ](.)l ), digested uvcml,.ghl at room temperature with Nco [ and

FIG. 8 shows a schematic of the construction of the Hind 11, and cloned into the Novagen vector pET-22b (+).
scFv23-gelonin immunotoxin gene. A single-chain analogue Expression of the scFv-23-Gelonin immunotoxin in £.
of the antibody e-23 was raised against an epitope on the 185 - coli, pET-22b clones encoding full-length immunotoxin, as
kD antigen pl185HER-2/neu found on the surface of breast ™ judged by restriction digest analysis, were transformed into
and ovarian carcinomas. The 12 amino acid 212 linker was competent £. coli BL21(DE3) pLysS and incubated in 2x YT
chosen to tether the two variable regions of the antibody since growth medium (16 /L tryptone, 10 g/L yeast extract, 5 g/l
this sequence was shown to provide for proteolytic stability — NaCl: pH 7.0) at 37° C. until the A600 of the cultures was 0.4.
and functional antibody in several instances. Alternately 30 IPTG (Isopropyl-B-D-thiogalactopyranoside) was added to a
other linker sequences such as the flexible Gly-rich peptide, ™ fjya1 concentration of 1 mM and induction was continued
lm]\:mg pCpllflCS from ]]Illl[]dﬂﬂtlalll proteins, or other overnight at 16° C. The periplasmic fractions of the harvested
designed peptides c.g. .the 2(‘?2‘ 2{_)2 ' 20?’ and 218 could have bacteria were isolated using osmotic shock and mild sonica-
been selected. In addition a functional linker could have been s . . ) ey X

? g . tion and supernatants were used directly in ELISA and West-
selected from a randomized sequence library using phage __ 1 BLISA and Western analvses Wells of a 96-well
display technology or a colony filter-lift hapten-binding 35 CLRARA g Rcs: e nay = L 3A3
assay. Furthermore, short linker sequences used in the con- mlcrotlvter platte N f:oated oyermgh W]th. mitibady, 133,
struction of diabodies could also have been chosen. Antibod- An antl—ge_]omn‘ murine monoclonal ant]l;ody z_md then
ies recognizing tumor cell-surface epitopes have the ability to b“’““?‘! w”_h BSA. In *_‘”bscq“cm steps melam"‘_' lysates
selectively localize within human tumors after systemic containing 1mmunotoxin clones, m_bb“ anllrgcl(1|1|n poly-
administration and therefore can serve as targeting probes for 40" clonal antibody, and finally horseradish peroxidase (HRPO)-
the site-specific delivery of cytotoxic chemotherapeutic conjugated goat anti-rabbit 1gG were added. The plate was
agents such as Psendomonas exotoxin, ricin or gelonin. An developed with the HRPO substrate 2,2'-azino-bis-(3-ethyl-
immunotoxin was constructed with sFv-23 and gelonin. In  benzthiazoline-6-sulfonoc acid (ABTS) and the signal quan-
addition, with a view to increased efficacy of the immuno- 45 titated at 405 nm. For Western blots, periplasmic lysates were
toxin, the carboxyl-terminal endoplasmic reticulum retrieval — separated by 11% SDS-PAGE and transferred onto nitrocel-
signal Lys-Asp-Glu-Leu was added to the sequence of gelo- lulose. The filters were blocked in 5% BSA and then reacted
nin. A person having ordinary skill in this art would readily with 0.1 ug/ml of rabbit anti-gelonin (or rabbit anti-scFv-23)
recognize that certain modifications in the sequence of scFv- polyclonal antibody in 1% BSA. After extensively washing
23 could be made. e.g.. a V-Linker-V, format and CDR 5o the filters in Tris-buffered saline, pH 7.4 (TBS)-0.5% Tween
grafting to construct a humanized or chimeric antibody to 20, 0.1 ug/ml horseradish peroxidase-conjugated goat anti-
mjnj.mize 'potential immunogenicity problems with this rabbit 1gG was added. Following this incubation, the filters
murine antibody. were again washed in TBS-0.5% Tween 20 as before and

EXAMPLE 16 . developed with the Amersham ECL detection system.
EXAMPLE 17
Construction of the gene encoding the sclFv-23-Gelonin
Immunotoxin ] ; . . : .

FIG. 9 shows the configuration and sequence of the scFv-  SFv23/Gelonin Cloning as a  Glutathione-S-transferase
gelonin immunotoxin. The genes encoding scFv-23 and gelo- 60 ['usion Protein
nin (Gel) were linked together in a 5' Neo I-and 3' Hind DNA encoding the sFv-23-Gelonin immunotoxin from
[1I-flanked scFv-gelonin orientation via a short Gly-Gly-Gly- pET-22b was digested with Nco I, blunt-ended with DNA Pol
Gly-Ser (Seq ID No. 1) peptide tether to provide flexibility I Klenow and dNTPs, and then purified using the PCR puri-
between the two proteins in a PCR-based method. Briefly. fication kit from Qiagen. The DNA was then digested with
DNA encoding sFv-23 was amplified using the primer 1:5'- 65 Hind III, gel purified using Geneclean II (Bio 101)and cloned

GCTGCCCAACCAGCCATGGCGATGTCTGACGTC-3
(Seq ID No: 6) and primer 3:5'-CCGGAGCCACCGCCAC-

into the Sma I and Hind 1T sites of the GST fusion vector
pGEX-2T (Pharmacia). By virtue of this cloning method
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three extra N-terminal amino acids (Pro-Met-Ala) were
added onto the antibody fragment of the immunotoxin.

EXAMPLE 18

28
change, hydroxyapatite, and affinity chromatography, yields
and purity of protein obtained were unviable (data not shown)
and the GST-fusion system was selected as a possible means
to improve expression yields of the immunotoxin.

5
Expression of sFv-23-Gelonin as a GST Fusion Protein in E. EXAMPLE 20
coli
Positive DNA clones encoding the GST-immunotoxin Expression of scFv-23-gelonin Immunotoxins as a GST-fu-
fusion were transformed into the E. coli strains JIM109, X1.1- sion
Blue MRF', E104, and BL21 and induced under a variety of " FIG. 11 shows a western blot analysis of the scFvZME-
conditions. The optimal conditions were determined to be as gelonin and scFv-23-gelonin proteins refolded and purified
follows: transformed cells were grown in 2x YT at 37° C. to from insoluble inclusion bodies. The pGEX-2T vector was
an A600 of 0.7-0.9 when IPTG was added to a final concen- used to express the scFv-23-gelonin immunotoxin as a GST
tration of 0.2 mM; cultures were then induced at 37° C. for 4 fusion. Proteins expresses as GST fusions are generally puri-
hours. Cells were centrifuged, washed with Tris-buffered P fied in high yields using non-denaturing conditions in a one-
saline (TBS) (pH 8) and frozen at =80° C. until use. Once step procedure with glutathione-agarose (GSH-ag) affinity
thawed, the bacterial pellet was resuspended in TBS. 2 chromatography. The vector has been designed so that the
mg/mL lysozyme and 1 mM phenylmethylsulfonyl] fluoride GST carrier can be cleaved from the target fusion protein by
(PMSF) and sonicated. Supernatants were saved and bound to 5 virtue of a thrombin cleavage site between the two protein
Glutathione-agarose for 30 minutes at room temperature. The = moieties. Furthermore, any contaminating GST or undigested
resin was washed successively with an excess of 1M NaCl in fusion protein can be removed by rebinding to GSH-ag. The
TBS (pH 8) and TBS (pH 8). Fusion protein bound to the resin incompatible 5' restriction sites in the vector necessitated
was then either eluted off the resin with 15 mM glutathione. blunt-ending the 5' end of the immunotoxin and the conse-
reduced form (GSH) or digested directly with thrombin pro- 5 quent addition of three extra amino acids (Pro-Met-Ala) to the
tease (Novagen) overnight at room temperature using stan- = N-terminal of scFv-23. However, this would not be expected
dardized conditions. to adversely affect its binding activity since this end of an
antibody is far removed from the binding site. Different
EXAMPLE 19 induction conditions were used to optimize expression of
% soluble fusion protein.
C onstructim_l and expression of scFvZME-018-Gelonin EXAMPLE 21
Immunotoxins
FIG. 10 shows a binding analysis of sixteen individual
scFv-gelonin immunotoxin clones. Gelonin was fused to the Immunoconjugates with BACh-250
C-terminal end of scFv-23 via a short. nonstructured Gly4Ser 35  Recombinant gelonin (rGel) was covalently linked to
linker to provide a measure of flexibility between the two BACh-250 with the heterobifunctional cross-linking reagent
protein moities. The sequence chosen was one of several SPDP by the same method used in Example 9 to crosslink
possible peptides that could have been designed based on recombinant gelonin to TAb-250. Briefly, a stock solution of
small size and hydrophilicity to minimize steric crowding and SPDP indry DMF was added to a solution of either TAb-250
aqueous solubility, respectively. The products of the first set 40 or BACh-250 to a final concentration of 5-fold molar excess.
of PCR cycles are the individual scFv antibody and toxin Excess unreacted SPDP was removed by Sephadex G-25
fragments whereas the predominant product from the second chromatography. SPDP-derivative antibody fractions were
set of reactions is the full-length immunotoxin. For possible pooled and kept at 4° C. One milligram of purified rGel (2
increased cytotoxicity, the endoplasmic reticulum retrieval mg/ml in PBS) was added to triethanolamine hydrochloride
signal KDEL was added to the C-terminal sequence of gelo- 45 (TEA/HCI) buffer to a final concentration of 60 mM TEA/
nin to provide for more efficient transport of the toxin to the HCL. adjusted to pH 8.0, and then EDTA was added to a
ER from where translocation into the cytosol occurs. The concentration of | mM. A 2-iminothiolane stock solution was
final PCR product was gel purified, digested with Nco I and added to a final concentration of 1 mM, and the sample was
Hind 111, and cloned into the T7-expression vector pET-22b. incubated for 90 min at 4° C. under nitrogen. Excess 2-imi-
Bacterial clones containing full-length immunotoxin DNA so nothiolane was removed by gel filtration. SPDP-modified
were induced with IPTG and both culture supernatants and antibody was mixed with an equal weight of 2-iminothiolane-
periplasmic extracts screened by ELISA for binding to both modified rGel, which corresponded with a 5-fold molar
antibody-specific hapten pI185HER-2/neu on the surface of excess of gelonin as compared to antibody. The pH of the
SK-OV-3 or BT474 cells and 13A3, an anti-gelonin murine mixture was adjusted to 7.0 by adding 0.5 M TEA/HCI buffer
monoclonal antibody. Functional immunotoxin bound to tar- 55 (pH 8.0) and the mixture was incubated for 20 hr at 4° C.
get was detected with a polyclonal rabbit anti-gelonin anti- under nitrogen. lodoacetamide (0.1 M in H,0) was added to
body followed by a horseradish peroxidase-conjugated goat a final concentration of 2 mM to block any remaining free
anti-rabbit IgG antibody. Several immunotoxin clones with sulfhydryl groups, and incubation was continued for an addi-
the highest binding titers to both BT474 cells and antibody tional hour at 25° C.
13A3 were chosen for sequencing and further characteriza- 60 To remove low molecular weight products and nonconju-
tion. gated rGel. the reaction mixture was applied to a Sephacryl
Different bacterial hosts and induction conditions were S-300 column (1.6x31 em) previously equilibrated with PBS.
examined to improve expression yields and reduce the deg- Fractions were collected and the protein content measured.
radation problems initially observed with the immunotoxins. The high molecular weight peak fractions were applied to an
These manipulations were largely successful on a small scale 65 affinity chromatography column of blue sepharose CL-6B

(5 ml) but any attempts to scale up these growth conditions
were largely unsuccessful. Using a combination of ion-ex-

(1x24 cm) pre-equilibrated with 10 mM PBS (pH 7.2) con-
taining 0.1 M sodium chloride. The column then was washed
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with 50 ml of buffer to completely elute the non-conjugated
antibody. This was done with a linear salt gradient ot 0.1 to 2
M sodium chloride in 10 mM PBS (pH 7.2). The protein
content of the eluted fractions was determined vsing the dye-

30

free rGel under these conditions was 2x107° M, or a concen-
tration almost 4 logs higher than that of the immunotoxin
(data not shown). The co-administration of free antibody at
doses 0f 0.01, 0.1, and 1.0 ug/ml increased the immunotoxin

inng ey deerbed oy (005 0 e P 063,306, 1430 sty o1, 3o

Analysis of the final pusihed sample nsing nonredicing culture s.:lu(?lcs with lhc. I[U\(.h—ES()r'r(rc] 1111mun.010xm
SDS-PAGE showed that the final product contained a mixture showed significant cytotoxicity occurred at concentrations of
of immunotoxins containing one rGel molecule (major) and more than 0.01 ug/ml (FIG. 15). Maximal effects on cells
immunotoxins containing two rGel molecules (minor). No 10 were observed by day 6 of culture and growth inhibition was
demonstrable amounts of unconjugated antibody or free gelo- observed for the 10 days of the observation period.
nin toxin were detected.

EXAMPLE 24
EXAMPLE 22
15 o )

Cell Binding and Competition Studies Interlla?IMt](‘ll'Stu'd]es i 4

The binding of either unmodified TAb-250 or TAb-250/ The internalization of ***I-TAb-250 or "="I-TAb-250/rGel
rGel to antigen-positive SKOV-3 cells was assessed by an was assessed by determining the amount of radioactivity in
enzyme-linked immunosorbent assay. Both reagents had a acid-sensitive and insensitive compartments. Cells were har-
similar profile, suggesting that the binding determinants of 20 vested and resuspended in buffer containing radiolabeled
the antibody are preserved after SPDP modification and toxin antibody alone or containing excess unlabeled antibody to
conj ugalim'L ) ak determine the extent of nonspecific binding. After the cell-
o ST;’ Exifcn‘ﬁg‘;:)l}f(?;?}’l:i‘fgifﬁ;msoéovl;agji‘;d“%‘:fgfj‘gsf:g surface binding of the radiolabeled antibody reached equilib-
80-90% confluence and harv,csled, A total of 3.6x10°% cells 25 "™ el e (fenmhlged A ‘Ihe BRIl vite Wabilegl D
were incubated on ice for 4 hr in the presence of 5-10 ng/ml of rel"nc.r\te l.llTbound ﬁ]nt]l}ody. ‘The ce]!b WELS wam}ed t037°C.
123]_Jabeled BACh-250 or BACh-250/rGel alone. or in com- to initiate internalization of the radiolabeled antibody. At the
bination with increasing amounts of unlabeled buseT oG, times ind.if.:alcq. aliquots were removed and the c:f.‘]]s c()!lcclc}]
BACh-250 or BACh-250/rGel for 4 hr. Cells then were by centrifugation. ']'!1{: supernatants that c(‘)nlamcd dissoci-
washed and cell-associated radioactivity was determined 30" ated or recycled antibody were collected. The pellets were
using a gamma counter. Percentage of cells bound was deter- resuspended twice in an acid wash, and the supernatants
mined by d]vidlng the counts per minute, (cp[n) measured by COlltﬂillillg the surface-bound Ellltibﬂdy were combined and
total cpm and then multiplying the quotient by 100. counted. The tips of the centrifuge tubes containing the

In the competitive displacement studies, BACh-250 and remaining cell-associated radioactivity were then clipped and
BACh-250/rGel competed or cross-competed with either 33 counted.
reagent as shown in FIG. 13. ]30[}1 radiolabeled BACh-250 Studies performed with various cell lines expressing dif-
and BACh-250/ lee.l bout.'ld _SKO\’"3 target cells tvo the same ferent levels of c-erb-2/HER-2/neu showed that antibodies
extent, apd the binding of neither agent co_uld be C]]S]J]f]f:ed by Tab-250 and BACh-250 were not internalized in MDA-231
nonspecific 1gG. On the other hand. with the addition of cells, which contain low levels of the c-erbB-2 protein
unlabeled free antibody or immunotoxin, the binding of either a0 (~0 1 6x10° sites/cell). In contrast, SKBR-3 cells (>2x10°
radiolabel competed identically. The affinity of the immuno- " sf 1 internalia 'dvll s : & ‘ﬂ: fara
toxin appeared to be identical to that of the original antibody B ) Hiernafizet Hie antbody m_.m SLicient s ‘:sn e
and he binding of the immunctosih o farget colls oecurrad internalization of antibody into bK()\;H ‘cclls (~=1x10° sites/
solely through the interaction of the antibody component of Fcl]) and. MDA-453 cells (~0.35x10" sites/cell) cells was
the immunotoxin with the antigen on the target cells. 5 intermediate (data not shown).

EXAMPLE 23 EXAMPLE 25

In Vitro Cytotoxicity Studies in SKOV-3 Cells 5o In Vitro Cytotoxicity Studies in Six Different Cell Lines

Various concentrations of BACh-250/rGel were applied to The cytotoxic effects of TAb-250/rGel were examined in
log-phase SKOV-3 cells in culture in the presence of increas- six different cell lines that express various levels of the
i“g C"“C‘fﬂ!-rali'-‘“s of free antibody. For the assays with c-erbB-2 protein (see FIG. 16). As predicted from the inter-
3::;2112;?;1:;V;‘l:ilet:]é?zd:;fso\gﬁii‘;d;ﬂ:nl'l\c’lvlli(:;e]i]tile::r]i : nalization studies, the cytotoxic activity of the conjugate was

; ; 5 3 i R ; ; s

were resuspended in complete medium at a density of 5x10% ?ﬁi:f;tsaiséﬁlzﬁslﬁB i]i:::i; ie Eltg;ginﬂ?:;::;;ﬁf;
cells/ml. Aliquots of suspended cells were then dispensed into toxicity was observed in SKOV-3 cells, further reduced cyto-
96-well microtiter plates and the cells allowed to adhere for ks Eients wiste Shiervid:ln Ml),;\-MB- 453 salls: sad
Zhoyes, The medmert was Sl seplgopl wil s oo almost no cytotoxic effects were observed in Ml )A-2:§l or
taining different concentrations of immunotoxin or rGel. and 60 MCF-7 cells. which had tl N fewes ) ber of sites/c 1]i
the cells were incubated for an additional 72 hours. The 4 -4, WILCL e e Jewes) RO O aneacel,
relative cell proliferation was analyzed using the M1 stain- This experiment showed that in these cells, the cytotoxicity
]_ng previously described (31). The values given are the means of the TAb-250/rGel innnunoconjugate correlates well with
of duplicate experiments performed in quadruplicate. the number of cell-surface receptors and that the internaliza-

As shown in FIG. 14. the immunotoxin was almost 100% 65 tion of cell-surface bound antibodies or immunotoxins may

cytotoxic to target cells at doses of up to 1x107'° M. The 1C,
for the immunotoxin was 54.7 pM. In contrast, the 1Cy, for

depend on the number of available c-erbB-2 receptors.
Because rGel must be internalized to be cytotoxic, anti-
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HER-2 immunotoxins may be most effective in cells express-

ing very high levels of HER-2.

EXAMPLE 26

32
the samples were weighed and radioactivity counted. The
amount of radiolabeled antibody distributed to the tumor or
various organs was expressed as the percentage of the injected
dose per gram of tissue, and finally expressed as a ratio to the

5 concurrent blood levels.
Pharmacokinetics of Inmumoconjugate Clearance: from The tissue dislr?bulion profiles of radiolabeled [3!-\(?].1-250
Plagina < and BAC g-2_5q;‘r0e! at %4, 4511 ?23 and_96 ltl)ourg. aﬂ;rK E;Lra?;
i s b ; venous administration in athymic mice bearin -
4_'6-““:]{ old balb/c mice Wcrf.‘ injected with (!‘3 KCi (S pg) xenografls are shown in l"](}S.yls-Zl rcspccli\fcly% In almost
fufngge%ﬁ?Ti?eog;);]f:ziggﬁﬂiégﬁ;lgﬁﬁﬁgﬁiﬂg_ 10 all the tissues studied. the content of radiolabeled immuno-
: & : < & toxin generally paralleled that of the parent antibody at all the
Siag At ].5-' :?0’ 42,60, 13, 90, 105, 120, 240 min anil 24 lltf'ur S same ioims. égwever, at 24 and 481110111‘5. after ac)l(ministra—
after IO B](m‘_l sa"_lp‘lcs b mmu_w"‘d (Cl_":"'l cavity), tion, the content of immunotoxin in liver and spleen appeared
and weighed and radioactivity was dctcrmu:u‘:d with a gamma to be higher than that of the parent antibody, indicating that
counter. The blood samples then were oentrl.i'uged. and super—' 15 the increased uptake may be due to the effects of toxin com-
Datant Wees decanfed and qotlllted 9 drtentine the am_oum._oi ponent of the immunotoxin construct. The content of both the
!hc plasma-associated radiolabel. The amm"}lsOrmdmad,w' antibody and the immunotoxin in normal tissues decreased
Ty wee am‘l'l)fzcd by_ a least-squares 110111111ch Iritession significantly over time. In addition, as shown in FIG. 22, the
E;’E;E]iﬁgi{: {1:]{r];‘ll:tlg;gu]\:I'lﬁgl‘p[z;]t(l;t‘alrluodii:tt‘l:l];n:l]zall-'];flc?:a;} content of the immunotoxin and the parent antibody were
. : S 20 similar over time, reaching a plateau by approximately 48
ra_dlo_]abe]ed E_SACh—ZSOand B:Agh—2§0:’r_6 el from ‘the‘p]asma hours. after administrationgandri‘emainin)é ft[;f 96 hours. Y
of mice after intravenous administration is shown in FIG. 17.
Although both agents were cleared from plasma in a simi- EXAMPLE 28
lar fashion, pharmacokinetic analysis of the clearance curves
(Table I) showed that the BACh-250 antibody closely fit a . R . . X
one-compartment model for clearance, whereas the immuno- ]3/.\(.11-25(N'r(1c] Ireatment of Subcutaneous Tumors in balb/c
toxin was cleared biphasically. In addition. the calculated Mice ) _ ) )
terminal-phase half-lives of the antibody and the immuno- ) Results of treatment 01' balb/c mice bearlng well-estab-
toxin were 26.9 and 75.2 hours respectively. However, the llshec!subcutanf:ous SI‘(O\(—?- tumors are shown in F1G. 23. To
initial concentrations of the two agents in plasma were simi- 5, €Xamine the effects of TAb-250 or TAP‘ZSOf rGel on subcu-
lar, suggesting that there were no significant changes in the taneous tumor g.ruwth we 1mp]al‘1[cd .EaK()\(-()B tumor cells
initial apparent volume of distribution. Also, the overall clear- subcutaneously in hﬂ]'h"f < alhyl.mc: ice (7-8 mlc:c.«"grt:mp).
ance kinetics of the immunotoxin were not significantly influ- Test agents were adm]msterec_l intraperitonea “3{ three times
enced by the toxin component, but do appearto b erelatedto ~ per week for three weeks, IR Al day 5after 1[1‘1plantat10n
the rate of clearance of the parent antibody. % ‘(l.umur volumes, 0-30 mm- ].‘ Mice received PBS ’(‘cunlm]).
I'Ab-250 (42 pg/dose) plus rGel (8 pg/dose), or the TAb-250-
TABLE 1 rGel c:mljug.alc (50 }Lg’dm';c], Tumors were m.casur(.?d l“t'il.:.c
per week with vernier calipers and volumes (in cubic milli-
COMPARISON OF BACh-250 and BACh-250/rGel meters) were calculated as a product of the lengthxwidthx
PHARMACOKINETICS height.
Cxt “" Treatment with the TAb-250-rGel conjugate was shown to
Cpo Tisiimes Tipdss CHLDJ RT inhibit tumor growth by 99% at day 35 and up to 93% by day
AGENT (% 1.D./g) (h) (h) gxh) (h) 55. In contrast, animals treated with the unconjugated com-
BACH.250 15.24 260 562 3884 !Jinz_lti_o‘n of TAb-250 plus free rGel §howed a maximal tumor
BACh-250/ 13.8 46 75.2 497 949 s inhibition (Jf: (‘mly 56% compared \?‘]lh the C(]Illl‘(]]‘ group over
rGel days 35-55. Tumors regressed or did not develop in 5 of the 7
o —— e animals in the immunotoxin (TAb-25/rGel) treatment group.
iotion, R S A Whereas sizable tumors developed in all 7 animals treated
ll-’:‘m‘?u_ =CZ:_'“J‘;':;‘L:I':':£:T;::'J'Irtc"lr: :;af::‘:"“- with either PBS or the unconjugated combination of TAb-
s e e % 250, Plus r(r(.] This ﬁndmg‘ shnv.vcd that tumor .gmwth was
RT = Residence time inhibited significantly more in animals treated with the TAb-
250/rGel conjugate than in control mice. (99% and 94% at
day 49 after implantation. respectively): and also more so
EXAMPLE 27 than it was in mice treated with equimolar amounts of uncon-
% jugated TAb-250 plus free rgel (4% at day 35. 56% at day 49).
Tissue Distribution of BACh-250 Derived Immunotoxin
Balb/c athymic mice received subcutaneous implants of REAMPLEZD
SKOV-3 (positive for c-erbB-2 expression) and MDA-MB-
468 (negative for c-erbB-2 expression) tumor cells on the left BACh-250/rGel Treatment of Intraperitoneal Tumors in
and right hind flanks, respectively. Tumors were allowed to 60 balb/c Mice
grow to 0.1-0.4 g. at which time 10 animals each were To examine the effects of TAb-250 or TAb-250-rGel on
injected mtraperitoneally with approximately 10 pg of either intraperitoneal tumor growth, we implanted intraperitoneal
2% -TAb-250 0r '*° I-TAb-250-gelonin (2-8 uCi/ug). Bothof  SKOV-3 tumor cells in 60 balb/c athymic mice. After implan-
the iodinated proteins have been shown to compete compa- tation, the mice were randomly divided into five treatment
rably for the binding of unlabeled TAb-250 on SKOV-3 cells. 65 groups of 12 mice each. Beginning on day 7. the mice in each

Two animals from each group were then sacrificed at 6, 18,
24,30 and 48 h: tumor and normal tissues were removed, and

group were given an intraperitoneal injection of PBS, 107 ug
of TAb-250 alone, 20.5 pg of rGel alone, 107 pg TAb-250 plus
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33

20.5 pg of rGel, or an equimolar amount of the TAb-250/rGel
conjugate. A total of nine treatments were given, three times/
wk for 3 weeks, and survival time for each mouse was
recorded.

34

perature. Triton X-100 and sodium chloride were added to the
sample at a final concentration of 2% and 0.5 M respectively,
then incubated for an additional 0.5 hours. After centrifuga-
tion, the insoluble fraction of the inclusion bodies was resus-

In this lethal model of SKOV-3 growing as a n intraperito- 5 pended in 160 ml of 50 mM Tris/HCI, pH 8.0, 20 mM EDTA
neal xenografi, treatment of balb/c mice with the TAb-250/ and sonicated (6x20 sec) using a Vir Sonic 300 sonicator
rGel conjugate lengthened the survival of mice with these (Virtis, Gardiner, N.Y.). The inclusion bodies were then har-
tumors by an average of 40% (12.4 days) as compared with vested by centrifugation, washed three times in the same
survival in mice treated with PBS, TAb-250 or unconjugated buffer and stored at —80° C. Bacterial expression of the
TAb-250 plus rGel (FIG. 13). 10 scFv23/INF fusion construct is shown in FIG. 25. After

growth and induction with arabinose at 37° C., production of
EXAMPLE 30 the construct was approximately 5-10% of total protein as
assessed by SDS-PAGE.
scFv-23-TNF (Tumor Necrosis Factor) Immunotoxins ’ ’

Previous studies have demonstrated that chemical conju- !> EXAMPLE 32
gates of human tumor necrosis factor (TNF) and monoclonal
antibodies display significant targeted cytotoxic properties Western Blot Analysis of scFv-23-TNF  Immunotoxin
against tumor cells in culture which appears to be far superior Expression
to those of native TNF (s1-39-s1-41). see Rosenblum, et al., Western blot analysis of scFv23/TNF expression was per-
Cancer Communications, 3(1): 21-27,(1991): Rosenblum, et %" formed on protein samples from the crude extracts of E. coli
al., Immunotherapy, 40(5): 322-328, (1995): and, Rosen- and the purified inclusion bodies. sFv23 and r-TNF were
blum, et al., American -4330}’ ’ ation fo.r (..'am?er Research, analyzed b y SDS PAGE under reducing conditions. The gel
P;bSU'ﬂCI Si«iﬁ Eltﬁggj.'l n addltlgltl- ls:tudws lﬂd)f;?ﬂc'gmﬂ mIOCtl- was electrophoretically transferred overnight onto a nitrocel-
els suggest that these immunocytokines readily accumulate 5 7 i ilizati an.
spccif?il]]y in tumor tissues and demonstrate su?)criur invivo *° ]\(13{2;1’: St;a;;ifﬁ;ﬂz(l;lc_lre::l)ln }[(';Jt:ll:f;g%l;a 11[::1 i{l;l:l;zlllgi ll(l[c::lcll::erii
Smi}t}mﬂr aclivil&* compared o nalivc;‘Nl"- 'lhj-‘rt‘fﬂrcls the  in 5% BSA/TBS (20 mM Tris/HCI, 137 mM NaCl. and 0.5%

ecision was made to construct a second generation molecu- Tween 20, pH 7.6) and then incubated for 1 hour with anti-
lar construct of a recombinant single chain antibody fused to  sFv23 rabbit polyclonal antibody (1:10,000 dilution in TBS/
the TNF molecule thereby incorporating both antibody and 3o Tween). After successive washing with TBS/Tween 20, the
I'NF functions within the same molecule. membrane was incubated with goat-anti-rabbit 1gG horserad-

'lhcmelgm% a Tt‘l(;lllggiﬂfﬂ]ll rUSIiU{'l 10Xi_1;0"(\;215 cnns.lmclﬁd ish peroxidase (1:5000 dilution in TBS). Then, the membrane
composed ol a sck'v-23 single-chain antibody targeting the was developed using ECL reagents (Amersham Corp.,
HER2/neu protooncogene and human TNF as a cytotoxic Arlington Heights, I11.) and exposed to X-ray film (Kodak).
effector molecule. The cDNA encoding mature human TNF ;5 Estimation of production of the target fusion construct was
was [rom Dr. James Klostergaard, M. D. Anderson (Houston. ™ 25-50 me/L as assessed by Western blot analvsis.

Tex.). The sFv23/TNF ¢cDNA was constructed by a two-step Y )’ :
PCR reaction. The first step consisted of separate PCR ampli- EXAMPLE 33
fication of the antibody and TNF coding sequences utilizing
forward and reverse primers for each sequence. The final step — " )
consisted of PCR reaction of the sequences utilizing overlap 40" Purification f)j SCF_“LB_TNF Immunotoxin .
primers additionally incorporating a flexible tether (G,S) ]llSO]!.]l:!]e inclusion bot_:hes were denatured by addition of 6
between the antibody and TNF as shown in FIG. 25. A flexible M gua]’pc!lne, 100 mM Tris/HCI, PH‘7 5, 2 mMEDTA, a'_ld 50
14 amino acid connected the V,; and V, regions of the anti- mM DTE to makcij final concentration of f}mgfm] prnlcm‘(z!s
body as shown in FIG. 25. _ assessed by Bradford protein determination). After a mini-
45 mum of 2 hours agitation at room temp, the solubilized pro-
EXAMPLE 31 teins were diluted 100-fold in refolding buffer (100 mM Tris/
pH 7.5. 2 mM EDTA) and incubated at 12° C. for 48 hours.
. i . The protein was subsequently bound to a small column con-
Ba"([:'tlf:?’](‘]%:};:::i]gg ;ggsc;ZF;;i_;iidh?;??l}lo:’(;)é:gr 5 % taining SP Sepharose Fast Flow Resin (Pharmacia). The
e ol i P 2
bacterial expression of the recombinant insert. The complete g%lgdilmlc&oﬂlﬁ?ig;ﬁf?g? tzhif;;ll lgl[].)n]!‘)z agﬁ::;(;up%feli\g
insert was submitted for dideoxynucleotide sequencing (M. fractions were pooled and dialyzed against TBS.
D. Anderson Core Sequer IEI0g Facility) and the final gene Purification of the soluble protein utilizing ion exchange
proE(;:luc;I s'eclluen]ce jﬁastcon.[;.rn.:eg. i s slasiai s o chromatography resulted in essentially homogeneous mate-
acterial colonies translected with the plasmid carrying 33 pig] g5 assessed by SDS-PAGE after elution from the
E]I];n:]v:z:; .l;‘l';l lNtvl\:ftlill:ui':\illzﬁll::..‘fn:lﬁ:) [:zulcrlldlolbh?:\:].r exchange resin. Yield of final, purified material was approxi-
‘ SOV 3 il Y mately 100 ng/L of bacterial culture. Western analysis of the
media (15 g try ptone, 10 g yeastextract, 5 g NaCl) containing product utilizing antibodies to either TNF or to scFv23 (FIG.
%ﬁ“‘f 111: te.trlacyi:]]me (Sl%:w] Or:cll‘rt)lglt att?’_—;__: C't?“ 250 (l:].ptlllll - 27) demonstrated an immunoreactive species with both anti-

e bacterial cells were harves y centrifugation and the : e %
pellet dispersed into 2 L of fresh TYE. Expression of the bodies at the expected molecular weight (43 kDa).
target protein was induced by the addition of arabinose to a EXAMPLE 34
final concentration of 0.1%. The culture was further incu-
bated at 37° C. for 2-3 hours. The cells were collected b y
centrifugation, resuspended in 80 ml extraction buffer (50 65 scF'v-23-TNF Immunotoxin Binding Studies

mM Tris/HCI. pH 8. 20 mM EDTA, 0.25 mg/ml lysozyme,
(Sigma) and incubated with shaking for 1 hour at room tem-

The binding of the sFv23/TNF fusion toxin to adherent
SKBR3 cells was assessed by ELISA using an anti-TNF
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35
antibody. Log-phase SKBR-3 cells were washed in PBS and
50,000 cells/50 pul PBS were added to each well of a 96-well
tissue culture plate (Falcon) and dried overnight in a 37° C.
oven. The plates were blocked by the addition of 100 pl 5%

36

compact trimer in solution (39). the antibody component
could also interfere with optimal aggregation of the TNF
component in solution.

bovine serum albumin (BSA) in PBS. A 50 ul aliquot of 5 EXAMPLE 36
sFv23/TNF fusion protein and serial 2-fold dilutions were
then added to appropriate wells and incubated for 1 hour at Cytotoxicity of scFv-23-TNF Immunotoxin Against Breast
room temperature. After Ihrf_:e washes (PB S{T ween-20). anti- Carcinoitia
sEv23 rabbit p‘)lydm,wl antibody (1 yg/ml = PBSA/Tween- Two breast carcinoma cell lines SKBR3-LP and SKBR3-
20) was added and incubated for 1 h.mnz [‘hc.wc]]s were 10 ip were assessed for their relative expression of HER2/neu
tapped dry anq lhcn.. 100 !.ll ufhurscraqlsh pcruxldast..‘ conju- and for their relative sensitivity to TNF-induced cytotoxicity.
gated goat anti-rabbit antibody (Boe]mng.e.r Man:llllenll) was Log phase SKBR-3 cells were diluted to 8000 cells/100 pl in
added._ The p]ate:} were developed by a‘f‘?““o“ '?1 AE.;TS SPb_ media. Aliquots (100 pl) were added to Falcon 96 well flat-
strate ) 0.1 M‘c“mw bL{ITcr, p]! 4.2 (Slg,ma Chemical Co.) bottomed tissue culture plates and incubated 24 hours at 37°
and incubated l.or 1 hour. The optical density was measured at 15 C. with 5% CO.. Purified sFv 23/TNF or recombinant human
405 nm Fm a BlojTek Autore«flder. " . ” TNF were diluted 1:8 in culture media (McCoy’s 5a with 1.5
The binding of bOt,11 t'he native SFV??’ smg]e—.chaln.antlbody mM glutamine and 10% fetal bovine serum). Aliquots each
apd tlhe sFy23f’TNF fusion construct is shown in FI1G. 28. The sample (200 1) were added to the plate in 2-fold serial dilu-
binding of bmh:"gmls e Sm?]]af and appcarcfj fo be dose- tions. The plates were further incubated at 37° C., 5% CO, for
dependent. A s]lghl!y higher binding of lhc. fusion construct 20 72 hours. Remaining adherent cells were stained by the addi-
c.ompared tothe amlboc!y was noted at !he hlg.hes.t concentra- tion of 150 pl with of crystal violet (Fisher Scientific) 0.5% in
Bass fested. A sho_wn . F:]G' 2.9" aptinal bindmg fo {BEgeL 20% methanol). Dye-staining cells were solubilized by addi-
cells oc:.currcd after m?uballon with 0.75 uM a)rfccl‘llralm‘n of tion of 150 ul of Sorenson’s Buffer (0.1 M sodium citrate, pH
the fusion construct. [”hcrc was no apparent binding O.I the 4.2 in 50% ethanol) and the plates were read at 540 nm in an
L:.onslrul.:l lo antigen negative (A-375) cells tested under iden- 25 ELISA plate reader.
tical conditions (FIG. 29). As shown in FIG. 30, the LP variant cell line contained
EXAMPLE 35 relatively higher levels of HER2/neu compared to the HP line
’ ) (FIG. 6. insert). In addition. the LP line demonstrated a much
greater resistance to TNF-induced cytotoxic effects. The
Cytotoxicity of scFv-23-TNF Immunotoxin 0 cytotoxicity of TNF and scFv23/TNF was assessed against
The cytotoxicity of TNF and scFv23/TNF [usion toxin was log-phase SKBR3-HP cells and as demonstrated in F1G. 31,
determined based on cytotoxicity to the transformed murine the IC,,, for TNF exceeded 40,000 Units/ml while the scFv23/
fibroblast cell line [.-929 cells. Log-phase cells in culture TNF fusion toxin demonstrated an IC, value of 2000-fold
media (RPMI 1640 with 1.5 mM glutamine and 10% FBS)  lower at approximately 20 Units/ml. In contrast, the activity
were plated in a 96-well tissue culture plate (Falcon) at a 33 of both TNF and scFv23/TNF were assessed against TNF-
density of 2x10* cells/well and incubated overnight at 37° C., resistant cells expressing higher levels of HER2/neu. As
5% CO, atmosphere. Then, 200 pl of TNF in PBS starting at shown in FI1G. 32, these cells were relatively resistant to the
100 units/ml and serial dilutions were added in the presence cytotoxic effects of both scFv23/TNF construct and to TNF.
of actinomycin D (0.5 pg/ml, Sigma Chemical Co, St. Louis, However, the IC,, of TNF against these cells was 5x107 U/ml
Mo.). Likewise, serial dilutions of sFv23-TNF were added *° while that of the sFv23/TNF construct was approximately
and the plate was incubated for 24 hours. The surviving 20-fold lower (2x10° U/ml).
adherent cells were then stained by the addition of 100 ul of In conclusion, the present invention and the embodiments
crystal violet (0.5% (w/v) in ethanol). The stain was incu- disclosed herein are well adapted to carry out the objectives
bated on the plates for 0.5 h. excess stain was removed, the  and obtain the ends set forth at the outset. Certain changes can
plates were washed with water. allowed to air dry and the 45 bemadein the method and apparatus without parting from the
remaining dye was solubilized by addition of 150 pl of Soren- spirit and scope of this invention. It is realized that changes
son’s Buffer (0.1 M sodium citrate, pH 4.2). The plates were are possible and it is further intended that each element or step
read on a microplate ELISA reader at 540 nm. recited in any of the following claims is to be understood as
IC,, values were 1 and 100 pM for native TNF and the % referring to all equivalent elements or steps for accomplishing

antibody-TNF fusion toxin, respectively. This demonstrated
approximately a 100-fold decrease in the apparent specific
activity for the construct compared to native TNF. This
decrease in specific activity could be due to stearic hindrance
of the antibody interfering with interaction of TNF with its
receptor site. Alternatively, since TNF operates optimally as a

substantially the same results in substantially the same or
equivalent manner. It is intended to cover the invention
broadly in whatever form its principles may be utilized. The
present invention is therefore well adapted to carry out the
objects and attain the ends and advantages mentioned. as well
as others inherent therein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 5

TYPE: PRT
ORGANISM: Artificial Sequence
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-continued

38

<220> FEATURE:
<223> OTHER INFORMATION: synthetic linker sequence

<400> SEQUENCE: 1

Gly Gly Gly Gly Ser
5

<210>
<211>
<212
«213>
<220>
223>

SEQ ID NO 2

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer directed towards 5' upstream region of
TAb 250 heavy chain

<400>

SEQUENCE: 2

atatagcagg accatatg

<210>
<211>
<2125
«213>
<220>
223>

SEQ ID NO 3

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer directed towards coding region of TAb
250 heavy chain

<400> SEQUENCE: 3

atgaacttgg ggcte

<210>
<211>
212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer directed towards 5' upstream region of
TAb 250 light chain

<400> SEQUENCE: 4

tttacttect tattt

<210>
<211
«212>
<213>
<220>
223>

SEQ ID NO 5

LENGTH: 15

TYPE: DNHA

ORGANISM: Artificial Sequence
FEATURE:

OTHER. INFORMATION :
TAb 250 light chain

Primer directed towards 5' coding region of

<400> SEQUENCE: 5

atgggcatca agatg

<210>
<211>
<212>
<213>
<220>
223>

SEQ ID NO 6

LENGTH: 32

TYPE: DNHA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: Primer directed towards sFv-23

<400> SEQUENCE: &

gotgeccaac cagocatgge gatgtetgac gte

<210>
<211>
212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer directed towards sFv-22

18

15

15

15

33
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-continued

40

<400> SEQUENCE: 7

coggagocac cgocaccget agetgaggag actgtga

<210> SEQ ID NO 8

«211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed towards gelonin

<400> SEQUENCE: 8

ggtggeggtyg gotocggtet agataccgtt age

<210> SEQ ID NO 9

<211> LENGTH: 52

<212> TYPE: DHA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed towards gelonin

<400> SEQUENCE: 9

cggeogeaag cttaactagt tacagetegt ctttotegag gaatttcage ag

<210> SEQ ID NO 10

<211> LENGTH: 1517

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: nucleotide sequence encoding scFv23-gelonin
immunotoxin

<400> SEQUENCE: 10

cccatggega tgtctgacgt ccagetgace cagtcotocag caatcctgte tgcatcteca

ggggagaagg tcacaatgac ttgcagggcc accccaagtg taagttacat gcactggtat

cagcagaagc caggatcctc ccccaaacct tggatttata ccacatccaa cctggettet

ggagtcectg ctegetteoag tggoggtyggg totgggaccot cttactetet cacageagea

gagtggagge tgaagatget gecacttatt actgocagea gtggagtegt ageccacceca

cgttcggagy ggggtccaag ctggaaataa aaggttctac ctotggttet ggtaaatcett

ctgaaggtaa aggtgtgcag ctgcaggagt caggacctga ggtggtgaag cctggaggtt

caatgaagat atcctgcaag acttetggtt actcattcac tggecacace atgaactggg

tgaagcagag ccatggaaag aaccttgagt ggattggact tattaatect tacaatggtg

atactaacta caaccagaag ttcaagggca aggccacatt tactgtagac aagtcgtcca

gcacagccta catggagetce ctcagtcectga catctgagga ctcotgcagte tattactgtg

caaggaggygt tacggactgg tacttogatg tetggggege agggaccacg gtcaceogtet

cctecagetag cggtyggeggt ggceteoggte tagataccogt tagettceage accaaaggeg

cgacctatat cacctacgtt aatttcctga acgaactgog tgttaaactg aaaccggaag

gtaacageca tggeatcceg ctgctgogta aaggtgatga cocgggtaaa tgottegtge

tggtggeget gageaacgat aacggtcage tggeagaaat cgeaatcgat gttaccageg

tgtacgtagt tggctatcag gtgecgtaacc geagctactt cttcaaagat getocggatg

cagcgtacga aggcectgttc aaaaacacca tcaaaaaccce gotgotgtte ggtggcaaaa

ctegtotgea ctteggtgge agetatcocga goctggaagg cgaaaaagog taccgogaaa

ctaccgatcot gggtatcgaa cogotgogea toggoatcaa aaaactggac gaaaacgoga

37

i3

52

60

120

180

240

300

360

420

480

540

600

720

T80

840

S00

960

1020

1080

1140

1z00
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42

-continued
tcgacaacta caaaccgacc gaaatogega getctotggt tgtgatccag atggtgageg 1260
aagcggcacg tttcacctte atcgaaaacce agattcgtaa caacttcocag cagegtatec 1320
gtcoocggogaa caacaacatce tcotctggaaa acaaatgggg caaactgage ttocagatec 1380
gtaccagogyg tgcgaacggt atgttcageg aagcoggtgga actggaacgc gogaacggcoa 1440
aaaaatacta cgtgactgcg gtggatcagyg tgaaaccgaa aatcgcactg ctgaaattec 1500
togagaaaga cgagetg 1517
<210> SEQ ID NO 11
<211> LENGTH: 506
<212> TYPE: PRT
<213> ORGARNISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Polypeptide encoded by the scFv23-gelonin

immunotoxin

<400> SEQUENCE: 11

Pro Met Ala Met

Leu

Thr

Ser

Gly

Ser

Tyr

Ser

Ser

Val

Tyr

Gly

Rap

Val

Thr

Ser

Phe

Asn

Ser

Pro

Ser

Val

Leu

Cys

Lys

Glu

Lys

Ser

Lys

Thr

Asp

Ser

Trp

Ser

Ser

Glu

Ala

Ser

Pro

Pro

Thr

Gln

Leu

Gly

Pro

Phe

Asn

Asn

Lys

Glu

Tyr

Ala

Thr

Leu

Ser

Val

Lys

Ala

Val

Gln

Glu

Lys

Gly

Thr

Leu

Tyr

Ser

Asp

Phe

Ser

Lys

Arg

Ser
5

Pro
20

Ser
35

Pro
50

Arg
65

Ser
80
a5

Ile
110

Gly
125

Gly
140

Gly
155

Glu
170

Asn
185

Ser
200

Ser
215

Asp
230

Gly
245

Gly
260

Val

Asp

Gly

Tyr

Trp

Phe

Arg

Ser

Lys

Val

Ser

His

Trp

Gln

Ser

Ala

Val

Gly

Ala

Lys

Val

Glu

Met

Ile

Ser

Val

Arg

Gly

Gln

Met

Thr

Ile

Lys

Thr

Val

Trp

Gly

Thr

Leu

Gln

Lys

His

Tyxr

Gly

Glu

Ser

Ser

Leu

Lys

Met

Gly

Phe

Ala

Tyr

Gly

Gly

Tyr

Lys

Leu

Val

Txrp

Thr

Gly

Ala

Pro

Thr

Gln

Ile

Asn

Leu

Lys

Tyx

Tyx

Ala

Ser

Ile

Pro

Thr
10

Thr
25

Tyr
40

Thr
55

Gly
70

Glu
a5

Pro
100

Ser
115

Glu
120

Ser
145

Trp
160

Ile
175

Gly
180

Met
205

Cys
220

Gly
235

Gly
250

Thr
265

Glu

Gln

Met

Gln

Ser

Ser

Gly

Ser

Val

Asn

Lys

Glu

Ala

Thr

Leu

Tyr

Gly

Ser Pro

Thr Cys

Gln Lys

Asn Leu

Gly Thr

Ala Rla

Phe Gly

Ser Gly

Gly Pro

Lys Thr

Lys Gln

Pro Tyr

Ala Thr

Leu Leu

Arg Arg

Thr Val

Asp Thr

Val Asn

Asn Ser

Ala

Arg

Pro

Ala

Ser

Thr

Ile
15

Ala
Gly
45

Ser
&0

Tyr
75

Tyr
Q0

Gly Gly

Lys

105

Ser
120

Glu Val

Ser

Ser

Asn

Phe

Ser

Val

Thr

Val

Phe

His

135

Gly
150

His
165

Gly
180

Thr
195

Leu
210

Thr
225

Val
240

Ser
255

Leu
270

Gly
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44

-continued
275 280 285
Ile Pro Leu Leu Arg Lys Gly Asp Asp Pro Gly Lys Cys Phe Val
290 295 200
Leu Val Ala Leu Ser Asn Asp Asn Gly Gln Leu Ala Glu Ile Ala
305 310 315
Ile Asp Val Thr Ser Val Tyr Val Val Gly Tyr Gln Val Arg Asn
320 325 330
Arg Ser Tyr Phe Phe Lysg Asp Ala Pro Asp Ala Ala Tyr Glu Gly
335 340 345
Leu Phe Lys Asn Thr Ile Lys Asn Pro Leu Leu Phe Gly Gly Lys
350 3155 360
Thr Arg Leu His Phe Gly Gly Ser Tyr Pro Ser Leu Glu Gly Glu
365 370 378
Lys Ala Tyr Arg Glu Thr Thr Asp Leu Gly Ile Glu Pro Leu Arg
380 385 390
Ile Gly Ile Lys Lys Leu Asp Glu Asn Ala Ile Asp Asn Tyr Lys
395 400 405
Pro Thr Glu Ile Ala Ser Ser Leu Val Val Ile Gln Met Val Ser
410 415 420
Glu Ala Ala Arg Phe Thr Phe Ile Glu Asn Gln Ile Arg Asn Asn
425 430 435
Phe Gln Gln Arg Ile Arg Pro Ala Asn Asn Asn Ile Ser Leu Glu
440 445 450
Asn Lys Trp Gly Lys Leu Ser Phe Gln Ile Arg Thr Ser Gly Ala
455 460 465
Asn Gly Met Phe Ser Glu Ala Val Glu Leu Glu Arg Ala Asn Gly
470 475 480
Lys Lys Tyr Tyr Val Thr Ala Val Asp Gln Val Lys Pro Lys Ile
485 490 495
Ala Leu Leu Lys Phe Leu Glu Lys Asp Glu Leu
500 505
<210=> SEQ ID NC 12
<211> LENGTH: 1500
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATICN: nucleotide

immunotoxin

<400> SEQUENCE: 12

atgagtgacg
gtcacaatga
ccaggateot
gotogettea
gctgaagatg
ggggggteca
aaaggtgtgce
atatcctgea
agccatggaa
tacaaccaga

tacatggage

tccagctgac
cttgcagggce
cccccaaacc
gtggeggtgg
ctgccactta
agectggaaat
agetgcagga
agacttectgg
agaaccttga

agttecaaggg

tccteoagtet

ccagtcteca
caccccaagt
ttggatttat
gtetgggace
ttactgeccag
aaaaggttet
gtcaggacct
ttactecatte
gtggattgga
caaggccaca

gacatctgag

gcaatcctgt
gtaagttaca
accacatcea
tcttactcte
cagtggagtc
acctotgget
gaggtggtga
actggccaca
cttattaatec
tttactgtag

gactctgeag

ctgcatctcce
tgcactggta
acctggette
tcacagtcag
gtagcccace
ctggtaaatce
agcctggagy
ccatgaactg
cttacaatgg
acaagtegte

tetattactg

sequence encoding scFv23-gelonin

aggggagaag
tcagcagaag
tggagtecect
cagagtggag
cacgttcgga
ttctgaagge
ttcaatgaag
ggtgaagcag
tgatactaac
cagcacagcec

tgcaaggagg

60

120

180

240

300

360

420

480

540

600

660
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45 46
-continued
gttacggact ggtacttcga tgtctgggge gcagggacca cggtcaccgt ctectcaget 720
ageggtggeg gtggetoogg totagacace gtgagettta gceactaaagg tgecacttat 780
attacctacg tgaatttctt gaatgageta cgagttaaat tgaaacccga aggtaacage 840
catggaatcc cattgctgceg caaaaaatgt gatgatcctg gaaagtgttt cgttttggta Q00
gogetttecaa atgacaatgyg acagttggcog gaaatagcta tagatgttac aagtgtttat S50
gtggtgggcot atcaagtaag aaacagatct tacttettta aagatgcotoo agatgetget 1020
tacgaaggcoce tottcaaaaa cacaattaaa acaagactte attttggogyg cagetatceoc 1080
togetggaag gtgagaagge atatagagag acaacagact tgggcattga accattaagg 1140
attggcatca agaaacttga tgaaaatgcg atagacaatt ataaaccaac ggagatagct 1200
agttctectat tggttgttat tcaaatggtg totgaagcag ctcogattcac ctttattgag 1280
aaccaaatta gaaataactt tcaacagaga attogococogg cgaataatac aatcagoctt 1320
gagaataaat ggggtaaact ctcgttccag atccggacat caggtgcaaa tggaatgttt 1380
tcggaggcag ttgaattgga acgtgcaaat ggcaaaaaat actatgtcac cgcagttgat 1440
caagtaaaac ccaaaatagc actcttgaag ttogtogata aagatcctaa agettaatga 1500

<210> SEQ ID NC 13
<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Artificial
«220> FEATURE:

<223> OTHER INFORMATION: Polypeptide encoded by the scFv23-gelonin

immunotoxin

<400> SEQUENCE: 13

Met Ser Asp Val Gln Leu Thr Gln

5

Ser Pro Gly Glu Lys Val Thr Met

Val Ser Tyr

Lys Pro Trp

Ala Arg Phe

Val Ser Arg

Gln Trp Ser

Glu Ile Lys

Lys Gly Val

Gly Gly Ser

Thr Gly His

Leu Glu Trp

Tyr Asn Gln

20

Met His Trp Tyr Gln

35

Ile Tyr Thr Thr Ser

50

Ser Gly Gly Gly Ser

65

Val Glu Ala Glu Asp

80

Arg Ser Pro Pro Thr

95

Gly Ser Thr Ser Gly

110

Gln Leu Gln Glu Ser

125

Met Lys Ile Ser Cys

140

Thr Met Asn Trp Val

155

Ile Gly Leu Ile Asn

170

Lys Phe Lys Gly Lys

185

Ser

Thr

Gln

Asn

Gly

Ala

Phe

Ser

Gly

Lys

Lys

Pro

Ala

Pro
10

Cys
25

Lys
40

Leu
55

Thr
70

Ala
85

Gly
100

Gly
115

Pro
130

Thr
145

Gln
lse0

Tyr
178

Thr
190

Ala

Arg

Pro

Ala

Ser

Thr

Gly

Glu

Ser

Ser

Asn

Phe

Ile Leu Ser

Ala Thr Pro

Gly Ser Ser

Ser Gly Val

Ala
15

Ser
20

Pro
45

Pro
€0

Tyr Ser Leu Thr

Tyr Tyr Cys

Gly Ser Lys

75

Gln
90

Leu
105

Ser Ser Glu Gly

Val Val Lys

Gly Tyr Ser

His Gly Lys

Gly Asp Thr

Thr Val Asp

120

Pro
135

Phe
150

Asn
165

Asn
180

Lys
195

IMMUNOGEN 2047, pg. 57
Phigenix v. Immunogen
IPR2014-00676



47

US 7,754,211 B2

-continued

48

Ser

Asp

Phe

Ser

Lys

Arg

Leu

Ala

Val

Tyr

Lys

Ser

Ile

Ile

Val

Ile

Leu

Gln

Pro

«210>
<211l>
<212>
<213>
<220>
223>

Ser

Ser

Asp

Gly

Gly

Val

Arg

Leu

Thr

Phe

Asn

Leu

Glu

Asp

Ile

Gln

Thr

Arg

Glu

Val

Lys

Ser

Ala

Val

Gly

Ala

Lys

Lys

Ser

Ser

Phe

Thr

Glu

Pro

Asn

Gln

Ile

Ile

Thr

Arg

Lys

Ala

Thr

Val

Trp

Gly

Thr

Leu

Lys

Val

Lys

Ile

Gly

Leu

Tyr

Met

Arg

Ser

Ser

Ala

Pro

PRT

<400> SEQUENCE:

14

Ala
200

Tyr
215

Gly
230

Gly
245

Tyrxr
260

Lys
275

Cys
290

Asp
305

Tyrxr
320

Asp
335

Lys
350

Glu
365

Arg
380

Lys
3585

Val
410

Asn
425

Leu
440

Gly
455

Asn
470

Lys
485

SEQ ID HO 14
LENGTH:
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: 212 Linker (synthetic linker sequence)

14

Tyr

Tyr

Ala

Ser

Ile

Pro

Asp

Asn

Val

Ala

Thr

Lys

Ile

Pro

Ser

Asn

Glu

Ala

Gly

Ile

Met

Cys

Gly

Gly

Thr

Glu

Asp

Gly

Val

Pro

Arg

Ala

Gly

Thr

Glu

Phe

Asn

Asn

Lys

Ala

Glu

Ala

Thr

Leu

Tyr

Gly

Pro

Gln

Leu

Tyxr

Ile

Glu

Ala

Gln

Lys

Gly

Lys

Leu

Leu

Thr

Asp

Val

Asn

Gly

Leu

Tyr

Ala

His

Arg

Ile

Ala

Gln

Trp

Met

Tyx

Leu

Leu
205

Arg
220

Val
235

Thr
250

Asn
265

Ser
280

Lys
295

Ala
210

Gln
325

Ala
340

Phe
355

Glu
370

Lys
3as

Ala
400

Arg
415

Arg
430

Gly
445

Phe
460

Tyr
475

Lys
490

Ser

Val

Thr

Val

Phe

His

Cys

Glu

Val

Tyr

Gly

Thr

Leu

Ser

Phe

Ile

Lys

Ser

Val

Phe

Leu Thr Ser Glu
210

Thr Asp Trp Tyr
225

Val Ser Ser Ala
240

Ser Phe Ser Thr
255

Leu Asn Glu Leu
270

Gly Ile Pro Leu
285

Phe Val Leu Val
300

Ile Ala Ile Asp
318

Arg Asn Arg Ser
330

Glu Gly Leu Phe
345

Gly Ser Tyr Pro
360

Thr Asp Leu Gly
375

Asp Glu Asn Ala
390

Ser Leu Leu Val
405

Thr Phe Ile Glu
420

Arg Pro Ala Asn
435

Leu Ser Phe Gln
450

Glu Ala Val Glu
465

Thr Ala Val Asp
480

Val Asp Lys Asp
495

Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly

5

10
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49
What is claimed is:
1. A composition comprising a conjugate of an antibody
exhibiting binding specificity for an extracellular epitope of
c-erbB-2 protein and a plant derived toxin, wherein said toxin

50

5. The composition of claim 1, wherein said antibody is a
single chain antibody.

6. The composition of claim 1, wherein said composition is
recombinantly produced by fusing the gene encoding said

is pharmacologically effective against neoplastic cells and is 5 antibody to the gene cncoding gelonin. o ‘ _

selected from the group consisting of gelonin, full length 7. The composition of claim 1, wherein said antibody is

recombinant gelonin and functional gelonin fragments, selected from the group consisting of TAb 250 and a human-

wherein said conjugate is a fusion protein between said anti- ized antibody bearing the variable region of Tab 250.

body and said toxin. 8. The composition of claim 1. wherein the antibody is an
2. The composition of claim 1. wherein said antibody isan 1Y Fab or and F(ab')2.

intact full-length immunoglobulin.
3. The composition of claim 1. wherein said antibody is an
Fv fragment, and the V ,, peptide is conjugated with said toxin.

4. The composition of claim 1, wherein said antibody is an
sFv, and the V, peptide is conjugated with said toxin.

9. The composition of claim 1, wherein the antibody is a
humanized antibody.

10. A pharmaceutical composition comprising the compo-
sition of claim 1 and a pharmaceutically acceptable vehicle.

# 0k ok kK
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