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NOVELANTIBODY DELIVERY SYSTEM FOR 
BIOLOGICAL RESPONSE MODIFIERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation in part of U.S. 
Ser. No. 08/119,505, filed Sep. 10, 1993, which is a con 
tinuation of U.S. Ser. No. 07/951,357, filed Sep. 25, 1992, 
now abandoned, which is a continuation of U.S. Ser. No. 
07/348,237, filed May 05, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the field 
of immunoconjugates. More Specifically, the invention 
relates to conjugates of monoclonal antibodies and biologi 
cal response modifiers. 
0004 2. Description of the Related Art 
0005 Biological response modifiers exhibit a variety of 
effects upon a number of cell types. Mammalian cells 
produce lymphokines and cytokines to maintain homeosta 
sis at the cellular level. At physiological or in pharmaco 
logical concentrations, biological response modifierS Such as 
the interferons, the interleukins and tumor necrosis factor 
(TNF) all have cytotoxic effects. TNF has pleotropic and 
anti-tumor effects on animal and human tumor cells in vitro 
and in vivo. Recombinant human TNF has been shown to 
cause tumor necrosis of Sarcoma, adenocarcinomas, and 
melanomas. TNF has divergent effects on cell growth, 
causing antigrowth effects on Some cell lines, Virtually no 
effect on other lines, and growth enhancement of other cells. 
TNF may also increase bone-resorption and enhance pro 
coagulant activity of endothelial cells. 
0006 When drugs or other cytoactive agents are admin 
istered to an individual, many, if not all, are diluted in the 
host body and are, to a certain extent, metabolized by the 
host tissues. Thus, in many cases these cytoactive agents 
must be administered in much higher amounts than are 
necessary to achieve the desired effects in order to account 
for the dilution, absorption, and metabolism by non-target 
tissues. 

0007 Cancer is one of the leading causes of mortality and 
morbidity in the Western world. Breast cancer and cervical 
cancer are two of the leading causes of death from malig 
nancy in women in the Western world. Melanoma is a highly 
metastatic disease affecting both Sexes and is almost uni 
formly fatal within five years of diagnosis. Surgical removal 
of localized malignancies has proven effective only when 
the disease has not spread beyond the primary lesion. Once 
the disease has spread, the Surgical procedures must be 
Supplemented with other more general procedures to eradi 
cate the diseased or malignant cells. Most of the commonly 
utilized alternative therapeutic modalities Such as irradiation 
or chemotherapy do not confine their effects Solely to the 
tumor cells and, although they have a proportionally greater 
destructive effect on malignant cells, often affect normal 
cells to Some extent. 

0008 Many tumors or cancer cells express membrane 
bound or cytoplasmic antigens or antigenic determinants 
which are either expressed very weakly or not at all by 
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normal cells. Some tumor cells express antigens also found 
in or on embryonic cell types but are not expressed by 
normal cells of a mature animal. These abnormally 
expressed antigens are known as tumor-associated antigens. 
These tumor-associated antigens may be expressed on the 
Surface of the cell (cell Surface antigen), may be secreted by 
the tumor cell (Secreted antigens) or may remain inside the 
cell (intracellular antigen). While membrane-bound or cell 
Surface antigens are believed to play a major role in the 
interaction between tumor cells and the host's immune 
System, cytoplasmic antigens are also useful for monitoring 
neoplasia Since these antigens are often shed in large 
amounts by the tumor cells. 
0009 Antibodies are proteins normally produced by the 
immune System of an animal in response to foreign antigens 
or antigenic determinants. Antibodies bind to the Specific 
antigen to which they are directed. Monoclonal antibodies 
directed to specific antigens or antigenic determinants may 
be prepared in large quantities. Monoclonal antibodies to 
tumor associated antigens localize in tumors after Systemic 
administration to patients with cancer. 

0010 Antibodies, coupled to drugs, have been used as a 
delivery System by which the drug is targeted to a specific 
tumor cell type against which the antibody is directed. The 
linking of cytotoxic agents to antibodies to make “immu 
notoxins” has been reported. Of particular interest have been 
immunotoxins of monoclonal antibodies conjugated to the 
enzymatically active portions (A chains) of toxins of bac 
terial or plant origin Such as Ricin or Abrin. Nevelle and 
York, Immunol. Rev. (1982) 62: 75-91; Ross et al., European 
J. Biochem. (1980) 104; Vitteta et al., Immunol. Rev. (1982) 
62: 158-183; Ross et al., Cancer Res. (1982) 42: 457-464; 
Trowbridge and Domingo Nature (Cond.) (1981) 294: 171 
173. Immunotoxins have been prepared by conjugating 
MoAbs with toxins or fragments of toxins derived from 
plants. Gelonin and ricin are among the most active plant 
derived toxins in inhibiting protein Synthesis. 

0011 Although antibodies have been used as delivery 
Systems for toxic moieties of plant toxins and other cyto 
toxic drugs, conjugation of antibodies to biological response 
modifierS Such as tumor necrosis factor and the use of Such 
conjugates as Specific delivery System to target tissueS or 
cells has not heretofore been possible. 

0012. The prior art remains deficient in the lack of 
effective means to treat a wide variety of human cancers. 
The prior art fulfils this longstanding need and desire in the 
art. 

SUMMARY OF THE INVENTION 

0013 The present invention is directed to a novel anti 
body delivery system for biological response modifiers. The 
present invention provides a composition which is an immu 
noconjugate of an antibody directed toward a cell associated 
antigen covalently bound to a biological response modifier. 
Preferably, the antibody is directed toward a cell associated 
antigen specific for a tumor cell. In one embodiment, the 
immunoconjugate comprises an antibody, preferably a 
monoclonal antibody covalently coupled to a biological 
response modifier. Alternatively, the immunoconjugate may 
be a fusion protein prepared by genetic engineering methods 
known to those in the art. Such a fusion protein would 



US 2005/0100528A1 

contain the antigen recognition site of an antibody molecule 
and the cytotoxic moiety of a biological response modifier. 
0.014. In one embodiment, the invention provides a cyto 
toxic composition which Selectively binds to and kills tumor 
cells. These target tumor cells may be of any tumor which 
has or produces an antigenic marker in amounts greater than 
that found in or on normal cells. While preferably the 
antigenic marker is a cell Surface antigen, the present 
invention is equally applicable to tumor cells which produce 
an intracellular antigen in amounts greater than normally 
produced by normal cells. It is known that many tumors 
produce intracellular antigens and either Secrete them or 
release these antigens when the tumor becomes necrotic. 
0.015. It can readily understood that the immunoconju 
gate of the present invention may be utilized to target 
delivery, not only of cytotoxic Biological Response Modi 
fiers to Selected target cells, but also to Selectively deliver 
any biological effector to a Selected target Site as long as Said 
target Site contains an antigenic marker at a concentration in 
excess of that found at other non-target Sites. 
0016. In another embodiment, the invention provides 
cytotoxic compositions which Selectively bind to and are 
cytotoxic for or cytostatic for human breast cancer cells, 
cervical carcinoma cells, and melanoma cells. In another 
embodiment, this invention provides a method of killing 
human breast cancer cells, cervical carcinoma cells, mela 
noma cells or other tumor cells expressing tumor associated 
antigen by contacting the cells with a cytocidally effective 
amount of the immunotoxin composition of the present 
invention. In one embodiment, the immunoconjugate of the 
present invention is used to deliver a cytotoxic immunocon 
jugate to breast tumor cells which express the 15A8 antigen. 
In yet another embodiment the present invention provides an 
immunoconjugate that binds to and is cytotoxic or cytostatic 
for melanoma tumor cells. In yet another embodiment the 
present invention provides an immunoconjugate that binds 
to and is cytotoxic or cytostatic for cells which express the 
ZME-018 antigen or a functional equivalent thereof. The 
immunoconjugate of the present may also comprise an 
antibody which recognizes a cytoplasmic antigen including, 
but not limited to, the 465.12 antibody of Wilson which 
reacts with a melanoma cytoplasmic antigen. 
0.017. It is an object of the invention to provide conju 
gates of antibodies with biological response modifiers. 
0.018. It is another object of the present invention to 
provide a composition of matter comprising a conjugate of 
an antibody directed toward a tumor associated antigen and 
a biological response modifier moiety. 
0019. It is another object of the present invention to 
provide a composition comprising a recombinantly pro 
duced compound comprising an antibody moiety and a 
biological response modifier, which biological response 
modifier may be an cytoactive moiety of Said biological 
response modifier. 
0020. Another object is to provide a method of treating 
proliferative cell diseases Such as, for instance, cancer, 
comprising administration of a cytocidally effect dose of an 
immunoconjugate comprising an antibody or antibody moi 
ety directed to a TAA on the target cell conjugated with a 
biological response modifier or cytoactive moiety thereof to 
an individual in need of Said treatment. 
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0021. It is a further object to provide an immunoconju 
gate that is a gene-fusion product recombinantly produced 
by fusion of a gene coding for the antigen recognition site of 
a monoclonal antibody with a gene coding for a biological 
response modifier or the cytoactive moiety thereof, Such as 
cytokines or lymphokines, and preferably TNF. 

0022. It is a further object to provide a method of 
Suppressing Secondary cataract formation which comprises 
administration of the immunoconjugate of the present inven 
tion to an individual after the Surgical replacement of the 
optic lens. 

0023. It is a further object of the present invention to 
provide a composition comprising an antibody directed to a 
tumor-associated antigen Such as a breast tumor associated 
antigen or a melanoma conjugated with a biological 
response modifier Such as TNF. 
0024. It was a further object of the present invention to 
provide a pharmaceutical composition comprising an immu 
noconjugate of a biological response modifier Such as TNF 
in a pharmaceutically acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 So that the matter in which the above-recited 
features, advantages and objects of the invention, as well as 
others which will become clear, are attained and can be 
understood in detail, more particular descriptions of the 
invention briefly summarized above may be had by refer 
ence to certain embodiments thereof which are illustrated in 
the appended drawings. These drawings form a part of the 
Specification. It is to be noted, however, that the appended 
drawings illustrate preferred embodiments of the invention 
and therefore are not to be considered limiting in their Scope. 

0026 FIG. 1 shows a S-300 Gel Permeation Chromato 
graph of the ZME-TNF reaction mixture. 
0027 FIG. 2 demonstrates the chromatographic profile 
of the pooled fractions from the S-300 chromatography after 
affinity chromatography. 

0028 FIG.3 demonstrates the comparison of the binding 
of the ZME-018-TNF conjugate and free TNF to target 
antigen positive A-375 cells and antigen negative T-24 cells. 

0029 FIG. 4 demonstrates the cytotoxicity of the ZME 
TNF immunoconjugate and TNF alone on antigen-positive 
human melanoma cells (AAB-527). 
0030 FIG. 5 demonstrates the growth inhibition of the 
ZME-TNF immunoconjugate on antigen-positive A-375 
cells. 

0031 FIG. 6 demonstrates the growth inhibition of the 
Mo Ab.15A8-TNF immunoconjugate on antigen-positive 
ME-180 cells. 

0032 FIG. 7 shows the antiproliferative effect of TNF 
(O-O) and ZME-TNF (O-O) on A375-M melanoma cells 
with and without free Mab ZME-018. Various concentra 
tions of TNF & ZME-TNF were added to log-phase cells 
and incubated for 72 hours at 37° C. 

0033 FIG. 8 shows the plasma clearance of radiola 
beled-TNF and ZME-TNF conjugate. The Figure shows the 
data points and best fit least Square line through the data 
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points. Both curves are biphasic with TNF clearance sig 
nificantly faster than ZME-TNF conjugate. 

0034 FIG. 9 shows the tissue distribution of radiolabeled 
antibody as well as conjugate in tumors compared to other 
Organs. 

0035 FIG. 10 shows the growth suppression of well 
established human melanoma (A375-M) tumors in athymic 
(nu/nu) mice. Tumor cells were innoculated Subcutaneously 
and tumor growth monitored up to day 55.75% and 50% 
tumor growth Suppression was observed in the group of 
mice treated with ZME-TNF conjugate compared to saline 
and Mab ZME-alone respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.036 The present invention provides a conjugate, com 
prising an antibody directed toward a cell Surface associated 
antigen, wherein Said antigen is Selected from the group 
consisting of 15 A8 antigen and ZME-018 antigen; and a 
biological response modifier moiety, wherein Said moiety is 
selected from the group consisting of TNF-alpha, TNF-beta 
and Interleukin-1. It is Specifically contemplated that the 
conjugate may be recombinantly produced. A person having 
ordinary skill in this art would readily recognize the advan 
tages of producing a recombinant conjugate. More specifi 
cally, one with ordinary skill in this art would, without undue 
experimentation, be able to make a conjugate that is a 
gene-fusion product recombinantly produced by fusion of a 
gene coding for the antigen recognition site of a monoclonal 
antibody with a gene coding for a biological response 
modifier. 

0037. In the present invention, it is generally considered 
that the moiety will be cytotoxic, although it could be 
non-toxic if desired. Preferably, the conjugate has as its 
cytotoxic moiety tumor necrosis factor. 
0.038. The present invention also provides a method of 
treating proliferative cell diseases comprising administration 
of a cytocidally effective dose of the composition of Claim 
1 individual in need of said treatment. Preferably, the 
proliferative cell disease is cancer. Most preferably, the 
cancer is Selected from the group consisting of breast cancer, 
cervical carcinoma and melanoma. 

0039. In addition, the present invention also provides 
other methods, including a method of treating human breast 
carcinoma comprising administration of a cytotoxic or cyto 
static dose of TNF-conjugated monoclonal antibody 15A8 to 
an individual diagnosed as having a tumor bearing 15A8 
tumor associated antigen. The present invention also pro 
vides a method of treating cervical carcinoma comprising 
administration of a pharmacologically effective dose of 
TNF-conjugated monoclonal antibody directed against 
15A8 tumor associated antigen to an individual in need of 
Said treatment. Furthermore, the present invention provides 
a method of treating melanoma comprising administration of 
a pharmacologically effective dose of a TNF-conjugated 
monoclonal antibody ZME-018 to an individual in need of 
Said treatment. Another embodiment of the present invention 
is a method of Suppressing Secondary cataract formation 
which comprises administration of the conjugate of claim 1 
to an individual after the Surgical replacement of the optic 
lens. 
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0040. The immunochemical derivatives of this invention 
comprise conjugates of an antibody directed toward a tumor 
asSociated antigen and a biological response modifier. Bio 
logical response modifiers which may be coupled to the 
antibody directed toward a tumor associated antigen and 
used in the present invention include, but are not limited to, 
lymphokines and cytokines Such as TNF (alpha or beta), 
interleukin, especially IL-1, interferons and IL-6. These 
biological response modifiers have a variety of effects on 
tumor cells. Among these effects are increased tumor cell 
killing by direct action as well as increased tumor cell killing 
by increased host defense mediated processes. Conjugation 
of antibody directed to a tumor associated antigen with these 
biological response modifiers will allow Selective localiza 
tion within tumors and, hence, improved anti-proliferative 
effects while Suppressing non-specific effects leading to 
toxicity of non-target cells. 

0041) Specific antibody delivery of cytotoxins to tumors 
will provide protection of Sensitive sites Such as the liver, 
kidney and bone marrow from the deleterious action of the 
naturally occurring toxic agents. Use of antibodies conju 
gated to the biological response modifiers as a delivery 
System allows lower dosage of the drug itself, Since all toxic 
moieties are conjugated to antibodies which concentrate 
within the tumor or other target site. 
0042 Conjugates of the monoclonal antibody may be 
made using a variety of bifunctional protein coupling agents. 
Examples of Such reagents are SPDP, IT, bifunctional 
derivatives of imidoesterS Such as dimethyl adipimidate 
.HCl, active esterS Such as disuccinimidyl Suberate, alde 
hydes Such as glutaraldehyde, bis-azido compounds Such as 
bis(p-azidobenzoyl) hexanediamine, bis-diazonium deriva 
tives Such as bis-(p-diazonium-benzoyl)-ethylenediamine, 
diisocyanates Such as toluene 2,6-diisocyanate, and bis 
active fluorine compounds Such as a 1,5-difluoro-2,4-dini 
trobenzene. 

0043. The antibodies employed in the immunoconjugate 
are preferably monoclonal antibodies, and most preferably 
monoclonal antibodies directed against a specific pathologi 
cal conditions, including, but not limited to, cancerS Such as 
breast, cervix, melanoma, etc. The antibodies used in the 
present invention may also be directed against non-cellular 
antigens which do not originate in the host Such as viruses 
or viral coat antigens. The immunoconjugate of the present 
invention when comprised of Such non-host antigens pro 
vides a Selective delivery vehicle for delivering cytotoxic or 
cytostatic biological response modifiers to pathogenically 
infected host cells. AS used herein the term "monoclonal 
antibody' means an antibody composition having a homo 
geneous antibody population. It is not intended to be limited 
as regards the Source of the antibody or the manner in which 
it is made. 

0044. By way of example, breast carcinoma cells express 
a 22/kD antigen on their cell Surface. Antibodies to this 
antigen have been produced. Hybridomas which Secrete 
Specific monoclonal antibodies of the IgG1, IgG2a and 
IgG2b isotypes which recognize an epitope of this 22/kD 
antigen have been produced. All isotypes recognize the same 
epitope of the antigen. For the purpose of further example in 
describing this invention this epitope will be designated the 
15A8 epitope. Thus, all of these antibodies are functionally 
equivalent. Additionally, in practicing this invention, anti 
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bodies which bind to different antigenic determinants on the 
Same antigen, i.e., recognize different epitopes are also 
functionally equivalent. 

0.045 Monoclonal antibodies may be made by methods 
known to those of -skill in the art. The procedure for making 
the hybridoma cell cultures which produce, for instance, 
15A8 MAb, is generally known to those with skill in this art. 
Briefly, mammary tumor cells were injected into BALB/c 
mice intraperitoneally for three weeks for a total of three to 
four injections. The Spleens were harvested three days after 
the last injection and a spleen cell Suspension was prepared 
and fused with 107 PAI melanoma cells. The hybrid cells 
were Selected on hypoxanthine aminopterin thymidine 
(HAT) medium. Further details of the preparation of the 
hybridomas and characterization of these monoclonal anti 
bodies are provided in the examples below. However, mono 
clonal antibodies prepared against any tumor associated 
antigen by any method known in the art may be used in the 
immunoconjugates of the present invention. 

0046) The term “Tumor associated antigen” is meant to 
comprise any antigen which is found in Significantly higher 
concentrations in or on tumor cells than on normal cells. 
Although the term "tumor associated antigen' normally does 
not comprise viral or other non-host cell antigens, as used 
herein it will be apparent to those in the art that the 
immunoconjugate of the present inventions may also target 
biological response modifiers to any cells which has an 
antigenic concentration significantly different from normal 
cells. Thus, this invention may also be applied to deliver 
biological response modifiers to virally infected cells, to 
cells in which the biological response modifiers has a 
beneficial rather than a toxic effect and the like; it is not 
necessary that the target cell be a tumor cell. It is only 
necessary that the target cell have a specific antigenic 
determinant the differs either qualitatively or quantitatively 
from other non-target cells. 
0047 Biological response modifiers such as TNF may be 
obtained from Sera of intact animals, culture Supernatants of 
lymph cells or cell lines after the animals or cells had been 
treated with a Substance known to Stimulate the proliferation 
of immune cells (an inducer) or by recombinant technology. 
The biological response modifier may be obtained from any 
mammalian Source Such as, e.g., mouse, rabbit, rat, primate, 
pig, and human. Preferably Such proteins are obtained from 
a human Source, and more preferably are recombinant, 
human proteins. Thereafter, the Serum, Supernatant or cell 
paste is harvested and assayed for biological activity toward 
a target tumor cell line. The term “recombinant protein' 
refers to a protein having comparable biological activity to 
the native protein prepared by recombinant DNA tech 
niques. For use in the present invention the recombinantly 
produced biological response modifier does not have to be 
identical in Structure nor must it express the identical range 
of biological activities of the native protein, as long as it 
retains the activity Sought to be delivered to the targeted Site. 
0.048. The biological activity of the biological response 
modifier and of the immunoconjugated biological response 
modifier may be measured by methods described in the art. 
For instance, TNF cytotoxic activity may be measured by 
using an L-929 fibroblast cell assay system as described in 
Example 2 below. Antibody such as, e.g., 15A8 or ZME-018 
were modified with SPDP as described below and then 
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conjugated with iminothiolane modified TNF as described 
below. The TNF-conjugated antibody was purified by col 
umn chromatography on a SephadeX S-300 column as 
described below. 

0049. The immunochemicals of the present invention 
may be used to kill tumor cells in vitro as well as in vivo. 
For instance, in clinical situations where bone marrow 
metastasis has occurred, the bone marrow may be cleared of 
tumor cells extracorporeally. This is often necessary when a 
tumor is radioSensitive and total body radiation is a required 
treatment. For a patient's own bone marrow to be cleared of 
tumor cells, it can be removed from the patient prior to 
radiation, cleared of tumor cells extracorporeally and 
returned to the patient to replace the bone marrow cells 
destroyed by radiation. When used to kill human breast 
cancer cells in vitro for example, the conjugates will typi 
cally be added to the cell culture medium at a concentration 
of at least about 10 nM. The formulation and mode of 
administration for in vitro use are not critical. Aqueous 
formulations that are compatible with the culture or perfu 
sion medium will normally be used. Cytotoxicity may be 
read by conventional techniques to determine the presence 
or degree of breast cancer cells remaining. 

0050 Administration of the immunoconjugates of the 
present invention to an individual who has been diagnosed 
as having a tumor with a specific antigenic determinant will 
allow targeting and concentration of the cytotoxic agent at 
the site where it is needed to kill the tumor cells. By So 
targeting the cytotoxic agents, non-specific toxicity to other 
organs, tissues and cells will be eliminated or decreased. 

0051 When used in vivo for therapy, the immunotoxins 
are administered to the patient in therapeutically effective 
amounts (i.e., amounts that eliminate or reduce the patient's 
tumor burden). The immunotoxins will normally be admin 
istered parenterally, either intravenously or intraperitoneally. 
The dose and dosage regimen will depend upon the nature 
of the cancer (primary or metastatic) and its population, the 
characteristics of the particular immunoconjugate, e.g., its 
therapeutic index, the patient, and the patient's history. The 
amount of immunotoxin administered will typically be in the 
range of about 0.1 to about 10 mg/kg of patient weight. For 
parenteral administration, the immunoconjugates will be 
formulated in a unit dosage injectable form (Solution, Sus 
pension, emulsion) in association with a pharmaceutically 
acceptable parenteral vehicle. Such vehicles are inherently 
nontoxic and nontherapeutic. Examples of Such vehicles are 
water, Saline, Ringer's Solution, dextrose Solution, and 5% 
human Serum albumin. Nonacqueous vehicles Such as fixed 
oils and ethyl oleate may also be used. Liposomes may also 
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 preservatives. The 
immunoconjugate will typically be formulated in Such 
vehicles at concentrations of about 0.1 mg/ml to 10 mg/ml. 
The immunoconjugate of the present invention is then 
formulated in a non-toxic, inert, pharmaceutically accept 
able carrier medium, preferably at a pH of about 3 to 8, more 
preferably 6-8. 

0052 The dosage level of immunoconjugate will depend 
on the in Vivo efficacy data obtained after preclinical testing 
and will depend mainly upon the particular biological 
response modifier used and whether it is used alone or in 
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combination with other drugs or biological response modi 
fiers. The pharmaceutical preparation as described above is 
Suitable for parenteral administration to humans or other 
mammals in therapeutically effective amounts (i.e., amounts 
which eliminate or reduce the patient's pathological condi 
tion) to provide therapy thereto, the type of therapy being 
dependent on the Specific biological response modifier con 
jugated to the antibody delivery System. 

0.053 Antibody-conjugated Biological Response Modifi 
ers such as TNF may be administered in combination with 
interferon, preferably human B interferon (IFN-?3). IFN-?3 
refers to immune interferon having comparable biological 
activity to native interferon. Preferably the interferon is 
prepared by recombinant technology. 

0.054 The following examples provide a detailed descrip 
tion of the preparation, characterization, and use of the 
immunoconjugate of this invention. These examples are not 
intended to limit the invention in any manner. 

EXAMPLE 1. 

0055) Purification of TNF 
0056 TNF may be purified by techniques known to these 
in the art. For instance, Aggarwal et al. describes the 
purification of TNF from various sources including several 
cell lines of monocytic origin. Aggarwal (1986) Methods of 
Enzymology 116:448, incorporated herein by reference. 
This method may also be utilized to purify TNF from other 
SOUCCS. 

0057 TNF is preferably obtained by recombinant tech 
nology known to those of skill in the art. Such a preparation 
is, for example, described in detail in U.S. Pat. No. 4,677, 
063 and European Publication EP 186.214. The TNF prepa 
ration used to obtain the following data depicted in the 
following Examples was obtained from Genentech Corp., 
South San Francisco, Calif. The human recombinant DNA 
derived material was purified to homogeneity from extracts 
of E. coli. TNF migrated as a single band with an approxi 
mate molecular weight of 18,000 daltons. 

EXAMPLE 2 

0.058 Assay of TNF Cytotoxic Activity 

0059) The TNF cytotoxic activity was monitored utiliz 
ing the following assay on L-929 cells. Forty thousand 
murine L-929 fibroblasts in MEM media containing 10% 
FCS were added to each well of a 96 well plate and 
incubated 24 hours at 37° C. (5% CO). Cells were then 
treated with various amounts of either TNF or TNF-antibody 
conjugate in medium containing 0.5 g/ml Actinomycin-D 
for 24 hrs at 37° C. (5% CO). The cells were washed with 
phosphate buffered saline (PBS), pH 7.2 and viable cells 
were stained with crystal violet. The plates were read at 590 
nm to determine viable cell number. TNF with a specific 
activity no lower that 1x107 U/mg was used for conjugation 
with the antibodies. A unit of TNF activity is the amount of 
TNF protein which causes 50% inhibition of L-929 cell 
growth. 
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EXAMPLE 3 

0060 Modification of TNF with Iminothiolane 
0061 TNF in phosphate buffered saline was concentrated 
to approximately 2 milligrams/ml in a Centricon 10 micro 
concentrator. Triethanolamine hydrochloride (TEA/HCl), 
pH 8.0 and EDTA were added to a final concentration of 60 
mM TEA/HCl and 1 mM EDTA pH 8.0. 2-Iminothiolane 
stock solution (20 mM) was added to a final concentration 
of 1 mM and the sample was incubated for 90 minutes at 4 
C. under a stream of nitrogen gas. 
0062) Excess iminothiolane (IT) was removed by gel 
filtration on a column of Sephadex G-25 (1x24 cm) pre 
equilibrated with 5 mM bis-tris/acetate buffer, pH 5.8 con 
taining 50 mM NaCl and 1 mM EDTA. Fractions were 
analyzed for protein content in microtiter plates using the 
Bradford dye binding assay. Briefly, forty microliters of 
sample, 100 ul of phosphate buffered saline (PBS) and 40 ul 
of dye concentrate were added to each well. Absorbance at 
600 nm was read on a Dynatech Microelisa Autoreader. TNF 
elutes at the void volume (about fractions 14-20). These 
fractions are pooled and concentrated by use of a Centricon 
10 microconcentrator. 

EXAMPLE 4 

0063 Monoclonal Antibody to 15A8 Antigen and to 
Melanoma Antigen ZME-018 
0064. These monoclonal antibodies may be made by 
methods known to those of skill in the art. The procedure for 
making the hybridoma cell cultures which produce the 15A8 
antibodies is described in detail in European Application 
Publication WO-184-369 (published 11 Jun. 1986). Briefly, 
mammary tumor cells (Soule, et al., JNCI, 51: 1409-1413 
(1973) ATCC Accession No. TB-22) were injected into 
BALB/c mice intraperitoneally every three weeks for a total 
of three to four injections. The spleens were harvested three 
days after the last injection and a spleen cell Suspension was 
prepared and washed by two centrifugations (800xg) in 
Dulbecco's modified Eagles medium. One hundred and 
eight immunized mouse spleen cells and 107 PAI myeloma 
cells were resuspended for fusion in a 45% solution (v/v) of 
polyethylene glycol 1500. The hybrid cells were selected on 
hypoxanthine-aminopterin-thymidine (HAT) medium. 
0065 Clones of the hybridoma were grown in vitro 
according to known tissue culture techniques Such as is 
described by Cotten, et al., Eur: J. Immunol. 3:136 (1973). 
Hybridomas producing antibodies which reacted with 
MCF-7 and/or MDA-157 cells but not human foreskin 
fibroblast cells were further characterized. The antibodies 
produced by the 15A8 cell line and hybridomas-producing 
functionally equivalent antibodies reacted with the 15A8 
antigen on MCF-7 cells. They also reacted with 28/31 
randomly obtained human mammary carcinomas tested and 
exhibited a weaker reaction with normal human epithelial 
cells of breast, renal proximal tubule, bladder Skin, esopha 
guS and Salivary gland, but cells of Substantially no other 
normal tissue, and was unreactive with 14 of 18 other 
malignant tissues tested. The 15 A8 antibody also reacted 
with all fibrocystic diseases, normal mammary epithelium, a 
number of adenocarcinomas and did not react with mesothe 
liomas. The 15A8 antibody also crossreacts with cervical, 
colon and prostrate carcinomas. 
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0.066 Representative hybridoma cultures whose cells 
Secrete antibody of the same idiotype, i.e., all recognize the 
15A8 epitope, have been deposited at the American Type 
Culture Collection and have been assigned the accession 
numbers HB-8655 (for 15A8), HB-9344 (for 15A8 G2a) and 
HB-9345 (for 15A8 G2b). 
0067. As used herein with respect to the exemplified 
murine monoclonal anti-human breast cancer antibodies, the 
term “functional equivalent” means a monoclonal antibody 
that: (1) crossblocks an exemplified monoclonal antibody; 
(b) binds Selectively to cells expressing the 15 A8 antigen 
Such as human breast cancer cells; (c) has a G or M isotype; 
(d) binds to the 15A8 antigen as determined by immuno 
precipitation or Sandwich immunoassay; and (e) when con 
jugated to TNF exhibits a tissue culture inhibitory dose 
(TCID) of at least 50% against at least one of the MCF-7, 
ME-180, BT-20, or A431 cell lines when used at a dose 
between 50 and 100 units per ml. 
0068 Monoclonal antibodies which bind to melanoma 
cells were similarly prepared. The details of the preparation 
of monoclonal antibodies directed to cell Surface and cyto 
plasmic melanoma antigens was described in detail in Wil 
son et al., Int. J. Cancer (1981) 28:293, incorporated herein 
by reference. 

EXAMPLE 5 

0069 Modification of Monoclonal Antibody 15A8 or 
ZME-018 with SPDP 

0070 N-Succinimidyl 3-(2-pyridyldithio) (propionate) 
(SPDP) in dimethylformamide was prepared as a stock 
solution of 3 mg/ml in dry dimethylformamide. Since the 
crystalline SPDP can undergo hydrolysis, the actual concen 
tration of chemically reactive crosslinker was determined by 
Spectrophotometric methods by analyzing the absorbance at 
260-nm in a dual-beam Spectrophotometer. The concentra 
tion of SPDP stock is calculated from the following equa 
tion: 

Change in absorbance (260 nm)x(3.01)=mmoles/ml/ 
SPDP 0.02x103 ml/mmol O.O1 

0071. One milligram of monoclonal antibody, for 
instance, MAb 15A8 or MAb ZME-018 in 0.5 ml of PBS 
was added to a glass tube. SPDP stock solution was slowly 
added at a 5-fold molar exceSS to the tube, mixing con 
stantly. The mixture was incubated for 30 minutes at room 
temperature, mixing every 5 minutes during the incubation 
period. Excess unreacted SPDP was removed by gel filtra 
tion chromatography on a Sephadex G-25 column (1x24 
cm) pre-equilibrated with PBS. Fractions (0.5 ml) were 
collected during the PBS elution and were analyzed for 
protein content by the Bradford dye method. Antibody 
eluted in the void volume (approximately fractions 14-20). 
These fractions were pooled and the protein concentrated in 
a Centricon-30 microconcentrator. The Centricon retentate 
was washed with 100 mM sodium phosphate buffer, pH 7.0 
containing EDTA (0.5 mM). The antibody was concentrated 
to a final volume of approximately 0.5-0.75 ml. 

EXAMPLE 6 

0072 Conjugation of SPDP-Modified Monoclonal Anti 
body with Iminothiolane-Modified TNF 
0073 Antibody 15A8 and antibody ZME-018 were con 
jugated to TNF using N-Succinimidyl-3-(2-pyridyldithio) 
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propionate (SPDP) and/or iminothiolane (IT) as a coupling 
agent. The conjugates were tested against Me-180, and 
AAB-527 cells in a 72-hour tissue culture assay. The anti 
body conjugates exhibited acceptable antiproliferative activ 
ity (TCID50% of less than 10 units/ml) against both of these 
cell lines. 

0074) Monoclonal antibody 15A8 or ZME-018 modified 
as described in Example 4 was mixed with an equal weight 
of TNF modified as in Example 3. This proportion corre 
sponded to a 5-fold molar excess of TNF as compared to 
antibody. The pH of the mixture was adjusted to 7.0 by the 
addition of 0.05 M/TEA/HCl buffer pH 8.0 and the mixture 
was incubated for 20 hours at 4 C. under nitrogen. Iodoac 
etamide (0.1M) was added to a final concentration of 2 mM 
to block any remaining free Sulfhydryl groupS and incuba 
tion was continued for an additional hour at about 25 C. The 
reaction mixture was stored at 4 C. until purification by gel 
filtration. 

EXAMPLE 7 

0075 Purification of TNF-Monoclonal Antibody Com 
plexes 

0076 Non-conjugated TNF was removed from the reac 
tion mixtures of Example 6 by gel filtration on a SephadeX 
S-300 column (2.5x50 cm) pre-equilibrated with PBS. Reac 
tion mixtures from Example 6 containing TNF conjugated to 
MAb ZME were concentrated to approximately 1 ml with a 
Centricon 30 microconcentrator before loading on the 
Sephadex column. The column was washed with PBS. One 
ml fractions were collected and 50 ul aliquots are analyzed 
for protein by the Bradford dye binding assay. 
0.077 Free and TNF-conjugated antibody eluted at about 
fractions 17-40 while, unconjugated TNF elutes at about 
fractions 46-50. FIG. 1 demonstrates the elution profile of 
the S-300 column. Elution of free TNF standard (in fraction 
46-48) is shown by arrow. Elution of unconjugated ZME 
antibody occurs at approximately fraction 28. After chro 
matography of the reaction mixture, fraction 20-40 were 
pooled. PAGE analysis demonstrated that these fractions 
contained no free TNF. This elution pattern was confirmed 
by electrophoresis of 50 ul aliquots on 5-20% gradient 
non-reducing SDS polyacrylamide gels. This analysis con 
firmed that the conjugated material contained from one to 
three molecules of TNF coupled per molecule of antibody 
and no free TNF 

0078. Non-conjugated antibody was removed from the 
TNFconjugated antibody by affinity chromatography using 
CNBr Sepharose coupled to a murine anti-TNF antibody. 
The resin was poured into a small column (1x4 cm) and 
pre-equilibrated with 10 mM phosphate buffer, pH 7.2 
containing 0.1 M NaCl. After loading the S-300 pooled 
sample, the column was washed with 30 ml of the same 
buffer to completely elute non-conjugated antibody. TNF 
conjugated antibody bound to the column. 
007.9 The antibody-TNF complex eluted from the col 
umn as shown in FIG. 2 which depicts the elution profile of 
the TNF affinity column. The flow-through peak contains 
only free antibody while fractions 58-70, contain antibody 
TNF conjugate free of unconjugated TNF or antibody. The 
pooled fractions from the S-300 chromatography were 
applied to an affinity chromatography Support to which an 
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anti-TNF murine antibody was bound. The column was 
washed extensively with PBS allowing free ZME antibody 
(Fraction 20 peak) to elute from the resin. Elution of 
ZME-TNF conjugate was performed by washing the column 
with 0.1M Na acetate buffer (pH 4.5) containing 0.15 M 
NaCl buffer. As shown in FIG. 2, the purified conjugate was 
eluted as a single protein peak. PAGE analysis on a 5-20% 
acrylamide continuous gradient non-reducing gel demon 
Strated that the conjugate contained ZME bound to 1, 2 and 
3 TNF molecules. There was no detectable free TNF or free 
ZME-018 in the final product. Protein content of the eluted 
fractions was determined by the Bradford dye binding assay. 
The protein-containing fractions were pooled and the elution 
pattern confirmed by electrophoresis on a 5 to 20% gradient 
non-reducing polyacrylamide gel. 

0080. The L-929 assay described in Example 2 was 
utilized to estimate the TNF activity of the essentially pure 
TNF-antibody complex. Both the essentially pure 15A8 
TNF and the ZME-TNF antibody conjugates are active in 
the L-929 assay. A 1:1000 dilution of the original sample 
caused approximately a 50% inhibition of L-929 cell 
growth. Thus, the activity of the original preparation was 
1000 U/ml. 

EXAMPLE 8 

0.081 Binding of TNF-Conjugated and Unconjugated 
ZME-018 Antibody 
0082 In order to determine whether changes in the 
binding characteristics of ZME to target A-375 (antigen 
positive) cells or T-24 cells (antigen negative) occurred by 
modification with TNF, cells were plated at 50,000 cells/well 
in a 96-well plastic plate and allowed to air-dry at room 
temperature. Various concentrations of ZME or ZME-TNF 
were added, allowed to bind for 3 hours at room tempera 
ture. Astandard ELISA assay was performed for detection of 
murine antibody. 
0.083. The ability of the TNF-conjugated and unconju 
gated ZME-018 antibody to bind to target cells was 
assessed. Fifty thousand target cells (A-325) or non-target 
Human bladder carcinoma cells (T-24 cells) were added to 
each well of microtiter plate. The cells were dried on the 
plates overnight at 37 C. The cells were then washed with 
three changes of cold PBS and air dried overnight. The cell 
Surface antigenic determinants remain antigenically active. 
0084. After attachment of the cells, the plates were 
washed with Washing Buffer (9.68 g Tris, 64.8 g. sodium 
chloride, 16 ml Tween 20, 800 mg thimerasol in 8 L of 
double distilled water). Antibody samples were diluted in 
Washing Buffer containing 1% Bovine serum albumin (w/v) 
(Diluting buffer). Fifty microliters of various concentrations 
ranging from 0.002 to 100 ug/ml of either conjugated or 
unconjugated ZME-018 antibody were added to the wells. 
After incubation for 1 hour at 4 C., the Supernatants were 
removed and the wells washed twice with Washing Buffer. 
0085 Fifty microliters per well of alkaline phosphatase 
conjugated goat anti-mouse IgG diluted 1:1000 (v/v) 
(APGAM) in Diluting Buffer was added to each well. The 
plates were incubated for 1 hour at 4 C. and the wells 
washed twice with Washing Buffer. After incubation of the 
plates with 50 ul of Substrate Solution (80 mM citrate 
phosphate (pH 5.0), 1 mM ABTS substitute and 4 ul of 30% 
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hydrogen peroxide) in the dark for 30 minutes at room 
temperature, 25 ul of 4N Sulfuric acid was added to each 
well. The absorbance at 492 nm was determined on an Elisa 
plate reader. 
0.086 FIG. 3 shows that the ZME-TNF complex bound 
to A-375 target cells to the same extent as did native ZME 
antibody. Since there was no difference in the binding of the 
ZME-TNF or the unconjugated ZME antibody to the A-135 
antigen containing target cells, the chemical conjugation 
procedure does not alter the affinity of the antibody for its 
target antigen. There was no detectable binding of either 
ZME or ZME-TNF complex to non-target T-24 bladder 
carcinoma cells. 

EXAMPLE 9 

0.087 Effects of TNF and TNF-15A8 or ZME-TNF Anti 
body Complex 
0088. The antiproliferative effects of TNF and 15A8 
TNF or ZME-TNF conjugate were assessed by plating 
approximately 5,000 log-phase cells/well in 96 well micro 
titer plate in 200 ml of appropriate tissue culture media. The 
cells were allowed to adhere for 24 hours at 37 C. in 
atmosphere of 5% CO2 in air. Non-targeted, antigen negative 
T-24 human bladder carcinoma cells, Me-180 cells antigen 
positive for 15A8 and A-375 human melanoma cells antigen 
positive for ZME-018 in log-phase were treated with various 
concentrations of either media alone (control), TNF 15A8 
TNF conjugate or ZME-TNF conjugate and incubated at 37 
C. in an atmosphere of 5% CO in air for 72 hours. The 
plates were washed three times with cold PBS. 50 ml of 
methanol was added to each well and the cells lysed by 
repeated cycles of freezing and thawing. Protein concentra 
tions were then determined. Alternatively, cell numbers in 
each well was assessed using crystal violet Stain. The 
absorbance of each well was determined on an ELISA reader 
and compared to control wells (no treatment). As shown in 
FIG. 4, TNF alone had no cytotoxic or cytostatic of TNF 
used (50,000 units/well). However, with the ZME-TNF 
conjugate, 50% inhibition was obtained with only 10 units/ 
ml. 

0089 Cell growth inhibition was also assessed by reduc 
tion in protein concentrations or cell number of treated cells 
as compared to Saline-treated controls. There was no inhi 
bition of cell growth by the 15A8-TNF conjugate or the 
ZME-TNF T-24 carcinoma on non-targeted T-24 carcinoma 
cells. There was no effect of 15 A8-TNF against the T-24 
non-target cell line. Since only cells containing the 15A8 
antigen on their surface were killed by the TNF-15A8 
immunotoxin, this immunotoxin is an efficient method to 
target and kill 15A8 tumor associated antigen-containing 
cells while minimizing or preventing damage or injury to 
normal non-tumor associated antigen-bearing cells. 
0090 The ZME-TNF conjugate was more active than 
free TNF when tested on antigen-positive human melanoma 
(either AAB-27 or A-375) cells in culture (FIGS. 4 and 5). 
As shown in FIG. 4, TNF alone had no effect on the growth 
of AAB-27 cells at doses up to 50,000 U/ml. However, 50% 
inhibition was obtained with approximately 6 U/ml of the 
ZME-TNF conjugates as shown in FIG. 5. A-375 target 
human melanoma cells were inhibited by TNF alone at doses 
of approximately 100 U/ml, while the ZME-TNF conjugate 
inhibited cells at a concentration of approximately 0.8 U/ml. 
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Me-180 target cells were 10 fold more sensitive to the 
15A8-TNF immunotoxin than to TNF alone (FIG. 6). 
0091 FIG. 6 demonstrates that at approximately 15 
U/ml, TNF conjugated 15A8 antibody inhibited 50% of the 
Me-180 cells, while a concentration of 200 U/ml of the 
unconjugated TNF was required to achieve the same effect. 
There was no effect of either TNF or ZME-TNF conjugate 
on antigen-negative T-24 cells. 
0092. Thus, immunoconjugates of ZME and 15 A8 with 
TNF can dramatically augment the cytotoxicity of TNF on 
antigen-positive cells while antigen negative cells are unaf 
fected. In addition, in one cell line totally resistant to the 
growth-inhibiting effects of TNF alone (FIG. 4), cellular 
resistance can be overcome by antibody targeting. 

EXAMPLE 10 

0093. The reagents 2-iminothiolane and N-Succimindyl 
3-(2-pyridyldithio) (proprionate) (SPDP) were obtained 
from Sigma Chemical Co. Ethylenediamine tetraacetic acid 
(EDTA), disodium salt was purchased from Boehringer 
Mannheim. Triethanolamine hydrochloride was obtained 
from Kodak Chemical Co. and dimethyl formamide (DMF) 
was purchased from Aldrich Chemical Co. Trizma HCl was 
obtained from Bio-Rad Laboratories. Recombinant human 
tumor necrosis factor (0.5 mg/ml, specific activity 3x107 
Units/ml) was obtained from Genentech Inc. Antibody 
ZME-018 was a generous gift of Hybritech Inc. Dulbecco's 
modified Eagle's medium was obtained from Cellgro 
(Washington, D.C.). Minimum Essential Medium (MEM) 
was obtained from Gibco Laboratories (Grand Island, N.Y.). 
Fetal bovine serum purchased from Hyclone, Inc. Horse 
radish peroxidase conjugated goat anti-mouse antibody for 
ELISA was purchased from Bio-Rad Laboratories. 

EXAMPLE 11 

0094) Cells 
0.095 Human melanoma (A375-M) cells were obtained 
from Dr. I. J. Fidler of M. D. Anderson Cancer Center, 
Houston, Tex. The A375-M cells were routinely grown at a 
density of 7x10 cells per T-75 flask in Dulbecco's MEM 
10% FBS containing gentamicin (0.05 mg/ml), added 
sodium pyruvate (100 mM), nonessential amino acids (10 
mM), glutamine (200 mM) and MEM vitamins. The cells 
were routinely subcultured twice per week. Murine L-929 
cells were purchased from the American Type Culture 
Collection and were grown in Dulbecco's MEM, 10% FBS 
containing gentamicin (0.05 mg/ml) and added glutamine 
(200 mM). All cells were routinely tested and found to be 
free of mycoplasma contamination using the Gen-Probe 
assay kit. 

EXAMPLE 12 

0096) Conjugation of ZME-018 with TNF 
0097. Two ml of ZME-018 (4.85 mg/ml) in PBS was 
added to a 12x75 mm glass tube. A solution of SPDP (6 
mg/ml) in dry DMF was added while vortexing at five-fold 
molar excess. The mixture was incubated for 30 minutes as 
room temperature and excess unreacted SPDP was removed 
by gel filtration on a Sephadex G-25 column (2x30 cm) 
equilibrated with 100 mM sodium phosphate, ph 7, contain 
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ing 0.5 mM EDTA (Buffer A). The void volume peak 
containing protein was pooled and held on ice. 
0.098 Five mg of TNF (0.5 mg/ml) in a 16x100 mm glass 
test tube was added to stock Solutions of TEA/HCl and 
EDTA to a final concentration of 60 mM TEA/HCl, 1 mM 
EDTA (ph 8.0) and 2-iminothiolane was added to a final 
concentration of 5 mM. The sample was incubated for 90 
minutes at 4 C. under a stream of N2. Excess iminothiolane 
was removed by gel filtration on a BioRad P-6 (2x40 cm) 
column pre-equilibrated with 5 mM bis-Tris acetate buffer 
(pH 5.8) containing 50 mM NaCl and 1 mM EDTA (Buffer 
B). The modified TNF eluting in the void volume was 
pooled and kept at 4 C. 
0099 Modified ZME-018 in Buffer A was mixed with 
modified TNF in Buffer B in a molar ratio of 1:10. The pH 
of the mixture was adjusted to 7.0 by addition of 0.5 M 
TEA/HCl (pH 8.0) and the mixture was incubated for 20 
hours at 4 C. The reaction mixture was purified by chro 
matography on Sephacryl S-300HR (Pharmacia). High 
molecular weight fractions were pooled and further purified 
by chromatography on an affinity column. 
0100. The affinity support for TNF was prepared by first 
dialyzing 300 ug of anti-TNF murine antibody (TNF-beta, 
supplied by Genentech Inc.) in 0.1 M NaHCO buffer, pH 
8.5. One ml of affigel-10 resin (from BioPad) was trans 
ferred to a 5 ml centrifuge tube and washed 3x with cold (4 
C.) deionized HO. The antibody and the resin were 
admixed and gently agitated at 4 C. for 24 hours. The resin 
was washed and remaining active ester groups were blocked 
by the addition of 1 ml of 0.1M NaHCO pH 8.0 and 0.1 ml 
of 1 M ethanolamine. The high molecular weight fractions 
from S-300 chromatography (Fractions 35-55) were pooled 
and applied to an anti-TNF affi-gel column (1 cmx5 cm) 
equilibrated with PBS. The sample was loaded and washed 
with 50 ml of PBS to elute free antibody. TNF conjugated to 
ZME was eluted by the addition of 50 mM sodium citrate 
buffer (pH 3.0) containing 150 mM NaCl. The column 
effluent was fractionated using a Gilson fraction collector 
(model FC-80). Protein analysis of the various fractions was 
performed using a BioPad protein assay. Fractions from the 
various steps were analyzed by silver-stained SDS-PAGE 
using a 5-15% acrylamide gradient gel. The biological 
activity of the ZME-TNF immunoconjugate was determined 
using the Standard bioassay for TNF activity examining 
cytotoxicity against murine L-929 cells in culture. 

EXAMPLE 13 

0101 ELISA Assay of ZME and ZME-TNF Conjugate 
0102) An ELISA was performed to determine the immu 
noreactivity of the ZME-TNF conjugate compared to ZME 
alone. Briefly, 5x10" melanoma cells (A375-M) per well 
were added to 96 well polyvinyl microtiter plates (Falcon). 
The plates were dried for 18 hours at 37 C. and then washed 
twice with 10 mM PBS pH 7.4 containing 0.1% Tween-20 
and 0.02% Thimersol (washing buffer). Antibody ZME-018 
or ZME-TNF conjugate were diluted in washing buffer 
containing 0.1% BSA, added to each well and plates were 
incubated for one hour at room temperature. After three 
washes with washing buffer, 50ll of 1:1000 dilution horse 
radish peroxidase-conjugated goat anti-mouse IgG (Biorad) 
was added to each well and incubated for one hour at room 
temperature. After three washes, 100 ul of Substrate (1 mM 
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ABTS containing 1 ul/ml of 3% HO) was added to each 
well. The reaction was stopped after 10-20 minutes by 
addition of 5% SDS in PBS and absorbance at 405 nm was 
measured with an ELISA reader. 

EXAMPLE 1.4 

0103) 

0104) To illustrate the cytotoxicity of ZME-TNF and 
TNF, antigen-positive human melanoma cells (A375-M) in 
MEM, 10% fetal bovine serum were plated into 96 well 
plates at a density of 5x10 cells well and allowed to adhere 
for 24 hours at 37° C. in 5% CO. After 24 hours, the media 
was replaced with media containing different concentrations 
of either TNF or ZME-TNF conjugate. The effect of TNF-C. 
and ZME-TNF on the growth of tumor cells in culture was 
determined by crystal violet Staining. After incubating the 
plates with TNF and ZME-TNF for 72 hours at 37° C., 
medium was aspirated, and the cell monolayers were rinsed 
three times with PBS. Following the final rinse, cells were 
fixed and stained by the addition of 0.5% crystal violet in 
20% methanol (0.1 ml/well). The plates were rinsed three 
times in deionized water and crystal violet was extracted 
from adherent cells by the addition of 0.2 ml of Sorenson's 
buffer?well (0.1 M sodium citrate, pH 4.2, in 50% ethanol). 
Cell plates were vortexed for 30 minutes at room tempera 
ture and the absorbance was read at 540 nm (Bio-Tek 
Instruments, Winooski, Vt.) and compared with control 
wells (medium alone). Values shown are the mean of dupli 
cate experiments performed in octuplicate. 

In vitro Cytotoxicity of TNF and ZME-TNF 

EXAMPLE 1.5 

0105 Tissue Distribution of Radiolabeled ZME-TNF, 
TNF AND ZME Antibody and Antibody-Toxin Labeling 
using PIB 

0106) One drawback in the use of 'I or 'I labeled 
protein in Vivo is the potential for rapid and extensive 
dehalogenation. A procedure for radioiodination utilizing 
monoclonal antibodies which incorporates iodine into pro 
tein via a metabolically Stable linkage has been previously 
described. This method conjugates N-Succinimidyl para 
iodobenzoate to the protein. Briefly, 37.5 ul of 1% HOAC/ 
MeOH, 10 ul of a 1 mglml solution of N-chlorosuccinimide 
(NCS) in MeOH and 10 ul of PBS were sequentially added 
to a reaction vial fitted with a rubber Septum containing 
N-Succinimidyl 4-tri-n-butylstannylbenzoate (Neorx Corp., 
Seattle, Wash.) (12.5 mg) in 12.5ul of HOAC/MeOH. One 
mCi of 'I was added to the reaction solution and after 5 
minutes, the reaction was quenched by addition of 10 ul of 
0.1 M NaHSO. The MeOH solvent was evaporated under 
a Na Stream for 10 minutes. Five hundred lug of protein in 
100 ul PBS was mixed with 100 ul 0.5 M, of borate buffer 
(pH 9.3) and then added to the reaction vial. The conjugation 
was allowed to proceed for 5 minutes at room temperature. 
Unreacted radioiodine was removed by chromatography on 
a Sephadex G-25 (PD-10) column (Pharmacia LKB Bio 
technology, Piscataway, N.J.). Radiochemical yield was 
from 40-60%. Incorporation of radiolabel into protein mea 
sured by TCA precipitation was greater than 90%. The 
Specific activity of radiolabeled proteins ranged between 
0.2-0.4 Ci/ug. 
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EXAMPLE 16 

01.07 
0108). The immunoreactivity of radiolabeled ZME and 
ZME-TNF was evaluated using the method of Lindmo et al., 
J Immunol Methods 72:77 (1984). Briefly, melanoma cells 
(2x10 A375-M) were incubated with various concentrations 
of 'I-labeled antibody or immunoconjugate for 1 hour at 
4°C. The cells were washed with PBS containing 1% BSA, 
lysed with 2% NP-40 (Sigma) and counted in a gamma 
counter (Packard model 5360). The immunoreactivity val 
ues ranged from 40-60% for both ZME-TNF immunocon 
jugate and ZME-018 monoclonal antibody. 

Immunoreactivity ASSay 

EXAMPLE 1.7 

0109 Tissue Distribution Study 
0110 Four to six week old athymic (nu/nu) mice were 
obtained from Harlan Sprague Dawley, Indianapolis, Indi 
ana. The animals were maintained under Specific pathogen 
free conditions and were used at 6-8 weeks of age. Animals 
were injected Subcutaneously, (right flank) with 2x10' log 
phase. A375-M melanoma cells and tumors were allowed to 
establish for three weeks. Monoclonal antibodies and immu 
noconjugates were labeled with 'I 24 hours prior to 
injection at a specific activity 0.3 ci?lug protein. After exam 
ining the immunoreactivity of the antibody and immuno 
conjugate, mice were injected (i.V. tail vein) with 5 uCi of 
label and 10 ug of total protein in 200 ul of normal saline. 
Mice were sacrificed by cervical dislocation 24 and 72 hours 
following injection. Samples of blood, tumor, heart, lung, 
liver, Spleen, kidney, intestine and muscle were removed, 
weighed and assayed for radioactivity in a Packard gamma 
counter (model 5360). The percentage of injected MAb/g 
tissue (% ID/g) in tumor and normal organs was calculated. 
Tumor to blood or tumor to organ ratios were also calculated 
by dividing the % ID/g Mab in tumor by the % ID/g Mab in 
the respective organ. 

EXAMPLE 1.8 

0111 Pharmacokinetics 
0112 Four to six week old BALB/C mice were injected 
with 0.3 uCi (5 lug) of either labeled Mab ZME-018 or 
ZME-TNF immunoconjugate; at 15, 30, 45, 60, 75,90, 105, 
120, 240 mins and 24 hours after injection, 2 mice at each 
time-point were Sacrificed by cervical dislocation. Blood 
Samples were removed (chest cavity), weighed and counted 
to determine total radioactivity in a gamma counter (Pack 
ard, model 5360). The blood samples were also centrifuged 
and plasma was decanted and counted to determine radio 
activity. Results from plasma determination of radioactivity 
were analyzed by a least-Square nonlinear regression 
(RSTRIP, from MicroMath, Inc.) program to determine 
pharmacokinetic parameters. 

EXAMPLE 1.9 

0113) 
0114) 4 to 6 week old BALB/C nude (nu/nu) mice were 
injected with 2x10 A375-M log-phase melanoma cells 
subcutaneously in the right flank. The tumors were allowed 
to establish for 3 weekSprior to Starting therapy and the mice 
were divided into 3 groups. Each treatment group had 5 mice 

In vivo Efficacy 
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with 100-200 mm established tumors. The mice were 
injected (i.v. tail vein) with either saline, ZME or ZME-TNF 
immunoconjugate (10,000 units/injection/mouse) daily for 5 
days followed by 10 days off therapy and another course of 
therapy for 5 days. At the end of therapy, the mice were 
monitored for additional 30 days. 

EXAMPLE 2.0 

0115 Cytotoxicity of ZME-TNF in vitro 
0116. Dose response curves for TNF alone or ZME-TNF 
against A-375 cells in log phase are shown in FIG. 7. The 
concentrations required to inhibit cell growth by 50% of 
control values were 100 U/ml of free TNF but only 2 U/ml 
of the ZME-TNF conjugate. Co-administration of ZME 
antibody (50 ug/ml) with ZME-TNF conjugate shifted the 
IC values of ZME-TNF conjugate to that of free TNF alone 
Suggesting that the augmented cytotoxicity observed with 
the antibody conjugate may be due to its interaction with the 
gp-240 antigen on the cell surface. Since addition of ZME 
alone to these cells had no appreciable cytotoxic or cyto 
Static effects, the TNF component of the conjugate appears 
to be alone responsible for the cytotoxic events observed. 

EXAMPLE 21 

0117. In vivo Pharmacokinetics of ZME, TNF and ZME 
TNF Conjugate 

0118. As described above, ZME, TNF, and the ZME-TNF 
immunoconjugate were radiolabeled using the PIB method 
described above. FIG. 8 shows the plasma clearance of both 
radiolabeled TNF and ZME-TNF conjugate. The clearance 
of both agents as well as that of native ZME was biphasic 
and closely fit (r220.94) an open, two compartment math 
ematical model. As shown in Table I, the half-lives for ZME 
and ZME-TNF were similar with alpha phase half lives of 
83.5 and 72 minutes respectively. In addition, the beta-phase 
half lives were also similar at 41.3 and 36.1 hours respec 
tively. In contrast, the clearance of free TNF was relatively 
rapid with alpha and beta phase half lives of 27.1 minutes 
and 2.7 hours, respectively. The immediate apparent volume 
of distribution (Vd) for ZME alone approximated the blood 
volume (1.9 ml) while TNF alone had a somewhat larger Vd 
Suggesting a greater distribution outside the vasculature. The 
ZME-TNF conjugate displayed a higher Vd than either ZME 
or TNF Suggesting a more extensive eXtravascular disposi 
tion than either of its component agents. The area under the 
concentration curve (Cxt) for TNF was substantially lower 
than that of ZME alone (3.51 vs 139.6 uCi/mlxminute) due 
to its relatively short plasma half life. The Cxt for ZME-TNF 
was substantially larger than that of TNF (3 fold) and 
approximately 10 fold lower than that of ZME because of its 
relatively greater distribution outside the vasculature. 

EXAMPLE 22 

0119 Tissue Disposition of ZME and ZME-TNF in a 
Melanoma Xenograft Model 
0120 Radiolabeled ZME or ZME-TNF were each 
administered to groups of 5 nude mice bearing Subcutane 
ous, well-developed human melanoma (A375-M) 
Xenografts. Seventy-two hours after administration, the ani 
mals were Sacrificed and tissue and blood Samples were 
analyzed for radioiodine content as described above. AS 
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shown in FIG. 9, uptake of 'I ZME was highest in tumor 
tissue with Smaller amounts found in lung, Spleen, kidney, 
heart and liver. After administration of I-ZME-TNF, the 
uptake of radiolabel was highest in tumor tissue followed by 
kidney, liver heart Spleen and lung. Compared to the tissue 
distribution found for ZME, the conjugate displayed an 
increased concentration primarily in liver and kidney Sug 
gesting that these sites may be primarily responsible for the 
increased Vd of the conjugate compared to that of native 
ZME. 

EXAMPLE 23 

0121) 
0122) Groups of mice bearing well-developed (100 mm) 
A375-M xenografts were treated (i.v. tail vein) with either 
saline, TNF (500,000 u/mouse/day) or ZME-TNF (500,000 
u/mouse/day) daily for 5 days followed by no treatment for 
10 days and then another course of daily injections for 5 
days. Mice were observed and their tumors were measured 
daily. As shown in FIG. 10, tumors in the saline treated mice 
increased by over 20 fold by day 40 and stabilized in size 
thereafter. The TNF treated mice showed a delay in growth 
increasing by 12 fold over the initial tumor volume by day 
53. At termination, tumors in all animals in this group were 
clearly increasing in Volume. In contrast, mice treated with 
the ZME-TNF conjugate showed only a modest 5 fold 
increase in tumor Volume by day 40 and were clearly 
decreasing in size. One mouse in this group showed a 
complete disappearance of the tumor nodule. 

In vivo Antitumor Effects of TNF and ZME-TNF 

0123. As shown in the present invention, TNF has a 
relatively short Serum half-life (2 hours) compared to mono 
clonal antibodies (typically 40 hours). The ZME-TNF 
immunoconjugate also demonstrates a much longer Serum 
half-life thereby increasing the circulating time of biologi 
cally active TNF. In addition to these properties, the incor 
poration of a tumor cell-binding domain to TNF appears to 
increase the cytotoxic properties of TNF in culture. 
0.124 ZME may have a higher affinity for the gp240 
surface antigen than TNF has for its receptor. The ZME-TNF 
conjugate may then provide for a prolonged Surface contact 
thus holding active TNF at the cell surface for protracted 
interaction with its surface receptor compared to free TNF. 
Also, there are far more gp240 Surface Sites per melanoma 
cell (100,000-1,000,000) compared to TNF receptor sites 
per cell (1,000-2,000). Therefore, more TNF may be bound 
per cell after ZME-TNF than after TNF addition. The 
ZME-TNF conjugate seems to require only a 1-2 hour 
contact to produce cytotoxicity. Therefore, the improved 
performance of the conjugate may be due to its increased 
number of cell binding sites and increased affinity for cells 
compared to native TNF 
0.125 The present invention demonstrates that the con 
jugates described herein localize within human tumor 
Xenografts and that therapeutic effects can be observed after 
Systemic administration. It should be noted that these anti 
tumor effects were observed in the absence of any apparent 
toxicity. 

0.126 All patents and publications mentioned in this 
specification are indicative of the levels of those skilled in 
the art to which the invention pertains. Any patents and 
publications are herein incorporated by reference to the 
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Same extent as if each individual publication was specifi 
cally and individually indicated to be incorporated by ref 
CCCC. 

0127. One skilled in the art will readily appreciate that 
the present invention is well adapted to carry out the objects 
and obtain the ends and advantages mentioned, as well as 
those inherent therein. The present examples along with the 
methods, procedures, treatments, molecules, and Specific 
compounds described herein are presently representative of 
preferred embodiments, are exemplary, and are not intended 
as limitations on the Scope of the invention. Changes therein 
and other uses will occur to those skilled in the art which are 
encompassed within the Spirit of the invention as defined by 
the Scope of the claims. 
What is claimed is: 

1-4. (canceled) 
5. A method of treating cancer in a human patient in need 

of Such treatment comprising administering to Such patient 
a cytocidally effective dose of a composition comprising a 
protein with an antigen recognition Site directed toward a 
cell Surface associated antigen conjugated or fused to a 
biological response modifier, wherein it has been determined 
that cells of the patient's cancer express an antigen recog 
nized and bound by the protein. 

6. (canceled) 
7. The method of claim 5, wherein said cancer is selected 

from the group consisting of breast cancer, cervical carci 
noma and melanoma. 

8. The method of claim 7, wherein the patient has been 
diagnosed as having a breast tumor bearing a 15A8 tumor 
asSociated antigen and the protein is a monoclonal antibody 
that recognizes and binds to the 15A8 tumor associated 
antigen. 

9. The method of claim 7, wherein the patient has been 
diagnosed with a cervical carcinoma bearing a 15 A8 tumor 
asSociated antigen and the protein is a monoclonal antibody 
that recognizes and binds to the 158A tumor associated 
antigen. 

10. The method of claim 7, wherein the patient has been 
diagnosed with cancer and cells of the cancer express an 
antigen recognized by monoclonal antibody ZME-018, and 
further wherein the protein is a monoclonal antibody that 
recognizes and binds the antigen. 

11-12. (canceled) 
13. The method of claim 5, wherein the biological 

response modifier is a cytokine. 
14. The method of claim 13, wherein the cytokine is TNF. 
15. The method of claim 14, wherein the TNF is TNF 

beta. 
16. The method of claim 14, wherein the TNF is TNF 

alpha. 
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17. The method of claim 13, wherein the cytokine is an 
interleukin. 

18. The method of claim 17, wherein the interleukin is 
interleukin-1 or interleukin-6. 

19. The method of claim 13 wherein the cytokine is an 
interferon. 

20. The method of claim 5, wherein the protein's antigen 
recognition site recognizes and binds to the 15A8 tumor 
asSociated antigen. 

21. The method of claim 5, wherein the protein's antigen 
recognition site recognizes and binds to the ZME-018 anti 
gen. 

22. The method of claim 5, wherein the protein's antigen 
recognition Site recognizes and binds to the antigen recog 
nized by the 465.12 antibody. 

23. The method of claim 5, wherein the protein with an 
antigen recognition Site is fused to the biological response 
modifier. 

24. The method of claim 5, wherein the protein with an 
antigen recognition site is conjugated to the biological 
response modifier. 

25. The method of claim 14, wherein the protein's antigen 
recognition site recognizes and binds to the ZME-018 anti 
gen. 

26. The method of claim 5, further defined as comprising 
the Steps of: 

(a) identifying a patient having a tumor, which tumor 
comprises cells for targeting and wherein those cells 
comprise a cell Surface antigenic marker at concentra 
tions in excess of that found at other non-target Sites, 

(b) obtaining a composition comprising a protein with an 
antigen recognition Site directed toward a cell Surface 
asSociated antigen conjugated or fused to the biological 
response modifier, wherein it has been determined that 
cells of the patient's cancer express an antigen recog 
nized and bound by the protein with an antigen recog 
nition Site, and 

(c) administering an amount of the composition to the 
patient effective to treat the cancer. 

27. The method of claim 26, wherein the patient is 
diagnosed as having a tumor with a specific antigenic 
determinant that will allow targeting and concentration of 
the biological response modifier at the Site where it is needed 
to kill tumor cells. 

28. The method of claim 5, wherein the protein is an 
antibody. 

29. The method of claim 28, wherein the antibody is a 
monoclonal antibody. 


