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ABSTRACT

Two monoclonal antibodies (MoAbs) directed against human B-cell chronic lymphocytic
leukemia (CLL), i.e., Dal BO1 (an IgG2a) and Dal BO2 (an IgG1), reacted specifically with
D101 cells, a subclone of the Spstien-Barr virus (EBV) transformed human B-cell CLL line
EBV-CLL-1. After intravenous (i.v.) injection into subcutaneous (s.c.) D10-1 xenograft
bearing nude mice, there was selective localization of radiolabeled Dal BO1, Dal B02 or
their F(ab)2 fragments in the xenografted tumors. Excellent tumor images were obtained in
mice given 131[-Dal B02, as well as in mice given 131I-Dal B02 F(ab)'2 fragment. Two
chemotherapeutic agents, i.e., methotrexate (MTX) and adriamycin (ADR), were
covalently linked to Dal BO1 as well as Dal BO2 using several different linkages. Both Dal
B01-MTX and Dal B02-MTX conjugates demonstrated selective cytotoxicity towards target
D10.1 cells. In vitro uptake studies showed that D10-1 cells took up much more Dal BO1 or
Dal B02 conjugated MTX than non-target MOLT-3 cells did, although MOLT-3 cells took
up more MTX than D10-1 cells did when incubated with free MTX. Four different types of
Dal B01-ADR or Dal B02-ADR conjugates were prepared and their cytotoxicity was
evaluated in vitro. One of these conjugates, i.e., Dal B02-Dex-ADR (ss), was found to be
not only selectively cytotoxic to D10-1 cells, but also was more potent than free ADR.
Therapy in s.c. D10-1 xenograft bearing nude mice with this conjugate demonstrated that at
approximately equal toxic dose level, the antitumor activity of this conjugate was superior
to that of free ADR, non-specific IgG1-Dex-ADR (ss) conjugate, Dex-ADR binary
conjugate cr a mixture of Dex-ADR and Dal BO2.

To evaluate the antitumor activity of 1311 labeled Dal B02, I developed two clinically
relevant models of human B-cell CLL in SCID or irradiated nude mice by inoculating these
mice i.p. or i.v.with D10-1 cells. Hundred percent of tumor inoculated mice developed
either ascites or solid tumors with metastases in lymph nodes and a number of internal
organs and died within 5 to 7 weeks after tumor inoculation. Using these models, as well
as a s.c. D10-1 model described above, the antitumor activity of Dal B02, either alone or
lableled with 1311, was investigated. Results revealed that, although Dal B02 itself had
some antitumor effect, 1311 labeled Dal B02 was the most potent tamor inhibitor. Treatment
with 50 pg of Dal BO2 linked to 300 uCi of !3!I resulted in significant tumor inhibition as
well as complete cure in a proportion of mice in all the three models.

Studies with an anti-human renal cell carcinoma (RCC) MoAb Dal K29-OKT3
heteroconjugate showed that after i.v. injection, this heteroconjugate selectively localized in
xenografted s.c. Nu-caki-1 tumors in nude mice. In an ascites model of human RCC,
treatment with this heteroconjugate along with human peripberal blood lymphocytes
(PBLs) significantly prolonged the survival of tumor inoculated nude mice.

xxi
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INTRODUCTION



1 Concept of Targeted Therapy of Cancer

1.1 Statement of the Problem

The lack of specificity of currently available chemo- and radiotherapeutic agents constitutes
the major obstacle to the treatment of cancer (Holland, 1983). The difference between
malignant and normal cells as regards to their sensitivity to chemo- and radiotherapeutic
agents is not sufficient to allow potentially curative doses of drugs or radiation to be
administered without unacceptable toxicity to normal cells. The administration of
therapeutic doses of chemo- or radiotherapeutic agents during the treatment of cancer also
kill or damage normal rapidly proliferating cells (Baserga, 1981). It is widely accepted that
the usefulness of many chemo- and radiotherapeutic agents would be enhanced if these
agents or radiation were rendered tumor selective (Ghose et al., 1983a; Ghose and Blair,

1987).

The targeted therapy of cancer is based on the use of specific carriers to deliver cytotoxic
agents, including chemotherapeutic drugs, radioisotopes and toxins, to their site of action
(i.e., tumor). For targeted delivery of cytotoxic agents, it is important to select a carrier that
can be recognized by target cells only. The drug or radioisotope is then attached to this
carrier to form a conjugate. Administration of such a conjugate should lead to the
accumulation of drug or radioisotope in target tumor followed by selective damage to the
tumor cells. Several specific carriers have been evaluated for the selective delivery of drugs
or radioisotopes to tumors. Such tumor specific carriers include antibodies (Ghose and
Blair, 1978; Dillman, 1989b), hormones (Varga et al., 1977), growth factors (May and
Cuatrecasas, 1985) and cytokines (Waldmann et al.,, 1992). Because of their unique

specificity and high affinity for tumor antigens, antibodies are particularly attractive, and in



fact, are the most widely studied specific carriers of cytotoxic agents (Oldham, 1983;

Dillman, 1984b; Pietersz and McKenzie, 1992).
1.2 Antibody-Based Drug Targeting

At the beginning of this century, Paul Ehrlich reported on the discovery of antibodies and
pointed out the possible use of antitumor antibody-bound diphtheria toxin as a " magic
bullet " against malignant cells (Ehrlich, 1956). Antibodies are glycoproteins, consisting of
four polypeptide chains that contain a variety of reactive chemical groups, such as amino,
carboxyl, hydroxyl and sulfhydryl groups. Functionally, antibodies possess a molecular
polarity based on the joining of antigen-binding fragments (Féb) to a complement-fixing
fragment (Fc). The Fab fragment is responsible for specific antigen binding whereas the Fc
fragment binds to effector cells, fixes complement, and elicits other in vivo biological
responses. It is presumed that when cytotoxic agents are delivered as antibody conjugates,
the agents will reach and accumulate in the target tumor in greater amounts without
significant accumulation in normal tissues because of the specific binding of the antibody to

target cells. This reduces the detrimental side effects associated with free cytotoxic agents.

Before the hybridoma technique for producing virtually unlimited amounts of homogenous
monoclonal antibodies (MoAbs) of defined specificity became available, the major
difficulty in the use of polyclonal antibodies for targeted delivery was their heterogeneity
with respect to size, charge, a;ntigen specificity, affinity, low IRF and the contamination of
unwanted (potentially harmful) antibodies. The production of highly specific polyclonal
antitumor antisera / antibodies is difficult and unreliable because it requires purified tumor
antigens. Different lots of antisera have different specificities and affinities towards the
antigen, and the quantity is usually limited (Tyle and Ram, 1990). Despite the above

limitations, many investigators used these polyclonal antitumor antibodies as specific



carriers for drugs in cancer therapy, especially before the development of MoAbs (Ghose
and Blair, 1978). Early work using experimental animals and polyclonal antibodies
involved the use of those few clinically used anti-cancer drugs which appeared to lend
themselves to covalent coupling to antibodies by simple methods (Ghose et al., 1972a;
Hurwitz et al., 1975; Ghose et al., 1976). The first report on the use of antibody-drug
conjugate was published in 1958, when Mathe et al. linked MTX by diazotization to
antibodies raised against murine L1210 leukemia cells and used the conjugate in the
successful treatment of L1210-bearing DBA/2 mice (Mathe et al., 1958). Although this
result appeared to be promising, no serious efforts to extend this therapeutic modality to
clinical patients were made until 1972, when Ghose and colleagues coupled chlorambucil
to antitumor antibodies raised in rabbits and goats (Ghose et al., 1972b; Ghose and Nigam,
1972a), and used this chlorambucil-antibody preparation to treat patients with melanoma
(Ghose et al., 1975; Ghose et al., 1977). Early studies from Dr. Ghose's laboratory, along
with those from others, have suggested that antibody-linked cytotoxic agents might find
their use in the eradication of small nurabers of circulating tumor cells and micrometastases
remaining after removal of primary tumors. The factors that influence the production of
polyclonal antitumor antibodies, the methods of linkage of various cytotoxic agents to these
antibodies, and the problems associated with the use of antibody-cytotoxic agent conjugates

have been reviewed extensively by Ghose and Blair (1978).

In 1976, Kolher and Milstein, by employing a method of somatic cell hybridization,
successfully generated " hybridoma " cell lines producing MoAbs of defined specificities
(Kolher and Milstein, 1975). The principal advantages of MoAbs over conventional
polyclonal antibodies include: the defined specificity, homogeneity, and the availability of
MoAbs in practical unlimited quantities. Furthermore, because the hybridomas are
immortalized, the same MoAD can be obtained whenever required. These properties of

MoAb render them as the most attractive carriers for the delivery of therapeutic agents to



specific sites, e.g., malignant tumors (Ghose and Blair, 1987). To date, numerous
antitumor MoAbs have been produced. These MoAbs react with a wide range of human
cancers including carcinomas of colon, rectum, breast, ovary, lung, pancreas and bladder,
as well as malignant melanomas, bene and soft tissue sarcomas and leukemias. Many of
these MoAbs have been evaluated as tumor-specific carriers of cytotoxic agents, i.e.,
chemotherapeutic agents, radioisotopes and toxins, in either animal models or patients
(Mellsted:, 1990; Mach et al.,, 1991; Reithmuller and Johnson, 1992) (sec appropriate
sections for detailed discussion).

2 Tumor Associated Antigens

Antibody-based delivery of cytotoxic agents to tumors presupposes the existence of
distinctive turaor associated antigens (TAA) and the feasibility of the production of
antibodies against these TAA. In early studies, antigens that had preferential distribution or
enhanced expression in tumors were regarded as TAA (Schwartz, 1990). Some of these
TAAs were defined by antitumor antibodies generated in xenogeneic systems (Srivastava,
1991). Recent studies have clearly demonstrated that neoplastic transformation is usually
accompanied by the acquisition of new and specific antigenic components not detected in
normal untransformed cells (Urban and Schreiber, 1992). These tumor specific antigens
may result from the structural mutations of oncogenes and/or tumor suppressor genes, and
are recognized as novel proteins or aberrantly glycosylated self-molecules. Several MoAbs
directed against some of these tumor specific antigens (e.g., p53 and gp 95/97 antigen of
human melanoma; have been obtained and used in the diagnosis and treatment of human

cancers (see following sections for detailed discussion).



2.1 Characteriiation of Tumor Associated Antigens

The fact that tumor cells express antigens that can stimulate immune response in the host
has been clearly demonstrated in both experimental animal models and in cancer patients.
Two main approaches have been used to identify TAA. Firstly, antibodies can be produced
by immunizing an animal with appropriate tumor cells, and these antibodies can then be
used as probes for different molecules expressed on the tumor cell surface. Secondly,
tumor antigens can be operationally defined as molecules that stimulate T cell-mediated

rejection of tumor transplants in syngeneic animals previously immunized with the tumor

(Thurin, 1990).

2.1.1 Antibody defined _associated anti

Antitumor antibodies have been described in tumor-bearing or tumor-immunized hosts
(Deleo et al., 1977; Srivastava and Das, 1984). Although the tumor specificity of these
antibodies are questionable (i.e., these antibodies are not specific to tumors and react with
one or more normal tissues as well in most of cases), several recent studies have clearly
demonstrated the existence of antibodies specific for TAA. I shall briefly discuss here
sevural examples of antibody defined tumor specific antigens, i.e., gp95/97, p53 molecules

and mucins.

The gp95/97 antigen of the human melanoma provides an excellent example of TAA
detected by autologous antibody. A 95kD molecule was detected by autologous antibody
(in the serum of the patient) only in the patient's melanoma cells but not in melanoma cells
from other patients (Real et al., 1984). However, murine MoAbs to gp95/97 react with
most human melanoma cells. The patient's antibody apparently detects a specific epitope on

the common gp95/97 molecule (Furukawa et al., 1989).



Another example of serologically defined TAA is the p53 tumor suppressor molecules.
Antibodies to p53 were found in sera of mice immunized with MCA-induced sarcomas and
P53 molecules were precipitaied from a number of transformed but not normal cells (Deleo
et al., 1979). It has been observed that p53 molecules derived from virally transformed
cells were very similar, whereas p53 molecules obtained from antigenically distinct MCA-

induced sarcomas were unique for individual tumor (Srivastava, 1991).

Highly glycosylated proteins (i.e., mucins) have been found to express unique antigenic
moiety in many types of human cancer. One of the tumor-associated mucins characterized
so far is the polymorphic epithelial mucin (PEM) detected in human carcinomas by MoAb
SM3 (Swallow et al., 1987). The PEM epitopes recognized by MoAb to mucins map to the
multiple tandem repeat region of the mucin. The difference between the reactivity of normal
and tumor tissues seems to be due ic polymorphism of the mucin genes and difference in

glycosylation of the core peptides -.'these mucins (Gendler et al., 1988).

2.1.2 T-cell defined tymor-associated antigens

The existence of tumor rejection antigens, i.e., tumor specific transplantation antigen
(TSTA) in chemically or UV induced tumors in mice, was established 40 years ago (Foley,
1953). Two of these antigens in MCA-induced mouse sarcomas were identified
independently as the cell surface glycoprotein gp96 (Srivastava et al.,, 1986) and an
intracellular antigen p84/86 (Ullrich et al., 1986), both antigens share considerable
homology with each other and belong to the heat shock protein (hsp) family (Maki et al.,
1990). Despite their individual distinctiveness, i.e., a tumor elicits immunity against itself
but not against another tumor even when both the tumors are induced by the same

carcinogen in the same animal (Srivastava and Old, 1988). Both the gp96 and the p84/86



antigens do not show any tumor-specific DNA sequence polymorphism (Srivastava et al.,
1987; Moore et al., 1990). It has been suggested that gp 96 and p84/86 arc not antigenic
per se, but are carriers of immunogenic pepiides and the specificity of immunogenicity

resides in the peptides rather than in the carrier (Srivastava anc Maki, 1991).

Tum- antigens of P815 mastocvtoma were the first T-cell recognized antigen to be defined
structurally. Stable highly immunogenic mutants (Tum- variants) that are rejected in
syngeneic mice were generated in vitro by mutagenesis of the P8135 cell line (Boon, 1983).
The antigens responsible for rejection are unique and each clone elicits transplantation
immunity to itself and the parent tumor but not to others. CTL generated against the
variants show the same specificity (Boon, 1983). CTL-defined antigens in variant P91A
was characterized by transfection of P91A DNA into P815 cells and then evaluating the
susceptibility of the transfected clones to CTL against P91A (Lurquin et al., 1989). A 800-
base pair restriction fragment was found to express the antigen responsible for recognition
by CTL. This antigen was a 60 kD protein that differs from its normal counterpart by a
single amino acid, indicating a single point mutation in the gene sequence (Srivastava,
1991; Thurin, 1990). Thus a single amino acid difference resulting from a single point

mutation in the 60 kD protein enables the protein to bind to MHC molecule and stimulate

the CTL response.

Among the T-cell recognized human tumor antigens, mucins of pancreatic, breast and colon
carcinomas are the best characterized (Gendler et al., 1988). The tandem repeat structure of
mucins can stimulate CTL in a MHC-unrestricted fashion (Barnd et al., 1989). Anti-mucin
CTL can be obtained from cancer patients with a relatively high efficiency. However, it is
not clear why these CTL do not eliminate cancer cells in vivo (Finn, 1991). Several other
human tumor antigens recognized by CTL have also been described, ¢.g., MZ2-E antigen
encoded by a novel gene MAGE-1 in human melanoma cell line MZ2 (van der Bruggen et



al., 1991), and a single chain 92kD glycoprotein expressed by human breast carcinoma
cells but not by gastrointestinal carcinoma cells (Okubo et al., 1989). CTL clones against
these antigens have been found to kill autologous tumors in a MHC-restricted fashion

{Okubo et al., 1989).

2.2 Structure and Function of Tumor Associated Antigens as Defined by

MoAbs

Few TAA have been found that are expressed only by tumor cells but not by any normal
cells of the same or other lineages. However, the expression of a tumor antigen by
malignant cells may be much higher than its expression by normal cells. To date, several
hundred MoAbs defining different human tumor antigens have been described (Herlyn et
al., 1990). With MoAbs as a tool, many types of human tumors have been studied for the
quantitative or qualitative expression of antigens either on the cell surface or intracellularly.

These TAA have been categorized into several groups based on their functions.

(A) Tumor antigens that have signalling and/or transport functions: This type of tumor
antigens includes (i) growth factor receptors such as receptors for epidermal growth factor
(EGF), transferrin (TRF), platelet-derived growth factor (PDGF), fibroblast growth factor
and insulin-like growth factor; (ii) cation binding and transport proteins such as melanoma-
associated antigen p97 (melanotransferrin) (Rose et al., 1986) and common acute
lymphoblastic leukemia antigen (CALLA, CD10), a zinc-containing metallo-peptidase
identical to neutral endopeptidase (Letarte et al., 1989); and (iii) toxin-binding proteins such
as P-glycoprotein (p-170) associated with multiple drug resistance (Juranka et al., 1989).

(B) Tumor antigens that are involved in cell-cell and cell-matrix interactions: Many tumors

express large amounts of glycoproteins and glycolipids that physiologically involved in
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cell-cell and cell-matriz interaction (Herlyn and Koprowski, 1988). For example,
carcinoembryonic antigens (CEA), a member of the Ig gene superfamily, was found to be a
TAA with potential function in tumor progress as a Ca2+independent homotypic adhesion
molecule (Benchimol et al., 1989). Other members of the CEA family include neural cell
adhesion molecule (N-CAM) (Cunningham et al., 1987), myelin-associated glycoprotein

(Salzer et al., 1987) and the melanoma-associated antigen MUC-18 (Lehmann et al.,

1989).

Two families of cell surface antigens that participate in cell-matrix interactions and cell
migration are the integrins and disialogangliosides such as GD2 and GD3. Integrin
receptors span the plasma membrane of cells and link the internal cytoskeletal network of a
cell with the extracellular matrix (Albelda and Buck, 1990) and include receptors for
laminin, fibronectin, vitronectin and collagen. Disialogangliosides GD2 and GD3 are
expressed on melanoma cells in situ and in culture (Herlyn and Koprowski, 1988).
Antibodies to these molecules can inhibit the attachment of tumor cells to their substrates

and may also prevent invasion of tumor cells through basement membrane (Iliopoulos et

al., 1989).

(C) Blood group and blood group-related tumor antigens: Tumor cells express a variety of
blood group and blood group-related antigens with carbohydrate antigenic determinants.
Sialylated forms of Lewis® and Lewis* antigens and dimeric and trimeric forms of Lewis*
and Lewisy are the main carbohydrate tumor antigens on cancer cells (Hakomori et al.,
1984; Itzkowitz et al., 1986 ). The specific functions of these tumor-associated
carbohydrate antigens (TACAs) is difficult to determine because they may be present on
different carriers, i.c., on mucins circulating in serum (Herlyn et al., 1987), or on
proteins or lipids within the cytoplasm or on the cell surface (Basu et al., 1987). It seems

that aberrant cell-surface glycosylation provides a basis for aberrant tumor cell behavior.
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Some of these TACAS are now recognized as adhesion molecules of tumor cells essential
for their adhesion to target cells (Hakomori, 1991). Monoclonal antibodies to TACAs may
serve not only as classic immunological reagents but also as anti-adhesion reagents for the

prevention of tumor spread (Hakomori, 1991).

2.3 Molecular Basis of Tumor Antigens

Evidences have been obtained from recent studies that human tumors harbor a variety of

tumor specific mutant proteins that may be recognized as tumor specific antigens (Urban
and Schreiber, 1992). These proteins are encoded by oncogenes (e.g., ras) or tumor
suppressor genes (e.g., p53) that have undergone structural mutations resulting from point
mutations, chromosomal translocations, internal deletions and viral insertional
mutagenesis. Several of these changes may result in the production of fusion proteins

(e.g., ABL-BCR fusion protein).

Proto-oncogenes and tumor suppressor genes play an important role in the proliferation and
differentiation of normal cells. The alteration in the structural and/or the level of expression
of these genes often contributes critically to the formation of a variety of animal and human
cancers. For example, ras genes, proto-oncogenes encoding a highly conserved family of
inner membrane-bound proteins (p21 ras) that are thought to play a role in signal
transduction across the cell membrane and in the contro! of cell cycle, could vndergo point
mutation as a result of single nucleotide substitution. Mutant p21 proteins may acquire
oncogenic potential because of a single amino acid substitution, usually at residue 12, or

61, or (less commonly) 13 (Taparowski et al., 1982; Seeburg et al., 1984)). The sites of
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mutation in ras gene is limited and the same mutation can be found among many different
types of tumors. Mutations of ras gene have been detected in a substantial proportion of
many types of malignant lesions (Urban and Schreiber, 1992), however, there is as yet no
evidence that the mutant p21 proteins can be a rejection antigen and thus the target for
immunotherapy of human cancers. Another common genetic abnormality in human tumors
is the mutation of the p53 suppressor gene (Srivastava, 1991). The sites of mutation in p53
gene are much more diverse than those involving the ras gene and tend to be different in
different tumors. Recent discovery has shown that the p53 gene is a hot spot for mutation
in a broad spectrum of human cancers (Levine et al., 1991). The mutation in different
regions of p53 structural gene may generate extensive polymorphism of the p53 products.
The mutation may also cause conformational changes in the proteins that can be readily
identified by antibodies (Gannon et al., 1990). Such antibodies may be useful in the

diagnosis of malignancy.

Chromosomal translocations or internal deletions are common in human cancer and may
result in the formation of fusion proteins. For example, the Philadelphia (Ph) chromosome
seen in the leukemic cells of patients with chronic myelogenous leukemia (CML) results
from the translocation of the BCR gene from chromosome 22 to the 5' end of the c-ABL
proto-oncogene on chromosome 9 (De Klein et al., 1982). Expression of the chimeric
BCR-ABL gene results in the production of an aberrant fusion protein, a tyrosine kinase
with tumorigenic properties (Hariharan et al., 1989). An example of genetic abnormality
that results from internal deletion is observed in malignant glioblastoma, where the gene for
EGF receptor is often structurally rearranged and undergo a deletion mutation, which

results in the expression of variant forms of the EGF receptor on the cell surface

(Humphrey et al., 1991).
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It is known that the integration of & r<troviral gene in normal cellular genes can produce a
variety of structural mutations that may lead to the expression of tumor specific antigens
(Weinstein et al., 1986). In addition, the expression of TAA can also result from the
integration of retroviral sequences that serve as a promotor or activator for the transcription
of normal cellular proto-oncogenes. The integration causes aberrant expression or over-

expression of proto-oncogenes (Fung et al., 1983).

Tumor-associated protein antigens (including mutant proteins, fusion proteins and
truncated proteins that might result from gene mutations) expressed on tumor cell surface
may present new antigenic determinants that can be specifically recognized by antibodies
because of the change in the amino acid sequence in the mutant protein. The change in the
amino acid sequence will not only cause structural changes of the protein, but may also
cause alteration of the conformation of the existing structure and/or exposure of previously
hidden regions of the molecule. For those tumor antigens that are expressed intracellularly
and are therefore not accessible to antibodies, new T-cell recognized epitopes may be
created from these mutant proteins. These epitopes may bind to MHC class I molecules and
be presented on the surface of tumor cells leading to the recognition by T cells. For
example, both structural and conformational changes may produce new patterns of
proteolytic cleavage to create novel peptide fragments prior to binding to MHC molecules.
Alternatively, the novel fragments may have markedly altered affinity for MHC and TCR
molecules (Reddehase et al., 1989).

232 Tumeor-associated antigens derived from aberrant glvcosylation of self molecul

In addition to structural gene mutations which result in the expression of novel proteins in
tumor cells as tumor specific antigens, aberrant glycosylation of self-molecules by tumor

cells may also give rise to new antigenic moieties in tumor cells (Hakomori, 1989; Lloyd,
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1990). Cell surface associated gl§coproteins or glycolipids of the majority of experimental
and human tumors display abnormalities in their carbohydrate moieties (Hakomori, 1990).
These tumor-associated carbohydrate antigens (TACAs) may result from (i) blocked
synthesis of a particular carbohydrate chain with or without the accumulation of the
precursor; (ii) enhanced synthesis of certain chemical moieties that are not detectable or
only miiLimally expressed in the normal homologous tissue (‘neosynthesis’); and (iii)
changes in membrane organization (Hakomori, 1991) . Although none of these TACAs
appear to be tumor-specific and they can be found in small amounts on certain normal

tissues, some of them are useful in the diagnosis and treatment of cancer.

233 _Tumor-associated antigens derived from ion of self molecul

Some normal self molecules have been found to be over-expressed in certain tumors. These
molecules include growth factors (e.g., EGF and TRF) and their receptors, cytokines
(e.g., IL-2) and their receptors, hormones (e.g., hCG) and their receptors, cell adhesion
molecules (¢.g.. ICAM-1 and CEA) and embryonic antigens such as alpha-fetoprotein
(AFP). The usefulness of these shared antigens depends on the level of their expression
and the spectrum of distribution of these antigens in normal cells and tissues. Most of these
TAA may be shared by cells of the same differentiation lineage and amplified by cancer
cells (Van den Eynde, 1991).

2.4 Potential Clinical Application of Tumor Associated Antigens

MoAbs to TAA have been used in a variety of ways for cancer diagnosis and therapy. The
cellular location of a tumor antigen may determine its use as a target for MoAbs in
diagnostic or therapeutic approaches. TAA can be expressed on tumor cell surface and/or in

the cytoplasin of tumor cells. They can also be secreted or shedded by the tumor and
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eventually gain entrance into the blood and other body fluids. TAA in body fluids,
particularly in blood, are clinically useful in the screening, diagnosis and therapeutic
management of cancer patients (Schwartz, 1989). Several examples of these circulating
TAA that are used clinically include CEA in colorectal carcinoma, AFP in hepatocellular
carcinoma and CA-125 in ovarian cancer (Schwartz, 1990). For radioimmunoimaging,
target antigens should be expressed on the cell surface at high density or secreted into the
intercellular space at high concentrations. For use in immunotherapy, the tumor antigens
should also be adequately expressed on the cell surface. When unmodified antibody is used
to activate the host's effector cells and/or complement, the antigen should not be rapidly
endocytosed or shedded because the stable location of the antigen-antibody complex on the
cell surface enables the antibody to recruit the effectors and kill the tumor cell. On the other
hand, when antibody is used as a carrier of toxins or chemotherapeutic agents, the binding
of the antibody to tumor antigen on the cell surface should induce a rapid and efficient
internalization of the immunoconjugates since the targets of most toxins and
chemotherapeutic agents are intracellularly distributed. Alternatively, when a radioisotope
such as 13!] is used as cytotoxic agent, the internalization of the radiolabeled MoADb after

binding to target cell surface antigen is not required for cell killing.

Several other potential applications of TAA in the therapy of cancer have been explored.
For example, some TAA function as adhesion molecules, MoAbs to these molecules can be
used to block the interaction between tumor and adhesive proteins to inhibit tumor
metastasis (anti-adhesion therapy) (Iliopoulos et al., 1989). Furthermore, some TAA
function as growth factor receptors, MoAbs may down-regulate the rapid growth of the
tumor cells and enable host's immune system to eradicate the tumor cells (Drebin et al.,
1986; Hadziak et al., 1989). When a single malignant cell expresses multiple independent
tumor-associated antigenic molecules (Wortzel et al., 1983; loannides et al., 1991), a multi-

pronged immune attack may substantially decrease the chance of tumor escape. Finally,
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several tumor specific mutant proteins encoded by mutant oncogenes or suppressor genes
are essential for the malignant phenotype. These proteins could be excellent targets for

therapy since cancer cell could not survive in the absence of these proteins.

TAA may also be used to construct tumor vaccines and then used in active immunotherapy
of cancer. Once relevant tumor antigens defined by antibodies or CTLs as target structures
for immune intervention become available, it is possible to use these tumor antigens to
construct tumor vaccines by either of the following approaches: (i) covalent attachment
(i.e., conjugation) of the antigen to immunogenic carrier proteins; or (ii) expression of the
gene encoding tumor associated antigens (protein or peptide) in cellular vectors. It is also
possible to transfect the gene encoding a TAA into a cellular vector that has been modified
to express certain adjuvant proteins, costimulatory factors and/or cytokines that are
essential for efficient antigen presentation (Blankenstein et al., 1991). This might provide a
potent tumor vaccine that can be used to treat cither genetically susceptible individuals

prophylactically or therapeutically in patients with cancer.
3 Human B-Cell Chronic Lymphocytic Leukemia

Human B-cell chronic lymphocytic leukemia (CLL) is usually characterized by a
monoclonal proliferation and accumulation of lymphocytes of the B phenotype, though in
5% of patients, T cells comprise the clone (Gale and Foon, 1985). These leukemic B cells
appear to be morphologically mature but are biologically immature (Foon et al., 1990).
Two working groups, the International Workshop on Chronic Lymphocytic Leukemia
(International Workshop on Chronic Lymphocytic Leukemia, 1989) and the National
Cancer Institute-Sponsored Working Group (Cheson et al., 1988), have recently put
forward comparable guidelines for the diagnosis of CLL. The criteria for the diagnosis of
CLL according to these guildlines are lymphocytosis (> 5 x 107 /L) sustained for at least 4
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weeks; monoclonal proliferation of B cells with either kappa or lambda light chain; low-
density cell surface Ig; the presence of CDS antigen; mature lymphocytes with no more than
55% atypical or immature lymphoid cells; and bone marrow contains more than 30%

leukemic B lymphocytes.

3.1 Epidemiology and Etiology

CLL is the most common type of leukemia and cccounts for 30% of all leukemia cases in
Western countries (Foon et al.,1990). It typically occurs in persons over 50 years of age.
Concordance in genetically identical twins is rare. The cause of the disease is unknown.
Unlike other leukemias, the incidence of CLL is not increased by exposure to alkylating
drugs, radiation, or chemicals (Bizzozero et al., 1967). The possible role of either
retroviruses (e.g., HTLV-1 or HTLV-2) or DNA viruses (e g., Epstein-Barr virus or
cytomegalovirus) in CLL is unknown, although it is believed that retroviruses are
implicated in the etiology of some lymphoid leukemias, e.g., HTLV-1 in adult T-cell
leukemia (Gallo, et al., 1983). Direct involvement of the EBV seems unlikely. CLL cells
can be infected by EBV, as indicated by the expression of the EBV nuclear antigen, and

these cell lines can be grown in nude mice (Ghose et al., 1988b).

3.2 Immunology and Cytogenetics

CLL cells display low-density surface membrane Ig, typically mu or mu and delta heavy
chain and cither kappa or lambda light chain. The cells have receptors for mouse
erythrocytes, a marker of immature B cells. In addition, they express B-cell associated
antigens such as CD19, CD20, CD21, CD23, and CD24. The cells also express the
nominal T-cell associated antigen, CDS, which is also seen in a subpopulation of normal B
cells (Gadol and Ault, 1986). Leukemic cells from about 50% patients also express the
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CD25 activation antigen (Freeman et al.,, 1987). The expression of common acute
lymphocytic leukemia antigen (CALLA, CD10) and other T-cell associated antigens, such
as CD3, have not been observed in leukemic CLL B cells (Foon and Todd, 1986a).

There is usually inversion of the normal T helper cell (CD4) to T suppressor cells (CD8)
ratio in the blood of CLL patients (Kay, 1981). Most studies suggest decreased T helper
cell function. Some data suggest that CLL cells secrete an inhibitory factor of low
molecular weight that suppresses T cell as well as natural killer cell activity (Burton et al.,
1989). Almost all patients with CLL eventually develop hypogammaglobulinemia.
Consistent with hypogammaglobulinemia and T cell abnormality, patients have impaired
antibody and cell-mediated immunity to recall antigens (Cone and Uhr, 1964). Infections,

particularly with encapsulated organism. are common (Chapel and Bunch, 1987).

The frequency of autoantibodies and autoimmune disorders in CLL patients is high. Most
of these antibodies are to mature hematopoietic cells: erythrocytes, platelets, and
granulocytes. The mechanisms of these autoimmune abnormalities are unknown. Recent
data suggest that the involvement of a specific subset of CD5 positive B cells may be
especially important in autoimmunity as well as in the development of CLL. There is also

evidence that a few specific subsets of CDS positive B cells may be more likely to be

transformed in CLL (Kipps et al., 1987).

In approximately 50% of patients with CLL, chromosomal abnormalities are detected. The
most common abnormality is trisomy of chromosome 12 (Autio et al., 1979), followed by
14qt, 13q* and 11q*. Most of theses abnormalities involve translocations with unknown
donor chromosomes. Karyotypic complexity correlates with the likelihood of progressive
disease and even simple cytogenetic abnormalities portend a poorer prognosis (Juliusson

and Gahrton, 1990).
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3.3 Staging

Several staging systems that reflect groupings of prognostic variables have been proposed.
The systems proposed by Rai and colleagues (stage 0, I, ILIII, and IV) (Rai et al, 1975)
and Binet and colleagues (stage A, B, and C) (Binet et al., 1981) have received wide
international acceptance and usage. Because actuarial survival statistics suggested three
rather than five patterns of survival, Rai recently simplified his system from 5 stages into
three risk categories, i.c., low- (stage 0), intermediate- (stages I and II), and high- (stages
III and IV) risk categories (Rai, 1987).

3.4 Therapy

3.4.1 Initiation of t

CLL has well defined pattern of stability and progression (Gupta and Good, 1980). In the
initial phase, the counts of leukemic cells increase slowly, doubling at six monthly or
yearly intervals, Then usually the counts level off and stay at that level for variable periods
during which the patient remains asymptomatic and does not require any treatment, Finally
the counts of leukemic cells increase again with clinical deterioration necessitating initiation
of treatment. Therapy is usually instituted if any of the following indications are present:
disease-related symptoms, such as fever, night sweats, and greater than 10% loss of body
weight; progressive bone marrow failure (anemia, thrombocytopenia); autoimmune
hemolytic anemia or thrombocytopenia; massive splenomegaly; " bulky " disease in the
lymph nodes or other organs; disease-related recurrent bacterial infections; or progressive

lymphocytosis (Foon et al., 1990).
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Evaluation of therapy has been difficult in CLL because of the lack of uniform response
criteria. Recently, the International Workshop (International Workshop on Chronic
Lymphocytic Leukemia, 1989) and the National Cancer Institute-Sponsored Working
Group (Cheson et al., 1988) defined complete remission (CR) as the resolution of
lymphadenopathy and organomegaly, a lymphocyte count of less than 4 x 109 /L; a
granulocyte count of more than 1.5 x 107 /L, and a platelet count of more than 100 x 10° /
L. The International Workshop also includes the resolution of constitutional symptoms and
a normal bone marrow biopsy specimen, while the National Cancer Institute - Sponsored
Working Group requires fulfillment of the above for longer than 2 month, after which a

bone marrow aspiration and biopsy shows less than 30% leukemic B lymphocytes.

Partial response (PR), as defined by the International Workshop, is a change from Binet
stage C disease to stage A or B or from stage B to stage A. The National Cancer Institute-
Sponsored Working Group defines a PR as a greater than 50% decrease in the peripheral
blood lymphocyte count; a 50% decrease in the size of enlarged lymph nodes, the spleen,
and the liver; a hemoglobin count of more than 110 g/L, a platelet count of more than 100 x
107 /L; and a granulocyte count of more than 1.5 x 10°/ L; or an improvement of 50% in

these values from baseline values obtained before the initiation of therapy (Foon et al.,

1990).

343 Chemotherapy of CLL

The median survival of patients with low-risk CLL is longer than 10 years. Recent data
have shown that low-risk patients receiving chlorambucil showed no benefit of therapy, as

compared with control (untreated) patients under observation only (French Cooperation



21

group on Chronic Lymphocytic Leukemia, 1990a). For intermediate-risk patients and those
low-risk patients who require therapy, single-agent chemotherapy with chlorambucil is the
standard mode of initial treatment. At least 60% of patients responded in most reported
studies. However, the majority of the response were partial (Knospe et al., 1974; French
Cooperation group on Chronic Lymphocytic Leukemia, 1990b). Survival of patients in the
high-risk group is poor; the median duration of survival is less than 2 years. Several
regimens of combination chemotherapy have been investigated in randomized clinical trials.
The regimens that were evaluated include chlorambucil plus prednisone (Han et al., 1973),
cyclophosphamide plus vincristine and prednisone (COP) (Montserral et al., 1985), and
COP plus doxorubicin (CHOP) (French Cooperation group on Chronic Lymphocytic

Leukemia, 1989; Bennett et al., 1990). The results of these trials are not conclusive to date.

There are no established chemotherapy regimens for patients with CLL after the failure of
the initial therapy. Three new drugs have recently been used as second-line therapy. All of
these drugs are currently under phase II and III investigations. Perhaps the most promising
is fludarabine monophosphate (2-fluoro, 5' phosphate derivative of 9-beta-D-

arabinofuranosyl-adenine) (Keating et al., 1989). The other two compounds are pentostatin

(2-deoxycoformycin) (Dillman et al., 1989) and 2-chlorodeoxyadenosine (Piro et al.,
1988).

Total body radiation (TBI) is not recommended for patients with CLL because it causes
excessive myelosuppression. Local radiation has been used to treat bulky lymph nodes or
an enlarged spleen when the enlargement of these organs cause symptoms. Splenectomy is
beneficial when hypersplenism has not responded to radiation or chemotherapy (Adler et
al,, 1975).

-
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Patients with advanced CLL have been treated with HLLA-matched bone marrow transplants
following high dose chemotherapy and radiation. Preliminary resuits have been promising.

However, this approach only applies to less than 5% of cases of CLL.

Interferon has been shown to induce the differentiation and proliferation of CLL cells in
vitro (Ostlund et al., 1986). Whether this phenomenon is clinically useful is unknown.
Alpha-interferon is not active in patients with intermediate- and high-risk CLL (Roth and
Foon, 1986). This contrasts with the 50% rate of response in patients with non-Hodgkin's
lymphoma (Foon et al., 1984b) or cutaneous T-cell lymphoma (Bunn et al., 1984), and the
90% rate of response in patients with hairy-cell leukemia (Foon et al., 1986b). Recent
studies have reported greater than 50% responses in patients with previously untreated low-
risk CLL when treated with low-dose (2 x 106 U / m2, three times per week) of
recombinant alpha-interferon (Rozman et al., 1988). However, more studies are needed to

determine whether this treatment would be beneficially affect survival of CLL patients.

MoAbs have been used to treat CLL and nther lymphoid malignancies (Foor: . «:. ‘784a;
Dillman, 1989b). Treatment with anti-CD5 MoADb transiently reduced levels os <. - ..ating
leukemic cells, but there was no effect on the leukemic infiltrations in bone marrow, lymph
nodes, or other organs {Dillman et al., 1984a). The use of antibodies conjugated with
chemotherapeutic agents, radioisotopes or toxins may prove to be more effective (see the

following section for a detailed discussion).
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4 Potential Applications of MoAbs in the Treatment of

Leukemias and Lymphomas

4.1 MoAb Alone in the Treatment of Leukemias and Lymphomas

There are several reports on the use of unmodified murine 24cAbs in the treatment of
human tumors xenografted in immuno-incompetent mice (Herlyn et al., 1980; Herlyn and
Koprowski, 1982; Hellstrom et al., 1986; Gil et al., 1990; Kasprzyk et al., 1992; Ohta et
al., 1993). Treatment with unmodified MoAbs usually resulted in delayed tumor growth
and in a few cases, complete remission (CR). Most of CR, however, were achieved by
initiating the antibody treatment within 24 hr of tumor inoculation, i.e., when the tumors
were not established. Thus, these " remissions " should be considered as the prevention of

tumor engraftment.

Since the first report of serotherapy with MoAbs in cancer patients in 1980 (Nadler et al.,
1980), several phase I trials enrolling hundreds of patients with hematological malignancies
have been carried out (Jansen et al., 1989). Murine MoAbs have been used alone in
patients with acute myelogenous leukemia (AML) (Ball et al., 1983; Scheinberg et al.,
1991), acute lymphocytic leukemia (ALL) (Ritz et al., 1981), CLL (Foon et al., 1984a;
Dillman et al., 1986), and B-cell and T cell lymphomas (Press et al., 1987a; Hale et al,,
1988; Miller et al., 1983). These clinical studies have rarely demonstrated durable
antitumor effects except for the use of anti-idiotype MoAb in B cell lymphoma patients
(Levy and Miller, 1990), and in a few cases, T cell lymphomas (Miller and Levy, 1981).
CR has been rare. The responses have generally been brief and resistance emerges rapidly

from idiotype variants when anti-idiotype MoAbs are used (Meeker et al., 1985; Raffeld et



al., 1985). In leukemias, most antitumor effects have appeared to be limited to the removal
of circulating cells that were opsonized by MoAbs and then sequestrated in the reticulo-
endothelial system (RES), and resulted in the transient decrease of circulating tumor cells
(Nadler et al., 1980; Dillman et al., 1982). According to Jansen (1989), who reviewed 25
clinical trials of over 135 patients, passive serotherapy have resulted in overall response
rates of 5% CR, 16% partial remission (PR) and 17% minor response. Recently, more
promising results have been reported by several investigators (Scheinberg, 1991b;
Matthews et al., 1992). Dyer et al. (1989) treated 18 patients with B-NHL with a IgG2v
MoAb CAMPATH-1, which has been shown to be good at fixing human complement and
mediating ADCC. There was CR in one patient and consistent reduction in the number of
circulating maligrant lymphocytes in all other patients. In the study reported by Brown et
al. (1989), fourteen patients received anti-idiotypic MoAbs (including IgGi, IgG2a and
IgG2v subclasses). Two patients had a sustained CR lasting several years and 7 others
experienced PR of shorter durations. An interesting observation in this study was that
tumor regression often continued for several months after the completion of treatment. The
authors suggest that the anti-idiotypic MoAbs may have an antitumor effect by altering the
idiotype/anti-idiotype network in the patients. Some clinical succcss have been achieved
with the use of MoAbs that interfere with vital functions of cell surface molecules (e.g.,
growth factor receptors) of malignant cells. For example, IL-2 receptors (p55) are
constitutively expressed on human T-cell leukemia virus (HTLV-1) induced adult T cell-
leukemia cells but are only expressed sparsely on normal cells. Waldmann et al. (1988)
reported the use of 8 MoAb directed against the IL-2 receptor, i.e., anti-Tac (p55) MoAb,

in T-cell leukemia / lymphoma, with 1 CR, 2 PR and 4 minor responses in 9 patients

studied.
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In recent years, MoAbs have also been used in conjunction with complement, magnetic
beads, or chemotherapeutic drugs to deplete malignant cells from harvested bone marrow
before its reinfusion in patients undergoing autologous bone marrow transplantation
(ABMT) (Kvalheim et al., 1988). Three to 6 log depletion of malignant cells from tumor
cell contaminated bone marrow have been achieved by these approaches (Gribben et al.,
1991). Alternatively, MoAbs directed against T cells have been used to purge bone marrow
from allogeneic donors before transplantation to reduce the risk and severity of graft-

versus-host disease (GVHD) (Champlin et al., 1990).

$ 1.2 Toxicity and side effects of lified MoAL

Minor adverse reactions have been noted in about one-third of patients (Dillman et al.,
1986b). About 10-20% patients have exhibited various degrees of hypersensitivity
reactions, including urticaria, pruritus and bronchospasm. Other patients have experienced
fever, sweating, chill, diarrhea, nausea, vomiting and abdominal pain. Anaphylaxis has
occurred rarely (less than 1%). In some more severe cases, systemic toxicity such as
clevation in the level of serum transaminases was observed. However, the majority of
patients have tolerated repeated infusions of murine MoAbs without severe complications.
With the exception of patients with CLL and perhaps some patients with B cell lymphoma,
virtually all patients exposed to murine MoAbs developed an anti-mouse Ig immune
response (human anti-mouse antibody, HAMA) (Dillman et al., 1984a; Schroff et al.,
1987), which can greatly reduce the efficacy of repeated MoAb therapy. Formation of
antibody-antigen complexes not only neutralizes the antitumor effects of MoAbs but also
enhances their clearance from circulation. Furthermore, the deposition of
immunocomplexes may cause end organ damage (se¢ Introduction section 5 for detailed

discussion).
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4 i nmodi

(A) Complement-dependent cytotoxicity (CDC) and antibody-dependent cellular

cytotoxicity (ADCC)

Antitumor antibodies can fix complement or interact with cytolytic and phagocytic cells to
eliminate tumor cells that are recognized by distinct surface antigens. Complement-
dependent cytotoxicity (CDC) involves the fixation of complement to the Fc portion of the
Ig molecule followed by activation of the complement cascade which results in puncturing
of the tumor cell membrane and cell death (Frank, 1987). Different classes and subclasses
of murine antibodies have different affinities for human complement because of the
differences in the Fc portion of the heavy chain. Usually, murine IgM is most efficient in
CDC, followed by 1gG3, whereas IgG2a, IgG1 and IgG2b are generally ineffective (Herlyn
and Koprowski, 1981). For human antibodies, the order of effectiveness in mediating

CDC is IgM > IgG1 >IgG3 > IgG2 > IgG4 (Steplewski et al.; 1988; Shakib, 1986).

Certain effector cells such as monocytes, macrophages, NK cells and granulocytes have Fc
receptors that bind to Fc portion of Ig molecules. Cell killing via this process is called
antibody dependent cellular cytotoxicity (ADCC). The best results for ADCC with murine
antibodies and human effector cells are obtained with IgG2a and IgG3 (Ortaldo et al.,,
1987), whereas for human :MoAbs and human effector cells, effective ADCC is obtained
with IgG1 and IgG3 subclasses (Seplewski et al., 1988; Shakib, 1986). The efficacy in
mediating ADCC directly correlates with the binding affinities of the Fc receptors on
effector cells for Ig molecules (Lubeck et al., 1985) and the number of antigen binding sites
on tumor cells (Thurin et al., 1987). Different antibodies of the same subclass or antibodies
of different subclasses directed against the same antigen display different extent of Fc

binding (Dillman et al., 1986¢). Because CDC and ADCC both involve binding of the Fc
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portion of the antibody molecule to effector cells, only intact antibodies can be used for this

approach.

(B)  Anti-receptor antibodies

Tumor cells may express on their surface increased number of various molecules which are
important for cell proliferation and differentiation (Goustin et al., 1986). Such molecules
can be receptors for growth stimulating factors, e.g., IL-2 (Waldmann, 1986), EGF
(Singletary et al., 1987) and TRF (Hopkins and Trowbridge, 1983) receptors, or receptor
associated molecules that transmit signals essential for growth regulation, e.g., ras p21
(Urban and Schreiber, 1992) and ABL-BCR protein (De Klein et al., 1982). Many of
these molecules are the products of oncogenes. MoAbs directed against these receptors may
successfully compete with the growth factors and / or down-regulate the expression of
these receptors, so that the effect of growth factors on cell proliferation is lost. Many
investigations in this field have been carried out with MoAbs directed against receptors for
TRF (Sauvage et ai., 1987), IL-2 (Waldmann et al., 1988) and EGF (Rodeck et al., 1987).
Furthermore, antibodies specific for oncogene products may be able to inhibit tumor
growth if the oncogene products are essential for the transformed phenotype. For example,
MoAbs against cell surface proteins encoded by erb B-2 and neu oncogenes have been
shown to be capable of inhibiting tumor growth in vivo (Kasprzyk et al., 1992; Drebin et
al., 1988). Special attention must be paid when choosing an anti-receptor MoAb as a means
for the treatment of a defined cancer. In some situations, the use of anti-receptor MoAb has
been observed to stimulate tumor cell proliferation and eventually accelerate the growth of

the tumor.
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(C)  Regulatory antibodies

B lymphocytes express the idiotype of their secretory 1g molecule on their surface and these
proteins are important in B cell activation and regulation. According to the " network
hypothesis " of Neil Jerne (1974), an anti-idiotype MoAb could inhibit proliferation of an
aberrant B cell clone (Sikorska, 1988). Theoretically, anti-idiotype antibodies based
treatment might be effective in malignancies involving B lymphocytes, e.g., B-celi

lymphomas and CLL (Levy and Miller, 1990).

(D) Immunizing effects of antibodies

An additional indirect effector mechanism might be operating when an idiotypic cascade is
generated by MoAbs. According to Jerne's network hypothesis, the injection of MoAb
(Ab1) may elicit in patient an antibody response (Ab2) against an epitope on the V region of
the heavy chain of Abl. The V region of a low pencentage of Ab2 may express an "
internal image " of the Ab1 defined antigen and may induce an anti-antiidiotypic antibody
(Ab3) response. Some of these Ab3 have the same binding specificity as Abl. These Ab3
might thus have a direct antitumor effect (DeFreitas et al., 1985). Although this
phenomenon has not been observed consistently in the clinical setting, another approach
based on the same rationale may be possible. In this approach, one immunizes the patient
directly with Ab2 which is an anti-idiotype for an antibody Ab1 that reacts with tumor-
associated antigen. In this case, the human anti-idiotype response would result in an
antibody (Ab3) that would react with the desired tumor antigen with the reactivity of Abl
(i.e. , murine Ab), except it would be a human antibody produced endogenously (Herlyn et

al., 1987).
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(E)  Catalytic antibodies

MoAbs can be raised against molecules whose structures resemble the transition state of
certain bonds (Tramontano et al., 1986). Antibody binding in that setting can function as
catalyst to induce hydrolysis of the cell membrane, cell proteins or nucleic acids. If
appropriate specificity can be defined, these catalytic antibodies could be used for treating

cancer (Shokat and Schultz, 1990; Lerner et al., 1991).

(F)  Other mechanisms

In addition to the mechanisms described above, other not well elucidated mechanisms may
also play a role in the antitumor activity of unmodified MoAbs. For example, T cell
activation by anti-T cell receptor MoAbs, as well as the nonspecific activation of certain
cells, may result in the release of different kinds of cytokines which may augment the
tumor inhibitory effect of MoAbs (i) by the direct toxicity to tumor cells (e.g., TNF), “nd
(ii) by indirect effects, e.g., stimulation of various tumor killer cell functions, such as the

lytic activity of CTLs, NK cells and macrophages.

4.2 MoAbs as Carriers in Targeted Therapy of Leukemias and

Lymphomas
42,1 MoAbs as carriers for ¢cytotoxic agents

As stated, only very limited antitumor efficacy has been obtained in clinical studies when
antitumor MoAbs were used alone. The major limitation of this approach is its dependence
upon the efficient recruitment of effector cells which may not be present in sufficient

numbers in the tumor host or may lack accessibility to tumors, especially those in
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immunologically privileged sites in the body, e.g., brain. Furthermore, the general
immunological status of cancer patients, including effector cells, complement and immune
regulation function are usually suppressed. Many investigators have tried to use MoAbs as
carriers of cytotoxic agents which can exert cytotoxic effects that are independent of the
immune system of the host. In this approach,.agents that have inherent cytotoxic activity
but no intrinsic selectivity for target cells, such as chemotherapeutic drugs, radioisotopes
and natural toxins are chemically linked or conjugated to MoAb to form conjugates, i.e.,
chemo-immunoconjugates (Ghose et al., 1983b), radio-immunocenjugates (Sfakianakis et
al., 1990) and immunotoxins (Ramakrishnan et al., 1992). Biodistribution studies with
radiolabeled antitumor MoAbs in xenografted tumors in animal models have clearly
demonstrated the specific localization of the MoAbs in the tumors (Pimm, 1988).
Therefore, it is expected that the administration of MoAb-cytotoxic agent conjugates should
lead to specific localization, accumulation and action of those cytotoxic agents in the

targeted tumor only.
4.2.2 Sclection of MoAbs

One important aspect of MoAb-based targeted cancer diagnosis and therapy is the selection
of an appropriate MoAb to be used as the carrier of the diagnostic or cytotoxic agents. The
choice of an ideal MoAb may vary with different requirements in different situations. The
most important factor for the selection of carrier MoAb is the intended use of the conjugate,
i.e., diagnosis versus treatment. For example, for radioimmunoimaging, the radiolabeled
antibody should localize in the tumor specifically and rapidly to create an early high T/NT
ratio that is required for a good image soon after the administration of the conjugate.
Ideally, the radiolabeled antibody should also be cleared from the body (including the
tumor) rapidly once the tumor images have been obtained. For targeted immunotherapy, in

addition to its specific localization, the conjugate should remain in the tumor for an
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adequate period of time to allow the MoAb-linked cytotoxic agent (i.e., drug or
radioisotope) to exert its cytotoxic effect. The nature of the cytotoxic moiety to be linked
and its mode of action also need consideration. A radioisotope decaying by beta emitter can
kill cells within an area of several diameters of a tumor cell, while most chemotherapeutic
drugs and toxins require internalization to exert their cytotoxic effect. Thus, an MoAb that
is ideal for using as a carrier for targeting radioisotope may not be a good carrier for
targeting drug or toxin (see detailed discussion in appropriate sections). There are many
other factors that are likely to affect the effectiveness of the intended targeted therapy.

These factors are briefly described below.

Class of the MoAb Different classes of MoAbs, e.g., IgG and IgM, have been used in the
preparation of different kinds of conjugates (Ghose et al., 1988a; Ballou et al., 1992).
These molecules are very large (150, 000 dalton of IgG and 900, 000 dalton of IgM)
compared to the molecular weight of several hundred dalton of most of the classical drugs.
Most investigators prefer IgG antibodies to IgM because that IgG molecule is easier to
handle in the preparation of conjugates and their localization in targeted tumors is facilitated

by their smaller size.

Intact MoAb and its fragment Whether whole antibodies or their fragments are preferable
for tumor targeting is difficult to predict. There will probably be different requirements in
different situations. Whole intact MoAb may accumulate in large quantities in the liver and
other organs (e.g., spleen) that are rich in reticular-endothelial cells (Sands, 1990). The
metabolism of antibody fragments, i.e., F(ab)'2, Fab' and single chain Fv, differs from
that of the intact molecule. These smaller fragments are excreted quickly in the urine (the
clearance rate, Fv > Fab' > F(ab)"2). It is believed that the fragments, in general, are more
useful than the intact MoAb for tumor imaging b=cause they penetrate tumors faster and

more homogeneously, accumulate less in organs of RES and clear faster from the
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circulation (Colapinto et al., 1988). Another advantage of the use of fragments is that they
are less immunogenic than the intact antibodies due to the lack of the Fc portion. However,
for the purpose of immunotherapy, some investigators prefer the intact MoAb because
higher percentage of injected dose (i.e., % ID ) of intact MoAb, as well as MoAb-linked
radioisotope or drug localizes in the target tumor compared to their fragments (Holton et
al., 1987). Also, the longer residence time of the intact MoADb in tumors may be beneficial

for targeted drug or radioisotope to exert their cytotoxic effects (Dykes et al., 1987).

Specificity and binding affinity of the MoAb High specificity of MoAb are universally
recognized as an advantage attribute for MoAb-based drug targeting. The importance of
specificity of antitumor MoAb is obvious because it allows the antibody or its
immunoconjugate to anchor on the target selectively. The importance of antibody affinity
remains controversial. In order to accomplish effective targeting, the affinity of a MoAb
need to be of 108 M-! or better (Cannon and Hui, 1990). Most investigavors presume that
high antibody affinity is desirable (Schlom et al., 1992), but others suggest that MoAbs
with moderate affinity may percolate more homogeneously into tumor masses than high
affinity MoAbs that may be trapped by binding to perivascular tumor cells, and therefore,

retarded in their movement to distal locations in the interstitium (Fujimori et al., 1990).

Species Most of the MoAbs currently used in targeted therapy are of murine origin and
elicit HAMA response when used in patients (Schroff et al., 1987). The generation of
humanized and chimeric antibodies for clinical application has been viewed as a potential
advantage over the use of murine antibodies because the formers elicit less HAMA
formation, are more effective in recruiting human effector cells, and have prolonged serum
half-life (see Introduction section 5 for detailed discussion of humanization of MoAbs). It
is pertinent to mention that the use of humanized MoAb may still trigger immune response

after repeated injections into patients because they retain both idiotypic and allotypic
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antigenic determinants. However, idiotypic responses are likely to be weaker and need

longer period of exposure than those against xenogeneic MoAbs (Goodman et al., 1993).

Antigen density on tumor cells and antigen internalization As stated, for MoAb-based
diagnosis and therapy of cancer, an ideal target antigen should be expressed on the surface
of tumor cells at high density. The usefulness for targeting of an entirely tumor-specific
antigen would be compromised if the antigen were expressed at the cell surface at a very
low level that would not permit the binding of adequate amounts of conjugates needed to
achieve the therapeutic r<ponse. Furthermore, for MoAbs directed against cell surface
associated tumor antigen( cytotoxic agents that are active at the cell surface would be
more effective when delivered to surface of the target cells as immunoconjugates.
However, only a few cell surface active chemical entities, e.g., phospholipases (Flickinger,
1976) and probably in some extent, ADR (Awasthi et al., 1992), have been evaluated for
antibody based targeting. Most toxins (e.g., ricin and abrin) and currently used
chemotherapeutic drugs (e.g., MTX and vinca alkaloids) are active intracellularly. Some of
them exert their effect on DNA or protein synthesis, while others alter the function of the
spindle apparatus. If the target of the cytotoxic moiety is intracellular, the ideal
immunoconjugate should be endocytosed by the tumor cells and release active forms of the
cytotoxic agent intracellularly. Thus, antibodies that are specific to those antigens that lead
to maximum degree of endocytosis may be more effective for intracellular drug or toxin
delivery (Mariani et al., 1990). However, antibodies with a high rate of internalization may
be poorly retainec oy tumor cells after initial binding because of rapid endocytosis,
intracellular degradation and efflux of low molecular weight metabolites. This has been
shown to be a disadvantage for radioimmunotherapy. For 131] labeled MoAbs, the rapid
degradation of radioiodinated antibody and efflux of the catabolic small fragments may
result in the rapid loss of radioactivity from the tumor (Press et al., 1988). Novel protein

radioiodination techniques may overcome this problem (Ali et al., 1990). Alternatively,
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radiometal isotopes, such as 111In and 90Y, may prove beneficial for targeting rapidly
modulating antigens because these isotopes appear to be selectively retained intracellularly
after degradation of the carrier MoAb (Naruki et al.,, 7990). In fact, for

radioimmunotherapy, endocytosis is not required for the cytotoxic effect of the radiolabeled

MoAbs.

A key problem with MoAb-based targeted therapy is the inability of conjugate to reach all

regions of a tumor in vivo in adequate quantities. In most clinical trials, very little of the
injected dose of MoAbs or their conjugates, usually between 0.001% to 0.01% ID / g
tissue, accumulates in the tumor (Epenetos et al., 1986; Sands and Jone, 1990). There are
numerous factors that can affect the localization of MoAbs or their conjugates in tumors in

vivo (Cobb, 1989; Thomas et al., 1989; Jain, 1990; Schlom et al., 1990a).

(A) Physiological factors

Several tumor-related physiological factors that can adversely affect the tumor localization
of circulating MoAbs or their conjugates have been identified. These factors include the
heterogeneity of blood supply, the elevated intratumoral interstitial pressure and the large
transport distance (i.e., from the site of antibody transvasation to tumor cells in the

peripheral region) in the interstitium.

The tumor vasculature is highly heterogeneous and may be completely different from host's
normal vasculature depending on the tumor type, its growth rate and its location. It consists

of vessels recruited from the preexisting network of the host vasculature and vessels
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resulted from the angiogenic response of the host vessels to cancer cells (Folkman, 1985).
A key difference between normal and tumor vessels is that the latter are dilated, saccular,
and tortuous and may contain tumor cells within the endothelial lining of the vessel wall
(Jain, 1988). The tumor vasculature is highly heterogeneous and does not conform to the
standard normal vascular organization. Also, the organization of vessels in tumors may be
different from one location to another and from one time to the next. It is known that a
antibody must first be distributed to tumor through the vasculature and then transported
across the microvascular wall and the interstitial space to reach the tumor cells. The
heterogeneity of blood supply would reduce the chance of delivery of MoAbs or their
conjugates to some area of tumor due to the poor blood supply. In addition, an increase in
the intercapillary distance would require the MoAbs or their conjugates to traverse longer
distance in the interstitium to reach tumor cells in peripheral regions. Tumor necrosis has a
similar adverse effect on antibody localization in the tumor since necrosis destroys or

narrows intratumoral vessels by thrombosis.

Once the MoAbs or their conjugates have reached an exchange vessel in tumor, its
extravasation occurs by diffusion (i.e., solute movement resulting from solute
concentration gradients) and convection (i.e., solute movement associated with bulk
solvent movement), and to some extent, transcytosis. The rate of extravasation of MoAbs
or their conjugates is dependent on (i) surface area of exchange; (ii) the transvascular
concentration and pressure gradients; and (iii) other transport parameters, such as vascular
permeability and hydraulic conductivity ( a constant related to fluid leakage to pressure
gradient). Studies of animal and human tumors have shown that the vascular permeability
of tumor vessels was higher than that in normal tissues (Jain, 1987a). Two factors are
believed to be responsible for the poor extravasation of circulating MoAbs or their
conjugates. Firstly, tumors contain regions of high interstitial pressure due to (i) rapid

tumor growth; (ii) necrosis and/or infiltration; (iii) increased concentration of plasma
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protein in tumor interstitium because of the higher vascular permeability; and (iv) lack of
lymphatic drainage. This high intratumoral interstitial pressure impedes the fluid
extravasation. Since the transvascular passage of macromolecules under normal conditions
occurs primarily by convection, a decrease in fluid extravasation would lead to a decrease
in extravasation of the MoAbs or their conjugates (Baxter and Jain, 1989). Secondly, the
average area of vascular surface per gram of tumor tissue decreases with tumor growth due
to rapid proliferation of tumor cells, hence lead to a reduction in the transvascular exchange

(Jain and Baxter, 1988).

Extravasated MoAbs or their conjugates could move through the interstitial space by
diffusion and convection to reach the target tumor cells (Swabb et al., 1974). The
interstitial space in tumors is usually larger than that in normal tissue (Jain, 1987b). This
means that the MoAbs or their conjugates have to transverse longer distance in the tumor
interstitium to reach tumor cells in the peripheral regions of vascular supply. This may
increase the probability of catabolism of MoAbs or their conjugates in tumor interstitium
before the MoAbs or their conjugates could bind to target cells. Tumor catabolism of
MoAbs or their conjugates may adversely affect the amount of accumulation as well as the
residence time of MoAbs or their conjugates within the tumor, because the products of the
catabolism are usually smaller in molecular weight and hence may be cleared relatively
rapidly (Press et al., 1988). Furthermore, the MoAbs or their conjugates may also bind
nonspecifically to proteins or other tissue components, as well as specifically to the target
cells during its transportation in tumor interstitium (Jain et al., 1980). It is known that the
binding reaction lowers the diffusion rate of molecules (Astarita, 1967). The binding of
MoAD to antigens proximal to the vessels may retard its movement to peripheral regions in
the tumor interstitium, especially when a MoAb with high affinity was used (Dedrick and

Flessner, 1989; Fujimori et al., 1990).
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(B) Pharmacokinetic factors

A number of pharmacokinetic factors influence the accumulation of antibodies in target
tumors. These factors include: the classes (e.g., IgG versus IgM) and the forms (e.g.,
intact molecule versus its fragment) of antibody (which have been discussed above), the
dose, the route of administration (2.g., i.v. versus i.p.), and the metabolism and clearance

of antibodies or their conjugates from the blood.

The effect of the administered dose of an antibody on the percentage of the injected dose of
antibody localized in the tumor (i,. €., % ID / g tumor) is difficult to predict. Increase of the
dose of radiolabeled MoAbs given to xenograft bearing mice has produced conflicting
results, with increased, decreased, and unchanged tumor uptake reported (as regard to %
ID / g tumor tissue) (Carrasquillo, 1988; Fenwick et al., 1989; Boerman et al., 1992).
Studies conducted to date in patients have used a wide range of antibody doses varying
from less than 1.0 mg to more than 1.0 g (Grossbard et al., 1992). The optimal antibody
dose for either diagnostic or therapeutic uses may vary depending on many factors, such as
the quality of antibody (e.g., specificity, affinity and immunoreactivity), the quantity of
antigen (e.g., the level of antigen expression and the tumor burden), antibody
internalization rate, and different tumor types and tumor hosts (Grossbard et al., 1992). It
must be born in mind that for a tumor of defined type and size, the number of antigenic
sites is limited and may be saturated with appropriate amount of MoAb. Once saturated,
increase the dose of MoAD given to the tumor-bearing host will not increase the absolute
amount of MoAb that localized in the tumor. Under this situation, the valueof % ID / g

tumor tissue will decrease although the absolute amount of MoAb that localized in the

tumor remains the same.
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For intracavitary cancers (e.g., ovarian and colon cancers), the administration of MoAbs or
their conjugates via the relevant intracavitary route may provide several theoretical
advantages, including increased concentration of antibody at the tumor site and decreased
toxicity to those normal organs that are involved in the metabolism of antibody, such as the
liver. Some studies either in animal models or patients have shown that the i.p. route of

injection was better than the i.v. route for targeting of peritoneal tumors (Rowlinson et al.,

1987).

Uptake and catabolism of antibodies by organs of RES (e.g., liver and spleen) and
clearance of the antibody fragments through kidney appear to be the major routes of
elimination of circulating MoAbs or their conjugates (Jones et al., 1990). It has been
suggested that liver cells have receptors for a component of the Fc portion of the antibody
which is responsible for the non-antigen specific uptake of radiolabeled antibody (Sands,
1990). However, it is not know yet whether these receptors are for the protein component

of Fc, or the carbohydrates which are found predominantly on the Fc portion.

(C) Immunological factors

As discussed above, the quality, the forms and the species of antibodies may significantly
affect the localization of MoAbs or their conjugates in tumors as well as in normal tissues.

Additional immunological factors are the following:

Antigenic heterogeneity Antigen heterogeneity of the tumor cells includes the difference in
(i) the proportion of cells within the tumor expressing the antigen; (ii) the levels of antigen
expression in different tumor cells within the tumor; (iii) the exact location of t}iz antigen

(cell surface or intracellular), their accessibility and their availability in the environment of

the cells.
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Antigen modulation and secretion Antigen modulation, e.g., antigen internalization or
shedding, and the level of circulatirg reactive antigen in the blood or in other body fluid
may significantly affect the effectiveness of MoAb-based targeted therapy. If the
internalized or shedded antigens are not re-expressed, subsequent administration of MoAbs
or their conjugates will not produce significant amount of binding to tumor cells.
Furthermore, shedding of tumor antigen from surface of tumor cells or secreting of tumor
antigen by tumor cells into body fluids, especially into blood, constitute an additional
problem that may impede delivery of MoAbs or their conjugates to tumor. There is a
concern that the injected MoAbs or their conjugates may be trapped by the circulating
antigen to form immune complex and may never reach the tumor. This may also result in
the rapid clearance of MoAbs or their conjugates from the circulation. Despite all above
concern, clinical observation to date have shown that the problem did not have practical

significance.

HAMA response The development of host antibodies against the foreign antibodies may
not only neutralize the antitumor effect of the MoAbs or their conjugates, but also accelerate
the clearance of the antibody form the circulation, reduce antibody localization in the tumor,
and induce hypersensitivity reaction (Schroff et al., 1985; Shawler et al., 1985; Courtney-

Luck et al., 1986).

(D) Physical and technical factors

In the preparation of an immunoconjugate, the biological properties of the antibody must
correlate with the physical properties of the cytotoxic agents chosen for conjugation. For
example, an antibody with a high rate of internalization upon binding to target antigen on

tumor cell surface is desirable for immunotoxin, because internalization is required for
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cytotoxic effect of most toxins. While in radioimmunotherapy, a long half-life radioisotope
should be used when a long time is required for the antibody to accumulate in the tumor, or
vice versa. Chemical modification of antibody or drug, and / or the subsequent coupling
process may damage the antibody binding ability and / or the drug activity. In
radioimmunoimaging or radioimmunotherapy, there are additional limitations such as the
availability of suitable radioisotopes, the choice of appropriate methods of radiolabeling and
the availability of instrumentation for the handling of radionuclides. Furthermore, the
doses, physical half-life and the type of the emitted radiation(s) of the radionuclide, as well
as the time of imaging may determine to a great extent the quality of the image and the

effectiveness of treatment (see appropriate sections for detailed discussion).
4.3 MoAb-Drug Conjugates (Chemoimmunoconjugates)

Targeting of conventional chemotherapeutic drugs to tumors using MoAbs is being
developed as a method to improve their therapeutic index. This may result either from
increased localization and / or longer retention of antibody-linked drugs in tumors
compared to their localization and / or retention in normal tissues, or by reducing normal
tissue toxicity. Because the majority of available MoAbs react to some degree with normal
tissues, it is important to develop immunoconjugates that will not produce unacceptable
levels of toxicity towards vital nonnal tissues. Due to the extreme potency of toxins, i.e.,
one molecule of toxin can kill one cell when dclivc;ed to the cytosol of the cell,
immunoconjugates produced with conventional chemotherapeutic drugs offer a significant
safety advantage. Several additional advantages of using chemotherapeutic drug for the
preparation of immunoconjugates include: (i) the clinically used anti-cancer drugs have
established profiles of antitumor activity; (ii) the dose-limiting toxicities of the drugs have
been well characterized; (iii) method to monitor drug level in body fluid, e.g., serum, are

readily available; and (iv) control and / or reversal of toxic manifestations may also be
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possible. Therefore, these immunoconjugates are likely to be accepted more readily by

clinical oncologists.

43.1 lecti f chemoth i s for i -

immunoconjugates

The selection of cytotoxic agents for the preparation of immunoconjugates usually depends
upon (i) mechanism(s) of action and pharmacokinetic profiles of the chemotherapeutic
agents; and (ii) the nature of the MoAb available for the construction of immunoconjugate
(Ghose et al., 1985). Since the targets of most of currently used chemotherapeutic agents
are intracellularly distributed and some drugs are active only when they are in free form, an
ideal conjugate should be endocytosed once beund to the surface antigen of target cells, and
to release active drug molecules in free form or associated with small catabolic fragments
intracellularly. In contrast, if the MoAb dose not undergo significant internalization after
binding to target cell surface antigen, only those agents that exert their cytotoxic effect via
plasma membrane (e.g., phospholipase and ADR) or agents that emit ionizing radiations

(e.g., 1311 and 90Y) are likely to yield effective conjugates.

To date, many chemotherapeutic drugs with different mechanisms of action including
alkylating agents (e.g., chlorambucil, melphalan), DNA intercalators (e.g., daunomycin,
adriamycin), mitotic inhibitors (e.g., vinblastine, vindesine), and antimetabolites (e.g.,
methotrexate, 5-fluorouracil) have been chemically conjugated to a number of antitumor
MoAbs with the use of different coupling methods (Ghose et al., 1983b; Ghose and Blair,
1987). A selective cytotoxicity against target tumor cells either in vitro or in vivo in animal

models has been observed in most studies (Pimm, 1988).
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In this study, two drugs with different mechanisms of action, i.e., MTX and ADR were
covalently coupled to two MoAbs, Dal BO1 and Dal B02, via different types of linkage.
Both drugs are in clinical use for the treatment of a wide range of cancers. The detailed
characteristics of these two drugs, e.g., the spectra of antitumor activity, mechanisms of
action, clinical pharmacology , will be discussed later (sez Fig. 1 for the chemical structure

of MTX and ADR).

4 ink f stoM

Methods for the coupling of chemotherapeutic agents to MoAbs must ensure the retention
of activity of both MoAbs and drugs (Blair and Ghose, 1983; Ghose and Blair, 1987).
Optimal coupling methods should allow controlled drug incorporation, avoid formation of
homopolymers of MoAbs or drugs and aggregates of the conjugate. The method should
also be technically straightforward and reproducible. Furthermore, the drug must be
delivered to the target site in a form that is active or can be activated per se. Since most
antitumor drugs have certain functional groups that are essential for binding to target
molecules, chemical groups used for linkage to MoAb should be the one that is not required
for drug action, or as an alternative, the one that become available following endocytosis
and intracellular catabolism of the conjugate. Chemo-immunoconjugates have been
produced by linking drugs to antibodies using a number of functional groups such as an
amino-, carboxyl-, hydroxyl-, or sulphydryl- residues. In some instance, these functional
groups exist in drug or MoAb molecules, while in other cases, they are introduced in drug
or MoAb molecules by initial modification (Blair and Ghose, 1983; Ghose and Blair,
1987).

(A) The use of carrier
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Conjugates prepared by coupling drugs directly to MoAbs have been successfully
synthesized. However, this type of conjugates has a limited potential because only a small
number of functional groups are available per antibody molecule for chemical linkage
without significant loss .-i .. ‘tigen binding activity (Blair and Ghose, 1983). For the
delivery of adequate amounts of chemotherapeutic agents to target tumor cells, it may be
necessary to a 'ch arelatively large number of drug molecules per antibody molecule while
preserving antibody activity. Retention of antigen binding activity in carrier antibody
molecule is influenced by a number of factors which include the size and charge of the
drug, the molar incorporation, the site of linkage and the nature of the antibody.
Unfortunately, most of studies using direct linkage have shown that the substitution of
more than 10 drug residues per antibody molecule usually produces unacceptable loss of
antibody activity (Kulkarni et al., 1985). Furthermore, the attachment of a high payload of
certain hydrophobic drug molecules to antibody may result in the loss of solubility of the
conjugate (Mitra and Ghosh, 1990). This has led to the use of intermediate carriers where
high levels of drug substitution is possible and then one or two molecules of the drug-
loaded carrier are linked to one antibody molecule. The conjugates constructed in this
manner contain a large number of drug molecules per antibody molecule. The use of an
intermediate carrier can also overcome, to some extent, the steric hindrance of drug or
antibody activity resulted from the direct linkage of the agents. The criteria for the selection
of intermediate carrier include the molecule size and shape (e.g., globular or linear chain),
charge, number of available functional groups, homogeneity, ease ~¢ handling, ease of

coupling stability, :oxicity and biodegradability (Mitra and Ghosh, 1990).

An alternative approach to increase the amount of drug that can be loaded on MoAb is the
use of liposome (Ghose et al., 1988c). Use of liposome as drug carrier has attracted
considerable interest in recent years because of their ability to load with large amount of

drug molecules without the requirement of any chemica! modification, i.e., the drug packed



inside the liposome remains in their natural free form (Singh, 1989). Also, intravenously
administered liposome-entrapped drug does not come in contact with blood directly, and
the tissue distribution is controlled by their carrier (McDougall et al., 1974). Thus by
linking the liposome with MoAbs directed against tumor associated antigens, the drug can

be specifically targeted to tumors (Singh et al., 1991).

(B) The use of spacer

As stated, when a drug molecule was coupled directly to an antibody molecule, its
cytotoxic effect might be significantly affected by (i) steric hindrance; and (ii) the use of
those chemical groups for conjugation that are essential for the cytotoxicity of the drug.
Some drug molecules linked directly to antibodies have been observed to be poorly released
from the carrier antibody by lysosomal enzymes. Such slow release might be due to either a
steric effect, i.e., the inaccessibility of the lysosomal enzyme to the chemical bond of
linkage between the drug and the MoAb, or the insusceptibility of the linkage to the
lysosomal enzymes (Trouet et al., 1982). The introduction of a spacer either in drug or

antibody molecule may be of help of overcoming the above problems.

In one approach, spacers are designed in such a way that conjugates remain stable in
circulation as well as in other extracellular compartment, but release the free drug in the
lysosomal milieu after endocytosis. One of the example of such spacer is the Ala-Leu-Ala-
Leu tetrapeptide which has been demonstrated to release the free drug in the presence of
lysosomal enzymes (Trouet et al., 1982). An alternative approach is based on the acid pH
within the lysosomal compartment. An acid-labile spacer, e.g., cis-aconityl spacer, has
been used to link drugs, such as DNR and ADR, to antibody molecules (Shen and Ryser,
1981; Dillman et al., 1988).
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(C) Site-specific linkage

Most “conventional”” conjugation methods of coupling drugs to antibodies lack specificity
because the incorporated drug molecules are randomly distributed in antibody molecules.
This may result in linkage of drugs at antigen-binding sites of the antibody. This is
believed to be mainly responsible for the partial or complete loss of antibody activity after
conjugation, especially when large amounts of drugs are linked to an antibody molecule.
When drugs are loaded on antibody via intermediate carriers, one may still confront the
problem of loss of antibody activity if the intermediate carriers are incorporated in the
antigen binding site of antibodies. It is well known that oligosaccharide residues are
infrequent in the antigen binding site (i.e., Fab portion of antibody), and are restricted
mainly to the Fc portion of antibody (Beale and Feinstein, 1976). The linkage of drug or
drug-loaded carriers to the oligosaccharide residues may provide a method to avoid drug
loading in antigen binding site of antibodies. Most coupling reactions for the linkage of
drug to oligosaccharide residues on antibody are based on oxidation of the oligosaccharide
residues followed by formation of Schiff's base or hydrazone bond with the drug or drug-
loaded carrier molecules (Rodwell et al., 1986; Kralovec et al., 1989a). This method has
been successfully used in the preparation of immunoconjugates of MTX (Kralovec et al.,

1989b), ADR (Dillman et al., 1988) and vinca alkaloid derivatives (Johnson et al., 1987).

4.3.3 Methotrexate (MTX)

(A) Spectrum of antitumor activity and mechanism of action

The folic acids are an attractive target for antitumor chemotherapy because of their critical

role in the synthesis of the precursors of DNA. The clinical effectiveness of antifolate
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compounds, e.g., MTX, has been proven in the treatment of leukemias, breast cancer,

head and neck cancer, choriocarcinoma and lymphomas ( DeVita et al., 1985)

The critical structure feature associated with the antitumor activity of folate analogues is the
substitution of an amino group for the hydroxyl at 4 position of pterdine ring and the
presence of a methyl group at the N10 position (Figs. 1A and 1B). These changes
transform the molecule from a substrate to a tight-binding inhibitor of DHFR, a key
enzyme in intracellular folate metabolism. The importance of DHFR stems from the fact
that folates are active as coenzymes only in their fully reduced forms as tetrahydrofolates.
In actively proliferating tumor cells, inhibition of DHFR by MTX leads to accumulation of
folates in the inactive dihydrofolate form, with partial depletion of reduced folates (Baram
et al., 1987). There are additional factors that contribute to the cytotoxicity of MTX. These
include metabolism of the parent compound to polyglutamate derivatives and the
accumulation of dihydrofolate and formyldihydrofolate as a consequence of DHFR
inhibition (Allegra et al., 1987). All these metabolites directly inhibit folate-requiring
enzymes of thymidylate and purine synthesis (Allegra et al., 1985). Thus, the inhibition of
synthesis of DNA precursor by MTX is multifactorial and includes both partial substrate

depletion and direct inhibition of folate-dependent enzymes.

(B) Cellular pharmacology

(a) Transmembrane transport

MTX enters cells mainly by a single high-affinity influx mechanism, an energy-dependent,
temperature-sensitive and concentrative process that probably depends on the function of
specific intramembrane proteins (Anthony et al., 1985).The mechanism is anion-dependent
and glucose-insensitive and account for all MTX influx at extracellular drug concentration

up to 50 pM (Henderson et al., 1987). The affinity of the influx carrier for MTX has been
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estimated to be 0.7 to 6.0 uM for various tumor cell lines (Goldman et al., 1968; Warren et
al., 1978). It is well known that the physiologic folates compete with MTX for entering
cells. When high concentration of extracellular reduced folate cross the cell membrane, it
also lead to efflux of intracellular MTX from cytoplasm through a process known as
heteroexchange (Goldman et al, 1971). In addition to the high affinity transport
mechanism, a second relatively less efficient transport mechanism has been described at
high drug concentrations (i.e., in excess of 20 uM) (Warren et al., 1978; Hill et al., 1979).
This second mechanism may represent passive diffusion and this transport mechanism is
not subjected to competition between folate and MTX, and does not lead to

heteroexchange.

The efflux of MTX from cells takes place through multiple mechanisms. In one of
mechanism, the carrier appears to be identical with the influx carrier (Henderson et al.,
1984; Dembo et al., 1984). This mechanism accounts for the majority of the efflux of MTX B
from tumor cells in the absence of glucose. In the glucose-replete conditions, most efflux
occurs by two other glucose and ATP-dependent mechanisms (Henderson et al., 1986).
The cell cycle status of tumor cells strongly influence the rate of folate and MTX t~nsport.
In general, more rapidly dividing cells have a greater rate of MTX uptake and a decreased
rate of drug efflux, as compared to its transport in stationary phase or slowly growth cells

(Chello et al., 1980).

(b) Intracellular metabolism

Like naturally occurring folates, MTX undergoes polyglutamation through the action of an
enzyme, folylpolyglutamyl synthetase (FPGS) that is present in the cytoplasm of many
types of normal as well as tumor cells (Whitehead, 1977; Joliver et al., 1982).
Polyglutamation of MTX increases its retention in the cells because the polyglutamates of

MTX is not subjected to efflux (Balinska et al., 1981). It has a slower dissociation rate
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from DHFR than that of MTX (Whitehead, 1987), and has markedly enhanced inhibitory
potency for TS. Several parameters influence a cell’s ability to polyglutamate MTX.
Important factors are: the level of intracellular FPGS, the rate of cell growth (Kennedy et
al., 1985) and the level of intracellular folates (Joliver et al., 1987). Growth factor induced
cell proliferation increases polyglutamation of MTX. On the other hand, increase in the

intra~ellular folate pools decreases polyglutamation of MTX.

(c) Binding of MTX to DHFR and inhibition of the enzyme

Optimal binding of MTX to DHFR is dependent on the concentration of NADPH (Kamen
et al.,, 1983). Binding of MTX to DHFR from bacterial and mammalian sources generates a
solely formed ternary complex. The overall process has been termed slow, tight-binding
inhibition and involves an initial rapid but weak enzyme-inhibitor interaction followed by a
slow but extremely tight-binding isomerization to the final complex (Williams et al., 1980).
The polyglutamates of MTX are at least equally as potent in their tight-binding inhibition of
mammalian DHFR, and the metabolites seem to possess a slower rate of dissociation from

the enzyme compared to the parent compound (Galivan, 1980).

(d) Mechanisms of development of MTX resistance

Several mechanisms have been described to be responsible for the resistance of tumor cells
to MTX. These mechanisms include: (i) reduced transport of MTX cross the membrane
(Schuetz et al., 1988); (ii) decreased ability to form MTX polyglutamates (Pizzorno et al.,
1988); (iii) increased level of intracellular DHFR activity and/or reduced affinity of binding
of the enzyme to MTX (Kaufman et al, 1978).

(C) MTX and immunoconjugates
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Since the early study in 1958 in which Mathe coupled MTX to an antibody directed against
L1210 leukemia cells and observed an improved antitun.or activity of the conjugate in
tumor-bearing mice (Mathe et al., 1958), the drug has been extensively used to prepare
immunoconjugates (Baldwin and Byers, 1987; Umemoto et al., 1989). Specific cytotoxic
effects of these immunoconjugates have been demonstrated both in vitro and in vivo in
animal models (Ghose et al., 1988a; Shih and Goldenberg, 1990). Biodistribution studies
in tumor bearing mice showed that after i.v. administration, the MoAb-MTX conjugates
selectively localized in the xenografted tumors (Pimm et al., 1988a; Ballou et al., 1992).
Several studies have also demonstrated an enhanced sensitivity to antitumor MoAb linked
MTX of some tumor cell lines that are highly resistant to free MTX (Embleton and Ho,
1986). From studies on the mechanism of action of MTX immunoconjugates, it appears
that the conjugate first binds to the tumor cell surface via tumor-associated antigens and is
then internalized by endocytosis and degraded by lysosomal enzymes, providing active

forms of the drug (see appropriate sections in Discussion for detailed discussion).

4.3.4 Adriamycin (ADR, or Doxorubicin, DOX

(A) Spectrum of antitumor activity and mechanisms of action

ADR (Fig. 1C) has a spectrum of antitumor activity that is second only to the alkylating
agents and is currently one of the most widely used antitumor drug. It is highly active
against epithelial tumors such as carcinoma of breast, lung, thyroid and stomach and
against mesenchymal malignancies such as sarcomas, Hodgkin’s and non-Hodgkin's
lymphoma, multiple myeloma, and acute lymphocytic and myelogenous leukemias (Myers

and Chabner, 1990).
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The transmembrane movement of ADR is by free diffusion of the non-ionized drug
(Dalmark and Strom, 1981; Gianni et al., 1983). In some cells, ADR can undergo active
efflux which is mediated by the p170-glycoprotein, a membrane protein capable of
pumping out of the cell a wide range of drugs (Kartner et al., 1983). Although the general
processes by which ADR crosses cell membrane have been established, the kinetics of this
process are far from adequately studied. Once inside cells, free ADR tend to bind to many
intracellular proteins, DNA and perhaps, glycosaminoglycans. It has been suggested that
ADR Kkills cells by several different mechanisms, these include: (i) Binding to
topoisomerase II and cause DNA breakage (Ross et al., 1978; Waring, 1981; Tewey et al.,
1984). ADR appears to stabilize topoisomerase-DNA complex leading to both single and
double-strand DNA breakage. Correlation was observed between cellular DNA cleavage
and cytotoxicity. (ii) Binding to membrane lipids and cause extensive disruption of
membrane functions (Tritton and Dorshow, 1986). It is believed that ADR-membrane
interaction occurs primarily through high affinity binding of ADR to specific membrane
lipids (Goormaghtigh et al., 1980; Goormaghtigh et al., 1984). The binding causes
membrane changes which include an altered liquid crystal structure of membrane lipids
(Tritton et al., 1978; Dupou-Cezanne et al., 1985), inhibition of membrane ion transport
proteins (Hasmann et al., 1989), disruption of mitochondrial membrane integrity and
electron transport (Mailer and Petering, 1976; Gosalvez et al., 1974) and tyrosine kinase
mediated signal transduction (Donello-Deana et al., 1989; Zhao et al., 1989). The
observation that ADR can be cytocidal without entering the cells strongly indicate that ADR
may exert its cytotoxic effect through its interaction with cell membrane (Triton and Yee,
1982). It has also been suggested that the cumulative injury in cell membrane is extensive
enough to inhibit the proliferation of neoplastic cells at concentrations lower than those
required to interfere with nucleic acid synthesis (Murphree et al., 1976). (iii) Generation of
free radical (Bachur et al., 1977; Keizer et al., 1990). ADR can be converted into a

semiquinone free radical which may further transfer its free electron to molecule oxygen,
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leading to the formation of superoxide radical (O2-). The O2- radical can react with two
protons (H*) to form hydrogen peroxide (H202) which may be reduced to form hydroxy!
radical (OH-). Both O2- and OH- radicals can damage cells by initiating lipid peroxidation
(Cummings et al., 1991). Certain types of cells like cardiac and some tumor cells with a
relatively deficiency in their anti-oxidant defense capacity are more susceptible to the effect
of free radicals, thus are more sensitive to the cytotoxicity of ADR. (iv) Direct binding of
ADR to DNA by intercalation. ADR inserts between the base pairs of DNA by
intercalation. This may cause inhibition of DNA replication and RNA transcription by

inhibition of DNA-polymerase and RNA-polymerase (Cummings et al., 1991).

(B) Clinical pharmacology and pharmacokinetics

ADR have no documented antagonistic interaction with any of the other widely used
antitumor drugs. In addition, clinicians have a wide latitude as regard the dose and schedule
of administration of this drug. At present, there is little evidence that changes in the
schedule of administration of ADR have any significant effect on its antitumor activity. The
drug has essentially an equivalent antitumor activity when an identical dose is administered
as a single large bolus once a month, or weekly doses or as a prolonged infusion. The
antitumor activity of ADR is proportional to the area under curve (AUC) and not to the
serum peak drug level. Variation in the schedule of administration do, however,
significantly change the pattern of normal tissue injury (Legha et al., 1982). Because the
serum peak level correlates with the cardiac toxicity, administracion of ADR by prolonged
infusion hias reduced its cardiac toxicity, and has also dramatically decreased the nausea and

vomiting associated with bolus administration.

After i.v. administration of ADR, there is an early distribution phase during which the

serum level of drug falls rapidly (t1/2c. = 10 min) as the drug gain access to all tissues of
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the body except the brain. In this phase, the bulk of the drug binds to DNA throughout the
body (Terasaki et al., 1989). Plast. 1 protein-bound drug accounts for approximately 75%
of the drug in the plasma (Greene et ai., 1983). However, tissue / plasma ratios of ADR
range from 10 to 1 to 500 to 1, because of the higher affinity of the drug for DNA
compared to its affinity for plasma. The short t1/2a is followed by a secondary half-life of
1 to 3 hr. The terminal half-life of 30 to 50 hr accounts for over 70% of the total drug
AUC. These results suggest that drug level suflicient for tumor cell kill may persist for

prolonged periods € ven after a single dose injeciion (Greene et al., 1983).

The major toxicities of ADR in clinical application include myelosuppression, mucositis,

hair loss, severe local injury after extravasation, and most importantly, cardiac toxicity.

(C) ADR and immunoconjugates

ADR has been covalently conjugated to MoAbs via either direct linkage or through an
intermediate carrier (e.g., dextran) (Hurwitz et al.,, 1975; Pimm et al.,, 1982).
Biodistribution study carried out by rang and Reisfeld (1988) showed that administration
of a MoAb-ADR conjugate to tumor bearing mice resulted in a 4.5-fold more ADR
localized in xenografts compared to the amount ADR localized in xenograft after
administration of free ADR. Selective cytotoxicity has been demonstrated “vith MoAb-ADR
conjugates both in vitro and in animal models (Greenfield et al., 1990; Dillman et al.,
1988). In several reports, MoAb-ADR conjugates retarded subcutaneous tumor growth
more efficiently than free drug (Braslawsky et al., 1990; Trail et al., 1992). ADR similarly
conjugated to a control IgG had no significant antitumor effect. There were also reports
demonstrating th.;t the toxicity of ADR was significantly r=duced after conjugation with
macromolecular carriers (e.g., antibody and dextran). For example, in one recent study,

all mice giveni.p. 5 injections (q2d) of 20 mg MoAb-linked ADR/kg or 3 injections (q4d)
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of up to 35 mg MoAb-linked ADR/kg survived without showing evidence of systemic
toxicity, while 3 injections of 8 mg free ADR/kg killed one third of the treated mice (Trail

et al,, 1992).

4.3.5 Clinical studies with antibody-drug immunoconjugates

Although promising results have been achieved with a number of antibody-drug
immunoconjugates in human xenograft bearing animals, few clinical studies have been
performed. According to Pietersz and McKenzie (1992), only approximately 160 patients
have been treated with antibcdy-drug immunoconjugates since 1975, when Ghose et al.
reported the first clinical trial in melanoma patients using polyclonal anti-melanoma
antibody-chlorambucil conjugate (Ghose et al.,, 1975). These trials involved patients with
different types of cancer, e.g., carcinomas of colorectal (Takahashi et al., 1988), ovarian
(Ford et al., 1983) and lung (Schneck et al., 1989), melanoma (Ghose et al., 1975) and
neuroblastoma (Melino et 2'., 1984). Various drugs have been linked to antitumor antibody
and used in these clinical studies, includirz: chlorambucl (Ghose et al., 1975), vindesine
(Ford et al., 1983), daunomycin (Melino et al., 1984), adriamycin (Oldham et al., 1988),
neocarzinostatin (Takahashi et al., 1988), melphalan (Tjandra et al., 1989), vinca alkaloid
(Schneck et al., 1989), mitomycin (Oldham et al., 1989; Orret al., 1989) and methotrexate
(Elias et al., 1990). PR or minor response have been obtained in only a small proportion of
treated patients, and CR was not seen. Treatment related toxicity has been minor, including
fever, rash, chills, vomiting, diarrhea ard abdominal pain. In more severe case, serum

sickness, marrow depression, or leukocytosis have been observed.
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Fig. 1

Chemical structures of MTX, folic acid and ADR.
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4.4 MoAb-Radioisotope Conjugates (Radioimmunoconjugates)

4.4.1 Radiolabel Abs for men ncer; radioimm

MoAbs can be also used to specifically deliver radionuclides emitting ionizing radiation to
tumor cells (Goldenberg, 1988; 1992). The use of radiolabeled MoAbs for the treatment of
cancer offers several theoretical advantages compared with the use of chemo-
immunoconjugates and immunotoxins. Treatment with radiolabeled antibody does not
require that every malignant cell be bound by the carrier antibody to be killed or rendered
sterile, as the radiation from a radionuclide attached to an antibody molecule is emitted in all
direction within an area defined by the path length of the radionuclide and the composition
of the tissue (Goldenberg, 1990). This may allow the killing (or render sterile) of antigen-
negative tumor cell variants, or of malignant cells whether antigen-positive or negative
which are inaccessible to the radiolabeled antibody by radioactivity emitted from nearby
antibody-coated cells (Nourigat et al., 1990). Furthermore, as stated, internalization of the
conjugate, which is necessary for the cytotoxicity of most toxin or drug conjugates, is

generally not necessary for radiolabeled antibody.

4.4.2 Selection of radioisoto

(A) Radioimmunoimaging

It is generally accepted that an ideal isotope for tumor imaging should satisfy the following
criteria: (i) decay by pure gamma emission; (ii) energy . the emitted gamma ray should be
betveen 100 to 200 KeV; (iii) have a physical half-life (t1/2) between 1 to 3 days; (iv) be
easily linked to antibody without affecting the biological properties of the protein; (v) ease

of availability; and (v) inexpensive It is obvious that no currently available radionuclide
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satisfies all these criteria (Goldenberg, 1991a; Goldenberg and Larson, 1992). Some of the

radionuclides that are most commonly used for tumor imaging are listed in Table 1.

For many years, !3!1 has been the most commonly used radioisotope because of its
availability and well-defined radiochemistry (Sfakianakis, et al., 1990). This isotope,
however, has a relatively long half-life of 8.05 days with a suboptimal gamma energy level
of approximately 364 KeV and also emits beta radiation. In vivo dehalogenation constitutes
another limitation for the use of radioiodinated antibody. 1231, with a pure gamma emission
of energy level of 159 KeV, has a half-life of 13 hr, which makes it suitable for obtaining
images up to 24 hr after administration. However, its short half-life renders it unsuitable
for intact carrier antibodies which take much longer time to achieve high T/NT ratios of
localization. In addition, 1231 is not widely available and relatively expensive. With the use
of F(ab)2 or Fab fragments, 1231 may demonstrate some advantages over the more
commonly used 1311, 111[n, with a half-life of 67 hr and gamma energy level of 171 and
245 KeV, is also a very attractive isotope for tumor imaging. The major disadvantages of
11]n include problem associated with chemical L kage to antibodies, relatively high cost
and localization of released radionuclide in RES. 99MT¢ has superior imaging qualities but
again, its short half-life (t1/2 = 6 hr) is a disadvantage for linkage to intact antibodies.
Several other radioisotopes that are being currently investigated include §7Ga, 20!Tr, 97Ru
and 203Pb. All these isotopes decay by pure gamma emission and possess appropriate
energy spectra (135 to 279 KeV) and physic half-life (52 to 79 hr) suitable for gamma
camera imaging. However, studies with these isotopes are limited because of the difficulty

in availability.
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Table 1 Radionuclides currently in use for radioimmunoimaging of cancer

Nuclide Half life

Energy (keV) Mode of decay

Remarks

1311 8.05 days
1231 13.3 hr
11]n 67.4 hr
99mTc 6 hr

364, 608

159

171, 247

141, 322

B,y

EC

EC

isomeric
transition

am

Easily available,
Inexpensive,

Ease of protein labeling,

T 122 too long for imaging,
B emission, Dehalogenation.
Good energy for imaging,
No B emission,
Expensive,

Low availability,
Dehalogenation.

Good energy and t 122 for
radioimmunoimaging.
Easily available,
Expensive,

Affinity for RES.

Easily available,
Inexpensive,

Pure y emission,

T 122 too short for imaging.
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(B) Radioimmunotherapy

Controversy still exists regarding the advantages and disadvantages of the various alpha,
beta and gamma emitters for radioimmunotherapy (Goldenberg, 1991b). Isotopes such as
1311, 90Y and !88Re have the advantage of releasing beta particles that penetrate several
millimeters and therefore could be of value for antigen-negative tumor variants and those
nearby tumor cells which are inaccessible to the antibody. This will clearly reduce the
chance of escape of antigen-negative tumor cells. However, it compromises the selectivity
of targeted radioimmunotherapy by damaging nearby normal tissues. Among these
radionuclides, 13!I has been the one used most often because of its availability and ease of
manipulation for protein labeling, favorable emission characteristic and successful
therapeutic use in the therapy of carcinoma of thyroid (Grossbard et al., 1992). The:e has
been a recent increase in interest for the use of 90Y because of its pure energetic beta
emission and its virtual absence of gamma emission. Alpha emitters, such as 211At and
212Bt are more effective in inducing cell damage once delivered to the vicinity of the cell,
but because their energy dissipates over such a short range, damage is likely to be limited to
a single cell. Some isotopes decay by electron capture and subsequent Auger cascade. It
has been postulated that the Auger cascade may be highly efficient in producing lethal
effects if initiate in the cell nucleus (Chan et al., 1976). Therefore, the antitumor potential
of Auger emitters (such as 125I) may be considerably greater than hitherto expected, when
linked to antibodies that undergo active internalization (Kassis et al., 1987). However,
result obtained so far failed to support this postulation (Aronsson et al., 1993). Some of the
radionuclides that are being used or that are believed to have potential use in tumor

radioimmunotherapy are listed in Table 2.
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Table 2 Radionuclides for radioimmunotherapy of cancer

Nuclide Half life Mode of decay Path Particulate energy
Length (mm) MeV)

1311 8.05 days By 0.8 0.6

0y 2.66 days B 5.3 2.28

188Re 16.7 hr B 4.4 2.1

186Re 3.68 days B 1.8 1.07

67Cu 2.44 days B 0.6 0.577

212B¢ 1.01 hr o 0.04 - 0.08 6.09

211At 7.2 hr o 0.04 - 0.08 5.8

1251 60.2 days EC 0.01 - 0.02 0.35




4.4, Radiolabeling of antibodies

For both radioimaging and radioimmunotherapy, it is necessary to link a radioisotope to the
antibody molecule so that the resultant product is stable and yet retains its ability to bind to
the target antigen. Until recently, iodination was the most common method for
radiolabeling of antibodies (Powe, 1986). Most of the current clinical trials are still using
131] labeled antibody preparations (Sfakianakis et al., 1990). Alternative procedures for
radiolabeling of antibodies are being investigated during the past years (Hnatowich, 1990).
The availability of metallic isotopes, such as 111In and 90Y, and the rapid development of

bifunctional chelating agents have provided new approaches for radiolabeling of antibodies.

(A) Radiolabeling of antibodies with radioisotopes of iodine

The labeling of antibodies and other proteins with radioisotopes of iodine predate all other
approaches to label proteins for imaging purpose (Wilbur, 1992). Of the currently used
protein iodination methods, all but one (i.e., the Bolton-Hunter method) involves the
covalent attachment of radioiodine to tyrosine residues in proteins (Reogoeczi, 1984).
Thus, Chloramine-T, Iodogen and the enzymatic methods all oxidise iodine to a cationic
species capable of replacing a hydrogen atom in the phenolic group of tyrosine in the ortho
position (Saha, 1983). Chloramine-T is a very reactive substance and end to easily damage
antibodies by both chlorination and the production of aggregates. However, by the proper
adjustment of concentration of reactants and the duration of reactions, most antibodies can
be efficiently labeled to a high specific activity without significant loss of immunoreactivity.
Iodogen and Iodobead are useful alternatives to Chloramine-T. The former is chloramide 1,
3, 4, 6 - tetrachloro - 3a,6a - diphenylglycouril, while in the latter, the oxidant N - chloro -
bezensulfonamide is attached to solid beads. The most common enzymatic method of

oxidizing iodide is the use of lactoperoxidase in association with low concentrations of



61

hydrogen peroxide. Hydrogen peroxide oxidizes iodide to elemental iodine and the
lactoperoxidase acts as a catalyst. The reaction proceeds efficiently with little damage to the
antibody. However, sometimes self iodination of lactoperoxidase becomes a problem. With
all of these oxidative methods, the conditions of iodination need to be individualized for
each antibody in order to obtain the highest yield of radiolabeled antibody with the minimal
damage to antibody activity. Factors that influence the retention of antibody activity and the

incorporation of iodine include concentrations of the reactants, pH, temperature and time.

One non-oxidative method for the radioiodination of proteins is the Bolton-Hunter method
(Bolton and Hunter, 1973). The reagent used is N - hydroxysuccinimide ester of iodinated
p - hydroxyphenyl propionic acid. This reagent reacts with the lysine groups on antibody
and is especially useful to iodinate antibodies that are easily denatured by oxidative

methods. However, the reagent is expensive and yields are relatively low.

The major problems associated with existing methods of protein iodination include (i) the
loss of antibody activity during radiolabeling; (ii) the denaturation of antibody which results
in altered biodistribution and catabolism; and (iii) the relative instability of the label, i.e., in
vivo dehalogenation, which occurs at many sites in the body, including the tumor. All the
above not only decrease the absolute amount of radioactivity that accumulates in target
tumors, but also lead to unwanted concentration of radioactivity in the thyroid and the
stomach. Clinically, up to 50% of the injected radioactivity appears in patient’s urine within
24 hr after administration (Sullivan et al., 1982), as free iodines or as low molecular weight
antibody fragments (DeNardo et al., 1986). It has been suggested that dehalogenation of
radiolabeled antibodies occurs via deiodinases which cannot distinguish labeled tyrosine
residues from thyroxine (Zalutsky and Narula, 1987a and 1987b). It is possible that the
extent of dehalogenation in vivo may decrease if the iodine is linked to proteins in a way

that does not render it susceptible to deiodinases. There is an ongoing search for
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developing methods for iodination of antibodies that are not susceptible to dehalogenation.
Recently, several methods have been developed for the iodination of proteins via non-
phenolic aromatic rings. All these approaches ¢:aploy an intermediate, such as N -
succinimidyl (tri - n - butylstannyl) benzoate (Zalutsky and Narula, 1988; Wilbur et al.,
1989), N - succinimidyl 2, 4 - dimethoxy - 3 - (trialkylstannyl) benzoate (Vaidyanathan and
Zalutsky, 1990) and N - [m - [125/131]] idiophenyl) bromoacetamide (Khawli et al.,
1991). A radiolabeled intermediate is first prepared and then covalently conjugated to
protein. Animal studies with these reagents have shown significantly decreased
accumulation of free radioiodine in the thyroid and the stomach, indicating the increased

stability of radioiodinated antibodies prepared by these approaches.

(B) Radiolabeling antibodies with other radioisotopes

Although radioiodine has been the of choice for radiolabeling antibodies, a number of
metallic isotopes, such as 111In and %0Y, are also being investigated in recent years for
using in radiolabeling antibodies. The principal method of the linkage of metallic isotopes
to antibodies involves the use of bifunctional or heterobifunctional chelating agents (with
the exception of 99mTc which can also be attached to antibodies ' directly ' via endogenous
groups). A relatively large number of such agents are currently available. However, the
basic principle is the same for all these methods. A chelator which has the ability to bind
metallic isotopes (e.g., 111In, 90Y and 67Ga, etc.) is first labeled with an appropriate
radioisotope and is then attached to the antibody by a reactive functional group (Wensel and
Meares, 1983). A popular method for conjugation has been the cyclic anhydride method
(Hnatowich et al., 1983). Chelators in common use are diethylenetriaminepentaacetic acid
(DTPA), EDTA and deferoxamine. While bifunctional chelators can be designed for

linkage to different functional groups in the antibody molecule (e.g., amino group, free
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sulfhydryls, tyrosines, etc.), most of these bifunctional chaletors are designed to bind to

lysine residues that are readily available in the antibody molecule (Powe, 1986).

The major drawback associated with the use of metallic isotope labeled antibodies is their
observed accumulation of radioactivity in the liver and bone. It is known that the liver is the
major organ that uptake and catabolism of antibodies, particularly xenogeneic antibodies
(Jone et al., 1990). When 111In is carried to the liver by antibody or its fragment, after
endocytosed by Kupfer cells, the radiolabel may be stripped from the chelate and
subsequently strongly bound by intracellular proteins that have a very high affinity for
metallic ions (Powe, 1986). Furthermore, there is usually a small but significant
transchelation of metallic isotopes like 111In to circulating transferrin which may finally
localize in the liver (Hnatowich et al., 1987). Finally, the possible intra- or intermolecular
cross-link which occurs during antibody radiolabeling process may denature the protein in
a manner which increase clearance into the liver (Carney et al., 1989). Several approaches
have been studied to circumvent this problem, which include: (i) development of chelate
with stronger affinity for the isotopes (Esteban et al., 1987); (ii) development of new
method of conjugation such as " site-specific " linkage in which the chelate is attached to
the carbohydrate side chain which are mostly restricted to the Fc portion of antibody

(Alvarez et al., 1988).

4,4.4 Clinical ies with radiolabeled antibodies

Leukemias and lymphomas are particularly attractive targets for radioimmunotherapy
because of their radiosensitivity, the well-defined profile of cell surface associated antigens,
the availability of MoAbs directed against a variety of antigens, the well developed
vascularization of lymphomas and the relative accessibility of malignant cells to circulating

antibodies (Badger et al., 1986; Houghton and Scheiberg, 1988). Furthermore, HAMA



formation are relatively infrequent among these patients compared to patients with other
types of solid tumors (Kaminski et al., 1992). Preclinical evaluations in animal models
have shown the feasibility and efficacy of this approach (Ghose and Cerini, 1969; Ghose
and Guclu, 1974; Wessels, 1990; Buchsbaum et al., 1992). Earlier clinical trials involved
the use of 1311 labeled polyclonal anti-ferritin antibodies to treat hepatomas and Hodgkin's
lymphomas. There was tumor regression in approximately 40% of the patients (Order et
al., 1980). In last decade, over several hundreds of cancer patients have been treated with
radiolabeled antitumor antibodies. For the reasons discussed above, the majority of these
clinical trials are performed on patients with malignancies of lymphoid or myeloid lineages
(especially B-cell malignancies) (Press et al., 1989a; DeNardo et al., 1990; Bernstein et al.,
1990; Parker et al., 1990), and only a few case, ovarian (Stewart ct al., 1989; Stewart et
al., 1990) and colorectal carcinomas (Brady et al., 1988; Mellstadt et al., 1991). Most of
these studies have demonstrated significant clinical responses. Recently, several groups
have evaluated 13!I-labeled anti-B cell antibody preparations in the treatment of B-cell
malignancies. The most promising result came from studies carried out by Eary et al.
(1990) and Press et al. (1992). Both studies treated the NHL patients with MoAb MB-1
(anti-CD37) labeled with high doses of radioiodine (from 232 mCi to 628 mCi per patient)
followed by autologous bone marrow transplantation (ABMT). In Eary's study, four out of
five “patients experienced CR, the other patient had a PR, while in study reported by Press,
13 of 15 NHL patients had CR or PR. Goldenberg et al. (1991c), treated seven NHL
patients using !'31I labeled MoAb LL2. Two died of advanced disease before the
completion of treatment, two experienced a PR, two had a minor or mixed response, and
one had no response. In two more recent reports, Kaminski et al. (1992) treated 12 NHL
patients using 13!I labeled MB-1. Response was observed in 6 patients. Four of them had
tumor response that last 2 to 6 month, which included one CR, one PR, one minor
response and one mixed response. Gobuty et al. (1992) treated 20 B-cell

leukemia/lymphoma patients using 13 labeled MoAb Lym-1 (anti-HLA-DR). CR was
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observed in 10% of the treated patients, and PR in 85% of treated patients. To date,
objective tumor regression has been reported with the use of antibodies against (i) idiotypic
Ig (Parker et al., 1990), HLA-DR (DeNardo et al., 1990), CD37 (Press et al., 1989a),
CD20 and CD21 (Czuczman et al., 1990) in patients with B-cell lymphomas; (ii) CD5
antigen in patients with cutaneous T-cell lymphomas (CTLL) ( Rosen et al., 1989) and
CLL (Zimmer et al., 1988); (iii) IL-2 receptor in patients with adult T-cell leukemias (ATL)
(Waldmann, 1992); and (iv) CD33 in patients with AML (Scheinberg et al., 1991a).

Clinically, wide variations have been observed in the doses of 1311 required to achieve
remission, i.e., from as low as 50 mCi (Goldenberg et al., 1991c) to 600 mCi or more
(Eary et al., 1990) . Because bone marrow suppression tends to be a dose-limiting factor,
some investigators r=ly on ABMT as a rescue after the administration of high doses of
radiolabeled antibodies (Eary et al., 1990; Press et al., 1992). To date, the best clinical
responses (CR and PR in 13 out of 15 patients) have been reported by Press et al. (1992).
They used 232 mCi to 628 mCi of radioiodine linked to antitumor MoAb followed by
ABMT. Apart from myelosuppression, other side effects of radioimmunotherapy in clinical
trials have been minor, e.g., transient fever, nausea, pruriius and occasional thyroid

dysfunction (from 131] therapy).

The amount of antibodies used in these clinical trials also varied, i.e., from less than 1.0
mg per patient to more than 1000 mg per patient. It has been postulated that the optimal
dose of antibodies may vary depending on antibody specificity, antigen expression on
target tumor cells, tumor burden and antibody internalization. Most studies have used small
doses of MoAbs (from 1.0 mg to 50.0 mg). In most studies, little effect of antibody dose
on its biodistribution has been observed after the administration of MoAb withia this small

dose range (Scheinberg et al., 1990).
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The potential advantage of administration of multiple fractionated doses of radiolabeled
antibodies in contrast to a single, massive marrow-ablative dose followed by BMT remains
controversial. The steep dose-response curve observed for hematologic malignancies
treated with external beam radiation therapy follower  + ~nventional BMT suggests that a
single massive dose of *: .oimmunotheran' may be morc efficacious than the same dose of
radiation administered in multiple small fractions (Appelbaum, 1991). In fauct, several
clinical trials using this appioach have yielded the most impressive rate of response and
durations of remission. In one study, 16 out of 17 patients (including 14 CR) showed
objective response lasting as long as 42+ month (Press et al., 1989a). In another study, 11
out of 17 patients achieved objective response (including 7 CR). The longest remission
lasted for 26+ month. Two patients died of marrow aplasia (Vriesen.lorp et al., 1991),
Other trials have used repetitive multiple courses of nonmyeloablative radioimmunotherapy
because of the minimal toxicity of this approach and thus do not need BMT (DeNardo et
al., 1990; Schlom et al., 1990). This schedule has been justified by the assumption that
fractionated doses will allow successive layers of tumor cells to be stripped away, and that
such a progressive approach may yield therapeutic results superior to those observed with a
single massive dose, while leaving the patients avoided from otherwise required BMT.
However, clinical data are not available to date with this fractionated low-dose therapy to
compare with the clinical responses obtained with the use of massive dose therapy

(Grossbard, 1992).

4.5 MoAb-Toxin Conjugates (Immunotoxins, ITs)

45.1 Selection of toxin molecules and production of ITs

Three types of toxin polypeptides are used in the preparation of immunotoxins (ITs) : (i)

bacterial toxins such as pseudomonas exotoxin A (PE) and diphtheria toxin (DT); (ii) plant
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toxins such as ricin and abrin; and (iii) fungal toxins such as alpha sarcin. All the three
groups of toxins catalytically inhibit protein synthesis in eukaryotes but each at a distinc
step during translation. Based on their biochemical characteristics, plant toxins can be
grouped as type I, single chain ribosomal inhibitory polypeptides (RIPs) such as pokewezd
antiviral proteins (PAP) and saporin, and type II such as ricin and abrin which are
heterodimers. The A chains of type II toxins are the toxic moieties, whereas the B chains
contain binding sites for carbohydrates through which the A chain gains access to the
interior of the cell. Bacterial toxins differ from plant toxins as regard their binding to cells,
enzymatic specificity, and mechanism of entering cytosol. Fungal toxins such as alpha
sarcin are also single chain proteins but are functionally different from type I polypeptides.

For example, alpha sarcin is a phosphodiesterase while type I toxins are N-glycosidases.

Many ITs using intact toxins (e.g., ricin, PE and DT) and antitumor MoAbs or growth
factors have been produced. They are extremely cytotoxic to relevant target cells, but the
specificities are suboptimal since B chains of the intact ricin or DT (or aomain Ia of PE)
may bind to surface via the carbohydrate residues on non-target cells (Press,1991; Pai et
al., 1991; Cumber et al., 1985). To circumvent this problem, ITs that contain only the toxic
A chain have been made. The specificities of these ITs are excellent because of the absence
of nonspecific binding via the B chain (Krolick et al., 1980; Chang et al., 1977). However,
the potency of these ITs are relatively lower than that of intact ricin ITs due to the loss of
translocation function of the B chain (Vallera et al., 1984). To potentiate ricin A chain ITs,
the B chain can be either delivered directly to cell-bound A chain ITs or indirectly via a
second antibody homing onto the same target cell (Wawrzynczak et al.,, 1991).
Alternatively, intact toxins can either be chemical modified (e.g., blocked ricin) or
genetically truncated so that the translocation properties of the B chain is retained but the
sugar binding sites is blocked (Wawrzynczak et al., 1991). As alternative, single chain

ribosomal inhibitory proteins (RIPs) such as pokeweed antiviral proteins (PAP) and
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saporin are widely used in IT preparation. Since these single chain polypeptides do not
contain any cell binding components, ITs prepared with them have been highly specific in
their cytotoxicity to target cells. For example, PAP-IT directed to CD40 was selectively
cytotoxic to clonogenic acute lymphoblastic levkemia cells and non-Hodgkin's lymphoma

cells but not to normal progenitor cells (Uckun et al., 1990).

4.5.2 "Second generation” ITs

Ideal ITs should have potent cytotoxicity and high specificity. Based on the fact that the
binding and the transiocation functions of toxin B chain can be separated, several truncated
forms of toxins, in which the cell binding domain of the toxin was mutated, deleted or
replaced, have been constructed with the use of genetic engineering techniques (Batra et al.,
1989; Madhus e al., 1991). These toxin derivatives contain the toxic A chain and the
truncated B chain that retains the translocation function but not cell binding ability. ITs
prepared with these truncated toxins have been shown to retain its full cytotoxicity. The
selectivity of these ITs was increased several orders of magnitude compared to original

untruncated MoAb-toxin ITs (Frankel, 1988).

ITs made by chemically coupling protein toxins to specific antibodies usually have low
yields, and contain various heteromers. There are also difficulties in the large-scale
production of ITs chemically. To circumvent some of these problems, various chimeric
toxins have been prepared by genetically fusing the coding sequences of toxin moieties to
carrier proteins (Batra et al., 1990b). For example, Chaudhary et al. (1988) constructed a
single chain antibody toxin fusion protein by ligating the DNA fragment of anti-Tac (Fv)
with the gene of PE40. The fusion protein anti-Tac(Fv)-PE40 was highly cytotoxic to two
1L-2 receptor-bearing human cell lines but was not cytotoxic to receptor-negative cells. In

addition, many receptor-specific chimeric toxins have been constructed by the fusion of
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c¢DNA encoding cytokines (TGFa., IL-2,, IL-6) to the gene of PE40 (Batra et al., 1990a).
Each chimeric protein was specifically cytotoxic to the appropriate receptor-bearing cells

(Siegall et al., 1988; 1989) (see Introduction section 5 for a detailed discussion).

4 i ith ITs i imal Is and in

Most IT ;s constructed from various toxins and antitumor antibodies have been effective in
vitro in inhibiting the proliferaticn of tumor cells (Ramakrishnan, 1990). However, only a
few ITs were effective in vivo and inhibited tumor growth in experimental tumor models.
In general, injection of IT at the time or immediately following tumor inoculation has led to
decreased tumor incidence and / or slower growth of grafted tumors. A delay in the onset
of treatment has resulted in only limited arrest in the growth of tumors. The difference
between in vitro and in vivo effects of ITs is attributed to the pharmacological and
toxicological properties of the ITs. Specifically, the biological half life, st ility of the bond
between toxin and antibody, sequestration by sensitive organs such as liver, inability to
penetrate the interior of the tumor, and side effects like capillary leakage syndrome limit the

clinical application of ITs.

Several investigators have developed animal models of human leukemias by implanting
human leukemia cells in various strains of nude and SCID mice, with or without the use of
additional immunosuppression. Ghetie et al. (1991), treated SCID mice bearing xenograft
of human Daudi B-cell lymphoma with two deglycosylated ricin A chain (dgA) ITs, i.e.,
anti-CD22 antibody IgG-dgA and anti-CD22 antibody IgG Fab'-dgA. A 4-5 log cell kill
with the IgG-dgA IT and a 2 log cell kill with Fab'-dgA IT were achieved, compared to 1
log cell kill with unconjugated IgG alone and no cell kill with the unconjugated Fab'.
Fishwild et al. (1992), used anti-CD7-ricin A chain IT to treat CEM T-cell leukemia cell

line in NIH- I mice and demonstrated a 100 to 200-fold depletion of leukemia cells by IT
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compared to a 3-fold depletion using antibody alone. "zkun et al. (1992), constructed anti-
CD19 antibody B43-PAP IT. The administration i.p. of three daily doses of the IT after
i.v. injection of human pre-B-cell ALL line NALM-6 in SCID mice, reduced the death rate
from 100% to 36%. In SCID mice inoculated with human t (4:11) leukemia cell line i.v. or
i.p., the same treatment resulted in no discernible tumor in the liver and spleen 33-34 days
after i.v. tumor cell inoculation, and a 60% survival rate of mice that received tumor cells

i.p., compared to 100% dezath of control mice.

Phase I clinical trials are underway in many medical centers using ITs made from different
toxin moieties and tumor specific carrier molecules. Vitetta et al. (1991) treated 15
refractory B-cell lymphoma patients with IT consisting of anti-CD22 antibody RFB4 linked
to dgA chain, 38% of the patients demonstrated a greater than 50% reduction in tumor size.
LeMaistre et al. (1991) have used anti-CD35 antibody H65-RTA IT in 14 patients with
cutaneous T-cell lymphoma. There was partial response persisted for 3-8 months in 4
patients. Grossbard et al. (1992) constructed an IT consisting of anti-CD19 antibody 84
and "blocked" ricin. Treatment of 23 refractory B-cell NHL patients with this IT resulted in

one CR, two PR and eight with transient or mixed responses.

Other clinical trials that completed or still continuing include: T101-RTA IT in refractory
chronic lymphocytic leukemia (Hertler et al., 1988); WT1-RTA in T cell leukemia (Preijers
et al., 1989); 260F9-RTA (recombinant) IT in breast cancer (Gould et al., 1989); 454A12-
RTA (recombinant) IT and OVB3-PE in ovarian cancer ( Pastan et al., 1990); genetically
engineered DAB486 IL-2-DT fusion protein in Hodgkin's lymphoma (LeMaistre et al.,
1990).
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454 Limitations of I'T therapy

In addition to the general limitations of MoAb-based immunotherapy which I shall discuss
later, there are several disadvantages specifically associated with IT therapy. Firstly,
because of the potency of toxins, there should be no or minimal non-specific binding of
MoADb, as well as of toxins, to non-target tissues. Also, the linkage between the MoAb and
the toxin must be stable enough to prevent release of the intact toxin in the circulation, but
be able to release active toxin in the cytoplasm of the targeied cells. Secondly, due to the
high molecular weight of IT, the penetration of tumor by these miolecules may be somewhat
difficult. Thirdly, both components of ITs are immunogenic. Repeated uses of ITs in
patients may cause the development of immune response to both the MoAb and the toxin
(Godal et al., 1983). The tissue damage caused by precipitation of immune complexes in
end organs may be enhanced if there is endocytosis of ITs and/or release of free toxin in the
tissue. Finally, the systemic toxicity of ITs is another limiting factor in their clinical use and
dose escalation. The most common dose-limiting toxicity in clinical trials is the capillary
leakage syndrome which is likely to result from non-specific endothelial damage (Spitler et
al., 1987). The symptoms of this syndrome range from weight gain and mild peripheral
edema to hypertension and pleural effusions. In addition, low grade fever, anorexia, and

myalgias are also frequently observed.

4.6 Bispecific Antibody

4.6.1 Bispecific antibodies: a new tool for diagnosis an nt of cancer

Another way of specifically linking diagnostic or therapeutic agents (including cytotoxic

agents and effector cells) to target tumor cells is the use of bispecific antibodies (Songsivilai

and Lachmann, 1990). Bispecific antibodies have two different antigen-specific binding
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sites, by one site the antibody binds to tumor-associated antigen (target binding arm), and
by the other to diagnostic or cytotoxic agents, including effector cells (effector binding
arm). A specifically designed bispecific antibody is firstly targeted to the tumor site. After
allowing a suitable period of time for the non-specifically bound antibody to be cleared, the
imaging or cytotoxic agents, which is recognized by the second arm of the tumor cell
bound antibody, is then injected to bind to the second arm of the bispecific antibody. By
achieving high T/NT ratios, this system may minimize the toxicity in therapy and maximize
the quality of tumor imaging. The advantages of using bispecific antibody over
conventional immunoconjugates is obvious. The chemical damage to antibody and toxic
agent during the coupling process is avoided and the agent is released io specific targets
without the necessity of splitting of covalent bonds. Since the middle of 1980's, bispecific
antibodies have been extensively studied and used in areas ranging from immunodiagnosis
io targeted delivery of effector cells or cytotoxic compounds to tumors. Promising results

have been obtained.

4.6.2 Methods of production of bispecific antibodies

Bispecific antibodies are produced mainly by two methods, i.e., fusion of two different
hybridoma cell lines, or chemical linkage of two antibody molecules or their derivatives.

Recently, bispecific antibodies have also been produced by genetic engineering.

(A)  Fusion of hybridomas

Fusion of two myeloma clones, each secreting different Igs, resnlts in the co-dominant
expression of both parental Ig genes. Two sets of heavy and light chains have been found
to be secreted (Cotton and Milstein,1973). The assembly of Ig molecules thus allows the

formation of both parental Igs, and also the hybrid molecules. This approach has been used
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to nroduce a number of bispecific antibodies (Suresh et al., 1986a). Fusions have been
carried out between pairs of hybridoma cells secreting two defined monoclonal antibodies
to form a "quadromas” (Tiebout et al., 1987), or between hybridoma cell and immune
spleen cell to form a "triomas” (Milstein and Cuello, 1983). The main advantage of this
fusion technique is that the resulting bispecific antibodies are synthesized, assembled and
secreted by the same process as that of the native Ig. Their stability, both in vitro and in
vivo, and pharmacokinetics are theoretically comparable to those of normal antibodies.
Once the hybrid hybridoma cell lines are obtained, they v-ill serve as machines to produce
therapeutic amounts of antibody in the same way as normal hybridomas. However, some
disadvantages exist. which include: (i) difficulty of fusion and selection of hybrid
hybridoma cells. Cell fusion is labour-intensive, time consuming and may not always
succeed with the hybridoma pairs of choice. The lack of an easy method for selecting
appropriate hybrid hybridoma cells results from the fact that most parental hybridomas are
derived from the fusion of HAT-sensitive myeloma fusion partners and immune spleen
cells, and are thus HAT-resistant. Several approaches have been developed to overcome
this problem. Parental hybridoma cell lines were rendered HAT-sensitive by selecting
mutants that lack the HGPRT marker in the medium containing 8-azaguanine or 6-
thioguanine, and then fused with immune spleen cells (Milstein and Cuello, 1983).
Alternatively, hybridoma cells lacking markers such as thymidine kinase (TK) or adenosine
phosphoribosyltransferase may also be selected in the medium containing
bromodeoxyuridine or 6-chloropurine, respectively. Two HAT-sensitive hybridoma cell
lines, one deficient in HGPRT and the other in TK, have also been fused and the resulting
hybridoma cells selected in simple HAT-containing medium (Urnovitz et al., 1988). Other
selectable markers, such as the resistance to neomycin, methotrexate or actinomycin D,
have also been used to select hybridomas (De Lau et al., 1989; Chervonsky et al., 1988) .
Another approach which does not involve mutants is the use of two different irreversible

biochemical inhibitors of protein synthesis, such as emetine, actinomycin D or
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iodoacetamide, to inhibit two independent metabolic pathways of each of the two parental
cell lines. *used cells apparently survive by complementing each other (Suresh et al,,
1986b). Finally, the use of two different vital fluorescence dyes (e.g., FITC and TRITC)
and the subsequent sorting of double labeled cells by a fluorescent-activated cell sorter
(FACS) has also been used :0 select fused hybridoma cells (Karawajew et al., 1987); (ii)
instability of resulting hybrid hybridoma cells. Hybrid hybridoma cells are polyploid, and
contain approximately the sum of the chromosories of both parental hybridomas, and are
therefore unstable (Koolwijk et al., 1988). For the continuing production of bispecific
antibodies, hybrid hybridoma cells may require frequent clo.ing to maintain the presence of
both sets of heavy and light chains; and (iil) low yield and difficulty in purification of
resulting bispecific antibodies. Hybrid hybridoma cell may produce ten different
combinations of Iz molecules. Cnly one of them has the desired bispecific activity. If the
rate of production of two pairs of heavy and light chains is the same and the association of
heavy and light chain is totally random, the yield of desired bispecific antibody is 2 of 16,
or 12.5% (Staerz and Bevan, 1986). In fact, the yield can range from 0 to 50% since
preferential association may occur (Corvalan and Smith, 1987a). Isolation of the resulting
bispecific antibody is also difficult since a total of ten species of molecules are formed.
Purification has been achieved by isoelectric focusing (Wong and Colvin, 1987),
hydroxylapatite chromatography (Staerz and Bevan, 1986), ion-exchange chromatography
(Suresh et al., 1986b) , or double affinity chromatography (Corvalan and Smith, 1987a).

(B)  Chemical linkage of antibody molecules or their derivatives

The technique for producing bispecific antibodies by chemical manipulation was pioneered
by Nisonoff and Rivers (1961). It can be achieved by two methods. The first is direct
coupling of the whole antibody molecules or their immunoreactive fragments (i.e., F(ab)"2

or Fab fragments) (Karpovsky et al., 1984; Glennie et al., 1987). The second method
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involves dissociation and reassociation of heterologous Igs. The latter requires chemical
manipulation to diss.ciate Igs into half molecules without damaging the antigen binding
sites, and then to reform the disulfide bonds to link the heavy chains without allowing any
interfering side reactions such as the formation of intrachain or mismatched disulfide
bonds. The most common method currently employed to link two antibody molecules
together involves the use of heterobifunctional cross-linking agents, such as SPDP
(Gravelle et al.,1989), DTNB (Nitta et al., 1989) and o- PDM (Glennie et al., 1987).
Chemical linkage does not require cell fusion, the desired bispecific antibodies can be made
more quickly and the products are also comparatively easy to purify. However, the
heteroconjugates may differ in their physical and biological properties from those of the
native Ig molecules. The chemical manipulations frequently disturb the biological activity of
antibody by alteration of the antigen binding sites (Webb et al., 1985). The
heteroconjugates derived by direct coupling of two antibody molecules may have short
half-life and difficulty in penetrating into the target sites due to their large size. The stability

in vitro and in vivo, and their pharmacokinetics. have yet to be investigated.

(C)  Genetic engineering of bispecific antibodies

Bispecific antibodies have been produced using genetic engineering method, i.e., by
introduction of two sets of Ig heavy and light chain genes into myeloma cells, by
transfection of a set of heavy and light chain genes into secreting hybridoma or
transfectoma cell lines, or by generation of single chain bispecific antibodies constructed
with peptide linkers between the variable domains of two distinct MoAbs (Songsivilai et
al., 1989; Bird et al., 1988). The latter construct allows a 100% yield of bispecific

antibodies. These techniques are important for the production of tailor-made bispecitic

antibodies.
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4.6.3 _Applications of bispecific antibodies

(A) Immunoassay

The effector binding arm of a bispecific antibody can be designed to have specificity for
marker enzymes or other indicator systems. The anti-target-anti-peroxidase bispecific
antibodies have been investigated in several assay systems, and have led to improvements
in the sensitivity and signal-to-noise ratios (Tadu et al., 1989; Takahashi et al., 1988). It
also simplified the staining procedure for assays such as single-step immunoassay (Suresh
et al., 1986b). Bispecific antibodies to both HRP and FITC which can be used as an
universal binding agents between the FITC-labeled protein and the marker enzyme have

been developed (Karawajew =t al., 1988).

(B) Targeting of cytotoxic agents to tumors

Targeting of cytotoxic agents to tumors has been investigated by using bispecific antibodies
with specificities for tumor cell surface associated antigens and chemotherapeutic drugs or
toxins. Bispecific antibodies with one arm to CEA, and the other to vinca alkaloid or
bleomycin, have shown good tumor localization and low uptake by liver, spleen and bone
marrow (Corvalan et al.,, 1987b). Results of treatment of xenografted models have
indicated that this method is more effective in suppressing tumor growth than free drugs
(Corvalan et al., 1988) . Bispecific antibodies directed against tumor antigens and toxins,
e.g., ricin or saporin, have also shown encouraging antitumor efficacy in vitro and in vivo

(Raso et al., 1981; Glennie et al., 1988).



71

(C) Tumor radioimmunoimaging and radioimmunotherapy

Bispecific antibodies have been used to reduce background radioactivity during
radioimmunoimaging by preadministration of an unlabeled bispecific antibody in which one
binding site recognizes a tumor-associated antigen and the other a chelate. After a interval to
allow maximum T/N ratios of antibody localization, a radiolabeled chelate is administered
for imaging (Stickney et al., 1989). With this approach, some short-lived radionuclides
with good imaging properties, such as 99mTc and 1231, can be used for tumor-imaging.
This method may be also useful for radioimmunotherapy because there would be rapid
elimination of those small radiolabeled chelate that are not bound to tumor-localized
bispecific antibody. This may significantly reduce the non-specific radiation delivered to
normal organs by circulating radiolabeled ant.bodies as in the case of single-step

radioimmunotherapy.
(D) Cross-linking of cellular antigens and focusing of effector cells

Many efforts have been made to use bispecific antibodies to focus effector cells to target
tumors. This system has been studied both in vitro as well as in vivo in animal models (de
Palazzo et al., 1992). Several effector cells have been used. These included effector cells
with Fc receptor (Hsieh-Ma et al., 1992), T cell receptor/CD3 complexes (van Dijk et al.,
1989), CD2 (Goedegebuure et al., 1989) and CD16 molecules (de Palazzo et al., 1992).
Bispecific antibodies that cross-link the target to effector cells can activate effector cells into
functional effectors bypassing normal, MHC and antigen specific restriction. The use of
bispecific antibodies does not simply link the targets and effector cells together, but may
also trigger the cytolytic process (Karpovsky et al., 1984). Cytotoxicity has been shown
not to be due to bystander lysis, since direct contact between effector and target cells is

required (Lanzavecchia and Scheidegger, 1987). To date, human effector cells have heen
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targeted using bispecific antibodies to various kind of tumors, which including B-cell
lymphoma (Gravelle et al., 1989), T-cell lymphoma (Staerz and Baven, 1986), melanoma
(Jung et al., 1987), carcinomas of colon (Titus et al., 1987), ovarian (Pupa et al., 1988)

and kidney (van Dijk et al., 1989). Results from most of these reports are promising.

5 Problems and Future Directions of MoAb-Based Cancer

Immunotherapy

Although MoAbs and their immunoconjugates have shown considerable promise in tumor

therapy, their use as a therapeutic agent has been hampere by several problems.

1. Most of currently available MoAb directed against human tumor associated antigens are
of murine origin. They are recognized by patients as foreign antigens and a second
antibody (i.e., HAMA formation) response is elicited (Schroff et al., 1985; Shawler et al.,
1985; Courtney-Luck et al., 1986). The unique idiotypic determinants of any type of
antibody may also induce a anti-idiotype immune response. These second antibodies can
react with therapeutic MoAb and neutralize its antitumor effect, which makes repeated
courses of treatment with the same antibody ineffective, and may prevent patients from
receiving future injection of murine MoAb preparations. Several approaches have been

attempted to overcome this problem, which include:

(1) The use of F(ab)'2 or Fab fragments that lack the Fc portion, which is mainly

responsible for the immunogenicity of antibody molecule;

(2) Chemical modification of antibody, such as covalent linkage of polyethylene glycol

(PEG) (Wilkinson et al., 1987) or oxidized dextran (Fagnani et al., 1990) to IgG;
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(3) The use of immunosuppressive agents such as cyclosporin A , cyclophosphamide and

steroids (Lederman et al., 1988; LoBuglio et al., 1988);

(4) Human MoAbs. The ideal solution of immunogenicity of murine MoAbs is the
production of MoAbs of human origin. However, human MoAbs of appropriate specificity
and affinity have been difficult to produce (Jones and Bell, 1987). There are two major
obstacles to this approach. Firstly, there are few adequate, genetically marked human
myeloma cell lines that can be used to fuse with sensitized human B cells. The use of
mouse myeloma cells as fusion partners for human B cells often leads to preferential loss of
human chromosomes and instability of the resulting hybridoma cells. Secondly, obtaining
of appropriate human sensitized B cells has proved to be difficult, since one cannot
ethically immunize a human being with tumor antigens. As an alternative to fusion, the
immortalization of human cells by EBV leads to production of B cell lines that are often low
producer of IgM type antibody (Sikora et al., 1983). The development in recent year of the
SCID-hu mice may provide a solution to these problems (Bosma and Carroll, 1991). In
this mouse model, SCID mice are reconstituted with human peripheral blood or human
thymus, bone marrow and fetal lymph nodes. When peripheral blood is used, a specific

antibody may be produced if the donor has already been primed with that antigen.

(5) The rapid advance in genetic engineering techniques provides an alternative approach
for the production of human or human/mouse chimeric MoAbs that bypasses currently used
hybridoma technique (Morrison, 1992). Genetic engineering techniques may facilitates the
production of antibodies tailor-made for an intended use. The relevant genes encoding the
variable regions of MoADb can be obtained by genomic or cDNA cloniny and then expressed
in either bacterial or mammalian expression systems to produce MoAbs (e.g., chimeric

MoAbs and humanized MoAbs) or MoAb-like molecules, such as single chain MoAbs and

fusion proteins.
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(A) Mouse/human chimeric antibodies. Chimeric antibodies can be produced by combining
the rodent genetic elements encoding variable or hypervariable regions with the human
genetic element encoding constant region (Morrison et al., 1984; Boulianne et al., 1984).
This may provide antibodies of appropriate specificity that are less immunogenic than the
parent murine antibodies. Chimeric antitumor MoAbs have been produced with specificities
directed against antigens expressed by colorectal, mammary, and pancreatic carcinomas and
by B-cell and T-cell leukemia/lymphoma cells (Morrison, 1992). Among the most
extensively characterized chimeric antibodies are those made using the variable regions
from a murine MoAb 17-1A, a antibody recognizing a TAA expressed on the surface of
colorectal carcinoma cells. Chimeric 17-1A antibodies of all four IgG isotypes and IgM
have been produced (Steplewski, et al.,, 1988; Fogler et al., 1989). These chimeric
antibodies mediated ADCC in vitro with human effector cells. When injected into patients,
these antibodies had longer half-lives in circulation and were less immunogenic than their
murine counterparts. For example, in one study, only one of ten patients given
human/mouse chimeric MoAb had a modest HAMA response, and none had allergic and
toxic reactions (Lobuglio et al., 1989). Samilar results were also reported by Goodman et

al. (1993).

(B) Antibody humanization or CDR grafiing. This method takes advantage of the
couserved structure of the Ab domains (Jones et al., 1986). It is known that the framework
residues in a IgG serve as a scaffold to support the CDR loops which are the regions that
bind to antigen. Recognizing the importance of the frameworks in determining the proper
function of the CDRs, appropriate choice and modification of the framework residues is
critical for the retention of immunoreactivity of the resulting humanized antibody (Carter et
al., 1992). Two approaches have been employed to ensue a successful humanization: (i) to

choose a human framework that is as close as possible to that of the original murine
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antibody; (ii) to idgntify framework amino acids that might directly interact with antigen or
critically affect the conformation of particular CDRs, and then transfer these amino acids to
the human framework along with the CDRs. In addition, unusual amino acids within the
chosen human framework were changed to the consensus human sequence. Experience in a
number of systems have demonstrated the feasibility of transferring the CDRs from murine
MoAbs to human frameworks to produce humanized antibodies (Reichman et al., 1988;
Queen et al., 1989; Gorman et al., 1991). An example of humanized MoAb constructed by
CDR grafting is anti-Tac-H, an anti-T cell receptor (p55) antibody. The anti-Tac-H
exhibited ADCC not seen with the murine antibody and showed increased half-life and

decreased immunogenecity in cynomegalous monkeys (Brown et al., 1991).

(C) Single chain MoAbs and MoAb-like molecules. Single chain MoAbs are usually
composed of an antibody VL tethered to a VH by a peptide linker. In general these
antibodies have the same specificities and affinities for their antigens as the parent MoAbs.
In addition to the reduced immunogenicity (due to the lack of Fc portion), another
advantage of these single chain Mc Abs is their rapid clearance in vivo. It has been shown
that ihe tumor uptake of single chain MoAbs was comparable to that of Fab fragment
(Colcher et al., 1990). One of the potential application of . se single chain antibodies is
the construction of immunotoxins, in which the toxin is linked to either the amino terminus
or carboxyl terminus of the single chain Fv. For example, anti-Tac(Fv)-PE40 (Batra et al.,
1990b) and anti-Tac(Fv)-DT (Chaudhary et al., 1990a) chimeric single chain ITs have been
constructed, and these ITs are extremely cytotoxic to IL-2 (p55) receptor-bearing cells. The
construction of other single chain ITs such as anti-TRF(Fv)-PE40 (Batra et al., 1991) and
anti-TRF(Fv)-DT (Chaudhary et al., 1990b) have also been reported. Both of these ITs kill

cells bearing human transferrin receptors.
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(D) Fusion proteins. In this approach, a part of the Ig molecule is replaced by a non-Ig
sequence to create a protein with novel properties. The fusion can occur either in the
constant region of the antibody leaving the variable region (i.e., antigen binding region)
free or in the variable region (i.e., to block the antigen binding site of the antibody) but
leaving the constant region intact. An excellent example of this approach is the construction
of antibody-growth factor fusion proteins, which provide a way to deliver antibody to cells
expressing growth factor receptors. When IL-2 was used to replace the variable region of a
IgGi1 antibody, the fusion antibcdy secreted by the transfectant was able to mediate the
specific lysis of IL-2 receptor-bearing cells in the presence of complement (Landolfi,
1990). On the other hand, when IL-2 was used to replace the constant region of the MoAb,
the fusion protein bound to antigen site on tumor cells as well as to IL-2 receptors on
activated human T cells. Tumor cells coated with this fusion protein caused T cell
proliferation, which resulted in enhanced cell-mediated destruction of the tumor cells (Fell
et al., 1991). Similarly, another fusion protein, OKT3-EGF, made by fusing EGF with
OKT3 antibody in the CH3 domain, was found to be able to mediate the lysis of EGF
receptor-bearing tumor cells by TIL and CTL (Gillies et al., 1991).

Despite the remarkable advances in approaches described above, several unresolved issues
still remain. Firstly, it is not confirmed whether these manipulations will produce tumor
specific MoAb or MoAb-like molecules with sufficiently reduced immunogenicity to be
used clinically. The neutralizing antibodies produced by patients can be anti-framework as
well as anti-idiotypic, therefore, the treatment with human and humanized antibodies may
still elicit host immune response (LoBuglio et al., 1989; Goodman et al., 1993). Secondly,
the presumed effectiveness of these human or humanized MoAbs or MoAb-like molecules
(e.g., recruitment and/or activation human effector cells, receptor blockage, etc.) still

remains to be clinically demonstrated.
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Genetic engineering techniques have also been used to modify recombinant/chimeric
antibodies to produce molecules with novel properties (Schlom et al., 1990a). These
include: (i) production of antibodies of different isotypes with a variety of human constant
regions to improve pharmacokinetics, effector cell interactions, and complement mediated
cytotoxicity: (ii) production of antibodies with Ig domain deletion or alterations in
glycosylation to obtain optimal clearance kinetics; (iii) alteration in the hypervariable region
to produce antibodies with higher affinity; and (iv) insertion of sequences coding for
specified amino acid sequences that may function as binding site for specific chelates,

drugs or effector cells.

2. For therapeutic purpose, MoAbs have to cross anatomical and physiological barriers to
gain assess to tumor cells (Jain, 1990). This limits the amount of MoAbs or their
conjugates that could reach tumror cells. Studies with radiolabeled MoAbs in patients have
shown that the amount of antibody that localizes in tumors range from 0.005% to 0.01% of
the injected dose per gram of tumor tissue (Sands and Jones, 1990). Several efforts have
been made to increase antibody localization and penetration in tumor tissue. This include:
(1) to increase the blood supply of the tumor by pre-treatment of tumors with external
radiation (Kalofonos et al., 1990), local hyperthermia ( Cope et al., 1990), or vasoactive
agents (Jain, 1987); (2) to increase the expression of tumor antigen and/or facilitate
antibody extravasation by co-injection of biological response modifiers (BRM) such as
IFN-a (Greiner et al., 1987) and IL-2 (LeBerthon et al., 1991). IFN-y may induce the
expression of target antigen, whereas IL-2 may increase vascular permeability at the tumor
site. Both the effects may enhance the antitumor activity of MoAbs or their
immunoconjugates as a result of the increased tumor uptake of these agents ; (3) to increase
the interstitial transport rate of the antibody molecule by the use of lower molecular weight
F(ab)2 or Fab fragments; or lower the tumor interstitial pressure by the use of osmotic

agents (e.g., mannitol) (Neuwelt et al., 1987) and hence increase antibody penetration.
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Alternatively, antibodie s directed against tumor endothelial cells have been used to deliver
cytotoxic agents to tumors (Burrorws et al.,, 1992). The extravasation and intratumor
penetration of antibodies would be unnecessary under these situations. Finally, it is
pertinent to state that no of above problems are involved when the MoAbs or their
conjugates are given to patients by local injection (i.e., intracavitary injection such as
intraperitoneal, intraarterial and interstitial). This method may be proved to have some
advantage in some situations, e.g., intraperitoneal ovarian (Hnatowich et al., 1988) and

colorectal carcinomas (Hyams et al., 1987).

3. Binding of an antibody molecule to a target cell sometimes leads to antigen modulation
where shedding or internalization of the antigen may occur. Internalization is necessary for
the action of most MoAb-drug or toxin conjugates, i.e., when the targets of these drug or
toxins are intracellularly distributed. However, if the antigens are not re-expressed,
subsequently administrated MoAbs or their conjugates will not bind avidly to tumor cells.
Also, the presence of circulating antigen may lead to the formation of antibody-antigen
complexes which may not only neutralize the antitumor ¢ffect and cause rapid clearance of
the antibodies or their immunoconjugates, but also may cause damage to those organs
where these complexes are deposited. Efforts have been made to overcome this problem by
plasmapheresis or by pre-infusion of an excess amount of unlabeled antibodies to saturate

the free circulating antigens before infusion of immunoconjugates (Parker et al., 1990).

4. The MoAbs or their immunoconjugates must be able to recognize a tumor specific
antigen that clearly distinguishes tumor cells from normal cells. However, with the
exception of idiotypes on B or T cells, no such tumor specific antigen has yet been defined.

As stated, this constitutes a serious limitation for the clinical application of ITs.
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5. Heterogeneity of tumor cells as regards antigen expression is another serious problem in
MoAb-mediated cancer therapy (Douillard et al., 1986). The use of a single MoAD or its
immunoconjugate may allow the escape of antigen-negative tumor cells. This problem can
possibly be overcome by (1) the use of a " cocktail " of antibodies that recognize different
tumor associated antigens (Krizan et al., 1985; Munz et al., 1986); (2) Co-injection of
biological response modifiers such as IFN that both increase the amount of tumor antigen
expressed by a given tumor cell and increase the percentage of cells within the tumor cell
population that express the antigen, i.e., it may induce the expression of tumor antigen in
antigen-negative tumor cells (Rosenblum et al., 1988). As an alternative, the use of
radiolabeled MoAb may allow the killing of antigen-negative tumor variants within an area
defined by the path length of the radionuclide. Finally, as described above, the use of
antibodies directed against tumor endothelial cells or components of the subendothelial
matrix may prove to be a way to overcome the problem associated with heterogeneity of
tumor antigen expression. Antibodies directed against tumor vascular or matrix may result
in the destruction of tumor vessels leading to necrotic changes in the tumor tissue (Burrows

et al,, 1992).

6. Many antitumor MoAbs are not specific for a given type of tumors, therefore, it may be
sometimes necessary to raise MoAb against tumor from individual patient to produce an

effective immunoconjugate.

7. The linkage of various cytotoxic agents to a MoAb to form an immunoconjugate may
introduce additional complications, such as partial inactivation of the antibody or the agent
itself, increased immunogenecity, and altered pharmacokinetic properties as result of
increasing in size or altered charge. Definitive pharmacology and pharmacokinetics of

immunoconjugates in patients remain to be established.
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8. Although in many animal models, immunoconjugates (i.e., antitumor MoAb linked to
drug, or toxin, or radionuclide) have been shown to be therapeutically more effective than
the agent alone or the agent linked to non-specific carriers, there is no evidence that such
immunoconjugates can eradicate large tumor masses containing more than | to 5 x 107
tumor cells (i.e., a tumor larger than 1 to 5 gram). Thus, this method of treatment is likely
to be useful in the treatment of cancer micrometastases and residual diseases, after the
bulky tumor mass have been removed by surgical excision, or the majority of tumor cells
have been eradicated by conventional radiotherapy or chemotherapy. In fact,
micrometastases and residual disease are the major causes of relapse of cancer, and it

constitutes the real problem in the treatment of cancer.
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Materials

1. Chemicals

Chemicals purchased from Sigma Chemical Company, St. Louis, Missouri :

BSA, DHFR, DHFA, NADPH, DTT, MTX, SDS, TEMED, poly IC, cholorauric acid
(AuCl4), coomassie brilliant blue, caprylic acid, pepsin, protein solution of standard
concentration (used for the determination of antibody concentration by Lowry's method),
transferrin, insulin, glycine, RPMI 1640 medium powder, MEM medium powder, dextran
T-40, Trizma Base, Trizma HCl, 2,6,10,14-tetramethyl-pentadecane (Pristane), goat anti-
mouse IgG-gold complex, FiTC labeled goat anti-mouse IgG, ammonium persulfate,
selenium (Na2SeO3-5H20), penicillin, streptomycin, incomplete Frenud's adjuvant.
Chemicals purchased from BDH Chemicals, Toronto, Ontario:

Chloramine T, Folin phenol reagent and all solvents used in this study.

Chemicals purchased from Pharmacia Fine Chemicals, Uppsala, Sweden:

Sephadex G-25, Sephacryl S-200, Sephadex G-25 NAPTM-10 column and PD-10 column.
Chemicals purchased from J. T. Baker Chemical Co., Phillipsburg, New Jersey:

Sodium meta-bisulfate (Na25205), Ethylenedinitrilo tetraacetic acid (EDTA), Trichloracetic
acid (TCA)

Chemicals purchased from Fisher Scientific, Nepean, Ontario

Ammonium sulfate, sodium iodide, sodium citrate

Chemicals purchased from Aldrich Chemical Co., Milwaukee, Wisconsin
N-Chlorosuccinimide (NCS)

Chemicals purchased from Bio-Rad Laboratory, Richmond, California

ABTS peroxidase EIA substrate kit, mouse Typer (mouse sub-isotyping panel), AFFi-Gel
Hz Hydrazide gel, Econo-Pac Ps Sephadex G-25 column.
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Chemicals purchased from ICN Biomedicals Inc. Costa Mesa, California
Fetal calf serum (FCS)

Chemicals provided by Adria Laboratories Inc. Columbus, Ohio
Adriamycin™ (doxorubicin-t!Cl)

Radiochemicals
Nal23] (specific activity: 13.5 to 17 mCi/ug of I) : two sources of Nal23] have been used

in this study, they are ICN Biochemicals Canada Ltd. Mississauga, Ontario and Amersham
Canada Ltd, Oakville, Ontario.

Na131] was purchased from Merck Frosst Canada MC, Kirkland, Quebec, and
ICN Biochemicals Canada Ltd. Mississauga, Ontario .

[3',5',7 - 3H]-MTX was purchased from Amersham Canada Ltd., Oakville, Ontario.
Na3!Cr was purchased from ICN Biochemicals Canada Ltd. Mississauga, Ontario.

Liquid scintilation cocktail (Ready SafeT™M) was purchased from Beckman, Fullerton,
California.

Kodak X-Omat AR film-pelicula, nuclear track emulsion (Type NTB3) and Dektol film

developer and fixer were purchased from Kodak, Rochester, New York.

2. Equipments and Instruments:

Biogard Hood : The Baker Company, Inc., Sanford, Maine.

CO; incubator : Johns, Scientific Inc., Canada.

Microscopes : Inverted microscope: Olympus, Tokyo, Japan. Immunofluorescence
microscope: Nikon, Model AFX 11A, Tokyo, Japan. Electron microscope: EM-200,
Phillips, Eindhoven, Netherland.

Coulter Counter : Model Zf, Coulter Electronics, Inc., Hialeah, Florida.

Centrifuges : Model CL, Model B-35 and Model PR-6, International Equipment Co.,

Needham Heights, Massachusetts. Sero-fuge centrifuge, Clay Adams, Division of Becton,
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Dickinson and Company, Parsippany, New Jersey. Microfuge (Type 152), Beckman
Instruments Inc., Fullerton, California.

Spectrophotometer : Model 24, Beckman Instruments Inc., Fullerton, California.

Balances : Mettler PL 300 and Type H15, Mettler Instrument AG, Zurich, Swiss.

Water bath : Model B-1, Messgerate-Werk Lauda, Germany.

Micro-shaker I : Dynatech Laboratories Inc., Alexandria, Virginia.

Deluve mixer : Model S-8820, Scientific Products, Division of American Hospital Supply
corporation, Evanston, Illinois.

Ultra-Microtome : Huxley, LKB, Bromma, Sweden.

Magnetic stirrer . ThermixR Stirrer, Model 220T, Fisher Scientific, Nepean, Ontario.
Homogenizer : Polytron, Kinematica Gmbh, Luzern, Schweiz.

ELISA Reader : Model MR 580 Micro-ELISA Auto-Reader, Dynatech, Laboratories Inc.,
Alexandria, Virginia.

Fraction collector : Model FC-80K, Gilson Medical Electronics, Inc., Meddleton,
Wisconsin.

Electrophoresis apparatus : Model PS-1200, Hoefer Scientific instruments, San Francisco,
California.

pH Meter : Accumet Model 210, Fisher Scientific, Nepean, Ontario.

Radiation survey meter : Ludlum Measurement Inc., Sweetwater, Texas.
Thermo-incubator : Fisher isotemp incubator, Senior Model, Fisher Scientific, Nepean,
Ontario.

Gamma Dose Calibrator ; Mediac dose calibrator, Nuclear-Chicago Co~noration,
DesPlaines, Illinois.

Gamma counter : Beckman Gamma 4000, Beckman Instrument Inc., Fullerton, California.
Liqu. Scintillation System : Beckman LS-7000, Beckman instruments Inc., Fullerton,

Calfornia.
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Cell culture plates : 24 well plate: Costar R, Cambridge, Massachusetts. 96 well sterile cell
culture plate and 96 non-sterile ELISA plates: Nunclon R, Gibco, Burlington, Ontario.
Eppendorf tube : micro test tube (400 ul polypropylene) and premium flex-tubes™ (1.5 ml
polypropylene), Brinkmann Instruments Co. Westbury, New York.

Tips: 5 to 200 ul and 100 to 1000 pl tips for pipetman, Fisher Scientific Ltd., Nepean,

Ontario.

Equipments used with the consent of other Department and individuals

Computer-linked General Electric Maxicam Gamma Camera (for scanning tumor bearing
mice injected with 1311 1abeled MoAb), Courtesy of Department of Nuclear Medicine
(Director: Dr. J. Aquino), Halifax Infirmary Hospital, and Courtesy of Department of
Radiology (Director: Dr. S. Iles), Victoria General Hospital, Halifax, NS.

Theratron 80 (T-80) and 1000 (T-1000), Cobalt-60 radiation source (for total body
irradiation of nude mice), Theratronic International Ltd, Kanata, Ontario. Courtesy of
Department of Radiology (Director: Dr. J. Andrew), Victorial General Hospital, Halifax,

NS.
3. Animals

The inbred temale BALB/c mice (retired breeders) were purchased from Charles River
Canada Inc., Lasalle, St. Constant, Quebec. Nude mice were obtained from Harlan
Sprague Dawley Inc., Indianapolis, IN. The C.B-17 SCID mice were produced by specific
pathogen-free (SPF) C.B-17 scid/scid breeders maintained in the Animal Care Center
(ACC) of Dalhousie University, Halifax, NS. All mice were housed in specific pathogen-
free (SPF) conditions. The food were purchased from Agway Inc. (Rat, Mouse and
Hamster 3500, Agway Laboratory Diets, Agway Inc., Country Foods Division, Syracuse,

NY). Both food and tap water were sterilized by autoclaving at 121°C for 30 min.






