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Abstract

Bispecific monoclonal antibodies (bsMAbs) are unique immunoprobes,
incorporating two different paratopes in a single antibody molecule. CA125 and
PSA are tumor associated antigens chosen due their clinical utility in ovarian and
prostate cancer respectively to develop second generation novel immunoassays.
Hybrid-hybridomas anti-CA125/anti-peroxidase and anti-PSA/anti-peroxidase
were developed. The bsMAbs produced by these hybrid-hybridomas were
unique, convenient and powerful tools for immunoassays, since potentially every
molecule can be tagged with the signal generating component (e.g. peroxidase)
and retain its PSA or CA125 binding arm intact. The assays developed using
these bsMAbs were faster and more sensitive than the conventional
immunoassays employing monospecific antibodies. The new bsMAb CA125
assay was further improved by generating new M11-like monoclonal antibodies,
and development of a heterologous double-determinant bsMAb immunoassay.
Some issues regarding the tumor biology and biochemical properties of CA125
were also addressed. Six new primary ovarian cancer cell lines derived from
cancer patients were established. In ovarian cancer patients, there was a strong
positive correlation between the levels of cell surface CA125 and the soluble
CA125 presented in ascites fluid.

The anti-PSA/ anti-peroxidase bsMADb proved to be one of the most
powerful tools for the immunodiagnosis of prostate cancer. The assay is
extremely fast and it presents excellent sensitivity in a sandwich single step

assay with a total incubation time of only 15 min and a 5 min color development,



with a detection limit of 0.028 ng/ml. This prototype assay could be developed
into a rapid point-of-care screening test for prostate cancer in the future. A
clinical comparison study with 138 human serum samples demonstrated an
excellent correlation with a commercial automated PSA assay (r = 0.98). The
dissociation constant of each individual paratope in the bsMAb construct was
similar to the monospecific parental monoclonal antibodies, and the binding of
one antigen did not interfere with the other paratope. The bsMAb showed also
similar affinities towards PSA or PSA-ACT, which confirm the egimolarity of the
bsMAb immunoprobe. Other important advances in the bsMADb field were made.
A new method to generate hybrid-hybridomas was developed using electrofusion
and fluorescence activated cell sorting (Electro-FACS-fusion). This method does
not require the introduction of drug selection markers and produced high
frequency of hybrids. Finally, a novel efficient method for bsMADb purification
using gradient thiophilic affinity was developed. Possible clinical advantages in

the use of bsMAb as immunoprobes are discussed.
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Chapter 1 Introduction

Bispecific Antibodies

The basic unit of antibody structure is a tetramer of two heavy and two
light chains. Each antibody molecule has two antigen-binding regions
(paratopes); one for each set of paired heavy and light chains. The normal
mature B cell (plasma cell) produces antibodies with two identical antigen-
binding sites, therefore bivalent and monospecific in nature. Bispecific antibodies
are, in contrast, structurally bivalent but functionally univalent, capable of binding
two different antigens (two different paratopes) in a single antibody molecule
(Milstein, 1983) (Figure 1-1).

Paratope Paratope Paratope Paratope
A A B A

L

S Iy —
Monospecific Bispecific
Antibody Antibody

Figure 1-1: Schematical representation of a monospecific and bispecific antibody

structure.

The monospecific antibody molecule has two identical heavy (H) chains
inter-associated by disulfide (S-S) bonds. Each H chain is also associated to a
light (L) chain also through S-S bonds. The H chain has a MW of approximately



55 kDa and it is composed of 4 to 5 domains: V., C,1, C,2, C.,3 and in some
subclasses C, 4. The L chain has a MW of only 25 kDa with two domains: V_and
C.. The number of S-S bonds varies depending on the immunoglobulin class and
subclass (Carayannopoulos, 1993; Padlan, 1996).

Variable (V) region and constant (C) regions have distinct biological
functions. The constant portion of the immunoglobulin is responsible for the
immunological effector function. The variable regions form the antigen binding

site or paratope (Carayannopoulos, 1993).

Production of bispecific monoclonal antibodies (bsMADb)

Three different methods can be utilized to generate bispecific antibodies:
chemical manipulation, hybrid-hybridomas, and molecular biology techniques.

Chemical production of bispecific antibodies

The potential application of an antibody molecule with double specificity
was recognized even before the advent of monoclonal antibodies (Nisonoff,
1961; Hammerling, 1968). In 1961 Nisonoff and Rivers described the first
bispecific antibody molecule (Nisonoff, 1961). Polyclonal serum with two
different specificities were digested with pepsin to yield F(ab’), fragments. These
fragments were split by chemical reduction. Reconstitution took place in the
presence of a mixture of Fab’s of different specificity. Consequently, some of the
re-oxidized F(ab’), molecules were hybrids of double specificity.

In the original Nisonoff method, both hetero-dimers and homo-dimers were
produced and the disulfide linkage between the two Fab’ fragments was
relatively labile. This original method was improved by the used of o-
phenylenedimaleimide (o-PDM) as cross linker (Glennie, 1987; Glennie, 1993).
The o-PDM protocol can also be used to prepare trispecific F(ab'), antibodies
(Glennie, 1993). The major limitation of this approach is preparing F(ab’),
fragments from the parent antibodies (Giennie, 1987).

(39 )



A second modification of the Nisonoff procedure used 5-5'-dithiobis(2-
nitrobenzoic acid) (DTNB) or Ellman’s reagent (Brennan, 1985; Nitta, 1990;
Azuma, 1994; Ohta, 1995; Katayose, 1996). Initially, the IgG is cleaved with
pepsin to yield F(ab’),. These fragments are then converted to thionitrobenzoate
(TNB) derivatived by reaction with DTNB. One of the Fab’-TNB derivatives is
then reconverted to the Fab-thiol by reduction with 2-mercaptoethylamine and is
mixed with an equimolar amount of the other Fab’-TNB derivative to form a
hybrid dimer. The bispecific f(ab’), yield with this method can reach up to 70%.
Again, experimental limitation is the susceptibility of the monoclonal antibodies to
selective cleavage by pepsin (Brennan, 1985; Nitta, 1990).

Finally, a third method to chemically link two antibodies was developed
using N-succinimidyl 1-3-(2-pyridyldithiol) propionate (SPDP). SPDP is a
convenient hetero-bifunctional reagent for covalently cross-linking two different
proteins. SPDP binds randomly to e-amino groups on lysine residues and forms
reducible disulfide bonds between antibodies. The resulting bispecific molecules
consist of aggregates of antibodies of varying size, linked together at radon sites
(Mezzanzanica, 1988; Cook, 1994). Antibodies coupled with SPDP are useful in
preliminary studies, but the presence of random association and heterogeneous
preparation of antibodies make them unacceptable for clinical use

(Mezzanzanica, 1988).

Hybrid-hybridomas

In 1975 Milstein and Kohler described a procedure to generate
monoclonal antibodies (Kohler, 1975), a technique that revolutionized the
immunology field. A normal B cell produces antibody molecules of a single
specificity. If a single B cell was isolated in tissue culture, it could produce one
monospecific antibody. Unfortunately, normal B cells are not capable of growth in
tissue culture, and normally die in three to five days. On the other hand, many
tumor cells are able to grow indefinitely in tissue culture, so the Nobel Prize

winning idea was to fuse an antibody-producing cell with a myeloma cell (tumor



cell). The hybrid cell (hybridoma) would retain the immortality of the myeloma
cells and the capacity to produce a specific antibody from the B cell. With the use
hybridomas, it was possible to produce large quantities of a specific antibody.

Once the hybridoma is generated, it must be separated from unfused
myeloma cells. Without separation, the myeloma cells would overgrow the
hybridomas and no antibody production could be detected. The bulk of the
hybridoma work done to date uses a metabolic selection procedure, the HAT
medium selection system devised by Littlefield (Littlefield, 1964). The drug
aminopterin (“A” from the HAT medium) blocks the main (de novo) biosynthetic
pathway for nucleic acid synthesis. Normal cells can overcome this blockage
using the salvage pathway, if hypoxanthine and thymidine (“H" and “T” form HAT
medium) are provided. However, a mutant cell lacking one of the essential
enzymes required for the salvage pathway will not survive in the HAT medium.
Hypoxanthine guanine phosphoribosyl transferase (HGPRT) and thymidine
kinase (TK) are the essential enzymes required in the salvage pathway. SP2/0 is
a mutant myeloma cell line lacking HGPRT (HGPRT ") commonly used for the
generation of hybridomas. The SP2/0 cells cannot incorporate hypoxanthine and
hence would die in HAT medium. On the other hand, the hybrid cells have the
wild type HGPRT enzyme from the parental B cell, and therefore survive in HAT
medium. Strictly speaking this system is a semi-selective medium, since the B
cells are not selected against by the HAT medium, but die off naturally (Klebe,
1987).

If two hybridomas are fused, the hybrid cell (hybrid-hybridoma or
quadroma) would produce a combination of immunoglobulins, including
bispecific monoclonal antibodies (bsMAbs) (Milstein, 1984). Once the hybrid-
hybridomas are established, they could serve as machines to produce endless
amounts of bsMADbs, in the same way as normal hybridomas produce
monaclonal antibody.

Here again, the hybrid-hybridoma must be selected from the parental
unfused hybridomas. Although almost all hybridomas are HAT resistant (HATF),
they can easily revert to HAT sensitivity (HAT®). Mutant hybridomas HGPRT -



can be selected using azaguanine or thioguanine. These drugs kill the
hybridoma cells if the purine analogue is incorporated by HGPRT. In order to
survive, the hybridoma must lose HGPRT gene. This gene is present as a single
copy in the X chromosome so that the frequency of azaguanine resistance is
quite high (Martinis, 1983; Kontsekova, 1991).

The HATS hybridoma can be fused with normal B cells to form an
immunized mouse to produce triomas (Tada, 1989; Nolan, 1990; Kontsekova,
1991). Triomas produce bsMAbs with specificity determined by the parental
hybridoma and the spleen cells from the immunized mouse. This technique is
simple, but non-specific or low affinity bsMAb antibodies may be generated,
since the specificity and affinity of the second paratope is largely a chance event.

Bispecific clones can also be generated by fusing two established
hybridomas. Using this approach, the specificity, affinity and other biological
characteristics of the antibodies would be pre-established. The resulting hybrid-
hybridoma would produce bsMAbs with predicted specificity and affinities
(Suresh, 1986). Different techniques have been used to eliminate all the parental
unfused hybridomas.

Ouabain is a specific Na/K ATPase inhibitor, and most cell lines are
sensitive (Ouab®) to concentrations of 0.1 mmol/l to 1.0 mmol/l (Baker, 1974).
The ouabain-resistant phenotype can be used as a selective marker for somatic
cell hybrids. The frequency of spontaneous resistance to ouabain is at least 3 to
4 orders of magnitude less than azaguanine, making the development of such
cell lines very time consuming. The phenotype Ouab®/HAT® can be established
by sequential selection with azaguanine followed by selection with increasing
concentrations of ouabain. When an Ouab®/HATS hybridoma is fused with a wild-
type hybridoma (Ouab®/HATR), the hybrid-hybridomas (OuabS/HATR plus
Ouabf/HAT®) can be selected with HAT medium supplemented with ouabain.
(Staerz, 1986, Chervonsky, 1988; Kreutz, 1995; Kreutz, 1997).

Other metabolically selective methods to select quadromas from the
parental hybridomas include: HAT medium plus neomycin (Lanzavecchia, 1987;
De Lau, 1989; De Lau, 1992), neomycin plus xanthine-guanine



phosphoribosyltransferase (Xiang, 1992), HAT medium plus actinomycin D
(Chervonsky, 1988), emetine plus actinomycin D (Suresh, 1986; Suresh, 1986b),
HAT medium plus emetine (Suresh, 1986b) or HAT medium plus iodoacetamide.
(Sahin, 1990; Demanet, 1991; Auriol, 1994). The metabolic selective methods
usually require the selection of a drug resistant hybridoma, a process which can
be time consuming. The use of inhibitors of protein synthesis (emetine,
actinomycin D or iodoacetamide) may cause the outgrowth of hybrid-hybridomas
or an incomplete elimination of the parental cells.

Different approaches have been used to eliminate the need for any
metabolic selection. The fluorescence activated cell sorting (FACS) technique
was initially utilized by Karawajew et al (Karawajew, 1987; Karawajew, 1988) for
the generation of hybrid-hybridomas. The parental hybridomas were labeled with
two different fluorescent markers, namely, fluorescein isothiocyanate (FITC) and
tetramethylrhodamine isothiocyanate (TRITC) before the fusion step. The hybrid-
hybridomas presenting double fluorescence could be immediately selected by
FACS. Similar results were also demonstrated by Stratieva-Taneeva et al
(Stratieva-Taneeva, 1993). Koolwijk et al attempted to increase the number of
positive clones selected by indirectly labeling the parental hybridomas with
octadecylamine-FITC and octadecylamine-TRICT (Koolwijk, 1988). Other
fluorescent markers like Hydroethidine and Rhodamine 123 have also been used
(Shi, 1991).

Most hybridomas and hybrid-hybridomas have been generated by fusion
using polyethylene glycol (PEG), which functions like a glue to bond the
negatively charged cell membranes to one another (Klebe, 1987). Electrofusion
is a different technique to generate such hybrid cells. It is based on transient
electric fields to induce somatic cell hybridization. In the electrofusion procedure,
the mixture of cells is exposed to an alternating electrical field (AC) which causes
the alignment of the cells, a process named dielectrophoresis. After the
alignment, cellular fusion is induced by a direct electric field (DC) (Zimmermann,
1987; Glassy, 1988; Takahashi, 1991). It has been reported that the



electrofusion method is about 10 times more efficient than the PEG method
(Ohnishi, 1987, Pratt, 1987).

Recently, Cao et al (Cao, 1995) from our laboratory developed a new non-
selective method for the generation of quadromas by microelectrofusion. Using a
special slide coated with microelectrodes 200 um apart, approximately 500 to
1000 cells of each hybridoma were fused and immediately plated at limiting
concentration to avoid overgrowth of the unfused cells.

Molecular biology methods

After the initial euphoria about the potential use of monoclonal antibodies
as the “magic bullets” for the treatment of cancer and other human diseases,
some scientists realized that the magic bullets could ricochet. Different molecuiar
biology techniques have been developed to overcome those problems: chimeric
antibodies, engraftment of mouse CDRs on a human frame work, single chain
antibodies and phage display libraries (reviewed in Wright, 1992). The
advances in the molecular cloning of monoclonal antibodies provide important
techniques capable of being adapted to the production of bispecific monoclonal
antibodies.

One of the first descriptions of bispecific constructs was developed by
Songsivilai et al (Songsivilai, 1989). Two different chimeric sequences were co-
transfected into a murine cell line, producing humanized whole molecule
bispecific antibodies. In order to increase the heterodimerization of heavy chains
and consequently increase the yield of bsMAb production the leucine zipper
technology was developed (Kostelny, 1992). The lucine zippers are sequences
derived from regions of the transcription factors fos and Jun. The peptides
produced by these sequences preferentially form heterodimers. A portion of C,,
domains was substituted by synthetic oligonucleotides for fos in one vector and
by the jun sequence in the other. In vitro the heterodimerization was more than
80%, but in vivo the bsMADb fraction was less than 5%. Recently, a new method
to preferentially generate heavy chain heterodimerization was described
(Ridgway, 1996). In this method - “knobs-into-holes” - the knobs were created



by replacing small amino acid side chains at the interface between C, .3 domains
with larger ones, whereas holes were constructed by replacing large side chains
with smaller ones. The in vivo production of bsMADb in some instances reached
up to 92%.

Recombinant Fv fragménts can be produced by co-expression of two
vectors containing the V, and V_ variable domains. Alternatively, the V, and V_
domains can be linked on the same polypeptide chain. By linking the V,, and V_
of two different antibodies, Holliger et al (Holliger, 1993) created the diabodies,
small bivalent and bispecific antibody fragments. Different spacers have been
used to increase the bispecific yield (Gruber, 1994; Mack, 1995). De Kruif et al
(de Kruif, 1996) described the construction of leucine zipper-based dimerization
cassettes for the conversion of recombinant monomeric scFv antibody fragments
into bivalent and bispecific dimers. Further, phage display libraries have been
modified to display diabodies (Hoogenboom, 1992).

BsMAb assembly

Antibody production is a complex mechanism. It involves transcription of
different genes, translation, assembly and finally dimerization. The H and L
chains are synthesized on separate classes of polysomes and co-translocated
into the endosome. Here, the H and L chain folding occur independently. The
final assembly occurs by rapid H-L and H-H dimerization. In some Ig isotypes,
like murine IgG1, the dimerization order is H, H2, H2L, H2L2. In others, like p
and y2b, the assembly follows a H, HL, H2L2 order (Sitia, 1996).

During the process of folding and assembly of antibody molecules in the
endoplasmic reticulum (ER), the immunoglobulin heavy chain associates
transiently with a chaperon (BiP) (Knarr, 1995). BiP binds to mis-folded or
un/mis-assembled H chains preventing aggregation and precipitation. The L
chain is usually produced in excess, so that for every H synthesized there would
be a L chain waiting (Sitia, 1996).

Bispecific monoclonal antibodies could be generated by co-dominant
expression of two different pairs of immunoglobulin genes. Hybrid-hybridomas,



generated by the fusion of two different hybridomas can synthesize a pool of
heavy and light chains (Milstein, 1984; Suresh, 1986b). A total random
association of two heavy (H,H,) and two light (L,L,) chains generates 10 different

antibody species (Figure 1-2). Cis associations are defined as homologous pairs

of H and L chains. Inactive or non-functional combinations generally arise as a

result of trans association of non-homologous heavy and light chains (H,L, or

H.,L,). In some cases the trans association may retain some binding activity

(Milstein, 1984 ) or even generate a completely new paratope of unknown

specificity.

Type of Heavy (H) and
Light (L) chain combination

Diagrammatic representation

Monospecific

(Parental H-L associations)

¥

Bispecific
(Two homologous H-L

associations)

One non-homologous H-L
associations

R SRR

Two non-homologous H-L

associations

jr 1/ N\ 7

Figure 1-2: Possible H and L chain combinations produced by hybrid-

hybridomas.




The intracellular assembly of bispecific molecules depends on the
preferential association of homologous (cis) versus heterologous (trans) chains.
A random heavy chain association with fully restricted (cis) light chain
association appears to be the ideal pattern to produce bsMAb. In such hybrid-
hybridomas up to 50% of the secreted immunoglobulins would have bispecific
activity. A random heavy chain association with partially restricted light chain
assembly would occur when H, associates with L, as well as L, (Suresh, 1986b).

The efficient production of bispecific antibodies by hybrid cells mainly
depends on the degree of homologous (cis) H-L chain pairing. /n vitro studies on
average showed no preference for homologous H-L associations (Hamel, 1987).
In vivo experiments also showed non-preferential association between
homologous H and L chains, and in one case the L chain surprisingly presented
absolute preference for the heterologous H chain (De Lau, 1991). This potential
non-preferential association between homologous H and L chains reflects an
important biological characteristic of B cells. Antibody diversity is in part
generated by independent formation of V region genes at the H and L chains,
with the final specificity produced by the three dimensional arrangement of H and
L chains. A strong preferential association of the L chain for its homologous H
chain contradicts the principle of diversity.

It is conceivable that an L chain needs a minimal non-covalent affinity
towards the H chain to replace the BiP protein. In hybrid-hybridomas, L chains
may meet heterologous H chains for which they may have a different non-
covalent affinity. This may explain the preferential cis conformation found in
some hybrid-hybridomas. The second factor that determines the yield of
bispecific antibodies is the amount of heterologous H-H pairing. If the parental
hybridomas are of identical isotypes, we could expect 50% of heterologous pairs.
The heterotypic pairing of IgG1 and IgG2a may be expected to result in less than
50% yield as a consequence of the preferential homotypic pairing (De Lau,
1991).

Heavy chain compatibility in a bsMAb assembily is aiso a very important
aspect. Restriction in the ability of different classes of heavy chains to form
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stable dimers is well documented (Milstein, 1983; Suresh, 1986b; Smith, 1992;
Lindhofer, 1995). Heterologous heavy chain pairing does not occur across
heavy chain classes, but does occur between different heavy chain subclasses,
even across species. On the other hand, L chains are promiscuous and readily
pair with multiple different heavy chains (Kohler, 1978; Urnovitz, 1988). Bispecific
heteropolymeric IgM/IgA have also been described (Urnovitz, 1988), but the p-
and a-chains were present in different subunits of the polymer, with no evidence
for heterologous pairing of u and « chains.

Lindhofer et al observed a substantial decrease in H-L. mismatch variants
when rat/mouse hybridomas were used. Rat/mouse quadromas have, on
average, a 3.5 fold higher production of bsMAb compared with conventional
mouse/mouse or rat/rat quadromas (Lindhofer, 1995). Furthermore, antibodies
made up of two different species and subclasses of heavy chains may be

potentially advantageous for further purification strategies.

BsMAD purification

Due to the potential presence of up to 10 different antibody species, the
purification of bsMAbs from hybrid-hybridomas is a challenge. Monospecific
antibodies with single or double valency can compete against the bsMAb. Trans
associations (H,L,or H.L,), in one or both binding sites, can potentially interfere
with the specificity of the antibody by creating a completely new paratope. For
these reasons the purification of bsMAbs is highly desirable.

lon-exchange chromatography (DEAE) has been used to purify bsMAb
produced by hybrid-hybridomas of different subclasses (Suresh, 1986b;
Warnaar, 1994). Other authors (Roosnek, 1989; Gorter, 1993; Beun, 1993)
purified bsMAbs using a combination of protein A plus FPLC using a mono-S
Sepharose column. Other ion-exchange HPLC matrices used to purify bsMAb
are Abx (Kostelny, 1992; Allard, 1992) and Mono Q (Auriol, 1994).

The double affinity purification method produced the most pure form of
bsMADb. Only hybrid molecules presenting intact paratopes against both antigens

11



are purified. The final elution contains only bsMAb. An anti-vinca alkaloid/anti-
CEA bsMADb has been purified using a vinca-Sepharose column followed by
CEA-Sepharose affinity column (Smith, 1992). In another report, an anti-riL2/
anti-peroxidase bsMAb was purified using the double affinity method, using a
synthetic peptide (13 mer) corresponding to the epitope site in the riL2 and a
second affinity column with immobilized HRPO (Stratieva-Taneeva, 1993). A
single affinity column was also-used to purify anti-alkaline phosphatase/ anti-
CD30 bsMADb (Sahin, 1990).

Hydroxyapatite (HE) represents another option for the purification of
bsMADb. The elution of proteins is a function of isoeletric point, although contrary
to ion-exchange chromatography, the relationship between protein affinity and
electrochemical behavior is weak (Gorbunoff, 1984). Karawajew et al utilized HE
to purify two different bsMAbs (Karawajew, 1987; Karawajew, 1988). De Lau and
colleagues (De Lau, 1991), in a very interesting study, purified 8 different
bsMAbs using HE purification. {n most of the cases, the HE was able to
separate and identify up to 9 of the possible antibody combinations. However, it
was not always possible to separate the parental monospecific antibodies from
the bsMAb construct. Others authors also utilized HE to purify bsMADb with
variable results (Stanker, 1985; Xiang, 1992; De Lau, 1992).

The purification of bsMAb on protein A by sequential pH elution was first
demonstrated by Couderc and colleagues (Couderc, 1985). Lindhofer at al
(Lindhofer, 1995) adapted this approach for the purification of mouse/rat
antibodies. They successfully purified 4 hybrid-hybridomas (rat IgG2b or IgG2a
and mouse IgG2a). In the case of mouse/mouse IgG1/2a hybrids the elution
buffers for bsMAb and parental Ab differed by as little as 0.5 pH units, and the
resolution of this method was not ideal (Couderc, 1985). In the case of
rat/mouse constructs, parental rat Ab (with the exception of isotype IgG2c) does
not bind to protein A. Moreover, rat/mouse bsMAbs can bind to protein A, and
were eluted at pH 5.8, probably due to the absence of any contributing binding
affinity of the rat portion to protein A. On other hand the parental mouse IgG2a
can be eluted at pH 5.00 (Lindhofer, 1995; Demanet, 1991).



Takahashi et al utilized a size exclusion HPLC column to purify
immunocomplex form of bsMADb plus urease (enzymatic marker). Due to the shift
in molecular weight, a fraction containing bsMAb could be identified. This fraction
also contained monospecific anti-urease antibodies with mono or bivalence
(Takahashi, 1988). Weiner et al took advantage of the hybrophobic properties of
the H chains, to purify a bsMAb containing mouse IgG1 and hamster IgG
(Weiner, 1994). The combination of affinity chromatography and hydroxyapatite
HPLC have been used to purified an anti-HRPO/anti-lymphotoxin bsMAb (Tada,
1989). Nistico et al prepared a clinical grade bsMAb anti-melanoma associated
antigen/anti-CD3 or anti-Fc receptor, using a preparative protein A column follow
by two HE chromatography (Nistico, 1992). Current methods of bsMAb
purification present some limitations in terms of purity, yield or scaling-up

procedures.

BsMADb applications

Bispecific antibodies, as specific macromolecular cross-linkers, have
many clinical and experimental applications. The bsMAbs can be applied in vitro

or in vivo.

In vitro applications

In 1968 Hammerling et al (Hammerling, 1968) described the production
and use of a polyclonal bispecific antibody with anti-yG anti-ferritin specificity to
be used for the localization of surface antigen by electromicroscopy. Even in this
early publication, the authors emphasized the advantages of the bispecific
reagent. With the advent of enzyme-immunoassay the potential advantages and
application of bsMAb expanded. Bispecific antibodies were designed to
specifically cross-link the antigen with a signal-generating enzyme, eliminating
the need for chemical conjugation of the enzyme to the antibody.



Milstein and Cuello (Milstein, 1983) developed a bispecific monoclonal
antibody (anti-somatostatin x anti-peroxidase) and utilized it in
immunohistochemistry. Suresh et al (Suresh, 1986) established a hybrid-
hybridoma secreting anti-peroxidase X anti-substance P, which also ted to major
improvements in assay sensitivity, signal-to-noise ratio and simplification of
immunocytochemistry staining procedures. An anti-peroxidase X anti-biotin
hybrid-hybridoma has been derived to explore its use in conjunction with a
luminol immunodetection system, replacing autoradiographic methods using *P-
labeled probes (Leong, 1986). A bsMAb reacting with both horseradish
peroxidase (HRPO) and fluorescein isothiocyanate (FITC) was used to indirectly
label different monoclonal antibodies in EIA systems (Karawajew, 1988).

Other bsMAbs with an anti-enzyme paratope have been used in EIA or
immunohistochemistry: anti-urease X anti-human chorionic gonadotropin
(Takahashi, 1988),anti-human erythropoietin (Ep) anti-alkaline phosphatase
(Wognum, 1989), anti-human lymphotoxin X anti-peroxidase (Tada, 1989), anti-
rabbit IgG X anti-peroxidase (Kenigsberg, 1990), anti- mouse kappa chain X anti-
peroxidase (Kenigsberg, 1990), anti-enkephalin X anti-peroxidase (Ribeiro-da-
Silva, 1991), anti-beta nerve growth factor X anti-peroxidase (Kenigsberg, 1991),
anti-FSH X B-galactosidase (Allard, 1992), anti-interferon-a 2 X anti-peroxidase
(Kontsekova, 1992), anti-CEA X anti-peroxidase (Jantscheff, 1993), anti-T3
(triiodothyronine) x anti-glucose-6-phosphate dehydrogenase (Piran, 1983), anti-
acetyl-aminofluorene X anti-alkaline phosphatase (Auriol, 1994), anti-ct-
endorphin X anti-peroxidase (Liu, 1995) and anti-hTNF-alpha X anti-peroxidase
(Berkova, 1996).

Rylatt et al (Rylatt, 1990) developed a homogeneous immunoassay
system able to detect circulating antigens in whole blood without the use of
specialized personnel or equipment. This was achieved by the use of bispecific
reagents, which comprise specific antibodies to the antigen of interest coupled to
a non-agglutinating anti-erythrocyte antibody. This reagent cause specific
agglutination of a patient's own red cells in samples that contained the relevant

analyte.



Hybrid bispecific monoclonal antibodies reacting with carcinoembryonic
antigen (CEA) and beta-galactosidase (GZ) were produced by fusion of
hybridomas or chemical linkage of half-antibodies. Since the original anti-GZ
antibody used in these experiments was capable of protecting GZ from thermal
denaturation, it was possible, by hybridizing it with two different non-competitive
anti-CEA antibodies, to design a homogeneous enzyme immunoassay for
quantification of CEA. Under appropriate concentrations of the reactants, circular
complexes could be formed which contained the two hybrid antibodies, the GZ
enzyme and the CEA antigen. The stability of these complexes can be expected
to be substantially greater than that of the more labile CEA-free GZ-antibody
complexes, promoting a significant increase in the amount of enzyme molecules
which are bound to antibody and are consequently protected from thermal
denaturation. The heat-resistant enzyme activity was indeed proportional to
concentration of CEA in the range up to 75 ng/ml (Gorog, 1989).

Recent results show that bispecific antibodies could be used in biosensors
(Reiken, 1996). The nicotinic acetylcholine receptors reconstituted in bilayer lipid
membranes were inactivated when two bispecific antibodies, attached to the
same receptor, bind to a single antigen molecule. Experiments with patch clamp
recording equipment revealed that antigen levels of 10°M completely and
irreversibly inactivate small numbers of nicotinic acetylcholine receptors. This
approach may lead to the construction of biosensors capable of detecting
individual antibody-antigen (Ab-Ag) binding events.

bsMADb can be designed to react against two different epitopes in the
same antigen. This would increase the avidity of the hybrid antibody in
comparison with the parental monospecific antibody. This has been used in
assays for human chorionic gonadotropic hormone, where one paratope reacted
with the alpha-subunit and the other with the beta-subunit (Cheong, 1990).
Another antibody recognized the 'M' or 'B' units of creatine kinase (CKMB), and
demonstrated enhanced specificity and avidity for CKMB. A bsMAb reacting with
PAP and PSA has also been developed (Hakalahti, 1993). Finally, a bsMAD that
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reacts against opposite ends of the 39 amino acid peptide adrenocorticotrophic
hormone (ACTH) has also been described (Cook, 1994).

In vivo applications

Monospecific antibodies are targeting agents that bind to specific epitopes
on the target cells and serve as recognition sites for immune effectors such as
complement (complement dependent cytotoxicity - CDC) and various leukocyte
Fc receptors expressed on the membrane (antibody dependent cell mediated
cytotoxicity - ADCC). Bispecific antibodies can be used as targeting agents
involving other immune effectors that normally are not involved in humoral
response, such as T cytotoxic cells and other CD3" cells in a non-MHC restricted
fashion.

BsMADbs containing an anti-CD3 paratope have been extensively used to
redirect activated peripheral blood lymphocytes. The other paratope has been
selected to react with different tumor associated antigens: anti-CD13 bsMAbD for
the treatment of acute myeloid leukemia (AML) (Kaneko, 1993); anti-ovarian
cancer, Mov18, antibody (Bolhuis, 1992; Canevari, 1995); anti-tenascin for the
treatment of gliomas (Davico Bonino, 1995); anti-CD19 for the treatment of B
cell malignancy (Anderson, 1992; De Gast, 1995); anti-small cell lung cancer
(Azuma, 1992); anti-epidermal growth factor receptor (EGFR) (Knuth, 1994);
anti-sialyl Lewis® (CA19.9) for the treatment of gastrointestinal cancer (Ohta,
1995), anti-tumor muitidrug-resistance (MDR) phenotype (anti-P-glycoprotein)
(Efferth, 1992; Heike, 1992). This unique approach overrides the need for major
histocompatibility complex restriction. The cross-linking of the CD3 complex is
not in itself sufficient to activate resting T cells. The therapeutic success was
mainly based on the progressive re-targeting of the relatively small cytotoxic T-
lymphocyte effector cell pools already in existence in vivo, but combination with
anti-CD28 co-stimulation enlarged the effector T-cell pool (Demanet, 1996).
Penna et al (Penna, 1996) showed that the stimulant beta glucan can activate T
cells in vivo, which could secondarily be retargeted with bsMAbs to lyse tumor



cells. As in antigen-specific cytolysis, bsMAD pre-targeted CTL can enter
multiple bsMAb-targeted cytolytic cycles (Blank-Voorthuis, 1993).

Another type of bsMAD construct targeted Fcylll receptor (CD16) positive
cells (monocytes, polymorphonuclear NK cells and macrophages) to malignant
cells like CA19.9 (Garcia de Palazzo, 1992), and human c-erbB-2
protooncogene product (Hsieh-Ma, 1992; Weiner, 1995). Other target effector
molecules are the complement receptor CR3 of macrophages (Somasundaram,
1996), high-affinity Fc receptor (FcyRI) (Deramoudt, 1992) and anti-gamma/delta
(Ferrini, 1989) receptor specific antigen based retargeting.

BsMAD can also be used as an efficient delivery system for cytotoxic
compounds. In this approach the toxin is carried as an antigen in one of the
bsMAD two paratopes rather than being chemically conjugated to an antibody, as
in the conventional immunotoxin. The second paratope would deliver the bsMAb-
toxin to the appropriate target. Drugs like methotrexate (Affleck, 1992), saporin
(Bonardi, 1992; Bonardi, 1993; French, 1995), doxorubicin (Reddy, 1993), and
vinca alkaloids (Corvalan, 1987) have been specifically delivered by bsMADbs.

De Sutter et al (De Sutter, 1994) reported the generation of a bsMADb
directed against the tumor marker human placental alkaline phosphatase in
which one antigen-binding arm (Fab) has been replaced by E. coli beta-
lactamase. This antibody could be of therapeutic value for the activation of
cephalosporin-based anti-cancer prodrugs at the tumor site. A bispecific
antibody reacting against CD30 antigen and alkaline phosphatase was also used
to activate relatively noncytotoxic prodrug, mitomycin phosphate (MOP), into
mitomycin alcohol, which was 100 times more toxic (Sahin, 1990).

Radioimmunotherapy is another area were bsMADb can have significant
advantages over the conventional antibody labeled radioimmunotherapy. In the
two-step targeting technique, using bispecific antibodies, a nonradiolabeled
antibody with siow uptake kinetics (several days) is initially injected, followed by
a small radiolabeled hapten with fast kinetics (several hours) that binds to the
bispecific antibody already taken up by the tumor target (Chetanneau, 1994;
Chatal, 1995; Dillehay, 1995; Kranenborg, 1995; Schuhmacher, 1995).



Boron neutron capture therapy (BNCT) is based on the nuclear reaction
that occurs when boron-10, a stable isotope, is irradiated with low energy
(<0.025 eV) thermal neutrons to yield alpha particles and recoiling lithium-7
nuclei. A major requirement for the success of BNCT is the selective delivery of a
sufficient number of boron atoms (approximately 10°) to individual cancer cells to
sustain a lethal '°B (n, alpha) 'Li capture reaction. A bsMAb reactive with
polyhedral borane anions and a tumor-associated chondroitin sulfate
proteoglycan were used to explore this therapeutic approach for the treatment of
glioblastoma and melanoma cell (Liu, 1995; Pak, 1995).

Bispecific antibodies can also be used in thrombosis therapy. Bispecific
monoclonal antibodies that bind simultaneously to human fibrin and tissue
plasminogen activator (tPA) enhance the fibrinolytic potency of tPA (Branscomb,
1990; Kurokawa, 1991). In AIDS bsMAb can be used to direct cytotoxic T
lymphocytes of any specificity to cells that express gp120 of HIV (Berg, 1991;
Chamow, 1994; Chamow, 1995).

Antibody affinity

The basic principles involved in antigen antibody interaction are governed
by general biomolecular reactions. However, unlike most enzymes and hormone-
binding systems, antibodies do not irreversibly alter the antigen. The reactions
are, at least in principle, always reversible. The interaction of antigen and an
antibody can be described as a chemical equilibrium equation:

Ab+Ag " ADbAg

where Ab represents the concentration of free antibody, Ag the concentration of
free antigen, and AbAg the concentration of the antibody-antigen complex. Ka
and Kd are association and dissociation constants, respectively. The unit for Ka

is I/mol, and Kd (dissociation constant) is expressed in mol/l (Berzofsky, 1993).



The experimental basis for the measurement of antibody affinity is the
determination at equilibrium of antibody-antigen and free antigen over a range of
free antigen concentrations. The data obtained in such binding assays can be
analyzed by series of different equations to derive the affinity constant. The most
common and the method used' in the present studies is the Scatchard Plot
(Rosenthal, 1967). If the binder is homogeneous, the Scatchard plot with the
bound/free ratio on the vertical axis and the bound fraction on the horizontal axis
yields a straight line. The slope of this equation is equal to the (-) K value, and
the intercept of which on the horizontal axis gives the absolute concentration of
binder (B max). Kd can be calculated as the inverse of Ka (Rosenthal, 1967,
Berzofsky, 1993). Although simple in principle, in practice the measurement of K
values can be quite a challenge. Kd values of antibodies in most immunoassays
range from 10° to 1072 M.

Two different theories of Ag-Ab interaction are known, one enforcing that
the interacting surfaces in the Ab and Ag complement each other perfectly (lock
and key theory) and, in the other, Ab conformational changes during binding with
the Ag induce a better fit (induced fit theory) (Berzofsky, 1993; Padlan, 1996).

Immunoassays

Immunoassays are an integral and fundamental component of current
medical practice. Antibodies are the most common molecules used for
measurement of analytes in serum and other fluids. Two important properties of
antibodies made them unique for this propose: unparalleled specificity for a
substance to which they bind, and the strength (affinity) of binding. These
characteristics enable minute concentrations of analytes to be assayed in the
presence of closely related substances.

The use of antibodies for the identification and measurement of analytes
is called immunoassay. As a general characteristic, all immunoassays contain
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three basic components: the antibody, the analyte (antigen), and a marker. The
marker is used to detect the presence of the antigen-antibody interaction.

Immunoassay classification

There are different classifications for immunoassays, but most
immunoassays can be either “limited reagent” (i.e., competitive) assays, or
reagent excess (i.e., noncompetitive) methods. As we try to understand all of the
different immunoassays, we need to define the nomenclature applied to these
assays. In general, all assay names contain “immuno”, the combining form of
the adjective “immune”, and another combing word indicating the type of label
used, along with the word “assay”: e.g., radicimmunoassay (RIA). If a receptor is
used rather than antibody, the corresponding name is radioreceptor assay. To
distinguish reagent excess from competitive assays, the common practice is to
reverse the nomenclature formats, as in immunoradiometric assay (IRMA),
immunofluometric assay (IFMA), or immunoenzymometric assay. The acronym
ELISA (enzyme-linked immunosorbent assay) is used interchangeably with
enzyme immunoassay (enzymoimmunoassay) and immunoenzymometric assay
(Gosling, 1994). | will be using ELISA with this general meaning throughout my
thesis. Gosling (Gosling, 1994) devised a classification where most of the
relevant immunoassays can be classified into six groups.

Group 1: This group includes immunoassays of antigens or hapten in
which labeled analyte is used. These are equivalent to classical RIA. They
involve the use of a limited concentration of antibody. The term competitive is
almost universally used to describe them. The labeled analyte would compete
with the unlabeled analyte present in the sample for the binding in the antibody
paratope. There is an inverse relationship between the concentration of
uniabeled analyte and the signal generated in the assay. The most sensitive
group 1 type assay can detect as little as 1 fmol of analyte.

Group 2: In this group the antibody is labeled and used in reagent-limited
(competitive) assay. These assays can be used when there is difficulty in
labeling the antigen. An immobilized analyte must also be present in order for the



labeled antibody to compete between the free (sample) analyte and the
immobilized one. This system works well with highly purified antibodies to
prevent nonspecific binding. Classically the marker for this type of assay is
fluorescent or chemiluminescent. The detection limit depends largely on the
affinity of the antibody and the specific activity.

Group 3: Assays in this group include precipitation, nephelometric,
turbidimetric immunoassays as well as particle agglutination and particle
counting immunoassays. The end point in these assays involved the direct
detection of the immune complexes.

Group 4: This group includes assays involving labels in which all the
principal reagents are used in excess. This covers two site sandwich assays
such as immunochemiluminometric assay, IRMA, IFMA, and most ELISAs, all of
which have the fundamental advantage that their performance characteristics are
not as dependent on antibody affinity as the competitive assays. The detection
limits are attainable by maximizing the signal/noise ratio of the iabel. The use of
excess reagent may lead to high nonspecific binding of the label. To separate
the bound label from the free label, any of a range of adsorption or precipitation
reagents could be used. Usually the labeled antigen-antibody complex is
removed by means of excess immobilized antibody, which binds to a separate
antigenic site on the analyte. This resuits in the now classic sandwich
immunoassay, in which antigen is sandwiched between two antibodies.

Group 5: Immunoassays of this group are for the quantification or
identification of specific antibodies. Most often, the sample to be tested is added
to excess antigen immobilized on a solid phase. The amount of specific antibody
that binds (or is captured) may then be quantified by the use of labeled
antibodies that specifically bind to constant region of the immunoglobulin class of
interest. This format is extensively used qualitatively, for example in the HIV test
or hepatitis.

Group 6: The assays in this group involve the use of a labeled reagent
that, as a common feature, modulate its signal when the Ag-Ab reaction occurs,



thereby allowing binding to be monitored without the necessity for a separation
step. They are referred as separation free or homogeneous immunoassays.

Sandwich immunoassays can be divided into hetero- and homo-sandwich.
If the analyte is a large antigen with multiple repeated epitopes (e.g. CA125,
MUC-I, CA19.9) the sandwich can be formed using two identical antibodies
(homosandwich). On other hand, if the analyte does not display any repeated
epitope, one must use two different antibodies against the same antigen reactive
to two different epitopes in order to form the sandwich (Gosling, 1994; Chard,
1995).

The incubations in the sandwich ELISA can be performed as a single
step, in which the all three components, solid phase antibody, analyte and
labeled antibody, are incubated at the same time. The incubation can also be
done sequentially, in which the sample containing the analyte is incubated first.
After this first step reaches equilibrium, the unbound material is removed by a
washing step. Then a second incubation containing the labeled antibody is
performed. The single step assay has the advantage in terms of speed and
simplicity, but sensitivity can be reduced. Another feature that occurs in a single
step assay is the “ high dose hook effect” (Chard, 1995). The increase in
sensitivity with sandwich assays can be explained based on immunoextraction
and concentration of antigen onto a solid phase. In the case of a single step
assay some of the reaction will occur in solution. The sandwich immunoassays
provide greater sensitivity than the classic competitive immunoassay. Those
assays can detect analytes in the attamole (107*® mole) or even at zeptamole
(10*" mole) and towards yoctomole (10"* mole) ranges, approaching the
detection limit of a single molecule of analyte, which is 1.7 ymole (Johannsson,
1986).

Immunoassay optimization

Many different variables can affect the immunoassays. The optimization of

those variables are of fundamental importance for the immunoassay
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performance (for a detail review see Porstmann, 1992, Gosling, 1994, or Chard,

1995).

Coating or separation method

The solid phase binding of the antibody or coating can occur passively or
with help of an indirect ligand. There are innumerable different materials and
formats used to coat antibodies. The most popular format is microtiter plates,
containing 96 wells. For the initial assay development, passive protein adsorption
on plastic surfaces is the easiest way. Binding is achieved by rate-limiting
diffusion to the solids followed by a rapid and irreversible adsorption and is
completed within 12-15 hours. Different plastic polymers have different
adsorption capacities. The usual buffer is phosphate buffer, pH 7-8, The rate and
extent of absorption are only slightly increased by higher temperatures (37 °C).
The antibody used to coat the plate should be as pure as possible, since non-
specific proteins can compete with the antibody binding. Generally, the coating
capacity of an ELISA plate is 150 ng/cm?. The antibody bound to the solid-phase
could have its affinity constant reduced by one order of magnitude. The antibody
used to coat the plate is normally referred as first antibody, capture antibody or

catcher.

Blocking

The important feature, which gives the sandwich ELISA its high sensitivity,
is a maximal signal/noise ratio. The noise or background is cause by the non-
specific binding of the labeled antibody to the solid phase. As discussed above
the coating procedure is non-specific, if any unoccupied binding site is left in the
plastic surface the labeled antibody could also bind to the solid phase. A non-
specific protein like bovine albumin can be used to block all empty sites on the
solid phase. Other proteins can aiso be used: casein, non-specific animal serum,
gelatin, and even powdered milk. Another approach is to use a non-ionic
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detergent, like Tween 20, to minimize non-specific aggregation and interactions

with the plastic.

Enzymes

The marker used in an immunoassay could directly influence the assay
sensitivity. The enzyme marker should permit fluorimetric, luminometric or
colorimetric measurement of the products formed. The enzymes should have a
high specific activity and turnover as free enzyme and after labeling. They should
be soluble in aqueous media, highly purified and low in cost. They must have
high stability in free and conjugated form and possess reactive groups for
covalent linkage. The method used for conjugation should be simple and gentle
to the enzyme and antibody. Finally the substrate used should be stable, non-
toxic and form stable chromogenic and/or fluorogenic products.

Horseradish peroxidase and alkaline phosphatase are the most frequently
used enzymes in immunoassays. Other enzymes like B-D-galactosidase, urease,
B-lactamase, glucose-6-phosphatase dehydrogenase have also been used
(Gosling, 1990). The popularity of peroxidase is due its low cost, high turnover
number, availability of a variety of sensitive substrates, and suitability for diverse
conjugation procedures. Also peroxidase has a relative small molecular size (40
kDa vs 100 kDa and 500 kDa for alkaline phosphatase and B-D-galactosidase,

respectively).

Substrates

Colorimetric product measurement is the most frequent detection method
for EIA, and it has the following advantages: Visual evaluation in large-scale
screenings, simple and relatively cheap photometers with extremely rapid
measuring (2-5 s per microtitration plate), and long lasting stability of the colored
product after reaction stops. These advantages overcome the lack of sensitivity
due to the limited absorbtivity values and a limited dynamic range. Determination
of enzyme activity by fluorometry or luminometry, which are inherently more



sensitive quantification techniques, requires the availability of specialized
instrumentation at high cost.

2,2 Azino-di {(3-ethylbenzthiazoline sulphonic acid) (ABTS), o-
phenylenediamine (o-PD) and 3,3', 5,5'-tetramethylbenzidine (TMB) are the most
common colorimetric peroxidase substrates. The peroxidase, once oxidized by
H,0, , reacts specifically with the substrate causing its oxidation. Peroxidase is
reduced back to its original state. Oxidation of the substrate causes formation of
a colored product that can be measured colorimetrically. The oxidation product
of the ABTS has a & ., =415 nm, and that of 0-PD at 492 nm. The oxidation
product of the TMB reaction has an initial A,,, = 650 nm, and when the TMB
reaction is stopped by adding 1 M phosphoric acid, the product turns yellow and
absorbs best at 450 nm. The detection limits for peroxidase plus H,0, are 10"
10™ and 2 X 10™*° mol/l using ABTS, 0-PD and TMB, respectively (Porstmann,
1992).

The most common alkaline phosphatase substrate is p-nitrophenyl
phosphate (pNP), which produces a yellow product with a peak of absorption at
405 nm, and a detection limit of 2 X 10-"® mol/l. B-Galactosidase substrates are o-
nitrophenyl-p-D-galactopyranoside (0-NPG), 4 .., at 420 nm and detection limit of
2 X 10™ mol/l, and chlorophenolic red-B-D-galactopyranoside (CPRG), 2 ., at
574 nm and detection limit of 3 X 10 mol/l (Porstmann, 1992).

Enzyme labeling and conjugate purification

Enzymes are covalently bound to the antibodies either directly exploiting
existing reactive groups to both or after introducing reactive groups indirectly via
homo- or hetero-bifuctional agents. The requirements for ideal conjugation are:
simple and rapid performance; reproducible composition of resultant conjugate
molecules (constant molar ratio of enzyme and reagent); homogeneous
conjugate molecules with respect to molecular mass; high yield of labeled
reagent with low yield of homopolymers of enzyme and reagent; minimal
inactivation of reagent and enzyme; simple procedures to separate the labeled



from the unlabelled reagent and the free enzyme; long-term stability without loss
of immunological and enzymatic activity (Porstmann, 1992).

Two of the most common peroxidase conjugation protocols are the
glutaraldehyde (Avrames, 1971) and periodate methods (Nakane, 1574). The
conjugation protocols require high concentration of pure reactive enzyme and
antibody (> 10 mg/ml). The direct labeling of antibodies with enzyme can
decrease the affinity of antibody by more than one order of magnitude
(Porstmann, 1992).

Most labeling procedures result in heterogeneous complexes with respect
to the molecular weight. In immunoassays, free enzyme, especially when
polymerized, leads to an increase in the background, and any residual
unlabelled antibodies compete with enzyme-labeled antibodies for analyte
binding and thus reduce the signal emitted from the immune complex. The
removal of unlabelled molecules from the conjugate mixture is a key step in the
coupling method (Gosling, 1990; Porstmann, 1992; Gosling, 1994).

Tumor Markers

Tumor markers are generally defined as substances that can be
measured in body fluids or tissues to identify the presence of cancer, to predict
prognosis and to monitor the course of therapy. These substances can be
intracellular, bound to the cell membrane or secreted in circulation. The wide
spread use of tumor markers in clinical oncology is partly due to the development
of new immunoassays. The tumor marker field really exploded with the
development of the monoclonal antibodies. Many tumor antigens like CEA,
CA125, CA19.9, CA 50, and CA72.4 were discovered using an antiserum or
monoclonal antibody development against a cancer tissue or fluid (Virji, 1988;
Cooner, 1993; Suresh 1996).

Ideally a tumor marker should be a substance that is only present in the
cancer patient, and as the malignancy spreads and metastasis the levels of
tumor markers would proportionally increase. The clinical status of the disease



should be directly related to the tumor marker level. So far such an ideal tumor
marker has not be identified (Virji, 1988; Cooner, 1993).
The ideal neo-antigen tumor marker does not exist, with the exception of
B-cell tumor immunoglobulin idiotype, virus induced antigens (SV40 T antigen)
and the T-cell receptor of T cell leukemia. Most of the tumor markers clinically
used currently are tumor associated antigens (TAA). TAA represent a
quantitative over-expression of antigens normally expressed by tissues of the
same embryonic origin or the re-expression of cellular antigens selectively
expressed during embriogenesis (oncofetal antigens). Other TAA are post-
transcriptional variants, for instance by abnormal glycosylation, of normal
proteins. It may, however, be foreseen that mutations or translocations in the
corresponding gene could result in cancer specific protein alteration, as already
exemplified by mutated p21 ras of mutated p53 (Virji, 1988).
Tumor markers can be further classified into 6 categories (Suresh, 1996):
1) Enzymes/isoenzymes: Placental alkaline phosphatase; Prostate
specific antigen; prostatic acid phosphatase; neuron specific endolase;
2) Hormones, cytokines, growth factors and soluble receptors: HCG; IL2,
estrogen and progesterone receptors;
3) Oncogenes and oncoproteins: c-myc; src; erb; neu; Sis;
4) Oncofetal proteins: CEA; AFP;
5) Complex glycoconjugates:
|. Glycoproteins and glycosaminoglycans: CA125; CA15.3; CA19.9;
TAG72; N-CAM; MUC-1;
Il. Glycolipids: Lewis X; Lewis Y; GM2;
6) Cellular markers: Philadelphia chromosome; dysplastic cells in PAP

smear,

The glycoconjugate antigens discovered in the last decade are probably
the most useful tumor markers (Suresh, 1991; Suresh, 1996). These glycolipids
and glycoproteins are produced by alterations in the glycolysation machinery in
cancer cells. These changes correspond to changes in the enzyme activities of
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specific glycoyltransferases, either by altering their synthesis or degradation
(Urban, 1992).

Tumor markers can be potentially used as screening tools. A tumor
marker with almost absolute specificity (at least 95%) and a good sensitivity
would be required for mass screening of an apparently healthy population due to
the low prevalence of cancer in general population. Tumor markers can also be
used in differential diagnosis, confirm origin or assess neoplasm extension.

Most tumor markers can be very useful for the follow-up of patients. In
most of the cases, a decrease in levels of tumor marker following treatment
indicates effective treatment. If the marker remains stable at low levels or is
undetectable, we can consider that the patient is in remission, or presents a
stable disease. On other hand, the increase in the levels of TAA is an indication
of tumor progression. The major application of tumor markers resides in the
monitoring of treatment of advanced disease since they all show a good
correlation with the evolution (progression or regression) of the disease and the
efficacy of treatment (Schwartz, 1995). All these tumor markers and the
potential to develop new ones can provide new strategies for the management of
cancer patients. However, as Schwartz suggests “we have gone through the
enthusiasm of discovery, the delusion of understanding and now are faced with

the realism of clinical use” (Schwartz, 1995).

Principles of cancer screening

Early detection of cancer and cancer screening are many times used as
synonymous, but there are two different processes. Screening is the testing of
asymptomatic population to identify a subgroup at greater probability of
harboring the disease. The efficacy of screening would be measured against the
disease-specific mortality that would result in the absence of screening. Early
detection results from the understanding and response of individuals who are at
high risk because environmenfal, behavioral, biologic, hereditary, or genetic
factors confer on them greater susceptibility to a disease. Early detection would

take precedence over screening (Crawford, 1993).



There are two requirements for cancer screening to be efficacious,
namely, reducing disease specific morbidity and mortality. First, a test procedure
must be effective in detecting disease earlier than the appearance of clinical
manifestation of the disease. Second, treatment applied earlier must have a
better outcome than treatment at a later stage of disease (Crawford, 1993).

In the evaluation of a screening program, two major biases must be taken
in consideration. The first is lead-time bias. Lead-time bias argues that the
diagnosis is made earlier, but the patient dies at the same time as would be
expected had screening not occurred. The second common bias is the length
time bias, which argues that only the harmless “occult” tumors are detected in
screening efforts among asymptomatic populations. The fast-growing tumors, on
other hand always present clinically at advanced stages. The morbidity and
mortality are actually increased, due to the risks associated with detection and
treatment of latent tumors (MacLean, 1996).

The what, when, how, where, who and especially why of screening must
be carefully considered. The arguments must not only be based on scientific
aspects, but also ethical and personal considerations as well. The cancer
screening methodology contrasts with the mass immunization programs;
whereas the whole community and each individual benefits from mass
immunization, the only people to benefit directly from mass screening are those
subjects who have disease diagnosed by screening and death is delayed as a
result. Most of the screening methodologies are based on the premise, not
always true, that early diagnosis of the disease leads to a reduction in mortality
or morbidity.

The initial evaluation of a screening test involve estimation of the
sensitivity and specificity. Sensitivity is the ability of the test to detect true cases
of disease. Specificity is the ability to identified true negatives correctly. For the
maijority of screening tests, there is a trade-off between sensitivity and specificity.
For example, by increasing the cut-off point for the screening test will increase
the specificity, as fewer cases will be wrongly selected for further evaluation, but
will decrease the sensitivity, as more truly positive cases will be missed. Another



important property of a screening strategy is the predictive values. The positive
predictive value (PPV) is that proportion of people with a positive test result who
actually have the disease (Lusted, 1971; MaclLean, 1996).

It has been suggested that ideal screening test should have a 90%
specificity and sensibility. This trade-off between sensitivity and specificity can be
better represented by the Receiver Operating Characteristic (ROC) curve
(Hanley, 1982).

The additional test characteristic that is important to consider in a
screening test is the reliability of measurements. In immunoassays, the intra and
inter-assay variations must be evaluated. The analysis of any screening strategy
must not only look at the potential benefits of screening, but also look at the
potential harm. The risk associated with the screening test itself, and the risk that
may result from the further evaluation of a false positive test (MacLean, 1996).

Ultimately, a screening test must show a reduction in mortality or
morbidity. For example, the results from the use of mammography in women
above the age of 50 years old resulted in at least a 30% decrease in mortality
(Crawford, 1993). It remains to be evaluated in the future if the benefits of
prostate cancer screening outweighs the risks associated with false positive test

or the treatment of latent cancer.

Prostate specific antigen (PSA)

Prostate cancer is the most frequently diagnosed cancer in men and the
second most prevalent cause of cancer death in the USA (Parker, 1997). The
odds of developing some form of prostate cancer are 1 in 11, but our current
knowledge on the natural history and tumor biology of prostate cancer is limited.
The introduction of prostate-specific antigen (PSA) testing, since the last decade,
revolutionized the screening and management of patients with prostate cancer.
Many aspects of this tumor-associated antigen are still under investigation.

PSA is a serine protease, produced by the prostatic tissue physiologically
responsible for the liquefaction of semen after ejaculation. PSA can be detected
at low levels in the sera of healthy males, however, during neoplastic states,
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circulating levels of this antigen increase with disease progression. PSA is now

the most widely used marker for prostate cancer.

Biochemistry

The PSA molecule has a molecular mass of 28.5 kDa as estimated by
mass spectrometry (Graves, 1990). The amino acid composition analysis yields
a protein with 237 AA, with a calculated mass of 26,089 Da (Lundawall, 1987,
Schaller, 1987) The PSA molecule has N-linked oligosaccharides attached to
Asp 46. The carbohydrates represent a 6.9% wt/wt (2.9% hexoses, 2.9%
hexosamines, 1.1% sialic acid) (Bilhartz, 1991). The calculated molecular weight
by gel filtration is 31,100 Da. The major peak obtained by gel filtration displays a
single band under both reducing and non-reducing SDS-PAGE with a Mr of
approximate 33,000 Da (Schaller, 1987). Three different specific absorbances
(280 nm) are described for PSA in the literature. Values of 1.61(Vessella, 1993),
1.42 (Zhou, 1993) for a 1g/l solution have been experimentally determined. A
theoretical value of 1.84 was calculated based on the amino acid and
carbohydrate composition (Zhang, 1995).

There are ten half-cystine residues in the PSA molecule (Cys7-Cys149,
Cys26-Cys42, Cys128-Cys195, Cys160-Cys174 and Cys185-Cys210). They are
located in homologous positions as in kallikrein and trypsin. The cystine residues
are essential for the architecture of the catalytic site, which is formed by His 41,
Asp 96 and Ser 189. The position 183 thought to determine the substrate
specificity is occupied by a Ser residue (Schaller, 1987). The substrate specificity
is similar to chymotrypsin, in that it cleaves peptide bonds at the carboxy-
terminal on leucin and tyrosine residues and at a lower rate at argenin and
methionine. However, PSA lacks activity against some chymotrypsin synthetic
substrates, indicating some degree of heterogeneity (Christensson, 1990). The
physiological substrates for PSA are semenogelin | and Il and fibronectin. These
three proteins are responsible for semen coagulation (Schaller, 1987;
McCormack, 1995).



Proteolytic inactivation of PSA occurs in approximately 30% of the
seminal plasma PSA (McCormack, 1995). The PSA molecule may be cliped
between AA 85-86, 145-146 or 182-183. The clipped PSA is enzymatically
inactive and does not form stable complexes with protease inhibitors such as
ACT and a2-MG (Christensson, 1990; Zhang, 1995). About 70 % of seminal fluid
PSA appear to be intact and has enzymatic activity (Zhang, 1995).

Genetics and expression

The PSA gene belongs to the kallikerein gene family. Kallikreins are
serine proteases that cleave vasoactive peptides (kinins) from kininogen. The
kallikreins genes are located at q13.2-q13.4 of chromosome 19 (McCormack,
1995; Malm, 1995). This locus is comprised of 60-70 Kb and accounts for three
genes: KLK1 (tissue kallikerein), KLK2 (glandular kallikrein 1) and KLK3
(prostate specific antigen).

KLK1gene encodes hK1 (human kallikerein 1). hK1 has a trypsin like
activity, it cleaves kininogen to bradykinin. It is present in pancreatic, renal and
salivary tissues, and serum, but is not expressed in the prostate tissue
(McCormack, 1995). hK1 has a 62% amino acid homology with PSA (Malm,
1995). KLK2 gene encodes a hK2 protein that so far has not been identified, but
based on the deduced amino acid sequence is believed to be a trypsin like
protease. The mRNA of KLK2 is present in the prostate tissue, in levels 10 times
lower than KLK3 (PSA) transcript. hK2 has a 80% homology at the DNA level
with PSA (Malm, 1995).

The KLK3 gene encodes hK3 or PSA. The gene is approximately 6 KB,
with 5 exons with upstream promoter with androgen responsive element. PSA is
specific to primates (McCormack, 1995; Malm, 1995). The cDNA exhibits
homology with human pancreatic kallikrein (62%), y- nerve growth factor (55%)
and epidermal growth factor binding protein (53%) (Bridon, 1995). PSA was
cloned in 1887 (Lundawall, 1987) and recently all the kallikreins genes have
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been cloned and recombinant forms of the proteins are available (McCormack,
1995). PSA protein also was identified as p30 (Wang, 1982) and y-SM protein
(Schaller, 1987).

There is a small, but statistically significant reduction in PSA mRNA in
carcinoma tissue compared to benign epithelium (normal or hyperplasia). The
reduction in mRNA correlates with a reduction in PSA protein, as determined by
immunostaining. Many tumor specimens showed heterogeneous expression of
mRNA and PSA, whereas all the benign epithelium had a uniform high level of

expression (Qiu, 1990).
Purification

Different protocols for purification of PSA have been described (Wang,
1981; Wang, 1982; Schaller, 1987; Graves, 1990; Zhang, 1995; Chen, 1995;).
All of them included ammonium sulfate precipitation, ion exchange and/or gel
filtration. The final recoveries varied from 7.3% to 30%. Most protocols utilized
seminal plasma as the starting material, which could contain up to 5§ mg/ml of
PSA (Malm, 1995). The major limitation in the use of seminal plasma is the
potential biohazard aspect. Approximately 70% of the purified PSA, obtained
from seminal plasma, is enzymatically active, and can be used in the preparation
of PSA-ACT complexes.

Complexes

PSA is a serine protease, and as such, if present in circulation as an
active enzyme, it can potentially cause proteolysis of different substances. One
of the ways used for inactivation of different proteases is complex formation with
protease inhibitors. Serpins are a superfamily of serine protease inhibitors
composed of a1 anti-trypsin, anti-thrombin [l (both Argserpins), C1-inactivator
(Metserpin) and anti-chymotrypsin (ACT) (Leuserpin). Leuserpin (ACT) can form
a stable complex with PSA, where Argserpins and Metserpins do not form stable



complex in circulation. The a2-macroglobulin (x2-MG) present in serum can
also form stable complex with PSA (Christensson, 1990).

There are three major forms of PSA in circulation: free inactive PSA, PSA-
ACT and PSA-a2-MG. At the normal serum levels (up to 4 ug/l) 60 to 95% of
PSA is complexed with ACT. Only enzymatically active PSA can form complex
with ACT. Complex formation requires the cleavage of an internal peptide bond
at Leu 358 in the ACT molecule and the formation of a covalently linked
complex, with approximately 100 kDa (McCormack, 1995). Also only active PSA
can form complex with a2-MG. Most of the immunoreactive sites in the PSA are
blocked after complexation with a2-MG (Espana, 1996).

Serum levels of ACT are approximately 0.5 mg/mi, a-2MG is present at 3
mg/ml, which represents a large molar excess compared with the physiological
levels of PSA (less than 4 ng/ml) (McCormack, 1995). The normal serum
distribution of PSA and PSA complexes is PSA-MG<PSA-ACT<free PSA
(Christensson, 1990).

Assays

PSA is one of the most common tumor markers used in the clinic. Many
different assays have been reported in the literature (Chan, 1987; Vihko, 1990;
Zundel, 1990; Yu, 1993; Cattini, 1993; Klee, 1994; Khosravi, 1995; Ferguson,
1996). Two major assay characteristics should always be considered in the
evaluation of those assays: equimolarity and sensitivity.

In the serum, there are two major immunoreactive forms of PSA: free PSA
(-PSA) and PSA-ACT complex (PSA-ACT). In an equimolar assay, both forms of
immunodetectable PSA are equally detectable. One mole of f-PSA would
produce the same signal as 1 mole of PSA-ACT. On the other hand, a skewed
molar response is observed when the signal from f-PSA is higher than the signal
generated from PSA-ACT complex. The skewed response is common in assays
using polyclonal antibodies (McCormack, 1995; Stenman, 1995). In an equimolar
assay, the reactivity with PSA-ACT must be within 15% deviation from its



reactivity with free PSA on a molar basis (Graves, 1983; Stenman, 1995). In a
non-equimolar assay, changes in the proportion of free/complex PSA can be
erroneously identified as an increase or decrease in the total PSA level (Zhou,
1993; McCormack, 1995).

Most clinicians and scientists accept that more sensitive assays could
potentially detect cancer relapse at earlier stage (Diamandis, 1996). There are at
least 3 different parameters that can be used to define assay sensitivity: lower
detection limit, biological detection limit and functional sensitivity. Lower
detection limit (LDL) is defined as the least amount of analyte that can be
detected with confidence of 95% (mean of the zero calibrator plus 2 SD) or 99%
(mean of the zero calibrator plus 3 SD). The best LDL is associated with a lower
zero background signal, greater precision of the zero signal and calibration curve
with the greatest slope (sensitivity). The biological limit of detection (BLD) is
defined statically as the LDL value plus two SD (Vessella, 1992). An
ultrasensitive assay is defined as one having BLD of less than 0.1 ng/ml
(Vassela, 1993). Functional sensitivity (FS) is the lowest concentration that can
be assessed with an inter-assay imprecision of 20% (Klee, 1994). Clinically only
values above the FS or BLD should be considered meaningful (Diamandis,
1996).

Discrepancies between assays in the measurement of PSA may occur
due to the presence of multiple forms of PSA, or due to differences in the
calibrators. There is an urgent need for the development of an internationally
accepted standardization material (Zhou, 1993).

PSA shares considerable homology with other human kallikreins (62%
with hK1, 80% with hk2). Some reports have recognized the potential for
immuno-cross-reactivity between PSA and the other kallikreins. This may be
particularly important in ultrasénsitive assay (Vihko, 1990; Vessella, 1993; Klee,
1994).

o
N



Future standardization of PSA immunoassays

The first step in the international standardization of PSA assays is the
purification and characterization of a PSA standard. Ideally, purification of PSA
should be accomplished using a reproducible published method, where
immunodetection of the antigen is not required. Purification of PSA is most
easily accomplished using human seminal plasma. Once purified, the primary
reference material should be characterized for critical biochemical properties,
including mass, protein content, specific absorbance, and immunoreactivity. The
fact that different antibodies may detect different forms of PSA in serum
differently (equimolar versus non-equimolar assays), suggests that different
assays cannot readily be standardized against each other. The ideal
immunoassay for purposes of standardization should detect both forms of PSA in
approximately equal molar ratios (equimolar assay). The standardization will
allow comparison and correlation of clinical data and clinical studies that use
different PSA tests (Graves, 1993).

Clinical applications

Prostate cancer is the most frequently diagnosed cancer in men and the
second cause of cancer death in the USA. Epidemiologists have suggested that
30% to 40% of men older than 50 years harbor some form of prostate cancer,
but only 20 to 25% of these cancers appear to be clinically significant. Fewer
than 3% of men ever actually die from prostate cancer. It is estimated that the
annual incidence of fatal new cancers is approximately 1.3/1000 men between
the ages of 50 to 69 years. Based on current screening practice in Canada and
USA it is estimated that screening detects approximately 8.3 cases per 1000.
Therefore, for each fatal cancer that is detected, 5.4 other cancers are found.
Those cancers would not cause death if left untreated (Albertsen, 1996).
Although more men, in the USA, die with prostate cancer than die of it, we
should not neglect the fact that prostate cancer is the second cause cancer

death in men.



Our current knowledge of the natural history of prostate cancer is limited.
We are not able to identify which patients will rapidly progress and die from the
prostate cancer, from those patients that present an indolent cancer. This leads
to unnecessary diagnostic tests, with a significant impact on health care costs,
and the prospect of morbidity and death associated with the follow-up tests and
procedures. More than 50% of the patients diagnosed are in a late stage of
disease (D2) and endocrine therapy is the only efficient treatment. Most of the
time this treatment is only palliative.

Screening of prostate cancer

The American Cancer Society recommends annual examination for early
detection of prostate cancer with digital rectal examination (DRE) and serum
prostate-specific antigen (PSA) beginning at age 50. However, men in high risk
groups, such as African Americans, or those with a strong familial predisposition
may start at younger age. The Canadian Task Force on the Periodic Health
Examination and the US Preventive Services Task Force do not recommend the
use of PSA for prostate cancer screening. While the screening for prostate
cancer detects tumors at more favorable stages (ar{atomically less extensive
disease), reduction in mortality due to screening has not yet been documented
(Mettlin, 1993).

The group most likely to benefit from screening are those in the 50 to 70
years of age. The lack of knowledge of the long-term outcome and benefits of
early diagnosis should be weighed against both the anxiety induced and the
potential debilitating adverse effects of radical therapy (Chodak, 1993).

Depending on the series, 38 to 48% of men with clinically significant but
organ confined prostate cancer have a serum PSA value within the reference
range. Approximately 25% of BPH have PSA values above 4 pg/l (Walsh, 1992;
Labrie, 1992; Crawford, 1993).

Those who advocate screening emphasize the significant morbidity and
mortality associated with prostate cancer. Those who oppose prostate cancer
screening emphasize the lack of experimental evidence supporting the theory



that early detection and treatment of this disease substantially lowers cause-
specific mortality. They point to the significant morbidity associated with current
treatment efforts and conclude that screening is unethical because there is a
high probability that screening may cause more harm than good.

It has been suggested that an ideal screening test shouid have a
sensitivity and specificity of 90%. The combined data from 5 different studies
shown that when 2.5ug/l is chosen as cut-off point, PSA sensitivity was 94% and
specificity was only 44%. If the cut-off was raised to 4 ug/l, the sensitivity
decrease to 60-75%, while specificity increases to 60-80%. When 10 pg/l was
chosen as cut-off, sensitivity was 36-57% and specificity 88-96%. The critical
range of PSA is between 4.1 to 9.9 ng/ml, in this range 26% of the patients
would have cancer and 74% BPH. In patients with PSA values above 10 ng/ml,
53% have cancer so a biopsy is always required (Stenman, 1991; McCormack,
1995).

For men with total PSA between 4 and 10 ng/ml, a free PSA should be
measured. If the ratio of free PSA/total PSA is greater than 25%, the likelihood of
having cancer is less than 10%. If the ratio is less than 10% the likelihood of
having cancer is high (>80%) and a biopsy should be recommended (Partin,
1996). Other strategies used to increase the sensitivity and specificity of PSA
include PSA density, PSA velocity, age adjusted PSA cut-off (Crawford, 1993;
Bangma, 1995; Stenman, 1995).

Prostate cancer staging

Almost 100% of patients with PSA less than 10 ng/ml have a negative
bone scan (Freitas, 1991; Bangma, 1995), and fewer than 1% of patients with
PSA levels lower than 2.8 ng/ml have positive lymph nodes. All patients with
values greater than 100 ng/ml have positive nodes or seminal vesicle invasion.
Almost none of the patients with lymph node metastases had PSA values below
10 ng/ml. More than 80% of those with PSA values greater than 50 ng/ml had



either capsular penetration, seminal vesicle extension or lymph node
metastases. Unfortunately PSA values in most men fall between these extremes;
therefore, PSA is not an absolute indicator of pathological stage (Lowe, 1993).

Prostate cancer follow up

In contrast to the debate surrounding its putative value as a screening
tool, PSA is widely accepted and used to monitor and manage patients with
medically established prostate cancer. Tumor progression rarely occurs in the
absence of an elevated serum PSA (Vessella, 1993; Bangma, 1995; Malkowicz,
1996, Diamandis, 1996). Approximately, 100,000 men undergo radical
prostatectomy in USA per year due to prostate cancer. Forty percent of those
men will fail the first line therapy and a curative salvage therapy should be
initiated as soon as possible. PSA can be effectively used to follow up and
identify these patients (Stamey, 1996). Unfortunately, the clinical utility of
ultrasensitive assays is limited by the absence of effective therapies to treat early
relapsed prostate cancer (Ferguson, 1996).

Recently, PSA was found to be present in the cystosolic extracts from
breast cancer. The PSA levels have a high independent prognostic value, since
positive breast tumors have a better prognosis than PSA negative tumors
(Diamandis, 1995).

Implementations of a screening program under the current pressures to
control health care costs are extremely difficult. Recent estimates concerning
prostate cancer screening suggest that the total cost to screen the 50-70 year-
old men population in the USA by DRE would be $3.8 billion. The cost of
screening with PSA (4 ug/l cut off point) would be $27.9 billion (Armbruster,
1993; Albertsen, 1996). Further pharmaco-ecomonic studies are required to fully
understand the complexity of prostate cancer screening.



CA125

Ovarian carcinoma has the poorest prognosis of all malignancies of the
female genital tract. The majority of patients are diagnosed with advanced
disease. Efforts to diagnose the disease in the early stages have remained
largely fruitless. In 1997, it is estimated that 26,800 new cases will be diagnosed
and 14,200 deaths will occur from ovarian cancer in the USA alone (Parker,
1997). Although intense efforts are being made to develop new therapies for
ovarian cancer, much of its biology is unknown. CA125 is one of the most useful
tumor markers for ovarian cancer. Although the clinical utility of CA125 as a
tumor marker is well recognized, as yet the CA125 molecule and its gene(s)
have not been fully characterized, and the biological function of CA125 is largely
unknown.

The cancer antigen 125 (CA 125) is a high-molecular-weight glycoprotein
originally identified by a monoclonal antibody (OC 125), which was raised
against OVCA 433, an ovarian cancer cell line (Bast, 1981, Klug, 1984).
Subsequent immunohistological studies demonstrated that OC125 antibody was
reactive with 80% of non-mucinous ovarian epithelial tumors of serous,
endometrioid, clear cell and undifferentiated histologies (Klug, 1984; Jacobs,
1989).

Biochemistry

CA125 is present in serum and ascites fluid of ovarian cancer patients,
amniotic fluid and human serum (Nustad, 1996). The major CA125 activity in its
native state is associated with a moiety of more than 1 million Da, as well as with
a lower-molecular weight moiety of 200 - 400 kDa (Davis, 1986; Fendrick, 1993).
However others have reported even smaller immunoreactive material (de los
Frailes, 1993). The precise nature of CA125 antigen and its determinants
remains unclear, but there is an agreement that the molecule is a non-mucinous
glycoprotein. The carbohydrate content was estimated to be 24%. The

carbohydrate composition analysis revealed that sialic acid, fucose, mannose,
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galactose, N-acetyl glucosamine, and N-acetyl galactosamine were present in
the 3.6:0.4:3.0:6.6:5.8:2.2 ratio, respectively (Davis, 1986). Inhibitors of O-linked
and N-linked glycosylation indicate that CA125 contains primarily O-linked
glycosyl side chains with minor N-linked chains (Fendrick, 1993). *S-
Methionine-labelled CA125 can be detected after 4 hours of incubation, and
reached maximal levels of incorporation by 12 hours. Both cycloheximide and
actinomycin D inhibited CA125 synthesis (Fendrick, 1993). Western blotting
studies in the presence of phosphatidylnositol-specific phospholipase C suggest
a phosphatidylinositol anchorage of CA125 in the cell membrane (Nustad, 1996).

Some studies (Jacobs, 1989) demonstrated the apparent co-expression of
CA19.9 and TAG-72.4 determinants on CA125-bearing moieties of molecular
weight larger than 1 million Da. The binding of these antigens was sufficiently
strong to resist desegregation with high salt and nonionic detergents. This
apparent co-expression of different tumor marker epitopes in one large complex
is likely due to the propensity of these large glycoproteins to form inter-
macromolecular aggregates between two entirely different molecules (Suresh,
1991).

Different purification protocols for CA125 were described (Davis, 1986;
Fendrick, 1993; de los Frailes, 1993; Nustad, 1996) They yield CA125
immunoreactive material with MW varying from 1,000 kDa to 55 kDa, and with
variable specific activity. While the biochemical characterization of the CA125
antigen is far from complete, it appears that the basic molecular sub-unit of
CA125 has a MW of approximately 55 kDa. The basic unit inter-associates to
form the 205 kDa moieties. Presumably, S-S bonds contribute to the stability of
this quaternary structure. The 205-kDa form is heavily glycosylated (up to 24% of
its mass). The presence of high amount carbohydrates in this molecule can lead
to the multiple association between two or more 205 kDa CA125 molecules.
Hetero associations with other glycoproteins and/or mucins present in biological
fluids may contribute in the formation of a high molecular weight (1-1.5 million
Da) immunoreactive complex. One of the major limitations in the biochemical
characterization of the CA125 is the lack of molecular biology information
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regarding its gene(s). Even 16 years after its discovery, the CA125 gene(s) has

not been cloned or identified.

Assays

Following the initial characterization of CA125 as a potential tumor marker
for ovarian neoplasms, an immunoradiometric assay (IRMA) was developed to
detect CA125 in serum samples (Bast, 1983; Klug, 1984). Since more than one
OC 125 epitope was associated with each antigen molecule a homosandwich
assay was developed. No gravimetric standards were available, and hence
arbitrary unit values were assigned (Klug, 1984). OC125 antibody has been
used in a series of different commercially available immunoassays. All different
CA125 kits calibrated their standards against the arbitrary unit value determined
by Klug et al.

Krantz et al (Krantz, 1988) developed a pair of anti-CA125 antibodies
namely B43.13 and B27.1, and a heterosandwich assay was subsequently
designed. These two antibodies can inhibit OC 125 binding, but do not inhibit
each other’s binding. In 1991, O'Brien and co-workres (O'Brien, 1991) developed
another monoclonal antibody that identifies a glycoprotein carrying the CA125
epitope. This antibody, designated M11, presented the same specificity towards
CA125, but its binding was not inhibited by OC125. This indicated that the M11
epitope is located on the CA125 glycoprotein but in a different site occupied by
0C125. The M11 antibody was then used to develop the “second generation”
immunoassay for CA125 (Kenemans, 1993).

Antibodies

Since the original discovery of the CA125 antigen using the OC125 MAb
in 1981, several other MADbs reactive to the antigen have been developed. The
International Society for Oncodevelopmental Biology and Medicine organized
two workshops in an attempt to evaluate and classify some of these CA125
MAbs. The data generated from these workshops were elegantly summarized in



two publications (Nustad, 1996; Nap, 1996). One of the most important findings
of this workshop was the classification of the existing CA125 MAbs in two major
epitope groups: OC125-like (group A) and M11-like (group B) (Figure 1-3). Out of
the 26 antibodies, only one was not inhibited by either OC125 or M11 antibodies.
It was suggested that the CA125 antigen consist of muitiple sub-units, each
containing the antigenic determinants for OC125- like and the M11- like
antibodies. These sub-units would probably be linked through S-S bonds and
other interactions. The final three-dimensional folding appears to make up a
molecule with a very limited number of immunodominant antigenic sites.

A: OC125-like B: M11-like

A1 =0C125 and K95 B1 = M11, ZR45, MA602-6, OV
185,

A2 = K93 K101, K90, K91, K 94, K96,
K97,

A3 =B43.13 K 102, CCD 242, 145-9, 130-22
A4 = ZS33, B27.1 and CCD247 B2 = ZR38

A or C =0V198 and K100 B = MA602-1

C: OV197

Figure 1-3: ISOBM workshop TD1 CA125 epitope map (Reproduction from
Nustad, 1996).



Clinical applications

The mean of normal values for CA125 was based on the analysis of 888
normal donors. Only 1% of those supposedly healthy donors had CA125 levels
more than 35 U/ml, and only 0.2 % had levels that exceeded 65 U/ml. Similar
values were obtained from male (8.0£9.4 U/ml) and female (9.948.0 U/ml
subjects (Bast, 1983). In the initial study, among 101 patients with epithelial
ovarian carcinoma 82% had CA 125 levels above 35 U/ml. Leveis above 65 U/ml
were observed in 74% of the serum samples assayed (Klug, 1984). The values
from different patients with ovarian cancer ranged from zero to 8100 U of
CA125/ml. A significant correlation was found between CA125 levels and the
regression, stability, or progression of the ovarian carcinoma (Klug, 1984).

Including all stages, histological type and grades of differentiation, 85% of
investigated ovarian cancer patients had CA125 concentrations above 35 U/ml,
while 76% had concentrations above 65 U/ml. As serum levels of CA125 are
related to an increasing volume of marker-producing cells, CA125 levels
correlated with disease stage. If all histological types were included, elevated
levels were observed in 51% of the patients with stage |, 71% with stage I, 91%
with stage lll, and in 98% of patients with stage IV disease. The mean
concentration for stage I-ll is 20 U/ml, stage Il is 393 U/m! and for stage 1V 689
U/mi (Jacobs, 1989).

CA125 levels also correlated with tumor size. Elevated levels are found in
63% of the patients with a tumor diameter < 2 cm, in 76% of patients with a
tumor between 2-10 cm, and in 100% of patients when the diameteris > 10 cm.
Elevated CA 125 concentrations were found for all histological types of epithelial
ovarian carcinoma (Jacobs, 1989).

Normal serum CA125 levels are found in some ovarian cancer patients

due to lack of antigen expression. However, there is evidence that some
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malignant ovarian tumors produce high tissue CA125 levels, which are not
associated with elevation of serum CA125. This is particularly common in stage |
disease. Also some benign ovarian tumors, normal endometrium, second
trimester amniotic fluid and endometriotic tissue can express high levels of
CA125 locally but are in the majority of cases associated with normal serum
levels. The specificity of CA125 at tissue level is extremely poor, but serum
measurement has relatively high specificity for ovarian cancer. Elevated serum
CA125 levels have also been reported in endometrial, breast, pancreas,
colorectal, lung, and liver cancer (Hempling, 1994).

CA125 antibodies react with amnion and derivatives of embryonic
coelomic epithelium (Nap, 1996). Among adult tissues, CA125 was detected on
fallopian tubes, endometrium, endocervix, ovarian epithelium as well as in
epithelia of the pancreas, colon, gall bladder, stomach, lung and kidney
(Hardardottir, 1990; Nap, 1996). Mesothelial cells in the adulit pleura,
pericardium, and peritoneum also stained positive for CA125 particularly in areas
of inflammation and adhesion.

In healthy subjects, elevated serum CA125 have been observed during
menstruation, early pregnancy, and in patients with endometriosis, peritonitis and

liver cirrhosis (Jacobs, 1989; Hempling, 1994).

Ovarian cancer screening

CA125 cannot be used to screen non-selected populations for ovarian
cancer. This is due primarily to the low prevalence of ovarian cancer (0.2 %
between women of 50 to 70 years old) and secondarily due its low sensitivity
(only 40%). in 100,000 women, we would find 200 cases of ovarian cancer. The
more accepted cut off point for CA125 is 35 U/ml, which gave a specificity of
899% but a very poor sensitivity 40%. So if we hypothetically tested 100,000
women, we would further investigate 1000 patients. Only 80 of those women (1
for each 12) would have ovarian cancer, a positive predicate value of 8.3%. In
addition, because we could only detect 40% of all the cases, we still fail in
detecting 120 cases (Zurawski, 1987; Jacobs, 1988; Zurawski, 1989; Einhorn,



1992; Jacobs, 1993). The combination of other tumors markers with CA125
(CA15.3 and CA 72.4) can increase the specificity to almost 100% but failed to
eliminate false positives (Jacobs, 1992).

All those studies indicated that the use of CA125, either alone or in
combination with other non-invasive diagnostic techniques including other tumor
markers, is not suitable for screening of ovarian cancer (Tuxen, 1995}.

Differential diagnosis and monitoring

Most ovarian cancers are diagnosed when an exploratory laparotomy is
performed after detection of a pelvic mass. The potential use of a biochemical
marker to assess these patients is highly desirable. There are quite a number of
studies that evaluated the potential use of CA125 (Tuxen, 1995). However, there
is considerable variability in sensitivity, specificity, positive and negative
predictive values, so that results should be interpreted cautiously. Because of
the low CA125 sensitivity in early stages of ovarian cancer (50%) and the
possibility of elevation in several benign diseases, CA125 assays cannot be
recommended for differential diagnostic purposes.

Following surgery, most of the patients with advanced ovarian cancer
retain small amounts of residual tumor. Most of the time these residual tumor
cells are too small to be detected by the physical examination or by conventional
imaging techniques. Potentially, CA125 could be used to identify the presence
and monitor the progression or remission of residual disease. During initial
therapy, the CA125 concentration changed in accordance with tumor regression
or progression in 85% of the matched events. The positive lead-time ranged from
0.5 to 24 months (Tuxen, 1995).

CA125 versus second-look laparotomy

A second look laparotomy has been considered the best way to evaluate
response after first-line chemotherapy in ovarian cancer patients. The clinical
benefit of a second-look laparotomy has become controversial owing to the
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associated morbidity, inefficient available second-line therapy, and recurrent
disease in approximately 50% of the patients. The serum CA125 can be used as
a non-invasive method to evaluate treatment response before the second-look
procedure (Hogdall, 1996). The US Food and Drug Administration approved the
use of CA125 to aid in the detection of residual epithelial ovarian cancer in
patients who have undergone primary therapy and who would be considered for
second-look laparotomy. The CA125 level following one, two or three courses of
chemotherapy may be also a prognostic indicator. Eighteen percent of patients
with CA125 levels above 100 U/ml, one month after third treatment, had a
median survival of only 7 months. In contrast, 38% of patients with CA125 below
10 U/ml, after the third course of therapy, had a 50% 5-year survival rate (Tuxen,
1995; Buller, 1996).
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Hypothesis and Objectives

Based on the literature reviewed in the previous sections, | hypothesized:

1) Bispecific monoclonal antibodies, due to their properties as
macromolecular cross linkers, could be used as immunoprobes for rapid and
sensitive detection of tumor markers. CA125 antigen was chosen due to its
importance in ovarian cancer. PSA was used as a second example of tumor
marker, due to its role in the follow up and screening of prostate cancer. The use
of bsMADb for the measurement of CA125 is explored in the chapter 2. A PSA
assay using a bsMAD is described in the chapter 5.

2) A heterogeneous double determinant bsMAb CA125 assay would
have superior assay characteristics when compared with the single determinant
bsMAb CA125 assay. The development of a new second generation
heterologous double-determinant bispecific CA125 immunoassay is described in
the chapter 3.

3) The use of bispecific immunoprobes could bring significant
improvements in the current immunoassay technology that may improve the
clinical utility of these assays. The potential advantages of the bsMAb as
immunoprobes are presented in the chapters 2, 5, and 6.

4) The purification and characterization of CA125 from different sources
(human ascites and tissue culture) could contribute to the future biochemical
characterization of CA125. This is addressed in the chapter 4.

5) The establishment of new ovarian cancer cell lines and their
characterization in terms of CA125 expression could improve understanding of
the CA125tumor biology. This is addressed in the chapter 4.

6) As long as the hybrid antibody retains the individual paratope structure,
similar immunochemical characteristics would be expected between the bsMAb
and the parental monospecific antibodies. Extensive analysis of the binding
properties of the bsMADb is presented in the chapter 6.
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7) Due to the high homogeneous specific activity of the bsMAb probe, an
inhibition assay (group 2) for PSA can be developed. This hypothesis is
evaluated in the chapter 6.

8) A faster and more efficient technique to generate hybrid-hybridomas
could be developed by combining the FACS and electrofusion. This new electro-
FACS-fusion method to produce hybrid-hybridomas is described in the chapter 7.

9) An efficient method to purify bsMAb could be developed exploiting the
biochemical differences between the monospecific and bispecific molecules. A
new purification method using thiophilic affinity chromatography is described in

the chapter 8.
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Chapter 2 Bispecific Monoclonal Anti-CA125 X Anti-
peroxidase Antibodies in the Measurement of the

Ovarian Carcinoma Antigen

Introduction

Bispecific monoclonal antibodies, due to their properties as
macromolecular cross linkers, could be used as immunoprobes for rapid and
sensitive detection of tumor markers. CA125 antigen was chosen due to its
importance in ovarian cancer.

The introduction of the second-generation bispecific monoclonal antibody
(bsMAD) technology could potentially improve the current assay methodology. This
novel bispecific design allows us to develop a bsMAb with one site capable of
binding to CA125 and the other to horseradish peroxidase (HRPO). Every single
antibody molecule could have a HRPO molecule bound to it. This immunoprobe
would potentially improve the performance of enzymo-immunoassay by virtually
assuring that every sandwich ternary complex is associated with the signal
generating HRPO. The used of a bsMAb (anti-CA125/ anti-peroxidase) would
avoid chemical manipulation of the antibody and/or the enzyme, which can
damage either protein or exhibit batch to batch variation in conjugate quality.

In this section, the development of two quadromas secreting bispecific
monoclonal antibodies (anti-CA125/anti-HRPO) and the preliminary development
and optimization of a sandwich assay for the measurement of CA125 antigen are

described.
Material and methods

Cell lines

B43.13 and B27.1 are two primary mouse hybridomas secreting IgG1
monospecific antibodies to CA125 and were developed and clinically evaluated



previously (kindly provided by Biomira Inc., Edmonton, Canada) (Krantz, 1988).
The antibodies produced by these clones form an excellent sandwich pair for
binding and estimating the CA125 antigen. YP4 is a rat hybridoma secreting (IgG
2a) monospecific anti-peroxidase antibodies (courtesy of Dr. C Milstein, MRC
laboratory of Molecular Biology, Cambridge, UK) (Milstein, 1983). The
hybridomas were maintained in standard medium: RPMI-1640 medium
supplemented with 2 mM L-glutamine, 50 units/ml penicillin, 50 ug/mi
streptomycin and 10% V/V of Fetal Bovine Serum (FBS) (GIBCO BRL).

Selection of a double resistant YP4 cell line

In this study, we used the traditional double drug selection procedure to
produce quadromas secreting bispecific antibodies. In order to select the hybrid-
hybridomas from the unfused parental hybridomas, | utilized the HAT-ouabain
selection medium. In order to exploit this strategy, | developed a double resistant
YP4 subclone (drYP4). This was accomplished by sequentially selecting for
resistance to 8-azaguanine (Aza), consequently aminopterin sensitivity, and to
ouabain (Ouab). Hybrid-hybridomas or quadromas were then selected by
exploiting the HAT sensitivity and ouabain resistance of this double resistant YP4,
and the HAT resistance and ouabain sensitivity of a second hybridoma such as
those for CA125.

In order to select drYP4, the parental YP4 clone was grown in standard
medium without any drug for a few passages. Approximately 107 cells were then
incubated with medium containing 30 pg/ml of 8-azaguanine (SIGMA). The
resistance to this purine analogue is generally due to a point mutation, thereby, in
a single step selection, we were able to select azaguanine resistant cells. In
approximately 15 days, a confluent culture was obtained. The resistant cells were
cloned and recloned by limiting dilution method to ensure monoclonality and HAT
sensitivity. The azaguanine resistant YP4 sub-clones were than selected against
increasing ouabain concentrations. Approximately 5 x 10° Aza" YP4 were
incubated with 1, 0.5, 0.25, 0.12, 0.06, 0.03 or 0.015 mM of ouabain (SIGMA) in
medium containing azaguanine. The Aza"YP4 hybridoma grew, initially, only at
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0.06 mM of ouabain, which shown a significant sensitivity of the cells to ouabain.
At 0.12 mM, some live cells were found, but the cells seem to be in stationary
phase, without significant growth. The effect of ouabain appears significant after
48 to 72 hours. Cells growing ai 0.06 mM were expanded and transfered to the
next higher concentration. This process was repeated untit the Aza" YP4 could
actively grow at 0.75 mM ouabain. This double resistant YP4 sub-clone was finally
cloned and recloned. The resultant double resistant hybridoma was then used as

the universal fusion partner for all the conventional quadroma fusions.

MAD secretion of drYP4

After the final reclone, the antibody production of the drYP4 was compared
with the wild YP4 hybridoma. This study assures that the process of double drug
selection did not affect the MAb production of drYP4.

Immunoplates (Nunc) were coated overnight with anti-rat IgG (Sigma)
diluted 1:1000 in PBS, at 100 ul / well at 4° C, Plates were washed once with PBS
0.02% Tween 20 (PBST). Additional protein binding sites were blocked with 3%
BSA in PBS for 1 hour at 37° C. The plates again washed and cell supernatant
from the drYP4 were compared with a similar culture of parental YP4. The
supemnatants were added at various dilutions: 1:10, 1:100, 1:1000, and 1:10000.
OKT3 (ATCC, Rockville, MD) hybridoma supematant was used as negative
control. Following an 1 hour incubation, the plates were washed 3 times with PBST
and incubated with 5 pug/ml of HRPO in PBS containing 1% BSA. After a final
wash step, ABTS plus H,0, substrate (2.2'-azino-di[3-ethyl-benzthiazoline
sulfonate], Kirkegaard & Perry Laboratories inc.) was added, and the absorbance

measured at 405 nm after 10 minutes.

Hybrid-hybridoma fusions

The fusion protocol was similar to a previously described method with some
modifications (Suresh, 1986). Approximately 2.5 x 107 double resistant YP4 cells
were mixed with 2.5 x 107 B43.13 hybridoma cells or with 2.5 x 107 B27.1 cells.



The mixtures were washed 3 times with RPMI 1640 (without FBS). Following the
last wash, the entire medium was removed. To this pellet 0.5 ml of a 50% m/v
polyethyleneglycol (MW 1700) (PEG) was added. Immediately after the addition of
PEG, the cells were centrifuged for 6 min at 100xg. The PEG was then diluted with
5 ml of RPMI-1640 (without FBS), followed by 5 ml of RPMI-1640 supplemented
with 20% v/v of FBS. The cells were centrifuged and washed 3 times with RPMiI-
1640 supplement with 20% FBS. After the last centrifugation the pellet was
resuspended in 100 mi of standard medium supplemented with 10% v/v
hybridoma growth factor (ORIGEN), oxalacetic acid, sodium pyruvate, bovine
insulin (SIGMA), 0.75 mM ouabain, 0.1 mM sodium hypoxanthine, 0.4 uM
aminopterin and 16 uM thymidihe (GIBCO). The cells were plated at a final
concentration of 1.5 x 10° cells per well and incubated at 37° C with 5% CO.,.
Screening the putative quadroma supernatants for bsMAbs activity was performed

after 10 to 16 days of culture.

Quadroma screening

Crude supernatant from CaOV-3 ovarian carcinoma cell line was used as
CA125 antigen source for all assays described in this section. Supernatant from
confluent cultures of CaOV-3 was collected every 3 to 5 days. All samples were
pooled and the amount of CA125 measured by a commercial RIA (TRUQUANT
OV2 Biomira Inc., Edmonton, Canada). Approximately, one liter of supematant
was collected and found to contain 876 U/ml of CA125. Aliquots of this
supernatant were frozen and used throughout the study.

A convenient sandwich assay format was used to select the bsMAb
secreting quadromas. Immunomax (Nunc) plates were coated with anti-CA125
MAD, 1 ug/well overnight at 4° C. B43.13 purified antibody was coated for
screening the B27.1 x drYP4 quadromas. Conversely, for screening the B43 x
drYP4 fusion, purified B27.1 was used as the solid phase antibody. The plates
were washed 3 times with PBST, and incubated overnight with undiluted CaOV-3
cell supernatant. The plates were then washed 3 times and hybrid-hybridomas
incubated for 3 hours at 37° C. The plates were again washed, and incubated for 2
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hours with 50 pg/ml of HRPO in PBS. Following a final, wash the plates, ABTS
plus H,0, substrate was added. The absorbance was measured at 405 nm after
30 min of incubation. YP4, B43.13, and B27.1 supematant were used as negative
controls in all experiments. The 5 best clones of each fusion were selected and
expanded. Clones that retain the bsMAb production after expansion were recloned
by limiting dilution. The reclones with the best growth characteristics and higher
absorbance in ELISA assays were selected for further characterization.

BsMAD purification

lon exchange and Protein A affinity purification were utilized to purify the
bsMAb. Approximately, one liter of supernatant from each of the best quadromas
was prepared. Following a centrifugation step to remove the hybrid-hybridoma
cells, solid ammonium sulfate salt was gradually added to the supematant with
stirring to achieve 50% salt saturation. The stirring was continued overnight at 4°
C. The solution was centrifuged for 30 min at 1500xg. The pellet containing
immunoglobulins was dissolved in 20 mi of 10 mM sodium phosphate (Pi) buffer,
pH 7.4. The samples were dialyzed exhaustively against two changes of 100
volumes of 10 mM Pi buffer. This antibody preparation was used in the DE 52 (ion
exchange) and Protein A purification.

lon Exchange

Approximately 30 ml of dialyzed ammonium sulfate precipitated material
was loaded onto a DE-52 column (20 ml bed volume) pre-equilibrated with 10 mM
Pi buffer. The unbound proteins were removed by washing the column with 10 mM
Pi buffer. The absorbance at 280 nm was monitored continuously. The washing
was continued until absorbance returned to the base line. The immunoglobulins
were eluted by an increasing ionic gradient (200 mi of 10 mM Pi plus 200 mi of 100
mM Pi). The flow rate was 1.5 ml per minute and 50 fractions (4 ml each) were



collected. The fractions containing bsMAb activity were pooled and the purity
determined by reducing SDS-PAGE.

Protein A

Sepharose Protein A was also used in a trail experiment. Five ml of the
ammonium precipitated antibody was diluted with an equal volume of the binding
buffer (1.5 M glycine, 3M NaCl, pH 8.9), and loaded on to a 3 ml protein A column
(0.5 mil/ min). The absorbance at 280 nm was continuously monitored. After
loading, the column was washed with 10 bed volumes of binding buffer, at which
point the absorbance values had returned to the base line levels. The antibodies
were eluted with 100 mM of citric acid pH 6.0, 5.0 and 4.0 sequentially. The
bsMAD activity was then determined using the bsMAb sandwich assay.

Assay optimization

Using the same assay format described above, | attempted to optimize the
new bsMAb assay. Different parameters were evaluated and optimized: a)
kinetics of the first step of incubation (time required for the CA125 contained in the
sample to bind to the first antibody coated in the solid phase); b) kinetics of the
second step (time for the bsMAD tracer to bind to the complex formed between the
coated antibody and the antigen present in the sample); c) the optimal amount of
tracer (bsMADb) mass; d) variation in the concentration of peroxidase added; e)
coating MAb concentration; f) single step versus two step format; g) comparison of
different substrates and substrate incubation time; h) analytical sensitivity.

Results

Establishment of double resistant cell line

The selection of a universal double drug resistant cell line was the most
time consuming step in the production of bispecific antibodies. The sequential drug



selection used to develop the drYP4 cell line was accomplished in 12 weeks. The
drYP4 cells were cultured in HAT medium to test their sensitivity to aminopterin.
After 3 days, all the drYP4 in HAT medium were dead. The antibody production of
the drYP4 was tested against the original YP4 clone. The supernatant of an equal
number of the parent YP4 cells was compared to drYP4 (Figure 2-1).
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Figure 2-1: Antibody production comparison between YP4 and drYP4.
Supernatant from YP4 and drYP4 were diluted with 3% BSA in PBS and a capture
assay using anti-rat performed. Absorbance 405 nm was measured after 15 min.
The number of viable cells and number of days in culture were the same for both
the cell lines. Three wells of each cell line were tested, and the antibody activity
was determined in duplicate. The plotted results represented the average of the

three wells. The SDs were less than 10%.

There was no significant difference in the antibody production between the
YP4 and the drYP4 cell line.



Quadroma development

The drYP4 was fused with two anti-CA125 hybridomas developed
previously. In the initial screening of the drYP4 versus B43.13 fusion, 39 out 480
wells contained clones showed bsMAb activity. This fusion was designated P53
and all the clones and reclones derived from it received this primary designation.
The positive clones were transferred to a 24 well tissue culture plate. Only seven
out of the 39 initial positive clones were positive in subsequent screening. Based
on the bsMAD activity in the ELISA four clones (P53.2, P53.3, P53.4, and P53.6)
were isolated and recloned. The reclone designated P53.3R2 was identified as
the best clone due to its good growth characteristics and ELISA activity. From the
drYP4 versus B27.1 fusion, designated as P52, 29 clones out of 480 clones were
initially identified as positives. Nine clones retained bsMADb activity. Following the
recloning of the five best clones, the reclone P52.12R8 was identified as the best
YP4 X B27.1 hybrid-hybridoma due to its growth characteristics and ELISA activity.

BsMADb purification

The initial ammonium sulfate precipitation step removed some of the protein
contaminants and concentrated the antibody preparation approximately 20 times.
Thirty ml of each preparation (P52.12R8 or P53.3R2) were loaded onto the DE-52
column, at approximately 1.5 ml/min and the purification proceeded as described in
the methods section.

The chromatogram below (Figure 2-2) represents the elution profile of the
P53.3R2 purification. The linear ionic gradient elution (200 ml of 10 mM Pi plus
200 ml of 100 mM Pi) started at the fraction 1 and it ended at the fraction 50.
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Figure 2-2: P53.3R2 purification elution profile using ion exchange column
(DES2). Approximately 30 ml of the ammonium sulfate precipitated material was
loaded onto a DE-52 column. The bound proteins were eluted with an increasing
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ionic gradient. Each fraction (duplicate) was assayed for antibody activity using the

bsMAD assay (absorbance 405 nm). Total protein was determined by measuring

absorbance at 280 nm of each fraction.

There were two peaks of bsMAb activity. The first peak, fractions 19 to 22,

was pooled as Pool A. The second peak, fractions 29 to 35, was designed Pool
B. The fractions 23 to 28 localized between the two major bsMAb peaks were
also pooled (Pool C). Each individual pool was further analyzed.

P52.12R8 was purified as describe above, but only 20 mi of ammonium

sulfate precipitated sample was load onto the column. The gradient was performed
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with 100 ml of each buffer and each fraction contained 7 ml (Figure 2-3).
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Figure 2-3: P52.12R8 purification elution profile using ion exchange column
(DE52). Approximately 30 ml of the ammonium sulfate precipitated material was
loaded onto a DE-52 column. The bound proteins were eluted with an increasing

ionic gradient. Each fraction (duplicate) was assayed for antibody activity using the

bsMAD assay (absorbance 405 nm). Total protein was determined by measuring

absorbance at 280 nm of each fraction.

The P52.12R8 purification had only one peak of bsMAb activity (fractions

7 to 16). These fractions were pooled and used for further analysis.
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Protein A purification

The Protein A purification was used as a pre-purification step to remove
other contaminants present in the ammonium suilfate precipitated material. Only
a trail experiment was performed using 5 ml of ammonium sulfate precipitated
P52.12R8. The purification profile is presented in the figure 2-4.
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Figure 2-4: P52.12R8 Protein A purification profile. Approximately 5 ml of
ammonium sulfate precipitated P52.12R8 were loaded onto 3 ml Protein A
column. The absorbance at 280 nm was continuously monitored. After loading,
the column was washed until the absorbance values returned to the base line
levels. The antibodies were eluted with 100 mM of citric acid pH 6.0, 5.0 and 4.0
sequentially. The bsMAD activity was determined (duplicates) using the bsMAb
assay (absorbance 405 nm). The missing data points represented fractions where
the bsMADb activity was not determined.
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There was still some activity in the unbound material. The bsMAb activity

was eluted at pH 6.0.

P52.12R8 versus P53.3R2 assay comparison

Pools A and C form the P53.3R2 DE52 purification, due their similar activity
in a standard curve study, were combined and used for further optimization of the
assay bsMADb assay. After concentration using ultrafiltration (Centricon 100), the
combined pool A and C had approximately 1.96 mg/ml of protein (1.00 mg = 1.35
OD at 280 nm). The relative IgG purity was determined by 10% SDS-PAGE, and
was visually estimated to be approximately 50% (1 mg of IgG/ml).

The fractions 7 to 16 pooled from the P52.12R8 purification, after
concentration, had approximately 1.38 mg/ml of total protein (A,4), with a visual
IgG purity of approximately 75% by SDS-PAGE (1 mg/ml of IgG).

In order to evaluate the best tracer and catcher combination for the new
bsMADb assay, and properly compare P52.12R8 against P53.3R2, the purified
material was used in a standard curve study. The amount of IgG in both
samples was adjusted to 50 ug/ml. The coated antibody was B27.1 for the
P53.3R2 standard curve and B43.13 was used as the solid phase antibody for
the P52.12R8 standard curve (Figure 2-5).
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Figure 2-5: Comparison between P53.3R2 and P52.12R8 as tracer for the
bsMADb assay. The partial purified P52.12R8 and P53.3R2 were compared using
two standard curves. The amount of total IgG in both samples was adjusted to
be approximately 50 ug/ml. The coated antibody was B27.1 for the P53.3R2
standard curve and B43.13 was used as the solid phase antibody for the
P52.12R8 standard curve. The both assays were performed under the same
conditions (incubation time and temperature). Each data point represent the

average of triplicates. The CVs were less than 10%.

In the direct comparison between P53.3R2 and P52.12R8, we observed a
higher signal when B27.1 MAb was used as the solid phase antibody and the
P53.3R2 (B43.13 X YP4 bsMADb) was used as tracer. These results were
confirmed in two other similar experiments. The commercial RIA (Biomira Inc.
Edmonton) also utilized B27.1 as the solid phase antibody and radiolabel B43.13

is used as tracer.



Optimization of bsMAb based CA125 assay

We simultaneously explored two formats of sandwich assays, either as a
two step assay or as a single step assay. In the two step format, the primary MAb
coated plate was initially incubated with a sample containing CA125 (step 1). After
this incubation, the plate was washed and the bispecific antibody plus peroxidase
was added (step 2). In the single step format, CA125, bispecific antibody and
HRPO are added at the same time to the wells coated with the solid phase
monospecific MAb (Figure 2-6).

4+— Bispecific Antibody

4+— Monospecific Antibody

4¢— Solid Phase
Figure 2-6. Diagrammatic representation of the CA125 assay using bsMADb.

Initially, we opted for the optimization of a two step bsMAb assay using the
semi-purified P53.3R2 as tracer.

Evaluation of the second step incubation time

The kinetics of the second step was evaluated by a time course study. The

plates were coated with 1 ug/well of the B27.1 MADb, biocked and incubated



overnight with approximately 800 units of CA125. Following a wash step,
approximately 75 pl of purified P53.3R2, diluted 1 to 10 in PBS containing 30
ug/ml of HRPO, were added. Various incubation times were used and the results

are shown in the figure 2-7.
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Figure 2-7: Evaluation of the second step incubation time of the CA125 assay.
Plates were coated with B27.1 MAb and incubated overnight with 800 U of
CA125. A fixed amount of bsMAb and HRPO was added and incubated for
different times. ABTS substrate was added after 30 min. Each point represent the
average of triplicates and error bars represent the SD.

Using a moderate concentration of CA125 (800 U/ml), the assay reached
saturation at approximately 45 min. No further increase in the signal was seen with
longer incubation times up to 3 hours. Based on these observations, the incubation
time for the second step of the bsMAb assay was established as 45 min.



Evaluation of the first step incubation time

The kinetic evaluation of the first step was done by incubating samples
containing CA125 (800 U/ml) for various times. Subsequently the plates were
washed and incubated with the bsMAb plus HRPO (30 pg/ml) for 45 min (Figure
2-8).
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Figure 2-8: Evaluation of the kinetics of the first step. The B27.1 MAb coated
plates were incubated with 800 U/ml of CA125 for different times (triplicates),
washed and incubated with bsMADb plus HRPO for 45 min. Absorbance at 405 nm

was measured after 15 min.

The results indicated saturation at approximately 3 hours. Based on the
above two studies a 3h plus 45 min assay was chosen for further studies. This
time frame for the assay was substantially shorter than the commercial RIA

(overnight incubation).



Variation in the mass of solid phase MAb coating

The amount of the first MAb coated on the plate in all previous experiments
was 1 ug/well. Employing 3 hours incubation for the first step and 45 minutes for

the second step, we evaluated the effect of the concentration of coated MAb in the
assay performance (Figure 2-9).
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Figure 2-9: Comparison of different concentrations of solid phase B27.1. Different
concentrations of B27.1 were coated (from 0.25 pg/well up to 16 pg/well). The
standard curves were done with 3 hours incubation for the first step and 45
minutes for the second step. Absorbance (405 nm) was determined after 30 min of

substrate development time. Each point represents the average of triplicates and
the CVs were less than 10%.
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There was no difference in the signal generated in the assay using 0.25 to
16.0 ug/well of the capture MAb (B27.1). This indicated that saturation of the
coating step occurs at approximately 0.25 ng/well. All the further optimization was

performed using plates coated with 0.5 ug/well of B27.1.

Variation in the concentration of bsMADb

The total protein of the concentrated DE-52 purified P53.3R2 was 1.3
mg/ml with a purity of approximately 50% in terms of IgG (bispecific, monospecific

and other non-functional immunoglobulin combinations).
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Figure 2-10: Variation in the concentration of bsMAb in the CA125 assay. The
semi-purified bsMAb was diluted with 1% BSA (1:5 up 1:1000). The amount of
HRPO was kept constant in all dilutions (30 ug/ml). Each line represents the
absorbance (405 nm), obtained after 30 min of substrate development time using



different concentrations of CA125, as a function of bsMADb dilution factor. Each

point represents the average of triplicates and the CVs were less than 10%.

In order to further optimize the bsMAb assay, the optimal concentration of
bsMAb was determined. The purified bsMAb was diluted with 1% BSA in the
following dilution 1:5, 1:10, 1:20, 1:50, 1:100, 1:250, 1:500 and 1:1000. The
amount of HRPO was kept constant in all dilutions (30 pg/ml) the results were
showed in the figure above (Figure 2-10).

The dilution curves shown an absorbance difference between zero U/mi
and 250 U/ml of at least 0.500 at 1:10 and 1:20 dilutions. Signal saturation only
occurred at lower CA125 concentrations (50 U/ml) and using a 1:5 dilution factor.

Effect of different HRPO concentrations

Once the concentration of purified P53.3R2 was determined, the next step
was to evaluate the effect of different HRPO concentrations. The bsMAb was
diluted 1:20 and mixed with different concentrations of HRPO (50 pg/ml, 25 ng/ml,
10 pg/ml, S5pg/ml, and 2.5 pg/mi). These samples were pre-incubated at RT for 3
hours before the assay. The assay was performed using all the previous

optimized parameters (Figure 2-11).
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Figure 2-11: Determination of the optimal HRPO concentration. The BsMAb was
diluted 1:20 and mixed with different concentrations of HRPO (from 2.5 ug/ml up to
50 ug/ml). These samples were pre-incubated at RT for 3 hours before the assay.
The assay was performed using all the previous optimized parameters. Each curve
represents a different concentration of CA125. Each data point is the average of

triplicates and the CVs were less than 10%.

The assay saturated at approximately 10 pg/mi of HRPO. With
concentrations below 10 ug/ml, there was a decrease in the signal. This was
confirmed in other experiments of similar design. The decrease was more
significant in higher concentrations of CA125. The use of excess of HRPO can
cause artifacts, resulting in the development of false positive reactions and high
coefficient of variation in replicates (data not shown). This is probably due to
problems in the washing steps or due to unspecific binding of the HRPO. Based

69



on all these observations, 10 pg/ml as considered the optimal HRPO

concentration.
Single step versus two step assay

The optimized parameters thus far were kept constant: coating with 0.5
ug/well, 1:10 dilution of the bsMAb with 10 pg/ml of HRPO. The two step format
had a 3 hours first incubation step; the plate was washed 3 times, followed by 45
min incubation for the second step. In contrast, the single step assay was
performed by incubating all the reagents (bsMAb, HRPO, CA125 samples) at the
same time for 3 hours and 45 min. Finally the plate was washed and the ABTS
substrate added. The absorbance was measured after 30 min at 405 nm (Figure 2-
12).

® Single step
O Two steps
—— Linear Regressions

0.75 +

0.50 -

Absorbance 405 nm

025 4

0.00 + T T T T
0 200 400 600 800 1000

CA125 U/ml

Figure 2-12. Single step versus two steps CA125 assays. Using all the optimized
parameters, the two step format had 3 hours first incubation step, followed by a 45
min for the second step. In contrast, the single step assay was performed by
incubating all the reagents (bsMAb, HRPO, CA125 samples) at the same time for
3 hours and 45 min. Finally the plate was washed and the ABTS substrate added.
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The absorbance was measured after 30 min at 405 nm. Each data point
represents the average of triplicates and the CVs were less than 10%.

There was a significant difference in the slope of the standard curves. This
difference wouid directly reflect a decrease in sensitivity in a single step assay.
This lower signal yield was also observed in two other similar experiments. Based
on these observations and the potential risk of development of "hook effect" at
substantially higher CA125 concentrations in the single step assay, we opted for
the two step format in the subsequent optimizations.

Evaluation of sensitivity and range

Using the all the optimized parameters, a standard curve was generated to
evaluate the sensitivity and range of the assay (Figure 2-13). After the final
washing step, substrate was added and absorbance was measured at different
times. This study was performed using 12 replicates of each point. The analytical
sensitivity or low limit of detection was calculated based on unit value of antigen

above the zero value signal plus 2 standard deviations (Figure 2-14).
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Figure 2-13: Standard curve of the optimized assay. Range of the optimised two
step CA125 assay: with a 3 hours for the first step and 45 min for the second step.
Each point represented the average of 12 replicas. The SD of each point is
represented by error bars. The same plate was read at different times after
addition of ABTS substrate, to generate the different curves.
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Figure 2-14: Analytical sensitivity as a function of the time of substrate
development. Based on the data presented in figure 2-13 the analytical sensitivity

at different time points was determined.

There was linearity up to 200 U/mi of CA125 even after 2 hours of substrate
development. The linear range increased with shorter substrate incubation times.
The analytical sensitivity varied from 4.94 U/ml to 0.894 U/ml depending on the
substrate incubation time.

In another study a more sensitive peroxidase substrate. TMB (1-Step Turbo
TMB-ELISA, Pierce) was compared with ABTS substrate. This study involved the
development of four sets of standard curves performed under exactly the same
conditions. Following the last wash step, one standard curve was incubated with
ABTS and the other three with TMB. The TMB substrate produced a blue color
product that is converted to a yellow product after the addition of 1 M phosphoric
acid to stop the reaction. The addition of the phosphoric acid increases the

absorbance values up to three times, reflecting a proportional increased in the



sensitivity of the substrate. The phosphoric acid was added 5 min, 15 min and 30
min after the addition of the substrate. The absorbance was measured at 405 nm
for the ABTS substrate and at 450 nm for the TMB substrate. The slope of the
linear portion of the standard curve was calculated and the data is shown below
(Figure 2-15).
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Figure 2-15: Comparison of ABTS versus TMB as substrate. Four sets of standard
curves (triplicates) were developed under exactly the same conditions. Following
the last wash step, one standard curve was incubated with ABTS and the other
three with TMB. The slopes of the standard curves (OD/Units of CA125) were
plotted in relation to the substrate development time.



A table of equivalence can be generated based on the comparison between
substrates (Table 2-1).

ABTS T™B

60 min 18 min

45 min 15 min

30 min 10 min

15 min 6 min

5 min less than 5 min

Table 2-1: Substrate equivalence. Based on the plots generated in the
figure 2-15 a table of equivalence between ABTS and TMB was established.

This table can be used to predict the analytical sensitivity if the ABTS
substrate was replaced by TMB.

Discussion and conclusions

Bispecific monoclonal antibodies are powerful immunoreagents with many
advantages over the traditional chemically labeled monospecific antibodies
(Fanger, 1992; Suresh, 1986). The ability of every bsMAb molecule to bind a
marker enzyme such as peroxidase allows the immunoprobe to reach the absolute
theoretical limits of specific activity, thus enhancing the sensitivity of
immunoassays. Bispecific MAb based dipstick immunoassays for substance P was
one of the first examples of the use of bsMAb as immunotracer (Suresh, 1986).
Subsequently, other immunoassays have been described: for interferon
(Kontsekova, 1992), follitropin (Allard, 1992), carcinoembrionic antigen (Gorog,
1989), erythropoietin (Wognum, 1989), rabbit IgG (Kenigsberg, 1990) and human
lymphotoxin (Tada, 1989). We embarked on the development of a bsMAb based
CA125 assay.



Bispecific clones can be generated by fusion two established hybridomas.
Using this approach, the specificity, affinity and other biological characteristics of
the antibodies would be already established. In this case we chose a pair of well
characterized anti-CA125 antibodies (Krantz, 1988), and an anti-peroxidase
hybridoma that had been already used for the generation of bsMAbs (Suresh,
1986). The first step in the development of the hybrid-hybridomas was the
selection of a double resistant (Ouab’, Aza") YP4 sub-clone. Most of studies
describing the development of ouabain resistant cell lines were performed in a
step by step procedure with increasing concentrations of ouabain beginning at
0.1 mmol/l. It is clear that the frequency of spontaneous resistance to ouabain is
at least 3 to 4 logs of magnitude less than azaguanine, making the development
of such cell line very time consuming (Baker, 1974; Staerz, 1986). Finally there
are some cases where the resistance to ouabain was coincidental with the lost of
MAD secretion (Chervonsky, 1988). The drYP4 was established by a single step
selection with azaguanine, followed by a selection with progressive higher
concentrations of ouabain. The double resistant cells appeared to produce
similar amounts of antibody as the original YP4 cell line. The drYP4 can be used
as a universal fusion partner for the generation bsMAb for immunodiagnostics.

The fusion protocol utilizing PEG generated a large number of resistant
clones (Ouab’/HAT"), but only 1.5 % of those clones produced bsMAb anti-
peroxidase X anti-CA125 (B43.13) and only 1.8% in the B27.1 fusion. This low
frequency of positive clones may be related to genetic instability. The hybrids
would preferentially lose one or both immunoglobulin genes. One clone from
each fusion was selected and recloned. Large quantities of supernatant
produced for antibody purification and assay optimization.

The intensity of the signal in the initial screening was low, due probably in
part to the presence of contaminating monospecific and other trans species of
immunoglobulin (Milstein, 1984). The DE-52 purified bsMAb fraction, although not
completely free of other antibody species, presented a higher consistent activity,
the IgG purity of these fractions were between 50% to 75%. Even in the presence



of a non ideal preparation of bsMADb the signal generated by the DE52 purified
fractions were adequate for the further optimization of the assay.

The Protein A purification was not used with the exception of a trail
experiment designed initially to purify the total IgG from the tissue culture
supernatant. Even using a relative large column and low loading speed, there was
still detectable bsMADb activity in the unbound fraction, which may represent a
lower affinity of the bsMAb towords the Protein A. However, the most important
observation, was that bsMADb activity seems to be eluted in the first half of the
antibody peak. | did not pursue the optimization of this method. In 1995 Lindhofer
at al (Lindhofer, 1995) described a method for differential purification of
mouse/rat antibodies based on the different affinities of mouse-rat hybrid
molecules towards the Protein A.

The optimization of the bsMAb CA125 assay required the evaluation of
multiple variables. Some of these variables were not directed associated with the
bsMAD itself. The kinetics of the first step is mostly dependent on the coating
characteristics and affinity of the catcher antibody. The use of a more sensitive
substrates can significantly improve the sensitivity of the assay, reducing the
substrate incubation time (Porstmann, 1992). By changing the peroxidase
substrate from ABTS to TMB, a .4 U/ml analytical sensitivity could be obtained in
10 min, rather than 30 min required with ABTS substrate.

Based on theoretical grounds, a two step assay should have a better range
and sensitivity than a single step assay. Hook effect is not observed in a two step
assay (Gosling, 1994). The comparison between the single step and the two step
assay confirmed the decrease in sensitivity associated with the singie step assay.

The bsMAb assay was developed to achieve rapid kinetics and sensitivity
for application in manual and automated ELISA. The RIA format using B27.1 (solid
phase) and B43.13 (tracer) and the prototype ELISA using HRPO chemically
conjugated to monospecific B43.13 could not be performed in less than an
overnight incubation (Krantz and Suresh, unpublished data). This could occur due
to a combination of low specific activity of the tracer and the loss of antigen binding



due to chemical manipulations, factors that are not present in the case of a bsMAb
probe.

The ion exchange purification was not effective in producing highly purified
bsMAb preparations. This was one of the limitations for the development of an
even better assay. Protein A may be an efficient method to purify rat/mouse
bsMAb and should be further evaluated. Even with this semi-purified bsMADb, |
established and optimized an assay. The final analytical sensitivity was less than
1 U/ml of CA125. The final assay format was established to be 3 hours of
incubation in the first step, follow by a 45 min second step. ABTS substrate
required approximately 30 min to reach the desirable sensitivity. On the other
hand, the use of TMB as substrate can reduce the substrate incubation time to 10
min. The sensitivity of bsMADb assay is comparable to most assays currently used
in the clinic. The current format with the two monospecific MAbs either as a
radioimmunoassay (TRUQUANTR OV2 RIA, Biomira Inc. Edmonton) or enzyme
linked assay have a long (ovemight) incubation time. Another unexplored potential
application for these bsMAbs is in immunohistochemistry.

The development of better methods to purificaty bsMAbs would further
enhance the assay performance and potentially shorten the assay time. The other
area of improvement in the bsMADb technology should be the methodology for

generation of hybrid-hybridomas.
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Chapter 3 Development of a new second generation
heterologous double-determinant bispecific CA125

immunoassay

Introduction

Cancer Antigen 125 (CA125) was originally identified by the monoclonal
antibody OC125. Since its original discovery, several other MAbs reactive to the
antigen have been developed. In two recent workshops organized by the
International Society for Oncodevelopmental Biology and Medicine (ISOBM) on
CA125 (TD1) (Nustad, 1996), 26 antibodies against CA125 were analyzed in an
effort to epitope map CA125 and characterized those antibodies. One of the
conclusions reached during these workshops was that the CA125 antigen
consists of multiple sub-units, each containing the antigenic sites recognized by
both OC125 and the M11-like antibodies. These sub-units would probably be
linked through S-S bonds and carbohydrate mediated intra-protein interaction
and the three dimensional folding would finally make up a molecule with a very
limited number of antigenic sites.

M11 antibody was originally described in 1991 by O’'Brien and co-workers
(O'Brien, 1991). The M11 antibody was then used to developed, the “second
generation” immunoassay for CA125 (Kenemans, 1993). Kenemans et al
described the development of a hetrosandwich immunoradiometric assay
wherein M11 antibody was used as capture antibody and the original 0C125
antibody as a radioiodinated tracer. Since none of the OC125-reactive epitopes
were occupied in the capture phase, all OC125 epitopes remain available for
quantification. Theoretically, this would result in an increased signal-to-noise
ratio (Kenemans, 1993).

In the previous chapter, | described the development of a bispecific
monoclonal antibody (bsMADb) anti-CA125/anti-peroxidase. This bsMAb was able
to bind CA125 in one paratope and horseradish peroxidase (HRPO) in the other
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paratope, generating an immunotracer with superior characteristics in terms of
kinetics and sensitivity. Possibly, every sandwich temary complex was associated
with the signal generating HRPO. Employing this probe, we eliminated the need of
chemical labeling of the peroxidase to the antibody. This avoids any batch to batch
variations and antibody damage during labeling. The original bsMAb assay utilized
the B27.1 monoclonal antibody and a bispecific form of the B43.13 antibody
(Kreutz, 1995). This combination presented excellent assay characteristics with a
total incubation time of 4 hours, compared with the overnight incubation required
in the radiometric assay developed using the same pair of monoclonal antibodies
(Krantz, 1988). B43.13 and B27.3 belong to the OC125-like group (group A), but
they are not mutually inhibited by each other.

A heterogeneous double determinant CA125 bsMADb assay would have
superior assay characteristics when compared with the single determinant
CA125 bsMAD assay. In order to explore this hypothesis and developed new
M11-like hybridomas, which could be used to further epitope map CA125. The
MAD produced by these new clones were used to establish a new second
generation heterologous double-determinant bispecific CA125 immunoassay
(Figure 3-1).

«+— Bispecific Antibody
OC 125-like

>

&«— Monospecific Antibody
M11- like

/. / +— Solid phase

Figure 3-1: Diagramatic representation of the heterologous double-determinant
bispecific CA125 immunoassay.
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Material and methods

Purification of CA125 antigen

The CA125 antigen was purified from ascites of an ovarian cancer
patient. Approximately 1 liter of ascites fluid was collected. There was
approximately 532,000 U of CA125 per ml of ascites. Fifty milliliter or
approximately 2.5 millions units of CA125 were centrifuged at 1000xg for 15 min.
After clarification 35 ml were loaded onto Sepharose CL-4B column (bed volume
of 220 cm?®) pre-equilibrated with PBS. Gel filtration was performed with PBS with a
flow rate of 1.5 mi/min. Thirty three fractions (5 ml) were collected and the CA125
concentration determined using the bsMAb assay. Total protein was measured
using the protein assay reagent BCA®with BSA as standard (Pierce Chem.Co.).
The fractions were pooled based on the CA125 content and limiting the amount of

contaminant proteins as describe in the resuits section.

BsMAb assay

The bsMADb assay used to measure CA125 in this work was based on the
previous section. Briefly, Immunomax (Nunc) plates were coated with purified
B27.1 (1 ug/ml) in PBS. The nonspecific binding sites were blocked with 1% BSA
in PBS, and CA125 samples or calibrators incubated for 3 hours at RT, under
agitation. The plates were washed 3 times and 100 pl of the bsMAb P53.3R2
(B43.13 X anti-HRPO) plus 25 ug/ml of HRPO was incubated for 45 min at RT.
Following a final wash the plates were incubated with ABTS (2.2'-azino-di[3-ethyl-
benzthiazoline sulfonate], plus H,O, (Kirkegaard & Perry Laboratories inc.) and
the absorbance scored at 405 nm after 30 min. The values were scored and
plotted using the Softmax (Molecular Devices) ELISA reader system.
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Immunization and fusion

Balb/c mice were immunized with the following protocol using the partially
purified CA125: Day 1, approximately 100,000 U/mouse with Complete Freund's
Adjutant, i.p.; Day 15, 100,000 U /mouse Incomplete Freund's Adjuvant, i.p.; Day
20: 30,000 U/mouse in PBS, i.p.; Day 25 with 45,000 U intra-splenically. The last
immunization (intra-splenic) was performed three days before the fusion in only the
selected animal.

The hybridoma fusion was performed using the standard
polyethyleneglycol protocol. Approximately 10° spleen cells were fused with 2 X
107 SP2/0 myeloma cells. After fusion, the cells were plated 1.5 X 10°/well in 96
microtiter culture plates. The fusion medium was supplemented with 10%
hybridoma growth factor (Origen). The plates were incubated at 37 ° C with 5%
CO, for 12 to 16 days. The wells containing clones were screened for CA125
antibodies. The positive clones were expanded and selected clones belonging to

the group B were recloned by limited dilution.

Screening methods

Direct ELISA

A direct solid phase assay was used to identify all the clones producing
antibodies against CA125. Partially purified CA125 was diluted 1:100 in PBS pH
7.4 and coated on to Immunomax microtiter plates (1250 U/well) overnight and
blocked for 2 h with 3% BSA. Supernatant from clones was added (100 ul) and
incubated for 2 h at 37° C. The plates were washed 3X and incubated with anti-
mouse 1gG - HRPO conjugate. After 1 hour of incubation, the plates were washed
and ABTS substrate added. After 30 min, the plates were read at 405 nmin a
microplate reader (Molecular Devices, equipped with Softmax software).



M11 labeling

Approximately 30 pg (7ul)of purified M11 antibody was diluted in 75 pl of
0.5 M Pi, pH 8.0. One lodo-bead® was then added to the diluted antibody.
Immediately after the addition of the lodo-bead, 25 pl of Na'®l, approximately
250 nCi, was added. The labeling reaction was performed in a fume hood and
the vial was mixed every 5 min. After 35 min of incubation at RT, the solution
was transferred to a tube containing 20 ul of 1.0 mol/l of cold Nal, and 50 pi of
BSA 1%. This mixture was incubated for 20 min at RT. A G-25 column (10 mi)
was used to separate the free '’ from the labeled M11. The column was pre-
blocked with 500 ul of BSA 1%. The labeled mixture was loaded into the
column and 24 fractions (500 pl) were collected. Approximately 10 ul of each
fraction was counted in a gamma counter. Fractions containing high activity
levels were diluted to allow a more precise radioactivity measurement. Labeling
efficiency was calculated as the percentage of total radioactivity eluted in the

protein fraction (first peak) of the gel filtration.

Inhibition assay

The further confirmation of group B clones was done using an inhibition
assay in a sandwich format. Immunomax plates were coated with B27.1
(1ug/well) in PBS, 100 pl per well. The coating step was performed overnight at
4 °C. The plates were washed with PBS plus 0.02% Tween 20 (PBST). Non-
specific binding was prevented by blocking the plates with 1% BSA in PBS.
Approximately, 2000 U of CA125 were added per well. The plates were
incubated for 4 hours at 37 ° C. The plates were again washed with PBST.
Approximately 70 ul of supernatant was added together with 30 ul of 2| - M11.
Unlabeled M11 was used as positive control. The maximal inhibition was
achieved with 10 ug/ml of uniabelled M11.



Antibody characterization and purification

Two of the best group B monocional antibodies (designated P90.3 and
P90.15 respectively) were isotyped using IsoStrip™ (Boehringer Mannheim).
Approximately 5 X 10° hybridoma cells were injected i.p. into pristane primed
Balb/c mice. The ascites produced in 12 to 15 days was collected and the
antibodies purified using affinity chromatography on Protein A. The purity of the
eluted material was determined by reducing SDS-PAGE (Phast Gel, Pharmacia).
The purified antibodies were used in the establishment of the new bsMADb assay.

Preliminary sandwich ELISA assay

A preliminary study was done to evaluate the capacity of newly developed
Group B clones to form an efficient ELISA sandwich with P52.12R8
(B27.1/HRPO bispecific antibody) or P53.3R2 (B43.13/HRPO bispecific).
Immunoplates (Nunc) were coated overnight with 1ug/well of purified P90.3 or
P90.15. The plates were blocked with 1% BSA solution for 1 hour. The plates
were washed and amounts of CA125 were added and incubated for 3 hours.
Following the first incubation step the plates were washed. P53.3R2 or
P52.12R8 was added as tracer. After 45 min, the plates were washed and ABTS
substrate was added. The absorbance at 405 nm was measured after 30 min.

Results

CA125 purification

Approximately 17.5 million units of CA125 (35 ml of ascites) were loaded
on to a gel filtration (Sepharose 6B) column. The elution profile is shown in
figure 3-2. The CA125 content was measured using the bsMAb assay previously
developed and the total protein was determined using the BCA assay. The

results were used to evaluate the presence of protein contaminants.
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Figure 3-2: Gel filtration chromatography of CA125 from ovarian cancer ascites.
Approximately 35 ml of crude ovarian cancer ascites were loaded in a 300 ml gel
filtration column. In each fraction (duplicates) the total protein was determined
using BCA protein assay (absorbance 560 nm). The CA125 was also measured
(duplicates) using the bsMAb assay (absorbance 405 nm).

Thirty five milliliters of patient ascites, approximately 500,000 U/mi,
represent 17,5 million U of CA125. Based on Davis et al (Davis, 1986),
gravimetrically 1 ng of CA125 is equivalent to 317 U and hence the total mass of
CA125 loaded was 55.2 mg. The elution of CA125 starts at fraction 10
(approximately 50 ml of elution buffer), peaks at fraction 17, followed by a tail of

CA125, which may reflect lower molecular weight forms present in the ascites



fluid. The CA125 peaks ahead of the protein profile. In order to keep the CA125
purity high, fractions 10 to 14, before the emergence of the major protein peak,
were pooled. This pool had approximately 282,000 U/ml and it was concentrated
4 times by ultrafiltration (1,128 KU/ml) and used for the immunizations and

screening procedures.

Fusion and screening

Approximately 95% of the wells contained clones that were initially
screened using a direct CA125 binding assay. Out of 700 clones, 124 primary
clones were identified as potential CA125 clones by the direct ELISA. All those
clones produced absorbance higher than 0.300 above background. Ali these
clones were expanded and cryopreserved for further studies.

Purified M11 antibody obtained as part of the [ISOBM Workshop
evaluation was labeled with '®| as described in the method section. The labeling
efficiency was 84.5%. This material was used for the screening and
characterization of the new M11-like monoclonal antibodies.

In order to further characterize these potential anti-CA125 clones we tested
the capacity of the crude supematant to inhibit the M11 binding in an IRMA format

as describe in methods (Table 3-1).
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Clones |Screen 1| Screen 2 | Screen 3
Maximal| 28800 29000 9840
Binding | (CPM) | (CPM) (CPM)
M11 450 1600 420
P90.1 14700 24500 7340
P90.3 | 14200 21000 6270
P90.4 | 16200 29000
P90.5 | 16600 25500 7780
P90.6 | 15800 25000 7950
P90.7 | 19900 28000
P90.9 | 18500 26000
P90.11 | 17900 24500 9660
P90.12 | 17600 | 27000
P90.13 | 20600 27000
P90.15 | 15800 20500 5820
P90.16 | 19700 21000 8965
P90.22 | 19900 25500
P90.24 | 19200 25500
P90.29 | 18700 25500
P90.30 | 20400 26500
P90.33 | 20000 27000
P90.34 | 19700 27500
P90.35 | 20000 25500
P90.40 | 20900 25000
P90.42 | 20100 25500
P90.46 | 19400 27000
P90.47 | 18200 26500
P90.50 | 19300 25000
P90.54 | 19800 26000
P90.55 | 20000 26000
P90.58 | 19600 27500
P90.59 | 16300 25500

Table 3-1: Initial and confirmation of primary Group B anti-CA125 antibodies.
Immuno-plates were coated with B27.1. After blocking, approximately 2000 U of
CA125 was added and incubated for 4 hours at 37 ° C. The supernatant from
the different hybridomas was added together with '#[ labeled M11 antibody.
The assay was incubated overnight. The results represent the average of
triplicates in three different experiments. The results are expressed in CPM.



Thirty two clones (25 %) presented some degree of inhibition. The
inhibition varied from 51% to 27% and the positive control (1 ug of purified M11)
produced 98% inhibition. Two of the best clones (P90.3 and P90.15) were
recloned by limiting dilution three times and the data in table 3-2 represent the
results of each of the best reclones chosen for further study.

Clone Reclone 1 Reclone 2| Reclone 3
(CPM) (CPM) (CPM)
Maximal Binding 72000 21250 61250
M11 (1ug/ml) 1600(97%) | 410(98%) | 3200(94%)
PS0.3 19800 (72%) | 5570(73%)| 16200(73%)
P90.15 30000(58%) | 7430(65%)| 23000(62%)

Table 3-2: Inhibition data from P90.3 and P90.15 after recloning. Competition
between labeled M11 and two best M11-like antibodies. Three different
experiments (triplicates) expressed in CPM and percentage of inhibition (B/B.,,
x 100).

Both clones P90.3 and P90.15 were IgG1, Kappa. The reclones
P90.15R32.4 and P90.3R2.1 were selected among the reclones and injected
into pristane primed BALB/c mice. Approximately, 20 ml of ascites of each clone
was produced. The monoclonal antibodies were purified using a standard Protein
A affinity chromatography protocol. The purified samples were approximately
95% pure 1gG by reducing SDS-PAGE.

Preliminary sandwich ELISA assay

A preliminary study was done to evaluate the capacity of these M11-like
clones to form an efficient ELISA sandwich with B43.13 and B27.1. Purified
P90.3 or P90.15 was coated on immuno-plates at 1 pg/well. After blocking the
plates, different amounts of CA125 were added and P52.12R8 (B27.1/HRPO
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bispecific antibody) or P53.3R2 (B43.13/HRPO bispecific) was used as tracer.
The data are shown in figure 3-3 and 3-4.

2.00
—&— B43.13 solid phase
—O— P90.15 solid phase
—¥— P90.3 solid phase
1.50 4
£
c
n
o
~
3
g 1.00 1
Qo
£
[«
723
Q
<
0.50 4
0.00 v T 1 T
0 1000 2000 3000 4000
CA125 U/ml

Figure 3-3: Sandwich ELISA assay using the new M11-like antibodies. P52.12R8
was used as tracer. B43.13 was also coated as control. Immuno-plates were
coated overnight with 1pg/well of purified P90.3 or P90.15. After blocking,
different concentrations of CA125 were incubated for 3 hours. P52.12R8 bsMAb
was used as tracer. The absorbance (405 nm) was measured after 45 min. Each

point represent the average of triplicates. The CVs were less than 10%.
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Figure 3-4: Sandwich ELISA assay using the new M11-like antibodies. P53.3R2
was used as tracer. B27.1 was also coated as control. Immuno-plates were
coated overnight with 1pg/well of purified P90.3 or P90.15. After blocking,
different concentrations of CA125 were incubated for 3 hours. P53.3R2 bsMADb
was used as tracer. The absorbance (405 nm) was measured after 45 min. Each

point represent the average of triplicates. The CVs were less than 10%.

Discussion and conclusions

CA125 is the most useful tumor marker for the management of ovarian
cancer patients. It has been used for the last 10 years in the follow up of patients
with ovarian cancer (Buller, 1996). CA125 is a large glycoprotein with many
unknown biochemical and biological characteristics. Based on the results and
conclusions obtained during the ISOBM TD1workshops, the CA125 molecule
seems to have two major epitope sites: group A (OC125 like) and B (M11-like)
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(Nustad, 1996). We previously had developed a bispecific immunoprobe, in
which a single antibody molecule has two different paratopes. This type of
immunoprobe would provide significant advantages in terms of assay
characteristics and possibly ease of manufacturing steps (Kreutz, 1935). Our
previous bsMAb assay utilized two monoclonal antibodies (B43.13 and B27.3)
both belonging to the group A (OC125 like). It was suggested that a
heterologous double-determinant (group A and B) assay would have some
advantages over a single determinant assay. We developed two new group B
antibodies and obtained preliminary data in the establishment of a new second-
generation heterologous double-determinant bispecific assay.

CA125 is a very heterogeneous antigen that can be present in high
concentrations in malignant ascites of ovarian cancer patients. We utilized
ascites from a patient with approximately 0.5 million U/ml of CA125. This material
was partially purified using gel filtration. The majority of CA125 was eluted in the
first two bed volumes and should represent a product with approximately 1 MDa.
A tail effect was also observed which might represent forms of CA125-like
immunological activity.

The immunization protocol utilized a total of 275,000 U of CA125 divided
into 4 injections. It seems that the last intra-splenic injection increases the total
number of splenocytes obtained for fusion and the antigen specificity of those
lymphocytes (unpublished observations). Out of 700 clones, we identified 124
clones (17%) that reacted with the partially purified CA125 coated in microtliter
plates. We expect that some of these clones react to contaminants present in the
partially purified CA125. Out of those 124 clones, 32 (25%) gave some degree
of competitive inhibition against M11. Further analysis of the remaining clones
regarding their classification into the other CA125 groups is yet to be performed.
These studies would be interesting to further confirm the proposed CA125
antigenic sites, as well as to further characterize the immuno-dominance of one
of these sites.

Two of the best newly developed clones (P90.3 and P90.15) were further
recloned and characterized. In preliminary studies, these two new monocional
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antibodies were utilized as solid-phase MADbs in conjunction with bsMAb
immunoprobes. P90.3 and P90.15 formed sandwich complexes, but more
studies are needed to optimize the assay condition and compare the clinical
utility of an double-determinant assay to the assay using two group A antibodies
(single-determinant).



Chapter 4 Establishment of New Ovarian Cancer Cell
Lines and Purification of CA125

Introduction

CA125 was initially discovered in 1981 (Bast, 1981), but its function and
biochemical characteristics still are largely unknown (Nustad, 1996). Different
human ovarian cell lines (OVCA 433, CAOV3, CAOV4, OVCAR, RMG-II),
human lung adenocarcinoma cell line (PC 9), and human epithelial amnion cell
line (WISH) can be used to produced CA125 in tissue culture (Fendrick, 1993;
Nustad, 1996). While human milk and serum can be used as source of CA125,
probably the most common source of CA125 used in purification procedures is
ascites from ovarian cancer patients. The specific activity of the purified CA125
varies from 317 U/ug (Davis, 1986) to 6 U/ug of protein (de los Frailes, 1993),
with purification protocols involving acid precipitation, gel filtration and/or affinity
chromatography. One of the major limitations in the biochemical characterization
of the CA125 is the total lack of information regarding its gene(s) and its
molecular cloning. The purification and characterization of CA125 from different
sources (human ascites and tissu