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Abstract 

Bispecific antibodies are unique rnacromolecular heterobifunctional cross- 

Idcers with two different binding specificities. As unique bioconjugates, they have 

immense potential in biological and immunological fields. The long-term goal of this 

research is to develop such useful bioconjugates incorporating a biotin binding a, 

eliminating the need for chemical conjugations in a variety of applications. 

First, a hybridoma secreting W b  against biotin has been generated by 

conventional hybridoma technology . Then, a novel non-selective micro-electro fusion 

method was developed to generate two quaciromas secreting bsMAb with anti-biotin 

paratope. The bsMAb (anti-biotin x anti-HRPO) has comparable avidity to commercial 

streptavidin-HRPO when tested against biotinylated macromoiecules. BsMAb can 

bind the enzyme diredly and thus eliminate the need for chemical conjugation. This 

bsMAb has been used as a promising immunoprobe for detecting many 

macromolecules bearing biotin markers, such as protein, phage, liposome and DNA in 

different bioassay systems. Finally, a -or-specific drug delivery system has been 

developed combining pretargeted bsMAb (anti-biotin x anti-squamous carcinoma) and 

biotin pegylated liposome. This new strategy has superior properties for potential 

tumor therapeutics: (1) Pegylated Iiposomes could deliver a large amount of 

radioisotopes or anti-cancer drugs to the target. (2) Pretargeted bsMAb could rninimize 

the limitations of Mmunoliposome applications in vivo. (3) Modification of liposomal 

surface by biotin is a relatively easy process and would not affect liposome 



characteristics. (4) Multiple biotin moieties on the surface of peglated liposome 

enable it to have much higher local biotin concentration compared to fiee biotin hapten 

when binding to anti-biotin binding a m  of bsMAb. (5) Cross-linkuig multi-epitopes 

on the surface of a tumor ce11 could initiate endocytosis and intracellular delivery of 

cytotoxic drugs. These studies will open up new strategies in solid tumor therapeutics. 
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CHAPTER 1 

LITERATURE R E W W  

Pari of thir chapter hm been published by Bioconjugate Chemishy 9, 635-644, 1998. 

To completely control cancers and cardiovascular diseases, the major causes of 

morbidity in the Western worid, developing efficient targeting systems is a pressing 

need. To improve life quality of elderly, with the emergence of an aging population, 

selective targeting for treatments of CNS related diseases is demanding. To reduce 

patient's resistance to cornmonly used antibiotics, improved targeting chemotherapy is 

an imminent need. To understand and cure viral diseases including AIDS, targeted 

therapy wili defhitely play an invaluable role. 

Dmg targeting through carrier system has been a central topic of research in 

biomedical areas. Several carriers have been explored to deliver dnigs toward the 

specific targets. Commonly used dmg carriers include: liposomes, antibodies, albumin 

conjugates, dextran, lectin etc. (Vernuri and Rhodes, 1995). Targeting could 

undoubtedly play an important role in concentrathg drugs locally while minimizing 

toxicity. 

1. BISPECIFC ANTPBODIES 

Monospecific antibodies exemplified by the naturally occurring major IgG class 

have two identical antigen bindhg paratopes due to their make-up with two identical 

heavy and light chains. The fust bispecific polyclonal antibodies were generated using 

chernical methods by Nisonoff and Rivers in 1961 (Nisonoff and Rivers, 1961). 

However, the concept of bispecific monoclonal antibodies with two different 

specifications was introduced by Milstein and CuelIo in 1983 (Milstein and Cuello, 

1983). In the past two decades, hybridoma technology established itself as one of the 

comerstones of modem biotechoology (Kohler and Milstein, 1975). As a result, 

bsMAb represent second generation of monoclonals developed for a variety of Nt vivo 

and in vitro uses. 



A number of applications for MAbs involve chemical manipulation of the 

antibody to create covalent immunoconjugates with radionuclides, enzymes, toxins, 

drugs and a variety of other haptens. Early chemical conjugation methods using 

hornobifünctional cross-linkers generated complex aggregates of the two entities. 

Refinernent in chernicd conjugation, employing heterobifimctional cross-Iinkers, has 

mitigated the problerns but not entirely eliminated them (Hermansen, 1996). Bispecific 

antibodies with intrinsic binding sites to any two antigens have the capability to form 

uniform, homogeneous and reproducible immunoconj ugates with one or two entities 

in a predetermined order (Suresh et al., 1986a). As such binding is non-covalent and 

dependent largely on the a m t y  of the epitope-paratope interaction, bsMAbs have a 

singular advantage of being able to cross-link two cells for targeting purpose NI vivo 

(Staea and Bevan, 1989). The latter feature has not been descnbed to date using 

chemical conjugation methods for in vivo applications. Current applications of 

bsMAbs range fiom immunohistochemistry (Milstein and Cuello, 1983), 

imrnunoassays (Kreutz and Suresh, 1995 and 1997; Suresh et al., l986a), complernent- 

mediated cytotoxicity (Wong and Colvin, 1987) and in vivo retargeting W g e r  er al., 

1995; Demanet et al., 1996; Sornasundaram et al., 1996). 

The bsMAb has great potential in a wide variety of research and eventually, 

clinical uses. Some of these exciting explorations include redirecting cytotoxicity to 

tumor cells or virus, developing antibody-directed enzyrne prodrug therâpy (ADEPT), 

targeting fibrinogen activator to dissolve fibrin dots and generating effective vaccines. 

1.1. Production of Bispecific Antibodies 

Many different types of bsMAbs have been made (Fig 1.1, p 25) by one of three 

general methods: (1) chemically cross-linking two antibody molecules or antibody 

fkagments, (2) fusion of two different ce11 lines to form a quadroma or trioma, (3) 

recombinant DNA based approaches. 



1.1.1 Chemically Coupling 

More than 30 years ago, the k s t  polyclonal antibodies with two different 

specincations were produced by chemically coupling two different polyclonal 

antibodies (Nisonoff and Rivers, 1 96 1 ) . This chernical manipulation involved the 

dissociation of the two different antibodies, mixing and reassociation of the two half 

molecules. A portion of the reassembled antibodies was shown to be bispecific in 

nature by immunohistochemistry. With the advent of monoclonal antibodies (MAb) 

and improvernents in the chemistry of preferentiai formation of heteroconjugates, 

developing bispecific monoclonals became a reality, eliminating the heterogeneous 

polyclonal reagents. 

A large nurnber of chernical reagents have been used for selectivety cross-linking 

proteins through specific fûnctional groups. Bifunctional reagents reactive with E- 

arnino groups or with hinge region thiol groups have been most useful in preparing 

bsMAb and other types of irnmunoconjugates. These cross-linkers cm be classified 

into two categories, homo and heterobifunctional reagents. 

The homobifunctional reagents react with the fiee thiol groups generated by 

reducing inter heavy chah disulfide bonds. 5, 5'-dithiobis(2-nitrobenzoic acid) 

(DTNB) or O-phenylenedimaleimide (O-PDM) as a maleimide-containhg compound 

cm activate thiolç on Fab' fragments of MAb ( B r e ~ e r  et al.. 1985; Glennie e t  al., 

1987; Shalaby et al., 1992). DTNB acts to regenerate disulfide bonds between the two 

Fab's, whereas O-PDM acts to fonn a thioether bond between the two Fab'. Generally, 

the thioether bond is more stable than the disulfide bond regenerated (Glennie et  al., 

1987). In addition to dimenc bsMAbs, trimeric and tetramerie antibodies with two or 

three specificities have been constmcted using O-PDM and shown to have more potent 

redirecting effector ce11 himor cytotoxicity compared to the conesponding dimerk 

antibodies (Tutt et al., 1991a and b). 

The heterobihctional reagents can introduce a reactive group into a protein 

enabling it to react with a second protein. N-succinimidyl-3-(2-pyridy1dithio)- 

propionate (SPDP) cm react with primary amino groups to introduce fiee thiol groups 



(Jung et al., 1991; Segal et ul., 1988). As a result, SPDP c m  combine any two proteins 

that have exposed amino groups including antibodies and Fab' fragments, regardless 

of class or isotype (Van Dij k et al., 1989). Unfortunately, this approach causes random 

cross-linking ofthe molecules and hence exhibits batch to batch variations. 

The improvements in cross-linking technology have led at Ieast one biotechnology 

Company (Medarex Inc., NJ) to develop bispecific antibodies and evaluate their 

utility in FDA approved human clinical trials (Valone, et al., 1995). Chernical linking 

that has been highiy refined is more straightforward, faster, higher yields, and the 

products are comparatively easier to purify (Glennie et al., 1987). However, 

denahil-ation of antibody is a concern d u ~ g  these types of chernical reactions. 

1.1.2 Somatic Hybridization 

Somatic hybridization for generating hybnd antibodies appeared as early as 

1973 (Cotton and Milstein, 1973), although the term and concept of bispecific 

antibodies were not appreciated. Basically, somatic hybridization included fusion of 

two hybridomas and purification of the bsMAb generated by the resulting quadromas. 

Two general methods have been introduced to generate hybrid-hybridomas secreting 

bsMAb: (1) fusion of one established hybridoma with lymphocytes derived fiom a 

mouse imîmunized with a second antigen generates trioma WIstein and Cuello, 1983), 

(2) fusion of two established hybridomas generates a quadroma (Suresh et al., 1986b). 

Somatic hybridization for development of bsMAb involves methods similar to 

those for preparing hybndomas (Kohler and Milstein, 1975). It has been greatly 

facilitated by the use of drug resistance markers introduced into ce11 lines by 

conventional and molecular genetic techniques. First, each hybridoma ce11 line is 

made resistant to a specific hg-resistant marker. Quadroma cells are then selected 

after fusion using a culture medium containing both drugs which will kill both 

parental cells allowing only quadroma to survive (Suresh et al., 1986b; De Lau et al., 

1989). Alternatively a universal fusion partner could be made by sequentially culturing 

in 8-azaguanine and ouabain to generate a HAT sensitive and ouabain resistant ce11 



line (Fig 1.2, p 26). This universal fusion partner can then be f k e d  with a second 

normal hybridoma which is HAT resistant and ouabain sensitive. Only the fused 

quadromas can survive in the combined HAT and ouabain selection medium. 

The advantage of using drug resistance markers is that the selected fusion cells are 

fiinctionally stable synkarions (fused nucfei). Many techniques are available to confer 

a specific dnig resistance marker to a hybridoma ce11 line. Selection of spontaneous 

mutants acquiring resistance to a certain dmg is commonly used. Azaguanine or 

brornodeoxyuridine can be used to select mutants with deficiencies in the purine and 

pyrimidine salvage pathway. This selection is based on mutations in the genes coding 

for hypoxanthine guanine phosphoribosyltransferase (HGPRT) or thymidine kinase 

(TK) (Mlstein and Cuello, 1983; Tada et al.. 1989; Umovitz et al., 1988; Wong and 

Colvin, 1987). These mutations render the ce11 sensitive to aminopteïin, one of the 

cornponents of HAT (hypoxanthine, aminopterin and thymidine) medium. Other drugs 

used are ouabain, emetine, actinomycin D, methotrexate, iodoacetamide and neomycin 

(De Lau et al., 1989; Staerz and Bevan, 1986; Suresh et al., l986a and b; Tiebout et 

al., 1987). 

The isolation of spontaneous dmg resistance mutants can be a time-consurning 

process due to a low fiequency of mutation, and sometimes can cause the loss of 

antibody production (NoIan and Kennedy, 1990). Alternative methods are to introduce 

a bacterium-derived marker-gene coding for a dominant drug resistant marker. Due to 

the high transfection fiequency, a retroviral shuttle system has been used to introduce 

the gene coding for aminoglycoside phosphotransferases, acquiring resistant to the 

neomycin analogue G418-sulphate (Demonte et al., 1991). Considering a risk of 

activation of retrovirus, electroporation is another choice to transfect the h-ybkkmm -* , - -- f 

safely by a bacterial plasmid. It is still difficult to clearly understand the mechanisms 

involved in the stable integration and expression of the bacteriai gene in the 

eukaryotic genome after electroporation. However, recent developments in the 

rnethodology have led to an efficient and stable transfection of a hybndoma ce11 line 

(Bos and Nieuwenhuizen, 1 992). 



Somatic hybrids can also be selected by sorting out the heterofluorescent cells 

without relying on drug selection (Karawajew et al.. 1987; Karawajew et al., 1 988). 

Here, hybridomas were fïrst pre-labeled with either fluorescein isothiocyanate (FITC) 

or tetramethylrhodarnine isothiocyanate (TRITC) via the ceIl membrane marker 

octadecylamine. Differeniially labeled hybridomas are then fused and the cells stained 

by both fluochromes are isdated using a fluorescence-activated ce11 sorter (FACS). 

Electrofusion plus FACS selection may M e r  increase yields of quadromas (Kreutz 

et al., 1998). 

BsMAb activities fiom putative quadroma clones should be tested as quickly as 

possible. A bridge ELISA is a general way to screen bsMAb (DeLau et al., 1989; 

Koolwijk et al., 1988; Suresh et al., 1986a). Double antigen ELISA may be employed 

provided that suEcient quantities of the respective antigens are available. The first 

antigen coated ELISA plates are incubated with supematant, and antibody reactivity to 

the second antigen is performed using antigen Iabeled with an enzyme marker. 

Altematively, when two different H chah  isotypes are present in the bsMAb, isotype 

specific reagents could be used for detection of hybrid molecdes. BsMAb is captured 

by antigen or antibody against one IgG subclass coated on ELISA plate and anodier 

isotype is used to be detected in an ELISA format. Lastly, the potential of bsMAb to 

redirect T ce11 cytotoxicity could be tested utilizing cytotoxic T ce11 clones and 

targeted ce11 lines (Haagen et al.. 1992). 

Biologically produced bsMAb are synthesized, assembled and secreted by the 

same process as native immunogIobuIins, and thus they have sirnilar chzracteristics in 

terms of stability and pharmacokinetics (Songsivilai and Lachmann, 1990). Since 

individual light chain and heavy chain are transcribed separately and are assembled 

randomly, the desired bsMAb produced by the quadroma could range fiom 10-50% 

(Suresh et al., l986b). Purification of this bsPviAb is essential and has been achieved 

by hydroxylapatite chromatography (De Lau et al., 1992; Karawajew et al., l987), ion- 

exchange chromatography (Auriol et al., 1994; Suresh et al., 1986b), double aEnity 



chromatography (Sahin et al., 1990; Smith et al., 1 992), mirnetic aninity methods (Xu, 

et  al., 1998) and gradient thiophilic T-gel chrornatography (Kreutz, et al., 1 998). 

1.1.3 Genetic Engineering 

Production by the chernical conjugation or ce11 fusion generates a heterogeneous 

mixture of different products, requiring labor intensive rnethods to puri@ the bispecifc 

form fiom the other homo and hetero aggregated species. Many of the limitations of 

generating bsMAb through these traditional methods may be potentially overcome by 

genetic engineering techniques. This new technique was f i s t  descnbed by Songsivilai 

and colleagues to generate transfectants for secreting hurnanized bsMAb (Songsivilai 

et al.. 1989). The common rnethod is to express antibody or its fiagrnent of different 

specincities as distinct polypeptides fkom the same transcript or fiom separate plasrnid 

constructs. Subsequently, the different antibody fragments then combine through 

binding motif (Shalaby et al., 1992). Recently, bsMAb molecules have been made as a 

single covalent structure by combining two single chah Fv fragments using 

polypeptide linker (Holliger et al., 1993; Kraflz et  al., 1995; Schmidt et al., 1996; 

Thirion et  al., 1996; Winter and Milstein, 199 1). Different spacers have been used to 

increase the bispecific yield (Gruber et al., 1994; Mallender et al., 1994). 1t is essential 

in this strategy to ensure that the two single chain antibodies exhibit affmities similar 

to the parental MAbs. 

Ridgway and associates reported a novel "knobs into holes" method to make 

bsMAb (Ridgway et al., 1996). Here, the knobs were created by replacing small arnino 

acid side chains at the interface between  CH^ domains with larger ones, whereas the 

holes were generated by replacing large side chains with smaller ones. This 

engineering of the CH3 domains of heavy chains resulted in the formation of 

heterodimers (Ab 1 -Ab2) more favorable than hornodimerïzation between Ab 1 -Ab l 

and Ab2-Ab2. 

Holliger and his colleagues developed a diabody method to generate bsMAb 

hgments (Holiiger et  al., 1993). The diabody method constmcts scFv chains with 

short linkers, which prevents intrachain pairing but allows interchain pairing to form 



bivalent fiagments. If the scFvs contain VL and VH for tWo different antigen targets, 

then assembly with the reciprocal scFv pair c m  generate bsMAb fragments. Moreover, 

a phage display diabody approach was developed to generate and screen bispecific 

scFvs (McGuinness, et al., 1996). Although the diabody approach appears promising 

with previously cloned scFv molecules, construction of diabody Iibraries fiom large 

Ab repertoires requires multiple steps. The stability of the library in bacteria has not 

yet been extensively evaluated (Hayden, et al., 1997). 

Leucine zipper-based dimerization of MAb fiagments has also been introduced 

recently (Kostelny et al, 1992). The leucine zipper are sequences denved fiom regions 

of the transcription factors fus andjun. A murine anti-CD3 Fab'-fos and anti-Tac Fab9- 

fin were individually expressed as homodimers in SP2/0 cells. When reduced, mixed 

and reoxidized, a preferential heterodimer association, ad-CD3 x anti-Tac, was 

formed due to the formation of a fus andjun leucine zipper. De Kmif and Logtenberg 

also described the fusion of fos or jun leucine zipper and a truncated mouse IgG3 

hinge region to scFv proteins (deKruif and Logtenberg, 1996). In their method, two 

cysteine residues were engineered into the zipper dornains to produce disulfide- 

stabilized homodimers. Using scFvs isolated fiom a phage display library and these 

rnodified zipper cassettes, they have produced functional stable secreted homodimers 

in E. d i .  After further modification of the homodimers, functional bs (~cFv)~  

molecules were developed. Rheinnecker also utilized a similar approach to create scFv 

dirnen by fusion of an artincial helix-tum-helix dimerization domain of p53 to a long 

IgG3 hinge-scFv constmct (Rheinnecker, et al., 1996). 

Among these several of approaches to genetically engineer bispecific antibodies, 

the most promising approach appears to be the single chah bispecific Fv and 

bispecific diabodies. This is due to their srnall size and hence the more attractive for in 

vivo applications exhibithg faster clearance, better tissue penetration and decreased 

imrnogenecities. 



1.2 APPLICATIONS OF BISPECIFIC ANTIBODIES 

1.2.1 Immunohistochemistry and Enzyme Immunoassays 

The advent of MAb technology was instrumental in the deveIopment and 

refmement of irnmunoassays using chemically Iinked radioisotopes, enzymes, 

fluorochromes or others detection moieties. Despite the surge in these new 

applications, chemical cross-linking has many disadvantages: 1) Chemical cross- 

linking is random generally resulting in batch to batch variations in reagent quality. 2) 

The size of conjugates or complexes obtained are not uniform thus influencing their 

penetration in Unmunohistochemical applications. 3) Active site or binding site 

inactivation of markee and/or immunoglobulins may be encountered. 4) Most often 

irreversible covalent linkages are formed which are advantageous for in vitro 

applications but are less suitable for in vivo therapeutic studies. These drawbacks of 

covalent cross-linking of antibodies to enzyme or radioactive markers often influence 

the linearity and reproducibility of the assay method. BsMAbs designed to specifically 

cross-Iink the antigen non-covalently with a signal generating marker such as an 

enzyme eliminates the need for chemical conjugation, generating a greater degree of 

linearity, sensitivity and reproducibility (Suresh, 199 1). 

Milstein and Cuello (Milstein and Cuello, 1983) f ist  developed a bsMAb, anti- 

somatostath X anti-peroxidase, which was used in immunohistochemistry . S uresh and 

his CO-workers (Suresh et al., 1986a) established a quadroma secreting ad-peroxidase 

X anti-substance P, which sirnplified the irnmunohistochernical procedures and gave a 

better sensitivity. A bsMAb reacting with both horseradish peroxidase (HRPO) and 

fluorescein isothiocyanate (FITC) was used to label different MAbs in EIA systems 

(Karawajew et al.. 1988). Many investigators have developed bsMAbs directed against 

enzyme (e.g. HRPO, aikaline phosphatase and P-galactosidase) and a second antigen 

(e.g. tumor specific antigen, peptide or hormone) for use in EIA or 

immunohistochemistry (Allard et al., 1992; Auriol et al., 1994; Berkova e t  al., 1996; 

Jantscheff et al.. 1993; Kontsekova et al.. 1992; Kreutz and Suresh, 1 995 and 1997; 

Liu et al., 1995; Piran et al.. 1993; Ribeiro-da-Silva et  al.. 1991; 



Tada ef al., 1989; Takahashi and Fuller, 1988; Wognum er al., 1 989). Rylatt developed 

a homogeneous immunoassay system to detect circdating antigens in whole blood. 

The bsMAb used here cross-iinked specific antigen of interest and red blood cells, 

causing agglutination of a patient's own blood sarnpie (Rylatt et al., 1990). 

1.2.2 Radioimaging and Radioimmunotherapy 

Conventional radioimmunoimaging and in particular radioimrnunotherapy with 

MAb conjugates is severely limited by radiation toxicity to normal organs, especially 

blood, liver, kidney and bone rnarrow. E s  is iargely due to the hi& radiation dose 

fkom prolonged circuiating radiolabeled antibody to these organs, h m  normal tissue 

accumulation of the antibody, or f?om fiee radionuclide deposited in these organs. 

Pretargeted irnaging and radioimmunotherapy with bsMAb is a two or three step 

strategy for delivering radioisotope ( 9 9 m ~ ~ ,  " ~ a ,  "'In) to a tumor quickly and 

specifically with minimal radiation exposure and hence lowers the dose to normal 

organs (Chetanneau et al., 1994; Chatal et al., 1995; Dillehay et al., 1995; Kranenborg 

et al., 1995; Schuhrnacher et  al.. 1995). 

Pretargeting involves administration of a bsMAb having a high afnnity binding 

site for a small rapidly excreted eEector molecule, which is given as a second step 

after the bsMAb has concentrated in the target turnor. Removal of the excess bsMAbs 

fiom the circulation with a clearing agent is an optional step before giving the effector 

molecule for greatly improved target-to-blood ratio. Soon after the chase, the effector 

molecule is given, and the maximum tumor concentration and turnor-to-normal t' issue 

ratio is achieved in 1-3 h. Unbound radiolabel (more than 90% of injected dose) is 

rapidly excreted via the kidney, by glomemlar filtration mechanism, ieading to greatly 

decreased radiation exposure to normal tissue. In contrast, about 95% of 'V-MA~ 
monospecific conjugates are retained at 3 h and 85% at 24 h (Goodwin e t  al., 1994). 

Several different targeting macromolecule and effector smali molecule pairs have been 

proposed in the Iiterature (Goodwin, 1987). 

Pretargeting combines the pharmacokinetics o f  long circulating MAbs with 

rapidly excreted small effector molecules to give both high tumor concentration and 



high tumor-to-normal tissue ratios (Goodwin et al., 1994). The two or three step 

methods elimùiate radiation exposure during the MAb localizing phase, which can 

take up to several days. Nonspecific Localization at this stage in iiver, spleen and bone 

marrow does not contribute to nomai tissue radiation since the radioactive hapten is 

injected later. Previous attempts to overcome this problern have required the 

administration of large amounts of cold MAb along with directly labeled MAb to 

saturate the nonspecific binding sites. The total radiation dose to normal tissue is 

greatly reduced in the pretargeting method by two mechanisms: (1) absence of 

radiation during the locdization phase, since the bsMAb is not radioactive at this time; 

(2) rapid renal excretion of excess radiolabeled hapten that is not bound to the bsMAb 

in the tumor. An obvious limitation of this two or three step pre-targeting strategy is 

that bsMAbs directed to rapidly intemalizing antigens would fail to capture and 

localize the radiolabeled hapten. Hence, bsMAbs which bind and are poorly 

intemalized ue most useful in this strategy. 

One bifunctional antibody currently under clinical evaluation was made by the 

chernical coupling of a Fab' fiagrnent of an anti-carcinoernbryonic antigen (CEA) 

antibody to a Fab' fragment of an anti-DTPA-indium antibody. In patients with 

colorectal or medullary thyroid cancer, clinical studies performed with tF LIS anti- 

CEA/anti-DTPA-indium bifunctional antibody and an indium-1 1 1-labeled bis-DTPA 

bivalent hapten showed that tumor uptake was not altered compared to the results for 

F(ab')2 fragments of the sarne anti-CEA antibody directly Iabeled with indium4 1 1, 

whereas the radioactivity of normal tissues was significantly reduced (3 to 6-fold). The 

fast tumor uptake kinetics and high turnor-to-normal tissue ratios obtained with 

bifunctional antibody techniques exhibit parameters favorable for efficient 

radioimmunotherapy (Chatal et al., 1 995). 

Pretargeting methods have also incorporated the use of biotin or avidin labeled 

MAb followed by radiolabeled avidin or biotin respectively (Van Osdol et al., 1 993). 

In this approach, however, the immunogenecity of the chicken egg avidin or 

streptavidin could be a potential limitation. An additional limitation of this strategy is 



that the requirement of 2-3 agents places an additional rnanufacturing burden and 

significantly complicates the design of clinical trials. 

1.2.3 Immunotherapy 

BsMAbs are capable of activating and targeting the cellular immune defense 

system to kill tumor cells or other pathogens (Fig 1.3, p 27). Many groups have already 

demonstrated lysis of target cells by T effector cells using bsMAb in a non-MHC 

(major histocompatibility complex) restricted fashion. (Canevari et al.. 1988; Roosnek 

and Lanzavecchia, 1989; Roosnek et al., 1990). The primary cytotoxic trigger complex 

on T ceils is the TcR complex, which consists of a noncovalent association of Ti 

heterodimers with the CD3 molecular complex. The TcR is normally antigen specific 

and MHC restricted. However, a bsMAb can react with this complex and initiate 

targeted cytotoxicity by activating the T-ce11 in a rnanner that is not MHC restricted. A 

bsMAb against both a tumor and the CD3 cornplex can thus redirect the cytolytic 

action of vimially al1 available T cells to the antigen of choice. This irz vivo cross- 

linking of specific targets with components of the cell-mediated immune response 

such as T-ceIls, natural killer cells, macrophages, dendritic cells and large granular 

lymphocytes is a unique feature outside the realm of chemical cross-linking methods. 

Many studies of cytotoxicity have involved binding of MAb to these surface 

molecules such as the TcR heterodimer (Staerz and Bevan, 1985), the CD3 complex 

(Liu et al., 1985; Rammensee et al., 1987) and the CD2 molecule (Bohuis et a l .  

1991; Tuît et al., 1991b). This activation process and the tnggenng of ce11 

proliferation, lymphokine production, and cytotoxicity have gained great interest since 

it has been hypothesized that sunicient number of cytolytic T ceIls could be localized 

specifically to the tumor cells. Many efforts have been made to use bsMAb to focus 

cytotoxic ef5ector-ce11 response to hunor targets. Cytotoxicity is not due to bystander 

iysis, since direct contact between effector and target cells is required (Barr et al., 

1987; Lamavecchia and Scheidegger, 1987). 

Cancer immunotherapeutic strategies involving bsMAb mediated killing have 

been explored by several groups including: anti-epidermal growth factor receptor for 



breast cancer (Knuth et al., 1994), anti-sialyl Lewis A for colon cancer (Ohta et al.. 

1995), anti-ovarian cancer (Bolhuis et al.. 1992; Canevari et al., 1995), anti-renal ce11 

carcinoma (van Dijk et aL, 1991), anti-lung small ceu carcinomas (Anuna et al., 

1992), anti-CD19 for B Lymphoma (Anderson et al. 1992; De Gast et al., 1995), anti- 

CD13 for acute myeloid leukemia (Kaneko et al., 1993) and anti-tenascin for gliomas 

(Davico Bonino et al., 1995). The therapeutic success of bsMAb was mainly based on 

the retargeting of the cytotoxic T ceil which was M e r  augmented by anti-CD28 CO- 

stimulation (Dernanet et al.. 1996). Other types of effector molecules which have been 

used are FcyRm receptor (CD16) (Hsieh-Ma et al.. 1992; Weiner et al., 1995), 

complement receptor CR3 of macrophage (Somasundaram et a l ,  1996), hi$-affinity 

Fc receptor (FcyiU) (Derarnoudt et al., 1992) and anti-garnmddelta T ce11 receptor 

(Femni et al., 1989). 

The exciting pre-clinical studies have prompted several clinical studies using 

bsMAbs. The toxicities associated with this immunotherapeutic approach appears to 

be minimal and early results show promising clinical benefit as well. Guye  and 

Franger have developed a bsMAb, MDX-210, which recognizes FcyRl on monocytes 

and macrophages and the cell surface product of the HER-2heu oncogene, which is 

over-expressed on some breast and ovarian cancers. Clinical trials have demonstrated 

that treatment with MDX-210 is well tolerated and that MDX-210 is both 

irnmunologically and clinically active. Optimization of the dose and schedule of 

MDX-210 and development of combination treatments with cytokines that modulate 

immune effector cells will greatly enhance the efficacy of this novel bsMAb construct 

for treatrnent of tumors that over-express HER-2/neu (Valone et al., 1995). 

Another bsMAb 2B1 with specificity for the c-erbB-2 and FcyRUi extracellular 

domains has been tested in humans. This bsMAb promotes the targeted lysis of 

malignant cells over-expressing the c-erbB-2 gene product of the HER2fneu proto- 

oncogene by human natural killer cells and mononuclear phagocytes expressing the 

FcyRIiI A isofomi. In a Phase I clinical ?rial, the 2B1 eeatment induced more than 



100-fold increases in circulating levels of tumor necrosis factor-alpha, interleukin 6, 

and interleukin 8 and lesser rises in granulocyte-monocyte colony-stimulating factor 

and IFN-gamma (Weiner, et al., 1 995). 

BsMAbs have also been tested for their utility in immunotherapeutic applications 

in viral infections (Berg et al, 1991). Charnow and his associates have developed a 

hurnanized, bispecific antibody, cornpnsed of CD4-IgG and hurnanized anti-CD3-IgG, 

that targets and kills HIV-infected cells. In targeting it exploits the natural affmity of 

CD4 for gp120 to target the bsMAb to HAi-infected cells. It then recniits and 

activates, through its anti-CD3 rnoiety, cytotoxic T lymphocytes (CTL) to lyse target 

cells in a non-MHC restricted manner. The ability of purified bsMAbs to specifically 

lyse HIV-infected target cells was dernonstrated using CTL fiom two different 

sources: whole penpheral blood lymphocyte (PBL) fiactions and pure CTL 

preparations. ln contrast, a human anti-g 120 monospecific antibody mediated lysis of 

HN-infected target cells oniy with PBL fiactions and not with purified CTL. 

Moreover, lysis observed in the presence of the human anti-gpl20 antibody was 

completely blocked in the presence of human s e m  (which cornpetes for Fc gamma 

receptor binding with abundant human IgG), whereas bsMAb-mediated lysis of target 

cells was not affected. The bsMAb based lytic activity in the presence of serurn 

reffects its unique ability to recmit CTL as effector cells and highlights a potentially 

important advantage of this type of constnict over rnonospecific antibodies for W- 

directed therapy. (Charnow et al., 1994 and 1995). 

BsMAb could be also used as an effective dmg delivery system for cancer 

treatment. BsMAbs have been made with one binding site to methotrexate (Afneck 

and Embleton, 1 9E),  saporin (Bonardi et aL, 1 992; Bonardi el al., 1993 ; French et al.. 

1995), doxorubicin (Reddy and Ford, 1993), or vinca alkaloids (Corvalan et al.. 1987). 

Clinical studies have been described using a combination of two bsMAbs to deliver 

the ribosome-inactivating protein, saporin, in the treatrnent of low-grade, end-stage, B- 

ce11 lyrnphoma. Two bsMAbs, each having one arm directed at saporin and one at the 

CD22 on target B cells. The bsMAbs, however, recognized different, non-overlapping 



epitopes on each molecule, a stratejg which permitted high-avidity double attachment 

of saporin to the target. Five patients were treated, mostly with weekiy doses of 

between 2 and 4 mg of saporin for a penod of up to 6 weeks. Toxicity was minimal 

and d l  patients showed a rapid and beneficial response to treatrnent. When present, 

circulating tumor cells were cleared (4/4 patients), ascitic and pleural effusions were 

eliminated (2/2 patients) and one patient with splenomegaly showed a marked 

reduction in tumor buik (French et al., 1996). 

Alternative strategies to antibody directed prodrug therapy include the 

development of bifunctional antibody enzyme fusion proteins. The advantage of the 

bsMAb plus enzyme and prodrug approach over fusion proteins is that die 

pharmacokinetics and target site accumulation of each component could be controlled 

separately. In addition, PEG-enzymes could be used for reduced irnrnunogenicities. 

BsMAbs can also be used to activate a prodrug in vivo to cause localized targeted 

cytotoxicity. In this approach, a bsMAb has been made against a tumor marker and a 

prodnig activating enzyme such as human placental alkaline phosphatase or E-coli B- 
lactamase. Activation of cephalosporin based anti-cancer prodrugs at the tumor site 

can be achieved with this bsMAb (De Sutter and Fiers, t 994). Another bsMAb against 

CD30 antigen and alkaline phosphatase was also used to activate the relatively 

nontoxic prodnig, mitomycin phosphate to rnitomycin alcohol, which is 100-fold more 

toxic (Sahin et al.. 1990). The advantage of using bsMAbs to deliver toxins or di-ugs to 

tumors, compared to conjugating such moieties to monospecific MAbs is that 

chernical conjugations are totally avoided. This provides a more uniform cross-linking 

between the target and the effector molecule. 



1.2.4 Bther Applications 

Tissue plasminogen activator (TPA) triggers the conversion of plasminogen to the 

f i b ~ o l y t i c  enzyme plasmin, which causes dissolution of thrombi. BsMAb can be used 

to improve fibrinolytic eficacy of TPA by binding simultaneously to human fibrin and 

TPA in thrombosis therapy (Kurokawa et al.. 199 1). One study has shown that in the 

presence of TPA, bsMAb caused a IO-fold more fibrinolysis in vitro than with TPA 

alone (Branscomb et aï., 1990). Some researchers have also tried to use bsMAb to 

target urokinase-type plasminogen activator (UPA) to fibrin-containing dots (Charpie 

et al., 1990). It caused 13-fold more fibrinolysis in vitro than did urokinase alone and 

6-fold more clot lysis in vivo. In another study using baboon bearing l'S~-fibri dots in 

femoral vein, continuous intravenous infusion of a bsMAb resulted in a 5-fold 

enhanced thrombolytic potency of UPA over that of unconjugated UPA (Imura et al., 

1992). 

BsMAbs could be generated to improve the binding specificity and avidity by 

recognizing two different adjacent epitopes in the same antigen. This type of a 

construct has been made ushg antigens such as human chorïonic gonadotropic 

hormone (HCG), creatine kinase (CKMB) and adrenocorticotrophic hormone (ACTH) 

using bsMAbs against two diEerent subunits of the hormone (Cheong et al., 1990; 

Cook and Wood, 1994; Hakalahti et ai., 1993). A bsMAb against polyhedral boron 

anion and a tumor associated antigen, has been made to deliver a large amount of 

boron atoms to turnor cells for a novel radiotherapeutic application. Highly radiotoxic 

alpha particles are released fkom boron-10 when irradiated with low energy thermal 

neutrons to destroy turnors locally (Pak et al., 1995). 
C 

The many applications of bsMAb as unique macromolecular heterobihctional 

cross-linkers is expanding with promising prospects for clinical use as well. The 

sophistication of producing bsMAbs will grow hand-in-hand with the increased utility 

of these molecules as tools for research and as therapeutic agents. Recent advances in 

molecular biology and cancer research have added new dimensions to our 



investigations and understanding of how the bsMAb works and the novel applications 

where it has been employed. 

2 LIPOSOMES 

Liposomes are microparticulate lipoid systems consisting of one or more 

bilayers arranged concentncally with aqueous compartments and a core. They are 

made predominantly fiom naturally-occurring phospholipids and therefore are 

biodegradable, innocuous and do not cause immune response. Since they were 

introduced by Bangham (Bangham et al., 1965), liposomes have been considered to be 

excellent models of ce11 membranes as well as usehl carriers of both Iipid-soluble and 

water-soluble drugs. Advantages of liposomes extend to reducing toxicities of 

encapsulated dmgs (Bally et al., 1994, Lim, et al., 1997), targeting to specific tissue 

sites (Loughrey et al., 1993a and b) and enhancing drug efficacy or potency (Mayer, et 

al., 1993 and 1995). 

2.1 LIPOSOME MORPHOLOGY 

Liposomes are artificial phospholipid bilayers exhibiting amphiphilic 

properties. Other molecules, such as cholesterol or fatty acids rnay be included in the 

bilayer construction. In complex liposome morphologies, concentric spheres of lipid 

bilayers are usually separated by aqueous regions that are sequestered fiom the 

surrounding solution. The phospholipid component consists of hydrophobic lipid 

?ails" connected to a "head" constructed of vanous glycerylphosphate derivatives. 

'The hydrophobic interaction between the fatty acid tails is the pnmary driving force 

for creating liposomal bilayers in aqueous solution. The morphology of a liposome 

rnay be classified according to the compartmentalization of aqueous regions between 

bilayer shells (Fig 1.4, p 28). Lf the aqueous regions are sequestered by only one 

bilayer, the liposomes are called unilamellar vesicles o. If there is more than one 

bilayer, the liposomes are termed multilamellar vesicles (MLV). ULV f o m s  are 

M e r  classified according to their relative size. Thus, there can be small unilamellar 

vesicles (SW;  usually less than 100 nm in diameter) and large unilamellar vesicles 

(LtN; usually greater than 100 nm in diameter). 



2.2 LIPOSOMES AS DRUG CARRIER 

Liposomal hg-delivery systems have shown an important role in oncology 

during recent years. Several liposomal drugs have been tested in clinical trials or have 

akeady been iicensed for use. Both preclinical and clinical studies have demonstrated 

that liposome-encapsulated drugs could reduce toxicities and gain therapeutic efficacy 

compared to their non-liposomal counterparts. Liposomai encapsulation leads to 

changes in drug phamacokinetics and biodistribution Ni vivo. In addition, liposomal 

encapsulation can significantly alter dnig-target interactions at a cellular level. 

Although relatively few liposome anti-cancer drugs have been evaluated in the clinical 

arena, studies of these new agents are set to expand significantly in the near future 

(Allen, 1997). 

2.2.1 Factors Important for Drug delivery using Liposomes 

Several factors such as size, lamellarity and composition of liposomes are crucial 

for drug delivery using liposomes (Senior, 1987). Generally, large liposomes (more 

than 100 nm in diameter) have dificulty passing through the walls of normal, mature 

blood vessels. However, these liposomes escape relatively easy in areas of new vesse1 

formation, such as tumor or inflammation. Therefore, liposomes (50-200 nm) have the 

potential to deliver their encapsulated drug selectively to tumors, taking advantage of 

leaky tumor capillaries (Gabizon er al., 1990; Vaage et al., 1994). Enhanced tumor 

localization of cytotoxic drug using these liposomes lias been shown in animal models 

and in humans (Gabizon e t  al., 1994; Mori et  al., 1 996). 

Different composition of liposomes has led to the production of entities which c m  

serve different clinical roles. Conventional liposomes with rapid uptake by RES 

system can be used for therapy of viral, bacterial and protozoan infection (de Marie, 

1996; Bakker-Wounderberg et al., 1994) as well as for the developrnent of vaccines 

(Alving, 1995). The Iong circulation of liposomes with preferential extravasation at 

sites of Ieaky capillaries has led to the development of novel effective anti-cancer 

dmgs (Gabizon et al., 1994). Including enzyme and cytokine in the formulation of 



liposomes may be exploited for hormone replacement therapy (Anderson et al., 1994), 

gene and antisense therapy (Cooper, 1996, and Woll and Hart, 1995). Coupling 

antibody molecules to liposomes may improve specific targeting (Park et  al., 1995 and 

Vingerhoeds et al., 1994). 

The stability of the liposome structure in plasma is important in terms of drug 

delivery. It is not only closely related to size, lamellarïty, lipid composition and 

temperature, but also to their interaction with plasma proteins, particularly hi&- 

density lipoproteins (Allen and Chonn, 1987; Lasic, 199 1). Conventional liposomes 

are subject to rapid opsonization and uptake by RES. To reduce this effect, early 

pioneen have tried to saturate liver and spleenic uptake by first giving ernpty 

liposomes (Abra and Hunt, 1981). However, it seems that inclusion of certain lipids 

into the bilayer codd stabilize and effectively prolong their circulation time. 

Therefore, taking place of unsaturated foms of lipids, saturated phospholipids 

combined with cholesterol were used to generate ngid bilayers, which resulting in 

longer periods of circulation (Senior, 1987). Moreover, attachment of hydrophilic 

polyrners such as polyethylene glycol to the Liposome surface was also found to reduce 

the rate of clearance (Woodle and Lasic, 1992; Papahadjopoulos et aL, 1 99 1). 

2.2.2 Stealth Liposomes 

The conventional liposome appears to have a very short circulation time due to 

fast clearance by RES. This has compromised their application in drug delivery to 

other tissues (Allen, 1994). The long-circulating liposome formulation, stealth- 

liposome, containing lipids derivatives of polyethylene glycol (PEG) has been 

introduced to overcorne this problem (Allen et al., 199 1; Senior et aL, 199 1) (Figure 

1.5, p 29). 

The unique properties of stealth-liposomes have made them suitable for cancer 

treatment. First, compared to conventionai liposomes, stealth-liposomes have longer 

circulation times that allow them to escape leaky tumor capillaries and accumulate in 

the solid hunor (Papahadjopoulos et al., 199 1 and Gabizon et al., 1994). Second, the 

enhanced lubrication of stealth-liposome enables them to pass across capillaries more 



easily to reach the tumor interstitial space. Preclinical studies have tested stealth- 

liposomes for chernotherapy in a nurnber of tumors including murine C26 colon 

carcinoma (Huang et al., 1992 and Mayhew et al.. 1 WZ), murine J6456 lymphoma 

(Gabizon er al., 1994), Kaposi's sarcorna (Huang et al.. 1993), human lung squamous 

ce11 carcinoma (Williams et al.. 1993) and human prostate carcinoma (Vaage et al., 

1994). The results have indicated that the therapeutic efficacy of passively targeted 

stealth-liposomal formulations of anticancer drugs was greatly irnproved compared to 

conventional liposomes. 

2.2.3 Immunoliposomes 

Attachment of antibody ligands to liposomes can provide a targzting capacity 

to this dnig canier system. It can modulate its binding to specific antigenic 

deterrninants on cells or to molecules in solution. Antibody-bearing liposomes rnay 

possess encapsulated components that cm be used for detection or therapy (Fig 1.6, p 

30). For instance, fluorescent molecules encapsulated within an antibody-targeted 

vesicle can be used as imaging tosls or in flow cytornetry (Tnineh et al., 1987). 

Specific antibodies coupled to the vesicle surface c m  improve diagnostic assays 

involving agglutination of latex particles (Kung et al., 1 985). Liposomes possessing 

antibodies directed against tumor ce11 antigens can deliver encapsulated toxins or 

drugs to the associated cancer cells, efTecting toxicity and ce11 death (Straubinger et 

nL. 1988; Matthay et al ,  1984; Heath et al.. 1983, 1984). Encapsulation of 

chemotherapeutic agents within lipid bilayers reduces systemic toxicity and local 

imtation often caused by anticancer drugs (Gabizon et al.. 1986). The liposomal 

membrane acts as a slow-release agent so that the cytotoxic components do not corne 

into contact with non-tumor cells. Liposomes binding to cells cause intemalization and 

release of the encapsulated drugs. Antibody targeting can increase the likelihood of 

vesicle binding to the desired funor cells. 

However, there are problems associated with the use of antibody-liposome 

conjugates for dmg delivery in vivo. Particularly, since lipid vesicles are huge compare 

to simiIar immunotoxh conjugates, their passage to particular tissue d e ~ t ~ a t i o n s  rnay 



be difficult or impossible. Liposomes are almost entirely sequestered by the 

reticuloendothelial system. Their ability to pass through tissue bamers to target cells in 

other parts of the body is lirnited by their size. If Iiposomal conjugates c m  reach theu 

intended destination, their contents are delivered to the cells by endocytosis. Endocytic 

vesicles arising fiom the surface of cells, have diameters in the range 100-1 50 nm. 

This limits the size of Iiposomes that can be used to small vesicles that can bind to the 

ceIl siuface and be intemalized efficiently. Large liposomes (>ZOO nm), by contrast, 

will not be internalized and therefore will not be able to deliver their contents 

(Leserman and Machy, 1987). 

The promising results on passive targeting of stealth-liposomes encouraged 

researchers to explore the potential therapeutic applications involving antibody- 

mediated targeting of liposomes (immunoliposomes). With the aid of antibody ligand, 

the stealth-immunoliposomes c m  specifically recognize the tumor cells, locally 

releasing the encapsulated cytotoxic drugs. Some experiments have demonstrated that 

with an antibody against Iung endothelial cells, stealth-immunoliposomes would 

localize efficiently in murine lung tissue (Mamyama et al., 1990 and Mon et ut., 

1995). Moreover, the therapeutic treatment with stealth-immunoliposomes appeared to 

be effective using doxorubicin entrapped in stealth-immunoliposomes linked to 

MAb174B.64 to treat murine squaxnous lung carcinoma (KLN) in mice (Ahmad er al., 

1993). Besides the specific targeting, both intemalization of imrnunoliposome-drug 

complex and 'bystander effect' on the turnor cells lacking the specific epitope might 

contribute to the mechanism of cytotoxicity (Allen, 1994). 

2.2.4 Biotinylated Liposomes 

Liposomes containing biotinylated phospholipid components have been used in 

liposome immunosorbant assay. This is one of the methods that use liposomes with 

modified surface to form biotin-avidin or biotin-streptavidin complex. (Plant et al., 

1989). In this application, the liposome can create a broad surface to facilitate 

mdtivalent antigen-antibody interactions, enhancing the total binding efficiency. In 

addition, it has enormous capacity as a vehicle to carry encapsulated detecting 



components such as radioisotopes or fluorescent and hence increases the sensitivity of 

an assay. One small Liposome can provide up to 10' molecules of fluophore or 

radiolabels to facilitate enhanced detectability of a binding event. This system, using 

biotinylated liposomes to detect antigens, can increase the sensitivity of an 

immunoassay up to 100-fold over the conventional antibody-enzyme ELISA. 

Biotinylated Liposomes are usually generated by modification of phosphotidyl 

ethanolamine (PE) components with an amine-reactive biotin derivative, such as NHS- 

LC-Biotin. The NHS ester reacts with the primary amine of PE residues, forming an 

amide bond linkage. Since the modification occurs at the hydrophilic end of the 

phospholipid molecule, after vesicle formation the biotin component protrudes fiom 

the iiposomal surface. In t h i s  con£ïguration, the surface-immobilized biotins are 

accessible to avidin or anti-biotin antibody present in the outer aqueous solution. 

Direct biotinylation of intact liposomes could be done, which makes the control of 

biotin content impossible. Therefore, it is preferred to use biotinylated phospholipid, 

which allows incorporation of known amounts of biotin into the final liposomal 

membrane. 

After reviewing the Literature on these two drug delivery systems, this thesis 

will descnbe the research aimed at merging these bvo systems. 



3. DEVELOPMENT AND APPLICATIONS OF BSMAB - RESEARCH GOALS 

3.1 OBJECTIVE 

Human cancers are often more difficdt to treat due to the similarity between the 

diseased cells and the normal cells. The long-terni goal of th is  research is to develop 

novel bioconjugates and explore their utiliv in targeted delivery to the diseased site for 

diagnosis and therapy. 

3.2 EXYPOTHESIS 

Based on the review of the Merature, it was envisaged that bsMAbs could be 

developed as efficient immunoconjugates for diagnostic and therapeutic applications. 

Some current applications use avididstreptavidin and biotin probes . Incorporation of 

an anti-biotin arm or paratope as one-half of the antibody in die bsMAb constnict was 

to be the cornmon therne in the hypothesis and experimental approach as alternatives 

to the avidin-biotin strategy. In order to accomplish these goals, a few methodological 

milestones needed to be accomplished. It was necessary to show that a high a f i i t y  

monospecific MAb could be generated against biotin which could provide the platforin 

to develop bsMAbs bearing anti-biotin binding arm. It was hypothesized that: a) a 

bsMAb incorporating enzyme and biotin binding paratope could be developed as a 

universal immunoprobe for al1 biotinylated macromoIecules with properties similar to 

or better than avidin or streptavidin, and b) a bsMAb incorporating anti-tumor and 

anti-biotin paratopes can efficiently pretarget tumor sites. This preloading of the tumor 

would allow subsequent efficient targeting of 99m~~04 liposomes with biotin 

incorporated on its surface. 

3.3 SPECIFIC A I M S  

1. To prepare and characterize a hybridoma that secrets MAb against biotin by 

conventional hybridoma technology. 

2. To develop a simple and efficient micro-electrofusion method to generate 

quaciromas without laborious dnig selection procedures. 

3. To develop a bsMAb (anti-biotin x ad-HRPO) and use it as an immunoprobe to 

detect biotinylated macromolecules in different bioassay systems. 



4. To prepare 9 " ~ c - ~ ~ ~ I D ~  loaded liposome and assess its biodistribution in normal 

Balbk mice. 

5. To establish a tumor-specific h g  delivery system combining bsMAb (ad-biotin 

x anti-squamous carcinoma) and biotin pegylated liposome in a murine KLN 205 

model, and also evaluate the role of streptavidin as a clearing reagent. 

The next chapter will describe the development and characterization of a 

hybridoma secreting MAb against biotin. Chapter 3 will focus on the method to 

generate quadromas by micro-electrofusion without dnig selection. Chapter 4 will 

show a wide variety of applications of one bsMAb bearing anti-biotin and anti-HRPO 

binding arms. Chapter 5, a novel method is described to load the preforrned liposome 

with mode1 h g  -TC-DISDA (Diisopropyl Vninodiacetic acid). Finally, the last 

chapter will describe the development of a tumor-specific dmg delivery system using a 

bsMAb and biotin pegylated liposome. 
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Figure 1.1 A schematic representation of a variety of bsMAbs. * This has also been 

constructed by chernical and genetic methods. ** This has also been constructed by 

chernical methods. 
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Figure 1.2 Production of quadromas. A HAT sensitive (HATs) clone is isolated £tom 

one parental hybridoma by culturing in 8-azaguanine. This clone is subsequently made 

resistant to ouabain (Ouar) by mutant selection. After %ion with a wiid-type 

hybridoma that produces a different antibody, quadromas are selected by culturing the 

cells in HAT medium supplemented with ouabain. The unfused parental cells will die 

due to sensitivity to HAT and lack of resistance to ouabain, respectively. 
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Figure 1.3 Schematic representation of different applications 

therapeutics. 
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Figure 1.4 Morphology of liposomes and lipid bilayer construction. 
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Figure 1 -5 Schematic representation of Stealth-liposomes and conventional 

liposomes. PEG attracts water molecules to the liposome surface and the hydrophilic 

region prevent the liposome from opsonization by plasma proteins. 
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Figure 1.6 Antibody-liposome conjugates may be used as targeting reagents for 

detection or therapeutic applications. The liposomes may be constmcted to contain 

fluorescent molecules for detection purposes or bioactive agents for therapy. The 

antibody component targets the complex for binding to specific antigenic. 



CHAPTER 2 

DEVEEOPMENT AND CHARACTERIZATION OF A MONOCLONAL 

ANTIBODY TO BIOTIN 

Part of this chapter has been accepred by Journal of ImmunoZogkal hfethods for publicarion 

(1 998). 

1. INTRODUCTION 

D-Biotin (hexahydro-2-0x0- 1 H-thieno [3,4-dl imidazole-4-pentanoic acid) is a 

vitamin H (Fig 2.1, p 43), a naturally o c c ~ g  growth factor present in small arnounts 

within every cell. It is an important component in numerous processes involving 

carboxylation reactions, wherein it fünctions as a cofactor and transporter of COz. 

Since biotins and biotin derivatives are relatively small, macromoIecuIes such as 

protein, DNA and lipids can be modified with these reagents without significantly 

affecting their physical or chemical properties (Della-Penna et al., 1986). 

The biotidavidin or streptavidin system has one of the Iiighest affmities 

constants (IO"* M) arnong receptor-ligand interactions (Green, 1963). The strong 

interaction betwcen biotin and avidin or streptavidin has been applied in rnany 

immunological systems for the isolation, localization and visualization of various 

antigens in addition to dmg delivery, lymphocyte stimulation, immunoassays and 

nucleic acid hybndization assays (for review see Diamandis and Chnstopoulos, 199 1). 

However, the relatively high background and low specificities restrict the full 

utilization of this system (Riley and Cafkey, 1990; Wilchek and Bayer, 1988; 

Diamandis and Chnstopoulos, 199 1). 

In this chapter, the development of a mouse hybridoma ce11 iine secreting MAb 

against biotin will be described. It was used to generate a bsMAb (anti-biotin x anti- 



HRPO) which could provide an alternative probe to detect biotinylated 

macromolecules with lower background noise cornpared to avidin and streptavidin. 

Also, it wilI be used to develop an efficient dnig delivery system to solid -or. 

2. METHODS AM) MATERIALS 

Chernical reagents used for preparation of  antigens including d-biotin, keyhole 

limpet hemocyanin (KLH), bovine s e m  albumin (BSA), ovalbumin (OVA), NHS- 

LC-biotin ~-hydroxysuccinimidyl-6-(biotinar]3id0) hexanoate], carbodiimide, 

aqueous pyridine, and 4-hydroxy-azobenzene-2'-carboxylic acid (HABA) were 

purchased fkom Sigma Chernical Company, Mississauga, ON, Canada. RPMI-1640 

media, L-glutamine, penicillin, streptomycin and fetal bovine semm (FBS) were also 

fiom Sigma. Growth factor was fkom IGEN Inc, Rockville, M.D. USA. 

2.1. Antigen Preparation 

Biotin was attached to KLH according to the procedure of Berger (Berger, 

1979). Biotin 10 mg was suspended in 1.5 mL of 50% aqueous pyidine with constant 

stimng at room temperature. Carbodiimide 1 mg was dissolved in 5 mL of 50% 

aqueous pyridine and this mixture was added dropwise to the biotin suspension. 

Stirring was continued for an additional 30 min at  room temperature during which 

time a clear solution was fomed. 5 mg KLH dissolved in 1.5 mL of water was added 

dropwise to the biotin/carbodiimide reaction mixture and stirring was continued at 

room temperature for 4.5 h. The mixture was dialyzed for 24 h in 4 L of saline. The 

prepared biotin-KLH was stored in aliquots and used as an antigen for immunization. 

Biotin was covalently attached to BSA usïng activated biotin. NHS-LC-biotin 

10 mg with caproic acid bndge dissolved in 2 mL of DMSO was added into 3 1 mg of 

BSA in 18 mL of 0.2 M borate b e e r  (pH 9.4). Mixture was stirred ovemight at room 

temperature and dialyzed against 4 L of PBS (pH 7.4). Biotin-OVA was prepared by 

the same method described above. NHS-LC-biotin 10 mg dissolved in 2 mL of DMSO 

was added into 20 mg OVA in 18 ml, of 0.2 M bicarbonate buffer (pH 9.0). Mixture 

was stirred ovemight at room temperature and dialyzed against PBS (pH 7.4). Biotin- 



BSA and biotin-OVA prepared here will be used as solid phase capture reagent for 

anti-biotin antibodies in the detective irnmunoassays. 

The degree of biotinylation was estimated by the spectrophotometric method 

using HABA assay (Green, 1970). Briefly, the absorbance at 500 nm of 1 mL solution 

of avidui-HABA complex (0.25 mM HABA in 0.1M phosphate bufTer containing 0.2 

mdmL avidin) was rneasured before and afier the addition of 50 pL  of biotin-protein 

conjugate. The difference in absorbance is as a function of the biotin concentration. 

The concentration of biotin in the sample was calculated fkom biotin standard c w e .  

2.2. Intrasplenic Immunization 

The protocol of this short immunization method is shown in Table 2.1. The 8- 

week old male BALB/c mice were imrnunized by two intraperitoneal injections, one 

week apart, of 50 j ~ g  of biotin-KLH emulsified in Freund's complete adjuvant. 

Freund's incomplete adjuvant was used in the second injection. Three days after the 

second injection, the mice were injected intrapentoneally with 100 pg of the same 

antigen in Freund's incomplete adjuvant. The serum titer of the anti-biotin antibodies 

were monitored by direct ELISA as described below to choose the best mouse. Three 

days prior to hybridoma ce11 fusion, the mice were boosted by surgically d e l i v e ~ g  50 

pg of biotin-KLH to the spleen (Spitz, 1984). After 3 days, spleenocytes were obtained 

for the myeloma cell fusion. Moue senun was prepared at the same tirne to provide a 

positive control in a subsequent immunoassay. 

2.3 Hybridoma Fusion 

The hybridomas were generated by fùsing the spleen cells taken fiom an 

immunized m o u e  with SP2/0 rnyeloma cells. SP2IO is a myeloma ce11 line which does 

not secrete immunoglobulin and is deficient in hypoxanthine guanine phosphoribosyl 

transferase (HGPRT). The conventional cell fusion protocol by using polyethylene 

glycol (PEG) as a fusion reagent is described as follows (Kohler and Mlstein, 1975): 



Approximately 1x10' SP2/0 myeloma cells were mixed with spleen cells at a 1 :5 

ratio and washed three times with RPMI 1640 without FBS. Following the last wash, 

the ceil mixture was centrifbged at 500 x g for 5 min at room temperature and the 

supernatant was discarded completely. Prewarmed PEG (MW 1700) 1 rnL was added 

dropwisely to the ce11 pellet for 90 sec. Then the PEG solution was diluted slowly by 

adding 1 mL of RPMI 1640 medium for 1 min followed by another 3 mL for 1 min 

and 10 mL again with gentle shaking. ARer 5 min, the fusion was stopped by adding 

10 rnL RPMI 1640 with 20% FBS. The cells were centrifbged and washed twice with 

RPMI 1640 with 20% FBS. Finally the pellet was resuspended in HAT selection 

media. The selection media contain RPMI 1640 supplemented with 2 mM L-glutamin, 

50 U/mL penicillin and streptomycin, 20% v/v of FBS, HAT (0.1 rnM sodium 

hypoxanthine, 0.4 pM aminopterin and 16 ph4 thimidine) 10% v/v growth factor 

(ORIGEN), OP1 (oxalacetic acid, sodium pyruvate and bovine insulin). The cells were 

plated into 96-well tissue culture plate at concentration of 1.5 x 10' cells/weIl and 

incubate in a humidified, 5% COz incubator at 37OC. 

2.4 Screening by Direct ELISA 

In order to screen hybndomas which secrete anti-biotin antibodies, direct ELISA 

methodology was used. Standard 96-well ELISA plates (Nunc, Grand Island, NY) 

were coated with 1 pg/well biotin-BSA ovemight at room temperature as a solid-phase 

capture reagent. The nonspecific binding sites were blocked by 200 pL, of 3% 

BSARBS ovemight at 4 OC. The wells were washed with PBS/Tween-20 (0.02%) and 

50 pL of the hybndoma celi supernatant was added and incubated at room temperature 

for 1 h. This was followed by washing 5 times with PBS/Tween-20. Goat anti-mouse 

second antibody Ig(G+A+M) conjugated with horseradish peroxidase (HRPO) 100 $ 

was added and the plates were incubated for 1 h at room temperature. After another 5 

washings, 100 p.L of ABTS + H202 (Pierce, USA) was added and plates were read 

after 30 min in a microplate reader (Molecular Devices Corporation, Sunnyvale, CA). 

The optical density was measured at 405 nm. 



2.5 Isotyping of MAbs 

1) ELISA rnethod. The isotype of anti-biotÏn antibodies were determined using 

direct ELISA with different anti-isotype secondary antibodies. Standard 96-well plates 

were coated with 1 ug/weII of biotin-BSA as solid phase antigen at room temperature 

ovemight. The nonspecific binding sites were blocked with 3% BSABBS. The wells 

were washed 5 tirnes with PBSTTween-20 (0.02%) and 100 pL of anti-biotin 

antibodies fiom three clones was added and incubated at room temperature for 1 h. 

After washing, 100 of different goat anti-moue isotype antibodies [including anti- 

IgM, anti-IgA, anti-IgG 1, anti-IgG2a, anti-IgG2 b, anti-IgG3 and anti-Ig(G+M+A)] 

(Sigma) conjugated with HReO at 1:1000 dilution was added and incubated for 1 h at 

room temperature. Following a final wash, color was developed by adding m T S  + 

HzOz for 30 min. 

2) Isotyping Kit. The supematants &om three clones were diluted I: 100. 150 

pL of the diluted sarnple was added into each development tube and incubated at room 

temperature for 30 sec. The tube was agitated briefly so that the colored latex was 

completely resuspended. The strip was added into development tube for 5 min. 

2.6 Determination of Relative Binding Efficiency 

nie  relative binding efficiency of P54 clones was determïned by a residual titration 

immunoassay. ELISA microtiter plates were coated with I pg/well biotinylated BSA 

as the solid phase capture reagent at room temperature ovemight. The plates were 

blocked by 3% BSABPBS. 50 pL varyuig concentrations of biotinylated BSA and 50 

@ supernatant containing 0.5-1 pg of antibody fiom three dones were rnixed and 

incubated for 4 h at room temperature. Then the mixture was added into the 

biotinylated BSA pre-coated ELISA plates to detect residual unbound MAb by ELISA. 

The relative a f i i t y  was determined by the concentration of fÏee biotinylated BSA, at 

which a 50% reduction of total bindiig was achieved. 



2.7 Cloning of Hybridoma 

n i e  best positive clone was selected based on the relative affmity of the anti-biotin 

antibody and high stability in the celi culture. The selected clone was recloned twice 

by limiting dilution to ensure rnonoclonality. The limiting dilution was done as 

follows: The hybridomas were resuspended in a standard RPMI-1640 media. After 

countïng the cells, a serial dilution was made to achieve a k a 1  concentration of 3 

cells/mL. Then 100 pL, of ce11 suspension and 100 pL of RPMI-1640 media with 10% 

growth factor and 10% FBS were added to each well in a 96-well plate. The 

supernatant of each clone was tested for the anti-biotin antibody activity after 7-10 

days, and the cloning efficiency was calculated as.follows: 

Cloning efEciency % = Number of positive clones x IO0 / Number of clones (1) 

The limiting dilution was continued until the cloning effciency reached 100%, and 

the clone was then expanded and frozen in liquid N2 for the future use. The same 

technique was also used for preparing monoclonal quadromas producing desired 

bsMAbs. 

2.8 Ascites Production and Purification 

Male BALBlc mice were pnmed with 0.5 mL of Pristine (2, 6, 10, 14- 

tetramethylpentadecane) by intraperitoneal injection (Harlow and Lane, 1988). After 

two weeks, the monoclonal hybridom P54.1R cells 1 x 1 0 ~  in 0.2 mL saline were 

inoculated peritoneally into BALB/c rnice. Ascites fluids were collected in tubes 

containhg heparin two weeks after inoculation. The MAbs from the ascites fluids 

were diluted by PBS and purified by ammonium precipitation and ion exchange 

column (Suresh, 1986a). 

Briefly, solid ammonium sulfate was gradually added with stimng to achieve 50% 

salt saturation and the solution was continuously stirred at 4 ' ~  overnight. n i e  solution 

was centrifuged at 3000 x g for 30 min and the pellet was collected. n i e  precipitated 

immunoglobulins were dissolved in 10 rnM sodium phosphate bmer  (pH 7.4) and 

dialyzed against 4 L of the same buffer. The dialyzed sample was loaded on to a DE52 



column equilibrated with 10 rnM sodium phosphate buffer @H 7.4). The colurnn was 

washed to remove the unbound protein until no protein can be detected in the eluent. 

The immunoglobulins were eluted using linear ionic gradient fiom 10 mM to 100 mM 

sodium phosphate buffer. The protein concentration was measured by W detector at 

280 m. The antibody activity was detennined by direct ELISA as described above. 

The fiactions with highest antibody activity were pooled and the purity was analyzed 

by reduced SDS-PAGE (Laemrnli, 1970). 

2.9 Determination of Dissociation Constant 

ELISA was used to determine the dissociation constant (Kd) of antibody and 

antigen (Friguet, et al., 1985). The antigen at various concentrations (8x10-~ M to 

2xW7 M) was first incubated in solution with the antibody at constant concentration 

(6 x 10" M). After 2 h incubation at room temperature and overnight incubation at 

  OC, 100 pL, of each mixture was transferred into microtiter plate pre-coated with 1 

pg/well biotinylated BSA and hcubated for 1 h at room temperature. Afier washing 

with PBS plus 0.02% Tween 20, the bound antibody was detected by adding goat anti- 

mouse antibody conjugated with HRPO. The Kd was determined fkom the dope of the 

Scatchard plot. 

3. RESULTS AND DISCUSSION 

3.1 Preparation of Biotin-Carrier Conjugates 

Biotin has a very high affinity with avidin and streptavidin (Ka = 1.3 x 16'' M). 

The binding occurs between the bicyclic ring of biotin and a pocket within each of the 

four subunits of avidin. The valeric acid portion is not Uivolved or required for the 

interaction (Green, 1965; Wilchek and Bayer, 1988). This characteristic allows 

modification of the valeric acid side chah without affecting the binding potential 

toward avidin and streptavidin. D-biotin is the basic building block for constructing 

biotinylation reagents. The moIecu1e may be attached directly to a protein via its 

valeric acid side chah, or derivatized at this carboxylate with other organic 

components to create spacer arms and various reactive groups. 



Biotin is a smail molecule, although normatly able to interact with the products 

of an immune response, often cannot cause an immune response on their own. They 

are actuaily incomplete antigens called haptens. But after coupling thern to a suitable 

carrier molecule, they can be made immunogenic to elicit antibody production. 

Carriers typically are antigens of higher molecufar weight that are able to cause an 

irnmunological response when administered Nz vivo. The rnost common carrier 

proteins in use today are KLH (MW 4.5 x 102 to 1.3 x 104 kD) , BSA (MW 67 kD), 

OVA (MW 43 kD) and thyroglobulin (MW 660 kD). Since an antibody response 

would be directed against both the carrier and the attached hapten, an ELISA done to 

measure the antibody response specifically to hapten must not utilize the sarne carnier 

in the conjugate coated on the microplates. If the carrier conjugate used for the ELISA 

is identical to that used in the original immunization, the rest results will be skewed by 

the contribution of carrier-specific antibodies. For this reason, a non-relevant carrier 

which is not recognized by the products of the immune response m u t  be coupled with 

hapten and used for ELISA test. In this experiment, KL,H was chosen as a carrier to 

immunize mice to develop specific antibody to biotin, BSA and OVA, however, were 

used as non-relevant carriers in ELISA tests designed to quanti@ the antibody 

response. 

3.2 Determination of Degree of Biotinylation 

Determination of the degree of biotinylation is ofien important to optimize a 

particular biotin-ad-biotin or biotin-avidin assay system and ensure reproducibility in 

the biotinylation process. The most cornmonly used method for measuring the extent 

of biotin modification makes the use of 4'-hydroxyazobe1uen-2-carboxylic acid 

@IABA) assay (Green, 1965). In the absence of biotin, the dye is able to form 

specifically noncovalent complexes with avidin at its biotin binding sites. After 

binding to avidin in aqueous phase, avididHN3A complex exhibits a characteristic 

absorption band at 500 m. The addition of biotin to this complex results in 

displacement of HABA fiom the binding site, since the a f i t y  constant of the 



avidin/biotin interaction (1015 M") is much higher than that for avididlWBA (6x10~ 

MI). As HABA is displaced, the absorbance of the complex decreases proportionaliy. 

Thus, the arnount of biotin present in the solution can be detennined by plotting the 

avidin/HABA absorbance at 500 nm versus the absorbance modulation with increasing 

concentrations of added biotin. Comparing an unknown biotin-containing sarnple to 

this standard response curve can result in the detennination of the biotin concentration 

in the sample. 

The molar ratio of biotin to OVA and BSA carrier were 3.5 and 4.0 respectively 

according to this method. However, the molar ratio of biotin to KLH was not 

detennhed because KLH is not a single component. 

3.3 Development of Hybridoma P54.1R 

MAbs to biotin have been prepared using biotinylated KLH as the immunogen 

(Fig 2.2, p 44). The intrasplenic immunization was dernonstrated to be a rapid and 

effective rnethod to produce MAbs. A total of 3 mice was irnrnunized with 

biotinylated KLH according to the protocol described in Table 2.1, p 47. 

The mouse sera were tested for anti-biotin antibody activity by direct ELISA. 

The mouse with the highest antibody titer was selected for hybridoma fusion, since the 

hi& titer of anti-biotin MAb might indicate that more B cells producing anti-biotin 

antibodies or higher affinity of anti-biotin MAb were probably present in the 

immunized moue. The splenocytes collected from this immunized mouse were then 

fused with SP2/0 myelomas by PEG. After the fusion, cells were seeded in microtiter 

plates and selected in HAT media, wherein only the hybridornas c m  swive. 2 weeks 

after fusion, the visible clones were screened for the hybndoma producing anti-biotin 

MAb. The primary screen was performed on biotin-BSA coated ELISA plates. The 

first incubation was to hold the mouse immunoglobulins fiom the supematants of each 

clone to the plates and then the bound immunoglobulins were detected by goat anti- 

mouse antibody conjugated with HRPO. 



The fusion eEciency of the mouse splenocytes with the mouse myeloma SP2/0 

was relatively hi&. Hybridoma ce11 growth was observed in 60% of the wells with a 

total of 384 primary clones appeared in 96-well plates. When tested by ELISA, the 

presence of hybndoma secreting anti-biotin antibody was detected in 30% of 

hybridomas. About 20 positive clones with high anti-biotin activity were subsequently 

expanded into 24-well plates and 6-well plates. The activities were tested continuously 

during the transition periods since the hybridomas may lose the ability to secrete 

antibodies. The best three clones (P54. IR, P54.2R and P54.3R) were h d y  selected 

and their ELISA results were in Table 2.2, p 48. 

They were recloned until the hybridomas continued to produce 100% positive 

wells at the limiting dilution of less than 0.3 celYwel1. Al1 of these three clones were 

stored in liquid N2 for the future use. The isotype and binding f i t y  were determined 

in order to choose the best one for developing quaciromas. 

3.4 Isotype of anti-biotin antibody 

Early characterization of a MAb's isotype is important for a number of reasons. 

First, an antibody's isotype can determine the simplest method of purification. For 

example, IgG2a and IgG2b bind protein A and therefore can be purified by protein A 

&nity chromatography. However, this method m2y not be suitable for IgGl 

monoclonals because they do not bind protein A well under standard conditions. 

Second, isotype characterization also reveals an antibody's stnicture, which may make 

it undesirable in some applications. For example, IgM7s exist as pentamers composed 

of five 180-kD subunits, therefore these unstable IgM monoclonals are not suitable to 

make bsMAb and often too large for applications that require monorners like IgG 

isotypes. Fourth, an antibody's isotype detennines the best method of preparing 

antibody hgments by proteolysis. The isotypes of MAbs secreted by these three 

clones were al1 IgGl (y, A) determined by ELISA (Table 2.3, p 49) and commercial 

isotyping kit. 



3.5 Relative Binding Efficiency of Anti-Biotin Antibody 

Before a hybridoma is generated for M e r  development of quadromas, it is 

important to know the binding affuiity of the antibody it secretes, because a bsMAb 

with a hi& aninity to b i o h  is required for developing an immunoprobe or a dmg 

delivery system. Instead of measuring absolute antibody affinity which requires 

purified antibody, the relative affmity of these antibodies could be simply compared 

using ce11 culture supernatants collected fiom each clone. Fig. 2.3 shows the reIative 

f i i i t i e s  of these antibodies fiom three clones. The relative affinities were detennined 

by a residual titration assay. The antibodies were first incubated with soluble 

biotinylated BSA. Residual antibodies were measured by binding to solid phase 

biotinylated BSA in ELISA. With increasing the concentration of soluble biotinylated 

BSA, fewer residual antibodies would be available to bind the solid phase biotinylated 

BSA. Since a wide range of soluble antigens were used, the relative higher affinity 

MAb wodd be saturated with antigen resulting in negligible residual MAb for 

subsequent titration. P54.1R was chosen for further studies based on the highest 

relative affïnity to biotinylated BSA arnong the three clones and its residual antibody 

fraction faIls to zero at concentrations that are 2-3 orders of magnitude lower than for 

the other two clones. 

3.6 Preparation of Anti-Biotin Antibody 

To obtain a large amount of P54.1R antibody for further studies, hybridoma 

P54.1R was inoculated into BALB/c mice and 7 mL of mouse ascites containing anti- 

biotin antibody was produced. The anti-biotin activity could be detected when the 

mouse ascites was diluted up to 10,000 times. P54.1R was purified using ammonium 

sulfate precipitation and ion exchange chrornatography (DE-52). The fiactions 

collected fiom DE-52 column were tested for anti-biotin activity and the fiactions with 

hi& anti-biotin activity were analyzed by reduced SDS-PAGE. The resdts indicated 

that fiactions 5, 6 and 7 contained fewer contaminants (data not shown). In all, about 5 

mg of anti-biotin antibody was generated and kept for the future studies. 



3.7 Dissociation Constant Determined by ELISA Method 

n i e  dissociation constant of P54.1R to biotin was determined by ELISA (Friguet, 

et a l ,  1985). It has the advantage of using native antïbody eliminating the possibility 

of a f f i t y  alteration due to chemical modification, such as iodination, biotinylation or 

enzyme labeling. After equilibrium binding between MAb and antigen, the residual 

antibodies were simply quantitated in a conventional ELISA by standard calibration 

c w e .  The bound antibody is calculated by subtracting the fÎee fiom the total 

antibodies. n i e  solution phase biotinylated BSA had 4 moles of biotin per mole of 

BSA which is a Iow derivatization ratio in relation to the 57 fiee groups in the 

prirnary sequence of the protein. Hence, it is Iikely that the low biotin ratio and 

random spatial distribution result in only one Fab arm of MAb involved in binding. 

The binding affinity of P54.1R to biotin was equal to the calculated avidity value 6.1 x 

10" M fiom the Scatchard plot (Fig 2.4 p 46). 



1 VaIeric acid side chah 
HN NH 

Bicyclic ring 

Figure 2.1 Structure of D-Biotin (MW 244.3 1 D). 
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Figure 2.2 Schematic representation of conventional hybridoma technology. 



Figure 2.3 Relative a E t i e s  of anti-biotin antibodies for biotinylated BSA were 

determined by a residual titration immunoassy (n=4). The monoclonal antibodies were 

incubated with biotinylated BSA at varying concentrations for 4 h and subsequently 

the residual unbound MAb was reacted with the same antigen on the solid phase. 

Percentage of optical density represents the ratio of the signal generated from ELISA 

plate in the presence to the absence of competing solution phase antigen. 



Figure 2.4 Scatcllard plot of monospecific MAb P54.1R against biotin (n=4). Various 

concentrations of MAb and biotinylated OVA were mixed and incubated ovemight to 

establish equilibriuin and aliquots were transferred to biotinylated OVA coated plate to 

estimate unbound MAb in direct ELISA assay. 



Table 2-1 Irnmunization Protocol for Generation of MAb against Biotin 

Time Amount of Antigena Adjuvant Volume (mL) Route 
(day) ( lg) 

1 50 F C A ~  0.2 I P ~  

7 50 FICA' 0.2 IP 

10 100 PBS* 0.5 IP 

1 lg Senun Test 

12 50 PBS 0.15 1s' 

15 Ce11 Fusion 

Biotin-KLH 

Freund's complete adjuvant (FCA) containing rnycobacteria may modulate 
releasing rate of the antigen and thus improve immunization efficiency. 

Freund's incomplete adjuvant (FICA) dose not contain mycobacteria and may also 
improve immunization efficiency. 

Phosphate buffered saline 

Intrapentoneal (P) injection 

Intrasplenic (IS) injection 

S e m  anti-biotin antibody titer determined by ELISA 



Table 2.2 Screening of Primary Hybndomas for Anti-biotui Reactivity by 
ELISA 

a Optical absorbante measured at 405 m. 

b Serurn obtained fkom antigen immUNzed mouse was used as positive 
control. 

c Normal mouse serum used as negative control. 



Table 2.3 Isotype of Anti-biotin Antibodies from P54 Clones. 

a "-" optical obsorbance at 405 nni lower than 0.1. 

b "+" optical obsorbance at 405 nm Iiigher tlian 0.5. 



A RAPID NON-SELECTTVE METIIOD TO GENERATE QUADROMAS BY 

iMICROELECTROFUSION 

This chapter has been published in Journal of Imrnunological Methodi, 187, 1- 7, 1995. 

1. INTRODUCTION 

Hybridoma technology established the route to produce continuous cultures 

secreting MAbs (Kohler and Milstein 1975). Since this milestone accomplishrnent, 

several new second generation MAbs have been made such as bsMAbs, chimeric 

MAbs, CDR grafted MAbs, bifunctional MAbs (fusion proteins), abzymes, single 

chah Fv and domain antibodies (dAbs). 

BsMAbs with two distinct binding specificities have s h o w  great promise for 

immunoassays (Suresh, et al., 1986), immunohistochemistry (Milstein and Cuello, 

1 983), ce11 targeting (Lanzavecchia and Scheidegger, 1 987), complement-mediated 

cytotoxicity (Wong and Colvin, 1987), targeting of toxins or drugs to cells (Raso and 

Griffi, 1981) and rnolecular hybridization (Auriol et al., 1994). BsMAbs are 

produced mainiy by three methods: chemically linking two antibody molecules, fusion 

of two different hybridoma ce11 lines or recombinant DNA based approaches. 

Quadromas produced by cell fusion can provide continuous cultures secreting bsMAbs 

and has its advantages over other methods. However, conventional ceIl fusion 

requires parental celis to be sensitive to a selection medium, which is a time 

consurning process. 

This chapter will describe a rapid and non-selective method to generate 

quadromas fiom two established hybndoma ce11 lines by micro-electrofusion. This 

protocol has reduced the time required to make quadromas fiom 6-12 months to a 

couple of weeks, and hence could make bsMAbs widely available as routine reagents. 



2. MATERIAL,S AND METHODS 

2.1 Hybridoma Ce11 lines 

In this study the following hybndoma ce11 lines producing antibodies against (i) 

horseradish peroxidase:YC6/4 1 (Milstein and Cuello, 1983); (ii) biotin: P54.1 R, 

developed in our laboratory; (iii) head and neck squamous carcinoma:174H.64 

(Samuel et al., 1989); and (iv) adenocarcinoma: 1 70H.82 (Longenecker et al., 1 987) 

were used. The anti-biotin and the tumor reactive MAbs are mouse IgGl monoclonal 

antibodies, while the anti-peroxidase ce11 line secretes a rat IgG2a MAb. 

2.2 Microelectrofusion 

The two desired hybndoma ce11 cultures were combined at a 1:l ratio and the 

mixture was centrifùged at 200x g for 8 min to obtain a ce11 pellet. The supernatant 

was removed and the cells were washed twice with fusion media (0.3 M glucose, 0.1 

rnM ca2' and 0.1 mM M ~ ~ + ) .  The cells were resuspended in fusion media to a final 

concentration of 1x10' cells/mL. A meander slide was sterilized using 95% ethanol 

and placed on an inverted microscope stage housed in a class 100 (Type IIA) 

biohazard hood. The micrograbber cables were attached to the terminus on the slide 

and to an Electroporator mode1 ECM 200 (BTX Inc., San Diego, CA). An appropriate 

amount of the parental hybridoma fusion mixture was pipetted on to this slide. 

Electrofûsion was carried out under following electrofusion settings as 

recommended in the manual. Alignment amplitude AC 8.0 V; time 7 sec; field 

strength 400 V/cm; electrofksion amplitude DC 50 V; pulse width 30 psec; number of 

pulses 2. Follouing electrofuçion the cells on the chamber were aspirated with a stede 

rnicrotip and pipette, and transferred to a sterile petri dish with 20 mL RPMI-1640 

medium (GIBCO-BRL, N.Y.) containing 20% FBS, 1% penicillin-streptomycin 

(GIBCO-BRL, N.Y.) and 10% Ongen growth factor (IGEN, Inc., M.D.). After 30 min 

incubation (5% COz at 37 OC), the ceils were seeded at 200 pL/well into a 96 well plate 

and incubated. Quadroma clones appeared in 10 to 14 days and the supematants were 

tested for bsMAbs production by an ELISA method (Suresh et al., 1986b). 



2.3 Bispecific MAb Enzyme Immunoassays 

In the bsMAb sandwich screening assay, standard 96 well ELISA plates (Nunc) 

were coated with 100 pL of a 1: IO00 dilution anti-170 or anti-174 idiotype antibody 

per weli and incubated at room temperature overnight. The wells were washed 5 times 

with PBS/Tween-20 (0.02%). The wells were blocked with 200 pL of 3% BSA in PBS 

(pH 7.4) overnight at 4 OC. Quadrorna ce11 supernatant 50 Cu, (1 : 100 dilution) rnixed 

with 50 pL HReO (10 yg/mL) was added and incubated at room temperature for 1 h. 

This was foLiowed by washing 5 t h e s  with PBSTTween-20. 2, 2'-azino-di [3- 

ethylbenzthiazolin sulfonate] (ABTS) + Hz02 100 pL (Pierce, USA) was added, and 

plates were read after 30 min in a microplate reader. This basic bsMAb assay was 

changed according to the type of quadroma ce11 supernatant used (Table 3.1, p 60). In 

order to detect bsMAbs bearing an anti-biotin a m ,  the direct assay was performed as 

above except the standard 96 well ELISA plates were coated with 1 pg biotinylated 

BSA as the solid-phase capture reagent. 

3. RESULTS AND DISCUSSION 

Quadrornas were generated by mÏcroelectrofusion procedures using the BTX 

meander slide (Fig 3.1, p 59). This plastic microslide has an electrode grid coated on 

its surface with the anodes and cathodes separated by 0.2 mm. The stems of the 

electrode can be connected to the ECM 200 electrofusion apparatus by two 

micrograbber cables. The slide was sterilized with ethanol, air dried and placed on the 

inverted microscope housed in a biohazard hood. This allowed for obsen~ation of the 

formation of pairs or a string of cells between the electrodes due to AC voltage 

applied. Fusion of cells in pairs or more c m  be observed upon introducing the DC 

pulse resulting in coalescence of the cytoplasm. Unfûsed small cells and the fused 

large cells can both be seen soon after electrofusion. Finally, three sets of quadromas 

were developed. One set was made by fusing a hybndoma secreting (i) anti- 

adenocarcinorna antibodies (170H.82) or (ii) anti-head and neck squamous carcinoma 

(174H.64) with a hybndoma secreting uiti-HRPO antibodies m4), and the other with 



a hybndoma secreting anti-biotin antibodies. The third type of quadroma s p e c i w g  

both anti-HEWO and anti-biotin binding arrns was also generated (Table 3.1). Five 

different quadromas were thus generated in Iess than a month and were identified by 

enzyme immunoassay according to the different types of bsMAb assays specified in 

Table 3.1. 

The results of the bsMAb ELISA are shown in Table 3.2, p 6 1. As descnbed in the 

materials and methods section, this is a bridge immunoassay that takes advantage of 

the dissimilar binding properties of the two Fab arms of a bsMAb. This assay, while 

being specific for hybrid immunoglobuliris, suffers fiom potential reduced sensitivity 

in the presence of excess monospecific immunoglobulins which are also secreted by 

the putative quadromas. The problem is M e r  magnified due to the total absence of 

dnig selection procedures in this method. Thus, unfused hybridoma cells in the 

primary clones can add to the parental rnonospecific MAb secreted by quadromas and 

hence compete for binding to the solid phase antigen in the bsMAb bridge ELISA. If 

the solid phase antigen is limiting, this cornpetition and saturation by rnonospecific 

MAb (sometimes with higher avidity) c m  obscure the detection of bsMAb secreted by 

quadromas in primary clones. Therefore, it is advisable to have solid phase antigen in 

excess and a low volume or dilution of the clonai supernatant to detect the desired 

bsMAb. Despite these theoretical limitations of low sensitivity, it was possible to 

detect the presence of quadroma clones and reclone them twice soon after 

identification to avoid loss fiom the overgrowth of the unfused parental hybridomas. 

The opticai density values at 405 nrn in al1 the five different bsMAb ELISA were clear 

strong positives with a background value of 0.07 when the corresponding 

monospecific MAbs were used. 

The real advantage of this procedure is to make 5 quadromas in a matter of only 2- 

4 weeks. This is certainly dependent on the availability of well established hybndomas 

and a screening method along with sufficient reagents to detect bsMAbs. Pnor to the 

optimization of diis simple non-selection procedure we routinely spent 3-6 months to 

make quadromas (Suresh et al., l986a and b; Kreutz and Suresh, 1995). 



The quadromas were optimally generated with 500 cells of each fusion partner 

hybridoma (Table 3.3, p 62). Different amounts of cells in varying volumes were tried 

with different seedmg ratios. When the number of cells seeded were increased, the 

number of clones generated increased simultaneously. However , the seeding at the 

highest density of 100 ceUs/well did not help identify any quadrornas, perhaps due to 

overgrowth of unfused cells. It can be seen in Table 3.3 that at the highest seeding, al1 

of the 96 wells had clones, but we were unable to detect any bsMAb positive clones. 

While quadrorna clones may have been generated, their ELISA detection was probably 

obscured by monospecific MAb saturation of solid phase antigen. 

The yield or fiequency of bsMAb secreting clones were about 1- 4 x 10-~ based on 

the total input cells used for fusion. However one should aiso look at the yield of 

quadromas based on the total numbers of clones growing in the 96 well, which 

increases the fiequency to 10 - 40% (Table 3.3). Not al1 the wells show clonal growth 

even though 5-10 cells were seeded per well. This is probably due to a combination of 

factors such as (a) the deleterious effect of electrofusion (b) non-ideal ce11 culture 

conditions (c) fusion of more than 2 cells which rnay have growth problems and (d) 

the low volume of the ce11 mixture that was used on the slide (1 0-50 &) which may 

cause some ceIl death due to drying or lower ce11 recovery after aspiration of the 

droplet. Despite al1 these potential problems, we were able to develop and identify 

quadromas for subsequent recloning in two cycles. The stability of the quadromas was 

generally good and their recloning efficiency at the second reclone is shown in the 

final column of Table 3.3. 

These quadromas were subsequently grown for 3-6 rno~ths and made ascites in 

mice for bdk  preparation of the bsMAbs for M e r  in vitro and in vivo studies. 

Seeding at limiting dilutions of 1 cellhell did not consistently show clona1 growth, 

although one would theoretically expect additional advantage in an instant cloning step 

as part of primary seeding. The quadromas identified were eventually recloned twice 

and stored in liquid &. 



Historically, the first bispecific antibodies were generated by chemically coupling 

two polyclonal antibodies (Nisonoff and Rivers, 196 1). Monoclonal bispecific 

constructs have been made fiom whole antibodies as well as their fiagments using 

bifunctional crosslinking reagents. Trispecific antibodies have been developed 

incorporating three different Fab fiagrnent specificities utilizing a chemical 

crosslinker. Altemativeiy protein crosslinkers have also been used to make bsMAbs, 

using protein A or formation of unique cyclic tetrarneric complexes with rat anti- 

mouse Fc region antibodies (Wognum et al., 1989). The chemical manipulation 

involves dissociation of two diffèrent antibodies and reassociation of the half 

molecules (Nisonoff and Rivers, 1961). It does not require ce11 fusion, the desired 

bispecific and trispecific antibodies can be made more quickly and the products are 

also comparatively easier to puri@ (Glennie et al., 1987). A drawback of the chemical 

recombination method is protein denaturation and loss of antibody activity. 

Allelic exclusion in B ce11 development ensures the synthesis of only one H and 

one L type of the imrnunoglobulin chah for eventual assembly into an IgG molecule 

with two identical antigen binding arms. This is also a characteristic of hybndomas 

denved by B ce11 fusion. However, when two hybridomas are fiised to f o m  

quadromas, the resulting celi c m  CO-dorninantiy express the H and L chahs of both 

the parental hybridomas. Heterologous association of H chahs and homologous or 

conservative assembly of the Iight chainsi to the parental H c h a b  generates bsMAbs 

with two dissimilar antigen binding properties in one molecule (Suresh, 1986a and b). 

The ce11 fusion techniques avoid sorne disadvantages of the chernical rnethods but 

still have some shortcomings: difficulty of fusing two parental hybndorna cells, low 

stability of the resulting cell Iines, low yields of the desired bsMAbs and difficulty in 

purification of the bispecific molecules fiee of parental and other species. Ce11 fusion 

is Iabor intensive, t h e  consuming, and requires parental ce11 Iines to be mutated and 

made sensitive to a selection medium before they can be used (Miïstein and Cuello, 

1983; Staerz and Bevan, 1986; Lanzavecchia and Scheidegger, 1987; Wong and 

Colvin, 1987). 



Several approaches for selecting quadroma cells have been developed. Parental 

hybridomas could be reverted to be HAT-sensitive by selecting mutants that lack 

hypoxanthine guanine phosphoribosyl transferase (HGPRT) fused with the immune 

spleen ceus (Milstein and Cuello, 1983). AIso, hybndoma cells lacking other markers 

such as thymidine kinase or adenosine phosphoribosyltransferase may be selected in 

the medium containing bromodeoxyuridine or 6-chloropurine, respectively. 

Altematively, with the use of two distinct site-specific irreversible inhibitors of protein 

synthesis, such as emetine, actinomycin D, or iodoacetamide, the metabolic pathway 

of each of the two parental ce11 lines could be inhibited independently (Suresh et al.. 

1986a). Furthemore, somatic hybrids can be selected by sorting out the 

heterofluorescent cells without relying on drug selection (Karawajew et al., 1987; 

Koolwijk et al., 1988), but it requires an expensive fluorence activation ce11 sorter. 

Recombinant DNA methods have also been exploited to generate transfectants to 

secrete bsMAbs (Songsivilai et al.. 1989). Several groups have developed single chain 

bispecific antibodies (Holliger et al., 1993 and Kranz et al., 1995). In their studies, the 

heavy and light chains of immunoglobulin binding regions are linked by a (Gly-Gly- 

Gly-Gly-Ser), linker and two single chain binding regions are themselves linked by yet 

another semi-rigid bridge peptide. Another elegant method takes advantage of the jzin 

and fos peptide segments of the oncogen proteins. A murine (a-CD3 ) FabY-fos and (a- 

Tac) FabY-jun were individually expressed as homodimers in SP2/0 cells. When 

reduced, rnixed and reoxidized, a preferential heterodimer association was seen due to 

the formation of a leucine zipper between the fos and jun peptides fused to the hvo 

Fab' regions. These provide improved methods of generating new types of cells 

secreting only bsMAbs. 

The conventional fusion method involves PEG which acts as glue adhering to ce11 

membranes. Electrofûsion, however, induces ce11 hybridization by transient electric 

fields. An initial alternative current (AC) aligns the cells exposed to the electrical field 

and the current is then switched to a direct electric field O C )  to breakdown the ce11 

membranes. The membrane breakdown is caused by a trammembrane potential 



difference. When the critical trammembrane potential difference was reached, 

membrane breakdown and pores were formed, leading to a cross-flow of cytuplasm 

and medium. The pores of adjacent cells rnight broaden and eventually cause the two 

cells to h e .  When the DC is removed, the remaining pores in the membrane of the 

new heterokaryon close, yielding a hybrid ce11 (Glassy et al., 1988). Electrofusion has 

a number of advantages over the conventional methods of ce11 fusion (Schmitt et al., 

1989, Zimmermann and Vienken, 1982). It is an innocuous and nonchemical method 

that does not seem to alter the biological structure or function of the target cells. In 

addition, it is relatively easier to perform and much more efficient than the traditional 

chernical or biological fusion techniques. It can improve the fusion yields and 

hybndoma recovery by 100-fold (Chang et al., 1989) in comparison to the widely used 

PEG-fusion method. 

Microelectrofusion allows a very small number of cells (-1000 cells) invoived 

in generation of the quadromas with relatively high fiequency. Such a protocol could 

also be predictably adopted to generate human hybridomas with few B cells isolated 

fÏom penpheral blood lymphocytes e ~ c h e d  by antigen specific panning or affiity 

microelectrofusion. The desired quadromas can be selected with no dmg selection 

procedures due to immediate plating of cells at low density to avuid overgrowth of 

unfused cells, which could othenvise mask detection of any putative quadromas in the 

well. It was obsemed that with a concentration of 10* cells/mL, or 1000 cells/l O$, 

proper ce11 to cell contact and orientation for ce11 fusion is achieved and the quadroma 

can be selected by ELISA. We have noted that optimum total number of cells for 

seeding would be 10 cells in each well of 96-well plate. These five quadromas were 

generated in a month and remained stable d e r  the second reclone. 

Two of these new quadromas, anti-biotin x anti-HRPO and anti-biotin x anti- 

squamous carcinoma, were developed and charactenzed for further studies. BsMAb 

(ah-biotidanti-HRPO) has been employed as a universal immunoprobe for detecting 

biotinylated macromolecules including biotin pegylated liposomes. This wiil be 

elaborated in chapter 4. Another bsMAb (anti-biotidanti-squamous carcinoma) has 



been used to generate tumor specific cimg delivery sptem, which will be addressed in 

chapter 6.  



Figure 3.1 Diagrmatic representation of a BTX meander chamber (reproduced 
with permission h m  BTX, Sari Diego). 





Data expressed as mean of the optical absorbance at 405 nm (n=3) after subtrnction of the background. The standard deviation is 

less than 5% of the mean for al1 values. 

Table 3.2 Primary Screening of Quadromas Secreting Bispecific Antibodies. 

YP4 x 174 

a-biotin x 174 

a-biotin x 170 

YP4 x 174 

a-biotin x YP4 

Clone 1 Clone 2 Clone 3 Clone 4 Clone 5 Clone 6 Clone 7 Clone 8 Clone 9 

0.578 

0,4 1 7 0.363 0.398 0.42 1 

oh64 0,403 0.397 0.338 0.240 0.214 

0.466 0,356 0.32 0.32 1 0.306 0.295 0.284 

0.512 0,548 0.469 0.337 0.364 0.3 18 0.302 0.290 0.256 





DEVELOPMENT OF BSMAB (ANTI-BIOTLN X ANTI-=O) AS A 

UNIVERSAL IMlMUNOPROBE FOR DETECTING BIOTINYLATED 

MGCROMOLECULES 

This chapter has been accepted by Journal ofimrnunological Methodrs for pztblication (1998) 

1. INTRODUCTION 

The advent of MAb technology was instrumental in the development of 

imrnunoenzymetric and radioimmunometnc assays. However, the drawbacks of 

covalent cross-linking of antibodies to enzyme or radioactive markers often generate 

batch to batch variations in conjugate preparations and denature their activities (Suresh 

et al., 1986a and b). BsMAb with two distinct binding specificities could theoretically 

solve this problem. They were first illustrated in 1960's (Nisonoff and Rivers, 196 1). 

In the past decade, especially after hybndoma technology was fully developed (Kohler 

and Milstein, 1975), bsMAb was developed as a second generation probe for 

irnmunoassays (Kreutz and Suresh, 1 995 and L 997), immunohistochernistry (Milstein 

and Cuello, l983), ce11 targeting (L,anzavecchia and Scheidegger, 1 !?87), complement- 

mediated cytotoxicity (Wong and Colvin, 1987), targeting of toxins or dmgs to cells 

(Raso and Griffin, 1981) and molecular hybridization (Auriol et al., 1994). BsMAb 

designed specifically to cross-link an antigen with an enzyme can eliminate the need 

for chernical conjugation and give a greater degree of 1 i n e a - i ~  sensitivity and 

reproducibility (Suresh et al., l986a and b). 

In this chapter, employing a non-selective rnicroelectrofkion, we have 

successfùlly developed and characterized a desired quadroma ce11 Line P5 8.5R, which 

continuously secretes bsMAb with both mti-biotin and anti-HRPO binding 

specificities. 



2. MATERIALS AND METHODS 

2.1 PREPAIiATION OF BIOTINYLATED PROTEIN AND LLPOSOME 

Chemical reagents used for prepmation of antigens including d-biotin, keyhole 

limpet hemocyanin W H ) ,  bovine serurn albumin (BSA), ovalburnin (OVA), NHS- 

LC-biotin p-hydroxysuccinimidyl-6-(biotinamido) hexanoate], carbodiimide, 

aqueous pyridine, and 4-hydroxy-azobenzene-2'-carboxylic acid (HABA) were 

purchased fiom Sigma Chemical Company, Mississauga, ON, Canada. The 

hydrogenated soy phosphatidylcholine (HSPC), cholesterol (CH), biotin- 

phosphatidylethanolamine (B-PE) were purchased fiom Princeton Lipids (Princeton, 

NJ). Polyethylene glycol (MW 2000 Da) phospholipid distearoyl- 

phosphatidylethanolarnine (PEG2000-DSPE) was a gift fiom Dr. T. Allen. 

Pharrnacology Department, University of Alberta. 

Biotin was chemicaily attached to KLH, BSA and OVA and the molar ratio of 

biotin to protein was determined by HABA assay (chapter 2). The liposomes were 

prepared using a method descnbed previously (New, 1990). HSPC : Cholesterol 

(molar ratio 2:l) were mixed and dissolved in chloroform to create a homogeneous 

mixture. Biotinylated conventional liposomes were prepared by adding 2% biotin-PE 

to iipid mixture. Biotin stealth liposomes were prepared by adding 2, 5 and 10 mol % 

PEG-DSPE to lipid mixture. The mixture was placed in a round-bottom flask and the 

solvent was removed under negative pressure using a rotary evaporator. An evenly- 

distributed thin lipid film was formed on the flask wall and stored in vaczrzrm 

ovemight. The thin lipid film was hydrated with PBS (pH 7.4) to produce 

multilamellar liposomes. The hornogeneously sized liposomes were obtained by 

extrusion (Lipex Biomembranes Extruder, Vancouver, BC. Canada) through 

polycarbonate membrane filters successively witli 0.2, 0.1 and 0.08 jun pore size until 

the liposome size was about 100 m. The liposome size was monitored by dynamic 

light scattering with a Particle Analyzer (Brookhaven Instruments Corporation, 

Holtsville, NY). 



2.2. DEVELOPMENT AND CHARACTERIZATION OF BSMAB 

YC6/41, a rat hybridoma secreting IgG2a anti-horseradish peroxidase (anti-HRPO) 

MAb was kindly provided by Dr. Milstein from MRC Laboratory of Molecular 

Biology, U.K. P54.1R, a mouse hybridoma secreting IgG1 anti-biotin MAb was 

developed in our lab. The detailed fusion protocol was described as before (chapter 3). 

Clones appeared in about 10 to 14 days and the supernatants were tested for bsMAb 

production by a bridge ELISA method described below. The best quadroma P58.5R 

were recloned twice and stored in liquid &. 

2.2.2 BsMAb Bridge ELISA 

Standard 96-well ELISA plates were coated with 1 pg/well biotinylated BSA at 

room temperature overnight. The wells were blocked with 3% BSAPBS (pH 7.4) for 

2 h at room temperature. After washing 5 times with PBSITween-20 (0.02%), 50 & of 

supernatant (1: 100 dilution) mixed with 50 pL of HRPO at 10 pg/mL was added and 

incubated for 1 h at room temperature. This was followed by washing 5 times again, 

and color reaction was developed by ABTS + HzOz. The bsMAb is specif'cally 

detected in this assay format by its ability to bridge the solid phase biotin antigen with 

the solution phase HRPO. 

2.2.3 Production and DuaI Affxnity Purification 

Quadroma cells were grown in the culture medium RPMI-1640 with 5% FBS over 

3 weeks. Two liters of supernatant were collected and centrifbged at 200x g for 7 min 

to remove cells. The supernatant was passed through a 10 mL biotin-agarose column 

(Sigma). The unbound antibodies were washed away by 200 mL of phosphate buffer 

(pH 7.4). The anti-biotin antibodies were eluted with excess antigen (0.5 mM d-biotin) 

or 0.2 M glycine buffer (pH 2.8) followed by imrnediate neutralization with phosphate 

bufTer (pH 8.0). The fiactions were dialyzed against PBS buffer (pH 7.4) to remove 

biotin. Antibodies were then purified by passing through a 10 mL HWO-Sepharose 



column (Sigma). The column was eluted with 50 pg/mL KRPO or 0.2 M glycine 

b&er (pH 2.8) followed by neutralization to pH 7.4. The protein concentration and 

activity of each fiaction were measured by W (250 nm) and ELISA (405 nm) 

respectively. The pur@ was analyzed by reduced SDS-PAGE. 

2.2.4 Determination of Binding Efficiency 

a) Binding efficiency of P58.5R to biotinylated OVA was determined by 

cornpetitive ELISA, making comprison to streptavidin-HRPO conjugate (Vincent and 

Samuel, 1993). Standard 96-well ELISA plates were coated with 1 pJwell 

biotinylated OVA in PBS (pH 7.4) at room temperature ovemight. The plates were 

blocked with 3% BSAPBS. 50 pL of serial dilution of biotinylated OVA was mixed 

with 50 pL of P58.5R/HRPO cornplex or streptavidin-HRPO conjugate at optimal 

dilution respectively. n i e  fmal concentration of P58.5R was 1 pg/mL and HWO was 

10 pg/mL. The mixture was added to the pre-coated plates and incubated for 3 h at 

room temperature. After washing step, the plates were developed by ABTS + H202 

b) Binding efficiency of P58.5R to d-biotin and biotinylated OVA was also 

detemiined by cornpetitive ELISA described above. 

2.2.5 Background Noise Determination 

The background noise and specific binding of anti-biotin MAb P54.1 R and bsMAb 

P58.5R to different antigens were perfomed and compared to avidin and streptavidin. 

Eight different antigens were included: biotin-KLH, biotin-BSA, biotin-OVA, KLH, 

BSA, OVA, normal mouse s e m  and normal human senun. Direct ELISA method 

was used as described above. 

2.3. AZPLICATIONS OF P58.5R UV DIF'FERENT BIOASSAY SYSTEMS 

2.3.1 Immunosissay 

Standard 96-well ELISA plates were coated with 1 pg/well biotinylated OVA (80 

pmole of fiee biotin) at room temperature ovemight. The wells were blocked with 3% 

BSAlPBS (pH 7.4) for 2 h at room temperature. After washing 5 times with 



PBS/Tween-20 (0.02%), 50 of different amount of purified P58.5R mixed with 50 

pL  off O at 10 &mL was added and incubated for different tirne periods at room 

temperature. This was followed by washing 5 times again, and color reaction 

developed for different time points by ABTS + H20r To test the limits of sensitivity of 

the bsMAb P58.5R biotinylated OVA was coated on a microtitre plate in senal 

dilution followed by ELISA. 

2.3.2 Liposomal Immunosorbent Assay 

The accessibility of biotin moiety of liposome to the anti-biotin MAb could be 

detemllned using a sandwich liposomal immunoassay (Fig 4.1, p 75). The 96-well 

microtiter plates were coated using purified 1 yg of anti-biotin monospecific MAb 

P54.1R as capture antibody overnight at 4 ' ~ .  The nonspecific binding sites were 

blocked with 3% BSARBS. The biotinylated liposomes of different preparations were 

added and incubated for 1 h at room temperature. The plates were washed 5 times by 

PBSîTween (0.02%). 100 pL of bsMAb P58..5R/HRPO complex (P58.5R at 1 pg/mL 

and HRPO at 10 @IL) was added and incubated for 30 min at room ternperature. 

Color was developed by adding ABTS + HzOz. The same concentration of 

P58.5RMRPO complex was applied in al1 the subsequent assays. 

2.3.3 Quantitative Measurement of Biotin 

The determination of biotin concentration was perfoxmed by competitive enzyme 

immunoassay. Standard 96-well ELISA plates were coated with 1 pg/well biotinylated 

BSA in PBS (pH 7.4) as the solid phase capture reagent at room temperature 

ovemight. The nonspecific binding sites were blocked by 200 Cu, of 3% BSA/PBS. 

The weiis were washed with PBSîTween-20 (0.02%). 50 pL bsMAb/HRPO complex 

mixed with 50 @, of standard biotin or biotinylated liposome solution at various 

concentrations were added for 2 11 at room ternperature. The color was developed by 

adding ABTS + H202. 



2.3.4 Dot Blot and Western Blot 

To detect biotinylated proteins on a western blot, biotinylated OVA was resolved 

on SDS-PAGE and transferred ont0 ni~ocellulose paper. Altematively, biotinylated 

OVA was spotted on nitrocellulose as 2-5 pL dot blot. The nitrocellulose was blocked 

with 3% BSAPBS and incubated with P58SR/HRPO for I h and washed. The 

location of biotinylated OVA was identified using 4-chloro-naphthol + HzOz which 

generates a blue precipitate for a positive reaction. 

3. RESULTS A N D  DISCUSSION 

3.1. Development of BsMAb P58.5R 

The development of a quadroma is time and labor intensive because the two 

parental hybridoma ce11 lines generally need a separate drug marker for selection. 

Hence a novel non-selective methodology was developed (chapter 3) and standardized 

to generate the desired quadroma secreting bispecific antibodies. This novel protocol 

was based on the micro-electrofision on a meander chamber using a few hundred cells 

fiom each of the two parental hybridomas. This avoided labonous dmg selection 

procedures. Quaciromas could be selected without drug selection markers due to high 

ce11 fusion rate and subsequent limiting dilution. Nine primary quadroma clones were 

identified using the bsMAb bridge assay. The quadroma P58.5R was shown good 

stability and therefore was chosen for large scale production of bsMAb. 

3.2. Purification and Characterization of BsMAb P58.5R 

Quadrornas CO-dominantly express the two parental monospecific antibodies along 

with the desired bsMAb. Hence, we used dual afnnity chromatography to remove the 

undesired rnonospecific MAbs (Fig 4.2, P 76). The raw supernatant was purified 

through both a biotin-agarose and a HRPO-Sepharose column. We use a cornpetitive 

ligand (biotin or HRPO) elution (Harlow and Lane, 1988), making comparison to 

traditional acid elution. Fig. 4.3 shows the purification of bsMAb ihrough biotin- 

agarose column with 0.5 mM biotin. In contrast, when acidic condition pH 2.8 was 

applied in a traditional acid elution, there was little or no recovery of antibody as 



evidenced by the W absorption of the sample at 280 nm. This indicated that the 

antibody has a very high a E t y  for biotin and the acidic condition was not strong 

enough to break the interaction between antibody and antigen. The pooled MAbs 

eluted fiom the first biotin agarose column would have both bsMAb and monospecific 

anti-biotin MAb. Extensive dialysis of the pooled MAb could remove the biotin ligand 

fiom the antibodies. With the second HRPO-Sepharose column (data not shown), the 

similar results were observed with both HRPO competitive and acid elutions. 

However, the competitive elution would be preferred because it supplies mild 

condition to antibody and eluted bslMAb/HRPO complex could be directly used in 

ELISA without adding additional HRPO. 

The biotaavidin is widely employed in biochemical research, like nonisotopic 

imrnunoassay, nucleic acid hybndization assays and affinity chromatography due to 

the high affinity of the receptor-ligand interaction.(Diarnandis and Christopoulos, 

199 1). Its success is attested to by a number of reviews (Wilchek and Bayer, 1984 and 

1988). However, the disadvantage to the use of avidin is its tendency to bind 

nonspecifically to components other than biotin due to its high pI and carbohydrate 

content. The strong positive charge on the protein causes ionic interactions with more 

negatively charged molecules, especially ce11 surfaces. In addition, carbohydrate 

binding proteins on cells c m  interact with the polysaccharide portions on the avidin 

molecule to bind them in region devoid of targeted biotinylated molecules. These 

nonspecific interactions can lead to elevated background signals in some assays. 

Streptavidin iç another biotin binding protein isolated fiom Streptomyces avidinii 

that can overcome some of the nonspecificities of avidin (Chaiet and Wolf, 1964). 

Similar to avidin, streptavidin contains four subunits, each with a single biotin binding 

site. After some postsecretory modifications, the intact tetrameric protein has a 

molecular mass of about 60 kD, slightly less than that of avidin (Bayer, 1990). nie  

prirnary structure of streptavidin is considerably different fiom that of avidin, despite 

the fact that they both bind biotin with similar avidity. ï 'h is  variation in the amino acid 

sequence results in a much lower isoelectric point for streptavidin @I 5-6) than the 



highly basic pI of 10 for avidin. Streptavidin has relatively reduced nonspecific 

binding due to lack of carbohydrate and low isoelectric point @I 5-6). However, 

background noise is still a problem and restricts the full utilization of this system 

(Riley and CafEey, 1990; Wilchek and Bayer, 1988; Diamandis and Christopoulos, 

199 1). 

The results of background noise determination shows that both rnonospecific MAb 

P54.lR and bsMAb P58.5R have no cross reactivity to BSA, OVA, KLH, normal 

mouse senun and normaf human s e m  in contrast to avidin or streptavidin which 

exhibited slightly elevated background signal under the ELISA wash procedures 

(Table 4.1, p 85). In our experiments with the immunoassay format employllig P54.1 R 

and P58.5R, they give a clear low background compared to avidin or streptavidin. 

In this study, bsMAb P58.5R offered several advantages over current 

avididstreptavidin technology. First, P58.5R bypassed the need for chemical coupling 

with HEWO. This avoided the denaturation of antibody or enzyme, saved time and 

achieved optimal reproducibility. Second, P58.5R c m  give low background noise due 

to its hi& specificity. Third, P58.5R can be continuously supplied by an established 

quaciroma. Fourth, P58.5R demonstrates similar binding efficiency to streptavidin- 

HRPO despite its lower intrinsic affin@ to biotin when binding to biotinylated 

macromolecules (Fig. 4.4, p 78). We also found that 100-1000 fold more d-biotin is 

needed than biotinylated OVA to competitively inhibit the binding of bsMAb/HRPO. 

This can be explained on the hypothesis that the antibody binds better to biotin clusters 

than small fiee d-biotin molecules. This has been confirmed by another resezrch group 

(Vincent and Samuel, 1993). 

3.3 Applications of BsMAb P58.5R in Different Bioassay Systems 

3.3.1 Immunoassay of Bio tinylated Proteins 

The bsMAb P58.5R purified through dual a f i i t y  columns with a cornpetitive 

elution showed a very hi& activity. This purified antibody was used to determine the 

optimal dilution, antibodyhtigen reaction t h e  and color developing time when 



detecting 1 pg of f iotinylated OVA (80 pmole equivalents of fiee biotin) with 10 

pg/rnL HRPO. We found that 1 pgmL of P58 .SR u i t .  10 min incubation and 20 min 

color developing can give a signal over 0.5 (Fig. 4.5, p 79). The detection limit of 

P58.5R was 0.8 pmole of biotin in an ELISA (Fig. 4.6, p 80). Because we assume that 

100% of biotin groups get adsorbed on the rnicrotiter plate surface, the detection limit 

is the conservative estimate. One of the hallmarks of our ELISA expenments with 

bsMAb was the low background compared to the corresponding values with secondary 

reagents such as goat anti-mouse KRPO conjugate or the HRPO conjugates of avidin 

or streptavidin. 

3.3.2 Liposomal Immunosorbent Assay. 

Biotinylated liposome provides a multivalent surface to facilitate numerous 

antigedantibody interactions and thus enhances the avidity of a binding event (Plant er 

al.. 1989). Another advantage of biotinylated liposome is the enorrnous capacity of the 

vesicles that may deliver a large amount of enzymes, fluorescent probes, radiolabeled 

compounds or therapeutic molecules to the target and thus increase the sensitivity of 

an assay or efficacy of the treatment (Jones et al.. 1996). 

We have established a sandwich immunoassay to quickly measure the 

characteristics of the various liposome preparations. Fig. 4.1 shows schematically the 

immunoassay format we developed incorporating a bsMAb P58.5R in a sandwich 

assay with a solid phase monospecific anti-biotin MAb P54. IR. Fig. 4.7 @ 81) shows 

that the biotin moieties of liposome with or without PEG can be strongly bouiid by the 

anti-biotin binding arm of P58.5R. However, liposomes with 10% PEG exhibited 

reduced binding to antibody compared to iiposome with 0, 2% and 5% PEG. The 

steric hindrance of PEG on biotin accessibility for receptor binding has aiso been 

addressed previously (Mon et al., 1 99 1 ). 

3.3.3 Quantitative Measurement of Biotin 

Several rnethods exist for the determination of biotin concentration, including 

microbiological assays (Skeggs, l966), spectrophotometric assays (Green, 1970). 



fluorescent polarization (Scbray et al., 19881, and isotope dilution (Yankofçhy et al., 

1982). However, these rneîhods are either less sensitive or tirne consurning. Recently, 

Chang and his colleagues deveioped a cornpetitive ELISA for the determination of 

biotin concentrations using streptavidin-HRPO conjugate (Chang et al.. 1994). Here, 

we have proposed an alternative by using P58.5WHRPO cornplex in stead of 

streptavidin-HRPO in this assay. Our strategy is based on the cornpetition of binding 

to anti-biotin binding arm of bsMAb between solution and solid phase biotin. 

When more biotin molecules were present initially in the reaction solution, less fkee 

bsMab/HReO complex would be available to be immobilized by solid phase 

biotinylated BSA. Biotin concentration could be obtained fiom the standard biotin 

calibration curve. Fig. 4.8 shows the standard curve that could be used to measure the 

biotin concentration of the biotinylated liposome sample and fiee biotin. 

3.3.4 Western Biot and Dot Blots 

In addition to irnmunoassay, P58.5R was used in dot blots and westem blots to 

detect biotinylated OVA. We found that detection limit in westem blot (Fig 4.9, p 83) 

was 80 pmole of biotin. This was 100 times less sensitive than that achieved by 

ELISA. In nitrocellulose based DNA dot blots (Fig 4.10, p 84), P58.5R was shown to 

generate a blue product with biotinylated DNA. 

3.3.5 Detection of Biotinylated DNA 

Radioisotope labeled DNA or RNA probes are still wideIy applied for Northem 

blot, Southem blot and in siru hybridization techniques due to their high sensitivity 

and amplification effect for autoradiography. However, safety problerns, reduced 

stability of radioactively labeled probes and long time needed for visualization have 

stimulated interest in the development of non-radioactive probes (Forster et al., 1985). 

Several non-radioactive methods have been developed based on knmunological 

detection of chemically modified nucleic acids, such as fluorochrome (Baumann, 

1985), mercurated probes (Hopman et al., 1986) and dinitrophenyl (Shroyer and 

Nakane, 1983). 



The development of a biotin-avidin system and the successful synthesis of biotin- 

labeled (d) UTP, opened new prospects in non-radioactive detection of nucleic acids 

(Varma et al., 1994). Another bsMAb anti-biotin x anti-HRPO was tested for itç 

ability to detect biotin-DNA using luminescent substrates for HRPO followed by 

autoradio graphic detection (Leong et al.. 1986), but it was less sensitive than 

autoradiogaphic methods using 32~-labeled probes. Recently, a digoxigenin anti- 

digoxigenin system was proposed and detection was mediated by high-affinity anti- 

digoxigenin antibodies conjugated to either alkaline phosphatase, peroxidase, 

fluorescein and rhodamine or revealed by a secondary antibody bound to colloidal gold 

(Li et al., 1993). In nitrocellulose based DNA dot blot assays, our newly developed 

P58SR with hi& a E t y  and lower background was shown to generate a blue product 

with biotinylated DNA obtained fiom a commercial source. Our limited study on this 

aspect of the application of the bsMAb showed the feasibility of detecting biotin- 

DNA. In principle, this could be applied to the Southem blots as welt. 

3.3.6 Other Applications 

a) Biospecific interaction analysis (BU, Pharmacia Biosensor) based on surface 

plasmon resonance is an advancing analytical technology for monitoring biomolecular 

interactions (Karlsson et al.. 1991). The bsMAb P58.5R demonstrated binding to the 

biotin immobilized on the gold biosensor chip used in this system. If this is 

incorporated in a biospecific interaction analysis (BIA), it could provide quantitative 

data of afnnity and kinetic parameters of antibodyhtigen interaction. 

b) P58.5R has also shown the potential to react with Ml3  phage with biotin 

peptide mimic expressed on its tail in an immunoassay. Thus, ir could be used to 

detect or select the specified M l 3  phage in phage library or detect the recombinant 

proteins with a biotin peptide tag similar to either c-myc or poly-histidine tails. 



In conclusion, bsMAb P58.5R (anti-biotin x ami-HRPO) has been developed as a 

universal immunoprobe for detecting biotinylated macromolecules. Also this bsMAb 

has been used to characterize biotinyIated liposome as a drug carrier. 
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Figure 4.1 Diagrammatic representation of sandwich imrnunoassay for detecting biotin 

moieties of biotin PEGylated liposomes. 
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Figure 4.2 Schematic rcpresentation of dual afinity chromatography. 



Fractions (2 mL each) 

Figure 4.3 Purification of bsMAb P58 using biotin-agarose affiniq column. The raw 

supernatant was loaded on a 10 mL biotin agarose column and washed with PBS. The 

bound antibodies were eluted with 0.5 mM biotin in PBS. 
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Figure 4.4 Relative binding efficiency of bsMAb vs. streptavidin-HRPO for 

biotinylated OVA. The solid phase antigen was biotinylated OVA coated on an ELISA 

plate. The concentration of biotin in biotinylated OVA has been calculated based on 

biotin to OVA molar ratio of 3.5. 
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Figure 4.5 Effect of antigen-antibody reaction time and color developing t h e  

on the bsMAb ELISA. The purified bsMAb P58.5R (1 pg/ml) and 10 &mL 

HRPO were used. A 10 min incubation time was enough for the bsMAb bind to 

the solid phase biotin and 20 min was good for color development. 



Figure 4.6 The limit of detection of biotin by bsMAb P58.5R in ELISA. The 

Iowest limit detection is the least arnount of biotin that can be detected with a 

predetermined confidence usually at 95%. It is d e k e d  as the value of biotin 

above the zero value signal plus 2 standard deviation. It appears to be 0.8 pmole 

as shown by serial dilution of the antigen, biotin-OVA. 



Biotinylated liposome 

Figure 4.7 Sandwich imrnunoassay for detecting biotinylated liposome with varying 

PEG concentration ( ~ 4 ) .  Control-1: liposome without biotin, control 2: without 

adding biotinylated liposome; control-3: without bsMAb (anti-biotin X anti-HRPO). 
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Figure 4.8 Determination of biotin concentration with cornpetitive ELISA 

method. The P58.5R + HRPO complex was incubated wiih free biotin and 

biotin-liposome sample solution competing with solid phase biotin-BSA in 

an ELISA plate. Blocking and color development was performed as 

described in other figures. 



Figure 4.9 Western blot using bsMAb as the detection reagent for the different 
amount of biotinylated OVA. Lane 1: 10 pg; Lane 2: 1 pg; Lane 3 : 0.1 pg; Lane 
4: 0.0 1 pg. The negative control was 10 pg OVA. 



Figure 4.10 Dot blot using bsMAb as the detection reagent for the different 
amount of biotinylated OVA. Negative control was 10 pg OVA. 
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Table 4.1 Specific Binditig Background Noise Witli Various Biotin Binding Macromolecules 

MAb P54.1R 

BsMAb P58.5R 

Avidin 

Streptavidin 

Biotin-KLH Biotin-BSA Biotin-OVA KLH BSA OVA  MOUS^' Human 
serum serirm 

a "++": inean optical absorbalice at 405 nni higher than 0.3. 

b "+": mean optical absorbance at 405 nm higher than 0.1 and lower tlian O.S. 

c "-": mean optical absorbance at 405 nm lower than O. 1. 

The mean optical absorbance was taken from 4 values and the standard deviation was less than 5% of the mean. 

d Mouse serum was collected froin normal mouse without imniunization 



A SIMPLE AND EFFICIENT METHOD FOR RADIOLABELLNG OF 

PREFORMED LIPOSOMES 
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1. INTRODUCTION 

Liposomes are artificial lipoid systems consisting of one or more phospholipid 

bilayers arranged concentrically with aqueous compartments and a core. They are 

made predominantly fiom naturally-occurring phospholipid and therefore they are 

biodegradable, innocuous and do not elicit an immune response. Liposomes were first 

introduced in the early 1960s by the British scientist Alec Bangham (Bangham, et al.. 

1965). They have been employed as excellent models of biological membranes and are 

very useful carriers of both lipid-soluble and water-soluble dmgs (Gregoriadis and 

Florence, 1993; Kim, 1994). 

h recent years, the applications of these lipid spheres have been extended to 

enhance dmg efficacy and potency (Mayer et al., 1993 and 1995; Gabizon et al.. 

1996), reduce toxicities of encapsulated drugs (Bally et al.. 1994; Rahman et al.. 1990; 

Lim et al., 1997) and target specific tissue sites (Loughrey et al.. 1993a and b). In 

addition, liposomes which carry radionuclides within the aqueous space have potential 

diagnostic imaging applications (Lasic, 1992). Gamma-ernitting radionuclides, such as 

99m~c,11'h and 6 7 ~ a ,  have been encapsulated in liposomes for use as imaging agents 

(Gregoriadis et al., 1977; Richardson et al., 1978; Oku et al., 1993; Tilcock et al.. 

1993; Ogihara-Umeda et al., 1994 and 1996). Some clinicai trials for -or irnaging 

have already been started using radiolabeled liposomes (Presant et al., 1988 and 1990; 

Kubo et a[., 1993). Furthemore, the radiolabel can be used to monitor 

pharmacokinetic and pharmacodynarnic changes of hg-loaded liposome. 



Generally, two methods have been used to radiolabel liposomes. One involves 

the entrapment of radionuclides during the hydration of the lipids with the aqueous 

phase (McDougaU et al.. 1975). However, low encapsdation efficiency and batch 

production variability are two disadvantages of this approach. The second method is 

the labeling of preformed liposomes (Phillips et al.. 1992). Labeling of preformed 

liposomes with radionuclides is ideally suited for clinical imaging applications, 

wherein the liposomes can be formulated and distributed to the clinician as an 

unlabelled kit. This preparation is subsequently labeled on site with a short half-life 

radionuclide prior to clinical use. 

In this chapter, I will describe the rnethod for loading a mode1 dmg 9 9 m ~ c -  

DISIDA (Hemandez and Rosenthall, 1980; Klingersmith et al., 1 98 1) to liposomes. 

2. MATERIALS AND METHODS 

2.1. Liposome Preparation 

The hydrogenated soy phosphatidylcholine (HSPC), cholesterol and 

phospholipid distearoyl-phosphatidylethanolamine @SPE) were purchased from 

Princeton Lipids (Princeton, NJ). The liposomes were prepared using the method 

described previously (chapter 4). HSPC : Cholesterol (molar ratio 2: 1) were mixed and 

dissolved in arganic solvent chlorofoxm to create a homogeneous mixture. n i e  

mixture was placed in a round-bottom flask and the solvent was removed under 

negative pressure using a rotary evaporator. An evenly-distributed thin lipid film was 

forrned on the flask wall and stored in vacuo overnight. The thin lipid film was 

rehydrated with 50 mM reduced glutathione (y-Glu-Cys-Gly, Sigma, St Louis, Mo.) to 

produce multilamellar liposomes (MLV). Care was taken to disperse aU of the dried 

lipid fiom the wall of the flask. The hornogeneously sized liposomes were obtained by 

e x m i o n  (Lipex Biomernbranes Extruder, Vancouver, BC. Canada) through 

poiycarbonate membrane filters successively with 0.2, 0.1 and 0.08 pm pore size untii 

the average size distribution was -100 MI in diameter. Removal of unencapsulated 

material was accompIished by ultracentrifugation (Kubo et al.. 1993). The liposome 



size was monitored by dynamic light scattering with a Particle Analyzer (Brookhaven 

hstniments Corporation, Holtsville, NY.). The liposome suspensions were diluted 

with PBS, then the sample was allowed to equilibrate for 15 min. at room temperature 

followed by size measurernent at 25 OC. The concentration of the liposomes was 

determined by phosphorus content after perchloric acid treatrnent (Fiske and 

Subbarow, 1925). 

2.2. Labeling Procedures 

9 9 m ~ c - ~ ~ ~ ~ ~  was purchased fiom the local Edmonton Radiophmaceutical 

Center (ERC). The radiochemical purity was estimated by instant thin layer 

chromatography (ITLC) prior to use. 9 9 m ~ c - ~ ~ ~ ~ ~  was incubated with glutathione 

encapsulated liposomes for 40 min. at room temperature. The labeled liposomes were 

separated fiom 9 9 m ~ c - ~ ~ ~ I D ~  by passage over a Sephadex G-25 c o l a  (lxl5cm). 

Labeling efficiencies were checked by determinhg the activity before and afier 

column separation of the 9 9 m ~ c  labeled Liposomes using a dose calibrator. 

2.3. Chloroform Extraction 

The chloroforrn extraction was conducted with four different formulations: free 

9 9 m ~ c - ~ ~ ~ ~ ~ ,  9 9 m ~ c - ~ ~ ~ ~ ~  rnixed with empty liposomes, 9 9 m ~ c - ~ ~ ~ I D ~  incubated 

wiîh 50 rnM glutathione for 40 min, and 9 9 m ~ c - ~ ~ ~ I D ~  incubated with glutathione 

loaded liposomes for 40 min. 

A 0.1 mL aliquot of one of the different liposome formulations was added to 

0.9 mL of saline in a 10 mL centrifuge tube, 1mL of chlorofom was added to the 

sample and vortexed for 10 sec. The tube containing the mixture was centrifûged at 

700x g for 5 min to separate the two phases. The lower layer (organic phase) was 

removed by using a glass syringe and transfened to a clean tube. The organic phase 

retained in the tube was washed with 1 mL of saline, vortexed, spun and separated 

fiom water phase as before. The washing step was repeated up to 3 times, retaining the 

organic phase each tirne. The final organic phase containing the total lipids of the 



sample was separated from water-soluble liposomal contents, and was counted using a 

Beckman 8000 gamma counter (New, 1990). 

2.4. Stability of ""rc Labeled Liposomes 

(a) Gel filtration chromatography: 9 9 m ~ c  Iabeled liposomes were incubated in 

saline and 90% fetal bovine serum (FBS) at 3 7 ' ~  for 24 h. A small sample of 

liposome was analyzed on a Sephadex G-25 column at different time points. The 

column was eluted with PBS and aliquots of the fiactions were counted. A sample of 

9 9 m ~ c - ~ ~ ~ ~ ~  was also similarly analyzed to determine the difference in the 

separation profiles of the labeled compounds. 

(b) Dialysis: A srnail volume of labeled liposomes in saline and 90% FBS, kvas 

placed in a dialysis sac @ore size 60 kD) and dialyzed against 100 mL of 0.9% saline 

at 3 7 ' ~  for 24 h. Aliquots fiom the dialysates were taken at each time point and the 

radioactivity counted. 

2.5. Biodistribution Studies 

Ten week-old BALBk rnice were used for the biodistribution studies. '%TC 

labeled liposomes (0.4 p o l  as phospholipid and 5 pCi / 0.1 rnL) and f k e  99m~c-  

DISIDA (5 pCi / 0.1 mL) were hjected into the tail vein of normal mice. At 24 h 

postinjection, the BALB/c rnice were anesthetized with Metofane and a blood sample 

was obtained by cardiac puncture pnor to euthanasia. The organs were removed, 

thoroughly washed with saline, weighed and counted using a gamma counter. 

Biodistributions were calculated as percentage of the injected dose per gram and per 

organ. Total blood volume, bone, muscle, brain and skin mass were estimated as 5.4%, 

IO%, 40%, 0.7% and 13% of total body weight, respectively (Wu et al., 198 1). 

3. RESULTS AND DISCUSSION 

Radiolabeled Liposomes have been successfully used to monitor 

pharmacokinetic changes of liposomes and image tumors, abscesses, ischemic and 

infarcted regions (Gabizon et al., 1990; Goins et al., 1993; Tilcock et al., 1993; 

Ogihara-Umeda et al., 1 994 and 1996). 



9 9 m ~ c  is the best candidate for imaging studies due to its short half-life, pure 

photon emitter and suitable energy. Encapsulating 9 9 m ~ c  during the rehydration of the 

lipid film with aqueous phase has been tried as a mothod to label liposomes (Oku et 

al., 1993; Espinola et al., 1979). This method is not convenient for clinical purposes 

due to individually-made preparations instead of batch-production and low 

incorporation efficiency (about 20-30%). Further, 9 9 m ~ c  has been used to directly label 

preformed liposomes based on using stannous chlonde as a reducing agent &ove et 

aL. 1989). Reduced '?k is added to the liposomes and bound to the liposome outer 

surface. This surface-labeling approach is technically simple and good for the 

production of the vesicles in a phannaceutically acceptable form. However, the bound 

9 h ~ c  dissociates rapidly fiom the liposome surface in vivo by exchanging with plasma 

proteins and accumulates in the thyroid, stomach and kidney. 

The lipophilic compound hexamethylpropyleneamine oxime (HMPAO) has been 

successfully used to label preformed liposomes (Goin et al., 1993). This method has 

high labeling efficiency and stability because HMPAO, as a lipophilic chelator, can 

cany 9 9 m ~ c  inside preformed liposomes containhg reduced glutathione. The liposome 

labeling mechanism is thought to be that 9 h " ~ c - ~ h 4 P ~ ~  is chemically reduced in the 

presence of the glutathione, becoming more hydrophilic and therefore trapped within 

the liposomes. However, high cost limits the applications of the resulting imaging 

agent. 

Efficient labeling of preformed liposomes waç observed in our studies ushg 9 9 m ~ c -  

DISIDA (Fig 5.1, p 94). 99m~c-labeled denvative of IDA (Iminodiacetic acid) was first 

introduced by Loberg (Loberg et al., 1976) for use as a hepatobiliary imaging agent. 

Later, IDA derivatives like 2,6-diethyl, p-ethoxy, and p-iodo-IDA were deveioped and 

showed that al1 had excellent hepatobiliary specificity while d i f f e ~ g  in blood 

clearance and urinary excretion (Wistow et al., 1977). 9 9 m ~ c  DISIDA is a newer 

derivative and bas been show to have better hepatobiliary characteristics (Hemandez 

m d  Rosenthall, 1980; Klingersmith et al., 198 1). 



The organic cornponent of 9 h " ~ c - ~ ~ ~ ~ ~  is a bifunctional chelate having both 

the properties of technetium binding (iminodiacetic structure) and hepatobiliary 

processing (aromatic system). The lipophilic properties of this compound was 

demonstrated in chloroform extraction studies (Table 5.1, p 98) and shown that more 

than 80% of the 9 9 m ~ c - ~ ~ ~ ~ ~  was extracted into the organic phase from the aqueous 

phase with 9 9 m ~ c - ~ ~ ~ I D ~  alone or mixed with empty liposomes. 

The tripeptide (y-Glu-Cys-Gly) glutathione (MW 307.3 D) is involved in many 

aspects of metabolism, iocluding removal of hydroperoxides, protection from ionizing 

radiation, maintenance of sufiydryl status of proteins and aiding detoxification. Many 

of these functions are accomplished by reactions at the cysteinyl sulfhydryl group 

(Cooper, 1983). When glutathione was incubated with 9 9 m ~ c - ~ ~ ~ ~ ~ ~ ,  the 9 9 m ~ c  

complex could undergo decomposition by reduction with cysteinyl sulfhydryl group of 

glutathione to become more hydrophilic species. This resulted in less than 30% of 

radioactivity extracted into organic phase from aqueous phase (Table 5.1). This could 

also be an explmation for trapping 9 9 m ~ c  inside of liposomes when glutathione was 

encapsulated in the Uiner aqueous phase of liposomes. 

Chromatography profile of the Iabeled liposomes on a Sephadex G-25 column 

showed that almost 90% of the radioactivity was recovered in the void volume 

associated with the liposome fraction (Fig 5.2, p 95). However, 9 9 m ~ c - ~ ~ ~ ~ ~  alone 

eluted much later when chromatographed separately. 

The stability of 9 9 m ~ c  Iabeled liposomes were dernonstrated by both resolution of 

the labeled liposomes through the Sephadex G-25 column and dialysis against saline at 

various time points of post-labeling (Fig 5.3, p 96). Only about 15% and 20% of the 

radioactivity was released over 24 h when labeled liposomes were incubated with 90% 

FBS and saline respectively. The retention difference of the labeled liposomes 

incubated with senim and saline is probably due to the binding of radioisotope to 

serum components which could not diffuse through the dialysis membrane (Love et 

al.. 1989). 



Biodistribution studies obtained fiom tissue sarnples at 24 h post-injection of 9 9 m ~ c  

labeled liposomes (Fig. 5.4, p 97 and Table 5.2, p 99) show that significant 

radioactivity was localized in the liver and spleen (8.4% and 12.2% dose/gram, 

respectively). However, biodiçtribution of £Îee -TC-DISDA show that only 0.2% 

and 0.09% dose/gram was localized in the liver and spleen. The statistical differences 

were significant by student's t-test (P4.01). This is because the liver and spleen are 

two major organs of the reticuloendothelial system (RH) which are known to 

accumulate and metabolize liposomes. 

However, -TC-DISIDA, used for imaging and functional studies of liver and bile, 

is processed by the hepatocytes within a few minutes afier administration and excreted 

rapidly via the hepatobiliary system to the intestine (Saha, 1987). Therefore, after 24 h 

post-injection, there is much less radioactivity remaining in liver (0.2% dose/grarn) 

and spleen (0.09% dose/gram). A significant difference (pC0.0 1) was also found in the 

blood pool due to longer circulation tirne of liposomes compared to rapid excretion of 

fiee 9 h " ~ c - ~ ~ ~ ~ ~ ~ .  

The conventionai liposome formulations have a tendency to accumulate in the 

reticuloendothelial system and this has cornpromised their applications in drug 

delivery hvolving other tissues (Allen, 1994). Recently, liposomes exhibiting greatly 

prolonged blood retention were developed, by incorporating certain lipids, such as 

mono-sialo-ganglioside (GMi) or synthetic lipids derivatized with the hydrophilic 

polymer polyethylene glycol, into the liposomal membrane (Woodle and Lasic, 1992). 

Improved therapeutic effect was observed using these long-circulating liposomes 

(Allen, 1994, Allen et al., 1992). For tumor imaging, long-circulating liposomes may 

lead to high tumor accumulation due to their long circulation time (Woodle, 1993). 

Thus, the methodology described above could also be employed for labeling these 

long-circulating liposomes. In conclusion, the labeling technique presented here shows 



a practical alternative for monitoring phannacokinetic changes of  liposomes or 

liposomal derivatives, and could also be used for tumor or infection imaging, 

especially coupled with targeting antibodies. 



Figure 5.1 Structure of 9 9 m ~ c - ~ ~ ~ ~ ~  cornpIex (MW. 894 D). 
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Figure 5.2 Sephadex G-25 column separation profile of 9 9 m ~ c  Iabeled 

liposomes and 9 9 m ~ c - ~ ~ ~ ~ ~  alone. 
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Figure 5.3 Retention of radioactivity in liposomes fiom dialysis of 9 9 m ~ c  

labeled liposomes as a function of incubation time at 37 OC. 
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Figure 5.4 Biodistribution cuwe shows the difference of tissue iiptake betweeii ""'TC labeled liposoiiies and fiee 9 9 " ' ~ ~ -  

DISDIA. 



Table 5.1- Chloroforrn Extraction of Radioactivity fiom the Saline Phase of Different 
Formulation. 

Formulation % Radioactivity in 
Chloroforrn 

1. 9 9 " ~ c - ~ ~ ~ ~ ~  82.3 & 1.4 

2. 9 v c - ~ ~ ~ ~ ~  + empty liposomes 81.7 t 2.6 

3. 9 9 m ~ c - ~ ~ ~ X D ~  + glutatliione 28.3 k 0.4 

4. 9 9 m ~ c - ~ ~ ~ ~ ~ ~  + glutathione loaded liposomes 29.4 + 0.6 

Values are expressed as mean + standard deviation (n=4). 



Table 5.2 Tissue Biodistribution of 9 9 m ~ c  Labeled Liposomes at 24 H Post-Injection 

Organ 99m~c-liposorne (n=4) " m ~ c - ~ ~ ~ ~ ~ ~  (1141 

Blood 

Heart 

Lungs 

Liver 

Spleen 

Bowel 

Kidney 

Muscle 

Skin 

Bone 

B rain 

B ladder 

Thyroid 

Gallbladder 

Data derived fiom mean + standard deviation ( ~ 4 ) .  

** t-test @<0.005) 

* t-test @<Omo 1 ) 



CHAPTER 6 

ENEFANCED TUMOR SPECIFIC DRUG DELIVERY BY PRETARGETING 

BISPECLFIC MAB AND BIOTLN PEGYLATED LIPOSOME 

1. INTRODUCTION 

Targeting dmgs through a carrier system has been one of the main themes of 

research in therapeutics. The concept of cimg targeting was introduced at the tum of 

the century by Paul Ehrlich (Ehrlich, 1906). Since the enunciation of  this concept, 

antibodies have been developed and used for specific dnig delivery to target tumor 

cells, primarily in the form of MAb-drug or MAb-toxin conjugates (Tyle and Ram, 

1990). Two decades ago, liposomes were fxst proposed to be used for site-specific 

delivery of dnigs (Gregonadis, 1973). More recently, liposomal drug-delivery systems 

have corne of age in oncology, w-ith several liposomal drugs already licensed for use, 

e.g. ~aunoxome@ and ~ o x i l "  (Allen, 1997). Both preclinical and clinical siudies have 

demonstrated that liposome-encapsulated dmgs typically show reduced toxicities and 

augmented therapeutic efficacy compared to their non-liposomal counterparts (Ramon 

e t  al., 1996). However, liposomes by themselves have no targeting capabilities except 

to the reticulo-endotheiial system (RES). 

h t ibody covalently attached to classical liposomes (classical immunoliposomes) 

provides the vesicle an active targeting capacity that can specifically bind to antigenic 

detemllnants on cells. Immunoliposomes encapsulated with toxins or dnigs cm be 

used for turnor detection or therapy (Straubinger er al.. 1988; Matthay et al., 1984; 

Heath et al.. 1983 and 1984, Allen and Moase, 1996). However, there are several 

limitations associated with the use of antibody-liposome conjugates for drug delivery. 



First, the size of antibody conjugated liposomes are increased and their penetration to 

tumor targets may be more difficult than protein-fiee liposome, since their abiiity to 

pass through tissue barrier is limited by their size. Second, they are removed more 

quickly fiom blood circulation than liposome alone due to Fc-mediated clearance or 

protein-liposome aggregates (Debs et al.. 1987; Aragnol and Leserman 1986; 

Loughrey et  al., 1993). Lastly, the chemically coupling a liposome and a MAb is 

cornplex with aggregations and batch to batch variations in the preparation of 

immunoliposomes. 

Polyethylene glycol (PEG) modification has changed the fate of liposome 

mediated tumor therapy to a certain extent. It stabilizes the Liposome in circulation and 

reduces uptake of the liposome by the RES (Allen et al., 1991; Senior et ai., 199 1 and 

Papahadjopoulos et al., 1991). It could allow potential therapeutic applications of 

ifllfnunoliposomes to be fully explored. Some experiments have shown that pegylated 

imrnunoliposomes, conjugated with an antibody against Iung endothelial cells, would 

localize efficiently in rnurine lung tissues (Maruyama et aL, 1990 and Mon et al., 

1 995). Further, the therapeutic application of pegylated immunoliposomes was 

demonstrated using doxorubicin entrapped in pegyIated imrnunoliposomes linked to a 

monoclonal antibody to treat mice implanted with rnurine squarnous lung carcinoma 

(Ahmad and Allen, 1992; Ahmad et al.. 1993; Allen et al., 1995). The pegylated 

immunoliposome treatment appeared to be effective against early squarnous lung 

carcinoma in mice. In addition to specific targeting, both Uitemalization of 

irnrnunoliposome-drug complex in those cells expressing an appropriate antigen with 

particular antibody and the 'bystander effect' on tumor cells lacking the specific 

epitope might contribute to the mechanism of cytotoxicity (Allen, 1994). 

Alternatively, a two-step targeting approach has been explored for delivery of 

anti-cancer drugs loaded liposomes to tumor cells (Loughrey et al., 1990 and 1993; 

Longman et al., 1995). This approach consists of pretargeting tumor cells with 

biotinylated anti-tumor antibodies prior to zdministration of dmg loaded liposomes 

that have streptavidin covalently attached to their surfaces. The problem of this 



strategy is the increased size of liposomes, imrnunogenicity of streptavidin and the 

effect of endogenous biotin on the normal tissue. 

ui this paper, we have established a novel promising new approach to combine 

bifûnctiond MAb and biotin pegylated liposome, which could overcome some of the 

major obstacles in the conventional strategies. 

2. MATERIALS AND METHODS 

2.1 Preparation of BsMAb P60 (174H.64 x anti-biotin) 

174R.64 (Samuel et al., 1989): a mouse hybridoma ce11 line secreting IgGI 

anti-mouse squamous carcinoma antibody was kindly provided by Biomira Inc., 

Edmonton, Alberta, Canada. The P54.1R: a mouse hybridoma ce11 line secreting IgGl 

anti-biotin antibody was developed in o u  lab. The detailed fusion protocol was 

descnbed as before (chapter 3). Clones appeared in 10 to 14 days and the supematants 

were tested for bispecific antibody production by an ELISA method described as 

below. Selected quadromas were recloned twice and stored in liquid Nz. 

2.2 BsMAb En y m e  Immunoassay for Selecting Quadroma 

Standard 96-well ELISA plates (Nunc, Naperville, IL) were coated with 1 pg/well 

anti-idiotype 174H.64 antibody at 4 ' ~  ovemight. The wells were blocked with 200 

of 3% BSAlPBS (pH 7.4) ovemight at 4OC. The wells were washed 5 times with 

PBSITween-20 (0.02%). Then 50 p.L, of supematuit (1 : 100 dilution) mixed with 50 pL 

of biotinylated HRPO at 10 pg/mL was added and incubated for 2 h at room 

temperature. This was followed by washing 5 times with PBS/Tween-20 (0.02%). 

Color reaction was developed by ABTS + H20z and plates were read zfter 30 min in a 

microplate reader (Molecular Devices Corporation, Sunnyvale, CA) at 405 nm. 

2.3 Production and Purification 

Male BALBlc mirr were primed with 0.5 mL of Pristine (2, 6, 10, 14- 

tetramethylpentadecane) by intraperïtoneal injection (Harlow and Lane, 1988). After 

two weeks, the monoclonal quadroma cells P60 1 x 106 in 0.2 mL saline were 

inoculated pentoneally into BALBic mice. Ascites fluids were collected in tubes 



containing heparin two weeks &er inoculation. The MAbs fiom the ascites fluids 

were diluted by PBS and purified by ammonium precipitation and ion exchange 

column. Briefly, solid ammonium sulfate was gadually added with stimng to achieve 

50% salt saturation and the solution was continuously stirred at 4 ' ~  ovemight. The 

solution was centrifuged at 3000 x g for 30 min and the pellet collected. The 

precipitated immunoglobulins were dissolved in IO mM sodium phosphate b a e r  (pH 

7.5) and dialyzed against 4 L of the same buffer. The dialyzed sarnple was loaded on to 

a DE52 column equilibrated with 10 mM sodium phosphate buffer (pH 7.5). The 

column was washed to remove the unbound protein until no protein could be detected 

in the eluent. The immunoglobulins were eluted using a linear ionic gradient fiom 10 

mM to 100 rnM sodium phosphate buffer. The protein concentration was measured by 

W detector at 280 nrn. The bsMAb activity was detemiined by ELISA as described 

above. The fiactions with highest antibody activity were pooled and the purïty was 

analyzed by SDS-PAGE (Laemmli, 1970). 

2.4 Preparation of Biotin-Pegylated Liposome and Biotin Conventional Liposome 

The hydrogenated soy phosphatidylcholine (HSPC), cholesteroi (CH), biotin- 

phosphatidylethanolamine (E3-PE) were purchased fiom Princeton Lipids (Princeton, 

No. Polyethylene glycol (MW 2000 Da) phospholipid distearoyl- 

phosphatidylethanolamine (PEG2000-DSPE) were gifts from Dr. Allen, Pharmacology 

Department, University of Alberta. The liposomes were prepared using the method 

described previously (New, 1990). HSPC : Cholesterol (molar ratio 2:l) were mixed 

and dissolved in organic solvent chloroform to create a homogeneous mixture. 

Biotinylated conventional liposomes were prepared by adding varying amount of 

biotin-PE to lipid mixture. Biotin Pegylated liposomes were prepared by adding 2, 5 

and 10 mol % PEG-DSPE to lipid mixture. The mixture was placed in a round-bottom 

flask and the solvent was removed under negative pressure ushg a rotary evaporator. 

An evenly-distributed thin lipid film was formed on the flask wall and stored in vacuo 

overnight. The thin iipid film was hydrated with PBS @H 7.4) to produce 



multilamellar liposomes. The homogeneously sized liposomes were obtained by 

extnision (Lipex Biomembranes Extruder, Vancouver, BC. Canada) through 

polycarbonate membrane filters successively with 0.2, 0.1 and 0.08 p pore size. The 

liposome size was monitored by dynamic light scattering with a Particle Analyzer 

(Brookhaven Instruments Corporation, Holtsville, NY). The concentration of the 

liposomes was detemiined by phosphorus content afier perchloric acid treatment 

(Fiske and Subbarow, 1925). 

2.5 Sandwich Immunoassay for Detesting Biotin Moiety of Biotin Pegylated 

Liposome 

The accessibility of the biotin moiety to the antibody could be determined using 

sandwich immunoassay (Fig 4.1, p 75). P54, MAb (anti-biotin) and P58, bsMAb (anti- 

biotin X anti-HRPO) were developed and charactenzed in our lab (Cao and Suresh, 

manuscnpt in preparation). The 96-well microtiter plates were coated using purified 1 

pg of anti-biotin MAb as captive antibody ovemight at 4 ' ~ .  The ~onspecific binding 

sites were blocked with 3% BSAPBS. The biotinylated liposomes of different 

preparations were added and incubated for 1 h at room temperature. The plates were 

washed 5 times with PBSfïween (0.02%). Equal volumes of bsMAb (anti-biotin x 

anti-HRPO) and HRPO were added and incubated for 1 h at room temperature and 

washed. Color was developed by adding ABTS + H202. 

2.6 Agglutination Studies by Streptavidin 

Agglutination of biotin Pegylated liposomes by streptavidin was monitored by 

turbidity measurements (Mori et  al.. 1991). 10 pL of streptavidin at different 

concentrations were added to 400 jL of liposome preparations (50 nmol as 

phospholipid) in PBS buffer (pH 7.4). The absorbante at 440 nm was monitored 

continuously. 

2.7 Relative Avidity of BsMAb with D-Biotin and Biotin-Pegylated Liposome 

The relative binding efficiency of anti-biotin binding site of bsMAb (174H.64 

x anti-biotin) with d-biotin and biotin Pegylated liposome was evaluated by 



cornpetitive enzyme imrnunoassay (Vincent and Samuel, 1993). Standard 96-well 

ELISA plates were coated with 1 pg/well biotin-BSA in PBS (pH 7.4) as the solid 

phase capture reagent at room temperature overnight. The nonspecific binding sites 

were blocked by 200 p.L of 3% BSA/PBS. The wells were washed with PBS/Tween- 

20 (0.02%). 50 p.L, bsMAb at concentration of 10 pg/mL mixed with 50 jL of different 

dilutions of d-biotin or biotwegylated liposome were added for 4 hr at room 

temperature. After washing 5 times with PBS/Tween buffer, IO0 Cu, goat anti-mouse 

antibody conjugated with peroxidase at 1 : 1000 were added and incubated for 1 h at 

room temperature. The color was developed by adding ABTS + H202 for 30 min. 

2.8 Loading of Mode1 Drug ' 'm~c -DTPA Into Biotin-Pegylated Liposome 

9 9 m ~ c  -DTPA was purchased fiom Edmonton Radiophanniiceutical Center, 

Edmonton, Alberta, Canada. The radiochemical purity was tested by instant thin layer 

chromatography (ITLC) before use. The loading method was described as before (Oku 

et al, 1993). The îhin lipid film was hydrated with 2 mL of 9 9 m ~ c - ~ ~ ~  solution with 

0.5 mCi. After the extrusion process, the f?ee 9 9 m ~ c - ~ ~ ~ ~  was removed by passage 

over a Sephadex G-25 column (1 x 15 cm). The entrapping efficiencies were 

determined by the activity before and after column separation. Also, chromatography 

on silica gel paper developed in 0.9% saline was performed on the pre- and post- 

column samples. With this technique, the radiolabeled liposomes remain at the origin, 

while both fiee 9 h " ~ ~  and 9 9 m ~ c - ~ ~ ~ ~  move with the solvent fiont. 

2.9 Stability of Liposome Loaded With 9 9 T c - ~ ~ ~ ~  h Yibo 

Liposomes loaded with 9 9 m ~ c - ~ ~ P ~  were incubated in a water bath, with normal 

saline or 100% fetal bovine senim (FBS) at 3 7 ' ~  for 24 h. A srnall sample of liposome 

was taken to pass through Sephadex G-25 column (Pharmacia, Quebec, Canada) at 

dif5erent time points. The column was eluted with PBS and fiactions of eluent were 

counted in a gamma counter (Beckman Gamma 8000 series). -An aliquot of 99m~c04- 

and 9 h " ~ c - ~ ~ ~  were also used to determine the difference in the separation profiles 

of the compounds. 



2.10 Targeting of Biotin Pegylated Liposome to KLN-205 cells by BshZAb in vitro 

The murine squamous carcinoma ce11 line KLN205 was obtained frorn Biomira 

Inc. and grown in standard medium (RPMI 1640 supplemented with 10% FBS) in 

sterile microtitre plates strips. When the plates were confluent with tumor cells, the 

supernatant was removed and nonspecific binding sites were blocked by 3% 

BSNPBS. B s W b  (1 74H.64 X anti-biotin) at varying concentrations were added and 

incubated for 1 h at room temperature. Afier washing twice, cells were incubated with 

biotin Pegylated liposome loaded with 9 9 m ~ c - ~ ~ ~ ~  at varying concentrations for 1 h 

at room temperature. The weIls were washed twice and radioactivity associated with 

the wells was measured in a gamma counter. HRPO as a solid phase capture antigen 

plus bsMAb (anti-biotin x anti-HRPO) was used as a positive control. PBS and 

monospecific anti-biotin MAbs instead of bsMAbs were used as negative controls. 

2.1 1 Biodistribution Studies on Mice Bearing KLN-205 Allografts 

The biodistribution studies were conducted in tumor bearing DBN2 mice with 

four mice in each group. The strategy is shown in Figure 6.1 @ 114). Approxirnately 

5x 1 O' KLN-205 cells were injected subcutûc.l-ously into 6-8 weeks old DBAQ mice. 

ABer 2 weeks when the tumor grew to about 0.3-0.5 cm diameter, 50 pg of purified 

bsMAb (174B.64 x anti-biotin) was given i.v. The control used monospecific anti- 

biotin MAb. After 1 day, 50 nmol of multilamellar empty biotin liposome was injected 

to clear circulating antibodies. After 60 min, biotin pegylated liposome loaded with 
99m Tc-DTPA (0.5 p o l  as phospholipid and 5 pCi in total volume of 0.1 mL) was 

injected into the tail vein of the experimental mice. 6 h after injection, the DBN2 mice 

were anesthetized with metafane and a blood sample was obtained by cardiac puncture 

pnor to euthanasia by cervical dislocation. Tissues were dissected fiom the carcass, 

n i e  organs were removed, blotted to remove adhering blood, weighed and 

radioactivity measured in a gamma counter. 0.1 mL of labeled liposomes were placed 

in a plastic cuvette as the standard reference. 



The final data were routinely expressed as either percent of the injected dose per 

gram or per organ. Total blood volume, bone, muscle, brain and skin mass were 

estimated as 5.4%, 10%, 40%, 0.7% and 13% of total body weight, respectively (Wu 

et al., 1981). Values were expressed as mean f SD, statistical analyses were done by 

the student t-test. 

2.12 Effect of Streptavidin in vivo to Reduce the Blood Background 

The biodistribution studies were conducted again in KLN-205 tumor bearing 

DBA/2 mice with four mice in each group as described above. The mice were injected 

i.v. with 50 pg p&ed bsMAb (174H.64 x anti-biotin) along with an appropriate 

control group using anti-biotin MAb. After 1 day, 50 nrnol of MLV empty biotin 

liposome was injected to clear circulating bsMAb. After 60 min, biotin pegylated 

liposomes Ioaded with 9 9 m ~ c - ~ ~ ~ ~  (0.5 p o l  as phospholipid and 5 pCi in totaI 

volume of 0.1 mL) were injected into the tail vein of the experimental rnice. 6 h after 

injection, 30 pg streptavidin was administered i.v. to the study group. AAer 1 h, 

biodistribution was done on the DBN2 mice described as before. 

3. RESULTS AND DISCUSSION 

3.1 Preparation of BsMAb P60 (1748.64 x anti-biotin) 

The hybndoma ce11 line 174H.64 secretes a murine W b ,  which selectively 

recognizes an extra-cellular surface component of the cytoskeletal matrix system 

ectopically expressed on the proliferative cornpartment of marnmalian squamous ce11 

carcinomas (Samuel, et al., 1989). In view of the insoluble nature of the antigen and 

the difficulty in obtaining large amounts of the same antigen for testing the 

irnmunoreactivity of the MAb 174H.64, an anti-idiotype ELISA assay for potency 

determinations was established (Suresh el al., unpublished data). This assay is highly 

specific to the MAb 174H.64 variable region and is not reactive with other classes or 

subclasses of matched murine MAbs. A mouse hybridoma ce11 line P54.1R that 

secretes monospecific monoclonai antibodies against biotin was developed and 



characterized in our lab (chapter 2). This is an alternative probe to detect biotin 

residues in macromolecules to the traditional avidin and streptavidin method 

(Diamandis and Chnstopoulos, 1991). ï h e  hybridoma was used to generate secondary 

quadromas that secrete bsMAbs bearing an anti-biotin binding arm. 

A novel non-selective methodology was developed (chapter 3) and standardized to 

generate quadromas, which secrete bsMAb anti-squamous carcinoma x anti-biotin. 

The generated quaciromas were selected by bispecific irnmunoassay with 174H.64 

anti-idiotype antibody as a capture reagent. Several quadroma clones were identified 

using the bsMAb bridge assay and the best one was recloned twice for monoclonality 

by limiting dilution. The mouse ascites was used for a large scale production of 

bsMAb and purified by ion exchange chromatography DE-52 column (data not 

shown). The purity was analyzed by reduced SDS-PAGE. This bsMAb was used to 

develop our new dmg delivery system. 

3.2 Preparation of Biotin Pegylated Liposome 

The extmded vesicles prepared for this study had the following mean sizes: srnail 

unilamellar vesicle biotin Pegyiated liposome (S W): 10 1 k 8 nm; biotin-liposome 

(SUV): 97 + 9 nm; biotin PEG-liposome entrapped with 9 9 m ~ c - ~ ~ ~ ~  (S U V ) :  92 f 10 

MI; multilarnellar vesicle biotin liposome (MLV): 417 t 33 nm. Biotin liposome can 

provide a muiti-valent surface to facilitate numemus antigen/antibody interactions and 

thus enhances the avidity of a binding event. Plant and coworkers (Plant et al., 1989) 

used liposomes containing biotinylated phospholipid components in a liposome 

imrnunosorbant assay with anti-biotin antibody or streptavidin molecule, creating large 

multivalent complexes able to bind antigen. This format has been confirmed aïid 

extended in our studies. Figure 4.1 (p. 75) shows schematically the imrnunoassay 

format we developed incorporating a bsMAb in a sandwich assay with a monospecific 

anti-bioth MAb. This was a convenient way to quickly measure the characteristics of 

the various liposome preparations including the influence of PEG and amount of biotin 

incorporated in the vesicle. Figure 6.2 @ 1 15) shows that biotin pegylated liposome 



appears to have 1000 to 10,000-fold more binding avidity compared to fiee biotin 

hapten when binding to anti-biotin binding a m  of bsMAb. This could minimize the 

influence of endogenous biotin which i s  the potential problem in this approach. 

Another advantage of this system is the huge capacity of the vesicles that may 

deliver a large arnount of enzymes, fluorescent probes, radiolabeied compounds or 

therapeutic molecules to the target and thuç increases the sensitivity of an assay or 

efficacy of the treatrnent. Jones and his colleagues (Jones et al., 1993, 1994 and 1996) 

found that one small liposome could provides up to 10' molecules of fluorophore or 

radiolabeled rnoieties to allow excellent detectability of a binding event. Therefore, 

this system using biotinylated Liposomes to detect antigen molecules c m  increase the 

sensitivity of an irnmunoassay up to 100-fold than that using traditional antibody- 

enzyme ELISA. 

Biotinylated liposomes usually are created by modification of 

phosphatidylethanolamine components with an amine-reactive biotin denvative, such 

as NHS-LC-Biotin. The MIS ester reacts with the prirnary amine of 

phosphatidyiethanolamine (PE) residues, forming an amide bond linkage. Since the 

modification occurs at the hydrophilic end of the phospholipid molecule, afker vesicle 

formation the biotin component protrudes fiom the liposomal surface. In this 

configuration, the surface-imrnobilized biotin molecules are able to bind anti-biotin 

antibody or streptavidin molecules present in the outer aqueous medium of the 

liposome membrane. Using biotinylated phospholipid allows incorporation of discrete 

amounts of biotin binding sites into the final liposomal membrane. 

Pegylated liposomes have sliown the ability to localize in high concentrations at 

solid tumors (AlIen, 1994). The mechanism involved could be due to three factors: (1) 

an increased pemeability of tumor vasculature during the process of angiogenesis that 

would allow liposomes to escape the le* capillaries, (2) a prolonged circulation time 

and reduced uptake by RES that would enable them to have enough tirne to pass the 

capillaries and reach the -or sites and (3) enhanced lubrication properties of 

pegylated liposomes (vascular pemeability coefficient) enable them to transit more 



easily across capillaries to reach the tumor interstitial space (Allen, 1994; 

Papahadjopoulos et al.. 199 1 ; Gabizon et ab, 1996 and Huang, et aL . 1992). However, 

PEG polymers could have an effect on the antigen-antibody interactions on the 

iiposomal surface. The results fiom sandwich immunoassy, shown in Figure 4.7, have 

demonstrated that the biotin moieties of both liposome and pegylated Liposome cm be 

strongly bound by the anti-biotin binding arm of bsMAb. However, liposomes with 

10% PEG exhibited reduced binding to antibody compared to liposome without 

polymer or liposome with 2% and 5% PEG. This potential stenc hindrance effect of 

PEG polymers at high concentration on biotin has also been addressed previously by 

(Mon et al.. 199 1). The agglutination study (Fig 6.3, p 1 16) confirms that the biotin 

moieties on the surface of pegylated liposome could be accessed also by biotin binding 

proteins such as streptavidin. Since there are four binding sites in streptavidin, at the 

optimized concentration, the biotin pegylated liposomes might be clurnped together to 

form large aggregates. This large complex in vivo would be cleared fiom blood 

circulation rapidly by RES and thus increase the turnor to blood ratio. Fuaher, an 

additional benefit is to minimize the rîsk of damage to some critical organs like bone 

rnarro W. 

9 9 m ~ c - ~ ~ ~ ~  was used as a mode1 drug for the study of drug specific targeting and 

delivery. The entrapping efficiency of 9 ~ ~ c - ~ ~ ~ ~ - l i p o s o m e  determined by Sephadex 

G-25 column separation was about 30k4 %. The post-column preparations were used 

irnmediately for injection with a radiochernical purity >go%. The stability of 9 9 m ~ c -  

DTPA loaded liposomes was tested by a small sample incubated with saline or 100% 

FBS at 3 7 ' ~  for 24 h. Aliquots of the incubation mixture were assessed for fiee 

radiolabel using a Sephadex G-25 col- at different t h e  points. The colurnn was 

eluted with PBS and fractions of eluent were measured in a gamma counter for 

radioactivity. The results were also confhned by ITZC. Figure 6.4 @ 1 17) shows that 

about 20% of radiolabel was released f b m  liposome incubated in saline compared to 

30% released in FBS over 24 h (P<0.001). The difference might be due to the 



possibility that lipid proteins in FBS codd  promote the dissociation of the lipids 

making up the liposome. 

3.3 Establishment of Specific Drug Delivery System 

MAb 174H.64 of the IgGl subclass with specificity for a ce11 surface marker 

expressed by more than 90% of squarnous carcinomas was chosen as the target 

molecde. The marker belongs to the class of cytokeratins and is expressed by well- 

differentiated cells of the stem ce11 population of normal stratified epithelium and al1 

squamous ce11 carcinomas. KLN-205 is a rnurine lung squamous carcinoma ce11 line 

reactive with MAb 174H.64 (Samuel et al., 1989). This animal rnodel has been 

successfully exploited in targeted dmg delivery in vitro and in vivo (Ding et al.. 1990; 

Ahmad and Allen, 1992; Ahmad et al., 1993). 

Figure 6.5 @ 1 1 8) shows that bsMAb (1 74H.64 X anti-biotin), incorporating anti- 

biotin binding arrn and anti--or binding arm, could bridge drug loaded liposomes to 

KLN-205 squamous cancer cells gown in viîro. This binding was nearly quantitative 

particularly at higher bsMAb concentrations, prompting us to test the rnodel in vivo. 

The tissue biodistribution (Table 6.1, p 12 1) in rnice bearing KLN-205 squarnous 

tumors shows that at the intervals of 6 h post-injection of pegylated liposomes with 

entrapped 9 9 m ~ c - ~ ~ ~ ~ ,  the radioactivity in turnor was increased by pretargeting 

bsMAb (3.61% dose/@ compared to pegytated liposomes alone (0.89% dose/g, 

p<0.01). In the pretargeting strategy, several parameters should be considered. Baxter 

et al. (1992) concluded that 24 h is enough for the bsMAb to achieve sufficient 

concentration in the tumor and longer time delays are detrimental due to physiological 

considerations such as metabolism, tumor ce11 intemalization and antigen shedding. 



However, the intact bsMAb would result in low tumor to blood ratio due to its 

slow blood clearance. This codd be overcome by the addition of a clearhg agent, 

which could improve tumor to blood ratios with minimal change in the degree of 

tumor localization of liposome loaded drugs (Baxter et al.. 1992). In this approach, 24 

h was chosen for the time interval between first two steps and rnultilamellar large 

biotinylated liposome ( 4 0 0  nrn) was used as a clearing agent since it could strongly 

bind to the bsMAb and be removed rapidly by RES. 

In figure 6.6 @ 119), we can observe that 9 " ~ c - ~ ~ ~ ~  localized in tumor were 

marginally increased fkom 2 h to 6 h of post-injection time and decreased afterwards. 

The blood and liver activity progressively decreased with time. Figure 6.7 @ 

120)shows that 9 9 m ~ c - ~ ~ l ? ~  loaded liposomes could be removed fiom blood pool to 

liver after adding 30 pg streptavidin. In our targeting strategy, this step 4 could be used 

optionally to enhance tumor to blood ratio. 

This strategy developed here needs to be further optimized with varying tirne, 

bsMAb and biotin Pegylated liposomes. However it appears to have some conceptual 

advantages over other targeting strategies. (1) Pegylated liposomes used as dmg 

carriers could deliver a large amount of radioisotopes or anti-cancer drugs to the target 

compared to antibody-cimg conjugates or drugs alone; (2) Pretargeted bsMAb could 

rninimize the limitations of irnmunoliposome applications in vivo, which has a short 

circulation time and fast clearance contributed by conjugated antibody molecules; (3) 

Modification of liposomal surface by biotin is a relatively easy process, unlike 

antibody coupling and would not affect liposome characteristics; (4) Multiple biotin 

moieties on the surface of pegylated liposome enable it to have a much higher local 

biotin concentration compared to free biotin hapten when binding to anti-biotin 

binding ami of bsMAb. This could minimize the influence of endogenous biotin which 

is the potential problem in this approach; (5) Since most of the cancers are 

heterogeneous, a nearby cancer ceil that lacks the targeted epitope c m  also take up the 

released dmgs fiom pegylated liposome and be killed (Allen, 1994). (6)  Cross-linking 



multi-epitopes on the surface of a tumor ce11 could initiate endocytosis and 

intracellular delivery of cytotoxic h g s .  



Figure 6.1 Schematic representation of strategy for anti-cancer dnig delivery. 
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Figure 6.2 Relative binding avidity of bsMAb (1 74H.64 X anti-biotin) with biotin 

and biotin PEGylated liposome. Biotin and biotin PEGylated liposome in the 

solution could bind to bsMAb competing with solid phase coated bioth-BSA. The 

antibodies binding to the solid phase antigen were detected by goat anti-mouse 

IgG conjugated with HRPO. Relative binding avidity was determined by the 

concentration of cornpetitor, which reaches 50% inhibition of bsMAb binding to 

the solid phase antigen due to the competitive antigen in the solution. 
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Figure 6.3 Effect of biotin content on die agglutination of biotin PEGylated liposome 

induced by streptavidin. Streptavidin mediated liposome turbidity was measured at 

440 nrn. lncreasing the biotin content in liposome could enhance the turbidity of 

Iiposome. 2% biotin-PE and 20 pg/mL sîreptavidin were used for M e r  study. 
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Figure 6.4 Stability of 9 9 m ~ c - ~ ~ ~ ~  loaded biotin PEGylated liposome incubated with 

normal saline and 100% FBS at 3 7 ' ~  for 24 h. Afier 24 h, about 20% of radiolabels 

was released fiom liposome incubated in saline and 30% released in FBS. The 

difference might be due to the lipid protein in FBS, which can prompt the dissociation 

of lipids fkom the liposome. 



Figure 6.5 Targeting of biotin PEGylated liposome loaded with 9 9 m ~ c - ~ ~ ~ ~  to KLN- 

205 cells by bsMAb (174H.64 X anti-biotin) in vitro. Data was expressed as relative 

radioactivity associated with turnor cells. Different amount of bsMAb and liposome 

were tested to optimize the targeting efficiency. At low bsMAb concentration (2 

pg/mL), the amount of liposome targeted to the solid phase cancer cells are decreased 

significantly compared to the near quantitative binding at 5 and 10 p g / d  of bsMAb. 
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Figure 6.6 Biodistribution of 9 9 m ~ c - ~ ~ ~ ~  loaded liposomes at diEerent pst-injection 

times. Data was expressed as percentage of injected does per gram of tissue (n=4). 
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Fi,gure 6.7 EfXect of injection of streptavidin on the tissue biodistribution (n4). The 

radioactivity was reduced sharply fiom blood pool to liver due to the agglutination 

effect of administration of streptavidui- 



Table 6.1. Tissue Biodisûibution of 9 9 m ~ c - ~ ~ ~ ~  Loaded Liposomes at 6 H Post- 
Injection M e r  24 h Pretargeted with BsMAb. 

Organ Control group (n=4) Study group (n=4) 

Blood 

Heart 

Lungs 

Liver 

Spleen 

Stomach 

Kidney 

Muscle 

Tumor 

Brain 

B ladder 

Thymid 

Gailbladder 

Bone Manow 

The tissue biodistribution was performed at 6 h post-injection of 9 9 m ~ c - ~ ~ ~ ~  Ioaded 

biotin PEGylated liposome. The study group of mice were pre-injected with 50 pg 

bsMAb (1 74H.64 X anti-biotin) 1 day ahead and the circulating antibodies in blood 

pool were cleared by adding 50 nmol of ernpty biotin-liposome (MW, 4 0 0  nm) for 1 

h before giving the mode1 dmgs. The control group was treated the same as the study 

group except that pretargeted MAb was the monospecific anti-biotin MAb instead of 

bsMAb. ** p<0.0 1 by student's t-test. 



SUMMARY AND F'UTURE WORKS 

Bispecific MAbs are unique versatile heterobifunctionai cross-linkers capable 

of uniformly binding any two antigens in a pre-determined order. In this thesis, some 

new methods of rapidly generating hybrid-hybndomas was explored and the 

characteristics and applications of two b s w b s ,  one in diagnostics and the other in 

therapeutics were studied. The cornmon feature of both bsMAbs was the anti-biotin 

paratope. At the very onset, the hybridoma secreting anti-biotin MAb was developed 

using classical hybridoma technology. Initially, a hybridoma producing anti-biotin 

antibody was generated by fusion of rnyeloma SI? 210 with the splenocytes collected 

fkom the mouse imrnunized with biotinylated KLH. The hybndoma P54.1R was 

chosen to M e r  develop quadromas due to good stability and highest relative a f i i t y .  

The anti-bioîin MAb P54.1R was produced fiom mouse ascites, purified by affinity 

chromatography and charactenzed. The anti-biotin MAb P54.1R is an IgGl (y, A) and 

has a binding affinity of 6.1 x 1 O-' M to biotin. 

A micro-electrofusion method was developed to generate desired quadromas 

secreting bsMAbs. This novel protocol is based on the microelectrofusion on a 

meander chamber using a few hundred cells of each of the two parental hybndomas 

without involving drug selection procedures. Quaciromas could be selected by fusing 

any two hybridomas without drug involvement due to hi& ce11 fusion rate and 

subsequent limiting dilution. Such a protocol could also be predictably adopted to 

generate human hybndomas with few B cells isolated fkom peripheral blood 

lymphocytes enriched by antigen specific panning or affinity microeIectrofision. n ius ,  

the developrnent of this new method accelerated bsMAb development in o u  lab and in 

particular it allowed me to characterize and study two bsMAbs in detail. 

The quadroma P58.5R producing bsMAb (anti-biotin x anti-HRPO) was 

developed by fusion of a hybridoma P54.1R (anti-biotin) with a hybridoma YP4 (anti- 

HRPO). The quadroma was recloned, expanded and stored in liquid N2. The highly 

pure bsMAb was obtained wiîh dual affinity column method. The purifieci anti-biotin 



x ad-HRPO bsMAb has been used to detect many different macrornolecules bearing 

biotin moieties with high sensitivity and low background. The ELISA developed nom 

this bsMAb is a single step procedure and gives a low background compared to similar 

tests using avidin/streptavidin. In this studies, bsMAb P58.5R c m  offer several 

advantages over current avidin/streptavidin technology. First, P58.5R c m  bypass the 

need for chernical coupling with HRPO. This will avoid the denaturation of antibody 

or enzyme, Save time and achieve optimal reproducibility. Second, P58.5R results in a 

low background due to its hi& specificity. Third, P58.SR can be continuously 

supplied by an established quadroma. Fourth, P58.5R demonstrates sirnilar binding 

efficiency to streptavidin-HEWO when binding to biotinylated macromolecules due to 

its high binding avidity. The bsMAb was successfully shown to bind biotinylated 

macromolecules such as protein, nucleic acid, biosensor surface or liposome. The 

ability of this universal biotin probe to bind even peptide mimics of biotin was a 

surprishg result. PotentialIy, this bsMAb can be used to select recombinant proteins 

with biotin mimics as tags similar to the popular c-myc or histidine tags. 

In the next aspect of this research, bsMAbs with anti-tumor and anti-biotin arms 

were exploited to target biotinylated liposomes in vitro and zk vivo. Prior to achieving 

this goal, 1 had to develop a single method to load the model drug 9 9 m ~ c - ~ ~ ~ ~ . 4  into 

liposome. 9 9 m ~ c  was used as a model dmg since it was convenient to measure. The 

labeling technique presented here shows a practical alternative for monitoring 

pharmacokinetic and pharmacodynarnic changes of liposomes or liposomal 

derivat ives. 

BsMAb (174H.64 X anti-biotin) was developed to target dmg loaded biotin 

pegylated liposomes to KLN-205 squamous cancer cells. In this study, bsMAb was 

injected 24 h ahead to pretarget the tumors with its anti-tumor epitope. MLV biotin- 

liposome without PEG (-400 nrn) was used as a clearing reagent to remove circulating 

bsMAb to the E S .  Subsequently, 9 9 m ~ c - ~ ~ ~ ~  loaded biotin pegylated liposomes 

were injected anci accumulated in tumor recognizing anti-biotin epitope of bsMAb. In 

addition, function of streptavidin as a clearing agent in the optional step was also 



evaluated. The tissue biodistrïbution in mice bearing KLN-205 squamous tumors 

shows that at 6 h of post-injection of liposomes with entrapped 9 9 m ~ c - ~ ~ ~ ~ ,  the 

radioactivity in tumor was increased by pretargeting bsMAb (3.6 1% dose/g) compared 

to liposomes alone (0.89% doselg, pc0.01). Figure 6.6 shows that drugs localized in 

tumor were increased fiom 2 h to 6 h of post-injection time and were afterwards. 

Figure 6.7 shows that the drug loaded liposomes could be removed fkom blood pool to 

liver after injecting 30 pg streptavidin as a chase step. ln this targeting strategy, this 

step 4 could be used optionally to enhance tumor to blood ratio. 

This new strategy has various advantages: (1) Pegylated liposomes have 

enormous capacity to deliver a large amount of radioisotopes or anti-cancer dmgs to 

the target cornparhg to antibody-hg conjugates or drugs alone; (2) The limitations of 

immunoliposome are avoided which include a short circulation time and fast clearance 

contributed by conjugated antibody molecules. In addition, chemically Iinked 

antibodies or fragments are complicated procedures and may render the 

imrnunoliposome more irnrnunogenic; (3) Modification of liposomal surface by biotin 

is a relatively easy process and would not afFect liposome characteristics; (4) Multiple 

biotin moieties on the surface of pegyiated liposome enable it to have much higher 

binding avidity than fiee biotin hapten (found in s e m )  when binding to anti-biotin 

binding a m  of bsMAb. This could rnkirnize the influence of endogenous biotin which 

is a potential problem in this approach; (5) Since most of cancers are heterogeneous, a 

nearby cancer ce11 that lacks the targeted epitope c m  also take up the released dmgs 

fiom pegylated liposome and be killed. (6) Cross-linking multi-epitopes on the surface 

of a tumor ce11 could initiate endocytosis and inimcellular delivery of cytotoxic drugs. 

While initial attempts at bsMAb based pretargeting were made, additional 

optimization of the various parameters should be considered. (1) pegylated liposome 

with biotin at the chah  end of PEG should be used. It could theoretically reduce the 

s t e k  hindrance effect of PEG on the binding of biotin and anti-biotin MAb; (2) 

bispecific single chah  antibody (bsFv) or diabodies should be used instead of whole 



antibody molecule. It would potentially increase the tumor targeting and minimize the 

imrnunogenic responses likely encountered with whole bsMAbs. 
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