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ABSTRACT 

The development of recombinant DNA technology has made it 

feasible to clone, construct and express fully human immunoglobulin 

molecules. Here we report a novel methodology to make human anti

tumor scFv antibodies from tumor-infiltrating B lymphocytes (TIL-B). We 

isolated and expanded TIL-B from melanomas in the presence of EBV. 

The transformed B cells secreting tumor-specific antibodies were 

identified and cloned by limiting dilution. From one B cell clone with 

specific melanoma reactivity, we captured the immunoglobulin variable 

region genes, VH and Vk, by polymerase chain reaction (peR), sequenced 

the genes and linked them together by peR assembly using a (GlY4Ser)3 

linker to form the scFv gene that was subsequently cloned into the 

pET21d vector and expressed. The scFv protein, obtained, with a 

molecular weight of 29 KD was purified and biotinylated for further 

characterization. The scFv demonstrated specific tumor reactivity to 21 

of 24 different melanoma cell lines and not to 14 non-melanoma tumor 

cell lines, including breast, ovarian and colon cancer cell lines, normal 

human melanocytes as well as normal human leukocytes. These results 

were obtained using 1) a tumor cell ELISA, 2) fixed cell 

immunofluorescence and 3) live cell flow cytometry. The 

immunoprecipitation results indicated that a protein antigen of 45 KD 

was recognized by the scFv. Since we previously reported that about 70% 

of human tumors of different histologic types contain tumor-infiltrating 

B lymphocytes producing specific anti-tumor antibodies, this approach 
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offers a rapid. effective method by combining in vitro B cell expansion and 

peR-gene cloning to elucidate the repertoire of the human anti-tumor 

immune responses and to make human monoclonal anti-tumor antibody 

molecules. 
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CHAPTER 1 

INTRODUCTION 

The first effective immunization was performed in 1796 by Edward 

Jenner, who introduced vaccination with cowpox as a means of 

protecting against smallpox (1). Later Louis Pasteur and his 

collaborators investigated the possibility of protecting against infection 

by vaccination with attenuated strains of microorganisms. 

In 1890, Behring and Kitasato demonstrated the neutralizing 

activity of sera from animals immunized with diphtheria or tetanus toxin 

(1). This was considered the first proof of the existence of antibody. Since 

then, antibodies have become a very useful tool in both diagnostic and 

therapeutic fields in the fight against various infectious diseases and 

cancers. 

In the host anti-tumor immune defense system, cytotoxiC T 

lymphocytes (CTL) are the killer cells that directly destroy tumor cells (2), 

while B lymphocytes and their terminally differentiated plasma cells 

produce antibodies (3) which attach to the tumor cells and may 

subsequently destroy them by activation of the complement system (4) or 

by mediating antibody dependent cellular cytotoxicity (ADCC) (5). In 

addition, antibodies can neutralize microorganisms and their tOxins, and 

modulate the immune system through idiotype and anti-idiotype 

networks (6). The diversity, specificity, and biological activity of 



antibodies make them potentially ideal reagents for therapeutic and 

diagnostic purposes in the clinic and the laboratory. 

Antibody Structure and Function 

Antibodies are specific proteins of the globulin class, which are 

interchangeably termed "immunoglobulins". Formally, an antibody is a 

molecule with biological activity that binds to a known antigen, while 

immunoglobulin refers to a group of proteins irrespective of whether or 

not their binding target is known. With the possible exception of so

called natural antibody, antibodies arise in response to foreign or 

neoplastic antigens introduced into the body (7). 
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Immunoglobulins are glycoproteins composed of polypeptide and a 

small amount of carbohydrate. The polypeptide component possesses 

almost all of the biologic properties associated with antibody molecules, 

while the carbohydrate part is thought to be important for correct 

immunoglobulin folding, solubility and transportation during synthesis, 

as well as for protection against protease activity, e.g. IgA (8). 

The basic structure of immunoglobulin molecules consists of two 

identical heavy chains plus two identical light chains that are held 

together by disulfide bonds (6). The heavy chain is made up of 

apprOximately 450-575 amino acids with a molecular weight of about 51-

72 KD, while the light chain consists of about 220 amino acids and has 

a molecular weight of about 25 RD. The antigenic differences of the 

heavy chains determine five different classes or isotypes of 

immunoglobulins which are designated as IgG, IgA, IgM, IgD and IgE. 
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There are two types of light chains which are defined as Kappa and 

Lambda. Disulfide bonds within each chain direct the formation of 

globular domains. Light chains comprise two such domains designated 

as variable region (VL) and constant region (CLl, whereas heavy chains 

are made up of four or five domains in which one is the variable region 

(VH) and the other constant regions (CHI, CH2, CH3 or CH4). Each 

domain is apprOximately 110 amino acids in length (9). All variable 

regions are located at the amino-termini of both heavy and light chains. 

The carboxyl-end of heavy chains either terminates at the end of the last 

globular domain for the secreted form of the protein or has an extended 

hydrophobic tail, in the cell surface form, that serves to anchor the 

molecule within the cellular membrane (6). 

The variable regions of the heavy and light chains form the 

antigen-binding site. Comparisons of amino acid sequences of many 

heavy and light chain V regions have revealed three discrete locations of 

hypervariability (complementarity-determining regions, CDRs) for each 

chain (10, 11, 12, 13). These CDRs confer the fine specificity that enables 

the antibody to bind to the epitope of a particular antigen (14). 

Of five known classes (isotype) of immunoglobulins, IgG, IgM, IgA, 

IgE and IgD. IgG is the most abundant immunoglobulin in the human 

body and provides the most extensive and long-lived antibody responses 

to various microbial and neoplastic antigens (6). 

Antibodies are bifunctional molecules that exert their functions 

through their amino-terminal and carboxy-terminal ends. Their primary 

function is to bind antigen through the antigen-binding sites on their 
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amino-terminal ends. They also have a variety of effector functions that 

are mediated through their carboxy-terminal ends (Fc region). The 

effector functions of antibodies include complement fIxation, Fc receptor 

binding, antibody-dependent cell-mediated cytotoxicity (ADCC), 

opsonization for phagocytosis and placental transfer of IgG (6). 

Immuno~lobulin Genes 

The germ-line genes encoding immunoglobulins are located at 

three different loci on the human chromosomes. The heavy-chain locus 

is on chromosome 14, the kappa light-chain locus is on chromosome 2, 

and the lambda light chain is on chromosome 22 (15). An 

immunoglobulin (Ig) polypeptide chain is coded by multiple genes 

scattered along a chromosome of the germ-line genome. These widely 

separated gene segments are brought together (gene rearrangement) 

during B lymphocyte differentiation to form a complete Ig gene. 

In the process of B cell development, heavy and light chain 

germline immunoglobulin (Ig) genes undergo rearrangement. In heavy 

chains, one of the twelve germline D (diversity) segments is paired with 

one of four germline J Uoining) segments. Then one of over 300 variable 

region gene segments pairs with the DJ, resulting in a heavy chain VDJ 

rearrangement (16, 17, 18). Only one allele from each V, D and J region 

rearranges (19). This phenomenon is called allelic exclusion. Following 

heavy chain rearrangement, the light chain genes, kappa and lambda, 

undergo a Similar rearrangement except that only VL and JL genes 

rearrange (20). It is generally thought that kappa chain genes rearrange 
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first. If they do not rearrange successfully, then the lambda chain genes 

rearrange. Only one type, kappa or lambda is expressed and associates 

with the heavy chain (15). Allelic exclusion holds true for light chains as 

well as heavy chains (21). 

Once both heavy and light chain genes successfully rearrange, the 

pre-B cell expresses cytoplasmic IgM. Surface IgM (monomer) and IgD are 

then expressed as the pre-B cell continues its ontogeny towards 

becoming a mature B cell, ready for antigen stimulation. If a B cell 

expressing surface Ig encounters a specific antigen during immune 

surveillance, it can be stimulated to proliferate. Proliferation of a specific 

B cell clone in response to a specific antigen occurs in a series of 

complex events, which induce resting B cells to enter the cell cycle. The 

antigen molecules that bind to surface immunoglobulin receptors are 

internalized, partially digested, and the fragments are recycled to the B

cell surface in association with Class II molecules encoded in the major 

histocompatibility gene complex. The combination of antigen-fragment 

and Class II molecules on the B cell surface is recognized by T cells 

bearing the appropriate T cell antigen receptor. In this way, B cells can 

present antigen to helper T cells which, in turn, are induced to produce 

soluble factors, such as IIA, IL5 and IL6, to promote proliferation and 

differentiation of the antigen-presenting B cells. Thus, the specific clone 

of antibody-producing cells is expanded (22). 

During ontogeny and functional differentiation, the heavy chain 

genes may undergo further gene rearrangement that results in 

immunoglobulin class switching (23,24,25). As the B lymphocytes 
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differentiate into plasma cells. one heavy chain constant gene segment 

can be substituted for another without altering the VDJ combination. In 

other words. a given variable region gene can be expressed in association 

with more than one heavy chain class or subclass so that at the cellular 

level. the same antibody specificity can be associated with the synthesis 

of an IgM (characteristic of the primary response) or with an IgG 

immunoglobulins (characteristic of the secondary response). 

It has been estimated that an individual is capable of producing up 

to 109 different antibody molecules. How is this vast diversity generated 

from a limited number of germ line genes? The existence of a large 

number of V genes and of a smaller set of D and J segments in the 

germline DNA contribute to the first mechanism of antibody diversity 

(26. 27). Second. imprecise Joining of various V gene segments from 

either heavy or light chains with one of any J segments and one of any D 

segments (for heavy chain). creates sequence variation at the pOints of 

recombination. augmenting diversity significantly (28. 29). Third. random 

association of Land H chains plays an important role in increasing 

diversity (27). Last. somatic mutations in the V genes. including point 

mutations and frameshift mutations. add to the antibody diversity (30. 

31, 32). 

Monoclonal Antibody 

The diversity. speCificity. and biological activity of antibodies make 

them potentially important reagents for therapeutic and diagnostic 

purposes in the clinic and the laboratory. 



18 

Numerous efforts have been made for many years to find a way to 

generate a homogeneous, antigen-specific antibody with high affinity. 

The achievement of hybridoma technology by Kohler and Milstein (33) in 

1975 that reliably yields murine monoclonal antibodies directed against 

a given antigen was a remarkable technological breakthrough in the 

history of immunology. There are two different cell lines involved. One 

line is derived from an immunized mouse and consists of 

immunoglobulin-bearing splenic B cells possessing the capacity of 

specific antibody secretion; the other (fusion partner) is a malignant 

myeloma cell and conveys immortality in culture on the cells with which 

it is hybridized. The difference between these two is the presence or 

absence of the hypoxanthine guanine phosphoribosyl transferase 

(HGPRT) and thymidine kinase (TK) enzymes necessary for survival in the 

growth medium containing hypoxanthine, aminopterin and thymidine 

(HAT) (34). The principle behind HAT selection is that cells can 

synthesize DNA either using a salvage pathway or by de novo synthesis. 

Aminopterin is a dihydrofolate analog that blocks the reactivation of 

tetrahydrofolate which is critical for the de novo synthesis of purines, 

such as AMP, GMP, TMP (34). At this point, cells are required to use 

salvage pathways, which depend on the presence of DNA precursors 

(hypoxanthine and thymidine) supplied in the media, and the enzymes 

HGPRT and TK. The B cells are HGPRT+ and TK+, while the myeloma 

cells are HGPRT- and TK-. Mter fusion. the cells are placed in the 

selective HAT medium. The fused B cells provide the hybridoma with the 

capacity to produce a specific antibody and the capacity to produce 
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HGPRf and TK; the fused myeloma cells provide the hybridoma with the 

capacity to proliferate indefinitely. The non-fused myeloma cells, still 

HGPRf deficient, are easily killed by HAT medium. The non-fused B cells 

are unable to survive after a few rounds of proliferation. A screening 

process is followed to select clones of interest from the large number of 

hybrids produced by fusion. This process involves culturing the 

hybridomas at limiting dilutions, ensuring that the antibody-producing 

hybridoma is derived from a single hybrid cell. Once obtained, the 

hybridoma cells can then be frozen, grown in mass culture or injected 

intraperitoneally into an animal to form tumors which produce ascites 

containing large amounts of the antibodies. The antibody produced by 

this technique is called monoclonal antibody (mAb). 

Hybridoma technology requires fusion of an antigen-specific B cell 

with a malignant fusion partner cell. For humans, unfortunately, an 

entirely satisfactory human fusion partner for human B cells has not 

been found. The use of a mouse myeloma cell line for a human fusion 

partner cell, in most cases, leads to preferential loss of human 

chromosomes and instability of the hybrids (35). Although Cote et al. 

(36), Fujinaga et al. (37). and Lake et al. (38) have reported that mouse 

myelomas can be fused to human B cells to produce stable hybridomas, 

the production of monoclonal antibodies remains ineffiCient and labor 

intensive. Moreover, antigen-specific B cells suitable for fusion are not 

readily obtained from humans because of the possible ethical problems 

related to deliberate immunizations in humans as well as the fact that B 



cells making the specific antibodies desired are relatively rare in 

peripheral blood. 
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Although murine monoclonal antibodies are easier to obtain and 

of value in diagnosis and therapy of human diseases, their effectiveness 

is limited because they have a short survival time in humans and induce 

a xenotypic human anti-mouse antibody response (HAMA) that 

neutralizes their therapeutic effect (39). Furthermore, the therapeutic 

effect induced by murine monoclonal antibodies is restricted because the 

Fc regions of some murine antibodies are poor at mediating their effector 

functions, such as complement fixation and ADCC, in humans and they 

are relatively ineffective as cytotoxiC agents (39). 

To circumvent these difficulties, making genetically engineered 

antibody variants would be an attractive option. 

Antibody ED.gineerlng 

Genetic engineering has been used to creat the chimeric antibody 

that combines the murine variable region with the human constant 

region (40) or the humanized antibody that combines the murine 

hypervariable regions (CDRs) with the human constant and variable 

framework regions (41). 

In construction of chimeric antibodies, the murine VH gene 

segment is first combined with human heavy-chain constant region gene 

segment to make the heavy-chain gene construct. Subsequently the 

murine VL gene segment is connected with a human light chain constant 

region. Both the heavy- and light-chain gene constructs are then 



transfected into a nonsecretor myeloma cell line. The resulting 

transfectoma secretes the mUrine/human chimeric antibody. In 

principle, any murine variable domain can be paired with any human 

constant region isotype so that the optimal combination of antigenic 

specificity and effector functions can be selected. 
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However, Jaffers et aL (42) showed when the murine antibody 

OKT3 is used in patients, much of the antibody response is directed 

against the V region rather than the C region. In addition, Bruggemann 

et al. (43) found that although the use of a murine variable region 

minimizes a HAMA response to some extent, anti-idiotypic antibodies 

that recognize portions of the murine variable region still arise. Hence 

chimeric antibodies, in which the V region remains murine, may still be 

immunogenic. 

Winter and colleagues (41) developed an effective technique for 

"humanizing" murine antibodies which involved the identification. 

sequencing, and synthesizing of the murine complementarity

determining region (CDR) genes. with subsequent introduction of these 

genes into a completely human antibody framework. Antibodies made in 

this way have been called reshaped, CDR-grafted or humanized. 

The first fully humanized antibody. CAMPATH-IH (41), which 

binds to antigen on lymphocytes. has been used to treat two patients 

with non-Hodgkin lymphoma (44), one patient with systemic vasculitis 

(45) and 8 patients with rheumatoid arthritis (46). No antibody response 

against CAMPATH-IH was detected in these eleven patients and the 

treatment induced disease remissions and relieved symptoms. This 



suggests that humanized antibodies would be substantially less 

immunogenic in human than murine and chimeric antibodies. 
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Although the method used for making "humanized antibody" may 

overcome the antigenicity complications of chimeric antibodies. it is 

significantly more difficult to accomplish. First. problems are 

encountered because the murine and human frameworks differ 

sufficiently so that the fit of mouse hypervariable loops on human 

immunoglobulin may be problematic. Second. loss or alteration of 

certain residues in the original murine framework that make key 

contacts with CDRs to help maintain their conformation will distort the 

shape of the CDRs and reduce or abolish their affinity for antigen. Third. 

murine CDRs still have murine antigenic determinants. By definition. 

the production of fully human monoclonal antibody proteins by genetic 

engineering can obviate all of the above problems. 

Molecular Cloning and Expression of Ig Genes 

With development of recombinant DNA technology. it has become 

feaSible to clone. construct and express fully human Ig molecules. 

Rearranged immunoglobulin genes can be rescued from any given B cell 

population or from a hybridoma producing a potentially useful 

monoclonal antibody. Once the heavy and light immunoglobulin genes 

have been cloned and sequenced. they can be genetically engineered to 

possess properties not normally found in nature. 

Two crucial advances in the late 1980s made this a feaSible 

approach. The first was the use of the polymerase chain reaction (PCR) 
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to isolate VH and VL genes (47, 48, 49). The second was the development 

of expression systems for the secretion of antibody fragments in 

functional form, using E. coli as a host (50, 51). 

The peR allows the specific and rapid isolation of genes or 

members of gene families (52). The genes can be isolated with a high 

degree of specificity by primer-directed amplification from highly 

heterogeneous DNA preparations. The only requirement for isolation by 

PCR is that there is some pre-existing knowledge of the gene sequences 

at either, or both, of the 5' and 3' ends. For the immunoglobulin variable 

domains, there are known databases, such as the Kabat claSSification 

(53), that document the sequences ofVH and VL genes from different 

species, including mouse, rabbit, rat and human. The homologies shared 

by the VH and VL genes within a given species allow the design of 

primers that can be used in PCR reaction to isolate the variable domain 

genes (47, 48, 49). Thus, primers have been designed to hybridize to the 

5' and 3' ends of VH and VL genes and used to isolate both clonal 

antibody genes from hybridomas and diverse VH and VL gene repertoires 

from antibody-producing cells. There are nucleotide bases at the 5' and 3' 

ends of VH and VL genes that are not particularly well conserved, and at 

these positions redundancy is incorporated into the primers during 

oligonucleotide synthesis. In addition, the primer can also be designed to 

have internal restriction sites to facilitate cloning of the genes into 

vectors for expression (47, 48. 54). 

The first advantageous host for the expression of recombinant 

proteins is E. coli with such characteristics as rapid growth and the 
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availability of many different types of cloning vectors. Initial attempts to 

express whole antibody molecules in E. coli were largely unsuccessful (55, 

56) because prokaryotic cells lack endoplasmic reticulum (ER) and 

processing Golgi apparatus. The endoplasmic reticulum is known to 

perform glycosylation of Fc portion of antibody, proper folding, disulfide 

bond formation and heteromeric association of heavy and light chains 

that are all required to obtain a functional antibody. However, successful 

expression in E. coli of antibody fragments with antigen binding 

activities, such as Fv (50), single chain Fv (scFv) (57) and Fab (58). was 

obtained when such fragments were secreted into the periplasmic space 

or accumulated as intracellular inclusion bodies (59, 60, 61). Expression 

of immunoglobulin fragments in E. coli offers a rapid, convenient route 

for their large-scale production. 

The single chain Fv (scFv) is composed of immunoglobulin variable 

heavy (VH) and variable light (VL) chains joined together by a flexible 

peptide linker. The first reports of scFv demonstrated that rearranged 

heavy and light chain immunoglobulin variable regions could be 

engineered for expression in bacteria as a single polypeptide which 

retained the ability to bind antigen (62, 63). Different types of scFv 

peptide linkers have been designed to join the heavy and light variable 

chains. The most common linker used is (GlY4Ser)3 because it is 

hydrophilic, flexible and relatively free of side chains that might interfere 

with scFv refolding or the capacity to bind antigen (64). The advantages 

of scFv are 1) the small size that enables scFv to be rapidly cleared from 

circulation, thus reducing its immunogenicity (65); 2) the capability to 



penetrate the micro-vasculature of solid tumors faster and more evenly 

than intact IgG, F(ab')2 and Fab fragments in an experimental colon 
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carcinoma xenograft model (66). This suggests that the relatively small 

size of scFv might make them more effective for solid tumor therapy. 

However, the rapid clearance may be a disadvantage pharmacokinetically 

because the molecule may be in the circulation for too short a time to 

bind to the target tissue. 

Further studies have revealed that the scFv can be fused to the 

Pseudomonas exotoxin which lacks the cell-binding unit to generate an 

immunotoxin using gene cloning techniques (67). This study showed 

selective cytotoxicity to human tumor cells bearing the B3 antigen in cell 

culture and caused complete regression of human tumors growing in 

immunodeficient mice. 

In addition, Chaudhary et al. (68, 69) created a single-chain Fv 

immunotoxin targeted against human cells that express IL-2 receptors. 

The scFv gene was attached to a portion of the Pseudomonas exotoxin 

gene lacking the exon for the cellular binding domain. This gene 

construct was then expressed in E. coli to form an antibody-toxin 

conjugate that selectively killed human IL-2 receptor positive cells. 

Single-chain Fv fragments were chosen to avoid the destruction of Fc 

receptor-positive cells. When the immunotoxin was tested on cells 

harvested from patients with IL-2 receptor-positive leukemia, IL-2 

receptor-positive, but not -negative, cells were killed (70). Destruction of 

IL-2 receptor-positive cells can be important in developing therapy for 

GVHD, transplant rejection, and autoimmune diseases. Clearly, the 



ability to target certain human tumor cells for destruction can have a 

wide variety of clinical applications. 

The other area of antibody construction technology involves the 

generation of combinatorial immunoglobulin libraries displayed on the 

surface of filamentous bacteriophage (71, 72, 73, 74, 75). 
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This approach for expressing the variable regions of antibodies 

fused to a phage gene product is done by coexpression of libraries for 

heavy and light chain sequences. It consists of two steps which are 

accomplished by first producing separate heavy and light chain libraries 

and then randomly combining the two libraries into a single vector 

population which then assembles the polypeptides on the surface of the 

phage by fusion of heavy chain with pVIII, the major capsid proteins of 

the filamentous phage (76) or pIlI, the minor coat proteins on the one 

end of the phage (77). Thus, the desired antibody fragments as a form of 

Fab (78) or scFv (79) could be obtained by screening the libraries against 

a specific target antigen bound to a solid support. 

Perhaps the most exciting prospect of the approach employing 

phage display libraries is the generation of a complete human 

combinatorial immunoglobulin gene expression library from non

immunized humans, that directly produces human monoclonal antibody 

fragments. Mullinax et al.(80) produced a human Fab combinatorial 

library. They isolated mRNA from peripheral blood lymphocytes of donors 

who had been immunized 6 days before with tetanus-toxoid, and then 

used peR to construct separate libraries of the genes encoding the heavy

chain and light chain fragments. Next they randomly combined the 
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heavy- and light-chain libraries into a bacteriophage lambda vector that 

was subsequently used to infect E. coli. Positive clones were selected by 

making replica plaque lifts onto hybridization filters and identifying 

antigen-reactive clones with radiolabeled tetanus toxoid. 

A more convenient and simpler screening method was developed by 

McCafferty et al. (81) when expressing the antigen-binding variable 

regions as surface proteins in a bacteriophage. This was done in a 

filamentous bacteriophage. in which the VI-! and VL genes from an anti

lysozyme antibody were linked by sequences encoding a flexible peptide 

linker and then connected to the N-terminal end of a gene encoding a 

surface protein. The VI-! and VL domains (scFv) were expressed on the 

surface of the phage. bound specifically to antigen. and were isolated 

from a mixture of phages by affinity chromatography. Two unique 

benefits are derived from this screening method. One is speed. The other 

is increased sensitivity because it can be used to isolate a very rare phage 

(l inl06). 

Tumor-inflltratin~ B Lymphocytes 

It is well known that the infiltration of lymphocytes. macrophages 

and granulocytes within tumors is a characteristic of some tumors and 

may be associated with a positive prognosis (82. 83. 84). It has been 

interpreted as an indicator of the active immune defense against the 

tumor (85). On the other hand. the infiltration does not curb and reduce 

the growth of most malignant neoplasms (86. 87). Among tumor

infiltrating lymphocytes. T lymphocytes have been studied intensively 
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and described as a major infiltrating population in many tumors such as 

breast cancer (88), metastatic malignant melanoma (89), lung cancer (90) 

and metastatic liver cancer (91). Although B lymphocytes and plasma 

cells are also observed in various tumor infiltrates (92) and can account 

for up to 15% of the total lymphoid infiltrate in tumors including 

ovarian cancers, melanomas and breast cancers (93), the role of tumor

infiltrating B cells (TIL-B) in the tumor-host interaction is unclear (94). 

Little is known about the tumor antigens that might be recognized by 

TIL-B or about the significance of their presence within human tumors. 

This is due to the difficulty of analyzing the B cell repertOire in vitro. The 

plaque forming assays are useful for studying the activity of Ig-secreting 

cells (95), but does not allow further characterization of the cells or their 

products. Epstein-Barr virus (EBV) transformation is a way of 

immortalization of human B cells (96). However. B cell lines 

immortalized by EBV transformation are limited and relatively unstable 

(97). 

A method of B cell clonal expansion has been deSCribed (98). which 

utilizes IL-2. mitomycin C-treated T cell feeder layers and a monoclonal 

antibody directed against the CD3 complex. B cells cultured under these 

conditions are activated and secrete Ig at a high frequency (99). In the 

study. a limiting dilution assay was used to demonstrate an increased 

frequency of responding B cells. Purified B cells were cultured at 

densities of between 1000 cells and 0.5 cell per well with fresh. 

mitomycin C-treated cells or T cell clones stimulated by immobilized mAb 

to CD3. After 5 days in culture. the number of wells containing Ig-
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secreting cells was determined. and the frequency of responding B cells 

was calculated. The frequency responding to anti-CD3-stimulated T cells 

was very large and greatly surpassed that induced by other polyclonal 

activators, such as PWM, EBV. etc. B cells cultured with anti-CD3-

stimulated T cell clones responded better than did those cultured with 

mitomycin C-treated T cells. The addition of exogenous IL-2 or IL-6 to 

cultures supported by activated mitomycin C-treated T cells enhanced 

the frequency of responding B cells. whereas IL-4 did not increase the 

generation of Ig-secreting cells and inhibited the augmentation of B cell 

responses induced by IL-2. In addition. B cells activated byanti-CD3-

stimulated T cells produced all three Ig isotypes. IgG. IgM and 19A. These 

results demonstrated that under optimal culture conditions, T cells 

stimulated with immobilized anti-CD3 could activated the majority of 

human peripheral blood B cells to produce Ig. Therefore. this method of 

B cell culture could be useful in analyzing different B cell populations. 

However, the use ofT cells from the B cell donor as feeder cells should be 

cautious because it would introduce a factor of variability. This is due to 

that cancer often causes important alterations in T cell populations 

(100, 101) and malfunctioned T cells could bias the study ofB cells, by 

this method, in the patients. 

Recently Barbuto et al. (102) reported a novel method of in vitro B 

cell expansion using MOT cells (a HTLV II-transformed human T cell line) 

as feeders. MOT cells have been able to induce clonal expansion and Ig 

secretion by B lymphocytes from peripheral blood, spleen, and tumor

infiltrating populations. The use of this stable T cell line avoids one 
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factor of variability in the analysis and allows better comparisons among 

different individuals. Based on this development. Punt et al. have 

reported that anti-tumor antibodies were produced by human tumor

infiltrating B lymphocytes (TIL-B) from about 70% of various tumors. The 

major isotype of immunoglobulins secreted by expanded TIL-Bin vitro was 

IgG (93). Therefore. we hypothesized that TIL-B could be detected in 

many or perhaps all human tumors. would be naturally enriched in the 

tumor. and would be a potential source for making human anti-tumor 

antibodies. 

However. it is unclear that what is a role played by TIL-B cells in 

tumor-host interaction. It has been demonstrated in mouse model 

studies that tumor antigen-specific IgM blocked H-2-restricted and non

restricted cytotoxiC effectors and promoted tumor growth (l03). But in 

many cases tumor-specific antibodies could mediate ADCC (5). 

complement-dependent cell killing (104) and direct tumor cell killing 

(105). 

Melanoma-associated Antigens 

Malignant melanoma. like other cancers. can be conSidered as a 

disorder of cell differentiation and proliferation. Normal melanocytes 

arising from precursor melanoblasts usually undergo a series of 

differentiation events before reaching the final cell differentiation state 

(106). Thus. a tumor can arise at any given stage of maturation when an 

arrest in the differentiation process has occurred without loss in the 

proliferative capacity. 
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Analysis of malignant melanomas has revealed that most 

melanoma -associated antigens are heterogeneously expressed to varying 

degrees. With the help of monoclonal antibodies using classical 

hybridoma methodology, a variety of melanoma-associated antigens have 

been identified in malignant melanoma. Most of these have been 

identified using mouse monoclonal antibodies but a few have been 

detected using human monoclonals. These antigens are classified into 

two categories: one is melanocytic differentiation antigens which are 

expressed during normal melanocyte differentiation: the other is 

melanoma progression antigens that are expressed during malignant 

transformation of melanocytes. 

Melanoma differentiation antigens represent a group of molecules 

expressed almost exclusively by melanocytic cells including normal naevi, 

dysplastic naevi, early and advanced primary tumors and metastatic 

lesions (I07). Therefore, these antigens can be used to distinguish 

melanocytes from other cell types. 

Of melanoma differentiation antigens, the S 1 00 protein is an 

acidic cytoplasmic calcium -binding protein with a molecular weight of 21 

lID (108, 109) and used as a good diagnostic marker particularly for 

those lacking typical melanoma morphology. It is expressed by a high 

proportion of melanomas. HMB-45 is another cytoplasmic molecule 

found in more than 97% of melanomas (110). Tyrosinase (Ill) and gp75 

(112) are transmembrane glycoproteins that are located in melanosomes, 

the organelles where melanin is synthesized. Other melanoma 
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differentiation antigens. such as HMW-MAA. GD2. GD3 (113) have also 

been identified. 

Melanoma progression antigens represent a large variety of 

molecules. the expression of which varies with tumor progression as well 

as with the differentiation state of the melanocytic cell. Progression 

antigens can be subdivided into two separate groups. those which are 

upregulated during tumor progression and those which are 

downregulated during progression. 

Some members of the integrin family. such as the integrin a2j31 

(114). the integrin a5j33 (115) and ICAM-l (116), etc. were found to be 

associated with tumor progression. since their expression increased 

markedly from small primary tumors to metastatic lesions. Melanoma 

cells also express a wide variety of receptors for growth factors (117), 

some of which are related to tumor progression, such as epidermal 

growth factor (EGF) receptor, transferrin receptor (gp97), and 

transforming growth factor (TGF) receptor. 

There are few molecules that are known to be downregulated 

during tumor progression. One of them is HLA class I molecules which 

are decreased Significantly from small primary lesions to metastatic 

tumors (118). However, it is not clear that these melanoma-associated 

antigens are the ones which elicit an effective immune response in 

patients with melanoma. 

More recently cytotoxiC tumor-infiltrating T cell lines (TIL) from 

malignant melanoma have been used to identify and eventually capture 

the genes of the melanoma-associated antigens through a T cell receptor 



33 

and HLA-restricted mechanism. These include the MAGE-l (119) and 

MAGE-3 (120) antigens, the MART-I antigen (121), gpl00 (122) and 

tyrosinase (123). These studies have facilitated an analysis of the 

repertoire of the human T cell response to tumors and of the antigens 

they recognize. The antigens, such as MAGE-I, MAGE-3, gp 100 and 

MART-I, recognized by cloned cytotoxic T cell lines are presumably those 

involved in natural host defense in melanoma but are of somewhat 

limited potential because of MHC restriction. It is possible that the 

antigens identified by TIL-B will be more generally recognized and will 

elicit immune responses in the majority of patients. 

Immunology and Immunotherapy of Melanoma 

The ultimate purpose of the host immune system is to develop 

responses that protect the individual against the growth and spread of 

malignant tumors, including melanomas. The cellular immune response 

involves cytotoxic T lymphocytes (CTL) which kill the target cells 

specifically in association with MHC, natural killer (NK) and 

lymphokine-activated killer (LAK) cells that kill tumor cells 

nonspecifically by an unknown mechanism. The humoral immune 

response consists of antibodies produced by B lymphocytes and plasma 

cells, which bind to tumor cells and subsequently kill them via 

activation of complement system, ADCC and direct killing. 

Immunotherapeutic approaches against malignant melanoma are 

designed to use 1) tumor antigens (vaccines) that stimulate the immune 

system against the host tumor, 2) monoclonal antibodies that directly 



react against the host tumor cells and work in collaboration with T 

lymphocytes, 3) cytokines that show direct cytotoxicity on tumor cells, 

enhance the antitumor immune response, or both, 4) stimulated and 

cultured lymphocytes that specifically or nonspecifically kill the host 

tumor cells, and 5) cytokine gene-transfected tumor-specific tumor

infiltrating lymphocytes (TIL) that specifically deliver the gene products 

at the site of the tumor tissue. 
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A variety of different tumor vaccines for melanoma are under 

investigation for use in this specific active immunotherapy. These 

include 1) irradiated allogeneic melanoma cell vaccine. prepared from 

whole melanoma cells (124). 2) polyvalent melanoma antigen vaccine. 

prepared from shed melanoma-associated antigen from cultured 

melanoma cells (125). 3) vaccinia oncolysates. designed to increase the 

immunogenicity of the melanoma antigens by the introduction of foreign 

proteins (126). 4) recombinant vaccinia virus-based melanoma vaccine (v

p97NY) where the melanoma antigen p97 is presented in context with 

MHC antigens (127), and 5) immunizations with murine anti-idiotypic 

mAbs (128). An immune response to the vaccinations has been observed 

and the vaccinated patients had an improved outcome. The exciting 

possibility for melanoma vaccines is in the prevention of cancer. 

Vaccines can prevent melanomas in animals (129); if the same holds true 

for humans. melanoma vaccines could be used in high-risk populations. 

Antibodies against glycolipids. GD2 and GD3. appear to be 

benefiCial in retarding melanoma growth, both in humans and in 

animals (130, 131, 132, 133). Monoclonal antibodies conjugated to 
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toxins (ricin A chain) have also undergone testing in clinical trials with 

responses of tumor regression (134. 135). 

To enhance immune effectiveness of mAbs. the application of 

lymphokine or cytokines is being investigated. Cytokines can augment 

ADCC mediated by mAb and increase the antitumor effects of mAb in 

animal models (136). IL2 is a lymphokine that induces generation of LAK 

cells. proliferation of activated tumor-specific T lymphocytes, and 

induction of natural killer cells secreting IFN-gamma, lymphotoxin and 

TNF-alpha (137, 138). In humans, alpha-interferon (IFNa) has been 

shown to alter mAb distribution and lead to increased tumor uptake of 

mAb in melanoma patients (139). 

Adoptive immunotherapy is defined as the transfer to the tumor

bearing host of immunologically reactive cells which can mediate 

antitumor effects either directly or indirectly. Initial investigations were 

directed towards lymphokine-activated killer (IAK) cells, generated by 

culturing lymphocytes in high doses of IL-2 (140, 141). Adoptive transfer 

of both LAK cells and IL-2 has resulted in antitumor effects in both 

murine and human systems. Later, it has been found that TILs, isolated 

from a variety of solid tumors and expanded in vitro, may be significantly 

more potent than LAK cells in the treatment of human solid tumors in 

vivo (142). Human clinical trials have yielded similar promising results. 

with TIL therapy producing a greater response rate than therapy with 

LAK cells. as well as responses in patients who had previously failed LAK 

cell therapy (143. 144). 
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The tumor-homing character of TIL, demonstrated by the specific 

localization of III In-Iabled TIL to the tumor tissue (145), opens the 

possibility of using the TIL as a vehicle to carry a cytotoxin and 

specifically deliver it to the tumor tissue. The use of a TNF -alpha gene 

encoded retrovirus-transduced TIL in patients with melanoma is feasible 

to achieve a higher antitumor response by secreting TNF-alpha at the 

site of tumor (146, 147). The trial is currently ongoing, and it is too early 

to determine the benefit of this therapeutic approach. The ability to 

modify TILs with gene therapy, however, allows one to introduce a variety 

of genes which may be of therapeutic benefit. This includes the 

introduction of other cytokines, such as IL-2, alpha-IFN, or gamma-IFN, 

or the introduction of Fc receptors would allow the use of TIL in 

conjunction with mAbs. 

Immunotherapy and subsequently gene therapy will continue to 

play an increasingly important role in the treatment of malignant 

melanoma, as well as other human malignancies. Advancements have 

been made and will continue to be made in these areas, including the 

use of mAbs, tumor vaccines, adoptive cellular therapy, and gene 

therapy. 

Rationale of Study 

Human anti-tumor monoclonal antibodies (mAbs) made from 

tumor-reactive TIL-B could enable us to identify and characterize tumor 

target antigens and the overall repertOire of anti-tumor immune 

responses. The characterization of tumor antigens should in tum prOvide 



37 

us a knowledge base to facilitate and understand TIL-B repertoire. In 

addition, the anti-tumor mAbs are ideal reagents which could be widely 

applied to the clinics and the laboratories as diagnostic and therapeutic 

agents. 

Although there are technical difficulties in making entire 

molecules of human mAbs, in vitro synthesis of immunoglobulin 

fragments which retain antigen-binding activity is now possible using 

recombinant DNA technology. In addition, the availability of human TIL

B expanded in vitro gives us the opportunity of capturing the genes of Ig 

variable regions via PCR. 

The objective of this study was to develop a methodology for 

making human anti-tumor scFv antibodies from TIL-B and use them to 

1) identify and characterize tumor antigens, 2) to study the repertOire of 

human anti-tumor immune responses and 3) explore the possibility of 

their clinical use for diagnostic or therapeutic purposes. 

To accomplish this objective, we isolated and expanded TIL-B from 

various tumors, especially from melanomas, in the presence of EBV. The 

transformed B cells producing tumor-specific antibody were further 

cloned by limiting dilution. The tumor-reactive B cell clones, thus 

obtained, were used to construct a scFv by recombinant DNA 

technology. 

This study demonstrates that we have found an effective way to 

make human anti-tumor scFv antibody by combining in vitroTIL-B 

expansion method and PCR-Ig gene cloning technique. Establishment of 



this methodology will enable us to make additional human antibody 

molecules against various tumors. 
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CHAPTER 2 

MATERIALS AND METHODS 

Cell Lines 

The melanoma cell lines used as tumor targets were A375, 81-61, 

SK-Mel-2, SK-Mel-24 and SK-Mel-28, all from American Type Culture 

Collection (ATCC). The mouse melanoma cell line, BI6. was also 

obtained from ATCC. The Mel-K and Mel-G lines were established from 

melanoma biopsies in our laboratory. Hey (ovarian cancer), SKOV3 

(ovarian cancer), SW480 (colon cancer), NC-37 (human PBL lymphoblast 

cells), A549 (lung cancer), H596b (lung cancer), BT4 7 4 (breast cancer), 

SK-BR-3 (breast cancer), LNCAP (prostate cancer). PC-3 (prostate 

cancer), Daudi (Burkitt's B cell lymphoma). Raji (Burkitt's lymphoma), 

and MCF-7 (breast cancer) were also obtained from ATCC. Human 

foreskin fibroblasts and other short-term melanoma cell lines, including 

JH1308, MK457, PsI273, Mel-V, Mel-D. Mel-T, Mel-A. Mel-Wr, Mel-Ws, 

Mel-Th and Mel-R were obtained from the tissue culture laboratory of the 

Arizona Cancer Center. These limited passage lines were established from 

biopsies and stored frozen after 5-15 passages. Mel-Ke, Mel-M. Mel-C and 

Mel-Vw were fresh melanoma cells made from patients' biopsies in our 

laboratory. Melanoma cell lines were confirmed to be melanoma by HMB-

45 and S-100 staining. All fresh melanomas were confirmed to be 

melanoma by standard histology. 
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Preparation of Tumor-infiltratinll B Lymphocytes (TIL-B) 

Single cell suspensions were obtained from surgical tumor biopsies 

by cutting into small pieces (0.2-0.5 cm3) and digesting with 0.015% 

(w/v) DNase (Sigma Chemical Co., St Louis, MO) and 0.15% (w/v) 

collagenase (Sigma Chemical Co.). These cell suspensions were incubated 

overnight at apprOximately 3-5X106 cells/ml in complete medium (CM, 

RPMI-1640 (Gibco BRL, Grand Island, NY) supplemented with 10% fetal 

bovine serum (Tissue Culture Biologicals, Tulane, CAl. 2mM L-glutamine 

(Irvine Scientific, Santa Ana, CAl. 100U/ml penicillin and 100ug/ml 

streptomycin (Irvine Scientific)) in T75 tissue culture flasks (Costar, 

Cambridge, MA) for removal of adherent cells. Non-adherent cells were 

poured off and centrifuged over a discontinuolls Ficoll gradient to enrich 

for the tumor-infiltrating lymphocytes (TILs) (148). These cells were then 

rosetted once with sheep red blood cells which were pretreated with S-(2-

aminoethyl)-isothionronium bromide hydrobromide (AET) (Aldrich 

Chemical Co., Milwaukee, WI) to remove T lymphocytes (149) and the 

remaining cells were washed, resuspended in CM and used as TIL-B. 

However, tumor-enriched fractions were kept in culture in CM for use in 

the preparation of tumor cell ELISA plates, as described below. 

B Cell Expansion and Immunoillobulin Secretion in vitro 

B cells at concentrations ranging from 300 cells/well to 2X104 

cells/well were plated in 96-well U-bottom tissue culture plates (Costar, 

Cambridge, MA) in the presence of 25% crude B95-8 supernatants (a 

source of EBV for B cell stimulation and transformation) (150). As 
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controls. each plate had a group of wells that received no B cells and 

wells that received no EBV supernatants. These latter wells served as 

controls for the possible release of Ig from the surface of contaminating 

tumor cells among the TIL-B preparation. After 10 days in culture. the 

supernatant of each well was harvested and assayed for human 

immunoglobulin (Ig) by ELISA. 

ELISA for Human Ig and Ig Classes 

Falcon flexible 96 well assay plates (Becton Dickenson Labware. 

Oxnard. CAl were coated overnight with 50ul/well of goat polyclonal 

anti-human Ig antibody (Tago Immunologicals, Burlingame. CAl at 

1 ug/ml in carbonate buffer. pH 9.6. An amount of 50ul of B cell culture 

supernatant or of a human rg standard was added per well and incubated 

for 1 hr. After washing. a mixture of alkaline phosphatase-labelled goat 

polyclonal antibody anti-human kappa chain (Tago Immunologicals) and 

alkaline phosphatase-labelled goat polyclonal anti-human lambda chain 

antibody (Tago Immunologicals), at appropriate dilutions. was added to 

the wells and incubated for 1 hr at room temperature. After thorough 

washing. 50ul of the substrate. p-nitrophenyl-phosphate (p-NPP) (Gibco 

BRL. Grand Island. NY) at a concentration of Img/ml in carbonate 

buffer. pH 9.6 was added to each wcll and the plate was read in a 

Microplate reader (Dynatech MR600) at 405 nm. 

To determine the different Ig classes. such as IgG. IgM and IgA. 

present in the supernatants, the supernatants were assayed in three 



separate plates and alkaline phosphatase-labelled goat polyclonal 

antibody against each class was used in each plate. 

Frequency of Response (F{rll Calculation 
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Each well was scored as positive or negative for the presence of 

human Ig by comparison of its absorbance with negative control wells. A 

well was considered positive when its absorbance exceeded the average 

absorbance of the control wells by more than 3 standard deviations. The 

frequency of responding cells was calculated. according to the Poisson 

distribution. based on a linear rcgrcssion curve constructed with the 

frequency of negative wells for human Ig at each cell concentration (151). 

Detection of Anti-tumor Antibodies by Tumor Cell ELISA 

Supernatants positive for Ig were tested for direct reactivity against 

autologous tumor cells and against tumor cell lines of the same and 

different histologic types. 

Tumor cell suspensions were plated into 96-well flat bottom tissue 

culture plates (Costar). When they became confluent. the supernatant 

was carefully removed and the cell monolayer was fixed by addition of 

100ul/well of glutaraldehyde (0.25% in phosphate-buffered saline (PBS)) 

for 5 min. The glutaraldehyde was then removed. and the plate was 

washed with tris-buffered saline (TI3S) followed by addition of 100ul/well 

ofTBS containing 1% bovine serum albumin (BSA) and 0.1 % sodium 

azide. The plates were kept at 4°C for future use. 
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The supernatants of the TIL-B culture were added to the wells and 

incubated for 2-4 hr at 37°C. Then the plate was washed in TBS three 

times and goat anti-human Ig-alkaline phosphatase conjugate (Tago 

Immuno!ogicals). diluted at 1:5000 in TBS-BSA was added and incubated 

for another 2-4 hr at 37°C. The plate was then thoroughly washed as 

above. The substrate. p-NPP. was added and the plates were read at 405 

nm. 

Positive wells were those with absorbance readings exceeding the 

average absorbance of control wells by 3 standard deviations. 

Cloning EBV -Transfonned B Cell Lines by Limiting Dilution 

Once a B cell population in a well was found to produce IgG. we 

determined the isotype of light chain being secreted by the B cell lines. 

We then tested the reactivity of IgG produced by those lines against a 

panel of autologous and allogeneic tumors of the same histology. and 

unrelated histology as well as against normal human tissue. 

Subsequently we cloned the tumor-specific B cell lines by limiting 

dilution at 0.5 cell/well in 96 V-bottomed well plates in CM. After 10 

days in culture. plates were screened visually for cell proliferation. The 

wells with cell growth were marked and their supernatants were collected 

for further study. After another 10 days of incubation. the cells still 

growing were transferred into 24-well plates for further expansion. After 

7 -day growth in 24-well plates. clumps of B cell clones were visible. The 

supernatants were harvested and tested for IgG secretion and tumor

reactivity by tumor cell ELISA. Based on the broad tumor reactivity. one 
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tumor-reactive B cell clone was chosen for mRNA extraction and cDNA 

synthesis. 

Messenger RNA Isolation and cDNA Synthesis 

The micro-FastTrack mRNA Isolation (Invitrogen Corp, San Diego, 

CAl and cDNA Cycle Kits (Invitrogen) were used to isolate mRNA and 

synthesize first strand cDNA respectively. according to the instructions 

provided with the kits. 

When one (5-3E) of the EBV -transformed tumor-specific B cell 

clones was grown to a density of lXl06 cells/ml, it was harvested and 

washed once in phosphate buffered saline (PBS) and resuspended in lysis 

buffer in the presence of proteinase K at 50°C for 30 min. The 

chromosomal DNA was fragmented with a 20-gauge needle and syringe so 

that the mRNA was able to be recovered with oligodeoxythymidine (dT) 

cellulose. The mRNA was eluted from the oligo dT cellulose in distilled 

water on a spin-column. The first strand of cDNA was then reverse

transcribed from the mRNA template using random primers at 42°C for 2 

hours. The reverse transcriptase was subsequently inactivated for 2 min 

° at 100 C. 

Capture and Assembly of Ig V Region by Polymerase Chain Reaction 

(PCR) 

Polymerase chain reaction was performed for both immunoglobulin 

heavy and light chains using cDNA as a template. Sets of sense and anti

sense PCR primers were designed to amplify the VH region starting from 
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amino acid position 1 to 110, and also to amplify VL region starting from 

amino acid position 1 to 105 (numbering according to Kabat et al. (152)). 

Appendix A shows the primer sequences used for the initial amplification 

and assembly. A Nco I site is embedded at the 5' end of VH primer, while 

a Xho I site' was incorporated into the 3' end ofVL primer. All primers 

were designed so that the resulting PCR products, once cloned into the 

expression vector, were ready for "in-frame" expression of the antibody 

fragments. 

PCR cycling temperatures were as follows: melt at 94°C for 1 min, 

primer anneal at 50°C for 2 min, extension at 72°C for 3 min. PCR was 

run in a Perkin-Elmer thermo cycler (Roche Molecular Systems, Inc., 

Branchburge, NJ) for 30 cycles in a volume of 50 ul using Taq DNA 

polymerase. The PCR products were visualized on a 1 % agarose gel 

stained with ethidium bromide. 

After 1 st round of PCR, we purified VH and VL genes respectively 

on glass beads (QIAGEN, Chatsworth, CAl. The 2nd round of PCR was 

conducted to link VH and VL in VH-VL order by a (GlY4Ser)3 polylinker 

using splicing overlap extension (153). This technique is called "PCR 

soeing". The obtained scFv gene and scFv protein thereafter were 

generically named after "AZM 1 ". 

Clonin~ Immunoglobulin Variable Regions into Sequencing Vectors 

Once the VH, VL and assembled scFv (AZMl) were amplified by 

PCR using primers with the proper restriction endonuclease sites on the 

ends of the products, they were electrophoresed on a 1 % agarose gel, 
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excised from the gel and purified on glass beads. The DNA fragments were 

then ligated into a sequencing vector (pT7 blue) with overhanging 5' 

thymidines (154) so that the 3' adenosines on the PCR products (155) 

could base-pair with the vector. The ligation reaction consisted of 5 fold 

excess insert over vector concentration. Ten units of T4 DNA ligase were 

added and the ligation reaction was incubated at lSoC overnight. 

The ligated DNA was subsequently used to transform competent E. 

coli (Novablue cells, Novagen, Madison, WO, according to the protocols 

described (156). Competent Novablue cells (50ul) were thawed from -70°C 

and mixed with the ligation reaction for 30 min on ice. The cells were 

heat-shocked at 42°C for 60 seconds, 100ui SOC medium was added to 

the cells after which the cells were incubated at 37°C for 1 hour. Finally, 

the transformed cells were plated on Luria Bertoni (LB) agar containing 

50ug/ml carbenicillin, O.lmM isopropyl j3-D-thiogalacto-pyranoside 

(IPfG) and 20ug/ml 5-Bromo-4-chloro-3-indolyl j3-D-galactopyranoside 

(X-Gal), and incubated at 37°C overnight. 

Transformants containing insert were identified as white colonies 

(having inserts) versus blue colonies (no inserts) and the ability to grow 

on LB plates containing 50ug/ml carbenicillin. In addition, PCR 

screening was employed to identify white colonies which contain 

immunoglobulin variable regions, VH and VL respectively. 

PCR Screening of Transformed Bacterial Colonies 

After the transformed colonies from a ligation had grown on a LB 

plate containing 50ug/ml carbenicillin, a micropipet tip was used to pick 
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the colony from the plate. The colony was resuspended in SOul of water 

and boiled at 100°C for 5 min. The boiled bacteria were then pelleted by 

centrifugation at 13000xg. An amount of 10ul of the supernatant from 

the boiled bacterial colony was used as template in a PCR with primers 

specific for either heavy or light chain immunoglobulin 5' and 3' variable 

regions. After a 30-cycle PCR using the conditions described above, the 

PCR products were electrophoresed on a 1 % agarose gel. 

If PCR screening showed the colonies had the plasmids containing 

an insert with expected size, the individual colonies were picked from the 

plate and grown to stationary phase in LB broth containing 50ug/ml 

carbenicillin. The plasmids were isolated from those individual bacterial 

suspensions, and subsequently subjected to DNA sequence analysis to 

further ensure that the inserts were immunoglobulin variable regions. 

Mini-preparation of Plasmid DNA from E. coli 

Plasmid DNA was obtained from the bacterial cells using the 

following methodology. Plasmid DNA was isolated by pelleting the 

transformed Novablue cells from 3ml of stationary phase culture at 

10,000xg for 5 min. The cell pellet was resuspended in lS0ul 50mM Tris

HCl, pH8.0 containing 10mM EDTA and 100ug/ml RNase A. The cells 

were then lysed with lS0ul of 1 % SDS in 0.2M NaOH after which the 

chromosomal DNA and cellular proteins were precipitated by adding 

170ul of 2.5SM potassium acetate, pH4.8. The precipitate was pelleted in 

a microcentrifuge for 10 min at 10,OOOxg after which the supernatant 

was pipetted into a separate microfuge tube. The plasmid DNA in the 
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supernatant was then precipitated by the addition of 100% ethanol and 

pelleted for 15 min at 12,000xg in a microcentrifuge at 4°C. Subsequently 

the DNA pellet was washed with 70% ethanol, pelleted again as above 

and air-dried. The plasmid DNA was finally reconstituted with water for 

future use. 

DNA Sequencin~ of the Immuno~lobu1in Variable Re.aons 

Double stranded sequencing (157) was performed using modified T7 

DNA polymerase (United States Biochemical, Cleveland, OH) and 

Sequentide (Dupont, Newton, CT). Prior to sequencing, the plasmid 

template was purified on glass beads. The template was then denatured 

in 0.2M NaOH, 0.2mM EDTA for 30 min, neutralized in 3M sodium 

acetate, precipitated with 100% ethanol, washed in 70% ethanol, dried 

and then reconstituted with 7ul distilled water. The appropriate primer 

was added and the sequencing reaction carried out using Sequenase 

(modified T7 DNA polymerase, United States Biochemical Corp.) and 

Sequentide (dithiothreitol, 35S-deoxyATP (dATP), dideoxyATP (ddATP), 

ddCTP, ddGTP and ddTTP). Finally the sequencing reactions were loaded 

onto a 7.8M urea, 5% acrylamide gel and electrophoresed at 70 watts. 

The gel was dried, and exposed to Kodak XAR-5 film for 24-48 hours after 

which the film was developed. The DNA sequences obtained were 

compared to Genbank to ensure that they were immunoglobulin variable 

regions. 



Clonin~ AZMl scFv DNA into pET 21d Expression Vectors 

Once they were confirmed to be immunoglobulin variable region 

genes, the assembled scFv (AZMI) insert was digested out of pT7 blue 

vector with Nco I and Xho I, and was then separated from parent 

plasmids by agarose gel electrophoresis, punfied on glass beads 

(QIAGEN). The insert was finally ligated into a Nco IjXho I-digested 

expression vector, pET2ld. The methods were used here as described 

above. 

Expression of AZMl scFv in E. coli 
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The plasmid DNA of pET 2Id vectors containing AZMI scFv insert 

were then used to transform BL21 (DE3) cells (Novagen). BL21 (DE3) cells 

carry a chromosomal copy of the 17 RNA polymerase which is inducible 

by indolyl-pyranoside thio-galactose (IPTG) via a lambda phage lysogen 

(158). BL21 (DE3) cells transformed with the expression plasmid 

containing the scFv were grown at 37°C in a shaker water bath to mid 

log (3-4 hrs) in shaking after which IPTG was added to a final 

concentration of ImM and cells further incubated at 30°C-32°C for 3-5 

hrs. 

Preparation of Bacterial Cell Lysates for AZMl scFv Isolation 

After 3-5 hr incubation, 50ml culture containing E. coli producing 

AZM 1 scFv were subjected to centrifugation for 10min in a GSA rotor at 

8000xg. The cell pellet was washed 2 times in binding buffer (O.5M NaCl, 

5mM imidazole, 20mM Tris-HCI, pH 7.9). The pellet was resuspended in 
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6M urea. pHB.O in binding buffer and sonicated three times for 15 

seconds each to solubilize the scFv. The lysate was then incubated at 

4°C for 4 hours or overnight. Finally the urea-solubilized cell pellet was 

subjected to centrifugation at 12.000xg in a SS-34 rotor for 10 min and 

the supernatant was removed for purification. 

Purification of AZMl scFv on a Nickel-Agarose Column 

A nickel-agarose column was made to purify the AZMl scFv 

containing polyhistidine tails from the bacterial cell lysates. This is 

because the polyhistidine peptide has strong binding affinity to nickel 

ions. this feature could be exploited for purification purpose. The nickel

agarose column was prepared by charging the metal chelating linker on 

the agarose with 50mM NiS04.6H20 (159. 160). The bacterial celllysates 

were filtered through a 0.45um filter and loaded onto the nickel-agarose 

column which was pre-equilibrated with the denaturing binding buffer 

(6M urea. O.SM NaCI. SmM imidazole. 20mM Tris-HCl. pH 7.9). The 

column was then washed with 15 bed volumes of the denaturing binding 

buffer followed by 10 bed volumes of wash buffer (6M urea. 0.5M NaCI. 

60mM imidazole. 20mM Tris-HCl. pH7.9). The polyhistidine-containing 

scFv was finally eluted from the column in Iml fractions with eluting 

buffer (6M Urea. 1M Imidazole. O.25M NaCI. 10mM Tris-HCl. pH7.9). The 

purity of the fractions was analyzed by SDS-PAGE followed by Coomassie 

blue staining. Fractions containing purified proteins were pooled. diluted 

to a concentration of less than IS0ug/ml and dialyzed against 1 liter of 



50mM sodium bicarbonate buffer (NaHC03. pH 8.0) with gradual 

withdrawal of urea for 2 or 3 days. 

SDS-PAGE was performed. essentially. as described by Laemmli 

(161). 

Biotinylation of AZMl scFv 

After dialysis. the protein content of the pooled and purified 

material was quantified by the BCA method (162) (Pierce. Rockford. ILl. 

NHS-LC-Biotin (Pierce) was then solubilized in 50mM NaHC03. pH 8.0 
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and added to the dialYL:ed fractions such that the molar ratio between 

biotin and scFv was approximately 14: 1. Biotinylation was performed at 

room temperature for 2 hrs after which Tris-HC!, pH7.9 (l5mM final 

concentration) was added to stop the biotinylation reaction. The 

biotinylated scFv was used for characterization of the scFv and the 

antigen it recognized. 

Fixed Cell Immunofluorescence and Flow Cytometry 

For fixed cell immunofluorescence (156). tumor cells were 

harvested. washed with phosphate buffered saline (PBS) once. then 

resuspended at 2X106 cells/ml in PBS. A small drop of the cell 

suspensions was added onto the wells of the glass slide and air-dried. 

The cells were then fixed in acetone for 10 min in a -20°C freezer. Once 

the slide was dried. it can be stored at -70°C for months. An amount of 

30ul/well of 1:10 diluted biotinylated AZM1 scFv (3-4ug/ml) in 1% BSA 

was added to the appropriate wells. For negative wells. 1% BSA was 
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added instead. The slide was incubated for 2 hours at 37°C in a moist 

chamber. After that. the slide was rinsed twice in PBS. air-dried. 

overlayed with 30ul/well of 1 :50 diluted avidin-FITC (Sigma Chemical 

Co.) and incubated for 2 hours at 37°C in a moist chamber. Finally the 

slides were rinsed twice again in PBS. air-dried and SuI of 90% glycerol in 

PBS was added. Cells were observed at 495nm and photographed. 

For flow cytometry (156). tumor cells were harvested and washed in 

PBS. An amount of 100ul of 1: 10 diluted biotinylated AZM 1 scFv in 1 % 

BSA was added per million cells and incubated on ice for 60 min. while 

the cells which served as a negative control were not treated with AZM1 

scFv but with 1% BSA. After four washes with PBS. 100ul of 1:50 diluted 

avidin-FITC (Sigma Chemical Co.) were added and the cells were 

incubated on ice for another 60 min, washed four times in PBS and kept 

on ice until analysis. 

Radioimmunoprecipitation Analysis 

Tumor cells were radiolabeled overnight in a 24-well plate with 

[35S]-L-methionine (Du Pont). The cells were then washed and lysed in 

100ul 1 % NP 40 lysis buffer. The cell lysates were added to 100 ul of 

biotinylated AZM1 scFv at a final concentration of 4ug/ml and incubated 

on ice for 60 min. After that. 200ul of 10% streptavidin-beads (Sigma 

Chemical Co.) in PBS were added to the lysates which were further 

incubated on ice for 60 min with gentle shaking. Then the beads were 

spun down and washed thoroughly in PBS 4 times. SDS-PAGE and 

autoradiography were performed sequentially. 
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Trypsinization Assay 

Fresh SK-Mel-2 cells were mechanically removed from T75 flasks 

and washed twice with HBSS. Subsequently. the cells were separated 

into two groups of 2XI06 each. One was treated with Img/ml trypsin in 

2ml HBSS at room temperature for 15 min. The other was just incubated 

in 2ml HBSS. After that. both groups were washed twice in complete 

medium (CM) and then analyzed by FACS as described above. 
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CHAPTER 3 

RESULTS 

Cloninfl EBV-transformed B Cells by Limitinfl Dilution 

After primary enrichment, the tumor-infiltrating B lymphocyte 

preparation was plated and expanded in 96-well U-bottomed plates in the 

presence of EBV. Two of the EBV-transformed B cell lines from a 

melanoma patient (Mel-Go) which secreted IgG for over 28 days were 

identified. Because these B cell lines came from 103cells/well and the 

frequency of the B cell response to EBV in terms of Ig production in this 

patient was 1/1385 (Figure I), they were treated as oligoclonal. Table 1 

shows the characteristics of these two TIL-B cell lines derived from Mel

Go. 

Both B cell lines were determined to produce IgG with Line 1-3 

producing a kappa light chain and Line 1-4 having a lambda light chain. 

Line 1-3 showed reactivity to more melanoma cell lines than Line 1-4. All 

the tumor cells tested here were allogeneic to these two B cell lines. This 

is due to loss of autologous melanoma cells (Mel-Go) in the begining of 

study. Neither reacted to normal human foreskin fibroblasts. 

TIL-B cell line 1-3 was then chosen and sub cloned by limiting 

dilution at 0.5cell/well. In a total of 1200 wells, 75 wells (6.25%) showed 

B cell growth by microscopic examination after 10 days of incubation. 

Only 21 clones (1.75%) demonstrated IgG production and only 7 clones 

(0.58%) reacted to an allogeneic malignant melanoma cell line. 
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Mter further growth for another 10 days in 96-well plates. these 7 

B cell clones were transferred to a 24-well plate for further expansion. 

Table 2 summarizes the characteristics of expanded B cell clones from 

Mel-Go Line 1-3 in 10-day growth of the 24-well plate. One clone (5-3E) 

which arose from TIL-B cell line 1-3 reacted to three melanoma cell lines 

but not to the other unrelated tumor cell lines tested was selected for 

further study. 

Capture and Assembly of Anti-Melanoma Immunoglobulin Heavy and 

Light Chain Variable Regions 

Messenger RNA was isolated from clone 5-3E. using oligo-dT 

cellulose followed by reverse transcription into cDNA. Polymerase chain 

reaction (PCR) was employed to amplify the immunoglobulin variable 

heavy and Variable light chains using sets of 5' and 3' oligonucleotide 

primers (Appendix A) specific for human immunoglobulin gamma and 

kappa chains. The results of the PCR amplification for both heavy and 

light variable regions are shown in Figure 2. A set of heavy chain 

subgroup III primers amplified IgG VH resulting in a PCR product of 350 

base pairs (bp) (lane 2). while a set o[Vk primers resulted in the 

amplification of an apprOximately 320 bp product (lane 3). The second 

round of PCR was performed to link VH and Vk with the (GlY4Ser)3 

linker as deSCribed in the methods. The scFv product was observed at 

about 700 bp (lane 4). 
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Nucleotide and Amino Acid Sequence of Immunoglobulin Heavy and 

Light Chain Variable Regions 

Mter the heavy and light immunoglobulin variable region peR 

products were purified on an agarose gel, they were directly cloned into 

pT7blue plasmids (T-vector) which also served as a sequencing vector. 

The T-vector system enables direct and effiCient cloning of PCR products 

via an overhanging 3' adenosine (A) on the PCR product (155) which 

base-paired with a 5' overhanging thymidine (T) through a modified 

EcoRVrestriction endonuclease site on the T-vector (154). Transformants 

containing VH and VL inserts interrupted the .J3-galactosidase gene and 

appeared as white colonies on LB agar plates containing 50ug/ml 

carbenicillin, O.lmM IPfG and 20ug/ml 5-Bromo-4-chloro-3-indolyl.J3-D

galactopyranoside (X-gal). 

The immunoglobulin fragments were sequenced once they were 

cloned into the T-vector. Double-stranded sequencing was performed 

using the Sanger dideoxy-nucleotide termination method (157). Three 

clones from the heavy chain variable region and 3 clones from the light 

chain variable region were sequenced in the T -vector to ensure that the 

correct variable region sequence was obtained. The nucleotide and amino 

acid sequences of heavy and light chain variable regions are shown in 

Figures 3A and 3B. Mter data base search, both were confirmed to be 

human immunoglobulin genes. 
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Expression of AZMl scFv Antibody 

Based on the known human immunoglobulin sequences (53), peR 

primers (Appendix A) were designed to amplifY the VH and Vk for "in 

frame" protein expression in the pET21d expression vector. Initially VH 

and Vk genes were separately amplified and subsequently linked together 

by peR via a (GlY4Ser) 3 linker to generate AZMl scFv. The peR product 

of AZMl scFv was then directly cloned into the T-vector without any 

modification. Secondly, the AZMl scFv DNA, containing Nco I and Xho I 

restriction sites at the 5' and 3' ends of the gene respectively, was 

digested out of the T-vector by Nco I and Xho I endonucleases and directly 

ligated into the pET21d expression vector, so that they were in the 

correct reading frame to express functional immunoglobulin proteins. 

Once AZMl scFv DNA were cloned into the pET21d expression vector, its 

plasmid was used to transform Novablue E. coli cells. A diagram of the 

pET21d bacterial expression vector is shown in Figure 4. 

The pET21d expression vector system utilizes the bacterial host 

cell, BL2l(DE3), which contains a chromosomal copy of the T7 RNA 

polymerase gene controlled by lac promoter. The addition of IPTG turns 

on the lac promoter that activates T7 RNA polymerase. The important 

features of this expression system are 1) expression of the 

immunoglobulin fragment does not occur in bacterial hosts without a 

source of the T7 RNA polymerase. This results in more stable propagation 

of the immunoglobulin genes in the plasmid; 2) the expressed protein 

contains a polyhistidine tail at carboxyl end which can be exploited to 



pUrify the expressed proteins by a metal chelating column, such as a 

nickel agarose column (89). 
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The AZMl scFv-containing expression vector (pET21d) was isolated 

and purified from Novablue cells and super-coiled DNA was used to 

transform BL21 (DE3) cells. Because there is no signal peptide on the 

expressed proteins when using pET21d expression vector, the proteins 

produced in BL21 (DE3) cells are insoluble and form "inclusion bodies" in 

the cytoplasm. The latter are solubilized under denaturing condition in 

high molar urea. Individual colonies were picked and grown to mid log in 

Superbroth and then induced with IPTG for 3-5 hours at 32°C. Finally 

the cells were processed as described in Methods. 

Purification of AZMl scFv Antibody 

Since the scFv proteins produced from the pET21d-transformed 

cells contain a carboxyl polyhistidine tail, it was possible to pUrify them 

on a nickel-agarose column using immobilized metal affinity 

chromatography. Bacterial cell lysates in binding buffer containing 6M 

urea were loaded onto a nickel ion-charged agarose column. After 

thorough washes, the proteins were eluted in 1ml fractions. Aliquotes 

were collected and electrophoresed in SDS-PAGE to determine which 

fractions contained the AZM 1 scFv proteins. Figure 5 shows a Coomassie 

blue-stained SDS-PAGE analysis of the fractions from a nickel-agarose 

column by purifying the scFv-producing BL21 (DE3) lysates. The scFv 

proteins were eluted in fraction 2 (Lane 6 in Figure 5) with a molecular 

weight of apprOximately 29 KD. 
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Primary Analysis of the Biological Activities of AZMl scFv 

The fractions containing the AZM 1 scFv were pooled, dialY.led and 

then biotinylated as described in methods. The biotinylated scFv was 

used to test for specific tumor reactivity. The tumor cell ELISA showed 

that the scFv bound to 6 of 7 melanoma cell lines with no reactivity to 

unrelated tumor cell lines, Hey and MCF-7, or to normal human tissue 

(Table 3). 

To further characterize the tumor reactivity and specificity of the 

scFv, immunofluorescence on fixed tumor cells and FACS analysis on 

viable tumor cells were performed. Fixed cell immunofluorescence was 

conducted with five different melanoma cell lines and two unrelated 

ovarian cancer cell lines. As shown in Figure 6, all five melanoma cell 

lines, including A375, SK-Mel-2, SK-Mel-28, Mel-K and Mel-G, were 

positive in immunofluorescence staining with the biotinylated AZM 1 

scFv and avidin-FITC system. The two unrelated ovarian cancer cell 

lines, Hey and SKOV3 did not react. This demonstrates that our anti

melanoma AZM 1 scFv retains the ability to bind specifically to the 

melanoma cells. 

Similar results were also generated by FACS analysis in which 33 

tumor cell lines were stained with the scFv (Table 4, Table 5 and Figure 

7). Sixteen of Eighteen melanoma cell lines tested were positive by flow 

cytometry. All 14 non-melanoma cell lines, including prostate, breast, 

colon, lung and ovarian cancer cell lines as well as human melanocytes, 

were negative in the assay. The mouse melanoma cell line B 16, also 
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tested negative. Table 4 and Table 5 summarize the FACS analysis and 

show the percentage of positive cells stained by the AZM 1 scFv. Figure 7 

shows examples of tumor cells tested in FACS analysis. Overall 

melanomas ranged from 15.0% to 96.2% positive cells. while non

melanoma cell lines were all below 6% which was defined as the non

specific background level. 

Identification of Melanoma-associated Antigen(s) by AZMl scFv 

A radioimmunoprecipitation assay (RIPA) was performed to define 

the melanoma-associated antigen(s) recognized by the AZM1 scFv . 

Figure 8 shows a protein band of apprOximately 45 KD in the lanes of 

SK-MEL-2 and SK-MEL-28 (Due to loss of autologous melanoma cells 

from Mel-Go in the begining of the study. here we were not able to show 

the immunoprecitpitation result from the autologous tumor cells). No 

band was seen in the lanes of MCF-7. Hey and SKOV3. Thus. we have 

identified a melanoma-associated antigen of apprOximately 45 KD 

present in most of the melanoma cells examined. 

Primary Characterization of the Melanoma-associated Antigen 

Recognized by AZMl scFv 

The SK-Mel-2 cell line was treated with trypsin to determine 

whether or not this melanoma-associated antigen (45 lID) was trypsin

sensitive. which would further prove that the antigen was membrane

bound. Table 6 shows that the cells without trypsin treatment were 

88.5% positive with AZM1 in FACS analysis. while the cells treated with 
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trypsin treatment were 7.9% positive in the same assay. Therefore. the 

melanoma-associated antigen recognized by AZMl scFv is trypsin

sensitive and membrane-bound. Further characterization of this tumor 

antigen is underway. 
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FREQUENCY OF RESPONSE 
1~----------------------------------, 

n1+-------r-----~------~------~----~ o 1000 1GOO 
B CB..l.&WEU. 

j{r)= 1/1385: R2= 0.99 

Figure 1. Limiting dilution analysis (LDA) of TIL-B cells from Mel-Go in 
the presence of EBV. j{r) is the frequency of B cell response. R2 is 

correlation coefficient. 



600 bps .. 

1 2 3 4 

Figure 2. peR products ofVH. Vk and scFv. Lane 1: 100 bp DNA 
ladder: Lane 2: VH product: Lane 3: Vk product: Lane 4: scFv 
products. 
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-+FRl 

GAGGTGCAACTGGTG GAGTCTGGGGGAGGC TTGGTACAGCCTGGG GGGTCCCTGAGACTC 60 

E V Q L V E S G G G L V Q P G G S L R L 
--.CDRl ~ FR2 

TCCTGTACAGCCTCT GAATTCTCCTTTAGT TTCTATGCCATGAGC TGGGTCCGCCAGCCT 120 

S C T A S E F S F S F YAM S W V R Q P 
--..CDR2 

CCAGGGAAGGGGCTG GAGTGGGTCTCAACT ATTACTGGTAGTGCT GTCGAAATATACTAC 180 

P G K G LEW V S TIT GSA V ElY Y 
--.FR3 

GCAGACTCCGTGAAG GGCCGGTTCACCGTC TCCAGAGACAATTCC AAGAACACTCTATAT 240 

ADS V K G R F T V S R D N S K N T L Y 
-.. CDR3 

CTCCAAATGAACAGC CTGCGAGTCGAGGAC ACGGCCGTATACTAT TGTGCGAAAAGTTCA 300 

L Q M N S L R V EDT A V Y yeA K S S 
~FR4 

GCTCCCTCCCAGTAT TCGGGCCAGGACTAC TGGGGCCAAGGAACC CTGGTCACC 354 

APSQY SGQDY WGQGT LVT 

Figure 3A. Nucleotide and deduced amino acid sequences of AZMl 
heavy chain variable region. Underlined nucleotides represent the 
complementary determining regions CDRl, CDR2 and CDR3. 



~FRl 

GAAATTCAGTTGACG CAGTCTCCATCCTCC CTGTCTGCATCTGTA GGAGACAGAGTCACC 60 

E I Q L T Q S P S S L S A S V G D R V T 

~CDRl ~FR2 

ATCACTTGTCGGGCA AGTCAGAGCATTAGC AGCTATTTAAATTGG TATCGGCAGCAACCA 120 

I T C R A S Q SIS S Y L N W Y R Q Q P 
~CDR2 ~FR3 

GGGAAAGCCCCTAAA CTCCTGATCTATGGT ACATCCAGTTTGCAG AGTGGGGTCCCATCA 180 

G K A P K L L I Y G T S S L Q S G V P S 

AGGTTCAGTGGCAGT CGATCTGGGACAGAT TTCACCCTCACCATC AGCAGTCTGCAACCT 240 

R F S G S R S G T D F T L TIS S L Q P 

~CDR3 ~FR4 

GAAGATTTTGCAACT TACTACTGTCAACAG AGTTACAGTATGCCT CTCACTTTCGGCGGT 300 

E D FAT Y Y C Q Q S Y S M P L T r G G 

GGGACCAAGGTGGAG 

G T K V E 

315 
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Figure 3B. Nucleotide and deduced amino acid sequences of AZMl 
kappa chain variable region. Underlined nucleotides represent the 
complementary determining regions CDRl, CDR2 and CDR3. 
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T7 promolor primer '69340'\ 

Notes 
The maps for pET-21b(+). pET-21C(+) and pET-21d(+) 
are the same as pET-21a(+) (shown) with the following 
exceptions: 

pET-21b(+) is a 5442bp plasmid; subtract 1bp from each 
site beyond BamH f at 198. 

pET-21c(+) is a 5441bp plasmid; subtract 2bp from each 
site beyond BamH 1 at 198. 

pET-21d(+) is a 5440bp pla;;mid; the BamH 1 site is i~ 
the same reading frame as 10 pET-21c(+). An Nco 1 site 
is substituted for the Ndel site with a net 1 bp deletion at 
p<)silion 238 01 pET-21c(+). As a result. Nco 1 cuts 
pET21d(+) at 234. and Nhe 1 cuts ~t229. For the !~st of 
the sites. subtract 3bp from each site beyond position 
239 in pET-21a(+). Nde I does not cut pET-21d(+). Note 
also that Sly I is not unique in pET-21d(+). 

The 11 ork,lin in pET-21-a-d(+) vectors is oriented so 
that infection with helper phage will produce virions 
containing single stranded DNA thetis the same 
strand as that shown below. Therelore. single 
stranded sequencing should be performed using the 
T7terminator primer. 

~ 
~ T7 promoter ~ tee operalor.2!!!!L ...!2!... 
ACA IC ICCA ICCCCCCAAA I IAATACGACTCACTATACCCGAA TTGIGAGCGGATAACU HCCCCTC1 AGAAA 1 AI. H 1 IGI I IAAC I 11 AAGAAGGAGA 

Ndsl Nhel T7.TeO"· pET-210 BamHl ECIORI Sac I Sal I Hindlll iJ:J:l ::r Hla'Tao· 

II. T ACA 110 TGCC I ioCCA TCAC TCCICCACACCAAA TCCGICGCCCAruCMmCAGcTcCCTCCAcAACcTTGCcCCCCcAC 1CGAGCACCACCACCACCACCAC IGA 
Moll. I oSorllo I 1hrG' yG' yG I nC I nM.IC I yArgC I ySorG I uPh.C I uL.uArgArgC I nA I oCysG I yArglhrArgA loProProProProProLeu WI .. ' ;r~" ~-.'. ~';;. pEI-2Ib ••• CCICCCCATCCCAATTCGACC1CCG1CGACAACCTTCCGGCCGCACICGAGCACCACCACCACCACCAC1GA 

I - NoO"f;»:1;,;,~:?;;.(;.: ... G I yArgA,pProA,nS.rS.rS.rYo I A'pLy,LouA I 010 loA I oL.uG I uH I,H I,H I,HI,H I,H IsEnd 

.... ~irc'~4i:: pE 1-21 c.d ••• GCICCCA 1CCCAA TTCCACCICCC1CCACAACCTTCCCCCCCCAC ICCACCACCACCACCACCACCAC ICA 
&i'-faS."w .. -,,, ••• C lyArgll.Argt ItArgAloProStrThrSorLtuArgProHI,SorSor1hrThrThr1hrThrThrC lu 

Bpull021 T7 lermlnelor 
Col Teeccc T CC T AACAAACCCCCAAACCAACC TCACT I CCC ICC ICCCAC~CTCACCAA T AAC1 ioCCA I AACCCC T TCCCCCC I CTAAACCCCICT ICACCCC1 T T T T TC 

• Ava I Slle nOI unique in pEJ.24ao(i(.) l7lonnlnalor primer '69337.\ 

Figure 4. A diagram ofpET21d expression vector 
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Figure 5. SDS-PAGE analysis of purification of the scFv (AZMl) by 
a Nickel-agarose column. Lane 1, Protein markers; Lane 2, 
Bacterial lysate; Lane 3, Flow-through of the lysate; Lane 4, 
Washes; Lane 5, Fraction 1 of eluate; Lane 6, Fraction 2; Lane 7, 
Fraction 3; Lane 8, Fraction 4; Lane 9, Fraction 5; Lane 10, 
Fraction 6; Lane 11, Fraction 7; Lane 12, Fraction 8; Lane 13, 
Fraction 9. 



A375 

SKOV3 

Figure 6. Immunofluorescence stain on fixed tumor cells. The 
various tumor cells. specified above. were fixed on a glass slide. 
then treated with the biotinylated scFv (AZMl) and finally with 
avidin-FITC. 
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Figure 7. FACS analysis of tumor cells treated with the scFv 
(AZMl). x-axis is the fluorescence intensity: y-axis is the number 
of cells. Dot lines indicate the tumor cells treated only with 
avidin-FITC. while solid lines mean the tumor cells treated with 
the biotinylated scFv (AZMl) and avidin-FITC. 
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1 234 5 

Figure 8. Radioimmunoprecipitation of a melanoma-specific 
antlgen by AZMl scFv. Lane 1: SK-MEL-2; Lane 2: SK-MEL-28; 
Lane 3: MCF-7; Lane 4: Hey; Lane 5: SKOV3. 
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Table 1 Characteristics of two EBV-transfonned TIL-B cell lines (Mel-Go) 

Characteristic TIL-B Cell Lines 

1-3 1-4 

IgG + + 

IgM 

19A 

Lambda Chain + 

Kappa Chain + 

Reactive to Mel-G + + 

Reactive to Mel-K + 

Reactive to MCF-7 + 

Reactive to Human Skin 
Fibroblast 
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Table 2 Characteristics of expanded EBV-transformed B cell clones from line 
1-3 

Clones IgG Kappa Lambda McI·G McI·K i\.175M MCF·7 lIey Iluman Skin 
Fibroblast 

1. 4·6G + + 

2.8-3C + + 

3.11·50 + + + + 

4.5-11G + + + 

5.8-10F + + + 

6.2·6F + + + 

7.5-3E + + + + + 



Table 3 Determining the anti-melanoma speeijicity oj AZl\11 seFv 

Type of Cells 

A375M 

Mel-K 

Mel-G 

JH1308 

SK-Mel-24 

MK457 

Ps1273 

Hey (Ovary) 

MCF -7 (Breast) 

Human Skin Fibroblast 

The Positivity 

+ 
+ 
+ 
+ 

+ 

+ 
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Table 4. FACS Analysis oj Melanoma Cells Treated With AZM 1 scFv 

Cell Type % of Positive cell 

A375 66.0 

Mel-K 75.9 

Mel-G 56.5 

SK-Mel-2 88.5 

SK-Mel-28 64.7 

Mel-V 96.2 

Mel-R 92.2 

Mel-D 56.8 

Mel-Ke 17.2 

Mel-T 15.0 

Mel-A 22.9 

Mel-Wr 35.2 

Mel-Ws 24.1 

Mel-Th 17.1 

Mel- Vw 23.5 

Mel-M 16.0 

81-61 6.5 

MeI-C 1.9 
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Table 5. FACSAnalysis oJNon-Melanoma Cells Treated withAZMl scFv 

Cell Type Tumor Type % of Positive cell 

NC-37 Human PBL Blast 2.2 
A549 Lung Cancer 0 

H596b Lung Cancer 0 
SK-BR-3 Breast Cancer 0 

BT474 Breast Cancer 1.3 
MCF-7 Breast Cancer 0 
Daudi Burkitt's Lymphoma 0 
Raji Burkitt's Lymphoma 1.3 

SKOV3 Ovarian Cancer 3.5 
Hey Ovarian Cancer 5.9 

LNCAP Prostate Cancer 0 
PC-3 Prostate Cancer 0.2 

SW480 Colon Cancer 4.1 
Human Melanocytes 0.5 

B16 Mouse Melanoma 0 



Table 6. Comparison ofSK-Mel-2 Cells Stained withAZMl scFv 
Before or After Trypsin Treatment 

With Trypsin 

Without Trypsin 

% of Positive Cells 

7.9 

88.5 

76 

Note: SK-Mel-2 cells were separated into two groups. One was treated 
with trypSin. The other served as a control without trypsin treatment. 
Both were then treated with biotinylated AZMl, avidin-FITC, and finally 
analyzed by FACS. 
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CHAPTER 4 

DISCUSSION 

Genetically engineered human mAbs may have several advantages 

over mAbs derived by fusion of immunized mouse spleen cells with mouse 

myeloma cells because they can easily be produced as human mAbs with 

little immunogenicity when used in humans. they can be produced in 

very large quantities. and. furthermore. they can be modified by site

directed mutagenesis to alter their binding affinities and specificities 

(163). In view of these potential applications and advantages. we herein 

deSCribe a novel methodology that was used to construct. produce and 

analyze a human monoclonal scFv antibody specific for human 

malignant melanoma. In this method. tumor-infiltrating B lymphocytes 

were isolated. enriched. cloned and expanded. Subsequently the VH and 

Vk genes were isolated from an anti-tumor TIL-B cell clone and a single 

chain Fv was constructed and expressed in E. coli. We have further 

shown that the AZM1 scFv antibody constructed by this method can 

identifY an antigen on human melanoma cells since this antigen is 

recognized by the immune system of an affected patient. 

In Vitro Expansion of Human Tumor-infiltrating B Cells 

In recent years. tumor-infiltrating T lymphocytes (TIL) have been 

successfully cultured from several human tumor types, particularly 

malignant melanoma (164. 165. 166). These cytotoxiC TIL lines show 
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specificity in that they lyse MHC matched but not mismatched tumor 

cells. TIL lines together with IL-2 have been used for the therapy of 

metastatic malignant melanoma (167, 168). More recently TIL lines from 

malignant melanoma have been used to identify and eventually capture 

the gene of the tumor associated antigens recognized by the TIL. These 

include the MAGE-l (119) and MAGE-3 antigens (120), the MARJ'-1 

antigen (121), gpl00 (122) and tyrosinase (123). These studies have 

facilitated an analysis of the repertOire of the human T cell response to 

tumors and of the antigens they recognize. 

However, the studies on tumor-infiltrating B cells lag behind those 

on tumor-infiltrating T cells (92, 93, 94). The main reason for this is the 

limitation of assays that are available to study B cell function in vitro. 

These include the plaque forming cell assay (95) which does not allow 

expansion and further study of B lymphocytes. Epstein Barr virus (EBV) 

transformation which may be selective for IgM and has low efficacy (97, 

169, 170). Recently a method of in vitro B cell expansion has been 

reported (98,99), which demonstrated that peripheral blood B 

lymphocytes could be activated by culture in the presence of anti -CD3-

stimulated human T cells, and that this response could be further 

enhanced by the addition of IL-2 or IL-6. This method induced Ig 

secretion at a high frequency as well as production of various 

immunoglobulin isotypes by individual peripheral blood B lymphocytes 

(171). Since T cells are essential to the activation of B cells in this 

method, the use of T cells from the B cell donor might introduce a source 

of variability when comparing different individuals, especially under some 
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pathological conditions, such as cancer (100, 101) and HIV infection 

(172) which cause important alterations in T cell populations. If we were 

able to use a stable, transformed human T cell line which provides the 

necessary help for the B cell activation in culture, we would avoid this 

extra source of variability in the analysis and allow better comparisons 

among different individuals with different diseases or conditions. It 

would also simplify the culture system. Consequently Barbuto et aZ. (102) 

reported a novel method of in vitro B cell expansion using MOT cells, a 

I-ITLV II-transformed human T cell line, as feeders. MOT cells did not 

require any exogenous stimuli to induce Ig secretion by B lymphocytes, 

and a higher level of B cell response could be achieved with MOT feeder 

cells when compared to the use of a system with T cells, anti-CD3 mAb 

and IL-2. This proves that the MOT system allows the expansion of 

antigen-specific B cells, even in the absence of antigen-specific help, and 

allows studies of the B cell repertoire under pathological conditions, 

such as cancers and AIDS, where the T cell functions are expected to be 

impaired. 

Using this method of B cell expansion, Punt et al. (93) 

demonstrated that B cells from cell suspension of various tumors and 

peripheral blood of cancer patients could be expanded to produce Ig in 

which IgG subfraction showed considerable binding to autologous and 

allogeneic tumor targets of the same histology. Barbuto et al. (102) also 

showed that some tumors had infiltrating B cells that were making anti

TNF-alpha antibody (Cancer Immuno!. and Immunother. In press, 1995). 

We speculated that the tumor stimulated the production of these 



antibodies which then blocked host immune responses and therefore 

constituted a mechanism of evasion from host control. However. more 

importantly. we also inferred that tumor-infiltrating B cells naturally 

enriched in tumors might provide a unique source of tumor-specific B 

cells for the production of human anti-tumor monoclonal antibodies. 
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In this study. we initially stimulated tumor-infiltrating B 

lymphocytes using MOT cells for in vitro expansion. Then we used EBV to 

transform and immortalize tumor-specific-IgG-secreting B cells. After 

several preliminary experiments. we observed that most EBV-transformed 

B cells came from B cell cultures not treated with MOT cells (data not 

shown). Further experiments showed that most of B cells treated by MOT 

cells were resistant to subsequent EBV transformation. although the in 

vitro MOT-mediated B cell expansion method was very effective in 

expanding TIL-B for two to three weeks. After that. these cells died. 

Contrary to previous reports (97. 169. 170). EBV proved to be a potent B 

cell stimulator and a transforming agent which directly activates tumor

infiltrating B cells and subsequently transforms these cells while 

maintaining secretion of high titers of tumor-specific IgG for more than 6 

months (data not shown). We believe that MOT treatment facilitates B 

cell differentiation to plasma cells which die within 3-7 days. while EBV 

treatment activates and subsequently transforms B cells for long-term 

growth while producing Ig. Therefore. in subsequent experiments. we 

decided to directly use EBV to stimulate B cells. 
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Capture of Immunoglobulin Genes 

The polymerase chain reaction. with primers matching the 5' and 

3' ends of rearranged VH and VL genes. provides the means to amplify. 

clone. and express V genes from lymphocytes and hybridoma cells (46. 

47,48). The V genes may be amplified from both cDNA and genomic DNA. 

In this study. we chose cDNA to capture Ig V genes. This is because cDNA 

are reverse-transcribed directly from mRNA which has undergone gene 

rearrangement and is ready for translation to proteins. To maximize 

complementarity, degeneracy was incorporated into the primers (47. 48, 

49), or different primers were designed for different families of V genes 

(173). For cloning of the amplified DNA into expression vectors. 

restriction sites were incorporated within the peR primers. 

In the work presented in this dissertation. messenger RNA was 

obtained from an anti-melanoma IgG-producing EBV-transformed B cell 

clone. reverse-transcribed into cDNA and subjected to peR-mediated Ig V 

gene rescue. Degenerate sense and anti-sense human immunoglobulin

specific primers designed for peR were successfully used for AZM 1 

immunoglobulin amplification, including VH and Vk. The primer set used 

to amplify AZMl VH corresponded to a human subgroup III. while the 

primer set used to amplify AZMl Vk mixed with four human subgroups of 

Vk chains according to Kabat's classification. 

Construction of AZMl scFv gene 

peR assembly was used to construct AZMl scFv. This technique 

was extremely successful and was relatively simple to perform. After the 
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first round of peR, AZMl VH and Vk peR products were subjected to a 

second round of peR so that a (GlY4Ser)3 linker could be constructed 

between the two variable regions. The VH was amplified by peR using a 

5' sense primer containing an Nco I site and a 3' anti-sense primer with 

the first three glycines of first unit of GlY4Ser. The Vk was amplified by 

peR using a 5' sense primer with last three amino acids, glycine-glycine

serine, of the third unit of GlY4Ser and a 3' anti-sense primer containing 

an Xho I site. The VH-GlY3, Gly-Gly-Ser-Vk and (GlY4Ser)3 were added to 

a third and final peR along with the 5' sense VH primer with Nco I and 3' 

anti-sense Vk primer with Xho I. The product from this reaction was the 

assembled scF\r. 

Among the various protein linkers, the major reason we used the 

(GlY4Ser)3 linker here is that the glycine and serine residues in 

(GlY4Ser)3 are relatively small and lack side chains, which provides 

maximum flexibility and hydrophilicity so as not to prevent scFv from 

forming a native conformation capable of binding its antigen in an 

induced fit type of interaction. After peR assembly of AZMl scFv. a band 

at the predicted molecular weight was observed. suggesting that the new 

gene was assembled such that the (GlY4Ser)3 linker was flanked on both 

sides by VH and Vk. Subsequent cloning. sequencing and protein 

expression proved that AZM 1 scFv was assembled correctly. 

Since digestion of the scF\r peR products with restriction 

endonucleases is difficult, a two-step cloning method was necessary for 

expression of immunoglobulin variable regions. This method allowed 

rapid and efficient cloning of AZMl scFv peR products without 
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modification into the T-vector via overhanging 3' adenosines (A) on the 

ends of the double stranded peR product. This constituted the first step 

of cloning. In the second step, the AZMl gene was digested out of the T

vector by appropriate restriction endonucleases, and ligated into the pre

digested expression vector. 

Expression of AZMl scFv Antibdoy in E. coli 

The AZM 1 scFv was cloned into the pE1"21 d expression vector and 

used to transform BL21(DE3) cell. We found that BL21(DE3), freshly 

transformed with plasmid containing antibody genes, could be the 

producer of the scFv antibodies. The transformed cells grown on the 

carbenicillin-containing LB plate over 10 days reduced levels of 

production or no production. Therefore, we routinely maintain a stock of 

the plasmids for re-transformation. 

It was important to induce the bacteria to produce antibody 

fragments, scFv, when the culture was in early log phase and to harvest 

the culture between two and three hours post induction. This is due to 

potential plasmid instability and cell overgrowth (158). After several 

initial experiments performed, we found it was extremely difficult to 

reproduce the same yields from batch to batch. 

One possible reason for such erratic expression might be plasmid 

instability. The supplier of the expression vector has cautioned that 

plasmids can easily be lost from bacterial host cells prod ucing 

recombinant proteins (158). Another explanation for the loss of antibody 

production from bacterial cells is that antibody fragments might be toxic 
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to the host cells and impair the cell growth. In addition. BL21 (DE3) cells 

are recA positive (158) which means that the cells have recombinase A 

and therefore they have the ability to remove any portions of genes. 

including antibody fragment genes. and put them at some disadvantaged 

sites which result in production of erratic proteins or loss of the 

antibody fragments. Looking for a more stable expression system. such 

as eukaryotic expression system. will be a better option. 

Purification of AZMl scFv Antibody 

Purification of AZMl scFv antibodies consisted of solubilizing the 

bacterial cell pellet in 6M urea followed by sonication to release the 

antibody fragments from the bacterial inclusion bodies. The scFv 

antibody-containing lysate was run through a nickel-agarose column for 

purification purposes. It was easily done and the column was reusable 8-

10 times. The scFv purified was run as a single protein band by SDS

PAGE analysis (Figure 3). 

After purification of AZMl scFv from the nickel-agarose column 

under denaturing conditions. the scFv was dialY.led against 50mM 

NaHC03-urea until the urea was completely exchanged for NaHC03 for 

optimized protein refolding. This process usually lasted 2-3 days for 

better protein refolding (158). 

Tumor-reactivity of AZMl scFv Antibody 

Twenty one of twenty four melanoma cell lines. including short

term cultured melanoma cells and fresh melanoma cells. tested positive 



85 

using biotinylated AZM 1 scFv antibody by tumor cell ELISA, fixed cell 

immunofluorescence staining and FACS analysis, demonstrating that 

the AZM1 scFv antibody retained the biological activities by binding to 

melanoma cells. Due to loss of autologous melanoma cells (Mel-Go) in 

the begining of the study, we have no way to know whether or not the 

AZM1 scFv reacts with autologous melanoma cells. In addition, it also 

showed using the same assays that the AZM 1 scFv did not react to 14 

non-melanoma cell lines, including breast cancer, colon cancer, prostate 

cancer, ovarian cancer, normal human lymphoblast cells and human 

melanocytes. That indicated the tumor-specificity of AZM 1 scFv. 

It would be more significant to conduct an in vivo study using 

AZM1 scFv. The in vivo study will tell us what the pharmacokinetics of 

the AZM1 scFv is in the body; how well the scFv penetrates to the solid 

tumors. The advantages of scFv are 1) the small size that enables scFv to 

be rapidly cleared from Circulation, thus reducing its immunogenicity 

(65): 2) the capability to penetrate the micro-vasculature of solid tumors 

faster and more evenly than intact IgG, F(ab')2 and Fab fragments in an 

experimental colon carcinoma xenograft model (66). This suggests that 

the relatively small size of scFv might make them more effective for solid 

tumor therapy. However, the rapid clearance may be a disadvantage 

pharmacokinetically because the molecule may be in the circulation for 

too short a time to bind to the target tissue. 
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Identification of Melanoma-associated Antigen 

Enormous efforts to identify and exploit tumor-associated antigens 

have been made in recent years through the use of monoclonal 

antibodies. A variety of tumor-associated antigens have been identified in 

malignant melanoma using classical hybridoma methodology. Most of 

these have been identified using mouse monoclonal antibodies but a few 

have been identified using human monoclonals. These antigens include 

S100, HMB-45, HMW-MAA, gp97, GD2 and GD3. etc. (1 13). It is not clear 

that these are the antigens which elicit an effective immune response in 

patients with melanoma. 

While antibodies recognize and bind cell surface molecules, T cells 

recognize the cell surface complexes formed by antigenic peptides 

produced from any protein synthesized within the cells and integral 

membrane proteins encoded by the major histocompatibility complex 

(MHC) (174, 175). The antigens, such as MAGE-l, MAGE-3, gp100 and 

MARr -1, recognized by cloned cytotoxic T cell lines are presumably those 

involved in natural host defense in melanoma but are of somewhat 

limited potential because of MHC restriction. 

Here we have identified a 45 KD membrane-bound melanoma

associated antigen by radioimmunoprecipitation using AZM 1 scFv 

derived from tumor-infiltrating B lymphocytes (Figure 8). Most melanoma 

cell lines tested here possessed this antigen. as evidenced by binding of 

the antibody. It is possible that the antigens recognized by TIL-B will be 

more generally recognized and will elicit immune responses in the 

majority of patients. Therefore. we speculate that the melanoma antigen 
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recognized by AZMl may be immunogenic, suggesting that it may serve 

as tumor rejection antigen. This hypothesis could be established if we 

find that antibodies directed against this 45 KD melanoma antigen are 

present in the serum of melanoma patients. Currently we have set up a 

serum bank collected from more than 50 melanoma patients. Once the 

massive production of the antigen becomes available, we will screen this 

serum bank for potential antibodies against this antgen. However, it 

remains to be determined if antibody responses to melanoma are effective 

anti-tumor responses and if the antigens which elicit an antibody 

response can also elicit a cytotoxiC T cell response. To answer these 

questions, first, we should find the cases in clinic that the spontaneous 

tumor regression in melanoma patients is caused by the antibodies 

against this 45 KD melanoma antigen, which certainly suggests that this 

antibody response is an effective antitumor response. However, the 

induction of antibody responses against tumor antigens may be an 

evasive mechanism used by tumors to escape the surveillance of host 

immune system. Second, to elicit CTL response by this 45 KD melanoma 

antigen, it must be processed into small antigenic pep tides, which are 

subsequently associated with HLA class I molecules and presented onto 

the cell surface. However, it has been well documented that many 

tumors, including melanomas, fail to express HLA class I antigens or 

reduce the expression of HLA antigens (l13, 176, 177). Therefore, it is less 

likely that the antigen will elicit an effective CTL response in melanoma 

patients. 
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In addition. we have recently established a cDNA library 

constructed from a melanoma cell line (SK-Mel-28) expressing the 

melanoma antigen recognized by AZMl. Screening of this library is on

going by using AZMl scFv. We will soon know the nature of the antigen. 

Interestingly. it was demonstrated by FACS analysis with AZMl 

that the fresh malignant melanoma cells and the short-teml melanoma 

cell lines from patients' biopsies can be divided into two population. one 

of which showed strong positive reactions (for example. Mel-Wr in Figure 

7). It hints that the melanoma antigen recognized by AZMl may be a 

melanoma differentiation antigen or a stage-specific antigen expressed at 

certain stages of tumor growth. Since the antigen recognized by AZM 1 is 

widely expressed in melanoma tumor cells. it may constitute a useful 

target for speCific immunotherapy against melanoma. The 

characterization of this tumor antigen certainly needs further studies. 

Conclusion 

The methodology and results demonstrated herein show that not 

only can the anti-tumor Ig genes be captured. but also they can be 

functionally expressed as a scFv in E. coli. The scFv antibody proteins 

expressed can be used to identify the putative tumor-associated antigen. 

Although our efforts to clone and evaluate this melanoma-associated 

antigen are still in early stage. the significance of this study includes the 

followings: 1) human monoclonal antibody molecules. such as scFv. 

derived from TIL-B may be effective diagnostic and therapeutic agents 

(when developed to immunotoxins) in the clinic; 2) they may be more 
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efficient reagents for gene cloning of tumor-associated antigens in 

human; 3} the cDNA sequence of the antigen identified by AZM 1 may be 

used to determine the location of the antigenic epitope. to evaluate its 

biological function and pathogenic significance for the disease; 4} the 

presence of the antigen in normal and cancer tissues can be determined 

by in situ hybridization using an oligonucleotide probe derived from the 

cDNA sequence; 5} the tumor-associated antigen and its peptide may be 

clinically very important as effective vaccines in inducing anti-tumor 

humoral and cell-mediated immune responses in cancer patients; and 

finally 6} with establishment of this methodology. a systematic analysis 

of the repertOire of the B cell response to melanoma and possibly other 

tumors as well could be carried out. 

To our best knowledge. this is one of the first reports of a 

genetically engineered human monoclonal antibody molecule that shows 

a specific binding activity to melanoma. We conclude that the expression 

of a human anti-melanoma scFv antibody in E. coli could produce an 

effiCiently folded, biologically active molecule that retains antigen

binding activity. The availability of human antibody variable region genes 

now permits us to engineer antibodies to make them better therapeutic 

agents. stabilize their structure. use site-directed mutagenesis to explore 

and improve specifiCity. With establishment of this methodology. we 

could make more human scFv antibodies to other melanoma associated 

antigens as well as to other human tumor antigens. In return, we will 

discover more and more tumor-associated antigens which could be 

further developed into tumor vaccines in the future. 



APPENDIX A 

OLIGONUCLEOTIDE PCR PRIMERS FOR AMPLIFICATION OF 

HUMAN IMMUNOGLOBULIN VARIABLE REGIONS 

5' Human VH Chain Primer I with Nco I site (sense) 

5'-CC ATG GAG GT(GT) CAG CTG GT(AGC) (GC)(AC)G TCT GG-3'(1-8) 

5' Human VH Chain Primer II with Nco I site (sense) 

5'-CC ATG GAG GT(AG) CAG CTG CAG (GC)AG TC(AG) GG-3'(1-8) 

5' Human VH Chain Primer III with Nco I site (sense) 

5'-CC ATG GAG GTG CA(AG) CTG (GT)TG GAG TCT GGG-3'(1-8) 

3' Human VH Chain Primer with GlyGlyGly (anti-sense) 
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5'-GCC TCC GCC GGT GAC CA(GT) (GT)GT (CT)CC (CT)TG GCC CCA3'(1 03-

110) 

5' Human Vk Chain Primer with GlyGlySer (sense) 

5'-GGA GGA TCA GA(ACT) AT(CT) (GC)(AT)G (AT)TG AC(AGCT) CAG TCT-3' 

(1-7) 

3' Human Vk Chain Primer with Xho 1 site (anti-sense) 

5'-CTC GAG (CT)TC (CT)AC CTT GGT CCC-3'(1 01-1 05) 

The (GlY4Ser)3 Polylinker (sense) 

5'-GGC GGA GGC GGA TeA GGA GGA GGA GGA TCA GGC GGA GGA GGA 

TCA-3' 
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APPENDIX B 

BUFFERS AND MEDIA 

Phosphate-buffered saline (PBS): 136mM NaCI, 10mM Na2HP04, 2.7mM 
KCI, 1.8mM KH2P04 in dH20. 

Tris-buffered saline (TBS): 136mM NaCI, 2.7mM KCl, 24.8mM Tris-base 
in dH20, pH 8.0. 

TBS-1\veen (TBS-T): O.OS% Tween-20 in TBS. 

Carbonate butTer: 3SmM NaHC03, ISmM Na2C03, pH 9.6. 

Superbroth (SB): 30 g Tryptone, 20 g Yeast extract, 10 g MOPS, pH 7.0 in 
1 liter dH20; autoclave for sterility. 

Luria Bertoni medium (LB): 10 g Tryptone, S g Yeast extract, S g NaCI, 
Iml IN NaOH in 1 liter dH20; autoclave for sterility. 

Luria Bertoni Agar: 10 g Tryptone, S g Yeast extract, S g NaCI, IS g agar, 
Iml IN NaOH in 1 liter dH20; autoclave to dissolve agar and for 

sterility. Carbenicillin may be added when temperature cools to SO-SSoC 

at a final concentration of SOug/ml. 

S-Bromo-4-chloro-3-indolyl 13-D-galactopyranoside (X-gal): reagent may 
be added to agar for blue/white colony screening at a final concentration 

of20ug/ml. 

Isopropyl B-D-thiogalactopyranoside (IPTG): reagent was added to mid log 

phase cultures at ImM to induce cultures to produce the desired protein. 
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