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ABSTRACT

The ability to create monoclonal antibodies has allowed great
strides to be made in research and clinical medicine, and
continues to contribute to progression in many areas. However,
the technology involved is labor-intensive and often
inefficient. A typical cell hybridization procedure will
generate thousands of hybridomas, with the great majority
being irrelevant. Conventional technology requires maintenance
and testing of the total population, in order to identify the
very few hybrids that are secreting antibody of the desired
specificity. Particularly for antigens of low immunogenicity,
this is clearly inefficient.

The purpose of this study is to explore methods for selecting
antigen-specific hybridomas soon after the fusion procedure.
This would eliminate the unnecessary maintenance of irrelevant
hybrids, reducing much of the time, effort and materials that
are currently consumed in this technology.

For these fusions, transfectant cells expressing HLA-DP
molecules were the immunogens. Monoclonal antibodies
recognizing DP polymorphisms were desired as serologic
reagents, for matching donor-recipient pairs in bone marrow
transplantation. Fused cells were grown as bulk cultures and
Ag-specific selection was attempted, using the antigen as a
probe for hybridomas expressing specific immunoglobulin
receptors. Two methods were tested: immunomagnetism (by use of
antlgen coated immunometallic beads), and panning (by use of
the immunizing transfectant cells). The yield of antigen-
specific hybridomas was compared to that obtained in
conventional fusions.

The results indicate that panning, using the procedure
outlined in this study, is not a useful method for selecting
DP-specific hybridomas from a post-fusion bulk population.
Immunomagnetism, on the other hand, produced satisfactory
results, offering a potentially useful way to increase the
efficiency of monoclonal antibody generation.
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1.0 INTRODUCTION

The creation of hybridoma cells which secrete monoclonal
antibodies (mAb), by somatic cell hybridization, was first
described by Kéhler and Milstein (1975, 1976). This technique
allows the production of mAb in vitro by fusin;; spleen cells
from immune mice with cells from a myeloma cell line. The
resulting hybridomas can produce virtually unlimited
quantities of homogeneous antibody. With improvements to the
method (Gefter et al, 1977; Schulman et al, 1978; Fazekas de
St. Groth et al, 1980; Westerwoudt, 1985), the basic approach
of Kdhler and Milstein has gained wide acceptance and become
a valuable standard technique in many laboratories.

Compared to polyclonal antisera, which exhibit extreme
heterogeneity, monoclonal antibodies are exquisitely specific.
The ability to produce large quantities of mAb, with
specificity for a desired antigenic determinant, has had far-
reaching effects, not only on the field of immunology, but on
many areas of research and clinical medicine. The diverse
array of current applications for mAb include diagnosis of
infectious and systemic diseases, tumor diagnosis and therapy,
identification of phenotypic cell markers, and functional
analysis of cell surface and secreted molecules.

Although mAb technology has proven to be highly successful, it
is not without need for improvements. The main problem with

the present method is that it is laborious and time-consuming



-

and, particularly for antigens of low immunogenicity, very
inefficient. This means that, for many antigens (Ag), the

freguency of Ag-spe

ic hybridomas will be extremely low,
requiring many non-productive fusion attempts. The reasons for

this include the extremely low number of B cells that are

spec. for any given antigenic determinant, the low
frequency of cell fusion, and the randomness of the fusion
procedure. Taken together, the chance of isolating an Ag-
specific hybridoma becomes very low indeed. As Kohler and

Milstein once said "an antibody-producing hybrid line is a

g3 of the Gods".

Figure 1 gives a flow chart indicating the basic steps
1nvolved in the creation of hybridomas secreting mAb. Current
methods rely on dispersion of fused cells in limiting dilution

microculture for physical isolation of the hybrid clonez

produced. These cultures must be maintained and monitored and,

when sufficiently expanded, each culture must be screened for

ic antibody production. A look at the numbers involved

gives some idea of the ine ciency of this technique.

A tyrical immunized mouse spleen will generate approximately

-1.5 2 10* B cells. The frequency of cell fusion is estimated
at about 103 (Casali et al, 1986). Therefore it follows that
1000-1500 hybridomas will be produced per fused spleen. Since
the number of irrelevant B cells always far outnumbers the Ag-

specific cells, very few (if any) of these fused cells will be



IMMUNIZE MOUSE WITH
ANTIGEN
ISOLATE SPLEEN
CELLS

CELL FUSION USING PEG

PLATE FUSED SUSPENSION IN 96-WELL|
PLATES IN "CLONAL" MANNER

SELECT HYBRIDOMAS BY GROWTH IN HAT
MEDIUM

TEST CULTURES FOR PRODUCTION OF Ab
REACTIVE WITH IMMUNOGEN

CLONING AND EXTENSIVE|
TESTING TO DETERMINE
EXACT SPECIFICITY

FIGURE 1. Diagram illustrating the basic steps involved in the
identification and isolation of antigen-specific
hybridomas using conventional, polyethylene-glycol
mediated cell hybridization tachniques.



secreting Ag-specific Ab.

The fused cells are plated in such a manner that approximately
one hybrid can be expected per well; this means that ten to
fifteen 96-well plates can be expected to result from a
typical fusion. Maintaining and screening these 1000-1500
cultures to find the very few that contain the desired clones
clearly is inefficient. Cultures must be fed every two to
three days with selective medium, and growth of the hybridomas
must be carefully monitored microscopically, as overgrowth can
quickly result in death of the cells. When it is decided that
the cultures have grown sufficiently, individual supernatants
must be screened for specific antibody. Ag-specific hybrids
must be identified and cloned as quickly as possible, as they
may otherwise be lost due to overgrowth by unwanted hybrids or
by nonproducing variants of the desired hybrid. Thus isolation
of hybridoma lines with the desired reactivity becomes a
painstaking procedure, impeding the generation of mAb to a
wide range of Ag.

An ideal solution to this inefficiency would be Ag-specific
selection, in which only the Ag-specific hybridomas are plated
and screened. This type of selection is theoretically possible
due to the fact that receptors (ie immunoglobulin (Ig)
molecules) for Ag are expressed on the surfaces of B cells and
hybridomas. Cells capable of making Ab with a desired

specificity can, in principle, be separated from irrelevant
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cells by using the Ag as a probe. Both pre-fusion selection
of Ag-specific B cells and post-fusion selection of Ag-
specific hybridomas are possible in principle.

Such a selection method would drastically decreise the number
of hybridomas requiring maintenance and testing, while at the
same time increase the yield of positive hybridomas. In
theory, a typical fusion could be reduced from 1500 cultures
to less than 100. Most (if not all) of these would be Ag-
specific. This, of course, would reduce much of the time,
effort and materials that are currently consumed in this
technology. In addition, fusion of multiple mouse spleens
would then be manageable, thereby increasing the probability
of producing the mAb of interest.

The purpose of this thesis was to attempt Ag-specific
selection shortly after the fusion procedure, in an effort to
increase the efficiency of mib production. Polyethylene glycol
(PEG) is used as the fusogenic agent. Two selection methods
are described, namely immunomagnetism and panning, and the
yield of Ag-specific hybridomas is compared to that obtained
using conventional PEG fusions, without selection.

Most attempts to improve the efficiency of cell fusion have
concentrated on modifications to the existing procedure. Fewer
attempts have been made to improve the selectivity of the
method. In recent years, however, Ag-specific selection for

the purpose of mAb production has been attempted, using
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several different techniques. Some of the pertinent literature

on this subject will now be reviewed.

1.1 REVIEW OF EARLY ATTEMPTS TO SELECT ANTIGEN SPECIFIC CELLS

EBarly attempts to isolate Ag-specific B cells were done, not
for the purpose of generating mAb, but to study the
contribution of specific B cells to the overall immune
response or to study the requirements for Ag-mediated
activation of B cells. Ag-specific selection, however, posed
a difficult challenge, as it is estimated that only one in
every 10° B cells expresses an Ig receptor for any given
antigenic epitope (Myers et al, 1986). Nevertheless, a number
of approaches were developed for obtaining populations of B
cells enriched for Ag-specific cells.

Three major, early approaches were utilized to enrich for
specific B cells: (1) Ag was immobilized on solid matrices and
specific cells adsorbed and eluted; (2) for hapten-binding B
cells, haptenated red cells were used to rosette the specific
B cells, followed by velocity and/or density sedimentation to
purify the rosetted cells; (3) fluoresceinated Ag was bound to
specific cells, which were then separated from irrelevant
cells by fluorescence-activated cell sorting (FACS).

Since these early methods formed the basis for subsequent Ag-

specific selection techniques, a brief review of these early
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experiments will be presented first, followed by a discussion
of the pertinent literature dealing with selection attempts to
obtain mAb. It should be noted that the earlier experiments
were done to isolate specific B lymphocytes and not
hybridomas. Experiments related to monoclonal antibody

technology will be described in section 1.2.

1.1.1 IMMUNOADSORBANT TECHNIQUES

The earliest attempt to purify Ag-binding cells was reported
by Wigzell and Andersson (1968). These investigators passed
primed lymph node cell suspensions over columns of Ag-coated
glass beads and subsequently eluted the adsorbed cells by
mechanical agitation. Indirect evidence for significant
retention of Ag-specific cells was shown by a decreased
immunocompetence of the non-binding cell population to the Ag
used for coating the column. However, the retained cells were
difficult to elute and showed only a 2.5-fold enrichment in
specificity and a considerably decreased viability. There was
also a large amount of non-specific adsorption of cells to the
columns, resulting in significant cell losses. This technique
was later extended to studies of non-immune cells (Wigzell and
Mé&keld, 1970; Moroz and Kotoulas, 1973).

Following this beginning, immunoadsorbant systems based on

polyacrylamide beads (Truffa-Bachi and Wofsey, 1970; Wofsey et
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al, 1971) and agarose (Davie and Paul, 1971) were reported, in
which the non-specific binding of cells was greatly reduced.
Other solid-phase systems that were investigated included
binding to plastic tubes (Choi et al, 1974), to poly-L-lysine-
fixed antigen monolayers (Greeley et al, 1974), and to nylon
fibers (Edelman et al, 1971; Rutishauser et al, 1973).
However, in most cases, recovery of specific, immunocompetent
cells from the bound populations remained a problem, allowing
these systems to be most useful for obtaining populations of
cells depleted of Ag-specific cells.

In 1973 Schlossman and Hudson described an enzyme-digestible
immunoadsorbant based on Sephadex. In addition to minimal non-
specific retention Jf cells, this method also allowed better
recovery of bound cells, by solubilization of the matrix.
These investigators passed mouse spleen cells through Sephadex
anti-Fab columns and showed that the passed cells were
specifically depleted of Ig-bearing B cells. In addition, 98%
of the adsorbed B cells could be recovered in a functionally
viable state after solubilization of the immunoadsorbant with
dextranase.

A solid-phase immunoadsorbant system in which specific cells
were adsorbed to hapten-derivatized gelatin tubes was
described by Haas et al in 1974. This system had the advantage
of low non-specific adherence and simple recovery of bound

cells by melting the gel at 37°C. A 30-fold enrichment of
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antigen-binding cells in the selected population was achieved.
In 1975 Haas and Layton modified this approach to use hapten-
derivatized gelatin-coated petri dishes. This method yielded
up to 42% of specific, immunocompetent cells in the purified
population. Various modifications of this approach produced
increased purities of the selected populations (Nossal and
Pike, 1978; Pike and Nossal, 1984).

In 1976 Scott reported a system which utilized anti-
fluorescein conjugated to Sephadex. This technique takes
advantage of fluorescent-antigen labelling as well as affinity
chromatography. Immune spleen cells were mixed with
fluoresceinated Ag and passed through the antifluorescein
columns. Specific cells were then eluted with an unrelated
fluorescent-labelled protein and shown to be fully
immunocompetent. Approximately 1% of the starting cell
population was isolated using this methodology, and about 30%
of these selected cells were subsequently found to be Ag-
binding cells (ABC). The biggest advantage of this system was
that the same immunoadsorbant could be used for any antigenic
system into which fluorescein could be introduced.

These immunoadsorbant techniques have led to studies where
cell populations are "panned" on some form of solid-phase Ag,
with the selected cells then used for generating mAb. These

papers will be discussed in section 1.2.



1.1.2 RED BLOOD CELL ROSETTING TECHNIQUES

A number of different lymphoid populations will form rosettes
with red blood cells (RBC), depending upon the type of red
cell used, the immune status and species of the lymphocyte
donor and the particular experimental methods used to prepare
the rosettes. Under carefully defined experimental conditions,
rosette-forming cells (RFC) are antigen-binding cells reacting
specifically with an antigen on the red cell surface
(Bankhurst and Wilson, 1971; Zaalberg, 1971). RFC can be
fractionated from non-RFC by velocity and/or density
sedimentation techniques, since the rosettes will have a
higher sedimentation velocity and a greater density than free
lymphoid cells.

The rosetting procedure was first described in papers by Brody
and by Brody and Papermaster, in 1970. In an attempt to define

the cell populations ri ible for mouse i to

sheep erythrocytes, these investigators used rate zonal
sedimentation to separate RFC from other spleen cells. They
found that the rosetted population contained most of the Ab-
forming cell precursors to sheep RBC. Their results were
confirmed and expanded in later experiments (Osoba, 1970;
Gorczynski et al, 1971; Sulitzeanu and Axelrad, 1973; Wilson,
1973; Tanenbaum and Sulitzeanu, 1975;).

Although these experiments were successful in providing much-
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needed information about the cell populations involved in the
immune response, the rosetting procedure itself was generally
quite poor, with purities usually below 20%. In 1978 the
rosetting procedure was modified by Kenny et al; to include a
combination of density and velocity centrifugation. The two-
step procedure produced 50-100% RFC from primed spleens and
20-40% RFC from virgin splenocytes. This approach was further
improved by Snow et al (1983) using Percoll gradients to
achieve 60-70% RFC from unprimed spleens.

A further modification of the rosetting procedure then led to
two reports (Yefenof et al, 1985; Myers et al, 1986) where, by
varying the extent of haptenation of the RBC used for
rosetting, Ag-binding B cells with different affinities for Ag
could be purified. The investigators showed that Ag-specific
memory cells, virtually free of virgin cells, could be
isolated.

As in the case of the immunoadsorbant procedures, the early
rosetting techniques led to experiments in which rosetting was
used as a means of isolating Ag-specific cells for hybridoma
production. Both RBC rosetting and rosetting using metallic
beads have been attempted, and these studies will be discussed

in section 1.2.



1.1.3 FLUORESCENCE ACTIVATED CELL SORTING TECHNIQUES

Julius et al (1972) were the first to describe specific B cell
enrichment using a fluorescence-activated cell sorter (FACS).
They obtained viable and functional populations of specific
cells, enriched up to 500-fold, from immune mouse spleen cell
suspensions. Concomitantly, pcpulations largely depleted of
antigen-binding cells were obtained. Ag-binding cells were
labelled directly with fluorescein-conjugated Ag and then
isolated using a FACS. Separated populations typically
contained greater than 65% fluorescent labelled cells.

In 1974 Julius and Herzenberg extended, and expanded on, these
results in unprimed mice. Here, the separated population
contained over 90% fluorescent labelled cells.

In 1975 Scott and Tyrer utilized a similar approach for their
studies of tolerance induction. This was an in vivo experiment
in which fluorescein labelled tolerogen (sheep gamma globulin)
was injected into rats and fluorescent spleen cells were
isolated at various time intervals thereafter, using a FACS.
The authors found that antigen-binding cells comprised
approximately 0.1% of the splenic population at all times
examined (days 0-7), and that they were detectable as early as
fifteen minutes after Ag injection.

This flow cytometry method seemed to hold the greatest promise

for obtaining 100% pure populations of Ag-specific cells.
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However, because of the low frequency of these cells,
extremely long periods of sorting are often required, making
this procedure impractical in some cases. As will be seen in
the next section, the application of flow cytometry to Ag-
specific selection for the purpose of mAb production has

received only limited use.

1.2 PREVIOUS ATTEMPTS TO SELECT ANTIGEN-SPECIFIC CELLS FOR THE
PURPOSE OF OBTAINING MONOCLONAL ANTIBODIES

A number of studies in recent years have attempted to improve
the efficiency of specific hybridoma creation by selecting Ag-
specific cells. Both pre- and post- fusion selection have been
attempted, in both mouse and human systems. These experiments
can be divided into five categories, based on the method used
for Ag-specific selection: (1) panning; (2) RBC rosetting; (3)
fluorescence-activated cell sorting; (4) immunomagnetism; (5)
Ag-specific electrofusion. The literature pertaining to these

techniques will now be reviewed.

1.2.1 PANNING TECHNIQUES

Panning refers to incubation of a mixed population of cells on

some form of solid-phase Ag in order to isolate (or deplete)

cells bearing surface receptors to that Ag from the
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population. This method s an extension of the earlier
immunoadsorbant techniques.

Panning has been used to isolate various subpopulations of
cells. Fractionation of mouse T and B lymphocytes (Wysocki and
sato, 1978), enrichment of murine CDS B cells (Metzger et al,
1992), and isolation of thymocyte precursor cells (Small et
al, 1994) are but a few examples of the successful use of
panning using plastic dishes coated with various Ag or Ab.
Panning for Ag-specific cells for the purpose of hybridoma
creation has been done in at least three studies. In 1983
Winger et al utilized this technique to generate human anti-
sperm Ab from peripheral blood mononuclear cells (PBMC). Petri
dishes were coated with sea urchin sperm and T cell depleted
PBMC were added. Selected cells were transformed with Epstein-
Barr virus (EBV) in limiting dilution culture. 240 wells
subsequently grew colonies and, of these, 36 were found to
have antibodies in the supernatant which would bind to sea
urchin sperm. Three were found to bind human sperm as well. No
comparison with unselected cells was reported.

In 1993 two very interesting studies were reported by
Steenbakkers et al in which panning was used to select Ag-
specific cells. Both studies were based on a previous report
by these same investigators (Steenbakkers, van Meel, Olijve,
1992), where a new method for the generation of human and

murine B cell hybridomas was described. The method was based
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on clonal expansion of single B cells in the presence of human
T cell supernatant and irradiated murine thymoma helper cells.
Subsequently, the clonally expanded B cells were immortalized
by electric field mediated cell fusion. The investigators
generated murine anti- human immunodeficiency virus (HIV)
antibodies and human anti-rubella antibodies using this
technique.

Expanding on this study, the authors then attempted Ag-
specific selection prior to clonal expansion and
electrofusion. In the first of two reports (Steenbakkers, van
Wezenbeek, Olijve, 1993), murine HIV-specific spleen cells
were isolated from immune mice by panning on HIV viral lysate-
coated culture wells. The selected cells were clonally
expanded in 96-well culture plates, using the method
previously described. When cultures were sufficiently grown,
supernatants were tested for anti-HIV activity. Approximately
24% of the culture wells were specific for the Ag, compared to
less than 1% in the control populations (unseparated and
unbound cell fractions). However, it was estimated that only
5% of the specific B cells were recovered by the panning
procedure. Subsequently, six of the positive cultures were
subjected to mini-electrofusions, and five of these yielded
anti-HIV producing hybridomas.

In the second study (Steenbakkers, van Wezenbeek, van Zanten,

1993), human anti-cytomegalovirus (CMV) hybridomas were
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generated from PBMC obtained from donors who had recently
recovered from a CMV infection. PBMC were incubated on CMV-
coated culture wells for selection of Ag-specific cells. The
selected cells were clonally expanded in 96-well culture
plates, again using the method previously described by these
investigators. Between day 8 and day 12, supernatants were
tested for anti-CMV activity. The purity of anti-CMV specific
B cells varied from 6% to 38% in the selected populations,
with an average of 0.5% in the controls (unselected B
lymphocytes from the same donors). As many as twenty-two Ag-
specific clones were obtained from as little as 1.5 ml donor
blood. Ten Ag-specific clones were then submitted to separate
mini-electrofusions, and six were successful in producing
stable Ag-specific hybridomas. However the recovery of Ag-
specific B cells was again very low; this time approximately
10% recovery was estimated. The authors suggest that high-
affinity memory cells are preferentially selected, and this is
supported by the fact that the great majority of positive B

cell cultures analyzed were of the IgG class.

1.2.2 RED BLOOD CELL ROSETTING TECHNIQUES

As stated earlier, for ha: .en-binding B cells, haptenated red

cells can be used to rosette specific B cells, with the

rosettes subsequently purified by velocity and/or density
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sedimentation techniques. Several studies have used this
approach to isolate human Ag-specific cells for Ab production
purposes.

In 1977 Steinitz et al generated anti-NNP (4-hydroxy-3,5-
dinitrophenacetic acid) producing human lines from three
donors. Lymphocytes were rosetted with autologous red cells
coupled to NNP, and the rosettes were separated and infected
with EBV. Permanent lines were established from all three
donors. Rosetted lines contained 13% to 18% NNP rosetting
cells, while control lines of unfractionated and rosette-
deprived lymphocytes from the same donor showed no rosette-
forming cells. One rosetted line was re-rosetted, resulting in
an increased purity of 86%. The NNP-agglutination titer was
undetectable in control lines, but showed an average titer of
256 in the rosetted lines and 1024 in the re-rosetted
population. All rosetted iines secreted IgM Ab.

In 1979 Kozbor et al successfully established anti-TNP
(trinitrophenyl) producing human lines by preselection of
unimmunized lymphocytes with TNP-coupled erythrocytes and
subsequent transformation with EBV. Non-selected cells from
the same donor were also transformed to serve as controls. All
resulting lines were tested for rosette and plague formation
with TNP-RBC, and the supernatants were titrated for anti-~TNP
activity. Using the technicque of Osoba (1970), rosette-forming

cells increased from 0.1% in the.unselected population to 75%
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after three cycles of rosetting. In parallel, plaque-forming
cells (PFC), which were undetectable in the primary
population, accounted for 30% of the rosetted cells, and the
TNP Ab titer in the supernatants increased from 16 to 512. The
TNP Ab-producing lines established from the rosetted
populations produced specific, polyclonal IgM Ab.

In 1983 Winger et al used rosetting to isolate Ag-specific
cells from unimmunized human donors. Chicken FBC,
neuraminidase~treated human RBC, and calf thymus DNA-coupled
sheep RBC were used for rosetting. The selected populations
were transformed with EBV and cultured by limiting dilution.
Antibodies to chicken erythrocytes, to neuraminidase-treated
(but not untreated) human RBC, and to DNA were found. No
comparisons with unselected populations were reported.

Koskimies (1980) used this rosetting approach to establish a
human line producing anti-Rhesus(D) Ab. Ag-specific
lymphocytes from an immunized donor with a high titer of anti-
D were preselected by rosetting with Rh-positive erythrocytes
prior to EBV infection. Continuously growing lines from both
the selected and deprived fractions were obtained. The
selected line produced anti-D Ab while the deprived line did
not. However, the selected line also produced nonspecific Ab.
By re-rosetting, the specific anti-D Ab was enriched, with the

Ab titer increasing from 8 to 128.



1.2.3 FLUORESCENCE ACTIVATED CELL SORTING TECHNIQUES

Isolation of Ag-specific cells using fluorescence-activated
cell sorting, for the purpose of mAb production, has received
very limited use. This is somewhat surprising given its
widespread use in other arcas as a means of selecting rare
cells. However at least two studies have been reported, and
they both show favorable results.

pParks et al (1979) performed practical demonstrations
utilizing flow cytometry, to show that Ag-specific hybridomas
could be isolated from a mixture of hybridomas. In several
experiments they mixed cells producing mAb to mouse Ig
allotypes, at a frequency of 1 in 500, with hybridomas
producing some other Ab. The rare cells were recovered by
labelling with fluorescent microspheres coupled to the
appropriate myeloma protein Ag, followed by sorting of the
brightly labelled cells using the flow cytometer. Selected
cells were sorted individually into microculture wells. In
each case, the number of clones secreting specific Ab in the
sorted population showed an enrichment factor of about 250
over the original 1 in 500 mixture.

In 1986 Casali et al used a modification of this approach to
isolate Ag-specific B cells from human subjects prior to EBV
transformation. In these experiments, purified Ag (either

thyroglobulin or tetanus toxoid) was biotinylated and
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incubated with purified B lymphocytes from healthy donors. The
cells were then reacted with fluorescein isothiocyanate
(FITC)-avidin and analyzed by flow cytometry. It was found, in
repeated experiments, that 5%-10% of cells showed a high
degree of fluorescence. These cells were sorted and the
positive and negative fractions collected and transformed. The
cells were then plated in 96-well culture plates at
approximately 4000 cells per well. All wells from the positive
fraction were subsequently found to be producing high levels
of Ab to the Ag, while fewer than 6% of wells from the
negative fraction produced any detectable Ab. The
investigators cloned some of the positive wells to yield cell

lines producing mAb.

1.2.4 IMMUNOMAGNETISM

During the last decade, immunology has seen the introduction
of a technology in which magnetic fields play an integral
role. Metallic beads coated with antibodies or other proteins
can be used to isolate specific cells from mixed populations.
Cells bearing receptors to the protein will form rosettes with
the metallic beads, and isolation of these specific cells is
achieved easily and rapidly by placing the cell suspension
against a magnet and pouring off the unbound cells.

This technology was made possible by the work of Ugelstad et
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al (1982), who developed a method for preparing metallic

beads, comprised of an iron core and a polymer shell,

uniform size, density and iron content. Functional groups
could be incorporated onto the surface of the” beads, which
could then be modified for physical adsorption or covalent
coupling of proteins.

Metallic beads coated with a variety of antibodies and other
proteins, as well as beads to which a desired protein can be
readily attached, are now commercially available, and this has
allowed widespread use of this technology. In addition to Ag-
specific selection, some of the many ways these beads have
beer used include the removal of tumor cells from bone marrow
(Treleaven et al, 1984; Vredenburgh et al, 1991), the

depletion of T cells for bone marrow transplantation (Gese,

1989), isolation of specific cell populations for functional
assays (Hovdenes et al, 1989; Tjernlurnd et al, 1988), and as
a tool for cell purification for serologic tissue typing
(Vartdal et al, 1986; Hansen et al, 1987).

Metallic beads have been used in several studies to isolate
Ag-specific cells for the purpose of both human and murine
hybridoma creation. In 1988 Egeland et al coated metallic
beads with rabbit IgG in order to rosette rheumatoid factor B
lymphocytes from v -ripheral blood of patients with rheumatoid
arthritis. The principle here is that rheumatoid factor

specifically recognizes the Fc fragment of rabbit IgG. Thus
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beads coated with IgG will rosette B cells expressing
rheumatoid factor. The rosetted cells were then transformed
with EBV. Unfractionated B cells from rheumatoid arthritis
patients were used as controls. In several experiments, more
than 90% of culture wells from the rosatted population
produced rheumatoid factor, compared to less than 6% in the
controls.

A repcrt by Glaser et al in 1990 describes a combination of
magnetic separation followed by electrofusion of human
peripheral blood cells. In this experiment peripheral blood
mononuclear cells were reacted with beads coated with anti-
CD19 Ab. Selected and unselected cells were then electrofused
with the aneteromyeloma line CB-Fu2, to form hybrids. In
unseparated PBMC, 7% CD19+ and 68% CD3+ cells were detected
using flow cytometry. In the population selected using anti-
CD19 coated beads, the contamination with CD3+ cells was below
2%; however, only about 2% of the starting population of PBMC
could be recovered from the anti-CD19 coated beads. The
electrofusion procedure was successful in producing
hybridomas, even when the number of cells placed in the fusion
chamber was very low. A fusion frequency of 1-15 x 10° was
observed for unseparated PBMC, while the separated fraction
showed a fusion frequency of 5-50 x 10°5. The investigators
then determined the percentage of cytoplasmic Ig-positive

cells in both populations. In each experiment, significantly
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more hybridomas were Ig-positive in fusions of CD19+ cells
compared with unseparated cells (P<0.005).

In 1993 Lundkvist et al utilized this technique while
attempting to make human mAb against Puumala-virus. Human
spleen cells were obtained from a splenectomized patient, and
virus-coated beads were used for selection. Virus coating was
accomplished using virus-specific murine mAb for indirect
binding of viral glycoproteins to the magnetic beads. Three
strategies were employed: (1) unselected spleen B cells were
EBV transformed (2) unselected cells were transformed, grown
in batch culture for 21 days and then selected with beads (3)
spleen cells were selected with beads prior to transformation.
In all cases, transformed cells were cloned by limiting
dilution, and growing cultures were screened for specific Ab
production. No positives were found in the control group
(unselected spleen cells). Several Ag-specific hybridomas were
found in the population selected with beads 21 days post-
transformation, but these were 1lost following cloning.
Positive results were obtained when spleen cells were
preselected by viral glycoprotein-coated metallic beads.
Twenty out of 21 growing culture wells in this population were
positive against the virus. Four of these wells were
successfully cloned to ensure monoclonality and produced
specific IgG Ab. Further testing strongly indicated that the

four mAb were all derived from the same original clone. Three
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of these monoclonal lymphoblastoid cell lines were fused with
a human/mouse heterohybridoma to generate stable, Ag-specific
hybridomas.

In 1994 Oshiba et al utilized Ag-coated immunomagnetic beads
to isolate Ag-specific B cells from the peripheral blood of
immunized donors. B cells separated with tetanus toxin- or
keyhole limpet hemocyanin-coated beads were transformed with
EBV. The amount of specific antibody produced by this rosetted
population was compared to that of unfractionated and
nonrosetting transformed populations. The rosetted populations
were found to contain significantly more specific antibody
than either of the other two populations; 700-1500 units per
ml of specific Ab was reported for the rosetted populaticns
compared to 0-70 units for the control populations.

In addition to these human studies, immunomagnetism has also
been utilized in the generation of murine mAb. Three such
studies will be described here; two of these used Ag-coated
beads to select specific hybridomas from bulk cultures derived
from PEG-mediated fusions (and are therefore similar to the
experiments done in this study), while the third method used
bead selection to isolate specific B splenocytes prior to
fusion.

In the first of these reports, Ossendorp et al (1989)
immunized mice with thyroglobulin, fused the spleen cells with

SP2/0 cells using PEG, and grew the resulting population as a
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bulk culture in selective HAT medium. One week after fusion,
viable hybridoma cells were counted and divided into two
groups. One was incubated with thyroglobulin-coated metallic
beacs and the other with uncoated beads. Immunomagnetism
allowed separation of magnet-bound and non-bound fractions for
each group. These four populations were then cultured in 96-
well plates, and supernatants from growing hybrids were
subsequently tested for anti-thyroglobulin activity. The
magnet-bound population from the uncoated beads produced only
six cultures, none of which showed any specific Ab activity.
87 growing wells were found in the magnet-bound population
from thyroglobulin-coated beads, and 95% of these produced
anti-thyroglobulin Ab, all of the IgG isotype. The percentage
of thyroglobulin positive wells in the non-bound population
using Ag-coated beads was approximately 15%, and this was
slightly lower than that in the non-bound population using
uncoated beads.

These investigators also determined the frequency of Ag
specific hybridomas in the three cell populations resulting
from selection using thyroglobulin-coated beads; namely, the
original population, the magnet-bound population and the non-
bound population. The frequency of anti-thyroglobulin hybrid
cells in the original bulk population was found to be 1 in
500; in the non-bound population, 1 in 1030; and in the

magnet-bound cells, 1 in 1.7. This was an enrichment of 300-
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