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Abstract: In light of recent developments in the production of human monoclonal antibodies,
particularly the method based on isolation of immunoglobulin genes from antigen-specific
B cells, the hybridoma technology has become obsolete to some extent. However, the method
requires a relatively simple procedure at a low cost and has inherently valuable features, includ-
ing continuous production of the whole molecule of specific antibodies that retain their native
structure. Furthermore, several technical improvements, including accessibility to a panel of
various partner cells, enhanced Epstein—Barr virus transformation and optimized electroporation,
have increased the fusion efficiency for production of hybrids. Finally, a hybridoma-produced
monoclonal antibody (mAb) can be used to test whether certain functions of a recombinant
mAb, produced by molecular techniques from the same clone of B cells, correspond to the
native antibodies. Access to several different methods of mADb production, including hybridoma
technology, potentiates our capability to understand the human immune response to various
invading pathogens and tumors with the perspective of using the antibodies for diagnosis and
therapy.
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Introduction

Several methods are available for production of human monoclonal antibodies (mAbs),
including hybridoma technology, Epstein—Barr virus (EBV) transformation, phage-
display libraries, transgenic mice carrying human immunoglobulin (Ig) loci, and
molecular techniques based on isolation of Ig genes from antigen-specific B cells.
Each of these methods has some advantages and limitations, which determine their
usage for certain purposes.

The most efficient method is single-B-cell polymerase chain reaction technology,
which may produce a number of recombinant mAbs, including both unique and clonal
antibodies.'? A large panel of such mAbs made possible the study of the repertoire of
the human antibody response to HIV-1.34 The phage-display libraries can generate Fab
fragments with randomly paired heavy and light chains, but with high affinity, which
makes the mAbs suitable for various applications, including therapy.’ Transgenic mice
can be used for studying the human antibody response to a particular antigen and for
the production of human mAbs with desired specificity for clinical applications.®

The standard hybridoma technology, which was invented by Kohler and Milstein,’
produces mAbs by fusion of antibody-producing cells with myeloma cells. This
method has been successfully used in our group for the production of human anti—
HIV-1 mAbs derived from infected individuals, which were used for studies of their
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neutralizing activities and the structural analysis of antigens,
using crystallographic methods.®'* Studies of a panel of
51 human mAbs against the HIV-1 V3 region revealed the
spectrum of the antibody response to V3 in HIV-1-infected
individuals as well as the preferential usage of the V 5-51
and VL lambda genes by mAbs specific to one particular
conserved core epitope.'*!

Hybridoma technology has several appealing features,
including a relatively simple protocol, low costs, and the
ability to immortalize antibody-producing cells that were
either stimulated or transformed by EBV. Hybridoma mAbs
retain their native structure, including the variable and con-
stant Ig fragments, which is important in tests that measure
Fc-mediated activities; for example, antibody-dependent
cellular cytotoxicity, which depends on the polymorphism
of the Fc fragment. Furthermore, a mAb generated by hybri-
doma methods can be used to compare its compatibility, in
terms of sequence and functions, with a recombinant mAb
produced by molecular techniques using the same clone of
B cells.'® The major disadvantage of the hybridoma method
is low fusion efficiency, resulting in a limited number of
mAbs produced per experiment; however, several technical
modifications make this method more efficient.

Standard hybridoma technology

The original hybridoma method was invented to continu-
ously produce mouse antibodies with the desired specificity
against a particular epitope.” The production of antibod-
ies by spleen B cells obtained from immunized mice was
immortalized by fusion with cancerous myeloma cells. This
standard hybridoma technology was utilized for generation
of human mAbs from B lymphocytes using peripheral blood
mononuclear cells (PBMCs) from individuals infected with
various pathogens or from cancer patients. The method has
several elements that are important for the successful pro-
duction of mAbs.

Human B lymphocytes
Antigen-specific B cells are rarely present in circulation,'’
and in combination with a low fusion efficiency, this results
in a limited number of mAbs produced in a particular
experiment. Therefore, selection of a proper blood donor
is critical for this method. A high titer of serum antibodies
may not always correlate with an increased number of cor-
responding peripheral B cells, but is indicative of a greater
chance of successful production of mAbs.

Unstimulated human peripheral B lymphocytes are rarely
used, although it was shown that they can be fused with human

myeloma or lymphoblastoid cell lines and produce mAbs.'#°
Stimulation of B cells substantially increases the fusion
efficiency and development of mAbs. The most commonly
used method is the infection and transformation of B cells by
EBY, the method invented by Steinitz et al to produce human
antibody specific to the synthetic hapten NNP.2 This method
has been successfully used for production of human mAbs
against various antigens, including HIV-1.2!

The culture supernatant of the B95-8 marmoset cell line,
established by Miller et al,?> contains EBV, which infects
human B cells by binding to complement receptor 2 (CD21)
and transforms them over a period of 1-2 weeks in culture,
forming clumps of lymphoblastoid cells clearly visible
under the microscope. The EBV transformation of PBMCs
requires the use of cyclosporin A in the culture media to
suppress EBV-specific cytotoxic T cells, present in almost
all human donors, as they may eliminate EBV-transformed
cells in culture in vitro.?

The EBV transformation of human B cells can be
increased by activation of the B cells by an oligodeoxy-
nucleotide containing the CpG motif, which acts as a Toll-
like receptor-9 agonist.?* > The EBV alone transforms only
a small population of B cells, but upon CpG activation,
the efficiency of transformation is increased from 1%—-2%
to 30%-100% of B lymphocytes.?® The method of CpG
enhancement of EBV transformation of memory B cells
was used to produce mAbs against severe acute respiratory
syndrome coronavirus (SARS-CoV).%

The EBV-transformed cells, however, are not cancerous
cells, as they do not form tumors upon inoculation into severe
combined immunodeficiency (SCID) mice, and as such can-
not continuously grow and synthesize antibodies due to cell
senescence. The problem of losing the ability of antibody
production can be overcome by freezing aliquots of EBV-
transformed cells at their early stage of development and then
expansion of the cells in culture as long as they continue to
produce mAbs. The other possibility is the immortalization of
lymphoblastoid clones producing mAbs of interest by fusion
with myeloma cells to generate hybridoma cell lines.

Partner cells for fusion

There are several myeloma cell lines suitable for fusion with
human B cells and available at the American Type Culture
Collection. Two of these cell lines, SHM-D33%” and HMMA
2.5, are frequently used for production of human mAbs.
These cell lines are a nonsecreting mouse X human heteromy-
eloma that is resistant to ouabain and produces stable hybri-
domas upon fusion with human EBV—transformed B cells.
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The heteromyeloma SHM-D33 was used in our laboratory
for the production of more than 100 human mAbs against
HIV-1 envelope proteins and parvovirus B19.14132935 The
cell line HMMA 2.5 was compared with six other myeloma
cell lines using electrofusion and achieved the highest fusion
efficiency.?* This cell line was also used for production of
HIV-1 mAbs.*

Feeder cells

Various lymphoid cells producing cytokines supporting the
growth and cloning of hybrids can be used as a feeder layer.
Mouse peritoneal washed cells, containing macrophages,
were used in the past and recently replaced by commercially
available supplements. GK5 cells, human myeloma cells,*
successfully used in our laboratory for cloning of hybrids,?
were replaced by irradiated PBMCs from healthy donors.
Hybridoma cells can be cloned also without feeder cells,
even at one cell per well in 96-well plates, with slightly lower
cloning efficiency, but the surviving hybrids are very stable
and usually good producers of mAbs.

Fusion

This is accomplished mainly by using polyethylene glycol
(PEQG) or by electrofusion. The mechanism of PEG-mediated
fusion is not well known, but it has been suggested that it
may dehydrate the lipid headgroups, leading to asymmetry
of the membrane bilayer, which favors fusion of two cells.
The procedure is relatively simple, as PEG is added drop-
wise to the cell pellet and then removed by several washings
to avoid its toxicity. The main problem is a low efficiency
of fusion, which is around 10~ based on relative measure,
ie, the number of hybridomas per 10° B cells; this can be
partly overcome by using an increased number of B cells or
EBV-transformed cells.

Using electrofusion, the membranes of neighboring cells
are joined by the application of a pulsed electrical field; an
alternating current is used for alignment of cells, and then
the cells are electroporated with high-voltage direct-current
pulse.?*** In a recent study that optimized the electrofusion con-
ditions, its efficiency was increased to 0.43% (or 4 x 10™*) and
was approximately five to ten times more efficient than PEG
in the formation of hybrid colonies, as reported by Yu et al.**
Electrofusion parameters require optimization for the particular
cells being used, both human B cells and partner cells.*

Fusion results in the formation of three types of
hybrids — B cell x B cell, B cell X partner (myeloma) cell,
and partner X partner cell — and also yields some unfused
B cells and partner cells. The hybridoma of interest is

a B cell x partner cell, which is selected using medium
containing hypoxanthine-aminopterin-thymidine (HAT),
while unfused B cells and B cell x B-cell hybrids die due to
their short life span. If EBV-transformed B cells are used for
fusion, ouabain is then added to the medium, which kills the
unfused transformed B cells. Ouabain is a cardiac glycoside
that inhibits the plasma membrane sodium pump and can
also selectively induce apoptosis in transformed cells, but
not in PBMCs.

The partner cells for fusion are deficient for the
hypoxanthine-guanine phosphoribosyltransferase (HGPRT)
gene, rendering them sensitive to aminopterin, which inhibits
the nucleotide synthesis by the de novo pathway. These cells
turn to an alternative salvage pathway, which is encouraged by
providing hypoxanthine and thymidine, both included in HAT.
As the B cells are using the salvage pathway because they have
the HGPRT enzyme, only hybridoma B cell X partner cell
can survive in HAT medium and grow into clones producing
monoclonal antibody. The unfused myeloma cells cannot
survive, because they do not have the ability to synthesize
nucleotides by the de novo or salvage pathways.

Fusion between EBV-transformed B cells and partner
cells became the standard for production of hybridomas.
The original fusion was performed between the human EBV-
transformed clone, B6, producing antibodies against tetanus
toxoid and the human B-cell line KR-4. The results showed
that the resulting hybridomas were more stable, produced
higher cloning efficiency, and secreted more antibodies
compared to the untransformed B6 cells.*’ The high cloning
efficiency of hybridoma cells, which can be cloned at one
cell per well, is particularly important, as EBV-transformed
cells exhibit some chromosomal instability and their cloning
is difficult, requiring at least a few cells per well, even in the
presence of feeder cells.*!

Screening

The screening system is dependent on the antigen to be used.
Binding of antibodies to soluble antigens, including peptides
and proteins, is most frequently determined by enzyme-linked
immunosorbent assay (ELISA), which has a sensitivity of
detection of 0.001 pg/mL. Some short peptides should be
used as biotinylated and immobilized on streptavidin-coated
plates for more optimal exposure to antibodies during ELISA.
Screening by a functional assay reduces the time involved
in the laborious process of development; for example, neu-
tralizing human mAbs. We have used, for the first time, the
TZM-bl cell neutralizing assay for screening and production
of mAb 2909, which has exceptionally high neutralizing
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activity against HI'V-1 and unusual characteristics. This

SF162
mAb does not bind to monomeric proteins or peptides by
ELISA, but it binds to intact virions because it recognizes a
complex quaternary epitope, containing elements of V2 and
V3 loops, present only on the virus surface.*

In conclusion, hybridoma technology is still useful for
production of human mAbs due to its relatively simple pro-
cedure and low cost and the ability to immortalize B cells that
continuously produce specific antibodies retaining their native
structure. For the successful generation of hybridomas, the
antigen-specific expanded clones of EBV-transformed human
B cells activated by CpG should be fused with heteromyeloma
cells using either PEG or optimized electrofusion.
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