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Preface

The pace of progress in immunology has not slackened ;

since the last edition of this handbook. The subject
now draws heavily on molecular biology and genetics
and this has necessitated the inclusion of an additional
volume on Genetics and Molecular Immunology. The
explosion in the development of hybridoma tech-
nology and cell culture, since the last edition, can be
seen from the many chapters in each volume that
employ monoclonal reagents and cell lines. Some idea
of the expansion of the field can be gained from the
Cellular Immunology volume where contributions on
phagocytes and lymphocytes now occupy 30 chapters
compared to 12 inth€ previous edition. A new section
on immunoregulation contains 14 chapters and there
are now 6 chapters devoted to mammalian cell
membrane antigens in the Immunochemistry volume.

It is now no longer possible for one editor to keep in
touch with the enormous expansion in this field, and I
am much indebted to my co-editors Len and Leonore
Herzenberg who have joined me in the task of
co-opting research workers in the wide range of
disciplines now contributing to the field of immu-

nology. I am particularly grateful to my wife Dr
Caroline Blackwell for her help with the massive
editing task.

Amongst the many new features of this edition is the
provision of overviews for many of the sections. I am
most grateful to our contributors in the methodology
sections for their efforts to achieve a consistent style of
presentation of the procedures, and 1 hope that this

will help in the accessibility of the descriptive material. ... -=

A work of this size inevitably takes a number of*YEa'?‘s—
to put together but considerable effort has gone into
introducing up to date material into the chapters. This
has been achieved by enabling and encouraging
contributors to introduce new material and references
during the proof stages of their chapters. ;

1 wish to thank Hilary Flenley for her careful and
thorough index, and Nigel Palmer and his staff at
Blackwell Scientific Publications Edinburgh office
without whom production of the new edition would
have been impossible. Per Saugman has as always,
maintained a benevolent paternal interest in the
project.

D.M.W.

Xvii
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| Chapter 107
Overview: monoclonal antibodies

C. MILSTEIN

Conventional antisera and
monoclonal antibodies, 107.3

Although it is almost a hundred years since the
discovery of antibodies and fifty after the publication
of the seminal book by Landsteiner describing their
amazing diversity and specificity [1], the potential
power of antibodies in all branches of biology, and
even in clinical medicine and therapy, is only now

beginning to be seriously exploited. The introduction -

of radioimmunoassays not only meant the develop-
ment of saturation analysis in analytical biochemistry,
but perhaps more important, the introduction of
antibodies as its basic tool. Since it is theoretically
possible to make antibodies to all sorts of biological
substances and other chemicals, they are ideally suited
as general specific recognition elements to be used for
analytical, cytological, functional, therapeutic and
biochemical purposes. We now know that this
astonishing capability is the result of an extremely
flexible utilization of complex genetic elements rang-
ing from a combinatorial use of a considerable number
of germ-line genes and gene fragments to still incom-
pletely defined somatic diversification events. Para-
doxically, one of the major drawbacks of antibodies
has been precisely this flexibility.

Confronted by an antigenic stimulus, an animal
responds by producing a large variety of antibody
structures directed against the immunogen. They will,
for example, recognize different proteins, polysacchar-
ides and other structures of a bacterium, as well as
different determinants within each of those structures.

Even a single antigenic determinant is likely to be

recognized by a variety of antibody structures. This
heterogeneous mixture of antibody structures is itseif
continuously changing so that the antiserum from the
same animal is different, when bleeds taken at different
times are compared. As a consequence, it is impossible
to produce antisera of sufficient purity and reproduci-
bility as is required by a true chemical reagent. The
different molecular species present in the antiserum
cannot be separated from each other.

The clonat selection theory of Burnet [2] states that
each cell makes only one antibody structure. The

Which fusing partners? 107.7

Final comments, 107.9 -

heterologous mixture results, therefore, from the fact
that the antibody secreted by each individual cell goes
into a common blood pool. This was the clue to the
solution to the purification problem, which was
achieved at the cellular rather than the biochemical
levél. The first partial success was provided by our
understanding of myelomas and more specifically by
the development of the experimental myelomas-in
mice [3]. Myelomas were shown to result from the
malignant proliferation of 1mmunoglobulm-produc- :
ing cells. Since malignant transformation had a clonal
origin, one myeloma produced+one immunoglobulin.
The experimental plasmacytomas demonstrated that
it was possible not only to transplant the tumours, but

also to adapt them to continuous culture and grow -

them in vitro [4]. Unfortunately, in spite of many
efforts, the induction of those myelomas was not
antigen dependent. In other words, it was not possible
to derive and purify-cell lines capable of producing
monoclonal antibodies of any desired specificity.
Another approach for the immortalization and
cloning of antibody-producing cells consisted of an in -
vivo proliferation of fragments of spleens taken from
an immunized donor{5]. The fragments, containing on
average only one specific antlbody-producmg clone *
(one spectrotype), were injected together with antigen
into a recipient mouse which was itself rendered

. immunoincompetent by irradiation. The recipient

mouse was in effect acting as a tissue culture flask
permitting the proliferation of the otherwise short-
lived spleen cells. Further passages, using spleen
fragments from the recipient animal and antigen, -

“allowed proliferation and hopefully purification of the

original clone. In this way.an essentially monoclonal

“antibody preparation of a predefined specxﬁcxty was

possible, although no formal punﬁca‘uon or |mmorta-

- lity was achieved.

The derivation of truly 1mmortal cell lmes which
had all the advantages of myelomas, and the genetic -

* elements of *the antibody-producing cells, was

achieved by cell fusion (Fig. 107.1). A-myeloma cell -
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107.2 Monoclonal antibodies

Anti SBBC Hybrids

.
Clone P3-X63Ag8 Spleen cells

1gG1 (x) SRBC immunized
(grows in T.C but Balb/C
dies in HAT) (Dies in T.C)

i

Sp-Hybrids
(Grow in HAT)
All secrete P3 chains

Most secrete new chains
Some with anti SRBC activity

|

Isolated clones

Sp 1/7 Sp 2/3 Sp 3/15
Anti SRBC Anti SRBC Anti SRBC
macroglobulin IgG2b 1gG 1

Fig. 107.1 Immortalization of cells producing specific anti-
body of predefined specificity. P3-X63 Ag 8 is an
azaguanine resistant (HPGRT ~) myeloma cell line which
actively secretes a P3 myeloma protein. After fusion with
cells from an immunized mouse, hybrids are derived which
grow in tissue culture (T.C.) as permanent cell lines. Such
hybrids co-dominantly express the ability to synthesize the
immunoglobulin of both parents. ’

line was fused with spleen cells from an immunized
donor [6]. The resulting hybrids acquired the essential
properties of both parenis, namely the permanent
growth and malignancy as well as the high capacity for
the synthesis and secretion characteristic of plasmacy-
tomas, together with the genetic elements defining a
specific antibody.

Hybrid myelomas 3

The fusion process, even when optimized, is inefficient
and the resulting hybrids are very few in comparison
with the two parental cells [7]. These must be eli-
minated in order to grow the hybrids. Spleen cells do
not survive for long under tissue culture conditions,
but the myeloma parental cells must be killed by an
efficient procedure. This is based on the use of selective
HAT medium [8,9]. This medium contains hypoxan-
thine and thymidine together with aminopterin, a folic
acid analogue which blocks de novo synthesis of

purines-and pyrimidines. Cell survival in the presence
of aminopterin requires the activity of a salvage
pathway capable of utilizing the hypoxanthine and
thymidine from the medium. The use of this salvage
pathway can be prevented if the myeloma line is
deficient in key enzymes, e.g. hypoxanthine-guanine
phosphoribosyl * transferase (HPGRT ). - Such
mutants are selected among cells resistant to aza-
guanine or thioguanine, either of which is a toxic
analogue incorporated by HPGRT. Hybrids between
HPGRT ~ mutant myelomas and normal lymphocytes
can grow in HAT selective medium because they
contain the HPGRT provided by the lymphocytes,
while the HPGRT ~ myeloma cells die within a couple
of days.

In essence, therefore, lymphoid cells—usually
splenocytes from an immunized mouse or rat—are
fused with a myeloma cell line using a fusing reagent,
usually polyethylene glycol (PEG). The fusion gives
rise to a large number of cells containing multiple
nuclei (heterokaryons) [7]. Some of these merge into
synkaryons, which are cells containing a single nucleus
with the chromosome content of the heterokaryons.
Among them, viable cells emerge which divide and
grow. This growth is accompanied by a considerable
amount of chromosomal loss and better adaptation to
culture conditions. Many factors are involved and the
final outcome is a cell line, well adapted to growth,
which arose by equilibrium of an unknown number of
factors. Each cell line, and even subclones taken in
early stages after fusion, are therefore likely to have
different growth and stability properties. Loss of
chromosomes -also gives rise to loss of antibody
expression. Clonal competition between variously
adapted cells and loss of antibody activity play
overlapping roles [10,11]. This process is faster in the
early stages and ‘older’ clones tend towards stable
characteristics. Therefore much depends on correct
choice of subclones at early and subsequent stages, so
that the chosen final clones have the desired character-
istics.

The primary purpose of cloning is the fractionation
and purification of the cells producing the desired
monoclonal antibody (McAb). The identification of
those few clones which express a desired antibody is
one of the most important aspects of the hybridoma
technology. Strategies and methods for the whole
procedure have been critically discussed elsewhere
(e.g. [12] and Chapter 13).

The hybrid myeloma procedure permits, therefore,
the dissection of the immune response by immortaliza-
tion and cloning of the antibody-producing cells (Fig:
107.2). The derived monoclonal antibodies in turn
allow the dissection of the antigenic determinants
which triggered the immune response. For instance,



