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Monoclonal Antibodies

A tumor of plasma cells (mycloma or plasmacytoma) is
monoclonal and therefore produces antibodies of a single
specificity. In most cases, the specificity of the wmor-
derived antibody is not known, so the antibody cannot
be used to specifically detect or bind to molecules of
interest. However, the discovery of monoclonal antibod-
ies producced by these tumors led to the idea that it may
be possible to produce similar monoclonal antibodies of
any desired specificity by immortalizing individual
antibody-secreting cells from an animal immunized with
a known antigen. A technique to accomplish this was
described by Georges Kohler and Cesar Milstein in 1975
and has proved to be onc of the most valuable advances
in all of scientific research and clinical medicine. The
method relies on fusing B cells from an immunized
animal (typically a mouse) with a myeloma cell line and
growing the cells under conditions in which the unfused
normal and tumor cells cannot survive (Fig. 5-9). The
resultant fused cells that grow out arc called hybridomas;
cach hybridoma makes only onc Ig. The anubodies
secreted by many hybridoma clones are screened for
binding to the aniigen of interesi, and this single clone
with the desired specificity is selected and expanded. The
products of these individual clones arc monoclonal
antibodies that are cach specific [or a single epitope on
the antigen or antigen mixture used to identify antibody-
secreting clones.

Monoclonal antibodies have many practical applica-
tions in research and in medical diagnosis and therapy.
Some of their common applications include the
following:

o Identification of phenotypic markers unique to par-
ticular cell types. The basis for the modern classifica-
ton of lymphocytes and other leukocytes is the
recognition of individual cell populations by specific
monocional antibodies. ‘Lhese antibodies have been
used to define clusters of differentiation (CD) markers
for various ceii types (see Chapter 2).

@ Immunodiagnosis. The diagnosis ol many infectious
and systemic discases relies on the detection of particu-
lar antigens or antibodies in the circulation or in tissucs
by usc of monoclonal antibodics in immunoassays (see
Appendix IV).

e Tumor detection. Tumor-specific monoclonal anti-
bodies are used for detection of tumors by imaging
rechniques and hy staining  tissnes with laheled
antibodies.

@ Therapy. Advances in medical research have led 1o the
identification of cells and molecules that are involved
in the pathogenesis of many discascs. Monoclonal
antibodics, because of their cxquisite specificity,
provide a means of targeting these cells and molecules.
A number of monoclonal antibodies are used thera-
peutically today (Table 5-3). Some examples include
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Significance

Target Effect Diseases

coz B ceii depietion Rheumateid artnritis,

multiple sclerosis, other

VEGF Blocking of tumor Breast cancer, colon j
angiogenesis cancer

HER2/Neu Depletion of tumor cells Breast cancer
with HER2 amplification

TNF Inhibition of T cell- Rheumatoid arthritis,

mediated inflammmation Crohn's disease

antibodics against the cytokine tumor necrosis factor
(INF) used to trcat rheumatoid arthritis and other
inflammatory discases, antibodics against CD20 for the
trcatment of B cell leukemias and for depleting B cells
in certain autoimmune disorders, antibodies against
the type 2 cpidermal growth [actor receptor to target
breast cancer cells, antibodics against vascular cndo-
thelial growth tactor (a cytokine that promotes angio-
genesis) in patients with colon cancer, and so on.

@ Functional anaiysis oi ceil suriace and secreled moie-
cules. In biologic research, monoclonal antibodies that
bind to celi surface molccuics aind cithar silmulaic ot
inhibit particular cellular functions are invaluable tools
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for defining the functons of surface molecules, includ-

ing receptors for antigens. Monoclonal antibodies are
from complex mixtures to facilitate the study of the
properties and funcrions of these cells

One of the limitations of monoclonal antibodies for
therapy is that these antibodies are most easily produced
by immunizing mice, but patients treated with mouse
monoclonal antibodies may make antibodies against the
mouse Ig, called a human anti-mouse antibody (HAMA)
response. These anti-Ig antibodies climinate the injected
monoclonal antibody and can also cause serum sickness.
Genetic engineering techniques have been used to
expand the usefulness of monoclonal antibodies. The
compiementary DNAS (CDNASs) that encode the polypep-
tide chains of a monoclonal antbody can be isolated from
a hybtidoma, dand these genes can be anipuidaed in
vitro. As discussed before, only small portions of the
antibody molccule are responsible for binding w antigon:
the remainder of the antibody molecule can be thought
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mework. This saructural organization allows the
DNA scgments encoding the antigen-binding sites from
a mouse monoclonal antihndy v he “stitched” inin a
cDNA encoding a human mycloma protein, creating a
hybrid gene. When it is expressed. the resultant hvbrid
protein, which retains the antigen specificity of the origi-
nal mouse monoclonal but has the core structure of a
human Ig, is referred 10 as a humanized antibody.
Humanized antbodies are far less likely than mouse
monoclonals w appear “foreign” in humans and to
induce anti-antibody responses.

Scanned with CamScanner



?3, %

HAT Selection

2_

Souviek B'Sv‘éﬁb

Jo a«moaa

- +
+ JuaRT RT
HGPRT ~ HepRT /H "?P e
Genotype:* K- TK+/TK - TK+ P
Myelom B-celt
(T Cell type: o Lwited Lbe AF""“
. 1mmu~r\:“1r Mye, oma cell Hybrvid cld B-celd * Com decrele N
b
o Uroble  HAT fate: SURVIVES DIES s 6‘0’0“1‘
‘h) ,&wfe& Explanation: Unabie (o syninesize immoriai and resiored oriai:
. w DNA: DNA synthesis:
nnwﬂﬂal‘ h4

(1) Thymidine kinase® (1) Immortality from (1) Functional DNA syn-
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"HGPAT (hypoxanthine-guanine phosphoribosyfiransforase) mutants can be used in place of TK (thymidine kinase) mutants
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Monoclonal antibody Polyclonal antibody

Monoclonal antibody refers as an
antibody of single specificity, secreted
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producing immortalized hybrid cells in
vitro.

Recognizes only one epitope on an
antigen.

Expensive to produce.
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High training skill is required for the
technology use.

Used as therapeutic drugs.

Possesses less cross reactivity.

Definition

Epitope

Expense
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required

Skill required
Application

Cross-reactivity

Polyclonal antibodies refer to a
mixture of heterogeneous population
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secreted against a particular antigen
with multiple epitopes.

Recognizes multiple epitopes on any
one antigen.

Inexpensive to produce.

Technology required is low

Low training skill is required.

Used as general research purpose.

Possesses comparatively high cross-

reactivity.,
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Isolate spleen
cells from mouse
immunized

_With antigen X

Mutant myeloma line;
unable to grow in HAT
Eusion selection medium; does
not produce antibody

Mixture of spleen cells,
including some producing
anti-X antibody

Mixture of o
fused and
unfused cells

"In vitro selection”
_in HAT medium

' Only fused cells
(hybridomas)
grow
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"Screen supematants for each clone of anti-X antibody’
and expand positive clones
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Hybridomas

producing |
monoclonal

anti-X antibody
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FIGURE B8 The generation of monoclonal antibodies. In this procedure, spleen cells from a mouse that haslheen meumlze:“:/v;te};:
known antgen or mixture of antigens are fused with an enzyme-deficient partner myeloma cell line, with use of cheml;:a s S:C.-h ?S;;;V an\rl'vers
glycol that can facilitate the fusion of plasma membranes and tha formation of hybnd cells that retain many chror_nosomdens rzrx oerm]ts th:survivai
The myeloma partner used is one that does not secrete its own lgs. These hybrid cells are then placed in a selecll_on m;a l:1um taho% it the sunte
of only immortalzed hybrids; these hybrid cells are then grown as single cell clones and tested for the secretion of t ehan ) 0\: g m;ws]s
selection medium includes hypoxanthine, aminopterin, and thymidine and 1s theretore called HAT medium. There are '(wo:at, waysmep hospznbcsw
in most cells, a de novo pathway that needs tetrahydrofolate and a salvaga pathway that uses the enzyme hypoxant lne—guar?ne spmhesis i
transferase (HGPRT). Myeloma cells that lack HGPRT are used ss fusion pariners, and lhey normally survive using de n‘?VO;l; : mV "_mld‘-ne bio.
presence of aminopterin, tetrahydrofolate is not made, resulung in a defect in de novo purine synthesis and alShO a specl 'Cf reu?;ontr‘?lled orolfera-
synthesis, namely, in generating TMP from dUMP. Hybrid cells receive HGPRT from the splenocytes and ha\_/e the c;pamty ;:f o he 5
tion from the myeloma partner; if they are given hypoxanthine and thyrmidine, these cells can make DNA in the absence y

result, only hybrid cells survive in HAT medium.
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