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1. INTRODUCTION 
In 1975 Kohler and Milstein (30) published their results 

establishing a technique for the production of essentially un
limited quantities of homogenous, monospecific antibody of pre
selected specificity. Today, more than a hundred monoclonal 
antibody based products are available commercially for in vitro 
diagnostic tests. Moreover, monoclonal antibodies and their de
rivatives are being intensively investigated for the treatment 
of cancer, autoimmune diseases, allergic conditions, drug over
dose, viral and parasitic infections, and transplant rejection. 

The increasing medical applications of monoclonal antibodies 
has led to the development of more efficient and economical pro
duction methods. With the expected long term use of monoclonal 
antibodies in humans, attention has now been focused on the re
producibility of the production process and the purity, potency 
and safety of the final product. This review attempts to pro
vide a conceptual background for understanding the production 
of monoclonal antibodies and the control methods applicable to 
define their specifications. The Food and Drug Administration 
(FDA) in the USA has established criteria which may be develo
ped into guidelines or regulations to be considered in the ma
nufacture of monoclonal antibodies. Similar criteria have re
cently been issued by the Commission of the European Communi
ties. 

The production of monoclonal antibodies involves four di
stinct steps (Fig.l): 
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I. First, a mouse is injected with the target antigen. 
Shortly after injection, the immune system of the mouse starts 
to produce B lymphocytes capable of antibody production. Each 
individual B lymphocyte produces only one specific antibody. 

Spleen Cells ( 1 +2+3+4 - - - n) 

by fusion to myeloma -
Immortalization 1 

Cloning of Somatic cell hybrids 

/l~ 
IClone 1 nClone 2 nClone nl 

Fig. 1 Principle of the production of monoclonal antibodies by 
the hybridoma technique. The immune response of an animal to an 
antigen is very complex. Each antibody is synthesized by cell 
fusion to provide an inexhaustible supply of monoclonal anti
body. 

II. The spleen of the mouse is removed from the immunized 
mouse. Spleen cells, containing the B lymphocytes, are mixed 
with mouse myeloma cells together with a fusing agent; now po
lyethylene glycol is commonly used. Some of these cells will 
fuse and a few of these will form viable hybrid cells which are 
capable of endless reproduction. For the fusion a mutant mye-
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loma cell line (HPRT-) is used which can only produce purine 

nucleotides through the folic acid pathway. Such cells will be 
killed in a medium containing a folic acid analogue, as for in
stance aminopterin wich is a component in the hypoxanthine
aminopterin-thymidine supplemented medium (HAT medium) used for 
selection of hybrid cells. 

Normal cells will survive by using their hypoxanthine escape 
pathway, and so will all hybrids that have retained the enzyme 
hypoxanthine phosphoribosyl transferase (HPRT), brougth in by 
the lymphocyte partner. Thus, with the myeloma celle killed in 
the HAT medium and the lymphocytes dying a natural death, the 
only suvivors will be hybrids. 

III. This population of hybrid cells, usually seeded into 
individual wells of microtitre plates, is screened to identify 
the hybrids wich secrete antibody against the antigen body for 
a particular application. For selection of antibodies with puta
tive selectivity for tumor-associated antigens, several of the
se antibodies my have to be tested in preclinical evaluation. 

IV. Finally, the selected hybrid cells are cloned to ensure 
stability and production of a truly monoclonal antibody. The 
result of the cloning is a homogenous culture of in principle 
immortal cells. 

These cells may be grown in vitro in tissue culture or in 
mouse ascites and will secrete the particular monoclonal anti
body of interest. Each cloned cell line will produce just one 
monoclonal antibody. These are all identical proteins with 
exactly the same amino acid sequences and the same immunore
active behaviour. 

The pioneering work of Kohler and Milstein (30) described 
methods for production of mouse or murine monoclonal antibo
dies. Similar systems have now been developed for the produc
tion of rat monoclonal antibodies. The progress of development 
of systems for developing the corresponding human monoclonal 
antibodies have so far been rather disappointing, but recent 
progress in this field indicates that development of clinically 
useful human monoclonal antibodies could be a real possibility. 
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Further, an exciting recent development is the construction of 
chimeric antibodies in which the antigenrecognizing variable 
regions of mouse antibodies are joined with the constant re
gions of human antibodies (23). 

Monoclonal antibodies have a major potential for specific 
recognition of tumor-associated antigens and several monoclonal 
antibodies of murine origin have been described that identify 
antigens on a variety of solid and hematopoietic human tumors. 
if tumor-associated antigen is present on the tumor cell sur
face, then monoclonal antibodies specific for this antigen may 
be of value as targeting agents for delivery of diagnostic or 
therapeutic agents to the tumor. Current cancer therapy moda
lities are not highly selective for tumor tissue, but rather 
deliver therapeutic agents in a generalized fashion to the en
tire body or groups of organs e.g. radiation therapy or chemo
therapy. Monoclonal antibody-targeted therapy has the poten
tial for relatively selective delivery of a toxic agent to the 
tumor cells, with minimal damage to surrounding tissues or to 
tissues that are particulary susceptible to the effects of the 
toxic agent alone, e.g. the bone marrow. 

Current cancer diagnostic modalities employ either invasive 
techniques (e.g. surgery) or depend on characteristics such as 
density or vascularity in order to aid identification of a tu
mor. The latter parameters are the basis for CAT scans and lym
phangiograms, and as a result these techniques are limited in 
the size of tumor masses that can be detected. Monoclonal anti
body-radionuclide immunoconjugates have the potential for 
non-invasive specific detection of tumors and metastases of ve
ry small size. 

Promising preliminary investigations in this field have been 
carried out and encourage further research efforts. A coordina
ted program for testing and evaluating monoclonal antibodies 
and their immunoconjugates of radionuclides is necessary when 
selecting monoclonal antibodies with the greatest potential for 
use in clinical trials. 

Effective preclinical assesment of monoclonal antibodies and 
their conjugates is an extensive undertaking involving several 
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different stages. Several questions should be adressed with 
regards to monoclonal antibodies intendend for in vivo admini
stration (Table I).The extent and type of evaluation or charac
terization must be tailored to match the characteristics and 
extent of existing knowledge of each individual monoclonal 
antibody as well as the proposed purpose (e.g. therapeutic or 
diagnostic) for that monoclonal antibody or radionuclide con
jugate. 

TABLE 1. ASSESMENT OF MONOCLONAL ANT1BODIES 

Antibody specificity 

Immunoperoxiddase 
Radiolocalization 

Antigen Characterization 

Biochemixal nature 
Topography 
Epitope (different parts of the antigen molecule) 
Heterogeneity 

Antibody-Antigen Interaction 

Dose 
Regimen 
Route 
Pharmacokinetics 
Comparison of 
antibody 

various agents 

2. PRODUCTION AF MONOCLONAL ANTIBODIES. 

conjugated to same 

The production of monoclonal antibodies in vivo by harve
sting the ascitic fluid from hydbridoma implanted animals is a 
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very common procedure due to the high concentration of monoclo
nal antibody obtainable. Antibody levels in serum or ascitic 
fluid can typically reach 5-15 mg/ml. This represents 16 to 30% 
of the total mouse proteins and 50-70% of the mouse IgG. 

In large scale in vivo production of monoclonal antibodies 
the only limit to the quantity of antibody that can be produced 
is the number of mice that can be housed in a production faci
lity at anyone time. Hybridoma cells have short doubling ti
mes in vitro, so the propagation of sufficient numbers of cells 
for mouse inoculation is not difficult. It is advisable that 
inoculation of mice is performed with a well controlled culture 
batch since it is important to ensure that the line maintains 
its characteristics. Therefore continuous passage of cells in 
vivo is not recommended. 

Growth of hybridomas in vivo is associated with problems 
such as lack of defined and well controlled conditions, the 
need for animal housing facilities and adequate attention to 
animal husbandry. Therefore, in vitro production methods have 
several distinct advantages which provide a strong impetus for 
continued improvement of efficient in vitro production methods. 
Large-scale tissue culture techniques is the most important me
thod of bulk production of monoclonal antibodies. In vitro 
propagation methods can be better defined and lead to the pro
duction of better defined products than growth of hybridomas as 
ascites cultures in vivo. The scale of in vitro cultures can be 
expanded by upscaling of culture vessels allowing one to bene
fit from economies of scale, especially in relation to labor 
and capital costs. Large quantities of antibody are therefore 
produced more economically by this route (15). The risk of con
tamination by extraneous antibodies or adventitious agents of 
rodent origin is also reduced in cell cultures. Current re
search to improve tissue culture techniques for monoclonal an
tibody production has three main aims (4): 

a) to increase the yield of antibody produced per cell; 
b) the reduction or elimination of extraneous proteins 

used for culture; 



c) production of monoclonal antibodies in large culture 

vessels. 
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The production of monoclonal antibodies by hybridoma cells 

is variable ranging from 5 to 100 microgrammes of antibody per 

10 6 cells per 24 hours. This corresponds to a mean synthesis of 

200-4000 IgG molecules/cell/second. A typical growth medium for 

large scale culture is RPMl-1640 or Dulbecco's modified Eagle's 

medium with high glucose, supplemented with 10-15% fetal calf 

serum. With a monoclonal antibody concentration of the order of 

10-50 mi crogrammes/ml, there wi 11 be 6000 mi crogrammes/ml of 

total protein and 300 microgrammes/ml of immunoglobulin from 

the fetal calf serum. The monoclonal antibody may therefore 

represent only 3 to 15% of the total immunoglobulin in tissue 

culture fluid. This is obviously a serious impediment to the 

use of monoclonal antibodies produced in cell cultures since a 

pure product is desired for many of the applications of mono

clonal antibodies. Even if depletion of fetal calf serum for 

unwanted bovine immunoglobulin for practical purposes can be 

achieved by means of Protein A column chromatography (if this 

is also later used for the purification of the monoclonal 

antibody) fetal calf serum is a complex mixture of components 

which will vary in its suitability for supporting cell growth 

and antibody production. Each lot of serum must be individually 

tested and assayed to ensure its suitability before use. ln 
order to eliminate this source of variability and to simplify 

purification of the monoclonal antibody, efforts have been made 

to develop serum-free culture media for hybridomas (7; 38). 

Cell cultures of hybridomas may be expanded to very large 

sizes. Up to 200 ml cultures may be grown in tissue culture 

flasks, but for larger cultures roller bottles are used. 

Large-scale reactors (1000 liters) have been developed for hy

bridomas as so-called air-lift fermentors (1). Other systems 

have been designed as perfusion systems in which the depleted 

medium is constantly removed and fresh medium added. Perfusion 

systems use special sensors, sampling ports, input and output 

piping to maintain pH, oxygen, carbon dioxide and nutrients at 
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the proper level. Such systems permit higher cell densities 

which is important as lymphoid cells do not grow well at low 

densities. The concentration of secreted monoclonal antibody 

is higher in perfusion reactors, typically in the order of 200 

microgrammes/ml. The application of microencapsulation tech

nology to the culture of hybridoma cells has gained increasing 

recognition as a method for commercial production of monoclonal 

antibodies (15). Hybridomas are encapsulated under physiologi

cal conditions using mild chemicals and reactions. The micro

capsules can then be transferred to a reactor and nutrients and 

oxygen will diffuse across the capsule membrane while contami

nating proteins including the irrelevant bovine immunoglobulins 

from the medium are excluded. Using this method very high den

sities of hybridoma cells can be cultured, resulting in high 

concentrations of monoclonal antibodies. To harvest the anti

body the capsules are opened physically and these will contain 

some 45-80% of total protein being the desired antibody. A 

rather similar technique involves entrapment of cells within 

agarose microbeads (41). This technique also allows growth at 

high cell densities and production of high concentrations of 

immunoglobulin. In contrast to the microencapsulation tech

nique, however, purification of the monoclonal antibody from 

the medium is required. Growth of hybridoma cells have also 

been investigated in hollow fibre or artificial capillary cul
ture systems (52). These porous fibres retain the hybridoma 

cells which release secreted monoclonal antibody into the out

side fluid. The growth of hybridomas in these systems results 

in yields of antibody of 6-8 mg/ml which approaches the yields 

of antibody obtained in vivo by harvesting ascitic fluid in 

hybridoma-implanted animals. Antibody levels in serum or 

ascitic fluid can typically reach 5-15 mg/ml. This represents 

in this case 16-30% of the total mouse proteins and 50-70% of 

the mouse immunoglobulin. 

3. PURIFICATION OF MONOCLONAL ANTIBODIES 

For the large-scale purification of monoclonal antibodies 
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several different procedures may be used (43). The processes 

used for monoclonal antibody purification can be divided into 
three stages: 1) initial enrichment; 2) intermediate purifica
tion and 3) final purification. The purity and concentration 
of the starting material and the demands of purity versus yield 
for the final product will determine how many of these stages 
are necessary. An enrichment of the starting material is per
formed if a more concentrated starting material is required. 
Ultrafiltration (hollow fibre or tangential flow) where a mem
brane retains larger molecules while smaller molecules (such as 
water and salts) are removed, can concentrate the products up 
to 50 times with quantitative recoveries. For the intermediate 
stage of purification there are currently three basic techni
ques suitable for the large-scale purification of monoclonal 
antibodies: Affinity chromatography, ion-exchange chromatogra
phy and adsorption chromatography. Affinity chromatography is 
based on highly specific interactions between an immobilized 
ligand and the substances of interest. For monoclonal antibo
dies, either the specific antigen-antibody interaction or the 
affinity of staphylococcal Protein A for immunoglobulins can be 
exploited. Affinity chromatography using immobilized Protein A 
is a well documented method for research scale purification of 
immunoglobulins (especially IgG) from rodents and other species 
(17; 22) and has been adapted for monoclonal antibody purifica
tion where the purity attained is close to 100% with yields 
typically between 50 and 80% (36; 50). Protein A does not have 
an affinity for all immunoglobulins (22) but for murine mono
clonal antibodies, all the subclasses of IgG, including IgG1, 
will bind especially if conditions of high ionic strength are 
used. 

In ion exchange chromatography, the isoelectric point and 
charge density of the monoclonal antibody should determine the 
type of ion exchange employed. Anion exchange has been most 
commonly used and has been adapted to HPLC for preparative 
processing of monoclonal antibodies with typical recoveries of 
95% (3; 21). Anion exchange with FPLC for ascites fluid (10; 



136 

11) has been performed at research scale with good results both 
for IgG and IgM monoclonal antibodies. In cation exchange, the 
conditions (pH and ionic strength) can be manipulated so all 
the product and only few contaminants (5) are bound initally. 
Cation exchange is more suitable than anion exchange when sca
ling up to gram quantities of the product. 

Final purification is only undertaken if the demands for pro
duct purity are very high and the desired purity has not alrea
dy been obtained by the previous purification steps. lf this is 
necessary gel filtration (5) is the most commonly used method 
and there are several media available commercially which are 
suitable for scale-up of this purification. 

Two variable regions of an antibody can bind to specific an
tigenic sites, and a constant region interacts with the host 
immune system. Enzymatic digestion with pepsin removes part of 
the constant region (Fc) to produce a F(ab')2 fragment, whereas 
papain splits the antibody molecule into Fc fragment and two 
Fab fragments. 1 tis on the Fab and F(ab')2 fragments that one 
finds the sequence of amino acids referred to as the variable 
antigen-binding site, where true specificity occurs. Fab frag
ments are monovalent and binding to antigens is weaker than 
with the divalent F(ab')2. The Fc portion is more likely to 
trigger allergic reactions than may adversely affect the uti
lity of whole antibodies for in vivo administration. Also, the 
Fc portion is nonspecifically taken up by the reticuloendothe
lial system. 

Antibodies may be cleaved into these fragments using pepsin 
or papain (Fig. 2). Generally, F(ab')2 fragments produced 
after pepsin digestion retain their immunoreactivity, but with 
Fab or Fab' fragments this is not always the case. The produced 
fragments can be conveniently purified by means of HPLC or FPLC. 
These methods also can be used in connection with quality con
trol of labelled and unlabelled antibodies used for in vivo 
administration. In Fig. 3 the FPLC profiles of intact IgG, 
F(ab')2 and Fab' fragments analyzed on a T5K 2000 column is 
illustrated. These methods also provide a useful means of 
checking for possible aggregation in the antibody preparations. 



low mol.wl. F' 
peplides +-P c .... 
0000 11-1 

0000 11-11......==...1 

1 
PEPSIN 

PAPAIN 

1 
secondary papain 
cleavage pOints 

1 1 
~I 10 
~I 10 

_Fc_ 

Fig. 2. Enzymatic cleavage of immunoglobin (IgG). 
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Pepsin cleaves the IgG heavy chain to yield the F (ab') and 
pFc' fragments. Further action reduces the central fragme~t to 
low molecular weigh peptides. Papain splits the molecule to low 
molecular weight peptides. Papain splits the molecule in the 
hinge region yielding two Fab fragments and the F fragment. 
Secondary action on the Fc fragment produces Fc' fra~ments. 
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Fig. 3. Examples of analyses of monoclonal antibody prepara
tions by means of FPLC. (a) intact IgG monoclonal antibody; (b) 
F(ab')2 fragment of an IgG monoclonal antibody obtained by pep
sin digestion; (c) Fab fragment of an IgG monoclonal antibody 
obtained by papain digestion. Samples were analyzed on a Phar
macia FPLC system using a TSK 2000 column (loop 100 ul, range 
0.05). (Data courtsey of Dr. Arne Agerlin Olsen). 
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4. RADIOLABELLING OF MONOCLONAL ANTIBODIES 
For both radioimmunoimaging and radioimmunotherapy, it is 

necessary to successfully attach a radioisotope to the antibody 
so that the resultant product is stable and yet retains the 
ability to bind to the targeted antigen. Until recently, iodi
nation was the most common method, but the last 10 years have 
seen the rapid development of a variety of methods which cova
lently link metal chelating groups to antibodies enabling them 
to be subsequently labeled with a variety of different radio
nuclides which are bound tightly by the antibody conjugated che
lates. 

The iodination of proteins has been a common laboratory prac
tice for over 40 years and while the choice of isotopes is limi
ted, the methods are relatively simple. Most of the inital expe
riments using radiolabeled antibodies were performed using an
tibodies iodinated with either 1-125 or 1-131; and much of the 
clinical work being performed today still utilized 1-131 label
led antibody preparations. The major disadvantages of 1-131 
labeled antibodies are the relative in vivo instability and the 
poor imaging and dosimetry characteristics of 1-131. Extensive 
dehalogenation occurs at many sites in the body includinc the 
tumor and this not only decreases absolute tumor uptake, but 
also leads to problems with 1-131 concentration in the thyroid 
ands astrointestinal system (primarily stomach). While 1-123 
is a more ideal radioiodine for imaging purposes because of its 
more suitable photon energy and lower particulate radiations, 
it is limited by high cost, short half-life and relative un
a v ail a b i 1 ity . 

Radioiodine is available as Nal and the 1-, iodide ion, is 
not in a reactive form for labeling proteins. In order to make 
iodide reactive for iodination, it must be oxidized to 1+ (ac
tive iodine or iodonium ion) and this is accomplished by a va
riety of oxidizing agents or electrolytic oxidations. Oxidation 
of iodide to iodine produces H20I+ the "hydrated iodinated ion" 

in water which in turn reacts with ionized (anionic) tyrosine 
residues in the protein which results in the stable attachment 
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of the iodine ion to the phenol ring of tyrosine in the ortho 
position (47). Both ortho positions may be iodinated resulting 
in two iodine per tyrosine residue. Under conditions of high 
iodine concentration, it is possible that some of the iodine 
may attach to histidine residues although this attachment is 
generally less stable. 

The most common oxidizing agent in use is ch10ramine-T. 
Ch10ramine-T slowly liberates hypochlorous acid in solution and 
so oxidizes the iodide present. However, ch10ramine-T is a very 
reactive substance and tends to easily damage antibodies by 
both chlorination and the production of aggregates. In addi
tion, the reaction must be terminated by the addition of a re
ducing agent like metabisu1fite. However, by the proper adjust
ment of concentrations, most antibodies can be efficiently la
beled to a high specific activity without significant loss of 
immunoreactivity. Iodobeads are a useful alternative to chlora
mine-To The oxidant (N-chlorobenzenesu1fonamide) is similar to 
chloramine-T and attached to solid beads. These beads can be 
easily added to a mixture of antibody and iodide and 10-20 mi
nutes later the reaction is terminated by simple removal of the 
beads or aspiration of the antibody solution. There is usually 
little denaturation of the antibody and yields as high as 95% 
have been reported (37). 

The most common enzymatic method of oxidizing iodide is the 
use of lactoperoxidase in association with small concentrations 
of hydrogen peroxide. Hydrogen peroxide oxidizes iodide to io
dine and the lactoperoxidase acts as a catalyst. The reaction 
proceeds efficiently with little damage to the antibody but on 
occasion, self iodination of the lactoperoxidase is a problem. 
To faci1iate the separation of antibody from the lactoperoxi
dase, this method most commonly uses the enzyme attached to a 
solid support. Beads with lactoperoxidase and glucose oxidase 
attached (Enzymobeads) are available commercially and in the 
presence of glucose the glucose oxidase produces a constant 
supply of hydrogen peroxide for the catalytic reaction. Sepa
ration and termination of the reaction is accomplished by 
simple removal of the beads. 
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The electrolytic process is the most gentle method of iodi
nation, but requires special apparatus and may be relatively 
ineffecient although yields as high as 80% are possible. The 
iodide and antibody are placed in the anode compartment of the 
electrolytic cell and current turned on for 30-60 minutes. Elec
trolysis releases active iodine at a slow rate and this relati
vely slow rate of reaction causes a fairly uniform distribution 

of iodine between antibody molecules. 
The oxidative method that we and others have found quick and 

easy is the iodogen method where the oxidative reaction occurs 
on a solid phase. lodogen (1,3,4,6-tetrachlor03alfa6alfadiphe
nylglycoluril) is dried onto the walls of the reaction vessel, 
the antibody and iodide added and the reaction allowed to pro
ceed for 5-15 minutes. lodogen is insoluble in water and so 
the reaction is terminated by removing the solution from the 
reaction vial. The yield can be as high as 70-80% and generally 
denaturation of antibody is minimal although labeling may be 
less uniform than with some other methods. 

With all of these oxidative methods, the conditions of iodi
nation need to be individualized for each monoclonal antibody 
in order to obtain the highest yield with the minimum damage. 
Factors influencing incorporation include concentration of re
actants and protein, pH (6-8), temperature and time. In addi
tion, the presence of contaminating reducing agents will reduce 
yields although most commercial preparations of radioiodide are 
relatively free of contaminants. Azide will interfere with lac
toperoxidase labeling. 

The final method of iodination to consider is the nonoxida
tive method of Bolton and Hunter. The reagent used is the 
N-hydroxysuccinimide ester of iodinated p-hydroxyphenyl pro
pionic acid. This reagent available commercially reacts with 
the lysine groups on antibodies and is especially useful to 
iodinate antibodies that are easily denatured by oxidative me
thods due to sensitive tyrosines. However, the reagent is ex
pensive and yields are relatively low. 
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Some general considerations that apply to most labeled an
tibody preparations irrespective of method used are the mecha
nisms of damage to the antibody. Chemical damage due to the 
effects of the oxidizing agents reacting particularly on sulf
hydryl groups and disulfide bonds in common. Aggregates of an
tibodies can be easily produced particularly at higher concen
trations of reactants. Radiolysis occurs over a period of time 
and refers to both di rect damage to chemi ca 1 bonds by the ra
diation or indirect damage due to the production of free radi
cals and hydrogen peroxide by the interaction of radiation with 
aqueous solutions. Finally, it must be remembered that most 
methods of labeling are random; that is the attachment of the 
isotope or conjugate occurs randomly to the appropriate exposed 
amino acids. That means that when there is an average of 
0.5-1.0 iodine atoms per antibody, 39.60% of all iodine is ac
tually attached to antibodies carrying two or more iodine atoms 
(47). 

As mentioned before, there are a large numbers of metallic 
isotopes that are useful as agents for radioimaging and/or the
rapy. The major method of attaching metallic isotopes to anti
bodies involves the use of bifunctional or heterobifunctional 
chelating agents since metals (with the exception of Tc-99m) 
cannot be attached directly to anti-bodies. These techniques 
are rapidly developing and undoubtedly will become the major 
method of labeling antibodies for in vivo applications in the 
future. There are a large number of agents currently available 
with new agents and methods being published almost monthly. The 
basic concept is the same for all methods. A chelator which 
has the ability to bind metallic isotopes (like In-III, Ga-67, 
Ru-97, Pd-109, V-90 etc.) is attached to the antibody by a 
reactive functional qroup. The reactive functional groups pri
marily used today include isothiocyanate, carboxylic acid de
rivatives, bromoacetyl groups and the diazonium ion (53). A 
popular method has been the cyclic anhydride method (25). Che
lators in common use are DTPA, EDTA and deferoxamine. While 
bifunctional chelates can be designed to attach to a variety of 
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positions on the antibody molecule (amino groups, free sulfhy
dryls, tyrosine) the majority bind to lysine residues which are 
present in abundance in the antibody molecule. 

We labeled 17-1A with Indium-111 using the cyclic anhydride 
method and found a great deal of loss of immunoreactivity due 
to polymerization and intra and intermolecular cross linking of 
the antibody molecules, particularly at higher numbers of che
lates per antibody (44). Again, the attachment of these chela
ting groups to the antibody is random with these techniques and 
this randomness of conjugation coupled with the high frequency 
of amino groups on antibodies means that specific activities 
must be kept relatively low to diminish the risk of denatura
tion. Heterobifunctional chelating agents avoid some of these 
problems since they have one specific attachment arm and so 
avoid crosslinking (51). On occasion, conjugations can be de
signed so that only one group is available for conjugation 
especially with smaller fragments like Fab' and in this way 
conjugation is specific (53). ln addition, newer methods of 
conjugation can utilize site specific labeling such as methods 
which attach by way of the carbohydrate side chains (33). 

Once the chel ate is conj ugated to the ant i body, it can be 
leisurely examined and tested to ensure preserved immuno re
activity. The final complexing of the metallic ion is accom
plished immediately prior to use and can be performed simply 
without further loss of antibody activity. Indium-111, while it 
hydrolyzes and produces a precipitate or colloid above pH 2.0, 
can be raised to pH 6.5 in the appropriate buffer (citrate or 
bicarbonate) and then reacted with the conjugated antibody-che
late in excess. The major hindrance to easy labeling is the 
presence of trace metallic comtaminants which can significantly 
interfere with chelation of indium by binding to the chelate 
first. Meticulous care must be taken to avoid even trace metal
lic ion contaminants in any of the preparations or glassware. 

Antibodies labeled with In-Ill are more stable in vivo than 
iodinated antibodies, and have more absolute uptake in tumors. 
Their major drawback is increased hepatic concentrations of in-
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dium activity and are not worked out. It appears that indium is 
carried to the liver by antibody or fragments of antibodies and 
that after internalization by the Kupffer cells the indium may 
be stripped from the chelate and subsequently strongly bound by 
interacellular proteins that have a very high affinity for me
tallic ions (9). Attempts to reduce hepatic uptake center about 
the use of chelates with stronger affinitites for the isotopes 
being used (29) and the possibility of using a biodegradable 
functional group or attachment arm. 

Regardless of the methods used to label a monoclonal anti
body, a number of quality controls are necessary and these con
trols may vary somewhat from antibody to antibody. For human 
use, apyrogenicity, sterility, radiochemical purity and speci
ficity of the preparation must be ensured prior to injection 
although in highly reproducible systems, these controls need 
not be performed prior to each use of labeled antibody. The 
radioimmunoreactivity can be tested by incubation of labeled 
antibody in the presence of excess antigen. When the antigen 
is available in purified form, binding to antigen as in an af
finity column can be examined. For cell surface antigens, in
cubation with increasing concentrations of cells should yield a 
suitable measurement of immunoreactivity (28). However, subtle 
changes in immunereactivity may be missed by these techniques 
and testing should also include competitive binding assays to 
demonstrate equal binding of labeled and unlabeled antibdoy to 
antigen on cell surfaces where practical: 

5. HUMAN STUD1ES WITH RADIOLABELLED MONOCLONAL ANTIBODIES 
The potential of radionuclides for localizing and treating 

malignant disease has long been recognized. A major challenge 
has been to localize the radionuclides in tumor but not normal 
tissue. Diagnostic imaging studies of colorectal cancer were 
among the first in vivo clinical applications of radiolabelled 
monoclonal antibodies. Mach (34) reported some improvement with 
a monoclonal antibody directed against carcinoembryonic antigen 
(CEA) compared to his earlier work with goat antisera against 
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CEA. In a series of 28 patients, 14 had positive planar images 
at 36-48 hrs., 6 were equivocal and 8 were negative. An addi
tional 14 patients were evaluated using single photon emission 
computed tomography (SPECT); primary tumor sites were correctly 
identified in 13. The monoclonal anti-CEA was compared with 
non-specific mouse IgG and an average ratio of specific to 
non-specific tumor uptake of 4.3 was found. In a subsequent 
multicentre study using the monoclonal antibody 17-1A, directed 
against a cell bound colorectal carcinoma antigen, sensitivi
ties of 51% with whole antibody and 61% with F(ab')2 fragments 
in studies of 52 patients with 63 known tumor sites were repor
ted (35). Ratios of tumor activity to adjacent normal tissue 
ranged from 3.6 to 6.3. Scans using antibody 17-1A and its 
F(ab')2 fragment were negative in a group of patients with 
cancers other than colorectal carcinoma. Other investigators 
(8) used not only antibody 17-1A and its F(ab')2 fragment for 
detecting colon cancer but also antibody 19.9, which recognizes 
a tumorassociated sialoganglioside that is shed into the circu
lation where it can be detected by radioimmunoasay. Antibody 

17-1A and its F(ab')2 fragment had a sensitivity of 59% for do
cumented colon cancer sites and antibody 19.9 and its F(ab')2 
fragment had a sensitivity of 66%. When the two antibodies were 
used together in 12 patients, 10 of 13 tumor sites were identi
fied. 

Malignant melanoma has been an important neoplasm in evalu
ating radiolabelled monoclonal antibodies for diagnostic ima
ging and therapy. Melanoma has several well-characterized anti
gens (24). Superficial metastases of melanoma can readily be 
evaluated to assess radiolabeled antibody localization for 
imaging and therapy. Disseminated melanoma cannot be cured with 
presently availabe therapy making an alternative therapy highly 
desirable. Larson (31; 32) evaluated melanoma imaging using 
I-131-labelled antibodies 96.5 and 8.2 and their Fab fragments. 
These antibodies are both specific for the antigen p97, a 97 
kilodalton glycoprotein expressed on the melanoma cell surface. 
In imaging studies of 33 patients using Fab fragments, 20 stu-
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dies were positive. Ten of the remaining 13 patients had tumors 
less than 1.5 cm in diameter, 2 had low p97 antigen levels in 
tumor biopsy specimens and in one patient the Fab iodination 
was a technical failure. Imaging sensitivity for metastatic 
sites greater than 1.5 cm in diameter was 88%. Twenty patients 
received simultaneous isotype matched I-125-labelled Fab frag
ments not specific for p97; tumor biopsies in 8 of these pa
tients showed specific to nonspecific antibody ratios of ap
proximately 3.5. 

The human imaging studies with radiolabelled monoclonal an
tibody that have been reviewed thus far all used I-131 as the 
label. Other similar studies have used I-123 (16). Methods for 
attaching metals such as indium to proteins using bifunctional 
chelates have also been described (49; 39). Studies using 
In-Ill labelled monoclonal antibodies have been reported in 
human tumor xenografts in nude mice (48) as well as in human 
clinical trials (46; 14), 

Larson ~ ~ (32) and Carrasquillo ~ ~ (6) first re
ported their results in treating a series of patients with me
tastatic melanoma using I-131-labelled Fab fragments of anti
bodies 96.5 and 8.2, both directed against the p97 melanoma an
tigen, and 48.7 antibody which is directed against the melanoma 
high molecular weight p250 antigen (250 kilodaltons). The mela
noma patients received 4 to 10 mg of the Fab fragments. Indivi
dual doses ranged from 132 to 861 mCi in a series of 10 pa
tients. 

Significant toxicity was not observed below cumulative doses 
of 500 mCi. Above that level, some patients had a 50% drop in 
neutrophil and platelet count, reaching this level at 3-4 weeks 
after treatment and then improving. 

Radiation dose estimates in the melanoma patients per 100 
mCi I-131-Fab were 1040 rad to tumor, 325 rad to liver, and for 
the most critical organ, the bone marrow 30 rad. A very impor
tant conclusion from this study was that I-131-Fab, in properly 
selected patients, could be repeatedly localized in the tumor. 
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6. REGULATORY GUIDELINES AND POINTS TO CONSIDER 
The Food and Drug Administration (FDA) in the USA is respon

sible for the regulation of monoclonal antibody products for 
human use if the products are to be shipped in "interstate com
merce". FDA activities have been recently described (27). At 
this writing, most monoclonal antibody products have been of 
murine origin. Murine monoclonal antibodies have been licensed 
for in vitro diagnostic use, and investigational use in man has 
been permitted. As of now, only one murine monoclonal antibody 
product Orthoclone OKT-3 has been licensed for human administra
tion in the USA as well as in France, Italy and Switzerland, 
and is awaitinq approval in the UK and in W.Germany. OKT-3 is a 
murine monoclonal anti-human T cell antibody developed by Ortho 
and Janssen and is used therapeutically for the prevention of 
kidney transplant rejection (42). OKT-3 can be used to inacti
vate T cells in marrow harvested from normal donors before 
transplantation into patients and may reduce graft versus-host 
disease (45). 

The comments provided here are based on the litterature and 
the cited recommendations but do not constitute formal guide
lines. The FDA may publish Guidelines or Points to Consider. 
These may assist the communication between product developers 
and regulators, but do not have the force of law. A notice re
garding "Points to Consider in the Manufacture of Monoclonal 
Antibody Products for Human Use" was published in the US Fede
ral Register (19) and has been discussed by Merchant (40) and 
by Hoffman et al. (26). 

FDA standards for monoclonal antibodies have not yet been 
fully established. The draft Points to Consider provides in
formation that can be used in preparation and evaluating mate
rial to be submitted to the FDA concerning hybridoma products. 
Specific considerations will have to evolve with technological 
advances. In general, it appears that "the use of highly puri
fied products with optimal specificity as established by rigo
rous and copious experimental data represents the best possi
bility of ensuring their safe and efficaceous therapeutic use" 
( 26) . 
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For each hybridoma product, the origins of the product will 
need to be carefully considered in considering the products po
tential risks (2). This will involve characterization of the 
fusion partners and their donors and tissues of origin; the im
munogen; the immunization procedure; the screening procedure; 
the cloning procedure; and the seed lot system. The latter 
should be characterized as to identity, stability and known 
microbial contaminants. If murine cells have been employed, 
testing of the manufacturers working cell bank for potential 
human pathogens such as lymphocytic choromeningitis virus 
(LCM), polyoma, reoviruses, or murine leukemia viruses is in
dicated (Tables II and III). If human cells have been employed, 
tests for Epstein Barr virus (EBV), EBV genomes, cytomegalovi
rus (CMV), hepatitis B virus and retroviruses, includinq human 
T-lymphotropic viruses, are advised. Cell lines that actively 
produce identifiable virus are discouraged as a source of mo
noclonal antibody. 

TABLE II. LIST OF VIRUS TESTING* 

Group Virus 

Hantavirus (haemorrhagic fever with 
renal syndrome)* 

Lymphocytic choriomeningitis virus (LCMV)* 

Reovirus type 3 (reo 3)* 

Sendai* 

II Ectromelia virus* 

Epizootic diarrhoea of infant mice (EDIM)* 

K virus (K) 

Kilham rat virus (KRV) 

Lactic dehydrogenase virus (LDH) 

Minute virus of mice (MVM) 

Mouse adenovirus (MAV) 

Mouse cytomegalovirus 

Species 
Affected 

M R 

M 

M, R 

M, R 

M 

M 

M 

R 

M 

M, R 

M 

M 



* 

M 0 use en c e p halo myel i tis (M E V, The i 1 e r I s 
or GDVII) 

Mouse hepatitis virus (MHV) 

Pneumonia virus of mice (PVM) 

Polyoma virus 

Rat coronavirus (RCV) 

Retroviruses* 

Sialodacryodadenitis virus (SDA) 

Thymic virus 

Toolan virus (HI)* 

M Mouse 

R Rat 

M 

M 

M, R 

M 

R 

M, R 

R 

M 

R 
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Committee for Proprietary Medicinal Products. Commission of 
the European Communities. Draft Notes on Requirements for 
the Quality Control of Monoclonal Antibodies of Murine Ori
gin Intended for Use in Man (12). 

TABLE III. TESTING SCHEME FOR VIRAL CONTAMINANTS* 

Hybridoma (seed lot) 
Mouse colony 
Ascitic fluid harvest 
In vitro Bulk harvest 
Bulk final processed product 

Tests which 
are applicable 

(a) (b) (c) 

( a ) 

(a) (b) 

( b ) 

( b ) 

(a) Tests for detection of viruses listed in table I, for 
example Mouse Antibody Production (MAP) and Rat Antibody 
Production (RAP) tests or other tests of at least 
equivalent sensitivity and reliability. Additional 



150 

specific tests need to be carried out for mouse 

cytomegalo virus, epizootic diarrhoea virus of infant 
mice, thymic virus and lactic dehydrogenase virus. Tests 
capable of detecting murine retroviruses should be 
included, for example the XC plaque assay or the S+L
focus assay for the detection of ecotropic or xenotropic 
retroviruses respectively. 

(b) Inoculation of cell cultures capable of detecting a wide 
range of murine, human and bovine viruses. Examples of 
useful cell types (substrates) are: murine fibroblast 
cultures eg mouse embryo cultures; human fibroblast 
cultures, eg human diploid cells such as MRC5; 
transformed cell lines of human, murine and bovine 
origin. Tests for retroviruses, as under (a), should be 
included. 
Fertilized eggs may also act as useful substrates. Test 
material should be injected into eggs by appropriate 
routes, the chorioallantoic membrane and yolk sack of 
each of 10 embryonated chicken eggs, 9-11 days old. The 
embryonated eggs should be examined after not less than 5 
days incubation. The allantoic fluids should be tested 
with guinea-pig and chick or other avian red cells for 
the presence of haemaolutinins. 

(c) Tests in animals for adventitious agents should include 
the inoculation by the intramuscular route of each of the 
following groups of animals with the test material or 
with disrupted cells from the seed lot propagated beyond 
the maximum level (or population doubling, as 
appropriate) used for production (WHO Reference): 

2 Litters of suckling mice, comprising at least 
10 animals less than 24 hours old. 
10 adult mice 
5 guinea-pigs 

Test material should also be injected interacerebrally 
into each of 10 adult mice. 



* Committee for Proprietary Medicinal Products. Commission 
of the European Communities. Draft Notes on Requirements 
for the Quality Control of Monoclonal Antibodies of 
Murine Origin Intended for Use in Man (12). 
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It will be necessary to show that the hybridoma products are 
not changed in successive production lots by comparison to an 
identical, stable reference lot. It is recommended that each 
lot should meet criteria for specificity, quantity, stability, 
aggregation, denaturation, fragmentation. homogeneity, steri
lity as well as Mycoplasma and polynucleotide contamination. 
Characterization by immunoglobulin class, subclass and isoe
lectric focusing pattern is currently recommended. If additives 
or other modifications of the antibody are being used, these 
should be described in the way they are used, and they should 
be proven safe. 

Specific attention is required to exclude potential viral 
contamination. When mouse cells or mice are used, screening is 
indicated for LCM virus, by animal or tissue culture inocula
tion. Mouse antibody production tests are used to detect LCM, 
reovirus type 3, polyoma, pneumonia virus of mice, mouse ade
novirus, minute virus of mice, mouse hepatitis, K. ectromelia, 
Sendai and GO VII. Appropriate assays to detect murine cytome
galovirus, EDIM, thymic, LDH viruses or murine leukemia viruses 
are currently performed routinely. Serum additives to tissue 
cultures need to be shown free of adventitious agents. Precli
nical evaluation in animals for toxicity and immunopharmacology 
is currently recommended, particularly for products to be admi
nistered in vivo in humans. If an animal model exists for tes
ting efficacy, this testing could also be employed. Monoclonal 
antibody preprations should be screened for cross-reactivity 
with human tissues (Table IV). Blood cells or cell lines might 
also be employed. Additional considerations pertain to monoclo
nal antibody products coupled to radionuclides. Determination 
of the stability of the conjugate or the complex is important, 
and the activity and specificity of the components need to be 
maintained. 
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Other FDA publications may be useful to developers of mono
clonal antibody products. These include refs. (18) and (20). 

TABLE IV. Suggested list of human tissues to be used for im
munohistochemical or cytochemical investigations of cross
reactivity of monoclonal antibodies. 

* 

Tonsil, thymus, lymph node. 
Bone marrow, peripheral blood. 
Lung, liver, kidney, bladder, spleen, 
stomach, intestine. 
Pancreas, parotid, thyroid, parathyroid, adrenal, 
pituitary. 
Brain, peripheral nerve. 
Heart, striated muscle. 
Ovary, testis. 
Skin 

Committee for Proprietary Medicinal Products. Commission 
of the European Communities. Draft Notes on Requirements 
for the Quality Control of Monoclonal Antibodies of Murine 
Origin Intended for Use in Man (12). 

Although not mentioned explicitly in the recommendations 
from the FDA several recent scientific developments may be of 
interest to developers of monoclonal antibody products. Methods 
for the large-scale purification of monoclonal antibodies have 
been described by Ostlund (43). 

Monoclonal antibodies, like all biological products that are 
intended for in vivo diagnostic or therapeutic use in man, must 
be shown to be both safe and effective before they can be 
licensed in the USA and other countries for marketing. For 
launching in the USA, two licenses have to be issued to the 
manufacturer by the Office of Biologics Research and Review: a 
product 1 icense for the product and an establ ishment 1 icense 
for the manufacturing facility. Efficacy must be demonstrated 
by well-controlled trials before licensing. 
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The human safety and efficacy data which are part of the li

cense application are collected by obtaining permission to test 
the biological product in man. In the USA, such testing of unli
censed biological products (which moves in "interstate commerce") 
requires submission to the FDA of a Notice of Claimed Investiga
tional Exemption for a New Drug (IND). There must be sufficient 
preclinical animal and in vitro data described in the IND to 
warrant investigational use of the biological product in man. 
This implies that there has to be some reason to believe that 
the product is more likely to do more good than harm or a favo
rable "risk-benefit" ratio. A certain amount of flexibility in 
these safety criteria could be possible where the intended use 
is in a setting of life threatening disease such as cancer. 

The FDA requirements in the USA are considered quite strin
gent compared to those of many other governments. Satisfying 
requirements in the USA may be accepted by other oovernments as 
sufficient for approval to market in their countries. The Com
mission of European Communities Committee for Proprietary Medi
cinal Products has issued draft "Notes to Applicants for Marke
ting Authorizations" on Requirements for the Production and 
Quality Control of Monoclonal Antibodies of Murine Origin (12) 
as well as of Medicinal Products derived by Recombinant DNA 
Technology, respectively (13) which in many aspects show great 
similarities to the FDA recommendations. In addition to these 
recommendations a working Party on the Clinical Use of Antibo
dies in the UK (54) has issued a rather detailed operation ma
nual describing the control of production, preclinical toxico
logy and phase trials of antitumor antibodies and drug antibody 
conjugates which is of relevance in the present context. 

To cite from this Document: "It is recognized that the re
quirements of the licensing authority in regard to physicians 
undertaking a limited trial of a drug in their own patients are 
less demanding than those required of a drug company seeking a 
clinical trial certificate. The cost of toxicology, which must 
be borne by grants from government or charitable sources, would 
be prohibitive and destructive to the venture if the safety re-
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quirements of the licensing authority were set too high. The 
aim of this document is to establish guidelines for the quality 
and safety of antibodies and drug antibody conjugates produced 
in hospitals and university departments and to establish prin
ciples on which phase 1 trials of these agents will be conduc
ted." (54). 

This brief manual draws on the very reasonable comparison of 
the use of monoclonal antibodies in vivo with conventional che
motherapeutic agents for cancer patients. It specifically stres
ses the inadequacy of animal models for assesment of the poten
tial of a monoclonal for imaging or therapeutic use in man and 
summarizes what is considered the minimal data necessary to sa
tisfy and to assist the clinician contemplating phase 1 testing 
with all information necessary while at the same time recogni
zing the cost and feasability of obtaining this information in 
the laboratory. For in vivo use of radiolabeled antibody the 
rationale should include 1) evidence of localisation of the 
monoclonal antibody to the appropriate type of tumor cell by 
immunocytochemistry; and/or 2) evidence of in vivo localisation 
of the antibody in a xenograft of the appropriate human tumor 
in experimental animals (e.g. nude mice); and/or 3) evidence 
of in vitro binding of the antibody to a purified tumor-asso
ciated antigen expressed in the relevant type of human tumor. 
If the purity and specificity of the monoclonal antibody has 
been shown to be satisfactory, it is expected that the results 
of single dose toxicity studies should be available. These stu
dies will normally be conducted in mice and one other species 
(e.g. guinea pig or rabbit). The number of animals required is 
in the order of 6-10 animals per dose. The dose should be 10 
times that proposed in man (mg per kg body weight). In certain 
circumstances, a second dose may be advisable, for example in 
order to cover the possible need for dose escalation in man. 
The aim of this toxicity study is to identify any untoward or 
unexpected effect of the antibody. As concerns a radiolabeled 
conjugate of such an antibody it might be advisable to carry 
out the studies using a cold product prepared in the same way a 
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the radiolabeled product, but for example substituting 1-127 
instead of 1-131. If this is not possible, then toxicity stu
dies should be carried out using the unconjugated monoclonal 
antibody only. 

7. CONCLUS10N 
At present, monoclonal antibody 

therapy faces an uncertain future 
imaging 

although 
and radioimmuno
these approaches 

offer great promise. The methods of producing, purifying and 
labelling antibodies discussed above have yielded antibody pre
parations suitable for initial investigations and further cli
nical studies which have been encouraging enough to stimulate 
further trials. However, it seems probable that further im
provements both in the specificity and affinity of the anti
bodies to be used as well as in the technology used for label
ling of these antibodies with radionuclides will be necessary 
for studies of this nature to be widely utilized. In connection 
with all further work necessary to develop radionuclide conju
gated monoclonal antibodies for monoclonal antbody imaging and 
radioimmunotherapy it will be necessary to adhere to certain 
standards as regards safety requirements and quality control 
which have been presented here. In order to stimulate further 
developments in this area it will be necessary to contiunally 

to revise the guidelines proposed for such work based on the 
accumulated experience. In line with further recent recommen
dations it will be important to clearly distinguish the re
quirements for a radiopharmaceutical used in phase 1 trials and 
that of a final radiopharmaceutical product based on monoclonal 
antibodies. 
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