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I. INTRODUCTION 

During the past decade, perhaps the two discoveries that will markedly change 
the future of clinical medicine were the development of re·combinant DNA tech
nology and the development of the technology necessary to produce monoclonal 
antibodies with hybridomas. Although hybridoma technology has drawn less 
attention than recombinant DNA research, some scientists think it will have 
even more impact. 

At the heart of the hybridoma technology is the notion of creating a hybrid 
cell that combines the immortality of the cancer cell with the exquisite 
specificity of the antibody molecule. The publication in the August 7th, 1975, 
issue of the British journal, Nature, by two Cambridge University immunologists, 
Cesar Milstein and Georges Kohler, is one of the most cited papers of the decade. 
With it the field of hybridoma research was born and in the ensuing five 
years it has had a major impact in virtually all areas of biomedical science 
and is presently having a major impact in clinical medicine. Ultimately 
hybridomas may have an effect on medicine comparable to the effect of trans-
istors on electronics. · 

II. CONVENTIONAL &~TIBODIES 

Antibodies have been used in clinical medicine for almost a century for 
tissue and blood typing, for the identification of microorganisms and for 
passive immunization. The development of radiolabeled and enzyme-linked 
immunoassays extended the usefulness of antibody to the quantification and 
identification of an even wider variety of substances, including hormones, 
drugs, and enzymes. Immunoassays require large amounts of highly specific 
antisera, which are usually obtained by injecting a purified antigen into an 
animal and then testing to determine if its serum reacts specifically with 
the immunizing agent. When an antigen is introduced into an animal, it is 
processed by macrophages, interacts with thymus derived helper and suppressor 
T cells, and after a series of cellular interactions, is presented to those 
B cells that bear a surface antibody that reacts with the antigen. If the 
antigen is a complex macromolecule, such as a protein, it contains many 
antigenic determinants and. many B cells will be stimulated to replicate, 
differentiate, and generate clones of plasma cells secreting antibody. 
Each antigenic determinant elicits antibodies that bind specifically with it. 
Thus, most naturally occurring antigens elicit the responses of a large 
number of B cells, and a variety · of antibodies differing in size, charge 
and affinity appear in the serum. 

That is why production of specific antisera by the classical technique 
is more of an art than a science. Even when a highly purified antigen is 
used as the immunizing agent, the resulting antiserum is a mixture of many 
different immunoglobulins with different antigenic specificities and dis
tinct biological functions. Further, the relative amounts of the particular 
types of antibody that make up the antiserum varies considerably from animal 
to animal and even from bleeding to bleeding of the same animal. 
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Most routine serologic assays are not affected by the heterogeneity of 
antisera, although they do require that the antisera be highly specific. 
Such antisera are usually obtained by using purified antigens and by absorbing 
out any non-specific antibodies with cross-reacting macromolecules. For 
example, white blood cells contain many complex antigens but antibodies 
specific for individual transplantation antigens can be obtained by immunizing 
an individual of the appropriate genetic background or by absorbing with 
cells that contain other transplantation antigens. Similarly, antisera 
specific for individual classes or subclasses of human immunoglobulin can 
be generated by immunizing with purified myeloma immunoglobulins of a single 
class or subclass and then absorbing with myeloma proteins of the other classes 
or subclasses. 

It is difficult to generate good antisera with impure or less well 
defined antigens such as those that distinguish between normal and malignant . 
cells, or between different subclasses of lymphocytes. However, even if one 
succeeds in obtaining an antibody that detects a tumor cell antigen on a 
leukemia cell, for example, it is difficult to reproduce the antisera in other 
laboratories because of the heterogeneity and unpredictability of the antibody 
response. 

Albumin Gamma Globulin Albumin Gamma Globulin 
Polyclonal Response Monoclonal Response 

FIGURE 1 

Broad distribution of gamma globulin in serum electrophoretic pattern on left 
indicates many different types of antibody produced by multiple plasma cell 
clones. Sharp peak in pattern at right reflects monoclonal antibody produced 
by a single plasma cell clone. 

As shown in Figure 1, in a normal serum protein electrophoresis, the gamma 
globulin fraction is made up of contributions which derive from many different 
lymphocytes. It is, therefore, termed a polyclonal response. When,as is the 
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case in multiple myeloma, a single clone of antibody secreting cell expands 
unchecked, since the products of this expanded clone are identical, they have 
an identical electrophoretic mobility and, therefore, appear on serum protein 
electrophoresis to be a monoclonal response. Since in most instances, both 
in human and animal myelomas, there is no known antibody activity for the 
monoclonal or myeloma protein, these proteins or specific antibodies have 
not been particularly useful. It has long been the goal of immunologists to 
predictably develop monoclonal antibodies against a wide variety of disparate 
antigens. Such is the promise of hybridoma technology, that is, the develop
ment of an immortal clone of cells that can be not only transported around 
the world but can continue to produce an identical immunoglobulin with an 
identical specificity. 

An example o·f the frustration that immunologists face can be illustrated 
by a simple example that has been of great interest to me for a number of 
years, · the production of antisera specific for the human IgG subclasses. 
Human IgG exists in four subclasses termed IgGl, IgG2, IgG3 and IgG4. These 
molecules differ in their biologic function and individuals with deficiencies 
or imbalances in the subclas-ses suffer from clearly defined clinical syndromes. 
Much less is known about human subclass imbalances in clinical medicine pri
marily because only a handful of clinical investigators have ever had at 
one time antisera which could detect all four subclasses because such anti
sera are extraordinarily difficult to produce. This is because the amino acid 
sequence of the four subclasses are virtually identical with only a dozen or 
so structurally unique residues. Thus, for example, if a rabbit is immunized 
with human IgGl, the rabbit sees in the neighborhood of 50 different antigenic 
determinants which it recognizes as foreign and, therefore, mounts an immune 
response to most of these determinants. However, the vast majority of these 
determinants are likely to be common to human IgG2, 3 or 4, and thus, absorb
ing an antiserum made agains-t human IgGl with human IgG2, 3 and 4 generally 
removes 95% of the antibody from the antiserum. Unless the rabbit happens 
to respond in a particularly powerful manner to the single antigenic deter
minant unique to human IgGl, after absorption there would be no antibody left. 
For this reason, specific antisera to human IgGl has rarely been produced. 
Similarly, if one attempts to immunize a rabbit with a human 
malignant cell hoping to develop an antiserum to a putative tumor spe-
cific antigen, -therabbit would recognize virtually all of the cell surface pro
teins as foreign and it would be fortuitous for the rabbit to mount an immune 
response to the tumor specific antigen. Indeed, using this general approach, 
the field of tumor specific antigens has been clouded for two decades. 

These examples serve to illustrate a number of difficulties with con
ventional immunization procedures. There is alack of reproducibility, not· 
only from animal to animal, but from bleeding to bleeding. In addition, 
antigens that are present in relatively small amounts or antigenic deter
minants that represent a small portion of the entire constellation of antigens 
being presented to an animal, generally result in weak or no antibody formation. 
The development of specific antibodies against those materials that a scientist 
is interested in pursuing is the hope of hybridoma technology. 
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III. HISTORICAL DEVELOPMENT OF HYBRIDOMAS 

Like so many advances in science, hybridomas are the end-product of long 
lines of work that were done for entirely different purposes. In this case, 
the essential groundwork was the development in the 1950's of effective tissue 
culture techniques that would allow cultivation of cells outside the environ
ment of the body. Once these techniques were in place, two main avenues 
of scientific research occurred which eventually converged to produce 
hybridomas. 

One avenue began in 1960 with the discovery that identical animal cells 
grown in tissue culture sometimes fuse together, apparently spontaneously. 
For reasons then unknown, the cell membranes broke down enough to permit the 
two blobs of cytoplasm to merge. Then, a single cell membrane formed, enclosing 
both nuclei. This discovery by Barski et al. (l} was probably the beginning 
of cell fusion research. ----

Ephrussi extended this work and established the important theoretical con
cept that in hybrids formed from the fusion of parental cells from different 
species (inter-specific hybrids), the chromosomes from one of the species are 
preferentially lost (2). This discovery became the basis for the use of hybrid 
cells in gene mapping studies. 

In 1965, cell fusion research took a major step forward when Haris and 
Watkins showed that inactivated Sendai virus, an RNA containing virus from 
the para-influenza group of myxoviruses could be used to facilitate cell fusion 
and, thus, were able to greatly increase frequencies of hybrid formation (3). 
Subsequent research showed that certain chemicals can also make cells fuse 
and in 1975 Pontecorvo (~) introduced polyethylene glycol (PEG) which is cur
rently used in virtually all cell fusion research. ApparentlySendaivirus 
and PEG act by destabilizing the membranes so they break and rejoin, much like 
the surfaces of two coalescing cell droplets. Although some cells do not sur
vive the process, many do. Their internal components find their rightful 
places in the hybrid cells and continue to function. After at least one cell 
division, a single cell nuclear membrane forms around the genetic material of 
bo th parents. In a single living entity at the cellular level, material from 
two different sources become one. 

By -thus altering the cellular basis of individuality, scientists have 
gained new insights into how the chromosomes and their genes actually function. 
For this reason, as mentioned above, cell fusion is an important tool of soma
tic cell genetics, a field that seeks to learn the location of genes on chromo
somes and how they work. 

At about the same time cell fusion was developing, a second major avenue 
of research was also in progress in the field of immunology. This was the 
study of antibody with specific focus on the B cells of the body that produce 
antibody. 
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From their studies of normal and malignant B cells, immunologists made 
a number of basic observations about the production and structure of anti
bodies. They found, for example, that in the spleen each B cell produces 
only small amounts of antibody . It is not until a specific foreign substance 
comes along in the blood stream, a virus, bacterium or other challenging 
antigen, that the B cell begins to differentiate and become a plasma cell whlch 
produces large amounts of specific antibody. Once the B cell is committed to 
producing antibodies to a specific antigen, all the descendants of the B cell 
are clones that continue only to make that antibody. The cell has become 
a producer of a monoclonal antibody. 

The scientific fusion of these two avenues of research was reported in 
the August 7th, 1975, issue of the journal, Nature (5). Cesar Milstein and 
Georges Kohler of Cambridge University in England immunized a mouse with a 
known antigen. This stimulated the manufacture of antibody against _ the 
antigen. They removed the spleen (~hich is rich in B cells) from the 
immunized mouse, fused the B cells with myeloma cells and selected the 
resulting hybrids by their a_bility to make antibody which reacted to the 
original target. Thus, in ·one stroke, Kohler and Milstein isolated the 
B lymphocyte that was making the right antibody, and conferred upon it the 
immortality and proliferative power of cell lines. In this way, scientists 
can construct miniature factories that make antibody against virtually any 
antigen. Instead of cages of rabbits and stables of horses, they now have 
neat trays of tiny wells each harhoting a cellular factory that endlessly 
turns out abundant quantities of predetermined antibody. 

IV. PRODUCTION OF HYBRIDOMAS 

While it is true that virtually any cell could potentially be used to fuse 
with a murine splenic B lymphocyte, for practical reasons certain drug marked 
mouse myeloma cells that have lost the capacity to produce antibody are chosen. 

While human myelomas have been known to physicians for a long time, it was 
not until the early 60's that murine myelomas were reproducibly established 
in Balb/c mice by Dr. Michael Potter of the National Cancer Institute (6). 
Some years later, Ed Lennox and Mel Cohn succeeded in establishing a line of' 
mouse myeloma cells in tissue culture at the Salk Institute and later 
Cesar Milstein adapted one of Potter's early myelomas to tissue culture at 
Cambridge University in England. In the early 70's, work in two different 
laboratories , Milstein's in England and Scharff's at Albert Einstein College 
of Medicine in New York, demonstrated that by inducing mutations with various 
nitrogen mustards mouse myeloma lines in tissue culture occasionally lost 
the capacity to produce heavy chains and, therefore, became continuous myeloma 
cells in culture producing only light chains. Later, some of these lines lost 
the capacity to produce light chains as well. These cells, therefore, had 
mutated to the loss of production of both heavy and light chains but retained 
the ability to grow in culture. Additionally, these cells were further muta
genized such that they are HGPRT-. 
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FIGURE 2: Principle of HAT Selection 

The principle behind HAT (hypoxanthine/aminopterin/thymidine) is illu
strated in Figure 2. A plasmacytoma has been rendered resistant to 8-aza
guanine by mutagenesis and selection and it lacks the enzyme, hypoxanthine 
guanine phosphoribosyl transferase (HGPRT-). This enzyme is one of the salvage 
pathway enzymes involved in purine and pyrimidine metabolism. The drug, 
aminopterin, blocks de novo synthesis of inosine monophosphate (IMP), a pre
cursor in DNA and RNA synthesis. Wild-type cells can grow in the presence 
of aminopterin if exogenously supplied with hypoxanthine which is converted 
to I}~ by HGPRT, and thymidine, which is converted to TMP by thymidine 
kinase (TK) .- Thus, mutants lacking HGPRT die in the presence of aminopterin 
even if exogenous purines and pyrimidines are supplied. Since normal spleen 
cells do not live indefinitely in culture, only those hybrid myeloma cells 
which contain the gene fo~ HGPRT from the splenocyte parent survive in HAT 
media. 

Hybridoma production begins by immunizing a mouse with a selected antigen. 
The animal spleen cells are harvested and mixed with mouse myeloma cells and 
briefly incubated with polyethylene glycol to promote fusion. Cells are trans
ferred to growth medium containing hypoxanthine, aminopterin, , and thymidine (HAT). 
Unfused myeloma cells which lack the enzyme, HGPRT, cannot survive in the HAT 
medium and die. Unfused spleen cells and spleen-spleen hybrids die naturally 
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after a few replications. The remaining spleen cell-myeloma hybridsare assayed 
for antibody production against the innnunogen (see next section). Thus, after 
HAT selection, the only cells that survive in HAT media are cells that have 
undergone fusion, that is, cells in which the HGPRT gene has been inherited 
from one parent (.splenic B cell) and the capacity to grow in tissue culture 
had been inherited from the second (myeloma) parent. These hybrids are further 
selected for the production of specific antibody as will 'be discussed next. 

In the illustration, mouse spleen cells were used with a mouse myeloma 
cell line. However, one can ~unize rats and use a rat fusion line, or 
immunize rats but use a mouse fusion line. Different investigators have diff
erent preferences. The principle is the same in all cases. Interspecies 
hybrids, while somewhat lessstable, have been achieved and rat-mouse, rabbit
mouse and human-mouse hybrids have been made in many laboratories. Mouse 
myeloma cells are most frequently used, particularly in the United States. In 
Europe, most investigators are using rat immunizations and fusing with a rat 
cell line. As will be discussed, human cell lines have now been developed. 

The method of immunizing . the animal is relatively standard and typically 
after three immunizations by the intraperitoneal route, mice are boosted by 
the intravenous route and fusion is done three days later. The entire immuni
zation protocol lasts about one month . A typical fusion experiment can be 
done in an afternoon and the selection of hybrids for testing is done about 
two weeks later. That is an apprnoriate time for all residual spleen cells 
to have died, all unfused myeloma cells to have died and any hybrids that are 
formed to have developed into small colonies. 

After hybridization, the cells from a single spleen from one mouse are 
typically transferred into two or three microtiter trays, each of which con
tain 96 wells. Statistically under these circumstances, growth is ideally 
seen in about a third of the wells, which indicates that even from this point, 
it is likely that antibody production is the result of a single fusion event, 
although further cloning is generally done. The cells are maintained in these 
small tray s for approximately two weeks. Based on the color change of the 
tissue culture media, one can tell which wells contain hybrids, although 
typically this is visualized under the microscope. Two to three weeks la-ter, 
a small amount of supernatant is withdrawn from all growth positive wells and 
the material is assayed for antibody production. Typically in this situation, 
one assesses for the production of antibody against the immunizing agent and 
does not distinguish at this point whecher the antibody is as specific as one 
may eventually ·wish. So, for example, if human IgG had been used to immunize 
a mouse, one would test on a human IgG coated plate and only later determine 
if the specificity were for light chains, heavy chains, Fab, Fe or perhaps 
even for subclass. 

V. TESTING HYBRIDOHAS 

Currently, most laboratories imploy an ELISA technique for detecting anti
body. This has ga ined increasing popularity based on the distastefulness of 
using radioactivity as well as the speed and convenience of enzyme-linked 
assays. Since the antibody that emerges from the fusion is going to be of 
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murine or~g~n, we employ a rabbit or goat anti-mouse immunoglobulin 
reagent . This is a polyclonal antibody that ·_has been enzyme-linked. 

Microtiter plates,which have the antigen that was used to immunize the mouse 
coated on them are used and the hybridoma culture supernatant is added 
to the plate and washed. This is then developed with the rabbit anti-mouse 
immunoglobulin that is enzyme-linked. The enzyme substrate is then added atappro
priate buffer and temperature conditions and a visible reaction is evident 
within a few moments. These are typically done in duplicate and, by the 
naked eye, positive clones can be immediately detected. The term clone is 
used loosely here. It is likely that only a single antibody producing cell 
generated the molecules that are producing the positive response in this 
particular well. However, formal cloning is typically done for any useful hybrid
omas. A.•positive·. reaction at this point simply implies that the antibody that 
has been immortalized is reacting with the immunizing antigen. Typically, 
however, that is not enough and further testing has to be done to insure that 
the antibody is precisely the one that was required for the investigation in 
question. Once that is assured, cloning is done either by limiting dilution 
or in soft agar, and at this point, hybridomas can be frozen and they are 
stable in liquid nitrogen almost indefinitely. They can be mass grown in 
tissue culture, or they can be reinjected into mice, especially in the ascitic 
form where each mouse can generate 10-20. ml of ascites fluid which will 
typically contain 10 mg/ml of antibody. Therefore, each mouse can generate 
from one to two-hundred milligrams of purified antibody. Most important is 
the fact that all antibodies that are generated after the cell is cloned are 
identical, and whether the hybridoffias are frozen and mailed around the world, 
injected in mice wliich are then mailed around the world, wherever they are grown, 
they are always producing the identical antibody ... identical by amino acid 
sequence analysis, identical by specificity and identical by affinity and 
avidity for the antigen in question. All ass-ays can, therefore, be precisely 
standardized. 

Similar immunization and testing can be done with cellular antigens and 
monocytes, B cells, T cells or tumor cells can be placed in the bottom of 
these microtiter plates and similar assays performed. 

A general strategy in producing hybridomas involves as an absolute pre
requisite a rapid and efficient screening technique. One can generate in 
the neighborhood of 500 hybridomas a day with little difficulty. However, these 
hybridomas need daily care and feeding and soon the investigator becomes 
a mother (or father) of thousands and thousands of wells requiring constant 
attention. The secret of most successful hybridoma research involves the rapid 
selection of useful hybrids and the unmercifully ruthless discarding of slow 
growing, non-productive or uninteresting hybridomas. A key to success is the 
rapid screening assay but more importantly is the notion that the antigen used 
to immunize the mouse need not be especially clean as long as effective screening 
methods are available to select the key antibody that's desired. This ability 
to utilize less than totally pure antigen for immunization is one of the power
ful advantages of hybridoma technology. As long as in the end those hybrids 
that appear to be interesting can be further tested in a situation that allows 
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precise analysis, one can use the screening procedure to eliminate antibodies 
to undesired passengers in the immune antigenic preparation. Finally, the 
final screening analysis can be both biological as well as chemical and it 
may well be that the desired antibody must be complement-fixing, or precipi~ 
tating and, in the final analysis, only one of five-hundred to a thousand 
clones will be found useful. The key to success in this area is seizing upon 
that particular hybrid, and perpetuating it. 

VI. HYBRIDOMAS TO HUMAN SERUM PROTEINS 

Hybridomas have been made or are being made to virtually all of the key 
human serum proteins. Monoclonal antibodies to all of the human immuno
globulin classes and light chain types are all ready commercially available, and 
similar monoclonals are in development against all the complement components. 
It is likely that virtually all diagnostic tests in the near future will employ 
monoclonal reagents. 

About a year ago, Antonio Pacifico in our laboratory developed monoclonal 
reagents against human IgG and human kappa and lambda chains. These reagents 
are presently being used in our laboratory for a number of clinical evaluations 
including serum levels of the immunoglobulin classes. Clive Slaughter and 
Cindy Martinez are currently devel0ping monoclonal reagents against the human 
IgG subclasses. These latter reagents are being used by investigators here 
at Southwestern to evaluate such diverse things as the subclass distribution of 
antibodies in the skin of patients with pemphigus, andan assessment of the 
subclass of antibody in the kidneys of patients with transplantation rejec
tions. In collaborative studies with the group at Vanderbilt, we are assessing 
the levels of serum IgG subclasses in pediatric infectious disease syndromes 
and at the Bureauof Biologics the response of various bacterial cell wall 
vaccines in infants and young adults. 

Antibodies to the human IgA subclasses have been produced and we are 
actively engaged in collaborative studies looking at the IgA subclass levels 
in patients with immunodeficiency syndromes as well as in the skin of patients 
with dermatitis herpetiformis. These antibodies should provide the first quan
titative assessment of the precise type of antibody involved in various diseases 
of mucosal surfaces such as gonorrhea, influenza, and certain diarrheal dis
orders. 

John Bednarczyk, a graduate student in our laboratory, has developed 
monoclonal antibodies against human C3 and C4 for projects he is pursuing 
involving the genetics and biosynthesis of these key complement components. 
However, we have also used these antibodies to assess renal biopsies, as well 
as the serum level of C3 and C4 in various clinical disorders. Specific por
tions of the C3 molecule can now be subjected to investigation. Human C3 is 
known to undergo proteolytic degradation in the body into four specific sub
units, C3a, C3b, C3c, and C3d. While conventional antisera have been generated 
against each of these components, they have been difficult to reproduce and 
are of varying titer. The correlation of various renal diseases, for example, 
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with specific levels of each of these components has never gained widespread 
acceptance primarily because of a lack of key reagents in every laboratory. 
The development of hybrid9mas which specifically detect the four breakdown 
products of human C3 should facilitate these clinical investigations. 

Not everything about monoclonal antibodies is miraculous and they should 
not always be considered better than conventional antisera until provenother
wise. A monoclonal antiserum may have a low affinity and so may not give 
the identifying reaction pattern seen with the mixture of specificities in a 
polyclonal serum. It may bind to an epitope shared by several antigens, 
and so give more obtrusive cross-reactions than do polyclonal sera. Or, 
it may not cross-link determinants to an extent that allows antigen pre
cipitation or target cell lysis. 

Monoclonal antibody technology, thus, is a tool of great power but it 
will be most effective along side rather than in place of existing tools. 

VII. HYBRIDOMAS TO CELL SURFACE PROTEINS 

Perhaps the most immediate application of the hybridoma technology as it 
relates to clinical assessment has come from studies on cell surface antigens. 
Prior to the development of hybri~omas, antisera specific for various human 
peripheral blood cells and tumor specific antigens were rare and difficult 
to reproduce . Hybridoma technology has changed all of that. Presently, 
hybridomas are available which specifically recognize human monocytes, B cells, 
T cells, leukemia antigens and other tumor specific antigens. In addition, 
subsets of virtually all human peripheral blood cells have been defined with 
hybridomas and clinical disorders are being approached from the point of view 
of which subset of particular blood cells are involved. These kinds of analyses 
should give new insight into the differentiation -state and function of populations 
of cells which until recently have been thought to be homogeneous. 

A. Hybridomas to Human Monocytes 

The characterization of monoclonal antibodies against human monocytes 
will be used as an example . of the approach that's utilized to generate mono
clonal antibodies to human cell differentiation antigens. Over a year ago, 
Valentina Ugolini, a postdoctoral fellow -in our group, in collaboration with 
Drs. Nunez, Smith and Stastny, produced monoclonal antibodies to human mono
cytes (7). Peripheral blood monocytes were obtained from a single healthy 
donor and were used to immunize Balb/c mice. After fusion, the hybrids were 
tested on various cell panels, as illustrated in Table I. This particular 
experiment illustrates the value of the hybridoma technology. By immunizing a 
mouse with human peripheral blood monocytes, five specific hybrids were isolated. 
They were panel tested on monocytes, B lymphocytes and T lymphocytes. 

10 



' 'I 

TABLE I: BINDING ASSAY: SCREENING OF 

HYBRID SUPERNATANTS 

t:. CPM, mean ± SD 

Hybrid Honocytes B Lymphocytes T Lymphocytes 

62B4 13,840±1100 15 ,130±1200 9,260±1020 

64D5 .13,900 ±990 13,210±1300 240 ±410 

61D3 11,000±680 480 ±400 40 ±500 

63D2 12,970 ±no 350 ±580 72 ±630 

63D3 14,760±1080 7 ±BOO 450 ± 290 

Obviously, all five hybrids reacted with monocytes as this had been the 
immunizing agent. However, certain hybrids, like 62B4, also reacted with 
B lymphocytes and T lymphocytes. The only antigen known to be common between these 
cell types is an HLA antigen and in later studies, it was demonstrated that 
this particular antibody immunoprecipitated the typical 44 and 12,000 MW 
molecules characteristic of human HLA antigens. This hybrid has been sub
sequently cloned and has been utilized in a number of our studies. Similarly, 
certain hybrids reacted only with monocytes and B lymphocytes. An example 
is clone 64D5, which did not react in this binding assay with T lymphocytes. 
Typically, antigens that are present on both monocytes and B lymphocytes but 
absent on T lymphocytes are the DR antigens, those antigens associated with 
immune responses in mice and man. This particular hybrid has been cloned 
and has been particularly useful in our own laboratory as an antibody to 
human DR antigens. Most important, however, are three hybrids, ·61D3, 63D2 
and 63D3, which reacted with human monocytes but not B cells or T lymphocytes. 
These three monocyte-specific antibodies have been the subject of intense 
investigation in our own laboratory, as well as the laboratory of Dr. Peter Lipsky, 
here at Southwestern Medical School (8). Drs. Stastny and Nunez have continued 
to study the properties of these three antibodies as well. 

As shown in Table II, further testing of one of these monoclonal anti
monocyte antibodies showed it to be specific for human monocytes. Neoplastic 
cells from leukemic patients provided from our Hematology Clinic by 
Dr. Graham Smith showed that patients with CLL and ALL did not have cells 
in their peripheral blood which reacted with 63D3, while patients with CGL 
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Binding ...,.y: Testing of 6303 on a panel of 
human cells 

Cells tested 

Nor mal cells: 
Monocytes 
T lymphocytes 
B lymphocytes 
Granulocytes 

Binding, I:J. cpm 
(mean± SO) 

15,600 ± 2040 
3 ± 820 

2,430 ± 2020 
1,420 ± 1300 

Neoplastic cells from leukemic patients: 
CLL HT-1 11 ± 900 
CLL HT-2 540 ± 780 
CLL HT-12 70 ± 320 
CLL HT -37 430 ± 590 
CGL HT-8 2,640 ± 1400 
CGL HT-11 2,280 ± 1980 
CGL HT -26 1,280 ± 530 
ALL HT-22 37 ± 980 
ALL HT-49 12 ± 690 
ALL HT -36 450 ± 420 
AGL HT-16 2,100 ± 750 
AGL HT -20 2,050 ± 1900 
AGL HT-24 3,830 ± 1320 
AGL HT-46 690 ± 1010 

Cultured cell lines: 
U-937 50± 580 
HL-60 37 ± 320 
NALL-1 430 ± 900 
RPMI-8402 90± 420 
SMS-KAN 10 ± 690 

and AGL did have mild reactivity. It has been demonstrated that there is an 
antigen in common between monocytes and granulocytes and it is likely that 
this monoclonal antimonocyte antibody reacts to some extent with that 
antigen. Several cultured cell lines have been negative as well. 

As shown in Figure 3, in cell sorter analysis, 63D3 reacted very strongly 
with human peripheral blood monocytes but not with T cells including T gamma 
cells. This . is illustrated in Figure 4. Cytotoxicity data are shown 
in Table III which further illustrate the specificity of this antibody. By 
immunoprecipitation analysis shown in Figure 5, a 200,000 dalton molecule 
was immunoprecipitated. It's important to point out that one of the hybri
domas appears to immunoprecipitate the same molecule and in a cross-blocking 
experiment , as illustrated in Figure Q, appears to be identical in speci
ficity to 63D3. However, an additional antibody does not cross-block 63D3 
and immunoprecipitates a different class of molecules on human monocytes. 
Thus, while it still reacts with all human peripheral blood monocytes, it 
does so through a different differentiation antigen. Other laboratories 
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FIG. 3 Dot-plot analysis showing the correlation 
between fluorescence intensity and light scatter 
(size) of human adherent peripheral blood cells after 
reaction with 63D3 monoclonal antibody and A22B7, a 
control of the same class, subclass, and light 
chain type but with an indifferent specificity. 
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FIG. 4 Dot-plot analysis of a highly 
·purified human peripheral blood T
cell .population stained with· 63D3 
(upper) or A22B7 (lower). No signi
ficant difference in the staining 
pattern is evident. 

FIG. 5 NaDodS04/polyacrylamide 
gel electrophoresis of biosyn
thetically labeled fresh human 
adherent peripheral blood cells 
precipitated from Nonidet P-40 
lysates. Molecular weight markers 
(Xlo-3) are indicated on the right . 
An apparent molecular weight of 
200,000 was estimated by this tech
nique. Identical results were 
obtained with a second antibody as 
well as ·by freeze-thawing. Re
duction did not affect the appar
ent molecular weight. 
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FIG. 6 Analysis of two different muuoclonal anti-monocyte antibodies 

(done by Dr. Gabriel Nunez). 

TABLE III. Cltotoxicitl Tests with Different Cells from Peri2heral Bl.ood of 
Normal Human Donors 

Cell % of cells killed 
hybrid Mono- B lym- T lym- Granule-

supernatant cytes phocytes phocytes cytes 
Exp. 1 

A22B7 <10 <10 <lQ .. <10 
61D3 >SO <10 <10 <10 
63D2 >SO <10 <lQ <10 
63D3 >SO <10 <lQ <10 

Exp. 2 
<10 ND Control <10 <10 

61D3 >so <10 <10 ND 

63D2 >so <10 <10 ND 

63D3 >so <10 <10 ND 
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have produced antibodies specific for human monocytes that cross-react with 
T gamma cells (9). 

Thus, reagents are now available that will specifically react with human 
monocytes and few if any other peripheral blood cell. These reagents react 
with pro-monocytes, but not with macrophages, although other monoclonal 
antibodies have been developed that react specifically with macrophages and 
not monocytes. These reagents will undoubtedly prove useful in the clinical 
definition of various disorders of monocyte differentiation, in studies of 
monocyte function and in the elucidation of the genetic structure of monocyte 
cell surface antigens. Studies are now under way in several laboratories, 
both here at Southwestern, as well as in collaboration with several investi
gators elsewhere to study the distribution of various reactivities to these 
monoclonal antimonocyte antibodies: kidneys undergoing rejection after trans
plantation, various forms of glomerulonephritis, investigative dermatologic 
studies involving the skin of patients with various autoimmune disorders, 
rheumatoid arthritis, as well as in systemic lupus erythematosus. In 
such disorders, reactivities that can be specifically attributable to mono
cytes can now be directly assessed. Light microscopy and subjective eval
uation of what is and what is not a monocyte can now be replaced by a specific 
test as to whether a cell belongs to the macrophage-monocyte lineage. A series 
of antibodies reactive with different stages of monocyte-macrophage diff
erentiation antigens should allow an accurate assessment of the role of this 
cell in various immunologic disorders. 

B. B cells 

Two different groups have described monoclonal antibodies against human 
B lymphocyte specific antigens. Schlossman, who has made major contributions 
to the recent literature on the delineation of human B and T cell subsets 
based on monoclonal antibodies, described a human B lymphocyte specific antigen 
(Bl) which was identified and characterized by the use of a monoclonal anti 
body (10). Bl was -present on approximately 9% of peripheral blood mononuclear 
cells and 95% of B cells from blood and lymphoid organs in all individuals 
tested. Monocytes, resting and activa~ed cells, null cells, and tumors of 
T cell and myloid origin were Bl negative. Bl was distinct from standard 
B cell phenotypic markers such as Ig and Ia antigens. Removal of the Bl 
positive population in peripheral blood eliminated all B cells capable 
of responding to pokeweed mitogen by maturation to Ig-producing cells. 

Similarly, Abramson et al. (11) described BA-1, a monoclonal antibody 
derived from a mouse immunized with a human lymphoblastic leukemia cell line. 
In addition to reacting with virtually all B cell leukemias and lymphomas, 
the antibody reacted with virtually all human peripheral blood B cells. It 
did not react with T cells, platelets, red cells, monocytes, or myeloid cells. 
Similar to the Bl antibody described above, BAl did not react with DR antigens, 
C3 or Fe. Like Bl, BAl is currently being used to phenotypically characterize 
human B cells. These reagents should prove exceedingly useful in the imme
diate classification of human B cells in peripheral blood in a wide variety 
of disorders. 
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C. T cell antigens 

1. Historical 

Until recently human T cells were identified by their ability to form 
rosettes with sheep red blood cells, a cumbersome and poorly reproducible 
assay. Patrick Kung, Gideon Goldstein of Ortho Pharmaceuticals and Ellis 
Reinherz and Stuart Schlossman of Harvard Medical School have virtually 
revolutionized the entire: field of human T cell immunology. This group 
has made monoclonal reagents against various subsets of T cells and used 
them not only to identify the molecules of T cell differentiation, but also 
have used them to identify specific functional populations of T cells. 
Finally, as I'll mention later, these monoclonals are prime candidates for 
use in immunotherapy. 

The genetic program of the human T lymphocyte is complex, including 
immunoregulation as well as .the capacity to recognize specific antigens and 
execute unique effector functions. They are responsible for cytotoxic killer 
activity in cell-mediated lympholysis and produce a host of soluble factors 
which effect a variety of cellular functions. Perhaps more ~mportantly, 
T lymphocytes are involved in virtually all regulatory interactions, including 
helper and suppressor-cell functions. 

2. Development of ·T cell · monoclonals 

While heterologous antisera have been used for years to distinguish 
T cells, the serologic analysis of T ce·$ls became commonplace with the avail
ability of monoclonal antibodies, largely developed by the group mentioned 
above. The extraordinary productivity of this group is evidenced by a recent 
review in Immunology Today, in which Schlossman refers to 33 different papers 
he co-authored in 1980 alone! 

Ten distinct monoclonals are in use, each recognizing a distinct T cell 
antigen, and most recognizing a distinct differentiation stage of the human 
T cell. Most have been characterized from the standpoint of the actual mole
cule they recognize on the T cell (see TableiVl below. 

In maiT, the earliest lymphoid cella within the thymus lack mature T-cell 
antigens but bear antigens shared by bone-marrow cells of several lineages 
(12). This population a~counts for approximately 10% of thymic lymphocytes 
and is reactive with two monoclonal antibodies termed T9 and T10. These anti
bodies react with other non-lymphoid cells, but more importantly, can be used 
to stage early T cells (13). With further maturation, T cells lose T9 , but 
retain T10 and gain a new antigen, T6. Next, they develop rather simul
taneously, reactivity with monoclonals T4, T5 and T8. These T4,5,6,8,10 cells 
account for about 70% of the total thymic population. T cells then lose T6, 
but gain T1 and T3 and then segregate into T4 and TS/T8 subsets. They are then 
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exported from the thymus and lose TlO. They are now divided into two major 
subsets Tl,3,4 (inducer/helper T cells) and Tl,3,5,8 (cytotoxic/suppressor) 
T cells. These sets are mutually exclusive and no cell has both T4 and T5 
on it (14-21). 

TABLE IV. Monoclonal antibodies to Human T Cell Surface Antigens 

Approximate Cell surface expression Trade 
Monoclonal antibodies mol. wts. of antigens (.% Reactivity with Anti- designa-

bodies) tionsa 

Non-reduced Reduced Thymocytes T Cells Non-T Cells 
Anti-Tlb 69K 69K lQC 100 0 OKTl ,Leul 
Anti-T3 19K 19K lQC 100 0 OKT3,Leu4 
Anti-T4 62K 62K 75 60 0 OKT4,Leu3a/ 

Leu3b 
An ti-TS 76K 30K + 32K 80 25 0 OKT5 
Anti-T8 80 30 0 OKT8,Leu2a/ 

Leu2b 
Anti-T6~ 49K 49K 70 0 0 NAI/340KT6 
Anti-T9 190K 94K 10 0 0 OKT9,5E9 
Anti-lob 37K 45K 95 5 10 OKTlO 

aOK designations are available through Ortho Pharmaceuticals, Raritan, N.J. Leu 
designations are available through Becton-Dickinson, Mountain View, CA. 5E9 is 
available through NIAID monoclonal antibody serum bank, Bethesda, MD. NAI/34 is 
available through Accurate Chemical, N.J. 

bT9 and TlO antigens are not T lineage specific and are found on normal and malignant 
populations of non-T cells. In addition, both antigens are expressed 
on a fraction of peripheral T cells following mitogen stimulation. 

clO% of thymocytes express a high density of Tl and T3 antigens while the 
remaining thymocytes express little or faint reactions with anti-Tl and anti-T3. 

dT6 fs Bz-microglobulin· associated. 

3. Two subpopulations of T cells 

Giveh the existence of two distinct subpopulations of peripheral T cells 
and the multiplicity of functional responses effected by T lymphocytes, it 
is important to determine whether an individual T lymphocyte possesses all 
these effector and regulator functions or whether T cells within a subset 
are unique in terms of their function repertoire. Virtually all the evidence 
points to the latter explanation. 

For example only Tl,3,4 populations respond to soluble antigen. And, only 
the Tl,3,5 population contain cytotoxic cells after sensitization with 
alloantigens. 
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Most importantly, as mentioned above, in their regulatory impact on the 
immune system, the T1,3,4 population was shown to provide inducer (helper) 
function in T-T, T-B and !-macrophage interactions. This makes them similar 
to the so-called TH2 population defined previously by heteroantisera. This 
subset is critical for turning on B cells to secrete antibody. On the other 
hand, the TS subset seems to not only contain the cytotoxic T cells, but 
when mixed with B cells, the TS subset suppresses the formation of antibody. 
These and many other observations suggest that these non-overlapping popula
tions of T cell subsets are functionally distinct. The monoclonal antibodies 
have become a simple way to distinguish them. 

The above analysis is overly simplistic as data is now emerging that both 
of these populations can be further subdivided as you might expect, but the 
data are too tenuous at this point to go into in detail. 

4. Clinical applications 

The identification of T cell subsets and differentiation markers on T cells 
now makes it possible for the clinical investigator to define diseases of 
T-cell maturation and/or premature release, diseases associated with loss 
of T cells, diseases associated with imbalances of T-cell subset restricted 
function, and diseases associated with activation of T cell subsets. 

For example, patients with severe combined immune difficiency may have 
thymocytes blocked in differentiation at Stage I or T9, TlO, and thus have the 
loss of all T cell function (22). 

Major immunological abnormalities result from alteration in the mature 
T cell subsets. Some patients with acquired agammaglobulinemia lack the T4 pop
ulation and possess a T cell population incapable of triggering B cell synthesis 
of immunoglobulin. This specialized circumstance must be discriminated from 
that in the majority of patients with agammaglobulinemia who have B-cell abnor
malitie~ but possess normal T cells. 

Several diseases have been associated with increased numbers of activated 
T4 cells such as situations in which autoantibodies abound .•• directed against 
red cells, white cells and platelets. Also, T4 increases have -been detected 
in active graft- vs host dis.ease . (23), sarcoid, scleroderma and Sjogren's syn
drome. Activated T cells also express another cell surface marker detected 
with monoclonal antibodies, !a-like antigens. The presence of activated 
T lymphocytes in human disease is not uncommon. IYhether activated T4 T cells 
account for hyperglobulinemia, lymphocytosis, dermal infiltration, granuloma 
formation or fibrotic lesions in the diseases mentioned above is being 
investigated (24). 

Loss of TS cells should result in unopposed inducer function, whereas 
activated TS cells should suppress the immune response. A loss of TS cells 
has been seen in naturally occurring autoimmune disease such as SLE (25), 
hemolytic anemia, multiple sclerosis, atopic excema, nyper-IgE syndrome and 
inflammatory bowel disease. In certain patients with SLE there has been 
reported an autoantibody specifically directed against the TS population. 
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In contrast, the presence of excessive numbers of activated suppressor 
cells results in severe immunodeficiency. In some patients with acquired 
agammaglobulinemia, activated T 5 cells which are Ia positive, were respons
ible for suppressing autologous B cell production of immunoglobulin. In 
infectious mononucleosis, there is a transcient loss of TS cells, but in 
chronic graft vs host disease there is a persistent loss of suppressor cells, 
causing prolonged immunologic incompetence. Anergy, seen in TB and leprosy, 
is likely due to activation of TS cells. 
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5. Staging T cell malignancies 

Use of these monoclonal antibodies has helped to define human T cell 
malignancies and shed light on the function or lack of function of the T cells 
involved. For example, tumor cells in most cases of acute T-cell lympho
blastic leukemia arise from the early thymocyte (T9, T10) or prothymocyte 
(T6, T10) compartment. To date only one T cell leukemia has been described 
with even the T3 antigen. Thus, since these cells have not matured to the 
functional level (T4, TS), it is not surprising that they have no detectable 
functional implications for the patient. 

The tumor population of patients with T-cell chronic lymphocytic leu
kemia, Sezary syndrome and mycosis fungoides are derived from the mature 
T cell compartment bearing the T1 and T3 antigens or both. Therefore, these 
cells display either helper or suppressor function. For example, all tumor 
populations from patients with Sezary syndrome bear the T4 phenotype and may 
demonstrate the functional capacity to provide help for B cell Ig synthesis. 
T cell CLL tumor populations have mature inducer or suppressor phenotypes .•. 
although most seem to be the helper phenotype. Such staging of T cell tumors 
should eventually be useful in designing optimal therapeutic regimens. 

6. Immunotherapy 

.This will be covered later, but recall, if we had the ability to speci
fically stimulate or suppress either of the mature T cell subpopulations, pre
sumably the immune system could be manipulated in a hithertofor impossible way. 

D. Leukemia antigens 

1. Heteroantisera 

Some heteroantisera recognize determinants present only on leukemia cell 
subsets. Acute lymphoblastic leukemia (ALL) is characterized by the presence 
of a "Common" ALL antigen ("cALL", "CALLA") on the lymphocytes of many patients. 
These same lymphocytes do not express either mature T cell or B cell markers 
(26-28). A recent report .indicates that cALL-antiserum can immunoprecipitate 
a glycoprotein (MW 100,000 daltons) from ALL cells which can be used as the 
immunogen to prepare a second antiserum that is reactive not only with the cALL
antiserum precipitated glycoprotein, but also with a 100,000 dalton glycopro
tein (gp100) present on cALL normal and malignant hematopoietic cells and on 
T and B cell lines (26). It has been suggested that the gp100 antiserum 
recognizes a family of glycoproteins (MW 100,000 daltons) that is present on a 
variety of normal, transformed and malignant cells and which possess shared as 
well as unique antigenic determinants. Using this argument the anti-cALL 
antiserum would be described as one that recognizes at least one of these anti
genic determinants. Other investigators have also reported the presence of a 
gp100 component on the membrane of malignant cells which appears to be a normal 
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membrane component with an altered polysaccharide component (29,30). Although 
the gplOO moiety does not appear to qualify as a cALL-specific antigen, the 
studies utilizing heteroantisera to gplOO suggest avenues for the continued 
investigation and isolation of leukemia cell-specific membrane markers which 
can be subsequently utilized as more restricted immunogens in the production 
of better defined reagents. 

2. Present classification 

Table V lists the current subclassification of human leukemias and lymphomas 
and indicates some of the immunologic markers that have been described in clinical 
studies. These surface markers have been reported to occur in multiple com
binations in different studies, a fact which has allowed all investigators to 
group ALL patients into distinct subsets based on the known immunologic markers. 
Sallan (31) has recently utilized the Ia, HTA and cALL markers to predict 
survival and length of disease-free status: · the (ra- HTA+) population tends 
to fare much more poorly when compared to the (Ia HTA ) population and within 



the (Ia+ HTA-) subset, patients who also display the cALL marker tend to have 
even longer survival times and appear to respond more favorably to therapeutic 
protocols than do the (ra+ HTA-cALL-) patients. Lymphoma patients have also 
recently been divided into subpopulations on the basis of the Ia, s!g and E
rosette markers (32). Subpopulations of lymphoma patients that were identi
fied included: (Ia+ s!g+ E-), (Ia+ sig- E-), (Ia- sig- E+), (Ia+ sig+ E+), 
and Ia+ sig- E+). 

3. Hybridomas 

The hybridoma technology clearly offers new opportunities for producing 
reagents diagnostic of the various leukemic and lymphoma cell subpopulations. 
Several recent reports have, in fact, demonstrated that leukemia cell-specific 
markers can be identified with monoclonal antibodies. Much work has been done 
to classify acute lymphoblastic leukemias using both conventional and monoclonal 
antibodies (26,32,33). The common ALL antigen can be identified with both a 
conventional heteroantiserum (anti-CALLA) and a monoclonal antibody. Such 
anti-ALL reagents appear to recognize a determinant present on both non-T 
and non-B ALL cells as well as on CML cells in lymphoblastic crisis. The 
suggestion that a gp100 moiety may represent an ALL-specific variation of a 
common membrane component (26) could be exploited in subsequent searches for 
the ALL-specific determinant. 

Monoclonal antibodies generateu as reagents for the identification of 
normal lymphoreticular subpopulations may define malignant subsets as well. 
A recent report suggests that a monoclonal antibody (!-101) that recognizes 
a 65,000 dalton antigen on all peripheral T lymphocytes appears to bind to CLL 
cells which may or may not bear surface-bound immunoglobulin (34). The use 
of the sheep erythrocyte receptor marker, surface immunoglobulin and the T-101 
marker has led to the identification of four subsets of CLL cells: (E+ sig
T- 101+), (E- sig+ T-101+), (E- sig- T-101-). These results are representative 
of the current approach to the classificat"ion of leukemia cell subpopulations 
and suggest that the identification of leukemia cell subpopulations should be 
facilitated when monoclonal reagents for lymphoid cell subsets are used in 
tandem with tumor-specific monoclonal antibodies. Such an approach has been 
applied in the past utilizing conventional antisera to HTA, Ia, and cALL in 
the identification of classes of ALL (35). This tandem approach has also been 
applied with conventional anti-cALL antiserum and the enzyme TdT marker as 
probes to identify a subset. of common .~LL patients who do not express the 
cALL antigen. 

Antiglobulins have been employed in double and triple label experiments to 
investigate the cells of lymphoreticular origin. The antisera used include 
heterologous rabbit antisera to TdT, to the common ALL antigen (cALL), to the 
T cell antigen (HuTLA), a chicken anti-p28, 33 (anti-Ia) antiserum, and a mono
clonal antibody specific for a 45,000 dalton antigen present on cortical thymo
cytes and on certain T-ALL lymphoblasts (anti-HTA-1). Although all these 
reagents are not relevant for every leukemia subclass, certain combinations have 

22 



proven useful in the description of subclasses within a particular leukemia 
classification. The combined use of anti-TdT and anti-Ia reagents can segregate 
TdT+ ALL blasts and the lymphoid blasts of ~11 crisis from TdT- myeloid and 
B-cell blasts. Whereas T-ALL, most AML and some AUL appear to be (Ia- cALL-), 
some AUL and CML in blast crisis appear to be Ia+. The common ALL group of 
patients can be further differentiated with the use of the cALL antigen yielding 
(Ia+ TdT+ cALL+) and (Ia+ TdT+ cALL-) subpopulations. T-ALL subpopulations 
have also been distinguished on the basis of the expression of TdT and the T 
cell marker HuTLA or the thymocyte marker HTA-1. The majority of T-ALL patients 
present the (HuTLA+ TdT+ Ia-) phenotype whereas a few patients express the 
(HuTLA+ TdT+ Ia+) phenotype. The HTA-1 marker has also described several 
subpopulations of T-ALL patients who may or may not express the HTA-1 pheno
type or the E-rosette receptor even though they are TdT+. Table VI summarizes 
these recent classifications with the reagents described above as well as other 
classical markers (E-rosette receptor, surface immunoglobulin (sig) or cyto
plasmic immunoglobulin (cig), primarily IgM, 

TABLE V. Immunologic Mark~rs of Human Leukemias and Lymphomas 

Classification Identified Immunologic Markersl 

ALL: Acute Lymphocytic Leukemia HTA, E, sig, I a, cALL 

CLL: Chronic Lymphocytic Leukemia HTA, E, sig, I a 

PLL: Prolymphocytic Leukemia HTA, E, sig, I a 

AHL: Acute Myeloid Leukemia myeloid antigen 

CML: Chronic Myeloid Leukemia myeloid antigen 

CML in Lymphoblastoid Crisis myeloid antigen, cALL, HTA 

Sezary Syndrome HTA, E 

Hairy Cell Leukemia sig, I a 

l~aldenstrom' s Hacroglobulinemia sig, I a 

Multiple Hyeloma sig, I a 

Hodgkin's Lymphoma sig, Ia, E 

Non-Hodgkin's Lymphoma sig, Ia, E 

1. HTA, human T cell antigen; E, cell forming-rosette with sheep erythocytes; 
sig, surface (membrane-bound) immunoglobulin; Ia, the antigen coded by the 
HLA-D locus, also called the DR antigen, similar to the immune response associ
ated (Ia) antigens of the mouse; cALL, an antigen common to all acute lympho
blastic leukemic cells). 
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A monoclonal antibody has recently been described that appears to recog
nize a lymphoma-associated antigen on certain B cell lymphomas (36). The 
antigen is present on the subclass of diffuse, poorly differentiated B cell 
lymphomas as well as on some B~CLL cells but is undetectable by the mono-
clonal reagent on normal autologous or heterologous cells, on fetal cells or on 
non-lymphoid malignant cells. The monoclonal antibody does not react with 
either Ig, Ia or HLA determinants but is reported to react with a bimolecular 
antigen of 20,000 and 75,000 daltons. When the donor patient originally used 
to produce this monoclonal antibody was no longer responsive to standard and 
experimental immunotherapy, the investigators elected to attempt sero-therapy 
with the monoclonal reagent. (37). It was observed that the patient tolerated 
infusion of the mouse monoclonal immunoglobulin. In addition, a transient 
decrease in the number of circulating tumor cells was observed with a concomitant 
increase in the number of circulating dead tumor cells. When the amount of 
monoclonal antibody was increased, circulating tumor cells were observed to 
carry bound monoclonal antibody on their surfaces. Although the sero-therapy 
eventually proved ineffective for this patient, perhaps due to the size of 
the tumor burden or the level of circulating antigen, this in ·vivo study 
suggests that under more favorable clinical conditions tumor-specific mono
clonal antibodies may have a potential immunotherapeutic value. 

TABLE VI. Usual Acute Leukemia Phenotypes 

Leukemia Class TdT !a cALL E HuTLA slg cig HTA-1 

Null-ALL + + (+) 

T-ALL + (+) + (-) 

B-ALL + (-) (+) + 

+ (-) 

AUL + (+) 

Parentheses indicate that the other phenotype has also been reported. 

E. Tumor Specific Antigens 

Another major area in which monoclonal antibodies are making an enormous 
impact is in the delineation of so-called tumor specific antigens. It is fair 
to say thatmuch of the work in this area, done with heterologous antisera, has 
been at best tenuous. Monoclonals offer a way out of the morass in providing 
specific and reproducible reagents for several specific tumors. 

24 



) I 
I 

Both the Koprowski (38,39) and the Hellstrom (40,41) groups have 
described monoclonal antibodies specific ·for human melanoma cell surfaces. 
Both groups have isolated .. the specific molecules recognized by these mono
clonals and a comparison of the large cluster of antibodies is presently 
being done. At least eight different molecules seem to be involved. Some are 
present on all melanoma cells, some on only a subset of malignant cells. One 
monoclonal described by Koprowski reacts with some astrocytoma cells as well, 
but not with any other normal or malignant cell type studied. 

Besides being useful in diagnosis, these monoclonals should provide impor
tant information concerning the various subsets . of melanomas, the differentia
tion stage of melanocytes, and the isolation and characterization of the mole
cules involved. A further hope would be that these specific antibodies might 
be useful in therapy as well. 

Kennett has recently described a monoclonal antibody reactive against a 
human neuroblastoma antigen. The monoclonal cross-reacted with tissue derived 
from fetal brain, but not normal adult brain (42). 

Koprowski has also described a colorectal carcinoma-specific antigen which 
was detected by means of a monoclonal antibody. In a fashion similar to the 
experiments I have detailed above, mice were immunized with cells derived from 
human colorectal carcinomas and hybrids were screened on human colorectal carcinoma 
and normal colonic cells. Three specific monoclonals were identified which 
reacted specifically with colorectal carcinoma tissue but not normal tissue, 
nor tissue derived from patients with inflammatory bowel disease (43). 

VIII. HYBRIDOMAS AND MAGIC BULLETS 

The possibility of constructing magic bullets was first thought of by 
Paul Ehrlich in his inspired attempts to find new cures for a variety of human 
diseases. Magic bullets would have some of the properties of the antibodies 
then newly discovered by Behring and would be able to find and destroy a target 
in the body which is responsible for a particular disease. 

While we are clearly a long way away from Paul Ehrlich's dream, monoclonal 
antibodies offer an important advance t oward the development of magic bullets. 
The "warhead" ends of the magic bullets that are presently being utilized include 
a portion of the diphtheria toxin or ricin molecules, both of which consist of 
two polypeptide subunits. The A unit of diphtheria toxin, for example, is 
responsible for inhibition of protein synthesis, while the B portion binds to the 
cell membrane. Obviously, the use of diphtheria toxin in the whole animal is 
impossible as it would be toxic for many cells. However, by using a monoclonal 
antibody directed against a particular antigen especially on a malignant cell, 
the "missle" which would generate the specificity for the "warhead" could be 
a monoclonal antibody. In the recent work described by Blythman et al ; (44), 
a monoclonal IgM antibody directed against the Thy 1.2 differentiation antigen 
of mouse T cells which is also present on mouse leukemia cells was used. The 
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IgM antibody was conjugated to the A chain of r1c1n and the so-called 
"i=unotoxin" retained about 70% of its activity. Very convincing evidence 
was presented that these ''immunotoxins"were active both in vitro and in vivo. 
Similar studies have been done at this institution by Dr. Vitetta in which---
anti-idiotypic antibody was utilized to modulate the growth of a B cell lymphoma 
in mice (45). Since only minute amounts of monoclonal antibody are necessary 
to target the toxic material, problems of allergic reactions within individuals 
should be minimal. However, when monoclonal antibodies of human origin are 
available, these difficulties will be surmounted rather quickly. The future 
of immunotoxin therapy in both cancer and other diseases is still unknown but 
hybridoma technology has clearly given this field a shot in the arm. Coupled 
with the recent discoveries of the fragmentation of most toxin molecules into an 
active portion and a binding portion, Ehrlich's dream seems near realization. 

IX. HYBRIDO~~S IN VIROLOGY AND PARASITOLOGY 

In the field of virology, the use of monoclonal antibodies has made it 
possible to identify new substrains of many viruses and to make distinctions 
between isolates from different parts of the world, in situations not possible 
with conventional antisera. The influenza virus has been studied intensively 
by Gerhard and Koprowski at the Wistar Institute and by Webster at St. Jude 
Hospital using monoclonal antibodies. The antigenic instability of the 
influenza hemagglutinin and to a lesser extent, its neuraminidase, is thought 
to be responsible for the frequent appearance of new strains of the virus. 
These workers have used monoclonal antibodies to select variants · that arise 
in tissue culture. Their studies have shown that antigenic differences result 
from single amino acid substitutions in the hemagglutinin. They have also 
demonstrated a previously unrecognized antigenic difference between influenza 
virus strains circulating in England and those isolated in the United States and 
Australia during the 1~68 pandemic. In the future, the use of monoclonal anti
bodies should make it possible to identify changes in the virus in nature that 
will permit escape from immunologic surveillance and cause pandemics, to ref ine 
epidemiologic studies, and to make more effective influenza vaccines. 

Other studies by investigators at the Wistar Institute, using monoclonals 
generated against the rabies virus, have shown that this presumably stable virus 
is as antigenically unstable in tissue culture as is the influenza virus. 
Wiktor and Koprowski (46) defined sevecal different serotypes in the laboratory 
and street isolates from all over the world. These serologic differences may 
account for occasional vaccine failures. Conventional antisera usually do not 
reveal differences between laboratory and street strains of the rabies virus 
isolated from patients and animals; therefore, it" is generally assumed that 
vaccine strains, most of which are derived from the original Pasteur strain, 
are universally protective. The ability to identify distinct serotypes of the 
virus should lead to further refinements in the epidemiology of rabies as lvell 
as in rabies vaccine. 
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Honoclonals against structural proteins of Herpes simplex, type I and II, 
murine leukemia, dengue, and measles virus, and against the surface antigens 
of numerous other viruses have been generated. 

Recently, a hybridoma has been generated against the surface antigens 
of the malarial Sporozoite. Monoclonals have also been used in parasitic 
disease research to purify surface antigens that confer protection against 
infection. These antigens could then be used to produce vaccines. In addi
tion, when human monoclonals of the right specificity become available, it 
may be possible to intervene in the life cycle of the parasitic organism by 
passive immunization. 

X. HYBRIDOMAS IN CLINICAL MEDICINE, THE PRESENT 

It was obviously only a matter of time before these products would be used 
therapeutically in humans. -It is important to appreciate that typically when 
heterologous antibody (far example of equine orig:41} is used in the passive 
immunotherapy of, for example, exotoxic diseases in man, tens of milligrams of 
material are given. Also, in renal transplantation in which anti-lymphocyte 
globulin is utilized in most centers, well over a gram of foreign protein is 
administered to a patient. If, however, affinity purified monoclonal reagents 
are available even if they are of =urine origin it is likely that milligram 
amounts of material would probably suffice since only specific antibody would 
be administered and not the large amount of non-specific immunoglobulin and 
carrier protein that is attendant upon the use of horse serum. These considera
tions led the group at the Massachusetts General Hospital to recently experiment 
with the use of monoclo.nal reagents first in monkeys and very recently in man 
prior to renal transplantation (.41). 

In anticipation of the utilization of the monoclonal antibodies to defined 
human T cell subsets for human allograft recipients, evaluation of reactivity, 
immunosuppressive potency and methods of monitoring host response in sub-human 
primates was undertaken by Paul Russell's group at the Mass General. They 
used the fluorescence-activated cell sorter to monitor peripheral blood lympho
cytes and found it possible to define the dosage and timing of the OKT4 antibody 
(which is reactive with the helper/inducer T cell subset) required to provide · 
in vivo coating of the specific T cell population in 8 Cynomologusrecipients of 
renal allografts. With a dosage range of only 1 mg/kg per day, coating of 
reactive cells was observed one hour after therapy and residual circulating 
antibody was usually detectable 24 hours after administration. Sequential 
monitoring of the treated animals revealed a fall in number of OKT4 reactive 
cells to 20% of pretreatment levels. Allograft survival was extended to as long 
as 6 weeks after a two-week course of therapy (controls survived only 8-11 days). 

Encouraged by this experience, two human renal allograft recipients have 
recently been treated with OKT3 antibody (reactive with all peripheral blood 
T cells) (41). Begun at the time of diagnosis of an acute rejection, in both 
cases, loss of essentially all detectable OKT3 reactive cells was noted within 
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minutes after infusion of the initial 1 mg dose. Reversal of rejection ensued 
in both patients. Homogeneity, limited dosage requirements, and ease of in vitro 
monitoring of dosage effects markedly simplify the use of monoclonal antibod_y __ __ 
to T cells or T cell subpopulations in human allograft recipients, and promise 
increased effectiveness of this second generation of anti-lymphocyte preparations 
with which selected manipulations of monitoring of specific T cell subsets can 
be pursued. These studies will soon be published in the New England Journal 
of Medicine and represent, .to my knowledge, the first use of murine antibodies 
in humans for a specific therapeutic purpose in a patient without a malignancy. 

Most T cell antigens are shared between man and the higher sub-human pri
mates, which indicate the value of these species for these kinds of experiments. 
The paper documents the clinical course of the first patient following cadaver 
donar renal allograft treated with the OKT3 reagent. Biopsy confirmed the 
rejection. Rejection was treated with OKT3 antibody infusions with~ total 
infusion of only 13 mgs of foreign protein. Excellent recovery of allo-
graft function ensued as is illustrated by the ·return to the same serum 
creatinine levels to normal and the d:ecrease in the need for both immuran and 
steroid therapy. 

These studies represent the initial use of monoclonal antibodies in the 
therapy of a non-lethal human condition. It is likely .that these kinds 
of studies will be replaced with human-human hybrid antibodies. How-
ever, the ease with which these studies were initiated and accomplished and the 
excellent results obtained suggest that there is a clear future for specific 
immunotherapy even with murine antibodies. 

XI. HUMAN-HUMAN HYBRIDOMAS 

A serious limitation of the hybridoma technology described to date espe
cially in its application as a potential therapeutic agent in human disease 
is that the hybridoma antibodies are obviously of animal origin (mouse or rat). 
Within the last six months, however, two different groups have published the 
first descriptions of human-human hybrids producing monoclonal antibodies of 
predetermined specificities in which both fusion partners were of human origin. 

The first description was by Olst~n and Kaplan (48) who reported in The 
Proceedings of the National Academy of Sciences in September, 1980, the develop
ment of the U266 human myeloma cell line which was rendered 8-azaguanine 
resistant and hypoxanthine/aminopterin/thymidine sensitive. These cells 
were fused with lymphoid cells from uninvolved spleens removed at staging 
laparotomy from patients with untreated Hodgkin's disease, who had previously 
been sensitized to the chemical allergen, 2-4-dinitrochlorobenzene (DNCB). 
Hybrid cell cultures growing in HAT medium were screened for IgG production 
and positive cultures were tested in a solid-phase radioimmuno assay. Specific 
human antibodies were detec~ed and propagated in continuous culture and the 
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anti-DNCB antibodies were isolated and characterized. This represents the 
first example of the production of human antibodies in continuous growing culture. 
In a note added in proof to the paper, Kaplan states that two additional antigens, 
sheep red blood cells and a lipid fraction of endotoxin, have been used after 
in vitro priming of spleen cells and peripheral blood mononuclear cells. The 
use of in vitro priming obviously eliminates the need for deliberately immunizing 
humans prior to cell fusion and adds a new dimension to the production of human 
monoclonal antibodies. 

In December of 1980, Carlo Croce and Hillary Kaprowski (49) reported 
the production of monoclonal antibodies against measles virus that were gene
rated by the fusion of peripheral blood lymphocytes (derived from 10 ccs of 
plasma) and a human B cell line derived from a patient with multiple myeloma 
which they had drug marked. The hybridomas were found to be secreting an IgM 
antibody specific for measles virus nucleocapsids. Three specific hybrids 
were isolated and characterized. They postulated that such hybridization tech
niques could be applied to human autoimmune diseases such as myasthenia gravis 
and Graves' disease and that ·human antibodies to the acetylcholine receptor or 
the TSH receptor could be potentially generated. 

While clearly a number of difficulties must be overcome, including techniques 
for in vitro priming, as well as overcoming the potential difficulty 
~f utilizing material derived from tumor lines for human immunotherapy, the 
clear direction of this work is the generation of human antibodies ·in tissue cul
ture to antigens of defined specificity. Human monoclonal reagents for diph
theria toxin, botulinum toxin, and snake venoms (which are currently of equine 
origin) should be on the horizon in the very near future. A major limitation 
to research in this area at the present time is the restricted availability of 
these human cell lines for fusion. The early experiences of the Milstein group 
who generously disseminated their mouse and rat lines without concern for 
patents or royalities is in retrospect to be greatly applauded by scientists 
everywhere. At the present time, the Kaplan cell line sells for $50,000 and 
the Kaprowski cell line has been patented and its availability is restricted. 

XII. HYBRIDOMAS IN CLINICAL MEDICINE, THE FUTURE 

It is impossible to predict the f~ll impact this technology will have in 
clinical medicine in the future. The obvious simple implications for its applica
tion for virtually all passive immunotherapy are obvious. The widespread stand
ardization of blood typing reagents and serodiagnostic reagents for everything 
from hepatitis virus to digoxin are within the realm of our collective imagina
tions. The use of monoclonal antibodies for imaging in myocardial infarction , 
or for delivering drugs in immunotherapy is also within easy reach. Passive 
immunization in the case of qrug overdosage is another potential clinical use 
for hybridoma-generated monoclonal antibodies. For instance, a monoclonal anti
body that bound digitalis specifically would form an antigen-antibody complex 
and rapidly remove the drug from the circulation. 
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It may well be possible in the near future to actually use hybridomas to 
reconstitute individuals lacking specific antibodies, as there is . little to 
preclude the eventual transplantation of human-human hybridomas into humans. 
The use of these reagents to maintain constant immunosuppression, while far 
fetched, is clearly within the realm of reason. Monoclonal antibodies will 
undoubtedly achieve a major impact in prenatal diagnosis as reagents become 
available that can specifically detect fetal cells in maternal circulation 
and one can even imagine the use of monoclonal antibodies in birth control, 
gender identification and even in detoxification. Indeed, the applications ·are . 
only limited by one's imagination. 
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