
Each antibody molecule has binding 
sites that react in a specific manner with 
particular molecular shapes. It is be- 
lieved that an animal can make more 
than a million different kinds of anti- 
bodies, and hence the immune system 
provides a source of reagents that react 
specifically with almost any type of 
molecule or disease organism. Although 
the normal function of antibodies is to 

cules, or synthetic particles (2). These 
reagents have been applied successfully 
to the identification of many diverse 
types of cells, such as subpopulations of 
B and T lymphocytes (3,4) and neural 
and Schwann cells (5). 

Another example in which the diver- 
sity and specificity of antibodies is ex- 
ploited is the analysis of various soluble 
molecules such as proteins or hormones. 

Summary. Immunomicrospheres are specially designed microscopic particles that 
have antibodies or similar molecules chemically bound to their surfaces. The anti- 
body-coated microspheres react in a highly specific way with target cells, viruses, or 
other antigenic agents. Immunomicrospheres may be synthesized so that they incor- 
porate compounds that are highly radioactive, intensely fluorescent, magnetic, elec- 
tron opaque, highly colored, or pharmacologically active. These various types of mi- 
crospheres may be coated with pure, highly specific monoclonal antibodies obtained 
by the new hybridoma cell cloning techniques or with conventional antibody prepara- 
tions. Some of the many present and potential applications for these new reagents 
are (i) new types of radioimmune or immunofluorescent assays, (ii) improved fluores- 
cence microscopy, (iii) separation of cells on the basis of the fluorescent, elec- 
trophoretic, or magnetic properties of bound immunomicrospheres, (iv) markers for 
use in several types of electron or standard light microscopy, and (v) delivery of lethal 
compounds to specific undesirable living cells. The combination of the various new 
types of synthetic microspheres and the newly available homogeneous antibodies 
offers new opportunities in research, diagnosis, and therapy. 

destroy foreign organisms or the ani- 
mal's own cancer cells, or to neutralize 
toxic substances, use of their specificity 
has been extensive in both research and 
clinical assay systems. One example is in 
studies of the structure and properties of 
molecules that are exposed on the sur- 
faces of the outer membranes of cells (1). 
Antigenic differences in cell surface 
molecules are also widely used for cell 
classification and separation. For these 
reasons, intensive efforts have been 
made to detect, characterize, and quan- 
tify these molecules. In recent years, 
antibodies that are chemically modified 
with special labels have been used in 
many applications. Antibodies are 
coupled to either radioactive isotopes, 
fluorescent dyes, biological macromole- 
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Also, labeled antibodies or antigens have 
proved extremely valuable in radioim- 
mune and immunofluorescent assays. A 
practical application of these immuno- 
logical approaches is in diagnostic tests 
of a large number of diseases and, in 
some cases, in their therapy. Unfortu- 
nately, many of the previously used re- 
agents suffer from either lack of stability, 
nonspecific interactions, or restricted di- 
mensions of the labels. For example, 
125I, commonly used in radioimmune as- 
says, has a short half-life; ferritin, a well- 
known cell surface marker useful for 
electron microscopic studies (6), cannot 
be used to distinguish cell subpopula- 
tions under the light microscope; and flu- 
orescence labeled antibodies are limited 
in their sensitivity and bleach rapidly un- 
der illumination. 

We have expanded the range of labels 
that are available for use in conjunction 
with antibodies. The new reagents are 
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specially designed polymeric micro- 
spheres that may be synthesized in such 
a way that they have built into them a 
wide variety of different molecular labels 
or useful substances. Such microspheres 
have been coated with many types of 
antibodies; but homogeneous, pure anti- 
bodies produced by means of the new 
hybrid cell cloning methods are particu- 
larly useful when combined with these 
microsphere reagents. 

In this article, we discuss several dif- 
ferent methods that have been used in 
the synthesis of microsphere reagents 
and then elaborate on the present and 
potential applications for the immuno- 
microspheres of various types. 

Requirements 

An essential requirement of reagents 
for cell tagging is the absence of non- 
specific interactions between the immu- 
nomicrosphere and cells or other sub- 
stances to be analyzed. Nonspecific in- 
teractions occur generally with hydro- 
phobic particles such as polystyrene 
latex or polymethylmethacrylate. A pro- 
nounced hydrophilic surface character 
is, therefore, one of the essential condi- 
tions for the successful application of im- 
munomicrospheres. 

The presence of functional groups 
constitutes an equally important require- 
ment. Hydroxyl and carboxyl groups are 
generally used for binding proteins by 
the cyanogen bromide (7) or carbodiim- 
ide method (8), respectively. Aldehyde 
groups, on extended molecular chains, 
are particularly desirable since they 
seem to bind proteins to microspheres at 
a faster rate and with greater conve- 
nience than many other functional 
groups (9). It is desirable to obtain mi- 
crospheres that are insoluble in a variety 
of solvents in order to allow derivatiza- 
tion reactions to proceed in different me- 
dia and in order to carry out fixing, dehy- 
dration, and critical-point drying of cells 
for electron microscopy. Finally, micro- 
spheres must be stable and not aggregate 
in a physiologicalpH range and in media 
in which cells are maintained or cul- 
tured. 

Synthesis and Characterization 

Most of the above requirements may 
be met by selecting the synthetic proce- 
dure and composition of initial materials 
for the synthesis. So far, three polymeri- 
zation techniques have been successfully 
applied. (i) Emulsion polymerization is a 
classical and fairly well understood pro- 
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cess for the formation of lattices and col- 
loids; (ii) polymerization by ionizing ra- 
diation is a more: recent technique used 
to produce spherical polymeric particles; 
and (iii) aldol condensation-polymeriza- 
tion reaction of glutaraldehyde is a hith- 
erto unexplored method for the forma- 
tion of small particles with functional 
groups on the surface. 

Emulsion polymerization. The poly- 
merization is carried out in an aqueous 
medium with the following main com- 
ponents: methyl methacrylate (MMA), 
methacrylic acid (MA), and 2-hydroxy- 
ethyl methacrylate (HEMA) (10). The 
last-mentioned, HEMA, a monomer 
used in the manufacture of contact 
lenses, imparts hydrophilicity to the 
polymeric particles produced. Ethylene 
glycol dimethacrylate in small amounts 
is a cross-linking agent and ensures in- 
solubility in organic solvents. Meth- 
acrylic acid provides reactive carboxyl 
functions and stability because of repul- 
sive charge interactions of polar carbox- 
yl groups. A free radical polymerization 
initiator (ammonium persulfate) and an 
emulsifier (sodium dodecyl sulfate) are 
also used. 

The size of the spheres is dependent 
on the concentration of monomers used 
in the copolymerization reaction. The di- 
ameter of the spheres can be decreased 
from 340 to 35 nanometers by reduc- 
ing the- total monomer concentration 
from 35 to 3 percent. A linear relation be- 
tween these parameters is observed (9). 

The spheres are quite uniform in size 
with a standard deviation generally less 
than ? 1.5 percent of their average diam- 
eter. A density of 1.23 + 0.01 gram per 
centimeter has been measured for these 
copolymer methacrylate spheres by cen- 
trifugation on a continuous sucrose gra- 
dient. 

Since polymerization is carried out in 
an aqueous emulsion system, a high con- 
centration of hydrophilic hydroxyl and 
carboxyl groups is present on the surface 
of the spheres. At neutral and alkaline 
pH, the spheres are negatively charged 
as a result of the ionization of the car- 
boxyl groups. At pH values below 5.5, 
when the extent of ionization of the car- 
boxylic groups is decreased, the parti- 
cles aggregate. Hydrogen ion titration 
measurements indicate that copolymer 
latex spheres with an average diameter 
of 60 nm contain approximately 4200 ti- 
tratable carboxyl groups per sphere. The 
hydrophilic, negatively charged surface 
not only prevents the spheres from ag- 
gregating in the absence of an emulsify- 
ing agent but also prevents the spheres 
from binding nonspecifically to the nega- 
tively charged cell surfaces. 
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Fig. 1. An SEM photo- 
micrograph of (a) a human 
red blood cell labeled with 
fluorescent microspheres 
60 nm in diameter (x 
10,000), prepared by the 
emulsion polymerization 
technique. The indirect la- 
beling method was used; 
red blood cells were sensi- 
tized with rabbit antiserum 
to red blood cells. The red 
blood cells were then re- 
acted with microspheres 
coated with goat antibodies 
to rabbit serum. A detailed 
procedure for cell labeling 
has been published (9). (b) 
Higher magnification than 
that of (a); (c) control, that 
is, nonspecific antiserum 
bound to microspheres was 
used (x7000); PGL micro- 
spheres gave similar re- 
sults. 

Fig. 2. An SEM photomicrograph of (a) labeled and (b) unlabeled mouse spleen lymphocytes 
(9). (a) Mouse spleen lymphocyte treated first with rabbit antiserum to mouse lymphocytes and 
then with fluorescent microspheres which had been conjugated to goat antibodies against rabbit 
immunoglobulin. The microsphere diameter was about 75 nm. In the control (b), a nonspecific 
rabbit serum was substituted for rabbit antiserum to mouse lymphocytes (x 10,000). 

Fig. 3. An SEM photomicrograph of a human lymphocyte labeled with PVP microspheres 800 
nm in diameter that had been conjugated with human immunoglobulin G. This procedure de- 
tects Fc receptors (13). (a) Control, that is, the microspheres were not treated with immuno- 
globulin G. (b) Labeled cell. 
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Fig. 4. Light microscope photomicrograph of 
murine spleen cells labeled with 800-nm mi- 
crosphere conjugates (15a). 

The size and shape of the particles is 
maintained in aqueous and organic sol- 
vents commonly used in the preparation 
of biological samples for electron mi- 
croscopy. This stability is largely a result 
of the cross-linked nature of the poly- 
meric matrix. 

Ionizing radiation. The design of mi- 
crospheres of various sizes and contain- 
ing functional groups was based on the 
observation that 60Co irradiation of 
HEMA dissolved in water yielded water- 
insoluble spherical particles. Subsequent 
studies (11) showed that the size and 
properties of these particles vary consid- 
erably as a function of, for example, 
monomer concentration, the functional 
groups of the comonomer, and concen- 
tration of cross-linking agent. Most of 
the described results were obtained with 
copolymer systems in the presence of 
polyethylene oxide which acts as a 
steric stabilizer and permits the use of 
relatively high concentrations of mono- 
mers (up to about 20 percent). Highly 
fluorescent and stable microspheres 
could be obtained by an addition of a flu- 
orescent monomer, such as dansyl al- 
lylamine or an adduct of allylamine and 
fluorescein isothiocyanate, to the co- 
monomer mixture. Parameters affecting 
size, aggregational properties, and con- 
centration of functional groups have 
been described (11, 12). 

The application of ionizing radiation to 
isomeric vinylpyridines yielded micro- 
spheres varying in size between 30 and 
10,000 nm. Copolymers of 4-vinyl- 
pyridine and acrylamide could be used to 
chemically bind antibodies and subse- 
quently label cells with these reagents (13). 

Polyglutaraldehyde (PGL) micro- 
spheres. The derivatization of micro- 
spheres prepared either by the emulsion 
or 60Co irradiation technique generally 
requires several intermediate steps. For 
example, in one procedure the cyanogen 
bromide method was used to react hy- 
droxyl groups, present on the surface of 
microspheres, with diaminohexane to 
extend an "arm" carrying an amino 
group. Then the reaction with glutaralde- 

366 

hyde yielded an aldehyde function for re- 
action with proteins and antibodies. Our 
synthesis of PGL microspheres in sizes 
ranging from about 50 to 1500 nm permit- 
ted us to simplify the derivation proce- 
dure (13, 14). When prepared in the 
range ofpH of 7 to 13.5, whether soluble 
or insoluble in water, PGL is a reactive 
polymer. It contains variable numbers of 
hydrated and nonhydrated aldehyde 
groups that may or may not be adjacent 
to an ethylenic linkage, and it is also 
characterized by a variable concentra- 
tion of primary and secondary hydroxyl 
and carboxyl functions. The presence of 
secondary hydroxyl groups is explained 
by an incomplete aldol condensation and 
that of primary hydroxyl and carboxyl 
group by the occurrence of a Cannizzaro 
reaction for which ample evidence was 
obtained. Air oxidation of aldehyde dur- 
ing and after the polymerization at high 
pH may yield additional carboxyl func- 
tions (15). 

The high reactivity of PGL, whether in 
solution, in solid state, or in the form of 
water-insoluble fluorescent or magnetic 
microspheres, offers possibilities for im- 
portant applications of PGL as a new im- 
munoreagent in biology and biochemis- 
try. 

Cell Labeling 

Antibodies bound to highly fluores- 
cent microspheres can serve as fluores- 
cent markers to detect specific cells 
when bound to antigens on the cell sur- 
faces and examined with a fluorescent 
microscope. Cells coated with such im- 
munomicrospheres are intensely fluores- 
cent. The same immunomicrospheres 
can also be used as scanning electron mi- 
croscope (SEM) markers to detect and 
map the distribution of a variety of dif- 
ferent cell surface antigens at a much 
higher magnification than is possible in 
the fluorescent microscope. 

The activity and specificity of these 
microsphere reagents can be readily de- 
termined on red blood cells. In this test 
system, unfixed or aldehyde-fixed human 
red blood cells are treated with rabbit anti- 
serum to human red blood cells which 
contains antibodies against a variety of 
surface components on the red blood 
cells. Fluorescent immunomicrospheres 
coated with goat antibodies directed 
against the rabbit antibodies are then 
used to visualize the red blood cell anti- 
gens (Fig. 1). These labeled cells are in- 
tensely fluorescent. Figure 2 illustrates 
murine lymphocytes labeled in a similar 
manner. Figure 3 shows the labeling of 
Fc receptors on lymphocytes by means 

Fig. 5. An SEM photomicrograph of a mouse 
spleen tissue slice lightly fixed with glutaral- 
dehyde, sensitized with rabbit antiserum to 
mouse immunoglobulin G and labeled with 
100 nm microspheres conjugated with goat 
antibodies to rabbit immunoglobulin. Labeled 
cells are presumed to be B cells. See (9) for 
details of similar procedures. 

of 800-nm PVP microspheres. Lympho- 
cytes may also be labeled with 60Co radi- 
ation-synthesized microspheres that are 
large enough to be seen in the light mi- 
croscope (15a) without fluorescence (Fig. 
4). Immunomicrospheres can also be 
used to identify subpopulations of cells 
within tissues. An SEM photomicro- 
graph of the surface of a mouse spleen 
slice is shown in Fig. 5. The labeled cells 
are assumed to be B cells. 

Fluorescent Immunomicrospheres in 

the Analysis and Separation of Cells 

One of the interesting and useful prop- 
erties of many different types of cells is 
the display of different molecules on 
their surfaces. For example, some cells 
such as the B cells and T cells (lympho- 
cytes) look very much the same when 
examined in the standard way used for 
blood cell counting. Nevertheless, there 
is an important need to analyze and 
study different types of lymphocytes. In 
the past, both basic research in immunol- 
ogy and important clinical studies have 
been restricted because of the lack of a 
suitable means for analysis and separa- 
tion of these various types of cells. 

Recently several powerful instruments 
that are able to analyze cells as they flow 
past a microscopic beam of light have be- 
come commercially available (16). Low- 
angle light scattering provides informa- 
tion on the cell size and, at the same 
time, fluorescent emission can be mon- 
itored at two different wavelengths. 
These properties are then used both in 
the analysis of the sample of cells and al- 
so as the basis for the separation of spe- 
cific cell types. Antibodies, each labeled 
with one or two molecules of fluorescent 

SCIENCE, VOL. 208 



dye, have been used for labeling specific 
cell types. However, at least 300 dye 
molecules must be bound to each cell to 
permit detection. This limitation has gen- 
erated interest in the use of fluorescent 
immunomicrospheres in these appli- 
cations. Since hundreds or thousands of 
dye molecules are incorporated into each 
fluorescent microsphere, the instruments 
can easily detect a single sphere. Ac- 
cordingly, cells that display a relatively 
small number of the molecules of interest 
can be tagged with fluorescent immuno- 
microspheres and analyzed in the fluo- 
rescence-activated cell-sorting instru- 
ments (16). 

The greatly increased intensity of fluo- 
rescence emitted by cells labeled in this 
manner should also allow the design of 
instruments with simplified optics that 
are, nevertheless, able to detect the fluo- 
rescent light emitted by the new re- 
agents. Simpler low-cost instruments 
would be of interest in several clinical 
cell-typing applications. It also seems 
likely that similar routine instrumental 
analyses will permit rapid detection and 
identification of various microorganisms 
of clinical importance. Current methods 
such as cell culture often require several 
days and are relatively costly. 

Electrophoretic Cell Separation 

Another method of cell separation that 
is of interest is based on the mobilities of 
cells in an electric field. Resolution in 
electrophoretic separation of cell sub- 
populations, currently limited by finite 
and often overlapping mobility distribu- 
tions, may be significantly enhanced by 
immunospecific microsphere labeling of 
target populations. The electrophoretic 
mobility of fixed human red blood cells 
immunologically labeled with polymeric 
4-vinylpyridine (PVP) or PGL micro- 
spheres was altered to a considerable ex- 
tent, that is, from -1.07 /m sec-'V-1 cm 
for unlabeled cells to -0.65 /im sec-' 
V-1 cm for human red cells labeled with 
PVP microspheres and -0.62 /.m sect- 
V-" cm for human red cells labeled with 
PGL microspheres. This characteristic 
was used in a preparative-scale elec- 
trophoretic separation of cells by contin- 
uous flow electrophoresis. 

Two model systems were used: (i) a 
mixture of labeled and unlabeled human 
red blood cells and (ii) a mixture of la- 
beled human red blood cells and unla- 
beled turkey red blood cells. The labeled 
cells of both systems (ratio 1:1) were ef- 
ficiently separated (17) by means of a con- 
tinuous flow electrophoresis instrument 
(Beckman Instruments, Inc.) (18). 
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Magnetic Cell Separation Other Present and Potential Applications 

A new development of importance for Electron-opaque microspheres. Other 
cell sorting is the synthesis of functional types of reagents may be devised to facil- 
microspheres containing Fe3O4. Initial itate the examination of cell surfaces. 
investigations (19) show that both T and For example, sufficiently small electron- 
B cells labeled with magnetic immuno- opaque metal-containing microspheres 
microspheres can be efficiently sepa- should provide higher spatial resolution 
rated from mixed cell populations by of cell surface features than is now pos- 
means of a magnet. sible in the electron microscope. It is an- 

The separation of human red blood ticipated that gold or platinum particles 
cells labeled with magnetic PGL micro- incorporated in a polymeric matrix with 
spheres was achieved as follows. Mix- functional groups on the surface capable 
tures of human red blood cells with the of forming a covalent bond with proteins 
following ratios of unlabeled to labeled would offer more stable labels than gold 
cells were prepared-1: 1, 7:1, and 9: 1. particles with physically adsorbed anti- 
The mixtures (10 milliliters) were gently bodies, which are now used for cell la- 
stirred in a glass vial fitted with a simple beling. Gold and platinum microspheres 
horseshoe magnet (300 gauss). At the end can be very simply obtained by reaction 
of 2 hours, cells that were not attracted of chlorauric or chloroplatinic acid, re- 
to the vessel walls were isolated. Cells spectively, with PVP microspheres (12) 
attracted by the magnet were diluted with or by polymerization of suitable mono- 
10 ml of phosphate-buffered saline, mers in the presence of freshly formed 
and the magnetic separation was re- small colloidal gold particles. 
peated. Scanning electron microscope The PVP microspheres that had been 
examination showed that more than 95 reacted with chloroplatinic acid were in- 
percent of unlabeled cells could thus be jected intravenously into mice. They 
separated from all three synthetic mix- were then easily detected in electron mi- 
tures (14). croscope photomicrographs of spleen, 

The evidence obtained so far with liver, and kidney tissue sections (Fig. 7). 
model cell systems indicates that mag- Hence these reagents offer the possi- 
netic PGL immunomicrospheres of de- bility of analysis, by ultrastructural tech- 
sirable sizes can be conjugated with niques, of localized pathologic and phar- 
antibodies in a simple and convenient macologic processes in experimental 
manner, therefore offering a potential for systems. They may also yield informa- 
large-scale immunological cell sorting. tion in studies of the pathology of in- 

Fig. 6. Tumor cells tagged with fluorescent microspheres 60 nm in diameter. Antibodies reactive 
against these cultured fibrosarcoma cells (20, 21) were prepared by immunizing normal syngenic 
C3H mice with live tumors. The labeling procedure was essentially the same as in (9). (a) x 
1,000. (b) x11,000. 
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jurious agents that may be introduced in 
vivo, such as particular lung irritants 
(15a). 

Immunofluorescent assays. Radio- 
isotopes such as 1251 are often coupled to 
antibodies or antigens so that an immu- 
nological reaction can be monitored. For 
example, after 125I-labeled antibodies re- 
act with specific antigens on cell sur- 
faces, the cells may be freed of excess 
antibody; and the extent of the reaction 
can be monitored in a gamma count- 
er. The intensely fluorescent immuno- 
microsphere reagents can be used in 
much the same way, but a fluorimeter in- 
stead of a gamma counter is used to mon- 
itor the reaction. In many applications, 
the speed and sensitivity of the assays 
with fluorescent microspheres are great- 
er than in conventional radioimmune as- 
says. The reason for the increase in sen- 
sitivity of fluorescent beads over radio- 
active labels is easily understood when 
we consider that, upon illumination, a 
single fluorescent immunomicrosphere 
emits a large number of photons in a 
fraction of a second and that these are 
easily detected with appropriate in- 
struments. In contrast, an antibody la- 
beled with an 125I atom has a theoretical 
maximum chance of 50 percent of being 
detected in 63 days (the half-life of 125I). 

Many millions of radioimmunoassays 
are performed each year in order to en- 
sure that blood used for transfusion does 
not carry the hepatitis antigen. A com- 
mon form of this assay involves an im- 
munological reaction with molecules 
bound to a bead several millimeters in di- 
ameter, and is monitored by measuring 
the 1251 radioactivity remaining attached 
to the bead after the immunological reac- 
tion. It seems likely that small magnetic 
beads might replace the large bead used 
in this assay and, further, that fluores- 
cent or luminescent immunomicro- 
spheres might be bound to beads or other 
surfaces in much the same way as 125I- 
labeled antibodies are now used. This 
type of assay could be automated with 
relative ease, and many of the problems 
inherent in the large-scale use of radio- 
isotopes would be eliminated. Magnetic 
immunomicrospheres of a composition 
different from those discussed above 
have already been used by the Techni- 
con Corporation as a means of automat- 
ing radioimmune assays. After an immu- 
nological reaction in which 125I-labeled 
reagents are bound, the magnetic parti- 
cles are held in place while excess re- 
agents are automatically washed away. 
The magnetic microspheres are then re- 
leased to flow through a gamma counter. 

Many other variations of radioimmune 

Fig. 7. Electron micrograph showing phago- 
cytosis of PVP platinum beads, 3500 nm in di- 
ameter, by a mouse spleen macrophage (15a). 

assays have been devised, and appropri- 
ate immunomicrospheres might replace 
isotopes in a number of cases. For ex- 
ample, many radioimmune assays are 
performed with test tubes or wells 
coated with antigen. Radioactively la- 
beled reagents then react with the walls 
of these containers. After completion of 
the reaction and appropriate washing, 
the radioactivity remaining on the con- 
tainer is counted. In a test of this ap- 
proach, we found that it was possible to 
coat a small capillary tube with antigen 
and bind antibody-coated fluorescent mi- 
crospheres to the walls. The walls of the 
tube became intensely fluorescent. The 
bound microspheres could be eluted and 
monitored in a fluorimeter or detected in 
situ. 

Tumor biology. Most, if not all, tu- 
mors can be detected by the host im- 
mune system. In the case of some mu- 
rine tumors now under study, it has been 
shown that a healthy immune system can 
destroy tumors, and suppression of the 
immune response leads to tumor growth 
and death of the animal (20, 21). Tumors 
were used to immunize healthy syngenic 
mice. The antibodies produced were 
then reacted with tumor cells grown ei- 
ther in vivo or in tissue culture. Appro- 
priately coated, highly fluorescent immu- 
nomicrospheres were then used to detect 
the presence of mouse antibodies on the 
tumor cells. These assays are routinely 
performed by monitoring fluorescence, 
but the labeled cells may also be ob- 
served by SEM (see Fig. 6). Tumor cells 
labeled in this way may also be rapidly 
analyzed in one of the commercially 
available flow-through instruments de- 
scribed above which quantitate both 

light scattering of all cells andthe fluo- 
rescence of labeled cells. The analysis of 
specific populations of tumor cells and 
the study of molecular markers on cell 
surfaces is now undergoing a revolution- 
ary advance due to the new techniques 
for production of high titer monoclonal 
antibodies. The availability of both 
monoclonal antibodies and the immuno- 
microphore reagents is facilitating the 
isolation and study of the antigens found 
on tumor cells. 

We can anticipate ways in which vari- 
ous types of immunomicrospheres might 
be used in early cancer detection, diag- 
nosis, and perhaps, in new types of thera- 
pies. For example, drug-containing mi- 
crospheres have already been synthe- 
sized which may be useful for destroying 
specific target cells. The surprising 
breadth and diversity of uses which nu- 
merous scientists have already found for 
these new reagents are indications that 
future applications could be even more 
interesting. 
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