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The Fluorescent Antibody Method in Medical
and Biological Research

FELIX BOREK, Ph.D.'

The introduction by A. H. Coons of the fluorescent antibody methodfor the localization
and identification of antigens has been followed, over the last ten years, by numerous
applications of this technique to various fields ofbiology and medicine. Owing to its relative
simplicity, this immunohistochemical method has proved easily adaptable to diagnostic
procedures as well as to more fundamental studies of bacterial and viral pathogenesis. It
also proved to be of value in the pathogenetic studies of the so-called collagen diseases.

The immunofluorescent method is not a quantitative one and is 20 000 times less
sensitive than the radioautographic technique; however, it is superior in its capacity for the
specific localization of antigens and antibodies in tissue sections.

The method has some limitations, such as non-specific staining or poor contrast with
some of the tissues showing autofluorescence, but experience has shown that, when applied
and interpreted critically, it can render services to medical investigators throughout the
world.

HISTORICAL

Since the early history of immunology, bacterio-
logists have had to face the problem of how to
determine the distribution of soluble antigens in the
animal body. First, Metchnikoff (1897) tried to
accomplish this in his studies on the fixation of
tetanus toxin in chicken tissues. His idea was to
utilize toxicity as a tracer, by injecting minces of
various chicken organs into mice and observing the
effects of each injection. This method was applied
later by Bieling & Gottschalk (1923) in their studies
on the diphtheria toxin in guinea-pigs. Experiments
of this kind were useful in localizing antigens in
certain tissues, but by their very nature they were
limited to substances of specific toxicity.
A method of potentially wider application was

then developed using chemically labelled antigens.
Haurowitz & Breinl (1932) injected into rabbits
horse serum coupled with diazotized arsanilic acid,
and then sacrificed the animals and assayed various
organs for their arsenic content. A similar experi-
ment was later carried out by using iodinated horse
serum (Haurowitz & Kraus, 1936).

Heidelberger and co-workers (1933) extended the
chemical labelling of antigens by the use of colour.

1 Acting Chief, Immunochemistry Branch, Armed Forces
Institute of Pathology, Washington, D.C., USA.

They coupled egg albumin through bis-diazotized
benzidine to the salt of 2-naphthol-3,6-disulfonic
acid and obtained a red azoprotein. Sabin (1939)
used this coloured antigen in the microscopic study
of its distribution in rabbit tissues. This method was
also used by Smetana (1947).
Libby & Madison (1947) introduced radioactive

isotopes as tracers in localizing the antigen. They
injected tobacco mosaic virus labelled with 3'P into
mice, and then determined the radioactivity in
various organs. Pressman and co-workers (1948,
1949) used anti-kidney antibody labelled with 1311,
and found it concentrated in the kidney. The same
label was used by Warren & Dixon (1948) for the
localization of antigen used to produce anaphylactic
shock in guinea-pigs.
While the use ofradioactive isotopes made possible

the detection of antigen in trace amounts, this
method-like all the other methods of chemical
labelling of antigens-suffered from the disadvantage
of altering the antigenic character of the labelled
protein.
A detection technique appeared desirable by

which the antigen would remain physically and
chemically unaltered, and by which it could at the
same time be localized with great precision and by
relatively simple means. A way to fulfil these
requirements was found in a method in which the
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antibody is labelled with a fluorescent dye and then
used for specific staining of the corresponding
antigen. The latter can be subsequently observed
and photographed under a fluorescent microscope.

DEVELOPMENT OF THE FLUORESCENT ANTIBODY
TECHNIQUE

During the years 1930-36, a number of workers
(Reiner, 1930; Bronfenbrenner et al., 1931; Marrack,
1934; Eagle et al., 1936) reported that antibody
proteins could be conjugated with simple chemical
compounds without destroying their capacity to
react specifically with antigens. On the basis of this
observation, Coons et al. (1942) developed a method
of conjugating the antibody with fluorescein iso-
cyanate, and using the conjugate as a specific
histochemical stain.
The reaction of aromatic isocyanates with pro-

teins was developed previously by Hopkins &
Wormall (1933). They found that in this reaction
the phenyl groups become linked through carbamide
bonds with the c-amino groups of the lysine residues
in the protein.
Coons and co-workers (1942) employed the new

method first in localizing pneumococci in the tissues
of mice. They prepared fluorescein isocyanate in
the following way. Condensation of resorcinol with
4-nitrophthalic acid gave a mixture of two isomers
of nitrofluorescein differing in the position of the
nitro group. The isomers were separated by the
crystallization of the corresponding diacetates.1
Each isomer was reduced catalytically to the corre-
sponding amine which gave isocyanate upon treat-
ment with phosgene.
The resulting dye was conjugated with the anti-

serum to pneumococcus 3. The excess dye was
removed by dialysis, and the conjugate was purified
by precipitation with ammonium sulfate and acetone.
When some of the solution of the conjugate was
placed on a microscope slide with a frozen section of
the infected mouse tissue, the labelled immune glo-
bulin combined with the corresponding antigen, and
the remaining fluorescent material was afterwards
washed away. Upon examining the preparation
under a microscope with an ultraviolet light source,
the accumulations of antigen were found by the
fluorescence of the combined antibody. The green
fluorescence of the stained organisms provided a

I Both isomers are equally useful for labelling purposes
but their separation proved to be the best method of purifica-
tion.

good contrast with the unstained areas of tissues.
No fluorescence was found in the stained tissues of
normal mice or in the unstained tissues of infected
mice. The immunochemical specificity of the staining
reaction was established by an experiment in which
the staining was prevented by a preliminary satura-
tion of the antigen with an unconjugated antibody.
Thus the work of Coons and co-workers produced

a technique which can be used to show that antigens
associated with a given disease are actually present
in certain tissues that are regularly involved and are
absent or present in smaller amounts in unaffected
tissues.

In a subsequent work Coons & Kaplan (1950)
improved the method by determining the optimum
conditions for conjugation of fluorescein to protein
which result in a maximum attainable sensitivity of
staining.

APPLICATION OF THE FLUORESCENT ANTBODY
TECHNIQUE

Since 1950 the application of the fluorescent
antibody technique has spread rapidly to many
fields. Coons published several extensive reviews
on the subject (Coons, 1954, 1956, 1957, 1958; see
also Mellors, 1959).

Fluorescent sera have been profitably used for the
rapid identification of cell antigens-bacteria, viruses
and parasites. As an example, one can cite the work
of Liu (1956) on the rapid diagnosis of influenza.
Here the principal advantage of the method lies in
the fact that micro-organisms can be identified
directly in blood or tissue specimens, without the
need to isolate and culture them for an extended
period of time. The tests can be performed on
specimens contaminated with other organisms, tis-
sues and inert impurities, and they permit specific
identification of living as well as dead organisms,
with a smaller probability of erroneous diagnosis
than in the use of conventional techniques. In some
cases they can be used to differentiate between
closely related types of micro-organisms.
A more fundamental field in which the technique

has been applied is the study of the pathogenesis of
viral, rickettsial and bacterial infections. Here one
should mention the investigation of the fate and
distribution of antigens in experimental animals and
in tissue cultures, including the study of the forma-
tion of virus inclusions within the cells, which fol-
lowed the introduction of the fluorescent method by
Coons (Coons et al., 1942, 1950; Kaplan et al., 1950;
Watson, 1952a, 1952b). This was later extended to
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the localization of injected toxins and other soluble
antigens. Problems could be attacked and solved
which had resisted solution by previous methods.

Marshall used the fluorescent sera in the localiza-
tion in tissues of native proteins such as ACTH
(Marshall, 1951), enzymes (Marshall, 1954) and
myosin (Finck et al., 1956).
Coons et al. (1955) and Leduc et al. (1955)

introduced the technique to the study of sites and
of the mechanism of antibody formation. This work
supplied evidence for the plasmocytic theory of the
origin of antibodies.
During the past five years the fluorescent antibody

technique has been widely applied in the histopatho-
logical demonstration of auto-antibodies against
antigenic tissue components in a number of so-called
collagen diseases. This can be illustrated by the
following examples. Hill & Cruickshank (1953), by
the use of labelled antikidney sera, discovered and
localized in the rat kidney two distinct antigens.
The antibody specific to one of them was shown
to be capable of producing nephritis. Mellors and
co-workers (1955) localized antibodies against rabbit
globulin in the glomeruli of rabbits with experimental
glomerulonephritis. Vazquez & Dixon (1957) com-
bined the fluorescent and the radio-tracer techniques
to determine quantitatively the relative amounts of
gamma-globulin present in the amyloid deposits in
secondary human amyloidosis and in experimental
amyloidosis in rats. Kaplan (1958) obtained evi-
dence of a myocardial antigen in a rabbit reacting
with autologous antibodies produced by inoculating
rabbits with beef heart medium. He was able to
detect this antigen and to differentiate it from cardio-
lipin by the use of the fluorescent technique. Beutner
and co-workers (1958) localized thyroid and spinal
cord auto-antibodies in the thyroid gland and spinal
cord sections respectively. Gitlin et al. (1957)
demonstrated the nature of the fibrinoid material
found in the lesions associated with collagen diseases
such as rheumatoid arthritis, lupus erythematosus
and others by staining tissue sections from patients
suffering of these diseases with labelled antisera
against human fibrin, albumin and gamma-globulin.
They identified the substance as fibrin.

Recently, the fluorescent technique has been
extended to hypersensitivity studies. For example,
McKinnon et al. (1957) investigated the intravascular
antigen-antibody precipitation and its role in ana-
phylaxis.
The above represents only a brief glance at a few

different fields of application of the fluorescent

antibody technique. The literature on this subject
is too extensive to be reviewed here in detail.

MODIFICATIONS AND IMPROVEMENTS OF THE

TECHNIQUE

The original procedure of conjugating fluorescein
isocyanate with serum proteins involved the use of
organic solvents such as dioxane and acetone (Coons
& Kaplan, 1950). This presumably has been a
factor in the partial denaturation of protein occurring
during the conjugation. Another drawback of the
procedure has been the relative instability of fluores-
cein isocyanate on storage.
The way to eliminate both difficulties was found

by Goldwasser & Shepard (1958), who developed
a new method of conjugation based on the observa-
tion by Goldman & Carver (1957) that fluorescein
isocyanate can be preserved by drying its solution
on filter paper and storing it in a desiccator. Accord-
ing to this method, conjugation can be carried out
by means of filter discs impregnated with fluorescein
isocyanate. If kept dry, these discs can be stored
indefinitely at room temperature without any decom-
position of the reagent.
The same authors also devised a relatively simple

way of determining the dye-protein ratio in the
conjugates (Goldwasser & Shepard. 1958). Spectro-
photometric measurement of the concentration of
fluorescein (absorption at 480 m,u) and the concen-
tration of protein (absorption at 560 m,u after adding
the biuret reagent) offers a convenient way of finding
the optimum dye-protein ratio giving the most
intense staining for a given antigen.

Riggs et al. (1958) reported the use of the iso-
thiocyanate in place of the isocyanate derivative of
fluorescein for the conjugation with antibody protein.
The first derivative is more stable and its application
has been found to give improved results (Marshall
et al., 1958).

Weller & Coons (1954) developed a modified
method of the fluorescent staining of viruses. Instead
of applying the labelled antiserum directly to the
infected tissue, they first combined the antigen with
non-labelled immune human globulin, and then
added to the complex a labelled antihuman gamma-
globulin rabbit serum.' Thus the antigen forms the
bottom layer; the non-labelled antibody forms the
middle layer; and the fluorescent anti-antibody
forms the upper layer of the immune complex. This

"This technique was also developed independently by
D. Gitlin.
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FIG. 1
SCHEMATIC REPRESENTATION OF DIRECT AND INDIRECT STAINING TECHNIQUES
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technique eventually became known as the indirect
method of fluorescent staining (Fig. 1).
The indirect technique simplifies some investiga-

tions, since it requires only one conjugate for each
animal species giving origin to the middle layer of
the immune complex. In the direct technique a

separate conjugate is needed for each antigen to be
studied. Moreover the indirect procedure appears
to demand less antibody in the intermediate layer.
The indirect method has been used by Lebrun

(1957) for the study of poliovirus. It has been
adapted to bacterial staining by Carter & Leise
(1958).

Recently, Goldwasser & Shepard (1958) intro-
duced a technique of labelling complement and using
the resulting conjugate to stain antigens which fix
complement. This procedure represents a further
simplification of the method, since labelled anti-
guinea-pig serum is the only conjugate needed for
investigations involving antibodies formed by a

numb-er of species.

DEVELOPMENT AND APPLICATION OF FLUOROCHROMES
OTHER THAN FLUORESCEIN

From the early stages of the application of the
fluorescent antibody technique it has been apparent
that despite its brilliant fluorescence, fluorescein is
in some cases not quite satisfactory. In the first
place, there is a poor contrast between its yellow-
green emission and the blue-green autofluorescence
of some of the tissues. Secondly, studies aiming at
a simultaneous localization of mixed antigen sys-
tems and of multiple antibody response (Leduc et al.,
1955) in addition to fluorescein often call for another
dye of a different fluorescent colour.

In view of this, development of a new fluorescent
label of a colour contrasting with that of fluorescein
has become an objective for a number of workers
in this field.
The usefulness of a potential second label is

determined by its suitability for coupling with pro-

teins and by the intensity of its fluorescence. The
requirements which it should satisfy have been
summarized by Silverstein (1957) and by Chadwick
et al. (1958). The dye should possess a functional
group which reacts easily with proteins and forms
stable bonds with them, like carbamido, sulfonamido
or azo linkages. It should be fairly soluble in
aqueous solutions and should cause as little protein
denaturation as possible. Its fluorescence should be
strong enough to permit the visualization of the
labelled antibody-antigen complex, which normally
is present at very low concentrations in the area of
interest. Last but not least, the fluorescent colour
of the new label should provide a good contrast with
that of fluorescein, and it preferably should be
possible to visualize each colour independently when
both are present in the same area.
A number of fluorescent dyes have been suggested

as antibody labels in the last few years. Clayton
(1954) used 1-dimethylamino-naphthalene-5-sulfonyl
chloride and nuclear-fast red to produce yellow and
red fluorescent conjugates respectively. Silverstein
(1957) prepared orange-fluorescent conjugates of
rhodamine B isocyanate, and Riggs et al. (1958)
used the isothiocyanate derivative of the same dye.
The tetramethyl homologue of rhodamine B 200
was used by Hiramoto et al. (1958).
A sulfonyl chloride derivative of lissamine rhoda-

mine B 200 was reported by Chadwick et al. (1958)

Specific
Anien

252



FLUORESCENT ANTIBODY METHOD IN MEDICAL AND BIOLOGICAL RESEARCH

FIG. 2
CHEMICAL STRUCTURES OF SOME OF THE FLUORESCENT DYES USED IN LABELLING ANTIBODIES
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to produce conjugates having orange fluorescence
almost as intense as the yellow-green of fluorescein.
Eight other potential antibody labels were tried and
found unsuitable, either because of low intensity of
fluorescence or because of undesirable colour
characteristics.
The protein conjugate of lissamine rhodamine

B 200 sulfonyl chloride was found by Smith et al.
(1959) to effect a non-specific staining of tissue
elements. This property has been utilized by
employing the orange-fluorescent dye as a non-

specific counterstain in conjunction with a specific
fluorescein-labelled antibody-antigen system in
formalin-fixed tissues. In this way, a complete
masking of the non-specific staining due to the
fluorescein conjugated serum can be achieved
without impairing the specific staining reactions.
Borek & Silverstein (1960) prepared a new orange-

fluorescent dye, aminorosamine B, which, in contrast
to aminofluorescein and aminorhodamine B, can

exist in one isomeric form only. They found that
when this dye is coupled as a diazonium salt with
protein, the resulting conjugate is intensely fluo-

Aminorhodomine B

Et2N NEt2

033
S03H

Lissamine rhodamine B 200

rescent when examined at an acid pH, and it loses
most of its fluorescence when the pH is raised to
neutral. The converse is true in the case of fluo-
rescein conjugates. By taking advantage of this pH
dependence, it was possible, when using mixed
bacterial smears stained with both fluorescein and
rosamine B conjugates, to visualize each antigen
independently of the other.
The chemical structures of four fluorescent

antibody labels are shown in Fig. 2.
The use of diazotization for the coupling of the

fluorochrome to protein has a considerable advan-
tage over other methods. This reaction is mild and
proceeds without appreciable protein denaturation
(Boyd & Hooker, 1934) and to a large extent without
a significant change in the antibody properties
(Eagle et al., 1936), in contrast to the use of deriva-
tives of isocyanate (Coons & Kaplan, 1950) and
sulfonyl chloride (Chadwick et al., 1958). However,
Coons (1956) found that diazotization and coupling
of aminofluorescein results in a non-fluorescent
conjugate.

Despite the relatively large number of fluoro-

Aminofluorescein

Et2N,

j
Aminorosomine B
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chromes potentially useful as antibody labels, fluor-
escein still remains the most effective and widely
used dye in the fluorescent antibody technique.

LIMrrATIONS OF THE FLUORESCENT ANTIBODY METHOD

Probably the most critical requirement of the
fluorescent antibody technique is the degree of its
specificity. The value of using the technique becomes
questionable if the staining is found to be not
sufficiently specific. The nature of the non-specific
staining is not fully understood. It may be caused
in part by either or both of two factors: (1) the
presence of unbound dye in the solution of the
conjugate; and (2) immunological cross-reaction due
to low specificity of antisera.
The partial removal of the unbound dye, after

dialysis, by repeated precipitation of the globulin
fraction of the labelled serum with ammonium
sulfate and cold acetone (Coons et al., 1942) eli-
minates some but not all of non-specific staining.
A more effective method was found by Coons &
Kaplan (1950) to consist in shaking the conjugates
with a washed and dried suspension of ground liver.
Chadwick et al. (1959) reported that activated
charcoal entirely removes the unbound fluorescent
material, although this is accompanied by a decrease
in the staining intensity.
The elimination of the cross-reacting antibody by

absorption with antigen was found by Goldwasser
& Shepard (1959) to be a particularly straight-
forward procedure when applied to fluorescent sera.
The antigen of the indicating reaction is fixed to

RIES

La methode des anticorps fluorescents est l'une des
techniques les plus recemment mises au point en vue de
deceler et de localiser les antigenes dans les tissus, les
liquides de l'organisme et d'autres milieux. Le serum
contenant les anticorps correspondant A l'antigene etudie
est conjugue chimiquement avec un colorant fluorescent,
generalement de l'isocyanate ou de l'isothiocyanate de
fluoresc6ine. L'operation chimique est conduite de faoon
que soient sauvegardes les caracteres immunologiques
et specifiques du serum. Apres purification, le serum
contenant le conjugue fluorescent sert A colorer le ma-
teriel contenant l'antigene. L'anticorps marque par le
colorant se combine specifiquement avec l'antigene. On
tlimine par lavage l'exces de colorant. Le complexe
antigene-anticorps fluorescent peut etre decel6 par
l'examen microscopique de la preparation aux rayons
ultra-violets.

the slide while the products of the absorbing reaction
are removed by the usual washing procedure, without
the necessity of centrifugation, etc. The needed
amount of the absorbing antigen is very small
compared with the usual test-tube procedures.

Another, much less critical, limitation of the
method is caused by a considerable fading of the
fluorescent stain when it is exposed for a few minutes
to ultraviolet light. This disadvantage emerges
particularly when taking photomicrographs of the
fluorescent specimens.

It should also be borne in mind that a number
of micro-organisms show natural fluorescence, and
in these cases the application of the fluorescent
antisera is difficult and often impossible.
The lower sensitivity limit of the fluorescent

antibody method has been calculated by Pressman
et al. (1958) to be 20 Ktg per gram of tissue, as
compared with 1.3 x 10-3 ,g/g for the radioauto-
graphic technique, the latter being 20 000 times more
sensitive. The fluorescent method, however, is
superior in the specific localization of antigens or
antibodies in tissue sections. In some cases a
combination of both methods can be used to
advantage, as shown by Vazquez & Dixon (1956),
who used antibodies labelled with both fluorescein
and 1311 in their studies of amyloidosis.

In summary it should be said that, despite its
limitations, the fluorescent antibody technique is a
powerful investigative tool which has created new
and exciting possibilities in medical and biological
research.

UMt

Une modification de la technique, qui en fait une me-
thode < indirecte i, consiste A combiner l'antigene avec
l'anticorps specifique (non fluorescent) puis A traiter le
complexe par un serum heterologue fluorescent, anti-
globuline de l'espece animale qui a fourni l'antiserum
specifique. II est possible aussi d'utiliser un complement
fluorescent pour identifier le systeme antigene-anticorps
fixant le complement.

Les applications de la methode des anticorps fluo-
rescents sont nombreuses. L'un de ses avantages est de
permettre l'examen direct du sang ou d'echantillons de
tissu, pour y rechercher les micro-organismes pathogenes,
sans proceder a l'isolement et A la culture. Ce proc6de
est souvent plus precis que les methodes classiques et
peut donner de bons resultats, meme quand plusieurs
types de germes sont en presence. Dans certains cas, il
permet de difftrencier des souches etroitement apparen-
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t&es. Cette technique convient aussi A 1'6tude de la patho-
genese de maladies infectieuses et de troubles d'origine
immunologique. Elle permet d'approfondir les recherches
sur le lieu et le mode de formation des anticorps.
La methode des anticorps fluorescents a cependant ses

limites. La pr6sence, dans le conjugu6, de colorant
fluorescent non combin6, ou la faible specific t6 de
certains serums, sources de r6actions crois6es, peuvent
conduire a des fluorescences non specifiques. Ces incon-
v6nients seront elimines en partie par la dialyse des
conjugues et leur absorption par du tissu pulverise.
L'autofluorescence jaune-verte de certains tissus peut

etre une source d'erreur, ais6ment 6vitable par 1'emploi
de colorants fluorescents de teinte contrastante.

Les autoradiogrammes ont la superiorit6, sur la tech-
nique de fluorescence, d'une plus grande specificit6,
lorsqu'il s'agit de decouvrir des antigenes en traces. Ils
sont en revanche moins recommandables pour la loca-
lisation des antigenes et anticorps dans les coupes de
tissus.

Appliquee avec precision et interpretee avec escient,
la methode par fluorescence peut rendre de grands ser-
vices aux chercheurs.
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