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■ This chapter will briefly review some of the older methods
and draw attention to aspects that were not given their
deserved dues in the two previous editions of the Handbook.
This will be followed by a more detailed description of 
several newer working procedures, including their advan-
tages and disadvantages. Because of the ever-increasing
repertoire of immunohisto(cyto)chemical methodology to
choose from, the individual investigator will have to make a
careful selection based primarily on the type of specimen to
be investigated, the available primary antibody, the degree
of sensitivity and the processing time required as well as the
cost of the reagents.

Although published more than ten years ago, today the
Special Report by Nadji and Ganjei1 on the use of immuno-
chemical staining methods in diagnostic cytology is consid-
ered a landmark review on this topic. Among the subjects cov-
ered were important technical aspects, the evaluation of the
staining results and their specific diagnostic applications. The
preparation of cell block specimens including their immuno-
cytochemical staining has been covered also by others.2

Another subject not dealt with in our last edition was the influ-
ence that decalcification of bone biopsies may have on the
immunoreactivity of several antigens. For important contribu-
tions on this topic, read the publications by Mullink et al3 and
Mukai et al.4

Regarding primary antibodies of the monoclonal type, some
attention should be directed to the type of diluent buffer used.
Rather than extrapolate from many years of experience in the
use of homogeneous polyclonal antibodies,5 diluents to be
used for monoclonal antibodies of widely different character-
istics should be selected more carefully.5-9 For example, 0.02M
phosphate buffered saline (PBS) was highly recommended8

and is still widely used as a diluent for primary antibodies,
including those of the monoclonal type. However, two recent
systematic studies showed that this diluent buffer decreased
the sensitivity of the immune reaction between most of the tis-
sue antigens investigated and their monoclonal antibodies.7,9

This study also confirmed that addition of 0.15M Na+ ions to
Tris diluent buffers could negatively affect the performance of
monoclonal antibodies when compared to Tris buffers without
this ion.7,10

When alkaline phosphatase serves as an enzyme label in a pro-
cedure, avoid using phosphate buffers as they inhibit the activi-
ty of the enzyme. Sodium azide, an antibacterial agent present
in many commercially prepared buffers, can prevent binding of
the peroxidase enzyme to its substrate and inhibit color devel-
opment. Its use in wash and diluent buffers should be avoided. 

DIRECT METHOD

■ In this oldest technique, an enzyme-labelled primary
antibody reacts with the antigen in the tissue (Figure 6).
Subsequent use of substrate-chromogen concludes the
reaction sequence. Because this method utilized only one
antibody, it could be completed quickly, and nonspecific
reactions were limited. However, since staining involves
only one labelled antibody, little signal amplification was
achieved and the method is no longer sufficiently sensitive
for today’s demands.

TWO-STEP INDIRECT METHOD

■ In this method, an unconjugated primary antibody first
binds to the antigen. An enzyme-labelled secondary antibody
directed against the primary antibody (now the antigen) is
then applied (Figure 7), followed by the substrate-chromogen
solution. If the primary antibody is made in rabbit or mouse,
the secondary antibody must be directed against rabbit or
mouse immunoglobulins, respectively.

This method is more versatile than the direct method
because a variety of primary antibodies from the same
species can be used with the same conjugated secondary
antibody. The procedure is also more sensitive than the
direct method as several secondary antibodies are likely to
react with a number of different epitopes of the primary
antibody thus amplifying the signal as more enzyme mole-
cules are attached per each target site.
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Figure 6:  Direct method: Enzyme-labelled primary antibody reacts with
tissue antigen.

Figure 7:  Two-step indirect method: Enzyme-labelled secondary
antibody reacts with primary antibody bound to tissue antigen.
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Undesired reactions may occur if the secondary antibody
cross-reacts with immunoglobulins of the tissue specimen.
This cross-reactivity however is now routinely eliminated by
using preabsorbed secondary antiserum, i.e., antiserum
that has been absorbed with immunoglobulins from the
species under investigation.

Probably one of the oldest uses of this technique was for
the detection of autoimmune antibodies (e.g., antinuclear
antibodies) in human serum. In this case, the patient’s
serum served as the source of the primary antibody and
was applied onto tissue specimens containing the nuclear
antigen, to be followed by an enzyme-linked secondary
antibody to human immunoglobulin. If the patient’s serum
contained antibodies to this antigen, the enzyme-linked
secondary antibody would react with the patient’s 
antibody and thereby indicate a positive result.

THREE-STEP INDIRECT METHOD

■ In the three-step indirect method, a second enzyme-
conjugated antibody is added to the previously described
indirect technique. The two enzyme-conjugated secondary
antibodies are applied sequentially (Figure 8). For example,
if the secondary antibody was made in goat, the third 
antibody must be specific for goat immunoglobulin. Both,
the secondary and tertiary antibodies must be conjugated
to the same enzyme.

The addition of a third layer of antibody serves to further
amplify the signal, since more antibodies are capable of
binding to the previously bound secondary reagent. This
procedure is particularly helpful when staining antigens
with a limited number of epitopes.

The three-step indirect method provides a simple way to
further increase the staining intensities compared to the
two previous techniques.

SOLUBLE ENZYME IMMUNE COMPLEX 
TECHNIQUES

■ These techniques, sometimes also called unlabelled 
antibody methods, utilize a preformed soluble enzyme-
anti-enzyme immune complex. To obtain this soluble 
complex, excess enzyme is added to its antibody and any
precipitate is removed.

The staining sequence of this technique consists of the
use of an unconjugated primary antibody, a secondary
antibody, the soluble enzyme-anti-enzyme complex and
substrate solution. The primary antibody and the antibody
of the enzyme immune complex must be made in the
same species. The secondary antibody must be directed
against immunoglobulins of the species producing both
the primary antibody and the enzyme immune complex.
The secondary antibody is added in excess so that one of
its two Fab sites binds to the primary antibody leaving the
other site available for binding the antibody of the enzyme
immune complex.

Soluble enzyme-anti-enzyme immune complex techniques
were named after the particular enzyme immune complex
they used. For example, the PAP method utilized a 
peroxidase-antiperoxidase complex, APAAP used an alka-
line phosphatase-antialkaline phosphatase complex. The
PAP complex consists of three molecules of peroxidase
and two antibodies and the APAAP complex has two mole-
cules of alkaline phosphatase and one antibody (Figure 9).

These methods were more sensitive than those described
previously. The technique made use of the affinity of antibody
for antigen (enzyme) to form a stable immune complex as
opposed to the harsher chemical conjugation process. The
greater degree of sensitivity compared to the previously
described methods was mainly attributed to the greater
number of enzyme molecules localized per antigenic site. 

Figure 8:  Three-step indirect method: Enzyme-labelled tertiary antibody
reacts with enzyme-labelled secondary antibody.

Figure 9:  The APAAP immune complex reacts with secondary antibody.
Primary antibody and the antibody of the immune complex must be
made in the same species.
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For many years, the PAP and APAAP procedures 
represented the most sensitive and reliable and hence
most popular techniques in many pathology laboratories.
However, today these techniques are only rarely used.

(STREPT)AVIDIN-BIOTIN TECHNOLOGIES

■ Most of the immunochemical staining methods in use
today are based on the high affinity (K = 10-15M) that 
(strept)avidin (Streptomyces avidinii) and avidin (chicken
egg) have for biotin. Both possess four binding sites for
biotin, but due to the molecular orientation of the binding
sites, fewer than four molecules of biotin will actually bind.
Because avidin is a glycoprotein and has an isoelectric
point (pI) of 10, it has a propensity to non-specifically bind
to lectin-like and negatively charged tissue components
at physiological pH. It has been largely replaced today by
streptavidin (also see Background chapter). 

The inherent amplification of sensitivity made the avidin-
and streptavidin-biotin methods more desirable than the
previously described PAP and APAAP methods.The basic
sequence of reagent application consists of primary 
antibody, biotinylated secondary antibody, followed either
by the preformed (strept)avidin-biotin-enzyme complex of
the avidin-biotin complex (ABC) technique (Figure 10) or
by the enzyme-labelled streptavidin (Figure 11). Both 
conclude with the substrate solution. Horseradish peroxi-
dase and alkaline phosphatase are the most commonly
used enzyme labels. While the authors of the ABC
method11 reported this procedure to have a greater 
sensitivity than the PAP method, Giorno12 subsequently
found the sensitivity of a labelled avidin-biotin (LAB)
method to be approximately four- to eight-fold greater than
the ABC method. In both methods, the avidin has now
been largely replaced by the use of streptavidin leading to
the labelled streptavidin-biotin (LSAB) method and a 
modified ABC procedure, respectively.

Several modifications of these technologies have either 
increased the sensitivity or contributed to facilitating the stain-
ing process. These will be discussed later in this chapter.

■ GENERAL ABC PROCEDURE Formation of the ABC
complex requires that the solutions of the (strept)avidin
and biotinylated enzyme are mixed in an optimal ratio and
be prepared at least 30 minutes before use. All incubations
are carried out at room temperature.

1. Incubate tissue 30 minutes with normal swine 
(rabbit) serum.

2. Tap off serum and wipe away excess. DO NOT RINSE.

Incubate 30 minutes with each of the following 
3 reagents; rinse with and place 3–5 minutes in wash
buffer after each step. 

3. Primary antibody. 

4. Biotinylated secondary antibody.

5. (Strept)avidin-biotin complex (prepared at least 
30 minutes before use).

6. Incubate with substrate until desired staining intensity
has developed.

7. Rinse with distilled water, counterstain and coverslip.

ABC PROCEDURE UTILIZING CATALYZED
SIGNAL AMPLIFICATION (CSA)

■ Catalyzed signal amplification (CSA) uses an amplifi-
cation reagent subsequent to the use of the streptavidin-
biotin-peroxidase complex of the ABC protocol. The
amplification reagent contains a phenolic substrate
(biotinyl-tyramide) that is catalyzed by the bound perox-
idase to form insoluble biotinylated phenols.13-15 The
deposited biotins are then reacted with streptavidin-
labelled peroxidase, thereby resulting in the deposition
of additional enzyme molecules (Figure 12). Sanno et al16

reported staining for pituitary hormones by CSA with a
sensitivity estimated to be 100 fold greater than that of
the standard ABC method. In a comparison with the
LSAB method, over 40 primary antibodies were found to
react positively by the CSA system at dilutions from 20 to

Figure 10:  In the ABC technology, the avidin- or streptavidin-biotin-enzyme
complex reacts with the biotinylated secondary antibody.

Figure 11:  In the LAB or LSAB technology, the enzyme-labelled
(strept)avidin reacts with the biotinylated secondary antibody.
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200 times greater.17 Furthermore, the CSA system was
shown to be sensitive enough to detect many antigens of
formalin-fixed and paraffin-embedded tissue previously
considered unreactive in this medium. In combination
with thermally induced antigen retrieval (see Antigen
Retrieval chapter), CSA has vastly expanded the 
horizons of immunohistochemistry.

■ GENERAL CSA PROCEDURE FOR USE WITH
MONOCLONAL MOUSE PRIMARY ANTIBODIES. 

1. Incubate tissue 5 minutes with peroxidase blocking
reagent (optional).

2. Rinse with and place 3–5 minutes in buffer.

3. Incubate 5 minutes with a protein-blocking reagent
to reduce background.

4. Tap off excess protein block. DO NOT RINSE.

Incubate 15 minutes with each of the following 
5 reagents, repeat Step 2 after each:

5. Primary mouse antibody (or negative control
reagent).

6. Biotinylated rabbit anti-mouse link antibody.

7. Streptavidin-biotin complex.

8. Amplification reagent.

9. Streptavidin-peroxidase complex.

10. Incubate 5 minutes with substrate-chromogen solution.

11. Rinse with distilled water.

12. Counterstain with hematoxylin (optional) and coverslip.

LSAB TECHNOLOGIES

■ The LSAB reagents are applied in the sequence of 
primary rabbit (mouse) antibody, biotinylated anti-rabbit 
(anti-mouse) immunoglobulins and streptavidin-enzyme 
conjugate (Figure 13). The color reaction is then 
developed with the appropriate substrate/chromogen.
Although relatively short incubations of 10 minutes are gen-
erally recommended for routine applications, a substantial
increase in sensitivity can be obtained by incubations with
these reagents (especially primary antibody) for 30 minutes.

Except for the use of appropriately diluted enzyme-labelled
streptavidin, the same protocol should be followed as for the
ABC procedure. It should be noted that the biotinylated 
antibody and the enzyme-labelled streptavidin can be 
pre-mixed and applied as a complex, thereby shortening
this procedure by one step. 

■ GENERAL LSAB PROCEDURE (HRP) FOR USE WITH
MONOCLONAL MOUSE PRIMARY ANTIBODY

1. Incubate 5 minutes with peroxidase blocking reagent
(optional).

2. Rinse with and place 3–5 minutes in wash buffer.

Incubate 10 minutes with each of the following 
4 reagents; repeat Step 2 after each:

3. Primary antibody (or negative control reagent).

4. Biotinylated link antibody.

5. Streptavidin-HRP.

6. Substrate-chromogen solution.

7. Counterstain with hematoxylin (optional) and coverslip.

CHAIN POLYMER-CONJUGATED TECHNOLOGY 

■ This technology (DAKO EPOSTM and DAKO EnVision
Systems) is protected by patents both in the USA as well as
in Europe and utilizes an enzyme-labelled inert “spine” mol-
ecule of dextran (Figure14). In addition to an average of 70
molecules of enzyme, 10 molecules of antibody can be
attached to the spine molecule. In the EPOS System
(Enhanced Polymer One-step Method) it is the primary 

STEP 5 STEP 6 STEP 7

Figure 12:  In the CSA technology, the primary antibody (step 5) is followed
by a biotinylated secondary antibody (step 6), the streptavidin-biotin 
complex (step 7), the amplification reagent (step 8), and concludes with the
streptavidin-enzyme complex (step 9).

STEP 8 STEP 9 STEP 3 STEP 4 STEP 5

Figure 13:  The three steps of the LSAB technology consist of the primary
antibody (step 3), biotinylated link antibody (step 4) and enzyme-labelled
streptavidin (step 5).
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antibody that is conjugated to the enzyme-labelled dextran,
thus staining is reduced to one immunochemical step.
Conjugation of the secondary antibody instead results in
the EnVision System in which staining is performed first by
incubation with the primary antibody followed by the 
polymer. Conjugation of both anti-rabbit and -mouse 
secondary antibodies renders the system useful for both
poly- and monoclonal primary antibodies, respectively.
Because these systems avoid the use of (strept)avidin and
biotin, nonspecific staining as a result of endogenous biotin
is eliminated.

As mentioned, the chief advantage gained by the EPOS
and EnVision technologies was the reduced number of
incubation steps of the staining protocol normally required.
Using the EPOS system, Chilosi et al18 reported rapid 
staining completed in a single step and within 10 minutes.
On the other hand, prolonging the incubation times with
the primary antibody and the labelled polymer of the
EnVision system can also result in antibody dilutions 
several-fold higher than those used in the standard ABC or
LSAB protocols. 

To what extent, if any, the molecular size of the polymer
conjugate may constitute an impediment to unobstructed
penetration of tissue sections has not been established.19

■ GENERAL EPOS PROCEDURE (PEROXIDASE)

1. Quench for endogenous peroxidase activity (optional). 

2. Rinse with and place 3–5 minutes in wash buffer.

3. Incubate 10–60 minutes with EPOS conjugate.

4. Repeat Step 2.

5. Incubate 5–15 minutes with substrate-chromogen 

6. Counterstain (optional) and coverslip.

■ GENERAL ENVISION PROCEDURE (PEROXIDASE) 

1. Incubate 5 minutes with peroxidase blocking reagent
(optional).

2. Rinse with and incubate 3–5 minutes in wash buffer.

3. Incubate with primary antibody for 10* minutes.

4. Repeat Step 2. 

5. Incubate for 5–10 minutes in polymer solution.

6. Repeat Step 2 twice.

7. Incubate 5–10 minutes in substrate substrate-
chromogen.

8. Repeat Step 2.

9. Counterstain and coverslip.
Incubations of 30 minutes are used in the EnVision+ system and help to
increase sensitivity.

ENVISION PROCEDURES FOR THE SIMULTANEOUS
STAINING OF SEVERAL TISSUE MARKERS

■ Procedures for the simultaneous staining of two or more
tissue antigens have frequently suffered from limitations
which rendered their use impractical. The chain-polymer
based technology of the EnVision system however has
been utilized successfully for this application.20 Figure15
illustrates the system in which peroxidase- and alkaline
phosphatase-labelled polymers are conjugated with 
secondary antibodies against rabbit or mouse. An elution
step prior to the use of additional primary antibodies serves
to remove previously bound primary and link antibodies
leaving only the deposit of chromogen from the previous
steps,21 thus eliminating any potential for cross-reactivity.

■ GENERAL DOUBLESTAIN PROCEDURE

1. Quench for endogenous peroxidase activity (optional).

2. Rinse and incubate for 3–5 minutes in wash buffer.

Incubate for 10* minutes with each reagent in 
Steps 3, 4, 8 and 9; repeat Step 2 after each:

3. First primary antibody.

4. First link antibody/peroxidase-conjugated polymer. 

5. Incubate 5–10 minutes with first substrate-chromogen.

6. Rinse with distilled water.

7. Incubate in doublestain block reagent for 3 minutes.

8. Second primary antibody.

9. Second link antibody/alkaline phosphatase-
conjugated polymer.

10. Incubate 5–10 minutes with second substrate-
chromogen.

11. Rinse with distilled water.

12. Counterstain (optional) and coverslip.
Incubations of 30 minutes are used in the EnVision+ system and help to
increase sensitivity.

Figure 14:  In the two-step EnVision System, the primary antibody (step
3) is followed by a spine molecule (step 5) which contains an average of 
10 molecules of secondary antibody and 70 molecules of enzyme.
(Peroxidase block and wash steps omitted.)

STEP 3 STEP 5
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QUICK STAINING METHODS

■ Situations may arise when rapid histopathological 
evaluation becomes either necessary or desirable, as for
example, during surgery. Traditionally, such evaluation was
based almost entirely on morphological parameters 
following routine hematoxylin and eosin staining. The
development of high-quality primary antibodies and more
sensitive staining techniques, has made it possible to also
obtain rapid immunochemical parameters to complement
morphology.

Careful selection of methodology (e.g., EPOS), including 
primary antibody and antibody diluent (pH, ions), have 
significantly contributed to successful rapid staining with
minimal background interference.7,18,22 However, rapid
staining protocols do not lend themselves to the processing
of many tissue sections at one time.
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Figure 15:  For the simultaneous staining of two or more tissue markers by
the EnVision System, the first primary antibody (step 3) is followed by the
first spine molecule (step 4), use of a chromogen for the staining of the
first antigen (step 5) is followed by a blocking reagent (step 7), applica-
tion of the second primary antibody (step 8), the second spine molecule
(step 9) and is concluded with the use of the second chromogen (step
10). The System allows for the use of a combination of rabbit polyclonal
and/or mouse monoclonal primary antibodies, peroxidase and/or alkaline
phosphatase, as well as chromogens such as DAB, Enhanced DAB, Fast
Red, Fuchsin and BCIP/NBT. (Peroxidase block and wash steps omitted.)
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