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Liver, AFP
A liver section. from a hepatoblasloma case stains positively lor
the oncoletal antigen alpha-'-Ietaprotein (AFP). A major
glycoprotein of the fetus, AFP has been localized in hepalaceJlu
lar carcinoma and yolk sac tumors of the ovary and lestis. AFP
is a userul marker lor distinguishing these types of tumors from
other neoplasms.

Skin, 5-100
A skin biopsy from a case of superficial, spreading, malignant
melanoma showing intense positive staining for S-100 protein.

.5-100 is a nervous system associated protein Ihat is a useful
marker for Ihe idenlification of melanocyte derived tumors such
as nevi and melanoma, regardless of melanin content. It can
also aid in distinguishing poorly differentiated melanoma from

.. tumors of obscure histol9glcal origin.

..

Skin, Keratin
A skin biopsy from a patient with well differentiated squamous
cell carcinoma shows positive staining for keratin. The varia lion
in stain intensity is due to the difference in the amount 01 keralin
produced by the individual tumor cells. Keratin is a useful
marker for establishing the epithelial nature 01 primary and
metastatic tumors, especially lor those exhibiting uncharacter
istic morphology.

,.

Skin, Paplllomavirus
Immunoperoxidase staining lor papillomavlrus shows local
Izalion in the nuclei of inrected celts present in this skin biopsy.
Papillomavirus can be identified in a variety of proliferative
squamous lesions as well as in many cases of cervical
dysplasia. Some types of papiliomavirus have the ability to
undergo malignant transformation especially in Immunosup
pressed patients. Indications 01 papillomavirus Infection have
been found In a high percentage 01 women with cervical
neoplasia.

,.'

Liver, HBsAg
Hepatitis B surface antigen (HBsAg) representing the capsular
material 01 the hepatitis B virus can be localized in the
cytoplasm 01 infected .liver cells. HBsAg can be detected in
cases 01 type B viral hepatitis, chronic carriers, cirrhosis, and
hepatocellular carcinoma. The results of immunoperoxidase
staining are usually more intense and easier to interpret than
those achieved by using an orcein slain.

Colon, PSA
Positive staining for prostate specific antigen (PSA) idenlilies
this colon tumor as being metastatic from the prostate. All
primary and metastatic prostatic carcinomas show' positive
staining for PSA regardless of their morphological differentia
tion, while nonprostatic malignancies do not stain. PSA is a
useful tool in the identification of tumors of prostatic origin.

The formalin fixed, paraffin embedded tissue specimens used
for these photographs were all stained using the peroxidase
antiperoxidase (PAP) technique. The chromagen, 3-amino-g
ethylcarbazole, produces a red end product that precipitates at
the site of the antibody reaction. Positive cells will therefore
stain red, while negative cells and nuclei will appear blue due to
the hematoxylin counterstain.
Note additional photographs on Inside back cover.
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INTRODUCTION

With the introduction of immunochemical techniques into
the routine histology laboratory, a new era of tissue staining
evolved. These very sensitive and specific methods, utilizing
antigen-antibody complexes, allow visualization of previously
"ndetectable cell components. This handbook will guide you
through the maze of scientitic knoWledge necessary to per
form immunoperoxidase staining techniques.

We will start at the beginning by explaining exactly what
immunochemicals are, and what they can do. Once we have
an understanding of the various methods that are used, we
can then outline step-by-step procedures; discuss controls,
fixation and processing of specimens; and provide special
hints to achieve successful staining. An entire chapter is
devoted to troubleshooting, for those special problems. A sec
tion on stain interpretation and reference list will aid in the
evaluation of the finished product.

Immunoperoxidase staining is an important and useful tool
in the identification of a wide variety of cell products. This
handbook contains all the necessary information to assist you
in making these techniques an integral parI of your laboratory
routine.

,.
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Immunoperoxidase Staining Methods

ANTIGENS AND ANTIBODIES

It is necessary to have a basic knowledge 01 the building
blocks 01 immunology (antigens and antibodies) to more fully
understand immunoperoxidase methods.

Antigens

Antigens have two main properties. The first is immuno
genlcity, which is the ability to induce antibody formation. The
second properly is specific reactivity. which means that the
antigen can react wlfh the antibody it caused to be produced.
The reaction between an antigen and its antibody is one of the
most specific in biology, and is Ihe reason that immunohisto
chemical reactions are more precise lhan ordinary histo
chemical techniques.

An antigen then, is a substance foreign to the host which
stimulates lormation of a specific antibody and which will
react with fhe antibody produced. This reaction involves the
formation of immune complexes comprised of several an
tigen and antibody molecules. These complexes may become
very large and lorm precipitates which Can be measured by
various lechniques_

Antibodies

An antibody is a serum protein that is formed in response
to exposure to an antigen, and reacts specifically with that an·
tigen to form immune complexes either in the body or in the
laboratory. Antibody production is a response by the body to
loreign material (an antigen), and is designed to rid the body
of this invader.

Antibodies are contained in the gamma globulin fraction 01
serum, and are olten called immunoglobulins (Ig). They can
be divided into five classes based on their size, weight, struc
lure, function, and other criteria. The classes are IgA (im
munoglobulin A), IgD, IgE, IgG, and IgM. Antibody solutions
utilized in immunohistochemical staining canlain mostly IgG
Iype antibodies, with lesser amounts of the other classes.

Antibody Structure

Structurally, an antibody is made up of two kinds of protein
Chains-heavy and light chains. Immunoglobulins are named
for their heavy chains, so the IgG molecule In Figure 1 will
have heavy chains of the gamma ( r ) type. An IgA antibody
has alpha ( 0 ) heavy chains; IgD, delta ( d) heavy chains; IgE,
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epsilon ( £ ) heavy chains; and IgM has mu ( ~ ) heavy chains.
A primary -antibody for immunoperoxidase staining that is
"specific for gamma chains" will localize the heavy chain of
an IgG molecule.

There sr" only two types of light chains common to all five
groups: kappa ( K ) and lambda ( A): An IgG molecule has two
identical light chains, either two kappa chains or two lambda
chains (Figure 2). A single antibody can never have both kap·
pa and lambda chains. This is important when discussing the
interpretation 01 light chain staining in lymphoma cases.

The orientation 01 an IgG antibody is shown in Figure 3.
The Fc portion stands for fragment crystalline, and will
crystallize out upon purilicatlon. This region is involved in
complement fixation and transfer of antibody across the
placenta. The remaining portions are called the fragment an·
tigen binding or Fab regions. These are the parts of the an
tibody molecule capable of specifically binding to the antigen.
Jhis IgG molecule has the ability to bind two antigen mole
cules, one at each Fab site.

Antibody Production

In order to produce an antibody for laboratory use, it is first
necessary to purify an antigen. A source for the antigen such
as serum, urine or tissue Is subjected to a combination of pro
cedures including precipitation, centritugation, dialysis,
chromatography and electrophoresis to obtain a highly
purified antigen. The antigen is then injected into an animal of
dilferent species than that of antigen source. The animal will
identify the antigen as foreign matter, and produce an an·
tibody dlr~cted specifically against it. Antibody production
begins Within twenty minutes after injection, although a
measurable quantity of antibody cannot be detected for 5-10
days. Small blood samples are usually obtained and pooled al
two week intervals. Booster injections of antigen are often
administered every month to promote consistent antibody
production.

The choice of an animal for injection depends upon the an·
tlgen used, housing facilities avaitable, amount of antibody
needed, and personal preference. Usually several animals of
the species chosen will be injected with an antigen, as each
animal will vary in how it responds to the antigen, and in the
amount of antibody it produces. After several bleedings are
pooled, contaminanfs presenf must be removed. This is
usually accomplished by either liquid or solid phase antigen
absorption techniques.
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Heavy Chain
(gamma)

Heavy Chain
(gamma)

Figure 1. IgG molecule showing paired heavy chains of gamma
type.

Figure 2. IgG molecules showing only possible light chain
, . configurations.
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Figure 4. Whole serum antibody solution containing all normal
animal serum components in addition to specific antibody.

Figure 5. Immunoglobulin fraction of serum containing only
antibodies.

Figurs 6. Antigen specific antibody is more specific than usually
necessary.

Figure 7. A conjugate combines an antibody and some type of
visual marker.

Figure 8. A peroxidase-antiperoxidase immune complex formed
by natural affinities between antigens and antibodies.

Key to Figures 4 through 8.

)~peeifie Antibody • Visual Marker • _ Serum Components

• Peroxidase Enzyme
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Immunoperoxidase Staining Methods

Types of Antibody Solutions

There are several antibody preparations availabie for use
in immunoperoxidase procedures. The easiest to produce,
and therefore the most common and least expensive, is
whoie serum. Animal blood containing the antibody is cen·
trifuged to separate the cells from the serum, and any can·
taminating antibodies are absorbed out.

A whole serum solution is pictured schematically in Figure
4. It will contain antibodies specific for the antigen the animal
was immunized with. Other antibodies which are products of
the animal's normally functioning immune system will also be
present. These should not interfere with staining procedures.
The bulk of the whole serum fraction is made up of ordinary
serum components such as enzymes, electrolytes, and
serum proteins. Occasionally, these other serum elements
can cause unwanted background staining In some tech
niques. This is due to the affinity of serum proteins, most
notably albumin, alpha and beta globulins, for certain tissue
components.

Since the only element necessary for immunoperoxidase
methods is antibody, all other serum components can be
eliminated. This type of preparation, called an immuno·
globulin or 19 fraction, is depicted in Figure 5. This solution
contains moslly antibodies, both specific and naturally occur
ring, plus a very small amount of residual serum protein. The
removal of the majority of proteins will reduce the chances of
nonspecific reactions in various techniques.

It is possible, as shown in Figure 6, to prepare a solution
containing only antibodies directed against a specific antigen.
This is called antigen specific antibody. It Is not commonly
available, and has greater specificity than is necessary for
most procedures.

A fourth type of preparation, and one which is readiiy
available, is conjugated antibody (Figure 7). Conjugation is the
process of chemically linking some type of marker onto an an·
tibody molecule. This can be a fluorescent label such as
fluorescein and rhodamine, or an enzyme such as alkaline
phosphatase or horseradish peroxidase. A wide variety of
conjugates are available for use in various direct and indirect
immunohistologicai stains.

Unfortunately, in the chemical process ot conjugation:'
small amounts of antibody and label can be destroyed. This
can decrease the sensillvity and specificity otthese reagents.
An alternative to artificially combining a marker to an antibody
is an immune complex-the combination of an antigen and
its specific antibody utiliZing the natural affinity they have for
one another. These complexes are specially prepared to reo
main soluble and not to form precipitates in solution. An ex·
ample of this is the peroxidase antiperoxldase (PAP) complex
which consists of the enzyme peroxidase (the antigen) and an
anllbody specific for peroxidase (Figure 8). The use of these
naturally formed Immune complexes instead of chemical con
jugates, makes PAP staining procedures as much as 1,000
times more sensitive than immunofluorescence.

9

Monoclonal Antibodies

A single antigen molecule contains several characteristic
anligenic determinants or epitopes. When an anligen is
injected inlo an animal as described previously, the
B·lymphocytes will make antibodies against the antigen. One
B·cell can form antibodies against only one antigenic epitope.
Since there are many B-cells producing antibodies against
each epitope, this is called a polyclona! (many cells) antibody.

In some techniques it is desirable 10 have an antibody
specific for a single epitope. Since this is produced by a single
B·cell line (called a cione) it is termed a monoclonal (single
cell) antibody.

The selection of the B·cell clone producing the desired an·
tibody musl'be performed outside the animal. However, these
cells cannot grow and divide once 'removed from their host,
and will die in approximately one week. In order to preserve
the antibody production capabilities of the clone, the B·cell is
tused with a myeloma cell (a cancerous Rcell) that can live
almost indefinitely outside the host animal. The hybrid
myeloma cell (hybridoma) that is formed by this tusion can be
grown in cell culture as can the myeloma cell, and will pro·
duce the antibody that was being made by the B·cell.

To obtain a consistent supply of monoclonal antibody, the
hybridoma tormed must be stable. First, the B·cell and the
myeloma cell must come'from the same animal species. The
myeloma cell must be suitable for hybridizing and be easily
propagated in culture. A large number of B·lymphocytes must
be available for fusion. The animal that most readily fulfills
these criteria is the mouse.

The first step in producing a monoclonal antibody is iden·
tical to that of making a polyclonal antibody (Figure 9). A
mouse is injected with a purified antigen, and will begin mak·
ing antibody againsf it. When large amounts of antibody are
being produced, the mouse is sacrificed and the spleen, can·
taining large quantities of B·lymphocytes, is removed. A cell
suspension is made and is mixed with the myeloma cells in a
medium that will cause the cells to fuse. Unfused and im·
properly fused cells will die, while the desired hybridomas will
live and grow In culture. The hybridomas are tesled fo deter·
mine which. clone is producing antibody against the desired
epitope. nilS is the most difficulf and time-consuming part of
the procedure.

Once lIie appropriate cell line is Identified, it can be in·
jected back into a mouse where it will produce a tumor. The
ascitic fluid from the tumor will contain high concentrations of
the antibody, as well as other mouse immunoglobulins and
proleins which can cause increased background staining in
immunoperoxidase techniques.

Another method of producing monoclonal antibodies is to
grow the hybridoma in tissue culture. The supernatant fluid
will contain the antibody produced by the hybridoma. Culture
supernatants contain lower concentrations of antibody than
ascitic fluid, but nonspecific background staining due to
undesired proteins is eliminated.
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Figure 9. Producing monoclonal antibodIes.
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Immunoperoxidase Staining Methods

STAINING METHODS

There are four main methods of immunoperoxidase stain·
ing that can be used to localize cellular anligens. The direct,
indirect, PAP, and avidin-biotin methods each have certain ad·
vantages and disadvantages which must be evaluated prior to
selection of the most effective procedure for lhe work to be
pertormed. •

Immunoperoxidase procedures allow visualization of cell
components in a variety of specimens including paraffin sec
tions. cryostat sections, smears, imprints and cylospins. For a
specific antigen it can be determined what type of cells pro
duce this substance in normal and neoplastic tissue, levels
ot the substance produced, the identification of cells of
unknown origin, and the determination of tumor cell
differentiation.

Peroxfdase

Imr:nunoperoxidase staining involves the use of antibodies
and the enzyme peroxidase. Peroxidase is commonly used
for several reasons:

lis small size will not hinder the binding of antibodies to
adjacent sites.

ff is easily obtainable in highly purified form so that the
chance of contamination is minimized.

It is very stable, and therefore will remain unchanged
during manufacture, storage and application.

Only small amounts are present in tissue specimens~

and this endogenous peroxidase activity is easily
quenched.

- There is a wide availability of chromagens which can
be acled upon by peroxidase to torm a colored end
product that will precipitate at the site of the antigen to
be localized.

It is inexpensive.

Direct Method

The simplest way to localize a certain antigen is by using
an antibody directed specifically against it. In the direct im·
munoperoxidase method this specific antibody is chemically
linked to peroxidase. The conjugated reagent is applied to the
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specimen, and will react with the antigen (Figure 10). A
substrate is then applied which will produce a colored end
product precipitating at the site, and thus mark the localized
antigen.

Direct lechnique can be perforrT)ed very quickly, with low
probability of nonspecific reactions. The main drawback is
that for every antigen to be localized, a different conjugated
antibody is needed. If the antibody cannot be obtained in con·
jugaled form, then lhe user must either perform lhe conjuga·
tion himself, or choose another procedure.

The most common application of the direct immunoperox·
idase method is for the detection of immunoglobulin, comple·
ment and immune complex deposits in kidney biopsies from
patients with various types of renal disease. These same an
tigens can also be localized in skin biopsies from cases of
systemic lupus erythematosus (SLE) and other connective
tissue disorders. The most common antigens identified in
these cases are IgG, IgA~ IgM, C3 and C4.

Indirect Method

In the indirect application, an unconjugated antibody will
bind to the antigen in the specimen. To localize this attach·
ment, a peroxidase conjugated antibody is needed to bind to
the first antibody. For example, if the primary antibody was
made in a rabbit, then the conjugated secondary antibody
must be specific for rabbit antibody. A substrate is added to
localize the reaction (Figure 11).

This method is more versalife than the' direct method
because ~. variety of primary antibodies made in the same
animal species can be used with one conjugated secondary
antibody. Therefore, this procedure can be used to advantage
with any primary antibody when a perOXidase conjugated sec·
ond antibody is available. However, the procedure lakes ap·
proximalely twice as long to complete as the direct method,
and there is greater chance of nonspecific reactions
occurring.

The primary use for the indirect immunoperoxidase tech·
nique is to identify antibodies in the serum of patients with
various autoimmune, bacterial and parasitic diseases. In this
procedure, the patient's serum is applied to the antigen con·
taining specimen in place of the primary antibody. The perox·
idase conjugated secondary antibody is specific for human
immunoglobulin. If the patient has an antibody that can react
wth the antigen in the specimen, the peroxidase conjugated
anti·human immunoglobulin will bind to the patient antibody,
and show positive staining for the antigen. If the patient's
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serum contains no antibody to that antigen, the secondary an
tibody cannot bind, and no staining of the antigen will be seen.
Some of the more common palient antibodies identified are
against nuclear, Ihyroidal, mitochondrial, and smooth muscle
antigens; treponema pallidum; herpes simplex virus; and
cytomegalovirus.

PAP Method

This method utilizes three reagents: Primary and secon·
dary antibodies, and PAP Complex-comprised of the en·
zyme peroxidase and an antibody against peroxidase. The
primary antibody is specitic tor the antigen. The secondary or
"link" anlibody is capable of binding to both the primary and
to the PAP Complex, because both are produced in the same
animal species.

Functionally, the link antibody is added in excess so that
only one of its Fab sites will bind to the primary, leaving the
other Fab site tree to bind to the antibody in the PAP Complex.
The peroxidase enzyme is visualized via a substrale·
chromagen reaction (Figure 12).

Absence of conjugated antibodies in this method means
greater sensitivity than that attributed to the direct and in·
direct techniques. This is especially evident in formalin fixed,
paraffin embedded tissues where strong staining can be
observed even though much of the 'antigen has been de·
stroyed by fixation and processing. Due to this loss of antigen
during fixation, the direct and indirect techniques must be
performed on frozen sections to achieve consistent results.
The greater lIexibilily of the PAP method in specimen process·
ing seems to compensate for the increased time required by
fhis method.

One of the most important applications of the PAP method
is in determining the origin of tumors by identifying specific
anfigens the cells produce. This allows for more accurate
classification-especially of poorly differentiated and
metastatic tumors-than can be achieved on the basis at
morphology alone. The fact that the PAP method is applicable
to routinely fixed, paraffin embedded material circumvents
the need for frozen tissue and also permits retrospective
studies. "

Some of the tumor markers commonly used are prostate
specific antigen (PSA) to identify tumors of prostatic origin;
immunoglobulins such as kappa and lambda light chains, IgG,
IgA and 19M to distinguish B·cell lymphomas from undifferen·
tiated carcinomas; glial fibrillary acidic protein (GFA) which
slains all lumors of glial origin, both primary and metastatic;
and human chorionic gonadotrophin (HCG) which can be lo
calized in normal trophoblastic cells and the trophoblastic
element of germ cell tumors of the ovary, testis and ex·
tragonadal sites.

Handbook 01

Avidin·biotin Method

This method is based on the abilily of the egg·while
glycoprotein avidin to nonimmunologically bind four mole·
cules of the vitamin biotin. As with the PAP method, three
reagents are used. The first is a primary antibody specific for
the antigen to be localized. The secondary antibody, capable
of binding to the first, is conjugated to biotin. The third reagent
is a complex of peroxidase conjugated biolin and avidin. The
free sites of Ihe avidin molecule allow binding to the biotin on
the secondary antibody. The peroxidase enzyme, and there·

. fore the original antigen, are visualized with an appropriate
chromagen (Figure 13).
Even though conjugated antibodies are used in this method,

> the strong affinily of avidin for biotin gives this method greater
sensitivity than other conjugated antibody techniques such as
the direct and indirect methods. Like the PAP method, ex·
cellent results can be achieved on fixed, paraffin embedded
specimens.

The avidin·biotin technique represents one of the most reo
cent developments in immunoperoxidase slaining. 1\ lends
itself to the localization of numerous antigens in a variety of
specimens. Much of fhe early work with this method has been
in the identification of pituitary hormones in normal and
neoplastic tissue. Other uses include staining for cell surface
markers, lectin binding sites, viral proteins and intermediate
filaments.

Figure 14. Peroxidase activity already present in the
tissue will show staining if not Inhibited
before antibody application.

r=A-A Tissue

Figure 15. Nonspecific binding of primary antibody to
charged collagen and connective tissue, with
subsequent immunoperoxidase staining, can
be avoided by pretreatment of the specimen
with animal serum.
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Endogenous Peroxidase Activity

The substrate·chromagen reaction used to visualize per
oxidase cannot distinguish between the enzyme immunologi
cally localizing the cellular antigen, and similar enzymatic
activity present in the specimen before staining. This en
dogenous peroxidase activity is confined mostly to red and
white blood cells. If it is not removed before adding lhe mark·
ing enzyme, positive staining will be obseNed that is due not
to the specific antigen alone, but also due to peroxidase ac·
tivity already present in the specimen (Figure 14).

There are several ways to irreversibly inhibit endogenous
peroxidase, and one of lhese techniques should be per·
formed at the beginning of the staining procedure. The
quickest and easiest technique is to place 4 to 6 drops of 3%
hydrogen peroxide directly on the specimen, and incubate tor
five minutes before rinsing off.

Specimens containing large numbers of blood cells such
as cytospins and blood smears will show a violent reaction
wilh hydrogen peroxide due to the large amount at perox
idase activity present. The bubbling and fizzing that occurs
can damage the cellular morphology, so 3% hydrogen perox
ide should NOT be used on these specimens. A similar reac·
tion will also occur when 3 % hydrogen peroxide is placed on
cryostat sections embedded in O.C.T.

Consequently, for cytospins, blood smears and frozen sec
tions, a different procedure must be used. These specimens
should be placed in a bath of hydrogen peroxide and
methanol for twenty minutes. The bath of 200 ml absolute
methanol plus 50 ml of 3% hydrogen peroxide must be made
up fresh jusf before use. The formula amount can be scaled
up or down depending on the number at specimens to be
tested.

There are various other solutions that can be used in place
of hydrogen peroxide-methanol. Slides can be placed in a
bath of 100 ml of concentrated ethanol containing 0.2 ml of
concentrated HCI for 15 minutes. A bath of absolute methanol
with 1% sodium nitroferricyanide and 0.2% acetic acid can
also be used. A slightly longer procedure Is to incubafe the
slides in 0.1 % phenylhydrazine for one hour at 37 'C. A two
step procedure involves incubation with 0.01 % periodic aci~

for ten minutes followed by a solution of 0.1 mg sodium bora
hydride/1 ml of water for ten minutes to reduce any aide·
hydes produced by the periodic acid.

Most tissues do not contain large amounts of biood cells or
endogenous peroxidase, and activity is usually confined to
blood vessels. In these specimens the incubation with
hydrogen peroxide can be omitted, although when inter
preting the staining patterns this must be taken into con
sideration. In specimens that do contain many blood
cells-such as bone marrow, placenta and spleen-removal
of endogenous peroxidase is essential to correct interpreta
tion. These specimens also serve ab excellent controls when
evaluating the effectiveness of new lots of hydrogen peroxide.
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Nonspecific Background Staining

Positive staining of a specimen that is not a result of
anligen·antibody binding is termed nonspecific background
staining. The most common cause is attachment of protein to
highiy charged collagen and connective tissue elements of
the specimen. Antibodies are proteins. If the first protein solu
tion applied to the tissue is the primary anlibody, it can be
nonspecifically adsorbed to these charged sites. The second
ary antibody can still bind to the primary and the peroxidase
color reaclion will occur. Positive staining of these sites is due
not to localization of the tissue antigen, but to nonspecific an·
tibody attachment to collagen and connective lissue (Figure
15).

The most effective way to prevent this nonspecific staining
is to add an innocuous protein solution to the specimen
before applying the primary antibody. This protein wiil fill the
cl1arged sites, leaving no room lor adsorption of the primary
antibody. The most common source of the protein solution is
nonimmune serum from the same animal species that pro
duced Ihe secondary antibody. This avoids positive staining
due to binding of the secondary anlibody to components in
the protein solution.

The nonimmune serum is used fairly concentrated at dilu·
.tions of 1:5 to 1:20. Addition of 2·5 % bovine serum albumin
(BSA) will Increase the' protein concentration and further
reduce the nonspecific staining. The nonimmune serum is ap
plied to the specimen and allowed to remain for 10·20
minutes. The slide is not· rinsed, but excess serum is tapped
off leaving a thin layer coating the tissue when the primary an
tibody is applied. Care must be taken that only a small amount
of the allen viscous serum remains or the primary antibody
will be diluted, resulting in pale staining of the antigen.

As with endogenous peroxidase activity, not all specimens
exhibit appreciable nonspecific binding. The incubation with
nonlmmune serum can be eliminated in these· specimens as
long as it does not interfere with interpretation. Other causes
of nonspecific background staining such as inappropriate an
tibody diiutions, incomplete removai of paraffin, improper
rinsing of slides and incorrect substrate incubation will be
discussed in upcoming sections.

It is il'l)'portant that the serum used to block nonspecific
binding does not exhibit any evidence of hemolysis. When red
blood cells break open (hemolyse), they release their contents
into the surrounding serllm. Even though the cells are subse
quently separated from the serum, the products of hemolysis
remain. These red cell components can react with the perox
idase substrate and give nonantigen-specific positive stain
ing. All serum used in immunoperoxidase techniques should
be carefully screened to ensure that no hemolysis has
occurred.
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STAINING PROCEDURES

This section contains slep.by-slep instructions to perform
the four immunoperoxidase staining techniques described
previously. A general discussion 01 dilulions is followed by
detailed instructions for making up buffers, substrate and
counterstain solutions. The topics of incubation times and en·
zyme digestion are also discussed.

Introduction to Techniques

Procedure outlined herein for each staining technique
represents only one possible use for the method. Suggested
antibodies and dilutions are given, but optimal dilutions must
be determined in each laboratory for their reagents and can·
ditions. (Dilution techniques are discussed in greater detail in
the following SUb-section.)

Appropriate care must be taken when handling slides to
avoid loss of specimens. After each antibody incubation, the
slides should be thoroughly rinsed to remove unbound an
tibody. The most convenient and effective way to accomplish
this is by using a wash bottle filled with an appropriate buffer.
The buffer should not be aimed directly onto the specimen,
but rather squirted above and allowed to run down over it
(Figure 16): The slide is then placed in a bath of the same buf
fer to complete the rinsing process.

Upon removal of slides from the buffer bath, excess liquid
is wiped off to avoid unwanted dilution of the subsequent
reagent. This procedure should be carefully performed using
a neatly folded, absorbent tissue. Touching the specimen with
the wipe will damage and loosen it, and must be avoided
(Figure 17). The specimen itself must never be allowed to dry
out or uninterpretable staining will result. "

Consequently, when processing a large number of speci
mens, only 3·5 slides should be wiped at one time before ap
plying the appropriate solution.

After removal of excess buffer, the slides are laid flat with
the specimen facing upward. Enough drops of diluted an
tibody are applied to completely cover the specimen without
flooding the slide (Figure 18). To avoid evaporation of antibody
in drafty laboratories, the slide should be placed in a humidity
chamber. Specially designed staining boxes can be pur
chased from suppliers, or a simple incubation chamber can
be made in the laboratory as follows:

Place a damp paper towel along the edge of a large, flat
dish. Arrange the slides in the dish and apply antibody solu
tion. Cover the dish with aluminum foil, a book or a piece of
wood for the required incubation time (Figure 19). Plastic food
storage containers with tight fitling lids come in a variety of
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sizes and make inexpensive humidity chambers.
• . Before beginning the staining process, the slides should
be labelled with the antigen to be localized, and the specimen
circled. Encircling the specimen serves several purposes.

The specimen, most notably cell smears, is not always
clearly visible once it has been hydrated. By encircling
the specimen. antibody solufion can be applied easily
to the correct area.

The circle serves as a guide when wiping away excess
liqUid to help prevent the specimen from being acci·
dentally wiped off.

Encircling creales surface tension and acts as a bar
rier to hold antibody solutions to the specimen and pre·
vent flooding of the slide.

The most effective method of encircling a specimen is with
a diamond pencil. Marking pens and wax pencils often wash
off during the procedure (Figure 20).

Direct Technique

The following procedure outlines the localization of com
plement component C3 In a cryostat section of a kidney biop
sy. All incubations are carried out at room temperature.

1. Place a 4 micron cryostat section of a kidney biopsy
into a freshly made hydrogen peroxide-methanol bath
for 20 minutes.

2. Place slide in a buffer bath for 5 minutes.

3. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

4. Lay the slide flat and apply 4-6 drops of normal serum
diluted 1:20. Incubate 20 minutes.

5. Tap off serum, and wipe away excess.

6. Lay the slide flat and apply 4-6 drops of peroxidase
conjugated antibody to human C3 diluted approxi
mately 1:5·1:20. Incubate 20 minutes.

7. Gently rinse slide with buffer from a wash bottle.
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Figure 16. Rinsing the specimen. Figure 17. Wiping away excess liquid from around the
specimen.

Too Too Just
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Figure 18. Application of antibody solutions. Figure 19. An easy humidity chamber.
Place damp towel as
indicated.

Figure 20. Circling and label·
ing the specimen
with a diamond
pencil.

8. Place slide in a buffer bath for 10 minutes.

9. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

10. Apply substrate solution to give colored end product.
Counterstain and coverslip.

When viewing the specimen under the microscope.
positive staining for C3 appears as deposits along the
glomerular basement membrane. The type and pallern of the
deposits can be used to differentiate between various renal
diseases.
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Indirect Technique

A smear from a herpetic lesion is stained for herpes
simplex virus Type 2 by the indirect immunoperoxidase
method. All incubations are carried out at room temperature.

1. Fix a freshly made lesion smear in acetone for 10
minutes.

2. Place slide in a buffer bath for 5 minutes.

3. Remove slide from bath and carefully wipe away ex·
cess 'Iiquid from around the smear.

4. Lay the slide flat and apply 4·6 drops of 3% hydrogen
peroxide. Incubafe 5 minutes.

5. Gently rinse slide with buffer from a wash bottle.

6. Place slide in a buffer bath tor 5 minutes.

7. Remove slide from bath and carefully wipe away ex·
cess liquid from around the smear.

8. Lay the slide flat and apply 4·6 drops of normal' swine
serum diluted 1:5. Incubate ~O minutes.

9. Tap off serum, and wipe away excess.

10. Lay the slide flat and apply 4·6drops of rabbit antibody
to herpes simplex virus Type 2 diluted approximately
1:50·1:150. Incubate 20 minutes.

11. Gently rinse slide with bufler from a wash bottle.

12. Place slide In a buffer bath for 10 minutes.

13. Remove slide from bath and carefully wipe away ex
cess liquid from around the smear.

14. Lay the slide flat and apply 4·6 drops of peroxidase
conjugated swine antibody to rabbit immunoglobulins
diluted approximately 1:20-1 :80. Incubate 20 minutes.

15. Gently rinse slide with buffer from a wash bottle.

'16. Place slide in a buffer bath for 10 minutes.

17. Remove slide from bath and carefully wipe away ex·
cess liquid from around the smear.

18. Apply substrate solution to give colored end product.
Counterstain and coverslip.

Cells in the lesion smear infected with herpes simplex
virus will show positive cytoplasmic staining, and possibly
some staining in the nucleus. Some background staining is
often seen in the cellular debris.
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PAP Technique

Prostate specific antigen can be locaiized in routinely
fixed, paraffin embedded tissue by the peroxidase anti·
peroxidase procedure. All incubations are carried out at room
temperature.

1. Deparaffinize a 4 micron, fixed section of normal
prostate tissue. Rehydrate through graded alcohols to
water.

2. Remove slide from water and carefully wipe away any
excess liquid from around the section.

3. Lay the slide flat and apply 4·6 drops of 3% hydrogen
peroxide. Incubate 5 minutes.

4. Genfty rinse slide with buffer from a wash bottle.

5. Place slide in a buffer bath for 5 minutes.

6. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

7. Lay the slide flat and apply 4·6 drops of normal swine
seruin diluted 1:5. Incubate 20 minutes.

8. Tap ofl serum, and wipe away excess.

9. Lay the slide flat and apply 4-6 drops of rabbit antibody
to human prostate specific antigen diluted approx
imately 1:200-1:600. Incubate 20 minutes.

10. Gently rinse slide with buffer from a wash bottle.

11. Place slide in a buffer bath for 10 minufes.

12. Remove slide from bath and carefully wipe away ex
cess liquid from around fhe section.

13. Lay the slide flat and apply 4-6 drops of swine an
tibody to rabbit immunoglobulins dituted approximate·
Iy 1:40-1:100. Incubate 20 minutes.

14. Gentiy rinse slide with buffer from a wash bottle.

15. Place slide in a buffer bath for 10 minutes.

16. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

17. Lay the slide fiat and appiy 4-6 drops of horseradish
peroxidase rabbit antiperoxidase (PAP) complex
diluted approximately 1:50·1 :200. incubate 20
minutes.

18. Gentiy rinse slide with buffer from a wash bottle.

19. Place slide in a buffer bath for 10 minutes.
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20. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

21. Apply substrate solution to give colored end product.
Counterstain and coverslip.

In normal prostate tissue, positive staining for prostate
specific antigen will be seen in the glandular and ductal
epithelium, and also in secretions ahd concretions.

Avidin-Biotin Technique

Immunoperoxidase staining by the avidin-biotin method
can be used to localize various hormones such as ACTH in
resin embedded pituitary sections. All incubations are carried
out al room temperature.

1. Etch a 1micron Araldile embedded pituitary section In
saturated sodium methoxide for 10 minutes.

2. Rinse section in absolute ethanol.

3. Gently rinse slide with water trom a wash bailie.

4. Lay the slide lIat and apply 4-6 drops of 2.5% periodic
acid in distilled water. Incubate 5 minutes.

5. Gently rinse slide with water trom a wash bottle.

6. Lay the slide lIat and apply 4-6 drops of freshly made
0.02% sodium borohydride in distilled water. Incubate
2 minutes.

7. Gently rinse slide with water from a wash bottle.

8. Place slide In buller bath for 5 minutes.

9. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

10. Lay the slide lIat and apply 4-6 drops at normal goat .
serum diluted 1:20. Incubate 20 minutes.

11. Tap off serum, and wipe away excess.

12. Lay the slide lIat and apply 4-6 drops at rabbil anti
body to human ACTH diluted approximately
1:500-1 :2000. Incubate 20 minutes.

13. Gently rinse slide with buffer from a wash bottle.

14. Place slide in a buffer bath for 10 minutes.

15. Remove slide from bath and caretully wipe away ex
cess liquid from around the section.

16. Lay the slide flat and apply 4·6 drops of biotin can·
jugated goat antibody to rabbit immunoglobulins

17

diluted approximately 1:200-1:400. Incubate 20
minutes.

17. Gently rinse slide with buffer from a wash bottle.

18. Place slide in a buffer bath for 10 minutes.

19. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

20. Lay the slide flat and apply 4·6 drops of peroxidase
conjugated biotin-avidin compiex. The avidin and blo
tinylated peroxidase are diluted equally (approximate
ly 1:100-1:200) 30 minutes before use. fncubate 20
minl:Jtes.

21. Gently rinse slide with buller from a wash bottle.

22. Place slide in a buller bath for 10 minutes.

23. Remove slide from bath and carefully wipe away ex
cess liquid from around the section.

24. Apply substate solution to give colored end product.
Counterstain and c?verslip.

Posilive staining tor ACTH will be observed in the cor·
tl,otrophic cells of the piluitary.

Dilutions

To achieve meaningful results using the previously
described procedures, optimally diluted antibodies must be
used. The dilution of anyone antibody will depend upon
several factors:

Concentration of specific antibody in the solution is
called the antibody titer. The more specific antibody
molecules per milliliter, the higher the titer and the
hlghe~ the working dilution.,.

- A number of substances other than specific antibody
are often present in the solution. High levels of con
taminating proteins necessilate high dilutions to pre
vent nonspecific background staining.

Generally the longer the Incubation time, the more
dilute the antibody .can be used. In the methods
described, antibody incubation times were held con
stant at twenty minutes. By increasing the time to one
hour, a higher dilution can be utilized.

Other considerations such as the choice of diluent buf
fer, use of a humidity chamber, the specimen fixation
and processing protocol-all will affect the dilution
used. Optimal dilutions must be determined by each
laboratory under its own special conditions.
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With the direcl technique there is only one antibody to b'e
concerned about. Five identical known positive specimens
are incubated with a range of antibody dilutions such as 1:5,
1:10,1:20, and 1:40; the lillh specimen does not receive any
antibody and serves as a negative control. If positive staining
is observed on the fifth specimen it is not due to localization of
the antigen, but represents nonspecific binding and must be
taken into consideration when evaluating the other speci
mens. A Iypical result is shown below:

In immunoperoxidase staining a tissue antigen is localized
via a system of specific antibody solutions. The concentration
of the antigens and antibodies present is critical to the com
plelion 01 the reaction. It too much antibody is present (if the
antibody concentralion is too high compared to the antigen
available) reduced antibody binding may take place. A
negalive slide will resull not due to lack of antigen, but due to
an excess of antibody. This phenomenon is simiiar to the pro·
zone effect seen in agg"lutinalion reactions. Therefore, when
testing a new antibody, a wide range of diiutions should be
used to avoid false negatives caused by Ihis eflect.

When interpreting dilution results, two criteria are usually
evaluated: Specific antigen staining and nonspecific back·
ground slaining. The goal is to obtain the greatesl intensity of
specific slaining with the least amount of background in·
terference. The higher the antibody dilution, the lower Ihe
background staining due to undesired protein binding. The in·
tensity at each reaction is usually rated on a scale of 0 10 4 +,
or negative to very intense. The following terms and abbrevia
tions will be used in the accompanying examples:

1:150
3
6
9

Primary Antibody
1:50 1:100
1 2
4 5
7 8

Checkerboard Titralion (PAP Technique)

Set-up of Checkerboard Titration (Indirect Technique)

Three antibodies are used in the PAP technique which
makes the determination of optimal dilutions a little more
difficult. As the concentration of link antibody and PAP com·
piex are interdependent, it is necessary to determine them
together.
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After examining the results, slide number 1 clearly shows
the best staining. To reduce the background, the primary an
tibody can b&used at dilutions between 1:50 and 1:100, while
keeping the secondary anlibody constant at 1:20.

Secondary 1:20
Antibody 1:40

1:60

Nine known positive specimens are stained in the above
manner. The optimai combination of dilutions will be again
represented by the siide with the most intense specific stain

, and the least amount of background staining.

Results of Checkerboard Tltrallon
-.. -.

Primary Antibody
1:50 1:100 1:150

Secondary 1:20 very good good pale
Antibody Sl NB NB

1:40 good pale pale
NB N!3 NB

1 :60 paie pale pale
NB NB NB

Background

intense
moderate (MOD)·
slight (Sl)
very slight (VSl)
no background (NB)

very good (VG)
very good, slighlly pale (VG, Sl)
good
pale
negative (NEG)

Specific Stain

"

~I

'I

In the indirect technique, two antibody solutions are used.
The optimal dilution is determined for each antibody by using
a checkerboard tilration.

Interpretation: A 1:10 diiutlon gives very good specific
staining, but also has some background staining. A 1:20 dilu·
tion shows no background slalning, but does not exhibit as
strong a specltic reaction. Another series of slides should be
run using antibody dilutions of 1:10, 1:12, 1:14, 1:16, 1:18, and
1:20 to lind the dilution Ihat produces the strongest specltic
staining with Ihe least amount of nonspecific background
interference.

A starting dilution for the primary antibody can usually be
obtained from the manufacturer. When examining the resulfs,
several different combinations will often show equal staining.
The choice can then be based on the cost faclor of the reo
agents. For example, il link 1:60, PAP 1:200 and link 1:100,
PAP 1:100 give identicai results, the combination utilizing the
most expensive componenl at the highest dilution should be
selected.

The nexl step is to determine the correct dilution for Ihe
primary antibody. This is most easily done by holding constant
the link and PAP dilutions, while varying the dilution of the

Dilution
Specific Stain
Background

1:5
VG
Sl

1:10
VG
Sl

1:20
VG,Sl
NEG

1:40
Pale
NEG

Neg Control
.NEG
'NEG ,.- link Antibody 1:40

1:60
1:80

1:100

PAP Complex
1:150 1:100 1:150 1:200

I I I I I
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Dilution 1:500 1:600 1:700 1:800 1:900 1:1,000
Specific stain VG VG VG good pale negative
Background MOD MOD SL NB NB NB

Interpretation - Working dilution is between 1:700 and
1:800.

primary antibody. Only it acceptable staining cannot be
achieved by this method is it necessary to repeat the titration
of the link antibody and PAP complex. The objective is to
dilute the primary antibody out as tar as possible, and still
achieve intense positive staining. As mentioned previously, a
wide range at dilutions should be studied to avoid prozone·like
problems. A good place to start is with dilutions of 1:100,
1:500, and 1:1,000. The following examples show interpreta
tion of possible results, and ways to narn;lw the choices down
to the best working dilution.

Dilution
Specific stain
Background

1:700
VG
SL

1:725
VG
SL

1:750
VG,SL
NB

1:775
good
NB

1:800
good
NB

EXAMPLE 1: Interpretation - Best dilution Is 1:725. Take appropriate
steps to reduce background.

Interpretation - Specimen is actually negative.
- Technical problem with stain.
- Working solution is below 1:100. Try dilu-

tions of 1:20, 1:40, 1:60, 1:80, and 1:100.

Dilution
Specific stain
Background

EXAMPLE 2:

1:100
negative
NB

1:500
negative
NB

1:1,000
negative
NB

Here, the decision is more difficult since none of the slides
demonstrate optimal staining. Dilutions could be sel up be
tween 1:725 and 1:750 to see if the backgroun.d can be
eliminated without decreasing the specitic stain. This is usual
ly not effective as the antibody concentration differences be
tween the dilutions are too slight to be measured accurately.
A more practical course would be to use a 1:700 dilution, and
take steps to reduce the background staining.

EXAMPLE 4:

Interpretation - Working dilution is between 1:100 and 1:500.

1:100
very good
MOD

1:1,000
negative
NB

Interpretation: Working dilution is greater than 1:1,000. Try
dilutions of 1:1,000, 1:1,200, 1:1,400, 1:1,600, 1:1,800 and
1:2,000.

1:1,000
VG
MOD

1:500
VG
MOD

1:100
VG
MOD

Diiution
Specific stain
B~ckground

1:500
pale
NB

1:400
good
NB

1:300
VG
SL

1:500
pale
NB

1:200
VG
MOD

1:100
VG
MOD

Dilution
Specific stain
Background

Dilution
Specific stain
Background

Interpretation - Working dilution is between 1:300 and
1:400.

Making Dilutions

In this case, the dilution of 1:350 is very clear cut, as 1:325
showed more background, and 1:375 did not produce as in
tense a specific stain.

Interpretation - Working dilution is 1:350.

Working dilution is befween 1:500 and

1:100
very good
MOD

This section presents a basic discussion of how 10 proper
ly prepare dilutions, and is designed for those who have had
little or no experience in these methods.

The results of the previously described tests are valid only
if the dilutions used are accurate and can be repeated. High
quality pipettes of the appropriate capacity are a necessity for
these procedures. Adjustable pipeties are an advantage for
they allow greater flexibility in the variety of dilutions that can
be prepared. The measurable volume should cover 10ul to
1ml preferably in three ranges, for example; 1 to 20ul, 20 to
200ul, and 100 to 1,000ul. A pipette has greater accuracy
near Its midrange rather than at fhe extremes, so 100ul would
be more precisely measured by the 20 to 200ul pipetie than
by the 100 to 1,000ul instrument. Serological pipeties can be
used to measure volumes greater than 1ml.

A 1;10 dilution is made by adding one part of substance X
plus nine parts substance Y. This gives one volume X in a total
volume of ten parts (one X plus nine Y's). When making very
dilute solutions such as 1;100, it is otten just as satisfactory to
add one part X plus 100 parts Y as it is to use 99 parts Y.

1:400
good
NB

1:1,000
negative
NB

1:375
VG,SL
NB

1:350
VG
NB

1:500
very good
MOD

1:325
VG
SL

1:300
VG
SL

EXAMPLE 3:

Dilution
Specific stain
Background

Dilution
Specific stain
Beckground

Interprefation
1:1,000.
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Dissolve the following salts in 1 liter of distilled water.

Tris BuHer, 0.05M, pH 7.6

Phosphate Buffered Saline (PBS), 0.01 M, pH 7.2

Saline can be purchased ready-made, bul should nol can·
tain sodium azide as a preservative. Or it can be easily
prepared as toi/ows:

1.48g

0.43g
7.2g

Dibasic sodium phosphate, anhydrous
Monobasic potassium phosphate,
anhydrous
Sodium chlorideNaCI

Na,HPO.
KH,PO.

Dissolve 6.1g Tris (Trishydroxymethyl aminomethane) base
in 50ml distilled water.

.Add 37ml of 1N hydrochloric acid.
Dilute to a total volume of 1 liIer with distilled water.
The pH should be 7.6±0.2 at 25°C.

The classic formula lor Tris buffer is given below. Tris can
also be purchased ready-made or as pre-pH'd cryslals Ihat
eliminale Ihe need to handle hydrochloric acid. The pH of Tris
buffer varies wilh the temperature of Ihe solulion, and should
be measured at Ihe lemperalure where Ihe buffer will be
used.

PBS is used al a molarity ranging from 0.01M to O.OSM
wilh pH values of 7.0 to 7.6. A formula for Ihe most common
concentration and pH is given below:

Physiologic Saline, 0.85%.

The volume of solution required depends upon the size
and number of specimens to be stained. The minimum
amount needed is a.2ml, which is sufficient to cover a
pituilary or small lymph node section. Prostate chips, smears,
and larger tissue sections require about DAml of solution.
When testing various dilutions 01 antibody, only a small
amount of solution should be made to avoid wasting reagent.
Once the correcl dilulion has been determined, larger stock
volumes can be made.

When determining the correct dilution of the primary an
tibody, il is often helplul 10 start with a 1:100 slack solution,
and make further dilutions from it. This eliminates making
large volumes of highly dilute antibody solutions. A 1:100 dilu
tion is easily made by adding 10ul of antibody to 1,000ul (1 ml)
of buffer. A 1:500 dilution can then be prepared by simply
making a 1:5 diiution of the 1:100 stock. This is done by ad·
ding SOul 01 Ihe 1:100 solution to 200ul of buffer, resulting in a
total volume of 250ul (enough to stain one slide).

This proportion can be scaled up to accommodate more
slides or larger samples by multiplying each volume by the
same factor. To stain two slides, use 100ul of 1:100 stock pius
400ul buffer. The 1: 1,000 dilution used is made by diluting the
stock solution 1:10, or 20ul of 1:100 stock plus 180ul buffer lor
a total volume 01 200ul.

An easy way to figure dilutions is as lollows:
A 1:800 dilution is needed to stain one prostate section.

First, make a 1:100 stock soiution as aescribed previously.
Now, a 1:8 dilution 01 the stock solution must· be preparep. A
1:8 dilution means one part in a total of eight parts, 10 parts in
80 parts, or 50 parts in 400 parts. To stain one prostate sec·
tion, a volume of 400ul is needed. To make the dilution add
SOul of 1:100 solution to (400ul-50ul) 350ul buffer for a total
volume 01 400ul.

I,

Bullers
Add 8.5g sodium chloride (NaCI) to 1 liter of distilled water.

There are several buffers that can be used for diluents,
rinsing, and wash baths in immunoperoxidase techniques. A
common one is 0.05M Tris at pH 7.6. Phosphate buffered
saline (PBS) can be made with a variety of molarity and pH
values. Physiologic saline (0.85 %) is handy to use, as it can
be made quickly and easily. Combinations of these three main
buffers are also used, such as a 1:10 dilution of Tris in saline
or Tris in PBS. The addition of saline or PBS 10 the Tris gives iI
a higher salt concentration, effectively reducing nonspecific
binding and thereby decreasing background staining.

An important consideration when choosing a buffer is that
it should nol contain sodium azide (NaN,), an antibacterial
agent often employed as a preservative in commercially
available buffers. In high concentrations, sodium azide can
prevent binding of the peroxidase enzyme to its substrate,
and thus inhibit color development. Most undiluted antibodies
contain small amounts of sodium azide to prevent bacterial
contamination, but upon dilution the level is reduced to where
iI will not inlerfere.

Tris Buffered Saline (TBS)

This buffer is useful for reducing background staining
"especiai/y in direct smears. PBS can be substituled for Ihe
saline if desired.

Mix looml of 0.05 Tris buffer with 800ml 01 0.85% saline.

Substrate Solutions

An enzyme (E) is a catalyst that acts upon a substrate (S)
to speed up its conversion to a product (P). It does this by
lorming a complex with the substrate as indicated by the
following reaclion:
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The important point to note Is that the enzyme is not
depleted, but can react with another molecule of substrate to
make another molecule of product. A single enzyme molecule
can catalyse many substrate molecules into product.

In immunoperoxidase staining the enzyme is horseradish
peroxidase (HRP) which forms a complex with the substrate,
hydrogen peroxide (H,o,). This complex reacts with an elec
tron donor to produce the end products ot the reaction-a
colored molecute and water (H,O).

HRP H,O,_HRP • H2O: +
electron

+ donor,
.t. ,
I

colored + HRP + H,Omolecule

I
Again, the peroxidase enzyme is not used up and is fr~e to

react with more hydrogen peroxide to form more colored
molecules. The increased sensilivily of immunoperoxidase
techiques over immunofluorescence lies in this amplification
factor of enzyme techniques. One fluorescent molecule can
give off only a small amount 01 visible light, but one perox·
idase enzyme can produce many molecules of color.

There are several chromagens that can act as electron
donors in the enzyme reaction. For use in immunoperoxidase
techniques, the colored end product must precipitate at the
site where it was produced. Chromagens that torm solu~le

end products cannol be used In staining methods.
Of the severat suitabte electron donating chrqmagens

available, the four most commonly used are as follows:

I. 3,3 diaminobenzidine tetrahydrochlorlde, abbreviated
DAB, produces a brown color thai is insoluble in alcohol.
Slides can be dehydrated and coversilpped with conventional
mounting media. DAB is electron dense which makes It useful
for ultrastructural immunoperoxidase studies. The brown col
or can be enhanced by treatment with osmium tetroxide or
nickel chloride. The main drawback of DAB (a benzidine
derivative) is that it is considered a possible carcinogen.

2. 3·amlno·9·ethylcarbazoie or AEC forms a red end prod·
uct that is alcohol soluble. Consequently, specimens should
not be dehydrated, but rather coverslipped with a water
based medium. AEC may also be a possible carcinogen, but
reference sources differ on this.

3. 4·chloro·1·napthol precipitates as a blue end product
thai is alcohol soluble. Chloro·naphthol tends to diffuse from
the site of precipitation, therefore the slides cannot be reo
tained for a permanent record.

4. P·phenylenedlamine dihydrochloridelpyrocatechol
(Hanker·Yates reagent) produces a blue·black reaction prod·
uct that is insoluble in alcohol and can be osmicated. Varying
results have been achieved using this chromagen in immuno
peroxidase techniques.
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Formulas and methods for each of the above mentioned
chromagens are given below. The concentrations and incuba
tion times may be adjusted to optimize staining. To increase
the intensity of the reaction product, increase the amount of
chromagen used and for increase the substrate incubation
time. If too much staining occurs, decrease the time of
incubation.

DAB - Substrate Solution

This solution should be prepared immediately before use.
Care should be laken to avoid inhalation of the powder or can·
tacl with the skin.

>--

Dissolve 6mg of 3,3 diaminobenzldine tetrahydrochloride
in 10ml of 0.05M Tris buffer, pH 7.6.

Add 0.1 ml of 3% hydrogen peroxide.
The mixture should be filtered if precipitation occurs.
Place 4·6 drops onto each specimen and incubate 5

minutes at room temperature.
Rinse off with water and counterstain if desired.

AEC - Substrate Solution

This mixture is stable for two to three hours once
prepared. The AEC·formamide mixture is stable for long
periods of time and a farge volume can be made up as a stock
solution. Care should be taken 10 avoid inhalation of Ihe
powder or contact with the skin.

Dissolve 4 mg of 3·amino-g·ethylcarbazole in 1ml of N,N
dlmethylformamide.

While stirring, add this to 14ml of 0.1 M acetate buffer pH
5.2.

Add 0.15ml of 3% hydrogen peroxide.
The mixture should be filtered if precipitation occurs.
Place 4·6 drops onto each specimen and incubate for 40

minutes at room temperature or 20 minutes at 37 ac.
Rinse off with water and counterstain il desired.

Acetate Buffer, 0.1 M, pH 5.2

Mix 210ml of 0.1 N acetic acid (5.75ml glacial acetic acid in
1 liter distilled water) and 790ml of 0.1 M sodium acetate
(13.61g sodium acetate trihydrate in 1 liter distilled water).

Chloro·Naphthol - Substrate Solution

Dissolve 3mg of 4·chloro·1·naphthol in 0.1ml of absolute
ethanol.

While stirring, add this to 10ml 0.05M Tris buffer, pH 7.6.
Add 0.1 ml of 3% hydrogen peroxide.
A white precipitate will form which must be filtered out

before use.

•
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Place 4-6 drops onto each specimen and incubate for 30
minutes at room temperature.

Rinse off with water and counferslain if desired.

Hanker-Yates - Substrate Solution

This solution is avaifable commercially, or can be made as
follows.

Mix 5mg of p-phenylenediamine dihydrochloride with
10mg of pyrocatechol.

Dissolve in 10101 0.05M Tris buffer, pH 7.6.
Add 0.1101 of 3% hydrogen peroxide.
Place 4-6 drops onto each specimen and incubate for 15

minutes at room temperature.
Rinse off with water and counterstain if desired.

Hydrogen peroxide is the substrate that is acled upon by
the peroxidase enzyme to form a colored end product. As
seen in Chapter 2, hydrogen peroxide can aiso be used 10 in
hibit endogenous peroxidase activity already present in Ihe
specimen. This occurs due to a phenomenon of enzyme
kinetics called substrate inhibition (Figure 21). The principle
states that an excess of substrate· will reversibly or irreversi
biy Inhibit an enzyme. In the substrate solution, a concentra
tion at 0.1101 of 3% hydrogen peroxide In 10mi of buffer
soiution (0.03%) is used, To quench endogenous peroxidase
activity a concentration of 3% hydrogen peroxide is applied,
representing a loa-fold excess of substrate over the amount
required for Ihe reaction-an amount sufficient to irreversibiy
inhibit the enzyme,

Also mentioned earlier was the inhibitory effect of sodium
azide on the substrale reaction. This occurs by a process
known as competitive inhibilion (Figure 22). Sodium azide is
also a subslrate for the peroxidase enzyme, and competes
with hydrogen peroxide to torm complexes wilh peroxidase.
Peroxidase has a grealer affinity for sodium azide, and will
bind preferentially to it over hydrogen peroxide. However, Ihe
reaclion will stop at this point since the sodium azide
peroxidase complex cannot react with the electron donor to
form a colored end product. Hence, in the presence of
sodium azide, positive staining will be weakened or absent.

Counlerslalnlng

The procedure used for counterstaining and coverslipping
the specimens depends upon the substrate solution used.
With DAB and Hanker-Yates the colored end products are in
soluble in alcohol and organic solvents. These specimens can
be counterslained with alcoholic stains, dehydrated, and
coverslipped with xylene or toluene containing mounting
media. The reaction products produced by AEC and chloro
naphthol are soluble in alcohol and organic solvents. These
slides must not be decolorized in acid alcohol or dehydrated,
and should be coverslipped using a water base mounting
media. Two representative protocols are given below, one for
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each type of substrate solution. Other counterstains can be
used besides hematoxylin, such as methyl green with Hanker
Yates, as long as Ihe solubility 01 Ihe reaction product is
considered.

Counterstaining Procedure for Insoiuble End Products

1. Gently rinse slide with water from a wash bottie to
remove unreacted substrate.

2. Lay Ihe slide flat on a staining rack and apply 4-6 drops
of Harris' Hematoxylin. Alternatively, the slide can be
placed in a stainil;g jar containing Harris' Hematoxylin.
(ncubate 5 minutes.

3. Wash the slide in gently running lap water for 3
minutes.

4. Differentiate in 0.5% acid alcohol for 10 seconds.

5. Wash well in gently running tap water lor 3 minutes to
blue the hematoxylin.

6. Dehydrate in graded alcohols.

7. Clear in xylene.

8. Mount in DPX.

Notes:

The intensity of the counterstain can be regUlated by in
creasing or decreasing the staining time in hematoxylin. Too
intense a counterstain can obliterate the positive staining due
to peroxidase.

DPX can be made by combining 109 of distrene 80, 5101 of
dibutyl phthalate and 35101 of xylol. Other commercially
available xylene or toluene containing mounting media may
aiso be used.

,.' Counterstaining Procedure for Soluble End Producls

1. Gently rinse slide with water from a wash botlle to
remove unreacted substrate.

2. Lay the slide flat on a staining rack and apply 4-6 drops
of Mayer's Hematoxylin. Alternatively, the slide can be
placed in a staining jar containing Mayer's Hematoxy
lin. Incubate 5 minutes.

3_ Blue the hematoxylin by dipping the slide in ammonia
water (2101 concentrated 17M ammonium hydroxide/l
liler tap water) 10 limes.

4. Rinse under gently running tap water for 5 minutes.

5. Coverslip while still wet in glycerol gelatin.
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FIgure 21. Normal enzymetsubstrate binding to form complex.

Inhibition of enzyme by tOO-fold
Increase in substrate concentration.
No complex formation· occurs.

co u
Key

cD Substrate C Enzyme

{] NaN1 ) Chromagen

co CJ)C)
FIgure 22. Normal enzyme/substrate binding to form complex and colored end product.

Inhibition 01 enzyme reaction C{] CJ )by binding to competitive
substrate-which cannot bind
to chromagen to form
colored end product.

Notes: Incubation Timing

The intensity of the counterstain can be regulated by in
creasing or decreasing the staining time in hematoxylin. Too
intense a counterstain can obliterate the positive staining due:
to peroxidase.

Glycerol gelatin can be purchased from several commer·
cial suppliers. Some preparations are available that will firmly
adhere the coverslip to the slide (when dry). This removes the
need to rim the coversilp with nail polish, and prevents fading
of the chromagen.

AEC is susceptible to oxidation which causes fading.
Precautions should be taken to avoid the entrapment of air
bubbles when coverslipping. A properly mounted specimen
will retain its stain Intensity for many years.

Mounting media containing polyvinyi alcohol (PVA) should
be avoided as it can leach out the soluble colored end prod
ucts over a period of time.

Incubation times, antibody diiutions, nonspecific
background staining and specific staining intensity are ail in
terrelated. The longer the incubation time, the higher the an
tibody dilutipn. The more dilute the antibody, the lower the
nonspecillc background stain. The lower the nonspecific
stain, the greater the contrast with the specific stain, making
interpretation easier. The foilowing examples pertain to in
cubation of primary antibodies in the various techniques,
although the principles can be applied to ail antibody incuba
tion steps (Figure 23).

Most Incubations with antibody solutions are for 20·30
minutes. If a higher primary antibody dilution Is required-for
example to decrease background interference-then the in·
cubation time can be increased to one hour. Often, poorly dif
ferentiated or metastastic tumors will not stain as intensely as
normal tissue. To achieve greater staining intensity on these
specimens without changing the antibody dilution, the 20 min
ute incubation lime may be increased.
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Figure 23.

Time 20 Min 60 Min 20 Min 18 Hr

Antibody Dilution 1:100 1:00 1:100 1:1000
--or --or---

Temperature RT RT 37°e 4°e

Result Pale, NB VG,NB VG, NB VG,NB

Three methods to Increase stain Intensity.

Time 20 Min 60 Min 20 Min 18 Hr

Antibody Dilution 1:100 1:300 1:300 1:1000
--or--or---

Temperature RT RT 3r'C 4°e

Result VG, SLB , VG, NB VG, NB VG,NB

Three methods to reduce nonspecific background staining.

The temperature of incubation will also affect antibody
dilutions. By incubating a specimen at a higher temperature
(usually 37"C), a greater antibody dilution can be used. In·
cubation at 37°C for a constant time and dilution will increase
the intensity of the stain over that which can be achieved at
room temperature. If a poorly diflereQtiated tumor shows
weak staining with a 20 minute room temperature incubation,
a 20 minute incubation at 37°e with the same primary an
tibody dilution will show a more intense reaction.

The optimal temperature for maximal antibody binding is
37°C, or body temperature. Temperatures higher than this will
cause denaturation of the antibody proteins, and decreased
binding. Care must be taken that incubation temperatures do
not exceed 37"C. Higher temperatures also increase the risk
of evaporation which can lead to drying of the specimen. All
high temperature incubations should be performed in a
humidity chamber, and the slides monitored periodically for
evaporation.

The iower the temperature, the longer the incubation time
needed and the greater the antibody dilution. Incubating a
specimen in the refrigerator (4°C) ovemight (approximately
18 hours) will aflord less background staining and a more in·
tense specific stain using a concomitant high dilution of the
primary antibody.

The intense staining achieved at 37"C incubations allows
for shorter incubation times. Using the same antibody dilu
tions, a 20 minute room temperature incubation can be
shortened to 5 minutes at 37 ac. However, certain precau
tions should be observed:

When processing several slides at one time, there will be
a one or two minute difference between the first slide and
the last. One minute out of a 20 minute incubation is only
a 5% diflerence. One minute out of a 5 minute incubation
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is a 20% difference. If the first siide is incubated for 4
minutes, and the last siide for 6 minutes, there will be a
40 % difference between the two. To achieve consistency
with reduced incubation times, processing of slides
should be staggered so that ali specimens undergo iden·
tical incubations.

Since poorly differentiated and metastatic tumors often
stain weakly with a 20 minute room temperature incuba
tion, a five minute incubation even at sr'c may result in
we~k or negative staining. In order to avoid false negative
results, a known weakly positive control should be run
alongside the unknown specimens. If this control shows
no positive staining, then any unknown slides that were
also negative should be repeated. As an additionai check,
all specimens that show no staining after five minute an·
tibody incubations should be repeated using 20 minute
times.

The room temperature antibody incubation times of 20
minutes are nol critical, and can be lengthened or shortened
by a few minutes without compromising the staining. The
amount of time a specimen remains in a buffer bath is even
less critical. Although the times were listed as 10 minutes, the
wash baths can be shortened to 5 minutes, or lengthened for
greater convenience. In fact, if the staining procedure must
be interrupted for any reason, the slides can be held in buffer
for several hours or several days with no decrease in staining
intensity.

The number of changes of buffer is also variable. If a
coplin jar is used for the bath, the buffer should be fresh for
each incubation. With larger dishes, the buffer can be used
twice before being changed. If desired, the baths can be
changed more frequently. Instead of one ten·minute buffer
bath, the slides can be placed in three separate baths for
three minutes each.

Enzyme Digestion

Overfixation of tissue specimens in formalin causes forma
tion of an excess of aldehyde linkages which wili mask the
tissue antigen and prevent its localization by the primary an·
tibody. This is a particular problem when staining lymph
nodes for immunoglobuiin. To unmask the antigen sites, the
aldehyde bonds can be digested with proteolytic enzymes.
When using this technique, a few points should be
considered:

1. As the enzymes digest the aldehyde linkages, the tis·
sue section can become loosened from the glass siide.
An adhesive that is resistant to digestion such as
chrome alum gelatin should be used to prevent loss of
the specimen.

2. Since this procedure can loosen the tissue, it is ad·
visable to run two or three extra slides at the same
time. Even if one or two sections wash off, the staining
procedure can still be completed.
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3. It is essential that known positive and negative controls
are also subjected 10 the enzyme digestion to avoid
problems in interpretation.

4. The digestion time will vary depending on the condition
of the specimen and the enzyme used. Excessive di·
gestion can damage the tissue, therefore the incuba
tion times should be kept as short as possible.

5. To ensure complete exposure of all sections to the en
zyme solution, no more than five slides should be
placed in a 250ml enzyme bath. The slides should be
separated and the solution gently stirred during the
procedure.

The most common enzyme used is trypsin. It is the least
destructive to the tissue, and its reaction can be easily con
trolled. Trypsin, like many other enzymes, requires certain
temperature and pH values tor optimal activity. The incuba
tions are carried out at 37°C using prewarmed buffer on
prewarmed slides. Temperatures below 37 'C will reduce the
activity of the enzyme.

Note: Incubations at 37 'C can be easily accomplished by Im
mersing containers of the various solutions in a 37°C water
bath.

1. Deparalfinize and rehydrate 3 or 4 identical sections.

2. Inhibit endogenous peroxidase activity using an ap
propriate method. Rinse slides with water.

3. Place slides in a 37 'C buffer bath for 5 minutes.

4. Meanwhile, prepare a 0.1 % trypsin solution in
prewarmed distilled water containing 0.1 % calcium
chloride. Adjust the pH to 7.8 with 0.1 N sodium
hydroxide.

5. tmmerse the slides in fhe trypsin bath. Incubate tor 15
minutes at 37 ce.

6. Stop the digestion by rinsing the slides under gently
running, coid tap water for five minutes.

7. Continue with immunoperoxidase staining.

Two other proteolytic enzymes that are often used are
0.1 % pronase in 0.5M Tris buffer, pH 7.5; and 0.4 % pepsin in
0.01 N hydrochloric acid. These solutions are prepared and
used in the same manner as the trypsin.

Proteoiytic enzyme digestion must be carefully controlled
to avoid damage to tissue and destruction 01 antigen. It
should not be used as a substitute for proper fixation, and
used very judiciously only when absolutely necessary.

FIXATION AND PROCESSING

A specimen contains only a finite amount of antigen. Each
step in the processing of that speci(f1en destroys some an
tigen. Immunoperoxidase techniques can localize only that
antigen in a specimen which remains recognizable by the
antibody.

Fixation is one of the most critical aspects of immune
peroxidase staining. A discussion of fixation in general, and
the aspects of some of the more common fixatives, will be
followed by sections on processing, decalcifying, and
adhesives. Special handling techniques for frozen sections,
smears and plastic embedded specimens will be discussed.

Fixation

The results of immunoiJeroxldase staining are only as
good as the tissue specimen used. If the tissue is improperly
fix~d and processed, a variety of artifacts will result. Since the
primary purpose of stainlng.is to localize an antigen, then the
main concern in fixation is to preser've that antigen. The an
tigen must be fixed, available and accessible to the primary
antibody.

If the antigen Is not fixed, it will be washed out of the
specimen and no staining will resulf. If the surrounding cells
are not fixed, the resulting poor morphology will interfere with
proper interprelation. Conversely, overfixalion can cause
severe problems such as masking or denaturation of the an
tigen. The optimal fixation then will be for the minimum time
and concentration needed to produce good morphology.

The antigen must also be available to bind with the primary
antibody. If the antigen diffuses from the site of synthesis, an
incorrect interpretation will be made. The smaller the antigen,
the more likely it is to diffuse, and the stronger the fixation
needed. In this case, a cross-linking fixative such as formalin
will prevent diffusion of the antigen.

If the antigen is not accessible to the primary antibody,
then no binding can take place. One of the eftects at overfixa
tlon by a cross-linking fixative is the formation of excess
aldehyde linkages which can mask the antigen and prevent
access to the antibody. Another problem develops if the fix
ative changes the structure ot the antigen, making it unrecog·
nizable to the antibody. The larger and more complex the
antigen, the genUer the fixation needed to prevent masking or
structural changes which affect its accessibility to the
antibody.

Obviously, proper antigen fixation is the cornerstone of im
munoperoxidase techniques; for without it, results will be
poor. II should also be noted that depending on the size,
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Dissolve the salls in the distiiled water by heating and stir
, ·ring. Add the glacial acetic acid.

for specimens to be stained for immunoglobulin. The fixation
time is short, usually 2-4 hours. To prevent black deposits on
the stained specimen, the mercuric chloride must be ra·
moved after the sections have been deparaffinized.

structure and nature of the antigen to be localized, an ap
propriate fixation prolocol must be developed. The optimal
situation would involve subjecting various specimens of each
antigen to several fixatives for different lengths of time to
identify the best conditions for preservation of that particular
antigen.

Clearly this is entirely too time consuming to be practical
in most laboratories. Even if the optimal fixation scheme is
identified, special processing requirements for certain
specimens limit the application of immunoperoxidase
methods as a routine stain. In reality, there are several fix
atives that work well with the majority of antigens. and in most
cases, special processing can be held to a minimum.

For optimal fixation. and 10 prevent staining artifacts. the
following conditions should be observed:

Zenker's Fixative

Potassium dichromate
Mercuric chloride
Sodium sulfate
Distilled water

", Glacial acetic acid

25mg
50mg
10g
1,OOOml
50ml

Tissue specimens must .not be allowed to dry out. and
should be piaced into fixative as soon as possible. Cell
smears should be fixed as promptly as possible to en
sure antigen preservation.

Small blocks of tissue. no larger than 2cm square
by 4mm thick. should be placed in a minimum of 200ml
of fixative. Larger blocks of tissue will prevent com
plete penelration of fixative. resuiling in nonspecific
staining.

Removal of mercuric chloride crystals

1. Deparalfinize and rehydrate section to 95 % alcohol.

2. Place slide in 0.5 % alcoholic iodine (0.5g iodine
crystals in 100ml of 70% ethanol) for 3 minutes.

3. Gently rinse in running water.

4. Place slide in 5% sodium thiosulfate (5g sodium
thiosulfate in 100ml distiiled water) for 2 minutes.

After lixation, tissue specimens shoold be thoroughly
washed to remove excess fixative which can cause
staining artifacts.

5. Gently.,.inse in running water.

6. Continue with immunoperoxidase staining.
The most practical, and probably Ihe best all-around fix

ative is 10% buffered formalin. Due 10 its cross-linking
characteristic, it is an 'especially good fixative for small an
tigens-such as hormones. However, fixation time is critical
to prevent antigen maski'ng. Immunoglobulins are especially
susceptible to overfixation with formalin. In these cases, treat
ment with proteolytic enzymes will digest the excess
aldehyde linkages and expose the antigen.

Formalin should be fresh and buffered to a pH of 7.0-7.6.
As this is a slow acting fixative, acidic solutions can cause
structural disturbances and poor morphologY: Due to the
problem of antigen masking, fixation should be for the
shortest possible time to achieve good morphology; usually
6-12 hours. Tissue fixed for longer periods of time may stili
exhibit Intense staining depending upon the concentration of
antigen present.

Processing

For smears, cryostat sections, cytospins and imprints, fix
ation in acetone at 4°C for 10 minutes is re"commended. As
an ailernative, if endogenous peroxidase activity is quenched
in a hydrogen peroxide-methanoi solution, the methanol will
fix the specimen.

A third fixative that is gaining in popularity is Bouin's. This
fixative produces good morphology and has been recom
mended for localization of J-chains. immunoglobulins and
alpha-fetoprotein. The fixation time is the same as Zenker's;
usuaily 2-4 hours. To prevent artifacts, excess fixative must be
removed from the tissue by thorough washing in several
changes of 50% and 70% alcohol.

750ml
250ml
50ml

Bouin's Fixative

1% saturated picric acid
Formalin (40% formaldehyde)
Glacial acetic acid

100ml
6.5g
4.0g
900ml

10% Buffered Neutral Formalin, pH 7

Formalin (40% formaldehyde)
Dibaslc sodium phosphate. anhydrous
Monobasic sodium phosphate, monohydrate
Distilied water

Another excellent fixative is Zenker's fixative. II does not
produce aldehyde iinkages, and is often the fixative of choice

After fixation, tissue specimens can be dehydrated,
cleared and embedded according to routine processing pro-
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cedures. For best results, specimens should be embedded in
pure paraffin because it can be completely and easily re
moved from the tissue althe time of staining. The piastic can·
tained in some embedding media is often difficult to remove,
and can cause nonspecific staining and inhibition of specific
staining. Since most laboratories routinely use embedding
media containing plastic, certain precautions must be taken:

1. If the embedding media is heated to temperatures
above 62 ·C, the piastics will start to form polymers.
These poiymers are very difficult to remove from the
tissue, and can also cause nicks in the microtome
knife, Consequently, paraffin baths should be kept at a
maximum temperature of 60°C to prevent polymeriza·
tion.

2. To aid in complete removal of the embedding media,
slides should be placed in a 6o·C oven for 30 minutes
prior to deparaffinizing. Temperatures must not exceed
60·C to prevent antigen denaturation and damage to
cellular morphology.

3. From the oven, the slides should be immediately
fransferred to a fresh xylene or toluene bath. The paraf
fin should not be allowed to solidify before deparaffiniz
ing as this will negate the benefits of melting. Either
xylene or toiuene can be used to deparaftiniie. Some
researchers feel that toluene is more effective for com
plete removal at embedding media.

4. For efficient piastic removal, no more than 50 slides
should be run through a 250mi xylene bath betore It is
changed. This may seem to be an insignificant point,
but it is critical to reducing the amount of background
staining. The fewer the number of slides processed
through a xylene bath, the more completely the embed
ding media will be removed.

5. If more than 20 slides are placed in a 250ml bath at one
time, xyiene circulation may not be sufficient. For this
reason, when processing several slides at one Ume, a
second, fresh xylene bath should be used.

If all of these precautions are observed, there should be no
problem with nonspecific background staining due to plastic
residue. This type of interference is easily Identified by pale
staining that extends beyond the tissue specimen. All other
types of background staining are confined within the borders
of the specimen.

Procedure for Deparaffinizing and Rehydration

1. Circle and label specimen with a diamond pencil.

2. Place in 60·C oven tor 30 minutes.

3. Transfer immediateiy to a fresh xylene bath for 3
minutes.
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4. Place in a second, fresh xylene bath tor 3 minutes if
desired.

5. Place in a bath of absolute alcohol for 3 minutes.

6. Place in a second, fresh absolute alcohol bath for 3
minutes.

7. Place in a bath of 95% alcohol for 3 minutes.

8. Place in a second, fresh 95% alcohol bath for 3
minu!es.

9. Rinse under gently running water.

1O. Begin immunoperoxidase staining.

Bone and calcified tissue must have the insoluble calcium
salts removed before they can be sectioned. This causes no
problem in immunoperoxidase staining as long as the
specimen has been thoroughly fixed. Adequate fixation will
prevent damage to the antigen and cellular structures by the
decalcifying solutions. Commercially available decalcification
reagents tend to give variable results in immunoperoxidase
staining. The most consiste~t results have been obtained us
ing a 5% nitric acid solution for one hour. The specimens
shouid be cut into fairly small pieces to allow complete
pe~etrafion of fixative and acid. After decalcification, the
specimen should be washed in running waler to remove ex
cess acid before continuing with routine processing.

Adhesives

Due to the frequent handling and rinsing of the slides, the
tissue sections may become ioosened and fall off. Various
methods can be used to prevent this. Several slide adhesive
solutions are commercially available, or they can be easily
made using the formulas given below. All of the adhesives
should be used sparingly as an excess can cause nonspecific
background staining similar to that of umemoved embedding
media. .

One of the best and easiest methods to adhere the tissue
to the slide is by thorough drying after sections are cut. Plac
ing the slides in a 60·C oven for 30 minutes will melt the
paraffin and promote close contact between the tissue and
the glass sfide. This important step should be performed even
if chemical adhesives are used.

Mayer's Egg Albumin

Separate an egg placing the white into a beaker. Discard
fhe yolk. Add an equal volume of glycerin and mix well. Filter
through coarse filter paper. Add one crystal of thymol to pre
vent bacterial growth. Store in the refrigerator.
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To use, place a small drop on the end ot a slide and
distribute evenly. Drying the slides in a 60"C oven tor 30
minutes after the sections are cut will coagulaIe the egg
albumin and adhere the specimen to the slide.

This adhesive should not be used if the specimen will be
trypsinized, as it will also be .digested.

Elmer's Giue, 0.5%

Dissoive 0.5ml of Elnier's Glue·AII (Borden, Inc. Columbus,
Ohio) in 100mi of distilled water heated to approximately
60 "C. Place a small drop on the end of a glass slide and
distribute evenly.

Chrome Alum·Gelatin Adhesive
This is an excellent adhesive often used to assure

adherence of sections during enzyme digestion.

1. Add 3.0g gelatin to one liter 01 distilled water heated to
approximately 60"C.

2. Mix with magnellc stirrer until completely dissolved.

3. Add 0.5 grams chromium potassium sulfate (chrome
alum). Solution will appear blue.

4. Add several thymol crystals.

5. Continue to stir until alum and thymol are completely
dissolved.

6. Filter a small portion while hot Into a 100ml beaker.
Keep stock hot.

7 Place several slides, one at a time, into the beaker.
Keep beaker 3;' lull at all limes by replenishing wilh
hot slock solution.

e. Wilhdraw slides, one at a time, and blot on edge 01
towel. Piace slides vertically in a rack, and dry in a hot
oven.

9. When slides are completely dry, collect and place in a
slide box.

10. Slides should be stored at room temperature. They
can be used as needed.

Instead of coating the slide with an adhesive, ';' tsp. 01
gelatin and/or the same amount 01 Elmer's Glue·AII can be
added 10 the water bath used to 1I0at the tissue ribbons. The
water bath must be carelully cleaned after each use to pre
vent bacterial growth.
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Smears

Smears should be prepared carefully to assure that they
are only one cell layer thick. Thicker preparallons will in·
terlere with interpretation as reagents become trapped be
tween layers. Smears should be fixed as soon as possible
after preparation, or within 24 hours. The most common fix
atives are acetone or 10% buffered formalin for 10 minutes.

After fixation the specimens are usually stable for several
days at room temperature, or one to two weeks when refriger
ated. When frozen at - 20°C. the smears remain stable for
several months. The uilimate preservalion and stability 01 the
smear is dependent upon the antigen to be localized.

Prior to slaining, the specimen should be hydrated in bul·
fe' lor 5 minutes before proceeding. Blood smears shoufd be
placed direclly in a hydrogen peroxide/methanol solullon to
quench endogenous peroxidase activity. This will also serve
10 lix the specimen, plus pre·hydration is unnecessary. The
slide is incubated for 20 minutes in the solution, rinsed in
water, and stained in the usual manner.

Frozen Sections

Frozen sections are the specimens of choice for direct
and indirect staining methods. Most surface antigens are
destroyed by fixation and can be localized oniy in frozen sec·
tions. To circumvent the detrimental effects of fixation and the
need for enzyme digestiqn, frozen specimens are often used
for the identificallon of intracellular antigens as well.

Specimens should be small in size and quickly lrozen. This
allows lor rapid lixation of the antigen and prevents the forma·
tion of ice crystals which disrupt cell structure. Once the
tissue is frozen, it can be stored at - eO"C for long periods 01
time.

A piece of lissue no more than 4mm thick is placed in
aluminum foil and immersed in a dry ice/ethanol bath or an
isopentanelliquid nitrogen slush tor 1·2 minutes or until
frozen. Prior to sectioning, the tissue block Is atfached to a
melal specimen holder with a drop of water. Sections should
be cut 4-6 microns thick in a cryostat at - 20"C and fixed for
5 seconds in room temperature acetone. At this point the
tissue can be stored up to a month at 4 "C, although for best
results staining should be performed shortly after sectioning.

Before beginning the immunoperoxidase staining prcr
cedure, the section is fixed in acetone at 4°C for 10 minutes.
The slide is air dried and then placed in a buffer bath lor 5
minutes. If endogenous peroxidase activity is quenched using
a hydrogen peroxide-methanol bath, the acetone fixation step
can be eliminated.

Plastic Embedded Sections

In addition to embedding tissue in paraffin, plastic com·
pounds may also be used. Plastic embedded specimens can
be cut in thinner sections than possible with paraffin, and can
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also be used in electron microscopy techniques. In this way,
antigen localization at the light microscope level can be com
pared wilh that of the electron microscope. The Ihin sections
also have the advanlage of superior morphologic detail over
their paraffin counterparts.

Two main types of embedding media are available.
Methacrylates do not copolymerize with tissue components,
thereby preventing alteration of antigenic structure. These
plastics are often used when the antigen concentration Is low.
Methacrylates tend to polymerize unevenly which can cause
shrinkage and subsequently poor morphology. The epoxy
resins such as Epan and Araldite polyermize more evenly
resulling in excellent preservation of structural detail.
However, due to their high reactivity, they can interact with
tissue structures during the polymerization process.

Immunoperoxidase staining can be performed either
before the tissue is embedded (pre·embedding technique) or
afterwards (post·embedding technique). Each method has its
advantages and disadvantages. In the pre·embedding tech·
nique, the tissue is fixed and thick sections (5·50 microns) are
cut and either placed on slides or left free floating. The
specimen is stained in the usual manner except that longer in
cubation times (2·24 hours) must be used to allow the an·
tibody to penetrate fhe thick specimen. To be certain that all
unreacted antibody is removed, the buffer baths are In·
creased to 20 minutes, with three separate baths between
each antibody incubation. After staining, the specimen is
postflxed for one hour In 1% osmium tetroxide, washed,
dehydrated and embedded in resin. Thin sections (1 micron)
are cut for use in light microscopy or ultra·thin sections for
use in electron microscopy.

Long antibody incubations and buffer baths make this pro·
cedure time consuming to perform. Incomplete or uneven
penetration ot antibody will result in poor staining. Special
care must be taken 10 Ihoroughly fix Ihe specimen to prevent
the polymerization process from altering Ihe morphology 01
the slained cells. The main application for the pre-embedding
staining technique is in electron microscopy.

In the post-embedding staining lechnique, specimens are
fixed, dehydrated and embedded in plastic before being
stained. For light microscopic examination, 1 micron thick
sections are cut and placed on slides. For electron
microscopy, ultra-thin sections are cut and picked up on
nickel or gold grids. To expose the antigenic determinants, the
plastic must be etched before apptication of the primary
antibody. The most common method is by incubation in a
solution of sodium hydroxide in absolute ethanol (sodium
ethoxide) or melhanol (sodium methoxide) for 15 minutes. A
saturaled solulion 01 sodium hydroxide in absolute alcohol is
prepared and allowed 10 malure for several days. Dilute 1: , (1
pari of a lolal of 2 parts) with absolute alcohol before use. An
alternalive is to incubate the section in 10% hydrogen perox
ide for 15 minutes. The slides are rinsed in water and the im·
munoperoxidase procedure is then continued in the usual
manner.

The post-embedding technique can be performed quickly
and easily with little alteration in routine immunoperoxidase
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methods. As with antigen localization in paraffin sections, the
specimen must be adequately tixed to survive plastic embed
ding and polymerization. If the slaining is to be viewed with an
eleclron microscope, a fixative should be chosen that will
preserve ullraslructural morphology. The most commonly
used fixative is 2% glutaraldehyde in 0.' M phosphate buffer
pH 7.4. As this is a cross-linking fixative, it may be necessary
to perform an enzyme digestion after the plastic is etched.

Immunoperoxidase staining of plastic embedded material
for either light or electron microscopy' is a relatively new
technique. New modifications and uses are constantly being
derived and eilaluated. This section was designed as an in
troduction and overview to the adaptation of plastic sections
to immunoperoxidase methods. Further information on these
techniques and applications in electron microscopy can be
found in the references.

CONTROLS

Positive and negative controls musl be processed along
with the unknown to assure the accuracy of the results in any
slaining technique. Therefore, various types of controls used
in immunopemxidase methods will be discussed here, along
with interpretation of the results..

Cerlain procedural and reagent controls are essential to
the validalion 01 the results of immunoperoxidase staining.
Most of these controls center around the primary antibody to
ascertain that positive staining is the result of specific binding
to the antigen in question. After determining the optimal work·
ing dilution of a new primary antibody, several known positive
and negative specimens should be stained to certify the an
tibody's specificity.

Many references recommend absorption of the primary
antibody with the purified antigen. If no contaminating an
tibodies are present, ail antibodies would be absorbed by the
antigen, and no staining would be observed. If positive stain
ing occurs after absorption, it is an indication that the solution
contained antibodies againsl olher antigens present in the
specimen. In theory this makes sense, but in practice it is dif
ficult to perform.

It is not easy to find a commercial source of p!Jrified an
tigens to absorb all of the different primary antibodies utilized
in immunoperoxidase staining. Often Ihe manufacturer of the
antibody will have the antigen available, but it is most likely
the same preparafion used to immunize the animals. It is inad·
visable to absorb with the antigen used to produce the an
tibody, as any impurities in the antigen would most likeiy
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Example Positive Negative Substilulion Unknown Interpretation
No. Control Control Control

In Examples No.'s 1·5, the results of the unknown
specimen are invalid due to improper staining of the controls.
Only in Examples 6 and 7 can the staining results of the
unknown be accepted.

Negalive Procedure
performed
incorrectly

Positive Nonspecific
staining due
to endogen-
ous peroxl·
dase or pra·
tein binding

Pas/Neg Negative con-
trol conlains
antigen
localized

Posilive Positive con-
lrol does not
contain an-
tigen localized

Positive Staining of
unknown due
10 nonspecific
reaction

Negative Unknov.,rn
does nol con-
tain antigen
localized

Posilive Unknown can·
tains antigen
localized

Negative Negalive Negalive

Positive Positive Negative

Positive Negative Positive

Positive Negative Negative

2 Posillve Positive Positive

Negative Negative Negative

6

4

7 Positive Negalive Negallve

3

Another alternative to the nonimmune serum is an an·
tibody made in the same animal species, but directed against
an antigen not found in the specimen. For example, a rabbil
antibody against prostate specific antigen (PSA) could be
used as a substitution control for a rabbit anti-mammary
epithelial antigen on breast tissue. This control will serve as
an indicator for nonspecific binding of rabbit proteins, as well
as for endogenous peroxidase and other protein binding. If
this method is used, care must be taken that there is no an·
tigen in the specimen for the antibody to bind to. SUbstituting
anti·PSA for anti·19M in a lymphoma section could be positive
if the tumor was a prostatic metastasis.

The following chart lists possible interpretations of the
staining resulls that can be achieved using the above men·
tioned controls.

5
- An additionat stide of the unknown specimen thaI

receives nonimmune serum in place of the primary an
tibody. This substitution control serves as a specimen
blank since any staining observed is due not to an·
tibody localization of the antigen, but to nonspecific
protein binding, endogenous peroxidase activity, or
nonspecific binding of the other antibody reagents.

it is imperative that the positive and negative control
undergo the same fixation and processing schedule as the
unknown specimen. In this way, if no posilive staining is
achieved on the unknown it is not due to improper fixation.

If nonimmune serum is unavailable for the substitution
contrOl, the dituent buffer may be used. However, the control
slide will no longer detect nonspecific binding of animal
serum components to the tissue. When buffer is used, any
staining observed will be due to either endogenous perox·
idase activity or binding of the other antibody reagents to the
specimen.

A specimen, processed identicaily to the unknown,
that contains the antigen in question. This ser~es as a
positive control for the staining. A moderately positive
specimen will be sensitive to variations in the perfor
mance of the method. This is a more valuable control
than a specimen that always stains intenseiy.
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A specimen, processed identicaily to the unknown,
that does not contain the antigen in question. This
serves as a negative control for the staining.

absorb out corresponding contaminants in the antiserum.
Finally, allhough only small quantities of anligen are needed
tor absorption, Ihe cosl is still often hundreds of dollars for
each antigen.

A more feasible method to test antibody specificity is to
show that positive staining is not the result of any other com·
ponents in the antiserum. This is accomplished by substitut·
ing an identical dilution of nonimmune serum from the same
animal species as the primary antibody. This serum will con
lain all the components of the primary antiserum, except the
specific antibody. Any other antibodies and proteins normally
lound in that species will be present.

Often, the serum sample is taken from the animal just
before it is injected with the antigen. The serum is saved for
comparison studies once the antibody has been produced.
This is called pre-immune serum since it was obtained before
the animal was immunized. If it is-not possible to obtain serum
from the same animal that made the primary antibody, serum
from another nonimmunized animal of that species is used.
This is termed nanimmune serum.

Once the primary antibody has been shown 10 be specific
by staining known positive and negative specimens and by
substitution with nonimmune serum, it can be put into routine
use. Each time an unknown specimen is stained with a
primary antibody, the following controls shouid be used:

I'

, I

I"

"

"I
I

I:
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INTERPRETATION

The most difficult aspect of immunoperoxidase staining is
in the evaluation 01 the finished producf. While the actual in
terpretation depends upon the particular antigen localized,
several other factors also playa role. This section will discuss
factors such as the condilion of the tissue, extent of fixation
and possible artifacts, and their relationship to accurate
interpretation.

Staining Characteristics

Immunoperoxidase staining enables localization of cellular
antigens via the enzyme peroxidase in combination with a
specific antibody. A chromagen is added which will react with
the enzyme and precipitate at the site of the antigen. The
amount of chromagen precipitated, and therefore the intensi
ty of the reaction, is proportional to the amount of antigen
presenf. Nonantigen containing cells and cell components
will be contrasted by a counterstain.

When observing a stained specimen, deposits of the col
ored chromagen indicate the presence of the antigen and
represent specific positive staining. There are three main pat
terns of specific staining that can be observed: cytoplasmic,
nuclear and surtace. Most antigens are found in the cyto
plasm of cells. Depending on antigen content, staining can in
volve the entire cytoplasm or only a parf. Most viruses occupy
the nucleus of the cell, and will be localized there by im
munoperoxidase methods. Positive staining for surface
markers appears on the periphery of the cell.

The staining can be further divided into focal and diffuse
patterns. Focal staining wifl be localized in certain discrete
areas of the cell. Diffuse staining involves larger areas of the
cell, and often several of the adjacent cells. Certain antigens
produce characteristic staining patterns which help make In
terpretation easier.

Not all cells will contain the same amount of antigen, and
will therelore stain wifh varying intensify. Absence of this
variable staining among cells suggests nonspecific staining.

While specific staining Is localized in cells, nonspecific
background staining is usually found in collagen and connec
tive tissue. Nonspecific staining will not be confined to a
single cell, but involves groups of cells with no particular pat
tern. The exception to this is endogenous peroxidase activity
which is usually confined to red and white blood cells.

Interpretation is a comparison of the specific and non
specific staining pattern (and comparison of staining intensify)
of the unknown with that of the control. The source of the
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tissue, the characteristics of the antigen localized, and the
procedure used must also be considered. Only when all of
these factors have been taken into account can the staining
pattern be properly evaluated.

, ..

Ellects of Tissue Processing

The fixation protocol should be devised to produce good
cellutar morphology without destruction of antigen. It is hard
to achieve this pertect balance for every type of specimen
and antigen. Underfixation may preserve the antigen, but the
morphology will be poor-causing difficulties in interpreta
tion. Longer fixation times may produce better morphology,
but larger amounts of antig.en may be masked or destroyed.

If portions of the tissue were not exposed to the fixative,
nonspecific staining will resulf. Specimens too large to allow
complete penetration of fixative wifl exhibit this sort of stain
ing in the center. Nonspecific staining at the edges of the
tissue will be seen if the specimen dried out betore being
placed in the fixative.

Interpretallon of staining patterns should be made based
on properly fixed areas of the specimen. Close attention to im·
mediate fixation utilizing small pieces of tissue will help en
sure adequate fixation. Staining in portions of the specimen
where Inadequate fixation has taken place will be nonspecific
and should be ignored.

Interpretation of specimens that have been treated wifh
proteolytic enzymes may be difficult at tirsf. Since digestion
exposes the antigenic sites, a greater amount and more in
tense stainin.g will be observed than on undigested speci·
mens. It Is important that positive, negative, and substitution
controls be digested along with the unknown for comparison.

Artifacts

There are several artifacts that can be found in specimens
which will produce staining and intertere with correct inter
pretation. These can be loosely divided into four categories:
precipitates, tissue artifact, cell artifact, and specific
background staining.

Various precipitates in the specimen are often confused
wifh positive staining. They can be distinguished by the fact
that they are not confined within cells, but are spread ran
domly across the specimen. Unreacted chromagen granules
and counterstaining pigments are found when these solutions
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are not adequately filtered. Another type of precipitate is
related to fixation. The use of unbuffered formalin will cause a
black precipitate as will crystals of mercuric chloride that
were not removed prior to staining.

Tissue artifact usually occurs when the sections are cut,
and leads to nonspecific staining. If the sections are too thick,
reagents can be trapped between the cell layers. This also
happens in areas where the tissue is folded. Any staining that
occurs on the very edge of the specimen or along knife marks
is often nonspecific.

Positive staining of necrotic or crushed cells is always
nonspecific. These cells will be distinguished from true
positive cells by the fact that they all stain with the same in·
tensity. Cells that have undergone autolysis, and hemorrhagic
tissue, will also exhibit this kind of nonspecific staining. Only , ..
the staining pattern of viable cells should be considered for
interpretation.

There are a few cases where specific positive staining can
interfere with interpretation of results. If the specimen was
very bloody or was not washed before being processed, a lot
of serum will be present in the interstitial areas. If the antigen
stained for is also found in high concentration in the serum, in·
tense background staining will be seen that is actually
specific localization of the antigen in the serum. Often this
staining can obscure the antigen localized in the cells. Occa
sionally, macrophages will also demonstrate specific positive
staining. These cells have the ability to phagocytize other
cells. If the cell that is engulfed contains the antigen lo~alized,

then specific staining will be seen inside the macrophage.

TROUBLESHOOTING

This section will tie together all the staining hints
presented previously in an effort to solve some of the most
common problems encountered in immunoperoxidase tech
niques. In the first three situations, difficulty is encountered
with all slides stained, and therefore represents a problem in
the staining system itself. In the latter three situations, the
control slides stain correctly, but the unknowns do not. Here
the problem lies in the differences in processing the controls
and unknowns.

No Staining of Any Slides

1. Staining steps were not performed in the correct order.
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For example, if the secondary antibody is applied before
the primary, it will have no place to bind. The primary an·
tibody can still bind to the tissue antigen, but there will be
no way to visualize it. The antibody incubations must be
carried out in the correct sequence in order to achieve
binding of all the reagents. The use of a checklist will help
assure that all steps are carried out properly.

2. Omission of an antibody incubation. As in the preceeding
case, skipping an antibody reagent will prevent subse·
quent antibodies from binding. For example, if the link an
tibody is omitted in the PAP technique, there will be no
place for the PAP to bind. Again, use of a checklist would
be helpfUl to ensure that all steps are performed.

3. Sodium azide present in buffer solutions. This antibac
terial agent will prevent development ·of tile peroxidase
color reaction. Whenever possible, the user should make
up his or her own buffers without sodium azide. Commer
cially obtained buffers will have sodium azide listed prom·
inently on the label if it is present. The azide content of
buffers procured from coJleagues or other laboratories
should be verified before use.

4. fmproper concentration of hydrogen peroxide in the
substrate sofution. Hydrogen peroxide is acted upon by
peroxidase to ultimately form a colored end product. If
too iittle hydrogen peroxide is present, it will prove insuffi·
cient to. enable the reaction to proceed to completion.
Too much hydrogen peroxide will inhibit the enzyme and
prevent color formation. The substrate solution should
not exceed 0.06% hydrogen peroxide, or 0.2ml 3"/0 HzOz
in 10ml of substrate solution.

5. Specimens were improperly counterstained. This .is only
a problem when utilizing alcohol soluble chromagens.
Counterstains containing alcohol or decolorizing solu
tions, dehydration, and xylene/toluene based mounting
media will disolve soluble colored precipitates. Ap·
propriate counterstaining and coverstipping techniques
should be used with soluble chromagens.

6. fmproper fixation and processing of specimens. If the an·
tigen has not been fixed in the cell, or is not accessible to
the antibody, no staining will be observed. The fixation
protocol should be reviewed and adjusted for the chosen
immunoperoxidase technique where necessary. If speci
mens were fixed in formalin, the use of proteolytic en
zymes will digest excess aldehyde linkages and expose
the antigen. Paraffin embedded tissue should never be
exposed to temperatures above 60°C either in paraffin
baths or drying ovens. High temperatures can destroy
heat sensitive antigens as well as cellular morphology.

7. Drying out of specimens during staining. Sufficient
reagent should be applied to prevent evaporation. If
drafts are a problem, a humidity chamber should be
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used. When wiping all excess liquid, only a few slides
should be processed af a time. Repeated drying of
specimens will result in poor morphology and staining.

Weak Staining of All Slides (exciuding negative confrol).

1. Specimen retains too much liquid after buffer balhs. This
will dilute the antibody reagent and lead to a decrease In
staining intensify. As much liquid as possible shouid be
wiped from around the specimen, taking care to get the
last clinging drop. Special attention should be paid fa
removing viscous blocking serum to prevent overdilution
of the primary antibody.

2. Use of old substrate solution, Once the hydrogen perox
ide is added to the chromagen, the solution is stabie for
only a short time. For optimal results, the substrate
reagent should be prepared fresh, just before use. Ex
cess solution should be discarded. As the substrate sits,
it starts to break down the chromagen. II the solution
begins to change color before application, it should be
discarded and a fresh solulion made.

3, Improper concentration of hydrogen peroxide. See "No
Staining of Any Slides," paragraph 4,

4. Incubation times are 100 shari or the antibody solutions
are too dilute. Since these two parameters are inter
related, they should be considered together. A longer in
cubation time, a more concentrated antibody, or both
should be investigated. Refer to the chart In the Staining
Procedures section for possible solutions. II 5 or 10
minute 37°e incubations were used, these should be ex
tended to 20 minutes at this temperature.

5. Improper storage of reagents. Conjugated antibodies and
fhe PAP complex are susceptible to deterioration. All
reagents should be stored according to the manufac·
turers' instructions. Products should not be used beyond
the stated expiration date.

Excess Background Staining on All Slides

1. Endogenous peroxidase activity not removed. II this is
the case, then the staining should be observed In red and
white blood celis. Repeat the staining using one of the
mefhods described in the Staining Methods seclion. II en
dogenous peroxidase activity persists, the incubation
time should be increased; or a dillerent quenching pro,
cedure utilized. Thorough washing of bloody tissue
before embedding is recommended.

2. Nonspecific binding of protein to the specimen. Nonim
mune serum from the same animal species as the sec
ondary antibody should be applied to reduce nonspecitic
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binding. If background staining persists, a more concen
trated solution should be used. Adding 5% bovine serum
albumin to the nonimmune serum will also help. A higher
concenlration of salt in the buffer solutions, such as use
of a 1:10 Tris:saline solution, will aid in the reduction of
nonspecific binding.

3. Nonimmune serum was hemolyzed. This will release red
cell breakdown products capable of, reacting with the
substrate solution. Since endogenous peroxidase activity
has already been removed, background staining will
result. A'fresh supply of nonimmune serum should be ob·
tained that does not show evidence of hemolysis.

4. Improper'-antibody dilutions, Use of concentrated an
tibody solutions can cause increased background stain
ing. Higher dilutions of antibody should be utilized. This is
especially common when changes are made in the pro
cedure; i.e., from a 20 minute incubation to 18 hours at
4°C, paraffin sections to cryostat sections, or the indirect
method fo the PAP or avidin-biotin method.

5. Use of whole serum antibodies. These products contain
proteins that can bind nonspecifically to tissue compo

. nents. The use of immynoglobutin fractions will prevent
this type of background. This is especially noticeable
since whole antisera are often used at relatively low

, dilutions where the contaminating proteins are quite
concentrated.

6. Improper fixation. If the tissue is not promptly fixed or it
the specimen is too thick to permit complete fixative
penetration, inadequate preservation will result. Poorly
fixed specimens will exhibit intense nonspecific staining.
Careful attention to prompt and adequate fixation using
small specimens will eliminate this problem, Similar
nonspecific staining will be observed in necrotic, crushed
or damaged cells.

7. Paraffin incompletely removed. Residue of plastic con
taining paraftins causes an overall background staining
that extends beyond the borders of the specimen, and
often obscures the specific staining. Prior to deparaffiniz
ing, the slides should be placed in a 60 'C oven for 30
minutes. They should then be directly immersed in a
fresh xylene or toluene bath. A second, fresh bath can be
added if necessary. If the problem persisfs, a different
embedding media should be chosen.

8. Excessive application of /issue adhesive. Too much
adhesive on the slide can cause nonspecific binding of
protein to the adhesive. Slides should be lightly coated
with adhesive, and excess should be wiped off before
picking up the specimen.

9. Improper rinsing of slides. To remove unreacted an
tibody, the specimens should be thoroughly rinsed after
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each incubation using buffer from a wash bottle. The
slides should then be placed in a buffer bath to complete
the rinsing process. The exception to this is the slides
should NOT be rinsed aller incubation with the blocking
serum. Washing away the serum will expose sites that
can nonspecitically bind the primary antibody and re
sult in background staining. Excess nonimmune serum
should be removed to prevent dilution of the primary an
tibody, but the slides should not be rinsed with buffer.

10. Overdevelopment of substrate reaction. There are three
main conditions "that can cause increased substrate
staining.

An excess of chromagen in the solution

A high concentration of antigen in the specimen
Increased temperatur.es causing an accelerated
reaction

In each of these areas the easiest remedy is to decrease
the substrate incubation time. An alternative is to decrease
the concentration of chromagen in the solution.

11. Increased thickness of specimen. If the specimen is
greater than one cell layer thick, interpretation will be im·
paired due to staining in each layer. This allen takes on
the appearance of nonspecific sfalnlng, as antibodies
become trapped between the layers. Tissue sections
should be cut 4-5 microns thick, and cell smears should
be spread as thinly as possible.

The next section has to do with staining problems in the
unknown specimen. .

Positive Control Slide Stains Well, But No Staining Is
Observed in a Suspected Posillve Specimen.

Improper fixation and processing of unknown. This is the
most common cause of staining problems, and emphasizes
the need for a positive control. Ideally, controls and unknowns
should be processed in an identical manner to identify faise
negatives due to improper fixation. If the specimen was fixed
in formalin, a proteolytic enzyme digestion may be necessary.
The positive control should also be carried through the diges
tion process.

Positive Control Slide Stains Well, But Unknown Stains
Very Weakly.

1. Antigen present in low concentration. This is common in
poorly differentiated or metastatic tumors. Staining of the
control and unknown should be repeated, using a longer
incubation lime or a more concentrated solution of the
primary antibody.
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2. Antigen partly destroyed or masked by fixation. If the an
tigen was destroyed, the fixation and processing protocol
should be reviewed. Utilization of a more sensitive tech
nique, more concentrated antibody and/or an increased
incubation time. will permit localization of the remaining
antigen. If the antigen was masked due to overfixation in
formalin, enzyme digestion should increase staining
intensity.

3. Excess buffer or nonimmune serum allowed to remain on
the specimen. This will serve to dilute the subsequently
applied antibody solutions causing a weak reaction. As
much liqUid as possible should be removed from the
specimen before applying Ihe next reagent.

Background Staining Absent in Positive Control, But
Present in Unknown.

1. Endogenous peroxidase activity not fully quenched in
unknown. In this case the substitution control should ex·
hibit the same type of staining. A longer incubation time
in the quenching solulion or a differenl peroxidase inhibi·
tion procedure should be utilized.

2. Nonspecific binding not fully inhibited in unknown. The
substitution control should exhibit the same type of stain·
ing. A more concentrated solution of normal serum andl
or the addition of ?-5 % bovine serum albumin will de·
crease nonspecific binding. Use of a 1:10 Tris:saline buf
fer will also help reduce background staining.

3. Unknown specimen too thick. The substitution control
mayor may not show increased staining depending upon
the thickness. if all cells are not in the same plane of
focus, then the specimen is more than one cell layer
thick. As correct interpretation of staining is impossible,
the procedure should be repeated on a thinner specimen.

4. Unknown specimen contains a high concentration of an·
tigen. Since this problem is due to an increase in specific
staining via the primary antibody, the substitution control
would show no background staining. The easiest way to
reduce the degree of specific staining is to decrease the
substrate incubation time. If necessary, an increased
dilution of the primary antibody can also be used.
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REFERENCES

In this section we will not attempt to provide an all
encompassing list of perlinent references to, perhaps, over·
whelm the reader. Rather, a handful of the mosf useful
sources of information are described that will in themselves
provide further sources for investigation of various topics.

Barrell, James T.
TEXTBOOK OF IMMUNOLOGY: AN INTRODUCTION TO 1M·
MUNOCHEMISTRY AND IMMUNOBIOlOGY.
C.v. Mosby Company, SI. louis, 1978.

Thorough coverage of antigens, antibodies and their in
vivo and in vitro uses. Adiscussion of the complement system
is also included.

Rose, Noel R., and Bigazzi, P.E., (Eds.)
METHODS IN IMMUNODiAGNOSIS: SECOND EDITION ..
John Wiley and Sons, New York, 1980.

Various authors describe the use of antibodies in
diagnostic testing. An entire chapter is devoted to im·
munohistochemical procedures.

Bullock, Gillian R., and Petrusz, Peter, (Eds.)
TECHNiQUES IN IMMUNOCYTOCHEMISTRY.
Academic Press, New York, 1982.

Many uses of immunohistochemical techniques are
covered including double labelling, protein A·gold, pre·
embedding and post·embedding staining. Other chapters
discuss tissue preparation and enzyme digestion.

Polak, Julia M.. and Van Noorden, Susan, (Eds.)
IMMUNOCYTOCHEMISTRY. PRACTICAL APPLICATIONS IN
PATHOLOGY AND BiOLOGY,
Wright·PSG, Boston, 1983.

Describes applications of various immunohistochemical
methods lor the localization 01 cell and tissue antigens.

Reynolds, G.J.
lYMPHOID TISSUE·A HISTOLOGIC APPROACH.
Wright·PSG, Boston, 1982.
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A comprehensive discussion of the structure and function
of lymphatic tissue with a description of relevant immuno
cytochemical techniques.

Sternberger, ludwig A.
IMMUNOCYTOCHEMISTRY: SECOND EDITION.
John Wiley and Sons, New York, 1979.

An advanced discussion of peroxidase conjugates and Ihe
PAP complex is presented with instructions on preparation
and use.

Delellis, Ronald A., (Ed.)
DIAGNOSTIC IMMUNOHISTOCHEMISTRY.
Masson Publishing, New York, 1981.

A collection by several authors on the localization
of various antigens, their usefulness and staining
characteristics.

Boenisch, Thomas, (Ed.)
REFERENCE GUIDE SERIES 1. PAPIIMMUNOPEROXIDASE,
DAKO CORPORATiON, Sarlla Barbara, 1980.

. A reference list of over 600 papers on immunoperoxidase
techniques pUblished before 1980. Much of the original work
in the PAP method is cited.

Preece, Ann.
A MANUAL FOR HISTOLOGIC TECHNIQUES: THIRD
EDITION.
lillie, Brown and Co., Boston, 1972.

A basic, straightforward presentation of lissue handling
and processing for Ihose with a limited histology background.

Kiernan, J.A:·
HiSTOLOGICAL AND HiSTOCHEMICAL METHODS.
THEORY AND PRACTICE.
Pergamon Press, New York, 1981.

A description of different histologic techniques including a
chapter on immunohistochemistry.

Mackay, Bruce.
INTRODUCTION TO DIAGNOSTIC ELECTRON
MICROSCOPY.
Appleton·Century-Grofts, New York, 1981.

Basic procedures to prepare specimens for use in elec
tron microscopy.
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Dilulions, interpretation 18,19
Dilutions, procedures for 19,20
Direct slaining method 11
Direct staining procedure 14

Handbook 01

E

Embedded sections, paraffin 16,27
Embedded sections, plaslic 28

, Embedding media 27
Endogenous peroxidase 'activity 13,22,33,34
Enzyme digestion 24,26,29,31,32,34
Enzyme, peroxidase 11
Enzyme inhibitors 22
Enzyme reaction 21

F

Fixation, general 25,31,32,33,34
Fixation of frozen sections 28
Fixation of smears 28
Fixalive formulas 26
Formalin fixative 26
Formulas, adhesive 27
Formulas, buffer 20
Formulas, fixative 26
Formulas, substrate solution 21,22
Frozen sections, fixation 26,28
Frozen sections, staining 13,14

G

Gelatin, chrome alum 24,28
, Glue, Elmer's 28

H

Hanker-Yates 22
Hydrogen peroxide 13,22,32,33

Immune complex 9
Incubation timing 23,24,33,34
tncubations, heated 24,33
Indirect staining melhod, general description ot 11
Indirect staining procedure 16
Inlerpretation of controls 30,31
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lmmunoperoxidase Staining Methods

M

Mayer's egg albumin 27
Monoclonal antibodies, description of 9
Monoclonal antibodies, production of 9,10

N

Negative controls 29,30
Nonimmune serum 13,30,33,34
Nonspecific staining, background 13,18,31,33,34

P

PAP complex 9,12
PAP staining method, general description of 12
PAP staining procedure 16
Paratlin removal 27,33
Paraffin section, staining 16
Peroxidase staining method, general description at 11
Phosphate buffered saline (PBS) 20
Ph)'siologic saline 20
Plasfic embedding 28
Plastic section, staining 17
Positive controls 29,30
Post embedding staining 17,28
Precipitates 21,26,31
Preembedding staining 28
Processing, tissue 27,31,32,33,34
Proteolytic enzyme digestion 24,25,26,29,31,32,34

R

References 35

5

Saline, physiologic 20
Smears 28
Smears, blood 13,28
Smears, fixalion 28
Smears, staining 16
Sodium azide 20,22,32
Staining characteristics 31
Staining, excess background 33
Staining, inhibition 22,32
Staining, no background 34
Staining, none 32
Staining, positive conlrol stains, weli·unknown doesn't stain 34
Staining, positive control stains, well·unknown stains weakiy 34
Sfaining procedure, avidin·biotin 17
Staining procedure, direct 14
Staining procedure, generai instructions 14,32,33
Staining procedure, indirect 16

Staining procedure, PAP 16
Staining, weak 33
Substrate reaction, methodology 21
Substrate solutions, description 20,21
Substrate solutions, formulas 21,22

T

Timing, incubation 23,33,34
Tissue fixation 25,26
Tris buffer 20
Tris buffered'saline (rBS) 20
Troubleshooting, controls vs. specimen 34
Troubleshooting, excess background staining 33
TroubleshOOting, (no staining) 32
TrOUbleshooting, (weak staining) 33
Trypsin digestion 25

Z

Zenker's fixative 26,32

37
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About Janice Bourne

Janice was one of the prime movers in the development of the original peroxidase
antiperoxidase (PAP) staining kit.

In her present capacity as Product Manager for DAKO CORPORATION, she is involved
in the Introduction of all new products for clinical and research laboratories, and in dissemi·
nating medical information based on reference matenal and field experiences..

Since. Janice obtained her bachelor of science degree in medical technology from
Northeastern University, she has managed to move to the forelront of tissue staining
technology and remain there. Today. she travels the world giving lectures. conducting
hands·on workshops. and providing practical assistance where it is needed.

About DAKO CORPORATION.

DAKO introduced the first PAP kit to the world on September 1, 1980. Today the com·
pany offers over 40 kit tests and nearly 250.dlfferent antisera, including monoclonals. DAKO
is dedicated to the provision of reagents for state·of·the·art tissue staining technology within
its broader capacity as an'expanding antibody resource for medical research and clinical
laboratories worldwide. The product line inciudes:

Antisera to human, animal, plant, viral and microbiai antigens.
FITC, TRiTC, HRP and alkaline phosphatase conjugates for tissue work.
Peroxidase and alkaline phosphatase immune complexes from several species.
Human proteins in bulk form.
Reagents for ELISA and EIA techniques.
In general, products for immunoelectrophoresis. immunodiffusion, immuno·

blotting. nephelometry. turbidimetry, Immunofixation. RIA and tissue staining.

Your inquiry is welcome. Please contact the DAKO Distributor in your country or-if
unknown-wrlle directly to DAKO CORPORATION for the name and address of your nearest
distributor. .

In the United States, you may telephone toll free 800/235·5743 or 800/235·5763.
Californians may call 805/963·9881 collect.

DAKO CORPORATiON, 22 North Milpas Street, Santa Barbara, CA 93103.
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Brain, HSV
Formalin fixed, paraffin embedded brain tissue from a case of
viral encephalitis shows positive staining of Infected neurons for
herpes simplex virus lype 1. Immunoperoxidase staining per
mits rapid identHication of herpes simplex virus types 1 and 2 in
lesion smears as well as in parafiin sec lions. Comparative
studies show excellent correlation with the more complex and
time consuming viral isolation techniques.

•
Liver, HBcAg
A human liver biopsy demonstrates positive \staining for
hepatitis B core antigen (HBcAg) in the nuclei of .in.fected
hepatocytes. HBcAg is localized primarily In immunosup
pressed palienls wilh chronic hepatilis, but will also be ob
served in chronic carriers and some cases of acule hepatitis.
Immunohistochemical slaining should always be chosen as the
only reliable method 10 ascertain the presence 01 HBcAg.

Pituitary, ACTH
Adrenocorticotrophin (ACTH) is localized In the corlicotrophic
cells of this human plluitary section. Tumors producing ACTH
are usually clinically associated with either Cushing's or
Nelson's Syndrome. ACTH can be identified in several en
docrine and nonendocrine tumors; including oat cell carcinoma,
medullary carcinoma, and ovarian tumors.

The formalin fixed, paraffin embedded lissue specimens used
lor these photographs were all stained using Ihe peroxidase
antiperoxidase (PAP) technique. The chromagen, 3-amino-9
elhylcarbazole, produces a red end product that precipitates at
the site of the antibody reactlon. Positive cells will therefore
stain red, while negative cells and nuclei will appear blue due to
the hematoxylin counterstain.
Note additional photographs on inside front cover.

Tonsil, Factor VIII RAg
Factor VIII related antigen (F VIII RAg) Is localized In the
cytoplasm of vascular endothelial cells in this human tonsil sec
lion. F VIII RAg can be used to identify a variety of vascular
tumors stich as hemangiomas, hemangiosarcomas and Kapo
si's sarcoma. This anligen is also' useful as a marker for
megakaryocytes and their precursors.

Testis, HCG
Positive staining lor human chorionic gonadotrophin (HCG) can
be seen in the trophoblastic elements of this malignant germ

. cell tumor of the testis. HCG reflects the biochemical dilferen
llatlon of cells which usually precedes the morphological dif-
ferentiation. It is therefore a useful marker lor identifying
various types of trophoblastic tumors.

Pancreas, Insufln
Normal human pancreas stained for insulin identifies the B-celts
of the Islets 01 Langerhans as the predominant celt type. A
decrease in the percentage 01 insulin producing cells will be
observed in juvenile diabeles and chronic pancreatitis. Tumors
that produce insulin represent the most common type 01 islel
cell adenoma, and are associated with increased numbers of
B-cells.




