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Preface

This book has been written for pathologists, medical researchers, and laboratory

technicians. It covers specialized techniques in pathology, some of which are

relatively new and therefore can be considered nonroutine in the average labora-

tory. The book is divided into seven chapters; each chapter covers one particular

subject and its use in pathology. The techniques described and discussed are

procedures in immunohistochemistry and in situ hybridization, the polymerase

chain reaction, preparatory techniques for flow cytometry, quantitative staining

methods for image cytometry, skeletal muscle enzyme histochemistry, and

preparatory methods in cytopathology. The methods are presented in detail, with

an introduction to and background material on each subject. Principles of the

techniques and other useful information are also included.

During the last decades, exciting events in biochemistry and molecular biology

have taken place that have had an impact on pathologic diagnosis and prognosis

of disease. This book combines these new techniques, together with others that

have been around for some time, under one cover. Because the subjects covered

are continuously developing, the progress within each field should be followed

closely and users should update, simplify, and modify procedures as advances

occur. This is especially important in the field of molecular biology,

This book has been written for the experienced technician. The procedures are

detailed, work well, and are effectively used at the Armed Forces Institute of

Pathology (AFIP). They have been published elsewhere and are basically

standard. When possible, our laboratories have modified and simplified them. We

aim for the best results in the simplest and most direct way. Troubleshooting and

problem-solving advice is included.

The manufacturers of the compounds listed under the "Materials and Solutions"

section of each chapter are usually stated. This does not mean the authors

endorse these particular products, only that we have found them to work well. As

a rule, products from other manufacturers will work just as well.

A chapter on preparatory techniques in cytology has been included. We believe

this information will be useful in laboratories where histotechnologists assist with

cytologic preparations. It is a condensed version of preparatory techniques in

cytology and is not intended for cytotechnologists. The procedures are described

in enough detail, however, to prove useful to the experienced technician.

I gratefully acknowledge the help and advice I have received from Dr. Timothy J.

O'Leary, Chairman, Department of Cellular Pathology, Dr. Robert L. Becker, Jr.,

Chief, Division of Quantitative Pathology, and Dr. Leslie H. Sobin, Associate

J
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Director, Center for Scientific Publications, API P. Their support and suggestions

are much appreciated.

Very special thanks go to Fran Card, for layout and organization of the text and

the illustrations; to JoAnn Mills, for editing the manuscript; to Cathy Hemelt, for

her photographic assistance; to Ken Stringfellow, for processing the transparen-

cies for printing; and to Lena Hohmann, for her technical support and assistance

in the development of the two chapters "Preparation of Nuclei for Flow Cytometry"

and "Quantitative Techniques for Image Cytometry."

Ulrika V. Mikel
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I.

Immunohistochemistry:

Antigen Detection in Tissue

Gary L Bratthauer and Lila R. Adams

INTRODUCTION

Immunohistochemistry involves the detection of specific chemical substances

within tissue by the use of derived antibodies to the substances. Antibodies are

applied to tissue sections and allowed to bind to their corresponding antigen. A

detection system is then employed to identify the location of these antibodies

using marker molecules that can be visually recorded.

Antibodies are produced from the introduction of a specific chemical substance to

the immune system of an unrelated species. The immune system has the innate

ability to recognize, via specific receptor molecules, virtually any combination of

amino acids, carbohydrates, or lipids and respond. This recognition is dependent

on many factors, one of which is size. A molecule of several hundred daltons is

required to initiate receptor recognition and immune response. This molecule is

called the antigen. Many proteins are large enough to elicit an immune response

and therefore are antigenic. Many other molecules, or small proteins, are not and

must first be attached to a larger molecule. These small molecules can then be

recognized by the immune system and are called haptens. When a foreign

molecule is introduced to the body, it is recognized as such in conjunction with

the particular human leukocyte antigen (HLA) receptors on macrophages. The

macrophage digests the molecule and presents certain combinations of external

groups of atoms called epitopes on the surface of the cell. The epitope is then

brought into contact with helper T-cell lymphocytes, which help present the

epitope to B-cell lymphocytes. The B cells synthesize immunoglobulin protein

Immunohistochemistry: Antigen Detection in Tissue
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chains with the ability to bind specifically with the epitope. The cell makes a light

chain that is 30 daltons in size and of either the lambda or the kappa type, which

is based on molecular structure. Two light chains combine with two heavy chains,

measuring 60 daltons in size, of the mu, gamma, delta, alpha, or epsilon types of

molecular structure to form the immunoglobulin molecule. In response to antigenic

stimulus, this molecule is called an antibody. The antibody site reacting specifi-

cally with an epitope is called the idiotype. In response to stimulus, the B cell

transforms to a plasma cell and secretes large quantities of the antibody into

circulation. When these molecules are harvested, they can be concentrated to

react specifically with the antigen causing the response, or immunogen. Each

antigenic substance has many epitopic sites, also called determinants, capable of

combination with antibody. In vivo, the response to an antigen will be broad, and

the resulting set of antibodies reactive with the determinants on the antigen is

called a polyclonal antiserum. Monoclonal antibodies are produced by fusing one

particular line of B cells exhibiting a unique idiotype with an immortal transformed

plasma cell that consistently produces a certain immunoglobulin. The result is an

antibody with a specific idiotype that is constantly produced from an immortal

transformed hybrid cell.

Whether monoclonal or polyclonal antibodies are employed, the presence of the

specific chemical antigen in tissue can be determined by allowing the antibodies

to bind and then locating them with a detection system designed to identify the

particular species of immunoglobulin antibody. The techniques for doing so are

numerous, but the overall technology is essentially the same. An antibody to the

substance to be examined is used, followed by a detection system identifying the

immunoglobulin of the species from which the antibody was obtained, and then

allowing the reporter molecule of the detection system (enzyme, fluorochrome,

gold particle, etc.) to react with its respective visually detectable substrate. These

identifiable substrates are permanent enough to offer a documentation of localiza-

tion that can be seen through the microscope at the cellular level. In this way,

individual cells or groups of cells can be monitored for the presence of the specific

analyte, directly.

Using antibodies to identify specific substances in human tissues has emerged as

a powerful new tool in pathology. Whereas, in the past, anatomic pathologists

observing diseased tissue have had to rely on morphological characteristics

highlighted through the use of special dyes, immunohistochemical technology

makes it possible to visualize a specific substance and identify its location. The

histogenesis of tumors can be more easily determined through the identification of

tissue- or organ-specific molecules, and the recent introduction of several

proliferation-associated markers has allowed for prognostic information to be

derived as well.

This chapter will deal with the technique and also the technology of this assay

system as it is applied at the Armed Forces Institute of Pathology (AFIP). The

details of methodology, the interpretation of the results, problem-solving ideas,

and the requirements of a large-volume laboratory will be addressed.

AFIP Advanced Laboratory Methods in Histology and Pathology
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AVIDIN-BIOTIN COMPLEX METHOD

FOR ANTIGEN DETECTION

PRINCIPLE:

Immunohistochemical assays identify specific substances in tissue using derived

antibodies and a detection system that allows visual identification. The identifica-

tion of specific compounds enables the physician to determine more accurately

the histogenesis of particular lesions and possibly provides prognostic information

about them as well.

Antibodies are raised against antigenic determinants present on the compound of

interest. These antibodies are allowed to specifically combine with the compound

in tissue and are detected by the use of other antibodies that are designed to

recognize the immunoglobulin from the species exposed to the original compound.

These detection antibodies (anti-antibodies from other species) are tagged with

some reporter molecule such as fluorescein or an enzyme that can catalyze a

further reaction towards a visible product.

At the AFIP, the avidin-biotin complex (ABC) detection system is used on speci-

mens of paraffin-embedded tissue, 6 microns thick. The specific antibody to the

compound of interest is allowed to combine with the antigen and is detected with

an anti-antibody produced in another species that recognizes the first antibody as

an antigen. This "secondary" antibody has biotin molecules attached to it, en-

abling further detection with the protein avidin. Biotin, a vitamin, is relatively small,

and attachment to the chains of the immunoglobulin does not interfere with its

ability to recognize the "primary" antibody. Avidin, a protein, has such a high

affinity for the biotin molecule that the combination is virtually irreversible. Each

avidin molecule has four combination sites for biotin, and each biotin molecule has

two combination sites for avidin. The horseradish peroxidase (HRP) molecule is

the reporter molecule in use at the AFIP. This enzyme is bound by biotin and

incorporated in an avidin-biotin complex in such a way that, when it is brought in

proximity to the secondary biotinylated anti-antibody, the complex binds through a

remaining biotin-binding site on one of the avidin molecules. This essentially

provides enzyme at the site of the original primary antibody-antigen interaction.

The enzyme then, acting on hydrogen peroxide, promotes the transfer of electrons

from a chromogenic compound that precipitates as an insoluble pigment. At the

AFIP, the chromogen in use is 3,3'-diaminobenzidine tetrahydrochloride (DAB).

This molecule is essentially colorless in solution at dilute concentrations and

precipitates dark brown during the oxidation. The precipitate is insoluble in

alcohol, allowing the sections to be counterstained with hematoxylin, dehydrated

with ethanol, cleared with xylene, and coverslipped.

Immunohistochemistry: Antigen Detection in Tissue
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For example, suppose a liver biopsy specimen was suspected of harboring the

hepatitis B virus. A rabbit immunized with hepatitis B virus would produce rabbit

anti-hepatitis B virus antibodies. Incubation of this antiserum (primary antibody)

with the liver biopsy specimen at proper dilution and pH would result in the anti-

bodies binding with the virus if it is present in the specimen. The second stage

incubation occurs with a specific secondary antiserum. In this case, commercially

prepared goat anti-rabbit immunoglobulins (secondary antibody) are used, being

derived from the immunization of goats with rabbit immunoglobulin molecules.

These goat antibodies have been prepared with attached biotin molecules that are

used in the detection process. Incubation with the biopsy specimen will result in

these antibodies binding to the primary antiserum immunoglobulins wherever they

are located in the specimen. The third stage in the process involves the ABC,

which is prepared from commercially available avidin, and biotin attached to the

HRP enzyme. In combination, the complex builds to form many avidin molecules

attached to molecules of biotin linked to enzyme. This ABC, when applied to the

biopsy specimen, attaches to the biotin molecules present on the secondary

antibodies. Thus, the HRP enzyme is essentially linked to the location of the

hepatitis B virus wherever it exists in the biopsy specimen. In order to determine

virus localization, the enzyme is allowed to catalyze the oxidation reaction with

hydrogen peroxide and DAB. This results in the DAB precipitating brown in close

proximity to the peroxidase enzyme.

HRP + H2O2 = HRPH2O2 + DAB = DABpolymer + H2O + HRP

This brown precipitate is insoluble and permanent. The specimen may be counter-

stained to determine morphological parameters of interest and permanently

coverslipped in order to view the DAB precipitate with the use of the light micro-

scope. The location of the virus, if present, will be identified by the observation of

DAB precipitate.

To better visualize these essential three steps in the procedure, a diagrammatic

representation of antigen identification follows.

Step 1:

The primary antibody

binds to the correspond-

ing antigen in the tissue

section.

AFIP Advanced Laboratory Methods in Histology and Pathology
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Step 2:

The secondary antibody binds to

determinants on the primary anti-

body.

Step 3:

The avidin-biotin complex contain-

ing the horseradish peroxidase

enzyme is allowed to bind to the

biotin molecule attached to the

secondary antibody.

Horseradish peroxidase

D

i

Biotin

Avidin

J
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MATERIALS AND SOLUTIONS:

Water bath

Oven at 60°C

Magnetic stir plates and stirring bars to agitate solutions

Humidity chambers with level staining trays

Microliter pipettes

45-liter carboy

Gloves

Sodium hydroxide (NaOH) 10N

Hydrochloric acid (HCI) Conc.

Ethanol: 100%

Xylene

Permount (Fisher Scientific)

0.01 M phosphate buffered saline (PBS), pH 7.40 +/- 0.05

Sodium chloride (NaCI) 0.89% 400.5 g

Sodium phosphate (NaH2PO4) 54.0 g

Place in a 4-liter flask. Fill flask with deionized water to 3 liters. Mix on a

stirring plate until completely dissolved. Using NaOH, adjust to a pH of

6.80. Pour the solution into a 45-liter carboy and bring to 45 liters with

deionized water. Mix thoroughly; adjust pH with HCI or NaOH to 7.40

+/- 0.05.

0.1 M phosphate buffer, pH 7.8

Sodium phosphate (NaH2PO4.H2O) 52.4 g

Deionized water to a final volume of 3.8 L

Place in a 4-liter flask. Mix on a stirring plate until completely dissolved.

Adjust pH to 7.80 using NaOH or HCI.

Proteolytic digestion solution

0.1M phosphate buffer 500 ml

Protease VIII (Sigma, St. Louis) 0.25 g

Mix well and place in a 37°C water bath. Solution is ready to use when it

reaches 37°C.

Endogenous oxidation blocking solution

30% hydrogen peroxide (H2O2) 52.6 ml

Methanol 1-pint bottle

(approximately 473 ml)

This solution should be used as soon as possible.

L
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^ Caution: 30% hydrogen peroxide is a very strong oxidant and

will burn. It is advisable to wear gloves when handling and avoid

skin contact.

10% Normal serum

Deactivated serum 50 ml

PBS 450ml

Deactivate the serum by placing it in a 56°C water bath for 30 minutes.

The serum is obtained from the same species as the biotinylated second-

ary antibody. EXAMPLE: If the secondary antibody is horse anti-mouse

IgG, then 10% horse serum should be used.

Primary antibody

The primary antibody is chosen specifically for the detection of a desired

antigen. This product is usually purchased commercially and diluted with

PBS. Titrations should be performed to determine the proper dilution of

concentrated antibodies.

i Secondary antibody

The secondary antibody, conjugated with biotin, should be directed

against the animal that produced the primary antibody. EXAMPLE: If the

primary antibody was produced by a mouse, then a biotinylated horse

anti-mouse IgG can be used. Titrations should again be done to deter-

mine the proper dilution, with PBS used as the diluent.

Avidin-biotin complex (ABC) reagent

The reagent is purchased commercially (Vector Laboratories, Burlingame,

CA) and prepared according to the manufacturer's specification.

0.016% Diaminobenzidine tetrahydrochloride (DAB) chromogen solution

DAB (Sigma, St. Louis) 80 mg

PBS 500ml

30% hydrogen peroxide (H2O2) 400 \i\

Fill the staining dish with PBS, add the DAB, and mix until DAB is dis-

solved. Then add 400 \i\ of 30% H2O2 to this solution. The solution should

be made immediately before use and have only a slight tint when com-

pared to normal PBS. When the solution becomes light brown to reddish

brown it should be discarded. ^ Caution: DAB is a suspected

carcinogen and should be considered a hazardous material. DAB

should be used under a fume hood. The technician should wear

gloves, safety glasses, and a protective covering. As much as

possible, limit exposure to the powder form. This laboratory stores

Immunohistochemistry: Antigen Detection in Tissue
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2% DAB in PBS in 4-ml aliquots at -70°C. One frozen vial is used for 500

ml of chromogen solution.

Gill's hematoxylin

Commercially prepared Gill's hematoxylin (Fisher Scientific) is used

mostly for convenience and its long shelf life. Other hematoxylins or

stains can be substituted for Gill's provided they produce ?. light counter-

stain.

Ammonia water

Conc, ammonia 10 ml

Deionized water 500 ml

Specimen

The specimen of choice is formalin-fixed, paraffin-embedded tissue

sectioned at 6 microns and mounted on positively-charged glass slides or

slides coated with poly-L-lysine, silane (see pages 44 and 60), or 15%

Elmer's glue diluted in water. While other specimens are acceptable, i.e.,

frozen sections or specimens fixed in an alternate fixative, slight changes

will have to be made to the procedure to achieve desired results. Some

specimens may not be suitable for a given analyte, but only by testing can

this determination be made. It is imperative to always perform a negative

control with each specimen and to understand that a negative result only

indicates an inability to detect the substance analyzed.

PROCEDURE:

1. Position the slides in a staining rack and heat in an oven at 60°C for 30

minutes in order to properly anneal the section to the glass slide.

2. Place the rack of slides in the first staining dish of xylene immediately

after taking them from the oven (see Note 1). Continue to deparaffinize

with 4 changes of fresh xylene, allowing the slides to remain in the xylene

dishes for 5 minutes each.

3. Place in 100% ethanol for 4 changes, 3 minutes each. For sections that

do not require digestion go directly to Step 7.

4. Rinse sections requiring digestion in deionized water for 3 minutes.

5. Incubate sections in proteolytic digestion solution at 37°C for 1 to 30

minutes. The standard time for digestion is 3 minutes.

6. Rinse sections in 2 changes of deionized water for 2 minutes each, then 3

changes of 100% ethanol for 3 minutes each.

L
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7. Place all sections in endogenous oxidation blocking solution for 30

minutes.

.^2 8. Rinse sections 3 times with deionized water for a total time of 10 minutes.

9. Place sections in 10% normal serum solution at 4°C overnight to reduce

_Z2 nonimmunologic binding of antibody. Under rare circumstances, it may be

necessary to decrease the serum blocking time. This is accomplished by

incubating sections in 10% normal serum at room temperature for 45

ij minutes.

10. Place slides horizontally on leveled bars in a humidity chamber (Fig. 1-1).

- Distribute slides according to the primary antibody that is to be applied.

—^ Care should be taken so that the sections do not touch during incubation.

Separation of slides into groups will help preclude any chance of contami-

nating a section with the wrong antibody. Gently shake off excess normal

serum and cover sections with 3 to 4 drops of primary antibody (Fig. 1 -2).

Incubate for 30 minutes at room temperature, making sure the lid to the

humidity chamber is on to prevent air-drying.

"n3

11. Wash sections with PBS 3 times and gently shake off excess (Fig. 1 -3).

12. Flood sections twice with 10% normal serum for 10 minutes each.

13. Wash sections with PBS 3 times and gently shake off excess.

14. Cover sections with 3 to 4 drops of biotinylated secondary antibody for 30

—« minutes at room temperature. Secure the lid to the humidity chamber to

maintain a moist environment.

~» 15. Wash sections 3 times with PBS and gently shake off excess.

16. Cover sections with 3 to 4 drops of ABC reagent for 30 minutes at room

temperature. Make sure the lid to the humidity chamber is on to prevent

air-drying of sections.

17. Wash sections 3 times with PBS; place sections once again in staining

-—* racks for a final 10-minute soak in PBS.

18. Develop in 0.016% DAB chromogen solution for 10 to 25 minutes at room

temperature. The usual time for optimal development of DAB is 15

minutes, but this may vary with different lots of DAB (Fig. 1 -4).

^ Special precautions should be taken when handling DAB be-

cause of its possible carcinogenic properties. The solution should

be kept under a safety hood. The technician should wear gloves and

protective coverings when handling the DAB solution.

—i 19. Wash sections 3 times with deionized water for a total time of 5 minutes.

20. Counterstain with Gill's hematoxylin for 3 to 30 seconds, depending on the

—• concentration of the solution.

. I

21. "Blue" sections with ammonia water for 30 seconds.

J
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22. Wash in deionized water for 5 minutes.

23. Dehydrate using 4 changes of 100% ethanol, 3 minutes each.

24. Clear with 4 changes of xylene, 3 minutes each.

25. Coverslip sections with Permount.

Positive antibody/antigen reaction is dark brown, with the background a light blue.

NOTES:

1. Care should be taken when transferring the slides from the oven to

xylene. The sections should still be warm but cool enough that the tissue

won't float off the slide when placed into the xylene. When rehydrating

numerous slides, allow extra incubation time in xylene. This is especially

true for the first dish because the majority of the paraffin will be dissolved

in this step. It is important to effectively remove all of the paraffin be-

cause paraffin can mask epitopes from the primary antibody, creating a

muddy appearance or a false-negative reaction.

2. It is important to insure that the humidity chamber staining rack is level

before placing the slides on it for primary antibody incubation. If there is

a problem with the level of the rack, the immunoglobulins may not have

enough time to effectively bind the target.

3. There are several factors that were considered when preparing the

endogenous oxidation blocking solution. Methanol was chosen as a

base solution because it appears to be stable for a longer period of time,

when compared to water or PBS. ^fr Caution should be used when

handling 30% hydrogen peroxide. The 30% hydrogen peroxide

reagent is a caustic compound and can cause severe burns. Wear

appropriate protective clothing, including gloves, and bring spills to

the attention of the supervisor.

4. Throughout the procedure, keep drying of the sections to a minimum in

order to prevent destroying epitopes on the cell membrane. Drying will

also cause nonspecific background staining.

5. Special precautions should be taken when handling DAB because

of its possible carcinogenic properties: gloves, organic ventilators,

and protective clothing should be worn. All procedures using DAB

should be performed under a safety hood.

6. This procedure can be adapted for just a few slides. Make 50 ml of

digestion and blocking solutions in small Coplin jars. Additionally, only

small quantities of antibody reagents and ABC have to be prepared.

L
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ADDITIONAL SAFETY CONCERNS:

1. Treat all biological materials, including lyophilized materials, as poten-

tially hazardous.

2. All hazardous materials contained in glass bottles should be carried in a

polypropylene bottle carrier.

3. Hands should be washed with a bacteriostatic soap as soon as practical

following contact with human unfixed tissue, serum, urine, or other

biological fluids.

4. Spills should be promptly flooded with a disinfectant and cleaned up.

5. All biological hazards and anything that comes in contact with them

should be disposed of in biohazard bags.

6. Biohazard bags should be sealed with special autoclavable seals,

labeled with autoclave tape, and autoclaved at 20 pounds pressure at

120°C for not less than 1 hour before final disposal.

7. Controlled substances should be kept under lock and key.

8. All flammables are to be kept in a closed fire cabinet.

9. Hazardous materials should be handled as previously described.

10. To avoid contact with DAB, the following procedure can be used.

a. Wearing gloves, goggles, protective covering, and an organic

filtered mask, dissolve DAB powder (5-g vial) in manufacturer's

glass container with PBS in the chemical safety hood.

b. Pour solution into a 250-ml volumetric flask and bring to 250 ml

with PBS.

c. Immerse a magnetic stir bar and stopper the flask. Stir solution

until completely dissolved.

d. Aliquot 4 ml into 1 -dram glass vials and freeze at -70°C.

e. Extreme care should be used when making any solutions of

DAB. Stock solution can vary from dark brown to purple.

Immunohistochemistry: Antigen Detection in Tissue 11
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PEROXIDASE-ANT1PEROXIDASE METHOD

FOR ANTIGEN DETECTION

PRINCIPLE:

The avidin-biotin system can at times lead to erroneous results. This often occurs

when dealing with poorly fixed samples or frozen sections with viable endogenous

biotin. It is better in these instances to change the method and abandon the need

for biotin. One of the most successful is the completely immunologic

peroxidase-antiperoxidase (PAP) technique. Of course, the enzyme of choice is

subject to preference. In this technique, a linking or bridge antibody is used to

bind both the primary antibody and a complex made up of antibodies directed

against horseradish peroxidase derived from the same species as that responsible

for primary antibody production, and the HRP enzyme, in a soluble immune

complex.

PROCEDURE:

Steps 1 to 13, follow the ABC procedure (see pages 8 and 9), then proceed as

below.

14. Apply swine anti-rabbit immunoglobulins to the sections (in the same

manner described in Step 14 of the ABC procedure) for 30 minutes.

15. Rinse the sections in PBS thoroughly, allowing buffer to drain off the slide.

Repeat three times in rapid succession. It may be beneficial to allow the

excess buffer to remain on the section for a few minutes to completely

allow the excess immunoglobulin to diffuse off the section before draining.

16. Decant excess buffer and add the horseradish peroxidase-rabbit

anti-horseradish peroxidase complex. This immune complex is soluble

and obtained already prepared. Work quickly to avoid drying of the

section. Allow to incubate for 30 minutes.

17. Continue with the ABC procedure, Step 17, from this point on.

NOTE:

The swine anti-rabbit immunoglobulin will bind both the primary rabbit antibody

and the rabbit antibody bound to the peroxidase enzyme (with the remaining

available site), but only if it is in molar excess. Otherwise, there will not be enough

antigen-binding region available to the PAP antibody complex. It should be noted

that the serum used in this example to achieve blockage of non-specific binding

would have to be normal swine serum, 10% in PBS. Also, pH plays a larger role in

assays of this type, due to the complete immunologic nature of the binding.

Diligence is essential to assure that all buffers are physiologic, including that used

for the preparation of the DAB.
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ALTERNATIVES

AEC CHROMOGEN

There may be instances when the use of another procedure is necessary to bring

about the desired effect. For instance, if there is an excess of pigment, such as

melanin or hemosiderin, in the tissue section, the use of a different chromogenic

compound other than DAB is often beneficial. There are several chromogens

that can be used that precipitate as a color other than brown upon exposure to

peroxidase and hydrogen peroxide. One such chromogen is 3-amino, 9-ethyl

carbazole (AEC), which precipitates red in color. This chromogen is soluble in

alcohol, so specimens cannot be dehydrated in the usual fashion but must

instead be air-dried and covered with Crystal/Mount (Biomeda Corp., Foster City,

CA). Crystal/Mount dries to a solid plasticlike coating over the section and

removes the need for alcohol dehydration and xylene clearing.

AEC Preparation

(Prepared according to manufacturer's instructions [Biomeda Corp.])

1. Place 5 ml of deionized H2O in a 15-ml test tube.

2. Add 2 drops of Solution A (concentrated buffer) to test tube and mix well.

3. Add 1 drop of Solution B (AEC concentrate) to test tube and mix well.

4. Add 1 drop of Solution C (H2O2) to test tube and vortex.

PROCEDURE:

Follow the ABC procedure through Step 17 (see pages 8 and 9).

18. Place slides in a humidity chamber that has been heated to approxi-

mately 50°C.

19. Drop the AEC solution on the sections and incubate for 7 minutes.

20. Drain off heated AEC from sections. Reapply fresh AEC solution to

sections and incubate for an additional 7 minutes.

21. Wash sections with deionized water and counterstain with hematoxylin

for 3 to 30 seconds.

22. Rinse with deionized water, tap off excess, and dry around tissue section

with gauze.

23. Apply Crystal/Mount and bake flat in a 60°C oven until Crystal/Mount is

set and all water has evaporated.

Immunohistochemistry: Antigen Detection in Tissue 13
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24. Sections can be reviewed at this time and/or coverslipped with permount.

Positive precipitation appears bright red in color, with the nuclei staining blue.

NOTE:

This solution should be used as soon as possible to prevent precipitation of the

AEC. The red precipitate is soluble in alcohol. The sections cannot be dehy-

drated organically. Permount is the only permanent mounting medium that j

should be used, since others can dissolve the precipitate. Permount can only be

applied, however, after the section has been protected by the use of Crystal/

Mount. Although no further preparation is needed following Crystal/Mount j

baking, it should be noted that Permount and a coverslip will prevent scratches or

alterations to the surface of the dried Crystal/Mount which can lead to problems

with section interpretation. I

ADDITIONAL ALTERNATIVES

Other alterations to the color utilized with these reporter system applications can

be achieved if desired. DAB can precipitate black in color by the addition of metal

ions to the developing solution. DAB should be prepared as above with the

addition of 1 ml of 1% CoCI2 to the 500 ml of solution. The resultant precipitate

will be black not brown. This is sometimes needed to increase contrast. Some of

the nuclear location analyses are more easily studied using the black form of the

chromogen. To increase the contrast further, 1% methyl green in water can be

used as a counterstain for 5 minutes in place of hematoxylin. DAB, whether

black or brown, is insoluble in alcohol, so these sections can be dehydrated,

cleared with xylene, and coverslipped.

There may also be instances in which entirely new facets of the technology may

be necessary. While all are similar in principle, the use of different marker

molecules allows for more flexibility in assay design. The most common enzyme

system in use other than peroxidase is alkaline phosphatase. This enzyme acts

on many substrates to provide a variety of colored product combinations.

The stipulations for whichever enzyme is used are that the appropriate enzyme

substrate must be available to allow visualization and the substrate must be

insoluble as a precipitate to remain localized in the section. Also, if the enzyme is

normally present in the section, it must first be blocked to avoid interference with

its use as a marker. At the AFIP, the peroxidase enzyme is used because of the

adequate elimination of endogenous activity achieved with the use of a relatively

simple blocking procedure.

Other marker molecules such as fluorescent compounds or gold particles may be

utilized with subtle changes in technique and means of detection. These tech-

niques are not routinely performed, and for general use, a standard assay that is

reliable is preferred.

L
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There are other technique changes that can be employed if desired, such as

indirect techniques having the enzyme or marker attached directly to a detecting

secondary antibody or direct techniques with the reporter molecule attached

directly to the primary antibody. Both of these variations are useful in certain

situations, but the enzymatic assays are more sensitive and less fraught with

background when used in sandwich assays as described above. Conjugation of a

large enzymatic protein to an immunoglobulin, as required in direct and indirect

procedures, can lead to inactivation of the immunoglobulin due to steric interfer-

ences. In the event that a fluorescent approach is desirable, however,

fluorescein-labeled secondary antibodies are ideal for discreet UV visualization.

There are also valid reasons, such as desired resolution or the need to examine

ultrastructure, for the utilization of a heavy metal such as gold or gold enhanced

with silver deposits.

Notes on Sample Treatments

In the pathology laboratory the fixative of choice is 10% neutral buffered formalin.

Most of the assays in use at the AFIP are designed to detect substances fixed in

this manner. Occasionally though, a specimen is fixed in another fixative, or

frozen, and certain modifications need to be made. For most fixatives the

standard protocol should suffice, bearing in mind that glutaraldehyde fixation may

require more extensive enzyme digestion and ethanol fixation may not require

any.

Sometimes antigenicity may be enhanced with the use of longer proteolytic

enzyme digestion pretreatments. At other times antigenicity may be improved by

the use of an antigen-retrieval method. These methods use dilute metal solutions

and a microwave oven to boil the tissue substrate. The following protocol

(Biogenex Corporation, San Ramon, CA) is often used.

1. Deparaffinize and hydrate slides to deionized water.

2. Place sections in a plastic Coplin jar and fill three-fourths full with dilute

antigen-retrieval solution (1:4 with deionized water).

3. Fill a large surface area, one-pint vessel, with water.

4. Place Coplin jar in water vessel and place vessel in a 700-watt micro-

wave oven.

5. Microwave on high for 3 to 5 minutes.

6. Check the level of retrieval solution and if necessary fill to three-fourths

with deionized water. Reposition the water vessel with Coplin jar in a

different location in the microwave.

7. Microwave on high for 3 to 5 minutes.

8. Place Coplin jar on countertop for 15 minutes at room temperature.

9. Rinse in deionized water for 3 minutes. Incubate sections requiring

Immunohistochemistry: Antigen Detection in Tissue 15
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digestion in proteolytic digestion solution at 37°C for 3 minutes.

10. Rinse in deionized water for 3 minutes. Place in PBS modified endog-

enous oxidation blocking solution (450 ml PBS, 50 ml 30% hydrogen J^

peroxide) for 30 minutes.

11. Continue with ABC procedure, Step 7 (see page 9). »«f

At times it may be necessary to assay a previously stained section. This can be

accomplished, in most instances, using a previously assayed negative control or

a hematoxylin and eosin-stained slide. If only the nuclei in the section are stained £

and the compound of interest exists in the cytoplasm, the slide need not be

destained. When restaining a negative-control slide, it helps to know whether a

section was proteolytically digested and what was used as the negative sera. In

fact, destaining in acid/alcohol may inhibit the detection of the remaining material.

When destaining is necessary though, the following method is used.

1. Remove coverslip and place in xylene for 3 minutes to remove mounting

media.

2. Place in two more changes of xylene for 3 minutes each.

3. Place in 100% ethanol for 3 changes, 2 minutes each.

4. Place in 1% acid alcohol (conc. HCI in 70% ethanol) until slides appear

color or stain free to the eye.

5. Rinse in deionized water for 3 minutes.

6. Proceed to digestion Step 5 (see page 8), if required, or rinse in 3

changes of 100% ethanol for 3 minutes each.

7. Proceed to endogenous oxidation blocking, Step 7 (see page 9).

It should be noted that destaining in 1% acid alcohol may inhibit the reactivity

of the section. The quality of immunostaining will not be as good as that

achieved using an unstained section.

Tissues that have first been decalcified can also be problematic due to treatments

involving nitric acid. Many antigens will not survive the concentrated acidity

required by some protocols. This is not true for all, however, and each system

should be tested on an individual basis. It is recommended though, when

contemplating immunohistochemical analysis of a specimen that must first be

decalcified, that the reagent used to decalcify be a milder one, such as EDTA.

Even though the results may not be ideal for other work on the specimen and the

process will take longer, a milder treatment will help to preserve the greatest

number of antigens for testing.

L
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INTERPRETATION OF RESULTS

Expected Results

The results of these assays should show the location of the desired colored

pigment with a consistency that denotes specificity. The results are interpreted

and reported by the pathologist. In dealing with DAB-stained slides, there is a

definite quality to the specific reaction product. The intense brown color is easy to

detect in a typical tissue section (Fig. 1-5). The hardest interpretive process

involves discerning specific from nonspecific reactivity. Specific reactions are

usually more granular, although that is not always the case (Fig. 1-6). Precise

localization is also an indicator of reliable reactivity. Note the numerous discreet

cell types and the strength of the reaction product versus surrounding tissue in

this smooth muscle cell identification of desmin (Fig. 1-7). Nonspecific reactions

often have a very homogeneous dull color or appear a rather blushy reddish

brown, but are always without the qualities unique to specific deposition. Mela-

nin, lipofuchsin, hemosiderin, or some other crystallin substance present in the

tissue may cause conflict in interpretation. Endogenous pigments can be dis-

cerned with practice and usually appear more retractile in sections, with the

exception, sometimes, of melanin in the skin. Location in the basal layer of the

epidermis should be a factor in making the determination of this interfering

pigment.

Sometimes, changing the color of the reaction product is essential to avoid

misinterpretation. The bright-red color product of AEC as the chromogen is seen

in this assay for the antigen recognized by monoclonal antibody HMB 45

(Fig. 1-8A), in comparison with the DAB reaction product (Fig. 1-8B). Enhance-

ment can also be obtained through the use of alternate color precipitation of DAB.

Shown here, the assay for S100 protein in the Schwann cells surrounding nerves

is made more visible by using DAB in the presence of CoCI2 as the chromogen

with a methyl green counterstain (Fig. 1-9).

Artifacts

As a rule, artifacts occur through the random deposition of precipitate, not

necessarily in conjunction with primary antibody location. Artifactual

false-positive results have many causes and many appearances and can be

confusing when examining immunostained sections. The nonspecific binding

associated with a nonspecific antiserum or a sticky tissue surface can be very

difficult to distinguish from valid results.

A lack of sufficient peroxidase quenching, for example, will result in DAB being

deposited at the site of endogenous enzyme. This is, however, easily recognized

in control sections, the deposits being primarily associated with areas of heavy

red blood cell accumulation (due to their peroxidase-like activity) or widespread

Immunohistochemistry: Antigen Detection in Tissue 17
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inflammatory regions containing numerous macrophages and polymorphonuclear

leukocytes (Fig. 1-10). An insufficient serum protein incubation with resultant

charged sites left on the tissue could also present some problems in antibody

binding and aberrant DAB deposition. A dull brownish hue is usually seen

associated with the areas of connective tissue in the section and may be seen in

especially sticky cells such as plasma cells or mast cells having a large amount of

glycoprotein binding antibody non-specifically. This too can be easily observed

on control sections and is the most common and sometimes unavoidable ex-

ample of nonspecific binding, as in this assay for the Her 2 protein on the surface

of breast carcinoma cells (Fig. 1-11 A). Note the homogeneous appearance of

the DAB and the connective tissue location in relation to the specific membrane

reactivity. The same assay with appropriately reduced background reactivity is

seen in Figure 1-11B.

Edge artifact due to drying or enzyme entrapment is a common finding, especially

in a large laboratory that uses proteolytic digestion to enhance reactivity. When

performing the procedure on numerous sections at once, it is important to work

quickly to prevent the sections from drying. Drying will result in enzyme complex

binding to denatured areas of the section and cause inappropriate DAB deposi-

tion. Proteolytic enzyme digestion is necessary in many instances, but it also

abrades the tissue enough to sometimes leave the edges loose. Enzyme com-

plexes can be trapped in these areas and result in DAB deposition (Fig. 1-12).

Another common problem that occurs with the use of proteolytic enzyme diges-

tion is the overdigestion of some tissues. This is unavoidable when dealing with a

large volume of slides, since an average digestion time is performed to ensure

the highest number of successful assays. This practice can result in an occa-

sional sample being prepared in such a way that the average digestion time is too

extensive. The DAB will be deposited throughout the section, and often nuclear

decoration will be seen along with a washed-out cellular appearance.

One artifact that continues to be a problem is the pooling of reagent in sections

that are not cut exactly even. This may be due to dull or loose knives, or it may

be a factor of the tissue itself. "Laking" of the reagent in depressed regions of the

section causes the tissue to appear as though parts of it were not tested, leaving

the impression of an incomplete reaction (Fig. 1-13). This can also occur when

using an assay chamber that is not level because antibody molecules can

migrate by gravity flow (Fig. 1-14).

Poor tissue preservation and necrosis can also lead to false-positive results.

These need to be recognized as tissue-derived causes of inappropriate reactivity,

showing the standard signs of nonspecificity. Some, in fact, are due to the

adherence of DAB itself, especially when using an older solution. Others seem to

be associated with the inappropriate binding of the ABC usually seen with fresh

or frozen samples (Fig. 1-15). In these cases, a PAP technique will help to

provide an interpretable result. It is imperative to review the negative controls to

rule out the possibility of a false-positive result caused by the detection system.

Some tissues have intrinsic binding affinity for ABC detection systems. Neverthe-

less, these systems are preferred because of their sensitivity. This is not,
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incidentally, exclusively limited to frozen specimens and points out the need to

use and examine negative controls (Figs. 1-16 through 1-21).

In addition, there are also problems with various antibody preparations. Some

are intrinsically nonspecific, harboring reactivities to many elements not expected

by the user. These are not true artifacts but must be considered when reviewing

immunostained specimens at least during the initial phase of antibody selection.

Thus, establishing a routine program for specificity testing is all the more impor-

tant, since such a program provides experience from which to judge the true

utility of an antiserum. There is a fine distinction between true unwanted clonal

reactivity and that which may occur through cross-reactivity. Cross-reactions with

polyclonal antisera may be removed through absorption, but in the case of a

monoclonal reagent it is usually wiser to use a different clone.

E

j
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PROBLEM SOLVING

When confronted with a problem result, it is desirable to examine the process in

reverse. Determine whether the encountered problem has anything to do with

the chromogen. If not, move on to the detection system, to the primary antibody,

through to the tissue itself to identify the cause. Once the cause is identified,

decide how that step may be altered to alleviate the problem. Finally, incorporate

the changes into the daily routine to prevent the problem from recurring.

Problems with the results of immunohistochemical assays fall into two very broad

categories. Either there is too much reactivity, excess background, and seemingly

nonspecific staining of areas that are not thought to contain the antigen in ques-

tion, or the slides are too weakly reactive to be useful, if not completely negative.

False-Negative Results

An examination of the cause of negative (or weakly reactive) results depends on

the prior knowledge of the antibody system employed. If just starting out with a

new technique or a new primary antibody, it is not unusual for the first experi-

ments to be less than satisfactory. In this instance it is important to make sure

that the tissue being tested contains the antigen being assayed. Don't assume

the carcinoma contains cytokeratin, but rather, use a skin section that by defini-

tion is keratinized. Be absolutely certain that the antigen is present before

testing. Assuming antigen exists, begin with the chromogen and make sure that

it does in fact precipitate in the presence of the detecting enzyme. Try to achieve

positive results by using concentrated forms of the antisera. The background this

will cause can be dealt with after a positive signal has been obtained. Sometimes,

even after exhausting experimentation, antigen just cannot be identified. This is

either the fault of the tissue fixation, which cannot be altered practically, or the

fault of the primary antibody. A new antibody should be sought in this case. It is

easier and surprisingly cheaper to screen several antibodies than to waste time

performing countless futile experiments to track down a problem.

If, on the other hand, the negative result occurs with a known reliable system, the

individual test run is suspect. This is the reason for performing positive controls.

Usually, a negative result on an occasional basis is related to individual tech-

nique. However, antibodies do denature in the refrigerator with time, and freezing

aliquots at -70°C to prevent this is recommended. A schedule for replacing

antibodies in use should be developed to lessen the chance of a reagent failure.

Some of the more common causes of negative results are failing to add H2O2 to

the chromogen solution, forgetting a step in antibody addition, working on a

surface that is not level, or accidental contamination with a cleaning agent, such

as bleach. The first step in troubleshooting these cases is to repeat the assay. If

the results are still negative or poorly reactive, alternate control material could be

tried. Sometimes, it seems, control material that is precut on slides may with time
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lose some effectiveness. Some control slides are kept at 4°C for this reason.

Additionally, antibodies do gradually lose strength in the freezer and may sud-

denly appear to be nonreactive when entering the awareness threshold of the

reviewer. Periodic retitrations can help to prevent this problem.

False-Positive Results

The more difficult immunostaining problems are those involving nonspecific

reactivity or excess background. A technology as sophisticated as this should not

yield results that are subjective. There are steps that can and should be taken to

identify and correct the causes of invalid reactivity. All sections tested should

remain completely negative in the absence of primary antibody. If PBS is substi-

tuted for the primary antibody and positive immunostaining results, the problem

exists with the detection system, the tissue preparation, or both.

The detection system should be examined, beginning with the chromogen

solution. Endogenous enzyme activity may still be present in the tissue, confusing

the marker enzyme location. The chromogen solution itself may be too concen-

trated, too old, or contain too much hydrogen peroxide. Also, incubation times

may need to be adjusted. If the chromogen alone does not cause reactivity, the

detecting enzyme complex may be the cause of the problem. Sometimes,

depending on the sample or pretreatment, certain enzyme complexes may be

unsuitable for use. Endogenous biotin or available immunoglobulin Fc receptors

on cell surfaces can cause inappropriate background problems in frozen sec-

tions. Also, the pH and ionic strength of the PBS play a role in immunoglobulin

binding, and adjusting these can have an effect on the result.

Most often, problems are due to either the primary or secondary antibody

reagents. Usually, success in the use of secondary antibodies almost always

involves proper titration. If problems still exist, again, there are too many good

reagents available to devote much time to a poor one.

Should problems occur with the primary antibody, a few alterations can be tried to

counter them. Difficulties with antibody specificity emanate from unwanted clonal

reactivities, cross-reactivities, or nonspecific binding due to immunoglobulin Fc

receptors, denatured antibodies, or fragments.

The tissue can be better prepared for the problem reagent by increasing the

strength, the time, or the temperature of treatment with the blocking solution for

nonimmunologic binding. In addition, a protein such as bovine serum albumin can

be added to the antibody dilutions to prevent further nonspecific attachment by

dissolving 2 grams into 100 milliliters of the PBS diluent. Also, the use of deter-

gents can prevent any additional binding due to charges. A 0.1% solution of

Triton X-100 in PBS allows less material to stick by decreasing the surface

tension. This also can enhance reactivity by increasing the fluidity of the reagent.

It may, however, decrease the reactivity of an antiserum with low avidity.

If true unwanted clones exist, they can be absorbed from the solution by introduc-

ing antigen in vitro. If reactivity is seen intravascularly, 0.5% human serum can be
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added directly to the antiserum to remove the reactivity. This is only valid for

those instances in which the desired antigen to be identified has little or no blood

stream concentration. If antigen can be obtained in large enough concentrations,

affinity columns can be prepared that contain the antigen in the column matrix.

Antiserum is passed through the column, and the clones reactive with the desired

antigen remain attached to the column. These clones are then eluted from the

column by low pH or high salt concentrations and dialyzed back into PBS for use

on tissue. If the reactivity problem is the result of cross-reactivity, there is little that

can be done, especially if it is present in a monoclonal reagent. As stated before,

in these situations it is prudent to examine other sources of antibodies.

Once the cause of an erroneous result is recognized and corrective actions are

taken, prevention of repeated failures is necessary to ensure confidence in future

assays. Special diligence to subtleties in the laboratory that may indicate a

potential for error is essential. By being well informed on the nature of the tech-

nology and the reasons for performing these assays, the technical staff become

better prepared to identify and prevent most of the problems that can undermine

the work.

L
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LABORATORY ORGANIZATION

When shifting from an occasional assay to production-line volumes, it is helpful to

start with a basic idea of how the various parts of the laboratory should be orga-

nized. First, the essential equipment should be decided upon (e. g. freezers,

refrigerators, etc.) and space allocated accordingly. Next, the segments of the

workload need to be addressed to determine where the case material should be

stored, received, assayed, assembled, and logged out. A workload schedule

should be drawn up that includes the duties of the personnel and determines work

stations to be divided and rotated from week to week. Finally, a system of reagent

documentation and quality control should be instituted in order to function as a

clinical laboratory.

Antibody Selection

The most important part of any immunohistology laboratory is the person doing

the test, and the second most important is the antibody used. Antibodies can be

obtained from many sources. Some of the suppliers are also referenced through

catalogues. Purchased individual reagents go farther and are often better

characterized than preparations that are prediluted for histology. Purchasing a

primary antibody reagent is the first step in starting an immunohistochemistry lab.

One should know, or have access to knowledge about, the antigen in question

and its location in the tissue. After settling on a few antibodies to try, a detection

system is needed. The most universal of these is the ABC system, since there are

numerous biotinylated antibodies available to act as secondary antisera against

numerous species' immunoglobulin.

When all of the supplies are in place, the testing phase can begin. Initially, a

two-stage titration needs to be performed. A known antigen-rich tissue is se-

lected, and dilutions of primary and secondary antibody solutions are made. After

a titer has been determined for a secondary antibody reagent, further primaries

may be tested in a one-dimensional titration, keeping the secondary titer constant.

Usually, a concentration of around 10 to 20 ng/ml of immunoglobulin will provide

adequate reactivity. If the concentration is unknown, a two-step titration should be

performed. All new assays are routinely performed with and without the standard

3-minute proteolytic enzymatic digestion. Thus, for each dilution of antibody, two

slides are examined. The antibody is diluted serially, 1:10, with resulting dilutions

of 1:10,1:100, 1:1000, and 1:10,000. Generally, one of these reactions will

demonstrate some sort of reactivity on either the digested or undigested section.

If, for example, the 1:100 undigested section looked the best, the next step would

be to retiterwith dilutions of 1:25, 1:50, 1:100, 1:200, 1:400, and 1:800, using the

best digestion protocol. A precise titration can in this way be determined, and the

digestion protocol for this antibody/antigen system established.

Once the reagent has been reliably titered and the results are seemingly valid, the
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specificity and performance testing phases can begin. Every reagent antibody is

tested on a series of normal tissue control slides representing various tissues,

organs, and cells. This tissue screen is done to examine, in actual working

situations, the extent of cross-reactivity or background not fully appreciated in the

original titration. After specificity testing, the assay is put to use on many actual

specimens while paying careful attention to the spectrum of reactivity. Only after

considerable actual work experience is an assay considered of value in a consul-

tative situation.

The primary antibody is stored in aliquots at -70°C, the volume of the aliquot

depending on the titer and the total volume of concentrated reagent. Reagents

are aliquotted into 4-ml glass vials with screwcap lids to prevent evaporation. The

smallest volume recommended is 20 nl/vial, although for smaller volumes as little

as 10 |jJ has been used. Ordinarily, the reagent will be thawed and diluted 1:10

with PBS. This concentrate or stock solution is kept at 4°C for one week. From

this stock, daily working volumes are prepared. If the reagent titer is 1:500, a 1:50

dilution is prepared from its stock solution, in enough volume to be used that day.

Reagents maintain their viability longer this way. Alternatively, a reagent may be

frozen in aliquots so that dilution of the aliquot to working concentrations may be

done directly. These reagents are usually used for not more than two days. It is

important not to let the antibodies stay at room temperature for too long. It is also

important not to freeze and thaw them too many times. Contamination and

denaturation are hard to troubleshoot, and disposing of reagent is an expensive

exercise. In a large-volume laboratory it is less cost-effective to use the prediluted

kits that are available from many sources because of the sheer volume of reagent

needed. Also, maintaining a freezer inventory is easier than keeping track of kit

boxes in the refrigerator. Antibodies frozen in this manner remain effective for

many years. In fact, there is less reason to suspect denaturation, since antibod-

ies in high concentrations seem to be more stable. On the average, monoclonal

antibodies seem to be less stable in the refrigerator than polyclonals, although

that is strictly an observation and may not be true for all laboratories. The judi-

cious use of controls helps to determine when a reagent is performing optimally,

and self-derived titrations can be adjusted if changes occur. A kit kept at 4°C in a

prediluted state and used over an extended period of time provides more chance

for contamination, more chance for denaturation, and less available reagent for

use in a large-volume setting. Also, the simplistic designs of some of the kits on

the market lead to a false sense of security about the procedure. Only by becom-

ing familiar with antibody test components through titration, specificity, and

performance testing can one truly appreciate the intricacies involved in this most

sensitive of technologies.

Case Management and Tracking Systems

All cases entering the laboratory consist of tissue sections on slides labeled with

an accession number and should be accompanied by a form requesting the tests

desired, the physician's name, the date, the number of sections submitted, and, if

possible, information about the tissue preparation. The date should be stamped

on each case when it arrives in the laboratory. The sections are then labeled as
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to the requested assays and required digestion times with an indelible pen, and

all information is entered into a computer or log book. The slides are separated

into groups according to the assay requested, species of the antibody, and

whether or not digestion is needed. Known positive-control slides are then added

to each test group, and all of the slides are placed in staining racks. The slides

requiring digestion for assays using antibodies made in the same species are

placed together, as are the slides not requiring digestion for those assays. For

example, slides assayed with monoclonal antibodies that require proteolytic

digestion would be placed together in a rack, and the slides not requiring diges-

tion would be placed in a different rack. The slides assayed with antibodies from

other species would be similarly segregated. The slides are then processed

according to the general ABC procedure. When the slides are completed, they

are sorted by their accession number and labeled with the number, test, and date

performed. Finally, the sections are placed with the accompanying forms and

materials, and the entire case is logged out and returned to the requesting

physician.

Quality Control

P proper attempt at providing an immunohistochemistry laboratory must include a

sound quality control program. A responsible procedure manual should be

developed—more extensive than the one rendered here—outlining every proce-

dure, solution, piece of equipment, and quality control program, including labora-

tory safety guidelines. The antibody of course is the most important item requiring

control, beginning with the storage of the specificity testing data for each lot of

each reagent. With each assay, a negative control should be performed, using a

section similar to the unknown and normal immunoglobulin in substitution for the

primary antibody in the procedure. This identifies any possible problems with the

specimen. With each assay, a positive control should also be performed, using

an antigen-rich specimen treated the same as the unknown. This identifies any

problems having to do with the test itself. The positive controls can be graded

subjectively, for example, on a scale of 1 to 4+ reactivity, with only sections

greater than 2+ considered acceptable. All assays demonstrating inferior reactiv-

ity on controls should be examined and repeated, if possible. In addition, survey

participation is required. An occasional self survey with the cooperation of some

other laboratory can be a good test of the ability to identify a given substance.

Documentation is an important facet in most laboratories today and should

extend to the immunohistochemistry laboratory. The recommended documenta-

tion consists of the specificity sheets for each lot of reagent outlining the deter-

mined titer and the tissue screen results. In addition, the inventory control for

each reagent should include the dates in use, for retrospective lot analysis. The

daily positive-control results of all the reagents need to be recorded, along with

any unusual findings or occurrences within the run, for each day that assays take

place. The positive-control slides ought to be retained for examination by the

pathologist, if desired.

The above descriptions and advice are offered as an introduction into the technol-

ogy of immunohistochemical staining. There are many techniques available and
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many antibodies on the market, with more being developed continuously. The

power of the assay will insure its use in pathology for years to come, provided the

results are accurate and unequivocal. It is important, therefore, to always ques-

tion unexpected results and to never stop examining the intricacies of

antibody-antigen interactions.
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APPENDIX 1

Appendix 1 is an abbreviation of the imrnunohistochemical ABC procedure and

intended as a handy bench reference guide.

ANTIGEN DETECTION IN TISSUE BY ABC

IMMUNOHISTOCHEMISTRY

PRINCIPLE:

The presence of a certain antigen is demonstrated using the

avidin-biotin-peroxidase complex (ABC) method of immunohistochemistry.

Tissue samples are submitted on slides dipped in 15% Elmer's glue.

MATERIALS/SOLUTIONS:

Oven set at 60°C

Water bath set at 35-40°C

Magnetic stir plate, stir bars

Gloves

Pipettes

Xylene

100%ethanol

0.05% protease VIII (Sigma, St. Louis) in 0.1 M sodium phosphate buffer, pH 7.8

100% methanol with 3% hydrogen peroxide (H2O2)

0.01 M sodium phosphate, pH 7.40, 0.15M NaCI (PBS)

Normal serum (specific for secondary antibody species)

Primary antibody

Biotinylated secondary antibody

Avidin-Biotin Complex (ABC) reagent

0.016% diaminobenzidine tetrahydrochloride (DAB), 0.24% H2O2 in PBS

Gill's hematoxylin

2% conc, ammonia in deionized water

Permount (Fisher Scientific)

Immunohistochemistry: Antigen Detection in Tissue 27
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PROCEDURE:

1. Paraffin sections mounted on pretreated slides are heated in an oven for

30 minutes.

2. Deparaffinize sections using 4 changes of xylene for 5 minutes each,

followed by 4 changes of 100% ethanol for 3 minutes each. For sections

that do not require digestion, go directly to Step 6.

3. For sections requiring digestion, rinse in deionized water for 3 minutes.

4. Incubate sections in buffered protease VIM at 37°C for 1 to 30 minutes.

The standard time for digestion is 3 minutes.

5. Rinse sections in 2 changes of deionized water for 2 minutes each, then

3 changes of 100% ethanol for 3 minutes each.

6. Block endogenous peroxidase activity with 3% H2O2 methanol for 30

minutes.

7. Rinse sections 3 times with deionized water.

8. Reduce nonimmunologic binding of antiserum by placing sections in 10%

normal serum-PBS derived from the same species as the biotinylated

(secondary) antibody (e.g., if biotinylated antibody is goat anti-rabbit

antiserum, use normal goat serum) at 4°C overnight.

9. Shake off excess normal serum and place slides in leveled staining trays.

Distribute the slides according to the primary antiserum that is to be

applied. Care should be taken so that the sections do not touch during

incubation with primary antisera. The need to separate the slides into

groups in order to preclude any chance of contaminating a section with

the wrong antibody cannot be over emphasized. Cover section with

primary antiserum, e.g. rabbit antiserum specific for desired antigen, for

30 minutes at room temperature. Make sure the chamber lid is on to

prevent air-drying during the incubation.

10. Wash sections with PBS 3 times.

11. Flood sections twice with 10% normal serum for 10 minutes each, and

then rinse in PBS.

12. Shake off excess buffer and cover sections with biotinylated secondary

antibody. Incubate for 30 minutes at room temperature, making sure the

chamber lid is on to prevent air-drying of sections.

13. Wash sections 3 times with PBS.

14. Shake off excess buffer and cover sections with Vectastain ABC reagent,

prepared according to the recommendations of the manufacturer, for 30

minutes at room temperature, making sure the chamber lid is on to

prevent air-drying of the sections.

28 AFIP Advanced Laboratory Methods in Histology and Pathology
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15. Wash sections 3 times with PBS. Place sections in staining racks for a

final 10-minute soak in PBS.

16. Develop in 0.016% DAB and 0.24% H2O2 in PBS solution for 10 to 25

minutes at room temperature. The usual time for optimal development of

DAB is 15 minutes, but this may vary with the lot of DAB being used.

17. Wash sections for 2 minutes 3 times with deionized water.

18. Counterstain with Gill's hematoxylin.

19. "Blue" sections with ammonia water.

20. Wash in deionized water for 5 minutes.

21. Dehydrate and mount sections with Permount.

RESULTS:

Positive antibody-antigen reaction is brown, with nuclei blue.

NOTES:

Throughout the procedure, keep drying of the sections to a minimum in order to

prevent destroying epitopes on the cell membrane. Drying also causes nonspe-

cific background staining.

In Step 2, it is important to complete deparaffinization because paraffin can mask

epitopes from the primary antibody.

In Step 16, special precautions should be taken when handling DAB because of

its possible carcinogenic properties.

REFERENCE:

Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase complex (ABC) in

immunoperoxidase techniques: a comparison between ABC and unlabeled

antibody (PAP) procedures. J Histochem Cytochem. 1981;29:577-580.
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APPENDIX 2

LIST OF REAGENT ANTIBODIES

Following is a list of reagent antibodies in use currently at the AFIP. This docu-

ment is offered as a guide and in no way constitutes an endorsement of any

individual product. The suppliers listed and the titers given are unique to the

Immunopathology Division and should be considered as a reference. Each

laboratory is responsible for developing its own individual procedures.
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ANTIBODY NEGATIVE

ANTIGEN ABBREVIATION CONTROL TITER COMPANY

ACTH ACTH MRS PO 400 DAKO

ACTIN-SMOOTH MUSCLE S.M. ACTIN NMS PO 4000 SIGMA

ACTIN-MUSCLE SPEC ACTIN NMS PO 50 ENZO

ADENOVIRUS ADV P3 NMS P3 400 CHEMICON

ALBUMIN ALBP3 NRS P3 6400 DAKO

ALPHA-1-ANTICHYMOTRYPSIN ACT P3 NRS P3 200 DAKO

ALPHA-1-ANTITRYPSIN AAT P3 NRS P3 800 DAKO

ALPHA-AMYLASE AMYL-A P3 NRS P3 1000 SIGMA

ALPHA-LACTALBUMIN ALA P3 NRS P3 10 DAKO

BETA-AMYLOID B-AMY NMS PO 150 DAKO

BOMBESIN BOMBESIN NRS PO 150 INCSTAR

C-ERB-B2 ONCOGENE PROTEIN C-ERB-B2 P3 NMS P3 80 BIOSCIENCES

CALCITONIN CALCITONIN NRS PO 200 DAKO

CD 15 LEU M1 NMS PO 50 BECTON

DICKINSON

CD 20 L26 NMSPO 200 DAKO

CD 30 Kl-l P3 NMS P3 80 DAKO

CD 34 QBEND NMSPO 200 SEROTEC

CD 57 LEU 7 NMS PO 32 BECTON

DICKINSON

CD 68 KP1 P3 NMSP3 40 DAKO

CD3 CD3 P10 NRS P10 25 DAKO

CD45RB LCA NMS PO 100 DAKO

CD45RO UCHL-1 NMS PO 100 DAKO

CEA-NCA REACTIVE P-CEA P3 NRS P3 400 DAKO

CEA-SPECIFIC M-CEA PO NMS PO 400 SAN BIO

CHOLECYSTOKININ CCK NRS PO 4000 INCSTAR

CHROMOGRANIN A VETERINARY USE CHRM-VET NMS PO 80 ENZO

CHROMOGRANIN A CHROMOGRAN ...NMS PO 1600 BOEHRINGER

MANNHEIM

COLLAGEN TYPE IV COLLAGEN IV NMS P5 2000 CHEMICON

Immunohistochemistry: Antigen Detection in Tissue 31
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ANTIBODY NEGATIVE

ANTIGEN ABBREVIATION CONTROL TITER COMPANY

CYTOKERATIN COCKTAIL (AE1/AE3&CK1) KERMIX P3 NMS P3 200 DAKO/

HYBRITECH g

CYTOMEGALOVIRUS CMV P3 NMS P3 800 CHEMICON

DESMIN M-DESMIN P3 NMS P3 40 BOEHRINGER _

MANNHEIM C

EPITHELIAL MEMBRANE BER EP4 P3 NMS P3 100 DAKO

EPITHELIAL MEMBRANE ANTIGEN EMA P3 NMS P3 100 DAKO ..

FACTOR XIII A F XIII AP3 NRS P3 2000 CALBIOCHEM

FIBRONECTIN FIBRONECTIN NRS P20 200 CHEMICON fc

FOLLICLE STIMULATING HORMONE FSH NRS PO 1600 DAKO

FIBRINOGEN FIBRINO P3 NRS P3 200 DAKO T

GASTRIN GASTRIN NRS PO 2000 INCSTAR

GLIAL FIBRILLARY ACIDIC PROTEIN GFAP P3 NRS P3 500 DAKO k

GLIAL FIBRILLARY ACIDIC PROTEIN(MONO) ...M-GFAP PO NMS PO 100 DAKO

GLUCAGON GLUCAGON NRS PO 800 DAKO •

GROWTH HORMONE GH NRS PO 1600 DAKO

HEPATITIS B CORE ANTIGEN HBCAG NRS PO 1600 DAKO _

HEPATITIS B SURFACE ANTIGEN HBSAG NRS PO 400 DAKO "

HERPES SIMPLEX VIRUS 1&2 HSV NRS PO 1600 DAKO

HUMAN CHORIONIC GONADOTROPIN HCG NRS PO 400 INCSTAR *

HUMAN PANCREATIC POLYPEPTIDE HPP NRS PO 1000 DAKO

HUMAN PLACENTAL LACTOGEN HPL NRS PO 8000 DAKO I

IMMUNOGLOBULIN-ALPHA IG A P3 NRS P3 3200 DAKO

IMMUNOGLOGULIN-GAMMA IG G P3 NRS P3 1600 DAKO .

IMMUNOGLOGULIN-KAPPA KAPPA P3 NRS P3 2000 DAKO

IMMUNOGLOBULIN-LAMBDA LAMBDA P3 NRS P3 8000 DAKO £

IMMUNOGLOBULIN-MU IG M P3 NRS P3 1600 DAKO

INSULIN INSULIN NGP PO 2000 DAKO )

LAMININ LAMININ P20 NMS P20 8000 SIGMA

LEUCINE ENKEPHALIN L-ENKEPHAL NRS PO 2000 INCSTAR j

LUTEININZING HORMONE LH NRS PO 3200 DAKO

I

L- |
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ANTIBODY NEGATIVE

ANTIGEN ABBREVIATION CONTROL TITER COMPANY

LYSOZYME LYSO P3 NRS P3 400 DAKO

MAC 387 MAC 387 NMS PO 400 DAKO

MELANOCYTE-SPECIFIC HMB 45 NMS PO 400 DAKO

MILK FAT GLOBULE PROTEIN MFG P3 NMS P3 800 CHEMICON

MYOGLOBIN MB NRS PO 800 DAKO

NEUROFILAMENT-200MW NFP P3 NMS P3 300 LABSYSTEMS

NEURON-SPECIFIC ENOLASE(MONO) NSE-M NMS PO 160 DAKO

NEURON-SPECIFIC ENOLASE(POLY) NSE-P NRS PO 1600 DAKO

PROLACTIN PRL NRS PO 800 DAKO

PROLIFERATING CELL NUCLEAR ANTIGEN PCNA NMS PO 40 DAKO

PROSTATE SPECIFIC ANTIGEN PSA PO NRS PO 800 DAKO

PROSTATIC ACID PHOSPHATASE PAP PO NMS PO 800 DAKO

S100 PROTEIN-MONOCLONAL MS-100 NMS PO 1000 CHEMICON

S100 PROTEIN-POLYCLONAL S100 PROT NRS PO 800 DAKO

SEROTONIN M-SEROTON NMS PO 200 DAKO

SOMATOSTATIN SOMATOSTAT NRS PO 250 CHEMICON

SYNAPTOPHYSIN SYNAPTO NMS PO 40 BOEHRINGER

MANNHEIM

T-CELL SUBSET ALPHA-BETA B-F1 P3 NMS P3 100 T CELL

SCIENCES

T-CELL SUBSET CD4 (?) OPD4 NMS PO 50 DAKO

TAG-72 B72.3 PO NMS PO 40 BIOMED TECH

THYROGLOBULIN TG NRS PO 800 DAKO

THYROID STIMULATING HORMONE TSH NRS PO 2000 DAKO

UBIQUITIN UBIQ NRS PO 300 DAKO

VIMENTIN VIM NMS PO 2000 BIOGENEX

VON WILLEBRAND FACTOR F VIII RAG P3 NRS P3 20 DAKO

NMS = NORMAL MOUSE SERUM

NRS = NORMAL RABBIT SERUM

NGP = NORMAL GUINEA PIG SERUM

P# = MINUTES OF PROTEASE DIGESTION REQUIRED

Immunohistochemistry: Antigen Detection in Tissue 33
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Fig. 1-1. Slides placed

in humid chamber - note

buffer siphon.

Fig. 1-2. Antibody

application, enough to

cover section.

Fig. 1-3. Buffer rinse,

using siphon, washing

entire slide.

L
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Fig. 1-4. Sections

immersed in DAB

chromogen for 15

minutes. Note brown tint

on the sections. It is

important that the DAB

solution is nearly

colorless when sections

are immersed. Brown

tinted solutions should

not be used.

Fig. 1-5. Cytokeratin

demonstrated in skin

section, ABC method

with DAB.

Fig. 1-6.

Chromogranin

granularity

demonstrated in cells of

the adrenal medulla,

ABC method, DAB.

J
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Fig. 1-7. Desmin

localization in smooth

muscle of the uterus,

ABC method, DAB.

'%&

•

Fig. 1-8A. HMB45

antibody deposition in

melanoma of the skin,

ABC method, with AEC.

Fig. 1-8B. Same as in

Fig. 1-8A with DAB

used as the chromogen

instead of AEC.

B

Fig. 1-9. S100 protein

demonstrated by the

ABC method with cobalt

enhanced DAB in

section of intestine.

L

36
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Fig. 1-10. Tonsil, DAB

solution only,

demonstrating

endogenous

peroxidase-like activity.

Fig. 1-11 A. Her 2

oncoprotein, non-specific

antibody binding causing

background reactivity in

breast, ABC method with

DAB.

Fig. 1-11B. Same as in

Fig. 1-11 A, background

reactivity reduced.

A '

B

Fig. 1-12. Assay for

Neuron-specific enolase

(NSE), demonstrating

ridges of background

reactivity in section of

intestine caused by

horseradish peroxidase

enzyme entrapment.

ABC method with DAB.

Immunohistochemistry: Antigen Detection in Tissue
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Fig. 1-13. Leukocyte

common antigen (LCA)

in tonsil, incomplete

reactivity due to "taking"

or pooling of reagent in

depressed regions of

the section. ABC

method with DAB.

Fig. 1-14 Cytokeratin in

the intestinal mucosa,

incubation chamber not

level, resulting in

incomplete reaction

pattern. ABC method

with DAB.

Fig. 1-15. Frozen

section of prostate ABC

reagent only, with DAB,

demonstrating

inappropriate binding of

ABC reagent sometimes

observed with fresh or

frozen samples.

L
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Fig. 1-16. Assay for

herpes simplex virus

using a polyclonal

antiserum, ABC method

with DAB, on formalin-

fixed paraffin-embedded

endometrial tissue,

demonstrating a false-

positive reaction in

epithelial cells.

. -

Fig. 1-17. Same as in

Fig. 1-16, negative

control using rabbit

immunoglobulins in place

of antiserum, confirming

false-positive assay

result.

Fig. 1-18. Herpes

simplex virus infected

lung tissue. Positive

control for herpes

simplex virus performed

with assay seen in Fig.

1-16, ABC method with

DAB.

Immunohistochemistry: Antigen Detection in Tissue
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....

Fig. 1-19. Assay for

herpes simplex virus

same as in Fig. 1-16,

using PAP method with

DAB, demonstrating a

true negative result.

Fig. 1-20. Same as in

Fig. 1-19, negative

control using rabbit

immunoglobulins in

place ofantiserum.

,

I

Fig. 1-21. Positive

control for herpes

simplex virus as in Fig.

1-18, performed with

assay seen in Fig. 1-19

using PAP method with

DAB, confirming the true

negative assay result.
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In Situ Hybridization

This chapter covers the in situ hybridization technique on paraffin-embedded

material. The procedure can be varied in many different ways. We have chosen

to present two versions, each discussed by a different department at the AFIP.

In Situ Hybridization of Viral Inclusions

Robert E. Cunningham

INTRODUCTION

The advances in immunology and molecular biology have revolutionized diagnos-

tic medicine and have greatly contributed to biomedical research as a whole.

One of the techniques that utilizes both immunology and molecular biology is in

situ hybridization (ISH). In situ is Latin for "in its original place" and hybridization

means "to cause the production of a hybrid, a cross"; in this case, a hybrid of

single-stranded genomic DNA and single-stranded probe DNA. It accomplishes

this by enjoining powerful methodologies from the two systems. The diversity of

the immunologic detection capability and the exquisite sensitivity of specific DNA

base recognition together provide a new powerful tool for diagnosis and research.

Appropriate immunological stains enable recognition of phenotypic changes that

may reflect genotypic alterations. ISH can reveal those genotypic changes as well

as oncogene expression, chromosomal mapping, infectious disease detection,

In Situ Hybridization 41
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£

and metabolic disorders.

ISH involves taking morphologically intact tissue, usually paraffin-embedded •- '

tissue or cells or chromosomes, through the hybridization process to demonstrate 1?

not only the presence of a particular piece of genetic information, but also its

specific location within the tissue, cells, or chromosomes. DNA hybridization ^

utilizes a labeled DNA probe to detect and identify specific DNA sequences. A BT

DNA probe is a segment of DNA that is specific for and complementary to the

target DNA sequence that is to be detected and identified. _

The target nucleic acids are found intimately mixed with the proteins, other

nucleic acids, and membranes that form the basis of the familiar staining pattern

of hematoxylin and eosin. The goal is to make the target DNA available for C

hybridization while maintaining a recognizable staining environment so that the

tissues, cells, and chromosomes can be identified by the landmarks of routine

staining. ISH techniques represent a compromise between making the nucleic p

acid target available for hybridization and maintaining the morphologic integrity of

the starting material.

C

Figure 2-1 illustrates a block diagram of the detection of a DNA probe in »5

paraffin-embedded tissue sections. The first layer is the target DNA sequence,

which is a section of paraffin-embedded tissue mounted on a glass microslide

that has been treated with proteolytic enzymes and/or high salts or acids to not

only remove histone proteins but also to begin the process of denaturation of the

double-stranded DNA into single-stranded DNA. The second layer is a DNA

probe with DNA sequence complementary to a portion of the target DNA seg-

ment. This probe is biotinylated. The third layer is a complex of streptavidin and

biotinylated peroxidase, which react together in such proportion that some

biotin-binding sites on the streptavidin molecule are not filled by biotinylated

peroxidase but are free to react with the biotin in the second layer. The fourth

layer is a reporter molecule, such as 3-amino-9-ethylcarbazole or 3,3'-

diaminobenzidine, that reacts with the enzymatic substrate (peroxidase) and

deposits an opaque-colored marker on the tissue.

PRINCIPLE:

The detection of specific nucleic acid sequences occurs within structurally intact

cells or tissues. As such, the technique provides a unique opportunity to display

nucleic acids superimposed in well-preserved cellular and subcellular structural

details. DNA exists in vivo almost exclusively in the form of a double helix. Only

during replication and transcription are regions of single-stranded DNA present.

However, it is possible to separate (denature) the DNA strands, in vitro, by using

high temperatures and/or solvents such as formamide. The helix will unwind; the

hydrogen bonds will break and separate the base pairs into single-stranded DNA

(ssDNA). Reversing the denaturation condition by slowly cooling the single

strands can reform the original base pairs, and the duplex is restored. This

process is called annealing. When this annealing reaction occurs between

nucleic acid molecules from different sources with complementary base pair

L
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sequences, a "hybrid" double-stranded molecule is formed. This reaction is called

"hybridization" (Jones and Robertson 1970).

Tissues are prepared by standard histologic and immunologic techniques, with an

emphasis on decreasing the amount of nucleic acid degradation by endogenous

nucleases. The specimen is usually fixed, processed, and embedded in paraffin

and then cut on a microtome and immobilized on the microslide. Alternatively,

tissue culture cells may be grown directly on glass slides and used in that way.

Chromosome preps are "squashed" onto the slide to open up the cell and spread

the chromosomes. Sample preparation involves some method of affixing the

starting material to a microscope slide, so that light-microscopic evaluation can

be done. The slide becomes the solid support that carries the specimen through

all the following steps of the hybridization assay. This step is not trivial because

the conditions of the hybridization assay can be quite harsh and loss of sample

through detachment during the assay is a major concern. Often specially treated

microslides are used to offset this problem.

Before hybridization the sample is subjected to various enzymatic digestions to

improve the accessibility of the nucleic acids to the probe. Commonly, a protease

is used (e.g., Proteinase K). DNA probes are consensus sequences of DNA that

recognize particular sequences of genomic DNA. When these DNA strains

oppose each other, they can bind as two genomic strands of DNA naturally bind.

In this state, there is no signal detection capability. Therefore, a signal-generating

system must be employed. In this example, we use a deposit of a red or brown

chromogen product to generate the signal.

In order to create this signal-generating system, the DNA probe must be modi-

fied. The system that we employ incorporates biotin into the DNA probe.

Biotin-labeled DNA probes can be large (100 to 2,000 base pairs long); therefore,

for the probe to reach its target and generate maximum signal, the fixed tissue

requires enzymatic removal of DNA-associated histones and partial denaturation

of the double-stranded DNA. This is the trickiest and most crucial step when

using large probes. Streptavidin, a high-affinity (four sites), biotin-binding glycop-

rotein, is used to develop the chromogen in the presence of horseradish peroxi-

dase. During this development, the soluble chromogen becomes insoluble and

visible.

The detection complex is a biotin-binding protein linked to a signal-generating

system. The signal-generating systems are either fluorescent or enzymatic. The

enzymatic detection system is a soluble complex composed of streptavidin and a

biotinylated enzyme. The streptavidin molecule, which has multiple biotin-binding

sites, is complexed with a biotinylated enzyme, such as horseradish peroxidase.

Because there are free binding sites on the streptavidin molecules in the com-

plex, the entire complex can bind to biotinylated DNA.

Thus, the biotinylated enzyme is localized to the target site of the DNA probe.

The enzyme then acts as a catalyst in an oxidation reaction with hydrogen

peroxide and a chromogen such as 3-amino-9-ethyl carbazole (AEC) or 3,3'-

diaminobenzidine (DAB). This results in the chromogen precipitating in close

proximity to the peroxidase enzyme.

J
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The complex is visualized after conversion of the substrate and chromogen

(hydrogen peroxide and AEC or DAB) into a localized precipitate. The entire

process is illustrated by Figures 2-2A through 2-2F.

Following counterstaining with Mayer's hematoxylin, the tissue is observed under

a light microscope. The appearance of the red or brown precipitate within the

nucleus of the cells indicates a degree of positivity (Brigati et al. 1983).

In this example, we are going to examine tissue sections with a biotinylated JC

virus probe that is commercially produced by Enzo Diagnostics, New York, NY.

The JC polyomavirus is the etiological agent of progressive multifocal

leukoencephalopathy (PML), a fatal demyelinating disease of the central nervous

system (Padget et al. 1976). The detection method will be a horseradish peroxi-

dase-streptavidin utilizing AEC as the chromogen. There are many different

versions of this procedure concerning the probe, the detection complex, and the

chromogen. Further, the tissue preparation, prehybridization, hybridization, and

posthybridization conditions can also be varied.

MATERIALS AND SOLUTIONS:

Micropipetters

Freezer-70°C

Refrigerator 4°C

Glass beads, tissue culture quality

Incubator 37°C

Heating block 90° to 95°C

Glass beaker

Glass slides

Coverslips

Crystal/Mount (Biomeda, Foster City, CA)

Staining dish

Glass Pasteur pipets

Poly-L-lysine-coated glass slides

Make a 50 jag/ml solution of poly-L-lysine in autoclaved, deionized water. (This

solution may be kept for 1 month at 4°C.) On each glass slide, place approxi-

mately 1 ml of the poly-L-lysine solution and distribute evenly over each surface.

Let the slides stand for 30 minutes at room temperature. Pour off the excess

poly-L-lysine solution and rinse slides 3 times with deionized water. Let slides

air-dry. (Dried slides may be stored for 1 week at room temperature.) As an

alternative, "Probe-On Slides" (Fisher Scientific) can be used.

200mMEDTA, pH 8.0

Ethylene diamine tetraacetic acid (EOTA),

Disodium, dihydrate (Sigma, St. Louis) 37.22 g

Distilled/deionized water 400ml

L
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Adjust pH to 8.0 with 1N NaOH and add enough water to make a final

volume of 500 ml. Filter through a 0.2-|im filter.

10%SDS

Sodium dodecyl sulfate (SDS) (Bio-Rad) 10 g

Distilled/deionized water 100 ml

Phosphate buffered saline (PBS) 10X, pH 7.4

Dulbecco's Phosphate Buffered Saline (DPBS) 10X, without calcium

chloride and magnesium chloride,

0.07M dibasic sodium phosphate (Na2HPO4)

0.03M monobasic sodium phosphate (NaH2PO4)

1.5M sodium chloride (NaCI)

(Gibco BRL, Gaithersburg, MD)

PBSE(1X), pH7.2

10X DPBS 50.0 ml

200mM EDTA 12.5 ml

Distilled/deionized water 437.5 ml

Adjust pH to 7.2 and filter.

20X saline-sodium citrate (SSC) (Sigma, St. Louis)

0.3M citric acid trisodium

3.0M sodium chloride

2XSSC

20X SSC 10 ml

Distilled/deionized water 90 ml

Adjust pH to 7.0 and filter.

0.2X SSC

20X SSC 1 ml

Distilled/deionized water 99 ml

Adjust pH to 7.0 and filter.

2X SSC with 0.1% SDS

2X SSC 99 ml

10% SDS 1 ml

_ Adjust pH to 7.0 and filter

——a

J
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Tris buffer, 0.05M, pH 7.6

Trishydroxy methyl aminomethane ................ 6.1 g

Distilled/deionized water ................ 50.0 ml

(Dissolve Tris in the water and add)

1N hydrochloric acid ................ 37.0 ml

Distilled/deionized water to a final volume of 1 ,000 ml

Proteinase K solution

Proteinase K (Sigma, St. Louis) ................ 0.125 mg

PBSE ................ 1 ml

The solution is warmed to 37° C until use.

This enzyme is used to make the DNA accessible to the probe.

3% hydrogen peroxide solution

30% hydrogen peroxide (Fisher Scientific) 1 ml

PBSE 9ml

This dilute peroxide solution removes endogenous peroxidase reactivity

that would add to the overall staining of the tissue.

50% dextran sulfate solution

Dextran sulfate 50 g

Distilled/deionized water 100ml

Mix. Sonication can be used to drive it into solution. This solution is very

heavy, with a "syrupy" texture, and is light brown in color.

Formamide solution, 50%

Formamide (Sigma, St. Louis) 50 g

Distilled/deionized water 100 ml

Concentrations of formamide from 40% to 50% are used in ISH. Each 1

percent of formamide lowers the melting temperature of DNA (TM) by 0.7

percent. Commercial preparations of this chemical usually contain salt

impurities as well as hydrolysis products, ammonium formate, NH3, and

formic acid. The formamide can be cleaned by stirring 1 liter of formamide

with 10 grams of Norite A (Fisher Scientific) and 50 grams of mixed bed

resin (AG501- X8(d), 20-50 mesh, Bio-Rad) at 4°C for 2 hours. Filter twice

through Whatman #1 filter paper. Store aliquots at -70°C.

L
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Carrier DMA

Salmon sperm is supplied with each DNA probe in a 1.5-ml tube at 10

mg/ml (Enzo Diagnostics) and is used in ISH as a blocking agent.

Remove tube from freezer and boil for 10 minutes, place tube on ice, and

add to DNA probe mixture at 100 ng/ml of hybridization solution.

DNA probe (negative control) (Enzo Diagnostics)

Concentration: 25.0 ng/ml

Quantity: 2.5 ng/slide

Fragment size: 200 to 2,000 base pairs (estimated)

pBR322 is a plasmid grown in E. co//HB101, extracted by standard

molecular procedures and purified by isopyknic banding in CsCI gradient.

DNA probe (positive control) (Enzo Diagnostics)

Concentration: 20.0 ug/ml

Quantity: 1.6ng/slide

Fragment size: 200 to 2,000 base pairs (estimated)

A 4kB fragment of JC virus DNA is cloned into the Eco R1 site of

pBR322.

Hybridization mixture

Deionized formamide, pH 6.8 to 7.2 50 f.il

50% dextran sulfate 20 nl

20X SSC 10 |il

JC virus probe or pBR322 probe 20 \a\

Carrier DNA 4 nl

This mixture is stable for 12+months at 4°C. The amount is enough for

5 tissue samples measuring 20 mm x 20 mm.

Note: Many variations exist on the exact makeup of hybridization probe

mixtures. Tissue type, fixative, DNA probe length, and DNA probe

content of particular nucleo-tides are some of the conditions that may

dictate an alteration in the hybridization mixture.

Glass microcarrier beads, 90 to 150 urn (Sigma, St. Louis)

The addition of glass beads decreases the adherence of the coverslip

to the glass slide during the hybridization step. This is especially useful

when a long hybridization time is necessary. The glass beads are added

immediately before the coverslip. The beads can be diluted in the probe

mixture, or they can be placed between the slide and coverslip dry.
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Posthybridization wash 1 - 2X SSC

20X SSC 50 ml

10% Triton X-100 5 ml

Distilled/deionized water 445 ml

Posthybridization wash 2 - 0.2X SSC

20X SSC 5 ml

10% Triton X-100 5 ml

Distilled/deionized water... 490 ml

Detection complex (HRP-SA)

Horseradish peroxidase-streptavidin (Amersham) 0.025 ml

PBSE 9.975ml

Streptavidin is a high-affinity, biotin-binding protein, and when coupled

with horseradish peroxidase, it is used to develop the chromogens,

3-amino-9-ethylcarbazole or 3,3'-diaminobenzidine in the presence of

hydrogen peroxide. During this development, the soluble chromogens

become insoluble and visible. Staining time is 15 minutes.

Chromogen AEC

AEC can be purchased as a peroxidase chromogen kit (20 mg/ml in .

dimethylformamide) from Biomeda Corporation.

Working reagent:

Distilled/deionized water 5 ml

Chromogen buffer (bottle 3A) 2 drops

Concentrated chromogen (bottle 3B) 1 drop

(Mix quickly, then add)

2% hydrogen peroxide (bottle 3C) 1 drop

Store away from direct sunlight until used.

The chromogen used in this assay is 3-amino-9-ethylcarbazole (AEC). It

has the ability to turn red in the presence of horseradish peroxidase,

which is deposited in the detection complex. Chromogenic substrates,

when oxidized, form colored compounds. AEC is soluble in alcohol, and

AEC-stained slides are mounted from water in Crystal/Mount.

Chromogen DAB

If AEC is not the preferred chromogen, the logical alternative is 3,3'-

diaminobenzidine tetrahydrochloride (DAB). DAB is probably the most

utilized enzymatic stain in the detection of immunologic probes. DAB
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L

produces a brown color that is insoluble in alcohol; therefore, the slides

can be dehydrated through alcohols, cleared in xylene, and coverslipped

with conventional mounting media.

DAB 6.0 mg

0.05M Tris 10.0 ml

3% hydrogen peroxide 0.1 ml

^ NOTE: AEC and DAB are potential carcinogenic substances and must

be labeled as such and stored away from normal contact. Gloves should

be worn when handling carcinogens, and these substances should be

treated with extreme care.

Mayer's hematoxylin:

Distilled/deionized water 1,000 ml

Ammonium or potassium alum 50.0 g

Hematoxylin crystals 1.0g

Sodium iodate 0.2 g

Citric acid 1.0g

Chloral hydrate 50.0 g

Dissolve alum in deionized water, without heat; add and dissolve the

hematoxylin crystals. Then add, in sequence, the sodium iodate, citric

acid, and the chloral hydrate; stir until all components are in solution. It is

important that each chemical is completely dissolved before adding the

next chemical. The final color of the stain is deep reddish violet.

NOTE: Mayer's hematoxylin is used to highlight the topography of the

tissue stroma by having a contrasting color (blue) to the color (red) of the

chromogen. Other counterstains can be used.

PROCEDURE:

1. Deparaffinize and hydrate sections.

Xylene x 2 for2 minutes each

100%EtOH x2 for 2 minutes each

95% EtOH x2 for 2 minutes each

50% EtOH x2 for 2 minutes each

PBSE x2 for 5 minutes each

2. Wash in deionized water and air-dry sections at 37°C.

3. Digest sections in Proteinase K (0.125 mg/ml in PBSE) at 37°C for 10

minutes.

In Situ Hybridization 49

G
e
n
e
ra

te
d
 f

o
r 

Je
n
n
if
e
r 

M
a
ri

e
 O

e
st

e
rl

in
g

 (
M

ic
h
ig

a
n
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

4
-0

3
-1

4
 0

3
:3

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
3

4
0

2
9

4
8

1
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



4. Block endogenous peroxidase by immersing sections in 3% hydrogen

peroxide in PBSE at 37°C for 10 minutes.

5. Wash in PBSE x 3, 2 minutes each.

6. Wash in deionized water, 2 minutes.

7. Dehydrate sections through graded alcohols 50%, 95%, and 100% for 2

minutes each.

8. Add probe at 20 ^l per 20 x 20-mm area of tissue.

9. Add a small amount (pipet dipped in vial) of glass beads to the probe and

place a coverslip on top, one that is large enough to cover the tissue.

10. Denature both the probe and genomic DNA by heating the slides from

90° to 95°C on a hot plate for 10 minutes.

11. Remove slides from hot plate and place in a covered, moistened,

humid chamber to hybridize at 37°C for 1 hour.

12. Remove coverslip by immersing each slide in 2X SSC.

13. Wash slides in 2X SSC with 0.1% SDS for 5 minutes.

14. Wash slides in 0.2X SSC with 0.1% SDS for 5 minutes.

15. Wash slides in PBSE for 5 minutes.

16. Add approximately 0.5 ml of detection complex (HRP-SA) to each slide

and incubate at 37°C for 15 minutes.

17. Wash slides in PBSE x 3, for 2 minutes each.

18. Wash slides in deionized water.

19. Add approximately 5 drops of chromogen complex (AEC) to each slide

and incubate at 37°C for 15 minutes. (For DAB staining, see page 51.)

20. Wash in deionized water x 3, for 2 minutes each.

21. Counterstain with Mayer's hematoxylin for 15 to 30 seconds.

22. Wash in tap water for 20 minutes.

23. Lightly dry slides and add Crystal/Mount to cover the sections.

24. Dry slides first at 25°C for 10 minutes. Then completely dry the

Crystal/ Mount by heating the slides at 80°C for 10 minutes.

25. Option: Add 3 drops of Permount (Fisher Scientific) and coverslip. Other

resinous mounting media may cause diminished red color of the AEC.

L

50 AFIP Advanced Laboratory Methods in Histology and Pathology

G
e
n
e
ra

te
d
 f

o
r 

Je
n
n
if
e
r 

M
a
ri

e
 O

e
st

e
rl

in
g

 (
M

ic
h
ig

a
n
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

4
-0

3
-1

4
 0

3
:3

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
3

4
0

2
9

4
8

1
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



ALTERNATIVE PROCEDURE:

Follow the previous procedure, Steps 1-18, then proceed as follows:

19. Add approximately 5 drops of chromogen complex DAB to each slide

and incubate at 37°C for 15 minutes.

20. Wash slides in PBSE x 3, 2 minutes each.

21. Counterstain with Mayer's hematoxylin for 15 to 30 seconds.

22. Wash in tap water for 20 minutes.

23. Dehydrate in 50% EtOH x 2, 95% EtOH x 2, and 100% EtOH x 2, for 2

minutes each.

24. Clear in xylene x 2 for 2 minutes each.

25. Mount in resinous mounting medium.

RESULTS:

(See Fig. 2-3)

1. Nuclear chromatin - blue.

2. Positive DNA Probe - deep rose red (DAB would show brown.)

3. Background - pink to rose (DAB would show tan to light brown.)

REQUIRED SLIDES FOR EACH "RUN":

Known positive-control slide — Run with JC (+) probe to control for known

positive results.

Known positive-control slide — Run with pBR322 (-) probe to control for known

negative control. This probe is deficient only in the JC virus complementary

sequence.

Submitted case slide 1 — Run with JC (+) probe to evaluate the consult case.

Submitted case slide 2 — Run with pBR322 (-) probe to further control for false

positivity.

If any positive case used as a positive control is negative or if any of the

negative-control slides appear positive, a total review of all procedures must be

done, followed by a repeat assay.

J
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HOW TO AVOID PROBLEMS AND AIDS FOR £

TROUBLESHOOTING

• Problem — no staining

Possible causes: If.

1. Improper fixation and/or tissue processing of the specimens.

2. Denaturation incomplete — not enough single-stranded DNA available to ^

react with probe. ~

3. Probe length (too long) creating a steric problem between the probe and

target DNA sequence. £•

4. Use of alcohol-based counterstain or alcohol-based mountant.

5. Reagents used in incorrect order. KJ

6. Reagents not made correctly by omission of some component.

7. Sodium azide in reagent diluent or buffers. tl

8. Incompatible buffer for HRP complex or chromogen.

9. Improper concentration of hydrogen peroxide in the HRP complex. J"

• Problem — weak specific staining of positive control

Possible causes:

1. Too much liquid (usually wash buffer) retained on sections when detec-

tion and chromogen dilutions are applied.

2. Probe mixture incorrect.

3. Proteolytic digestion omitted.

4. One or more reagents defective.

5. Insufficient hybridization time.

6. Insufficient incubation time for HRP complex or chromogen.

7. Denaturation temperature not high enough to make DNA accessible to

probe.

8. Old HRP complex and/or chromogen solutions.

9. Improper storage of reagents.

L
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• Problem — weak specific staining of specimen (when assumed to be

positive)

Possible causes:

1. Specimen incorrectly fixed and processed.

a. Overfixation

b. Fixative degraded or too weak

2. Specimen not uniformly fixed.

3. Specimen not completely deparaffinized.

• Problem — excessive background staining

Possible causes:

1. Nonspecific binding of probe or detection HRP complex.

2. Endogenous peroxidase activity not removed.

3. Overdevelopment of HRP complex.

a. Increased incubation temperature

b. Excessive incubation time with HRP complex and/or chromogen

c. Incorrect preparation of HRP complex and/or chromogen HRP

(e.g. complex too concentrated)

4. Slides inadequately washed.

5. Probe incorrectly prepared or insufficiently diluted.

6. Excessive adhesives used on slides.

7. Adhesive contaminated by bacterial growth.

8. Tissue sections too thick.

9. Delay in initial fixation of the tissue leading to general autolysis.

10. Wash procedures not adequate or not properly completed.

• Problem — irrelevant staining

Possible causes:

1. Degradation of target DNA.

2. Probe DNA binds to target DNA not at specific sequence due to a slight

mismatch in DNA pairing.

J
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Problem — high background

Possible causes:

1. Excessive incubation with substrate-chromogen reagents.

2. Slides inadequately washed.

3. Substrate-chromogen reagents mixed incorrectly due to substrate being

too concentrated.

4. Endogenous peroxidase activity not removed.

5. Improper fixation.

6. Paraffin improperly removed.

7. Tissue adhesive used in excess amount.

Problem — stain covers areas not exposed to detection HRP complex

Possible causes:

1. Excessive adhesives used on slides.

2. Adhesive contaminated by bacterial growth.

Problem — staining appears blurry and/or streaky

Possible causes:

1. Excessive proteolytic digestion.

2. Necrosis of tissue.

3. Incomplete deparaffinization.
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r

Fig, 2-1. Illustration of

how the different layers

bind together in the in

situ hybridization

technique.

MICROSLIDE + COVERSLIP

PROBE

TISSUE SECTION

TISSUE SECTION (DENATURED)

GLASS CULTURE BEADS

Figs. 2-2A — 2-2F.

Schematic

representation of the

procedure.

Fig. 2-2A. Color

representation of the

various steps.

Fig.2-2B. Tissue

section, mounted on a

glass slide.
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Fig.2-2C. Section is

denatured to make the

DNA accessible.

Fig.2-2D. DNA probe,

glass beads, and

coverslip are added for

the hybridization step.

Fig. 2-2E Side view of

Fig. 2-2D.
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•

'

•

Fig. 2-2F. The

detected DNA

sequences are revealed

by the chromogen.

— -

••' ft• •••••*:••;. ."' ' •

t -v - Fig. 2-3. Positive

reaction with AEC for

Jakob-Creutzfeldt virus

* in brain tissue.
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Interphase Cytogenetics in Paraffin

Sections by In Situ Hybridization

Frank A. Avallone, Virginia A. Achstetter, Denise V. Young,

and Isabel! A. Sesterhenn

INTRODUCTION AND PRINCIPLES

In 1914, Ludwig Aschoff stated that morphology is a biological system, rather

than a dead or inanimate object, and that it is the pathologist's mission to study

structural alterations in conjunction with altered function and foster functional

analysis. To accomplish this task, pathologists have utilized and adopted

methods developed in other disciplines, such as immunology, molecular biology,

and, recently, cytogenetics. Thus, pathologists have been able to study diseased

tissues in more detail than they ever dreamed possible a century ago.

At the end of the last century, pathologists correlated abnormal mitoses and

variable chromatin content with the nuclear abnormalities of cancer cells

(Hansemann 1890). Also, it was known that chromosomes had a certain position

in metaphases and remained as discrete structures in interphase nuclei (Rabl

1885). Somewhat later, Boveri postulated that chromosomal abnormalities cause

malignant transformation and proliferation of cells.

Although DNA and RNA were discovered in the last century and the connection

between abnormal chromosomes and tumors was made at the turn of the

century, it has been within the last 50 years that modern techniques have en-

abled scientists to confirm the earlier theories. In 1944, Avery linked genes to

DNA; in 1953, Watson and Crick described the double helix of DNA; and in 1986,

Nelson and Coffey described the complex structure of chromosomes. Further-

more, although plant cytogeneticists have gathered extensive information since

1920, it was not until 1956 that Tjio and Levan detected the correct chromosome

number of human cells. In 1960, Nowell and Hungerford described the first

specific chromosome change in a tumor, and by 1987, cytogenetic information

was available on 8,000 tumors. Eighty-seven percent of those were hematologic

malignancies. In only 13% of solid tumors, some data about karyotypic abnor-

malities were available (Heim and Mitelman 1981). This discrepancy can be

explained by the fact that most solid tumors grow only poorly in vitro. Also, it may
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be difficult to determine if the metaphases are actually tumor derived or of stromal

origin.

The introduction of molecular cytogenetics, particularly nonisotopic in situ

hybridochemistry (ISHC) with clonal DNA probes targeting specific DNA, enables

localization of individual human chromosomes in interphase nuclei (Bauman et al.

1981, Langer-Safer et al. 1982, Landegent et al. 1985). This can easily be done on

isolated whole tumor nuclei, either in suspension or in smears (Cremer et al. 1986,

Hopman et al. 1988, Hopman, Moesker et al. 1991, van Dekken et al. 1988,

1990). However, this approach disrupts the histology of the tumor and still does

not exclude the possibility that some of the cells are nontumorous. Therefore, we

decided to try ISHC on routinely processed sections of formalin-fixed,

paraffin-embedded tissue. A similar approach was taken by Emmerich et al.

(1989) and Walt et al. (1989) to evaluate interphase cytogenetics in testicular

germ cell tumors and by Hopman, van Hooren et al. (1991) in bladder tumors.

We have applied the method described in this chapter to sections of bladder

carcinomas (Sesterhenn, Mostofi, Davis, van Dekken, McCarthy, unpublished

data), prostatic carcinomas (Sesterhenn et al. 1992), lymph nodes with follicular

hyperplasias and follicular lymphomas (Abbondanzo et al. 1992), gestational

moles, and streak gonads. It should also be mentioned that interphase cytogenet-

ics is not only helpful in neoplastic diseases but also in clinical diseases such as

sex chromosome abnormalities.

MATERIALS AND SOLUTIONS:

Water bath 70°C

Shaking water bath 40°C

Hot plate 98°C

Incubator 37°C

pH meter

Magnetic stirring hot plate

Microwave oven (Sigma, Emerson model, AT736A)

Micropipetters from 1 to 1,000 microliters

Square Bio-Assay culture dishes, 245 x 245 x 20 mm, (NUNC, Inc.,

[A.H. Thomas])

Vortex Geni, (A.H. Thomas)

Silane-coated glass slides or "Super Frost Plus" slides (Fisher Scientific)

Biotinylated DNA probes for chromosome centromeres (e.g. Oncor,

Gaithersburg, MD; Imagenetics, Inc., Naperville, IL)

Mouse monoclonal antibody to biotin (Dako, Carpinteria, CA)

Biotinylated antimouse IgG (Vector, Burlingame, CA)

ABC complex (Vector, Burlingame, CA)

Carrier DNA - sonicated herring sperm (Digene, Silver Spring, MD)

Proteinase K (Tritirachium album) (Boehringer Mannheim, Indianapolis, IN)

3,3'-diaminobenzidine tetrahydrochloride - DAB (Sigma, St. Louis)

Copper sulfate (Fisher Scientific)
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Imidazole

3-Aminopropyltriethoxysilane, Silane (Sigma, St. Louis)

Dextran sulfate (Sigma, St. Louis)

Silane solution for coating glass slides

3-Aminopropyltriethoxysilane 12 ml

Acetone 588 ml

Place precleaned slides in racks and soak in silane solution for 2 minutes

with gentle agitation. Drain slides and rinse in 2 changes of deionized

water. Change water every 2 to 3 racks. Dry slides in 60° C oven over-

night. Cool and store slides in their original boxes. Do not touch slide

surfaces. Fingerprints will become permanently attached and cannot be

removed. This solution is usable for 8 hours. Do not allow water contami-

nation of silane stock or silane/acetone solution. This renders the solu-

tions ineffective.

Blocking solution for endogenous peroxidase (0.6%)

Methanol 250 ml

30% hydrogen peroxide (H2O2) 5 ml

This solution should be made prior to use and is used to prevent staining

of endogenous peroxidase activity in the tissue, which could interfere

with specific immune staining.

^ CAUTION: Hydrogen peroxide is a very strong oxidant and will

burn. Wear gloves.

0.1 N HCI with 0.05% Triton X-100

0.1NHCI (Fisher Scientific) 1,000ml

Triton X-100 (Sigma, St. Louis) 0.5 ml

0.1 MTris buffer, pH 7.5

Tris HCI 12.7 g

Tris base 2.36 g

dH2O to a final volume of 1,000 ml

Adjust pH to 7.5 with 1N HCI or 1N NaOH as required.
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Phosphate buffered saline (PBS) (Dulbecco)

Sodium chloride (NaCI) 32.0 g

Sodium phosphate dibasic (NagHPO^ 4.6 g

Potassium phosphate monobasic (KH2PO4) 0.8 g

Potassium chloride (KCI) 0.8 g

dH2O to a final volume of 4,000 ml

Adjust pH to 7.4 with 1N HCI or 1N NaOH as required.

5% nonfat dry milk (NFDM)

NFDM 0.5 g

PBS 10ml

This solution should be prepared fresh each time. However, if an antibac-

terial agent like 0.1% Thimerosal (Sigma, St. Louis) is added, the solution

can be kept for a week or more, if stored at 0° to 4°C. Discard if bacteria

appear on slides.

20X Saline sodium citrate - 20X SSC (Digene, Silver Spring, MD)

2X Saline sodium citrate - 2X SSC

20X SSC 100 ml

dH2O 900ml

Adjust pH to 7.0 with 1N HCI or 1N NaOH, as required.

Formamide solution, ultrapure (Boehringer Mannheim, Indianapolis, IN)

If formamide is not ultrapure, commercial preparations may contain

significant amounts of the hydrolytic product, ammonium formate, which

interferes with the procedure. Deionization is then necessary and is

accomplished by mixing 50 grams of AG 501-X8 D Resin (Bio Rad,

Hercules, CA) in 1 liter of formamide. Mix with a magnetic stirrer at 4°C

for 1 hour. Filter into a clean, dry, amber bottle for storage. Smell the

just-opened bottle before use to assure that there is no acrid odor of

ammonia. High amounts of ammonium formate render formamide

unusable for this protocol. Purchase high-grade formamide with an

expiration date of at least 8 to 12 months after purchase and store

unopened bottles (Boehringer Mannheim) at room temperature. Pur-

chase formamide in small quantities (100- to 500-ml bottles) to avoid

excessive waste. Usage should determine quantity size. Store

protected from light.
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DNA carrier

Sonicated herring sperm 950 jil

dH2O 50^1

Vortex solution for 5 seconds. This solution is kept at 0° to 4°C and is

stable for several months. Keep 1-ml stock aliquots at -20°C in a stand-

ard freezer, not a frost-free one.

Hybridization mixture

60% 70%

Formamide* 12 ml 14 ml

Dextran sulfate 2.5 g 2.5 g

Tween 20 2.0 nl 2.0 pil

20X SSC 2.0 ml 2.0 ml

dH2O 6.0 ml 4.0 ml

Total volume 20.002 ml 20.002 ml

Adjust pH to 7.0 with 0.1 N HCI. Dispense in 1-ml aliquots and store in a

standard household freezer at -20' C. Do not use a frost-free freezer.

*See page 61.

Probe mixture per slide

Probe 1.5 |il

DNA carrier 1.5 p.!

Hybridization mixture .. 12.0 (il

Total volume .'. 15.0 pil

This amount (15 nl) should be enough to cover an area under a 22 x

22-mm coverglass. For larger sections, prepare additional mixture in the

same proportions.

Denaturation solution

70% formamide in 2X SSC

Deionized formamide 70 ml

20X SSC 10 ml

dH2O 20ml

Total volume 100 ml

Adjust pH to 7.0 with 1N HCI.

L
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Posthybridization wash solution

Formamide ................ 70 ml

20X SSC ................ 10 ml

dH2O ................ 20ml

This solution contains 70% formamide. Percentage of formamide

depends upon the chromosome-specific probe to be hybridized. Some

probes are better washed out with a solution that contains 50% or 60%

formamide. Do not alter 20X SSC volume when making different percent

solutions.

1M Imidazole enhancer

Imidazole ................ 68.08 g

dH2O to final volume of ................ 1 ,000 ml

(Final concentration of imidazole in PBS/DAB solution is 0.01 M.)

DAB stock solution

3,3'-diaminobenzidine tetrahydrochloride ............................. 4.5 g

dH2O ................ 100ml

Using a magnetic hot plate, dissolve DAB powder in warm dH2O water

(40° to 47°C) with agitation. When completely dissolved, dispense into 1-

ml aliquots and freeze. ^ CAUTION: Wear gloves, work in a safety

hood, and treat as hazardous material. DAB is a suspected carcino-

gen.

DAB working solution (0.015%)

Stock solution 1 vial ................ 1 ml

PBSD ................ 296ml

Imidazole (enhancer) ................ 3 ml

Total volume ................ 300 ml

Add 0.4 ml 30% hydrogen peroxide just prior to use and mix well.

Copper sulfate - 0.5% in 0.9% NaCI

CuSO45H2O ................ 7.8 g

NaCI ................ 9.0 g

dH2O ................ 1,000ml

Mayer's hematoxylin

Ethanol : 70%, 95%, 1 00%

Xylene

Mounting medium - Permount or other synthetic mounting media

J
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