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Technical Aspects of Immunocytochemistry
and its Application in Routine Histopathology

Alison Fields, FIMLS, Department of Histopathology
Royal Free Hospital, Hompstead, London

Histodogical disgnosis Is based on the macroscopic
and microscopic appearance of the tissues. stained by
hematoxylin and eosin, with the aid of various special
stains. Usually this gives the pathologist sulficient in-
formation to make the diagnosis, bul occasionally
specific cells and thelr products need to be dentified.

The introduction ol Nuorescent labelled antibodies!
enabled these products (o be demonstrated, but this
technbgue, along with most histochemical methods,
usually requires frozen materlal. This is not always
svailable, The development ol Immunocytochemical
technbgues subatituting an enzyme for the (lucrescent
label® was a gresl advantage, as thess techniques
could be carried owt on routinely fixed paraffin em-
bedded tissue, Peroxidase is (he main enzyme label
used since It B & small molecule which akds penetra-
tion into the tastes

Immunofluorescence

Immunofluorescence |5 a widely accepted technlgue
in the routine laboratory, especially in the study of
renal ared skin biopsies, and in the detection of auto-
antibodies. Although it is a sensitive method, it has &
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number of drawbacks. It requires fresh or speclally
fixed tissue, and it gives poor morpholegical detail.
The preparations are not permanent and a special
microscope is required.

Thus, the introduction of immunocytochemical tech-

nigues was a greal advantage 1o pathologists, en-
abling the demonstration of many substances in

routinely fixed, paralfin processed tissues.
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METHODS AVAILABRLE
Direct Method
The primary anfiserum against the antigen to be
demonstrated is labelled with peroxidase or FITC

This is the shortest method, but |s less sensitive than
the lollowing methods. (Fig. 1)

Indirect

The primary antiserum is unlabelled, and the second
antiserum, directed againsi the species in which the
primary anfiserum is raised, is conjugated (o peroxi-
dase. FITC or alkaline phosphatase. This is a more
sensitive method than the diréct technique, 11 is also
more versatile, because primary antisera can be
ralsed against a variety of antigens, and elther peroxi-
dase or FITC conjugated antisera can be used as the

o i 1
second layer, (Fig. 1) Continued on Page 212
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Linking Autibody
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Enzyme Bridge’

This is a three-step lechnigue. The first and second
layers are unlabelled, The third layer is an antiperoxi-
dase antibody followed by free peroxidase. This is a
time-consuming method. (Fig, 2)

PAP Compbex

Limking Antitwidy
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PAP*

In this method, the lirst and second layers are un-
labelled, and the third layer is an immune complex of
peroxidase-anti-peroxidase. The second layer is add-
ed In excess and acts a3 a bridge between the primary
antiserum and the PAP complex. (Fig. 1)
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Simultaneous Double- Labelling

In this méthod, two substances can be demonstrated
in the same tsswe section by using antibodies ralsed
in different species. One is labelled with peroxidnse
and demonstrated with 3:3 diaminobenzidine (DAB]:
the other s labelled with alkaline phosphatase and
localized by naphthol capture, this showing each sub-
slance as a differsnt cobor, (Fig, 4)

Fipwre 5. Labuilidd Anmigen. Symibwdy a0 i Figuie 1 o il = Lt Free
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Labelled Antigen®

The primary antiserum is applied to the section
followed by the antigen itsalf, which is labelled. It s
only sultable where enough antigen is available for
labelling. This technigee i shorter and more specific
than the PAP method, with no cross-reaction or col-
lagen stalning. (Fig. 5)

MODES OF APPLICATION

Immunohistochemistry can be carried out on cylolog-
ical smears, Irozen and paralfin sections, imprints and
tissue culture. Frozen sections are used mainly with
fluorescent labelled antisera, but the results are not
permanent, and peroxidase techniques on frogen see-
tion or imprints often give a heavy background stain.
This is reported to be reduced by treating the slides
with 20% acetic acid solution prior to ineubation in
the primary antlserum.® In smears and frozen sec-
tions, both cytoplasmic and surface mmunoglebulins
are demonstratec

In tissue section, cytoplasmic, nuclear and interstitinl
antigens can be demonsiraled. The

detail seen in paraffin sectlons ks one of the advan-
Inges of the method.

It is also possible to carry oul immunoperoxidase
technigues on resin embedded material. Aradite/
epon mixtures” require that the resin is removed with
matured saturated aleoholic sodium hydroxide prior
Io staining. The antisera are used at higher concentra-
Hons and incubation times are extended.

When applied to electron microscopy, the tssoes are
elther stained as hiocks, on grids or on thick resin sec-
tions. In each case the tissue ia incubated in the
primary antisera overnight at 4°C, and subsequent
antisera are applied for extended periods, After stain-
ing with DAB, the tissue |5 treated with osmium Lo
give electron dense granules. Antisers may be conju-
gated (o lerritin or colloidal godd, with the latter con-
jugate wsing the different sizes of gold particles in
double-labelllng technigues.



TECHNICAL ASPECTS
Flxation

It is thought that fixation and processing may de-
nature or aller the antigenicity of the tissue compo-
nents, 80 that specilicity and sensitivity are impaired,
Prompt fixation & essential for consistent resulis,
since poor lixation causes loss of antigenieity or diffu-
sion of the antigens into the surrounding tissue, Due
to the high sensitivity of the PAP technique, frozen
sections are not necessary, A wide range of fixatives
miy be used to demonstrale various antigens, Many
of the antigenic determinants may be bost during fixae-
tion, but enough remain to enable them to be visual-
ized wsing the PAP technigue. There i not one fix-
ative that can be considered |deal for the demonstra-
tion of all antigens., Some may stll require fresh
frozen sections. However, in general, many antigens
can be demonstrated after fixation in formal saline,
formal mercury, Zenker's or Bouins', (Some antigens
can be localized alter osmium fixation, and the
perindate-lysine-paraformaldehyde  fixative gives
good preservation of antigens and can be used lor
both light and electron microscopy.)

Certain lixatives can be used only il enzyme digestion
is carried out on the section prior fo immunostalning,
e, isotonkc formaldehyde solutions, Dther lixatives
give good results without the use of enzymes, eg.,
formal mercury, Boulns' and Carnoy's. Very good
results are obxlained il 2 - 10% acetic ackd s added 1o
formal saline. A combination of acetic acid, formal
saline and formal mercury gives excellent results with
bone marrow specimens.®

Because many antigens can be demonstrated after
formal saline fixation, it & possible to carry out retro-
spective studles,

Processing

Following fixation, the tissue blocks are paraffin pro-
cessed. In some cases the tissues may be washed in
bufier to reduce background stuining. Bone marrow
trephines may be decalcified in EDTA for about two
days and then paraffin processed, Processing has fittle
elfect on the PAP method.

Cutting

The thickness and quality of the sections is important.
The average thickness for immunohistochemistry is
Amu. Adhesives are not always necessary, but slides
coated with chrome-gelatine or egg albumin solutions
miy be used, il required.

The sections are drained and dried briefly on a hot
plate, and then dried in an incubator overnight at
6°C, Lower temperatures can be used, depending on
the tvpe of tissue.

Enzyme Digestlon

Proteodytic enzymes have been Introduced into the
PAP method with the alm of oblaining more consis-
tent results and reducing background staining. How-
ever there are some problems, The major problem ks
the variance of the results due 1o the (ixation aof the
tistues, This applies (o different antigens as well as o
the same antigens (o a secthon, as a resull ol uneven
masking of the determinants during fixation. Batches
of enzvmes vary in thelr resctivity and decay with
time. Therefore, tissye sectlons require varving
lengths of tme in the enzyme (o get oplimum demaon-
stration of an antigen,

The enzymes that have been investigated are
trypsin,' protesse type VI™ and pepsin.'!

Protease has been used as a 0.05% solution pH 7.4 at
A7%C, and requires a short time to unmask the antl-
genic sites, but type VI digests tissue rapidly and type
I takes too long, Type VIl demonstrates immuno-
globulins well and is consistent in its results, but it is
EXPENSive,

Trypsin is used as a 0.1% solution in 0,1% caleium
chloride pH 7.6 at 37°C. Batches of this enzyme vary
and digestion times range from 15 minutes to 45
minubes, It is, however, less expensive than proteass,

Pepsin is used as a 0.4% solution in 0.1 M HO for two
hours at 375C This s a very long digestion thme,
although it may be preferable for some antigens,

Immunoperoxidase staining is usually improved after
treatment with a proteolytic enzyme, although some
antigens may be destroved, The length of digestion
will vary with the length of fixation of the tssue.
Careful control of the enzyme reactivity is

but, In general, antsers may be used at higher dilu-
tions which will therelore reduce background stain-
Ing.

Endogenous Peroxidase Blocks

Peroxidase is found under normal conditions in red
bood cells and granulocytes. At first, this endogenous
peroxidase was stained red using alpha-napthyl
pyronin, distinguishing it from the brown antigen/
antibody complex. It 5 now usually inhibdted bedore
staining. There are a number of methods availabde:
0.5% H,0y in methanol 30 minutes, 3% H:0y in
water, 3-10 minutes periodic acid, followed by
sodium borohydride, 1% acid alcobol and methanol/
picric acid, Probably the most commaonly wsed block-
ing method is hydrogen peroxide/methanol, Some
tissue antigens may be sensitive (o blocking agents, in
which case it is best [0 leave the sections blocked.

Antisern and Controls

To obtain the best possible results, (he antisera must
Conitinuied on Page 217



Observations on the Demonstration of Amyloid
When Using Different Methods

Rob Bosma
Central Lab for National Health in Friesland
Jelsamerstrant 6, 8517 EN LEFLUWARDEN
The Metherlands

Following are some ohservations we have made con-
cerning the use of diferent methods (o demanstrate
amyloid deposits In Hssue sections, using either paraf-
fin or plastic resin embedding.

Demonstration of amyloid in sections Is sometimes
difficult since it is subject to the influence of many fac-
tors, including the tvpe of amyloid, its coneentration,
and the nature of the lesion or tissue. In addition, the
embedding technique plays an fmportant rale in the
demonstration of amylold deposits. The staining tech-
nigue used In this laboratory is a modification of the
original technique by Bennhold!, Our modifled tech-
nique is performed as follows:

Procedure for

I. Cut paralfin sections at & microns,

2, Deparaifinize slides in xvlene. hydrate throagh
graded alcohol to water,

3. Wash slides in double distilled water for 2
minutes,

4. Stain slides In hematoxylin for 5 minutes {com-
pound solution of equal amounts of Mayer's
hemalum & Harris' hematoxylin solutions).

5. Wash slides in running tap water for 30 seconds,

6. Ditferentinte slides in 0.25%-hydrochloric acid-
aleehol solution for 30 seconds,

7. Wash slides in running tap water for 10 minutes.

B. Stain slides in Congo red solution lor 20 minutes
(0.5 gram Congo red, CL 221240, in 100 ml of 50%
ethyl alcohal),

. Wash slides in running tap water for B minutes.

10. Dehydrate side in alcohol 70%, 80%, 95% and
absolute alcohol, lor 2 minutes each,

L. Clear in xylene, 2 changes.

12. Mount cover slip with resinous media.

Hesults:

With polarized light microscopic examination:
Young amyloid deposits give grass Areen
lluerescence against dark backgrounds. The older
deposits give bright green o white fuorescence,

With darkfield NMuorescence microscopy: For this
type of examination. we recommend the use ol ofl-
immersion lenses and relatively light filters (lens ype:
Fluoresz 170/0.17 by Leitz [Wetzlar] Lamp HBO 50).°
Beam the light in the green area using a BP 546712
flilter dichroic mirror FT 580 and barrier filter LP 590
{Filter packet Zeiss 487715).** The amylaid depaosits,
when present, give a bright red fluorescence against a
dark background.
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Principally, the same technique can be used for the
demaonstration ol amylold deposits in tissues embed-
ded in plastic resing. We recommend either EF.L. 67,
or Sorval JB 4 resins, as routinely used in oer labora-
tory. In our experience, sections cut at § microns are
the most desirable for this type of examination.

This was determined during our initial experimenta-
tion In adapting the Congo red method 1o plastic em-
bedded sections. We found that the positive amyloid
kidney confrol tissue, which gave good results aftor
paraffin embedding and cutting at 6 microns, were
negative when embedded in plastic and cut at 2
microns. These sections were negative with the use of
both polarized light and fluorescence technigues.

The experiment was repeated many times with dif-
Imthi;ﬂimwﬂhlhmrmﬂmmm“.
coption was the type of amylold present in medullary
carcinoma of the thyrold. In this type of ketion, clear-
cul positive results were obtained in a 2 micron
plastic section with polarized light examination of
preparations conjugated with Congo red, This was ob-
served as green granular structures. Examination of
sections of the same blocks with the fuorescence
microscope, stained with thiollavine and/or comju-
gated with Congo red, gave negative results. Ap-
parently the structure of amyloid deposits in the
medullary carcinoma of the thyroid is of a different
type of nature than that of amyloid deposits in other
lezions,

for of
;:uiﬂq:- Conjugation of Amylold Deposits

The conjugation of amyloid depasits in paraffin sec-
tions with thioflavine as performed in our lnboratory
can he carried out as described below, This procedure
includes modifications of the original technique
described by Burns.? It has not been adapted to plastic
resin seclions,

Procedure

1. Cut paralfin embedded sections at 7 microns,

2. Deparaffinize slides in xylene, 2 changes.

3. Hydrate through graded alcohals 1o water,

4. Stain slides in hematoxylin for 5 minutes.

5. Wash slides in running tap water, 30 seconds.

6. Differentiate slides in 0.25% hydrochloric acid-

alcohol soluticn for 30 seconds.
7. Wash slides in running tap water for 10 minutes.



8, Conjugate with thioflavine solution for 5 minutes.
This solution can be prepared as follows: Mix 0.4
ML HCl with 100 ML douhle-distilled water. Then
dissolve in this solution | gram thioflavine T {C.L
400M5), The stock solution keeps well for a few
months at room temperature.

9, Wash slides in running tap water for 30 seconds.

10, Dehydrate siides quickly in alcohol 50%, 704,
45% and absodute alcohol

11. Clear slides in xylene, 2 changes.

12, Mount coversllp with resinous media.

For examination with the fluorescence microscope
using HBO 50 lamps, beam the light in the blue area
ol the spectrum: BP 450-490, using a dichroic mirror
FT 510 and a barrier filter LP 520 (avallable in filler
packet Zeiss 487708).°*

Resulis:
Grass green fluorescence al sites of amyloid deposits
against dark backgrounds.

Differentiating Primary and Secondary
Amyloidosis Procedure:
Diflerentiation between primary and secondary
amyloidosis can be achieved by pretreatment of the
sections  with potassium  permanganate  solution
{KMn0,) before conjugation with Congo red. The
details of the procedure are as follows:
1. Cut paraffin embedded sections al 7 microns.
2, Deparaffinize slides in xylene, hydrate through
graded alcohol to distilked water.
4_Treat stides with the lollowing potassium perman-
ganate solutlon for 3 minutes:
0.5% aqueous potassium permanganate  35.0 ml
5.0% aqueous sulfuric acid (prepare tresh) 5.0 mi
4. Wash slides in double-distilled water for 30 sec-
onds.
5, Decolorize slides in an agqueous solution of 3% ox-
alic acid for 1 to 2 minules,
f. Wash slides In running tap water for 5 minutes.
7. Stain slides in hematoxylin for 5 minutes.
&, Wash slides in running water for 30 seconds.
9. Differentiate slides in (.25% HCL-alcohol solution
for 30 seconds, followed by running tap water for
10 minules,
10, Conjugate with Congo red solution for 20 minutes.
11. Wash slides in running tap water for 10 minutes.
12. Dehydeate through alcobol: 70%, B0%, 55% and
absolute aleohol,
13, Chear slides in xylene, 2 changes.
14, Mount coverslip with resinous media.

Results:

Specimens from patients with primary amyloidosis
show amyloid deposits (positive fluorescence) after
treatment with KMnO,. In case of secondary amy-
Inicloais. the results with both the fluorescence tech-
nigue and the dark field polarized light become nega-

tive, For control, use sections from the same blocks
conjugated with Congo red but withou! pretreatment
with KMn(,. These should be positive in both conds-
thons (primary or secondary amyloidosis.).
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Tissue Adhesive for
Immunoperoxidase

Eileen M. Connelly, HT[ASCT), AA, &
Geolresy Rowden, PhiD
Siritch School of Medicine

Loyola University Medical Center
Maywood, lllineis 60153

Immunoperoxidase has become a widely used stain-
ing procedure in histology laboratories, and the use of
trypain,’ a digestive enzyme, is of vital importance in
many reactions in order to expose antigenic sites. In
our laboratory, we use 0.1% trypsin® diluted in 0.1%
CaCl, for 30 minutes at room lemperature. A com-
mon problem we have encountered following trypsin-
ization, however, is that tissee sections will often slip
aff the slides. Presented below are two simple proce-
dures we have discovered lo keep paralfin sections
adhered (o gliss slides.

The first procedure employs Elmer’s glue diluted to 3
percent, A single drop of this ls smeared on 4 clean
slide and works quickly to keep the section In place. [t
should be noted, however, that a fine film which is
created by the glue will sometimes give a cloudy
background on stained slides.

More recently we have used an alternative procedure
which we consider to be even better. Poly-L-Lysine=*
is diluted 75 mg per | ml distilled water, and then
flooded on wiped microscopic slides and left to stand
for at least one hour. Slides are then placed in a rack,
rinsed well with tap water, and dried thoroughly. This
procedure renders slides with a clean background
and no cloudiness.

In comparing the two procedures, the one advantage
of using Elmer's gloe is its quickness as an adhesive.
Poly-L-Lysine, however, s preferred because it
results n cleaner slide backgroond. This, in furn,
pssures better interpretation af immunoperoxidase
stalning reaction.
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The Phenol Crystal Violet Stain for Differential Staining
of Gram Positive and Negative Bacteria

Kerry Beche, ART
Kelowna General Hospiltal
Kelowna, B.C., Canada V1Y 1T2

A procedure for demonstrating Gram Negative and
Positive bacterin that has proven to waork well for the
author is described below, Belore examining this pro-
cedure, a review of the general concepts relating to
the Gram stain may be helpful.

The Gram stain emerged in 1884, when Dr. Christian
Gram applied jodine as a counfersfoin to bacteria
which had besn treated wilth gentinn violet. His ohser-
vations that cerfain boacteria remained colored after
alcoholic defiydration became one ol the most impor-
tant discoveries in microbiology. Although this stain-
ing mechanism has been disputed over the years, the
lallowing concepts have been generally accepted in
recent times:

1. The primary dye (Le., gentian or crystal violst, ete,)
has no specific affinity lor any component of the
bhacterial cell.

2. Indine's sole purpose in sthining is o precipitate the
primary dye. Suggestions that iodine i responsible
for the oxidation of cell siructures, or the binding of
the primary stain to oxidized cell structures, have
been disproven.

4. The use of acceleralors (e.g., phenol or anfling) ks ol
significant value, particularly in lissue poathology
where staining i not confined to cultured cefls. While
accelerators do not play a direct chemical role in the
staining mechanism, it would appear that (hey aid the
Liram positive cell in absortdng more of the primary
dye.

4. As indicated through substantinl evidence, iodine
in an alcaholi: solution dilfuses much slower through
the cell wall of & Gram Positive organism than it does
through the Gram Megative, The precipitated dye,
which is insoluble in the presence of jodine. will
therefore remain in the Gram Positive cell until the
indine has been completely extracted by the decolor-
izer. This is the fundamental principle of the Gram
stiin: It is & physical reaction based on the difference
between the permenbility ol Gram Posiive and
Megative eells to aleohollc slutions of indine.

5. Magnesium ribonucleate is lound only in Gram

Positive cells and may b responsible for the differ-

ence in the permeability ol these cells to solutions of
alcoholic iodine,

I have found the lollowing procedure o be guite wse
ful and reproducible for demonstrative Cram Nega-
tive and Positive bacterta:

Fixation:
10 bulfered newtral formalin
Microtomy:
Cit sections st & to 6 microns.
Solutlons:
1'% Crystal Violet Solution (Stock)
L T e D 1000 ml
o s TR R e R i e o 100tk gm
Dristilled water ... .... 0. . .00 e e G400 mil
10% Phenaol Solution (Stock)
Phenol erysBIE . . oo veninnesseansras 25.0 gm
L ST T R R S e R S P 25400 mil
Crysial Violel-Fhenol Solution (W
1'% erystal violet solution (sock). ... ...... . 50.0mi
10% phenol solution (stock) .. .......... .. 0.5 ml

This warking solution keeps well for 3 days.
.5% Fast Green Salution [Stock)

T e e Ll et 25gm
1T (e A Lo 5000 mil
. 1'% Safranin Solution (Stock)

L N 5.0 gm
0T o e B e R e e 5040.0 ml
Fast green-safranin Solution (Working)
0.5 fast green solution (stock), ..., ...... . 20ml
136 salrariin [Shocl) e e s . 20,0 ml
o T e T - A0 mi

This working salutlon keeps well for 4 hours.
1'% Acetic Acid Solution
P ot e e A e S s el 1.0 ml
100%alohol . .o ce vy e amean e TUN8.0 ml
Procedure:
1. Hydrate sections to distilled water in the ussal
MAnNer.
2. Stain slides for 2 minutes in crystal vialet-phenol
working solutlon.

4. Rinse siides in distilled water until clear.

4, Place slides in Gram's iodine for 2 minutes,

5. Rinse slides in distilled water until clhear,

fi. Decolorize slides in 100% peetone until oo more
visible dye is released, (This step Is not eritical, but
takes only 10-15 seconds,)

7. Rinse slides briefly in water,

B. Stain slides for 2 minutes in fast green-safranin
working solution,

Continued on Page 219
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Continued on Page 219



Continued from Page 213

be used at the correct dilution. This is found by carry-
ing out a range of dilutions on the same tissue, with all
other steps being constant. To get a clear picture, a
compromise is made between the staining of the
positive cells and the background. Each time a new
batch of antisera is started, it must be titrated to find
its optimum dilution. Too strong of a solution will
resull in a false negative — a prozone effect. Most an-
tisera are incubated on the sections for 30 minutes. at
room temperature. However, some antisera may re-
quire longer periods of incubation, in which case they
are left al 4°C for anywhere up to 24 hours. It is possi-
ble thal incubating the sections al 37°C will shorten
the Incubation time.

Controls

Any immunological staining will be only as good as
the antibodies used. Many antisera contain impurities
causing cross-reactions, and the PAP technique may
detect these imparities, Monoclonal antibodies would
solve this problem, since they are well characterized
and recognize just one antigenic determinant. How-
ever, 1o obtain a meaninghul result with most other
antisera, controls must be carried out as follows:

1. Replacement of the primary antiserum with a
nofmal serum of the same species.

2. Replacement of the primary antiserum with
enother primary antiserum directed against a
different antigen.

4. Absorption of the primary antiserum with puri-
fied antigen.

The last control is the most seful specificity controd if
the purified antigen is available, The antigen muost be
pure enough to prevent It from absorbing bath
wanted and unwanted specificities, giving a false im-
pression of monospecificity.

Monoclonal Antibodies

The methodology for producing monoclonal anti-
bodies was developed by Kohler and Milstein™ from
the basic concept of hybrid cell growths pioneered by
Harris in 1965.% Polyclonal antiserum contains antl-
bodies directed against a number of antigenic deter-
minanis. In theory, a single antibody-producing cell
grown in culture would produce a single specific anil-
hody, In practice, however, normal antibody-secret-
ing cells do not grow in culture. In the creation of
monoclonal antibodies malignant tumor cells which
can be cultured are fused to normal lymphocytes,
forming hybrid cells, which produce one type of anti-
body, Individual hybrid cells are then cloned. sach
clone producing identical antibodies 1o a single anti-
genic  determinanl. Le., monoclonal, Therelore,
whereas polyclonal antisers will recognize dilferent
parts of each antigen and each bateh will vary, a
monoclonal antibody will abways r e the same
::Llig:nh: determinant and the batches will be identi-

The advantages ol monoclonal antibodies are malnly
in specificity and the reduction of background atain-
ing. One disadvantage lies in the fact that the anti-
genic determingnt ks a relatively small amino acid se-
quence, and thus it is possible to find the same se-
quence elsewhere in the body and thersfore pet
cross-reaction that does not appear with polyclonal
antibodies where minor structural similarities are
masked by hundreds of other antibodies 1o the other
antigen sites, This is usually obvious because the siles
of a cross-reaction are quite diferent from the
specific staining, Some antibodies can be used only on
Irozen sections due to their high specificity, but some
also work on paraffin embedded tissue. With mono-
clonal antibodies it has been possible to distinguish
iubdels of B and T lymphocyles and macrophages,
and 1o delect subtle differences of viruses, eg., in-
fluenza.

Demonstration of Enzyme

Diaminobesngidine (DAB) is probably the best perosi-
dase substrate lor both light and electron microscopy,
although there are various alternatives. Alpha-
naphihyl pyronin gives a red color which can be de-
hvdrated and cleared, but it is not electron dense.
d-amino 8 ethyl carbazol also gives a red color but
cannot be dehydrated and is not electron dense, al-
though it is quite widely used. Hanker-Yates is
anather subsirate which can be substituted for DAB
giving & similar colar (brown).

It alkafine phosphatase is used as the labelling en-
zyme, different sthining methods are required. Mason
and Sammons™ used naphthol AS phosphate at pH
9.0 with fast blue BBN, or fast red TR. Fast blue BBN
gave the hetter contrast when used with DAR in a
double-labelled technique. None of these reagents
produce reaction products which can be dehydrated.
However, & simultaneous capture method of Stutte
using hexanitrogenated New Fuchsin and naphthol
AS-TR phosphoric acid prodoces a red color and can
be dehydrated.

Counterstaining

The nuclel are usually Hghtly stained with hematoxy-
lin after DAB, and If differentiation is required this
does not affect the reaction product. Carrazzis’ or
Mayer's hematoxylin does not usually require differ-
entiation. Other stains may be used as long as they do
nol mask the peroxidase or alkaline phosphatase re-
sction product.

Background Staining
The demonstration of antigens by immunocytochemi-
cal methods depends on the contrast between the

staining intensity of the antigen and the surrounding
tissues,
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be used at the correct dilution, This is found by carry-
ing out a range of dilutions on the same tssue, with all
other sleps being constant. To gel a clear picture, a
compromise is made between the #aining of the
positive cells and the background, Each time a new
batch of antisera is started, it must be titrated to fnd
its optimum dilution. Too strong of a solution will
resull in o false negative — a prozone effect, Most an-
tisern are incubated on the sections for 30 minutes at
room temperature. However, some antisera may re-
fpuire longer periods ol incubation, in which case they
are left al 4°C for anywhere up to 24 hours, It is possi-
ble that Incubating the sections &t 37°C will shorten
the incubation time.

Controls

Any immunological staining will be only as good as
the antibodies used. Many antisera contain impurities
causing cross-reactions, and the PAP technique may
detect these impurities. Monoclonal antibodies would
salve this problem, since they are well characterized
and recognize just one antigenic determinant. How-
ever, o oblain a meaningful result with most other
antisera, controls must be carried out as follows:

L. Replacement of the primary antiserum with a
normal serum of the same :

2. Replacement of the primary antlserum with
another primary antiserum directed against a
different antigen.

1. Absorption of the primary antiserum with puri-
fied antigen,

The last control ks the most useful specificity control if
the purified antigen is available. The antigen must be
pure enough to prevent it from absorbing both
wanted and unwanted specificities, giving a false im-
pressicn of monospecilicity.

Monoclonal Antibodies

The methodology for producing monoclonal anti-
hodies was developed by Kohler and Milstein®® from
the basic concept of hybrid cell growths pioneered by
Harris in 1965 Polyclonal antiserum contains anti-
bodies directed against 8 number of antigenic deter-
minants. In theory, a single antibody-producing cell
grown in culture would produce o single specific anti-
body, In practice, however, normal antihody-secret-
ing cells do not grow in culture, In the creation of
monoclonal antibodies malignant tumor cells which
can be cultured are fused to normal lymphocytes,
forming hybrid cells. which produce one type of anti-
body. Individual hybrid cells are then cloned, each
clone producing identical antibodies to a single anti-
genic  delerminanl, Le, monoclonal. Therelore,
whereas polyclonal antisera will recognize different
parts of each antigen and each batch will vary, a
muonoclonal antibody will always recognize the same
antigenic determinant and the batches will be identl-
cal,

The advantages of monoclonal antibodies are mainty
in specificity and the reduction of background stain-
ing. One disadvantage lies in the fsct thal the anti-
genic delerminant is & relatively small amino acid se-
quence, and thus it is possible to find the same se-
quence elsewhere in the body and therefore got
crofs-reaction that does not appear with polyclonal
antibodies where minor structural similarities are
masked by hundreds of other antibodies (o the other
antigen sifes. This is usually obvious because the sites
of & cross-reaction are guite different from (he
specific stalning. Some antibodies can be used only on
frozen sections due to their high specificity, but some
also work on paralfin embedded tissse, With mono-
clonal antihodies it has been possible o distinguish
subsets of B and T lymphocytes and macrophages,
End o detect sublle dillerences of viruses, eg., in-
ez,

Demonstration of Eneyme

Diaminobenzidine (DAB) Is probably the best peroxi-
dase substrate for both lght and electron microscopy,
although there are various alternatives. Alpha-
naphthyl pyronin gives a red color which can be de-
hydrated and cleared, bat it Is not electron dense,
d-amino 9 ethyl carbazol also gives a red color but
cannot be dehydrated and is not electron dense, al-
though it is quite widely used. Hanker-Yates is
anothes substrate which can be substituted for DAB
giving a similar color (brown)

It alkaline phosphatase is used as the labelling en-
gyme, different staining methods are . Masan
and Sammons' used naphthol AS phosphate at pH
8.0 with fast blue BBN, or fast red TR, Fast blue BEN
gave the belter contrast when used with DAB in a
double-labelled technique. Mone of these reagents
produce reaction products which can be dehydrated.
Howewver, a simoltaneous capture method of Stutte
wsing hexanitrogenated Mew Fuchsin and naphthal
AS-TR phodphoric acid produces a red coler and can
be dehydrated, 2

Counterstaining

The nuclel are usually lightly stained with hematoxy-
lin after DAB, and if differentintion is required this
does not affect the reaction product. Carrazzis' or
Mayer's hemaloxylin does not usually require differ-
entiation. Other stains may be used as long as they do
not mask the peroxidase or alkaline phosphatase re-
action product.

Background Staining

The demonstration of antigens by immunocytochemi-
cal methods depends on the contrast hetween the
staining intensity of the antigen and the surrounding
tissues.

217



Specific background staining may be present when
the antigen s in both the cells and the tissse Huid, or
when the [lxation has been delaved and the antigen
has diffused into the surrounding Hssues,

Background staining of the collagen is quite common
and may be due sither 1o the Fe partion of the fmimu-
noglobuling heing attracted 1o the basic groups in the
collagen fibres, or to IgG binding to collagen during
formalin fixation and processing. This can be mini-
mized by using Fab fractions of immunoglobulin anti-
sera and by application of an immunoglobulin that
does not react or interfere with the specilic antl-
serum, e, non-immune serum. Optimally  diluted
anfisera, or incubation for 24 1o 48 hours with very
dilute antisera, will also keep background staining to
o minimum. The tissue itself can be washed prior 1o
fixation, and in some cases enzyme digestion ol the

sections may reduce background staining.

Applications

The immunocylochemical methods allow the exami-
nation of specific cell products or extracellular
materials in tssue sections, Some of (hese prodiicts
can he measured by other methods, such as radioim.
munoassay. but those cannot show the morphology
ar distribution of the product.

Oine very uselul application of the technigue is in the
field ol lymphomas, to distinguish B-cell lymphomas
(which tend 1o be monoclonal], from reactive prolif-
erations or carcinomas (which are olten polvelonal).
Monoclanal antibodles are used to determine the cell
types in o lymphomn which may ald in the treatment
of the patient. Much work has been done on lvmpho-
mas of the gastro-intestingl tract where alpha-1-antl-
trypsin and muramidase are useful histiocytic mark-

g B

The demaonstration of hormones gives information
concerning the histiogenesis of neoplasms of the
endocring system. Ectople hormone production can
b studied. and this can be confirmed by radioimmu-
noassay of tissue extracts, bul this requires large
amounts of fresh fissue. Immunocytochemical tech-
niques are advantageous in that they detect these
substances in fixved tissue,

Enzymies can be located in tissue by their antigenicity
rather than their reaction with standard histochemi-
cial technigues, providing they survive fixation and
processing. Muramidase s seen in many epithelial
cells, myeloid cells and histineyvtes, Prostatic acid
phosphatase is seen in metastatic adenocarcinoma
arising from the prostate gland.

Neuron specific enolase (NSE) has been suggested as a
specitic marker for neural elements and APUD cealls,
and it has been used to demonstrate carcinold cells in
the appendix.™ and in melanomas and neurohinsto-
mas to distinguish them from lvmphomas.

Oncofetal antigens are present in adults in raised
levels associated with certaln tumors, alpha-feto-
profein in hepatocellular carcinoma and volk sac
tumors of the testis and ovary, and earcinoembryonic
antigen (CEA) in many carcinomas, eg., colon, lung,
breast, el

Tissue specific markers are found in one tiasue only
and are therefore useful in determining the histo-
penesis of a neoplasm. Myoglobin in muscle will be
present in rhabdomyosarcomas. Factor VI in endo-
thelial cells and megakaryocytes helps with vascular
tumors, Actin, although widespread in intracellular
distribastion, ks used to show blood vessel invasion of a
nesplasm,

Epithelin]l membrane antigen s seen in epithelial cells
and is present in increased amounts in carcinomas,
depending on the degree of differentiation. It can be
used to distinguish belween lvmphomas amd epi
thefial tumaors and in the dentification of micrometas-
tases, Antihodies to intermediate filament proteins
are also helpful in disgnosing carcinomas, lympho-
mias and sarcomas.

Alpha-1-antitrypsin is produced in the liver and i
seen in large amounts in alpha- 1-antitrypsin deficlent
patients, along with bepatoma and volk sac car-
cinomas, 1t can also be used a8 a histiocytic marker.

Immunocytochemical techniques can be applied to
ihe demonsiration of micro-organisms, although
usually they are used (o stain viral antigens. HBsAg
(surface) and HBcAg (core) antigen can be studied
along with herpes simplex, measles, Epstein-Barr
virus and cytomegalovirus in immuno-suppressed pa-
tienis.

Canclusion

The demonstration ol tissue-specific components in
paraffin sections by immunocytochemical techniques
is therefore a greal advantage to pathologists as an
aid to diagnosis. The introduction ol monoclonal anti-
bodies has enabled the identilication of lymphoma

types and helpa in the correct therapy lor the patient.

Many commercially avallable anfisera have the
potential to be useful in the diagnosis of cancer and
micrometastases and possibly, in the future, precan:
cerous lesions.

This text has been written using information gained
from practical experience, with additional informa-
tion from the relérences which follow.
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