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Simple method for pretreatment of tissue sections
for the detection of apoptosis by in situ end-
labelling and in situ nick translation

S Panchalingam, G M Reynolds, D A Lammas, D C Rowlands, D S Kumararatne

Abstract
Aims-To overcome the problems associ-
ated with proteolytic pretreatment of
tissue sections for the detection ofapopto-
sis.
Methods-Formalin fixed, paraffin wax
embedded tissue sections of reactive
lymph nodes and biopsy specimens of
Burkitt lymphoma were pretreated by
pressure cooking for the detection of
apoptosis using the in situ end-labelling
and in situ nick translation methods.
Results-The results achieved with the in
situ end-labelling and nick translations
methods were compared with those ob-
tained using a novel anti-apoptosis spe-
cific protein (ASP) antibody. The staining
patterns generated using the three meth-
ods were similar and consistent, although
the ASP antibody seemed to be more sen-
sitive and detected higher numbers of
apoptotic celis within sections.
Conclusions-Pressure cooking is advo-
cated as an alternative method to proteo-
lytic enzyme digestion for pretreating
paraffin wax sections. It is reliable, inex-
pensive, reduces the need to optimise pre-
treatment variables for different tissues,
and permits double immunostaining of
sections.
(7 Clin Pathol: Mol Pathol 1996;49:M273-M277)
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Apoptosis is a form of cell death which is char-
acterised by shrinkage of the cytoplasm and
condensation of the nuclear chromatin. It
involves the action of endogenous endonucle-
ases, which results in the degradation of the
chromosomal DNA, to produce nuclear frag-
ments of 200 base pairs.' The cell subsequently
breaks up into a number of apoptotic bodies
containing nuclear fragments and cellular
organelles, which are then phagocytosed by
neighbouring macrophages.2 ' The significance
of apoptotic cell death has been reviewed
extensively by Wyllie et al.4
The occurrence of apoptosis within tissues

has been detected previously by a number of
methods: (1) gel electrophoresis of extracted
DNA4; (2) electron microscopy4; and (3) histo-
logically by morphological assessment.5 Each
of these techniques, however, has inherent
problems. Gel electrophoresis is time consum-

ing and reflects only the sum total of the DNA
status of a cell preparation. Electron micros-
copy requires careful preparation of samples

and specialised equipment, while morphologi-
cal assessment is unreliable and open to
subjective interpretation. The development of
in situ end-labelling6 and in situ nick transla-
tion' 8 techniques has greatly enhanced and
facilitated the detection, quantitation and
distribution of apoptosis at a cellular level in
both cell culture preparations and in tissue sec-
tions.
The in situ end-labelling and nick transla-

tion methods are based on the principle that
endogenous endonucleases activated during
apoptosis create nicks in the cellular DNA,
which provides a means by which such cells
can be detected. In in situ end-labelling, the
3'OH ends created act as sites for the incorpo-
ration of labelled nucleotide(s) (conjugated to
digoxigenin or biotin) by the enzyme, terminal
deoxynucleotidyl transferase (Tdt). The incor-
porated nucleotides can then be identified by
addition of a peroxidase conjugated or fluores-
cein isothiocyanate (FITC) conjugated anti-
digoxigenin antibody or Streptavidin, respec-
tively. FITC can be visualised directly using a
fluorescence microscope, whereas peroxidase
requires development by the addition of a sub-
strate such as diaminobenzidine (DAB). With
in situ nick translation, the DNA nicks are
"filled in" with labelled nucleotides from the
5'OH end, using a DNA polymerase enzyme or
Klenow fragment. The nucleotides are then
detected in a manner similar to that of in situ
end-labelling. The action of either of these two
polymerase enzymes in in situ nick translation
is thought to be template dependent and thus
has led to some doubt about the sensitivity of
this method for the identification of apoptotic
cells.9-"

Recently, apoptosis has been implicated in
the pathogenesis of a number of bacterial and
viral diseases as well as malignant tumours.12-14
It has thus become imperative to confirm an in
vivo role for cellular apoptosis within histologi-
cal sections obtained from such conditions.
One of the procedures necessary for routine
histological investigation is tissue fixation, in
which a 4% formaldehyde solution is used to
preserve tissue morphology and in some cases
also render it non-infectious. Tissue fixation in
formalin, however, results in cross-linking of
proteins via aldehyde groups reacting with cel-
lular nucleophiles (for example, NH2 groups
on amino acids or nucleic acids) to produce
methylene bridges.'5 16 To reverse this cross
linking and hence make the tissue amenable to
molecular and immunohistochemical analysis,
the sections are usually pretreated with a
proteolytic enzyme such as proteinase K. The
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Figure 1 (A) Burkitt lymphoma section stained by in situ end-labelling (original
magnification x400). Sections were treated with Tdt enzyme and digoxigenin labelled
nucleotide and anti-digoxigenin antibody for 30 minutes. Labelled nucleotides were

visualised using DAB. (B) Burkitt lymphoma sections stained by in situ nick translation
(original magnification x400). Biotinylated nucleotides were detected using the tertiary
antibody of the Dako ABComplex kit.

main problem encountered with this proteo-
lytic procedure is that because of differences in
tissues and in tissue fixation times, cross-

linking of proteins can occur to differing
degrees. As a result, enzyme concentration,
digestion time and temperature, which are all
critical parameters, normally have to be
optimised for each tissue preparation. More-
over, further scope for differences in the final
staining pattern can also occur as the decision
on the "correct" treatment is very subjective.'7
Furthermore, tissue digestion may sometimes
destroy various surface molecules on cells,
such as cluster of differentiation (CD) anti-
gens, which may then interfere with their
detection by immunostaining. A high concen-

tration of proteolytic enzyme can also lead to
false positive'7 or negative detection of apopto-
sis, as well as to high non-specific background
staining and destruction of tissue morphol-
ogy.'8 It has been observed previously that pro-

teolytic treatment enhanced the Tdt reaction
during in situ end-labelling,"9 and that altering
the degree of proteinase K digestion affected
the results, such that prolonged digestion gave
rise to non-specific staining with in situ nick
translation.20

In an attempt to overcome a number of these
problems, we have developed a new method of
pretreating tissue sections, using pressure
cooking, for the detection of apoptosis, which
is simple, less time consuming and results in
more consistent and enhanced staining, while
not requiring complicated, expensive equip-
ment. We have also compared the results
obtained by this pretreatment method with
those obtained with an antibody directed
against a cytosolic apoptosis specific protein
(ASP), expressed only within apoptotic cells.2

Methods
TISSUE SECTIONS
Sections (4 ztm thick) from formalin fixed, par-
affin wax embedded Burkitt lymphoma and
reactive lymph nodes were mounted on Super-
frost charged slides (Surgipath, UK). The
slides were then dewaxed and rehydrated
before pretreatment.

PRETREATMENT
Two litres of a 10 mM citrate buffer solution
(pH 6.0) was brought to the boil in a pressure
cooker (Prestige, UK). Tissue sections were
then immersed in the buffer, the pressure
cooker sealed, heated for two minutes and then
depressurised. The citrate buffer was subse-
quently washed out of the sections under run-
ning water. Endogenous peroxidase within the
sections was quenched by immersing the slides
in a 3% H202 solution in methanol for 15 min-
utes and the slides were then washed in water.
Positive control sections were treated with
DNase I (Sigma, UK) for 15 minutes at 37°C
prior to staining by either in situ nick
translation or in situ end-labelling.

IN SITU NICK TRANSLATION
In situ nick translation was performed using a
modification of the method described by
Meyaard et al.22 (1) After pretreatment, sec-
tions were incubated in nick buffer (50 mM
Tris-HCl (pH 7.8), 5 mM MgCl2, 1 M
P-mercaptoethanol, 10 jtg/ml bovine serum
albumin) for five minutes at 37°C. (2) The nick
translation mix (1 mMJml dATP, dCTP,
dTTP, 0.01 mMJml biotin-16-dUTP (Boeh-
ringer Mannheim, UK) 3 U/ml DNA poly-
merase (Pharmacia, UK)) was then applied to
the tissue sections, which were covered with
parafilm and incubated for one hour at 37°C.
Negative controls were sections processed as
above omitting DNA polymerase. (3) Sections
were then washed in running water and loaded
onto a Sequenza (Life Sciences, UK), an
immunostaining system which has the advan-
tage of minimising errors which occur within
sections in manual immunostaining proce-
dures. Two different detection systems were
used: Streptavidin horse radish peroxidase
(ICN Flow, UK) and the tertiary antibody of a
Strept/ABC HRP duet kit (Dako, UK). The
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Figure 2 Germinal centre tingible body macrophages containing phagocytosed apoptotic
bodies within a reactive lymph node section detected by in situ end-labelling (original
magnification x800).

Figure 3 An apoptotic cell displaying characteristics feature of condensed nuclear material
(Burkitt lymphoma section) (original magnification x800).

Figure 4 Burkitt lymphoma section stained by in situ end-labelling (Original
magnification x400). Sections were treated omitting the Tdt enzyme as a negative control.

latter is comprised of a Streptavidin-biotin per-
oxidase conjugate which reacts with bioti-
nylated antibodies or, in this case, biotinylated
nucleotide. The slides were then incubated for
30 minutes with a 1 in 100 dilution of either

label, washed in Tris buffered saline (TBS; pH
7.6), and visualised by the addition of the sub-
strate, 3'3'-diaminobenzidine tetrahydrochlo-
ride (DAB; Sigma) for seven to 10 minutes.
The sections were counterstained in Harris's
haematoxylin (BDH, UK), dehydrated,
cleared, and mounted.

IN SITU END-LABELLING
This was performed using the commercial in
situ end-labelling Apoptag kit (Alpha Labora-
tories). After pretreatment, in situ end-
labelling was carried out using a modification
of the manufacturer's instructions as follows.
(1) Sections were incubated with Tdt enzyme
(omitted in the negative controls) and digoxi-
genin conjugated oligonucleotide(s) at 37°C
for one hour. (2) Sections were washed in
water, loaded onto the Sequenza and the
peroxidase conjugated antibody applied for 30
minutes. Two antibodies were tested: that sup-
plied in the Apoptag kit used according to the
manufacturer's instructions and an anti-
digoxigenin peroxidase Fab fragment (Boeh-
ringer Mannheim), used at a 1 in 100 dilution.
(3) Sections were then washed in TBS (pH
7.6) and visualised following the addition of
DAB for seven to 10 minutes. The slides were
counterstained in Harris's haematoxylin, dehy-
drated and mounted.

APOPTOSIS SPECIFIC PROTEIN
Pretreated sections were loaded on to the
Sequenza and washed with TBS. The ASP
antibody (c-jun/AP-1 (Ab-2)) a rabbit, affinity
purified polyclonal antibody raised against the
peptide TPTPTQFLCPKNVTD, amino acids
73 to 87, in the N-terminal region of v-jun
(Oncogene Science, UK)) was added at a 1 in
50 dilution in 10% sheep serum for 30
minutes. A Strept ABComplex HRP Duet kit
(Dako) was used for the detection of the
anti-ASP antibody. Briefly, the secondary anti-
body (biotin goat anti-mouse/rabbit Fc) was
added (diluted 1 in 100) for 30 minutes,
washed off with TBS (pH 7.6), tertiary
antibody added (diluted 1 in 100) for 30 min-
utes, and subsequently washed off with TBS.
Visualisation of the bound anti-ASP antibody
was achieved by the addition ofDAB for seven
to 10 minutes. The slides were then washed,
counterstained in Harris's haematoxylin, dehy-
drated, and mounted. A rabbit polyclonal anti-
thyroglobulin antibody was used in place of the
anti-ASP as a negative control.

Results
IN SITU END-LABELLING AND NICK TRANSLATION

Development of the in situ end-labelling and
nick translation techniques was performed on
reactive lymph node and Burkitt lymphoma
sections as, on conventional staining, these
may contain phagocytosed apoptotic cells
identifiable as "tingible body macrophages". 23
Within germinal centres in both reactive lymph
node and Burkitt lymphoma serial sections, in
situ end-labelling and nick translation yielded
similar staining patterns (fig 1), which were
both consistent and reproducible. Apoptotic
cells and bodies-that is, those within macro-
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Figure 5 Positive control Burkitt lymphoma section stained by in situ end-labelling
(original magnification x400). Sections were pre-treated with DNAase Ifor 15 minutes
prior to addition of Tdt enzyme and digoxigenin labelled nucleotides. Labelled nucleotides
were visualised using an anti-digoxigenin antibody plus DAB substrate.
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Figure 6 Burkitt lymphoma section stained with anti-ASP antibody (original
magnification x400).

Figure 7 Macrophages in the subcapsular region of a reactive lymph node section staining
positively with anti-ASP (original magnification x400).

phages, were detected effectively using both in
situ techniques (fig 2). A number of the
positively stained cells exhibited the morpho-

logical features of apoptotic cells-that is, con-
densation of the nuclear material to the cell
periphery (fig 3). Apoptotic cells were not
stained in the negative control sections (fig 4).
A positive control is shown in fig 5.
The in situ nick translation technique

yielded similar results using either Streptavidin
horseradish peroxidase or the Dako ABC kit
(results not shown). However, detection of
apoptotic cells using the Dako ABC kit
resulted in less background staining. This was
not the case for the in situ end-labelling
method (results not shown).

APOPTOSIS SPECIFIC PROTEIN
The results, in terms of cells staining positively
with the anti-ASP antibody, were similar to
those obtained with in situ end-labelling and
nick translation in serial sections of the same
node (fig 6). Cells with both fragmented and
condensed nuclear material were clearly de-
tected by all three methods (figs 1 and 6). ASP
antibody seemed to be more sensitive and
detected higher numbers of apoptotic cells
within sections than the in situ techniques (fig
6). Furthermore, macrophages in the subcap-
sular region of reactive lymph nodes also
stained positively with anti-ASP (fig 7), which
were not detected by in situ end-labelling or
nick translation. The rabbit polyclonal anti-
thyroglobulin used instead of the anti-ASP
antibody as a negative control failed to produce
positive staining.

Discussion
We have used formalin fixed, paraffin wax
embedded Burkitt lymphoma tissue and
human reactive lymph nodes to demonstrate
the value of pressure cooking as a means of
pretreating histological material for the detec-
tion of apoptosis using both in situ nick trans-
lation and in situ end-labelling techniques. We
have also compared the results obtained with
in situ end-labelling and in situ nick translation
with those obtained using a novel anti-ASP
antibody, specific for a cytosolic protein
expressed exclusively within apoptotic cells/
bodies. Burkitt lymphoma is a monoclonal B
cell tumour and, beacuse of its histopathologi-
cal features (macrophages with apoptotic bod-
ies and cell debris23), was considered ideal
material for the assessment of methods for the
detection of apoptosis. We also assessed the
three methods using reactive lymph node
sections. This tissue was also regarded as good
candidate material for the detection of apopto-
sis in view of the extensive presence of tingible
body macrophages within germinal centres,
reflecting the high degree of apoptosis associ-
ated with the development/selection of B cells
that occurs within this structure. The in situ
end-labelling and nick translation methods
clearly stained apoptotic cells and bodies
within macrophages in both tissue types. Simi-
lar results were obtained using the ASP
antibody.
Formalin fixation results in the cross-linking

of amino groups within proteins,"6 rendering
tissues unsuitable for immunohistochemical
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procedures. In order to overcome this problem,
various methods of pretreating tissues have
been put forward, principally the use of
proteolytic enzyme digestion. Proteolytic pre-
treatment of histological specimens exposes
the DNA, but renders it unsuitable as a
template for polymerases because of the effect
formaldehyde has on the purine and pyrimi-
dine bases of DNA.24 Moreover, the amount of
free amine available for cross-linking may vary
from one tissue to another'6 and as a result, the
concentration of the proteolytic enzyme, tem-
perature and length of incubation have to be
carefully determined for every tissue. With
pressure cooking, however, the treatment time
and temperature need not be varied. Formalin
fixation has been reported to cause DNA
strand breaks, possibly resulting in non-
specific staining. This is unlikely to have
occurred in the present study for the following
reasons: (1) no random staining was observed;
(2) in situ end-labelling and in situ nick trans-
lation gave similar results; and (3) the same
apoptotic cells detected by in situ nick transla-
tion and end-labelling were also detected by
anti-ASP antibody staining, which, unlike in
situ nick translation or in situ end-labelling, is
directed against a cytoplasmic protein marker
of apoptosis.

In this study we have demonstrated the use-
fulness of a previously described anti-ASP
antibody,21 for the detection of apoptotic cells
within formalin fixed, paraffin wax embedded
sections of two different tissues. ASP is a cyto-
plasmic protein that is associated with the
cytoskeletal structure in cells.2' Its expression is
up regulated when the apoptotic process has
reached an irreversible stage and persists for
long periods even when the cellular DNA is no
longer detectable and therefore is a more sensi-
tive indicator of apoptosis.21 The greater inher-
ent sensitivity of the anti-ASP detection system
may explain the ASP positive macrophages
observed within the subcapsular regions of all
the lymph nodes examined which were not
detected by either in situ end-labelling or nick
translation.
Although Lucassen et af25 have previously

reported effective microwave pretreatment of
paraffin wax sections for the detection of apop-
tosis via in situ end-labelling, it has been found
that local superheating occurs during micro-
waving which results in focal points of heat,
leading to non-uniform heating of the buffer.26
If a slide is then positioned away from the focal
point of heat, the temperature variation leads
to discrepancies in results. With pressure cook-
ing, however, the distribution of heat is
uniform. Furthermore, for the purposes of
double staining-for example, dual labelling of
apoptotic cells and tissue antigens, microwave
and proteolytic pretreatments may not be suit-
able.
We have shown that pressure cooking of for-

malin fixed, paraffin wax embedded tissue sec-
tions before in situ nick translation and in situ
end-labelling analysis is an effective, cheap and
reliable method of pretreatment, allowing a

large number of slides to be processed at one
time. In addition, as pressure cooking is also a
good method for antigen retrieval,26 this
technique also allows double staining proce-
dures to be performed. Using this method, for-
malin fixed, paraffin wax embedded tissues can
now be examined for co-detection of both
apoptosis and tissue antigens, permitting de-
termination of the phenotype of the cells
undergoing apoptosis [Panchalingam et al,
manuscript in preparation].
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