Y Clin Pathol 1994;47:448-452

448

Microwave antigen retrieval in
immunocytochemistry: a study of 80 antibodies
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Abstract
Ains-To evaluate the effect of
microwave irradiation on the staining
quality of a range of commonly used primary antibodies in archival, fornalin
fixed, paraffin wax embedded material,
with emphasis on antibodies that have
previously worked successfully only on
frozen tissue.
Methods-Immunocytochemistry (streptavidin-biotin complex technique) was
performed on histological sections of a
range of normal and pathological tissues,
after varying treatment with microwave
irradiation. The staining quality of each
antibody was compared with that
achieved without prior treatment of the
sections or after enzyme predigestion.
Results-Microwave irradiation permitted successful unostaining with 20
antibodies that stained only frozen tissues before. The staining characteristics
of 21 antibodies that were already known
to stain formalin fixed, paraffin wax
embedded

material

were

improved.

Another 39 antibodies did not show
enhanced staining with microwave irra-

diation. The method preserves tissue
morphology and produces more consistent staining than that achieved by
enzyme predigestion with many antibodies. Microwave irradiation may also allow
some primary antibodies to be used at
higher working dilutions. The citrate
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Microwave irradiation has been used to
improve tissue fixation,'-2 to enhance histological staining for light and electron
microscopy,3- 4and, more recently, to enhance
immunocytochemical staining.5-'0 The latter
technique is becoming increasingly popular
and has several advantages over conventional
methods such as enzymatic predigestion." Shi
et al have documented a range of antibodies in
which performance in fixed tissue sections
was improved by microwave irradiation.6
Many of the antibodies they investigated,
however, were already known to be active in
fixed tissue. The purpose of the present study
was to extend the use of the technique specifically to antibodies previously found to react
only with frozen sections or cytological preparations.

4

Table 1 Monoclonal antibodies previously not reactive with formalin fixed, paraffin wax
embedded tissue, which work well after microwave irradiation
Antibody

buffer used in this study avoids the necessity of exposure to heavy metal salts.
Conclsions-Microwave antigen retrieval
represents an important technical
advance within immunocytochemistry
that will greatly increase the range of
antibodies which can be used to study
formalin fixed, paraffin wax embedded

Borstel, Germany7
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Methods
Eighty antibodies were studied, consisting of
47 reactive with lymphohistiocytic antigens,
20 reactive with cell adhesion molecules, four
proliferation markers, and nine other antibodies directed against miscellaneous antigens.
All except the CD3 reagent were monoclonal
antibodies. A range of normnal tissues (lymph
node, tonsil, spleen, bone marrow, small
bowel) and tissues showing a variety of
pathologies (glomerulonephritis, Hashimoto's
thyroiditis, Hodgkin's and non-Hodgkin's
lymphomas, cerebral astrocytomas, sarcoidosis, Crohn's disease) were studied. All material,
obtained from the files of the Department of
Pathology at Southampton General Hospital,
was fixed in 10% neutral buffered formalin
and embedded in paraffin wax using routine
methods.
Tissue sections were cut at 5 Rm on to
slides coated with poly L-lysine (PLL) or 3aminopropyltriethoxysilane (APTS). Endogenous peroxidase was inhibited with 0 5%
H,02 in methanol for 10 minutes, followed by
a single wash in TRIS-buffered saline (TBS).
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Figure 1 Examples of
antibodies that previously
showed no reactivity in
formalin fixed, paraffin
wax embedded material,
but gave good results after
microwave irradiation.
(A) Staining quality with
(right) and without (left)
microwave pre-treatment:
(i) MIB 1, tonsil;
(ii) CD44, thyroid;
(iii) CD8, tonsil.

mary antibody was then performed at 40C for
18-24 hours. In some cases a short digestion
step with trypsin (0 1 % trypsin [Sigma
T8128] in 0 1 % CaCl2 at pH 7-8, 370C) was
included after microwave irradiation and
before the application of primary antibody.
Bound primary antibodies were visualised

using a peroxidase-labelled streptavidin-biotin
complex method, with 3,3-diaminobenzidine
as the

chromogen.'12

All antibodies were tested with and without
microwave irradiation, and the staining quality was compared with that acheived using a
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Five slides were placed in a plastic Goplin jar,
filled with citrate buffer74 (2 1 g citric acid
monohydrate in 1 litre of distilled water, pH
6-0) and covered with perforated cling film to
minimise evaporation. Three Coplin jars were
placed, evenly spaced, in a domestic
microwave oven (Panasonic NN-6450,
800W) and irradiated for five minutes at
medium power. Evaporative fluid loss was
replaced with fresh buffer and this cycle was
repeated up to three times. After microwave
irradiation the slides were allowed to cool to
room temperature and incubation with pri-
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standard digestion with trypsin step (eight
minutes). When lymphoid tissues were studied, the proliferation marker MIB- 1 was used
as a positive control for the microwave step as
this antibody gives reliable and reproducible
staining after microwave irradiation."
Negative control sections from which primary
antibody was omitted were included in all
staining runs.
Results
Of the 80 antibodies tested, microwave pretreatment resulted in high quality staining
with 20 antibodies that previously produced
no staining in formalin fixed, paraffin wax
embedded material (table 1) (fig 1). Antibodies differed in the amount of microwave
irradiation needed, but the best results were
usually obtained with two or three five minute
Table 2 Antibodies previously reactive with formalin fixed,paraffin wax embedded
tissue, but showing improvement after microwave irradiation
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cycles. Within this group the dilutions were
generally similar or slightly more concentrated
than those used in frozen sections.
A further 21 antibodies that already stain
formalin fixed, paraffin wax embedded material showed significant improvement with
microwave irradiation (table 2) (fig 2).
Notably, the antibodies BerH2, CD3, and
LeuMl produced high quality staining after
microwave irradiation without digestion with
trypsin that would have otherwise been necessary. Many of these antibodies also produced

improved staining at significantly higher
working dilutions.
The remaining antibodies, of which WIRi 7,
3.9, Ki Ml., YI/82A, UGHT1i, OKT3, 4, 6,
and 8, HB2., UCHL1, FIfi, TCRb1, JOVI-1
and 3, PGC10, TS2177, and fibronectin are
commercially available, did not show any
improvement after microwave treatment.
With some of these we combined microwave
irradiation with a subsequent short digestion
with trypsin stage, without any improvement
in staining results.
Discussion
Our study has shown that paraffin wax
embedded material can be successfully
immunostained using antibodies that were
previously reported to stain only frozen tissues. Therefore., the number of antibodies
available for the study of archival material can
be greatly increased.
Microwave irradiation offers several advantages for routine immunocytochemistry.
Recent studies have shown improved staining
with several antibodies after microwave irradiation.61 Many of these antibodies already
stain paraffin wax embedded tissue, and our
study contains fturther antibodies in this cate-

gory. In some cases the staining quality of
such antibodies is improved; in others
microwave treatment may allow cost savings
to e adthroughAthe us of higherk* primary
antibody dilutions. The need for enzymatic
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(B) MIB 1 staining in
enteropathy associated T
cell lymphoma (left),
Burkitt's lymphoma
(centre), and Hodgkin's
disease (right).
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Figure 2 Examples of
antibodies that previously
showed some reactivity in

predigestion of sections is obviated in some
cases. Many antibodies (such as CD3) also
benefit from a reduction in background staining.

The adverse effects of microwave treatment
include detachment of sections from slides
during irradiation, especially with higher
numbers of cycles. This most often occurs
with tissues containing prominent fibrous elements (such as nodular sclerosing Hodgkin's
disease), and under these circumstances may
occur despite coating slides with PLL or
APTS. Background staining may also occur
with some antibodies, particularly with longer
exposure times to microwave irradiation.
We found that, using Coplin jars, the best
results were obtained when sections were
placed towards one end of the slide, to ensure
continual immersion in buffer solution during
microwave irradiation. With this method, a
maximum of 15 slides can be irradiated during each five minute microwave cycle and the
jars require repeated replenishment of evaporative loss. We are currently evaluating a
method for the irradiation of larger numbers

of slides in an increased volume of buffer that
may allow antigen retrieval with a single,
longer, irradiation step.
The mechanism of antigen retrieval
achieved by microwave irradiation remains
obscure, but a possible explanation is that
microwaves disrupt the cross-linking of proteins in a similar way to that achieved by enzymatic predigestion.6 At present, most
laboratories use domestic microwave ovens
for antigen retrieval, and the characteristics of
microwave delivery may vary between different ovens. This could account for differences
in the reproducibility of immunostaining
results between centres.
It has been suggested that a combination of
protease digestion and microwave treatment
may improve the staining characteristics of a
small number of antibodies, such as
immunoglobulin light and heavy chains.19 We
combined microwave irradiation with digestion with trypsin for several antibodies, but
could not improve the staining quality
achieved with microwave treatment alone.
Additionally, tissue morphology was often
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formalin fixed, paraffin
wax embedded material,
and gave much improved
staining after microwave
pre-treatment. (A) Hermes
3, with (right) and
without (left) microwave
pre-treatment (thyroid).
(B) p53 staining in
enteropathy associated T
cell lymphoma (left),
Burkitt's lymphoma
(centre), and Hodgkin's
disease (right).
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impaired when both forms of treatment were
combined.
Based on our experience with the antibodies studied, antibody specificity seems to be
maintained after microwave treatment.
However, the possibility of altered staining
characteristics should be considered whenever
antigen retrieval is used with new or previously untested antibodies, and results
should be compared with those obtained
using frozen section immunohistochemistry in
initial evaluation.
In conclusion, microwave irradiation represents a major technical advance, enhancing
tissue antigenicity while preserving morphology. It is straightforward to perform, and has
wide application within research and diagnostic histopathology.

