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SUMMARY The applicability of a hapten-antihapten sandwich technique incorporating a monoclonal
antihapten bridge antibody to localisation of tissue antigen is described. The results show that the
method is both versatile and selective and has the potential of being even more sensitive than
currently used immunoperoxidase methods.

Of the various immunohistochemical techniques
currently in use the peroxidase-antiperoxidase
method of Sternberger has proved to be by far the
most sensitive.' The full potential of this sandwich
staining procedure is however limited by two major
drawbacks.

Firstly, because the overall specificity of staining
is determined solely by the selectivity of the initial
tissue binding of antigen-specific antiserum (primary
antiserum) and since this antiserum always contains
a whole host of natural immunoglobulins capable of
attaching to a variety of unwanted tissue sites there is
an inevitable interference from background staining
to a greater or lesser degree. Secondly, the localisation
of each type of bound primary antibody requires a
unique set of species-specific reagents, namely anti-
immunoglobulin bridge antibody and peroxidase-
antiperoxidase enzyme marker. Relatively high costs
and the restricted availability of such reagents limit
wider applicability of this method.

In order to overcome these limitations we have
recently2 proposed the use of a hapten-antihapten
sandwich procedure similar to that described by
Cammisuli and Wofsy3 but incorporating a mono-
clonal antihapten antibody as the bridge reagent
between hapten-labelled primary antibody and a
peroxidase enzyme marker. The present study
demonstrates the practical feasibility of this approach
and outlines its future potential in routine immuno-
histochemistry.

Material and methods

REAGENTS

Hapten-labelled primary antisera
Guinea-pig antibovine insulin and guinea-pig anti-
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bovine thyroid stimulating hormone (TSH) were
generous gifts from Dr S Woodhead (Department of
Biochemistry, Welsh National School of Medicine)
and Dr B Rees-Smith (Department of Medicine,
Welsh National School of Medicine), respectively.
Whole serum (50 tl) was treated with saturated
solution (450 jl) of dinitrophenyl aminoproprioni-
trile imido ester4 in triethanolamine-HCI buffer (pH
9f0, 0.3 M) at 0°C for 5 h. Unreacted dinitrophenyl
(DNP) reagent was separated by column chroma-
tography (Sephadex G-25 equilibrated with phos-
phate-buffered saline, pH 7 2). The dinitrophenylated
antisera were stored at -70°C.

Hapten-labelledperoxidase enzyme markers
Rabbit antihorseradish peroxidase (Dakopatts) was
dinitrophenylated as above and then treated with
horseradish peroxidase (Boehringer Grade I) to ob-
tain dinitrophenylated peroxidase-antiperoxidase
complexes (DNP-PAP) which were purified accord-
ing to the method of Mason and Sammons.5

Antihapten monoclonal antibody
Mouse antiDNP IgM and IgG monoclonal hybrid-
oma antibodies were obtained as a generous gift
from Dr M Kennedy, Institute of Medical Research,
Mill Hill, London.

STAINING PROCEDURE
Bouin's fixed paraffin-embedded, 5 gm sections of
rat pituitary and pancreas were mounted on chrome
gel slides. Endogenous peroxidase activity was
abolished by the periodateborohydride method.6
The sections were then treated with neat non-
immune serum from the species providing the pri-
mary antiserum. This was followed by sequential
addition of dinitrophenylated primary antiserum,
antiDNP monoclonal antibody, and dinitropheny-
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lated PAP complex, under conditions summarised in
the Table. The staining was developed by means of
the diaminobenzidine method.7

Staining sequence

Reagent Duration
(min)

Non-immune serum (NIS) (neat) 5
Dinitrophenylated primary antiserum (1/200 in NIS) 45
Phosphate-buffered saline (PBS) 10
AntiDNP monoclonal antibody (1/10 in NIS) 45
PBS 10
Dinitrophenylated PAP (1/10 in PBS) 45
PBS 10
Diaminobenzidine/H202 5
PBS 10

Results

Figs. 1 and 2 represent photomicrographs of rat
pancreas and rat pituitary showing peroxidase
staining of insulin and TSH respectively, obtained
with the above method. The granular character of
the cytoplasmic staining together with the lack of
background staining shows the high selectivity of the
technique. Prior absorption of primary antisera with
the appropriate purified antigen was found to abolish
all staining, demonstrating the specificity of the
method.

Fig. 1 Rat pancreas showing specific staining of islet
cells by hapten-sandwich technique. x 480.

Discussion

Virtually all sera contain a variety of "natural"
antibodies having the capacity to bind to various
tissue antigens, in particular blood group and histo-
compatibility antigens.8 9 The serum concentration
of such antibodies is often sufficiently great to cause

Fig. 2 Rat pituitary showing specific staining of

thyrotrophs. x 480.

significant background staining in immunoperoxi-
dase procedures.10
We have found this particularly true of the

immunocytochemical localisation of hormone recep-
tors, the numbers of which in tissue for certain
polypeptide hormones may be as low as one receptor
per square micron.11 Complete inhibition of any
background staining is clearly essential if antigens of
such low concentration are to be demonstrated. It is
perhaps not surprising that very few studies can be
accepted as showing immunocytochemical visualisa-
tion of polypeptide hormone receptors at the light
microscopic level.12 13

Antibodies heavily substituted with hapten have
proved effective in localising "weak" antigens
such as a variety of mouse lymphocyte surface
determinants,3 the staining of which has not hitherto
been possible even with Sternberger's highly sensitive
PAP method.
The recent introduction of monoclonal anti-

bodies14 is obviously of considerable importance to
the improvement of the selectivity of immunohisto-
chemical staining. Making use of these recent
developments we have designed a technique which
incorporates an IgM monoclonal antibody to a
hapten which can be easily linked to a minute
quantity of antibody contained in microlitre amounts
of serum. The use of such hapten-labelled antibody
allows for its localisation when the tissue has first
been exposed to unlabelled serum from an unimmun-
ised animal of the same species which should contain
virtually all tissue binding antibodies except the
specific one. This procedure (discussed in detail
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below) is likely to abolish any non-specific staining
due to unwanted immunoglobulin-tissue interaction.
In addition, the use of 1gM instead of the conven-
tional IgG bridge antibody should result in higher
staining sensitivity as a consequence of the IgM
molecule's higher valency.
The principal steps in the staining sequence

utilising the above criteria are as follows:
The tissue section in question is first exposed to

non-immune serum obtained from the animal species
providing the specific antiserum. Ideally preimmune
serum from the same animal could be used.
Hapten-labelled specific antiserum diluted with a
further amount of the non-immune serum, is then
added. Since the non-immune serum and the specific
antiserum differ essentially only by the presence in
the specific antiserum of antibodies specific to the
antigen being localised, no hapten-labelled antibody
other than specific antibody should bind to the tissue
at the second stage. It is assumed that under these
conditions there is no significant specific or non-
specific exchange between unwanted labelled and
unlabelled proteins. The hapten-labelled specific
antibody bound to the tissue section is then localised
with extremely high specificity using monoclonal,
monospecific anti-hapten hybridoma antibodies
directly or indirectly linked to a peroxidase enzyme
marker system.

It is evident from the present study that the use of
the same hapten for labelling a variety of primary
antisera should result in the requirement of only one
set of reagents for the 2nd and 3rd steps of the
sandwich procedure employed, thus rendering the
technique potentially extremely versatile.

Since whole primary antiserum can be directly
haptenated without prior fractionation no specialised
biochemical facilities are required. The method is not
only effective in preventing background staining but
also has the potential of being highly sensitive.3 We
are currently examining its value in the localisation of
such exacting tissue sites as hormone receptors.
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