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Combined non-isotopic in situ hybridisation and
immunohistochemistry on routine paraffin wax
embedded tissue: identification of cell type
infected by human parvovirus and demonstration
of cytomegalovirus DNA and antigen in renal
infection

H J Porter, A Heryet, A M Quantrill, K A Fleming

Abstract
A method for combined immunohisto-
chemistry using alkaline phosphatase
antialkaline phosphatase (APAAP) and in
situ hybridisation using biotinylated
probes was developed. The method re-
quires no change to either technique and
no additional procedures between them.
The procedure was able to show the cell
types involved in parvovirus infection of
the fetus. The efficiency of immunohisto-
chemistry and in situ hybridisation for
the detection of cytomegalovirus in kid-
ney were also compared: occasional cells
contained cytomegalovirus DNA but not
antigen.
The method is rapid, straightforward,

and has wide applications in the study of
viral infections, genes, and gene products
in tissue sections because it permits the
combined demonstration of antigen and
nucleic acid on the same section in routine
clinical material.
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Immunohistochemistry for antigen detection
has been used very successfully in the examina-
tion ofhistological and cytological preparations
for many different clinical and research pur-
poses. In situ hybridisation for nucleic acids
has been developed more recently and is also
being increasingly used in clinical and research
laboratories.' While these two procedures are

both analogous and complementary, and can be
done on serial preparations, there are certain
situations in which combined use of the two
techniques on the same preparation can be
advantageous. For instance, demonstration of
protein in a cell does not necessarily mean that
the cell has synthesised that protein; it may
have absorbed it from the environment. Simul-
taneous demonstration ofmRNA and antigen,
however, would provide unequivocal proof of
synthesis. An example of this is the detection of
immunoglobulin in Reed Stemnberg cells in
Hodgkin's disease. Controversy persists about
whether these proteins are synthesised or
absorbed by these cells.2 Another use of com-
bined in situ hybridisation/immunohisto-
chemistry would be in the identification of cell
types containing nucleic acid. For example,

unequivocal assignment of the cell type in-
volved in a viral infection can be achieved by
combining in situ hybridisation for viral
nucleic acid and immunohistochemistry for
cell type. The presence of the slow virus Visna
in oligodendrocytes has been shown by Hasse.3
While combined in situ hybridisation/im-

munohistochemistry has been reported
previously,3-6 these authors used autoradio-
graphy for in situ hybridisation and peroxi-
dase/diaminobenzidine (DAB) for immuno-
histochemistry. This required additional steps
between the two procedures to prevent non-
specific binding of probe to the DAB reaction
product. Furthermore, peroxidase/DAB is
only one of many immunohistochemistry
methods available and others have advantages
of increased sensitivity with fewer non-specific
staining problems. The use of radioisotopes for
in situ hybridisation also has disadvantages,
some of which can be overcome by probes with
non-radioactive labels.7
We describe a straightforward method com-

bining immunohistochemistry with the alk-
aline phosphatase antialkaline phosphatase
(APAAP) technique, followed by in situ
hybridisation using biotinylated probes. The
method is rapid and requires no additional
procedures between the immunohistochemis-
try and in situ hybridisation. We have used the
method to study the cell type involved in
parvovirus infection of the fetus89 and to com-
pare the sensitivity of in situ hybridisation with
immunohistochemistry for the detection of
cytomegalovirus (CMV) infection in tissue
sections. We also compared the relative
efficiency of several substrates and chromogens
for both peroxidase and alkaline phosphatase in
the combined procedures.

Methods
Kidney from a neonate who died shortly after
birth from disseminated CMV infection was
used. CMV was cultured from the placenta;
serology from both the baby and the mother
showed CMV IgM with a titre of greater than
1256, and characteristic viral inclusions were
present in kidney, lung, heart, brain and
placenta. For the parvovirus study, tissues
from heart, lung, brain, spleen, pancreas,
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Figure 1 CMV infected cell stained with monoclonal
antibody CCH2 and APAAP with acidfuchsin.

kidney, adrenal and placenta from a fetus
previously shown to be infected by parvovirus
by in situ hybridisation were used.89

Sections 5 jum thick from formalin fixed,
paraffin wax embedded tissue were cut on to
slides coated with 2% aminopropyltriethoxy-
silane in acetone9 and baked at 80°C for two
hours. Each slide had two sections on it and
these were stained using the standard APAAP
technique'0 and either acia fuchsin or fast red
chromogen. In the CMV study slides were
stained with monoclonal antibody CCH2 for
CMV (Dako) or monoclonal antibody RET
40F for erythrocytes." To investigate the cell
type involved in fetal parvovirus infection the
following monoclonal antibodies were used:

RET 40F as in the CMV case; a combination of
PD7/26 and 2B1I 1 (DAKO-LC) for leucocytes;
MIAC 387 (Dako) for macrophages; factor VIII
(Dako) for endothelial cells; CAM 5-2 (Becton
Dickinson) for epithelium; and DERi1 1 (Dako)
for myocardial fibres. The immunoperoxidase
method was tried using DAB, aminoethylcar-
bazol, and 4 chloro-l1-naphthol as alternative
chromogens. All the sections were pretreated
with trypsin before immunohistochemistry
except for those used for leucocyte monoclonal
antibodies.

After immunohistochemistry the slides were

Figure 2 CMV infected cell stained with monoclonal
antibody CCH2 and APAAP (red) followed by in situ
hybridisation for CMV DNA (brown).

stored under various conditions. These in-
cluded (i) air drying and storage at room
temperature until use (one, two, or seven days);
(ii) storage in phosphate buffered saline at 4°C
for periods up to 40 hours. In situ hybridisation
was performed using biotinylated probes and
the method described previously.9 The probes
were CMV (Enzo), PYT 104 (Peter Tatter-
shall, Yale) for parvovirus and plasmid pBR
322 as the negative control.

Results
The storage conditions of the sections after
immunohistochemistry and before in situ
hybridisation were important. Increasing the
period of air drying resulted in a reduced in situ
hybridisation signal and increased background.
Storage at 4°C in phosphate buffered saline
gave the best results for in situ hybridisation
with no decrease in signal within the time
tested (40h). The APAAP staining was un-
affected by the in situ hybridisation procedure,
as was the immunoperoxidase method using
DAB. The red colour of acid fuchsin in napthol
ASBI phosphate gave good contrast with the
brown/black deposits of the in situ hybridisa-
tion, but the brown colour ofDAB was difficult
to distinguish from the in situ hybridisation.
Fast red in naptholASMX phosphate also gave
good contrast but was less sensitive than acid
fuchsin. Aminoethylcarbazol was less stable
than DAB, showed some leaching out during
the in situ hybridisation procedure, and tended
to look brown rather than red, again resulting
in difficulty in distinguishing it from the in situ
hybridisation. 4 chloro-1 napthol did not with-
stand the in situ hybridisation procedure and
was completely lost. In situ hybridisation for
both probes gave slightly less strong results
when preceded by immunohistochemistry but
was still easily interpretable.

In general, the monoclonal antibody CCH,
gave strong positive staining of both cytoplasm
and nuclei of many (presumably CMV infec-
ted) cells (fig 1). In situ hybridisation com-
bined with immunohistochemistry also showed
positive staining of nuclei of such cells with
granular positivity in the cytoplasm (fig 2).
These granules probably represent newly syn-

Figure 3 Combined
immunohistochemistry
(with antibody CCH2)
and in situ hybridisation
(for CMV DNA)
showing cell positive by in
situ hybridisation alone.
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Figure 4 Placenta with erythrocytes stained with monoclonal antibody R
APAAP (red) followed by in situ hybridisation for parvovirus DNA (br

thesised virus particles which are
accumulate in the cytoplasm of inft
before release. Some cells positive
however, were negative by in situ
tion, while more infrequently, cells r
in situ hybridisation were negative M
(fig 3). In the tissues infected with I
viral DNA was found in erythrocyi
macrophages, and occasional n
fibres.

Discussion
The combined use of immunocytc
and in situ hybridisation has wide ap
for example, in studying many differn
of viral infections of cells458 and for
eous demonstration of a gene and its
The method described in this paper i
forward, requiring no change to
methods for either the immunohist
staining or in situ hybridisation. Th(
no extra procedures between the twc
This is in contrast to the methods
previously for combined in situ hyl
(by autoradiography) and for imnr
chemistry, (by peroxidase/DAB).3
biotinylated probes permits rapi(
hybridisation, so that the combinat
two techniques only takes two days
ingly, the APAAP procedure gave
contrast with the in situ hybridisatic
product than peroxidase/DAB as A:
more sensitive technique for imrr
chemistry. We also found that acid ft
a more sensitive substrate/chron
alkaline phosphatase than fast red.
trypsin in the immunohistochemist
cause any difficulty with the subsequ
digestion for in situ hybridisation, i

done as normal.
Combined examination of the kid

ted with CMV was undertaken for tu
Firstly, it was done to obtain a comr
the relative sensitivity of the two tech
detection of virus. It has previo

; reported that in situ hybridisation for CMV is
more sensitive than standard haematoxylin and
eosin.12 Subsequently, Niedobitek compared
the sensitivity of immunohistochemistry with
in situ hybridisation for viral detection using
the antibody CCH, and a CMV probe.'3 This
was done by counting the number of positive
cells by each method on serial sections. These
authors found slightly more cells positive by
CCH2 than with the CMV probe, while both
techniques showed more cells than could be
seen on haematoxylin and eosin staining. Our
results are virtually identical and also showed
some cells positive by CCH2 that were negative
with the CMV probe. As we observed that the
signal for DNA was slightly reduced by the
preceding immunohistochemistry for any
antigen, it may be that this differential detec-
tion of virus by in situ hybridisation and
immunohistochemistry would not be found if
the procedures were performed separately. For

?ET 40F and instance, it may be that any or all ofthe reagents
own/black). used in the immunohistochemistry (such as

trypsin or antibodies), contain trace amounts of
nucleases which would reduce the in situ

known to hybridisation signal.
ected cells The second reason for examining the infec-
by CCH2, ted kidney by combined in situ hybridisation/
hybridisa- immunohistochemistry was to relate the
)ositive by expression of viral protein to the presence of
vith CCH2 viral DNA. It was therefore of interest that
parvovirus occasional cells were positive for CMV DNA
tes (fig 4), but negative with the antibody. This suggests
nyocardial that these cells were either not synthesising or

storing the relevant CMV protein at the time of
investigation. Thus the use of combined in situ
hybridisation/immunohistochemistry with a

)chemistry panel of monoclonal antibodies may permit
iplications; correlation of the histopathological features of
ent aspects CMV infection with the production of dif-
simultan- ferent proteins, a process which may be
products.6 relevant to latency and pathogenesis.
is straight- In the second part of this investigation
the usual examination ofthe tissues from fetuses infected
tochemical with parvovirus allowed at least some ofthe cell
tre are also types involved to be identified. Thus while
methods. parvovirus had previously been thought to
described infect only nucleated erythrocytes in man, we
bridisation have shown here that macrophages and myo-
aunohisto- cytes are also infected. It should be noted that
The use of although the positive macrophages may have
d in situ phagocytosed infected erythrocytes, we were
Lion of the not able to show convincingly a separate
Interest- macrophage nucleus in these cells. Not with-

e a better standing this, the finding of parvovirus DNA
)n reaction in myocardial fibres indicates that parvovirus
PAAP is a infection is not limited to the red cell series in
iunohisXto- man.
aschin was In conclusion, in situ hybridisation and
aogen for immunohistochemistry can be combined on
rhe use of routine clinical histopathological samples, and
ry did not using the method described here, can be per-
tent pepsin formed quickly and with no modifications to
which was either technique. The methods offer a tool

which has wide application for research pur-
lney infec- poses, as evidenced here by the identification of
vo reasons. previously unrecognised parvovirus infection
Lparison of of human macrophages and myocardial cells,
iniques for and for diagnostic work, as in diagnosis of renal
usly been CMV infection.
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