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Simultaneous in situ hybridisation of native
mRNA and immunoglobulin detection by
conventional immunofluorescence in paraffin wax
embedded sections

S J Harper, J H Pringle, A Gillies, A C Allen, L Layward, J Feehally, I Lauder

Abstract
Aims: The development of a technique
for simultaneous in situ hybridisation for
native mRNA and conventional
immunofluorescence for cytoplasmic
antigens in routine pathology specimens.
Methods: Cocktails of synthetic deoxy-
oligonucleotides coding for immuno-
globulin J chain and K light chain were 3'
end labelled enzymatically with digox-
igenin using terminal deoxynucleotidyl
transferase. Native mRNA sequences
were "unmasked" using proteolytic
digestion with proteinase K and hybrid
detection was achieved with an alkaline
phosphatase labelled anti-digoxigenin
antibody. Alkaline phosphatase was
visualised with Fast redlnaphtholAS-MX
phosphate. Fluorescein isothiocyanate
(FITC) conjugated anti-isotype anti-
bodies were used simultaneously at the
detection stage to identify the isotype
production by individual plasma cells in
endoscopic duodenal biopsy specimens.
Results: The IgA plasma cells of the
lamina propria were identified by
immunofluorescence and hybrids were
detected in the anticipated plasma cell
population by Fast red visualisation. The
reaction product was visible in bright
field or ultraviolet illumination which
allowed FITC and Fast red labels to be
visualised together under ultraviolet light
at 490 nm. Dual labelled cells were clearly
visible. Morphology was well preserved
throughout.
Conclusions: This technique permits
the demonstration of specific mRNA
species in cells expressing immun-
oglobulin. It combines all the advantages
of non-radioactive synthetic oligo-
nucleotide probes and conventional
immunofluorescence techniques in
routine formol-saline fixed and paraffin
wax embedded sections with good reten-
tion of morphology.

In situ hybridisation is an important technique
for identifying the site of specific gene trans-
cription. 2 It has distinct advantages over other
forms of nucleic acid assays, because it can
localise gene expression with cellular
accuracy.3

This study describes the development of a
technique for the detection of specific mRNAs
at a cellular level in routinely fixed paraffin
embedded tissue sections and the simultaneous
demonstration of cytoplasmic antigen by
immunofluorescence.

Deoxyoligonucleotide probe cocktails were
used to detect mRNA for immunoglobulin K
light chain and immunoglobulin J chain genes.
These genes are expressed in high copy num-
ber in cells actively producing polymeric
immunoglobulin. Their use also facilitates the
study of mutually and non-mutually exclusive
cell populations.

Reliable and reproducible methods for
detection of polyadenylated mRNA and
immunoglobulin light chain mRNA in for-
malin fixed paraffin wax sections have been
described.24 Modification of these techniques
results in minimal interference with the
immunofluorescent detection of cytoplasmic
antigen.

Deoxyoligonucleotide cocktails were 3'
labelled with the non-radioactive nucleotide
analogue digoxigenin-l l-deoxyuridine tri-
phosphate (digoxigenin- I l-dUTP). Hybrids
were detected by a single step incubation with
an alkaline phosphatase labelled antibody and
visualised with Fast red/naphthol phosphate.
The use of the naphthol AS-MX phosphate
produces a reaction product which fluoresces
red and permits visualisation ofcells expressing
specific mRNA species under bright field
illumination or ultraviolet light, both under
conditions for the detection of tetramethyl-
rhodamine isothiocyanate (540 nm) and FITC
(490 nm) labels. When using FITC labelled
anti-isotype antibodies, double labelled cells
appear with a red nuclear signal from mRNA
primary transcripts and a green cytoplasmic
signal at 490 nm. The presence ofa comparable
signal strength ofboth types results in a yellow/
orange fluorescence.

Methods
PREPARATION OF TISSUE AND SECTIONS
Fresh endoscopic duodenal biopsy specimens
less than 3 mm thick were immersed in formol
saline for at least 24 hours. Microscope slides
were cleaned and coated with 3-aminopropyl-
triethoxysilane as previously described.4
Paraffin wax embedded sections (4 um) were
cut on to slides and allowed to dry overnight at
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37°C. Sections were then dewaxed and
rehydrated through a series of washes in fresh
xylene, ethanol, and diethylpyrocarbonate
treated ultra-pure water (DEPC-water). To
avoid ribonuclease contamination all sub-
sequent steps were performed with gloved
hands and sterile instruments. All solutions
and equipment used in pretreatment and
hybridisation stages were also appropriately
treated.

PRETREATMENTS
To unmask nativemRNA target sequences and
expose immunoglobulin epitopes pretreat-
ments were required. These were adapted from
previously reported techniques.45 After
dewaxing and rehydration slides were immer-
sed in 50mM TRIS-HCI, pH 7-65, in DEPC-
water (TRIS-HCI), then digested in proteinase
K (Boehringer Mannheim, Germany, 161519)
solutions in TRIS-HCI at concentrations in the
range 1 to 10 Mg/ml for one hour at 37°C. After
this sections were washed in DEPC-water at
4'C for 10 minutes.

Appropriate RNAse pretreatment controls
were performed at this stage to run in parallel
with the experimental slides. RNAse type Al
(DNAse-free) (Sigma UK, R4875) digests
were performed at a concentration of 100 sg/ml
in 2 x SSC/10 mM MgCl2 at 37'C for one
hour. Slides not receiving RNAse type Al were
incubated in 2 x SSC/10 mM MgCl2/DEPC
under the same conditions. (SSC = 150 mM
NaCl, 15 mM trisodium citrate, pH 7 0). After
one hour slides were washed in phosphate
buffered saline/DEPC (PBS/DEPC) for 10
minutes at 4'C, postfixed in 04% paraformal-
dehyde in PBS/DEPC at 4'C for 10 minutes,
and finally washed in DEPC-water.

OLIGONUCLEOTIDE SYNTHESIS
Deoxyoligonucleotides were synthesised by
phosphoramidite chemistry using aDNA syn-
thesiser, model 380B (Applied Biosystems,
USA). Individual deoxyoligonucleotides were
30 bases long and were prepared on 0-2 ml
columns. J chain oligonucleotide design was
based on the J chain gene sequence published
by Max and Korsmeyer.7 Similarly, for K light
chain, deoxyoligonucleotides were derived
from sequence data previously described."'0
For K light chain, sequences were chosen for
the conserved constant region. Coding sequen-
ces were used in both cocktails which showed
no obvious homologies with other mRNAs in
the European Molecular Biology Library
sequence database. Base additions were made
using 0-(2-cyanoethyl)-N,N-diisopropylphos-
phoramidites (Cruachem UK)." Crude
oligomers were then desalted by ethanol
precipitation, evaporated to dryness, dissolved
in DEPC-water and assayed by ultraviolet light
(Applied Biosystems Ltd User Bulletin 1986).

OLIGONUCLEOTIDE LABELLING
Deoxyoligonucleotide labelling was achieved
using a terminal deoxynucleotidyl transferase
3'end labelling reaction adapted from a
previously described technique.4 Hetero-
polymer tail labelling was achieved with the

non-radioactive nucleotide analogue digoxi-
genin-1 l-dUTP (Boehringer Mannheim, Ger-
many, 1093088). Deoxyadenosine triphosphate
was used as a "spacer" to facilitate multiple
digoxigenin- 11-dUTP additions. Labelled
oligonucleotides were purified through
Sephadex G50 spun columns prepared with
TRIS-EDTA,0 1% sodium dodecyl sulphate.

HYBRIDISATION AND POST HYBRIDISATION
Excess fluid was removed from previously
drained slides which were then flooded with
200 MI of hybridisation buffer. The J chain
hybridisation cocktail contained 20% for-
mamide (v/v), the K cocktail 50%. Slides were
then placed in a humid chamber and main-
tained at 37'C for one hour in a hot air
incubator. After this stage the slides were again
drained and 50 pl of hybridisation buffer con-
taining labelled deoxyoligonucleotide probe
cocktail was added. Probe concentrations of
200 pg/sl for J chain, 500 pg/Il for K light chain
were used. Sections were then covered with
siliconised coverslips (dimethyl dichloro-
silane), retumed to the humid chamber and
incubator, and maintained at 37'C overnight.

After hybridisation slides were transferred to
2 x SSC/30% formamide (v/v) prewarmed to
37'C. Post hybridisation washes then took the
form oftwo 10 minute washes in 2 x SSC/30%
formamide (v/v) at 37'C, followed by two
further 10 minute washes in 2 x SSC at room
temperature. No formamide was used in the K
post hybridisation washes. Finally sections
were placed in TRI S-buffered saline (TBS) (50
mM TRIS-HCI, 0-15M NaCl, 2 mM MgCl2
pH 7-6) containing 3% bovine serum albumin
(Sigma UK, A7906), 0-1% Triton-X-100
(Merck UK 30632) at room temperature for at
least 15 minutes.

PROBE AND IMMUNOGLOBULIN DETECTION
A sensitive single step detection system was
used to detect subpicogram concentrations of
labelled probe. Slides were flooded in TBS
containing 1:600 alkaline phosphatase labelled
sheep polyclonal anti-digoxigenin antibody
(Boehringer Mannheim, Germany, 1093274)
and 1:5 FITC conjugated rabbit F(ab')2 anti-
human IgA (Dako UK, F316) or 1:5 FITC
conjugated polyclonal sheep anti-human K
(The Binding Site, UK, PF015) for 30 min-
utes. Slides were washed in TBS for five
minutes and then transferred to demonstration
solution for one hour. Demonstration solution
took the form of Fast red (Sigma UK, F-1500)
50 mg; Levamisole (Sigma UK, L-9756) 24
mg; naphthol AS-MX phosphate (Sigma UK,
N-5000) 50 mg; (predissolved in dimethylfor-
mamide) in 100 ml veronal acetate buffer, pH
9-2, and was filtered prior to use. After incu-
bation, slides were washed in ultra-pure water
and mounted in aqueous mounting medium.
After initial inspection the sections were
counterstained if required with Mayer's
haematoxylin.

MICROSCOPICAL EXAMINATION
A Nikon Optiphot microscope was used for
bright field microscopy and conventional
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Figure 1 Simultaneous in situ hybridisation for J chain mRNA (red)
and immunofluorescencefor cytoplasmic IgA (green). (1A) In situ
hybridisation for J chain mRNA using a digoxigenin labelled
deoxyoligonucleotide probe on a formol-saline fixed duodenal biopsy
specimen. Fast red signal, Mayer's haematoxylin counterstain. Cells 1
and 2 positive, cell 3 negative. (IB) The same field showing J chain
mRNA (red) and immunofluorescence for cytoplasmic IgA (green).
Cell I negative for IgA, cell 2 positive (double labelled), cell 3 positive.
(1 C) A composite confocal picture of cells 1, 2, and 3, red andgreen
channels merged.

fluorescence microscopy. Confocal advanced
light microscopy was performed on a MRC600
confocal laser scanning microscope. An Argon
laser was used with maximum emissions at 488
nm and 514 nm.

Results
IN SITU HYBRIDISATION WITH J CHAIN AND K
LIGHT CHAIN PROBES
Sites of hybridisation visualised with Fast red
specifically stained the anticipated target
plasma cell and lymphocyte population in the
lamina propria of duodenal biopsy specimens.
Both deoxyoligonucleotide probe cocktails, J
chain (fig 1A) and K (fig 2B), produced sharp,
well defined signal with negligible background
staining. Excellent morphological preservation
was seen throughout. Before counterstaining,
strong cytoplasmic signal (and weaker nuclear
signal) was seen in plasma cells with both
probes.

SIGNAL SPECIFICITY
Appropriate controls were carried out with
each experiment and run in parallel with
experimental slides. Control slides for the
detection system were performed in exactly the
same reaction conditions as all other slides, but
in the absence of probe no signal was seen on
any occasion. Signal was also eliminated from
slides which underwent RNAse Al pretreat-
ment. Kappa probe specificity was also confir-
med by northern blotting. The J chain probe
was derived from a published cDNA sequence.
The Pvu II/Xba I exon four J chain probe
derived from this sequence has been used in
northern blot analysis to study J chain mRNA
transcription in human pre-B and B cell lines.7

PRETREATMENTS/PROBE CONCENTRATIONS/
DETECTION
Pretreatments were adapted from those
previously described.24 The most important
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Figure 2 In situ hybridisation detection of K light chain mRNA and IgA by immunofluorescence. (2A) Kappa light chain mRNA (red) and
immunofluorescence for cytoplasmic IgA (green). Double labelled cells are seen with red nuclear andgreen cytoplasmic signal, (viewed before
counterstaining). (2B) Bright field counterpart of (2A). In situ detection of K light chain mRNA using a digoxigenin labelled oligonucleotide probe
on a formol salinefixed duodenal biopsy specimen (viewed after counterstaining with Mayer's haematoxylin).

pretreatment is that of proteinase K digestion.
This unmasks native mRNA and exposes cyto-
plasmic antigens in an analogous manner to the
use of trypsin for immunofluorescent examina-
tion of paraffin wax sections. The best com-
promise between signal intensity and retained
morphology in all duodenal biopsy specimens
was seen with proteinase K concentrations of 2
pg/ml.
The optimal probe concentration was found

to be 200 pg/pl for the J chain cocktail and 500
pg/sl for K light chain. Higher concentrations
produced slight background staining. Lower
intensity signal was seen at much lower probe

Figure 3 In situ
hybridisation of K light
chain mRNA (red) and K
light chain by
immunofluorescence
(green). Highlighted cell
(arrow) has red nuclear
signal of K light chain
mRNA and green
cytoplasmic signal of K
light chain.

concentrations; as low as 25 pg/,ul with the J
chain probe.
Dual detection of hybrids and cytoplasmic

antigens was achieved using an alkaline phos-
phatase labelled anti-digoxigenin antibody
simultaneously with FITC labelled immuno-
globulins. Although the two detection stages
can be performed sequentially (FITC labelled
immunoglobulin incubation being performed
immediately before post fixation), we found no
advantage in this over the simultaneous
method.

Figs IA and lB are higher power oil immer-
sion (x 1000) photomicrogaphs. Fig IA illus-
trates the expression of J chain mRNA in the
plasma cell population of the duodenal lamina
propria and Fig lB the simultaneous demon-
stration of cytoplasmic IgA. Figs 1A and lB
represent the same field viewed after counter-
staining with Mayer's haematoxylin. The field
was photographed sequentially, initially under
bright field illumination (fig 1A) and then
under ultraviolet-excitation wavelength 490
nm (fig iB). Cell 1 expresses J chain mRNA
(red signal) but has no green (IgA) signal. In
contrast, cell 3 is negative for J chain mRNA
but positive for cytoplasmic IgA by immuno-
fluorescence. Cell 2 is strongly positive for
both, producing a yellow/orange signal. Fig 1C
shows the same three cells analysed with the
confocal microscope. This is a composite pic-
ture of both red and green channels after each
was independently digitalised, optimally
focused, and normalised.
mRNA K light chain and simultaneous IgA

detection is illustrated in fig 2A ( x 400). Dou-
ble staining in this preparation viewed under
ultraviolet (490 nm) before counterstaining
produces a red nuclear signal within a green
cytoplasmic signal of IgA. Double labelled
cells, cells positive for K and negative for IgA,
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and vice-versa, can clearly be identified. The
distribution of the three cell types identified
was seldom uniform; cells of similar labelling
were frequently grouped together. This
presumably relates to their clonal origin.
Figure 2B is the bright field counterpart to fig
2A and has been lightly counterstained. Cell
enumeration of this field shows that 58% of the
IgA cells are K IgA. This result is comparable
with total MA plasma cell ratios in the lamina
propria previously reported using two colour
immunofluorescence techniques.'2 Twelve
percent of the visualised cells are K positive but
IgA negative, and by assumption, IgM or IgG
K cells.
The highlighted cell (arrow) in fig 3 shows a

red nuclear stain for K light chain mRNA and a
green/yellow cytoplasmic signal from cytoplas-
mic light chain. This cell on fixation, therefore,
was not only transcribing K light chain mRNA
but also translating it to protein.

Discussion
Factors affecting the efficiency ofnative mRNA
preservation and detection are multiple and
have been fully described elsewhere.2 There are
four additional factors relevant in this exten-
sion of a standard in situ hybridisation tech-
nique.

(i) Fixation: A protocol is required which is
suitable for the efficient preservation of both
mRNA species and cytoplasmic epitopes. We
have found that 24-48 hours in 10% formol
saline fulfils this requirement. Less than 24
hours may be insufficient for optimal mRNA
preservation. In contrast, prolonged fixation
results in the need for more aggressive
proteolytic digestion with proteinase K, reduc-
ing cytoplasmic immunofluorescent signal and
disrupting normal morphology.

(ii) Pretreatments that minimise the loss of
cytoplasmic epitopes: Endoscopic duodenal
biopsy specimens examined in this study
required mild proteolytic digestion; this con-
trasts with higher concentrations of proteinase
K required with larger tissue specimens.2
Strong acid and hot salt washes were avoided
because they badly affected cytoplasmic
epitope preservation.

(iii) Signal to noise ratio: This depends on
probe label concentration and on stringency.
The probe label digoxigenin has many advan-
tages over other forms of non-isotope
nucleotide analogues (Biotin, for example). It
has a simple detection step involving a single
antibody without the need for amplification.
This readily allows for simultaneous use of
FITC labelled immunoglobulins. We have
found the results from simultaneous detection
with a biotin-streptavidin detection system
disappointing because of background staining
and weak immunofluorescent signal (unpubli-
shed observations). Stringency studies showed
that to reduce non-specific hybridisation with
the J chain probe 30% formamide was required
in the post hybridisation washes. This may
reflect the relatively high AT content of the J
chain probe relative to that of the K cocktail.

(iv) The use of naphthol AS-MX phosphate:
In combination with Fast red this produces a

reaction product visible under bright field
illumination and ultra violet." In contrast to
FITC, this fluorochrome is relatively stable to
exposure and storage, although some deteriora-
tion does occur with prolonged storage-the
signal becoming granular in appearance and
much less distinct.

Confocal microscopy permits simultaneous
dual fluorochrome image digitalisation and
storage. It also allows the signal intensity of the
Fast red/naphthol phosphate reaction product
to be quantified. Label intensity has been
related to total hybridised probe and therefore
copy number of the target nucleic acid
sequence. '
Accurate and interpretable double labelling,

particularly in non-mutually exclusive cell
populations, depends on a balance of two
signals. Hence sections are initially viewed
before counterstaining under bright field
illumination and cells positive for hybrids are
noted; if the section is then visualised under
ultraviolet light, double stained cells are seen
with red nuclear staining from primary RNA
transcripts and green cytoplasmic signal from
cytoplasm bound FITC labelled antibodies.
The cytoplasmic signal may be yellow or
orange, depending on relative signal inten-
sities. If sections are not viewed before coun-
terstaining fluorescence intensity (both red and
green) may be significantly reduced and double
labelled signals missed because this procedure
almost uniformly blocks fluorescence signal
from nuclear hybrids.
The study of J chain expression in IgA

producing plasma cells of the duodenal lamina
propria using this technique showed individual
cells that were J chain mRNA negative,
although most (>90%) IgA cells were J chain
positive. This compares with previously pub-
lished data using immunological techniques
which showed that 97-3% of distal ileal IgA
cells were J chain positive and 2-7% J chain
negative.'5 These are presumably monomeric
IgA cells which may make up a small percen-
tage of the duodenal mucosal IgA system, the
primary function of which is to produce
polymeric IgA for active secretion into the
duodenal lumen. Alternatively, they may
represent polymeric IgA cells in which J chain
mRNA transcription has stopped.

Recent reports have elegantly shown meth-
ods for the simultaneous analysis of cell surface
antigens and markers of DNA content, cell
proliferation, and cell cycle kinetics." 6 Simul-
taneous immunocytochemistry and in situ
hybridisation has also been described.'720
Several studies have described the use of
diaminobenzidine or avidin-biotin cyto-
chemistry in combination with radioactively
labelled probes;'7'8 other reports described the
use of biotinylated probes in conjunction with
immunocytochemistry to identify viral gen-
omic sequences in paraffin wax embedded
human tissue."'9 In addition, methods for
triple colour fluorescent in situ hybridisation
and fluorescent in situ hybridisation in com-
bination with immunofluorescent staining for
cell surface markers have been described,2'22
although these techniques have only been
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applied to freshly harvested human blood lym-
phocytes or cultured cell lines, and not to
routinely processed tissue specimens.

In conclusion, the combination of in situ
hybridisation and conventional immuno-
fluorescence on paraffin wax embedded sec-

tions permits the simultaneous demonstration
of native mRNA transcription and protein
translation in the same cell or cells from routine
and archival human material with good reten-
tion of morphology. This method adds to
previously described dual labelling techniques
and we hope it may contribute to the field of
molecular pathology by facilitating the study of
the sites of gene expression and protein synth-
esis in cell populations within their normal
topographical surroundings.
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