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Optimisation of mRNA in situ technique using non
radioactive probes
Torun Engfeldt

Sammanfattning
För att förstå funktionen av en gen är det väsentligt att veta i vilka celltyper den uttrycks. En
metod för att påvisa genprodukter är in situ hybridisering. Till tunna snitt av en vävnad, till
exempel hjärna, sätts en ”prob” som är komplementär till en unik genprodukt i vävnaden och
som binder specifikt till denna i en reaktion som kallas hybridisering. Genom att förse proben
med en markörmolekyl kan hybridiseringsställen detekteras och på så vis avslöjas var i en
vävnad den aktuella genen uttrycks.
Detta examensarbete behandlar en detektionsmetod där digoxigenin används som
markörmolekyl. Digoxigenin är en liten molekyl som härstammar från blomman Digitalis
purpurea och kan kopplas till någon av probens beståndsdelar. Hybrider detekteras med hjälp
av antikroppar riktade mot digoxigenin. Till antikroppen kopplas ett enzym som katalyserar
en reaktion där slutprodukten är färgad. De celler som uttrycker den aktuella genen kommer
därmed färgas och kan lätt identifieras i mikroskop.
Syftet med projektet har varit att optimera detektionsmetoden för att öka känsligheten samt att
använda metoden för att studera uttrycket av två gener relaterade till neurodegenerativa
sjukdomstillstånd.

Examensarbete 20p i Molekylär bioteknikprogrammet
Uppsala universitet april 2002
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1
1.1

INTRODUCTION
Aim of study

The major purpose of this study was to improve the sensitivity of in situ hybridisation
detection using digoxigenin-labelled RNA probe. The overall procedure of in situ
hybridisation should be simplified and time requirements minimised. In addition, the
expression pattern of Fractalkine, the Fractalkine receptor, Target N and the Target N
receptor mRNAs in rat brain and spinal cord was studied using digoxigenin-labelled probes
for in situ hybridisation.

1.2

In situ hybridisation and its applications

In 1953, James Watson and Francis Crick discovered that native DNA consists of two chains
that form a double stranded helix1 . The coiled polynucleotide chains of DNA are held together
by hydrogen bonds between the bases of the opposite strands. They also revealed that the
bases occur as specific sets of complementary pairs, where adenine pairs only with thymine
and guanine only with cytosine. This pioneering discovery laid the foundations of all today’s
genetic research.
In situ hybridisation is a useful tool when studying gene expression. The technique relies upon
the hybridisation of a nucleic acid probe to a complimentary sequence in individual cells or
tissue sections according to the fundamental principles of base pairing established by Watson
and Crick. In situ hybridisation was first described in 1969 as a method for the localisation of
DNA targets2-5 . More recently improved tissue fixation methods and processing conditions
has enabled for monitoring expression of mRNA transcript in tissue. The hybridisation probe
is labelled with reporter molecules and sites of binding are visualised by their location. This
work will focus on hybridisation using RNA probes to investigate the expression of cellular
mRNA targets. mRNA hybridisation gives information as to where genes are transcribed and
detection of up- and down regulations can be studied.
By using histological tissue sections, cell morphology is maintained and it is possible to
precisely localise and identify cells expressing the gene of interest. The morphology
preservation makes in situ hybridisation a more powerful tool for studying gene expression
than e.g. Northern blot. However, the procedure is more complicated and three areas of
technical expertise are required. First, choice and preparation of a suitable nucleic acid probe
demands an understanding of the principles of molecular biology. Successful tissue
preparation requires practical experience in the art of histology. Finally, as with all
morphological techniques, a correct interpretation of experimental results requires familiarity
with cell biology, anatomy and pathology.

1.2.1 Fixation and preparation of tissue
In order to obtain as much information as possible from a tissue sample, care must be taken to
preserve the tissue properly. The aim of fixation and tissue preparation is to retain the
maximal level of cellular target RNA while maintaining optimal morphological details and
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allowing sufficient accessibility of probe. Few methods fulfil all these requirements but a
number of different methods are employed. Aldehyde fixatives diffuses easily into the tissue
and promotes cross-linking of proteins, hence creating a network that can be reversed when
rehydrated6 . These fixatives generally provide better RNA retention and morphology than
precipitating fixatives such as ethanol/acetic acid mixtures. Glutaraldehyde provides the best
RNA retention and tissue morphology, but because of extensive cross-linking, probe
penetration is limited6 . Fixation in buffered paraformaldehyde has proven to be a good
compromise between permeability and RNA retention for the demonstration of mRNA
species using cRNA probes. Due to physiological differences between tissues, adjustments are
always necessary in order to achieve optimal fixation and therefore hybridisation results
should be interpreted taking these into account. When analysing localisation of cellular target
RNA the tissue sections are usually cut in 4-8µm thin slices, which are electrostatically
attached to microscope slides. Tissue sections are preferably stored at room temperature.
An alternative preservation method is to freeze the tissue after fixation and keep in liquid
nitrogen until cutting on a cryostat. Due to less protein cross-linking, probe accessibility is
increased with this method compared to paraffin embedding, however unless decreasing the
paraformaldehyde concentration when fixating some of the tissue morphology can be lost.
Tissue can also be snap-frozen immediately after excision, however even less morphological
details are maintained.
mRNAs are easily degraded by ribonucleases, RNases. Since RNases can’t be removed by
filtration or destroyed by steam autoclaving several precautions must be taken to prevent
contamination. Above all, it is important that the tissue is fixed or frozen as soon as possible
after surgical excision. The major source of RNase contamination is contact with skin,
therefore gloves must be worn regularly when handling both tissues and slides. In addition all
glass and plastic wares should be baked at high temperatures.

1.2.2 Probes for in situ hybridisation
In situ hybridisation studies were initially performed to detect DNA targets. Today, the most
important application of in situ hybridisation is the detection of specific mRNA molecules.
Three major types of probe have found widespread use for detection of RNA targets:
synthetic oligonucleotides, cDNA and cRNA probes. cDNA and cRNA are products of
cloning procedures whereas oligonucleotides may be produced by DNA synthesisers. For
successful in situ hybridisation reactions, proper controls as well as suitable labelling methods
must be selected.

1.2.2.1 Differences between DNA and RNA probes for in situ hybridisation
Oligonucleotides are short (30-50 bases), single stranded, synthetic probes. Their length
allows for good penetration into the tissue, however, if too short, probes may bind nonspecifically and, also, the hybrids may disrupt easily in post-hybridisation washes. Probes can
be end-labelled either by attaching a reporter molecule at the 5´end or by extending the
sequence at the 3´end with labelled deoxyuridines using terminal deoxynucleotide transferase.
Since only a small number of reporter molecules can be added the level of sensitivity is lower
compared to larger probes. In order to generate longer, double stranded, DNA probes a cDNA
of interest can be inserted into a plasmid and labelled by nick translation. In nick translation,
double-stranded DNA is treated with DNase I in the presence of magnesium ions. The
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resulting nicks provide 3´ hydroxyl groups that serve as primers for DNA synthesis catalysed
by DNA polymerase I. During synthesis, dNTP precursors, one of which is labelled, are
incorporated in the growing chain of DNA while the nick is translated along the DNA by
virtue of the 5´-3´ exonuclease activity carried by the enzyme. When such nick translated
probe hybridises and leave free complementary, overlapping sequences, a network of
interlocking strands accumulates about the hybridization site and the signal is significantly
amplified7 . cDNA probes have a higher level of specificity compared to oligonucleotides due
to their length, and also a higher level of sensitivity because of the number of incorporated
reporter molecules. However, because the strands of a duplex nucleic acid are not free to
hybridise, a cDNA probe must be denatured by boiling before added to tissue sections. Only
half of the strands – those complimentary to the mRNA - are able to hybridise. The presence
of both strands in the hybridisation mix will cause competing reactions: mixed phase
hybridisation between probe and target, and probe re-annealing in solution8 . It is possible to
generate longer, single-stranded DNA probes by selecting appropriate primers to amplify the
desired sequence and thereafter synthesise antisense probe using only one primer in an
asymmetric PCR reaction. By incorporating labelled nucleotides in the PCR reaction the
probe is directly labelled and the level of sensitivity is largely increased.
Generally, DNA offers a great advantage over RNA probes in that they are insusceptible to
RNases, however they have greatly reduced hybrid stability. 9-11 . Riboprobes are generated by
in vitro transcription using a linear DNA template and a promoter for a DNA dependent RNA
polymerase. By using labelled nucleotides in the transcription reaction the probe is readily
labelled. The optimal length of a riboprobe may vary vastly, 200-250 bases is enough to
ensure a high specificity but penetration is limited when exceeding 1000 bases. Because these
probes are single stranded, re-annealing in solution does not occur, so a greater percentage of
probe is available for hybridisation compared to double stranded cDNA probes. This is
probably the reason why riboprobes produce stronger signals than cDNA probes in some
systems. RNA is a “stickier” molecule than DNA, and might therefore produce a higher
degree of non-specific binding. This can often be compensated by post-hybridisation washes,
where high-stringency requirements can be applied since RNA-RNA hybrids are relatively
stable.
The choice of probe depends on the final target of hybridisation. Oligonucleotides might be
suitable when detecting highly expressed mRNAs, however when there are higher demands
on sensitivity, RNA probes should be used.

1.2.2.2 Controls for in situ hybridisation
No matter what probe, the choice of an appropriate control is a challenging aspect when using
in situ hybridisation. Specific hybridisation may be easily confused with unwanted hybrid
formation between probe and weakly homologous sequences or with non-specific interaction
between the probe and non-nucleic acid tissue components. The simplest and most
straightforward way to check the quality of the signal is by inspection. A specific RNA probemRNA hybridisation signal should be localised in the cytoplasm and not smeared out all over
the cell, including the nucleus. Incubations without probe must also be performed in order to
rule out signals generated solely by the detection system. A common method used to ensure a
preserved mRNA population and to certify that the probe hybridises with an RNA sequence is
to pre-treat tissue sections with RNase and DNase. DNase treatment should have no effect on
the level of hybridisation since it is unable to degrade RNAs, whereas RNase-treatment will
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degrade mRNAs and thereby prevent hybridisation. There is however no way to ensure that a
loss of signal results from target degradation and not loss of probe. Neither does RNase
treatment guarantee that the probe hybridises to just one unique mRNA sequence and not
several.
When synthetic oligonucleotides are used as probes, a random oligo not complementary to
any known sequence can be used as negative control probe. However there might exist
unexpected homological sequences, such as ribosomal RNA or less characterised nucleic
acids, within the tissue. Another way is to perform competitive hybridisations using both
labelled and unlabelled probe. Prehybridising using an unlabelled probe should extinguish the
signal. If competition does not affect the signal, the specificity must be questioned, however a
decrease in signal might be due to blocking of specific hybridisation by the unlabelled probe
but might as well be due to deviations in laboratory procedures. Specificity can be regarded
confirmed when the same individual cells on adjacent sections exhibit identical hybridisation
pattern using multiple non-overlapping probes complementary to different parts of the same
transcript. Positive control probes with a well-known cellular distribution in the concerned
tissue can be added together with the probe of interest in order to confirm that the mRNA
population is intact and also to estimate the efficiency of hybridisation. However in order to
be comparative, the control probe has to be similar to the probe of interest regarding length,
level of labelling and GC content. When using RNA probes, the sense strand is often used as a
control, since it fulfils all three requirements mentioned above. Since the sense sequence is
identical to the cellular mRNA, it will not hybridise, and is suitable as a negative control.
Sometimes a positive signal or high background can be observed from the sense probe,
probably due to hybridisation to non-nucleic acid compounds in tissue areas with deviating
density. Despite sense hybridisation signal a highly specific and reproducible hybridisation
from the antisense probe stands out. Sense probes are used as negative controls throughout
this work.

1.2.2.3 Generation of probes for in situ hybridisation
RNA probes can be synthesised and labelled in reactions involving the use of transcription
vectors containing prokaryotic polymerase promoters e.g. T7, T3 or SP6. The plasmid should
also have restrictions sites flanking the cloning site, thus allowing for a cDNA of interest to be
inserted downstream the promoter site. For transcription, the circular plasmid is linearised by
a restriction endonuclease digestion at the 3´end of the insert. The DNA-dependent RNA
polymerase will recognise its promoter and transcribe in the 5´ to 3´direction until it reaches
the site of linearisation, thus generating probes of uniform length. The successful transcription
reaction holds in addition to a cDNA template and an appropriate RNA polymerase, ATP,
GTP, CTP and UTP in equal amounts, RNase inhibitor and a Tris-MgCl2 -Spermidine
transcription buffer. If labelled nucleotides are added to the reaction mix in addition to the
cold ones, the probe will be regularly labelled.
Messenger RNA is normally synthesised from chromosomal DNA in the 3´to 5´direction,
producing a sense mRNA. Thus, in order to generate an antisense probe that will hybridise to
cellular RNA, the cDNA template has to be inserted in the 3´to 5´direction. There are vectors
containing two different promoters located on either side of the cloning site thus enabling
generation of both sense and antisense probes from the same plasmid as described in Figure 1.
Depending on the choice of restriction enzyme for linearisation, sense or antisense probes are
transcribed.
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X

X
T3

T7

Figure 1. A schematic view of a plasmid construct
containing multiple polymerase binding sites flanking
the insert, shown in grey and multiple sites susceptible
to restriction cleavage, indicated by X.

It is essential to linearise the plasmid completely since supercoiled DNA is a more efficient
template for transcription than is linearised plasmids and easily generates run-around
transcripts, which might hybridise unspecifically if added to a tissue section.
Cloning and preparing plasmids can be rather time-consuming, and therefore PCR is often a
preferred method to generate the cDNA template. By reverse transcription of an RNA
population of a certain tissue a cDNA library can be generated. In order to amplify the cDNA
of interest appropriate PCR primers must be designed taking a few delicate aspects into
consideration. Apart from the requirements that the primers must be complementary to the
gene of interest only, they must also contain the polymerase-binding site so that the amplified
sequence can suit as a template for transcription. This is accomplished by providing the
primers with tails, containing the different promoter sequences, one for sense and antisense
transcription respectively. The design of the tailed primers is shown in Figure 2.

Sense cDNA template

Antisense cDNA template

T7 promoter

T3promoter

Figure 2 . A schematic view of PCR primers with a tail containing the polymerase binding sequence, used for
generating tailed PCR templates. As indicated, either the reverse or forward primer is tailed depending on
whether sense or antisense probes is to be transcribed. In this example the forward primer holds a T3 tail and T3
will transcribe the template into a sense probe. The reverse primer holds a T7promoter in its tail and will
generate an antisense probe.

By this method, named tailed PCR, two different sets of primers are needed in order to
generate templates appropriate for sense and antisense strands. Another way of making the
probe is to use the tagged PCR method. Rather than the complete polymerase binding
sequence, both reverse and forward primers can be equipped with a short tag of respective
sequence as indicated in Figure 3. Using these primers in a PCR reaction amplifies the gene of
interest and provides it with a few bases of the promoter region. The remaining part of the
promoter is added through a second round of PCR, using primers complimentary to the
respective tag sequence only. This set of primers can be used irrespectively of the sequence of
the amplified DNA and is therefore very suitable when a large number of different genes are
to be amplified.
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a

Tag 2

Tag 1
Complete promoter 2
sequence

b

Complete promoter 1
sequence

Figure 3 . A schematic view of PCR primers, used in the tagged PCR method, containing a, both a gene specific
sequence and a tag with a short stretch of the polymerase binding site and b, primers complementary to the tag
in a followed by the remaining sequence of the promoter. The forward and reverse primer carry tags for
different polymerases, thus enabling transcription of sense and antisense using the same template but different
enzymes.

One of the most common methods for labelling riboprobes is through transcription, using
labelled nucleotides. The choice of reporter molecule however varies widely between
radioactive and non-radioactive nucleotides. Originally, radioactively labelled probes were
used and the method is still applied for in situ hybridisation because of their high sensitivity.
Isotopes such as 35 S, 33 P and 3 H can be incorporated into a nucleotide, which can be used in
transcription to generate a detectable probe. The amount of hybridised probe in a tissue
section can be estimated by covering the slide with an X-ray film. Apposition of slidemounted sections to photographic film results in images containing useful anatomical
information. Where resolution to single cells is required sections are coated with liquid
autoradiography emulsion following the fast X-ray film exposure, using the signal intensity
on the film as a guide to estimate exposure times. Slides covered with emulsion should be
stored in a dark, dry and cold environment with exposure times ranging from a few days to
several months depending on the energy of the emission of the isotope.
33

P labelled probes are characterised by high specific activities resulting in relatively short
autoradiographic exposure times. The β-emission from 33 P is far-reaching and therefore the
anatomical resolution is generally inadequate for localisation at single-cell level. 3 H is an
isotope with a lower level of energy emission compared to 33 P, thus offering better anatomical
resolution and low background. However they require long exposure times, typically weeks or
even months, to detect low copy number targets. 35 S-labelled riboprobes are described as the
most sensitive method for the detection of mRNA in tissue sections9 . The specific activity is
higher than that for 3 H, yet not as high as for 33 P, thus permitting excellent resolution and
moderate exposure times. A major drawback using all kinds of radioactively labelled probes
is that they have a limited shelf life due to decay, in addition to health and environmental
considerations regarding handling of all kinds of radioactive material.
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Wilcox et al9 has performed a comparison of different labelling strategies for in situ
hybridisation and set up a ranking list according to their relative sensitivity:
Riboprobes > cDNA probes > Synthetic oligonucleotides
35

S > 33 P >3 H > Biotin/Digoxigenin

Frozen tissue > Paraffin embedded tissue
Although radioactive labels often are regarded as the most sensitive method of labelling,
many claim that non-isotopic labelling can be equally sensitive12, 13. Safety problems, reduced
stability of probe and speed of visualisation, related to radioactively labelled probes have
recently stimulated the interest in the development of non-radioactive probes.
Most non-radioactive labelling methods are based on the strategy to couple haptens to
nucleotides that are incorporated into the probe through transcription. It is essential that the
detectable molecule do not interfere with the hybridisation reaction or the stability of the
resulting hybrids. Also, the hapten must be accessible to the detection system. The most
common methods for non-radioactive labelling of RNA probes use biotin or digoxigenin.
Biotin is a small vitamin molecule that binds with a high affinity to avidin (Kd 10-15 ) and can
be linked to uridine nucleotides. Avidin can be conjugated to several different markers such as
fluorescent dyes, peroxidase, ferritin and colloidal gold, enabling detection of hybridised
biotin-labelled probe. To enhance the detection sensitivity of biotinylated probe, avidin or
streptavidin can be used in a cytochemical network of amplifying layers. However, biotin is a
molecule naturally occurring in living cells and endogenous biotin may interfere with the
detection of hybridised probe, causing false-positive results.
Digoxigenin, dig, Figure 4a is the aglucon of the steroid digoxin which occurs exclusively in
the blossoms and leaves of the plants Digitalis purpurea and Digitalis lanata. Two features
make digoxigenin exceptionally valuable for establishing a detection system; first,
digoxigenin can be coupled to nucleotides such as UTP or dUTP, acting as a hapten. Second,
high-affinity monoclonal antibodies against digoxigenin can easily be generated, and since the
molecule only occurs in digitalis plants, there are no endogenous interference problems.

a. Digoxigenin

b. Digoxigenin-labelled uridine triphosphate

Figure 4. The structural formula of a, steroid digoxigenin and b, dig-labelled uridine triphosphate (R1=OH,
R2=OH ) 14

11

Digoxigenin can be coupled via an 11-C-atom spacer arm to the 5´position of the pyrimidine
ring of uridine triphosphates, (UTP, dUTP and ddUTP) as in Figure 4b. The length of the
spacer arm, connecting dig to uridine is important, it must be at least 11 C atoms long for the
hapten to stick out far enough from the labelled probe to be efficiently recognised by the
antibody during detection. Too long spacer arm might cause the digoxigenin to interfere when
the labelled probe hybridises to its target14 . Following hybridisation and subsequent washes
the tissue section is subjected to an anti-digoxigenin antibody to which a detection enzyme
such as alkaline phosphatase or horseradish peroxidase is conjugated. The enzyme catalyses a
redox reaction where the reaction products forms a coloured precipitate, thus visualising
hybridised probe.

1.2.3 The hybridisation reaction
A successful in situ hybridisation reaction requires not only careful preparations, but also a
meticulous performance. All procedures should be performed under RNase free conditions.
In order to remove paraffin, tissue section slides have to be soaked in an organic solvent such
as xylene. Deparaffinization is followed by an alcohol gradient descending from100 % to 50
% in order to make the tissue susceptible to aqueous solutions. The tissue is adjusted to
normal pH and osmolarity by rinsing in Saline Sodium Citrate (SSC), which contains 0.02 M
sodium citrate pH 7.0 and 0.15 M NaCl and is similar to physiologic saline. Once the tissue is
rehydrated it is ready for hybridisation. However, in order to increase probe accessibility and
to obtain a higher signal-to-noise ratio the tissue has to be permeabilised. A number of
different digesting procedures using acids, detergents, alcohols and enzymes such as
Proteinase K, pronase and pepsin have been employed. The optimal method may vary from
tissue to tissue and it might be difficult to control the extension of the digestion. Excessive
deproteinisation results not only in decreased retention of the target mRNA but also in
deterioration of cell and tissue morphology. In contrast, insufficient permeabilisation results
in weak detection, or even absence, of mRNA signal. The complicated and, sometimes,
irreproducible digestion methods can be replaced by microwave oven heating. It is suggested
that the microwaves induce denaturation of protein and nucleic acid structure, resulting in
dissociation of protein-nucleic acid complexes and unfolding of mRNA secondary structure
so that a larger number of target mRNA molecules are available for hybridisation with the
probe15 .
The stringency of the probe to target hybridisation is controlled by the temperature and salt
concentration of the hybridisation buffer. In single phase the optimal temperature for
hybridisation is approximately 25 °C lower than the melting temperature, Tm of the hybrid
molecule16 . Tm for a DNA duplex is defined as the temperature at which 50 % of the hybrids
are dissociated, and depends on the proportion of guanidine and cytidine nucleotides (GC%),
the length of the probe in base pairs (L), the concentration of monovalent cations (M) and the
amount of formamide (F) in the reaction mixture according to the reaction:
Tm = 81.5°C + 16.6 log M + 0.41* GC % − 0.72F −

650
L

The Tm of mismatched hybrids is lower than that for matched sequences. Thus, if
hybridisation is carried out at the melting temperature, only perfectly matched sequences will
12

hybridise. Since signal might be lost and the tissue morphology damaged if the temperature is
too high, a compromise using lower hybridisation temperature and additional stringent
conditions is often preferred. Addition of formamide to the hybridisation mixture allows for a
lower hybridisation temperature since formamide reduce hydrogen binding between probe
and target. The stability of the hybrids is influenced by the concentration of monovalent
cations. Since nucleic acids are negatively charged addition of sodium ions to the reaction will
support hybrid stability.
The rate and efficiency of hybridisation can be improved by using accelerators such as
dextran sulphate. The bulky molecule will reduce the available volume occupied by the probe
by excluding water molecules and thereby increase the frequency of probe and target
interactions. tRNA, or some other inert nucleic acid molecule such as salmon sperm DNA, is
normally included in the reaction to reduce non-specific hybridisation by blocking nucleic
acids.
When establishing specific conditions for the hybridisation reaction one of the most critical
parameters is the amount of probe. Low concentration might result in weak signals that are
difficult to interpret, or even a total loss of signal. Too high concentration on the other hand
will give rise to unspecific binding, as the tissue gets saturated. It is therefore necessarily to
titrate each probe on each tissue to get an optimal signal and a high signal-to-noise ratio.
Since the hybridisation reaction is rather slow and the slides are often left over night it is
crucial to prevent the tissue form evaporating. When the probe solution is added to each slide,
it is sealed with a cover glass, which helps spreading the solution evenly over the tissue, and
also protects the slides from drying out. Hybridisation is carried out in a moisture chamber
where the bottom is covered with filter paper soaked in a solution containing formamide and
salts of the same concentration as the probe solution. Moisturising with water would cause
dilution of the probe solution when the water condensates.
Once the hybridisation process is completed, cross-hybridisation with mismatching sequences
must be removed through post hybridisation washes. When high stringency is desired high
temperature and low salt concentration should be applied. The washing procedure is often
carried out in two steps with decreasing salt concentration to increase the stringency.
Whenever possible, solutions and buffers must be prepared using water that has been treated
with 0.1 % diethyl pyrocarbonate (DEPC) to prevent RNase contamination. DEPC water is
autoclaved before use whereby the highly reactive DEPC degrades to CO2 and ethanol. Stock
solutions should be made from RNase-free reagents and autoclaved when used. Because
RNAses are difficult to remove from glass, sterile plastic ware is preferred when available. A
special set of RNase-free plastic racks and moisture chambers should be used for in situ
hybridisation reactions.

1.2.4 Detection of hybridised dig-labelled probe
Detection of dig-labelled probes is based on immunological methods. Fab fragments from an
anti- digoxigenin antibody conjugated with alkaline phosphatase (AP) or horseradish
peroxidase (HRP) are used to localise the hybridised probes. The enzyme is used for
catalysing a redox reaction of a colourless substrate into a coloured precipitate. Horseradish
peroxidase has an iron-containing heme-group as its active site that forms a complex with
hydrogen peroxidase and thereby causing it to decompose to water and atomic oxygen.
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Peroxidase has the ability to oxidise several substances, which thereby forms coloured
reaction products. A widely used substrate for HRP is 3,3´diaminobenzidine, DAB, which
upon oxidisation produces a brown product, highly insoluble in organic solvents. Excess of
hydrogen peroxidase and absence of an electron donor brings about quenching of endogenous
peroxidase activity, thus minimising interfering unspecific signals. The DAB colour reaction
is rather fast; typically 10 min incubation is sufficient.
Alkaline phosphatase requires additional magnesium ions and higher pH than physiological in
order to catalyse the detection reaction14 . Slides should therefore be washed in a buffer
containing 100 mM Tris pH 9.5 100 mM NaCl and 50 mM MgCl2 . Phosphate buffers must be
avoided as they will inhibit the phosphatase activity. Standard substrates for detection are
nitroblue tetrazolium chloride, NBT, and 5-bromo-4-chloro-3-indolyl-phosphate, BCIP. BCIP
serves as a substrate for alkaline phosphatase and forms 5-bromo-4-chloro-3-indoxyl when
dephosphorylised. By spontaneously donating an electron to NBT, 5-bromo-4-chloro-3indoxyl is oxidised into a purple indigo-dye and NBT forms a diformazane upon reduction14 .
Reaction formulas are showed in Figure 5. Both dye precipitates are insoluble in aqueous
solutions and the resulting colour is dark blue to brownish. The time required for completion
of the colour reaction depends on the temperature as well as the concentration of target
sequence. For detection of single-copy genes in a tissue section the reaction has to proceed
over night. To save time the colour reaction may be performed at 37 °C.

Alkaline Phosphatase
BCIP
Soluble, colourless

Blue precipitate

NBT
Soluble, colourless

Blue precipitate

Figure 5. Reaction formula for the NBT/BCIP redox reaction14 .

Prior to detection non-specific antibody binding sites are saturated by blocking with milk
powder and fetal calf serum. Unspecific binding is minimised by diluting the antibodies in
blocking buffer and thorough post-incubation washing.

1.3

Immunohistochemistry

Immunohistochemistry is a method for localisation of protein. The technique can be used
either for the localisation of a certain antigen or to label a specific cell type in a tissue. The
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pivotal reagent common to all immunohistochemical techniques is the antibody. A primary
antibody specific to a certain epitope in the tissue is used in all imunohistochemical reactions.
Usually an enzyme-conjugated secondary antibody is added to detect the primary whereby the
enzyme is used to catalyse the conversion of a colourless chromogen into a coloured
precipitate. Further layers of antibodies can be used in order to enhance signal detection.
As with in situ hybridisation, immunohistochemistry requires careful fixation in order to
preserve both the antigen in its native state, and the tissue morphology. In addition, proper
fixation allows for the tissue to be more easily sectioned.
Polyclonal as well as monoclonal antibodies are employed in immunohistochemical labelling.
Polyclonal antibodies are produced by cells from different clones, and are as a consequence
immunochemically dissimilar; they react with various epitopes on the antigen against which
they are raised. Monoclonal antibodies are produced by identical clones of plasma cells.
Antibodies from a given cell are immunochemically identical and react with a specific epitope
on the antigen against which they are raised.
Issues of sensitivity and specificity are important considerations in any immunohistochemical
study. In this study antigen localisation is studied on cellular level, however localisation at a
subcellular level is achievable. In order to obtain specific detection signals, it is important to
titrate the antibody and to use the highest dilution that results in optimal specific staining with
the least amount of background. Furthermore, pH saline and molarity of buffers affect the
reaction between antibodies and antigens and other reagents. False negative staining might
occur due to limited penetration of antibodies. When immunohistochemistry is performed on
tissue sections thicker than 20 µm, antibodies will not penetrate the entire thickness of the
tissue and the deep layers will not be immunostained. Analysis of target expression on cellular
level should therefore be performed on thin sections, preferably 4-8 µm. A negative control
where the primary antibody is excluded should always be performed to ensure the specificity
of the secondary antibody.
Antibodies can be conjugated with an enzyme, such as alkaline phosphatase or horseradish
peroxidase, catalysing a redox reaction resulting in a coloured precipitate. Another
widespread method is to use secondary antibodies conjugated to a fluorescent marker
molecule such as rhodamine. The major drawbacks concerning fluorescent labelling is that the
signal fades and also that the signal can’t be studied together with the morphology. Multiple
fluorescent dyes can be successfully combined and used for studying several epitopes at the
same time.
Immunohistochemistry can successfully be combined with in situ hybridisation, whereby a lot
of valuable information can be generated.

1.4

Introduction to the genes analysed in this study

For the technical improvements of in situ hybridization using dig-labelled RNA probes, Cres,
a highly expressed gene with well-characterised expression pattern was used. Cres stands for
cystatin-related epididymal spermatogenic gene and is a member of the cystatine superfamily.
Most cystatines function as cysteine protease inhibitors, and they are expressed in a variety of
tissues. Cres is highly expressed in the testis and is thought to be involved in sperm
maturation17 .
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Chemokines are inflammatory cytokines, which are the proteins through which cells of the
immune defence system communicates. Intense research has focused on the chemokine
Fractalkine and its receptor in regulating CNS leukocyte migration in immuno-inflammatory
disorders. Fractalkine expression in the brain is primarily localised to neurons while the
receptor expression is localised to microglia. Fractalkine and the Fractalkine receptor was
used in this study because they have a well-characterised expression pattern, and also to study
the detection level of the method. The receptor is expressed at low levels and it is therefore a
valuable control for the detection level of the digoxigenin detection method.
Target N has been identified as a component in myelin that prevents axonal regeneration in
the adult CNS. It is therefore interesting when studying neurodegenerative disorders such as
Multiple Sclerosis, Parkinson’s and Altzheimer’s disease that will benefit of treatment
involving an axon-regenerative approach. In situ probes were designed in order to study the
expression of Target N and its receptor NR in rat spinal cord and brain. The overall
distribution of Target N in rats resembles that seen in humans. High expression levels are
observed in motor neurons and sensory neurons of rat spinal cord and brain.

2
2.1

MATERIAL AND METHODS
Chemicals and general procedure

2.1.1 Special equipment
All procedures, including tissue sectioning, probe preparation and in situ hybridisation, must
be carried out using RNase-free equipment and laboratory environment. Bench surfaces were
washed with RNaseZAP Wipes, and plastic wares with RNaseZAP, both from Ambion, UK,
followed by thoroughly rinsing with DEPC-treated water and finally with 70 % ethanol.
An RNase-free microtome is required for successful tissue sectioning. Favourably, 4-8 µm
thick sections are cut and attached to SuperFrost microscope glasses.
Probe preparation requires a PCR machine, a centrifuge for eppendorf tubes, and suitable
equipments for performing gel electrophoresis.
For in situ hybridisation a microwave oven with an adjustable temperature sensor is needed.
The hybridisation reaction should be performed in an RNase-free plastic box, bottom covered
with tissue soaked in a buffer of same salt and formamide concentration as the hybridisation
reaction itself. The box is placed in a hybridisation oven reaching at least 60 °C. In addition, a
water bath is needed for the post-hybridisation stringency washes.
When studying hybridisation signals a microscope is needed. The microscope should
preferably be connected to a camera and a picture analysis system.

2.1.2 Tissue sectioning
All tissue samples were fixed in formaldehyde and embedded in paraffin. All sectioning
procedures were carried out using RNase-free equipments and solutions. Testis and spinal
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cord tissue from MOG-EAE mouse was kindly sectioned in 4µm thick slices by Anne
Svensson. Normal rat brain was sectioned on a Leica RM 2165 set on 4µm. Mouse spinal
cord from the nerve avulsion model was sent to Histocenter, Gothenburg, Sweden for
microtome sectioning.

2.1.3 In situ hybridisation
Buffers:
20 x SSC (Sodium Saline Citrate) was purchased from SIGMA, Sweden
10 x PBS (Phosphate Buffered Saline) was from Life technologies Ltd, Scotland.
TN is a buffer containing 100 mM Tris pre-set crystals pH 7.4 from SIGMA, Sweden and 150
mM NaCl from MERCK, Germany
TNM is a buffer containing Trisma pre-set crystals pH 9.5 from SIGMA, Sweden, 100 mM
NaCl and 50 mM MgCl2 MERCK, Germany.
Chemicals:
Denhardt´s solution and tRNA were purchased from SIGMA, Sweden. Anti-Digoxigenin-AP
and Anti-digoxigenin-POD Fab fragments, Nitro blue tetrazolium chloride (NBT) and 5Bromo-4-Chloro-3-indolyl phosphate (BCIP) were all from Roche Diagnostics, Germany.
Milk powder for blocking was produced by Semper, Sweden. DAB+ Chromogen was from
DAKO, Denmark. Dextrane sulphate was from Amersham Pharmacia Biotech, Sweden.

2.1.4 Immunohistochemistry
Buffers:
PBS, as described for in situ hybridization, although not RNase-free
TBS, 50mM Tris pH7.5, 150mM NaCl and 0.05% Tween
Chemicals:
H2 O2 was purchased from MERCK, Germany and Tween(R)20 was from DAKO, Denmark.
Normal Goat Serum (NGS) came from Vector, USA. Bovine Serum Albumin was from
SIGMA, Sweden.
Antibodies:
Polyclonal Mage b4 antiserum, anti-rabbit FITC-conjugated antibody and anti-rabbit TRITCconjugated antibody were kind gifts from Katarina Nordqvist and Christina Österlund,
Department of Cell and Molecular Biology, Medical Nobel Institute, Karolinska Institutet.
Envision/HRP Rabbit/Mouse(ENV) and Monoclonal Anti-Glial Fibrillary Acidic Protein
(GFAP Clone G-A-5 was from SIGMA, Germany. Rabbit Anti-Sheep Immunoglobulins was
purchased from DAKO, Denmark.

2.1.5 RNA probes
Rat brain quick-clone cDNA and Advantage cDNA PCR Kit was purchased from Clonetech,
USA. cDNA generated by random primed RT PCR from rat brain and spinal cord was a kind
gift from Johanna Sjödin, Molecular Science AstraZeneca, Sweden. All PCR primers were
purchased from Interactiva, Germany. PCR reactions were purified using MicroSpin S-300
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HR Columns from Amersham Pharmacia Biotech, USA. Sequencing was performed using the
BigDye Terminator Cycle Sequencing Ready Reaction Kit from Perkin Elmer Biosystems,
USA and reactions were purified using DyeEx Spin Kit from QIAGEN, Germany.
Gel electrophoresis was performed using UltraPure Agarose from Life Technologies Ltd,
Scotland, and ethidium bromide from Amresco, USA. Bands from agarose gels were cut out
and purified using NucleoTrap Nucleic Acid Purification Kit, Clonetech, USA.
Fractalkine and Fractalkine receptor probes were also transcribed from plasmid constructs.
CU-plasmids purchased from Ambion Inc, UK, containing an insert of bases 130-953 of the
Fractalkine receptor sequences were isolated and purified using the High Speed Plasmid
Maxi Kit from QIAGEN, Germany. CU-plasmids containing bases 20-469 of the Fractalkine
sequence were kindly provided by Dan Sunnermark, Molecular Science AstraZeneca. Plasmid
constructs were linearised using the restriction enzymes EcoRI, BamHI and HindIII,
purchased from Promega, USA.
Labelling of all probes was performed using the DIG RNA Labeling Kit from Roche
diagnostics, Germany and T3 RNA polymerase Plus from Ambion Inc, UK.

2.2

Detailed procedure

2.2.1 RNA probes
In order to generate a template for in situ probes, primers for Cres were designed with a T7
promoter sequence (5´-TGATTAATACGACTCACTATAGGG-3´) attached to the 3´primer
for antisense templates and to the 5´for sense template followed by the specific primer
sequence. The specific sequence of the 5´primer was CAGTGTGTTTGGTTTGCC and the
3´primer sequence was CAGGTTGAACTCGCCATT. The complete tailed primers were 44
bases. The cDNA templates were transcribed using T7 polymerase and labeled with the DIG
RNA kit (Roche Molecular Biochemical, Mannheim). Both sense and antisense probes were
kindly provided by Virpi Töhönen, Department of Cell and Molecular Biology, The Medical
Nobel Institute, Karolinska Institutet.
Primers for Fractalkine and its receptor were designed by using nearest neighbour
thermodynamics18 . Melting temperature was allowed within the limits 57-63°C. Product size
was limited to 400-600 bp, primer size to18-27 bp with an optimum of 20 bases and the GC
content was limited to 30-70 %. Two pairs of primers were chosen for Fractalkine and one
pair for the Fractalkine receptor sequence, each of which were 20 bp. In addition a tag of 13
bases was added to each primer. The 5’primer tag contained the first 13 bases of the T3
polymerase-binding site and an Srf1 restriction site, the 3’primer tag contained the first 13
bases of the T7 polymerase- binding site and a Not1 restriction site. Restriction sites were
introduced so that the cDNA could be inserted into a plasmid if desired. In order to introduce
the entire polymerase- binding site a second round of PCR was performed using primers
tagged with the missing part of the respective site. A general idea when designing primers
was to minimise the use of uridine, since incorporation of labelled nucleotides in the initiation
of transcription might cause the polymerase to dissociate. All primer sequences are shown in
Table 1.
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Gene
Fractalkine
bp2356-2845
Fractalkine
bp1808-2289
Fractalkine receptor
bp692-1114
Promoter sequence

5´primer sequence

3´primer sequence

agggcccgggcaaGTGTACTTGCACAGCCCAGA

agggcggccgcaaCTGCTCCTCAGGCCTACAAC

agggcccgggcaaTTCCTCCCCAGACTTTGATG

agggcggccgcaaCCTCCCAGGGACTTGTCATA

agggcccgggcaaGCTTTTGCTACTTCCGCATC

agggcggccgcaaCCTCTCCCTCGCTTGTGTAG

TAATTAACCCTCACTAAAGGgcccgggcAA

ATAATACGACTCACTATAGGgcggccgcAA

Table 1 . Sequences for primers designed to amplify cDNA templates by the tagged PCR method for generation
of Fractalkine and Fractalkine receptor probes. Underlined letters indicate restriction site and small letters
indicates tag sequences.

Prior to transcription plasmids containing Fractalkine and Fractalkine receptor inserts were
cut by restriction enzymes according manufacturers advice. Choice of restriction enzyme for
linearisation and RNA polymerase for transcription is described in Table 2.
Plasmid
Fractalkine
Fractalkine receptor

Restriction enzyme
antisense
HindIII
EcoRI

Restriction
enzyme sense
EcoRI
BamHI

RNA polymerase
antisense
T7
T7

RNA polymerase
sense
SP6
T3

Table 2. Table indicating choice of restriction enzymes and polymerases for generation of Fractalkine and
Fractalkine receptor probes

PCR reactions were performed on a PCR Express (Hybaid limited, UK). Initial denaturation
was allowed for 1 min at 95 °C, followed by 32 cycles of 30 seconds of denaturation at 95 °C
and 3 minutes of synthesis at 68 °C. Fractalkine, Fractalkine receptor, Target N and NR were
amplified using Rat Brain QUICK clone cDNA as template. In-house spinal cord and brain
cDNA from mouse were also used for amplifying Fractalkine and Fractalkine receptor
sequences. Amplified sequences were purified with Micro Spin S-300 HR columns and the
purity of samples was determined by running a 1% agarose gel after each reaction.
Labelling of probes was performed using the DIG RNA Labeling Kit and T3 RNA
polymerase Plus according to manufacturers advice. Transcription termination was
investigated by running a 1 % agarose gel.
Leif Dahllund, Molecular Sciences AstraZeneca kindly produced 35 S-labelled Target N and
NR probes.
Fractalkine, Fractalkine receptor, Target N and NR cDNA were sequenced using ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit and a T7 primer according
to manufacturers advice prior to transcription. Samples were purified with DyeEx Spin
purification kit. Cybergene, Huddinge Sweden, performed sample electrophoresis. The length
and localisation of each probe is schematically viewed in Figure 6.
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Probe

Probe length

Start nt

End nt

Embl file

Fractalkine1
Fractalkine2
Fractalkine
receptor
Target N as
Target N s
Target NR as
Target NR s

489
481
422

2356
1808
692

2845
2289
1114

AF030358
AF030358
U04808

Bp substitution
after PCR
9
>>60
5

645
645
649
649

1991
1991
933
933

2636
2636
1582
1582

X
X
X
X

8
17
24
>>60

Fractalkine 1 and 2

AAAA

21

3044

1202
1808-2289

2356-2845

AAAA

Fractalkine receptor
63

692-1114

1132

1318

Target N
253

1991-2636

Target NR

AAAA
4684

3744

AAAA
178

933-1582 1599

1892

Figure 6. A schematic view on probe localisation on the mRNA strand, and quality evaluation of sequences.
Probes are indicated by dotted lines.

2.2.2 In situ hybridisation
Slides with tissue sections embedded in paraffin were deparaffinised in fresh xylene 2 x 5min
followed by 3 x 2 min incubation in 99.5 % EtOH, 2min in 70 % EtOH and 50 % EtOH and
finally washing in PBS 3 x 3min. Slides were placed in 10 mM sodium citrate buffer pH 6.0
and heated at 97 °C for 2 x 5min in a H2800 Microwave Processor (Energy Beam Sciences
Inc.). If tissue were to be subjected to immunostaining, slides were allowed to cool down to
room temperature before incubating in 5 x SSC for 15 min. Cooling down was not necessary
when only in situ hybridisation was performed. Digoxigenin-labelled RNA probes were
diluted in a hybridisation mix containing 0.50 mg/ml tRNA, 40 % formamide, 0.25 M NaCl, 8
mM Tris pH 8.0, 0.8 mM EDTA pH 8.0, 8 % dextrane sulfate and 1 x Denhardt’s solution.
Probe solution was added to the tissue sections, which were positioned in a moisture chamber
with the bottom covered by paper tissue soaked with a buffer containing the same formamide
and salt concentration as the hybridisation solution. Probe was allowed to hybridise over
night. Post-hybridisation stringency washes were performed in 2 x SSC and 0.1x SSC for 30
min each at 5 °C above hybridisation temperature followed by two additional washes in TN
buffer at room temperature. Prior to immunological detection tissue sections were blocked by
incubation in 2 % milk powder and 2 % fetal calf serum diluted in TN for 30 min at room
temperature. Anti-Digoxigenin-AP diluted 1:500 or Anti-Digoxigenin-POD Fab fragments
diluted 1:100 in blocking solution was added to tissue sections, which were incubated for 4560 min. When peroxidase-conjugated fragments were used, slides were incubated in 1 %
20

H2 O2 to quench endogenous peroxidase activity. Excess antibodies were washed off in TN
followed by 2 x 5 min washes in TNM. Alkaline phosphatase conjugated Fab fragments was
detected by incubating slides over night with a solution of 0.45 mg/ml Nitro blue tetrazolium
chloride (NBT) and 0.175 mg/ml 5-Bromo-4-Chloro-3-indolyl phosphate (BCIP) diluted in
TNM. Peroxidase-conjugated fragments were detected using 3-3´diaminobenzidine, DAB+
chromogen, according to manufacturers advice. Excess chromogenic agents were washed
away in 1 x PBS for 10 min. Slides were mounted in 20 % glycerol diluted in PBS.

2.2.3 Immunohistochemistry
Tissue sections were deparaffinised as described for in situ hybridisation, however solutions
were not RNase free. Following microwave treatment slides were allowed to slowly cool
down to room temperature, in order to allow epitopes to refold. Whenever horseradish
peroxidase was used for detection, endogenous peroxidase activity was quenched using 1 %
H2 O2 . Non-specific binding sites were blocked with normal goat serum diluted in a PBS
buffer with 0.05 % Tween and 1 % BSA. Tissue was then incubated with primary antibody
followed by 3 x 5min washes in TBS. Secondary antibodies were allowed to bind to its target
for 30 min before excess was washed off in TBS. DAB was used as a substrate for HRP, and
were allowed to react for 10-15 min. Counterstaining was performed in HTX for
approximately 30 sec. Sections stained with DAB were dehydrated in an alcohol gradient
from 50-100 % and finally rinsed in xylene and mounted in Pertex. Slides subjected to FITCantibodies were mounted in glycerol without dehydration.

3
3.1

RESULTS AND DISCUSSION
Technical improvements of in situ hybridisation using digoxigenin-labelled RNA
probe

3.1.1 Temperature titration
In order to find the optimal hybridisation temperature, a series of hybridisation reactions were
carried out using dig-labelled Cres probe. 4 µm mouse testis sections were incubated over
night at 45, 50, 55 and 60 °C respectively. Stringency washes were performed at 5 °C above
hybridisation temperature. Apart from the temperature differences the slides were treated
identically. The signal is slightly weaker when hybridising at 45 °C, as indicated in Figure 7a
compared to the higher temperatures Figure 7 b-d. This might be due to a spreading out of the
probe solution when applied to the slide. In order to make the probe accessible the
hybridisation volume should be kept as small as possible.
When the hybridisation temperature is too high, probe-mRNA hybrids are unstable and no
hybridisation occurs. If, on the other hand, the temperature is too low, mismatching sequences
are able to hybridise and the signal will be unspecific with a high background. There doesn’t
seem to be any significant difference in sensitivity or signal-to-noise-level between Figure.7ad.
Since the signal is just as high at the highest temperature it is preferable to perform
hybridisation at this temperature in order to get a specific signal, and also to minimise
background.

21

45 °C

50 °C

a

b

55 °C

60 °C

c

d

Figure 7. Comparison between hybridisation signal intensity. 2 µg dig-labelled Cres probe was added to
consecutive 4µm paraffin sections of mouse testis and hybridised at a, 45°C, b, 50°C, c, 55°C and d, 60°C.

3.1.2 Microwave Pretreatment
Tissue permeabilisation is essential for increasing the sensitivity of non-radioactive in situ
hybridisation. Therefore, the hybridisation signal obtained from pretreating tissue sections
with microwave oven heating was compared to that obtained from untreated sections. Prior to
hybridisation the tissue was incubated in 10 mM sodium citrate buffer, pH 6.0 in microwave
oven at 97 °C for two periods of 5 minutes. Control slides were kept in PBS meanwhile.
Sections were hybridised over night at 45° C with 0.4 µg Cres probe and post hybridisation
treatment was performed as described above. The results shown in Figure 8 indicate that
microwave pre-treatment for 2 x 5 min enabled the detection of a strong hybridisation signal
with very low background. The signal is significantly stronger than the signal in the untreated
control sections.
An important observation is that the intense hybridisation signal obtained after microwave
pretreatment was very uniform across the section. The signal amplification is not caused by
activation of endogenous phosphatases since no signal could be detected when hybridising
sense probe on microwave treated tissue, as indicated in Figure 8c. Neither was the
background increased. These results indicate that treating tissue sections with microwave
heating is a valuable method for increasing the hybridisation signal, thus enabling detection of
low copy mRNAs.
It is essential that the temperature not exceed 97 °C in order to prevent boiling. Boiling will
generate air bubbles that might cause unevenly distributed signals. It was found unnecessary
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to allow slides to cool down prior to detection (data not shown), unless sections were to be
subjected to complimentary immunohistochemical staining.
Antisense

Antisense

Sense

Non-treated

Treated

Treated

a

c

b

Figure 8 Comparison between hybridisation signal intensity in ( a) untreated and ( b, c) microwave treated 4 µm
mouse testis tissue sections. Slides were hybridised over night at 45 °C with (a, b) 0.4 µg dig-labelled antisense
Cresprobe and (c) 1 µg sense Cresprobe.

3.1.3 Signal amplification using EnVision+
The water-soluble dextran polymer conjugate EnVision+ was used to further amplify the
hybridisation signal from dig-labelled Cres probe on mouse testis tissue. Tissue sections were
subjected to Fab fragments from an anti-digoxigenin antibody from sheep, conjugated with
horse radish peroxidase. A rabbit-anti-sheep antibody was used as a link between the primary
antibody and EnVision+, which is made for rabbit or mouse. 3,3´-diaminobenzidine, DAB,
was used as a substrate for the peroxidase. EnVision+ is said to amplify the signal thousand
fold, therefore the primary antibody was diluted 1:1000 despite manufacturers advice (1:100).
As indicated in Figure 9, the hybridisation signal is completely lost when using 200ng diglabelled probe, POD-conjugated Fab fragments and DAB as a substrate for the enzyme. It has
been described19 that the combination of peroxidase and DAB reveals weaker signals than
does alkaline phosphatase and NBT/BCIP. This might be the reason why the signal is totally
lost. However, it is more likely that the anti-dig fragments do not bind to its epitope, since no
specific signal can be distinguished from the background in Figure 9b. The specificity of the
secondary antibody has not been investigated, and unspecific interactions might be the reason
why the background is increased when adding EnVision.
200ng dig-labelled Cres probe
No EnVision

50ng dig-labelled Cres probe
Envision

a

b

Figure 9. A comparison of hybridisation signal intensity when dig-labelled probe is detected by a, α-dig Fab
fragments conjugated with horse radish peroxidase b, α-dig Fab fragments conjugated with horse radish
peroxidase, a rabbit α-sheep antibody and EnVision+.
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This experiment should be optimised, using proper anti-digoxigenin-antibodies made from
mouse or rabbit, and EnVision with conjugated alkaline phosphatase.

3.1.4 Titration of probe concentration
When performing in situ hybridisation it is important to use a suitable probe concentration. If
the concentration is too low, the signal will be too low to detect. However, if the
concentration is too high, the tissue might get saturated and non-specific binding will occur.
Therefore a series of hybridisation reactions were performed using different amounts of diglabelled Cres probe. All slides were subjected to microwave treatment for 2 x 5 min at 97 °C
in 10 mM sodium citrate pH 6.0 and hybridised at 60 °C.
As indicated in Figure 10, the signal is stable over a wide range of concentrations. When
comparing Figure10a and Figure 10d, it is obvious that although the probe is diluted 125
times, the signal stays stable and specific. However, this may not be representative for other
genes and tissue samples. Cres is highly expressed in adult mouse testis17 , which makes it
easy to detect. The experiment does however show that background levels remain low despite
high probe concentration.
The sense control did not give rise to any signal (data not shown). Neither did controls where
probe was excluded. The detection system with alkaline phosphatase and NBT/BCIP does not
give rise to any unspecific signal.
2 µg probe

0.4 µg probe

a

b

0.08 µg probe

0.016 µg probe

c

d

Fig 11. Comparison between hybridisation signal intensity when using decreasing amount of probe. 4 µm
paraffin sections of mouse testis were hybridised over night at 60 °C using a, 2 µg, b, 0.4 µg, c, 0.08 µg and d,
0.016 µg dig-labelled cres- probe.
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3.1.5 Comparison of hybridisation signal using digoxigenin and radioactive labelling
In order to investigate whether any differences in hybridisation signals occurs between
radioactively and digoxigenin-labelled probes, an in situ hybridisation was performed using
probes for Target N and NR on rat spinal cord. Apart from labelling, probes were identical.
Leif Dahllund, Molecular Sciences AstraZeneca, performed the radioactive in situ
hybridisation reaction. 2 µg dig-labelled probe was added, and detected with AP-conjugated
anti-dig Fab fragments in combination with NBT and BCIP. Hybridisation reactions were
carried out over night at 60° C.
In order to allow for a proper comparison, consecutive 4 µm tick tissue sections were used. As
indicated in Figure 11, both methods generate a distinct signal. Even when at higher
magnification, no obvious differences in signal intensity or background levels are observed
(data not shown). The conclusion of this experiment is that dig and radioactively labelled
probes generates identical hybridisation signals.
The hybridisation reaction is identical for the two labelling methods, and takes 2 days.
Detection of dig-labelled probe requires an over night reaction with NBT/BCIP, so the overall
procedure takes 3 days. The radioactively labelled probe requires 1 night in a phosphoimager
followed by 5-6 days exposure on X-ray film. In order to get a signal on the slide itself, it has
to be subjected to emulsion for approximately 3 weeks. When comparing Figure 11a and 13a,
it is obvious that the amount of dig-labelled probe can be successfully decreased to at least
400 ng without loss of signal.
2µg dig-labelled TargetN
antisense probe

a

35

35

b

c

S-labelled TargetN antisense
probe (bright field)

S-labelled TargetN antisense
probe (dark field)

Figure 11. A comparison of hybridisation signal from a, 2 µg digoxigenin- and b,c, radioactively labelled
Target N probe. Picture b is taken using a bright field filter, whereas c is the same tissue section seen through a
dark field filter.

3.1.6 Combining In situ hybridisation with immunohistochemical staining
A set of reactions was performed to elucidate whether in situ hybridisation using digoxigeninlabelled Target N probe can be combined with immunohistochemical staining. Sections of rat
brain tissue were subjected to either in situ hybridisation with Target N probe, immunological
staining with the antibody GFAP or a combination of both. In situ and immunohistochemical
reactions were performed as described before using NBT/BCIP and DAB for respectively
colourometric detection. When combining the two methods, the hybridisation reaction was
performed first, without any changes in the original protocol, followed by blocking in H2 O2
and the NBT/BCIP reaction. Rather than mounting, slides were incubated with GFAP,
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followed by detection using EnVision+ and DAB. The primary GFAP antibody was titrated
and the dilution 1:800 was considered suitable for specific detection of astrocytes with low
background, Figure 12. In addition cell nucleus were stained by HTX. 0.4 µg dig-labelled
Target N probe or 1.5 µg NR probe was used.
GFAP 1:800 and HTX
counterstaining

0 GFAP, HTX counterstaining

a

b

GFAP 1:800, 400 ng dig-labelled
TargetN antisense probe

400 ng dig-labelled Target N
antisense probe

400 ng dig-labelled Target N
sense probe

c

d

e

GFAP 1:800, 400 ng dig-labelled
Target NR antisense probe

400 ng dig-labelled Target NR
antisense probe

400 ng dig-labelled Target NR
sense probe

f

g

h

Figure 12. Results form a study of combined immunohistochemical staining and in situ hybridisation. a, immuno
staining with GFAP diluted 1:800, EnVision+ and DAB, in addition nuclei are counterstained with HTX, b,
same procedure as in a with the primary GFAP excluded. c, Immuno staining as in a combined with in situ
hybridisation using 400 ng dig-labelled Target N antisense probe. d, In situ hybridisation using 400 ng diglabelled Target N antisense probe. e, In situ hybridisation using 400 ng dig-labelled Target N sense probe. f,
immuno staining as in a combined with in situ hybridisation using 1.5 µg dig-labelled NR antisense probe. g, In
situ hybridisation using 1.5 µg dig-labelled NR antisense probe. h, In situ hybridisation using 1.5 µg diglabelled NR sense probe. All hybridisation reactions were performed at 60 °C. Black arrows indicate astrocytes
stained with DAB.

The GFAP produces a strong specific staining of astrocytes as indicated in Figure 12a and b.
Also, the in situ hybridisation signal is specific for both Target N and NR as indicated in
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Figure 12 d,e and g,h, although the receptor signal is weak. Combining immuno staining and
in situ hybridisation decreases the signal levels of both methods, however it is still possible to
detect both dyes within the same area of the tissue. A slight tendency towards separation of
the staining in different areas of the tissue was noted, however this might be due to an uneven
spreading out of the DAB solution rather than a competition between the two dyes.
Combining immunological staining with in situ hybridisation proved to function well. The
method is suitable when studying genes with a rather high level of expression, since the signal
intensity decreases upon combined staining. When studying genes of lower expression level it
might be preferable to perform the different staining on consecutive tissue sections.

3.2

Study of Fractalkine and Fractalkine receptor expression

In order to study the Fractalkine and the Fractalkine receptor expression, antisense and sense
probes for two different regions on the Fractalkine sequence and one region on the
Fractalkine receptor sequence were generated using the tagged PCR method as described
above. Initially cDNA generated by random primed RT PCR from an mRNA pools of rat
spinal cord and brain was unsuccessfully used as templates. By using random primed RT PCR
a lot of ribosomal RNAs are reversed transcribed in addition to the expected mRNAs,
resulting in lower concentration of the mRNA of interest. Therefore neither Fractalkine nor
the Fractalkine receptor sequences were possible to amplify from these templates unless a
very high template cDNA concentration was used in the PCR reaction. When using higher
concentrated cDNA generated through polyA primed RT PCR, amplification was more
successful as indicated in Figure 13.
In order to exclude the possibility that the GC-rich restriction site on tagged probes does not
provide a site for non-specific binding, primers with complete T7 and T3 tails and no
restriction sites were used to amplify the same regions. Also, plasmid constructs were used as
template to generate sense and antisense probes directed towards different areas on the
Fractalkine and Fractalkine receptor sequences than the PCR generated probes.
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Figure 13 showing 1 % agarose gels with ethidium bromide staining. a, cDNA products of PCR reactions using
Fractalkine and Fracktalkine receptor primers (lane 1: 100 bp ladder, lane2: Fractalkine 1 and
lane3:Fractalkine receptor). b, shows results from the same experiment( lane 1: 100bp ladder, lane2: positive
control DNA, lane3: Fractalkine 2 (weak but present)). c, shows the results from the second round of PCR for
Fractalkine 1 and 2 (lane 2 and 3 respectively) and Fractalkine receptor (lane 4). d, shows the results from the
transcription reaction. Lane1: Marker, lane2 Fractalkine1 sense, lane3: Fractalkine1 antisense, lane4:
Fractalkine2 sense, lane5: Fractalkine2 antisense, lane6: Fractalkine receptor sense, lane 7: Fractalkine
receptor antisense, lane 8: Target N sense, lane 9: Target N antisense, lane 10: NR sense, lane 11: NR antisense.
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Fractalkine is known to be widely expressed in all kinds of neurons, whereas the Fractalkine
receptor mainly is expressed on microglia, and in significantly lower levels. As indicated in
Figure 14, a widespread Fractalkine in situ hybridisation signal was localised in the brain.
2.0µg Fractalkine1 antisense probe

2.0µg Fractalkine1 sense probe

a

b

0.4µg Fractalkine1 antisense
probe

0.4µg Fractalkine antisense
probe (higher magnification)

d

e

0.4µg Fractalkine1 sense probe

0.4µg Fractalkine1 sense probe
(higher magnification)

f

g

0.4µg Fractalkine receptor
antisense probe

h

2.0µg Fractalkine2 antisense probe

c

0.4µg Fractalkine receptor antisense
probe (higher magnification)

i

Figure 14. Photos showing the expression of Fractalkine and Fractalkine receptor expression in normal rat
brain. a and d-e Fractalkine1 2.0 and 0.4 µg dig-labelled antisense probe respectively. b and f-g Fractalkine1
2.0 and 0.4 µg dig-labelled sense probe respectively. c shows the expression of 2.0 µg dig-labelled Fractalkine2
antisense probe. h-i shows the Fractalkine receptor expression when 0.4 µg dig-labelled probe is used.
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Hybridisation was initially performed using 2 µg dig-labelled probe, Figure 14 a-c, which
resulted in extremely high antisense signals, however the sense probe generated signal as
well, although significantly lower. The signal specificity is further proved by the identical
hybridisation pattern generated by probes directed against different areas of the same
sequence, Figure 14c. In order to prevent over saturation and to reduce non-specific binding, a
different set of in situ hybridisation reactions was performed using 0.4 and 0.2 µg probe
respectively. The Fractalkine expression pattern was identical to the one observed at higher
probe concentration, although weaker, Figure 14 d-e, the non-specific sense signal was
significantly decreased, however a faint signal remains, Figure 14 f-g.
Unfortunately the Fractalkine receptor signal was completely lost when hybridising with 0.4
µg probe, due to too low expression, and not much can be said about its distribution, Figure
14 h. However, the equal amount of the Fractalkine receptor sense probe as the Fractalkine
probe did not give rise to any signal either, Figure 14 h, hence proving that the tagged PCR
method does not cause any non-specific signal.
The sense controls for Fractalkine should not give rise to any signals, however, inspecting
Figure 14, b, f, and g it is obvious that so is not the case. The signal in 14b might be due to
over saturation of the tissue. When adding less probe, as in Figure 14f and g, the sense signal
is significantly reduced. Labelled areas are densely populated with cells, and the higher
density might be a reason for the unspecific signal. When generating probes by transcribing
PCR templates there is a chance for loop-back transcription. Taq-polymerase sometimes adds
an extra adenosine to the 3´end of a DNA strand, causing blunt ends. The extension might act
as a template for the RNA polymerase in the transcription reaction, which thereby is allowed
to continue back on the complimentary strand. If this occurs for the antisense probe no
difference in hybridisation pattern will be observed since the probe just is provided with an
additional, non-hybridising sequence. For the sense control probe however, loop-back
transcription will result in a hybridising probe. When studying the transcription gels in Figure
13d, one can observe weak bands, longer than the original probe (see especially the
Fractalkine sense probe in lane 2). However, no other than the Fractalkine probes show this
behaviour, so the signal is more likely to result from unspecific hybridisation.
A slight difference in nuance exists between the photos, this effect results from difference in
camera settings, and is not observed by inspection in microscope.

3.3

Study of Target N expression

Probes for the Target N and NR were generated by the tailed PCR method using cDNA from
rat brain as template. T7 polymerase was used to generate both sense and antisense probes.
The results from the PCR reaction are shown in Figure 15 and the transcription reaction is
shown together with the Fractalkine probes in Figure 13.

1 2 3
4
Figure 15. Lane 1:Target N antisense, lane 2: NR antisense, lane 3: Target N sense, lane4: NR sense.
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Three different tissue samples were used to study the expression of Target N and NR; spinal
cord with nerve root injury induced inflammation, spinal cord with a neurantigen-induced
inflammation similar to that of Multiple Sclerosis, and normal rat brain.
Spinal ventral root avulsion leads to an inflammatory response around lesioned motoneurons
and the subsequent degeneration of a large portion of the neurons. Target N expression was
studied and the injured side was compared to the unaffected. As indicated in Figure 16, Target
N is highly expressed in both sensory neurons and motoneurons. A hybridisation signal was
also detected in glial cells. A number of disordered neurons were identified by their dislocated
nucleus. Particularly strong expression was detected in the ventral half of the spinal cord. It is
difficult to see any difference in signal intensity or number of large motoneurons between the
injured and unaffected sides. The Target N receptor however, proves a higher expression in
large lateral motoneurons on the injured side as showed in Figure 16d. There doesn’t seem to
be any differences in medial neurons. The receptor, as Target N, is expressed in both sensory
and motorneurons, although the hybridisation signals are much weaker from the receptor,
indicating a lower level of expression.
The expression of Target N in spinal cord tissue with neurantigen-induced inflammation
resembles that from nerve root injury induced inflammation tissue, Figure 16 g-i.
Hybridisation signals are detected in the same cell types, and at approximately the same
levels. Contrary to the nerve root injury spinal cord, the Target N receptor does not present
any differences in the signal strength between the ventral and dorsal side of the spinal cord.

400 ng TargetN antisense probe
VNRI

Injured side, magnified

Unaffected side, magnified

b.

c.

400 ng Target NR antisense probe
VNRI

Injured side, magnified

Unaffected side, magnified

d.

e.

f.

a.
a
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400 ng
TargetN
antisense
NI

Upper square magnified

Lower square, magnified

g.

h.

i.

400 ng
TargetNR
antisense
NI

Upper square, magnified

Lower square, magnified

j.

k.

l.

m.
Figure 16, showing the expression of Target N and TargetN expression in different tissues. a-f shows the
expression pattern in ventral nerve root injured rat spinal cord (VNRI). g-l shows the pattern in rat spinal cord
tissue with neurantigen-induced inflammation (NI). a-c and g-i, 400 ng dig-labelled Target N antisense probe at
different magnifications. d-f and j-l 1.0 µg dig-labelled Target N receptor antisense probe. m shows a Target N
sense control, 400 ng.

The conclusion of these experiments is that the expression of Target N is high and
homogenously spread in neurons of tissue subjected to inflammation. The Target N receptor
proves an increased level of expression in the nerve avulsion model. Since the nerve is torn,
there is no way to increase the Target N concentration, and the cells compensate that by up
regulating the receptor.
The expression of Target N and Target N receptor in rat brain is mainly located to large
neurons. The level of expression seems to be much lower in brain compared to spinal cord;
especially the receptor proves low hybridisation signals, se Figure 12 for details.
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3.4

Concluding remarks

Through a number of in situ hybridisation reactions with dig-labelled Cres probe on mouse
testis tissue sections, the sensitivity of the original hybridisation protocol was significantly
increased. Probes can be thoroughly labelled by adding digoxigenin-labelled UTP to the
transcription reaction. Dig does not interfere with the hybridisation reaction and can be
specifically recognised by anti-digoxigenin- antibodies. Specificity is ensured since
digoxigenin occurs exclusively in Digitalis plants. None of the tissue treatments activates
endogenous phosphatases that interfere with the detection system, and therefore the use of
NBT/BCIP as substrates for alkaline phosphatase compose a specific, sensitive detection
system. Microwave treatment of the tissue prior to hybridisation increased the signal
considerably by allowing for better probe penetration into the tissue. It also appeared that the
in situ hybridisation signal from the Cres-probe is stable over a wide range of concentrations.
When comparing hybridisation signals from dig- and 35 S-labelled TargetN and NR probes, the
intensity is identical. None of the labelling methods gives rise to background staining or
unspecific hybridisation. The overall hybridisation and detection procedure takes 3 days when
using digoxigenin-labelled probes. Radioactive labelling methods requires, apart from 2 days
hybridisation, one night on a phophoimager, 5-6 days X-ray film exposure and at least 2-3
weeks in liquid emulsion. Another major advantage with using non-radioactive labelling is
that health and environmental concerns regarding handling of radioactive material is avoided.
Handling of radioactive material is not only inconvenient, but also costly.
When studying high or medium expressed genes, digoxigenin-labelling generates
hybridisation signals of the same intensity as radioactive labelling methods. For low-copy
transcripts, dig detection can be insufficient, and isotopes might be preferable. However,
expanding the dig-detection method and using multiple layers of antibodies can amplify the
signal. EnVision is a molecule with potential, although the signal amplification experiment in
this study failed. Optimising the detection can significantly increase the sensitivity, thus
making digoxigenin a valuable tool for the detection of even very low expressed genes.
Target N and Target N receptor are expressed at high levels in rat spinal cord, and at
somewhat lower levels in the brain. The level of Target N doesn’t seem to be affected by
nerve root injury whereas the receptor tends to be slightly upregulated. In neurantigeninduced inflammation both Target N and its receptor is evenly expressed at high levels.
Fractalkine and Fractalkine receptor expression is widely spread throughout the brain in
neuronal cells. In the Fractalkine experiment a signal was detected when hybridising with
high concentration sense probe. This is probably due to over saturation of the tissue in
combination with a higher than average density in stained areas.
Generating RNA probes by PCR rather than from plasmid construct has several advantages.
First, it saves time. By the tailed PCR method, probes can be generated on one day. The
tagged PCR method requires two rounds of PCR and probes can be generated either in one
very long day or, preferably, two days. Insertion of a cDNA into a plasmid requires, apart
from the time it takes to generate the cDNA, time for introducing the plasmid into cells,
generation of a single cell colony, over night cultivation, cell harvesting, plasmid purification
and linearisation. The tagged PCR method proved to be the most suitable, since both sense
and antisense probes could be transcribed from the same template, ensuring the same
sequence quality. The non-complimentary tags did not interfere with the PCR reaction.
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I believe that in situ hybridisation with digoxigenin labelled RNA probe is a valuable
complement to radioactive labelling methods. The sensitivity of the method has proved
sufficient to detect several modest expressed genes, although not enough to detect genes of
very low expression levels, such as the Fractalkine receptor. Although the signal
amplification experiment with EnVision failed in this study, the method has potential if
proper antibodies are used and the enzyme substrate is further optimised.
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