
Formalin fixation 
gives more 
resistance to 
cells, but nucleic 
acids become 
fragile
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formalin-fixed material. How important is this creation 
of a “three-dimensional ionic bond, hydrogen bond net-
work” to the success of in situ hybridization? The answer 
is critical. Indeed, as alluded to previously, and as we will 
learn when we discuss the topic, the primary reason that 

LNA probes are so effective for in situ hybridization is 
that they cannot move in three-dimensional space (also 
referred to as “breathing”), because the probe is “locked” 
rigidly into shape when it attaches to its target sequence. 
It is the same with formalin-fixed cells.

Nucleus

FIXED CELL

FORMALIN ADDED

Consequences:

1) Extensive Protein to Protein cross-links

2) Inactivation of RNase, DNase, Protease

3) Extensive Protein to DNA + RNA cross-links

Protein

Cytoplasm

RNA

Nucleus

UNFIXED CELL

Protein

Cytoplasm

RNA

A

B

Figure 3-4 Schematic diagram of some of the effects on macromolecules of formalin fixation. Formalin fixation, via its ability to cross-
link the macromolecules of the cell, will strengthen the integrity of the cell such that it can usually resist the high temperatures and other 
conditions of in situ hybridization and immunohistochemistry. Further, the degradative enzymes of the cell will become inactive due to the 
extensive cross-linking of their active sites.

In Situ Molecular Pathology and Co-Expression Analyses
Gerard J. Nuovo



The longer is 
fixation the 
higher is number 
of crosslinks
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The cells in formalin-fixed, paraffin-embedded tissues 
have two gatekeepers to the entry of reagents in and out 
of the cell:

1. Pore size.
2. A complex three-dimensional cage of ionic and 

hydrogen-bonding potential. To be complete, we 
should also add hydrophobic and hydrophilic poten-
tial to the forces of this three-dimensional cross-
linked protein cage that can affect the movement and 
retention of the reagents we use when we do in situ 
hybridization or immunohistochemistry.

This is the key point of the three-dimensional mac-
romolecule cross-linked network: the movement of the 
molecules we use with in situ hybridization (probes, anti-
bodies such as antidigoxigenin conjugate, proteins such 

as streptavidin conjugate, reporter enzymes) will all, by 
definition, be strongly influenced by the specifics of the 
pore size and how “active” the R chains of amino acids 
are in terms of their ionic or hydrogen potential.

Although we cannot actually look inside the cell dur-
ing in situ hybridization or immunohistochemistry and 
see which of these forces are predominating in any given 
experiment, we can do some simple experiments that 
can give us some important insight into these different 
biochemical-related aspects of in situ hybridization. It is 
my contention that a solid understanding and awareness 
of these key biochemical points will allow you to achieve 
success routinely with in situ hybridization or immuno-
histochemistry and, as a corollary, know how to adjust 
the experimental conditions when in situ hybridiza-
tion or immunohistochemistry does not work optimally. 

Many cross-links
Small pore size

AA=Amino acids

Relative pore size

Few cross-links
Large pore size

Relative pore size

AA=Amino acids

A

B

Figure 3-5 Biochemical consequences of formalin fixation of cells relevant to in situ hybridization and immunohistochemistry: pore 
size. The concept of pore size is important in the living cell. For example, the protein albumin plays a key role in maintaining the blood 
volume because it is too large to pass through the pore sizes of the cells (called podocytes) that are the gatekeepers of molecular 
passage into the urine via the glomeruli. However, in a disease called the nephrotic syndrome, the pore size increases due to structural 
damage to the podocyte’s “foot processes,” and albumin pours out and is lost in the urine. Pore size, thus, is also important in the cells of 
formalin-fixed, paraffin-embedded tissues. This graphic representation suggests that pore size around targets may decrease in size with 
prolonged formalin fixation, due to the greater number of cross-linked molecules per unit volume around the target of interest.In Situ Molecular Pathology and Co-Expression Analyses

Gerard J. Nuovo



• The “cages” would represent 
the different protein density 
that surrounds any DNA, 
RNA, or protein epitope in 
the living state after variable 
cross-linking with formalin.

• This explain the marked 
differences in optimal 
pretreatment conditions for 
different targets in the same 
cell. It is to hypothesize that 
they are surrounded by 
variably sized “cages.”

THE BASICS OF IN SITU HYBRIDIZATION 4
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PROBE TYPE (GENOMIC PROBE VERSUS 
OLIGOPROBE VERSUS LNA PROBE)
In the 1990s and the first decade of the 2000s, most peo-
ple who did in situ hybridization made their own probes. 
This necessitated cloning the DNA or RNA (cDNA) 
sequence of interest, growing it in a plasmid so as to get 
many micrograms of the cloned DNA, purifying it, then 
labeling the DNA with a reporter nucleotide, and puri-
fying it again. It was very important to clone fragments 
that were at least 100 nucleotides in size. Indeed, techni-
cians typically tried to clone fragments of at least 1000 
nucleotides in size. The reason was that these large DNA 
or cDNA sequences were optimal for labeling probes 
with either one of the two standard methods: nick trans-
lation or random primers. Nick translation works much 
the same way the primer independent signal works with 
in situ PCR: DNase digestion creates small “nicks” via 
breakage of some phosphodiester bonds (also created by 
the high temperatures of embedding with formalin-fixed, 

paraffin-embedded tissues) that a DNA polymerase will 
“see” and “repair.” The DNA polymerase does the repair 
by using its own endonuclease activity to “cut away” one 
of the DNA strands at the nick, and then uses the remain-
ing single strand as a template to make the new DNA. 
Random primer labeling of a probe works in a process at 
least tangentially related to PCR. A large array of “prim-
ers,” each approximately 6 base pairs long, is added to 
denatured DNA. The sheer numbers of primers allows 
for some hybridization to the target, which then induces 
the polymerase to make double-stranded DNA using the 
target sequence as the template. With each process (ran-
dom primers and nick translation), you add a reporter 
nucleotide to the reagents (usually digoxigenin dUTP or 
biotin- dUTP), which then serves as the label in the newly 
synthesized probe. On average, about 1 labeled nucleo-
tide is included with every 20 nucleotides that are added 
to the growing DNA molecule.

Although I may be making this process sound like 
ancient history, nowadays it is unusual to clone the target 

Nucleus

Cytoplasm

miRNA

DNA

VARIABLE SIZED CAGES FOR DIFFERENT TARGETS IN THE SAME CELL

Figure 4-26 Graphic representation that variably sized cages may surround different RNA, DNA, and epitope targets in a given tissue. 
This figure represents the artist’s representation that one way to explain the marked differences in optimal pretreatment conditions for 
different targets in the same cell is to hypothesize that they are surrounded by variably sized “cages.” These “cages” would represent the 
different protein density that surrounds any DNA, RNA, or protein epitope in the living state after variable cross-linking with formalin.
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For about 20 years I had saved paraffin ribbons of CIN 
1 lesions in Eppendorf tubes (yes, it’s true; pathologists 
tend to save materials for a long time!). The reason was 
so that I could see the effect of paraffin block storage on 
the integrity of the HPV DNA. I also had the original 
paraffin blocks. Thus, it was simple to obtain additional 
paraffin ribbons from these blocks for HPV DNA extrac-
tion. I prepared an additional hematoxylin and eosin 
stain after obtaining the paraffin ribbon to make sure that 
the CIN 1 lesion was still present. Recall that we would 
predict that the HPV DNA signal after DNA extraction 
should be greater for the paraffin ribbon cut in 2012 from 
these aged blocks compared to the ribbon obtained about 
20 years ago when the biopsy was first obtained. This, of 
course, assumes that the reduction of signal with in situ 
hybridization is due to the HPV degradation over time. 
I also got some paraffin ribbons of CIN 1 lesions from 
biopsies that were obtained within the past year, as the 
positive control. The HPV DNA was extracted from each 

lesion and analyzed in a blinded fashion with the hybrid 
capture method. Let’s review the two possibilities:

Hypothesis 1: The reduced HPV DNA signal with in 
situ hybridization over time is due to the degradation 
of the HPV DNA in the aged blocks.

Hypothesis 2: The reduced HPV DNA signal with in situ 
hybridization is not due to the degradation of the HPV 
DNA in the aged blocks, but rather due to degradation 
of the protein “cage” surrounding the HPV DNA.

The data are presented in Table 3-6. It is dramatic. 
There is a marked degeneration of HPV DNA over time 
in the aged formalin-fixed, paraffin-embedded tissues. 
Again, the degradation is such that most of the HPV 
DNA has been degraded from its original 8000 base pairs 
size to <250 base pairs in size. However, two observations 
suggest that hypothesis #2 above is the explanation for the 
concomitant reduction in the in situ hybridization signal:

One: The amount of HPV degradation is the same for 
the paraffin ribbons cut about 20 years ago as com-
pared to the paraffin ribbons from the same block pre-
pared just before the extraction. This despite the data 
that show that the HPV in situ hybridization signal is 
much stronger for the latter.
Two: Despite the marked degradation of the HPV 
DNA as measured by hybrid capture, there are still 
aged blocks in which we can generate a good HPV in 
situ hybridization signal, albeit nowhere as consistently 
as with CIN 1 lesions obtained in 2011 or 2012.

Let’s now move to a series of experiments to further 
test hypothesis #2.

1,000 bp

1. Degradation of DNA and RNA molecules 2. Degradation of the three-dimensional protein/protein cross-link skeleton

2012

2002

A) Increased pore size

B) Increased “breathability” of macromolecules

C) Decreased ionic and hydrogen bond potential

COMBINED EFFECT–DECREASED SIGNAL

Figure 3-25 Theoretical construct to explain the reduction of the HPV in situ hybridization signal over time in aged blocks. This graph 
attempts to explain the data presented in Tables 3-1 through 3-9 in this chapter by stressing that it is the degradation of the three-
dimensional protein cross-linked cage that is the key event in the reduced signal over time.

Table 3-6 Hybrid capture analysis

Age of block Signal*  
(mean)

SE p value

10–21 yrs old  
(ribbons >10 yrs old)

190.5 108.1

10–21 yrs old  
(ribbons made in 2012)

211.5 122.4 No  
difference

1–2 yrs old 13,341.0 436.1 <0.001

*Values are RLU (Digene test) n = 4 for each group

In Situ Molecular Pathology and Co-Expression Analyses
Gerard J. Nuovo



In situ hybridization-ISH

Reaction between 2 single-strand 
nucleic acid sequences 
complementary to each other Þ
interaction: H bonds

FISH: highlights specific sites on 
nuclei or chromosomes by using 
fluorescent probes.ISH: for 
cytoplasmic RNA used the first 
time to detect viral sequences in 
infected tissues.

Used the first time 
for the detection of 
DNA sequences or 
amplified genes (RNA) 
in cellular nuclei.

Detection of Hybrids 
in tissue sections or 
cells Þ morphology 



FISH 
CISH
SISH

SISH for HER 2 gene in breast K



From Novocastra laboratories Ltd product catalogue 1997



In situ Hybridization 
(non radioactive)

Direct Method Indirect Method

In the direct method, the
detectable molecule
(reporter) is bound directly to
the nucleic acid probe so that
probe-target hybrids can be
visualized under a micro-
scope immediately after the
hybridization reaction.

Indirect procedures require
the probe to contain a
reporter molecule, introduced
chemically or enzymatically,
that can be detected by
affinity cytochemistry. One of
the most popular is the biotin-
streptavidin system and the
Digoxigenin



GENERAL OUTLINES

ü Preparation of slides and fixation of material
ü Pretreatments of material on slides, (e.g.,

permeabilization of cells and tissues )
ü Denaturation of in situ target DNA (not necessary for

mRNA target)
ü Preparation of probe
ü In situ hybridization
ü Posthybridization washes
ü Immunocytochemistry
ü Microscopy



IBRIDAZIONE in situ

ü SLIDE PREPARTAION: Dewaxing and rehydration in EtOH

ü Permeabilization: Incubate the sections with a Proteinase K solution

(100 mM Tris, pH 7.5; 50mM EDTA; 2 μg/ml Proteinase K) for 30 min at

37°C. The activity of proteinase K can be blocked by slide immersion in

a Glycine solution 0.1M in PBS

üPost-Fixation of nucleic acids: para-formaldehyde 4% 3’. Rinse with

PBS 2x to eliminate PFA (crosslinking fixative).

ü Acetilation: tri-ethanolamine 0.1M acetic anidride 0.25%, 10’ wash with

ddH2O and dry @ 37°C. Acetilation is facultative an is used to

decrease background (OH block).

üProbe resuspension in buffer 10–50 μg/ml.

üPrepare hybridization solution containing:

In situ Hybridization



ü50% deionized formamide, dextran sulfate, 5x Denhart’s sol, salmon

sperm DNA denaturato 100 µg/ml di soluz, SDS 2%.

üHybridization: Cover each section with 250–500 μl of hybridization

mixture (depending on the size of the section) and incubate in a

humidified box at 42°C overnight (T can vaty depending on the probe).

üWashing: After hybridization, wash the slides as follows:

5 min at room temperature with 3xSSC.

5 min at room temperature with NTE (500 mM NaCl, 10 mM Tris-HCl,

1mM EDTA;pH 7.5).

In situ Hybridization



For RNA probes-

To remove unhybridized single-stranded RNA probe, put slides into a

humidified box and cover each section with 500 μl of NTE buffer

containing 50 μg/ ml RNase A. Incubate for 30 min at 37°C.

After RNase treatment, wash the slides 3 x 5 min at room temperature

with NTE.

To remove nonspecifically hybridized probe, wash the slides as follows:

30 min at room temperature with 2xSSC.

1 h at 57°C with 0.1xSSC.

PROCEED WITH DIG DETECTION

In situ Hybridization



ü Incubate the slides first with blocking solution, then with blocking

solution containing 1.25 units/ml of alkaline phosphatase-conjugated

anti-DIG Fab fragments 2h a RT

ü After the antibody incubation, wash the slides to remove unbound

antibody

ü Prepare the BCIP-NBT-PVA color development solution

üplace the slides in 30 ml of BCIP-N BTP-VA color development

ü Incubate the slides in the color development solution

ü Monitor color formation visually.

üWhen the color on each slide is optimal, stop the color reaction by

washing theslide 3 x 5 min in distilled water.

ü Dehydrate the sections and mount them for microscopy

In situ Hybridization



Advantages:
•Detection of expression in 
heterogeneous systems
•Morphology

Disadvantages:
•Time consuming
•Low swnsitivity
•Limited quantitative analysis

In situ Hybridization
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1. High affinity RNA
2. Ribose ring is “locked” in the ideal

conformation for Watson–Crick
binding.

3. As a result, LNA™ oligonucleotides
exhibit thermal stability when
hybridized to a complementary
DNA or RNA strand.

4. For each incorporated LNA
monomer, the melting temperature
(Tm) of the duplex increases by
2°C–8°C (Figure A-2).

5. LNA oligonucleotides can be made
shorter
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Appendix 1: Locked Nucleic Acids—Properties and 
Applications
Peter Mouritzen, Jesper Wengel, Niels Tolstrup, Søren Morgentaler Echwald, Johan Wahlin,  
and Ina K. Dahlsveen
Exiqon A/S, Skelstedet 16, 2950 Vedbæk, Denmark

duplexes retain the features common for native nucleic 
acid duplexes, i.e., usual Watson–Crick base pairing, 
nucleobases in the anti-orientation, base stacking, and a 
right-handed helical conformation. Importantly, LNA 
monomers conformationally tune the flanking mono-
mers, especially the 3´-flanking monomer, to adopt an 
N-type furanose conformation [3].

LNA™ Improves Hybridization to DNA and RNA
The most important feature of LNA is the unprecedented 
hybridization to complementary nucleic acids. The intro-
duction of one or more LNA monomers increases duplex 
stability for both complementary RNA and DNA. The 
affinity-enhancing effect of incorporation of LNA™ is 
demonstrated by an increase in the duplex melting tem-
perature (Tm) per LNA monomer, and this effect is gen-
erally more pronounced against complementary RNA 
than against complementary DNA (normally from +3°C 
to +7°C against RNA and from +2°C to +5°C against 

INTRODUCTION TO LOCKED NUCLEIC ACIDS 
(LNA™)
What Is LNA™?

Nucleic acid duplexes fall into two major conforma-
tional types, the A-type and the B-type, which are dic-
tated by the puckering of the single nucleotides, namely 
a C3´-endo (N-type) conformation in the A-type and a 
C2´-endo (S-type) conformation in the B-type (Figure 
A-1) [1]. The A-type is adopted by RNA when dsRNA 
duplex regions are found, whereas the dsDNA in the 
genome adopts a B-type. RNA duplexes have a higher 
binding affinity than DNA duplexes due to the difference 
in conformation. Restricting nucleotides to the N-type 
conformation can therefore increase the affinity of bind-
ing to DNA and RNA by generating highly stable A-type 
duplexes.

Locked nucleic acids (LNA™) are nucleotides in which 
the O2´ and the C4´ atoms are linked by a methylene 
group, thereby introducing a conformational lock of the 
molecule into a near perfect N-type conformation. A 
major structural characteristic of LNA is its close resem-
blance to the natural nucleic acids [2]. In addition, LNA 
shares many physical properties with DNA and RNA, 
including water solubility, which means that LNA oligo-
nucleotides can be used in many standard experimental 
applications. Furthermore, LNA-containing oligonucleo-
tides are synthesized by conventional phosphoramidite 
chemistry, allowing automated synthesis of fully modified 
LNA-sequences, as well as chimeras with DNA, RNA, 
modified monomers, or labels.

LNA oligonucleotides are usually defined as sequences 
containing one or more of the 2´-O,4´-C-methylene-β-
D-ribofuranosyl nucleosides called LNA monomers 
(Figure A-1). A number of LNA:RNA and LNA:DNA 
hybrids have been structurally characterized by NMR 
spectroscopy and X-ray crystallography. In general, the 

Figure A-1 Structure and conformations of nucleotides (A) 
and the effect of LNA™ on melting temperature of duplexes (B).
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Probe

Perfect match
3′-acgaccac-5′

Single mismatch
3′-acggccac-5′

∆ Tm

DNA 8-mer
5′-tgctggtg-3′

Tm = 35º C Tm = 25º C 10º C

LNA™ 8-mer
5′-TGCTGGTG-3′

Tm = 71º C Tm = 45º C 26º C

Locked nucleic acids (LNA™) are a class of high-affinity RNA 
analogues in which the ribose ring is “locked” in the ideal con-
formation for Watson–Crick binding (Figure A-1). As a result, 
LNA™ oligonucleotides exhibit unprecedented thermal stability 
when hybridized to a complementary DNA or RNA strand. For 
each incorporated LNA monomer, the melting temperature (Tm) 
of the duplex increases by 2°C–8°C (Figure A-2). In addition, 
LNA™ oligonucleotides can be made shorter than traditional 
DNA or RNA oligonucleotides and still retain a high Tm. This is 
important when the oligonucleotide is used to detect small or 
highly similar targets.

From: G.J. Nuovo (Eds) In Situ Molecular Pathology and
Co-expression analyses (2013)
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ü Morphology
ü Sensitivity
ü miRs have high degree of similarity between the sequences.

Some micro- RNA family members vary by a single nucleotide.
ü Use LNA-enhanced oligonucleotides.
ü The use of LNA™ in probes enables highly sensitive detection

and analysis of the short miRNA sequences, but also mRNA.
ü The use of LNA probe allows a better control of Tm even in AT

rich sequences and for short stretches (miR)

The in situ hybridization protocol includes a number of steps,
which are critical to optimize. The proteinase-K treatment step is
critical since fixation of tissues may vary extensively. After analyz-
ing different tissues from human and mouse, we generally use the
ranges presented in Table 2. The extent of proteinase-K treatment
is determined by the proteinase-K concentration, the incubation
temperature and duration. We most often maintain a fixed incuba-
tion temperature and duration, and only adjust the proteinase-K
concentration. Generally, mouse tissue from animals perfusion
fixed with PFA must be treated with a 10-fold lower Proteinase-K
concentration (see also below). Over-digestion is evident when tis-
sue detaches, nuclei are damaged and the tissue structure is sparse.

The hybridization temperature is another critical parameter in
the in situ hybridization protocol. The highest possible hybridiza-
tion temperature should be used to minimize potential cross-
hybridization with highly similar complementary sequences. For
LNA probes with melting temperatures (Tm) ranging from 80 to
90 !C towards their RNA target (Table 1), we have found that a
hybridization temperature at approximately 30 !C below the mea-
sured Tm provides a fairly high signal-to-noise using the Exiqon ISH
buffer. Thus, hybridization of most miRCURY™ LNA detection
probes can be performed in the range of 50–60 !C.

Positive signal with the U6 probe is not sufficient to identify the
optimal conditions for miRNA in situ hybridization. Two parame-
ters are needed to be optimized for the individual miRNA probes
and tissue combinations: the extent of proteinase-K digestion
and the hybridization temperature. In order to control the perfor-
mance of the in situ hybridization reaction we found it crucial to
identify some miRNAs with a cell-specific origin. miR-126 is possi-
bly confined to and widely expressed in endothelial cells in vivo
and therefore attractive as a positive control miRNA for any tissue.
We have observed miR-126 in endothelial cells in human breast
(Fig. 2), colon, lung and kidney cancers, in normal human colon,
and in a variety of normal murine tissues. A general and widely ex-
pressed miRNA, like miR-126, can therefore be considered an
important control for optimizing the proteinase-K parameter in
the set-up and identifying optimal conditions in a given material.

For mRNA in situ hybridization, two probes covering non-over-
lapping parts of the mRNA are used as well-recognized supporting
controls [16]. Also, parallel detection of the protein encoded by the
mRNA provides strong evidence in the specificity analysis for
mRNA in situ hybridization [17]. As a negative control for mRNA
in situ hybridization, the sense probe (obtained, for example by
in vitro transcription) is generally used for the specificity analysis
[16]. For miRNA in situ hybridization such controls are not directly

applicable. The short length of the miRNA (limited to 22 nt) is un-
likely to allow for two specific non-overlapping probes. Also, the
presence of pre-miRNA may allow hybridization of a sense probe
to the miRNA complementary ‘‘star” sequence. Therefore, the spec-
ificity analysis for miRNA in situ hybridization requires alternative
approaches.

A generic sequence with no significant similarity to any known
human, mouse or rat miRNA sequence is often used as a negative
control (for example the Scramble-miR LNA probe, Exiqon). How-
ever, the Scramble-miR probe will only count as a negative control
for non-specific binding to tissue compartments and cross-hybrid-
ization allowed at too low stringency. Also, the U6 probe will only
count as a positive control for the in situ hybridization assay itself
(not for the detection of miRNA which are usually less abundant
than U6). We have found that pre-incubating or mix-incubating a
non-labeled but identical LNA probe almost fully prevents binding
of the double-DIG-labeled probe (Fig. 3). An alternative LNA spik-
ing pattern in a probe with reduced sequence length can be used
as a positive control (Fig. 4). However, these attempts only confirm
that the miRNA probe binds the particular target sequence and

Fig. 2. Typical presentation of miRNA localization control together with positive and negative controls. In situ hybridization was performed on consecutive sections from an
FFPE tissue sample with human breast cancer. Typical miR-126 ISH signal in endothelial cells, no signal with scramble-miR probe, and overall nuclear staining with U6 snRNA
probe. Bar = 50 lm.

Fig. 3. Specificity analysis using competition with unlabeled LNA probe. In situ
hybridization was performed on two consecutive sections from an FFPE tissue
sample with normal human colon. The miR-126 signal is seen in endothelial cell of
vessels (V). Pre-incubating excess amount (80 nm) of unlabeled (unl) LNA probe for
miR-126 prevents binding of the double-DIG-labeled miR-126 probe (40 nM).
Bar = 45 lm.
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Product description 

In situ hybridization (ISH) is a powerful technique and the most common method 
for visualizing gene expression and localization in specific tissue and cell types. 
The technology is far from trivial and is often a very time-consuming and difficult 
procedure requiring many steps of protocol optimizing to achieve satisfactory ISH 
results. Detection of microRNA by conventional ISH analysis is no exception. 

The miRCURY LNA™ microRNA ISH Optimization kit (FFPE) offers a fast and 
robust procedure for an easy implementation of microRNA ISH analysis requiring 
a minimum of optimization. The microRNA ISH buffer is specifically developed for 
use with the double-DIG labeled miRCURY LNA™ microRNA Detection probes. 
Used in combination, this provides the best available method for specific and 
sensitive detection of microRNA expression by ISH in FFPE sections of any tissue 
specimen. 

The ISH protocol is designed for detection of microRNA in FFPE tissue sections 
and takes advantage of the use of the non-mammalian hapten digoxigenin 
(DIG), and has been optimized to fit into a one-day experimental set-up. During 
the protocol the microRNAs are demasked using Proteinase-K, which allows 
the access of double-DIG-labeled LNA™ probes to hybridize to the microRNA 
sequence (Figure 1). The digoxigenins can then be recognized by a specific anti-
DIG antibody that is directly conjugated with the enzyme Alkaline Phosphatase 
(AP). AP converts the soluble substrates 4-nitro-blue tetrazolium (NBT) and 
5-bromo-4-chloro-3’-indolylphosphate (BCIP) into a water and alcohol insoluble 
dark-blue NBT-BCIP precipitate. Finally, the nuclear counter stain is applied to 
the sections to allow better histological resolution. 

Figure 1
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ü Single-molecule	visualization	in	individual	cells	

ü Novel	probe	design	strategy	and	a	hybridization-based	signal	amplification	
system	to	simultaneously	amplify	signals	and	suppress	back- ground.

ü multiplex	detection	for	up	to	4	target	genes	(number	of	spectrally	
discernible	fluorescent	dyes)

ü A	series	of	target	probes	are	designed	to	hybridize	to	the	target	RNA	
molecule.

ü Each	target	probe	contains	an	18- to	25-base	region	complementary	to	the	
target	RNA,	a	spacer	sequence,	and	a	14-base	tail	sequence	
(conceptualized	as	Z).	A	pair	of	target	probes	(double	Z),	each	possessing	a	
different	type	of	tail	sequence,	hybridize	contiguously	to	a	target	region	(�
50	bases).	

 

Figure 1 Procedure overview 

 

1: Tissue section 2: Hybridize to target RNA          3: Amplify signal 4: Image 

Start with properly prepared 
sections and pretreat to 
allow access to target RNA. 

Hybridize gene-specific probe 
pairs to the target mRNA.  

Probes are hybridized to a cascade of signal 
amplification molecules, culminating in binding 
of HRP- or AP-labeled probes. The 2.0 Assay 
enhances signal further with additional 
amplification steps. Add DAB or Fast Red 
substrate to detect target RNA. 

Visualize target 
RNA using a 
standard bright 
field microscope. 

 

RNAscope® Assay reagents  
RNAscope® Assays require the RNAscope® Probes and an RNAscope® Detection Kit. If you 

are performing an automated assay using the Ventana® DISCOVERY XT or ULTRA Systems, 

you must use RNAscope® VS Probes and the RNAscope® VS Reagent Kit. Probes and Reagent 

Kits are available separately.  

Visitwww.acdbio.com/products/target-probes/search-product to find a gene-specific probe 

from a searchable catalog of >27,000 predesigned Target Probes, or order a custom probe. Visit 

www.acdbio.com/products/target-probes/controls-housekeeping to find appropriate Control 

Probes.  

RNAscope® Reagent Kit 
Each RNAscope® Detection Kit provides enough reagents to stain ~20 tissue sections 

approximately 20 mm x 20 mm large. Larger tissue sections will result in fewer tests.  

Each kit contains three sub-kits including a Pretreatment Kit (Cat. no. 310020). Pretreatment 

Kit instructions are provided in this guide. For information on the other sub-kits and 

directions for use, refer to an RNAscope® Detection Kit User Manual. The reagents have a 

shelf life of six months from the shipment date when stored as indicated in the following 

table:  

Pretreatment Kit (Cat. no. 310020) 

 Reagent  Quantity Storage 

 Pretreat 1 — Ready-To-Use (RTU) endogenous blocker 4 mL x 2 bottles  4°C 

 10X Pretreat 2* 70 mL x 4 bottles Room temperature (20–25°C) 

 Pretreat 3 — RTU† protease 4.5 mL x 1 bottle 4°C 

* Comes in a separate box. 
† Dilute Pretreat 3 for some samples. See Appendix A. Tissue Pretreatment Guidelines on page 19. 
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ü The		two	tail	sequences	together	form	a	28-base	hybridization	site	for	the	
preamplifier,	which	contains	20	binding	sites	for	the	amplifier,	which,	in	
turn,	contains	20	binding	sites	for	the	label	probe.

ü Typically,		1-kb	region	on	the	RNA	molecule	is	targeted	by	20	probe	pairs;	
thus,	sequential	hybridizations	with	the	preamplifier,	amplifier,	and	label	
probe	can	theoretically	yield	up	to	8000	labels	for	each	target	RNA	
molecule.

ü The	probe	can	be	either	fluorescently	labelled	for	direct	visualization	or	
conjugated	to	an	alkaline	phosphatase	or	horseradish	peroxidase	(HRP)	
molecule	for	chromogenic	reactions	

ü Multiple	RNA	species	can	be	measured	simultaneously	in	two	ways:	the	
target	probes	for	different	genes	can	have	the	same	tail	sequence	
recognized	by	the	same	signal	amplification	system,	generating	a	pooled	
signal;	alternatively,	multiple	signal	amplification	systems	with	different	
label	probes	can	be	used	to	detect	each	RNA	species,	allowing	for	multiplex	
detection	of	multiple	target	RNAs.
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Step 1: fixed 
cells or tissues 
are 
permeabilised to 
allow for target 
probe access.

Step 2: target 
RNA-specific 
oligonucleotide 
probes (Z) are 
hybridized in 
pairs (ZZ) to 
multiple RNA 
targets

Step 3: multiple 
signal amplification 
molecules are 
hybridized, each 
recognizing a 
specific target probe, 
and each unique 
label probe is 
conjugated to a 
different fluorophore
or enzyme

Step 4: 
signals are 
detection 
with a 
epifluoresce
nt 
microscope 
or standard 
bright-field 
microscope.
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Contains Three
Elements
The lower region of the Z is an 18-to 25-base region
that is complementary to the target RNA. This
sequence is selected for target specific hybridization
and uniform hybridization properties.

A spacer sequence that links the two components of
the probe. The upper region of the Z is a 14-base tail
sequence.

The two tails from a double Z probe pair forms a 28
base binding site for the pre-amplifier.

Signal Amplification is
Achieved by a
Cascade of
Hybridization Events
Step 1. Double Z target probes hybridize to the RNA
target (~1kb)

Step 2. Pre-amplifi�crs hybridize to the 28-base
binding site formed by each double Z probe

Step 3: Amplifiers are then binding to the multiple
binding sites on each preamplifier.

Step 4: Labeled probes, containing a fluorescent
molecule or chromogenic enzyme, bind to the
numerous binding sites on each amplifier.
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Detection of RNA in FFPE tumor tissues. A: Chromogenic staining (DAB) 
hybridized with either probes to ubiquitin C (UBC) or probes against the bacterial 
gene dapB as negative control. Nuclei were counterstained with hematoxylin. B:
Fluorescent detection of low-copy transcripts in FFPE samples. Breast tumor tissue 
section was hybridized with either no probes or with Alexa Fluor 488-labeled probe 
sets (green) to HPRT1 or POLR2A. Nuclei were counterstained with DAPI (blue). 
Scale bar = 10 μm.
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Detection of Ig κ chain expression in B lymphocytes in FFPE 
human tonsil tissue. κ light chain mRNA transcripts were 
stained using RNAscope or a commercial non-radioisotopic 
RNA ISH kit. For RNAscope, a negative control (bacterial 
gene dapB) was also included. The dotted line outlines the 
mantle zone. Original magnification, ×40.



TP53 mRNA expression in human colon FFPE tissue 
with Automated RNAscope® VS Brown



Human breast cancer FFPE tissue: HER2 expression using 
RNAscope® 2.0 HD Reagent Kit-BROWN



Expression of HOTAIR RNA (brown dots) in human breast 
cancer FFPE tissue, RNA in situ hybridization (ISH) using 
RNAscope® 2.0 HD Reagent Kit-BROWN
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Multiplex fluorescence detection of uPA and PAI mRNAs in breast cancer. 
Merged pseudo-colored image of a metastatic breast cancer tissue section 
stained with probes specific to cytokeratins [PanCK (CK-8, CK-18, and CK-
19), labeled with Alexa Fluor 647], uPA (labeled with Alexa Fluor 546), and 
PAI-1 (labeled with Alexa Fluor 488). 

Both uPA 
expression 
(arrowhead and 
right inset) and 
coexpression 
with PAI-1 
(arrow and left 
inset) were 
detected. Nuclei 
were 
counterstained 
with DAPI (blue). 
Original 
magnification, 
×40.


