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cells even if the malignant clone did not divide under culture
conditions. In addition, also cryptic aberrations can be
detected.33,34 A disadvantage of FISH analysis compared to
cytogenetics is that this technique is focused on a specific type
of aberration, determined by the applied probe set.

Fusion-signal FISH vs split-signal FISH

There are two main approaches of FISH probe design for use on
(interphase) nuclei, that is, fusion-signal FISH and split-signal
FISH. The classical fusion-signal FISH approach uses two
differentially labeled probes, red and green, which flank the
breakpoint regions of the two genes, which are involved in the
translocation (Figure 1a). In normal karyotypes, that is, without
chromosome aberration, two red signals and two green signals
are detectable. In case of a translocation, a red and a green
signal will be juxtaposed giving rise to a colocalized green/red
signal, which will generally appear as a yellow signal. In
addition, separate green and red signals of the unaffected
chromosomes will be visible.
The split-signal FISH approach also uses two differentially

labeled probes, but these probes are located in only one of the

two involved genes, hereafter called the target gene, and are
positioned at opposite sides of the breakpoint region of the target
gene (Figure 1b).35,36 In normal karyotypes, two colocalized
green/red signals usually appearing yellow will be visible. A
translocation will result in a split of one of the colocalized
signals, resulting in a separate green and red signal together with
a fused signal of the unaffected chromosome.35,36

The split-signal FISH approach has several advantages over
the more traditional fusion-signal FISH. First, the detection of a
translocation is independent of the involved partner gene. This is
particularly of great interest for target genes with multiple
partner genes such as MLL and ETV6. Although the detection is
independent of the involved partner gene or partner chromo-
some, split-signal FISH in principle allows the identification of
the partner chromosome, if metaphase spreads are present on
the slide. As a result of the translocation, one of the probes
moves to the partner chromosome, that is, der(partner), while
the other probe remains on the der(target) chromosome. The
split-signal approach therefore also allows the detection of new
partner chromosomes or chromosome regions. Further mole-
cular analysis can then be performed to identify the new partner
gene, such as panhandle PCR or long distance inverse PCR.37,38

Another advantage of split-signal FISH is absence of the
traditionally high levels of false-positivity as observed via the
fusion-signal FISH approach, which range between 5 and 10%.
False-positivity occurs as a result of coincidental colocalization
of two signals, which actually represent two separate signals in a
three-dimensional nucleus, but due to the two-dimensional
analysis of the nucleus they are visible as a single colocalized
signal. On the other hand, one could argue that split-signal FISH
can give rise to low frequencies of false-negativity due to the
same type of coincidental colocalization of two separate signals
making these cells indistinguishable from normal nuclei.
However, 5–10% false-negativity (percentage deduced from
fusion-signal FISH) within the leukemic cell population will not
alter the result in diagnostic material where the percentage of
malignant cells is virtually always over 25%. Consequently,
10% reduction from 25 to 22.5% has no diagnostic meaning.

Technical aspects of the new FISH procedure using
PNA-based blocking

The successful use of large genomic probes for FISH is
dependent on blocking of the undesired background staining
derived from repetitive sequences present throughout the human
genome. The finishing of the human genome project has shown
that a large proportion of the human genome is comprised of
tandem repeated sequences (ie arranged in blocks) and
interspersed tandem repeated sequences (distributed all around
the genome).

Previously, heat denaturation and reannealing studies on
DNA of higher organisms have distinguished three populations
of genomic DNA: a slowly reannealing component (45% of the
total DNA) containing unique sequences of protein-encoding
genes, and intermediate and quickly reannealing components
(30 and 25% of the total DNA, respectively) representing
repetitive sequences.39 The fast component contains small (a
few nucleotides long), highly repetitive DNA sequences, while
the intermediate component contains the interspersed repetitive
DNA that can be classified as either SINEs (short interspersed
nuclear elements), LINEs (long interspersed nuclear elements),
or LTRs (long terminal repeats).40–43 The repetitive units of the
intermediate reannealing component are the major reason that
large genomic nucleic acid probes are not well suited for

Figure 1 Differences between fusion-signal FISH and split-signal
FISH. (a) Fusion-signal FISH with two probes located in the two genes,
which are involved in the chromosome translocation. In normal
situations, two green and two red signals will be present. In case of a
translocation, a green and a red signal colocalize generally appearing
as a yellow signal together with the separate green and red signals of
the unaffected genes. (b) Spit-signal FISH with two probes positioned
at opposite sides of the breakpoint region in one of genes, which are
involved in the chromosome translocation. In normal situations, two
yellow signals will be present, while in case of a translocation separate
green and red signals will be present together with the colocalized
signal of the unaffected gene.
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cells even if the malignant clone did not divide under culture
conditions. In addition, also cryptic aberrations can be
detected.33,34 A disadvantage of FISH analysis compared to
cytogenetics is that this technique is focused on a specific type
of aberration, determined by the applied probe set.

Fusion-signal FISH vs split-signal FISH

There are two main approaches of FISH probe design for use on
(interphase) nuclei, that is, fusion-signal FISH and split-signal
FISH. The classical fusion-signal FISH approach uses two
differentially labeled probes, red and green, which flank the
breakpoint regions of the two genes, which are involved in the
translocation (Figure 1a). In normal karyotypes, that is, without
chromosome aberration, two red signals and two green signals
are detectable. In case of a translocation, a red and a green
signal will be juxtaposed giving rise to a colocalized green/red
signal, which will generally appear as a yellow signal. In
addition, separate green and red signals of the unaffected
chromosomes will be visible.
The split-signal FISH approach also uses two differentially

labeled probes, but these probes are located in only one of the

two involved genes, hereafter called the target gene, and are
positioned at opposite sides of the breakpoint region of the target
gene (Figure 1b).35,36 In normal karyotypes, two colocalized
green/red signals usually appearing yellow will be visible. A
translocation will result in a split of one of the colocalized
signals, resulting in a separate green and red signal together with
a fused signal of the unaffected chromosome.35,36

The split-signal FISH approach has several advantages over
the more traditional fusion-signal FISH. First, the detection of a
translocation is independent of the involved partner gene. This is
particularly of great interest for target genes with multiple
partner genes such as MLL and ETV6. Although the detection is
independent of the involved partner gene or partner chromo-
some, split-signal FISH in principle allows the identification of
the partner chromosome, if metaphase spreads are present on
the slide. As a result of the translocation, one of the probes
moves to the partner chromosome, that is, der(partner), while
the other probe remains on the der(target) chromosome. The
split-signal approach therefore also allows the detection of new
partner chromosomes or chromosome regions. Further mole-
cular analysis can then be performed to identify the new partner
gene, such as panhandle PCR or long distance inverse PCR.37,38

Another advantage of split-signal FISH is absence of the
traditionally high levels of false-positivity as observed via the
fusion-signal FISH approach, which range between 5 and 10%.
False-positivity occurs as a result of coincidental colocalization
of two signals, which actually represent two separate signals in a
three-dimensional nucleus, but due to the two-dimensional
analysis of the nucleus they are visible as a single colocalized
signal. On the other hand, one could argue that split-signal FISH
can give rise to low frequencies of false-negativity due to the
same type of coincidental colocalization of two separate signals
making these cells indistinguishable from normal nuclei.
However, 5–10% false-negativity (percentage deduced from
fusion-signal FISH) within the leukemic cell population will not
alter the result in diagnostic material where the percentage of
malignant cells is virtually always over 25%. Consequently,
10% reduction from 25 to 22.5% has no diagnostic meaning.

Technical aspects of the new FISH procedure using
PNA-based blocking

The successful use of large genomic probes for FISH is
dependent on blocking of the undesired background staining
derived from repetitive sequences present throughout the human
genome. The finishing of the human genome project has shown
that a large proportion of the human genome is comprised of
tandem repeated sequences (ie arranged in blocks) and
interspersed tandem repeated sequences (distributed all around
the genome).

Previously, heat denaturation and reannealing studies on
DNA of higher organisms have distinguished three populations
of genomic DNA: a slowly reannealing component (45% of the
total DNA) containing unique sequences of protein-encoding
genes, and intermediate and quickly reannealing components
(30 and 25% of the total DNA, respectively) representing
repetitive sequences.39 The fast component contains small (a
few nucleotides long), highly repetitive DNA sequences, while
the intermediate component contains the interspersed repetitive
DNA that can be classified as either SINEs (short interspersed
nuclear elements), LINEs (long interspersed nuclear elements),
or LTRs (long terminal repeats).40–43 The repetitive units of the
intermediate reannealing component are the major reason that
large genomic nucleic acid probes are not well suited for

Figure 1 Differences between fusion-signal FISH and split-signal
FISH. (a) Fusion-signal FISH with two probes located in the two genes,
which are involved in the chromosome translocation. In normal
situations, two green and two red signals will be present. In case of a
translocation, a green and a red signal colocalize generally appearing
as a yellow signal together with the separate green and red signals of
the unaffected genes. (b) Spit-signal FISH with two probes positioned
at opposite sides of the breakpoint region in one of genes, which are
involved in the chromosome translocation. In normal situations, two
yellow signals will be present, while in case of a translocation separate
green and red signals will be present together with the colocalized
signal of the unaffected gene.
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Microscope fi lter requirements

Use a fl uorescence microscope equipped with 

a 100 W lamp and the following fi lter set:

 DAPI fi lter

 Texas Red/FITC double fi lter

Figure 1. Split-Signal technology hybridizes two differentially 
labeled DNA probes that fl ank the breakpoint region of the target 
gene.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Figure 2 Chemical structure of a PNA and a DNA backbone
molecule. ‘Base’ indicates a purine (adenine, guanine) or a pyrimidine
(cytosine, thymidine).

Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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Fluorescence In Situ Hybridization on Formalin-fixed and
Paraffin-Embedded Tissue

Optimizing the Method

Bodil L. Petersen, MD, PhD, Mette C. Sørensen, Sanni Pedersen, and Marianne Rasmussen

Abstract: Fluorescence in situ hybridization (FISH) is widely used
to study numerical and structural genetic abnormalities in both meta-
phase and interphase cells. The technique is based on the hybridiza-
tion of labeled probes to complementary sequences in the DNA or
RNA of the cells. Interphase FISH is most often applied on cytologic
material such as hematologic smears or imprints, but the method is
also used to study genetic changes in tissue sections when morphol-
ogy is important or when cytologic material is not available. In cases
in which the presence of intact nuclei is of importance, such as quan-
titation of signals as in triploidy, it is possible to isolate nuclei from
paraffin-embedded tissue. However, using formalin-fixed paraffin-
embedded tissue, either in thin sections or as isolated nuclei, one en-
counters a range of technical problems, paralleling those met in im-
munohistochemistry. Variations in time lapse between removal of tis-
sue and fixation, duration of fixation, enzymatic pretreatment,
hybridization conditions, and posthybridization washing conditions
are important factors in the hybridization. In this study, we have listed
the results of a systematic approach to improve FISH on isolated
nuclei and tissue sections from formalin-fixed, paraffin-embedded
tissue.

Key Words: FISH, paraffin embedded tissue, optimizing

(Appl Immunohistochem Mol Morphol 2004;12:259–265)

Fluorescence in situ hybridization (FISH) as a diagnostic
tool has been routinely used for several years, especially in

subclassification of hematologic neoplasms and in prenatal di-
agnosis of genetic aberrations.1,2 Applying the method to cy-
tologic material presents few problems, mostly related to pau-
city or overlapping of cells.

The use of interphase FISH on formalin-fixed, paraffin-
embedded material has introduced a broad spectrum of new

information and possibilities, especially in solid tumors. The
method can be used to identify specific biomarkers—for ex-
ample, the identification of amplification of the Her-2/Neu
gene in breast cancer and prostate cancer,3–5 the n-myc gene in
neuroblastoma,6,7 and translocations in hematologic and solid
neoplasms. Identification of such abnormalities is important
for staging and therapy, and the need for molecular informa-
tion is increasing.

However, the use of FISH on formalin-fixed, paraffin-
embedded tissue necessitates a standardized processing of
the tissue to get the best result from a costly and relatively
time-consuming method. The choice of method is also depen-
dent on the analysis in question: when using a numerical probe
for quantitation of signals—for instance, mono/trisomy, in
which all cells are assumed to be identical, it is relevant to
evaluate whole nuclei instead of sectioned or overlapping nu-
clei. This can be accomplished by using isolated nuclei re-
trieved from thick sections from formalin-fixed, paraffin-
embedded tissue blocks.8 When analyzing tumor tissue for
amplification or deletion of specific genes or translocations
between parts of chromosomes, it can be beneficial to use thin
sections of relevant tumor tissue to preserve the morphology
and the signals. In tissue sections, stromal and lymphoid
cells serve as internal normal controls for the enumeration or
location of signals in the tumor cells, because it is still possible
to distinguish between neoplastic cells and nonneoplastic
cells. This distinction is not possible when using isolated
nuclei.

To optimize the two methods, we have performed a se-
ries of experiments in which we studied the influence of
fixation, deparaffinization, pretreatment with proteolytic en-
zymes, and posthybridization conditions on FISH performed
on formalin-fixed, paraffin-embedded, freshly resected tonsil-
lary tissue.

We also investigated the effects of the various pa-
rameters on formalin-fixed, paraffin-embedded autopsy ma-
terial.

Finally, we compared image capturing using conven-
tional microphotography and the Leicas Q-Fluoro image cap-
turing system.
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for staging and therapy, and the need for molecular informa-
tion is increasing.
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embedded tissue necessitates a standardized processing of
the tissue to get the best result from a costly and relatively
time-consuming method. The choice of method is also depen-
dent on the analysis in question: when using a numerical probe
for quantitation of signals—for instance, mono/trisomy, in
which all cells are assumed to be identical, it is relevant to
evaluate whole nuclei instead of sectioned or overlapping nu-
clei. This can be accomplished by using isolated nuclei re-
trieved from thick sections from formalin-fixed, paraffin-
embedded tissue blocks.8 When analyzing tumor tissue for
amplification or deletion of specific genes or translocations
between parts of chromosomes, it can be beneficial to use thin
sections of relevant tumor tissue to preserve the morphology
and the signals. In tissue sections, stromal and lymphoid
cells serve as internal normal controls for the enumeration or
location of signals in the tumor cells, because it is still possible
to distinguish between neoplastic cells and nonneoplastic
cells. This distinction is not possible when using isolated
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Figure 2 Chemical structure of a PNA and a DNA backbone
molecule. ‘Base’ indicates a purine (adenine, guanine) or a pyrimidine
(cytosine, thymidine).

Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
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at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
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each)
- Air dry
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Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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Isolated Nuclei
Single-cell suspensions were prepared by deparaffiniz-

ing sections (3 × 50 µm each) in microcentrifuge tubes in 10
mL xylene for 3 × 30 minutes. After deparaffinization and re-
hydration, the cells were washed in dest. H2O and resuspended
in 0.9% NaCl, pH 1.5, with 0.5% pepsin (Sigma no. P-7012;
Oakville, Ontario, Canada) at 37°C for 30 minutes while stir-
ring. The suspension was centrifuged, and the supernatant was
removed. A citrate-buffer with 0.03% detergent Igepal CA 630
(Bie and Berntsen) was added, and the suspension was left at
RT overnight in continuous rotation. After centrifugation and
filtering in nylon wool, the cells were pipetted onto Super Frost
slides (Menzel-Glaser) and allowed to air-dry.

Enzymatic Pretreatment With or Without
Pretreatment Kit from Vysis or Dako

Slides with isolated nuclei from autopsy material fixed
for 24 hours were immersed in pepsin (0.4% in 0.02 mol/L
HCl), pronase XXIV (0.1% in TRIS-buffer), or proteinase K
(0.25% in TBS-buffer) for varying lengths of time (Table 2).

When using the Vysis pretreatment kit, the first step is
heating of sections in pretreatment solution. The second step is
a proteolytic digestion using protease, and the third step is fixa-
tion using 10% buffered formalin.

The pretreatment kit from Dako uses similar steps, but
instead of protease, the kit provides a cold pepsin solution as
second and last step, not followed by fixation.

Hybridization
Fluorescence in situ hybridization was performed ac-

cording to the method of Hyytinen et al,9 but with some modi-
fications.

Hybridization mix (1 µL probe solution, 7 µL hybridiza-
tion buffer [Vysis], and 2 µL dest. H2O) was applied to the
slide, and a coverslip was sealed with rubber seal.

A HYBrite (Vysis) was used to codenature and hybridize
probe and target. The probe and the target were codenatured
at 70 to 80°C for 1 minute. Hybridization was performed at
either 37°C or 42°C overnight, according to manufacturer’s
instructions.

Posthybridization Wash
After hybridization, the coverslips were removed, and

the slides were washed in 2XSSC containing either formamide
50% or 70% or detergent (NP-40, conc 0.3%) at 75°C or 80°C
(Tables 3 and 4).

Slides were counterstained using DAPI II (Vysis). The
slides were kept in the dark for at least 30 minutes to optimize
the antifading effect, and before and after microscopy, the
slides were kept dark (if not used for microscopy the same day,
they were kept at –20°C).

Evaluation
In slides with isolated nuclei, 2 signals per probe were

seen in normal cells, when the hybridization was successful,
but in thin tissue sections, 10% to 30% of the nuclei only
showed 0 to 1 signals because of transection.

Signals were analyzed using a Nikon E1000 microscope
equipped with filters for Spectrum Green (Chroma, emission
wl 538 nm), Spectrum Orange (Chroma, emission wl 588 nm),
DAPI (Chroma, emission wl 461 nm), and triple band pass
filter. Photographic documentation was performed using ei-
ther a Leica DC350F camera supplied with image analysis
software LeicaQFluoro or a conventional camera, Leica
DC200, supplied with DC Viewer software (Leica).

TABLE 2. Influence of Conventional Enzymatic Pretreatment
on the Efficiency of Hybridization (Using Fresh Tissue
Sections From Tonsils Fixed for 48 Hours)

Enzymatic Pretreatment 37°C
Intensity of

Hybridization

Pepsin 15 min +++
Pepsin 30 min +
Pepsin 60 min +
Pepsin 90 min +
Pepsin 24 timer −
Protease 5 min −
Proteinase K 5 min −
Proteinase K 15 min −
Proteinase K 30 min −

Grading symbols, see footnote to Table 1.

TABLE 3. Influence of Formamide in the Washing Buffer on
the Efficiency of Hybridization (Hybridization Performed With
Enzymatic Pretreatment Alone on Fresh Tissue Sections Fixed
for 48 Hours)

NP-40
50%

Formamide
70%

Formamide

Centromeric probes +++ +++ +++

Grading symbols, see footnote to Table 1.

TABLE 4. Influence of the Temperature of the Washing
Buffer on the Efficiency of Hybridization (Hybridization
Performed With Enzymatic Pretreatment Alone)

75°C, 3 min 80°C, 5 min

Centromeric probes + ++++
LSI probes ++ +

Grading symbols, see footnote to Table 1.
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Vysis Pretreatment Kit ++++
DakoCytomation Pretratment Kit ++++
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Isolated Nuclei
Single-cell suspensions were prepared by deparaffiniz-

ing sections (3 × 50 µm each) in microcentrifuge tubes in 10
mL xylene for 3 × 30 minutes. After deparaffinization and re-
hydration, the cells were washed in dest. H2O and resuspended
in 0.9% NaCl, pH 1.5, with 0.5% pepsin (Sigma no. P-7012;
Oakville, Ontario, Canada) at 37°C for 30 minutes while stir-
ring. The suspension was centrifuged, and the supernatant was
removed. A citrate-buffer with 0.03% detergent Igepal CA 630
(Bie and Berntsen) was added, and the suspension was left at
RT overnight in continuous rotation. After centrifugation and
filtering in nylon wool, the cells were pipetted onto Super Frost
slides (Menzel-Glaser) and allowed to air-dry.

Enzymatic Pretreatment With or Without
Pretreatment Kit from Vysis or Dako

Slides with isolated nuclei from autopsy material fixed
for 24 hours were immersed in pepsin (0.4% in 0.02 mol/L
HCl), pronase XXIV (0.1% in TRIS-buffer), or proteinase K
(0.25% in TBS-buffer) for varying lengths of time (Table 2).

When using the Vysis pretreatment kit, the first step is
heating of sections in pretreatment solution. The second step is
a proteolytic digestion using protease, and the third step is fixa-
tion using 10% buffered formalin.

The pretreatment kit from Dako uses similar steps, but
instead of protease, the kit provides a cold pepsin solution as
second and last step, not followed by fixation.

Hybridization
Fluorescence in situ hybridization was performed ac-

cording to the method of Hyytinen et al,9 but with some modi-
fications.

Hybridization mix (1 µL probe solution, 7 µL hybridiza-
tion buffer [Vysis], and 2 µL dest. H2O) was applied to the
slide, and a coverslip was sealed with rubber seal.

A HYBrite (Vysis) was used to codenature and hybridize
probe and target. The probe and the target were codenatured
at 70 to 80°C for 1 minute. Hybridization was performed at
either 37°C or 42°C overnight, according to manufacturer’s
instructions.

Posthybridization Wash
After hybridization, the coverslips were removed, and

the slides were washed in 2XSSC containing either formamide
50% or 70% or detergent (NP-40, conc 0.3%) at 75°C or 80°C
(Tables 3 and 4).

Slides were counterstained using DAPI II (Vysis). The
slides were kept in the dark for at least 30 minutes to optimize
the antifading effect, and before and after microscopy, the
slides were kept dark (if not used for microscopy the same day,
they were kept at –20°C).

Evaluation
In slides with isolated nuclei, 2 signals per probe were

seen in normal cells, when the hybridization was successful,
but in thin tissue sections, 10% to 30% of the nuclei only
showed 0 to 1 signals because of transection.

Signals were analyzed using a Nikon E1000 microscope
equipped with filters for Spectrum Green (Chroma, emission
wl 538 nm), Spectrum Orange (Chroma, emission wl 588 nm),
DAPI (Chroma, emission wl 461 nm), and triple band pass
filter. Photographic documentation was performed using ei-
ther a Leica DC350F camera supplied with image analysis
software LeicaQFluoro or a conventional camera, Leica
DC200, supplied with DC Viewer software (Leica).

TABLE 2. Influence of Conventional Enzymatic Pretreatment
on the Efficiency of Hybridization (Using Fresh Tissue
Sections From Tonsils Fixed for 48 Hours)

Enzymatic Pretreatment 37°C
Intensity of

Hybridization

Pepsin 15 min +++
Pepsin 30 min +
Pepsin 60 min +
Pepsin 90 min +
Pepsin 24 timer −
Protease 5 min −
Proteinase K 5 min −
Proteinase K 15 min −
Proteinase K 30 min −

Grading symbols, see footnote to Table 1.

TABLE 3. Influence of Formamide in the Washing Buffer on
the Efficiency of Hybridization (Hybridization Performed With
Enzymatic Pretreatment Alone on Fresh Tissue Sections Fixed
for 48 Hours)

NP-40
50%

Formamide
70%

Formamide

Centromeric probes +++ +++ +++

Grading symbols, see footnote to Table 1.

TABLE 4. Influence of the Temperature of the Washing
Buffer on the Efficiency of Hybridization (Hybridization
Performed With Enzymatic Pretreatment Alone)

75°C, 3 min 80°C, 5 min

Centromeric probes + ++++
LSI probes ++ +

Grading symbols, see footnote to Table 1.
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ing sections (3 × 50 µm each) in microcentrifuge tubes in 10
mL xylene for 3 × 30 minutes. After deparaffinization and re-
hydration, the cells were washed in dest. H2O and resuspended
in 0.9% NaCl, pH 1.5, with 0.5% pepsin (Sigma no. P-7012;
Oakville, Ontario, Canada) at 37°C for 30 minutes while stir-
ring. The suspension was centrifuged, and the supernatant was
removed. A citrate-buffer with 0.03% detergent Igepal CA 630
(Bie and Berntsen) was added, and the suspension was left at
RT overnight in continuous rotation. After centrifugation and
filtering in nylon wool, the cells were pipetted onto Super Frost
slides (Menzel-Glaser) and allowed to air-dry.

Enzymatic Pretreatment With or Without
Pretreatment Kit from Vysis or Dako

Slides with isolated nuclei from autopsy material fixed
for 24 hours were immersed in pepsin (0.4% in 0.02 mol/L
HCl), pronase XXIV (0.1% in TRIS-buffer), or proteinase K
(0.25% in TBS-buffer) for varying lengths of time (Table 2).

When using the Vysis pretreatment kit, the first step is
heating of sections in pretreatment solution. The second step is
a proteolytic digestion using protease, and the third step is fixa-
tion using 10% buffered formalin.

The pretreatment kit from Dako uses similar steps, but
instead of protease, the kit provides a cold pepsin solution as
second and last step, not followed by fixation.

Hybridization
Fluorescence in situ hybridization was performed ac-

cording to the method of Hyytinen et al,9 but with some modi-
fications.

Hybridization mix (1 µL probe solution, 7 µL hybridiza-
tion buffer [Vysis], and 2 µL dest. H2O) was applied to the
slide, and a coverslip was sealed with rubber seal.

A HYBrite (Vysis) was used to codenature and hybridize
probe and target. The probe and the target were codenatured
at 70 to 80°C for 1 minute. Hybridization was performed at
either 37°C or 42°C overnight, according to manufacturer’s
instructions.

Posthybridization Wash
After hybridization, the coverslips were removed, and

the slides were washed in 2XSSC containing either formamide
50% or 70% or detergent (NP-40, conc 0.3%) at 75°C or 80°C
(Tables 3 and 4).

Slides were counterstained using DAPI II (Vysis). The
slides were kept in the dark for at least 30 minutes to optimize
the antifading effect, and before and after microscopy, the
slides were kept dark (if not used for microscopy the same day,
they were kept at –20°C).

Evaluation
In slides with isolated nuclei, 2 signals per probe were

seen in normal cells, when the hybridization was successful,
but in thin tissue sections, 10% to 30% of the nuclei only
showed 0 to 1 signals because of transection.

Signals were analyzed using a Nikon E1000 microscope
equipped with filters for Spectrum Green (Chroma, emission
wl 538 nm), Spectrum Orange (Chroma, emission wl 588 nm),
DAPI (Chroma, emission wl 461 nm), and triple band pass
filter. Photographic documentation was performed using ei-
ther a Leica DC350F camera supplied with image analysis
software LeicaQFluoro or a conventional camera, Leica
DC200, supplied with DC Viewer software (Leica).

TABLE 2. Influence of Conventional Enzymatic Pretreatment
on the Efficiency of Hybridization (Using Fresh Tissue
Sections From Tonsils Fixed for 48 Hours)

Enzymatic Pretreatment 37°C
Intensity of

Hybridization

Pepsin 15 min +++
Pepsin 30 min +
Pepsin 60 min +
Pepsin 90 min +
Pepsin 24 timer −
Protease 5 min −
Proteinase K 5 min −
Proteinase K 15 min −
Proteinase K 30 min −

Grading symbols, see footnote to Table 1.

TABLE 3. Influence of Formamide in the Washing Buffer on
the Efficiency of Hybridization (Hybridization Performed With
Enzymatic Pretreatment Alone on Fresh Tissue Sections Fixed
for 48 Hours)

NP-40
50%

Formamide
70%

Formamide

Centromeric probes +++ +++ +++

Grading symbols, see footnote to Table 1.

TABLE 4. Influence of the Temperature of the Washing
Buffer on the Efficiency of Hybridization (Hybridization
Performed With Enzymatic Pretreatment Alone)

75°C, 3 min 80°C, 5 min

Centromeric probes + ++++
LSI probes ++ +

Grading symbols, see footnote to Table 1.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Figure 2 Chemical structure of a PNA and a DNA backbone
molecule. ‘Base’ indicates a purine (adenine, guanine) or a pyrimidine
(cytosine, thymidine).

Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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hybridization analysis without blocking the repetitive elements
to prevent undesired staining.

Blocking of repetitive sequences can be achieved using a
component of the total DNA, Cot-1 DNA, enriched with
repetitive sequences.44 Recently, a novel method has been
developed based on selection of specific peptide nucleic acid

(PNA) oligos, directed against the Alu sequences, which is the
most frequent repetitive element within and around genes. PNA
is a DNA analogue in which the deoxyribose phosphodiester
backbone is replaced by a pseudopeptide backbone of N-(2-
aminoethyl)-glycine units to which the nucleobases are attached
through a methylene carbonyl linker (Figure 2).45,46 The charge
of the pseudopeptide backbone of PNA is neutral, whereas the
charge of the deoxyribose phosphodiester backbone of DNA is
negative. Owing to the lower electrostatic repulsion, a PNA–
DNA interaction occurs faster and is stronger than a DNA–DNA
interaction.47 Different PNA oligos were selected in such a way
that they cover both the upper and lower strand of the repetitive
sequences and could therefore be used as a blocking reagent.48

This novel PNA-based method for suppression of background
staining is now included in our FISH procedure (DakoCytoma-
tion, Glostrup, DK, EU). A paraformaldehyde pretreatment is
used to improve the brightness of the fluorescence signals. The
premixed ALL probe sets contain PNA oligos and the
fluorescently labeled DNA probes, and are denaturated together
with the target DNA before hybridization in a humified
environment overnight. Excess of probe and PNA oligos is
removed by washing under stringent condition, before embed-
ding and examination of the hybridization area (Figure 3).

Probe design for split-signal FISH

1. Translocations involving the TCF3 (E2A) gene
(19p13.2–p13.3)

Translocations involving the TCF3 (E2A) gene (also called ITF1)
are found in precursor-B-ALL (Table 2). The E2A protein is a
transcription factor, which contains three critical domains, that
is, a leucine zipper motif, a helix-loop-helix (HLH) dimerization
domain, and a DNA-binding domain, which are encoded by
exon 14, 17, and 18, respectively.49 So far, three types of
translocations have been described. First, translocation
t(1;19)(q23;p13) is found in approximately 25% of childhood
pre-B-ALL (Table 2). It can be present both as balanced and as
unbalanced form, that is, der(19)t(1;19) with loss of der(1).49,50

The unbalanced type may arise by nondisjunction leading to
loss of the der(1) and replacement with a second copy of the
unaffected chromosome 1. Loss of der(1) can arise during clonal
evolution as both balanced and unbalanced t(1;19) can be
detected within one patient sample.50–52 In 90–95% of cases,
this translocation results in fusion of the TCF3 (E2A) gene to the
PBX1 gene, leading to expression of the chimeric E2A-PBX1
protein.53–55 In the remaining cases, the TCF3 (E2A) and PBX1
genes are not involved and therefore this translocation is
referred to as a E2A-PBX1-negative t(1;19).56 The E2A-PBX1
fusion protein is able to transform cells by constitutive activation
of genes, which are normally regulated by PBX1 or other
members of the PBX1 protein family. In addition, the
leukemogenic effect of t(1;19)(q23;p13) might also result from
a reduced level of wild-type E2A protein, which has recently
been shown to have antiproliferative capacity in B-cell
progenitors.57,58 Translocation t(1;19) is generally correlated
with a poor prognosis, which can be overcome with more
intensive chemotherapy, except for cases with the balanced
t(1;19).14–16

In t(17;19)(q22;p13), TCF3 (E2A) is fused to the transcription
factor HLF (hepatic leukemia factor) gene, which is found in
B1% of precursor-B-ALL (Table 2), especially in a rare form of
high risk pro-B-ALL in adolescents.59–61 E2A-HLF influences an
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Pre-treatment
- Immersion of slide in 3.7% formaldehyde for 2 min.
- Washing of slides in wash buffer for 2x5 min.at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2  min.
  each)
- Air dry

- Application of probe mixture containing PNA oligos
for blocking and fluorescent labelled DNA probes

- Adding coverslip and sealing with coverslip sealant

Co-denaturation & Hybridization
- Denaturation for 5 min.at 82˚C
- Overnight hybridisation at 45˚C

Stringent wash
- Washing of slide in stringent wash buffer for 10 min.

at 65˚C
- Washing of slides in wash buffer for 2 min. at room

temperature
- Dehydration in ethanol series (70%, 85%, 96%; 2 min.

each)
- Air dry

Mounting & Reading
- Application of mounting medium containing blue

counterstain and coverslip
- Reading of slide

Figure 3 Protocol for FISH with PNA-based suppression of
background staining. Slides with tissue or cytology preparation are
pretreated to increase the access of target DNA for the labeled probes.
The probe mixture containing PNA oligos and fluorescent-labeled
probes is applied to the target DNA and codenaturated, before
hybridization. Unspecifically bound probe is removed by washing
before the slide is scored with a fluorescent microscope. Normal cells
present on the slides serve as control cells.
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- Demasking using DakoCytomation HIER/pepsin protocol

1. Enzyme
2. HIER and Enzyme

(or DNA)

or 37°C for Vysis probes

at 65°C
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