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ISH technique in pathology
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ISH

ISH – in situ hybridization:

✓ Technique utilizes molecular 
probes

✓ Is used to identify 
sequences in DNA and RNA

✓ Provides an insight to:

➢ Physiological processes

➢ Pathogenesis

➢ Etiology

➢ Differential diagnosis of 
malignancies

Gall, JG; Pardue, ML (June 1969). "Formation and 
detection of RNA-DNA hybrid molecules in cytological 
preparations.". Proceedings of the National Academy of 
Sciences of the United States of America.63 (2): 378–
83. doi:10.1073/pnas.63.2.378

Some history:
ISH was invented in the late 1960’s

by Joseph Grafton Gall and Mary-

Lou Parude.

Although applications have 

developed, the technique’s

assumptions remain the same
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ISH enables high resolution and
single-cell analysis in the tissue context

IHC ISH Array/NGS

Protein DNA DNA

Directly on tissue Directly on tissue DNA extract

Maintain tissue context Maintain cellular context Lost cellular context

1-2 targets 1-4 targets Multiple targets

Semi quantitative Quantitative Quantitative

• Tissue context is crucial in 

histopathological examination.

• ISH analysis enables direct 

aberration assessment within tissue 

– i.e. invasive/non-invasive areas.
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General FISH applications in pathology

• Copy number (Gene-specific 
probes also called LSI probes) :

– Amplifications (ex.: HER2 in breast 
and gastic cancer)

– Deletions (ex.: IKZF1 deletion in 
ALL)

• Rearangements (Break Apart, Dual 
Fusion):

– Translocations (ex.: t(X;18) in 
Synovial Sarcoma)

– Inversions (ex.: ALK rearrangement 
in lung cancer)

• Chromosome Enumeration 
Probes (CEP)

• Telomeres



FISH testing algorithm for 

solid tumors

FISH testing algorithm for liquid 

biopsies

Why is FISH testing done?

H&E

IHC, PCR

FISH

Next Gen Sequencing

Karyotype, Flow cytometry 

FISH, PCR

Next Gen Sequencing

FISH monitoring during 

treatment

Primary

Secondary

Advanced

Follow-up
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FISH probes
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Imagine a FISH probe...

target area

DNA

FISH probe labelled with 

fluorochrome
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target area

DNA

FISH probe labelled with 

fluorochrome
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Repetitive sequences

• Repetitive sequences = 
repetitive elements = repeats 
are sequences which occur 
in genome in multiple copies

• Roughly 50-60% of human 
genome is repeats, the 
protein-coding component 
represents about 1.2 – 2 % 
of the total DNA

• repetitive DNA is essential for 
genome function, for 
example are fundamental to 
the cooperative molecular
interactions forming 
nucleoprotein complexes

• In FISH method repeats are 
responsible for non-
specific binding and 
generate background

protein-coding 
genes

2%

introns
26%

misc. unique 
sequences

12%

misc. 
heterochromatin

8%
segmental 

duplications
5%

simple sequence 
repeats

3%

transposons
3%

retro-transposons
8%

SINEs
13%

LINEs
20%
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Repetitive sequences in the spotlight
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TP53 labelled with competitor probe PML/RARA labelled with 

competitor probe
HER2 labelled with 

competitor probe

Repetitive sequences give intensive 

background, fluorescent haze and false 

signals, which can be interpreted as 

specific staining



SureFISH and FISH methodology – comparison of 
two solutions
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How are the FISH probes made?

A bacterial artificial 

chromosome (BAC) is an 

engineered DNA molecule 

used to clone DNA 

sequences in bacterial cells. 

Segments of an organism's 

DNA, ranging from 100,000 

to about 300,000 base pairs, 

can be inserted into BACs.

The BACs, with their 

inserted DNA, are then 

taken up by bacterial cells. 

As the bacterial cells grow 

and divide, they amplify the 

BAC DNA, which can then 

be isolated and used in 

production of FISH probes.
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Designed in silico and chemically synthesized 
using Agilent’s high-fidelity, oligonucleotide library 
synthesis (OLS) technology 

http://download.genomics.agilent.com/platforms/microarray/SurePrint_Animation.mp

g

SureFISHFISH probe

http://download.genomics.agilent.com/platforms/microarray/SurePrint_Animation.mpg


Printing the quality
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The significance of repeat free probes

Target region

Good

Specific
Bad

Repeat, non-specific

Oligo synthesized

Bacteria grown

BACFISH

Good
Bad

✓ Target Gene

✓ Analysis Time

✓ Confidence
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Biological vs Non-Biological Probe production

SureFISH

Design

Print

Release

Amplify

Label

Probe ”pieces”: 200 bp

Massive 

parallel 

oligo

synthesi

s

PCR

Engineered productionBiological production

BAC FISH
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Precisely placed probe pair enables 
“micro-gap” break-apart

Gene translocation

150 kb

150b

BAC standard design:

Limited choice of probes leads to a standard

~150kb gap

SureFISH micro-gap design:

Precisely place pair of probes enables

150bp gap

Micro-gap design enables

Tight colocalization and potentially fast 

analysis

Breakpoint
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Break Apart (-) Break Apart (+)

Traditional

Standard design

SureFISH

Micro-gap design

Micro Gap Technology 

Analyte Specific Reagent. Analytical and performance characteristics are not established.
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SureFISH probes in detection of deletions

IKZF1

Ex4-7 del

BAC

SureFISH

50kb Partial deletion

Signal remains from 
overhang

Complete deletion
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FISH probes for pathology
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Ewing’s Sarcoma

• Ewing’s Sarcoma is a small, 
round, blue cell tumour 
belonging to the family of 
primitive neuroendocrine 
tumours

• In over 85% of cases a 
translocation between 
chromosome 22 and 11 is seen 
(EWSR1 gene fuses with FLI1
gene)

• Other translocations also occur: 
t(7;22) and t(21;22)

• A break-apart probe indentifies 
all cases with break in the 
EWSR1 gene region. This 
covers all translocations in 
Ewing’s Sarcoma helping in 
differential diagnosis between 
ES and rhabdomyosarcoma.
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Synovial Sarcoma

• Soft tissue sarcoma 
which occurs near the 
joints of the arms and 
legs

• Usually occurs in 
aldolescents and young 
adults

• A translocation t(18;X) is 
present in Synovial 
Sarcoma

• Detection of this 
translocation helps in 
differential diagnosis of 
this type of sarcoma
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cMYC

• c-MYC is regularoty gene which 
encodes for the transcription 
factor, which is multifunctional 
and regulates cell cycle and 
proliferation

• A common translocation in the 
area of c-MYC gene is critical in 
the development of most cases 
of Burkitt Lymphoma

• Amplification of c-MYC gene 
can be found in cervical, colon, 
breast, lung and stomach 
cancers. 

• MYC is perceived as a promising 
target to anti-cancer therapies

Negative

Positive
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TP53

• TP53 is tumour superssor gene.

• Homozygous loss correlates with 
malignant progression of many 
cancers.

• Standard BAC probe contains 
numerous repeats and the results 
obtained with the use of BAC approach 
can be false negative.
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Oligo Repeat Free BAC

Result of one hybridization

Might not represent routine results 



PTEN in prostate cancer

• PTEN is tumour 
suppressor gene

• Its allelic loss results in 
malignant progression 
of various types of 
cancer, prostate being 
the frequent one.

• Approximately 60% of 
prostate cancers 
harbour PTEN allelic 
loss

Prostate cancer cell with PTEN

loss: two copies of 

chromosome 10 (green) and 

only one copy of PTEN gene 

(red)
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MDM2 gene amplification in lipomatous tumours

• MDM2 is the main regulator of 
p53 and is amplified in 
approximately 7% of all human 
cancers

• MDM2 gene amplification as well 
as overexpression has been 
correlated to an increased 
malignant potential

• Atypical lipomatous tumour and 
dedifferentiated liposarcoma are 
positive for MDM2 amplification

• Only 20% of myxoid liposarcoma 
harbour MDM2 amplification

• Benign lipomatous tumours are 
MDM2-negative

IHC for MDM2 

overexpression 

is not 

recommended 

due to the lack 

of reliable and 

specific 

antibody
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SureFISH in workflow
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What is Hybridization Buffer?

• Probes used in FISH are immersed in hybridization buffer

• Standard hybridization buffer is formamide-based solution, which lowers the DNA melting 
temperature and faciliates denaturation and hybridization

• Formamide is teratogenic
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DNA melting point in formamide-based 
buffer



Formamide buffer versus ethylene carbonate buffer

Ethylene carbonate is an
organic compound (polar
solvent) used in the IQFISH
Fast Hybridization Buffer.

FISH IQFISH

Buffer Formamide Ethylene Carbonate

Turnaround time 14-20 hours 3½ hours

Hybridization time 12-18 hours 1-2 hours

Toxicity Toxic Non-toxic

Tolerant to tissue variation ++ +++

Robustness ++ +++

Ethylene Carbonate Formamide

vs.

vs.

vs.
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Manual use Automation on Dako Omnis

- Ready to Use probes pre-mixed with the 
hybridization buffer

- Concentrated probes to be mixed with 
hybridization buffer

- Histology Accessory Kit

- Pepsin to be used directly on slide or in the 
water bath if higher amount of slides is 
processed

- Compatibile with VIP2000 Abbott automated 
processor 

- Hybridizer

- Full automation of the process on Dako 
Omnis

- Panel of ready to use probes for 
DakoOmnis

- Possibility of using SureFISH probes 
concentrares on the instumrt

- Flexible workflow (IHC done 
simultaneously with FISH)

- Growing portfolio of probes for pathology 
applications

- Short TAT (less than 3 hrs)

ISH manual and automated
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Ready-to-use SureFISH probes

IVD
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RTU & CE-IVD ALK, ROS1, RET & MET IQFISH lung panel for 
Dako Omnis 

PN: G111800-2 PN: G111801-2 PN: G111802-2 PN: G111803-2

Muscat, Oman NOVEMBER 2017



New products

Upcoming New CE-IVD Probes
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New FISH Lymphoma probes for manual use 

Lymphoma part numbers (Manual)    

Product name  Status Part number 

MALT1 IQFISH Break-Apart Probe CE/ IVD G111619-2 

BCL2 IQFISH Break-Apart Probe CE/ IVD G111620-2 

BCL6 IQFISH Break-Apart Probe CE/ IVD G111621-2 

CCND1 IQFISH Break-Apart Probe CE/ IVD G111622-2 

MYC IQFISH Break-Apart Probe CE/ IVD G111623-2 

IGH IQFISH Break-Apart Probe CE/ IVD G111624-2 

IGH/ CCND1 IQFISH Dual Fusion Probe CE/ IVD G111625-2 

IGH/ MYC IQFISH Dual Fusion Probe CE/ IVD G111626-2 

IGH/ BCL2 IQFISH Dual Fusion Probe CE/ IVD G111627-2 
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Agilent SureFISH Solution Summary

• Truly repeat-free probes

• Probes manufacturing process without biological context

• SureFISH probes, because they are comprised of chemically synthesized oligos, 
do not suffer from high hybridization background and non-specific signal. 

• All non-specific sequences are removed. Thus, SureFISH probes eliminate the 
need for blocking and the signal suppression produced by blocking agents.

• IQ FISH Fast Hybridization Buffer enalblng the completion of the FISH testing in 
less than 4 hours

• Quality of singnals improvedy by both probe design and innovative hybridization 
buffer

• Wide portfolio of commercially available probes

• Possibility of various aberration detection

• Possibility of using variety of fluorochromes (detection of many features in one 
slide)

• Manual and automated on Dako Omnis
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IQFISH panel for lung cancer wins Scientists’ 
Choice Award 2017
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Backup slides
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PML-RARA IQ

Formamide buffer 2hr

Formamide overnight

Agilent 1.5 hour

2 4

h

6

h

8 16 18

Report Confirm

Report

STAT in (Acute 

Promyelocyte 

Leukemia)

2.5 hours turn around

Bright signal

Low background

IQ buffer 2.5hr *: IQ buffer workflow is compatible with PML-RARA probes from commercial vendors.

Hybridization was performed at Agilent and images captured under same condition
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Comparison of different approach to repeats in FISH 
probe design

• Cot-1 DNA are non-
labelled DNA probes 
complementary to 
repetitive sequences

• Are used in 
purification process 
to block repeptitive 
sequences

• Are expensive 
(royalties)

Selection and 
isolation of BAC 

clones

Labelling with 
fluorescent dye

Product 
containing FISH 
probe and Cot-

1 is sold

During denaturation Cot-1 is 
denatured and in the 

hybridization step it fishes out 
repeats. Some still remain

Mixing BACs with Cot-1 material,
denaturation & hyb

Filtering out 
Cot-1/BAC in 

purification step

No Cot-1 material in the vial, 
some repeats present

Abbott Kreatech

The only true repeat-

free FISH probes are 

Agilent SureFISH
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U2

gene 

UB40

gene

AC/DC 

gene
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