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ISH technique in pathology
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ISH

ISH — in situ hybridization:

v" Technique utilizes molecular
probes

v' Is used to identify
sequences in DNA and RNA

v" Provides an insight to:
Physiological processes
Pathogenesis

Etiology

Differential diagnosis of
malignancies

YV V VYV VY

Gall, JG; Pardue, ML (June 1969). "Formation and
detection of RNA-DNA hybrid moleculesin 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
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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



https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1073/pnas.63.2.378

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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http://en.wikipedia.org/wiki/File:Bcrablinter.jpg

General FISH applications in pathology

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

— Amplifications (ex.: HERZ2 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




Why is FISH testing done?

_ cSHtesting algorithm for \ FISH testing algorithm for |IC®

~

solid tumors biopsies
Prima
Y H&E Karyotype, Flow cytometry
Secondary C
IHC, PCR FISH, PCR
Advanced
FISH Next Gen Sequencing
Follow-u C
g Next Gen Sequencing FISH monitoring during
\ / \ treatment /
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FISH probes




Imagine a FISH probe...
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DNA
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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
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protein-coding
genes
LINEs 2%

introns
26%

SINEs
13%

misc. unique
retro-transposons sequences
8% 12%
transposons misc.
3% simple sequence segmental heterochromatin
repeats duplications 8%

3% 5%
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Repetitive sequences in the spotlight

Repetitive sequences give intensive
background, fluorescent haze and false
signals, which can be interpreted as
specific staining

TP53 labelled with competitor probe PML/RARA labelled with HER2 labelled with
competitor probe competitor probe

5 Agilent
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SureFISH and FISH methodology — comparison of
two solutions
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How are the FISH probes made?

@ Bacterial plasmid
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Escherichia coli

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.

% Agilent




Designed In silico and chemically synthesized
using Agilent’s high-fidelity, oligonucleotide library
synthesis (OLS) technology

Inkjet printing Proven platform

http://download.genomics.aqgilent.com/platforms/microarray/SurePrint_ Animation.mp
o]

Agilent


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

Printing the quality
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The significance of repeat free probes

Good Bad

Specific 4~ Repeat, non-specific
Target region -----ﬁ-i------------
Bacteria grown 1 ¢ 1 Jf 1 J ({1 1 ({1 J (| | [ [ |

oigosyntnesized  [INNEN HEENES RN NEaEEEEE e

BACFISH

v’ Target Gene

v Analysis Time

SureFISH v' Confidence

w34 Agilent
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Biological vs Non-Biological Probe production

- BAC FISH - SureFISH
~20,000 clones harboring ‘_k_\ rL\ ‘-L‘ rL\

MLIPDC_ MDD  known fragments of
ssssssssesse human DNA Design

W:::::::g Massive

Clone corresponding to = . EEEEE Q pa_lrallel
° region of interest is isolated. rint ) esecsesiy oligo
OO @@ eereee®  SYhes
- S

Release @1}““""'0

Production of cloned DNA

is scaled up in culture. ®oee....... Py
Ampllfy ooA.f-. .....-vo’:; ...... é* PCR

GOBG e &> I P ®

o 00
0 °
°o
Ono
i ©o60...
Cloned DNA is purified L. | M LA I
@ and labeled with fluorescent abe O

dye to generate probe.

Probe "pieces”: 200 bp

Biological production Engineered production
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Precisely placed probe pair enables
“micro-gap” break-apart

Breakpoint
156) kb BAC standard design:
Limited choice of probes leads to a standard
‘ ~150kb gap
150b SureFISH micro-gap design:
O o Precisely place pair of probes enables
i 150bp gap

Micro-gap design enables

Tight colocalization and potentially fast
analysis
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Micro Gap Technology

Break Apart (-) Break Apart (+)

Traditional
Standard design

SureFISH <
Micro-gap design
D T

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

23 4 5 6 7 8

IKZF1 I N s
Ex4-7 del 1, [I—(
: ! :
50kb Partial deletion

Signal remains from

lg overhahg
BAC I

Complete deletion

SureFISH ¢

BAC PROBES

[E‘ELET\(]N NOT DETECTED DELETION DETECTED
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2009 114: 2159-2167
Prepublished online July 9, 2009;
doi:10.1182/blood-2008-08-173963

Identification and molecular characterization of recurrent genomic
deletions on 7p12 in the IKZF1 gene in a large cohort of BCR-ABL1-
positive acute lymphoblastic leukemia patients: on behalf of Gruppo
Italiano Malattie Ematologiche dell’Adulto Acute Leukemia Working
Party (GIMEMA AL WP)

llaria lacobucci, Clelia Tiziana Storlazzi, Daniela Cilloni, Annalisa Lonetti, Emanuela Ottaviani,
Simona Soverini, Annalisa Astolfi, Sabina Chiaretti, Antonella Vitale, Francesca Messa, Luciana
Impera, Carmen Baldazzi, Pietrc D'Addabbo, Cristina Papayannidis, Angelo Lonoce, Sabrina

Colarossi, Marco Vignetti, Pier Paolo Piccaluga, Stefania Paolini, Domenico Russo, Fabrizio Pane,

Giuseppe Saglio, Michele Baccarani, Robin Foa and Giovanni Martinelli

Refinement of IKZF1 recombination hotspots in
pediatric BCP-ALL patients

Claus Meyer!’, Udo zur Stadt®’, Gabriele Escherich®, Julia Hofmann®, Renata Binato®, Thayana da Conceicdo
Barbosa®, Mariana Emerenciano®, Maria S Pombo-de-Oliveira®, Martin Horstmann®, Rolf Marschalek®

Yinstitute of Pharmaceutical Biology/ZAFES, Goethe-University of Frankfurt, Biocenter, Max-von-Laue-Str. 9,
D-60438 Frankfurt/Main, Germany; “Center for Diagnostic, University Medical Center Hamburg Eppendorf, Mar-
tinistr. 52, Hamburg, Germany; "University Medical Center Hamburg Eppendorf, Clinic of Pediatric Hematology/
Oncology, Hamburg, Germany, ‘Bone Marrow Transplantation Unit, Instituto Nacional de Céncer, Rio de Janei-
ro, RJ, Brazil; “Pediatric Hematology-Oncology Program, Research Center, Instituto Nacional de Cancer, Rio de
Janeiro, RJ, Brazil; “Childhood Cancer Research Institute and Clinic of Pediatric Hematology and Oncology, UKE,
University of Hamburg, Hamburg, Germany. “contributed equally.




FISH probes for pathology




Ewing’'s Sarcoma

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

* Inover 85% of cases a
translocation between
chromosome 22 and 11 is seen
(EWSRL1 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

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

« Usually occurs in
aldolescents and young
adults

« Atranslocation t(18;X) is
present in Synovial
Sarcoma

* Detection of this
translocation helps in
differential diagnosis of
this type of sarcoma

Muscat, Oman NOVEMBER 2017 5.3 Agilent



cMYC

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

« A common translocation in the '~ Negative
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 Positive
target to anti-cancer therapies
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TP53

TP53 SureFISH Probe  ()i0 repeat Free BAC

b 2f) | TEM 17012

208 kb|
al 7,500, a0a| 7,550, ool 7,600,000 7,650,000 7,708, 000 7,750, 0
Custom_SureF ISH_01ig0=s

Repeats
Eepeat ing Elements bdy RepeatMasker
C T IR 10 T T O T T O T S

SUreFISH g gy s oo mm 11w 11/ iy mmmm 56% coverage

TF== i
TPSS -t

» TP53 is tumour superssor gene.

« Homozygous loss correlates with
malignant progression of many
cancers.

« Standard BAC probe contains
numerous repeats and the results R
. . Might not represent routine results
obtained with the use of BAC approach
can be false negative.
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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

Muscat, Oman NOVEMBER 2017

Prostate cancer cell with PTEN
loss: two copies of
chromosome 10 (green) and
only one copy of PTEN gene
(red)



MDM?2 gene amplification in lipomatous tumours

« MDMZ2 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

. At;g:)ical lipomatous tumour and
dedifferentiated liposarcoma are
positive for MDM2 amplification

* Only 20% of myxoid liposarcoma
harbour MDMZ amplification

« Benign lipomatous tumours are
MDMZ2-negative
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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

DNA melting point in formamide-based
buffer

100

60
40
20

TEMPERATURE [C]

0 20 40 60 80 100
FORMAMIDE CONCENTRATION [%)]




Formamide buffer versus ethylene carbonate buffer

FROM 17 HOURS TO THREEHOURSTHIRTYMINUTES

Timeline for IQFISH procedure

0 2 4 6 8 10 12 14 16 18
Hours | ] ] | |

New hybridization [l
buffer with 1 hour
hybridization |

Traditional formamide-
based buffer wvith 14-20 hours hybridization
14-20 hours hybridization

M Deparaffinization M Digestion B Hybridization W Mounting
" Heat pre-treatment B Denaturation M Stringent wash

The graph illustrates how the IQFISH, with just one hour hybridization, reduces assay time
from over 17 hours to just three hours and thirty minutes. This opens up new possibilities for
laboratory efficiency with the same high quality results.
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ISH manual and automated

Manual use

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

Muscat, Oman NOVEMBER 2017

Automation on Dako Omnis

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)



Ready-to-use SureFISH probes

|QFISH <€

Panel for Lung Cancer

The IQFISH panel for lung cancer is a st of

_ _ _ _ C€ G111600-8 ALK IQFISH Break-Apart Probe 20 tests
ollgonucleotlde-based FISH prObeS’ premlxed with C€ G111601-8  ROS1 IQFISH Break-Apart Probe 20 tests
|QFISH Butfer, for the detection of rearrangements ¢ ¢ 6111602-8  RETIQFISH Break-Apart Probe 20 tests
involving the ALK, ROST and RET genes, andthe €€ ©111603-8  METIQFISH Probe with CEP7 20 tests
detection of MET gene ampliﬁcation bv fluorescence C€ G211600-8 ALK |QFISH Break-Apart Probe, 6 packs 6x20 tests
in st hYbfidiZBtiOﬂ (HSH) These probes are for C€ G211601-8 ROS1 |QFISH Break-Apart Prabe, 6 packs 6x20 tests

C€ G211602-8 RET |QFISH Break-Apart Probe, 6 packs 6x20 tests
use on lung paraffin-embedded Ussue SCiONS. ¢ ¢ ga14q03.8 T I0FISH Probe with CEPT, § packs 6120 tests
C€ K5799 Dako Histology FISH Accessory Kit 20 tests

Muscat, Oman NOVEMBER 2017 4% Agilent




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

ALK |QFISH Break-Apart ROS1 IQFISH Break-Apart RET IQFISH Break-Apart MET IQFISH Break-Apart
Probe (Dako Omnis) Probe (Dako Omnis) Probe (Dako Omnis) Probe (Dako Omnis)

Lung carcinoma, NSCLC Lung carcinoma, NSCLC Lung carcinoma, NSCLC Lung carcinoma, NSCLC
(FFPE) stained with (FFPE) stained with (FFPE) stained with (FFPE) stained with
ALK IQFISH dual color, ROS1 IQFISH dual color, RET1 IQFISH dual color, MET/CEP7 1QFISH
break-apart probe break-apart probe break-apart probe amplification probe
EML4-ALK Tumor cells show ROST RET gene Tumor cells show
rearrangement gene rearrangement rearrangement amplified MET gene
PN: G111800-2 PN: G111801-2 PN: G111802-2 PN: G111803-2
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New products
Upcoming New CE-IVD Probes
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Detect EBER RNA transcripts, Kappa & Lambda
MRNA and Positive Control ribosomal RNA

CISH assay features (CE-IVD)

» Automatic chromogenic visualization of Epstein-Barr
Virus (EBV) RNA transcripts and Kappa and Lambda
mRBNA expression on Dako Omnis

* Combine oligo-based SureFISH technology and
formamide-free, non-toxic IQFISH Fast Hybndization
Buffer

» Validated on formalin-fixed, paraffin-embedded (FFPE)
lymph node tissue sections

Kappa light chain Lamibda light chain

*» CISH probes and CISH accessory reagents supplied in
ready-to-use Dako Omnis vials

s

» Share ISH accessories and devices with IQFISH

*» CISH results are analyzed using a bnght field microscope EBvinfectedcells  Positive control {285 IRNA)
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New FISH Lymphoma probes for manual use

Lymphoma part numbers (Manual)

Product name Status Part number
MALT1 IQHSH Break-Apart Probe CH IVD G111619-2
BC2 IQASH Break-Apart Probe CH IVD G111620-2
BOL6 IQASH Break-Apart Probe CH IVD Gl11621-2
CCND1 IQHSH Break-Apart Probe CH IVD Gl11622-2
MYC IQASH Break-Apart Probe CH IVD Gl111623-2
|IGH IQHSH Break-Apart Probe CH IVD Gl111624-2
IGH/ GQONDL IQASH Dual Fusion Probe CH IVD Gl111625-2
IGH MYCIQHSH Dual Fusion Probe CH IVD Gl111626-2

IGH/ BA2 IQASH Dual Fusion Probe CH IVD G11162/-2

Muscat, Oman NOVEMBER 2017 i3 Agilent



Double Hit = MYC translocations asociated with BCL2

and/or BCL6 translocations.

AcL?

BCLE | Daalia Hi
MYC | DLECL
IGH

Anaplassse Large Call

Lymphoblastle 70

Barkii's 3%
/
BIYC
1GH
L ACL?
WAL F&E

Reporting of FISH results as part of the initial
diagnosis (H&E and IHC within 48 hrs):

* Realistic option with IQFISH/ SureFISH (’%-day
protocol)

* Challenge with traditional FISH (2-day protocol)

Muscat, Oman NOVEMBER 2017

Time matters in Double Hit cases:
* Sub-set of DLECL and BL

* Diffuse Large B-Cell Lymphoma is a very aggressive form of
Lymphoma, but if diagnosed early and treatment is quickly
started outlook 13 very good

= Burkitt Lymphoma is alse an aggressive form of lymphoma. but
treatment differs, maybe associated with Epstein-Barr Virus

. l]gtimall‘yr all DLBCL should be FISH-tested by MYC,
BCLZ2 and BCLG probes at diagnosis and results
reported within 48 hrs

* Double Hit Lymphomas have the molecular
rearrangements of both Diffuse Large B-Cell
Lymphoma and Burkitt Lymphoma

» Need optimized therapy fast — as soon as possible
after diagnosis

* Testing delayed by outsourcing to cytogenetic lab

* In-house testing in pathology lab may enable
reporting at the initial DLECL diagnosis

Agilent



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.

* |1Q FISH Fast Hybridization Buffer enalblng the completion of the FISH testing in
less than 4 hours

. (bguf?llity of singnals improvedy by both probe design and innovative hybridization
uffer

» 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

Muscat, Oman NOVEMBER 2017 i3 Agilent



IQFISH panel for lung cancer wins Scientists’

Choice Award 2017

— T

AROUND AGILENT

AGILENT'S IQFISH PANEL NAMED BEST NEW
CLINICAL-LAB PRODUCT OF 2016

Agilent has won another prestigious award: Earlier
this month, our IQFISH panel for lung cancer was
named the best new clinical-lab product of 2016.
The IQFISH panel makes it easier for pathology labs
to integrate fast, high-quality EISH (fluorescent in
situ hybridization) into their workflows.

The technology recently received a 2017 Scientisis’
Choice Award from online publisher SelectScience.
In our category, we beat out rivals including Thermo
Fisher, Beckman Coulter and Roche.

B ) . ) Accepting the award, from left to right:
We are delighted and honored to receive this Jimmy Jin, Akanksha Khare, Michael
award, especially because the voters were scientists  pyvolo Maria lsaac. Lois Nékayama

themselves,” says Jeff Heimburger, the head of
genomics marketing. “Not only is this a recognition of product quality and innovation, but it also shows
that we're listening to customers and developing the right products that help them fight cancer.”

Non-small-cell lung cancer can involve certain genetic aberrations.
The |QFISH panel for lung cancer can help detect rearrangements
invalving those genes, yielding information that can help guide
treatment options.

One benefit of the product is that it can reduce analysis and : : | _ 17
processing time. With our technology, multiple FISH slides can be LAY
processed in just four hours, whereas fraditional FISH can take

two or more days. WINNER

In addition, the product can achieve more consistent results across
a range of tissues, and it can also reduce reagent and labor costs
by decreasing the number of assays that need to be repeated.

To learn more, here’s some [nformation from our genomics team about what the product is and how it
works.

The IQFISH panel launched in Europe about a year ago. It's not available for sale in the U.S.

Muscat, Oman NOVEMBER 2017

The Best New Clinical Laboratory Product of 2016

The Best New Clinical Laboratory Product of 2016 was awarded to Agilent Technologies for its IQFISH Panel for
Lung Cancer*. The panel enables routine pathology laboratories to easily integrate fast, high-quality FISH
(fluorescence in situ hybridisation) into their IHC workflow.

Agilent's Charmian Cher receives the coveted Product of the Year Award at AACC 2017
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Backup slides
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PML-RARA IQ

Formamide buffer 2hr

STAT in (Acute Confirm «

Promyelocyte
Leukemia)

2.5 hours turn around
Bright signal
Low background

|Q buffer 2.5hr *1Q 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

Selection and
isolation of BAC
clones

Abbott Kreatech

Labelling with
fluorescent dye

During denatura

denatured ¢
hybridization step it fishes out
repeats. Some still remain

the vial,

royaltls)
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