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Introduction to CISH

Chromogenic In Situ Hybridization

Is an in situ hybridisation method like FISH

Uses chromogen-labelled DNA Probes that are 
visualized by conventional brightfield microscopes

Allows visualization of cellular DNA and can be 
performed on a tissue section

Used to quantify the number of gene copies in cells in a 
tissue section and demonstrates gene status in tumours



Available CISH detection kits:
Gene amplification

Chromosome translocations

Deletions

Aneuploidy

Can be performed on:
FFPE tissues 

Blood or bone marrow smears

Metaphase chromosome spreads

Fixed cells

Introduction to CISH



Australian CISH Validation Study

Objective: 
To assess the concordance and performance of 
CISH HER2 assay in conjunction with HER2 FISH 
and HER2 IHC on breast carcinoma cases

Participants:
X2 Sydney Laboratories

X2 Queensland Laboratories

X1 Melbourne Laboratory (St Vincent s Pathology)

Study design:
50 cases in total

Each lab received 10 cases for assessment using 
the CISH her-2 assay

Each lab received an additional 10 cases that were 
also tested by another 2 laboratories



Preparation of samples prior to analysis:

4 m FFPE sections were received pre-cut on AAS 

slides

Sample testing:

SpoT-LIGHT CISH polymer detection kit (Zymed)

SpoT-LIGHT CISH HER2 amplification probe

Australian CISH Validation Study



Concordance between IHC, FISH and 

CISH

In addition to the Australian Validation Study, 

several studies have been carried out to 

determine the concordance between 

FISH/CISH and IHC/CISH:

Most IHC/CISH studies show concordance 

between 80 and 100%

FISH/CISH concordance rates between 90 and 

100%

Generally most IHC/CISH and FISH/CISH studies 

demonstrate concordance data above 80%



What is HER2?



Herceptin Therapy

Herceptin contains the active ingredient called 
trastuzumab

It belongs to a group of medicines known as 
anti-neoplastic (or anti-cancer) agents

It Works by:

Blocking tumour cell growth

Signalling of the immune system

Working with chemotherapy



Methods of HER2 Testing

Immunohistochemistry (IHC)

IHC detects the presence of the HER2 protein 
in tissue samples

Fluorescence in situ hybridization (FISH)

Uses fluorescent DNA probes to identify 
increased copies of the HER2 gene

Chromogenic in situ hybridization (CISH)

Allows detection of gene amplification using 
conventional peroxidase on FFPE tissues



Previous HER2 Testing Algorithm
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Listing of Herceptin on the PBS

Herceptin listed on Pharmaceutical Benefits 

Scheme on 1st October 2006

Government agreed with PBAC 

recommendations that:

Gene amplification status be known

Patients with heart conditions should not 

receive the drug

The listing of Herceptin will add approximately 

$470 million to PBS and repatriation 

Pharmaceutical Benefits Scheme between 

2006-07 and 2009-10



Every woman is at risk: only 5-10% of all breast 
cancers happen because of inherited genetic 
mutations

14,000 Australian women are annually 
diagnosed with Breast cancer

2,100 diagnosed breast cancers are HER2 
positive

Strong HER2 over expression has been 
observed in:

20-30% of invasive breast cancers

Up to 60% of ductal carcinoma in situ

Who qualifies for Herceptin?



Early Breast Cancer HER2 Testing 

Algorithm
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Metastatic Breast Cancer HER2 

Testing Algorithm
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Introducing a new diagnostic test

Staff willing to take on a challenge
Need person who is dedicated and knowledgeable

Pathologist willing to take on responsibility and learn to interpret 
results. 

Her2 CISH requires a breast specialist

Costs/Equipment
Purchasing kits and equipment

Facilities
A designated space

A roster that works well to still perform normal 
duties

Time management

Turn a around time
Maintain expectation

Determines how soon a patient can commence treatment



Becoming a CISH Reference 

Laboratory

Roche invited expression of interest from Labs 
with experience and/or interest to set-up a CISH 
service

Laboratories to be subsidised for testing by 
Roche

Before engaging in a contract with Roche, a 
certification process was compulsory to be  
completed by Pathologist(s) and Scientist(s)



CISH Certification Training

Venue: 
Princess Alexandra Hospital, Brisbane, hosted by 
Glenn Francis and his team

Training schedule ran over 2 days

The objectives of the training were to:
Learn about the CISH protocol and method

Receive hands on exposure and training on the CISH 
protocol

Gain an understanding on the scoring and 
interpretation of CISH results

Interaction with other labs, Roche and Invitrogen
Troubleshooting

New ideas



Pathologistôs completed an online/virtual 
program

Objectives :
To assist the pathologist in interpreting CISH 
Results

To exercise the pathologists trouble shooting skills

Certification slides were given at training.

HER2 CISH performed on return from training 
by Scientist

Scoring and interpretation by pathologist

Slides returned to Invitrogen for review

CISH Certification Training



CISH Reference Lab Inclusion Criteria 

Minimum no. of CISH cases to be reported per year 
are 50/pathologist and 150/lab

CISH reference lab must be under the supervision of a 
pathologist with a specialty in breast pathology

Reporting pathologist must report on breast cancer 
cases on a routine basis

Substitute pathologist required to cover the absence of 
reporting pathologist

Initial training, Certification, QAP and accreditation 
processes for pathologist, scientist and lab as per 
RCPA, Invitrogen and NATA Requirements must be 
undertaken

Turn around time of 7 working days to complete and 
report on a CISH case from the day of receipt



Certified Victorian CISH 

Reference Laboratories

St Vincent s Hospital, Melbourne

Peter MacCallum Cancer Institute

TissuPath

Dorevitch Pathology



HER2 CISH Kit

Zymed s SPoT-light  HER2 CISH Kit is a standardized 

kit for 20 tests

HER2 probe purchased separately (Not included in kit)

SPoT-light  HER2 probes are stored at -20oC

All necessary reagents, other than standard lab 

reagents are included

Peroxidase detection system uses Zymed s, highly 

sensitive HRP polymer detection method and DAB for 

signal development



HER2 CISH Kit



HER2 CISH Kit:

Additional Materials Required

Superfrost plus slides

Positive tissue control: FFPE tissue section with HER2 
gene amplification

Distilled water

Xylene

70%, 85%, 95% and 100% ethanol and 100% methanol

30% hydrogen peroxide

Coverslips and rubber cement



HER2 CISH Kit:

Equipment Required

Timer

Pipettes and pipette tips

Slide rack

Slide warmer oven

37oC incubator

Coplin jars and staining jars

PCR thermal cycler with a slide block

Water bath (capable of reaching 100oC)

Bright field microscope



Principle of 

CISH Polymer Detection Kit

Mouse Anti-DIG

Blocking Step

HRP

Polymerized HRP-Goat Anti-Mouse

HRPHRP

HRP
HRP

HRP

Chromogen

HRP

TISSUE

Ab

Ab
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PROBE



CISH step by step

2. Heat Pretreatment

5. Stringent Wash

3. Enzyme digestion
4. Denaturation 

and Hybridisation

1. Specimen 
Preparation

7. Counterstaining

Overnight Incubation

½ Day

½ Day
6. Immunodetection



Specimen Preparation 

for CISH

Fixation and sectioning of tissue

Tissue should be fixed in 10% neutral 
buffered formalin for 12-24 hours prior to 
paraffin embedding

Tissue sections should be 4-5mm thick 
and mounted on Superfrost/Plus 
microscope slides

Baking and deparaffinisation

Sections should be baked at 60oC for 15 
minutes prior to deparaffinisation or 
overnight at 37oC

Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

Day 1
1



Formalin Pigmentation



Heat Pretreatment

Coplin jar containing 

heat pretreatment buffer 

is heated to 98oC-100oC 

in the waterbath

Slides are then placed in the coplin jar and 
heated at 100oC for 15 minutes

Slides are then placed in distilled water at 
Room Temperature

Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

Day 1
2

Critical



Enzyme digestion

Tissue is digested with pepsin (provided in 

Zymed CISH kit)

10 min digestion recommended for most 

tissues

However,

Digestion depends on tissue fixation, type of 

tissue, decalcification

Critical

Day 1
Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

3



Proper Pepsin Digestion

Breast cancer, CISH with HER2 probe, 40x



Pepsin Overdigestion

Breast cancer, CISH with HER2 probe, 40x



Pepsin Underdigestion

Breast cancer, CISH with HER2 probe, 40x



Denaturation and 

Hybridisation

DENATURATION

Denaturation of probe is performed at 94-

95
o
C for 5 minutes in a PCR thermal cycler 

with slide block

HYBRIDISATION

Hybridisation must be for at least 12 hours to 

a maximum of 72 hours at 37
o
C

Day 1
Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

3



Day 1

DENATURATION

HYBRIDISATION

Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

3 Denaturation and 

Hybridisation



Stringent Wash

Insufficient wash may lead to high DAB 

background

Wash must be performed in SSC buffer at 

75-80
o
C for 5 min. Do not exceed 80

o
C

Washes performed at higher temperatures 

than recommended may result in a complete 

loss of CISH signal

Day 2
Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

5



Immunodetection

Between immunodetection steps, slides are 
washed with PBS and Tween 20 (0.025%), 
pH7.4

Washes are 3 x 2 minutes

Important to keep pH range between pH 
7.0-7.5, otherwise may affect staining

Insufficient or lack of washing may lead to 
high DAB background

Day 2
Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

6



Counterstaining

Requires 1dip only in Harris 

haemotoxylin

Strong counterstaining is not

recommended as it may mask 

HER2 signals in nucleus

Day 2
Specimen 

Preparation

Heat

Pretreatment

Enzyme  

Digestion

Counterstaining

Denaturation & 

Hybridisation

Stringent Wash

Immunodetection

7



Correct Counterstaining



Strong Counterstaining



Evaluation of HER2 Gene 

Status by CISH

Normal

1-2 copies of the HER2 

gene present per nucleus

Low 

Amplification

6-10 copies of the HER2 

gene or a small HER2 gene 

cluster, present per nucleus 

in >50% cancer cells.

Amplification

>10 copies, or large clusters 

of the HER2 gene present in 

>50% cancer cells.



CASE 1

65 year old woman

Presented with a probable femoral 

metastasis

Needle biopsy of femoral lesion



pressley

H&E


