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PURPOSE                      

HER-2-neu, also known as c-erbB2, is a gene that has been shown to play a key role in the regulation of cell growth. The gene codes for a 185 kd transmembrane cell surface receptor that is a member of the tyrosinase kinase family. HER-2-neu has been shown to be either amplified and /or over expressed in human breast, ovarian, and other cancers. Approximately 12-18% of breast cancers have amplification of the HER-2-neu gene which is found to be associated with rapid proliferation, shorter disease-free survival and poorer overall survival in both node-negative and node- positive ductal breast cancers.

Selection of chemotherapy is one of the most important decisions in the treatment of breast cancer. C-erbB2 amplification in breast cancer patients has been associated with improved response to intensified adriamycin-based chemotherapies. Since these chemotherapies also have very serious side effects associated with them, an accurate and reliable method of assessing the C-erbB2 status of a patient is needed.

The FISH Kit (PathVysion Kit) is designed to detect amplification of the C-erbB2 gene via fluorescence in situ hybridization (FISH) in formalin-fixed, paraffin-embedded human breast cancer tissue specimens. In our FISH procedure, we use the ratio of C-erbB2 signal to chromosome 17 copy number to discriminate aneusomy of chromosome 17   from   true C -erbB2 gene amplification. Therefore, we have a dual color probe mixture which includes a SpectrumGreen for CEP 17 (centromeric portion of chromosome 17) and SpectrumOrange for the C-erbB2 gene. This will allow easier interpretation of ambiguous probe signals and maintains reader to reader consistency.

This test measures C-erbB2 at the DNA level as opposed to the immunohistochemistry method which measures the C-erbB2 at the protein level. It has been reported that formalin fixation can interfere with the C-erbB2 detection at the protein level in 15-20% of cases and there is no evidence of such interference at DNA level.

The FISH procedure is a two day procedure that has a 3-stage protocol:

( Stage I) - Slide Preparation: Pretreat sections with the pretreatment solutions.

( Stage II) - Binding the probe to the target: Apply the combined dual color DNA probes LSI HER-2 and CEP 17 probe to the tissue area on the slide.  Place the slide into the HYBrite and allow the instrument to denature and hybridize the probes to the complementary DNA.

( Stage III) - Analyzing – Wash away unbound probe.  Apply counterstain, view and enumerate probe signals using a fluorescence microscope with appropriate filters. Calculate ratio of HER-2- neu signals to CEP 17. Specimens are amplified if they have a ratio of 2.0 or greater, but for reporting purposes, an equivocal range has been determined, based on performance characteristics of this assay in FFPE tissue (see section on analyzing and scoring below).
PROCEDURE

Reagents / Equipment:
Probe:
Her-2/Neu SO / CEP17 SG Probe

PathVysion

Catalog # 35-171060

0.2N HCL:

Purpose:  To extract nucleic and extra-cellular matrix proteins and dissolve histones.

Reagents:
1. Hydrochloric Acid, concentrated (HCl, approx. 37%)

AR Select

Malinckarodt

Catalog # 5587-03

Storage:  Room temperature
2. Sterile Distilled Water

Pharmacy Services

Procedure:

1. Add 16.6ml concentrated HCl to sterile distilled water and QS to 1.0 liter.

2. Mix well.

Storage:  Room temperature

Shelf Life: 1 year

20x SSC, pH 5.3 (30M Sodium chloride, 0.3M sodium citrate)

Purpose: Used in preparation of post-hybridization buffer and denaturation solution for FISH.
Reagents:
1. 20xSSC

Vysis (Abbot Molecular), Downer's Grove, IL 60575

Catalog # 30-805850

2. Sterile Distilled Water

Pharmacy Services

3. Hydrochloric Acid

Procedure:
1. Add 66.0gm of 20xSSC to 250ml sterile distilled water.

2. Mix well.  Adjust pH to 5.3 (+/- 0.1), about 20-25 drops, using concentrated HCL.

Storage:  Room temperature

Shelf Life: 6 months

Post Hybridization Buffer (20xSSC / 0.3% NP-40 pH 7.0-7.5)

Purpose:  Used to wash excess non-hybridized probe off of sample, leaving the hybridized probe attached to the targeted gene.

Reagents:
1. SSC, 20x

Vysis (Abbot Molecular), Downer's Grove, IL 60575

Catalog # 30-805850

Storage: Room temperature

2. NP 40

Vysis (Abbot Molecular), Downer's Grove, IL 60575

Catalog # 30-804820

Storage: -20oC Freezer
3. Sterile Distilled Water

Pharmacy Services

4. Hydrochloric Acid

5. Sodium Hydroxide

Reagent Preparation:

1. SSC, 20x

a. Add 66.0gm of 20xSSC to sterile distilled water. QS to 250ml

b. Mix well.  Adjust pH to 5.3 +/- 0.1 using concentrated HCL.

Storage: Room temperature

Shelf Life:  6 months

Procedure:

1. Add 3.0ml of NP-40 to 100.0ml of 20xSSC (pH 5.3) and QS to 1.0 liter with sterile distilled water.
2. Mix well.  Adjust pH to 7.2-7.5 NaOH (10N), about 9 drops.
Storage: Room Temperature

Shelf Life: 6 months

Pretreatment Solution (1.0M Na Thiocyanate)

Purpose: Increases cell permeability to facilitate subsequent enzyme digestion.

Reagents:

1. Sodium thiocyanate (NaSCN)

Sigma, St. Louis, MO 63178

Catalog # 57757

2. Sterile Distilled Water

Pharmacy Services

Procedure:

1. Add 81.07gm Na Thiocyanate to sterile distilled water and QS to 1.0 liter.

2. Mix well.
Storage: Room temperature

Shelf Life: 1 year

Protease Solution Buffer
Purpose: Used to dissolve pepsin for protein digestion

Reagents:
1. Sodium Chloride

2. Sterile Distilled Water

3. Hydrochloric Acid

Procedure:

1. Add 9.0gm NaCl to 1.0L sterile distilled water.
2. Mix well.
3. Adjust pH to 2.0 +/- 0.1 using concentrated HCL, about 25 to 30 drops.
Storage: Room temperature

Shelf Life: 1 year

Wash Buffer (2x SSC, pH 7.0)

Purpose: Used to wash excess non-hybridized probe off of sample, leaving the hybridized probe attached to the appropriate chromosome location.

Reagents:
1. 20xSSC; pH 5.3

2. Sterile Distilled Water

3. Sodium Hydroxide

Procedure:
1. Make 10% v/v NaOH by adding 1.0ml of 10N  NaOH to 9 ml sterile distilled water.  Mix well.  

2. Add 100 ml 20xSSC, pH 5.3 to 900 ml sterile distilled water.

3. Mix well.  Adjust pH to 7.0 +/- 0.1, use 10%

4.  NaOH (about 10 drops).
Storage: Room temperature

Shelf Life: 6 months

Flex 100 Alcohol, 100%

Richard Allan Scientific, Kalamazoo, MI 49008

Catalog # 8101

Storage: Flammable cabinet / cupboard at room temperature

Shelf Life: Indefinite

Xylene

Richard Allan Scientific

Storage:  Room temperature in flammable cupboard


Shelf Life: Indefinite

Hybrite (warming plate): model: 30-102720 or Thermobrite:
Vysis (Abbot Molecular), Downer's Grove, IL 60575

Fluorescent Microscope


Zeiss, Olympus or Leica

Slide Warmer: model 26005


Lab-Line Instruments, Inc, Melrose Park, IL 60160-1491

Control Slides:

a. Normal controls:
H2N Normal Control Slides

Vysis (Abbot Molecular), Downer's Grove, IL 60575

Catalog # 30-805093

b. Cut Off controls:
H2N Cut Off Control Slides

Vysis (Abbot Molecular), Downer's Grove, IL 60575

Catalog # 30-805042

Notes:

· The Control slides should be run with each FISH assay performed.  For each assay, run 2 controls: the normal and the cut off control.

· The FISH controls need to be baked for 30 minutes in a 60oC oven before the assay starts.

Storage: Room temperature

Shelf Life:  Approximately one year (each set of controls has a printed expiration date)

Procedure:

Preparation for the day before running the FISH procedure:
1. Upon receiving a request for Her-2/neu analysis by FISH, order in the computer 1 H&E and 2 unstained slides to be cut by Histology and order the appropriate procedure code. An H&E will be stained and 2 slides will be cut according to the protocol described in Stage I Slide preparation; Preparing Specimen Slides.
2. Have one of the pathologists circle the area on the H&E slide corresponding to the infiltrating component of the tumor.  Leave the H&E in the FISH tray on the mailbox counter in NE110
3. Specimens to be run by the FISH procedure are batched and run twice a week.

4. Obtain one unstained slide per patient.  Match the unstained slide to the H&E.  On the back of the unstained slide, use a diamond pen to etch a circle around the in filtrating component of the tumor.

5. Pull one normal and one cut off control from their appropriate slide holders located above the fluorescent bench.  On the back of each control, circle with a diamond pen the area to be hybridized and bake them in a 60oC oven for 30 minutes.

6. Check the volumes and expiration dates of the working reagents to be used for this run.  Technologist will make any needed reagents and have them ready before the run begins.

Preparation on the day of running the FISH procedure:
1. Get appropriate number of clean Coplin jars with lids needed and label them as follows:

· HCl (RT)
· Sterile H2O (RT)

· Wash buffer #1 (RT)

· Wash buffer #2 (RT)

· Pretreatment Solution (80o)

· Protease (37o) solution buffer

2. Place the empty Coplin jar labeled Protease (37o) in the 37o water bath.  Pour 50ml of Protease solution buffer into an Erlenmeyer flask.  Cover the flask with parafilm and place it in the 37o water bath.  

3. Fill the HCl, sterile H2O, Wash Buffers, Pretreatment jars with enough solution to cover the slides.

4. Put the pretreatment jar in the 80oC waterbath.  Make sure the water level covers the solution in the jar.

5. Turn on the slide warmer and allow it to come to temperature (45o-50oC)

Stage I: Slide Preparation - 

Preparing Specimen Slides:

1. Cut 4-5 mm thick paraffin sections (using a microtome).

2. Float the sections on a protein-free (triple distilled) waterbath at 40oC.

3. Mount the section on a positively charged organosillane-coated slide.

4. Air dry the slides.  Bake the slides for 30 minutes at 60oC.

· The steps for preparing specimen slides are done by the histology lab at least one day before the procedure is to be run and after they have received the request from IHC for 1 H&E and 2 unstained slides to be cut.  (Refer to step 1 in Preparation for the day before running the FISH procedure section).
· Use specimens that were fixed in 10% formalin, between 24-48 hours.
Deparaffinizing Slides:
· Gloves are to be worn to avoid DNA contamination of the specimen and to protect the wearer from exposure to harmful chemicals.
· Slides can be put into racks and placed in boats of xylene and ETOH.  If there are a small number of slides, Coplin jars may be used.  Forceps must be used to transfer slides in and out of the Coplin jars at all times, now and throughout this procedure.
1. Immerse slides in 3 changes of xylene for 10 minutes each at room temperature (RT).
2. Dehydrate slides in 2 changes of Flex 100 for 5 minutes each at RT.
3. Air dry or place slides on a 45o-50oC slide warmer for 2-5 minute.
Pretreating Slides:

1. Immerse slides in 0.2N HCl for 20 minutes.
2. Immerse slides in sterile water for 3 minutes.

3. Immerse slides in wash buffer for 3 minutes

4. Immerse slides in pretreatment reagent at 80oC for 20 minutes.*

5. Immerse slides in sterile H2O for 1 minute. **

6. Immerse slides in wash buffer 1 & 2 for 5 minutes each.

*   In step 4 above, make sure the slide warmer is turned on and heated to 45o-50oC.

** In step 5 above, take the pepsin powder out of the -20oC freezer, weigh out 25 mg and add it to the Erlenmeyer flask in the 37oC bath.  Mix it well and let it dissolve in Erlenmeyer flask for 10 minutes.  Pour it into the pre-warmed empty protease Coplin jar in the 37oC waterbath..

Treating Slides with Protease:
1. Remove slides from Wash Buffer.

2. Remove excess buffer by blotting the edges of the slides on a paper towel.

3. Immerse slides in Protease solution at 37oC for 20 minutes.

4. Immerse slides in Wash Buffer twice, 5 minutes each.
5. Dry slides on a 45o-50oC slide warmer for 2-5 minutes.

Stage II: Binding the Probe to the Target-


Hybridization:
1. Prewarm the probe to room temperature.

2. Open the HYBrite and rehydrate the paper towels located in the side channels of the warming plate.  Make sure to add enough water so the chamber will stay humid for 16 hours.

3. Turn on the HYBrite warming plate.  Questions will appear on the screen.  Answer the questions as follows: (the HYBrite can be preprogrammed)

	Question / Statement
	Answer

	PGM #1

Please wait

Warming up to 37oC

Temp is (current reading)
	No reply needed



	Do you want to run an existing program?
	Yes

	Run PGM #1?

                    TEMP         HH:MM

Melt             73oC           00:05

Hyb              37oC           16:00
	Make sure the Melt temp is 37oC and the Hybridizationn temp is 37oC, then press Yes

	PGM #1 selected

Add slides

Close cover

Press yes to start
	At this point follow steps 4, 5 and 6 below.  Press yes to start the denaturing and hybridization AFTER all the slides have been placed in the chamber.  Do NOT open the chamber until the HYBrite has completed the 16 hours of incubation.  Proceed to step 7 below.

	PGM #1 in progress

Please wait

Heating to melt temp

Present temp is (Current temp)
	No reply; let the HYBrite run its cycle.

This will run for 5 minutes at 73oC

	PMG #1 in progress

Please wait

Heating to hybridization temp

Present temp is (current temp)
	No reply; let the HYBrite run its cycle.

This will run for 16 hours at 73oC


4. Apply 10 ul of probe mix to the circled tumor area.  (Note: if more probe is needed to cover a larger area use a coverslip).
5. Cover the area with 22x22 mm coverslip and seal edges with rubber cement.

6. Place the coverslipped slides in the designated slide area, starting in the middle of the warming plate and working outward.  Make sure the slides have full contact with the plate for even heating. Place “blank” slides in empty spots to keep even heating.
7. Dispose of used reagents appropriately.

· The pretreatment solution: Dispose of in the appropriate labeled waste container located in the reagent fume hood in the IHC lab.

· All Alcohols: dispose of in the Alcohol waste container located under the deparaffinizing fume hood.

· All other reagents such as the wash buffers, sterile H2O, HCl: Dispose of down the sink flushing with lots of water.

Post Hybridization Washing - 2ndday:

1. Add post hybridization wash buffer to two Coplin jars.  Prewarm one jar in the 73+/-1oC waterbath until it reaches 75oC, the second at room temperature.

2. Remove the rubber cement seal from the slide by gently pulling up on the sealant with forceps.

3. Immerse slides in the room temperature post-hybridization wash buffer and float off the coverslip.

4. Remove excess liquid by wicking off the back and edges of the slide.  Immerse slide in post-hybridization wash buffer at 73+/-1oC for 2 and 1/2 minutes. (<6 slides/jar).  Agitate slides when placing and removing slides from the Coplin jar.

5. Remove slides from the post-hybridization buffer, air dry in the dark in an upright position.

Counterstain and Slide Storage:

1. Apply 10 microliter of DAPI counterstain to the target area of the slide, apply a glass coverslip and seal the edges with nail polish.  Store the slides in the dark prior to signal enumeration.  If the slides are not going to be enumerated immediately, store slides according to the next step.
2. Store hybridized slides at -20oC in the dark.  Allow slides to reach room temperature prior to viewing and enumerating with fluorescence microscopy.

Stage III: Analyzing - 

Signal Enumeration:

a. Microscope: An epi-illumiation fluorescence microscope is required.  The recommended filter sets are the FITC, Rhodamine and DAPI filter.  Hybridization of the C-erb-B2 and CEP 17 probes to their target regions is marked by orange and green fluorescence, respectively.  All of the other DNA will fluoresce blue with the DAPI stain. 

Note:  a double filter which allows enumeration of both the orange and green signal can be used.

b. Assessing slide adequacy: Evaluate slide adequacy using all three filters and the following criteria:

· The probe signal intensity should be bright, distinct and easily evaluable.  Signals should be in either bright, compact, oval shapes or stringy, diffuse, oval shapes.

· The background should be dark or black and relatively free of fluorescence particles or haziness.

c. Recognition of target signals: use the prescribed filter.  Adjust the depth of the focus and become familiar with the size and shape of the target signals and debris.  Enumerate the signals only among tumor cells.  Tumor cells in general are larger than normal cells, lymphocytes, and epithelial cells.  Only enumerate tumor cells within the etched area of infiltrating tumor.  Skip those nuclei with signals that require subjective judgment.

· Skip signals with weak intensity and non-specificity, or with noisy background.

· Skip nuclei with insufficient counterstain to determine the nuclear border.

· Enumerate only those nuclei with discrete signals.

· Skip those nuclei that the nuclear borders are ambiguous.

· Skip those nuclei with signals that require subjective judgment.

d. Signal Enumeration: Use the 40x objective with the DAPI filter.  Scan several areas of tumor cells to account for possible heterogeneity.  Select an area of good nuclei distribution.  Avoid area of hybridization with weak signals.  Use the 100x objective (oil immersion lens) and begin analysis in the upper left quadrant of the selected area.  While scanning from left to right, and alternating filters from green to orange, count the number of signals within the nuclear boundary of each evaluable cell according to the guidelines provided below

· Focus up and down to find all the signals present in the nucleus.

· Count two signals as one if the distance between the two signals is less than the diameter of one signal.

· Do not score nuclei that do not have any signals or with signals of only one color.  Score only those nuclei with one or more FISH signals of each color.

Scoring the Slides:
· Log into the computer next to the fluorescent scope.  Go to the computer desktop ( click on shortcut to ICC ( click on ICC folder (  Click on read only copy of H2N FISH counts - new.

· Count the normal and the cut off controls following the rules of signal enumeration listed in the previous section of this procedure.  Enter the number of signals counted for both chromosome 17 probe (green) and the Her-2-neu probe (orange) in the appropriately labeled column.  Move the down arrow to the next line and count the next cell's orange and green signals.  Continue this process until the program tells you that you are in control.  Control slides must be run along side the patient’s slide.  Results of the patient side cannot be given until the control slides have been counted.  Label and save the count in the computer with the name (cut off or normal QC), the date run and the technologist's initials who performed the counts.  Save the counts for QC under appropriate folder for "H2N FISH" for the current year.
· Count the patient slide in the same way as above until the program tells you that it is either amplified or not amplified.  Label and save the count (minimum 20 cells) with the patient's surgical number, the date it was run and the technologist's initials that performed the counts.  

Note: The technologist that counted the patient slide must also have counted the amplified and normal controls in order for the results to be reported.

· If the program did not tell you to stop then count signals in 40 cells and stop.  Review the result of the count.  Based on the ratio of CEP17 to H2N signals, a second Tech might have to do a recount.

· If the ratio of CEP17 to H2N is <1.8 then the H2N FISH result is recorded as "not Amplified".

· If the ratio of CEP17 to H2N is between 1.8-2.2 then the H2N FISH results is considered "equivocal and a different IHC Tech needs to do a recount on the QCs and patient.  Order the recount in PowerPath and notify the backup Tech to do the recount as soon as possible.  Also notify the resident or faculty in charge about the recount.
· If the ratio of CEP17 to H2N is >2.2 then the H2N FISH result is recorded as "Amplified".

· If the Mean of the H2N count is <4 or >6 the case is complete and the results can be given to the resident or faculty in charge.

· If the Mean of the H2N count is between 4-6, it is considered "Equivocal" and a second Tech needs to do a recount on the QCs and patient.  Order the recount in PowerPath and notify the backup Tech to do the recount as soon as possible.  Also, notify the resident or faculty in charge about the recount.

· Save the count in the "ICC" folder under "current year FISH H2N cases" folder as an excel sheet.

· In order to import the patient count to PowerPath, follow the section below "Import of FISH count worksheet in PowerPath".

· Give a copy of the QC results to the resident or faculty in charge.  Store the FISH slides in the -20oC freezer in a closed pallet labeled as "FISH H2N" and with the date run.
Import of FISH Count Worksheet in PowerPath:
1. Open the Read only copy of H2N Fish count.

2. Score the FISH slide/case.

3. Highlight the FISH count worksheet using the mouse or the Shift and arrow keys.

4. Use "CTRL C" to copy.  A border will appear around the highlighted worksheet.

5. Minimize all the open worksheet.

6. Open the Paint. (Start ( Program ( Accessories ( Paint).  Create a shortcut on the desktop.

7. With a clean screen in Paint, use "CTRL V".  This will paste the worksheet image in the paint screen.

8. In the paint screen go to "File ( save as ( Desktop ( Shortcut to ICC ( H2N Fish ( current year "H2N Fish" ( current year "H2N Fish cases".  Type the case number, use the extension "JPG" and click on Save.

9. Open the "UW Pathology Imaging Suite" on the desktop.  In the screen, click on "UW image import" on top left hand screen.

10. Type the case number and tab over.  One or more images in the left part of the screen will appear.

11. Click on "Add files" on the top right window.  Select the file that was just created in the Fish H2N file.

12. Under "Type of Image" select the "Document Image".

13. Click on "Import of Image".
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