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The aim of this NSW Biobank Standard Operating Procedure (SOP) Template is to provide guidelines to act as a resource when drafting or revising Biobank SOPs.  This document is not intended to be used as an active SOP in the current form.  The content includes topics with examples to consider when developing and/or refining Biobank specific SOPS. Some of the examples and information will not necessarily be appropriate for your Biobank. Biobank staff are encouraged to edit, delete and add information as appropriate for your Biobank. A complementary resource is the Biospecimen Research Database (BRD) from the National Cancer Institute (NCI) in the USA where you can search SOPs uploaded by Biobanks around the world.  Click here to go to the BRD website, then click on ‘Search SOPs’.

Purpose
The purpose of this standard operating procedure (SOP) is to describe how sections are stained with Haematoxylin and Eosin (H&E) to enable microscopic morphological examination of tissue.  The H&E stain is the standard for routine microscopic examination of tissues that have been fixed, processed, embedded, and sectioned. This staining technique facilitates interpretation of pathology, identification of tissue, study of tissue composition and accurate diagnostic tumour grading.

Scope		
This SOP describes how sections of tissues should be manually stained.  The SOP does not cover automated H&E staining.
The procedure pertains to all personnel who may be responsible for staining tissue section. 
This SOP does not cover detailed safety procedures for handling Human Biological Materials (HBMs) or hazardous chemicals and it is recommended that personnel follow institutional safety guidelines.  

Roles & Responsibilities
The SOP applies to all Biobank personnel responsible for staining tissue sections for the Biobank.  Applicable staff may include the following roles: 
	Biobank Personnel
	Responsibility/Role

	Pathology assistant/laboratory technician/scientist/research assistant/tissue bank officer
	May be responsible for staining tissue sections.



Definitions
	Term/Abbreviation
	Definition

	Hematoxylin and Eosin (H&E)
	H&E stain is the most widely used stain in anatomical pathology diagnosis. Hematoxylin is a dark blue or violet stain that is basic/positive. It binds to basophilic substances (such DNA/RNA). Eosin is a red or pink stain that binds to acidophilic substances such as positively charged amino acid side chains (e.g. lysine, arginine).Therefore this combination of dyes will stain different cellular elements giving a detailed view of tissue morphology

	OCT
	Optimal cutting temperature compound

	FFPE
	Formalin fixed paraffin embedded

	MSDS or SDS
	A Material Safety Data Sheet (MSDS) or Safety Data Sheet (SDS) is a document that provides health and safety information about products, substances or chemicals that are classified as hazardous substances or dangerous goods. In Australia, a supplier must provide the manufacturer or supplier’s current SDS for the hazardous chemical on first supply to a workplace and upon request.



Related documents
The documents and forms listed below are recommended and may be substituted by alternative/equivalent material:
	Documents and/or Forms 
	Description

	NSW/CTRNet Required Operational Practice 9: Biospecimen Collection and Processing
	ROP that describes the key principles regarding biospecimen collection and processing that a Biobank should adhere to in order to meet the current best practice standards. 

	NSW/CTRNet Required Operational Practice 10: Biospecimen Storage and Retrieval
	ROP that describes the key principles regarding biospecimen storage and retrieval that a Biobank should adhere to in order to meet the current best practice standards. 

	NSW/CTRNet Required Operational Practice 13: Safety and Waste Disposal
	ROP that describes the key principles regarding safety and waste disposal that a Biobank should adhere to in order to meet the current best practice standards. 

	NSWHSB SOP 4.6: Tissue Processing and Storage
	SOP that describes how tissue is processed and stored for the Biobank.


	NSWHSB SOP 4.10.0: Biobank Tissue Sectioning
	SOP that describes the steps to follow when sectioning tissue preserved in paraffin or Optimal Cutting Temperature (OCT) compound.

	NSWHSB SOP 5.1: Assessing Quality of Tissue Specimens
	SOP that describes the testing procedures Biobanks should put in place to monitor and assess the morphological quality of tissue biospecimens.



Materials & Equipment
The materials and equipment listed below are recommendations only and may be substituted by alternative/equivalent products more suitable for the site-specific task or procedure.

· Coplin jars (for stain) or many laboratories will have a linear (sequential) system of containers (lidded)
· Harris Haematoxylin (filtered)
· Eosin
· Xylene/Toluene
· Tap water
· Ethanols
· HCl
· Scott’s Bluing solution
· Slide racks for staining and drying slides
· Forceps
· Mounting medium (e.g. Permount) and droppers
· Coverslips
· Access to running water

Safety
This SOP does not cover detailed safety procedures for handling biohazardous and hazardous materials and it is recommended that personnel follow institutional biosafety guidelines and information in the relevant Material Safety Data Sheet (MSDSs) or Safety Data Sheet (SDS) for each hazardous material. 

In general, treat blood, tissue and all such materials as biohazardous and wear appropriate personal protective equipment (PPE) throughout the procedure. 

Procedures/Method
This procedure is intended to ensure that tissue sections are stained in a consistent manner.  Stained sections are valuable for studying tissue morphology and structure. Microscopic examination of stained sections facilitates identification of tissue and components.  Consistency in procedure is important for obtaining comparable reliable and reproducible test results.  The times specified for the steps below may be modified to suit laboratory specific reagents, which may vary in strengths and composition. However, the production of high quality H&E stained sections relies on numerous variables and the intensity of the staining should be discussed prior to actually staining

Staining Preparation:
1. Treat all tissue as potentially infectious.
2. Staining must be performed by the laboratory or histology technician/scientist or trained personnel designated by the Biobank.
3. Ensure all materials, reagents and equipment are ready before starting. 
4. It is advisable to run a Quality Control slide prior to staining a batch, checked microscopically and then proceed with batch staining. These QC slides can be kept and reviewed to maintain/optimise further staining batches

Staining of Formalin Fixed Paraffin Embedded Tissue Sections
1. Place slides containing FFPE sections in a slide holder (glass, metal or plastic).
2. To dewax (deparaffinisation; take down to water) the sections, dip the slide holder with the slides into each of the reagents below for the time specified:
	REAGENT
	TIME
	EQUIPMENT

	Xylene/Toluene
	2-4 minutes with occasional agitation
	Slide holder
Staining dish with lids
In fume hood

	Xylene/Toluene
	2-4 minutes with occasional agitation
	Slide holder
Staining dish with lids
In fume hood



3. To rehydrate the sections, dip the slide holder with the slides into each of the reagents below for the time specified:
	REAGENT
	TIME
	EQUIPMENT

	100% Ethanol 
	 2 minutes
	Slide holder
Staining dish

	100% Ethanol 
	2 minutes
	Slide holder
Staining dish

	85% Ethanol 
	2 minutes
	Slide holder
Staining dish

	70% Ethanol 
	2 minutes
	Slide holder
Staining dish

	Slowly running water wash 
	5 minutes
	Slide holder



4. When the slide holder is removed from the water, blot excess water from slide holder.
5. To stain the sections, dip the slide holder with the slides into each of the reagents below for the time or number of dips specified:
	REAGENT
	TIME

	Harris Haematoxylin  
	4 minutes

	Slowly running water wash
	5 minutes

	Acid- Alcohol (1% HCl in 95% ethanol) (70% alcohol) 
	1-5 dips (as needed to de-stain)

	Slowly running water wash 
	8 minutes

	Ammonia water (see Appendix A for concentration information) (also Scotts Blue is often used )
	2 minutes

	Slowly running water wash
	5 minutes

	At this stage the sections need to be looked at under the microscope before proceeding
	Nuclei should be blue and the chromatin (dots) should be clearly distinguishable, the rest of the background tissue a very pale greyish colour 

	Rinse in 70% alcohol 
	About 10 dips

	Eosin
	2 minutes (may be only 15 dips if Eosin is strong )



Note: Each laboratory should determine optimal times for each of the steps as local conditions and reagent suppliers will affect results. 

6. To dehydrate the sections, dip the slide holder with the slides into each of the reagents below for the time or number of dips specified:
	REAGENT
	TIME

	70% Ethanol 
	5-10 dips ( Until slides run clear)

	85-95% Ethanol 
	10 dips (2 minutes)

	100% Ethanol 
	2 minutes ( with dipping)

	Clear(Clean) in Xylene/Toluene 
	2 minutes ( with dipping)

	Clear in Xylene/Toluene
	2 minutes (5 minutes) ( with dipping)

	Cleanest Xylene (to ensure that there is no carry over from alcohols) (this third xylol is very clean prior to cover-slipping)
	5 minutes (with initial dipping)



7. To apply a coverslip:
a. On a clean surface (example on a bench nappy or redi wipes) place required amount of coverslips. Only touch coverslips on the edges and avoid fingerprints on the coverslip
b. Only coverslip one slide at a time
c. Take slide out of xylol and blot. Place a drop of mounting medium such as Permount  (or Ultramount No/ 4 squeeze tube)  onto the coverslip using a glass rod, taking care that there are no bubbles.
d. Angle the slide(About 45°)  and lower down gently until the slide mountant and coverslip  meld together
e. Allow the Permount to spread beneath the coverslip, covering all the tissue.
f. Wipe the back of the slide with a tissue, suck excess mountant, xylol from all four sides of the slide
g. Put slide down and repeat process for all slides
h. Gently squeeze out any air bubbles using a pair of forceps, wipe any excess immediately with a tissue, repeat process for the rest of the slides
i. Do a final quality inspection of all slides making sure that there are no air bubbles, that all sides are free of mountant and that the whole slide is clean. (This is important if the slides will be digitally imaged)
j. Dry flat overnight in the hood.

Staining of OCT Embedded Tissue Sections 
OCT embedded tissue has a tendency to lift off and slide more easily during staining procedures than FFPE tissue.  The use of adhesive (+ + electrostatic/polylysine coated slides are essential/mandatory for this procedure otherwise the tissue sections WILL float off.
Note: Eosin staining is depressed with OCT sections compared to FFPE sections while staining of nuclei is enhanced, thus shorter staining times are used to stain H&E for frozen sections (about half the time of H&E of FFPE sections). Each laboratory needs to determine optimal times for this process under local conditions.
1. Allow the slide to air dry, especially if taking out from the freezer, prior to staining
2. Place slides containing OCT sections in a slide holder (glass, metal or plastic).
3. Gently dip in slow running water (to remove the OCT compound)
4. To stain the sections, dip the slide holder with the slides into each of the reagents below for the time or number of dips specified.
 
	REAGENT
	TIME

	(If using) 95% Ethanol
	1-2 minutes

	(If using) 70% Ethanol
	1-2 minutes

	1.Slowly running water wash
	1-2 minutes

	2. Harris Haematoxylin (filtered)
	30 seconds 

	3. Slowly running water wash
	1-2 minutes

	4. Acid-Alcohol (de-stain)
	1-2 dips (or as needed to de-stain to required degree)

	Slowly running water wash
	1-2 minutes

	Ammonia water (Scott’s Bluing solution)
	60 seconds

	Slowly running water wash
	1-2 minutes (need to check microscopically, should be able to “see” into nucleus,  other background tissue should be pale or very slight grayish look)
REPEAT from step 2 if staining is too pale.
If staining is dark repeat dip in acid alcohol, blue & microscopically check again. 
Ensure this part of the staining steep is satisfactory  before proceeding further 

	70% Ethanol
	1 minute

	95% Ethanol
	1 minute

	Eosin (1%)
	15-20 seconds



5. When dipping, do so very slowly to minimise section loss.
6. To dehydrate the sections, dip the slide holder with the slides into each of the reagents below for the time or number of dips specified:
	REAGENT
	TIME

	70% Ethanol 
	5-10 dips  (this differentiates shades of pink within various tissue types)

	85% Ethanol 
	10 dips

	100% Ethanol 
	10 dips 

	100% Ethanol
	10 dips

	100% Ethanol
	10 dips (as excess eosin is lost into these solutions the last alcohol should be clear in colour NOT pinkish)

	Clear in Xylene/Toluene 
	2 mins with dipping (can blot rack onto rediwipe between containers to help control excess carry over between each xylol

	Clear in Xylene/Toluene
	2 mins with dipping

	Clear in Xylene/Toluene
	2 mins with dipping 
(the final “coverslipping” container should be clear & clean)



7. When dipping, do so very slowly to minimise section loss.
8. To apply a coverslip: SEE ABOVE for method as per FFPE tissue sections

Reviewing the Stained Slides:
1. View under a microscope. The staining results should be as follows:
a. Nuclei - deep Blue. Should be able to see details inside nucleus e.g. chromatin granules 
b. Cytoplasm and connective tissue - shades of pink

References, Regulations and Guidelines
1. Canadian Tumour Repository Network (CTRNet) Standard Operating Procedures: https://www.biobanking.org/operating-procedures 
2. The National Statement on Ethical Conduct in Human Research 
3. Best Practices: Recommendations for Repositories. Fourth Edition. International Society for Biological and Environmental Repositories (ISBER) 2018. Campbell LD, Astrin JJ, Brody R, DeSouza Y, Giri, J, Patel AA, Rawley-Payne M, Rush A and Sieffert N. 
4. ISO 20387:2018[E] Biotechnology – Biobanking – general requirements for biobanking
5. US National Biospecimen Network Blueprint http://biospecimens.cancer.gov/resources/publications/reports/nbn.asp
6. International Conference on Harmonisation (ICH) Good Clinical Practice (GCP) Guidelines, section 4.8.  https://www.ich.org/page/efficacy-guidelines

Appendix:
· Appendix A: Concentrations
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Appendix:  Concentrations

Ammonia water
	Tap Water
	1000ml

	Concentrated Ammonium Hydroxide
	2-3mls



1% Acid-Alcohol 
	Conc HCl
	1ml

	70% Ethanol
	100ml
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