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Exchange of materials and information
Before undertaking any studies please make sure you return the ‘Participants’ Agreement’ to Peter Andrews, the Initiative Co-ordinator.

1. ALL CORRESPONDENCE relating to the Initiative and ALL COMPLETED DATA TABLES AND REQUESTED INFORMATION should be addressed to the co-ordinator, Peter W Andrews, care of:

Angela Ford.
Department of Biomedical Science,
University of Sheffield,
Western Bank,
Sheffield. 
S10 2TN.
United Kingdom.
Tel:
+44-(0)114-222-4675

Fax:
+44-(0)114-222-2399

Email:
a.ford@sheffield.ac.uk
2. ALL MATERIALS, REAGENTS, ANTIBODIES AND DETAILED SHIPPING INSTRUCTIONS etc will be distributed to the Participating Laboratories by the National Institute of Biological Standards and Control (NIBSC).  NIBSC will act as the Central Hub for exchange of materials. ALL MATERIALS submitted for analysis (i.e. cell extracts, samples etc) by the Participating Laboratories should be sent to NIBSC which, under the direction of Glyn Stacey, will arrange coding of samples and distribution to the various Central Resource Laboratories that will complete the various analyses.  All returned materials should be shipped to:

Lyn Healy or Oluseun Adewumi
UK Stem Cell Bank.

National Institute for Biological Standards and Control,

Blanche Lane,

South Mimms,

Potters Bar.

Herts.

EN6 3QG.
United Kingdom.

Tel:  +44 (0)1707 641 502

Fax   +44 (0) 1707 646 730

Email: lhealy@nibsc.ac.uk
cc: oadewumi@nibsc.ac.uk
3. A specific lot of Serum Replacement, Knock-Out DMEM and basic FGF will be provided by Invitrogen Corporation, who will arrange to ship these reagents directly to the Participating Laboratories.  The amounts provided will be related to the number of cell lines that a particular lab proposes to include in the Initiative.  Any queries about the amounts of these materials provided should be directed to Angela Ford at the above address, in the first instance. The specific lot of SR and bFGF has been pre-tested by the co-ordinator using the Wisconsin hES line H7.  
4. The Protocols for use with the studies are included with this package.  They have been prepared by the Initiative Co-ordinator, Peter Andrews, in consultation with the Steering Committee.  They should be followed by all participating laboratories, and any problems relayed back to the Co-ordinator.

5. Data tables in Excel will be distributed by the Co-ordinator to all participating laboratories for the recording of data.  These should be returned to the Co-ordinator on completion of the studies.  

The returned data will be combined with data from studies conducted by the Central Resource Laboratories on material provided by the participants, and subject to initial analysis by the Steering Group.  The compiled data from the study, together with a preliminary analysis, will be distributed to the Participating Groups in advance of a workshop meeting, to which all participants will be invited, with a view to finalizing the analyses and agreeing any conclusions that will be subsequently published.  The results of the Initiative will also be published on the Website of the International Stem Cell Forum. All data from the Initiative should be regarded as confidential until the conclusion of the workshop meeting.

6. NIBSC will arrange shipment of the following to each laboratory:

· Two ampoules of 2102Ep, human EC cells, with culture information and safety data sheets. These cells will provide a control for FACS analyses.
· Aliquots of each antibody for FACS analyses of surface antigen expression.

· Blank labelled tubes for return of samples.
· Trizol for preparation of cell extracts.

· Chamber slides for culture of cells to be fixed for ‘in situ’ immunofluorescence studies

· Sample preparation protocols.
7. A workshop meeting to discuss the results of the Initiative, agree any conclusions prior to publication, and discuss plans for future international studies will be held on 3rd – 7th August 2005, Bar Harbor, Maine, USA.  To allow time for completion of the studies, collation and analysis of the data we would like Participating Laboratories to endeavor to complete their parts of the study and submit materials for analysis by January 2005.  If any group feels that it will be difficult to meet this schedule, please let the co-ordinator know as soon as possible.

Overall Project Plan – see fig. 1, below, for overview.
Six different types of experiments are planned as part of the Initiative, summarised as Activity 1 – 6 in the Table below.  Activities 1 and 2, which involve collecting materials for microbiological analyses, for DNA fingerprinting the lines, and for the imprinting study, need only be done once during the study.  However, Activities 3-6 should be carried out twice at two time points at least one month apart.
	Activity
	Time Point
	Comments

	
	1
	2
	

	1
	Samples for microbiological analyses
	yes
	
	Collection of these samples does not have to be coordinated with activities 3-6.

	2
	Undifferentiated hES Cell extract in Trizol for DNA finger print and imprinted gene study
	yes
	
	Collection of these samples does not have to be coordinated with activities 3-6.

	3
	Undifferentiated hES Cell Surface Antigen Assay - FACS
	yes
	yes
	Ideally, Time Points 1 and 2 for activities 3, 4 and 5 should be the same so that the results from each of the three assays is directly comparable

	4
	Undifferentiated hES Cell extract in Trizol for Gene Expression
	yes
	yes
	See above

	5
	Fixed undifferentiated hES cultures for in situ immunohistochemistry
	yes
	yes
	See above

	6
	Differentiated cell extract in Trizol for gene expression analysis
	yes
	yes
	Ideally the differentiating cultures should be set up from undifferentiated cells corresponding to cultures assayed time points 1 and 2 for activities 3, 4 and 5.

	7
	Tumour histology 
	
	
	Optional – see below.


Tumour Histology
As part of the overall project on characterisation of ES cell lines we would like, where possible, to review the histology of representative teratomas produced by established human ES lines in immuno-suppressed mice.
This will be performed by Dr Ivan Damjanov, who has long experience in the biology and histopathology of teratomas and teratocarcinomas, and will provide a consistent view of the types of differentiation to be seen in the xenograft tumours of human ES cells.
We are not asking participating laboratories to produce xenograft tumours specifically for the Initiative.  However, if such tumours have already been produced we would ask participating laboratories to submit one, or if possible, two slides stained with H&E for each tumour.
Fig. 1. Overview of characterisation studies


[image: image3.emf]hES Cell Line

Subculture of

Undifferentiated 

Cells

ISCI/SOP/001

Differentiate

hES Cells

ISCI/SOP/007

Time Point 1

Subculture of

Undifferentiated 

Cells

ISCI/SOP/001

Time Point 2

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Samples for

Microbiology

ISCI/SOP/006

Differentiate

hES Cells

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Cell Lysate

(DNA + RNA)

Immuno-

histochemistry

ISCI/SOP/005

Samples for

Microbiology

ISCI/SOP/006

FACS

ISCI/SOP/003

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Immuno-

histochemistry

ISCI/SOP/005

FACS

ISCI/SOP/003

Store Samples

Dispatch Samples

to UKSCB

Culture of 2102Ep

Controls (FACS)

ISCI/SOP/002

Tumour Histology

ISCI/SOP/008

Culture of 2102Ep

Controls (FACS)

ISCI/SOP/002


Cell Culture Conditions
For Activities 3, 4 and 5, the cells should be grown in parallel, if possible, using the culture medium and methods currently in use in your laboratory (‘Local Conditions’), AND using the standard culture conditions described in these protocols as the “ISCI Standard Conditions”.  In this case, for each cell line, at each time point, there will be two sets of immunofluorescence data, two sets of cell extracts for RNA expression analysis, and two sets of fixed cell cultures for in situ immunohistochemistry.  However, in many laboratories the ‘Local Conditions’ are likely to be identical to the ‘ISCI Standard Conditions’, in which case there will obviously only be one set of these data and materials for each time point.  Please try to just culture under the standard conditions to help minimize the number of samples we must process.  If you have any queries about this or cannot decide whether the differences should be regarded as significant, please discuss with the Project Co-ordinator. 
If you find that your hES lines will not grow under standard conditions, please report the difficulties encountered to the Project Co-ordinator, and proceed using your local conditions, submitting the resulting data and materials, as requested.

Any deviations from standard protocols should be recorded on ISCI/FRM/002 – Deviations from Standard Protocols.
Feeders

Clearly the feeders that are used could be a significant source of variation between laboratories.  Also some laboratories culture their stock ES cells on Matrigel with fibroblast conditioned medium and, whereas most reported lines have been derived using mouse feeder cells, some groups report using human feeder cells.  However, it was decided that standardizing the feeders to be used by the different laboratories would be difficult within the scope of the current initiative.  Since many laboratories use mouse embryo fibroblasts inactivated by mitomycin C, we suggest that you use these if possible.  However, we will leave it to the discretion of each laboratory to decide which feeders they will use.

Please provide details of feeder cells used on ISCI/FRM/003 – Feeder Cell Details.
ES cell line details

For each ES cell line, details of how the cell line was derived, maintained and characterized are required. These details should be recorded on ISCI/FRM/004 – hES Cell Details. This form will be sent to you, via email, by the Project Co-ordinator. 

ISCI/SOP/001 – Passage of hES cells (ISCI Standard Conditions)
Purpose: 

To define the ISCI standard culture conditions for the subculture of human embryonic stem (hES) cells.

Items required:
· Collagenase – see Appendix 1, or suitable alternative
· hES medium – see Appendix 1
· PBS (Ca2+, Mg2+ free)

· Prepared feeder cells, MEF or suitable alternative

· Pipettes, 5ml and 10ml
· Class II Microbiological Safety Cabinet (MSC) 

· Cell culture microscope
· 15ml centrifuge tubes

· Centrifuge (refrigerated)

· 3mm diameter sterilised glass beads (Phillip Harris Scientific, Cat No. G50-203) or equivalent
· CO2 incubator

Notes:
· This protocol assumes that hES cells are grown in 25cm2 flasks. Other culture vessels may be used; however the volume of medium per vessel may need to be adjusted.
Procedure:
1. Using a microscope, select hES cells that are ready to passage.
2. Transfer flask to a Class II MSC and aspirate the spent medium from the flask.
3. Add 2ml of collagenase per 25cm2 flask. Incubate the flask at 37°C for 8-10 minutes, until the edges of the hES colonies start to curl (as observed under the microscope).
4. Gently scrape the cells from the flask by addition of 10-20 glass beads, which are then rolled across the surface of the flask.
5. Add 5ml hES medium and gently resuspend the cells.
6. Transfer suspension to a centrifuge tube. Centrifuge at 50 x g for 3 minutes at 4°C.
7. Whilst the hES cells are spinning, use a plastic pipette to remove the spent medium from the required number of flasks of feeder cells (i.e. for a 1:4 split of hES cells, 4 flasks of feeders are required), and wash the feeders once with PBS.
8. Using a plastic pipette, remove the supernatant from the hES cell pellet.
9. Gently flick the tube to disperse the pellet, and carefully resuspend the cells in an appropriate volume of hES medium, allowing 1ml of medium for each new culture to be set up (i.e. for a 1:4 split ratio, resuspend in 4ml of medium).
10. Using a plastic pipette, remove the PBS from the feeder layers.
11. Add 1ml of hES cell suspension to each flask of feeders.
12. Add a further 4ml of hES medium per flask, and then carefully transfer to a 37°C incubator, maintaining an even distribution of cells across the feeder layer.
13. Microscopically check the appearance of the cells each day, and feed with fresh hES medium daily, until the cells are ready to passage.
ISCI/SOP/002 – Passage of 2102Ep Human EC Cell Line

Purpose: 

To define the procedure for the growth and subculture of 2102Ep cells.

Items required:

· Frozen ampoule of 2102Ep cells

· 2102Ep growth medium – DMEM (high glucose) + 10% FCS + glutamine 
· PBS (Ca2+, Mg2+ free)

· Trypsin: EDTA 
· Pipettes, 5ml and 10ml
· Cell culture flasks, 25cm2 and 75cm2
· Class II Microbiological Safety Cabinet (MSC) 

· Cell culture microscope
· 15ml centrifuge tubes

· Centrifuge 

· CO2 incubator

Notes:
· 2102Ep is a nearly nullipotent human EC cell line which is easy to culture in an undifferentiated state, if maintained at high cell density.  It expresses all the key surface antigens of human ES cells detected by the antibodies included in the panel distributed for the ISCI.  If grown at low cell densities, it undergoes limited differentiation and expresses SSEA1, which is not expressed by undifferentiated hES cells.  Therefore 2102Ep cells are to be used as a standard and positive control for the immunofluorescence assays.
· Using the protocol detailed below, the cultures should reach confluence and be ready for passage in 3-5 days, with a yield of about 2 x 107 cells per 75cm2.
· 2102Ep cells cultured at high density (undifferentiated conditions) should express the surface antigens SSEA3, SSEA4, TRA-1-60, TRA-1-81, GCTM2, Thy1, TRA-2-54, TRA-2-49, and CD9. A minority of cells should express SSEA1, NCAM, VINIS 56, or VIN2PB22.
· 2102Ep cells cultured at low density (partially differentiated conditions) should show a proportion of cells which exhibit a large, flat morphology and express SSEA1.

Procedure:
1. Establishing 2102Ep cultures from frozen stocks.
1.1. Rapidly thaw one ampoule of cells. 
1.2. Transfer to a centrifuge tube and slowly add 5 – 10ml growth medium. 

1.3. Centrifuge at 200 x g for 5 min. Discard supernatant.
1.4. Resuspend the cell pellet in 10ml growth medium and transfer to 2x25cm2 flasks.

1.5. Incubate under a humidified atmosphere of 10% CO2 in air at 37ºC, until the cells are confluent.
2. To passage cells at high density (undifferentiated condition).
2.1. Aspirate medium from flask and wash cells with PBS.

2.2. Add 1ml Trypsin-EDTA per flask and incubate at 37(C for 5 minutes.
2.3. Tap flask to dislodge cells and break up any clumps. 
2.4. Resuspend the cells in 9ml growth medium.
2.5. Transfer to a 15ml centrifuge tube and centrifuge at 200 x g for 5 minutes.
2.6. Resuspend the pelleted cells in 10 ml medium and count the number of cells.

2.7. Seed the cells into flasks at a density of 5 x106 cells per 75cm2, with 15 ml medium.

2.8. Incubate under a humidified atmosphere of 10% CO2 in air at 37ºC.
3. To obtain partially differentiated cultures of 2102Ep cells.
3.1. Cells should be harvested from stock cultures, as described in section 2. However they should be seeded at 105 cells per 75cm2 flask.
3.2. Such cultures should be confluent by about 7 days.
ISCI/SOP/003 – Undifferentiated hES Cell Surface Antigen Assay – FACS
Purpose: 

To define the procedure for the preparation of hES cells for cell surface antigen analysis using FACS.
Items required:
· Trypsin: EDTA solution
· hES growth medium – see Appendix 1
· Wash buffer – PBS (Ca2+, Mg2+ free) with 5% FCS and 0.1% sodium azide
· PBS (Ca2+, Mg2+ free)
· Primary antibodies 

· Secondary antibody 
· Healthy hES cell cultures

· Haemocytometer

· Centrifuge

· 15ml centrifuge tubes

· Round bottom 96 well plate

· Plate seals

· Flow cytometer
Notes:
· The cells to be assayed for these surface antigens should be from healthy stock cultures. 

· High and low density 2102Ep cells should be assayed with test samples to provide a standard and a positive control for the antibodies provided.
· Feeder cells should also be assayed with test samples, provided that you have enough of the primary antibodies to do this (200µl will be needed for this).
· This protocol assumes that the procedure is carried out using a 96 well plate; however other suitable plates/tubes may be used.

· Precise protocols for immunofluorescence analyses vary between labs.  The following procedure is the one recommended for use in the ISCI, to help ensure comparability.  It may be that you need to change the staining or analysis protocol used in your laboratory.  If you believe that the protocol used in your laboratory is significantly different from the protocol set out below, please discuss this with the co-ordinator.
· Any deviations from standard protocols should be recorded on ISCI/FRM/002 – Deviations from Standard Protocols.
	
	
	
	
	Expected 2102Ep expression

	Antigen
	Antibody 
	Species
	Class
	High Density
	Low Density

	Undifferentiated ES Cell Markers

	SSEA3
	MC631
	Rat
	IgM
	Positive
	Positive

	SSEA4
	MC813-70
	Mouse
	IgG
	Positive
	Positive

	TRA-1-60
	TRA-1-60
	Mouse
	IgM
	Positive
	Positive

	TRA-1-81
	TRA-1-81
	Mouse
	IgM
	Positive
	Positive

	GCTM2
	GCTM2
	Mouse
	IgM
	Positive
	Positive

	GCTM343
	GCTM343
	Mouse
	IgM
	Positive
	Positive

	L-ALP
	TRA-2-54
	Mouse
	IgG
	Positive
	Positive

	L-ALP
	TRA-2-49
	Mouse
	IgG
	Positive
	Positive

	CD90(Thy-1)
	Anti-Thy-1
	Mouse
	IgG
	Positive
	Positive

	CD9
	Anti-CD9
	Mouse
	IgG
	Positive
	Positive

	Differentiation Markers

	SSEA1
	MC480
	Mouse
	IgM
	Negative
	Positive

	A2B5 (GT3)
	A2B5
	Mouse
	IgM
	Negative
	Negative

	CD56(NCAM)
	B159
	Mouse
	IgG
	Positive
	Positive

	GD3
	VINIS56
	Mouse
	IgM
	Negative
	Negative

	GD2
	VIN2PB22
	Mouse
	IgM
	Negative
	Negative

	Pan human antigens

	TRA-1-85(0K(a))
	TRA-1-85
	Mouse
	IgG
	Positive
	Positive

	HLA-A,B,C
	W6/32
	Mouse
	IgG
	Positive
	Positive

	Control antibody

	P3X
	Control IgG
	Mouse
	IgG
	Negative
	Negative


All the primary antibodies are monoclonals. 

The secondary antibody provided is FITC tagged and recognizes mouse IgM and IgG.  

Procedure:
1. Harvest hES cells by washing with PBS and then incubating with 1ml Trypsin: EDTA per 25cm2 flask for 3 – 5 mins at 37oC.
2. When cells begin to detach, add 9ml hES growth medium per ml Trypsin: EDTA.

3. Gently pipette to form a single cell suspension, and then count the cells using a haemocytometer.
4. Transfer the cells to a centrifuge tube and centrifuge at 200 x g for 5 minutes. 
5. Resuspend cells in Wash Buffer to 2 x 106 cells per ml.
6. Dilute the secondary antibody 1/100 in wash buffer. Primary antibodies are used undiluted.
7. Distribute the antibodies at 50μl per well of a round bottom 96 well plate, two wells for each assay point. To prevent carry-over from one well to another, it is good practice to arrange to use alternate wells of the plate.
8. Add 50μl of cell suspension (i.e. 105 cells) to each 50μl of antibody in the wells of the 96 well plate. 
9. Seal the plate by covering with a sticky plastic cover, ensuring that each well is sealed.
10. Incubate at 4oC, ideally with gentle shaking, for 30 minutes.
11. Centrifuge the plate at 280 x g for 3 minutes, using microtitre plate carriers in a suitable centrifuge.  
12. Check that the cells are pelleted, and then remove the plastic seal using a sharp motion, but holding the plate firmly, to avoid disturbing the cell pellet. 
13. Discard the supernatant. The cells remain as pellets at the bottom of the wells.
14. Wash the cells by adding 100μl wash buffer to each well. Seal and agitate to re-suspend the cells. Centrifuge, as above.
15. Discard the supernatants and repeat for 2 further washes & spins.
16. After the third wash, discard the supernatants and add 50μl of the secondary antibody to each well.
17. Seal the plate, as above, and incubate with gentle shaking for 30 minutes at 4oC.
18. Centrifuge the cells and wash 3 times, as before.
19. Resuspend the cells at about 5x105 per ml in wash buffer and analyse using the Flow Cytometer.
Data Analysis and Reporting:
A negative control first antibody is provided and should be used for each cell line.  This should be used to set a threshold for scoring the proportion of cells that are ‘positive’ for each test antigen.  Typically this threshold should be set at the inflexion point on the negative control histogram, such that only 1% - 5% of the cells stained with the negative control would be scored ‘positive’.  Using this threshold, the % cells scored positive with each antibody should be recorded (see Figure below).

A second region should be set on the histogram, encompassing all the cells – from this gate the ‘mean fluorescence intensity’ of the cells stained with each antibody should be recorded (see Figure below).  Although this value is arbitrary, and depends on local machine settings, inclusion of the 2102Ep standard cells will permit some comparability between the results from different labs.

Figure:  Immunofluorescence Histograms
[image: image7.emf]% Positive

% Positive

Mean Fluorescence

Mean Fluorescence

% Positive

% Positive

Mean Fluorescence

Mean Fluorescence

(

(

-

-

)

)

(+)

(+)

(

(

-

-

)

)

(+)

(+)

Negative Control Antibody

Test Antibody

Fluorescence Intensity

Cell Number

A B

% Positive

% Positive

Mean Fluorescence

Mean Fluorescence

% Positive

% Positive

Mean Fluorescence

Mean Fluorescence

(

(

-

-

)

)

(+)

(+)

(

(

-

-

)

)

(+)

(+)

Negative Control Antibody

Test Antibody

Negative Control Antibody

Test Antibody

Fluorescence Intensity

Cell Number

A B


Note:  

In Panel A, the positive antibody stains cells substantial brighter than the negative 

control; probably nearly 100% of the cells would be scored as antigen positive.  In Panel

B, the positive histogram overlaps significantly with the negative control histogram; 

rather less than 100% of cells will be scored positive for this antigen.  The mean 

fluorescence of cells stained with the test antibody in Panel B will be substantially less 

than the mean fluorescence of the cells stained with the test antibody in Panel A. The 

two numbers, mean fluorescence and % positive cells, provide two complementary 

numbers for comparing results between cells, antibodies and laboratories.

Please record the % cells positive and mean fluorescence of each cell line for each antibody, ensuring that data for 2102Ep cells, and for negative control antibodies for each cell line are reported.

ISCI/SOP/004 – Preparation of Cell Lysates for DNA and RNA Studies 

Purpose:

To provide lysates from undifferentiated and differentiated hES cells. DNA extracts will be used for DNA fingerprinting and imprinted gene studies.  RNA extracts will be used for gene expression analysis.
Items Required:

· Healthy hES cultures

· Trizol (Invitrogen)

· Collagenase – see Appendix 1, or suitable alternative

· hES growth medium – see Appendix 1
· Sterile pre-labelled Eppendorf tubes, provided by UKSCB 

· Pipettes, 1ml and 5ml
· Centrifuge

· 50ml centrifuge tubes

Notes:

· Where participating laboratories are using a local protocol for growth of hES cells, in addition to the ISCI Standard protocol (ISCI/SOP/001), samples should be provided for both sets of growth conditions.

· Samples should be collected at Time Points 1 and 2.

· Samples should be collected from both undifferentiated and differentiated hES cell cultures.

· In order to minimize the risk of labelling errors, and to aid in sample processing at the UKSCB, samples should be placed only in the pre-labelled tubes provided.

· Lysates are prepared in Trizol, which will be provided by the UKSCB.

· Separate lysates are required: 2x1ml for DNA analysis and 2x1ml for RNA analysis.
· The samples will be sent from the participating laboratories to the UKSCB for DNA and RNA extraction and purification.

· Each lysate should be prepared from approximately 3 – 5 x 106 cells, which should be obtainable from a single 25cm2 flask. A total of 2 x 25cm2 flasks will therefore be required for each set of samples (RNA + DNA).

Procedure:
1. For Undifferentiated hES Cells:
1.1. Prepare undifferentiated hES cells according to the ISCI Standard Protocol (ISCI/SOP/001) and local protocol, where appropriate.

1.2. Remove culture medium from 2 x 25cm2 flasks, or equivalent.

1.3. Add 1 ml of Collagenase per 25cm2 flask, and incubate at 37(C for 8-10min, until the edges of the hES colonies start to curl.

1.4. Gently scrape with glass beads or rubber policeman. Add 1ml hES growth medium per flask and gently resuspend cells. 
1.5. Divide into 4 x 1 ml aliquots and transfer to each of four sterile, pre-labelled Eppendorf tubes (2 for RNA, 2 for DNA). Complete tubes labels.

1.6. Centrifuge at 50 x g for 3min at 4(C. Discard supernatant, leaving hES cell pellet. Add 1 ml of Trizol to each tube.

1.7. Freeze tubes and store frozen below -70°C, until dispatched to UKSCB.

2. For Differentiated hES Cells:
2.1. Prepare differentiated hES cells according to the ISCI protocol (ISCI/SOP/007)

2.2. Gently transfer 10 day old embryoid bodies (EBs) and culture medium from two 10cm Petri dishes to a 50ml centrifuge tube. 

2.3. Centrifuge at 50 x g for 3min at 4(C. 
2.4. Remove all but 4ml of the supernatant. Resuspend cell pellet.
2.5. Divide into 4 x 1 ml aliquots and transfer to each of four sterile, pre-labelled Eppendorf tubes (2 for RNA, 2 for DNA). Complete tubes labels.
2.6. Centrifuge at 50 x g for 3min at 4(C. Discard supernatant, leaving cell pellet. Add 1 ml of Trizol to each tube. The sample volume should NOT exceed 10% of the volume of TRIZOL.
2.7. Freeze tubes and store frozen below -70°C, until dispatched to UKSCB

3. Notification to UKSCB:
3.1. Notify the UKSCB once all samples have been prepared.

3.2. Package samples according to packaging instructions issued by the UKSCB.

3.3. The UKSCB will arrange courier services and advise when samples are to be collected.

ISCI/SOP/005 – ES cells for Indirect Immunofluorescence (refer to additional advice given below - to be read in conjunction with this protocol)
Purpose:
To provide hES cells for analysis using indirect immunofluorescence.
Items Required:

· Gelatin solution – 0.1% gelatin dissolved in PBS containing Ca2+ and Mg2+.
· 70% ethanol
· Methanol

· Sterile distilled water

· Sterilizing oven

· QuadriPerm dishes, supplied by Sartorius, cat no. IV76077308

· Ethanol resistant multitest slide with 12 wells, supplied by ICN, cat no. 604120E
Procedure:

1. Prepare slides by washing with 70% ethanol, followed by two rinses in sterile distilled water, and finally sterilize using dry heat at 160°C for 1 hour.

2. Pre-treat slides by immersing in gelatin solution for 1 hour at 4ºC.

3. Add feeder cells, at the appropriate density, 1-5 days prior to addition of hES cells. Each well has a diameter of 7mm.
4. Transfer hES cells as intact clumps or clusters of cells (using the standard methodology in your lab) to the multitest slides, which are placed into the QuadriPerm dish. The dish holds 4 slides. (See diagram below.) Please prepare four slides per cell line.
5. Cultivate hES cells for 3 days to allow intermediate sized colonies to form.
6. Rinse slides in PBS, followed by a brief rinse in methanol, to minimize salt precipitation. 

7. Fix slides in methanol at -20°C for 5 minutes, and then air dry slides.
8. Slides can be stored for at least 6 months at -20ºC, prior to shipment (on dry ice) for analysis.
QuadriPerm dish with 4 multitest slides
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Additional advice for ISCI/SOP/005 
There are 2 ways of plating cells in Quadriperm dishes.

1. This method requires a larger number of MEF and hES cells.

The surface area of 1 chamber of a Quadriperm is 24.6 cm2.
Put slides in Quadriperm chambers and add enough gelatine to cover the surface (3 - 5ml).

Aspirate gelatine and plate MEFs in 5-7ml medium. For collagenase-treated cultures we plate 2 x 104/ cm2 i.e. 4.9 x 105/ chamber.

Plate hES at the same density as in 25 cm2 flask.

2. This is our method of choice. It requires less MEFs and medium and can be used for  collagenase-treated and for cut hES cells.

The surface area of 1 well of a 12-well slide 0.5 cm2.  It holds a 50 µl volume.
Put slides in Quadriperm chambers and add 50 µl of gelatine/well (with a 3 ml plastic transfer pipette). Make sure you don’t wet the blue area of the slide.

Aspirate gelatine and plate MEFs at required density in 50 µl drops. For collagenase-treated cultures we plate 2 x 104/ cm2, i.e. 1.2 x 105/ 12 wells. For cut pieces we plate 
6 x 104/ cm2, i.e. 3.6 x 105/ 12 wells.

Leave the MEFs to attach overnight and plate the hES cells next day.

To plate cut pieces: replace MEFs medium with 50 µl hES medium. Plate 1 – 2 pieces per well. Incubate overnight. Next day flood the chamber with 5 – 7 ml medium.

To plate collagenase-treated cells: the surface area of 12 wells is 6 cm2.  Prepare hES cell suspension at appropriate density in 800 µl of hES medium/slide. Aspirate MEF medium, wash each well with 50 µl PBS and plate hES in 50 µl droplets. Next day flood the the chamber with 5 – 7 ml medium.

ISCI/SOP/006 – Collection of Material for Microbiological Analyses
Purpose:

To provide samples to the UK Stem Cell Bank which will be used for screening of hES cell lines for the presence of certain adventitious viruses, and for mycoplasma contamination.  In addition, hES cells will be investigated for the presence of human endogenous retroviruses (hERVs) which may be expressed in some embryonic tissue.

Definitions:

· Snap-freeze - The rapid freezing of samples by placing them on Cardice.

· Cardice - Pellets of solid CO2 (dry ice) which are at a temperature of -79°C.  The pellets should be handled with care using appropriate safety equipment. Danger of cold burns.

Items Required:

· Healthy hES cultures – undifferentiated & differentiated

· Healthy feeder cells

· Pre-labelled 15 ml centrifuge tubes (Falcon) and 1.5ml tubes
· Karnovsky’s fixative kit (Polysciences)

· Collagenase – see Appendix 1, or suitable alternative 
· Cardice

· Pipettes, 10ml

· Centrifuge
· 15ml centrifuge tubes

· +4°C and -70°C storage

Notes:

· Where participating laboratories are using a local protocol for growth of hES cells in addition to the ISCI Standard protocol (ISCI/SOP/001), samples should be provided for both sets of growth conditions.

· Samples should be collected at Time Point 1.

· Samples should be collected from both undifferentiated and differentiated hES cell cultures.

· In order to obtain samples suitable for mycoplasma testing, it will be necessary to leave growth medium on the cell cultures for 48-72 hours without re-feeding. This will apply to one flask of undifferentiated hES cells, one dish of differentiated hES cells, and one flask of feeder cells.

· In order to minimize the chance of transcription errors, and aid in sample processing at the UKSCB, samples should be placed only in the pre-labelled tubes provided.

Procedure:

1. Prepare a stock solution of Karnovsky’s fixative from the kit provided, following the protocol provided with the kit. Aliquot & store at -20°C until required.
2. For Undifferentiated hES Cells:
2.1. Prepare 2 x 25cm2 flasks of undifferentiated hES cells according to the ISCI Standard Protocol (ISCI/SOP/001). Cells and medium from one flask will be fixed for EM studies, and cells and medium from the other flask will be frozen and screened for infectious agent activity. 

2.2. For EM studies:

2.2.1.  Collect 5ml of medium from one flask 24 hours after feeding. Place the medium in a sterile, pre-labelled centrifuge tube. 

2.2.2. Add 5ml of Karnovsky’s fixative to the tube and seal. Complete the tube label and store at +4°C until dispatched to UKSCB.

2.2.3.  Aspirate and discard the remaining medium from the flask. 

2.2.4.  Add 1ml of Collagenase to the flask.

2.2.5.  Incubate at 37°C for 8 to 10 minutes until undifferentiated hES colonies have detached (adjust time to minimize contamination with feeder cells).

2.2.6.  Transfer the cell suspension to a sterile pre-labelled 1.5ml micro-centrifuge tube. Complete the tube label and centrifuge at 50 x g for 3 minutes.

2.2.7.  Remove and discard the supernatant.

2.2.8.  Add 1ml Karnovsky’s fixative to the cell pellet. Store tube at +4°C until dispatched to UKSCB.

2.3. For Infectivity studies:

2.3.1.  Collect 5ml of medium from the second flask 48 to 72 hours after feeding. Place the medium in a sterile, pre-labelled centrifuge tube, seal, and complete the label.

2.3.2.  Snap freeze the tube and store below -70°C until dispatched to UKSCB.

2.3.3.  Aspirate and discard the remaining medium from the flask.

2.3.4.  Add 1ml of Collagenase to the flask.

2.3.5.  Incubate at 37°C for 8 to 10 minutes until undifferentiated hES colonies have detached (adjust time to minimize contamination with feeder cells).

2.3.6.  Transfer the cell suspension to a sterile pre-labelled 1.5ml micro-centrifuge tube. Complete the tube label and centrifuge at 50 x g for 3 minutes.

2.3.7.  Remove and discard the supernatant.

2.3.8.  Seal tube, snap freeze, and store below -70°C until dispatched to UKSCB.
3. For Differentiated hES cells:

3.1. Prepare 2 x 10cm bacterial Petri dishes of differentiated hES cells according to the ISCI Standard Protocol (ISCI/SOP/007). Cells and medium from one dish will be fixed for EM studies, and cells and medium from the other dish will be frozen and screened for infectious agent activity. 

3.2. For EM studies:

3.2.1.  24 hours after feeding, gently transfer embryoid bodies (EBs) and culture medium from one dish to a sterile, pre-labelled 15ml centrifuge tube and allow the EBs to settle out under gravity for 5 to 10 minutes.
3.2.2. Transfer 5ml of the medium into another pre-labelled centrifuge tube. 

3.2.3. Add 5ml of Karnovsky’s fixative to the medium and seal the tube. Complete the tube label and store at +4°C until dispatched to UKSCB.
3.2.4. Carefully remove and discard the remaining medium from the settled EBs. Add 5ml of  Karnovsky’s fixative to the EBs. Seal and store the tube at +4°C until dispatched to UKSCB.
3.3. For Infectivity studies:

3.3.1. 48 to 72 hours after feeding, gently transfer embryoid bodies (EBs) and culture medium from the second dish to a sterile, pre-labelled 15ml centrifuge tube and centrifuge at 50 x g for 3 minutes.

3.3.2. Transfer 5ml of the supernatant into another pre-labelled centrifuge tube. Complete label, snap freeze and store the tube below -70°C until dispatched to UKSCB.
3.3.3. Remove and discard the remaining medium from the pelleted EBs. Complete tube label, snap freeze and store the EB pellet below -70°C until dispatched to UKSCB. 
4. For Feeder Cells:

4.1. Prepare feeder cells according to local procedures.

4.2. For EM studies:

4.2.1. Collect 5ml of medium from one flask 24 hours after feeding. Place the medium in a sterile, pre-labelled centrifuge tube. 

4.2.2. Add 5ml of Karnovsky’s fixative to the tube and seal. Complete the tube label and store at +4°C until dispatched to UKSCB.

4.2.3.  Aspirate and discard the remaining medium from the flask. 

4.2.4.  Harvest the cells according to local procedures. Resuspend the cells in 1ml growth medium.
4.2.5. Transfer the cell suspension to a sterile pre-labelled 1.5ml micro-centrifuge tube. Complete the tube label and centrifuge at 50 x g for 3 minutes.

4.2.6.  Remove and discard the supernatant.

4.2.7.  Add 1ml Karnovsky’s fixative to the cell pellet. Store tube at +4°C until dispatched to UKSCB.
4.3. For Infectivity studies:

4.3.1. Collect 5ml of medium from the second flask 48 to 72 hours after feeding. Place the medium in a sterile, pre-labelled centrifuge tube, seal, and complete the label.

4.3.2.  Snap freeze the tube and store below -70°C until dispatched to UKSCB.

4.3.3.  Aspirate and discard the remaining medium from the flask.

4.3.4.  Harvest the cells according to local procedures. Resuspend the cells in 1ml growth medium.
4.3.5.  Transfer the cell suspension to a sterile pre-labelled 1.5ml micro-centrifuge tube. Complete the tube label and centrifuge at 50 x g for 3 minutes.

4.3.6.  Remove and discard the supernatant.

4.3.7.  Seal tube, snap freeze, and store below -70°C until dispatched to UKSCB.
ISCI/SOP/007 – Preparation of differentiated hES cells.

Purpose: 

To induce the formation of embryoid bodies from hES cells, for use in ISCI characterisation studies.  
Items Required:

· Healthy hES cultures
· hES growth medium – see Appendix 1
· Collagenase – see Appendix 1, or suitable alternative 
· Pipettes, 10ml

· Centrifuge
· 15ml centrifuge tubes

· CO2 incubator

· Petri dishes

Notes:

A wide variety of techniques can be used to induce differentiation of hES cells.  To identify the range of differentiation of hES cells, we propose to use this simple protocol, which generally allows extensive differentiation. This will permit comparison of the range of cell lineages that different hES lines may generate under these conditions. Any deviation from this protocol should be recorded on ISCI/FRM/002 – Deviations from Standard Protocols.
Procedure:
1. Aspirate medium from stock culture of hES cells and harvest clumps of cells by adding 2ml Collagenase per 25cm2. Incubate at 37(C for 20-30 minutes. Undifferentiated human ES colonies should detach, leaving behind feeders and any spontaneously differentiated cells which may be present.
2. Transfer the detached colonies to a 15ml centrifuge tube and spin down at 50 x g for 3 minutes.
3. Aspirate the supernatant and gently resuspend hES colonies in 10ml of hES medium. Transfer to a sterile 10cm bacterial Petri dish (the surface of bacterial Petri dishes do not typically facilitate the attachment of embryoid bodies).  Use the equivalent of 3-5 x 106 cells per 10 cm dish. Prepare two 10 cm dishes for each cell line.

4. Culture under 5% CO2 in air at 37(C, to allow embryoid bodies to form.

5. Embryoid bodies (EBs) should be fed every 3-5 days, depending upon density and size. The medium can be changed by gently transferring the EBs and old medium to a clear centrifuge tube and allowing them to settle under gravity (takes 5-10 minutes). The old medium can be aspirated and new medium gently added, taking care not to break up the EBs. Transfer to a fresh bacterial Petri dish.
6. Culture for 10 days, and then prepare samples for microbiology, RNA and DNA analysis.

ISCI/SOP/008 – Provision of Slides for Tumour Histology Studies 
Purpose:

To provide H&E stained slides from xenograft tumors for review.

Procedure:

1. Identify two representative H&E slides of each available xenograft tumour for each cell line.

2. Complete a Tumour Details Form (ISCI/FRM/001) for each set of slides.
3. Send the slides and completed forms to the UKSCB.
ISCI/FRM/001 – Xenograft Tumour Study Form

Complete a form for each tumour submitted.

photocopy additional forms, as required
	Participating Laboratory:
	Contact Name:

Tel:

E-mail:



	Cell Line Name:


	Host Mouse:



	Other identifier (e.g. sub-line):


	Passage Number of Cells Injected:

	Approximate Number of Cells Injected:


	Form (e.g. colonies, clumps, single cell suspension)

	Site of Injection


	

	Time for tumour to become evident:


	Time from inoculation to excision:



	Brief details of fixation and embedding protocol:



	Slide Identifying Code (if present)




Comments: ______________________________________________________________ ________________________________________________________________________________________________________________________________________________________________________________________________________________________
ISCI/FRM/002 – Deviations from Standard Protocols
Please complete a form for each deviation submitted
photocopy additional forms, as required
	Participating Laboratory:
	Contact Name:

Tel:

E-mail:



	ISCI protocol reference:

	Local procedure details:




ISCI/FRM/003 – Feeder Cell Details
Please complete a form for each feeder cell line used
photocopy additional forms, as required
	Participating Laboratory:
	Contact Name:

Tel:

E-mail:



	Cell Line:

	Species:

	Strain of mouse (if applicable):

	Culture protocol details:



	Seeding protocol for feeder layers:



	Passage levels of cells used:


ISCI/FRM/004 – hES Cell Details

Please complete a form for each hES cell line

photocopy additional forms, as required
	Participating Laboratory:
	Contact Name:
	

	
	E-mail:
	

	
	Tel:
	

	Cell Line: (insert name)

	Cell Line Derivation:

	Embryo details

	Embryo used (please tick)

                         Fresh                G                  Frozen                     G
Was the embryo known to carry any mutations?

                         Yes                    G                  No                           G              
If so, please provide details:

       

	Isolated Inner Cell Mass

	Was the line derived from whole embryo or isolated inner cell mass (please tick)?

                                                      ICM isolated by                                        ICM isolated by

      Whole embryo     G           Mechanical dissociation         G          immunosurgery       G


	If immunosurgery, what antibody and complement was used?



	Media used (give details)
	

	Feeder cell used (give details
	

	Time to first passage:
	

	Subculture method used for first passage:


	

	Subsequent Cell Line Maintenance

	Subculture protocol used (give details):
	

	Media used (give details):
	

	Feeder cells used (give details):
	

	Population doubling time, if known
	

	Karyotype of cells – please include passage level(s) at which karyotyping was performed

(If you have data on multiple passage levels, please provide)


	

	Has there been any alteration over time in: (please tick)
	 
	YES
	NO

	
	Culture conditions
	
	

	
	Cell Characteristics
	
	

	
	Karyotype
	
	

	
	Differentiation
	
	

	
	Other
	
	

	If YES, please provide details:



	Any other comments/information that you think would be useful to this project




Please continue on another sheet of paper, if required.
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Appendix 1 – Reagents & media
Standard hES Medium
1. Add 10ml PBS (Ca2+, Mg2+ free) to 0.146g L-glutamine in a 15ml tube.  
2. Add 7μl of (-mercaptoethanol to the L-glutamine/PBS and mix well.

3. Into a 225ml 0.2 micron cellulose acetate filtering unit add:

· 80ml knockout DMEM

· 20ml Knockout SR.

· 1ml L-Glutamine/ (-mercaptoethanol solution

· 1ml 100X non-essential amino acid solution

· 200μl of 2μg/ml bFGF stock.  

· Antibiotics (optional, e.g. Gentamicin)

4. Filter.

5. Store at 4(C and use within two weeks.
	Final Concentration
	Stock Concentration
	Cat #

	80% Knockout DMEM
	
	Invitrogen 10829-018

	20% GIBCO knockout SR
	
	Invitrogen  10828-028

	1% Non-essential amino acids
	100xMEM non-essential amino acids 
	Invitrogen  11140-035

	1mM L-glutamine
	0.146g in 10ml PBS
	Invitrogen  21051-016

	0.1mM (-mercaptoethanol
	14.3M (-mercaptoethanol 
	Sigma M-7154

	4ng/ml human bFGF
	2μg/ml in PBS with 0.1% BSA
	Invitrogen  13256-029


Notes:
· Human bFGF:  dissolve 10μg in 5ml of 0.1% BSA in PBS (Ca2+, Mg2+ free).Aliquot and store at -20(C.

· Aliquot SR and store at -20(C; do not repeatedly freeze and thaw.

Collagenase

Collagenase IV solution is made by adding 1mg/ml collagenase type IV (Invitrogen cat no17104-019) to Knock-out DMEM, and sterilising with a 0.2 micron cellulose acetate filter. Store at 4(C. Use within 2 weeks.
Items received by participating laboratories from UKSCB/NIBSC:

N.B. Duplicate tubes received for local and standard conditions.
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Undifferentiated hES cells

FACS Primary & secondary antibodies

RNA lysate 2 x 1ml tubes  Trizol

DNA lysate 2 x 1ml tubes  Trizol

Immunohistochemistry QuadriPerm dishes + slides

Microbiology 1 x  tube for hES supernatant/fixative

1 x  tube for hES snap frozen supernatant

1 x  tube for hES cell pellet/fixative

1 x tube for snap frozen hES cell pellet  

1 x tube for feeder cell supernatant/fixative

1 x tube for feeder cell snap frozen supernatant

1 x tube for feeder cell pellet/fixative

1 x tube for snap frozen feeder cell pellet

Differentiated hES cells

RNA lysate 2 x 1ml tubes  Trizol

DNA lysate 2 x 1ml tubes  Trizol

Microbiology 1 x  tube for hES supernatant/fixative

1 x  tube for hES snap frozen supernatant

1 x  tube for hES cell pellet/fixative

1 x tube for snap frozen hES cell pellet

   

Time Point 2

Undifferentiated hES cells

FACS Primary & secondary antibodies

RNA lysate 2 x 1ml tubes  Trizol

DNA lysate 2 x 1ml tubes  Trizol

Immunohistochemistry QuadriPerm dishes + slides

Differentiated hES cells

RNA lysate 2 x 1ml tubes  Trizol

DNA lysate 2 x 1ml tubes  Trizol


Samples to be returned to UKSCB/NIBSC:
N.B. Duplicate samples required for local and standard conditions.
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RNA lysate 2 x 1ml

DNA lysate 2 x 1ml

Immunohistochemistry QuadriPerm dishes + slides

Microbiology hES supernatant/fixative

hES snap frozen supernatant

hES cell pellet/fixative

hES snap frozen cell pellet

feeder cell supernatant/fixative

feeder cell snap frozen supernatant

feeder cell pellet/fixative

feeder cell snap frozen cell pellet

Differentiated hES cells

RNA lysate 2 x 1ml

DNA lysate 2 x 1ml

Microbiology hES supernatant/fixative

hES snap frozen supernatant

hES cell pellet/fixative

hES snap frozen cell pellet

Time Point 2

Undifferentiated hES cells

RNA lysate 2 x 1ml

DNA lysate 2 x 1ml

Immunohistochemistry QuadriPerm dishes + slides

Differentiated hES cells

RNA lysate 2 x 1ml

DNA lysate 2 x 1ml
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Sheet1

		Time Point 1

		Undifferentiated hES cells

		RNA lysate						2 x 1ml

		DNA lysate						2 x 1ml

		Immunohistochemistry						QuadriPerm dishes + slides

		Microbiology						hES supernatant/fixative

								hES snap frozen supernatant

								hES cell pellet/fixative

								hES snap frozen cell pellet

								feeder cell supernatant/fixative

								feeder cell snap frozen supernatant

								feeder cell pellet/fixative

								feeder cell snap frozen cell pellet

		Differentiated hES cells

		RNA lysate						2 x 1ml

		DNA lysate						2 x 1ml

		Microbiology						hES supernatant/fixative

								hES snap frozen supernatant

								hES cell pellet/fixative

								hES snap frozen cell pellet

		Time Point 2

		Undifferentiated hES cells

		RNA lysate						2 x 1ml

		DNA lysate						2 x 1ml

		Immunohistochemistry						QuadriPerm dishes + slides

		Differentiated hES cells

		RNA lysate						2 x 1ml

		DNA lysate						2 x 1ml
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Note:  


In Panel A, the positive antibody stains cells substantial brighter than the negative 


control; probably nearly 100% of the cells would be scored as antigen positive.  In Panel


B, the positive histogram overlaps significantly with the negative control histogram; 


rather less than 100% of cells will be scored positive for this antigen.  The mean 


fluorescence of cells stained with the test antibody in Panel B will be substantially less 


than the mean fluorescence of the cells stained with the test antibody in Panel A. The 


two numbers, mean fluorescence and % positive cells, provide two complementary 


numbers for comparing results between cells, antibodies and laboratories.


Please record the % cells positive and mean fluorescence of each cell line for each antibody, ensuring that data for 2102Ep cells, and for negative control antibodies for each cell line are reported.
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		Time Point 1

		Undifferentiated hES cells

		FACS						Primary & secondary antibodies

		RNA lysate						2 x 1ml tubes				Trizol

		DNA lysate						2 x 1ml tubes				Trizol

		Immunohistochemistry						QuadriPerm dishes + slides

		Microbiology						1 x  tube for hES supernatant/fixative

								1 x  tube for hES snap frozen supernatant

								1 x  tube for hES cell pellet/fixative

								1 x tube for snap frozen hES cell pellet

								1 x tube for feeder cell supernatant/fixative

								1 x tube for feeder cell snap frozen supernatant

								1 x tube for feeder cell pellet/fixative

								1 x tube for snap frozen feeder cell pellet

		Differentiated hES cells

		RNA lysate						2 x 1ml tubes				Trizol

		DNA lysate						2 x 1ml tubes				Trizol

		Microbiology						1 x  tube for hES supernatant/fixative

								1 x  tube for hES snap frozen supernatant

								1 x  tube for hES cell pellet/fixative

								1 x tube for snap frozen hES cell pellet

		Time Point 2

		Undifferentiated hES cells

		FACS						Primary & secondary antibodies

		RNA lysate						2 x 1ml tubes				Trizol

		DNA lysate						2 x 1ml tubes				Trizol

		Immunohistochemistry						QuadriPerm dishes + slides

		Differentiated hES cells

		RNA lysate						2 x 1ml tubes				Trizol

		DNA lysate						2 x 1ml tubes				Trizol
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hES Cell Line

Subculture of
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Cells

ISCI/SOP/001

Differentiate

hES Cells

ISCI/SOP/007

Time Point 1
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Cells

ISCI/SOP/001

Time Point 2

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Samples for

Microbiology

ISCI/SOP/006

Differentiate

hES Cells

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Cell Lysate

(DNA + RNA)

Immuno-

histochemistry

ISCI/SOP/005

Samples for

Microbiology

ISCI/SOP/006

FACS

ISCI/SOP/003

Cell Lysate

(DNA + RNA)

ISCI/SOP/004

Immuno-

histochemistry

ISCI/SOP/005

FACS

ISCI/SOP/003





























Store Samples





Dispatch Samples

to UKSCB

Culture of 2102Ep

Controls (FACS)

ISCI/SOP/002

Tumour Histology

ISCI/SOP/008



Culture of 2102Ep

Controls (FACS)

ISCI/SOP/002


























