KETTERING MEDICAL CENTER
PROCEDURE: IMMUNOPHENOTYPING 

Pathology Department
PROCEDURE NO. 32 00 01

IMMUNOPHENOTYPING PROCEDURES

PRINCIPLE:

Immunophenotyping is the process of measuring the types of antigens expressed on the surface of lymphocytes, granulocytes and monocytes in blood, tissue and bone marrow and is most often used to assist in the diagnosis of leukemia and lymphoma. Monoclonal antibodies for specific antigens are classified into cluster designation (CD) groups to refer to the specific antigen to which the antibody will bind.  For instance, cluster designation CD3 and CD7 identify T cells while CD19 and CD20 identify B cells.

To detect these antigens, antigen-specific monoclonal antibodies labeled with a fluorochrome are used. The two most frequently used fluorescent chemicals are fluorescein isothiocyanate (FITC) which absorbs light around 488 nm and fluoresces around 530 nm, and phycoerythrin (PE) which absorbs light between 450 and 750 nm and fluoresces around 585 nm.  These two fluorochromes are most often combined as dual color antibodies, added to a cell suspension, incubated, lysed, washed, fixed and analyzed.

In flow cytometry, multiple laser types are used simultaneously to measure multiple parameters of each individual cell as it passes through the flow cell.  Two standard measurements include: Forward scatter (FSC) and side scatter (SSC). FSC is a measure of the size of the cell, SSC is a measure of the irregularity and/or granularity of the cell.  Other measurements are performed with fluorescent molecule labeling, and each fluorescent wavelength measures the extent of binding of the specific monoclonal antibody to the cell.  For the experiments based here, a combination of eight (8) different fluorescent colors will be utilized.
CD45 V500 is used in combination with side scatter characteristics to enhance the separation of abnormal cell populations and to obtain as pure a population as possible, particularly in blood and bone marrow specimens.  The gate defined by CD45 V500 and right angle or side scatter is used for more precise definition of cell populations, especially in bone marrow, because of overlap between monocytes, blasts and immature granulocytes.  As cell populations mature, they express increasing CD45. With CD45 V500 vs. side scatter gating, lineages are separated by cytoplasmic complexity, and cellular constituents are readily identified.   Combining the pattern and intensity of antigen expression allows for the determination of whether the specimen contains normal cells or cells with aberrant antigen expression associated with hematopoietic neoplasms.

This procedure will address the processing of specimens for acquisition as well as the acquisition process.  Analysis is covered in 32-00-07 FCS Express Immunophenotyping Analysis.

SPECIMEN:


Patient preparation:  No patient preparation is required.


Specimen collection/storage:



Blood Studies:




EDTA whole blood is preferred; heparin acceptable.  Store samples at 15-25(C (room temperature). Refrigerate at 2-8(C after 24 hours. Hematology results (CBC) must be completed within 6 - 8 hours of the time drawn.  The staining procedure should be completed within 24 hours of the time drawn.  Verify viability if >24 hours from time of collection.



Bone Marrow Studies:




Bone marrow aspirate collected in EDTA is preferred; aspirate must be immediately transferred to EDTA tubes at patient bedside/CT preparation room. (Heparin acceptable)  Mix continuously for several minutes to prevent clotting.  Samples should be processed within 24 hours of collection. Store at room temperature.  Verify viability if processing 24 hours post collection.  Store suspension prepared from bone marrow aspirate at 2-8(C post acquisition.


Lymph Node and Other Tissue Studies:




Fresh surgical tissue submitted in RPMI or wrapped in wet gauze (saturated with saline or RPMI) and stored in a capped vial or sealed biohazard transport bag is acceptable.  Tissue size should be approximately 0.5 to 1.0 grams. Store at room temperature no longer than 1 hour (2 hours maximum) prior to sample preparation.  Refrigerate sample in RPMI no longer than 24 hours. Acceptability >24 hours at discretion of pathologist.  After sample preparation, store the suspension at 2-8(C.


      Fine Needle Aspirates:




Store at room temperature up to 8 hours post aspiration.   Refrigerate at 2-8(C after 8 hours.



Body Fluids/ CSF:




Store in evacuation bottles or collection vials at 2-8(C up to 48 hours (verify viability).  Acceptability >48 hours at discretion of pathologist.


Specimen Identification:



All specimens should have at least an EPIC chart label for the appropriate patient that will include the patient’s name, medical record number, and date of birth.  If an electronic order has been placed by the primary physician, the specimen should have collection information entered into EPIC, with a Flow order or case label being affixed to the specimen designated for flow cytometry.


Whole blood is labeled with EPIC specimen label that includes patient name, medical record number, date and time drawn, and accession number.



Bone marrow is labeled with EPIC specimen label that includes patient name, medical record number, date and time drawn, and accession number.



Lymphoid and other tissue is labeled with patient name and surgical pathology number, and should have either an electronic order placed in gross/by pathology or be accompanied by a paper requisition containing the following information: patient name, medical record number, date of birth, ordering physician/pathologist, associated diagnosis/ICD-10 code, and specimen source.


Fine needle aspirates should be labeled with patient name, medical record number and collection date, accompanied by a flow cytometry order printout or primary paper requisition.

Specimen Transportation:



Whole blood and bone marrow specimens collected off-site are transported via the KHN courier service or by a commercial “stat” courier service.  Specimens are transported at room temperature and must be received within 24 hours of collection.  Specimens received after 24 hours are subject to pathologist approval.


Lymph node/ tissue collected off-site should be transported in RPMI medium.  Specimens are transported at room temperature and must be received within 24 hours of collection.  Upon arrival, lymph nodes and other lymphoid tissues are stored at 2-8(C in the Surgical Pathology Gross Room refrigerator until assessment by pathologist.



Fine Needle Aspirates collected off-site are transported in sterile DPBS and delivered immediately to Flow Cytometry.  Specimens are processed within 24 hours.

Special protocol:



Specimens received after the cut-off time on Friday (1730 EST) or STAT specimens for flow cytometry on the weekend require consultation with pathologist assigned to Flow Cytometry/Hematology.



In the case of instrument malfunction, or specific case difficulties, flow cytometry specimens will be sent out to Cincinnati Children’s Flow Cytometry Laboratory.  Flow Cytometry send-outs require pathologist’s approval.  

Criteria for Rejection:



1.
Clotted specimen – whole blood.  Some clotted marrows may be tested if spicules available – consult pathologist.
2. Insufficient volume or size of sample.

3. Insufficient number of white blood cells.



4.
Unlabeled specimen.



5.
Improperly stored specimen.



6.
Bone marrow aspirate which has been refrigerated.



7.
Any specimen with viability of less than 20%.  Consult with pathologist on the Flow Cytometry/Hematology service to verify acceptability.



8.
Severely hemolyzed sample.

NOTE: Acceptability for immunophenotyping of any specimen type regardless of rejection criteria is solely at the discretion of the pathologist.

SAFETY AND WASTE DISPOSAL:


1.
There are no reagents used in this procedure which require additional safety control measures beyond those routinely in use in the laboratory.


2.
Waste is disposed in the biohazard bags in the laboratory or flushed down the sink.  Some reagents contain sodium azide.  Upon sink disposal, flush with excess water so the azide does not deposit in the drains.

REAGENTS :

ANTIBODIES:

All antibodies have the storage requirement of 2-8°C, and each individual lot will have the expiration date printed on the label.  In addition, bottles should be kept in the dark.

1. 7-AAD (7-Amino-Actinomycin), PerCP/Cy5.5 RUO reagent.  BD Catalog # 559925.  
2. CD1a PE ASR Clone SK9.  BD Catalog # 341641.  
3. CD2 PE-Cy7 ASR Clone L303.1.  BD Catalog # 335804.  

4. CD3 APC-H7 ASR Clone SK7.  BD Catalog # 641406. 

5. CD4 BV421 ASR Clone SK3.  BD Catalog # 659476.  

6. CD5 PE ASR Clone L17F12.  BD Catalog # 340697.  

7. CD5 PE-Cy7 ASR Clone L17F12.  BD Catalog # 348800. 

8. CD5 PerCP-Cy5.5 ASR Clone L17F12.  BD Catalog # 341099. 

9. CD7 APC ASR Clone M-T701.  BD Catalog # 653312.  
10. CD8 PerCP-Cy5.5 ASR Clone SK1.  BD Catalog # 341049.
11. CD10 FITC ASR Clone HI10A.  BD Catalog # 340924.
12. CD10 PE-Cy7 ASR Clone HI10A.  BD Catalog # 341102.
13. CD10 BV421 ASR Clone HI10A.  BD Catalog # 340924.
14. CD11b APC ASR Clone D12.  BD Catalog # 340936.
15. CD11c APC ASR Clone S-HCL-3.  BD Catalog # 340714.
16. CD13 PE-Cy7 ASR Clone L138.  BD Catalog # 338432.
17. CD14 APC-H7 ASR Clone MφP9.  BD Catalog # 643077.
18. CD15 FITC ASR Clone MMA.  BD Catalog # 340703.
19. CD16 PerCP-Cy5.5 ASR Clone 3G8.  BD Catalog # 338433.
20. CD19 FITC ASR Clone SJ25C1.  BD Catalog # 340719.
21. CD19 BV421 ASR Clone SJ25C1.  BD Catalog # 659477.
22. CD20 APC-H7 ASR Clone L27.  BD Catalog # 641405.
23. CD22 PE ASR Clone S-HCL-1.  BD Catalog # 340708.

24. CD23 APC ASR Clone EBVCS-5.  BD Catalog # 340934.
25. CD25 PE-Cy7 ASR Clone 2A3.  BD Catalog # 335807.
26. CD33 PE-Cy7 ASR Clone P67.6.  BD Catalog # 333949 

a. OR Fisher Catalog # NC1110860 (Biolegend - RUO).
27. CD33 PerCP-Cy5.5 ASR Clone P67.6.  BD Catalog # 341640.
28. CD34 APC ASR Clone 8G12.  BD Catalog # 340667.
29. CD38 PerCP-Cy5.5 ASR Clone HIT2. BD Catalog # 656050.
30. CD41a PerCP-Cy5.5 ASR Clone HIP8.  BD Catalog# 340930.

31. CD45 V500-C ASR Clone 2D1.  BD Catalog # 647450.
32. CD56 FITC ASR Clone NCAM16.2.  BD Catalog # 340723.
33. CD56 PE-Cy7 ASR Clone NCAM16.2.  BD Catalog # 335809.
34. CD57 FITC ASR Clone HNK-1.  BD Catalog # 340706.

35. CD64 PE ASR Clone 10.1.  BD Catalog # 644386.
36. CD64 BV421 Mouse Anti-human RUO Clone 10.1.  BD Catalog # 562872.
37. CD71 FITC ASR Clone L01.1.  BD Catalog # 340717.
38. CD79a PerCP-Cy5.5 ASR Clone HM47.  BD Catalog # 341633.
39. CD103 PE ASR Clone Ber-ACT8.  BD Catalog # 340997.
40. CD117 PE ASR Clone 104D2.  BD Catalog # 340867.
41. CD117 APC ASR Clone 104D2.  BD Catalog # 341106.
42. CD138 PE ASR Clone MI15.  BD Catalog # 347206.
43. CD200 PE-Cy7 ASR Clone MRC OX-104.  BD Catalog # 655735.
44. FMC7 FITC ASR Clone FMC7.  BD Catalog # 340918.
45. Anti-HLA-Dr PerCP-Cy5.5 ASR Clone L243.  BD Catalog # 339205.
46. Polyclonal Lambda Light Chain FITC ASR.  Agilent Catalog # F043501-1. 
47. Polyclonal Lambda Light Chain RPE ASR.  Agilent Catalog # R043701-1.
48. Polyclonal Kappa Light Chain APC ASR.  Agilent Catalog # C022201-1.
49. Anti-Human Myeloperoxidase (MPO) PE ASR Clone 5B8.  BD Catalog # 341632.
50. TDT-6 FITC ASR.  Supertechs, Inc Catalog # 6600.

Note:  All antibodies are ASR-labeled (Analyte Specific Reagent) or RUO-labeled (Research Use Only).  Both subsects of reagents have been validated for this lab-developed protocol, and use of these reagents is indicated by a comment attached to patient reports.



Note: Supertechs provides the TDT clone used for testing.  DAKO reagents are distributed through Agilent.



Note: Please see 32-01-04 Antibody Lot Verification for instructions and control of cocktails.
ADDITIONAL REAGENTS AND CONTROLS:

1. BD Pharm Lyse™ 10X Concentrate, 100 mL.  BD Catalog # 555899.
2. BD Pharmingen™ Stain Buffer (BSA), 500 mL.  BD Catalog # 554657.

3. BD™ Stabilizing Fixative 3X Concentrate, 90 mL.  BD Catalog # 338036.

4. BD FACSFlow™ Sheath Fluid, 20 L.  BD Catalog # 342003.

5. BD FACS™ Shutdown Solution, 5 L.  BD Catalog # 334224.

6. BD FACS™ Clean Solution, 5 L.  BD Catalog # 340345.

7. Gibco™ Dulbecco’s Phosphate Buffered Saline (DPBS) without Calcium and Magnesium, 1X concentration, 6 x 1L case.  Fisher HealthCare Catalog # 14-190-235 (Gibco 14190235).

8. Gibco™ RPMI 1640 Medium, 1L.  Fisher HealthCare Catalog # 11-875-085.

9. Gibco™ Rabbit Serum (standard, sterile-filtered), 100 mL.  Fisher HealthCare Catalog# 16-120-099.
10. If needed for manual count: Medix™ Leukotic Bluplus WBC Test Kit, 100 pack.  Fisher HealthCare Catalog # 23-230-230.
11. Streck Cell Preservative™ Stabilization Reagent, 50 x 1 mL vials.  Streck Catalog # 213355.

12. Streck CD-Chex™ Plus Immunophenotyping Control, 5 pack.  Fisher HealthCare Catalog # 23-046-500F (Streck 213327).

13. Streck CD-Chex™ Select Immunophenotyping Control, 2 pack.  Fisher HealthCare Catalog # 23-045-500 (Streck 213554).

14. Streck CD-Chex™ CD117 Plus.  Fisher HealthCare Catalog # 23-045-525 (Streck 213557).

15. Streck CD-Chex TDT™ Plus Assay.  Fisher HealthCare Catalog # 23-285-545 (Streck 213565).

16. Streck CD-Chex™ CD103 Plus.  Fisher HealthCare Catalog # 23-285-548 (Streck 213567).
17. HemoCue WBC Analyzer Controls.  Fisher HealthCare Catalog # 22-601-0179 (HemoCue WBC00S).
REAGENT PREPARATION:

1. BD Pharm Lyse: Dilute full 100 mL of 10X concentrate to 900 mL of room temperature deionized water.  1X dilution is stable for 31 days at 2-8°C.

a. Pharm Lyse should be warmed to room temperature (20-25°C) prior to use.

2. BD Stabilizing Fixative: Dilute full 90 mL of 3X concentrate to 180 mL of room temperature deionized water.  1X dilution is stable for 31 days at 15-25°C in a polystyrene container.

a. Note: Do not store in high-density polyethylene (HDPE) bottles.
3. Gibco Rabbit Serum: Working aliquots should be made with dilution by DPBS to a 10% concentration and frozen for future use from -15 to -25°C.  Example: 1 mL of Rabbit Serum into 9 mL of DPBS, mix well, aliquot 10 tubes worth of 1 mL aliquots.  3 mL aliquots can also be created for ease of use in tissue/fluid processing.
4. 1:1 Cell Wash Solution: Using an empty DPBS container – add 500 mL of DPBS to 500 mL of the BD Stain Buffer.  Keep refrigerated when not in use. 
SUPPLIES:

1. Corning™ Falcon™ Round-Bottom 12 X 75 mm polystyrene tubes.  Fisher HealthCare Catalog # 14-959-6 (Corning 352052).

2. Corning™ Falcon™ Round-Bottom 12 X 75 mm polystyrene tubes with caps.  Fisher HealthCare Catalog # 14-959-2A (Corning 352054).

3. Corning™ Falcon™ Test Tube with Cell Strainer Snap Cap.  Fisher HealthCare Catalog # 08-771-23 (Corning 352235).

4. 15 mL Conical Bottom Centrifuge Tubes by Corning.  Medline Catalog # B-D352099.

5. 50 mL Conical Bottom Centrifuge Tubes by Corning.  Medline Catalog # B-D352070 (Fisher HealthCare # 14-432-22).

6. Fisherbrand™ Sterile Cell Strainers - 70µm.  Fisher HealthCare Catalog # 22-363-548.

7. CELLTREAT Cell Strainer Pestle.  Fisher HealthCare Catalog # 50-828-735 (Celltreat 229480).

8. 14.6 cm Glass Pasteur Pipets.  Fisher HealthCare Catalog # 13-678-20A.

9. Fisher Scientific™ Sterile Polystyrene Petri Dish (60 x 15 mm).  Fisher HealthCare Catalog # AS4052.

10. Sterile Luer-lok Tip Syringe by Becton-Dickinson (5 mL).  Medline Catalog # B-D309646.
11. Pro-EDGE Needles, 23G x 1”.  Medline Catalog # BXTED231NO.
12. HemoCue WBC Analyzer Microcuvettes.  Fisher HealthCare Catalog # 22-601-018 (HemoCue 113003).

13. HemoCue WBC Analyzer Cleaner Swabs.  Fisher HealthCare Catalog # 22-601-020 (HemoCue 139130).
14. Assorted-size sterile, filtered pipet tips for adjustable pipets.

15. Forceps, stainless steel.

16. Plastic transfer pipets.
17. Personal Protective Equipment – gloves, face shields, lab coats

EQUIPMENT:

1. BD Canto II flow cytometer

2. BD Lyse Wash Assistant (LWA)

3. Dade Immufuge(
4. IEC Centra™ Centrifuge

5. Vortex-Genie mixer

6. Water Bath capable of 37°C

7. 
8. HemoCue America WBC analyzer
9. Light microscope

10. Hemocytometer

11. Multiple adjustable pipettors (10 µl, 20 µl, 100 µl, 200 µl, 1000 µl)

12. Biosafety Cabinet (BSC) for specimen processing

13. Network Computer with EPIC access

QUALITY CONTROL:
Quality control is maintained for the process across multiple levels for flow cytometry and is described in more detail in the Flow Cytometry Quality Control procedure 32-01-05.  Briefly, cytometer control is verified through the use of Cytometer Setup and Tracking beads (CS&T) that are run every testing day and/or when the instrument is restarted to verify electronic power, electronic current, voltage trends, and signal gathering.  Results are electronically captured automatically but can be printed for review.  Levey-Jennings trend charts are utilized to track single outliers versus instrument trends.
With multi-color immunophenotyping, consistent modification of the experiment to remove “noise” or spillover between channels, a color compensation is performed at least monthly to validate an accurate separation of negative and positive cell populations.  This is done via use of Color compensation beads run with a representative sample of antibodies attached to the fluorophores used for testing.  Compensation calculation adjustments must be attached to each experiment run on patient or antibody control samples.  Forward scatter must be adjusted from compensation to cell testing as the scatter will be different for each population (cells 200 V range versus 400 V range for beads).  See Autocompensation 32 00 00 for more details.
Quality control for antibody integrity for patient testing is performed utilizing normal human peripheral blood in a preservative medium and other select commercial materials.  If a commercial material is not available for a particular marker, a patient sample with known values can be utilized to show consistency of detection (e.g. CD200 and cytoplasmic Kappa LC).  Additional details are listed in 32-01-04 Antibody Lot Number Verification.
Additional cellular controls are run on days that intracellular testing is ordered for patient testing.  These controls are based on commercial materials and normal patient samples and must be run both with (Positive) and without (Negative) stain for the intracellular targets to control the intracellular staining process which varies from normal cell processing.  The negative stain control should only include CD45 V500 for gating purposes.

PROCEDURE:

All specimens are to be accessioned in the EPIC AP Beaker laboratory system.  Cases are built for specimens accessioned on all flow cytometry orders for the entirety of Kettering Health Network.  Cases can be accessioned at primary sites and sent on a packing list that is then electronically received by the testing department.  If the order has been placed on a paper requisition, it can be entered into EPIC manually be lab personnel, as long as the requisition indicates the test required, diagnosis code(s), and has a physician signature.  
Post-receipt via “Case Receiving” or through “Patient Station”, the case needs to be cleared on the “Case Prep Worklist” and additional aliquot labels should be printed.  

In the NOTES section of the result screen for the case, the appropriate source SmartPhrase should be entered.
· .FLTM (Tissue/Fluid) = 
Summary of Antibody Markers Evaluated: 
T and NK Cell: CD2, CD3, CD4, CD5, CD7, CD8, CD56
B Cell: CD10, CD19, sKappa, sLambda, CD20
Other Cell Markers: CD38, CD45, CD57
 

Markers Tested: 15 Antibodies
Viability Stain: 7AAD
· .FLPM (Peripheral Blood) =

Summary of Antibody Markers Evaluated:
T and NK Cell: CD2, CD3, CD4, CD5, CD7, CD8, CD56
B Cell: CD10, CD19, sKappa, sLambda, CD20, CD22
Myeloid/Monocytic Cell: CD13, CD14, CD33, CD64
Hematopoietic Cell: CD34, CD117
Other Cell Markers: CD38, CD45, CD57, CD71, HLA-Dr
Markers Tested: 24 Antibodies
Viability Stain: 7AAD
· .FLBM (Bone Marrow) =

Summary of Antibody Markers Evaluated:

T and NK Cell: CD2, CD3, CD4, CD5, CD7, CD8, CD56

B Cell: CD10, CD19, sKappa, sLambda, CD20, CD22

Myeloid/Monocytic Cell: CD13, CD14, CD33, CD64

Hematopoietic Cell: CD34, CD117

Other Cell Markers: CD38, CD45, CD57, CD71, CD138, HLA-Dr

Markers Tested: 25 Antibodies
Viability Stain: 7AAD

All specimens will automatically get the following comment on the report: This test was developed and its performance characteristics determined by Kettering Medical Center Laboratory.  It has not been cleared or approved by the US Food and Drug Administration (FDA).  The FDA does not require this test to go through premarket FDA review. This test is used for clinical purposes. It should not be regarded as investigational or for research. This laboratory is certified under the Clinical Laboratory Improvement Amendments (CLIA) as qualified to perform high complexity clinical laboratory testing.  Professional interpretation was rendered at Kettering Medical Center.
In the COMMENTS section of the result screen for peripheral blood cases – CBC data should be entered, along with the SmartPhrase for a peripheral smear review.

· Choose the peripheral blood from the Outstanding list in EPIC – click on the associated (linked) CBC w/Diff 
· Note the CBC and Diff may exist on two accessions

· Scroll to the component results and copy(paste the results into a blank Word document
· Include: WBC, RBC, HGB, HCT, MCV, MCH, MCHC, RDW, Platelet count, Neutrophils %, Lymphocytes %, Monocytes %, Eosinophils %, and Basophils %

· Highlight the “Status” column and delete it – information not useful

· Under Table Tools ( Design, select the full border table style (solid lines)

· Format the entire table to font “Arial”, size 10

· Copy the modified table and paste it into the COMMENTS section

· After the chart – type the SmartPhrase .BMPB 
· PERIPHERAL BLOOD SMEAR MORPHOLOGY:
Red cells: ***
Platelets: ***


White cells: ***
· Save changes in result entry

Below is the summary chart for the leukemia/lymphoma immunophenotyping tubes that are tested.  Details for specimen processing are found below.  Cocktail volumes contain one volume per tube: T-tube cocktail = 34.4 µl; B-tube cocktail = 42.6 µl.
Table 1: Antibody combination / testing volume

	Screening
	FITC
	PE
	PerCP-Cy5.5
	PE-Cy7
	APC
	APC-H7
	BV421
	V500

	Viability
	
	
	7AAD (5 µl)
	
	
	
	
	45

	T
	56/57
	5
	8
	2
	7
	3
	4
	45

	B
	10
	sλ*
	38^
	5
	sκ*
	20
	19
	45

	S1
	19
	117
	33
	13
	34
	14
	10
	45

	S2
	71
	22
	HLA-Dr
	33
	34
	3
	64
	45

	S3
	19
	138
	38^
	56
	117
	
	10
	45

	Reflex
	
	
	
	
	
	
	
	

	ICS
	TDT*
	MPO
	cy79a
	10
	34
	cy3
	19
	45

	R1
	TDT*
	cy22
	cy79a
	
	
	
	19
	45

	R2
	TDT*
	1a
	
	10
	34
	cy3
	
	45

	R3
	cyλ^
	138
	38^
	56
	cyκ^
	
	19
	45

	R4
	
	103
	5
	25
	11c
	20
	19
	45

	R5
	FMC7
	22
	5
	200
	23
	20
	19
	45

	R6
	15+
	64
	16
	13
	11b
	14
	
	45


*- 10 µl of stain; opposing normal of 20 µl each FITC/PE/PerCP-Cy5.5 and 5 µl each PE-Cy7/APC/APC-H7/BV421/V500

^- 5 µl of stain

+- 1 µl of stain
       Viability Protocol:

1. A viability must be performed on all fresh (<24 hours) surgical tissue, fine needle aspirates, spinal and body fluids.  If any of the above specimens are to be preserved on Streck Cell Preservative™, viability must be performed before adding to preservative. Viability must also be checked and verified before the preserved specimen is processed for immunophenotyping.

2. Whole blood and bone marrow aspirates do not need a viability performed unless the specimen is >24 hours old.  (Bone marrow aspirate viabilities are performed on aspirate suspensions.)

3. Any specimen that does not meet the viability criteria of >50%, must have a suboptimal comment entered into EPIC AP with specimen note to alert pathologist.  Pathologist has final discretion regarding the acceptability of specimen for testing and result reporting.

4. Specimens showing less than 20% viability will not be stained for any markers, unless requested by pathologist.  Viability information is reported back through EPIC AP to the pathologist so they are aware of the situation and can make decision about further testing.  Calls can be made to the heme pathologist if time is of concern for acquisition.

5. Interpretive comment regarding specimen viability is made at the discretion of the pathologist.

Peripheral Blood Panel:

1. Blood should be labeled and a note can be made in EPIC whether the EDTA tube or Heparin tube is being utilized for testing.

2. Pipet 2 mL of well-mixed peripheral blood into a 15 mL conical with 4 mL of DPBS as a pre-wash.

3. Retrieve frozen 10% Rabbit Serum from freezer to thaw to room temperature (1 mL total required).

4. Spin down the cells in the IEC Centrifuge on Program #1 (1800 rpm for 6 minutes).

5. Aspirate supernatant or decant gently to avoid disturbing the cell pellet.  If pellet appears motile, leave approximately 500 µl of fluid on top of the specimen.  

a. Up to 2 additional washes can be performed to aid in surface Kappa/Lambda staining by washing the cells in 4-6 mL of 1:1 Stain Buffer: DPBS, spinning down the cells, and decanting the majority of the supernatant.

6. Re-suspend in DPBS or 1:1 Stain Buffer: DPBS up to 2 mL for working volume.

7. Obtain a WBC count on the HemoCue WBC analyzer.  Record the count on the side of the tube and on the patient testing logsheet.  See 32 00 09 HemoCue WBC Counts for testing protocol.
a. If the count is greater than 30.0 x 103/µl or “HHH”, dilute the sample in a 1:4 (blood to DPBS) ratio and attempt another count acquisition.

b. If the count is less than 0.3 x 103/µl or “LLL”, no additional resolution steps are required.
8. Adjust count by diluting a portion of whole blood with DPBS to approximately 10,000 WBC/mm3 or 10.0 x 103/µl.  Acceptable range is 2,000 – 20,000 WBC/mm3 (2.00-20.0 x 103/µl).  A cell marker panel requires about 2 mL of adjusted count blood for optimal testing (in case of reflex tube add-on/storage).

a. Note: If the count is below 2.0 x 103/µl, do not dilute.
9. Label 4- 12x75mm tubes for staining the blood.  “T, B, S1, S2” – should be run automatically on this source.

10. Place 100 µl of adjusted count/washed blood into each stain tube.  
a. Note: If the count is between 0.4 and 2.0 x 103/µl, add between 200-400 µl as the starting volume to staining tubes.  
b. If the count is 0.3 x 103/µl or “LLL” – automatically use 400 µl for each staining tube.
11. Kappa/Lambda pre-staining preparation: The “B” tube requires a pre-blocking step prior to antibody staining.

a. Add 1 mL of rabbit serum to only the B tube.  (Pre-treatment for T, S1, and S2 is not required.)

b. Cap/cover the tube opening and place in the water bath at 37°C (±3°C) for 20 minutes.

c. Remove the tube and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

d. Aspirate all but 100 µl of sample and proceed with staining.

12. Add appropriate antibodies (single drop) to each tube as assigned by Table 1 or add validated cocktail to appropriate tube.  Vortex gently prior to incubation.
a. Note: See 32 00 08 Intracellular Staining procedure for additional details on cytoplasmic staining.

13. Proceed with automated process (LWA) or manual process:




a.
Automated process (LWA) – program Incubate-Duo Lyse





1.
Load tubes into processing carousel





2.
Load reagent reservoirs with appropriate reagents (if not already done)






A.
Spindle Cleanse – deionized water






B.
Cell wash – 1:1 DPBS/Pharmingen Stain Buffer






C.
Fixative – BD 1X Stablizing Fixative





D.
Lyse – 1X Pharmingen Lyse Buffer (pre-warmed to room temperature)





3.
Load carousel and choose appropriate program, note time of completion





4.
When the program is finished or tube designations have changed to “white” – remove the tubes and/or carousel to the Canto II for acquisition.



b.
Manual process





1.
Allow the tubes to incubate with stain for 15 minutes in the dark at room temperature





2.
Add 900 µl of pre-warmed 1X Pharm Lyse to each tube, mix gently





3.
Incubate the tubes in the dark for 5 minutes at room temperature





4.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





5.
Decant/aspirate supernatant with care for cell pellet





6.
Add 700 µl of pre-warmed 1X Pharm Lyse to each tube, mix gently to resuspend pellet





7.
Incubate the tubes in the dark for 10 minutes at room temperature





8.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





9.
Decant/aspirate supernatant with care for cell pellet





10.
Resuspend the pellet with 2 mL cold Pharmingen Stain Buffer (WASH 1)





11.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





12.
Decant/aspirate supernatant with care for cell pellet





13.
Resuspend the pellet with 1 mL cold Pharmingen Stain Buffer (WASH 2)





14.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





15.
Decant/aspirate supernatant with care for cell pellet





16.
Resuspend the pellet in 500 µl of 1X BD Stabilizing Fixative, mix gently, allow to rest for 5 minutes in the dark at room temperature or refrigerated temperature; if acquisition delayed – place in sample fridge.






Note: can also use 500 µl of cold Pharmingen Stain Buffer if acquiring data within 30 minutes





17.
Place tubes in carousel for acquisition on the Canto II.

Bone Marrow Panel:

1. Allow bone marrow aspirate to settle so that particles come to the surface.
2. Retrieve frozen 10% Rabbit Serum from freezer to thaw to room temperature (1 mL total required).

3. Open a labeled 50 mL conical and place the 70 µm cell strainer in the top.  Wet the screen with 1 mL of DPBS.

4. Using a glass Pasteur pipet with bulb, aspirate spicules from the surface and place on the strainer.  If there are too few particles, aspirate some of the blood for testing.  Make note in EPIC to pathologist that quality of testing may be affected.
a. Note: If this is a shared tube (single EDTA) for clot formation, remove particles and return the rest to hematology for clotting and delivery to the gross room.

5. Grind the spicules through the strainer with the cell pestle until little to no particles remain visible on top.

6. Flush the top of the strainer with at least 20 mL DPBS, making sure to rinse the pestle and edges inside the strainer.

7. Remove the flushed strainer and discard.

8. Cap the 50 mL conical and centrifuge the tube in the IEC centrifuge, program #1 (1800 rpm for 6 minutes).

9. Decant the supernatant, taking care not to disturb the pellet.

10. Re-suspend the pellet in 5-10 mL of DPBS for a wash.

11. Spin the tube down at 1800 rpm for 6 minutes.

12. Decant the supernatant, taking care not to disturb the pellet.

a. Up to 2 additional washes can be performed to aid in surface Kappa/Lambda staining by repeating steps 9, 10, and 11 using 1:1 Stain Buffer: DPBS instead of plain DPBS.

13. Re-suspend the pellet in 2-3 mL DPBS or 1:1 Stain Buffer:DPBS.

14. Wet the screen of a cell strainer capped-tube (blue cap) with 500 µl of DPBS.

15. Pipet bone marrow-aspirate resuspension into the cell strainer cap and filter through.

a. Note: Flush with extra DPBS if particles are still sitting on top of screen.

16. Remove the strainer cap slowly and discard.  Cap with a clean white cap for transport/storage.
17.  
18. Obtain a WBC count on the HemoCue WBC analyzer.  Record the count on the side of the tube and on the patient testing logsheet.  See 32 00 09 HemoCue WBC Counts for testing protocol.

a. If the count is greater than 30.0 x 103/µl or “HHH”, dilute the sample in a 1:4 (aspirate suspension to DPBS) ratio and attempt another count acquisition.

b. If the count is less than 0.3 x 103/µl or “LLL”, no additional resolution steps are required.

19. Adjust count by diluting a portion of aspirate suspension with DPBS to approximately 10,000 WBC/mm3 or 10.0 x 103/µl.  Acceptable range is 2,000 – 20,000 WBC/mm3 (2.00-20.0 x 103/µl).  A cell marker panel requires about 2 mL of adjusted count suspension for optimal testing (in case of reflex tube add-on/storage).

a. Note: If the count is below 2.0 x 103/µl, do not dilute.

20. Label 5- 12x75mm tubes for staining the blood.  “T, B, S1, S2, S3” – should be run automatically on this source.

21. Place 100 µl of adjusted count marrow suspension into each stain tube.  

a. Note: If the count is between 0.4 and 2.0 x 103/µl, add between 200-400 µl as the starting volume to staining tubes.  

b. If the count is 0.3 x 103/µl or “LLL” – automatically use 400 µl for each staining tube.
22. Kappa/Lambda pre-staining preparation: The “B” tube requires a pre-blocking step prior to antibody staining.

a. Add 1 mL of rabbit serum to only the B tube.  (Pre-treatment for T, S1, S2, and S3 is not required.)

b. Cap/cover the tube opening and place in the water bath at 37°C (±3°C) for 20 minutes.

c. Remove the tube and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

d. Aspirate all but 100 µl of sample and proceed with staining.

23. Add appropriate antibodies (single drop) to each tube as assigned by Table 1 or add validated cocktail to appropriate tube.  Vortex gently prior to incubation.
a. Note: See 32 00 08 Intracellular Staining procedure for additional details on cytoplasmic staining.

24. Proceed with automated process (LWA) or manual process:




a.
Automated process (LWA) – program Incubate-Duo Lyse





1.
Load tubes into processing carousel





2.
Load reagent reservoirs with appropriate reagents (if not already done)






A.
Spindle Cleanse – deionized water






B.
Cell wash – 1:1 DPBS/Pharmingen Stain Buffer






C.
Fixative – BD 1X Stablizing Fixative






D.
Lyse – 1X Pharmingen Lyse Buffer (pre-warmed to room temperature)





3.
Load carousel and choose appropriate program, note time of completion





4.
When program is finished or tube designations have changed to “white” – remove the tubes and/or carousel to the Canto II for acquisition.




b.
Manual process




1.
Allow the tubes to incubate with stain for 15 minutes in the dark at room temperature





2.
Add 900 µl of pre-warmed 1X Pharm Lyse to each tube, mix gently





3.
Incubate the tubes in the dark for 5 minutes at room temperature





4.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





5.
Decant/aspirate supernatant with care for cell pellet





6.
Add 700 µl of pre-warmed 1X Pharm Lyse to each tube, mix gently to resuspend pellet





7.
Incubate the tubes in the dark for 10 minutes at room temperature





8.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





9.
Decant/aspirate supernatant with care for cell pellet





10.
Resuspend the pellet with 2 mL cold Pharmingen Stain Buffer (WASH 1)





11.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





12.
Decant/aspirate supernatant with care for cell pellet





13.
Resuspend the pellet with 1 mL cold Pharmingen Stain Buffer (WASH 2)





14.
Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)





15.
Decant/aspirate supernatant with care for cell pellet





16.
Resuspend the pellet in 500 µl of 1X BD Stabilizing Fixative, mix gently, allow to rest for 5 minutes in the dark at room temperature or refrigerated temperature; if acquisition delayed – place in sample fridge.







Note: can also use 500 µl of cold Pharmingen Stain Buffer if acquiring data within 30 minutes





17.
Place tubes in carousel for acquisition on the Canto II.


Tissue Panel:

1. Prepare a single cell suspension from available tissue as follows:
a. Place tissue from RPMI or gauze in cup to a sterile petri dish.  A small portion of the RPMI fluid can be placed in the dish to keep the tissue wet.

i. See note at bottom of section for processing of fine needle aspirates (FNA)

b. Hold tissue with bleach-cleaned forceps and inject DPBS repeatedly into the tissue using a 23G needle attached to a 5 mL syringe.  A full 5 mL of the DPBS should be used.

i. If the solution is cloudy – proceed to the next step.

ii. If the solution is mostly clear – tease the tissue apart with the needle and forceps, and inject additional DPBS into the tissue until a cloudy solution is noticed.
2. Open a 50 mL conical and place the 70 µm cell strainer in the top.  Wet the screen with 1 mL of DPBS.

3. Aspirate the tissue suspension from the petri dish by pipet and through the strainer.  Use the cell pestle to grind any large particles through the screen.

4. Flush the top of the strainer with at least 2 mL of DPBS, including washing the sides of the strainer.

5. Place tissue remnant back into primary transport.

6. Retrieve frozen 10% Rabbit Serum from freezer to thaw to room temperature (3 mL total required).

7. Place strainer in empty petri dish, in case additional processing is needed.

8. Spin 50 mL conical in the IEC Centrifuge for 6 minutes at 1800 rpm.

9. Decant supernatant with care not to disturb the pellet.

10. Optional: Can perform up to 2 additional washes with 1:1 Stain Buffer: DPBS if sample is grossly clumping and repeat steps 8 and 9 before moving to 11. 

11. Re-suspend the pellet in 2 mL of DPBS or 1:1 Stain Buffer: DPBS.

12. Wet the screen of a cell strainer capped-tube (blue cap) with 500 µl of DPBS.

13. Pipet cell resuspension into the cell strainer cap and filter through.

a. Note: Flush with extra DPBS if particles are still sitting on top of screen.

14. Remove the strainer cap slowly and discard.  Cap with a clean white cap for transport/storage.

15. Obtain a WBC count on the HemoCue WBC analyzer.  Record the count on the side of the tube and on the patient testing logsheet.  See 32 00 09 HemoCue WBC Counts for testing protocol.

a. If the count is greater than 30.0 x 103/µl or “HHH”, dilute the sample in a 1:4 (aspirate suspension to DPBS) ratio and attempt another count acquisition.

b. If the count is less than 0.3 x 103/µl or “LLL”, no additional resolution steps are required.
16. Adjust count by diluting a portion of aspirate suspension with DPBS to approximately 10,000 WBC/mm3 or 10.0 x 103/µl.  Acceptable range is 2,000 – 20,000 WBC/mm3 (2.00-20.0 x 103/µl).  A cell marker panel requires about 2 mL of adjusted count suspension for optimal testing (in case of reflex tube add-on/storage).

a. Note: If the count is below 2.0 x 103/µl, do not dilute.
17. Label 3 - 12x75mm tubes for staining the cell suspension.  “Viability, T, B,” – should be run automatically on this source.

a. Note: Process may be changed to run Viability tube first instead of all three.

i.    Viability only-staining – Incubate 10 minutes, Spin down in Immufuge for 3 minutes, Decant, Resuspend in 500 µl cold stain buffer for immediate acquisition.

18. Place 100 µl of adjusted cell suspension into each stain tube.  

a. Note: If the count is between 0.4 and 2.0 x 103/µl, add between 200-400 µl as the starting volume to staining tubes.  

b. If the count is 0.3 x 103/µl or “LLL” – automatically use 400 µl for each staining tube.
c. 
19. Add 1 mL of rabbit serum to each tube.
20. Cap the tubes and place in the water bath at 37°C (±3°C) for 20 minutes.

21. Remove the tubes and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

22. Aspirate all but 100 µl of sample.

23. Add appropriate antibodies (single drop) to each tube as assigned by Table 1 or add validated cocktail to appropriate tube.  Vortex gently prior to incubation.
a. Note: See 32 00 08 Intracellular Staining procedure for additional details on cytoplasmic staining.

24. Proceed with automated process (LWA) or manual process:

a. Incubate off-board in either process for 15 minutes in the dark at room temperature

b. Automated process (LWA) – program Lyse-Wash KMC

i. Load tubes into processing carousel

ii. Load reagent reservoirs with appropriate reagents (if not already done)

1. Spindle Cleanse – deionized water

2. Cell wash – 1:1 DPBS/Pharmingen Stain Buffer

3. Fixative – BD 1X Stabilizing Fixative

4. Lyse – 1X Pharmingen Lyse Buffer (pre-warmed to room temperature)

iii. Load carousel and choose appropriate program, note time of completion.

iv. When the program is finished or tube designations have changed to “white” – remove the tubes and/or carousel to the Canto II for acquisition.

c. Manual Process

i. Add 1 mL of pre-warmed Pharm Lyse to each tube and gently vortex.

ii. Incubate the tubes in the dark for 10 minutes at room temperature.

iii. Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

iv. Decant/aspirate supernatant with care for cell pellet.

v. Re-suspend the pellet in 2 mL of cold Pharmingen Stain Buffer (WASH)

vi. Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

vii. Decant/aspirate supernatant with care for cell pellet.

1. Note: If solution still dark – repeat wash steps

viii. Re-suspend the pellet in 500 µl of 1X BD Stabilizing Fixative, mix gently.  Allow to rest for 5 minutes in the dark at room temperature or refrigerated temperature; if acquisition is delayed – place in sample fridge.

1. Note: 500 µl of cold Pharmingen Stain Buffer can be used for re-suspension if acquiring data within 30 minutes.

ix. Place tubes in carousel for acquisition on the Canto II.

25. For Fine Needle Aspirates (FNA) – the process should be adjusted in the following manner:

a. Suspension should only be passed through the small cell strainer (blue cap) tube to minimize handling steps.  Flush strainer with DPBS to clear as many particles as possible.
b. Lyse step can be skipped if the specimen is not bloody / low RBC content.

c. For low count specimens (<2000 cells/µl), re-suspend the final stained/washed specimen in 200 µl.


Fluid Panel:

1. Prepare a single cell suspension from available fluid.

a. For large volume fluids, fill at least 2-50 mL conical tubes with primary fluid solution by pouring from primary containers.  Ideal volume would allow for 4-50 mL conical tubes for spin-down.
b. For small volume fluids, place all but 1 mL of fluid into a 15 or 50 mL conical based on volume.

2. Spin down fluid for 6 minutes at 1800 rpm.

3. Decant the majority of supernatant, taking care not to disturb the pellet (leave <3 mL with pellet)
a. Large volume supernatant can be discarded.  Pellets from large volume fluid tubes should be combined into a single tube.
i.    Perform a single wash by added 15-20 mL of DPBS to the combined pellets.
ii.    Centrifuge the combined and washed tube for 6 minutes at 1800 rpm.

iii.    Decant the supernatant with care for the combined pellet.

iv.    Optional: Can perform up to 2 additional washes with 1:1 Stain Buffer: DPBS if sample is grossly clumping or is mucoid, then repeat steps ii and iii before moving to v.

v.    Re-suspend the pellet in 3-4 mL of DPBS.

b. Small volume supernatant should be kept in an alternative conical.  The pellet should remain in at least 1.5-2.0 mL of primary fluid.
4. Prepare a tube with the cell strainer cap (blue cap) to filter the fluid through.  Strainer can be pre-wet with DPBS.

a. Note: Cerebrospinal fluid should not be filtered.  CSF should be used straight after spin down for staining.

5. Remove the strainer cap slowly and discard.  Cap with a clean white cap for transport/storage.

6. Retrieve frozen 10% Rabbit Serum from freezer to thaw to room temperature (3 mL total required).

7. Obtain a WBC count on the HemoCue WBC analyzer.  Record the count on the side of the tube and on the patient testing logsheet.  See 32 00 09 HemoCue WBC Counts for testing protocol.

a. If the count is greater than 30.0 x 103/µl or “HHH”, dilute the sample in a 1:4 (aspirate suspension to DPBS) ratio and attempt another count acquisition.

b. If the count is less than 0.3 x 103/µl or “LLL”, no additional resolution steps are required.

8. 
9. Adjust count by diluting a portion of aspirate suspension with DPBS to approximately 10,000 WBC/mm3 or 10.0 x 103/µl.  Acceptable range is 2,000 – 20,000 WBC/mm3 (2.00-20.0 x 103/µl).  A cell marker panel requires about 2 mL of adjusted count suspension for optimal testing (in case of reflex tube add-on/storage).

a. Note: If the count is below 2.0 x 103/µl, do not dilute.

10. Label 3 - 12x75mm tubes for staining the cell suspension.  “Viability, T, B,” – should be run automatically on this source.

a. Note: Process may be changed to run Viability tube first instead of all three.

i.    Post-staining – Incubate 10 minutes, Spin down in Immufuge for 3 minutes, Decant, Resuspend in 500 µl cold stain buffer for immediate acquisition.

11. Place 100 µl of adjusted cell suspension into each stain tube.  

a. Note: If the count is between 0.4 and 2.0 x 103/µl, add between 200-400 µl as the starting volume to staining tubes.  

b. If the count is 0.3 x 103/µl or “LLL” – automatically use 400 µl for each staining tube.
12. Add 1 mL of rabbit serum to each tube.

13. Cap the tubes and place in the water bath at 37°C (±3°C) for 20 minutes.

14. Remove the tubes and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

15. Aspirate all but 100 µl of sample.

16. Add appropriate antibodies (single drop) to each tube as assigned by Table 1 or add validated cocktail to appropriate tube.  Vortex gently prior to incubation.

a. Note: See 32 00 08 Intracellular Staining procedure for additional details on cytoplasmic staining.

17. Proceed with automated process (LWA) or manual process:

a. Preliminary note: for very low count fluids, re-suspend in 200 µl instead of 500 µl for acquisition.

b. Incubate off-board in either process for 15 minutes in the dark at room temperature

c. Automated process (LWA) – program Lyse-Wash KMC

i. Load tubes into processing carousel

ii. Load reagent reservoirs with appropriate reagents (if not already done)

1. Spindle Cleanse – deionized water

2. Cell wash – 1:1 DPBS/Pharmingen Stain Buffer

3. Fixative – BD 1X Stabilizing Fixative

4. Lyse – 1X Pharmingen Lyse Buffer (pre-warmed to room temperature)

iii. Load carousel and choose appropriate program, note time of completion.

iv. When the program is finished or tube designations have changed to “white” – remove the tubes and/or carousel to the Canto II for acquisition.

d. Manual Process

i. Add 1 mL of pre-warmed Pharm Lyse to each tube and gently vortex.

ii. Incubate the tubes in the dark for 10 minutes at room temperature.

iii. Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

iv. Decant/aspirate supernatant with care for cell pellet.

v. Re-suspend the pellet in 2 mL of cold Pharmingen Stain Buffer (WASH)

vi. Centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

vii. Decant/aspirate supernatant with care for cell pellet.

viii. Re-suspend the pellet in 500 µl of 1X BD Stabilizing Fixative, mix gently.  Allow to rest for 5 minutes in the dark at room temperature or refrigerated temperature; if acquisition is delayed – place in sample fridge.

1. Note: 500 µl of cold Pharmingen Stain Buffer can be used for re-suspension if acquiring data within 30 minutes.

ix. Place tubes in carousel for acquisition on the Canto II.

POST-PROCESSING:


Streck Cell Preservative™ stabilizing reagent to be used post processing of primary specimen:




Blood and bone marrow:  Pipet 1000 μl (1 ml) of specimen into Streck Cell Preservative™ vial. Invert vial by hand 3 times to mix. (Suspension from bone marrow aspirate particles may be used.)  If there is enough specimen, pipet 1000 μl into an additional vial.  Label with EPIC specimen label and store at 2-8° C in the silver specimen refrigerator.




Lymph node or surgical tissue:  Prepare cell suspension from tissue.  Obtain white blood cell count and viability.  Pipet 1000 μl into a Streck Cell Preservative™ preservative vial.  Invert vial by hand 3 times to mix.   If there is sufficient sample, pipet same amount into an additional vial.  Label with EPIC specimen label and store at 2-8° C in the Flow refrigerator.

ACQUISITION:

1. The BD Canto II should be up and running, with CS&T beads already run prior to testing. 

2. Color compensation must have passed prior to cellular acquisition.  Any compensation older than 30 days is not to be utilized for patient testing.  See Autocompensation 32 00 00 procedure for details.
3. Open a new experiment in the BD FACSDiva software by utilizing the menu features under the monthly folder used for testing.

a. Name the experiment with the date in the format DDMMMYYYY (e.g. 01NOV2017).

4. Apply and Link the most recent compensation to the full experiment so that subsequent specimens will automatically have it applied to the data.

5. Using the “New Specimen” feature, add appropriate tubes for the specimen being tested.  Both the screening panels and reflex tubes are available in the software.

6. Change the name of the specimen to include the patient name, specimen type, and acquisition tech – example: Smith LN KMF = Patient Smith, Lymph Node, Kacee Floyd as acquisition tech.
7. For every patient, enter the patient demographics on the “T” tube under the Keyword section of the tube inspector:

a. SAMPLE ID = Patient Name (First Name Last Name)

b. PATIENT ID = MRN (E#)

c. CASE NUMBER = Flow Accession (FL17-XXXXX)

8. Load the specimen tubes in order that match those on the screen into a testing carousel – note the number of the carousel.

9. Load the carousel on to the loader and slide the drawer in.  Make sure the doors are closed tightly – the carousel should do a “recognition spin” if the drawer is all the way in and the doors are closed.

10. Using the Carousel menu option, assign the number of the carousel used for testing to the tubes being read.

11. Click next to the first tube to be tested – make sure the tab is green.

12. Using the acquisition dashboard, click “Run Carousel” to begin acquisition.

a. If a single tube read is desired instead of the carousel run 

i. Un-assign the carousel number on the specimen tubes

ii. Place the tube manually under the sipper and move holder underneath the tube, and click “Run Single Tube”

b. If data acquisition slows substantially, it may need to be paused or stopped to perform a de-gas function or clean flow cell function.

13. Data will be auto-saved upon acquisition.  The entire carousel of tubes will be read unless stopped by the software or instrument for fluidics / pressure warnings.

a. Fluidics warnings – may need to replace fluids and prime

b. Pressure warnings – may have a cracked tube and the instrument cannot pick up the specimen

i. Skip specimen and allow the rest to read

ii. Stop acquisition and check tube for cracks – move specimen fluid to new tube if cracks apparent
iii. Can re-read the tube as single tube or within a carousel

14. Initial analysis can be viewed on the global acquisition worksheet that is showing while data are being acquired.

a. Check for full negative – indicating process error with specimen

b. Check for channel negative – indicating that antibody may not have been dropped into specimen (PE data missing for CD marker)

i. Some markers are not apparent for normal cells, and can be reviewed with technical specialist or supervisor prior to repeating tube

c. If data show excessive, non-specific staining – consult with heme pathologist 

d. If data show smooth straight lines or smooth curved lines, check compensation data or that compensation is applied.

15. Once data is finished being acquired, it must be transferred to a network computer via a secure data transfer device.  See details in 32-00-07 FCS Express Immunophenotyping Analysis.

CRITICAL POINTS:

1. Optimize instrument with application settings, voltages, cytometry setting and tracking beads, and controls prior to patient sample testing.
2. Make sure to adequately vortex/mix samples with lysing, staining, and fixing

3. When adjusting a sample’s count, vortex/inversion mix the sample prior to removing an aliquot for dilution.

4. Never run bleach through the sheath filter or use bleach in the sheath reservoir.

5. If unable to correct a system problem, notify the pathologist assigned to the Heme (Flow) bench.

6. Consultation with the heme pathologist is required for approval to send samples to Cincinnati Children’s Flow Lab for testing.

DECISION CRITERIA:

1. If the surface kappa and lambda light chain staining shows a double negative upon analysis, repeat the “B” tube on the patient, but wash the sample three (3) times with a 1:1 DPBS:BSA Stain Buffer volume double of that needed for staining.  If repeated acquisition still shows a double negative, consult with pathologist.

2. The suboptimal specimens (21-49%) will have a note automatically included on the FCS documents, and a warning note for specimens with less than 20% viability.  
3. Any specimens with fewer than 2,000 events acquired total need to be reviewed with the pathologist – note number of events.

4. Washes can be increased or decreased based on the amount of blood found in the specimens.

5. Use standard universal precautions when handling all biological samples.

6. Refer to primary instrument and software manuals in case of troubleshooting or error resolution.

7. If the HemoCue instrument is not in working order, and a count cannot be performed – a manual count will need to be performed via the hemocytometer procedure on file with Kettering Health Network Laboratory.
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ASSOCIATED FORMS:

· FC.320001-A-00 : Canto Maintenance Log
· FC.320001-B-00 : LWA Maintenance Log
· FC.320001-C-00 : Equipment Exception Log
· Appendix A-D : Quick Sheets
APPENDIX A: PERIPHERAL BLOOD QUICK SHEET

Warm Pharm Lyse and 10% Rabbit Serum to Room Temperature prior to use.

Blood Pre-Treatment

1. Wash whole blood – 2 mL blood in 4-6 mL of DPBS 
2. Spin in Program #1 – 1800 rpm for 6 minutes

3. Decant/aspirate – do not disturb pellet – (wash up to 2 additional times with 1:1 Stain Buffer: DPBS)
4. Re-suspend in 2 mL DPBS or 1:1 Stain Buffer: DPBS
Get WBC Count

Adjust cell volume based on Count

· 100 µl working volume per tube if count between 2.0-20 x 103 cells/ µl

· 300 (200-400) µl working volume per tube if count <2.0 x 103 cells/ µl

· 100 µl of DPBS diluted sample if count >20 x 103 cells/ µl (aim for 10 x 103 cells/ µl with dilution)

Label 4 – 12x75 mm screening tubes (or reflex tube) 

B-tube Pre-Processing

1. Add 1 mL of rabbit serum to only the B tube.  (Pre-treatment for T, S1, and S2 is not required.)

2. Cap/cover the tube opening and place in the water bath at 37°C (±3°C) for 20 minutes.

3. Remove the tube and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

4. Aspirate all but 100 µl of sample and proceed with staining.

Add appropriate antibodies to each tube – using tube map and assigned volumes.  Gently vortex after addition.

Automated Process (LWA) – Duo Lyse with Incubation (Incubation onboard); Duo Lyse without Incubation (Incubation offboard)

Manual Process – 

1. Incubate stained cells in the dark at room temperature for at least 15 minutes (no more than 40 minutes)

2. Add 900 µl of warmed 1X Pharm Lyse to each tube, vortex gently

3. Incubate tubes in the dark at room temperature for 5 minutes

4. Centrifuge in Immufuge on High for 3 minutes

5. Decant/aspirate supernatant with care for pellet

6. Add 700 µl of warmed 1X Pharm Lyse to each tube, vortex gently

7. Incubate tubes in the dark at room temperature for 10 minutes

8. Centrifuge in Immufuge on High for 3 minutes

9. Decant/aspirate supernatant with care for pellet

10. Add 2 mL of cold Stain Buffer (BSA)  to each tube as wash

11. Centrifuge in Immufuge on High for 3 minutes

12. Decant/aspirate supernatant with care for pellet

13. Add 1 mL of cold Stain Buffer (BSA) to each tube as wash

14. Centrifuge in Immufuge on High for 3 minutes

15. Decant/aspirate supernatant with care for pellet

16. Re-suspend pellet in 500 µl of 1X Stabilizing fixative, mixing well

17. Allow to sit for 5 minutes prior to acquisition

APPENDIX B: BONE MARROW QUICK SHEET

Warm Pharm Lyse and 10% Rabbit Serum to Room Temperature prior to use.

Aspirate Suspension Preparation
1. Allow spicules to come to the surface of collection tube
2. Place 70 µm cell strainer into 50 mL conical – prime with DPBS
3. Use glass pipet to aspirate spicules from collection tube and place on strainer
4. Grind spicules through the screen
5. Rinse pestle with DPBS and flush strainer with 20 mL DPBS

6. Spin conical at 1800 rpm for 6 minutes – program #1

7. Decant/aspirate supernatant with care for pellet

8. Perform 2-3 additional washes on the suspension using  5-10 mL of 1:1 Stain Buffer : DPBS. 
9. Re-suspend pellet in 3 mL DPBS or 1:1 Stain Buffer:DPBS
10. Prime the screen of a cell strainer tube (blue cap)

11. Pipet solution through the smaller strainer.  Remove cap gently.

Get WBC Count

Adjust cell volume based on Count

· 100 µl working volume per tube if count between 2.0-20 x 103 cells/ µl

· 300 (200-400) µl working volume per tube if count <2.0 x 103 cells/ µl

· 100 µl of DPBS diluted sample if count >20 x 103 cells/ µl (aim for 10 x 103 cells/ µl with dilution)

Label 5 – 12x75 mm screening tubes (or reflex tube) 

B-tube Pre-Processing

1. Add 1 mL of rabbit serum to only the B tube.  (Pre-treatment for T, S1, S2, and S3 is not required.)

2. Cap/cover the tube opening and place in the water bath at 37°C (±3°C) for 20 minutes.

3. Remove the tube and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

4. Aspirate all but 100 µl of sample, and proceed with staining.

Add appropriate antibodies to each tube – using tube map and assigned volumes.  Gently vortex after addition.

Automated Process (LWA) – Duo Lyse with Incubation (Incubation onboard); Duo Lyse without Incubation (Incubation offboard)

Manual Process – Matched to Manual Process in Appendix A : Peripheral Blood Quick Sheet
APPENDIX C: TISSUE / FLUID QUICK SHEET

Warm Pharm Lyse to Room Temperature prior to use.  Thaw 3 mL of 10% Rabbit Serum for Use.
Tissue Cell Suspension Preparation

1. Place tissue in petri dish

2. Hold with tweezers and inject tissue with 5 mL DPBS from syringe/23G needle combo

3. Place 70 µm cell strainer into 50 mL conical – prime with DPBS

4. Pipet cloudy solution through the strainer, grinding any chunks through the screen
5. Rinse pestle with DPBS and flush strainer with 2-5 mL DPBS

6. Spin conical at 1800 rpm for 6 minutes – program #1

7. Decant/aspirate supernatant with care for pellet

8. Optional: Additional washes of suspension for clumping/mucoid with 5-10 mL of 1:1 Stain Buffer: DPBS

9. Re-suspend pellet in 2 mL DPBS or 1:1 Stain Buffer: DPBS

10. Prime the screen of a cell strainer tube (blue cap)

11. Pipet solution through the smaller strainer.  Flush with 500 µl DPBS if needed.  Remove cap gently.

FNA Suspension Preparation

· Follow tissue cell suspension steps 10 and 11 for solution-based specimens

· Follow tissue cell suspension steps 1 through 11 for larger tissue-based specimens

Large Volume Fluid Suspension Preparation

1. Fill 2-4 50 mL conical tubes with primary fluid

2. Spin conical at 1800 rpm for 6 minutes – program #1

3. Decant/aspirate supernatant with care for pellet, leaving 3-5 mL of fluid over the pellet

4. Combine pellets into a single tube and add 15-20 mL of DPBS for a wash

5. Spin conical at 1800 rpm for 6 minutes – program #1

6. Decant/aspirate supernatant with care for pellet; Optional: Up to 2 additional washes with 1:1 Stain Buffer: DPBS

7. Re-suspend pellet in 3 mL DPBS or 1:1 Stain Buffer : DPBS
8. Prime the screen of a cell strainer tube (blue cap)

9. Pipet solution through the smaller strainer.  Flush with 500 µl DPBS if needed.  Remove cap gently.

Small Volume Fluid Suspension Preparation

1. Place all available fluid except for last 1 mL (in case of additional testing) in conical

2. Spin conical at 1800 rpm for 6 minutes – program #1

3. Decant/aspirate supernatant with care for pellet, keeping the supernatant in a separate tube.

4. Re-suspend pellet in 2 mL DPBS

5. Prime the screen of a cell strainer tube (blue cap)

6. Pipet solution through the smaller strainer.  Flush with 500 µl DPBS if needed.  Remove cap gently.

CSF Preparation

· Spin down available CSF for testing in conical – 1800 rpm for 6 minutes

· Remove all but 1-2 mL of volume into a separate tube and keep.

· Utilize the remaining 1-2 mL for testing

Get WBC Count

Adjust cell volume based on Count

· 100 µl working volume per tube if count between 2.0-20 x 103 cells/ µl

· 300 (200-400) µl working volume per tube if count <2.0 x 103 cells/ µl

· 100 µl of DPBS diluted sample if count >20 x 103 cells/ µl (aim for 10 x 103 cells/ µl with dilution)

Label 3 – 12x75 mm screening tubes (or reflex tube) 

Processing

Add 1 mL of rabbit serum to each tube.

Cap the tubes and place in the water bath at 37°C (±3°C) for 20 minutes.

Remove the tubes and centrifuge at 600g for 3.0 minutes (Immufuge-high speed)

Aspirate all but 100 µl of sample.

Add appropriate antibodies to each tube – using tube map and assigned volumes.  Gently vortex after addition.

Incubate tubes for 15 minutes in the dark at room temperature

Automated Process (LWA) – Lyse-Wash KMC
· DO NOT USE THIS FOR VERY LOW COUNT FLUIDS, e.g. CSF

Manual Process – 

1. For specimens with apparent RBCs – 
a. Add 1 mL of warmed 1X Pharm Lyse to each tube and gently vortex

b. Incubate tubes in the dark for 10 minutes at room temperature

2. Centrifuge in Immufuge on High for 3 minutes

3. Decant/aspirate supernatant with care for pellet

4. Re-suspend in 2 mL of cold Stain Buffer (BSA)

5. Centrifuge in Immufuge on High for 3 minutes

6. Decant/aspirate supernatant with care for pellet

7. Re-suspend pellet in 500 µl 1X Stabilizing Fixative for normal count specimens or 200 µl for <2000 cells/ µl count specimens
8. Allow to sit for 5 minutes prior to acquisition

APPENDIX D: TUBE DESIGNATION WITH DETAILS FOR ADDING MARKERS

	Name
	FITC      moderate
	PE     bright
	PerCP-Cy5.5 moderate
	PE-Cy7 bright
	APC bright
	APC-H7 dim
	BV421 bright
	V500    dim
	Tissue /Fluid
	Blood
	Bone Marrow

	Viability
	 
	 
	7AAD
	 
	 
	 
	 
	CD45
	x
	(x)*
	(x)*

	T
	CD56 + 57
	CD5
	CD8
	CD2
	CD7
	CD3
	CD4
	CD45
	x
	x
	x

	B
	CD10
	Lambda
	CD38
	CD5
	Kappa
	CD20
	CD19
	CD45
	x
	x
	x

	Screen 1
	CD19
	CD117
	CD33
	CD13
	CD34
	CD14
	CD10
	CD45
	 
	x
	x

	Screen 2
	CD71
	CD22
	HLA-Dr
	CD33
	CD34
	CD3
	CD64
	CD45
	 
	x
	x

	Screen 3
	CD19
	CD138
	CD38
	CD56
	CD117
	 
	CD10
	CD45
	 
	 
	x

	Number of markers per screening
	16
	24 (25V)
	25 (26V)

	Reflex Add-ons

	IC Screen - Pan
	TDT
	MPO
	cCD79a
	CD10
	CD34
	cCD3
	CD19
	CD45
	Add 4 markers (TDT, MPO, cyCD79a, cyCD3)

	Reflex 1 - B lineage
	TDT
	cCD22
	cCD79a
	 
	 
	 
	CD19
	CD45
	Add 3 markers (TDT, cyCD22, cyCD79a)

	Reflex 2 - T lineage
	TDT
	CD1a
	 
	CD10
	CD34
	cCD3
	 
	CD45
	Add 3 markers (TDT, CD1a, cyCD3)

	Reflex 3 - Plasma Cell
	cLambda
	CD138
	CD38
	CD56
	cKappa
	 
	CD19
	CD45
	Add 2 markers (cyLambda, cyKappa)

	Reflex 4 - "Hairy Cell"
	 
	CD103
	CD5
	CD25
	CD11c
	CD20
	CD19
	CD45
	Add 3 markers (CD103, CD25, CD11c)

	Reflex 5 - "CLL"
	FMC7
	CD22
	CD5
	CD200
	CD23
	CD20
	CD19
	CD45
	Add 3 markers (FMC7, CD200, CD23) + CD22 T/F (+4)

	Reflex 6- Mono/Immature
	CD15
	CD64
	CD16
	CD13
	CD11b
	CD14
	 
	CD45
	Add 3 markers (CD15, CD16, CD11b)

	 

	Viability - based on source type
	Reflex tubes containing intracellular staining for confirmation testing

	Pan-differentiation for lymphocytes
	Additional "B" markers for differentiation of various conditions

	Myeloid-based differentiation
	Additional immature markers for differentiation and more acute conditions

	Surface screening for plasma cells
	* - Viability is only tested on >24 hour and compromised bloods/bone marrows.
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