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Cytometry and Fluorescence Activated Cell Sorter (Practice in English/Japanese)
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Kinji Asahina, Takefumi Yamamoto, Yasuhiro Mori, Tokio Terado, Fuka Hirano (Central
Research Laboratory)

Collaborator: Nippon Becton Dickinson Company, Ltd.
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Flow cytometer is a device that can semi-quantitatively measure the expression of individual
cell molecules. There are two types of devices, an analyzer and a cell sorter. Antibodies
recognized by fluorescent dyes are often used to identify the expression of molecules. It has also
been attempted to measure fluorescent substances other than labeled antibodies.

As a practical training, we detected with FACS using beads for flow cytometer setup.

* FACS (fluorescence activated cell sorter) is a trademark of Becton, Dickinson and company.
Practice content:

Beads for flow cytometer setup are detected with FACS.

We will analyze using three instrument, analyzer BD LSRFortessaX-20 and BD FACSCanto I,
and cell sorter BD FACSAria Fusion.



[Practice] Time schedule

1. 17:00 - 18:20 Practice (HIfATFEERE2. 4)
Explanation of instrument

Data acquisition and analysis

Practice will be done in 3 groups and 2 instruments in turn.

Group A; LSRFortessa (17:00-17:40) — AriaFusion (17:40-18:20)
Group B; AriaFusion (17:00-17:40) — LSRFortessa (17:40-18:20)
Group C; AriaFusion (17:00-17:40) — Canto II (17:40-18:20)

The aim for today’ s practice is to learn about the settings and analysis for FACS.

We want you to know that FACS is a useful and easy instrument.

M Practice

Samples to measure;

Samples are prepared in the tubes as shown below.
Adjust the voltage/compensation for settings.

Analyze the percentage of PE positive Beads.

Tube NO. 1 2 3 4 5
label Unlabeled Unlabeled Unlabeled Unlabeled Unlabeled
FITC PE APC FITC
PE
APC
Unlabeled O O O O O
FITC O O
PE O O
APC O O
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Section1: Start up

[1] System

CNCNONCRONC)

Q

Verify sheath and waste tank. Fill the sheath or empty the waste, if needed.
Turn on the computer.

Click Admin icon. Password: BDIS#1

If there is sheath supply system (FFSS option), turn on the FFSS.

Turn on the main power of the instrument.

After 2 minutes, open the FACSDiva software: right click > open.

Log in ID: administrator no password

After connected, select the “Use CST Settings” in the CST mismatch window.

[ 2] Remove air bubble

)
@

®
@

Remove air bubble from sheath filter.
Remove air bubble from sheath line using the pinch cock roller on the right side of instrument.

Remove DI water tube from sample injection port (SIP)

Press “PRIME” button on the instrument.

©®e

After “PRIME” is done, repeat “PRIME” twice again.

Install a tube with 2ml of FACSFlow to the SIP, Press “RUN” and Flow Rate “High” button.
After 5 minutes, press “STANBY” button.

Remove the tube with FACSFlow from the SIP, install a tube with 2ml of DI water.



Section2: Check Performance

Before setting up an experiment, you must first run a performance check. A performance
check ensures that the cytometer is performing consistently over time. It generates default

cytometer settings that places each PMT within an optimal range.

@ Click “CST” from Cytometer menu.
@ After connected, select the “Check Performance” from Characterize.

@ Check the setup beads (CST beads) Lot ID. The lot ID number is written on the vial.

*7 Cytometer Setup and Tracking
e Cytometer Tooks
Setup | Reperts | Performance Tracking

Setup Control - Resaarch Uss Only
System Summary: 0K L0ad 3 tube with beads and chck Run button to start setup,

Charscterie: [Chack. 3 |
mamrmocssmom Q)
85631
uration: 13020 Vioket PerCP-Cy5.5, AmC
2 Cytomete Baseine October 23, 2007 03:13 AM
October 23, 2007 08:16 AM
@ I Lot ID 85631 v I
Passed ~
Prodx CST Setup Beads
Pan 8 910723
pestion Dale 06-30-2009
Parameter s
Stutdown Soktion

© Connected

@ Dilute CST beads: 1 drop in 0.35mlI FACSFlow (sheath fluid).

® Install the CST beads tube to the sample injection port.

© Press Flow rate “LOW” and press “RUN” button on the instrument panel.
@ Click Run > OK.

After completed, press “STANBY”, and click “View Report”.

Verify that the cytometer performance passed.

If any parameters did not pass, perform the clean flow cell.

(© Select File > Exit to close the CST window and connect back to the BD FACSDiva interface.

Select the “Use CST Settings” in the CST mismatch window.



Sction3: Set up and analysis

[ 1] Create a new experiment
Click the folder and experiment icon on the Browser toolbar.

SECRONCR®NONC)

Click the plus sign (+) of the specimen.

Click the “acquisition pointer” of tube 001.

Delete unnecessary fluorescence parameters.
Check the “H(Height)” and “W(Width)”, if needed.

Create dot plots or histogram plots on the worksheet:

ex) FSC-A vs SSC-A, and each fluorescence.

Check of parameters in the cytometer window > parameter tab.
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Cytometer Connected

Cytometer Connected

[2] Adjustment of voltage in FSC,SSC and fluorescence parameter
@ Install a negative sample tube, press “RUN” button on the instrument, and click “Acquire Data”

in the Acquisition Dashboard Window.

@ Adjust the FSC and SSC voltages, in order to display the target population on the plot.

@ Adjust “Threshold” or “Area Scaling Factor”, if needed (refer to the Appendix).

@ Adjust the fluorescence voltage, and set up to the optimal negative position.

® After setting up, click “Stop Acquiring” and press “STANBY” button on the instrument.
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[ 3] Compensation
When two or more fluorochromes are being used, it may be necessary to compensate a
spectral overlap of fluorescence.
You can select manual or auto compensation in FACS Diva software.

Manual Compensation

Prepare the objective fluorescent plots for your experiment.
Run and acquire the single stained sample > Stop Acquiring.
Create the gates to negative and positive population.

Right click on the plot > create statistics

©@® 0o

Verify the mean value of negative and positive population in the statistics window.

When both mean values differ, adjust spectral overlap value from Compensation tab in the
Cytometer window.

To apply suitable compensation, adjust the mean value of a negative and a positive to the
same value.
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Auto Compensation

@ Click the Experiment menu > Compensation Setup > Create Compensation Controls

@ Click OK in the Create Compensation Controls dialog.

@ Click the (+) of compensation controls specimen, and click the acquisition pointer of unstained
control tube.

® Run and acquire the negative sample and set the P1 gate to the target population.

® Click “Record Data”.

@ Right click on the P1 gate, and select “Apply to All Compensation Controls”.

Record data for each of the single color control tubes similarly.



@ Select each compensation worksheet tab and verify that the snap-to interval gate is

encompassing the positive population. Adjust the gate, if needed.

FITC Stained Control FITC Stained Control
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Click the Experiment menu >Compensation Setup > Calculate Compensation.

If the calculation is successful, a dialog appears. ®) Single Stained Setup
@ Click the “Link & Save”. Compensation ckdation has conpleted succesfuly
@ Click the acquisition pointer of tube 001. Noe: [ 2clor St
@ Click the sheet icon and it changes from Sheet to Global Work Sheet. (Cnkesave )| meyony | [ conl

Fheetl ‘

[ 4] Record sample data

@ Run and acquire the stained sample.

@ Set record number from the “Event to Record”, if needed.
® Click the “Record Data”.

@ Click the “Next Tube”, if you have next sample.



[ 5] Data analysis
@ Right click the FSC,SSC plot, and click the “Show Population Hierarchy”.
Then, the gate hierarchy window is displayed on the sheet.
@ Create the gate to target population.
@ If “Show Population” is used, only a target population can be displayed on a plot.

@ Right click the objective fluorescence plot> Create Statistics View.
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[ 6 ] Appendix
1. Removal of dead and doublet cells
Removal of dead and doublet cells are recommended for analysis or sorting of high purity.
- dead cells plot: SSC-A vs reagent ex) Pl, 7AAD, DAPI
- doublet cells plots: FSC-W vs FSC-H and SSC-W vs SSC-H

All Events

All E

(x1000)

S5C-A

ents

T T T T T T LBLRELE o
50 100 150 200 250 10° 10* 10°
FoC-A (1,000) TAAD-A
Living cells Living cells
S o g ]
2 & 2
=) 1]
% 7 % 8]
4 ]
8 En
= ]
gl E §I ]
(R 95
fri 3]
7
4 &
& B SSC doublet-
J FSC doublet- o
Trprrrrprrrrprrrorprrr L LIS B I N L B B B NN N B B B B
50 100 150 200 50 100 150
FSe-H (x1.000) sse-H (x1.000)

Tube: D3 Ho5*0ug/ml

Population
[ Al Events
M cells
] Living cells
[l FSC doublet -
[ 55¢ doublet -
H pead cells

2.Threshold: Threshold tab > Default value: FSC 5000
Threshold is cutting the debris or electric noise in the lower-left of the FSC-A vs SSC-A plot.

If your sample has a lot of debris, you can remove it by increasing threshold value in the threshold

tab in Cytometer window.

3. Area Scaling Factor: Laser tab> Area Scaling

The required area scaling factor changes based on sheath pressure and sample size

scaling factors should be verified for each experiment performed on the cytometer.

Correct Width data is obtained by arranging the dynamic range of Area and Hight data.
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4. Data Export: right click experiment> export
Export FCS files:
FCS file is raw data. FCS 2.0 or FCS 3.0 (recommended) can be analyzed in another software
application.
Export Experiments:
This is all experiment data (cytometer settings, plots, gates, statistics, and FCS files).
Save as data backup.

5. Duplicate of experiment: right click experiment> duplicate without data
Experiment data (cytometer settings, plots, gates, statistics) can be copy without tube data.

* The data of Laser tab (Area scaling, Laser Delay) is not copied.



Section4: Shutdown

ENCNCECRSNONONCRORONS

Install 3ml FACSClean tube to SIP.

Press “RUN?”, shift the support arm to the side and run for 1 minute.

Return the support arm to the center and run for 5 minutes. FlowRate is “High”.

Install 3ml FACSRinse tube to SIP.

Shift the support arm to the side and run for 1 minute.

Return the support arm to the center and run for 5 minutes.

Press “STANBY”.

Click “File” menu> “Quit”.

Turn off the main power, shutdown PC.

Install 1ml DI water tube to SIP.

Turn off the FFSS. Fill the sheath and empty the waste, if needed.

10



Section 5: HTS option

When using HTS, it's recommended to do Section1(Startup), Section2(Check performance), and

Section3( Set up and analysis) manually using tubes.

[1]HTS start up
@ Change the tube/plate switch on the machine (right side) to the plate mark.

@ Exchange the tube protector of the SIP for HTS.
@ Connect the sample coupler to the SIP.

.

Tube protector

@ Remove air bubble from sheath line.
1. Remove the sheath line from HTS.
2. Connect the air removal tool to sheath line.
3. Remove air bubble using pinch cock roller.
4. Connect the sheath line to HTS.

® Prime the fluidics for HTS
1. Put the cytometer is in RUN mode.
2. Select HTS menu > Prime on the software.
Repeat twice for a total of three primes.
3. Click OK to close the completion dialog.
4. Verify that there are no air bubbles in the green tubing
5. Put the cytometer in STNDBY mode.

11



[ 2] Perform HTS
New Plate button  arrow

@ Set up the plate view ¥ Browser
1. Open the objective experiment

96 well U-bottom
1196 well V-bottom

96 well flat-bottom
384 well flat-bottom|

2. Select plate type of the new plate button

on the browser window
E]/Q, Training
3. The Plate view is displayed. P an

4. Select “High” or “Standard” mode from the plate information.

B Plote - 96 Wl - Flat beiom

W Meatyes

Pt St Detds

S ormentyre  PulBacamtonade ) [5] sowcmen seengs
B rect vl 0 gog 1] soncmen nunber 19" 7] vl st

Lt of spmcmers on the plate

Loatmr Setirgy

Sanin Flow Rate (L fuac)

T Sanghn Voo G0
Mg voke (4 <y
Mo Sceed k) o
Wambor of Moows
S SN UG (S WSS VU GG SIS S S Wash Vo (4} -}

v Bl i 8 [ Somimen seitrs oot Hote (I O Runded

5|2 Nt b 4™ (7] ol s e Rt Lonter St

o ;
N
\
'
I Bt i i i i i B i |

I P P P P P P P P P 0
Instrument Speclmen 0 m a ad Za T N R ] sk enebing
. ARARARARARARARAL AL AL AL AL A B el =0 5H
settings o e e oo e e e e e el s o
o o e e e et et o el e o f g westiaind w6 &P
o e el Tal il Tl Tl Tk T Tl "ol T Wi of Yy i
o vk ) o |

6. Set up the Loader Settings for each well.
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@ Install a plate on the HTS
1. Remove the HTS safety cover.
2. Place the plate on the plate holder, well
A1 is over the inscribed A1 on the plate holder.
3. Replace the HTS safety cover.

well A1

front of BD HTS

@ Measurement
1. Check the Event to Record for each well.
2. Press RUN button on the instrument.
3. Click RUN Plate or RUN Well on the dashboard

{IB Acquisition Dashboard g}
Current Activity
Active Tube/Well Threshold Rate Stopping Gate Events  Elapsed Time
0 evtis Oevt 00:00:00
Basic Controls
o H -Aéwire‘,, ” B Record ... e

[ & Run Plate H B Run Wel... ] wh

Acquisition Setup

Stopping Gate: | [l Al Events ¥ Events ToReco... | 10000evt | Stopping Time (... at
Storage Gate: W AlEvents v Events ToDispl... | S00evt w

Acquisiion Status

Processed Events: Electronic Abort Rate:

Threshold Count: Electronic Abort Count:

@ Batch Analysis (To export PDF or statistics data)
In the Plate window, click and drag across wells to select them, then right-click and select

Batch Analysis.
Select the check box in the Batch Analysis dialog as shown in the figure.

Click Start to begin the batch analysis.

¥ Batch Analysis

(® Auto [] Output To Printer | Statistics |
View Time: |5 W I Save as PDF I [] Freeze Biexponential Scales
O Manual Add | [[] Use Preferred Global Worksheet

Export Filename: | tistics\Batch_analysis_25012007175234.csv [ Browse... ]

Status: [ 0% ]
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[ 3] HTS shut down

@ Prepare a cleaning plate

@

®©®e e

Fill the wells of a 96-well plate according to the following table.

Wells Solution Volume (uL)
Al-A4 [ BD FACSClean? 200
B1-B4 | DIwater 200

Run a cleaning plate

1. Install the cleaning plate on the HTS unit.

2. Select HTS > Clean.

3. In the Plate Templates dialog, select the Daily Clean - 96 well U-bottom template and click
OK.
The plate layout changes to show the cleaning template and a confirmation dialog is
displayed.

4. Set the fluidics mode to RUN.

5. Click OK to begin the cleaning cycle.
The cleaning procedure can take up to 15 minutes.

6. Click OK when the completion message appears.

7. Set the fluidics mode to STNDBY.

After HTS clean, remove the sample coupler from SIP. And replace the tube protector.
Perform the SIP cleaning. Refer to Section4:Shutdown.

Select File > Quit to exit BD FACSDiva software.

Turn off the computer.

Turn off the instrument.

Install 1ml DI water tube to SIP.

Change the tube/plate switch on the machine (right side) to the tube mark.

Turn off the FFSS. Fill the sheath and empty the waste, if needed.
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Section1: Start up

[1] System
WindowsXP (BD FACSDiva software Ver.4.0 - 6.1.3)
Turn on the main power.
After 2 minutes, turn on the computer.
Log in ID: Administrator Password: BDIS
Open the FACSDiva software: right click > open.

Log in ID: administrator no password

o g ks~ wh =

After connected, select the “Use CST Settings” in the CST mismatch window.

Windows7 (BD FACSDiva software Ver7.0 -)
Turn on the computer.

Click Admin icon. Password: BDIS#1

Turn on the main power.

Open the FACSDiva software: right click > open.

Log in ID: administrator no password

N o g bk~ w =

After connected, select the “Use CST Settings” in the CST mismatch window.

[2)] Fluidics start up

@ Verify fluid levels in the cytometer window. Replenish fluids or empty the waste, ifneeded.

Prime the fluidics system. ) Tonk Prime Status
Select Cytometer > Cleaning Modes > Prime After Tank Refill. (s ‘"';’f":l g [(Di=msrems
Check the all tanks, then click “OK”. x| _cmen | =]

® Remove the air bubble from each fluid filters.

BD FACS shutdovm solution  BD FACSClean solution port
port and cubitaines and cubltainer

\e— BDFACSFlow port

BD FACSFlow cubitainer

>

[~

Huidics filters

Remove a DI water tube from sample injection tube.

@ Click Cytometer menu > Fluidics Startup > OK
After Fluidics Startup, message “Fluidics Startup Complete. The System is Ready” is displayed
> click OK.



Section2: Check Performance

Before setting up an experiment, you must first run a performance check. A performance
check ensures that the cytometer is performing consistently over time. It generates default

cytometer settings that places each PMT within an optimal range.

@ Click “CST” from Cytometer menu.

(@ After connected, select the “Check Performance” from Characterize.

@ Check the setup beads (CST beads) Lot ID. The lot ID number is located on the CST beads
vial.

*7 Cytometer Setup and Tracking.
Bl Cytometer Tooks
Setup  Reports | Performance Tracking

System Summary: 0K

I Charsterive: [Check Pedormance vI
130-20 Viokt PercP-CyS.S, AmCyan

sse3t B ] O

ter Configuration: 130-20 Vioket PerCP-Cy5.5, AmC
October 23, 2007 03:13 AM

October 23, 2007 08:16 AM

or Pedomance Reuds  Passed

o

Cleaning Sokstion o
o
o

gf
5
i
i
®
848

© Connected

@ Create of CST beads: 1 drop in 0.35ml FACSFlow(sheath fluid).

® Install the beads tube to the sample injection tube.
® Click Run> OK.
@ After complete the performance check, click View Report.

Verify that the cytometer performance passed.

If any parameters did not pass, perform the clean flow cell.

(®Select File > Exit to close the CST window and connect back to the BD FACSDiva interface.

@Select the “Use CST Settings” in the CST mismatch window.



Sction3: Set up and analysis

[1] Create a new experiment

Click the folder and experiment icon on the Browser toolbar.
Click the plus sign (+) of the specimen.

Click the “acquisition pointer” of tube 001.

Check of parameters in the cytometer window > parameter tab.

Delete unnecessary fluorescence parameters.

1

é ’& Specimen_001
Y Tube_001

Check the “H(Height)” and “W(Width)’, if needed.

SECRONCR®NONC)

Create the dot plots or histogram plots:

FSC-A vs SSC-A, and each fluorescence.

 Parameter Voltage
- FsC 353

- S5C 366,

- FITC 514

©PE 507
« APC 81

HEEOO

J L
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Cytometer Connected

| m Cytometer Connected

[2] Adjustment of voltage in FSC,SSC and fluorescence parameter

@ Install a negative sample tube, and click “Acquire Data” in the Acquisition Dashboard Window.
@ Adjust the FSC and SSC voltages, in order to display a target population on the plot.
® Adjust “Threshold” or “Area Scaling Factor”, if needed (refer to the Appendix).
@ Adjust the fluorescence voltage, and setting up to the optimal negative position.
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® After setting up a control position, load the positive sample.

® It checks that the positive populations are displayed in fluorescence plot.




[3] Compensation
When two or more fluorochromes are being used, it may be necessary to compensate a
spectral overlap of fluorescence.

You can select manual or auto compensation in FACS Diva software.

Manual Compensation

@ Prepare the objective fluorescent plots for your experiment.

@ Create the gates to negative and positive dots population by acquire the negative and single
stained sample.

Right click on the plot > create statistics

Acquire the single stained sample > Stop Acquiring.
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Verify the mean value of negative and positive population.

When both mean values differ, adjust spectral overlap value from Compensation tab in the
Cytometer window.

Suitable compensation will be applied by adjusting the mean value of a negative and a positive

to the same value.
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Auto Compensation

@ Click the Experiment menu > Compensation Setup > Create Compensation Controls

@ Click OK in the Create Compensation Controls dialog.

@ Click the (+) of compensation controls specimen, and click the acquisition pointer of unstained
control tube.

Acquire the negative sample and set the P1 gate to the target population.

Click “Record Data”.

Right click on the P1 gate, and select “Apply to All Compensation Controls”.
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Record data for each of the single color control tubes similarly.



Select each compensation worksheet tab and verify that the snap-to interval gate is
encompassing the positive population. Adjust the gate, if needed.
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@ Click the Experiment menu >Compensation Setup > Calculate Compensation.

If the calculation is successful, a dialog appears. ®) Single Stained Setup
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[4] Record sample data
@ Acquire the sample.
@ Set record number from the “Event to Record”, if needed.
@ Click the “Record Data”.
@ Click the “Next Tube”, if you have next sampl



[5] Data analysis
@ Right click the FSC,SSC plot, and click the “Show Population Hierarchy”.
Then, the gate hierarchy window is displayed on the sheet.
@ Create the gate to target population.
@ If “Show Population” is used, only a target population can be displayed on a plot.

@ Right click the objective fluorescence plot> Create Statistics View.
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[6] Appendix
1. Removal of dead and doublet cells
Removal of dead and doublet cells are recommended for analysis or sorting of high purity.

- dead cells plot: SSC-A vs reagent ex) Pl, 7AAD, DAPI
- doublet cells plots: FSC-W vs FSC-H and SSC-W vs SSC-H
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2.Threshold: Threshold tab > Default value: FSC 5000.
Threshold is cutting the debris or electric noise in the lower-left of the FSC-A vs SSC-A plot.

If your sample has a lot of debris, you can remove it by increase threshold value in the threshold

tab in Cytometer window.

3. Area Scaling Factor: Laser tab> Area Scaling

The required area scaling factor changes based on sheath pressure and particle size

scaling factors should be verified for each experiment performed on the cytometer.

Correct Width data is obtained by arranging the dynamic range of Area and Hight data.
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4. Data Export: right click experiment> export
Export FCS files:

FCS file is raw data. FCS 2.0 or FCS 3.0 can be analyzed in another software application.
Export Experiments:

This is all experiment data (cytometer settings, plots, gates, statistics, and FCS files).

5. Duplicate of experiment: right click experiment> duplicate without data
Experiment data (cytometer settings, plots, gates, statistics) can be copy without tube data.
* The data of Laser tab (Area scaling, Laser Delay) is not copied.



Section5:Shut down
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Install 2mL FACSClean tube in the sample injection tube.
Flow Rate “High”, and click Acquire Data, wait for 5 minutes.
Remove FACSClean tube, and install 2mL DI water tube.
Click Acquire Data, wait for 5 minutes.

Remove DI water tube.

Click Fluidics Shutdown from Cytometer menu > OK.

After Fluidics Shutdown, Click Quit from File menu.

Turn off the main power and shut down the computer.

Install 2 mL DI water to the sample injection tube.

Empty the waste tank and refill the sheath tank, if needed.
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