Enhanced Proliferation
Analysis

Integration features in ModFit LT and WinList
offer new ways to examine cell proliferation.

Verity
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Overview

New features in ModFit LT and WinList provide unprecedented capabilities to
analyze cell proliferation.

ModFit LT performs sophisticated non-linear least squares analysis in just a
few clicks of a mouse and reveals the secrets of the sample: proliferation index,
non-proliferative fraction, and precursor frequency, to name a few. A new
feature allows ModFit's proliferation results to be exported so that other
applications can extend the analysis.

Enter WinList, the premiere listmode analysis software. WinList's special NStat
region can import ModFit LT’s proliferation results and adjust itself to partition
the generations according to the proliferation analysis. That simple
enhancement sets the stage for exciting new analysis capabilities.

This tutorial will explore these new features to examine a CFSE-stained sample
containing several other markers.
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Where We're Going...

From the Proliferation
Wizard in ModFit LT...
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Getting Started

You will need both ModFit LT and WinList for this tutorial.

ModFit LT should be version 3.1 with a Build Date of 5
May 2003 or later.

WinList should be version 5.0 with a Build Date of 1 May
2003 or later.

« Launch WinList and pass through the opening dialogs.

« Launch ModFit LT and pass through the opening
dialogs.
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Part 1

In this section, you will perform a Proliferation Wizard
analysis with ModFit LT and export its results. Then, you
will set up WinList to import those results into an NStat

region.
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Open the Data File

Using ModFit LT’s Open Data [=eitili ®

command, navigate to the FE:mE — = e Techom =
_Samples\P_rollferatlon folder e N g jraceront ool
in the application folder. PROLFES #1-Det 1933 03 verty
I:l hodFitLT 3.0
“ L [:l Help
Select “CFSE sample.fcs 3 Samples
and click Open. = S
I:l wfinList 5.0
£ Yisual Intercept Enterprize
¢ > £3 web Publih v
Lizt Filez of Type:
|80l Files 7] -]

Choose “P3: FL1-H-CFSFE" _
. F1: FS E-H-quward Scatter 0K

from the parameter list, and P2 sCH Side Scater ST
click OK. 2o R Eaed

PE: FLZ-A,

P FL4-H-TaPro3
Leave the Gate checkboxes pae —

. O3 T Epable Gate Define Gate 1...
unchecked and click OK. Enable Gate | |: I%
[~ Enable Gate 2 Define Gate 2. ance

[ Enable Gate 3 Define Gate 3.
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Using the Proliferation Wizard

From the Analysis menu,
choose Proliferation Wizard, and then
Create or edit model...

In the Proliferation Wizard dialog, click
the Generations tab.

Choose the “Floating” model option
from the drop-down list.
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Using the Proliferation Wizard

In the Proliferation Wizard dialog, click

the Other tab Start ] F'arent] Generations Other l
Praliferation Options = P ———
. at generation iz the start of tue
Enable the Export options checkboxes. 3 prolferation? Precursor Frequency and

LGP uze thiz value. The first daughter
population iz generation 2.

These options will cause the program to

B ackground Options

create the export file after analysis and B Gerle e obaracton, check s e

allow you to enter a name for the export - Enable to acjus: the Standard Deviatons
of the generations by interpolation.

flle . Mote: Background must be enabled.

E=port Options
. . . Enahle thi tiot & t Fiti
Finally, click the Analyze button to  Exportpatiiontable Ll T s, The table s stored i
. v Prompt for file name L} kest Farmat for impart inka ather apps.
perform the analysis.

Analyze | Cancel Help
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Exporting the Analysis

When the analysis is Sy &
complete, the Save dialog will | e [ '”E — e
1 Werit
be dISplayed 3 r{:IDdFitLT 30 Cancel
. (L Help
You can save the file to any ngples
location. For this tutorial, it is (3 Synchroniclayon
best to save the export file in S _ Newfoigr |
([ Web Publish
the same folder as the data 23 Wiekows Media Componerts
flle Q Windaws Media Player K
Lizt Files of Type: Save az
|Te:-:t Files [* txt] j |F'ru:ulil"'»-\-’izardF'artitiu:uns.t:-ct
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What was Exported?

. . . ! I Farert
Proliferation Wizard g] & Generstion 2
[ cenerstion 3
Start l Parent] Generations  Other l B Genersion 4
= | [ Generation 5
. . . = | [ Generstion &
Proliferation Options o M Generstion 7
‘What generation is the start of true Il Generstion 8
3 proliferation? Precursar Frequency and L Generation 9

UGP! use this walue. The first daughter B Genersiion 10

population is generation 2.

1500

Mumber

Background Options

[ Background If wou want to perfarm background
subtraction, check this item.

1000

[ Enable to adjust the Standard Dewviations
ofthe generations by interpolation.
MNate: Background must be enabled.

5?0

Expont Options
[v Export partition tahle

Enahble this option to export & pardition
table after analysis. The table is stored in
tend format for easy import into other apps. 0

Analyze |

0
|

[ Promptforfile name

Cancel

Prolif Wizard Partitions
File CF3E sample.fcs
FEegions 10

Gcale 1] 256
GenlO o.oo0 26.20
Gend 26. 20 45,80
Gend 45,80 63.82
Gen? 63.8:2 ga2.0a6
Gena ga2.06 99,51
Genk 99,51 120015
Gend 120,15 139.11
Gend 139,11 158.:28
155.28 178.87
178.87 256.00

When you choose the Export option for the
Proliferation Wizard, the program determines the
boundaries between adjacent generations and
writes that information to the export file. The
boundaries are the points of intersection between
the Gaussian components in the model.
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Setting Up WinList

Activate WinList and click the
Open Data icon.

Navigate to the ModFit LT
folder, and then to the
Samples\Proliferation folder.

Select the CFSE sample.fcs
file and click Open.
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Setting Up WinList

Click OK to close the Edit

Listmode dialog - —— e
In the Multiple Histogram | o5 ore o
Selection dialog, select P3_P4 nen e P Cbé PercP
|n the 2P ||StbOX Mames & Resolutions... Eg ?Ellz:'iE

Hi-res Parameters...

Click the Add button twice.

Add Parameters. . ]
This will create two copies of o

CFSE vs. CD69 PE. 1P 2P ¥
F1 P2 PR - F1_FP2 P3 A
1 1 Fz2 F2_PE F1_FP2_P4
F4 F1_FP2_PE
F5 F3_PH F1_Pz_P7
F& F3_PE F1_P3_P4
F7 F3_P7 “ F1_F3 P5 o,
| 256 || |64 || |]=2 |
Al | Nu:une| Al | Nu:une| Al | Nu:une|
Added Hiztograms
= fdd oK
Clear Cancel
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Setting Up WinList

Enable region creation by L P3_P4[Nu Gate]

clicking the Region Creation .
button on the toolbar. j
Depending on your E
configuration settings for
Regions, either click or Shift-
click inside the first histogram
to display the region creation
menu. Contaur region
Rectangle region

Choose NStat region from the o _
Ip=e reglon

menu. | Ere—

_ Shiow this menu

o 1 Cancel 104 o+

103

0z

COE9 PE
|

Free-hand regio

o1
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Setting Up WinList

M NStat Properties 3]

Mame Current ¥ alue D escription ak. |

1 I NS Raws in the NStat region (1 to 32
In the NStat Proper‘tles dlalog, tat rowves owsmt. e tatreglon. [1ta32) o
M5tat columng Columng inthe M5tat region, [1 to 32] 4
CI I Ck th e I m po rt b u tto n Show vertices [ Enable Enable ta display each vertex.
Fiesults W Enable Creates a results for the region.

N av i g ate to th e fo | d e r i n W h i Ch Import partitiols | ¢ ports information from ModFit LT Praliferation ‘wizard.
the Proliferation export file Q

was saved. M Open ®

Files: Show files in:
SeleCt < » - -” — MDS.:f % Lurile Beach P Open
. . o rolifafizardPartiions. bt ) ER Y erity
ProlifWizardPartitions.txt and " & V120 Cance

CIiCk Open . 3 Samples

273 Proliferation
(23 Synchronization

After the import, the number Cawileso

of columns is automatically = iStat Properties e

Changed tO 10 Hame alue D escription oK | r
_ Cerd |

MStat rows Rows in the MStat region. (1 to 32)

Edit the NStat rows to 1. R

Show vertices

(o0 |
Calumnz in the NStat region. (1 to 32) anee

Enable to dizplay each wvertes.

CI ICk OK Fesultz W Enable Creates a resultz for the region.
Import partitions Imparts information frarm ModFit LT Proliferation \Wizard,
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Setting Up WinList

In the second histogram, M NStat Properties &)
Create anOther N Stat reg Ion ' Nr;?.g:?uws value H[;fvzciip:LDenNStat region. [1 ko 32] =
. . . Cahcel
For th IS One, Set N Stat rows to M5tat columng I% Columnz in the M5tat region. [1 ta 32
Show vertices [ Enable Enable to display each vertes.
27 N Stat COl u mnS to 1 H and Results [~ Enable Creates a resultz for the region.

uncheck other options.

Import partitions Irpoit... Imports infarmation from kModFit LT Praoliferation ‘wizard.
Click OK.

Free-hand regio
Contour region
2 ] Rectangle region
Ellipse region

_4;/ Showy this menu

Q 1 Cancel 103 Lhe
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Setting Up WinList

At this point, one of the histograms contains an NStat that shows the proliferation
partitions, and the other histogram has an NStat that will allow us to define the
CDG69 negatives and positives.

. An 1:CFSE sample.fcs EEE
AdJUSt the second = =] %] L 2:P3 P4[No Gate] EEE

NStat so that it
approximately divides
the two major
populations in the
second histogram, as
shown.

, ]

(@S
FE\\=7) i\

CDE9 PE

w
o
=}
[ru}
=1
[

At this point, you have
completed the basic
import process.

© 2003 Verity Software House. All rights reserved.



Part 2

In this section, you will extend the WinList analysis to
explore other markers as a function of the proliferation
analysis.
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Isolating Generation Populations

To better analyze and visualize the generations, we will create a calculated
parameter using the FCOM function. This function creates a new parameter

that will allow us to look at each population independently. It uses gates as
input, so we start by enabling gates for the NStat regions we just created.

Display the Edit Gate dialog by clicking the Edit Gate

Gate button on the toolbar. Eq; [R11 and | or | o |
0 CE-

Double-click the G1 entry in the list to turn the & On & CE+ Rieplace

gate on. MEE On CE+RE A Calars.

10GY On CE+RY

11510 0n CE+R10 O

In the same manner, double-click on G2
through G11.

Click OK to close the Edit Gate dialog.

Save...

13612 Off CE-R127% Reset Al

[ Caolor Events 'with CE+ Gate Calors

k. Cancel
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Isolating Generation Populations

Choose Edit Data Source from the Edit menu. Name: |[CFSEsamplefes ID: 1 Params: 7
C||Ck Add Parameters_ Events: |163485 P1 Fonward Scatter
P2 Side Scatter STIM
P3 CFSE
Mew File... F4 CDBS PE
PE CD4 PerCP
Mames & Resalutions. .. PE FLZ-A
P? ToPm3
Hi-res Parameters. .
Add Parameters. . k.
Now for the fun part. Type this expression Quanitatior. . Cancel
into the Equation edit box:

flog(FCOM(G1,G2,G3,G4,G5,G6,G7,G8,G9,G10)+0.5)*1024/flog (1024 )+FRND(10)

CI| Ck the Add butto n. E quation: |[FEEIM[I3‘I 1+0.5F1 024/ 2+FRHD10)

] . Available Functions
Type this expression: foglFCOM(G 1 52.63,54.65: [FLOGIp1] log base = ~
(F C OM (G 1 1 )+O 5 )*1 024/2 + F R N D (1 O) [FCOM[ETT 0571024/ 2+FF II::|E->|<|:||:E[|:ID11]]|DE§D|:IE§§; E

FE10[p1] exp baze 10
FSOR[p1] square

FCUBIpT1] cube 3
Click the Add Button. B
CI'Ck OK Add Inzert Open... ok
Delete Feplace Save... Cancel
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Isolating Generation Populations

Let's create more explanatory names for the
two equations we just created.

Click Names and Resolutions.

Click on P8 in the listbox.

In the Name edit box, type Proliferation.
Click on P9 in the listbox.

In the Name edit box, type CD69 Expression.
Click OK.

Click OK to close the Edit Data Source dialog.
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Mame: |CFSE zample foz
Events: 163485

Mew File...

Mames & Resalutions. ..

Hi-res Parameters. .

[
&7

Add Parameters. .

Quantitation...

ID: 1 FParams: 7

P1 Fonward Scatter
P2 Side Scatter STIM
F3 CFSE

P4 CDB9 PE

FS CO4 PeCP

PE FL2-A

P? ToPm3

Ok

Parameter Hames and Resolutions

Lock Mame Lock  Log Lock Bias
W  |CDE Expression  |ooo [ |ooo
F3  CFSE 206 400 3L A
P4  CDE3PE Zh6 400 3.C
P5  CD4 PerlCF 206 400 3.C
FE  FL2-4 Zh6 00 3.C
P?Y TaPm3 2h6 400 3.C
P2 *Praliferation 1024 .00 0.C
*CDEY Expreszion oo o

OF.

Cancel




CD69 as a function of Proliferation

We're now ready to explore this data file inreally interesting ways. Wouldn't it be nice to see
CDG69 as it relates to proliferation, viewing each generation independently? Could we quantify
the CD69 expression of CD69-positive cells for each generation? Yes, and yes.

From the Create menu, choose Create Histogram.

In the first listbox, choose Proliferation.
In the second listbox, choose CD69 PE.
Click the Graphics button.

For this display, dots will work better than contours.

Ml Edit Properties for, 2P Graphics

Enable Show all dots and Color density.
Disable Contours.

Click OK.

Click OK to close the Edit Histogram dialog.
A new histogram is displayed.
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Edit Histogram

M arne:

" Parameter 1

H_C1_P4

Id: 3

(* Parameter 2

[ Remate

" Parameter 3

CDd4 PerCP
FL2-A
ToProd

# Rezolution

F

MME3 Funressic b’

Forward Scatte ~
Side Scatter 5T

CFSE

rMd Perd™P

Y R eszalutian

W W

£ Reszalution

Description

=

Mate: to zee all daots, disable Cont
0=Smallest

Dirawing arder in caolar event mode
Murmber of dats to display.

Dizplay all dots.

Show datz as color density.
Murmber of dengity levels, [2 to 40

For small pops use -1 to -B; large

M ame Current Walue
Dotz and Dengity
Enable datz v Enable
Dot size m
D at order |Listmu:ude arder
Mumnber
Show all dots v Enable
Calar density ¥ Enable
Dengity levels
Density enhancement m
—Contours
Tnable contours T Enahle

<

Draw contours. w




CD69 as a function of Proliferation

Let’s create another histogram to isolate the CD69 Positives and Negatives.

Edit Histogram

From the Create menu, choose Create Histogram. Mame: [H_C1_C2  Id 3 ™ Remote
In the first listbox, choose Proliferation. (" Parameter1 (¢ Paameter2 (" Parameter 3 -~
: . CD4 PeriCP FLZ-4, B
In the second listbox, choose CD69 Expression. LY = <
ToPro3 Praoliferation
Click the Graphics button Ol CUES Eipressi .
) FTES Fenressic Graphics... ’
Choose the options you want for this display. % Fresalution ¥ Resolution Z Riesolution S
ClICk OK B Edit Properties for 2P Graphics ®
. . . . Mame Current Yalue Description s oK
Click OK to close the Edit Histogram dialog. —Dots and Densiy [ o |
i I 1 Enable dats [ Enable Maote: to see all dats, disable Cont %
Another new histogram is displayed. . ] A
Dot order |Listmude arder j Drawing arder in color event mods M
. Murnber -2|j|j|:| Murmber of dots to display.
From the Window menu, choose Arrange All, T — SR,
then choose Tile. This will arrange the Color density ¥ Entle Show dols as colo densiy
histograms so that all 4 can be seen. D R B
Density enhancement m For small pops use -1 to -5; large ¢
—Contours
e B I
< >
G
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CD69 as a function of Proliferation

Here, we can see the generations separated into discrete populations along the X-axis. The
Y-axis shows the continuous CD69 parameter in the lower-left histogram and discrete subsets
of CD69 positives and negatives in the lower-right histogram. Regions can be created to
quantify the subsets.
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Other Parameters as a function of
Proliferation

You can, of course, explore how other parameters relate to cell proliferation. Simply create
additional histogram to display the parameter combinations you are interested in.
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Making Life Easier

You have done the real work in setting things up with this
tutorial. If you save this setup as a WinList protocol, the
calculated FCOM parameters, NStat regions, and selected
histogram can be recalled very easily by re-loading the
protocol.

When you analyze new data files with ModFit LT's
Proliferation Wizard, you can export new partition files.
Then, open the same data file into your WinList protocol
and re-import the partitions into the NStat region. All of the
calculated parameters will update based on the new data
and partitions.
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