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Computational cytometry?

Typically, you look at cytometry data like this ...

- CD8+ T cells

¢y TCRgd Tcels — Naive CD8+ T cells

5" 2 | .CD4+ T cells’
. O 1 || = Memory CD8+ T cells
i «— 0
] B AE| 3.
: e CD4-CDB~ T8l X ©
TCRgd CD4 cD3
A
; ——CD66-CD45+
7 Singlets 1CD235-CD61-
2] ll;i\ili\\i|iii‘iii‘ii\| " ‘"?‘: \“ ”i | m ki © é - Naive CD4+ T cells
ol ! rEErTER L B Sm'- ?3' "
" | e : © Memory CD4+ T cells
Event length CD235ab/CD61 CD66 CD3
= - [NK cells &
Q 5
© ' . O ' o
i -lin- -
i :  Macrophages

T vy v ey sy
1 o

CD14




G . .
» el .ﬂ.c.‘ KON I

..M«..uk.% Ao .%

.\-.. uh..a.w...f w«...a u.% un ..

J
,tﬁ........“\ 2 V v\
o . 3
Pt o .‘sﬁwb: .-.f ‘J Ay
*s . =y AF
. o] sty ..f.e u
) c.mf....w. #.ﬂ sk

i Ll
-
: * LT o e

. or maybe sometimes like this ...



... but this is what computational cytometry looks like

cytometer channels

F5C-A
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[12,] 182610.000 136931

B-530/30-A B-585/42-A B-670LP-A  B-780/60-A R-660,/20-A R-780/60-A V-450/50-A v-510/50-A
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602. 07996 450.13998 501.25998 183.17999 . 799988 197.599991  2057.980 5333.720
859. 09998 487 . 06000 536. 76001 . 84000 ELLLTE! 321.099976 LA60  4105.640
624.79999 .91998 245. 65999 .12000 . 099976 609. 699951 .340  4117.680
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[15,] 149195.703 1169 27406. 0000 685. 85999 . 95099 952. 81995 . 42000 . 599976 7. 800000 .660  1400.080

[16,] 190094.391 1395 51612, 7383 819. 33997 94,15997 565.15097 . 64000 70.699951 50. 699997 .440  3556.100

[17,] 163785.594 117 28897.0000 20594.25977  2597.17993 776.73999 . 85999 . 099976 -3. 900000 760  2724.480

.93999 .199982 209.299988 . 000 836.780
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. 76000 . 699951 422.499969 080  6928.160

.25999 .199982 401. 699982 .520  4645.720

. 42000 . 699982 39. 000000 .360  2545.600

.93997 34.298828 19925.099609 980 13489.101

. 74000 . 799988 218. 399994 260 6317.560

. 62000 .499939 109.199997 360 2946. 360
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. 81999 773. 89996 211. 57999 . 099976 383. 500000 500 6247.900
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[18,] 35729.098 33698, 0195 306. 72000 22.12000 452.97998
[19,] 128565. 898 7 39812.5391 17013.01953 2379.91992 1581. BROOO
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[23,] 154710.891 26857. 8789 404. 69998 2. 28000 592.13995
[24,] 151389.891 113838 32080.6387 2335. 89990 . 78000 528.23999
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Manual analysis vs computational cytometry

manvual analysis g automated analysis
B
— rat] _—
* subjective * more objective
 difficult to standardize * easierto reproduce
* biased X * more unbiased
x looks at all cells/parameters

simultaneously
* time consuming » faster
* not feasible for analysis of * isabletohandle

high-dimensional data high-dimensional data

find optimal synergy between both approaches



Automated computational analysis pipeline

: downstream
data data quality control : o
. . : clustering (statistical)
generation preprocessing and cleaning :
analysis

garbage in = garbage out




Automated computational analysis pipeline

data

generation

\ ddtla

oreprocessing

standardization

marker names
Cy 794
Cy 792

CD79 CITO CD79A CITO

CD79a cyCD79a cCD79a

CITO79A CD79
c79A cCD79A

CDy79 A-CITO

fluorochrome names

A488  AF ,88

AlexaFluor 488
AF 488

AF488

Al
exa_488 AlexaFluor_488

Alexa-Fluor-488

machine settings

compensation controls



Automated computational analysis pipeline

data
preprocessing

read remove : : remove
, : compensation transformation
fcs file margin events doublets
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Preprocessing overview
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Preprocessing overview

Pacific Blue-A
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487 . 06000
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576. 51996 e.g. overcompensation

- 10000

Comp-Pacific Blue-A :: HLA-DR

Comp-AmCyan-4 ; CD45

correct compensation
matrix applied
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Preprocessing overview

transformation

without transformation biexponential transformation (e.qg. logicle)
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Preprocessing overview

remove
. doublets

EFSCH> FS0.H
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Automated computational analysis pipeline

| : downstream
data data quality control JERs (statistical)
Y generation preprocessing and cleaning &4 .
4 analysis




Quality control on two levels

D per file @ between files

e.g. e.g.
* clogs during acquisition * new antibody batch
* changesin flow rate * change in machine settings

check the signal consistency over time check for batch effects between samples
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Within-file quality

changes in flow rate and signal
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Impact of no quality filtering

A. B.
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PeacoQC for automated quality control &FLOWI0

( PeacoQC \
. Preprocessed file

1. Peak detection

= settelete = cettutety
Bin the sample in Determine density Cluster and filter
events_per_bin peaks per bin for peaks.
overlapping bins. every marker.

2. Outlier removal

L J
oF EA = Lo

Qo N 1
Build an Isolation Tree by Remove bin outliers that Connect disjointed
splitting off outlier regions, are more than MAD away regions. Remove up to
if the gain is higher than the from the median per peak consecutive_bins
IT limit. Keep the largest for every marker. between deleted regions.
end node.

\ D Cleaned fcs file /
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PeacoQC for automated quality control

F5C-A
143804.703
166320. 891
193674.594
156393. 000

M
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B-530/30-A B-585/42-A B-670LP-A  B-780/60-A R-660,/20-A R-780/60-A V-450/50-A v-510/50-A
332.28000 335.12000 346.47998 53. 96000 . 099976 -10. 400000 .360  3913.000
602. 07996 450.13998 501.25998 183.17999 . 799988 197. 599991 .880  5333.720
859. 09998 487 . 06000 536. 76001 144 . 84000 ELLLTE! 321.099976 LA60  4105.640
624.79999 320.91998 245. 65999 51.12000 . 099976 609. 699951 .340  4117.680
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[30,]1 90050.398 57656 - 850. 57996 - -12000 5 .699982 12064. 000000 8154.520
[31,] 170381.703 128415 - 51757.57812 - - 39990 5 . 799988 244399994 4130. 580
[32,] 135000.891 105994 7 - 2093.07983 - . 57999 5 . 099609 412.099976 1612. 500
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[34,] 262143.000 132466 - 1811.91992 - . 75995 73. 31. 000000 366. 599976 88l16.720
[35,] 138026.703 102190 - 816. 50000 - 89996 211. . 099976 383. 500000 6247 . 900




PeacoQC for automated quality control

F5C-A
143804. 703
166320. 891
193674.594
156393. 000

B-530/30-A B-585/42-A B-670LP-A  B-780/60-A R-660,/20-A R-780/60-A V-450/50-A v-510/50-A
332.28000 335.12000 346.47998 53. 96000 . 099976 -10.400000 1097.360  3913.000
602.07996 450,13998 501.25998 183.17999 . 799988 197.599991  2057.980  5333.720
859.09998 487, 06000 536. 76001 144, 84000 . 399963 321.099976 1772.460 4105.640
624.79999 320.91998 245. 65999 51.12000 . 099976 609.699951 1177.340 4117.680
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[30,] 90050.398 57656 - 850. 57996 - -.12000 . . 699982 12064. 000000 8154.520
[31,] 170381.703 128415 - 51757.57812 - . 39990 5 . 799988 244.399994 41320. 580
[32,] 135000.891 105994 7 - 2093.07983 - - 57999 : . 099609 412.099976 1612. 500
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[34,] 262143.000 132466 - 1811.91992 - . 75995 73. . 000000 366. 599976 BEl6. 720
[35,] 138026.703 102190 - 816. 50000 - . B9996 211. . 099976 383. 500000 6247 . 900




PeacoQC for automated quality contro

16.532% of the data was removed. SSC-A CD3 PB CD4; CD19
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Value Value Nr of cells per second

Value

Value

PeacoQC for automated quality control

27.847% of the data was removed. FSC-A FSC- SSC-A SSC-H CD103#BUV335
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PeacoQC for automated quality control

26.864% of the data was removed. FSC-A FSC-H SSC-A SSC-H CD103#BUV335
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Impact of no batch effect correction

not normalized P after normalization
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Batch effect correction approaches

aligning quantiles or percentiles

0% 50% 100%

samplex 1A A\Q\
sample2 1B /\\\j/]
sample3 1C W

e.g. min-max normalization, percentile normalization

aligning density peaks

identification

sample 1 1
_A A

alignment

—

A

sample 2 ||
AL

sample 3

sample 4 1 |

—

A

P

-

e.g. gaussNorm, fdaNorm
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CytoNorm for batch effect correction

Control sample i
l Validation sample i

v

[ | [0/0/00)
QOOCOCOC)

QOO0
000000

Different
batches

b

WERS

cytometer

¥

[ fcs file 1A || fes file 2A |
[ fcs file 1B || fcs file 28 |

| fcs file 1C ” fcs file 2C | I

Map the other files
on the same FlowSOM tree

* Aggregate
control samples

For every metacluster and
for every marker
Compute quantiles for
each replicate of
1A
the control sample

16

FlowSOM
metaclustering

Goal
distribution

~

—

. Choose goal
quantiles

0% 50%

hS

100%

Compute splines for
each replicate of
the control sample

1

/~—> Smooth function translating

T

Goal

Marker expression disttibutisn

from the original values to
new values having the
goal distribution

For every metacluster and for every marker

26

Apply the spline from the corresponding control replicate

1A

2A

2B

2C

0 Aligned data!

Van Gassen et al, 2019, Cytometry A




CytoNorm for batch effect correction

not normalized

CytoNorm normalized

bR @ oz B

Wi | — mmi{;;imslmimmi&éé% T

Q

keep track of possible batch effects
be careful not to lose biologically relevant differences
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Automated computational analysis pipeline

data data quality control :
: : d clean clustering
generation preprocessing and cleaning

e
| downstream

/ (statistical)

analysis



Automated gating using FlowSOM

Two-level clustering
» simple but fast

Self-Organizing Map (SOM)
overclustering
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Automated gating using FlowSOM

Two-level clustering

» simple but fast

Self-Organizing Map (SOM)

overclustering

CD45 <HV500-A>
cyCD3 <HV450-A>

CD3 <APC-H7-A>

CD7 <APC-A>

CD19 <PE-Cy7-A>

every circle ("cluster”) represents
a group of cells with a
similar marker expression profile

FSC-A <FSC-A>
FSC-H <FSC-H>

SSC-A <SSC-A>

¢yMPO <FITC-A>
cyCD79a <PE-A>
CD34 <PerCP-Cy5-5-A>
30

¥




Automated gating using FlowSOM

¥

Two-level clustering

» simple but fast
Self-Organizing Map (SOM)
overclustering

high expression of

, CD3, cyCD3, CD45
(low expression of other markers)
= T cells

FSC-A <FSC-A>
CD45 <HV500-A>
FSC-H <FSC-H>
cyCD3 <HV450-A>
SSC-A <SSC-A>

CD3 <APC-H7-A>
¢cyMPO <FITC-A>

CD7 <APC-A>
cyCD79a <PE-A>
CD19 <PE-Cy7-A>

CD34 <PerCP-Cy5-5-A>
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Automated gating using FlowSOM

Two-level clustering

» simple but fast
Self-Organizing Map (SOM)
overclustering

» more sensitive
hierarchical consensus clustering
on the SOM nodes

FSC-A <FSC-A>
CD45 <HV500-A>
FSC-H <FSC-H>
cyCD3 <HV450-A>
SSC-A <SSC-A>
CD3 <APC-H7-A>
¢cyMPO <FITC-A>

CD7 <APC-A>
cyCD79a <PE-A>
CD19 <PE-Cy7-A>

CD34 <PerCP-Cy5-5-A>

metaclusters
~ cell populations
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Cell type vs cell state markers

Automated gating of
cell state markers

Clustering with
b
cell type markers

>
—
‘3
c
[
a
% - % +
Cell state marker expression
>
o
a
{
]
a
% - %+

Cell state marker expression
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Automated computational analysis pipeline

dat : downstream

datc data 11T r ..

—— | ' - (statistical)
generation preprocessing 2d

analysis

FlowSOM output level: cluster and metacluster
features: counts, percentages, MFls

What's next? compare abundances/population MFls between outcomes of interest
predictive modeling
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Translating computational cytometry to the clinic

Data mining and Modelii
for Bincg:medicire "
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|'| Amsterdam UMC

JJJJJ rsitair Medische Centra

Computational flow cytometry as a diagnostic

tool in suspected-myelodysplastic syndromes
Duetz C, Van Gassen S, et al (2021) Cytometry A
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Automated analysis for more accurate and faster
distinction between MDS and non-neoplastic cytopenias

controls
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computational preprocessing

- QC

- removal of doublets

- compensation
- transformation

independent validation

sensitivity  specificity time
manual analysis 81% 86% 1 hour
automated analysis 97% 95% 30 sec

features
MDS
£ — <
Q
+—
©
o no MDS
FlowSOM features per metacluster machine learning classifier
- percentage (random forest)
- MFI per parameter

- CV per parameter A
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1
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Datam nd Modelling
forB|ngm dicine

Erasmus MC

_/Cjza/vwﬁ

Immune response after immunotherapy

for malignant peritoneal mesothelioma
Dietz M, Quintelier K, et al (2023) Journal for ImmunoTherapy of Cancer
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Clinical trial for malignant peritoneal mesothelioma

clinical trial design

cytoreductive surgery with hyperthermic intraperitoneal chemotherapy
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Computational analysis allowed for a comprehensive and complete analysis
where co-expression of all phenotypic markers could be studied on the cell-type level
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Data mining and Modelli
Bingmedicine M

Ur ¥
GENT

Unraveling the immunophenotypic GHENT

landscape in acute myeloid leukemia
Couckuyt A et al (2023) manuscript submitted
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Genotype-phenotype associations
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Genotype-phenotype associations
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Prediction of outcome

Patients with above-median expression levels of CD34+ CD117+ HLA-DR+ cell populations showed the shortest time-to-relapse
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Improved diagnosis of primary

immunodeficiences using explainable Al
Emmaneel A et al (2023) manuscript in preparation
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unpublished data (manuscript in preparation)
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And more...

compensation QC
CytoNorm 2.0

normalization without control samples
manuscript submitted

spectral flow
preprocessing pipeline

automated MRD detection
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