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THE ART OF CYTOMETRY

"Strategy without tactics is
the slowest route to victory.

Tactics without Strategy is

the noise before defeat.”

Sun Tzu




WHAT ARE TACTICS?

((Collins Tactics are the
COBUILD methods that you
Engllsh choose in order to

chtlonary achieve what you

Advanced Leamerg wantin a
. particular situation




OUR TACTIC

Given that what we want in a cytometric
analysis is a better characterization of the
events, our tactic is

TO INCREASE THE DIMENSIONALITY OF
THE DATA-SET

produced by our cytometer



DATA-SET DIMENSIONALITY
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WE HAVE TWO WAYS TO INCREASE
DATA-SET DIMENSIONALITY

FIRST WAY (BY HARDWARE)

INCREASING THE NUMBER OF PARAMETERS
BY INCREASING
THE NUMBER OF PROBES



FLUORESCENT FLOW CYTOMETRY
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TRENDS in Immunology

Bendall, 2012



From: roedererfddrmr.com

Date: Sat, 3 May 2014 18:24:50 -0400

To: cytometry@lists.purdue.edu

Subject: [Cytometry] Splitting the rainbow

I'm pleased to announce the dawn of a new era in
fluorescence-based flow cytometry: A team headed
by Pratip Chattopadhyay and Steve Perfetto in my
lab [...] performed the first 27-color fluorescence
experiment today. Despite virtually no optimization
of the panel, this first attempt to break through the
18 color ceiling was a resounding success. We are
on track to exceed 30 colors within the next few
months.

regards, Mr. ----
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FLUORESCENT FLOW CYTOMETRY
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... OR SOME OTHER MEANS ...
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COMPARISON BETWEEN METHODS

Fluorescence

FCM Mass FCM
Probe Fluorochromes Mass isotopes
Max Parameters 29 (2 + 27) 37
Sensitivity range 0,1-10 1-2
Sampling
efficiency >95 % <30%
Measured cells /
sec 25.000 500 - 1000

Cells/ h 25 - 60 million 2 million
Cost per probe $2,0-8,0 $1,5-3,0
Sorting Yes No



MAIN DRAWBACKS

* FLUORESCENCE FCM

— SPILLOVER (but please consider spectral
compensation!)

— AUTOFLUORESCENCE

* MASS FCM
— LOW SENSITIVITY
— LOW SPEED

— NO USE OF FLUORESCENT PROBES COMMONLY USED
IN CLASSIC FCM (INDO, CFSE, Rh123, and so on)

— NO SORTING



WE HAVE TWO WAYS TO INCREASE
DATA SET DIMENSIONALITY

SECOND WAY (BY SOFTWARE)

MERGING TOGETHER DIFFERENT
PARAMETERS OF CELLS SHARING THE
SAME EXPRESSION OF SOME OTHER

PARAMETERS

http://www.ncbi.nlm.nih.gov/pubmed/25600947
https://www.bioconductor.org/packages/release/bioc/html

/flowBin.html



http://www.ncbi.nlm.nih.gov/pubmed/25600947
https://www.bioconductor.org/packages/release/bioc/html/flowBin.html
https://www.bioconductor.org/packages/release/bioc/html/flowBin.html

HOW DOES IT WORK?
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HOW DOES IT WORK?

4 FILE B

FILE A

B
.




HOW DOES IT WORK?
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A PRACTICAL EXAMPLE OF DATA MERGING

IN A CASE OF LEUKEMIZED HTSCL
&

“BACKBONE” PARAMETERS IN RED
“PRIVATE” PARAMETERS IN BLACK

* 1St RUN: FSC, SSC, CD2, CDS5,
CD3, CD45

. 2nd RUN: FSC, SSC, CD16, CD56,
CD3, CD45

e 3rd RUN: FSC, SSC, y§, af, CD3,
CD45




MERGING’S RESULTS

Specimen_002

Specimen_002

Specimen_002

=1 SSC - CD5 = CD16
2] - ]
] i ]
| ﬁ'a_ - '_§
Fal - ] .
LR o i
2% 2 0 : ]
3 oo £
£ & = =3
= | - = 3
[ O., o
w5 = o
] . ]
+ ‘ ;
- 5 ; cp2 | | - CcD3
- ]
M LI T T |I:!|““"”|““I"I|:] T T T 1T ||||‘ T T T |||||| T 'E_I-M |||||||||||||||||||||2 T T T ||||| T TT ||||||‘ T TT |||||| T E‘M T T |!]||||||||I||||||||||a T T T T |||||d T T T |||||| T
5505 a0 10 10 10 a0 o 10 10 10 g -0 i 10 10 10
CD45 PCOFLA-A CD2FITCFLT-A CD3 ECDOFLI-A
Specimen_002 Specimen_002 Specimen_002
= CD16 ~{ CD5 = TCR aff
1 o+
V‘a_ —_E
T =3 E
:' < ] P
fra 9] 4
G I &
= w7 i
[ o - oo
© 7 & m =
- @
J by ]
1 "o
T v v
T |||||||||"|||||||||| T T T |||||| T T T |||||| T T ||||||| T F_; | | T T ||||||| T TT |||||| T TT |||||| T T ||||||| T -?3. TTT T T T T T T L T T T T T ||||| T T T |||||| T
ar? o 1? w0 1 10 . H_z 1’ 10 0’ 10t 10 -::.03? Aot o 10? . 1 10
CDAEPEFLI-A GD FITC:FLT-A CDSPEFLZ-A




MERGING’S RESULTS
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MERGING’S RESULTS
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MAIN METHODOLOGICAL OBJECTIONS

STATISTICAL

* The algorithms used to find the closest cell in two data files
use the so-called “common Euclidean distance”, which is

not the best for data with noise due to Poisson’s
distribution

LOGICAL

 There is no mathematical or biological foundation to
believe that the precise value of a cell in N dimensions

means it is exactly the same cell as another cell with the
same N values from another tube

David Novo, Purdue Cytometry Discussion List, 3/21/2016 3:37 PM



AND NOW,
WHAT
ABOUT
STRATEGY?



WHAT IS STRATEGY?

((Collins
COBUILD Strategy is a

general plan or a
El’lgllSh set of plans
intended to
achieve something

chtlonal y
Ad\anced beamerg




What is “something” in our case?
It is diagnosis.

But, strictly speaking, what is
“diagnosis”?



DISAMBIGUATION

((Collins Diagnosis is [...]
COBUILD

English

the discovery and
naming of what is
wrong with people
who are ill or with
things that do not
work properly

chtlonary
Advanced Leamerg

MAJOR NI




WHAT IS WRONG WITH PEOPLE WHO ARE ILL?

The disease itself
The persistence of the disease over time

The presence of the disease in a special
compartment

The resistance of the disease to the treatment
The unwanted reactions to the therapy
etc. etc.



AND WHICH ARE OUR STRATEGIES TO GET
BETTER CYTOMETRIC “DIAGNOSES™?

* Remembering that every cytometric diagnosis
is an image-driven diagnostic procedure



THIS IS AN IMAGE DRIVEN
DIAGNOSTIC PROCEDURE




THIS ALSO IS AN IMAGE DRIVEN
DIAGNOSTIC PROCEDURE!
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TYPICAL DISEASE-RELATED BEHAVIOUR OF THE EXPRESSION OF B-SPECIFIC ANTIGENS
FCL: FOLLICULAR LYMPHOMA; B-CLL: CHRONIC LYMPHATIC LEUKEMIA; HCL: HAIRY CELL
LEUKEMIA. RED: PATHOLOGICAL CELLS; BLUE: NORMAL RESIDUAL B LYMPHOCYTES




AND WHICH ARE OUR STRATEGIES TO GET
BETTER CYTOMETRIC “DIAGNOSES™?

* Exploiting the increased data-set
dimensionality to ameliorate diagnostic
accuracy



The more complex the analytical process
employed, the greater the likelihood that flow
cytometry will be able to identify and
characterize an abnormal population in a
heterogeneous sample.

Borowitz, 1997



THINGS ARE NOT ALWAYS AS THEY
LOOK LIKE...

" CD5 A - sig B




A CASE OF COMPOSITE LYMPHOMA
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AND WHICH ARE OUR STRATEGIES TO GET
BETTER CYTOMETRIC “DIAGNOSES™?

* Exploiting the increased data-set
dimensionality to ameliorate sensitivity



A TWELVE COLOR ANALYSIS OF
A MINOR PLASMA CELL SUBSET
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A TWELVE COLOR ANALYSIS OF

A MINOR PLASMA CELL SUBSET
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A TWELVE COLOR ANALYSIS OF
A MINOR PLASMA CELL SUBSET (0.3%
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A TWELVE COLOR ANALYSIS OF
A MINOR PLASMA CELL SUBSET (0.3%)
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A TWELVE COLOR ANALYSIS OF
A MINOR PLASMA CELL SUBSET (0.3%)
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ANTIGENS WITH A PROGNOSTIC MEANING
IN MULTIPLE MYELOMA

* CD27: Low CD27 expression in plasma cell dyscrasias
correlates with high-risk disease

* CD28: CD28 expression correlates with tumor
progression

* CD81: CD81 expression correlates with adverse
Prognosis

* CD117: CD117 expression is associated with a favorable
outcome

* B2-MG: B2-microglobulin expression is significantly higher
in clonal PC as compared to normal PC



ANTIGENS WITH A PROGNOSTIC MEANING

. cp28 B

‘o7 A: CD81+

B: CD28 bimodal
C: CD27 bimodal
D: B2MG bright
< cp19)  E:CD117 negative




AND WHICH ARE OUR STRATEGIES TO GET
BETTER CYTOMETRIC “DIAGNOSES™?

* Exploiting the increased data-set
dimensionality to allow better data analysis

— Comparing by PCA the behavior of a subset of
yours with the behavior of a certified one

— Feeding unsupervised algorithms
— Applying a boolean approach to your data



COMPARING THE BEHAVIOR

Reference
- group 2 Reference
Reference Reforencs group 2
group 1 - 1HEy

APS 1 APS 1

LECREVISSE 2010



FEEDING UNSUPERVISED ALGORITHMS

SUBIJECTS
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RESULTS OF A NOT SUPERVISIONED CLUSTER ANALYSIS
BASED ON MFI OF
CD5, CD11c, CD20, CD22, CD23, CD24, CD85j AND LAIR
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DISTRIBUTION OF TWO GENERALLY ACCEPTED
PROGNOSTIC MARKERS IN THE TWO MAIN CLUSTERS




BOOLEAN APPROACH TO MRD
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BOOLEAN APPROACH TO MRD
IN A T-ALL CASE
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B: CD7 pos, CD3 neg
& CD7 pos, CD3 dim

C: CD5 dim, CD10 pos
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SENSITIVITY

* TOTAL ANALYZED EVENTS: 2 x 10°
* ABNORMAL EVENTS FOUND: 116
* FREQUENCY OF ABN. EVENTS: 0,006



BUT REMEMBER!

POWER IS NOTHING WITHOUT CONTROL

§
L
-
>

www.pirelli.com




AND SO, WHICH ARE OUR FINAL STRATEGIES TO
KEEP THIS POWER UNDER OUR CONTROL??

* Promoting
— Harmonization
— Standardization
— Creation of guidelines
— Compliance with guidelines
— Education



IN A WORD: QUALITY

..there is no definition...of quality
...you know it when you find jt1” -~

Robert Pirsig (1974)
Zen and the Art of Motorcycle Maintenance
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