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Principles of immunophenotyping

Immunophenotyping = flow cytometry

= laser-based technology that measures andd@analysesdifferent
physical and chemical properties of cells and particles flowing in

astream of fluicdbthrough acheam of light>

. Fluidics: transportation of particles in a stream to the laser
beam

. Optics: lasers to illuminate the particles and optical filters to
direct the resulting light signal to the appropriate detectors

. Electronics: convertation of the detected light signal into
electronic signal




Principles of immmunophenotyping
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Principles of immmunophenotyping
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Principles of immmunophenotyping
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Principles of immmunophenotypin
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Principles of immmunophenotypin
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Cluster of differentiation

Leukocyte

CD antigens®

T cell (T)

TCR a/b TCR g/d CDla CD2 CD3 CD4 CD5 CD7 CD8 CD9 CD11a CD11b
CD1lc CD16 CD25 CD28 CD29 CD31 CD37 CD38 CD43 CD44 CD45 CD45RA
CD49d CD49e CD52 CD54 CD56 CD57 CD60 CD62L CD&0 CD86 CD95 CD102
CD103 CD120a CD122 CD126 CD128 CD130 CD134 CD154

B cell (B)

CDla CD2 CD5 CD9 CD11la CD11b CDl1lc CD19 CD20 CD21 CD22 CD23
CD24 CD25 CD29 CD31 CD32 CD37 CD38 CD40 CD44 CD45 CD45RA
CD45R0O CD49d CD52 CD54 CD62L CD77 CD79a CD79b CD80 CD&86 CD95
CD102 CD120a CD122 CD126 CD130 CD138 HLA-DR 1 FMCT7 k

Monocyte
(M)

CDla CD4 CD9 CDl1la CDI11b CD11e CD13 CD14 CD15 CD16 CD29 CD31
CD32 CD33 CD36 CD37 CD38 CD40 CD43 CD44 CD45 CD45RA CD45RO
CD49d CD49e CD52 CD54 CD60 CD61 CD62L CD64 CD65 CD80 CD86 CD88
CD95 CD102 CD120a CD122 CD126 CD128 CD130 HLA-DR

Natural
Killer (NK)

CD2 CD7 CD8 CDIlla CDI11b CDI1c CDI16 CD25 CD29 CD31 CD38 CD43
CD44 CD45 CD45RA CD45RO CD49d CD49e CD52 CD56 CD57 CD62L CD95
CD102 CD120a CD122 CD128 CD130

Others

CD10 CD34 CD41 CD42a CD62E CD62P CD66c CD71 CD117 CD135 CD235a

Ho et al. Genome Inform
2008;21:126-37



CD expression during maturation
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CD expression in relation to

lymphoid neoplasm
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Pitfalls

Inaccurate sampling
Inadequate sampling size
Lack of uniform involvement of the tissue sample by
lymphoma
eg. plasma cell myeloma

Cell fragility, apoptosis and necrosis

more common issue in biopsy and aspirates

very frequent in large B-cell lymphoma (Burkitt, DLBCL) - estimated
underdiagnosis in more than 35% of cases

Bertram et al. Am J Clin Pathol
2001;116:191-203
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Next Generation Sequencing

. Library Preparation

B

!
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"

Sanger sequencing

DNA denaturation

Apply heat to convert ;
dsDNA into sSDNA

TITTTTTTTTTIITITIT

Genomic DNA

[T

LU UL

lllumina NGS sequencing

4

DNA amplification
Primers bind to sSDNA

J.LLLLI.LLLLLLI.LLI[[U.

Chain reactions

Four reactions are set, each containing:
- template DNA + primer

- DNA polymerase

- free nucleotides

- marked nucleotides

Gel eletrophoresis

—

Reading of DNA
sequence

G ACTCGQGQCTTYIOQEC

ACCGGTT

DNA denaturation
Genomic DNA is sonicated
into 200-700 bp long
fragments

Adapter ligation
Small sequences of DNA
called adapters are ligated
to the DNA fragments

Library

preparation

Cluster

DNA fragments are added to
2 flow cell. Adapters bind to
their complementary oligos,
and DNA fragments attach.

(2) A reverse strand of the DNA
fragment is synthesized, (b) the
dsDNA molecule is denatured,
and () the original DNA template
is washed away.

The strands are amplified through
bridge amplification, where (a) the
strand folds over and its free end
binds to the nearest oligo; (b) the
complementary DNA strand is

amplification |

ynthesized, forming a doubl
bridge; and (c) the bridge is denatured,
forming two ssDNA strands.

This process is repeated over and
over, and occurs simultaneously
for millions of clusters, resulting
in clonal amplification of the
original fragments.

After bridge amplification, (a)
the ds molecules are denatured
and (b) all R strands are cleaved
and washed off, (c) leaving only
the F strands.

After each round of amplification,
lasers are passed over the flow cell

to activate the fluorescent label on

the nucleotide bases. This fluorescence
is detected by a camera and recorded
on a computer. Each of the bases gives
off a different colour.

Short reads

NGS

principle

GGTCTGGATGC
CGGTCTGGATGC
GCGGTCTGGATG
GCGGTCTGGAT
GGCGGTCTGGAT
GGCGGTCTGGA
TCTATGCGGGCCCCT
TCTATGCGGGCCCC
ATCTATGCGGGCC
TATCTATGCGGGC
TTATCTATGCGGG
CTTATCTATGCGGG

=

Alignment of reads to
the reference genome
and SNP calling

SNP:A->G
GTCHFEATGCT TCTATGCGGGCCCCT
GGICTGGATGC ~ TCTATGCGGGCCCC
CGGICTGGATGC ATCTATGCGGGCC
GCGGTCTEGATG TATCTATGCGGGC
GCGGICTGGAT TTATCTATGCGGG
GCGGTCTHEAT CTTATCTATGCGGG
GGCGGICTEGAT CTTATCTATGCGG
GGCGGTC CTTATCTATGCGG

GGCGGTCT&*;ATGCTTATCTATGCGGGCCOCT

Reference genome sequence




NGS terminology

A

VAF Calculation and Mutation Abundance
CCACAGCTGCACH Y )

CTCCTATTGCTAMN Rl

CACAGCTGCACAG TCCTATTGCTAAG
ACAGCTGCACAGS CCTATTGCTAAGT
CAGCTGCACAGGG CTATTGCTAAGTG
AGCTGCACAGGGC TATTGCTAAGTGG
GCTGCACAGGGCA ATTGCTAMGTGGG
CTGCATAGGGCAG TTGCTAAGTGGG
TGCATAGGGCAGS TGCTGAGTGGGTA >
GCATAGGGCAGGT GCTGAGTGGGTAA R
CATAGGGCAGGTC CTGAGTGGGTAAG fo i 56
TP53p.V143M VAF= TET2 p.K1197E VAF=
4/(4+6)=40% 3/(3+7)=30%

No i
Ignore or

p. g

l Yes J——
Yes - Benign or
Likely Benign

1 Exonic and splice variant fulfill technical validation
Lab-specific thresholds for coverage and VAF, artefact, etc....,

.

ﬂ Common variants in the population
Any ethnic-based MAF >0.1% (GnomAD, ESP, 1000 genome)

l No
Iil In Consensus Pathogenic Variants (CPV) list*
l No No l

5 | No clear LoF mutation i] Clear LoF mutation
missense, in-frame indel) (fs, stop, AG/GT splice)

*See CPV Solid/Myeloid list

l l l “*See Ts & Oncogene list
“Scoring system” In Oncogene** l InTs gene** ‘
[see scoring table) l l

Sequencing Coverage by

WGS
(~60x)

Method

Panel-based
(500-1,000x)

MRD
(>5,000x)

Sequencing Coverage and

Detection Sensitivity

1.004
OJS-E{
0.50 -
0.25 -

Probability of detection

0.00 «

Mutation VAF 50%
Mutation VAF 2%
Mutation VAF 0.1%

0 2500 5000 7500 10000

Unique coverage

Duncavage et al. Blood

2022;140:2228-47

Froyen et al. Cancers
2019;11:2030



Gene variants in lymphoma

o HCL
- BRAF V600E

o LPL / WM '
- MYD88 L265P

5th Ed. WHO Classification
2022

ICC Classification 2022



NGS in lymphoma

o Emerging field of research
o New insights

o Reimbursement in Belgium:
o CLL
o Mantel cel lymphoma
o Lymphoplasmacytic lymphoma
o T-Large Granular Lymphocytic Leukemia
o Follicular helper T-cell lymphoma

5th Ed. WHO Classification
2022

ICC Classification 2022



NGS in CLL

o IGHV somatic hypermutation analysis
o Molecular cytogenetics (dell17p)

o TP53 mutational analysis

> prognosis & start of treatment

Second line:
(1] EB-T-F(

o PLCG2

(1] ES(::L.:Z

> therapy

5th Ed. WHO Classification
2022

ICC Classification 2022



NGS in CLL

-------- FC and TP53"T
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PFS Months

Normal Abnormal

TP53wt  TP53wt | TP53wt  del(17p) TP53 del(17p)
mutation

mgB@ b

Most common

|
TP53 mutation

OS Months

Nutrient  Hypoxia damago expression

deprivation Ribosomal
\ l / dysfunction
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attrition

cﬁs/

Senescence

Moubollam
Ang!ogemls
ol be
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arrest Apoptosia DNA repair
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NGS in MCL

o TP53
> prognosis: associated with inferior prognosis

5th Ed. WHO Classification
2022

ICC Classification 2022



o MYDS8S8

> diagnosis

> prognosis: patients without MYD88 L265P (wild-
type) more agressive disease

> therapy: patients without MYD88 L265P (wild-
type) treatment-resistant disease

o CXCR4

> therapy: predictive of resistance to ibrutinib
therapy

5th Ed. WHO Classification
2022

ICC Classification 2022



NGS in LPL
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Treon et al. J Clin Oncol
2021;20:565-75



o STAT3
o STAT5B

> diagnosis: in case there is no clear diagnosis
based on morphology and/or flow cytometry

> T-LGL and even pseudoclonality is present in case of viral
infection and autoimmune disorders

>40% of T-LGL cases have activating mutations in STAT3
> STAT3 prevents BCL2-induced apoptosis in T-cells

> T-cell proliferation

> STAT3-inhibitors in early clinical trials

Koskela et al. N Eng ] Med
2012;366:1905-13



NGS in T-LGL

B Untreated [l Treated with interleukin-6

190+
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Koskela et al. N Eng ] Med
2012;366:1905-13



NGS in Follicular T-helper cell
lymphoma

o DNMT3A
o IDH2

o RHOA

o TET2

> diagnosis

5th Ed. WHO Classification
2022

ICC Classification 2022
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