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Who are we ? 0os Clonality

= Academic consortium started in 1996 based on BIOMED-2 grant pcr-

based clonality studies for early diagnosis of lymphoproliferative disorders

Collaborative study of 48 European institutes

(including 30 PCR labs) in 7 national networks

Toledo

Key publications in 2003 and 2007 on immunogenetic assays (IG/TR
clonality/repertoire; low throughput assays)

Renamed into EuroClonality (scientific foundation); sustainability
model based on valorization of collective IP  http://www.euroclonality.org

Key tasks:

1) educational & diagnostic service; 2 EQA service; 3) innovation


http://www.euroclonality.org/
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HiT immunogenetic applications ... & EuroClonality

repertoire clonality

Langerak, J Immunol 2017



EuroClonality-NGS Working Group & EuroClonality
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- EuroClonality-NGS main objective :
develop, standardize, and validate IG/TR NGS assays for clinical applications
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A.W. Langerak (Rotterdam, NL), chair

J.J.M. van Dongen (Leiden, NL)

P. Groenen (Nijmegen, NL)

M. Brtiggemann /C. Pott (Kiel, DE)
M. Hummel (Berlin, DE)

D. Gonzalez (Belfast / Sutton, UK)
F. Davi (Paris, FR)

E. Macintyre (Paris, FR)

R. Garcia Sanz (Salamanca, ES)
F. Fend (Tubingen, DE)
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K. Stamatopoulos (Thessaloniki, GR)
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G. Cazzaniga (Monza, IT)

J. Trka (Prague, CZ)

J.Hancock /J.Moppett (Bristol/London,UK)
M. Ladetto (Torino, IT)

Bioinformatics

ARReST: N. Darzentas (Brno,CZ/ Kiel,DE)
Vidjil: M. Giraud (Lille, FR)

IMGT: V. Giudicelli (Montpellier, FR)
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EuroClonality-NGS Working Group K o
- Steering committee
Y Clonallty (coordinator: Langerak)
Langerak, Brliggemann, Cazzaniga, Darzentas, Davi, Gonzalez,
Groenen, Hummel, Macintyre, Pott and Stamatopoulos
Workpackage| Primer design
IGH V-J IGH D-J IGK TRB TRG TRD
Leaders Pott Davi Groenen Bruggemann Cazzaniga Macintyre
Garcia Sanz Stamatopoulos Langerak Hummel Van Dongen
Workpackage| Bioinformatics .
fa%ee
£t
HESTIR1 O
Leader Darzentas "“w@;\l@%“ 1
Core projects| 1.MRD 2. Clonality 3. Clonality 4. Repertoire

Leaders

) (capture- based

_L_I

Gonzalez

(@amplicon-based)

Groenen
Hummel

M,

A2
y

Brliggemann
Pott

(amplicon-based)

Al
v

A
Ny

Sta matopoulos

Davi

Clonality



|G clonality feasibility study

ees Clonality

Workflow IG-NGS clonality assessment

Frozen-tissue or FFPE sample

:

DNA solation

¥

Multiplex PCR

IGHD-IGHJ, IGKV-IGKJ,
IGKV/Intron-KDE )

P

* DNA purification

* Adaptor ligation

* Library preparation
and amplification

Sequencerun
lon Torrent

Bioinformatics analysis
with
ARResT/Interrogate

(IGHV-IGHD-IGHJ FR3, —

IGHV-IGHD-IGHJ

Forward primers:
22 x IGH-V-FR3

Reverse primers:
3XIGH-J

PCR mixture:

40 ng DNA

0.2/0.4 uM primers
1x GeneAmp buffer
200 uM dNTP
1.5mM MgCl,

0.5 U AmpliTaq Gold

¥

Multiplex PCR for IG-NGS clonality analysis

k |
IGHD-IGHJ

Forward primers:
8x IGH-D

Reverse primers:
3XIGH-J

PCR mixture:

40 ng DNA

0.2 uM primers

1x GeneAmp buffer
200 uM dNTP

2mM MgCl,

0.5 U AmpliTaq Gold

¥

IGKV/Intron-KDE

k |
IGKV-IGKJ

Forward primers:
11 x IGK-V
IGK-INTR

Reverse primers:

IGK-DE

3xIGK-J

PCR mixture:

40 ng DNA

0.2 uM primers

1 x GeneAmp buffer
200 uM dNTP
1.5mM MgCl,

0.5U AmpliTaq Gold

¥

1 x 10 min 94°C —> 30 x 40 sec 60°C —>

30 sec 92°C

40 sec 72°C

1 x 30 min 72°C
1 x 10 min 20°C

o

Pool reaction mixtures 1:1:1

\ 4

| ¢

Scheijen, Leukemia 2019;33:2227



Clonality reporting usermode ARResT/Interrogate

Wwsi19 181

V):¥h-(Dh}-Jh junction class set

2]

clonotypes over junction aa lengths, top50 coloured (tip: hover / click) e

»

ws19_181

V]:Vk Jk junction class set @

clonotypes over junction aa lengths, top50 coloured (tip: hover / click) ©

Joctan sa engtn

IGH VJ FR3

top15 clonotypes over junction aa lengths @

IGK V-]

top15 clonotypes over junction aa lengths

genes and segmentation
43 -1/23/-2 T4

-¥3 -1/23/-2 J4
V3-23=Y3-230 -1/23/-2 J4
V3 -1/23/-2 4
¥4-33 -1/38/-5 12
V4-33 -8/21/-1 T4
16=42-T00 ~3/24/-6 J6
¥6-1 -8/28/-6 J6
¥4-39 -1116/-11 J6.
V1-2 -1/36/-16 J4
-¥3 -0/18/-2 J4
=v2-T00 -8/27/-2 I3
V2-26 -2/49/-8 J6
¥3-15 -1/17/-6 J4
V2-78=Y2-700 -3/24/-15 J6

genes and segmentation
V226 ~14/3/-8 I5
V3-20¥30-20 -6/3/-0 J1
V226 -14/3/-8 15
VED-21 -8/1/-4 15
¥3-20-¥30-20 ~6/3/-0 71
¥3-20=Y30-20 -6/3/-0 J2
Vi-1 -1/1/-2 1

V-1 -0/0/-3 31

V2-29 ~14/3/-8 15

V=1 =1/0/-1 12

Va-1 -1/8/-2 1
VI-Z=¥30-20 ~1/8/-2 74
VI-37=010-37 -1/0/-2 71
¥3-20%V30-20 -3/8/-0 J1
¥3-20=¥30-20 -6/3/-8 12

Reads: 113521

seq
CSKALTITYLYYFDYN
CSKALTITYLYYFOVN,
CSKALTITYLYYFOYN
CSKALTITHPYYFDYN
CARRSRPYCDTYRGYFOLN
CARHYLHSQLAYFOVN,
CARTIHSTAARDYYYGHOVH
CARDRGLKIRDYYYGHOVH
CARLVYRGYTTHOV
CARGPDTYYYDSSGA

CSKEVLYYFDIN
CARTRRGVESSHFHAFDIW
CARTROMGKREQULAPPSPLYYYGHOVN
CTTVEWMAGDYN
CARRSICPTHTNGHDVY

Reads: 150686

seq  len

MR 5
COQYGSSWTF 11
MR E

CHQSSSLPHTF 11
COQYGSSWIF 12
COQVGSSWTF 11
CUYSTPUTF 12
COQVSTPPTE 11
OMDR 5
COUYSTRICS 12
COQYYSTPRTF il
COUYGSSFLTE 11
GIRTYUAPRTE 11
0YGSSPVTF 11
COQYGSSWTE 12

reads.
66635
1967
a7
47
210
133
185
18¢
179
178
172
166
162
161
161

reads.
76309
2433
2158
34
5
189
178
167
144
141
148
139
138
136
136

8.14

ws19_181

DJ:Dhh uncton dass set @

clonotypes over junction aa lengths, topS0 coloured (tip: hover / click)

juretion s enge

ws19_181

Vk/intron-Kde junction dass set @

clenatypes over junction aa lengths, top50 coloured (tip: hover / click) °

)

uncion s enath

EuroClonality-NGS purpose developed pipeline

ARResT/Interrogate

IGHD

top15 clonotypes over junction aa lengths

genes and segnentation
D322 -1/14/-2 16
03-10 -1/20/-12 J6
D3-16 -1/3/-2 J6

D3-3 -8/4/-3 J6

D3-10 -6/24/-0 15

D3-3 -5/3/-0 76

03-22 -3/12/-4 11
03-22 -8/5/-3 J2

D3-22 -1/16/-8 T4
D3-22 -8/14/-3 13

D3-3 -5/13/-1 76

12 -6/11/-4 J6
D3-9 -6/11/-0 76
D5-12 -5/52/-8 J4
D03-9 -3/18/-6 J4

IGK V/Intron-Kde

top15 clonctypes over junction aa lengths 0

genes and segmentation
intron -8/1/-18 Kde
intron -8/1/-10 Kde
intron -2/0/-3 Kde
n -8/8/-4 Kde
n -3/0/-1 Kde

intron -2/0/-3 Kde
intron -9/8/-2 Kde
Y1-37=VID-37 ~2/B/-2 Kde,
ron -8/8/-4 Kde.

VaD-26 -9/8/-3 Kde
VED-21 -B/@/-11 Kde
VI-3 ~3/6/-14 Kde
V-3 -8/0/-18 Kde
V4-1 -3/8/-5 Kde

intron -8/2/-1¢ Kde

Reads: 7374

seq
VWLL###HLPSQLPTTRYYGHDVY
VVLLWFGELPLYVNRHYGHDVW
WL+LRLGELSPSLYYYYYGHDW
VVLRFLEWLLYPHFFYYYYGHDWY,
VVLLWFGEL SLWLSIVRDNHFOPY,
WLRFLEWL FHI#IYYYYYGHDW
VVLL##SHLLPSTRA VFOHY
VLL##sHLLLRSHWVFDLY
VVLL*#SHLLNPTPYYFDYW
VWLLwsFLTSGHAFDIN
VLRFLEWLLDGRGEVYYGHDWY
VVOIVATTRLEYYYYGHDVY
VLRYFOWL¥HRY#YYYYYGHDVY
VDIVATSAGEGPRILHMHLLPTADYY
VLRYFDWLYMGPRASVDYY

len
2
2
2
24
2
2

2

2
i

24
2
2%

reads
146
128
18
104

Reads: 16234

seq
PLVCRINAAVASFRODGSPGR
PCVCPINAAVASFPDOGSPGA

PCVCPIDARYASFPPSI

GR
PCVCPIDARYASFPO4PSGSPOR
PCVCPINAAYASFPSPSGSPGR
PCVCPINMAYASFPH#PSGSPGR

PCVCPIDAAVASFPO#SPSGSPGR

GGRTYNAPSFSGSPGR
PCVCPINAAYASFPDEPSGSPGR
CHQDAQDPAHPSGSPGR
CHSRSGSPGR
CLOSKNFPRSPGR
CLOSKNFPEEGR
CQUYYST4PSGSPGR
PLVCPINAAVASFROOWHRGR

S EE

n

Clonality



IG/TR MRD marker screening study

ees Clonality
Screening —
. . &7 IG/TR
of diagnostic sample —y Multiplex PCR
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B Briiggemann, Leukemia 2019;33:2241
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Courtesy: M. Brueggemann

Ongoing work




IG/TR protocol (2-step)

IGH-VIJ

Forward primer
(V/D-gene specific)

v

15t PCR step

8 reactions / sample:

T 0T 0T

IGH-DJ IGK-VJ-Kde intron-Kde

VH

TRB-VIJ

bClonality

77

TRB-DJ TRD TRG

\ Reverse primer
(J-gene specific)

DH JH

- Esssssmmmmmmmmm__ | --

IGH-V-FR1-A-1
IGH-V-FR1-B-1
IGH-V-FR1-C-1
IGH-V-FR1-D-1
IGH-V-FR1-E-1
IGH-V-FR1-F-1
IGH-V-FR1-G-1
IGH-V-FR1-H-1
IGH-V-FR1-I-1
IGH-V-FR1-J-1
IGH-V-FR1-K-1
IGH-V-FR1-L-1
IGH-V-FR1-M-1
IGH-V-FR1-N-1
IGH-V-FR1-0-1

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

IGHV1-2*01)
IGHV5-51%01
IGHV2-5%01)
IGHV3-7%01)
IGHV3-23*01
IGHV4-4*01)
IGHV4-34%01
IGHV4-4*01)
IGHVE-1%01)

IGHV7-4-1*01)

IGHV1-45%01
IGHV2-26"01
IGHV3-16*01
IGHV4-31*01
IGHVE-1%01)

)
)

)

)
)
)
)

(-277)
(-282)
(-297)
(-295)
(-296)
(-272)
(-278)
(-272)
(-302)
(-286)
(-250)
(-265)
(-256)
(-259)
(-263)

CTGGGGCTGAGGTGAAGAAG
GCAGTCTGGAGCAGAGGTGAAAA
TCACCTTGAAGGAGTCTGGTCC
AGGTGCAGCTGGTGGAGTC
GAGGTGCAGCTGTTGGAGTC
CCAGGACTGGTGAAGCCTTC
CAGTGGGGCGCAGGACTGTT
CCAGGACTGGTGAAGCCTCC
GTACAGCTGCAGCAGTCAGG
GCTGGTGCAATCTGGGTCTG
CCTCAGTGAAGGTTTCCTGCAAGG
AAACCCACAGAGACCCTCACGCTGAC
CTGGGGGGTCCCTGAGACTCTCCTG
CTTCACAGACCCTGTCCCTCACCTG
TCGCAGACCCTCTCACTCACCTGTG

CTTACCTGAGGAGACGGTGACC  (+68) (IGHJE*01) IGH-J-A-1
CTCACCTGAGGAGACAGTGACC  (+58) (IGHJ2*01) IGH-J-B-1

Briiggemann, Leukemia 2019;33:2241



IG/TR protocol (2-step) + bioinformatics

2"d PCR step
Sequencing adaptor Unique combination of barcodes for
[@w@ each library
Z
Barcode forward /‘W////,_

D501-D508,
( ) EEsE v EE O NN ! s

@W
I,
/I@//I
reverse barcodes
D701 |D702 [D703 |D704 |D705 [D706 |D707 [D708 |D709 (D710 |D711 D712
e IGH-VJ
I IGH-DJ
§
g |2 1GK-VI-Kde
5 96 combinations
® 2 intron-Kde
5]
§ D505 TRB-VJ
8
LS TRB-DJ
D507 TRD
D508 TRG
o
— o~ ) - [y © ~ ) ) — %)
- - - - - - - - - - d
= f=4 f= = =4 f= = = f=4 f= T [
2 2 2 2 2 2 2 2 2 @ [54 =
= =3 = = = = = = =3 = B
g & & & & & & & & & % H
Final library
I 1T T — v N p N J S A ™
Bioinformatics
- <+ X process
primer analysis (tagging, trimming)
A paired-end joining, saving of unjoined
X2 dereplication
compile junctions
. S
alignment vs germlines, junction analysis
reads ) profile
(— -~ * factor °® ‘CE”S clustering and clonotype identification
— —_— Ly ° cIT-QC analysis, quantification factors
. —— - L4

\ converting reads to cells

@)

oo EuroClonality

Barcode reverse
(D701-D712)

Sequencing adaptor

EuroClonality-
NGS purpose
developed
pipeline

ARResT/Interrogate

Knecht, Leukemia 2019;33:2254
Briiggemann, Leukemia 2019;33:2241
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®
Minimal resdival disease i} @ -
@00
Standardized next-generation sequencing of immunoglobulin and 000 Clonallty
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in acute lymphoblastic leukaemia; a EuroClonality-NGS validation
study
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Repertoire: clinical applications for malign B cells ..:%o EuroClonality

IGHV mutational status in CLL

IGHV IGHD IGHJ
' . ’ I- . . ';.‘“ Y . 'l/ S
. . . ‘I ““L"-\ ‘I;': “\" '
4 ‘ 1
=1 FR1 FR2 FR3
>
l l CDR3

% identity to germline — 2% threshold

TTFT oS
100%
100
90 —— M-CLL, n=3987
80+ Mutated IgVH . — Ui n=3206
‘g 704
g 80
rtoi e i
reperioire € 40 §
5 30 Unmutated IgvVH
204
104 s 5%
0 L AJ A L L i )
0 5 10 15 20 25 30
Time to first treatment (years) -

Time [years)



Repertoire:

Clone
Clone
Clone
Clone
Clone

Clone
Clone
Clone
Clone
Clone

Clone
Clone
Clone
Clone
Clone

Clone #3 (1.5%)

IGHV3-72 Clone #1 (35.2%)

IGHJ4

Clone #4 (0.15%)

Clone #2 (2.4%)

Clone #5 (0.13%)

insights into pathogenesis of malign B cells ¢k Clonality

< FR1-IMGT ———— CDR1-IMGT Cmmmmmmmmm e FR2-IMGT -----
gaggtgcagctggtggagtctggggga. . .ggcttggtccagectggagggtecctgagactectectgtgeagectetggattecacette agtgaccactacatggactgggtccgeccaggctccagggaaggggetg
#1 -c - J— - . -
#2 a--- ... -- - -
#3 t “ee - - -
#4 -c ven -- - -
#5 -c . - - -
-------------- > CDR2-IMGT < - - FR3-IMGT -
gagtgggttggeccgtactagaaacaaagctaacagttacaccacagaatacgccgegtctgtgaaa. . .ggcagattcaccatctcaagagatgattcaaagaactcactgtatctgcaaatgaacagcctgaaaaccgaggacacggee
#1 R g-—- t - g
#2 g s ommmm— - -
#3 t. Gooommmm— g - t -
#4 . g--- R g:
#5 . - t -
----------- > CDR3-IMGT
gtgtattactgtgctagaga
- tgggatattgtactagtactagctgccgtaaccgtcttgactactggggecagggaaccetggtecaccgtectectcag Homsap IGHJ4*02

--tgggatattgtactagtagctgccgtaaccgtcttgacﬁtggggccaqggaaccctggtcacc gtctectceag

#3 - --tgggatattgtactagtagcdoctgccgtaaccgtettgactadtggggccagggaaccetggtecacegtetecteag
#4 -- g-tgggatattgtactagtactagctgccgtaaccgtcttgactactggggecagggaaccctggtcaccgtetectecag
$#5 ———m e tgggatattgtactagtactagetgecgtaaccgecttgactactggggecagggaaceetggtecacegtetecteag

Homsap IGHJ4*02
Homsap IGHJ4*02
Homsap IGHJ4*02
Homsap IGHJ4*02

b e e I B |

Davi et al, Leukemia 2020



Our ongoing work ... e Clonality

|G clonality biological validation (~200 B cell proliferations), submitted
TR clonality biological validation (~200 T cell proliferations)
IG/TR/CNV/SNV capture validation (280 lymph.prol.), submitted
1-step IG / TR clonality in hematopathology (FFPE, FF)

1-step IG / TR marker screening & MRD in ALL / NHL

microfluidics based library preparation for ALL marker screening

o O O 0O O O DO

leader-based IGHV analysis in CLL

O Standardization (SOPSs), interpretation guidelines, training, education



Clonality

%o

Quality control samples / biol. standards

Minima residua disease

Quality control and quantification in IG/TR next-generation
sequencing marker identification: protocols and bioinformatic
functionalities by EuroClonality-NG5

i

snirik h'nechr‘ Tomas He.gl’ Mlchaela Kotrova (3 - Frarziska Appelt’ - Peter 5tewark
KrEJu Andfea Grioni* - Karol Pal® - Kamila Stranska™® - Karla Plevova™ -
SRR - Eva Frofkovd” - Jack Bartram® - Blanca Scheijen® - Dietrich He
. J-uhn Moppett " Jtacquesj M. van Dmgen” Gig Cazzaniga (0* - Frédérc Davi'™ -

= Michiael Hummel - Elizabeth A. Mz - Kostas Stamatopoulas™ - Jan Trka' -

Anton W, L.amgerah:""r - Davi wonika Briiggemann’ - Nikos Darzentas’ - on behalf of
the EurcClonality-NG5S Working Gruup

Vojtech Bystry® -
¢ an'a‘s * Simona 5-un|_:|ia"' .
ann' - Ramdn Garda-Sanz(5?-

Knecht, Leukemia 2019;33:2254; Darzentas, in preparation



What did you make? s Clonality

%o

= Strategy
= Applications

Polyclonal Target Quality Control (PT-QC)

» 1:1:1 mixture of genomic DNA of blood MNC, thymus, tonsil,
representing a full repertoire of IG/TR rearrangements

» Application: assess performance biases or unusual amplification
shifts in a sequencing run by tracking primer distribution/usage
and comparison with stored reference profiles




What did you make? s Clonality

%o

= Strategy
= Applications

human B / T cell line catalogue
= ~60 tumor cell lines fully characterized for IG/TR rearrangements
= Application: reference catalogue

central In-tube Quality/Quantification Control (clIT-QC)
= mixture of B/T cell line DNA with selected IG/TR rearrangements

= Application: enables conversion from reads to cells, highlights
obvious over-/under-amplification (normalizing abundance)




Pro/Con for the design S

Clonality

%o

= Parameters taken into consideration

= genomic DNA-based approach
» gene usage (in-tube control)
= coverage of all IG/ TR (polyclonal target control)

= concentration / copies (in-tube control)

N.B. standards developed for DNA-based approaches, but could
be transformed into RNA-based immunogenetics approaches

(provided that rearrangements are transcribed)



Conclusion/Results S Clonality

%o

= Quick review of key results

= human cell line catalogue = ~60 cell lines

= full characterization of IG/TR rearrangements by:
= multiplex amplicon PCR-based NGS protocol
= capture NGS protocol

= Sanger sequencing

Darzentas, in preparation



Conclusion/Results &9 EuroClonality

= Quick review of key results

= cIT-QC: 9 cell lines (6B/3T) = 46 rearrangements

= every target covered at least 3-4 times

diagnostic, BIT-ALL samples follow-up, BIT-aplaslic samplas
| |
A, 100
m R
B0 cIT-QC vs. markers
70 1 — | T-QC Y%reads
60 | e marker “reads
# 50
40
1
20
5% _10_{
0
B. 100
80
BO |
Eg markers bafore and
£ 50 - ll ' l after quantification
40 === after, marker %cells
gg 1 e before, marker Sreads
5% -11?-- -J N ] == - =

Knecht, Leukemia 2019;33:2254



Lessons Learned/Recommendations oo Clonality

= What would you do differently, if you were to repeat this project?

= Consider best cell lines in view of broad (commercial)
availability

= Work on standards with equimolar coverage of rearrangements



