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Why Iinvestigate the Ig gene
hypermutation status?

The somatic hypermutation status of the
immunoglobulin heavy variable (IGHV) gene is a
biomarker for assessing the prognosis of patients
with chronic lymphocytic leukemia (CLL) and
predictor of responses to therapy.

» This biomarker remains stable over time
» This biomarker should be assessed prior to treatment in all patients with CLL

The ComPerMed recommends (1/2024) to test for | GHV status

in all patients with active or advanced disease without del(17p)/ TP33
mutation and in need for therapy.

Removed: Mutational status IGHV
Only reimbursed for patients younger than 65y

Ailad Lﬁ.
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Invivoscribe

Somatic hypermutation takes place in the V region of both H and L chain
genes, introducing a million times point mutations. This process followed
by selection leads to generation of high-affinity antibodies.



IGHV mutation status

CLL arises from relatively less differentiated B cells with unmutated
heavy chain genes and has a poor prognosis.

Patients with unmutated IgVH genes have not generated

IgV gene mutations.

When CLL evolves from more differentiated B lymphocytes
with somatically mutated heavy chain genes it has a good prognosis.

Compare patient’'s sequence with consensus germline sequence
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From Immunity: The immune Response in
Infectious and Inflammatory Disease
by DeFranco, Locksley and Robertson
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Gene rearrangements
of the antigen receptor
genes occur during the
lymphoid proliferation

Patients with unmutated
IGVH genes have not
generated

IgV gene mutations.



Recommondations

The presence of mutated IGHV genes, with additional prognostic
factors (favorable cytogenetics), characterizes a CLL patient subgroup
with excellent outcome.

The BHS guidelines recommend chemoimmunotherapy in patients
without del(17p)/ TP53 mutation with mutated IGVH.5Techniquenext-
generation.

Technique: next generation sequencing (NGS), Sanger sequencing

Ailad Lﬁ.



SPECIAL REPORT| JUNE 21, 2018

iwCLL guidelines for diagnosis, indications for
treatment, response assessment, and
supportive management of CLL

Clinical Trials & Observations
Michael Hallek, Bruce D. Cheson,Daniel Catovsky,Federico Caligaris-Cappio,Guillermo
Dighiero,Hartmut Déhner,Peter Hillmen,Michael Keating,Emili Montserrat,Nicholas
Chiorazzi,Stephan Stilgenbauer,Kanti R. Rai,John C. Byrd,Barbara Eichhorst,Susan
O’Brien,Tadeusz Robak, John F. Seymour, Thomas J. Kipps

Immunoglobulin Gene Sequence Analysis
in Chronic Lymphocytic Leukemia: The
2022 Update of the Recommendations by
ERIC, the European Research Initiative on
CLL (Agathangelidis, Leukemia 2022)

https://www.compermed.be/fr/workflows/ch
ronic-lymphocytic-leukemia-cll
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Technics

Heteroduplex analysis:

Advantage:
- unlabeled products direct sequencing

Disadvantage:
- lower detection limit

GeneScan fragment analysis:

Advantage:

- Optimal visualization

- Cost

Disadvantage:

- Monoallelic with background/biallelic: no direct sequencing: demands gel
excision + elution

- Limited sensitivity

NGS (next generation sequencing)

Advantage:

- Sensitive (low infiltration)

- Acurate (ERIC other technic 3-4% no interpretation)

- Analysis of monoallelic with background/biallelic (pas gel)

- More detailed insight into the existence of minor related clonotypes or
unrelated clonotypes

- Combine with other clonality assays in one NGS workflow

Disadvantage:

- Expensive

- Equipment

Ailad Lﬁ.



Somatic Hypermutation

Invivoscribe: GeneScan fragment analysis
Biomed

Invivoscribe: LymphoTrack Dx Assay Kit A MiSeq

IGHV leader

(FR1, FR2, FR3, kappa, TRG, TRB)

+ LymphoTrack software IVS (based on IgBlast database)
ThermoFisher: Oncomine IGHV Leader-d Panel, ...
Euroclonality: NGS IG/TR assays

Think also about IVDR

Ailad Lﬁ.



Type of nucleid acid

gDNA:

better for transport

use archival material

but: non-productive rearrangement can also be amplified

LH FR1 FR2 FR3 JH CH
.
- A
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cDNA:

identifies mostly only functional productive rearrangement
but reverse transcription step necessary
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affpe
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PCR primers

IGHV leader:

accurate SHM level

based on whole IGHV gene

but lower detection rate

IGHV FR1:

higher detection rate

widely used in clonality testing

but lack of 5’V (estimation of SHM level)

LH FR1 FR2 FR3 JH CH

7. ; e
V{4 |

-

* ‘h
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Primer sets: IGHV leader primers
IGHV FR1 primers: FR1 consensus — JH

FR1 multiplex —JH (BIOMED?2)
IGHV FR2 primers: when leader or FR1 are negative ->NO
IGHV FR3 primers: short IGHV sequences -> NO

Ailad Lﬁ.



Sanger Sequencing

Direct, both strands Sequencing of both strands is
mandatory for the generation of a single, high quality
IGH gene rearrangement sequence!

Ailad Lﬁ.



NGS Lymphotrack workflow

DNA

Amplification

Purification PCR products
Library quantification

Run prep

FASTQ files

Analysis

Ailab I_g.



one

5HV3-33_01-16

VH1-1
VH1-J2
VH1-J3
VH1-J4
VH1-J5
VH1-J6
VH1-none
VH2-11
VH2-J2
VH2-J3
VH2-J4
VH2-J5
VH2-J6
VH2-none
VH3-11
VH3-J2
VH3-J3
VH3-J4
VH3-J5
VH3-J6
VH3-none

Adapted from M.E. Arcile et al. The Journal of Molecular Diagnostics

dentification

IGHV3-33_01-J6

VH4-11
VH4-J2
VH4-J3
VH4-J4
VH4-J5
VH4-J6
VH4-none

VuR 11

50 260 270 280 290 300 310 320 330
Size (bp)
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NGS Lymphotrack software analysis

Fastq read _summary:.

« Contains list with 200 most important
unique sequences identified

* The size

« The % of actual total reads

« The percentage of cumulative total reads

* To what extent the reading covers the
identified V gene (%), targeted by the
primers

« The mutation rate of the partial V gene (%)

« Whether the rearrangement is located
inside the frame

* Whether the rearrangement contain a
termination codon

* The software also creates a PDF report file,
this file includes the top 10 merged

sequence reads
Ailad Lg.



LymphoTrack Dx Report for assay IGH_FR1

Sample name: 519-14-220317-0118_519_L001_001_comhined
Total Read Count: 187450

IndexQ30: 87.12

Caution: Do not edit fields and save.

Top 10 Merged Read Summary

Mutation No Stop
Merge % total Cumulativ rateto In-frame
Length count V-gene J-gene reads e% partial V-  (Y/N) codon

gene (%) (YN)

IGHJ4_02
2 GCCTCTGGATTGA IGHJ4_02
3 GCCTCTGGATTGA IGHJ4_02
4 | GCCTCTGGATT IGHV3-  |IGHJ5_ 02 0,06 58,68 0,00 N N 99,11 |not found
5  |GCCTCTGGATTGA260 | 105 EGQ}-‘S— IGHJ4 02 (0,06 (56,74 0,00 Y Y 99,56  |not found
6 GecTCTGGATTG 266 |99 %Héf% IGHJ4_02 (005  [56,79 0,00 Y Y 99,55 | ot found
7 |eeeTeToGATTCA 261 |99 gﬁgf IGHJ5 02 (005  [56,85 0,00 n/a N 9868  |not found
8 |GCCTCTGGATIGA273 (% [IGHV3-  |IGHJ 02 |005  |5690 0,00 N N 96,43 |not found
9 GCCTCTGEATTGE 266 |95 Eqﬁafg IGHJ6_02 (005  [56,95 0,00 Y Y 9868  |not found
10 GCCTCTGATTG 260 |93 |1r33;|8f13h IGHJ6_02 (0,05 (57,00 0,00 na N 91,52 |notfound

Ailab Lg.



Table of results

Mut rate
N° ranils Rank Sequence Length S V-gene J-gene i ol partial V- | In-frame g e
total count reads (%) codon | coverage
IGH POS 430983| 1 |GGTCTTCTGCTTGC 490 | 11303 [GHV1-46_01IGH14_02| 2,62 0,00 Y Y 100,00
2 |GGTCTTCTGCTTGC 490 384 [GHV1-46_03IGHl4_02| 0,09 0,34 Y Y 100,00
3 |GGTCTTCTGCTTGC 490 281 [GHV1-46_03IGH}4_02| 0,07 0,00 Y Y 100,00
4 |GGTCTTCTGCTTGC 490 276 [GHV1-46_03IGH)4_02| 0,06 0,34 Y Y 100,00
NGS NEG 394294| 1 |GATCCTCTTTIIIGG| 333 215 |IGHV1-3_02|IGH)6_02| 0,05 1,35 n/a N 50,34
2 |CTCGCCCTCCTCCT| 342 215 [GHV5-51_04IGH)4_02| 0,05 0,34 N N 32,43
3 |CTCGCCCTCCTCCT| 321 187 [GHV5-51_04IGH16_03| 0,05 2,03 X Y 25,00
4 |CTCGCCCTCCTCCT| 342 184 [GHV5-51_02ZIGH14_02| 0,05 0,34 N N 32,43
SHM POS 573581 1 'I'I'CTCGTGGTGGCP{ 455 | 35537 [GHV4-59_0¢ IGH)4_02 6,2 11,26 ¥ Y 98,63
2 |TTCTCGTGGTGGCA 455 485 [GHV4-59_0§1GH)4_02| 0,08 11,60 Y Y 98,63
3 |TCTCGTGGTGGCAQ 454 392 [GHV4-59_0¢§IGHI4_02| 0,07 11,26 Y Y 98,63
4 |TTCTCGTGGTGGCA 455 365 [GHV4-59_0§IGH}4_02| 0,06 11,26 ¥ h 98,63
220121-0061 | 766237 1 |GGTITTCCTTGTTG( 467 |25773[GHV3-21_0iIGHI6_02| 3,36 3,04 Y Y 98,99
2 |GGTTTTCCTTGTTG{ 467 15793 [GHV3-21_041GHl6_02| 2,06 2,70 Y Y 98,99
3 |GGTTTTCCTTGTTG{ 467 | 15375[GHV3-21_041GHl6_02| 2,01 3,04 Y ¥ 98,99
4 |TCCTGCTGGTGGCA 484 | 14630 [GHV4-31_0¢IGHlI6 02| 1,91 2,76 n/a N 79,66

Clones with abundance < 2% of total reads = background

ChilapLg




Mut rate
5 reads Raw 2 = % total R i No Stop V-

N total Rank Sequence Length couRE V-gene J-gene R pa;l:ua(lc;} In-frame codon | coverage

IGH POS 430983 1 |GGTCTTCTGCTTGC 490 |11303[GHV1-46_01IGH}4_02| 2,62 0,00 Y Y 100,00

2 |GGTCTTCTGCTTGC 490 384 [GHV1-46_01IGHl}4_02| 0,09 0,34 ¥ Y 100,00

3 |GGTCTTCTGCTTGC 490 281 [GHV1-46_07IGH}4_02| 0,07 0,00 ¥ Y 100,00

4 |GGTCTTCTGCTTGC 490 276 [GHV1-46_071IGH4_02| 0,06 0,34 Y Y 100,00

NGS NEG 394294 1 |GATCCTCTTTTTGG] 333 215 |IGHV1-3_02|IGH16_02| 0,05 1,35 n/a N 50,34

2 |CTCGCCCTCCTCCT| 342 215 [GHV5-51_02ZIGHl4_02| 0,05 0,34 N N 32,43

3 |CTCGCCCTCCTCCT| 321 187 [GHV5-51_04IGHJ6_03| 0,05 2,03 ¥ Y 25,00

4 |CTCGCCCTCCTCCT| 342 184 [GHV5-51_021GH}4_02| 0,05 0,34 N N 32,43

SHM POS 573581 1 |TTCTCGTGGTGGCA 455 |35537 [GHV4-59_U:1 IGHl4_02 6,2 11,26 Y Y 98,63

2 |TTCTCGTGGTGGCA 455 485 [GHV4~59_0€ IGHlJ4_02| 0,08 11,60 Y Y 98,63

3 |TCTCGTGGTGGCAQ 454 392 GHV4-59_0£] IGH14_02| 0,07 11,26 Y Y 98,63

4 |TTCTCGTGGTGGCA 455 365 [GHV4-59_0£! IGHI4_02| 0,06 11,26 Y Y 98,63

220121-0061 | 766 GGTTTTCCTTGTTG( 467 | 25773 [GHV3-21_0IIGH16_02| 3,36 3,04 Y Y 98,99

y. 2 |GGTTTTCCTTGTTG( 467 15793 [GHV3-21_0:IGHJ6_02| 2,06 2,70 Y i 98,99

/ 3 |GGTTTTCCTTGTTG( 467 15375 [GHV3-21_041IGHI6_02| 2,01 3,04 ¥ X 98,99

4 |TCCTGCTGGTGGCA 484 | 14630 [GHV4-31_0¢IGHlI6_02| 1,91 2,76 n/a N 79,66

GGTTTTCCTTGTTGCTATTTTAGAAGGTGAATCATGGAAAAGTAGAGAGATTTAGTGTGTGTGGATATGAGTGAGAGAAACGGTGGATGTGTGTGACAGTTTCTGA

CCAATGTCTCTCTGTTTGCAGGTATCCAGTGTGAGGTGCAGCTGGTGGAGTCTGGGGGAGGCCTGGTCAAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTC
TGGATTCACCTTCAGTAACTATAACATGAACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCATCCATTATTAGTAGTAGTAGTTACATATACTACG
CAGACTCAGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACTCACTGTGTCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTATATTACTG

V

TGCGAGAGATATGAACGGTATGGACGTCTGGGGCCAAGGGACCAC

Ailad Lg.



Sequence analysis

Lymphotrack Invovoscribe

http://imgt.cines.fr/IMGT vquest/vquest

www.ncbi.nlm.nih.gov/igblast/

Ailad Lg.


http://imgt.cines.fr/IMGT_vquest/vquest
http://www.ncbi.nlm.nih.gov/igblast/

Somatic hypermutations

Mostly point mutations

Transitions (e;g; C>T, G>A) are more frequent than transversions
(e.g. C>AorG,G>CorT)

Ailab Lg.



14

IGHV repertoire in CLL

(Ghia, Blood 2004 )

25

20

IGHV repertoire in CLL

(Ghia, Blood 2004 )

VH1-69 VH4-34 VH3-23 VH3-30 VH3-07 VH4-39 VH1-02 VH3-15 VH3-21 VH3-74

More unmutated then mutated cases

@Al
® Unmutated
O Mutated



Result NGS

D= Aums_Miseq \BMITL RUNZD1 702 1541GH_FR1_output yoombimed_lastg), 161 124-0058_516_L001_001_combined.lastq_read_summary.lsv
Sarriphe

161124-0058
Total count I01. 356
ergpe count B V-gene -
AGATACAS 277774 [GHYVIB 01  [GW5 07  709770199,00 70077319900 ¥ -
2 CTTCTGRAGGLAL 337 654 1GHY1-69_13 [GHMG_D2 41773321 711546530, 4,87 ¥ Y 99,56
3 GCCTCTGGATTCA 310 382 IGHY3-13_01 [GHM_D2 0,0976093 1252261400 0,00 N L 100,06
4 GCCTCTGGATTCS 296 I 1GHV3-15_05 [GHM_02 0,0960762 7134833 76,00 7,73 Y Y 98,71
5 CACTGTCTCTGGT 297 290 IGHYVE-32_0% IGHMG_D2 00741013 F1AF24T389,00 7B L Y 100,00
& GOCTCTTGATTCA 199 25% IGHV3-13_01 IGHMG_02 0,066 1802 T14BBE1D1 00 2,68 nfa N 48,21
7 CTTCCGGATACAL 267 245 1GHY1-45_02 IGHM._02 00626028 71551221900 5,31 na N 92,92
a GCCTCTGGATTCS 260 214 1GHVI-15_07 IGHI5_02 O,0546817 716059036, 00 1,30 Y Y 100, 0
9 GOCTCTGGATTCA 299 206 IGHY3-23_04 IGHM_02 00526375 71658541 1,00 0,00 Y N 100,00
10 GOCTCTGGATTCA 278 202 IGHYI-30-3_01 IGHM_02 00516154 T1TI01565,00 0,00 ¥ ¥ 100,050 4

Rank
Sequence
Length

Merge count
V-gene
J-gene

% total reads
Cumulative %
Mutation rate
In frame (Y/N)
No stop codon
V-coverage

ChilapLg



NO

reads total

Rank

Sequence

Length

Raw count

V-gene

J-gene

% total reads

Cumulative %

58

391356 1

CTTCTGGATACAC
GTTCACCAATTAT
GATATTAACTGGG
ITGCGACAGGCCAC
TGGACAAGGGCTT
GAGTGGGTGGGAT|
GGATGAATCCTGA
CAGTGGTAACACA
GACTATGCACAGG
AGTTCCAGGGCAG
AGTCACCATGACC
AGGGACACCTTCA
AAAGCACAGCCTA
CATGGAGCTGAAC
AGCCTGAGATTTG

AGGACACGGCCGT
GTATTACTGTGCG

AGGGGCCCGTATG
AGACGATTCTTGG

AGGGAACTGGTTC
GACCCCTGGGGCC

AGGGAACCCT

283

176424

IGHV1-8_01

IGHJ5_02

450801827,00

450801827,00

Mut rate
partial V-
gene (%)

In-frame

No Stop
codon

V-coverage

Résulta
t FRI

Taille frag FRI

%
HMIGH

V-gene
HMIGH

In Frame
HMIGH

NO Stop
Codon
HMIGH

5,75

Y

98,67

Clonal

332 bp

95,49

IGHV1-8*01f

+




Sequence interpretation

Sequence alignment
IMGT/V-QUEST (https://www.imgt.org/IMGT _vquest/input)
Adjustable parameter: search for insertions/deletions.

V, D, J gene
Functionality: Productive or unproductive
|dentity: Gene identified

Homology: Percentage. (<98% HMS mutated; >98% unmutated)

Check In frame/ no stop codon, pseudogenes, must include Cys 104
and Trp 118

Ailab Lg.



www.imgt.org/IMGT _vquest/input

Different sequences at the same time possible

0O | - mycH X | B Zimbra: Envoyé (15) X | D= IMGT/V-QUEST x |+

< @]

Conferences & Eve..

WELCOME !

to IMGT/V-QUEST

() https/wwwimgt.org/IMGT_voue:

IMGT®, the intemational ImMunoGeneTics information system®
Citing INGT/V-QUEST.

Gee
Ties

Information
system®

http/iwww.imgt.org

Brochet, X., Lefranc, M.-P. and Giudicell, V. Nucl. Acids Res. 36, W503-508 (2008). PMID: 18503082, I2

Giudicell, V., Brochet, X., Lefranc, M.-P. Cold Spring Harb Protoc. 2011 Jun 1:2011(5). pi: pdb.prot5633. doi: 10.11
Harsor (CSH) Protocols IGE (high res

PMID: 21632778 Absiract also in IMGT booklet with generous pravision from Cold S;

01/p0b.prot5633.
:

lower res)

IMGT/V-QUEST program version 3.5.30 (28 March 2022) - IMGT/V-QUEST reference directory release: 202214-2 (05 April 2022)

Analyse your IG (or antibody) or TR nucleotide sequences

The list of the IMGT/V-QUEST reference directory sets to which your sequences can be compared is available here

Human sequence sets to test INGT/V-QUEST are available here

Your selection
Receptor type or locus 16

Species  Homo sapiens (human)

Sequence submission
® Type (or copy/paste) your nucleotide sequence(s) in FASTA or in FASTQ format

>2022.

GGTTTTCCTTGTTGCTATT TTAGAAGGTGAATCATGGAAAGT AGAGAGATTTAGTGTE TGTGGATATGAGT CAGAGAAACGGTGGATGTGTGTGACAGT
TTCTGACCAATGTCTCTCT GTTTGCAGETGT CCAGTGTGAGGT GCACCTGGTGGAGTCTGEEGGAGECCTEETCAAGCCTGGGEEETCCCTGAGACT CTT
CTGTGCAGCCTCTGGATTCACCTTCAGTAGT TGTACCATGAAC TGGETCCGCCAGEC TCCAGGGAAGGEGL TGGAATEGETCTCATCCATTAGTAGT AGT
|AGTTACATATAC TACGCAGACTCAGTGAAGGECCGAT TCACCATC TCCAGAGACAACGCCARGRACTCACT GTATCTGCARATGAACAGCCTGAGAGCCE
|AGGACACGGCTGTETATTACTGTGCGAGAGATTC TAACGG TAT GEACGTC TGGEACCAAGGGACCAC

ng your sequence(s) in FASTA or in FASTQ format

) Or give the path access toa local file contai
| Choisir un fichier | Aucun fichier n'a été sélectionné
[ start | [ Clear the form

> XXXX
» seguence

Nb of nucieotides per ine in alignments:

@ A. Detailed view

ﬂ P Tapez ici pour effectuer une recherche

Search for insertions and deletions in V-REGION YES (low V-reg

Nb of aligned reference sequences

=]

1
B0 o002

ion identity

Different sequences can be entered at the same time

Ailab Lg.


https://www.imgt.org/IMGT_vquest/user_guide;jsessionid=C30D06C8677E252FE3C8ACC1AD3AED4C#insdel

Sequence: 1 2023

Analysed sequence length: 490
Sequence analysis category: 2 (indel search & correction)
Sequence compared with the Home sapens (human) |G set from the IMGT reference directory (set F+QRF+ in-frame P

2823
gtcttotgettactgectgtagetccaggtaaagggecaactggttccageg
agggattrtttecagtttagaggactatcattctctactetatoctetocgea

actlg

ctgages =V, D, J gene
gEtgctc » Productive

> % of homology

» In frame/ no stop codon
Pseudogenes
insertions/deletions

Cys 104 and Trp 118

Result summary: 207 Productive IGH rearranged sequence {no stop codon and in-frame j;.“'lct:o*"D

V-GENE and aliels Homesap IGHV1-46°01 F_or Homsap IGHV1-46"03 F score = 1440 identity =88:2$8 nt)
J-GENE and zaileie Homsap IGHJ4*02 F score = 155  identity = 100.00% (31/31 nt)
D-GENE and allele by IMGT/JunctionAnalysis Homsap IGHD2-2°01 F D-REGICN 15 in reading frame 2

FR-IMGT lengths, CDR-IMGT lengths and AA JUNCTION [25 17.38 5] [8.8.20] CARDLTGCISTSCYPPNYFDYW
JUNCTICN lenoth (in nt) and decryption 66 nt = (51-6{15:-6(22)-3{70(17) BVIFINTISYDI3 N5 )

J-REGION partial 3' missing nt nb: 16

ChilapLg



O | myci X | B zimbra: Envoyé 15 X | D= IMGT/V-QUEST X |+
€ 5 C O sy
Conferences & Eve...

A. Detailed results for the IMGT/V-QUEST analysed sequences

Number of analysed sequences: 1

1.2022

vw.imgt.org/IMGT_vquest 5 sionid 252FE3C

B3 This release of IMGTIV-QUEST uses IMGT/JunctionAnalysis for the analysis of the JUNCTION
E&= Hyphens (-) show nucleotide identity, dots () represent gaps

Sequence: 12022

Analysed sequence length: 467
Sequence analysis category: 2 (indel search & correction).
Sequence compared with the Homo sapiens (human) |G set from the IMGT reference directory (set: F+ORF+ inframe P)

»2822
gattttectigttgetatittagaaggtonatcatggasangtagagagatitagtatat
gtggatatgagtcagagasacgetegatetptatgacagttictaccaatgtctotets
titecagetotocastotgagatocacctoptopaptctopgegagocctogtcaagect
ggegggteoctgagactettctgtgragectetggatteacctteagtagttgtaccaty
mactggetocgoeaggetocagggaagegsctggaategeteteatocattagtagtagt
agttacatatactacgcagactcagtzasgegcceattoaccatetocagagacaacgce
aagaactcactgtatcigrasateaacagocigagagocgageacacggctatetattac
totgcgagagattctaacggtatpgacgtctgepaccaagegaccac

C B Nucleotide deletions have been detect iy dots in the alignments)

localization ' nb of deleted nt ' causing frameshift | from V-REGION codon | from nt position in user submitted sequence

Nucleotide deletions have been def

Result summary: 2022

CDR2-IMGT 3 no 57 292

(s):

.‘[ il T ] . .
e e ERR— Potentially productive IGH rearrang
V-GENE and allele Homsap IGHV3-21*01 F_or Homsap IGHV3-21*02 F | score = 1371 \dent5 nt) [97.54% (278/285 nt))
J-GENE and allele Homsap IGHJ6*02 F score =144 | identity = 88.89% (32/36 nt) C h e C k B LAST

(Check alzo your sequi

D-GENE and allele by IMGT/unctionAnalysis Homsap IGHD3-10*01 F D-REGION is in reading frame 2
FR-IMGT lengths, CDR-IMGT lengihs and AA JUNCTION | [25.17.38.5] [8.7.9] CARDSNGMDVW
JUNCTION length (in nt) and decryption 33 nt= (11)0{0-24(5}-2{0115(17) [BV)3NTS(DIN25(E)

J-REGION partial 3 missing nt nb: 15

1. Alignment for V.GENE and allele identification

Closest V-REGIONs (evaluated from the V-REGION first nuclestide to the 2nd-CYS codon)



IMGT/V-QUEST ‘Detailed view’: I
Result summary table €

Information
system®

http://imgt.cines.fr

B

Sequence number 2: seq_2

Sequence compared with the human |G setfrom the IMGT reference directory

>3eq 2 il
gaggtgcagctggtggagtctgggggaggcttggtaaagoccgggggggtccctgagacte

tcccgtgcagoctoctggattcaccttcagtgactactacatgaactgggtoccgecagget

ccagggaaggggctggagtggggectecateccattactagtagtagtactatatattacgea

gactctgtgaagggccgattcaccatcteccagagacaacgccaagaactaactgtatctyg

cagatgaagagcctgagagttgaggacacggctgtgcattactgttcgagagataaggte

gagtaggtattacgatttttggagtggttattttacgaagaaactggttcgacccctggg

gccagggaaccctggtcaccgtotectcay

Result summary: productive IGH rearranged sequence (stop codons,out-of-frame uncn;;
V-GEME and allele IGHY3-h*01(P) score = 1321 identity = 96.14% (274/285 nt)
J-GENE and allele IGHJ5*02 score = 237 identity = 96.08% (49/51 nt)
D-GENE and allele by IMGT/JunctionAnalysis IGHD3-3*01 D-REGIOMN is in reading frame 3
[COR1-IMGT.CDR2-IMGT.CDR3-IMGT] lengths and AA JUNCTION | [8.7.X] CSRDKVE*VLRFLEWLFYE#NWFDPW
-
<] [ b |
| Done /

ChilapLg



2 IMGT/V-QUEST - Microsoft Internet Explorer

Apyeio Encfepyagia  MpoBokny  Ayannuéva Epyadsia  BonBaa p'j'f
i N T i ' 2] ‘ . ‘ R —

O O [B @ ] Dretn Frmmsne @i @3- & F L

fuziBuyan !@ http:/fimat.cines. fr/IMGT_vquest/vguest "J MertBaon | Zuvitomg

>N4431 o

gaggtgcagctggtggagtctgggggaggcttggtccagectggggggtcocctgaaacte
tcctgttcagoctotgggttcaccttcagtggectetgetatgcactgggtoogeoagget
tccgggaaagggctggagtgggttggcogtattagaagoasagotagtagttacgogaca =
gcatatgotgocgtocggtgaaaggeaggttcaccatctccagagatgattcaaagaacacy i
gcgtatctgcaeatgaacagoctgaaaaccgaggacecggcogtataatactgggacata
caggatattgcagtagtaccagctgctatagtgggggggtctgttgactactggggceay

ggeac
i Result summary: Unp odugtwa IGH rear;anged sequeme (stc:p n:odcsns} (a) ;
‘ IGHY3- | AN SRR 1
V-GENE and allele 23701 | Score = 1429 |dent|ty =198,30% (289/294 nt) ‘
J GENE and allele I score = 95 Jdentfty 82 14% (23:‘28 nt)
' D GENE and allele bylMGT!JunctmnAnaiysm ; IGHDE-Q*D | D REGION isin readmg frame 3
fCDR1 IMGT CDRz IMGT.CDR3-IMGT] iengths andAA (3.10.19] IQDIAVVPAAIVGGSVDYW (2nd-CYS 104 no
| | JUNCTION i

(a) 2nd-CYS 104 is not identified in the submitted sequence. This may indicate potential nuclectide insertion(s) and/or deletion(s): try
| “Search for insertions and deletions’ in "Advanced parameters’ at the bottom of the Search page

I@ http /,f imat.cines, ﬁ'}‘IMGT vquestjv.rquest#l N4431 al; 8 Internet

ChilapLg



Single unproductive rearrangement

* Qut of frame — deletions/insertions

CDR3

- Melecular
IMGT mass
length

104 105 106 107 108 109 110 111 12i.2 23,2 112.3 212.2 112.1 112 113 114 115 116 117 118 Frare

.--- .T-'ﬁ E - - > [l

12 tgr geg tcc cct  tga atg geEC gte Tog -

« Absent CDR3 anchors
mutation at C104 or W118

« |IGHV pseudogenes

Score Id:
980 33 nt)
SE0 33 nt)
926 30 nt)
J28 90 nt)
Se 85 nt)
« Stop codons
CDR3
104 105 106 107 108 109 110 111 2a1.1 112.: 112 113 114 115 116 117 118 Frame solecalar: o
IMGT mass >
length
- - . - - - i ¢ [
t9t geg age gat ggg g9y gtc agc age  tgg 2 TIT gac tac tgg  + 15 1,968.14 .53

Ailad Lg.



Functionality

IGHV-IGHD-IGHJ gene rearrangements
can be rendered unproductive if they

- carry pseudogenes
- out-of-frame VDJ junctions

- stop codons
- indels leading to frameshifts within the coding part of the sequence

Ailab Lg.



Single unproductive rearrangement

CLL cells are mature B cells that should express functional I1G
molecules on their surface.

|dentification of a single unproductive IGH rearrangement is rare
(<0.1% of all CLL)

Detect the productive IGHV-IGHD-IGHJ gene rearrangement
(on the other allele of the IGH locus).

Use an alternative set of primers
Use cDNA when gDNA was used
Repeat with a new sample

Unproductive rearrangement: NO clinical association possible

Ailab Lg.



Double rearrangement 105%

One productive and one non-
productive (90%)

Double productive

Concordant IGHV mutation status

Discordant IGHV mutation status

Mutational status defined by the
productive rearrangement, irrespective
of the IGHV mutation status of the
unproductive rearrangement.

Consider as mutated or unmutated,
according to the IGHV mutation status.

Check immunophenotype for the
presence of 2 clonal populations.

Recommend to the physician that it is
safer to consider as U-CLL; close
follow-up.

Ailab Lg.



Double rearrangement

Multiple (>2) productive rearrangements Perform NGS to assess the relative
frequency of each clonotype and
consider the predominant clonotype,
if it is clearly identified.

CLL cases with two B cell clones (a CLL and a non-CLL) have been
reported to display earlier need for treatment against cases with monoclonal
CLL

Ailab Lg.



Sequence analysis

IMGT/V-QUEST
(https://www.imgt.org/IMGT _vquest/input)

ARResT/AssignSubsets
(http://bat.infspire.org/arrest/assignsubsets/)

Assignment to stereotyped subsets #2 and #8

Ailab Lg.



Homology + interpretation

Percentage identity
Count from IMGT codon 1 — 104 (automatically by IMGT/V-QUEST)

Codon 105-107 eventuel mutations have minor effect

Cut-off 98% (-> borderline 97-99%)

CLL cases with homology close to cut-off of 98%
have varying clinical outcome

Result by using FR1 primers -> reanalyse with leader primers

Ailab Lg.



Stereotype

Stereotyped B cell receptor immunoglobulin (B¢cR 1G) are
classified into subsets.

Subset #2 patients experience a particularly aggressive disease
course, irrespective of their IGHV gene mutation status .

Subset #2 was found to be an independent prognostic marker for
shorter TTFT, time-to-next-treatment (TTNT), and PFS,
irrespective of the SHM status.

Subset #8 associated with aggressive disease (risk of
transformation to Richter).

Ailab Lg.



IGHV3-21

Homologie with IGHV3-21 (but also all other rearrangements)
analyse by http://bat.infspire.org/arrest/assignsubsets/.

Ailab Lg.



assgni

ARResT/AssignSubsets

M) new mambeds io existing subsets of stereotyped antigen receptor apphcabie o

SEqUSNCas
the 1% magor subrsets of stersotyped B-call receplons in chionic mphod ylic | Iauhamm { LL]
26.02.17 | powered by ARResT/SeqCue | IMGT/V- SQUEST | IMGT/CLL-DS
joinusl  pew@nmm

ARResT | o s | rews | help | contact vs | BAT cave || |
Juumhupqﬂ% Fuigifan © Spler b b vawerg and L nononaity

your antigen receptor sequences

prowvide up 10350 FASTA-lormemed EULL NUCLEQTIDE Wo sequences - chack axampi batow, ~ 100K apiosnd
FLENES00034FE

nhmmmmﬂwmmmm.mmmmmmnm L

[HELLARSER - A @ rd puisvies 6 SRREI ARG RS R wl D 06 bk (i 7y iy i yuiar i DR 0 ReSusth. Coemms DO 7 L. o T Bla o SHOMETE d sl
LTIRE] o'l DR G Chrene o B EEe T By Wl TEoed e e - OF oW -anld B SREGNIETH T M i ol o ipieeh S0 TIddn g Sufnies. plienie creieci

Assign 1o Subsels ™ reset

ChilapLg



Bat.infspire.org/arrest/assignsubsets/

X | 9= IMGT/V-QUEST X

signSubsets @ the B2 X | -+

ARResT/AssighSubsets

assigning new members to existing subsets of stereotyped antigen receptor sequences, currently applicable to
the 19 major subsets of stereotyped B-cell receptors in chronic lymphocytic leukemia (CLL)

07.01.22 | powered by ARResT/SeqCure ; ARResT/Subsets ; IMGTN-QUEST ; IMGT/CLL-DB

| help | contact us | BAT cave |

afari for best viewing and full functionality

your antigen receptor sequences

provide up to 50 FASTA-formatted FULL NUCLEOTIDE IG sequences - check example below, ~7100kb upload limit

>2022

[GGTTTTCCTTGTTGCTATT T TAGAAGGTGAATCATGGAAAAGTAGAGAGATTTAGTGTGTGTGGATATGAGT CAGAGAAACGETGEATGTGTGTGACAGTTTCTGA
JCCAATGTCTCTCTGTTTGCAGGTGTCCAGTGTGAGGTGCACCTGGETGGAGTCTEGGEEAGGECCTGGTCAAGCCTEGEGEEETCCCTGAGACTCTTCTGTGCAGCCTC
[TGGATTCACCTTCAGTAGT TGTACCATGAACTGGETCCGCCAGECTCCAGGGAAGGEGCTGGAATGGGTCTCATCCATTAGTAGTAGTAGTTACATATACTACGCA ™
[GACTCAGTGAAGGGECCGATTCACCATCTCCAGAGACAACGC CAAGAACTCACTETATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTG

| Choisir un fichier | Aucun fichier n'a été sélectionné

or click to load example

FASTA

DISCLAIMER - there is no guaraniee that ARResT/AssignSubseis will be able to properly assign all your sequences o subsets, please bear this in mind when making decisions, especially

impertant ones on e.g. clinical care, and especially with ‘borderiing’- or 'low'-confidence assignments. To help us improve ARResT/AssignSubsets. please 3.

Assign bsets or

citation and acknowledgements

We're now published in Bioinformatics:

ARResT/AssignSubsets: a novel application for robust subclassification of chronic lymphocytic leukemia based on B cell receptor |G stereotypy

Vojtech Bystry; Andreas Agathangelidis; Vasilis Bikos; Lesley Ann Sutton; Panagiotis Baliakas; Anastasia Hadzidimitriou; Kostas Stamatopoulos; Nikes
Darzentas

Bioinformatics 2015
doi: 10.1093/bioinformati

| acknowledgements
The tool is currently supported by Ministry of Health of the Czech Republic grant nr. 16-34272A

news and updates
07.01.22 | fix for IMGT switching to hitps




*® | = IMGTA-QUEST Be . ARResT/AssignSubsets @ the B/ % |

ARResT/AssignSubsets

assigning new members to existing subsets of stereotyped antigen receptor sequences

we're running ARResT/AssignSubsets - please follow our progress below...

(?) monitoring the resources used (your quota: 300 sec and 1000 megabytes RaM)
(?) checking IMGT accessibility

(?) running ARResT/SegCure with your sequences...

(=) ARResT/ Cure repor

(?) model is running...

;

1 /1 /1 were assigned / "healthy' submitted

DISCLAIMER - there is no guarantes that ARResT/AssignSubsets will be able to properly assign all your sequences fo subsets, please bear this in mind when making decisions, especially
important ones on e.g. clinical care, and especially with 'borderline’- or low'-confidence assignments. To help us improve ARResT/Assy ts, please contact us.

plain-text-formatted results table (best viewable in a spreadsheet), or see below

click to open/close quick help »

assignment frequencies table

CLL#2 CLL#1 CLL#4 CLL#6 CLL#5 CLL#3 CLL#8 CLL#31 CLL#16 CLL#TT
28% 24% 1.0% 0.9% T% 0.6% 0.5% 0.4% 0.3% 0.3%

1

CLL#TH CLL#28A CLL#201 CLL#12 CLL#59 CLL#4 CLL#64B CLL#99 CLL#202
03% 03% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 03%

assignment report table
label [+ heat map, if appl.] SeqCure subset confidence

extreme

hosted at the Bic




IGHV3-21-subset

ClLLeg LM Ll (B EE 1] CLELFS Lo -] CLE#S L LAE3
7 3% r A% 1 v i 165 0 5% 0 4%
1
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6 35 T I 7 15 T 0 1% 0 7% i, ]
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bsal |+ bt wap, F app Seqi ues suba i confderos

' 0K CLL2 axireme

CILME CLE &Y
im e Tk
CLLEAND

[ 1,

el el
a9

This CLL sample displays a productive IGHV3-21 mutated rearrangement
(<98% homology) with stereotyped BcR Ig with subset #2.

Amongst CLL cases expressing clonotypic B¢cR Ig encoded by the IGHV3-21,
those belonging to subset#2 are associated with adverse prognosis,
regardless of their SHM status (Baliakas et al. Blood 2015).
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Clinical report

 Basic data: patient data
tissue type
sample arrival date
reference

 Technique: direct sequencing, subcloning
gDNA or cDNA
PCR primers (BIOMED2)
bioinformatics tools for SHM status assessment, and stereotypy analysis.

* Results: % identity to the germline to 2 decimal points as reported by IMGT + cut-off

IGHV/IGHD/IGHJ gene usage
functionality - productive/unproductive
= SHM status only for productive rearrangements;
if the rearrangement is unproductive, mention reasons for that
(e.g., IG pseudogene, out-of-frame junction, stop codon, large indel).

 Conclusion: interpretation of data (mutated, unmutatd, borderline)
clinical association: poor/good prognostic

» Subset identification/BcR |G stereotypy: For subsets with
well-established prognostic value (currently, subsets #2 and #8).

No clear interpretation possible -> prognostic implication cannot
be determined

Ailab Lg.



1. Example of the IG report, IG - mutated

Name of the Hospital/Lab

Determination of IGHV gene SHM status

Date of result:

22/01/2022
Date of sample collection:
09/01/2022

Patient name: ***
Diagnosis: CLL

Tissue type: blood

Molecule type: genomic DNA

Utilized methodology

PCR amplification of IGHV-IGHD-IGHJ gene rearrangements with leader primers.
Genescan analysis

Bidirectional Sanger sequencing

Immunoinformatics analysis: IMGT/V-QUEST

Result: a productive IGHV3-23*01/IGHD4-17*01/IGHJ4*02 gene was detected. The
rearranged IGHV gene had 96.2% nucleotide identity with the germline sequence of
the IGHV3-23*01 gene.

Interpretation: following the 98% germline identity cut-off value which is used for
discriminating CLL cases into the IG-mutated or IG-unmutated category, this case
belongs to the IG-mutated category which is generally associated with favorable
prognosis.



Name of the HospitalfLab

Determination of IGHV gene SHM status

Date of result: 05/09/2016
Date of sample collection: 12/08/2016

Patient name: ***

Diagnosis: CLL
Tissue type: blood
Molecule type: genomic DNA

Utilized methodology

PCR amplification of IGHV-IGHD-IGHJ gene reararngements with leader primers.
Genescan analysis

Bidirectional Sanger sequencing

Immunoinformatics analysis: IMGT V-Quest

Result: a productive IGHV3-49%01/IGHD3-9*01/IGHI4*02 gene was detected. The rearranged IGHV
gene had 100% nucleotide identity with the germline sequence of the IGHV3-49*01 gene.
Interpretation: following the 98% germline identity cut-off value which is used for discriminating CLL

cases into the IG-mutated or IG-unmutated category, this case belongs to the IG-unmutated
category which is generally associated with adverse prognosis.

Signatures



Name of the Hospital/Lab

Determination of IGHV gene SHM status

Date of result: 05/09/2016
Date of sample collection: 12/08/2016

Patient name: ***
Diagnosis: CLL

Tissue type: hlood

Molecule type: genomic DNA

Utilized methodology

PCR amplification of IGHV-IGHD-IGH] gene reararngements with leader primers.
Genescan analysis

Bidirectional Sanger sequencing

Immunocinformatics analysis: IMGT V-Quest, ARResT/AssignSubsets tool

Result: a productive IGHV3-21*01/IGHD: not determined/IGHJ6*02 gene was detected. The
rearranged IGHV gene had 96.8% nucleotide identity with the germline sequence of the IGHV3-
21*01 gene.

Interpretation: following the 98% germline identity cut-off value which is used for discriminating CLL
cases into the IG-mutated or IG-unmutated category, this case belongs to the IG-mutated category.
However, this particular rearrangement belongs to stereotyped subset #2 which is associated with
adverse prognosis regardless of the somatic hypermutation status (Baliakas et al. Blood 2015).

Signatures



Name of the Hospital/Lab

Determination of IGHV gene SHM status

Date of result: 05/09/2016
Date of sample collection: 12/08/2016

Patient name: ***
Diagnosis: CLL

Tissue type: blood

Molecule type: genomic DNA

Utilized methodology

PCR amplification of IGHV-IGHD-IGHJ gene reararngements with leader primers.
Genescan analysis

Bidirectional Sanger sequencing

Immunoinformatics analysis: IMGT V-Quest

Result: a productive IGHV3-49*01/IGHD3-5*01/IGHJ4*02 gene was detected. The rearranged IGHV
gene had 97.3% nucleotide identity with the germline sequence of the IGHV3-49*01 gene.

Interpretation: following the 98% germline identity cut-off value which is used for discriminating CLL
cases into the IG-mutated or IG-unmutated category, this case belongs to the IG-mutated category.
However, the identity percentage is close to the cut-off and, thus, the case can be considered as
borderline-mutated. In such cases, caution is warranted regarding the precise prognostic
implications.

Signatures



Example typical case |

IGHV: 3-72

IGHD: 2-2

IGHJ: 6

|dentity: 95.7%
Functionality: Productive
Sterotype unassigned

IGHV mutated rearragement

Mutated IGHV genes >98% identity have been associated
with a good clinical outcome

Ailab Lg.



Example typical case I

IGHV: 1-69

IGHD: 3-3

IGHJ: 4

|dentity: 100%
Functionality: Productive
Sterotype unassigned

IGHV unmutated rearragement

Unmutated IGHV genes >98% identity have been associated
with a poor clinical outcome

Ailab Lg.



Example borderline

IGHV: 3-48

IGHD: 2-21

IGHJ: 3

|dentity: 97.8%
Functionality: Productive
Sterotype unassigned

IGHV mutated rearragement with borderline identity
(close to cut-off of 98%)

Caution should be taken with the interpretation

of the clinical correlation

Not if FR1 primers were used!

Ailab Lg.



Example special case |

IGHV: 3-21

IGHD:-

IGHJ: 6

|[dentity: 96.7%
Functionality: Productive
Sterotype #2

IGHV3-21 mutated rearragement with a
stereotyped CDR3 (9 codons).

The presence of a mutated IGHV3-21
with stereotype #2 have been
associated with a poor clinical outcome.

Ailab Lg.



Example special case Il (rare)

Rearrangement 1 Rearrangement 2

IGHV: 1-69 IGHV: 3-30

IGHD: 3-16 IGHD: 3-3

IGHJ: 6 IGHJ: 4

|dentity: 99.6% |dentity: 100%
Functionality: Productive Functionality: Productive

2 unmutated IGHV rearragements and would be interpretated as
expressing unmutated IGHV genes. Unmutated IGHV genes
(>98%) are associated with a poor clinical outcome.

Ailab Lg.



Example special case lll (rare)

Rearrangement 1 Rearrangement 2

IGHV: 1-69 IGHV: 4-34

IGHD: 3-3 IGHD: 3-22

IGHJ: 6 IGHJ: 4

|dentity: 99.6% |dentity: 100%

Functionality: Productive Functionality: Unproductive

Productive IGHV unmutated rearragements and an unproductive
IGHV unmutated rearrangement. Altogether this has to be
interpretated as a case with unmutated IGHV genes. Unmutated
IGHV genes (>98% identity) are associated with a poor clinical
outcome.

Ailab Lg.



Example difficult case |

Rearrangement 1 Rearrangement 2
IGHV: 1-69 IGHV: 4-34

IGHD: 3-3 IGHD: 3-22

IGHJ: 6 IGHJ: 4

|dentity: 93.6% |dentity: 100%
Functionality: Productive Functionality: Productive

A productive IGHV mutated rearragements and a productive IGHV
unmutated rearrangement.
It is safer to consider as U-CLL; close follow-up.

Ailab Lg.



Example difficult case li

IGHV: 1-3

IGHD: 3-3

IGHJ: 6

|dentity: 100%

Functionality: Unproductive

An unproductive IGHV unmutated rearragement (>98% identity).
At present the clinical correlation cannot be defined.

Ailab Lg.



Advice

Follow:

Immunoglobulin Gene Sequence Analysis in Chronic Lymphocytic Leukemia:
The 2022 Update of the Recommendations by ERIC, the European
Research Initiative on CLL (Agathangelidis, Leukemia 2022)

Baliakas P et al. Not all IGHV3-21 chronic lymphocytic leukemias are equal:
prognostic considerations. Blood 2015; 125:856-859.

Difficult cases: ERIC helps www.ERICLL.org

Ailab Lg.



ERIC | European Research Initiative on CLL: www.ericll.org

www.ericll.org

Immunoglobulin Gene Sequence Analysis in Chronic Lymphocytic
Leukemia:

The 2022 Update of the Recommendations by ERIC, the European
Research Initiative on CLL (Agathangelidis, Leukemia 2022)

Rosenquist R et al. and ERIC. Immunoglobulin gene sequence

analysis in chronic lymphocytic leukemia: updated ERIC recommendations.
Leukemia 2017; 31(7): 1477-1481.

Difficult cases: ERIC helps
(https://barcelo.eve%tsair.com/submission-of—iqhv-sequences/iqhv-

sequences/Site/Register) Become an ERIC Member

Joining ERIC could not be easier:
QC It is quick, simple and free!
Workshops

Ailab Lg.


https://barcelo.eventsair.com/submission-of-ighv-sequences/ighv-sequences/Site/Register
https://barcelo.eventsair.com/submission-of-ighv-sequences/ighv-sequences/Site/Register

	Dianummer 1
	Dianummer 2
	Dianummer 3
	Dianummer 4
	Dianummer 5
	Dianummer 6
	Dianummer 7
	Dianummer 8
	Dianummer 9
	Dianummer 10
	Dianummer 11
	Dianummer 12
	Dianummer 13
	Dianummer 14
	Dianummer 15
	Dianummer 16
	Dianummer 17
	Dianummer 18
	Dianummer 19
	Dianummer 20
	Dianummer 21
	Dianummer 22
	Dianummer 23
	Dianummer 24
	Dianummer 25
	Dianummer 26
	Dianummer 27
	Dianummer 28
	Dianummer 29
	Dianummer 30
	Dianummer 31
	Dianummer 32
	Dianummer 33
	Dianummer 34
	Dianummer 35
	Dianummer 36
	Dianummer 37
	Dianummer 38
	Dianummer 39
	Dianummer 40
	Dianummer 41
	Dianummer 42
	Dianummer 43
	Dianummer 44
	Dianummer 45
	Dianummer 46
	Dianummer 47
	Dianummer 48
	Dianummer 49
	Dianummer 50
	Dianummer 51
	Dianummer 52
	Dianummer 53
	Dianummer 54
	Dianummer 55
	Dianummer 56
	Dianummer 57
	Dianummer 58

