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Multiplex Detection of Copy Number Alterations in Multiple Myeloma Including Emerging Therapeutic Targets By
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Recent advances in immunotherapy have highlighted that in multiple myeloma (MM), besides risk-determining copy number
alterations (CNAs) there is a need for investigation of CNAs in CAR-T cell therapy-related targets (e.g. BCMA, GPRC5D,
FcRHb5). DigitalMLPA technology has been successfully used for characterization of recurrent CNAs on chromosome arms 1p,
19, 13g and 17p in newly diagnosed and relapsed MM cases, as well as in cancer cell lines of MM origin. Adding probes aimed
at CAR-T cell therapy-related target genes complements the already included predictive target probes ( IKZF1/3, IRF4, MYC,
RPL5, SLAMF7 and BRAF V600E point mutation) in SALSA® digitalMLPA™ Probemix D006 Multiple Myeloma. In addition,
due to a large overlap of affected genomic regions between hematologic neoplasms, we aimed to demonstrate usefulness
of this multiplex assay not only on cell lines of MM origin, but also of myeloid and lymphoid lineages.

Methods. D006 Multiple Myeloma digitalMLPA probemix contains (i) probes targeting chromosomal arms with recurrent
CNAs, including 1p (33 probes), 1q (29 probes), 13qg (23 probes), 17p (20 probes); (i) probes for promising predictive tar-
gets such as BCMA, CRBN, GPRC5D, FcRH5, IKZF1/3, IRF4, MYC, RPL5, SLAMF7 - 2-4 probes per gene, and BRAF V600E
mutation-specific probe; (iii) 278 probes for subtelomeric, pericentromeric and middle regions of chromosomal arms for all
chromosomes; and (iv) control probes for quality control and troubleshooting. DigitalMLPA reactions were performed with
20-40 ng DNA from 29 cancer cell lines of lymphoid and myeloid lineage, 16 of which were of MM origin. Commercial blood-
derived genomic DNA samples from healthy individuals were used as references for data normalization using data analysis
software Coffalyser digitalMLPAT.

Results. Losses of 1p were among the most frequent CNAs in MM cell lines (n=13) and were mainly local (1p21.1-p22.1),
including homozygous deletion of CDKN2C in MM cell lines co-occurring with TENT5C subclonal loss in 2 of those. 13q loss
(encompassing predominantly the whole arm) was detected in 13 MM cell lines. 1q and 17p losses were present in 12 MM cell
lines. One MM cell line showed loss of BCMA (LOPRA-1) and one of CRBN (EJM), 6 had loss of GPRC5D, 9 had MYC gain.
None of the MM cell lines carried the BRAF V600E mutation. In the EOL-1 myeloid lineage cell line, trisomy of chromosomes
4, 6, 8 and 19 were correctly identified by increased ratios for all probes covering these chromosomes: 24, 27, 20 and 11
probes respectively; and in the HG-3 lymphoid lineage cell line 11925 gain and 13q loss was detected. Examples of CNAs
detected by D006 Multiple Myeloma probemix are described in Table 1. Copy number ratios of predictive target genes in
MM cell lines are shown in Table 2. Ratios between 0.7-1.3 (green cells) indicate normal copy number, ratios below 0.7-1.3
range indicate copy number loss (red cells) and higher ratios indicate gains (blue cells). CNAs detected by digitalMLPA were
highly concordant with those reported in public databases.

Conclusions. digitalMLPA technology is well suited for multiplex CNA detection of routinely analyzed genomic regions in
MM and provides a unique opportunity to research molecular genetic markers of emerging significance in MM in the same
reaction. In addition, this MM assay also gives the possibility to analyze gross CNAs in other hematopoietic neoplasms with
overlapping affected regions. Input DNA requirements that are a fraction of current WGS, simple protocol and possibility of
combining of digitalMLPA libraries with other NGS libraries make D006 Multiple Myeloma digitalMLPA probemix a reliable,
cost-effective and robust method to detect well-established and emerging CNAs.
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Table 1. CNAs detected by digitalMLPA in multiple myeloma and other lymphoid and myeloid cell lines

cell line CNAs detected by D006 Multiple Myeloma probemix*
gains: 1921.1-g23.3 (including ANP32E, MCL1, ADAR, CKS1B, FCRL5, SLAMF7, PBX1-area, PBX1), 8p23.3-
q24.21 (including MYC), 11q21-q25 (including BIRC2/3, ATM, NCAPD3), 18q21.1-q23, 19p13.13-p13.3, 20q
(including MAFB)
NCI-H929 | deletions: 1p21.2-p22.1 (including EVI5, RPL5, CDC14A), 1p12 (including TENTSC), 6q25.3-q27 (including
PRKN), 7p22.1-p22.2, 10q11.21-q11.22, 12p11.22-p13.31 (including LTBR, NCAPD2, CHD4, ETV6, CDKN1E,
GPRCS5D), 13q (including RET, DLEU1/2/7, DIS3), IGHD/M on 14q32.33 (homozygous), 19913.42-q13.43, 20p,
g Xp (including KDM6A), Xq11.1-g22.1
S gains: 8q, 11913.3-q25 (including CCND1, BIRC2/3, ATM, NCAPD3), 18p, 18g21.1
g- SK-MM-2 deletions: 1p31.3-p32.3 (including FAF1, CDKN2C (homozygous), DABT), 6q22.31-q27 (including PRKN), 8p,
= 9p22.3-p24.3, 13q12.3-q14.3 (including RB1, DLEU1/2/7), IGHD/M on 14q32.33, 16q (including CYLD,
b WWO0X), 17p13.1-p13.3 (including TP53), 18923, 22q11.21-912.2 (including SMARCB1), chr. Y (homozygous)
£ gains: 1921.1-q23.3 (including ANP32E, MCL1, ADAR, CKS1B, FCRLS, SLAMF7, PBX1-area, PBX1), 1944, 3929,
= IRF4 at 6p25.3, 7p11.2-qter (including IKZF1), 8924.21-924.3 (including MYC), 9921.12-g31.1, 10p13-p15.3,
11q13.3-925 (including CCND1, BIRC2/3, ATM, NCAPD3), 13934, 14q32.33 (excluding IGHD/M), 18p
KMS-12-PE deletions: 1p32.3 (including FAFT, COKN2C (homozygous)), 1p21.3-p22.1 (including EVI5, RPLS), 1p12-p13.1
(including TENTSC), 131.3, 4931.21-g35.2, 5q, 9p22.3-p24.3, 10911.21-926.3, 13912.2-q921.33 (including
RBT, DLEU1/2/7, DIS3), 11q11.2-922.2, 14q11.2-q22.2, IGHM on 14q32.33, 16q23.1-q24.3 (including WWOX),
17p (including TP53), 18q11.2, 18921.1-q23, 19q, 20p12.3-p13, 22q11.1-q11.21, 22q12.2-q13.33, Xp
(including KDM6A, homozygous for exon 4 probe), Xg11.1-g22.1
EOL-1 gains: trisomy 4, trisomy 6, trisomy 8, trisomy 19
:g deletions: 9921.12-g31.1
o E gains: 11922.2-q25 (including ATM), trisomy 21 (including 21922.3 amplification)
=2 uoc-m1 deletions: 5014.3-q932, 7p12.3-q36.3, 9p22.3-p34.1, 11p14.3-p15.5, 11q21-922.2, 14911.2-q22.2, 16q11.2-
% § q24.3 (including CYLD, WWOX), 17p11.2-p13.3 (including TP53), 19p13.11-p13.13
< KASUMI-1 gains: 2q37.3, 8q24.1-q24.3 (including MYC), trisomy 10, 17g23.2-q25.3
deletions: 9p22.3-p24.3, 15q12-921.1, 16p (including BCMA), 17p (including TP53)
2 4
o =2
-g E‘ E HG-3 gains: 11925
‘_S g. é deletions: 13q14.11-q14.3 (including RB1 and KCNRG-MIR15A-DLEU1/2/7 (homozygous))
= =
s |

*Indicated CNA region is based on the chr, band (hg38) targeted by D006 panel probes, however, the exact extent of CNA cannot be

determined.

Table 2.  Copy number ratios of potential predictive targets determined by D006 Multiple Myeloma in MM cell lines.

TNFRSF17
(BCMA)

AMO-1

COLO-677

EJM

JIN-3

KMS-12BM 1,06
KMS-12PE 094

L-363 1,02
LOPRA-1 0,74
LP-1 1,13
MOLP-2 1,15
MOLP-8 1,10
NCI-H929 0,95
OPM-2 111
RPMI-8226| 1,36
SK-MM-2 095
U-266 0,99

FCRL5
CRBN (FCRHS) IKZF1 IKZF3 IRF4 MYC SLAMF7

1,06 1,21
1,02 1,07
0,68

0,98 1,32
1,10

0,97

1,17

0,93 0,97 093
0,80 085
0,87 1,18
0,99 1,07
1,01 1,04
0,87 117
1,03 125
0,99 1,06
1,00
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