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ABSTRACT

Multiple myeloma (MM) is characterized by the uncontrolled proliferation of an atypical plasma cell clone. The main
factor preventing the characterization of plasma cells is their low rate in the analyzed samples. Through this study we tried to
highlight the necessity of enrichment of MM samples to be analyzed by MLPA and SNParray. Samples from 5 patients
diagnosed with MM were investigated and 2 of them were enriched by magnetic sorting with anti-CD138 antibodies and
analyzed by SNParray and MLPA. Unsorted samples showed a lower incidence of abnormalities. By analyzing the data, we
concluded that even a 30% malignant cell infiltration in the MM sample is not enough and the magnetic sorting is a mandatory
for the enrichment of target cells from the sample.
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INTRODUCTION

Plasma cell (PC) is the last stage of differentiation of B lymphocyte and is implicated in humoral immunity response.
The accumulation of mutation in this cell type will determine an abnormal proliferation in the bone marrow which will create
the environment necessary for the emerging of cancers. Multiple myeloma is a type of hematological malignancy characterized
by the accumulation of at least 10 % abnormal PC in the bone marrow (Rajkumar 2019). Despite all advancements done until
know in the understanding of the pathogenesis of PC disorders, these malignancies remain hard-to-treat (Morelli, Gulla et al.
2020) this is why for the diagnosis, risk stratification and approach to treatment the clear identification and characterization of
plasma cells is crucial. Whole genome screening studies have shown that almost all MM patients harbor genetic abnormalities
(Zang, Zou et al. 2015).

CD138 (syndecan-1, Sdc-1) is a member of the syndecan family and is implicated in cell-cell and cell-matrix
interactions. In adult human tissues, CD138 is predominantly expressed in epithelial cells and plasmacytes (Palaiologou,
Delladetsima et al. 2014). This fact makes CD138 the perfect target in identification and isolation of plasma cell by various
technique.

The most frequent type of abnormalities in MM is the CNV’s (copy number variations). The duplication of odd
chromosome (3, 5, 7, 9, 11, 15, 19, 21) divides MM in hyperdiploid and non-hyperdiploid (Buedts, Smits et al. 2020) and is
found in around 50% of MM and confer a good prognosis (Fonseca, Barlogie et al. 2004, Barila, Bonaldi et al. 2020, Ankathil,
Foong et al. 2021). The deletion of chr 1p has an incidence of approximatively 30% and give a poor prognosis especially if
1p32isimplicated (Qazilbash, Saliba et al. 2007, Ouyang, Gou et al. 2014). Chr 12p has been described as a negative prognostic
marker (Li, Xu et al. 2015). Chr 13q (48-50% incidence) deletion has no prognostic by it’s on but in association with other
abnormalities it's a worsening prognostic factor (Binder, Rajkumar et al. 2017). TRAF3 gene (chr14q32) abnormalities, with
an incidence of approximatively 15% modulate proteasome inhibitor response in MM (Wixted, Rothstein et al. 2012, Neja
2020). Chr16q deletion has an incidence of 20-35% is suggested to be associated with adverse clinical outcome in MM (Jenner,
Leone et al. 2007, Walker, Leone et al. 2010). Del17p targeting gene TP53 is a well-known worse prognostic factor in cancers
mutation of this gene are the most frequent somatic event(Bouaoun, Sonkin et al. 2016). In MM it confers a bad prognosis
especially when is associated with another DNA lesion (double hit) (Corre, Perrot et al. 2021)

For many years the only way to identify chromosomal abnormalities was conventional cytogenetics (Karyotype and
FISH). In MM these techniques have a 30-50% success due to low infiltrate of PC in the BM samples and/or PC low mitotic
index because of their dependents of BM environment (Saxe, Seo et al. 2019).

SNParray and MLPA are two molecular techniques that can provide information about CNV. SNParray can also
identify loss of heterozygosity, chromothripsis, chromoanasyntesis and complex copy number changes at a high resolution
(<200 kb)(Marcozzi, Pellestor et al. 2018).

The aim of this study is to show the importance of increasing the plasma cell infiltration in the sample for the detection
of CNV by SNParray and MLPA.

MATERIALS AND METHODS

The study group included 5 patients with various PC infiltrations which were diagnosed with MM in
Regional Institute of Oncology, lasi Romania, in 2017-2018. This study was approved by the local ethics commission and the
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written consent to participate in studies involving human participants was signed by each patient. All the bone marrow (BM)
samples were harvested on anticoagulant EDTA. The BM samples were first evaluated by flow cytometry to establish the PC
infiltration.

PC’s sorting was made using CD138 plasma cell isolation kit (Miltenyi Biotech, Bergisch Gladbach,
Germany) according to the manufacture protocol and to previous publications (Horst, Hunzelmann et al. 2002). Briefly, after
the BM samples were centrifugated for 10 min at 300xg, the supernatant was discarded, the sample was resuspended in 1 ml
RPMI 1640 and slowly put on top of 5 ml Ficoll Histopaque®-1077 (Sigma Aldrich) and centrifugated at 400xg for 40min.The
mononucleate cells (BMMC) were recovered and washed 2 times with PBS by centrifugation for 10 min at 300xg. Then we
incubated the BMMC with CD138 microbeads at a titre of 1:5. After 30 min of incubation at 4°C, cells were washed once with
the recommended buffer (PBS with 5 mm EDTA and 0-5% BSA). After resuspending cells in 1 ml buffer, they were separated
using MS-columns (Miltenyi Biotec).

Genomic DNA (gDNA) was extracted with Wizard® Genomic DNA Purification Kit — Promega according
to the manufacture instruction. Briefly, 900ul lysis solution was applied to plasma cells suspension and incubated for 10 min
at room temperature (TC). After the solution was centrifugated for 16.000xg, 20 sec, the supernatant was discarded, 300ul
nuclei lysis solution was applied, mixed and 100ul precipitation solution was added. The whole mixture was vortexed,
centrifugated and the supernatant was moved to a new tub with 300ul isopropanol. The pellet of DNA was obtained by
centrifugation at 16.000xg for 1 min. Fallowed two washes with 70% ethanol and the rehydration in 100 pl nuclease free water.

The quality and quantity of isolated gDNA were measured by using Nano Drop 2000 (Thermo Fisher
Scientific, USA). DNA samples were then stored at -20°C prior used.

For Multiplex ligation-dependent probe amplification (MLPA) analysis, according to the manufacture
instruction, all DNA samples were diluted to 20ng/pl. 5ul of diluted DNA was denaturized for 5 min at 98°C, mix with the
probe and again denaturized for 1 min at 95°C and incubated overnight for 16-20 h. The kit used in this analysis was SALSA
MLPA P425-B1 MM probe mix (MRC-Holland, Amsterdam, Netherlands). This kit has 46 probe which target the following
regions: 1p32.3 (FAF1, CDKN2C), 1p32.2 (PLPP3 and DAB1), 1p31.3 (LEPR), 1P31.2 (RPE65), 1p21.3 (DPYD), 1p21.1
(COL11A1), 1p12 (FAM46C), 1921.3 (CKS1B), 1923.3 (NUF2, RP11 and PBX1), 5g31.3 (PCDHAL, PCDHAC1, PCDHB?2,
PCDHB10, SLC25A2, and PCDHGAL11), 9p24.1 (JAK2), 9934.3 (COL5A1), 12p13.31 (CD27, VAMP1, NCAPD2, CHD4),
13914.2 (RB1 and DLEUZ2), 13g22.1 (DIS3), 14g32.32 (TRAF3), 15912 (GABRB3), 15926.3 (IGF1R), 16912.1 (CYLD),
16¢23.1 (WWOX) and 17p13.1 (TP53). After probe hybridization fallowed the ligation and PCR reaction. In the analysis for
every six samples, we used 2 control samples from normal individuals. MLPA products were analyzed using ABI 3500 Genetic
analyzer (Applied Biosystems, Foster City, CA, USA) and Coffalyser software (MRC Holland, Amsterdam, Netherlands)
according to the manufacture instruction.

Interpretation of MLPA results: The median dosage quantity (DQ-ratio) represents the median of all ratios of the
same type CNV.
The cut-off values for the DQ ratio of the probes, established by the manufacturer, were 0.8 and 1.2. Values grater then
0.8 and lower than 1.2 were considered normal. Values grated then 0.4 and lower than 0.6 were heterozygous deletion and
grated then 1.75 were considered duplication. Value 0 was considered homozygous deletion.

SNP array was performed as previously described (Mikulasova, Wardell et al. 2017). Briefly, 2-3ug gDNA
from patients and from control DNA were fragmented by enzymatic digestion with Alul and Rsal restriction enzymes and
fluorescently labeled with Cy5 and Cy3. After purification of labeled DNA, patients and control DNA samples were combined
with COT Human DNA (Hoffmann-La Roche) and hybridization mix (Oligo aCGH Hybridization Kit, Agilent Technologies),
and co-hybridized to SurePrint G3 CGH+SNP, 4x180K (Agilent Technologies) arrays. After hybridization and washing, DNA
microarrays were scanned using a Microarray Scanner (SureScan-Agilent Technologies) with 3 pm resolution. Feature
Extraction Software 12.0.2.2 (Agilent Technologies) was used for data extraction and quality control evaluation. Genomic
CytoGenomics software v2.0 was used for CNA calling by the ADM-2 algorithm with the following settings: >100 kb size,
>0.2-fold change of log2 ratio, >5 consecutive probes. For the data interpretation as manufactures recommends we used the
thresholds listed in the table below (Table 1). The median log. ratio is represented by the median of all ratios of the same type
CNV. In the analysis we excluded chr X and chr Y and also CNV from 14g32.33 (which is an artifact based on duplication in
the reference sample used).

Table 1. Logarithmic ratio (log. ratio) threshold of SNParray interpretation

aCGH data interpretation

CNV Log. ratio
LOSS/DELETION <-0.2
NORMAL -0.2<and <0.2
GAIN/AMP 0.2<

RESULTS AND DISCUSSIONS
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In the first step we evaluated 3 unsorted samples using MLPA and SNParray: one patient with 77% PC infiltration
(sample A), one with 43% PC infiltration (sample B) and one with 18% PC infiltration (sample C).

The aCGH analysis results show that sample A harbor deletion of chromosome (chr) 1p, 2, 4, 13, 18 and 22,
duplication of chr 1q, 9, 19p and other small deletion and duplication. In total there were 80 DNA lesion. The median log. ratio
for gain was 0.56 and for loss -0.68. The sample B harbor a hyperdiploid karyotype characterized by duplications of chr 1q, 3,
5, 7,9, 15,18,19, 21 and deletion of 8p, 12921.3-923.3, 14922.1-g31.1. In total there were 43 DNA lesions. The median log
ratio for the gain was 0.37 and for loss -0.58. Sample C presented a normal karyotype (Figurel).
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Figure 1. SNParray results of: A-sample with 77% plasma cell infiltration; B-Sample with 43% plasma cell infiltration; C-
sample with 18% plasma cell infiltration.

Considering the median ratio, with the decrease of the percentage of PCs, the capacity to distinguish the anomalies presented
in the clone of interest decreases, and at very small percentages (~20%), no copy number alterations can be identified at all
(Table 2; Figure 1)

Table 2. Log ratio obtained by aCGH and MLPA in samples with different PCs percentage.

log. ratio
A77%PC | B 43% PC | C 18% PC
GAIN 0.56 0.37 0
aCGH 553 -0.68 058 0
GAIN 137 1.23 1
MLPA M 6ss 0.64 1 1

From the MLPA analysis results show that sample A presented deletion on chrlp and chrl3 and duplication on chr9
median DQ ratio for gain was 1.37 and for loss 0.64. Additionally in the control chr reagion the signals of the probe on chr 2,
4 and 18 are lower suggesting the presence of deletion in this region.
Sample B harbor duplication of chr9 and with a lower signal also duplication of chr 1q, 5, 9 and 15. Median DQ ratio for gain
was 1.23.
Sample C didn’t present any CN (fig2)
Even if the MLPA couldn’t presented a genomic view, all the abnormalities that was identified are in concordance with aCGH
results for all three samples.

Figure 2. MLPA results of: A-sample with 77%plasma cell infiltration (1797); B-Sample with 43% plasma cell infiltration
(1884); C-sample with 18% plasma cell infiltration (2434).

Based on these observations (aCGH and MLPA) and considering that there is no MM without cytogenetic abnormalities,
the absence of alterations in case C was considered a normal false result due to the low percentage of PC.

Those, in the second step we investigated by SNParray 2 samples: sample D with 30% PC and sample E with 23% PC
infiltration from which we separated and analydes: CD138+ cell fraction, CD138- cell fraction and the unsorted sample.
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SNParray results from sample D CD138+ show the presence of duplication of chr 1p13.3-p11.2, 3, 5p, 9, 11, 15, 16p,
19p, 21, deletion of chr 12912-q15 and 16g11.2-g24.3 and other small CNV. Total number of DNA lesion was 106 with a
median log. ratio for gain of 0.66 and for loss -0.76 (Table 3). Sample D unsorted harbour only a part of the CNV presented
in CD138+ fraction, which are duplication chr 3p12.2-p11.1, 5p, 9p23-p22, 11p15-p11, 15,19p13-q13 and deletion of chr
12g12-g15 and chr 16g22.2-g24.3. The total nomber of DNA lesion was 48 with a median log. ratio for gain of 0.57 and for
loss -0.37 (Table 3). The sample D CD138- sample didn’t present any abnormalities. (Figure. 3).

Table 3. Log ratio of sorted versus unsorted samples using cCGH and MLPA technigues.

D E
CD138+ UNSORTED CD138- CD138+ UNSORTED CD138-
aCGH GAIN 0.66 0.57 0 0.52 0.25 0
LOSS -0.76 -0.37 0 -0.75 0 0
GAIN 1.69 1.22 1 1.35 1.2 1
MLPA LOSS 0.64 0.79 1 0.68 0.68 1
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Figure 3. SNParray results s};\mple D:D CfD138+ is pésitively sdrteéj fractioﬁ (only‘V\;it-h"PC‘); D unsorted is native sample; D
CD138- is negatively sorted fraction (without PC).

Looking to ratio signal for each altered region separately, we concluded that only the alteration that exceed the +0.5 or -0.5
thresholds are those that could be identified in unsorted sample, even that the percentage of PC is representative (30%). The
others alteration identified in CD138+ cells are missed because of the dilution with the other cell clones from the BM samples.
Sample E CD138+ presented duplication of 1q and chr9 and deletion of chr 4, 5, 6, 13, 14,16q. The total number of DNA
lesion was 44 and the median log. ratio for gain was 0,52 and for loss -0,75 (Table 3).

Unsorted sample E presented only duplication of chr 1q with a log. ratio median of 0,25 (Table 3). The sample E CD138-
sample didn’t present any abnormalities. (fig.4). Likewise, in this sample E, only dup 1q which has an increased ratio than 0.5,
is the one that is identified in the unsorted sample.
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Figure 4. SNParray results sample D: D CD138+ is positively sorted fraction (only with PC); D unsorted is native sample; D
CD138- is negatively sorted fraction (without PC).
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We tested the samples D and E also using MLPA. The analysis show that sample D CD138+ harbor duplication of
chr9 and chrl5 and deletion of chripl12 (gene FAM46C) and 16923 (gene WWOX). The median DQ. ratio for duplication was
1.69 and for losses was 0.64. All this information is consistent with that obtained through aCGH (Table 3).

Unsorted sample D presented all the CNV of sample D CD138+ but at a lower intensity level, with a median DQ
ratio for duplication was 1.22 and for losses 0.79.

Sample D CD138- didn’t present any alterations in the targeted regions.

The situation was similar with sample E CD138+ which presented deletion of chr 1p32,2 (PLPP3-gene), 1p21,1
(DPYD-gene), chrl3 and chrl16 and duplication of chr5, 9, 15 and 12p13,31 (CD27 and VAMPL1 gene). The median DQ ratio
for gain was 1,35 and for loss 0,68.

In unsorted sample E only the duplication of chr5 and 12 and deletion of chr 16 could be relatively distinguish with
DQ median ratio of < 1,2 and >0,68 for gain and loss respectively (Figure 5).
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Figure 5. MLPA results of: D- sample of sorted fraction (CD138+); F- unsorted sample; E- sample of sorted fraction (CD138-
)

Cancer is a disease which is characterized by genomic instability and MM is no exception. Classical cytogenetic by
karyotyping theoretical should be able to provide all the information related with the chromosomal abnormalities but in cancers
many factors make this impossible (Szuhai and Vermeer 2015) because of small infiltration of malignant cell in the sample,
low mitotic index of this cells and sometimes low quantitate of sample. The developing of complementary techniques that can
bring supplementary information became a real target.

MLPA is a technique that can detect in a single reaction up to 50 CNV, is relatively low time consuming and has a
low cost but may have problems with mosaicism, tumor heterogeneity, or contamination with normal cells. (Stuppia, Antonucci
et al. 2012).

From a genetic point of view, MM is a complex disease, with a high level of heterogeneity of which mechanisms of
occurrence and evolution are not fully understood (Aksenova, Zhuk et al. 2021). This heterogeneity in same cases of MM is
translated in the presence of clone and subclone. This may be the case of sample were all the abnormalities that were with a
log ratio higher than 0.5/-0.5 in sample D CD138+ can also be seen in sample D unsorted. That suggests the presence of a
major clone with duplication chr 3p12.2-p11.1, 5p, 9p23-p22, 11p15-p11, 15,19p13-g13 and deletion of chr 12q12-q15 and
16022.2-q24.3 and 1 or more subclones that presented suplimentary anomalies.

Also, other causes that prevent a proper analysis of PC in MM is extramedullary disease, nonrepresentative in bone
marrow (BM) aspirates either due to patchy tumor infiltration or hemodilution (Puig, Flores-Montero et al. 2021). Due to this
causes the PC infiltration in BM sample can be as low as 0.01% cases in which without enrichment no anomalies can be
detected.

CONCLUSION

By analyzing the data, we concluded that even a 30% malignant cell infiltration in the MM sample is not enough and
the magnetic sorting is a mandatory for the enrichment of target cells from the sample.

Identification, in unsorted sample, only a few mutations presented in CD138+ PCs, suggested the existence of a major
clone with those abnormalities and 1 or more subclones that presented supplementary genetic anomalies.
Acknowledgments:
This work is supported by Faculty of Biology Doctoral School UAIC lasi and in part by grant POCU/380/6/13/123623
,Doctoranzi si cercetatori postdoctorat pregatiti pentru piata muncii!”

REFERENCES

www.jemb.bio.uaic.ro Page 26 of 28


https://doi.org/10.47743/jemb-2022-62
https://doi.org/10.47743/jemb-2021-56
http://www.jemb.bio.uaic.r/

Research Article Dragos et. al. (2022) J Exp Molec Biol 23(1):22-28; DOI:10.47743/jemb-2022-62

Aksenova, A. Y., A. S. Zhuk, A. G. Lada, I. V. Zotova, E. I. Stepchenkova, Kostroma, Il, S. V. Gritsaev and Y. I. Pavlov
(2021). "Genome Instability in Multiple Myeloma: Facts and Factors." Cancers (Basel) 13(23).

Ankathil, R., E. Foong, I. Siti-Mariam, R. Norhidayah, M. Y. Nazihah, V. Sangeetha, S. Hariharan and H. Azlan (2021).
"Hyperdiploid Multiple Myeloma with Novel Complex Structural Chromosome Abnormalities Associated with Poor Prognosis
: A Rare Case Report." Int J Hematol Oncol Stem Cell Res 15(3): 199-205.

Barila, G., L. Bonaldi, A. Grassi, A. Martines, A. Lico, N. Macri, S. Nalio, L. Pavan, T. Berno, A. Branca, G. Calabretto, M.
Carrino, A. Teramo, S. Manni, F. Piazza, G. Semenzato and R. Zambello (2020). "ldentification of the true hyperdiploid
multiple myeloma subset by combining conventional karyotyping and FISH analysis." Blood Cancer J 10(2): 18.

Binder, M., S. V. Rajkumar, R. P. Ketterling, P. T. Greipp, A. Dispenzieri, M. Q. Lacy, M. A. Gertz, F. K. Buadi, S. R. Hayman,
Y. L. Hwa, S. R. Zeldenrust, J. A. Lust, S. J. Russell, N. Leung, P. Kapoor, R. S. Go, W. I. Gonsalves, R. A. Kyle and S. K.
Kumar (2017). "Prognostic implications of abnormalities of chromosome 13 and the presence of multiple cytogenetic high-risk
abnormalities in newly diagnosed multiple myeloma.” Blood cancer journal 7(9): e600-e600.

Bouaoun, L., D. Sonkin, M. Ardin, M. Hollstein, G. Byrnes, J. Zavadil and M. Olivier (2016). "TP53 Variations in Human
Cancers: New Lessons from the IARC TP53 Database and Genomics Data." Hum Mutat 37(9): 865-876.

Buedts, L., S. Smits, G. Ameye, S. Lehnert, J. Ding, M. Delforge, J. Vermeesch, N. Boeckx, T. Tousseyn, L. Michaux, P.
Vandenberghe and B. Dewaele (2020). "Ultra-low depth sequencing of plasma cell DNA for the detection of copy number
aberrations in multiple myeloma." Genes Chromosomes Cancer 59(8): 465-471.

Corre, J., A. Perrot, D. Caillot, K. Belhadj, C. Hulin, X. Leleu, M. Mohty, T. Facon, L. Buisson, L. Do Souto, R. Lannes, S.
Dufrechou, N. Prade, F. Orsini-Piocelle, L. Voillat, A. Jaccard, L. Karlin, M. Macro, S. Brechignac, M. Dib, L. Sanhes, J.
Fontan, L. Clement-Filliatre, J. P. Marolleau, S. Minvielle, P. Moreau and H. Avet-Loiseau (2021). "del(17p) without TP53
mutation confers a poor prognosis in intensively treated newly diagnosed patients with multiple myeloma." Blood 137(9):
1192-1195.

Fonseca, R., B. Barlogie, R. Bataille, C. Bastard, P. L. Bergsagel, M. Chesi, F. E. Davies, J. Drach, P. R. Greipp, I. R. Kirsch,
W. M. Kuehl, J. M. Hernandez, S. Minvielle, L. M. Pilarski, J. D. Shaughnessy, Jr., A. K. Stewart and H. Avet-Loiseau (2004).
"Genetics and cytogenetics of multiple myeloma: a workshop report.” Cancer Res 64(4): 1546-1558.

Horst, A., N. Hunzelmann, S. Arce, M. Herber, R. A. Manz, A. Radbruch, R. Nischt, J. Schmitz and M. Assenmacher (2002).
"Detection and characterization of plasma cells in peripheral blood: correlation of IgE+ plasma cell frequency with IgE serum
titre." Clin Exp Immunol 130(3): 370-378.

Jenner, M. W., P. E. Leone, B. A. Walker, F. M. Ross, D. C. Johnson, D. Gonzalez, L. Chiecchio, E. Dachs Cabanas, G. P.
Dagrada, M. Nightingale, R. K. Protheroe, D. Stockley, M. Else, N. J. Dickens, N. C. Cross, F. E. Davies and G. J. Morgan
(2007). "Gene mapping and expression analysis of 16q loss of heterozygosity identifies WWOX and CYLD as being important
in determining clinical outcome in multiple myeloma." Blood 110(9): 3291-3300.

Li, F., Y. Xu, P. Deng, Y. Yang, W. Sui, F. Jin, M. Hao, Z. Li, M. Zang, D. Zhou, Z. Gu, K. Ru, J. Wang, T. Cheng and L. Qiu
(2015). "Heterogeneous chromosome 12p deletion is an independent adverse prognostic factor and resistant to bortezomib-
based therapy in multiple myeloma.” Oncotarget 6(11): 9434-9444.

Marcozzi, A., F. Pellestor and W. P. Kloosterman (2018). "The genomic characteristics and origin of chromothripsis.”
Chromothripsis: 3-19.

Mikulasova, A., C. P. Wardell, A. Murison, E. M. Boyle, G. H. Jackson, J. Smetana, Z. Kufova, L. Pour, V. Sandecka, M.
Almasi, P. Vsianska, E. Gregora, P. Kuglik, R. Hajek, F. E. Davies, G. J. Morgan and B. A. Walker (2017). "The spectrum of
somatic mutations in monoclonal gammopathy of undetermined significance indicates a less complex genomic landscape than
that in multiple myeloma." Haematologica 102(9): 1617-1625.

Morelli, E., A. Gulla, R. Rocca, C. Federico, L. Raimondi, S. Malvestiti, V. Agosti, M. Rossi, G. Costa, G. Giavaresi, K. A.
Azab, A. Cagnetta, M. Cea, P. Tagliaferri, A. Neri, N. C. Munshi, G. Viglietto, P. Tassone and N. Amodio (2020). "The Non-
Coding RNA Landscape of Plasma Cell Dyscrasias." Cancers (Basel) 12(2).

Neja, S. A. (2020). "The roles of TRAF3 mutation in the oncogenic progression and drug response of multiple myeloma."
Genome Instability & Disease 1(5): 278-285.

Ouyang, J., X. Gou, Y. Ma, Q. Huang and T. Jiang (2014). "Prognostic value of 1p deletion for multiple myeloma: a meta-
analysis." Int J Lab Hematol 36(5): 555-565.

Palaiologou, M., I. Delladetsima and D. Tiniakos (2014). "CD138 (syndecan-1) expression in health and disease." Histol
Histopathol 29(2): 177-189.

Puig, N., J. Flores-Montero, L. Burgos, M. T. Cedena, L. Corddn, J. J. Pérez, L. Sanoja-Flores, I. Manrique, P. Rodriguez-
Otero, L. Rosifiol, J. Martinez-Ldpez, M. V. Mateos, J. J. Lahuerta, J. Bladé, J. F. San Miguel, A. Orfao and B. Paiva (2021).
"Reference Values to Assess Hemodilution and Warn of Potential False-Negative Minimal Residual Disease Results in
Myeloma." Cancers (Basel) 13(19).

Qazilbash, M. H., R. M. Saliba, B. Ahmed, G. Parikh, F. Mendoza, N. Ashraf, C. Hosing, T. Flosser, D. M. Weber, M. Wang,
D. R. Couriel, U. Popat, P. Kebriaei, A. M. Alousi, P. Anderlini, R. C. Naeem, R. E. Champlinand S. A. Giralt (2007). "Deletion
of the short arm of chromosome 1 (del 1p) is a strong predictor of poor outcome in myeloma patients undergoing an
autotransplant.” Biol Blood Marrow Transplant 13(9): 1066-1072.

Rajkumar, S. V. (2019). "Multiple myeloma: Every year a new standard?" Hematol Oncol 37 Suppl 1(Suppl 1): 62-65.

www.jemb.bio.uaic.ro Page 27 of 28


https://doi.org/10.47743/jemb-2022-62
https://doi.org/10.47743/jemb-2021-56
http://www.jemb.bio.uaic.r/

Research Article Dragos et. al. (2022) J Exp Molec Biol 23(1):22-28; DOI:10.47743/jemb-2022-62

Saxe, D., E. J. Seo, M. B. Bergeron and J. Y. Han (2019). "Recent advances in cytogenetic characterization of multiple
myeloma." Int J Lab Hematol 41(1): 5-14.

Stuppia, L., I. Antonucci, G. Palka and V. Gatta (2012). "Use of the MLPA assay in the molecular diagnosis of gene copy
number alterations in human genetic diseases." Int J Mol Sci 13(3): 3245-3276.

Szuhai, K. and M. Vermeer (2015). "Microarray Techniques to Analyze Copy-Number Alterations in Genomic DNA: Array
Comparative Genomic Hybridization and Single-Nucleotide Polymorphism Array." J Invest Dermatol 135(10): e37.

Walker, B. A, P. E. Leone, L. Chiecchio, N. J. Dickens, M. W. Jenner, K. D. Boyd, D. C. Johnson, D. Gonzalez, G. P. Dagrada,
R. K. Protheroe, Z. J. Konn, D. M. Stockley, W. M. Gregory, F. E. Davies, F. M. Ross and G. J. Morgan (2010). "A compendium
of myeloma-associated chromosomal copy number abnormalities and their prognostic value." Blood 116(15): e56-65.
Wixted, J. H., J. L. Rothstein and L. C. Eisenlohr (2012). "Identification of functionally distinct TRAF proinflammatory and
phosphatidylinositol 3-kinase/mitogen-activated protein kinase/extracellular signal-regulated kinase kinase (PISK/MEK)
transforming activities emanating from RET/PTC fusion oncoprotein.”" J Biol Chem 287(6): 3691-3703.

Zang, M., D. Zou, Z. Yu, F. Li, S. Yi, X. Ai, X. Qin, X. Feng, W. Zhou, Y. Xu, Z. Li, M. Hao, W. Sui, S. Deng, C. Acharya,
Y. Zhao, K. Ry, L. Qiu and G. An (2015). "Detection of recurrent cytogenetic aberrations in multiple myeloma: a comparison
between MLPA and iFISH." Oncotarget 6(33): 34276-34287.

www.jemb.bio.uaic.ro Page 28 of 28


https://doi.org/10.47743/jemb-2022-62
https://doi.org/10.47743/jemb-2021-56
http://www.jemb.bio.uaic.r/

