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Plasma cell enrichment plays a pivotal role in the accurate prognosis and
molecular characterization of multiple myeloma. The separation is
commonly carried out by positive cell selection using CD138 monoclonal
antibody conjugated to magnetic beads. Optimally, during the separation
procedure, the cells should neither be damaged, nor should their phenotype
be significantly altered, as these changes would falsify the results if the isolated
cells were subsequently used. For this reason, we investigated the expression
patterns of different surface markers by flow cytometry before and after
magnetic isolation using bone marrow or peripheral blood samples from
12 patients with plasma cell disorders. The selected markers are not only
used as backbone markers in routine diagnostics (CD19, CD38, CD45,
CD117, and CD138), but they also play an important role in cell adhesion
and connection with microenvironment (CD44, CD49d, CD56, and CD81) or
possibly drug resistance (CD69, CD86, and CD184), making them promising
targets for myeloma research. Moreover, we examined the effects of separation
on cell viability in 8 cases. The intensities of 8 out of the 12 investigated markers
were slightly influenced, while CD138, CD38, CD56, and CD184 were changed
significantly, however the immunophenotype of the cells was not changed.
Positive markers remained positive and negative ones remained negative after
the separation procedure. In addition, the number of apoptotic plasma cells was
significantly reduced during separation, facilitating further examination of the
cells. Our results showed that magnetic isolation can be considered as a reliable
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option but the immunophenotype of plasma cells should be validated after the
separation if the intensities of the markers are important for further

multiple myeloma, flow cytometry, immunomagnetic separation, immunophenotype,
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experiments.
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Introduction

Multiple myeloma (MM) is a currently incurable malignant
disease of plasma cells. It is the second most common
hematologic malignancy, accounting for more than 15% of all
hematologic tumors in the United States [1]. In this disease,
myeloma cells can be present in various proportions in both bone
marrow (BM) and peripheral blood (PB) [2].

Low percentage of tumor cells and the presence of other,
non-malignant cells in the samples may make the diagnostic
procedures (e.g., fluorescence in situ hybridization) or the
research of the molecular mechanisms of the disease (e.g.,
gene expression profiling) more challenging [3-6]. Therefore,
the enrichment of the plasma cells is crucial to detect
chromosomal aberrations or studying myeloma cells at the
molecular or protein level.

One of the
immunomagnetic isolation, which can be used to produce a

most commonly used methods is
highly pure, homogeneous cell population quickly and in a
relatively cost-efficient way. This technique is based on
antibodies conjugated to magnetic beads that bind a marker
on the surface of the target cells we aim to enrich. Then, by
placing the sample in a magnetic field, the magnetically labeled
cells are separated from the other cells (positive selection).
Purification of myeloma cells is often performed by this
method using anti-CD138 monoclonal antibodies conjugated
to magnetic beads, since plasma cells, in contrast to other
cells in the bone marrow, express high levels of the
proteoglycan CD138 (syndecan-1) [7-9].

It is crucial to maintain the phenotype of the cells
unaltered throughout the separation procedure, as any
modification could significantly skew the results. This is
particularly important in experiments assessing the
presence of surface markers.

Despite the potentially serious consequences, we have only
found limited studies from a single research group in the
literature [10, 11] that investigated the effects of magnetic
separation on the immunophenotype of myeloma cells. In
their most recent research, Bansal et al. reported a significant
decrease in several surface markers (e.g., CD138, CD11a, CD49e,
and CD69) as a result of separation.

Therefore, in this paper, we aimed to study and validate
whether CD138-based immunomagnetic separation affects the
phenotype or viability of myeloma cells. We examined the

protein expression patterns of various surface markers by flow
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cytometry before and after isolation. The studied markers are of
great importance in clinical research as they are either used as
backbone markers in routine diagnostics (CD19, CD38, CD45,
CD117, and CD138) [12], involved in cell adhesion and
connection with microenvironment (CD44, CD49d, CD56,
and CD81) [13-15], or possibly in drug resistance (CD69,
CD86, and CD184) [16-19].

For this reason, it is crucial to investigate whether and how
the of these
immunomagnetic separation.

expression markers  changes  during

Materials and methods
Patient samples

We analyzed 12 samples (11 BM from myeloma and 1 PB
from plasma cell leukemia patients) by flow cytometry. The
samples were collected in EDTA (ethylenediamine tetraacetic
acid) tubes. A total of seven women [median age: 64 years
(50-79)] and five men (median age: 69 years [53-86]) were
enrolled in the study. The clinical parameters of the samples are
summarized in Supplementary Table S1. The diagnoses were
made according to the recommendations of the World Health
Organization [20] and the International Myeloma Working
Group (IMWG) [21]. Following the recommendations of
J. Cumova et al. [7], all of our samples contained at least 5%
plasma cells (PC) among all BM or PB cells. The mean
percentage of malignant plasma cells was 26.6% [9.3%-
56.3%] relative to all cells in the samples. All samples were
processed within 1 day of collection. The study was conducted
in accordance with the Declaration of Helsinki and approved by
the local ethics committee (ethical approval number: SE
RKEB: 214/2020).

Immunomagnetic separation of
CD138+ cells

Plasma cells were enriched from samples using the EasySep™
Human Whole Blood and Bone Marrow CDI138 Positive
Selection Kit II (StemCell Technologies, Vancouver, BC,
Canada). First, samples (at least 1 mL of bone marrow or
peripheral blood), were filtered through a 40 pm filter, then
red blood cells were lysed without fixation (BD Pharm Lyse™,
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TABLE 1 Overview table of antibodies used in our experiments.

10.3389/pore.2024.1611882

Violet Blue Red
405nm, 40 mW 488nm, 40 mW 640nm,
40 mW
Fluorescent FL1 FL2 FL3 FL4 FL5 FL6 FL7 FL8
channels
Filters 448/45 528/45 606/36 527/32 586/42 700/54 783/56 660/10
Panel 1 Syto40 = CD138 BV510 CD45 BV605 CD81 FITC CD56 PE CD19 PERCP-Cy5.5 CD117 PC7 CD38 APC
(MI15, Sony) (HI30, Sony) (JS-81, BD) (C5.9, (HIB19, Sony) (104D2D1, (LS198-4-3, BC)
Dako) BC)
Panel 2 Syto40 = CD138 BV510 CD45 BV605 CD69 FITC CD38 PE CD44 PERCP-Cy5.5 CD86 APC
(MI15, Sony) (HI30, Sony) (FN50, BD) | (AT13/5, (IM7, Sony) (2331-(FUN-
Dako) 1), BD)
Panel 3 Syto40 = CD138 BV510 CD45 BV605 CD38 FITC CD184 PE CD49d APC
(MI15, Sony) (HI30, Sony) (AT13/5, (12G5, BD) (9F10, Sony)
Dako)

Summary of the antibodies used in our experiment to investigate cell phenotypes before and after immunomagnetic separation, using a 10-color BD FACSLyric™ flow cytometer. (BC,
beckman coulter; BD, becton dickinson; APC, allophycocyanin; BV, Brilliant Violet™; FITC, fluorescein isothiocyanate; PC7, Phycocyanin-7; PE, phycoerythrin; PERCP-Cy5.5, Peridinin-

chlorophyll-Cyanine5.5).

Becton Dickinson (BD) Bioscience, New Jersey, United States), as
it is crucial to maintain the integrity of the cells and the right
conformation of surface proteins. After removing the lysing
solution and washing with phosphate-buffered saline (PBS)
(pH = 7.4, 300 g, 10 min with the brake off), EasySep Buffer
was added to the pellets. Then, following the manufacturer’s
protocol [22], cells were mixed with the positive selection cocktail
containing anti-CD138 antibodies. After incubation, magnetic
particles were added to the samples. Finally, the separation tubes
were placed in the EasySep™ magnet for 10 min. After the
purification steps, isolated plasma cells were obtained. The purity
of the homogeneous plasma cell population was confirmed by
flow cytometry where plasma cells were identified by CD45/
CD38 and CD138 markers (for details, see Cell surface staining
protocol section). The gating strategy used to verify the purity of
the described detail
Supplementary Figure S1.

separated  samples is in in

Flow cytometry analysis before and after
magnetic cell separation

Cell surface staining protocol

The myeloma cell ratio (%) was determined by flow cytometry
in a preceding measurement, wherein 10° cells were stained by the
Panel 1 (Table 1) in 50 pL total volume and plasma cell ratio were
assessed. The plasma cell concentrations of samples were set to
0.25 x 10°/samples for immunophenotype determination before and
after separation. Samples were stained with fluorochrome-
conjugated monoclonal antibodies against the following surface
antigens: CD19, CD38, CD44, CD45, CD49d, CD56, CD69,
CD81, CD86, CD117, CD138, and CD184 (see Table 1 for
details). The samples were incubated with the antibodies for
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13 min at 4°C. After incubation, we lysed the red blood cells
with FACSLysing solution (BD Bioscience), containing fixation
agent (paraformaldehyde). This lysis step was applied both on
the separated and unseparated plasma cells to keep the
experimental conditions identical. The lysing solution was
removed by centrifugation (400 g, 10 min, room temperature
(RT)). Then, we washed the cells with PBS using the same
settings (400 g, 10 min, RT). Afterwards, the fluorescent nucleic
acid dye SYTO-40 (Invitrogen, Waltham, United States) was added
to the collected cells. 10,000-150,000 events were measured per
sample using a 10-color BD FACSLyric™ flow cytometer (BD
Bioscience). The cytometer was regularly calibrated with CS&T
Beads (BD Bioscience). Myeloma cells were identified by their high
CD38/CD138 expression and low CD45 levels.

In this experiment, the immunophenotype of 12 samples was
examined. Due to the large number of antibodies involved, we
used three panels during the procedure (Panel 1, Panel 2, Panel
3). Each panel contained conventional myeloma backbone
markers (Table 1). Panel 2 and Panel 3 were applied on all
12 samples, while Panel 1 was used on 8 of them.

All antibodies were pre-titrated and isotype controls were
used for most antibodies to exclude non-specific binding. The
relative median fluorescence intensity (rMFI) values were
calculated by subtracting the MFI of the isotype controls from
the MFI values associated with the markers. The gating strategy is
described in detail in Supplementary Figure S2.

Measurement of viability with
propidium-iodide

In 8 cases we also investigated the effect of separation on the
viability of plasma cells. For this purpose, we compared the
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Plasma cell ratio before and after separation. CD138-CD38 dot plots of a representative sample before (A) and after (B) separation. Originally,
plasma cells (PC) accounted for 23.4% of all cells. As a result of magnetic separation, the vast majority of non-plasma cells (grey) were removed,
increasing the percentage of PC to 95.2%. A similar trend was observed in all 12 samples (C). B.S. means before separation, A.S. means after

separation.

proportion of propidium-iodide-positive cells (PI+) among all
plasma cells before and after separation. In this experiment,
CD38-FITC (DAKO, Agilent, Santa Clara, United States)
antibody was used to identify the plasma cells. After cell
surface labeling (13 min, 4°C), the samples were gently lysed
with an ammonium chloride-based lysing reagent (BD Pharm
Lyse™). The lysing solution was removed by centrifugation
(400 g, 10 min, RT) and the samples were washed with PBS
(400 g, 10 min, RT). Cells were then stained with propidium-
iodide (2 pg/10° cells) (PI, Sigma). Samples were measured on an
8-color Navios flow cytometer (Beckman Coulter (BC), Brea,
California, United States) after the final washing step. The
cytometer is regularly calibrated with Flow-Check Pro and
Flow-Set Pro QC beads (BC). The gating strategy is described
in detail in Supplementary Figure S3.

Data analysis and statistics

Flow cytometric data were analyzed with the Kaluza
2.1.1 software (Beckman Coulter, Brea, CA, United States).
The values used in our statistics are either MFI, or the
percentage of PI-positive cells compared to all plasma cells in
the sample. We used SigmaPlot 12.5 (Systat Software Inc., San
Jose, California) for plotting and statistical analysis. Normality
(Shapiro-Wilk) and equal variance tests were performed in each
case, followed by paired t-test and the Wilcoxon signed-rank test
to determine statistical significance with p < 0.05.

Pathology & Oncology Research

Results
Purity of plasma cell isolation

In this study, we investigated the effect of CD138 antibody-
based immunomagnetic separation on plasma cells in 12 samples
from patients with plasma cell disorder.

The purity of the plasma cell population after isolation
ranged from 61.46% to 99.22% with a mean of 93.74% and a
standard deviation (SD) of 10.48 (Figure 1).

Examination of changes in cell
surface markers

The immunophenotypes of 12 samples were studied. In eight
of these, we examined 12 surface markers commonly used in
myeloma research, while in four cases we studied only a subset of
them (CD38, CD44, CD45, CD49d, CD69, CD86, CD138,
and CD184).

In our experiments, we compared the median fluorescence
intensities (MFI) of the malignant plasma cell population before
and after magnetic separation in the samples in which the
myeloma cells formed a homogeneous population. In a few
samples for certain surface markers, multiple subpopulations
of myeloma cells with different expression levels were observed,
see Table 2. The results of these samples were evaluated separetly
from those with homogeneous populations.
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TABLE 2 Overview of cases with distinct subpopulations. Changes in the MFI values of the subpopulations and in their relative ratio before (B.S.) and after the separation (A.S.) are shown. Relative MFI values

are marked with italic. Results with significant changes are marked with bold.

Cell surface marker

Patient Sample

Dimmer subpopulation B.S.

Dimmer subpopulation A.S.

Brighter subpopulation B.S.

Brighter subpopulation A.S.

% MFI % MFI % MFI % MFI
CD38 Sample 4 43.87 75.88 50.59 82.17 56.13 199.26 49.41 237.22
CD44 Sample 4 10.22 -0.54 12.97 —6.06 89.78 111.01 87.03 128.51
Sample 10 58.03 0.56 63.28 -3.58 41.97 59.93 36.72 64.54

Sample 11 35.05 2.67 40.31 -2.91 64.95 35.12 59.69 41.57
Sample 12 21.67 0.12 26.02 0.67 78.33 115.74 73.98 149.46

CD45 Sample 4 40.64 121 444 0.99 59.36 7.53 55.6 7.01
Sample 10 26.13 1.64 22.45 2.25 73.87 10.98 77.55 17.09

Sample 11 89.1 1.23 83.87 1.14 10.9 9.89 16.13 1.34

CD69 Sample 8 28.51 0.18 25.75 0.23 71.49 3.35 74.25 3.09
CD86 Sample 5 14.15 0.17 12.93 0.08 85.85 3.53 87.07 2.88
CD138 Sample 2 0 0 41.34 7.3 100 19.51 58.66 45.59
Sample 8 45.28 24.7 23.68 13.71 54.72 89.95 76.32 61.42

CD81 Sample 10 96.94 1.56 95.32 2.07 3.06 12.68 3.01 12.64
Sample 12 8.98 1.44 522 1.09 91.02 7.98 94.78 11.94

CD184 Sample 2 79.91 0.58 69.82 1.79 20.09 4.87 30.18 10.05
CD56 Sample 11 73.96 33 71.42 2.53 26.04 31.66 28.58 44.85
CD19 Sample 11 74.53 1.6 74.02 1,91 2547 21.38 25.98 19.61
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FIGURE 2

Changes in the expression (MFI: median fluorescence intensity) of cell surface markers as a result of separation. B.S. means before separation,

A.S. stands for after separation.

The intensity changes of tested markers varied among
different donors. In samples with homogeneously stained
populations, the intensity of most tested markers (8/12) did
not change significantly, and any changes observed were not
consistently in one direction. Nevertheless, the intensity of CD38
(8/11 samples), CD56 (4/7 samples), and CD184 (6/11 samples)
were increased, while the intensity of CD138 (9/10 samples) was
decreased significantly (Figure 2).

Pathology & Oncology Research

In the case of CD38, CD56 and CD138 the change of
intensity was remarkable (mean of the MFI+SD before vs.
after separation, CD38: 104.7 £ 63.2 vs. 133.2 = 945, p =
0.042; CD56: 30.1 + 36.5 vs. 52.9 + 63.2, p = 0.03; CD138:
60.5 + 28.0 vs. 47.0 £ 24.6, p = 0.003, respectively) while in the
case of CD184 the change was minor (mean of the relative
MFI+SD of CD184 before vs. after separation: 0.8 + 1.3 vs.
2.0 + 2.3; p = 0.029).
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A representative case for marker expression stability: Expression of CD69 of myeloma cells before (left) and after (right) separation in a CD69-
positive case. Among myeloma cells, the CD69-positive subpopulation is clearly distinguishable and intact both before and after the separation.
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FIGURE 4

Change in the percentage of propidium-iodide-positive cells
compared with all plasma cells before (B.S.) and after the
separation procedure (A.S.) for eight samples. Immunomagnetic
cell separation significantly decreased the percentage of PI-
positive apoptotic cells in the plasma cell population (p = 0.0191).
Statistical significance was set at p < 0.05.

Nevertheless, these changes did not affect the abnormal
plasma cells’ phenotype, i.e., positive/negative cells remained
positive/negative, respectively, when compared to isotype
controls or unstained cells for CD38, CD56, CD138, and
CD184 markers (Supplementary Figure S2).
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To examine the effects of isolation on samples with distinct
subpopulations, we measured the change in MFI values of their
dimmer and brighter subpopulations separately. In addition, we
also examined whether the relative ratio of these subsets has
changed. Samples involved and their corresponding results are
shown in Table 2. Distinct populations within samples were rare,
but when present, their findings mirrored those from samples
with single populations. In these rare cases involving distinct
populations, neither the MFI values of the subpopulations nor
their relative ratios changed significantly (see Figure 3), except in
the case of CD44 (mean ratio of subpopulations relative to all
myeloma cells before vs. after separation, dimmer: 31.2% *+ 20.5%
vs. 35.6% * 21.5, p = 0.005, brighter: 68.8% + 20.5% vs. 64.4% +
21.5, p = 0.0049).

In an effort to identify potential relationships between changes
in intensity of tested markers and factors such as myeloma cell ratio,
age or chromosomal alterations, we conducted comparisons across
the examined samples. However, our analysis did not reveal any
significant correlations (see Supplementary Table SI).

Viability of plasma cells before and after
separation

We examined the percentage of propidium-iodide-positive
cells compared with all plasma cells before and after separation in
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8 cases. The results show that the ratio of dead cells in the plasma
cell population was significantly reduced (from an average of
13.8% to 8.0%) during the separation procedure (p = 0.0191).
Consequently, the percentage of viable plasma cells in the plasma
cell population was significantly increased, see Figure 4.

Discussion

Enrichment and purification of the malignant population is a
critical step to perform molecular experiments and for the
clinical research of multiple myeloma. One of the most
methods this the

immunomagnetic separation

suitable for purpose s positive

based the
CD138 positivity of myeloma cells. However, procedural

cell on
conditions and environmental changes can lead to cell
damage, molecule shedding, or the expression of previously
[10, 23], the
phenotype of the cells and significantly affecting the outcomes

unexpressed proteins potentially altering
of ex vivo or in vitro experiments.

In our study, we observed slight changes in the intensity of
most tested markers following magnetic separation, but
significant differences in the expression patterns of the
majority of proteins (CD44, CD45, CD49d, CD69, CD81,
CD86, CD117, and CD19) were not detected. Notably, only
the intensities of CD38, CD56, and CD184 were significantly
increased, whereas the intensity of CDI138 significantly
decreased during the separation process. Contrary to the
findings of Bansal et al. [10], who observed significant
reductions in the expression levels of various cell surface
markers (including CD1la, CD11b, CD49e, CD69, CD71,
and CD138) following magnetic separation with the same
kit, our results do not align, especially regarding CD69 and
CD138. In our study, CD69 expression remained consistent,
showing no significant change (Figures 2, 3). While CD138
(syndecan-1) was basically absent from the cell surface after
Bansal’s isolation procedure, we observed only a slight decrease
in the fluorescence intensity of CD138.

This slight decrease could be attributed to technical
factors, such as the blockage caused by residual attached
antibodies following the separation process. The reason can
also be biological, including shedding, potentially triggered by
various conditions like cellular activation or stress (e.g.,
hyperosmolarity) experienced during the
isolation process [24].

In addition to shedding, the observed reduction in
CD138 expression might be explained by an increase of
apoptotic cells, as it is established that dead cells exhibit
diminished levels of CD138 [25]. To test whether an elevated
proportion of apoptotic cells during the separation process
contributed to the reduced CD138 expression, we assessed the
ratio of apoptotic and necrotic (propidium-iodide, or PI-
positive) cells before and after isolation. As expected and
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previously demonstrated in the literature [26], the ratio of
dead cells decreased following the separation process, likely
because apoptotic cells, which have lower CD138 levels, are
washed away. Thus, we can conclusively state that apoptotic
or necrotic cells were not responsible for the decrease in
CD138 levels observed.

In our samples, we observed increased staining of CD38,
CD56, and CD184. However, only the CD38 levels were
systematically elevated in most of the samples.

The observed phenomenon might be due to the samples
being predominantly composed of myeloma cells, thereby
attracting more antibodies, even though the antibodies for
CD38 detection were carefully titrated before use. Since
CD38 expression is easily inducible on immun cells [27], an
increase in their levels may also be caused by changes in the
cytokine environment during isolation.

Providing a clear explanation for the changes in intensity of
the other two molecules proves challenging. The intensity of
CD56 significantly increased in only half of the samples,
demonstrating inconsistency. In the case of CD184, while the
intensity changing were statistically significant, the absolute
values changed minimally in the samples.

In a few cases, multiple subpopulations of the myeloma cells
occurred during our experiments for some of the surface
markers. For these samples, we measured the change in MFI
values of these dimmer and brighter subpopulations separately
and found that they did not change notably, similar to samples
with a single population. To further study the potential changes
in heterogenous samples, we also examined whether their relative
ratio compared to all myeloma cells changed (see Table 2).
However, except for the case of CD44, no significant
change occurred.

Additionally, we have explored the possibility that changes in
marker intensity post-separation could be linked to factors such
as cytogenetic abnormalities, age, or myeloma cell ratio.
However, our investigations revealed no association between
these factors and the alterations in marker expression
observed after the separation process.

The limitations of our study may arise from using only
12 samples, which could narrow the scope of our conclusions.
To address this concern, we standardized the staining procedures
across all samples, ensuring each was analyzed with an identical
number of plasma cells.

Conclusion

In this study we examined the expression pattern of several
cell surface markers that are important for the diagnosis and
progression of multiple myeloma before and after magnetic
isolation. We found in our experiments that in the vast
majority of cases, immunomagnetic separation may slightly
change the intensity of tested markers of plasma cells but
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does not change the immunophenotype of the cells. Positive
markers remained positive and negative ones remained negative
after the separation procedure. Still, it is recommended to
validate the immunophenotype of the isolated cells after
magnetic separation in experiments where the marker
intensity of the cells or the amount of cell surface proteins are

particularly important.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Semmelweis Egyetem Regiondlis Kutatasetikai Bizottsag. The
studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in

this study.

Author contributions

AC: data curation; investigation; software; validation;
draft; SS:

writing-review  and

visualization; ~ writing-original Investigation;
FT: GS:

visualization; methodology; validation; writing-review and

methodology; editing;

editing; CK: writing-review and editing; GV: resources;
writing-review and editing; PF: resources; writing-review and

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer ] Clin (2019)
69:7-34. doi:10.3322/caac.21551

2. Tai Y, Teoh G, Shima Y, Chauhan D, Treon SP, Raje N, et al. Isolation and
characterization of human multiple myeloma cell enriched populations. J Immunol
Methods (2000) 235:11-9. doi:10.1016/50022-1759(99)00199-4

3. Shin SY, Jang S, Park C, Chi H, Lee J, Lee JH, et al. Application of an immune-
magnetic cell sorting method for CD138-positive plasma cells in FISH analysis of
multiple myeloma. Int ] Lab Hematol (2012) 34:541-6. doi:10.1111/j.1751-553X.
2012.01433.x

4. Kishimoto RK, de Freitas SLVV, Ratis CA, Borri D, Sitnik R, Edrp V. Validation
of interphase fluorescence in situ hybridization (iFISH) for multiple myeloma using
CD138 positive cells. Rev Bras Hematol Hemoter (2016) 38:113-20. doi:10.1016/j.
bjhh.2016.01.005

5. Zhan F, Huang Y, Colla S, Stewart JP, Hanamura I, Gupta S, et al. The
molecular classification of multiple myeloma. Blood (2006) 108:2020-8. doi:10.
1182/blood-2005-11-013458

6. Mattioli M, Agnelli L, Fabris S, Baldini L, Morabito F, Bicciato S, et al. Gene
expression profiling of plasma cell dyscrasias reveals molecular patterns associated
with distinct IGH translocations in multiple myeloma. Oncogene (2005) 24:
2461-73. doi:10.1038/sj.onc.1208447

7. Cumova J, Kovarova L, Potacova A, Buresova I, Kryukov F, Penka M, et al.
Optimization of immunomagnetic selection of myeloma cells from bone marrow

Pathology & Oncology Research

09

10.3389/pore.2024.1611882

editing; AH: resources; writing-review and editing; AM: data
curation; investigation; methodology; supervision; validation;
writing-review and editing; GB: conceptualization; formal
analysis;  funding  acquisition;  methodology;  project
administration; resources; supervision; validation; writing-
review and editing. All authors contributed to the article and

approved the submitted version.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by research grants from the Hungarian National
(NFKIH)
Development of scientific workshops of medical, health sciences
and pharmaceutical educations under Grant [EFOP-3.6.3-VEKOP-
16-2017-00009]; and the EU’s Horizon 2020 research and
innovation program under grant agreement No. 739593.

Research, Development and Innovation Office

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.por-journal.com/articles/10.3389/pore.
2024.1611882/full#supplementary-material

using magnetic activated cell sorting. Int ] Hematol (2010) 92:314-9. doi:10.1007/
512185-010-0651-4

8. Wijdenes J, Vooijs WC, Clément C, Post J, Morard F, Vita N, et al. A
plasmocyte selective monoclonal antibody (B-B4) recognizes syndecan-1. Br ]
Haematol (1996) 94:318-23. d0i:10.1046/j.1365-2141.1996.d01-1811.x

9. Potétova A, Stossova J, Buredové I, Kovarové L, Almasi M, Penka M, et al.
Sample processing and methodological pitfalls in multiple myeloma research. Klin
Onkol (2011) 24:18-23.

10. Bansal R, Kimlinger T, Gyotoku KA, Smith M, Rajkumar V, Kumar S. Impact of
CD138 magnetic bead-based positive selection on bone marrow plasma cell surface
markers. Clin Lymphoma Myeloma Leuk (2021) 21:¢48-€51. doi:10.1016/j.cIm1.2020.08.003

11. Kimlinger TK, Rajkumar SV, Kline MP, Haug JL, Timm MM, Witzig TE, et al.
Changes in bone marrow plasma cell surface markers following cd138-magnetic
bead based positive selection. Blood (2006) 108:3516. doi:10.1182/blood.v108.11.
3516.3516

12. Flores-Montero J, de Tute R, Paiva B, Juan Perez J, Wind H, Sanoja L, et al.
Immunophenotype of normal vs. myeloma plasma cells: toward antibody panel
specifications for MRD detection in multiple myeloma. Euroflow Cytom B Clin
Cytom (2016) 90:61-72. doi:10.1002/cyto.b.21265

13. Tatsumi T, Shimazaki C, Goto H, Araki SI, Sudo Y, Yamagata N, et al.
Expression of adhesion molecules on myeloma cells. Jpn J. Cancer Res (1996) 87:
837-42. doi:10.1111/§.1349-7006.1996.tb02108 x

Published by Frontiers


https://www.por-journal.com/articles/10.3389/pore.2024.1611882/full#supplementary-material
https://www.por-journal.com/articles/10.3389/pore.2024.1611882/full#supplementary-material
https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/s0022-1759(99)00199-4
https://doi.org/10.1111/j.1751-553X.2012.01433.x
https://doi.org/10.1111/j.1751-553X.2012.01433.x
https://doi.org/10.1016/j.bjhh.2016.01.005
https://doi.org/10.1016/j.bjhh.2016.01.005
https://doi.org/10.1182/blood-2005-11-013458
https://doi.org/10.1182/blood-2005-11-013458
https://doi.org/10.1038/sj.onc.1208447
https://doi.org/10.1007/s12185-010-0651-4
https://doi.org/10.1007/s12185-010-0651-4
https://doi.org/10.1046/j.1365-2141.1996.d01-1811.x
https://doi.org/10.1016/j.clml.2020.08.003
https://doi.org/10.1182/blood.v108.11.3516.3516
https://doi.org/10.1182/blood.v108.11.3516.3516
https://doi.org/10.1002/cyto.b.21265
https://doi.org/10.1111/j.1349-7006.1996.tb02108.x
https://doi.org/10.3389/pore.2024.1611882

Czeti et al.

14. Bjorklund CC, Baladandayuthapani V, Lin HY, Jones RJ, Kuiatse I, Wang H,
et al. Evidence of a role for CD44 and cell adhesion in mediating resistance to
lenalidomide in multiple myeloma: therapeutic implications. Leukemia (2014) 28:
373-83. doi:10.1038/leu.2013.174

15. Mark A, Varga G, Timér B, Kriston C, Szabo O, Dedk L, et al. The effect of
microenvironmental factors on the development of myeloma cells. Hematol Oncol
(2017) 35:741-5. d0i:10.1002/hon.2354

16. Buda G, Carulli G, Orciuolo E, Sammuri P, Galimberti S, Rousseau M,
et al. CD69 expression predicts favorable outcome in multiple myeloma
patients treated with VTD. Blood (2015) 126:1768. doi:10.1182/blood.v126.
23.1768.1768

17. Stessman HAF, Mansoor A, Zhan F, Linden MA, Van Ness B, Baughn LB.
Bortezomib resistance can be reversed by induced expression of plasma cell
maturation markers in a mouse in vitro model of multiple myeloma. PLoS One
(2013) 8:77608. doi:10.1371/journal.pone.0077608

18. Moser-Katz T, Gavile CM, Barwick BG, Lee KP, Boise LH. PDZ proteins
SCRIB and DLG1 regulate myeloma cell surface CD86 expression, growth, and
survival. Mol Cancer Res (2022) 20:1122-36. doi:10.1158/1541-7786.MCR-21-
0681

19. Ullah TR. The role of CXCR4 in multiple myeloma: cells’ journey from bone
marrow to beyond. J Bone Oncol (2019) 17:100253. doi:10.1016/j.jb0.2019.100253

20. McKenna RW, Kyle RA, Kuehl WM, Harris NL, Coupland RWFF. Plasm cell
neoplasms. In: Swerdlow SH, Campo NLH E, editors. WHO Classif. tumors
Haematop. lymphoid tissues. 4th ed. Lyon (2017). p. 241-58.

Pathology & Oncology Research

10

10.3389/pore.2024.1611882

21. Rajkumar SV, Dimopoulos MA, Palumbo A, Blade ], Merlini G, Mateos MV, et al.
International Myeloma Working Group updated criteria for the diagnosis of multiple
myeloma. Lancet Oncol (2014) 15:e538-48. doi:10.1016/S1470-2045(14)70442-5

22. Anon. EasySepTM human WB and BM CDI38 positive selection kit II |
STEMCELL technologies (2022). Available from: https://www.stemcell.com/
easysep-human-whole-blood-and-bone-marrow-cd138-positive-selection-kit-ii.
html#section-data-and-publications (Accessed August 21, 2022).

23. Hayashida K, Bartlett AH, Chen Y, Park PW. Molecular and cellular
mechanisms of ectodomain shedding. Anat Rec (2010) 293:925-37. doi:10.1002/
ar.20757

24. Fitzgerald ML, Wang Z, Park PW, Murphy G, Bernfield M. Shedding of
syndecan-1 and-4 ectodomains is regulated by multiple signaling pathways and
mediated by a TIMP-3-sensitive metalloproteinase (2000). 811-24.

25. Jourdan M, Ferlin M, Legouffe E, Horvathova M, Liautard J, Rossi JF,
et al. The myeloma cell antigen syndecan-1 is lost by apoptotic myeloma
cells. Br | Haematol (1998) 100:637-46. doi:10.1046/j.1365-2141.1998.
00623.x

26. Kimlinger TK, Rajkumar SV, Kline M, Timm MM, Haug JL, Witzig TE, et al.
Apoptosis rates in myeloma cells can Be significantly affected by CD138 sorting and
by the specific method used to detect apoptotic cells. Blood (2006) 108:3442. doi:10.
1182/blood.v108.11.3442.3442

27. Piedra-Quintero ZL, Wilson Z, Nava P, Guerau-de-Arellano M. CD38: an
immunomodulatory molecule in inflammation and autoimmunity. Front Immunol
(2020) 11:3-6. doi:10.3389/fimmu.2020.597959

Published by Frontiers


https://doi.org/10.1038/leu.2013.174
https://doi.org/10.1002/hon.2354
https://doi.org/10.1182/blood.v126.23.1768.1768
https://doi.org/10.1182/blood.v126.23.1768.1768
https://doi.org/10.1371/journal.pone.0077608
https://doi.org/10.1158/1541-7786.MCR-21-0681
https://doi.org/10.1158/1541-7786.MCR-21-0681
https://doi.org/10.1016/j.jbo.2019.100253
https://doi.org/10.1016/S1470-2045(14)70442-5
https://www.stemcell.com/easysep-human-whole-blood-and-bone-marrow-cd138-positive-selection-kit-ii.html#section-data-and-publications
https://www.stemcell.com/easysep-human-whole-blood-and-bone-marrow-cd138-positive-selection-kit-ii.html#section-data-and-publications
https://www.stemcell.com/easysep-human-whole-blood-and-bone-marrow-cd138-positive-selection-kit-ii.html#section-data-and-publications
https://doi.org/10.1002/ar.20757
https://doi.org/10.1002/ar.20757
https://doi.org/10.1046/j.1365-2141.1998.00623.x
https://doi.org/10.1046/j.1365-2141.1998.00623.x
https://doi.org/10.1182/blood.v108.11.3442.3442
https://doi.org/10.1182/blood.v108.11.3442.3442
https://doi.org/10.3389/fimmu.2020.597959
https://doi.org/10.3389/pore.2024.1611882

	Investigating the effect of immunomagnetic separation on the immunophenotype and viability of plasma cells in plasma cell d ...
	Introduction
	Materials and methods
	Patient samples
	Immunomagnetic separation of CD138+ cells
	Flow cytometry analysis before and after magnetic cell separation
	Cell surface staining protocol

	Measurement of viability with propidium-iodide
	Data analysis and statistics

	Results
	Purity of plasma cell isolation
	Examination of changes in cell surface markers
	Viability of plasma cells before and after separation

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Supplementary material
	References


