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Summary
In this paper, initial processing of biological material, cell separation algorithms and other 
procedures are discussed. For samples with initial infiltration of plasma cells > 5%, CD138 
MicroBeads and Auto-Magnetic-Activated Cell Sorting program are used. Fluorescence-Acti-
vated Cell Sorting is used exclusively for cell populations with low-abundance; these samples 
are detected using fluorescently labeled antibodies only. Isolated plasma cells are further pro-
cessed for molecular biological studies, for cytogenetics and protein analyses. Furthermore, 
this work examines the pitfalls of research related to multiple myeloma; some of them we have 
overcome, while the others are still problematic.
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Souhrn
V tomto úvodním článku pro ostatní metodiky využívané na našem pracovišti při studiu mno-
hočetného myelomu a  monoklonálních gamapatií jsme se zaměřili na postupy vlastního 
zpracování biologického materiálu, principy separace buněk a nastavené algoritmy dalších 
postupů. Běžně používaná metodika magnetické separace buněk MACS je vhodná pouze 
pro vzorky se vstupní infiltrací plazmatickými buňkami > 5 %. Pro nízce zastoupené populace 
buněk pak využíváme výhradně metodu fluorescencí aktivované separace FACS. Izolované 
plazmatické buňky jsou dále využívány pro molekulárně biologické studie, pro cytogenetická 
vyšetření a k proteinovým analýzám. Dále se v této práci zmiňujeme o úskalích, která souvisejí 
s výzkumem mnohočetného myelomu, některá z nich již umíme překonat, s jinými se zatím 
neúspěšně potýkáme.

Klíčová�slova
mnohočetný myelom – monoklonální gamapatie – separace buněk – CD138

This work was supported by research grants 
of The Ministry of Education, Youth and Sports: 
LC06027, MSM0021622434; research projects of 
IGA of The Ministry of Health: NS10207, NS10387, 
NS10406, NS10408, NT11154 and grants of GACR 
GAP304/10/1395, GP301/09/P457.

Tato práce byla podpořena výzkumnými projekty 
MŠMT ČR LC06027, MSM0021622434; granty IGA 
MZ ČR NS10207, NS10387, NS10406, NS10408, 
NT11154 a granty GAČR GAP304/10/1395, 
GP301/09/P457.

The authors declare they have no potential 
conflicts of interest concerning drugs, 
products, or services used in the study.

Autoři deklarují, že v souvislosti s předmětem 
studie nemají žádné komerční zájmy.

The Editorial Board declares that the manuscript 
met the ICMJE “uniform requirements” for 
biomedical papers. 

Redakční rada potvrzuje, že rukopis práce 
splnil ICMJE kritéria pro publikace zasílané do 
bi omedicínských časopisů.

 �
Prof. MUDr. Roman Hájek, CSc.
Babak Myeloma Group 
Department of Pathological  
Physiology 
Faculty of Medicine 
Masaryk University 
Kamenice 5 
625 00 Brno 
Czech Republic
e-mail: r.hajek@fnbrno.cz



Klin Onkol 2011; 24(Suppl): S18– S23

SAMPLE PROCESSING AND METHODOLOGICAL PITFALLS IN MULTIPLE MyELOMA RESEARCH

Klin Onkol 2011; 24(Suppl): S18– S23 S19

Introduction
Laboratory studies of monoclonal gam-
mopathies and multiple myeloma (MM) 
are based on separated plasma cells (PC) 
from bone marrow aspirates. Pathologi-
cal populations in the bone marrow (BM) 
are heterogeneous and may contain less 
mature forms of B lymphocytes [1]. In 
addition, various types of monoclonal 
gammopathies or MM differ in PC infil-
tration of the bone marrow. For PC ana-
lysis by modern molecular biology ap-
proaches, it is necessary to obtain pure 
populations of cells of sufficient quantity 
and purity [2]; therefore, it is very impor-
tant to find the optimal separation stra-
tegy. There are several options for sepa-
ration of PC. Our department has been 
pursuing this issue for many years; our 
experiences and results have been previ-
ously published [3–7]. This work focuses 
on a brief overview of the principles of 
separation methods and describes our 
optimized algorithm, which is followed 
for sample processing.

Currently, we process samples not 
only from the Department of Internal 
Hematooncology (University Hospital 
Brno), but also samples of collaborating 
institutions throughout the Czech Re-
public and the Visegrad region. All pati-
ents have been informed about research 
purposes and signed informed consent 
forms approved by the ethical commit-
tees of all institutions.

Initial processing of clinical samples, 
their distribution between research 
teams and biobanking are carried out 
at the Laboratory of Experimental He-
matology and Cellular Immunotherapy 
at the Department of Clinical Hemato-
logy, University Hospital Brno (LEHABI 
OKH FN Brno). This laboratory is speci-
alized in initial processing of samples 
(plasma, serum collection) and in the 
immunomagnetic cell separation and 
determination of purity (autoMACS, 
cytospin). LEHABI closely cooperates 
with the flow cytometry laboratory at 
the OKH FN Brno. Fluorescence-activa-
ted cell sorting and other analyses are 
done at the Integrated Laboratories of 
Biomedical Technologies (ILBIT) at the 
University Campus Brno. More than 
200 samples of bone marrow were pro-
cessed in our laboratories every year. 

In 2010, the processed material dou-
bled. So far, we have processed 556 
bone marrow samples and more than 
1,500  samples of peripheral blood. In 
the next chapters of this article, we 
focus on the principles and procedures 
for initial processing of bio logical ma-
terial, cell separation algo rithms and 
other procedures.

Initial Processing of Samples
Bone marrow samples (10–40 ml) are first 
mixed with the same volume of Iscove’s 
modified Dulbecco’s medium (Sigma- 
-Aldrich) containing 100 U/mL heparin 
and 100 U/mL DNAse I (Roche Diagnos-
tics). Bone marrow mononuclear cells 
(BMMC) are isolated by density centri-
fugation on Ficoll-Paque Plus (Scintila) 
at 400 g for 35 min at 20°C. Then, collec-
ted cells are washed twice with phos-
phate buffered saline (PBS) containing  
2 mM EDTA (centrifugation at 300 g for 
10 min at 20°C). In the prepared sam-
ple, percentage of CD138+ cells is 
measured by flow cytometry (using  
CD138/PE, Exbio), and the samples are 
processed based on a protocol (Fig. 1).

CD138+ Cells Separation
Separation techniques based on an-
tibody binding to a  surface marker 
are commonly used for PC sample en-
richment. PC separation is mostly done 
by positive cell selection using an-
ti-CD138 monoclonal antibody. Accor-
ding to the infiltration of PC in the bone 
marrow, we use either magnetic-activa-
ted cell sorting (MACS) and/or fluores-
cence-activated cell sorting (FACS). Both 
methods are optimized and used in re-
lation to the percentage content of PC, 
to achieve very high purity of collected 
populations, as well as maximal yield of 
cells.

MACS separation = Magnetic- 
-Activated Cell Sorting
Immunomagnetic separation of PC 
based on CD138 has been described 
by several groups [8–10]. This method 
is based on immunomagnetic labeling 
of target cells by monoclonal antibody 
coupled to the magnetic particle. Wa-
shed cells are labeled for 15 minutes in 
the refrigerator with CD138 Microbe-
ads (10 µl per 10 × 106 cells). Then, la-

Fig.�1.�Optimal�cell�separation�strategy�for�CD138+�cells.�BMMC = bone marrow mono-
nuclear cells; MACS = Magnetic-Activated Cell Sorting; FACS = Fluorescence-Activated Cell 
Sorting.
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two lasers, BD Biosciences). Main prin-
ciple of separation is as follows [11,12]: 
Antibody-labeled cell suspension is for-
med into a narrow stream. A piezoelect-
ric crystal in the nozzle holder causes 
the cell stream to break into individual 
droplets. The system is adjusted so that 
there is a  low probability of more than 
one cell being in a droplet. Just before 
the stream breaks into droplets, the flow 
passes through the observation point 
where the fluorescence intensities of 
each cell are measured by the flow cyto-
meter. At this point, the cells for sorting 
are selected. An electrical contact placed 
in the nozzle holder loads the abrupting 
stream at the moment of disruption of 
the droplet. The charged droplets con-
taining selected cells move through the 
electrostatic field that diverts the dro-
plets into containers based upon their 
charge. After separation of the stream, 
the droplets are discharged and the sys-
tem is ready for the next cycle.

Determination of the PC phenotype 
foregoes own FACS separation. Antibo-
dies: CD38/APC; CD138/PE; CD45/PerCP; 
CD56/FITC from Exbio and CD19/PC7 
from Beckman Coulter are used for phe-
notypic determination. Samples are in-
cubated for 15 minutes in the dark at 
4°C. Then, different populations of PC 
are separated using various phenoty-
pic markers: CD19 and CD56 (CD19+/
CD56–; CD19–/CD56+; CD19–/CD56–; 
CD19+/CD56+). BMMC samples are incu-
bated with appropriate amount of anti-
body (CD138/PE, CD56/FITC from Exbio; 
CD19/PC7 from Beckman Coulter; 30 mi-
nutes in the dark at 4°C). Cells are then 
washed with cold PBS and diluted to  
5–10 × 106 cells/ ml with cold PBS enri-
ched with 1% fetal calf albumin (Sigma). 
Separation of cells runs at 3–8 × 103 cells/s. 
Separated cells are collected into a tube 
with RPMI-1640 medium (Sigma) enri-
ched with 20% bovine fetal serum.

In addition to FISH analysis, we are 
able to sort a very small number of cells 
on the microscopic slide covered by fetal 
calf albumin. As needed, KCl solution 
and/or the Carnoy fixative are added.

For a  special group of samples with 
high cellularity (more than 30 × 106 cells) 
and/or very low infiltration of PC, we use 
combination of magnetic and fluores-

more than 5% of PC in BMMC fraction. 
For samples with more than 10% of PC, 
program Possels is used. The Posseld2 
program for special double selection 
is used for cases with PC infiltration of 
5–10% [7]. In compliance with this pro-
tocol, we are able to separate highly pu-
rified cell fractions. The median PC pu-
rity is about 93% for possels and 84% for 
program posseld2. These results are ac-
ceptable for most types of cytogenetic 
and molecular analyses. So far, results of 
immunomagnetic separation for sam-
ples with very low PC percentage (< 5%) 
are not optimal.

FACS separation = Fluorescence- 
-Activated Cell Sorting
For samples with less than 5% of PC, fluo-
rescence-activated cell sorting (FACS) 
is used, especially for MGUS samples, 
where more phenotypically distinct po-
pulations of PC can be found [1]. We can 
select multiple surface markers and sort 
more subpopulations of cells. Fluores-
cence-based separation uses antibodies 
conjugated with fluorochrome(s) for the 
identification of target population; this 
analysis is performed on the cell sorter 
(in our laboratory we use FACSAria with 

beled and washed cells are captured in 
separation column which is placed in 
a magnetic field in the autoMACS sepa-
rator (Miltenyi Biotec). The entire pro-
cess of sorting is automated – unlabe-
led cells pass through the column to the 
negative fraction. After the separation 
column is removed from the magnetic 
field, the target cells (= enriched posi-
tive fraction) are eluted (Fig. 2). General 
protocol of sample labeling and magne-
tic separation is available free at http://
www.miltenyibiotec.com. Then, sorted 
cells are washed in PBS; yield and purity 
of the fractions are determined, and the 
samples are processed according to re-
quirements of further analyses. For FISH 
analysis (interphase fluorescein in situ 
hybridization), the cells are suspended in 
warm potassium chloride (KCl) (37°C), in-
cubated for 15 minutes at 37°C and cen-
trifuged. Then, the cell pellet is fixed in 
fixative solution (Carnoy: 60% ethanol, 
30% chloroform and 10% glacial acetic 
acid) and stored at –20°C. For ribonuc-
leic acid (RNA) isolation, native cells are 
used, while for other analyses dry pellets 
are frozen (–196°C).

The established algorithm uses au-
toMACS separator for samples with 

Fig.�2.�Principle�of�Magnetic-Activated�Cell�Sorting.�Positive�selection.�
I. Unlabeled cells pass through the column to the negative fraction. II. After removal of the se-
paration column from the magnetic field, the target cells are eluted as the enriched positive 
fraction.
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constitutively by cultured cells as well 
as apoptotic cells [14,15]. CD138 positi-
vity is typical not only for PC, but also for 
normal and neoplastic epithelial tissues, 
for a small subset of mesenchymal neo-
plasms, squamous cell carcinoma, renal 
cell carcinoma and prostate adenocarci-
noma [16]. These cells may also be found 
in metastases in the bone marrow [17]. 
Thus, separated cells must be evalua-
ted not only by their phenotype but by 
their morphology and clinical context. 
In contrast, there is also a  much smal-
ler CD138– fraction with a strong clono-
genic potential [13,15]. CD138– fraction 
of cells has demonstrated some impor-
tant differences from CD138+ cells (in-
creased immaturity and greater propor-
tion of cells in S  phase). These results 
support the hypothesis that CD138– 
cells have a greater proliferative poten-
tial [13]. Unfortunately, CD138– cells are 
often not included in studies, because 
only CD138+ cells are isolated. In spite 
of this, CD138 was accepted as conveni-
ent and highly representative marker of 
PC selection. However, it is necessary to 
take into account all known facts and li-
mits of this marker.

Methodological Pitfalls  
in Myeloma Research
For all consequent analyses of MM and 
MGUS samples, it is necessary to obtain 
sufficient amount of purified PC. Sam-
ples are used for: molecular diagnostics 
in MM with detailed look at new poten-

are maintained in a database of samples 
called Myelab. Currently, for subsequent 
research purposes, there are more than 
730 separated PC samples, 2,500 sam-
ples of bone marrow plasma and more 
than 10,000 samples of plasma/serum 
from patients with MM and MGUS (Fig. 3)  
in the bank of myeloma samples. All 
samples are archived under codes. Sam-
ples of separated CD138+ cells are usu-
ally used immediately for consequent 
analyses (RNA isolation, FISH analysis). 
Other samples (positive and negative 
fraction) are frozen as pellets and stored 
in Dewars containers in liquid nitrogen 
(–190°C). Stable temperature conditions 
are protected by a security system in the 
cryobank. Long-term storage and archi-
ving in the frozen state guarantees suf-
ficient cell viability, which is important 
for their future use. Samples of plasma 
or serum are stored at –80°C in 0.5 ml 
aliquots.

Methodological Pitfalls  
in Multiple Myeloma Research
Is the CD138 Positive Cell  “the real 
thing”?
PC separation from the bone marrow of 
patients with monoclonal gammopa-
thy is a challenging methodological pro-
blem. Bone marrow is a complex mixture 
of different types of cells with highly va-
riable PC abundance. For separation of 
PC from the bone marrow, we use sur-
face marker CD138 (Syndecan-1). CD138 
is a  transmembrane heparan sulphate 
proteoglycan that is expressed by both 
normal and malignant PC of the bone 
marrow and PC in the peripheral blood 
of MM patients [13]. CD138 (as other 
syndecans) binds and modifies vari-
ous growth factors, enzymes and extra-
cellular matrix components and is shed 

cence-based separations. Cells are la-
beled with CD138 antibody conjugated 
with fluorochrome (CD138/PE, Exbio) in 
the first step and with magnetically labe-
led antibody against used fluorochrome 
(anti-PE MicroBeads, Miltenyi) in the se-
cond step. So, these double labeled cells 
are separated in the magnetic system 
(we use VarioMACS – semi-automated 
magnetic separator from Miltenyi Bio-
tec). Fluorochrome positive fraction is 
immediately sorted in the cell sorter to 
high purity. Magnetic pre-enrichment 
markedly reduces the cellularity of sor-
ted sample and saves time. Moreover, 
more markers labeled with different 
fluo rochromes can be used in the first 
step, allowing the combined separa-
tion of normal and abnormal PC. How-
ever, it is true that final yield of target 
cells is lower in comparison with one-
step procedure. On the other hand, pro-
longed sorting lasting several hours will 
reduce the yield of sorted cells, probably 
because of lower viability of sorted cells. 
Further distribution of separated cells 
between research groups is done based 
on their purity and quantity (Tab. 1).

Biobanking
A biobank is a cryogenic storage facility 
used to archive biological samples for re-
search and experimental purposes. For-
mation of myeloma database and bio-
bank is a key input and a prerequisite for 
any further research applications. Since 
2001, in our myeloma bank, samples 
from patients with different stages of 
multiple myeloma and MGUS have been 
collected. We archive samples of sepa-
rated cells (positive and negative fracti-
ons), serum, plasma of peripheral blood 
and plasma of bone marrow. All reports 
of the frozen samples and their storage 

Tab.�1.�The�overview�of�requirements�of�different�methods�for�purity�and�quantity�
of�separated�CD138+�cells�fraction.��

� Minimal�purity Minimal�amount
cytogenetics (FISH analysis) 70% 7.0 × 104 cells
DNA isolation followed by arrayCGH analysis 85% 0.5 × 106 cells
RNA isolation followed by GEP 90% 0.35 × 106 cells
western bloting 90% 0.2 × 106 cells
proteomics 90% 1.0 × 106 cells

serum/plasma
64%

BM plasma
15%

138+ 4%

138–
14%

BMMC
3%

Fig.�3.�Samples�in�Myeloma�biobank.�
BM = bone marrow; BMMC = bone marrow 
mononuclear cells.
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to reach highly pure populations of PC 
for sophisticated research applications 
(such as genomic analyses). Considering 
the fact that we will never have enough 
cells in MGUS for all wanted research ap-
plications, we will concentrate on bio-
markers from easily available periphe-
ral blood.
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sion proteomics, it has significant limita-
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ficient detection limit [21]. All of this and 
the impossibility of a large set of samples 
(patients) with consequent robust statis-
tic analysis were the reasons that lead us 
to leave 2-DE and to focus on other me-
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expect that new knowledge and dyna-
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Conclusion 
Research of CD138+ fraction of mye-
loma cells can probably answer many 
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duction of optimal separation strategy 
enabled us to obtain sufficient amount 
of highly purified CD138+ cells, which 
are required for subsequent experi-
ments. Especially optimization of fluo-
rescence-based separation opened the 
way to MGUS research – now we are able 

tially prognostic factors such as centro-
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pression of mitotic genes in B cells and 
PC; characterisation of genetic abnor-
malities on chromosome 1; proteomic 
and genomic analyses of resistance or 
sensitivity to anti-myeloma drugs; study 
of microenvironment and angiogenesis 
in MM; analysis of proliferative and self 
renewal potential of myeloma cells pro-
genitors/precursors; for study of patho-
genesis of extramedullary relapse in MM 
and other partial aims.
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the number of required cells from initial 
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and qRT-PCR (where the quantity of 
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try – still require at least one million cells. 
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