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Summary

The technological development of flow cytometry (FC) together with new findings reveal the
need for immunophenotyping in research of monoclonal gammopathy (MG) because of its
diagnostic, prognostic and predictive significance. The aim of the European Myeloma Network
(EMN) is to standardize this analytical method and implement it into routine clinical exami-
nation. Since the overall significance and application of FC are still analysed, standardisation
could help obtain more clinical relevant information in terms of MG pathophysiology.
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Souhrn

Technologicky rozvoj pratokové cytometrie (flow cytometry, FC) spolu s nejnovéjsimi poznatky
z oblasti imunofenotypizace monoklonélnich gamapatii (MG) odhalil nezbytnost tohoto vyset-
feni zejména pro jeho diagnosticky, prognosticky a prediktivni vyznam. Cilem Evropské mye-
lomové sité (European Myeloma Network, EMN) je standardizovat tuto analytickou metodu
a zaradit ji mezi rutinni klinicka vysetieni. Jelikoz celkovy vyznam a mozné aplikace FC jsou
stale analyzovany, je ziejmé, Ze standardizace mlize napomoci zisku relevantnich klinickych
vystupu z oblasti patofyziologie MG.
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FLOW CYTOMETRY IN MONOCLONAL GAMMOPATHIES

Background

Multiparametric FC is applied in the dia-
gnostics of many hematologic malig-
nancies; however, in MG research, it was
performed rather complementarily. One
of the reasons why immunophenoty-
ping is still not done as part of routine
diagnostics is the fact that it underesti-
mates the number of plasma cells (PCs),
when compared to routine morpho-
logical evaluation. However, the sen-
sitivity of flow cytometry is similar to
the light microscopy - results obtained
using both approaches correlate and
% of PC provided by FC is also an inde-
pendent prognostic factor affecting the
overall survival of patients [1]. FC provi-
des detailed analysis of leukocyte sub-
populations and is able to discriminate
PC subtypes, even if they are present in
very low numbers, what is useful in dif-
ferential diagnostics and in the identifi-
cation of high-risk asymptomatic MGs
[2,3]. Multiparametric flow cytometry
is also used to confirm stringent com-
plete remission (sCR) as defined by The
International Myeloma Working Group
[4]. Determination of PC immunophe-
notype has prognostic significance and
can help find new therapeutic targets as
well [3,5]. Development of flow cytome-
try, including powerful instruments with
possibility to analyse many fluorochro-
mes, availability of new dyes and anti-
bodies, together with accessible specific
software for complex phenotype analy-
sis, require reviewing current settings in
MG analyses. This review is focused on
methodology and using FC in clinical
and research laboratories.

Standardization of Flow
Cytometry

FCis able to analyse many parameters of
a large number of cells, and it is neces-
sary to be consistent in providing analy-
ses and reporting results. Incorporation
of FC into routine analysis should be as-
sociated with standardization and vali-
dation of this method [6]. Two flow cy-
tometric workshops were organized by
the EMN for standardization of immuno-
phenotyping in MGs; these workshops
were followed by publication summari-
zing the findings and recommendations
for PC analysis [7]. The third workshop

was focused on the possibility of moni-
toring minimal residual disease (MRD),
and technological advances in the field
of FC were discussed as well. Higher sen-
sitivity and more possibilities with mul-
ticolour flow cytometry will lead to de-
fining of new recommendations in the
future which are going to be associated
with the development of a uniform pro-
tocol for the analysis of biological mate-
rial using the Euroflow group settings.
The Czech Myeloma Group began the
standardization process in 2009; cur-
rently, there are more than 12 laborato-
ries in the Czech Republic working on
the unification of flow cytometry ana-
lysis in correlation with European stan-
dards [8,9].

Identification and Phenotype

of PCs - Recommendation

for Basic Analysis

Most PCs are available in the bone mar-
row (BM), but there are also circulating
plasma cells/plasmablasts in peripheral
blood (PB). The identification of PCs is
based on expression of two markers —
CD38 and CD138. CD38 is not a specific
marker, but its bright expression could
help to discriminate PCs from other leu-
kocytes in PB and/or BM. It is known
that expression of CD138 is influenced
by age of the sample and can be redu-
ced over time by shedding of CD138
into plasma; however, this is the spe-
cific marker of PCs. Only very few BM
samples show absent or low expres-
sion of CD138, although its expression
in PB is lower or missing when compa-

&

red to BM [3,10,11]. Acquisition of suffi-
cient amount of CD38*CD138* PCs (mi-
nimum of 100 neoplastic PCs) in the
whole BM is crucial, so the first por-
tion of bone marrow aspirate is es-
sential for analysis to avoid hemo-
dilution of sample with PB [3,7]. The
major advantage of FC when compa-
red to other methods is the possibility
to discriminate between normal po-
lyclonal (N-PCs) and abnormal clonal
(A-PCs) PCs. Although clonal cells could
express CD38 and CD138 with lower
intensity than normal PC and CD45 is
mostly not expressed on these aberrant
PCs, precise discrimination is possible
only when other markers are analysed
[12]. Many studies confirmed that clo-
nal PCs have different phenotype cha-
racterized by underexpression and/or
lack of CD19, CD27, CD38 and CDA45; on
the other hand, these clonal PCs should
overexpress CD20, CD28, CD33, CD56
and CD117; benefit of other markers,
such as CD81 and CD200 is still discus-
sed [5,13]. Minimum of 4 markers is re-
commended for basic PC analysis so
that expression of CD38/CD138/CD19/
/CD56 should be analyzed in every MG
case to identify CD38+*CD138*PCs and
to discriminate N-PCs (CD19*CD56")
and A-PCs (CD19*CD56* CD19-CD56*,
CD19°CD56) [7,14].

Routine Setting in MG Analysis

Basic clinical applications of FC are a) dif-
ferential diagnostics of multiple mye-
loma (MM) and other plasma cell-rela-
ted disorders [15-20]; b) determination
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Fig. 1. Detection of normal and aberrant PCs. Different subpopulations of CD38*CD138*
PCs according to CD19 and CD56 expression are visualised in MGUS case (A), newly dia-
gnosed MM case (B), and MM case after treatment (C). Percentage of CD19*CD56" (blue
dots) and CD19°CD56* (purple dots) are showed. Analyses made by flow cytometr FACS-
Cantoll using acquisition software Diva 6.0 (Becton Dickinson) and analysis software Infi-

nicyt (Cytognos).
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Fig. 2. Analysis of CD19+ cells in bone marrow. CD19* B cells (blue dots) and/or PCs (red
dots) were identified according to expression of CD19, CD38 and CD138 in whole bone
marrow (A). Phenotype profile match normal PCs (CD19*CD45*CD56'D27*CD117CD20),
but slightly higher number of PC (1.5% of leukocytes) was the reason for clonality analy-
sis. Predominance of clonal clambda+ PCs in comparison with normal B cells is evident (F).
Analyses made by flow cytometr FACSCantoll using acquisition software Diva 6.0 (Becton
Dickinson) and analysis software Infinicyt (Cytognos).

of the risk of progression of monoclonal
gammopathy of undetermined signifi-
cance (MGUS) or asymptomatic MM to
symptomatic form[2,9,17]; and c) the de-
tection of MRD after treatment [4,21-23].
For these applications, particular discri-
mination, enumeration and characteri-
zation of myelomatous PCs in context
of whole PC population are essential
[3,7,24,25]. Every clinical laboratory
should be able to perform basic ana-
lysis using 4 markers (CD38/CD138/
/CD19/CD56) by one-laser flow cyto-
meter (Fig. 1). However, there could be

some uncertainty about PC clonality,
so using not only the essential markers
CD19 and CD56, but also CD20, CD27,
CD28, CD45 and CD117 is recommen-
ded for aberrant PC detection [7]. As
CD27 is expressed by both normal and
clonal PCs, higher expression of CD27 is
specific for N-PCs, while lower intensity
and/or lack of expression CD27 is typi-
cal for A-PC [26]. Unfortunately, there is
no clear evidence which subpopulations
are really polyclonal and/or clonal in se-
lected cases, so cytoplasmic expression
of kappa and lambda immunoglobulin

light chains should be used for verifica-
tion of PC normality using minimum of
6-colours (Fig. 2).

Advanced PC Analysis in MGs
Polychromatic assays performed by
two- and/or three-laser flow cytometer
(6- and/or 8-colour analyses) should pro-
vide complex information about PC im-
munophenotype, what could be useful
not only in clinical, but also in research
approach. The significance of some
surface and/or cytoplasmic markers is
known, while others are still analysed
for their prognostic/predictive signifi-
cance or for use in the detection of MRD
and/or as a potential therapeutic target
etc. (Tab. 1) [5,7,27-311.

Using polychromatic 8-colour FC
saves sample volume - with same vo-
lume for one tube (60-120 pl per tube
depending on cellularity and PCs con-
tent), twice as many markers could be
analysed than before with 4-colour FC.
Polychromatic FC is important when
low volume of bone marrow is avai-
lable (problem with aspiration of bone
marrow etc.) or other low volume liquid
sample (cerebrospinal fluid etc.) has to
be analysed, so using 8 markers in one
tube allows both detection of leuko-
cyte subpopulations and PC characteri-
sation. In addition to continual acquisi-
tion of a large number of cells (a huge
listmode), two-step acquisition pro-
cess could be used. First, several thou-
sand cells are analysed, and then, using
a gate, a defined population of PCs is
acquired for further analyses [3,17]. Co-
expression of different markers may be
found by merge of different tubes using
so-called backbone markers (markers

Tab 1. Possible combinations of surface and intracellular antigens for PC identification and detailed phenotype analysis in bone

marrow and/or peripheral blood.

BD Horizon  BD Horizon

PerCP-Cy5.5/

Tube V450 V500 FITC PE PerCP PC7 APC APC-H7
1 CD38 CD45 CD20 CD56 CD138 CD19 CD117 CD27
2 CD38 CD45 CD33 FGFR3 CD138 CD19 CD28 CD27
3 CD38 CD45 CD54 CD40 CD138 CD19 CD56 CD44
4 CD38 CD45 slgD CD24 CD138/CD20 CD19 sigM CD27
5 CD38 CD45 ckappa clambda CD138 CD19 CD56 CD27
6 CD38 CD45 CD20 CD56 CD138 CD19 cnestin CD27
S26 Klin Onkol 2011; 24(Suppl): 524-529
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Fig. 3. Assessment of PC clonality. Different subpopulations of CD38*CD138* PCs accor-
ding to CD19, CD56 and CD27 expression are visualised in AL amyloidosis sample (A, B).
Majority of clonal clambda+ PCs is presented in CD19°CD56 region and these clonal PCs
also lack CD27. Remaining regions seems to be polyclonal with high expression of CD27.
Analyses made by flow cytometr FACSCantoll using acquisition software Diva 6.0 (Becton
Dickinson) and analysis software Infinicyt (Cytognos).

which are present in all analysed tubes)
through special software. This appro-
ach increases number of PCs as well; for
example, from 3 tubes which individu-
ally contain 50 PCs there is possibility to
obtain one file with 150 PCs using data
merging. Thus, polychromatic assays are
helpful in determination of the comple-
xity of PC phenotype in routine and also
in research analyses.

Assessment of PCs clonality seems to
be very important for differential dia-
gnostics in unusual MG samples, for ex-
clusion of non-MG samples and especi-
ally for sCR confirmation in MRD analysis.
However, detection of clonal cells based
only on CD19/CD56 expression is mostly
insufficient in these cases (Fig. 3). On the
other hand, in typical MM cases, majo-
rity of PCs are clonal in the bone mar-
row, so analysis of PC clonality is not re-
quired. Minimum of 6 markers should
be used, CD38 and CD138 for PC iden-
tification, CD19 and CD56 for detection
of different PC subpopulation and cy-
toplasmic kappa and lambda light cha-
ins for detection of real clonal PCs [32].
Other markers useful in clonality analy-

sis are CD45 and CD27, which could bet-
ter identify polyclonal PCs, thus 8-colour
FCis more accurate.

There is association between the phe-
notypic profile and cytogenetic abnor-
malities [5], although the role of FC is
only informative. However, FC analysis of
FGFR3 expression is an available method
for the detection and management of
new therapeutic approaches fort(4;14)
positive MM with poor prognosis [33].
Recently, a study was also published on
progression from MGUS to SMM and
eventually to MM, involving a clonal ex-
pansion of genetically abnormal PC [34].

Specific part of research analyses is BM
microenvironment, as its interactions
could play a key role in the proliferation,
survival and drug resistance of clonal
PCs [35,36]. Lack, decreased and/or in-
creased expression of adhesive markers
(CD44, CD54 etc.) and chemokine recep-
tors may result in migration of PCs to
PB or other tissues; expression of other
markers supports survival and prolifera-
tion of PCs, so adhesive system of MGs
is an attractive potential therapeutic
target [37,38].

As PCs differentiate from B cells, ana-
lysis of B-cell subsets can help to better
understand pathophysiology of PC-re-
lated disorders, as well as putative MM
initiating cells can circulate through PB
and/or BM as less and/or more mature
forms of B cells [39]. MM initiating cells
hypothesis could explain incurability of
MM, since they are relatively resistant to
anticancer agents and have potential to
self-renewal; so looking for them is still
a challenge for research. [40]. Recently,
a study was published on the expression
of nestin in mature PCs. Nestin is a cha-
racteristic marker of multipotent prolife-
rative precursors, what could be impor-
tant for identification of MM initiating
cells, but clinical consequence of nes-
tin expression is still unknown [41]. De-
tailed analysis of CD19* subpopulations
(immature, transitional, naive, activated,
memory, isotype switched, plasmablast,
plasma cell etc.) helps in diagnostics of
unusual cases.

Methodological Pitfalls

in Multiple Myeloma Research
Identification of PCs should be done by
both CD38 and CD138, while CD45 has
informative character with no clear pro-
gnostic significance. Separation of mo-
nonuclear cells is not recommended for
reasons of cell loss; on the other hand,
thereis no limitation in terms of erythro-
cyte lysis. PCs are very heterogeneous
in their size, and they could be highly
autofluorescent, so negative control
for staining is a method of choice [42].
Discrimination of PC doublets by com-
parison of signal pulse height and width
or area is necessary as PCs are sticky,
especially after fixation for cytoplas-
mic analyses [43]. The very important
process in FC is choosing fluorochro-
mes conjugated with monoclonal an-
tibodies, because of their significantly
different staining index [44]. For exam-
ple, as CD38 is expressed by PCs with
high intensity, so using bright phyco-
erythrine (PE) conjugate for this mar-
ker is not recommended, since fluores-
cence can be out of scale or the sample
can be uncompensable etc. Acquisi-
tion of sufficient PC number is a prere-
quisite for successful evaluation in low-
infiltrated samples. This is important
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mostly in MRD analysis, where a mini-
mum of 3,000 acquired PCs is needed
[4]. Although analysis of CD19 and CD56
on CD38*CD138* PCs could discrimi-
nate majority of normal and abnormal
PCs, in some cases more detailed ana-
lysis using other markers and/or analy-
sis of cytoplasmic expression of kappa
and lambda light chains is necessary.
Thus, minimalistic 4-colour PC analysis
should be replaced by polychromatic FC
in uncertain cases, especially in other PC
dyscrasias (MGUS, primary amyloidosis,
Waldenstrom macroglobulinemia etc.),
if possible. Clonality assessment should
be done also in every case with low PC
infiltration and unclear phenotype as in-
creasing sensitivity of methods for mo-
noclonal protein detection could lead
to suspicion of MG even in normal cases.
Lymphomas with plasmacytic differen-
tiation, where PCs have mostly CD19*
phenotype were described; however,
they are clonal in lymphoplasmocy-
tic ymphoma and polyclonal in margi-
nal zone lymphoma [45,46]. Verification
of clonality is then important for diffe-
rential diagnostics as some polyclonal
PCs should not express CD19, and CD56
could be expressed by polyclonal PC
subpopulation as well.

Conclusion

Flow cytometry is a sophisticated me-
thod which allows detection and further
analysis of plasma cells, especially in po-
lychromatic setting. Its clinical signifi-
cance, in particular stringent complete
response assessment, is unquestionable
and this method should be used in both
routine analyses of monoclonal gammo-
pathies as well as in research.
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