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Role of Flow Cytometric Immunophenotyping in Diagnosis of Multiple Myeloma
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Immunophenotyping has become an invaluable tool in the management of
hematological malignancies and is increasingly finding a role in the
diagnosis and monitoring of plasma cell disorders. The aim of the study was
to provide an accurate diagnosis of multiple myeloma by application of flow
cytometry immunophenotyping. A cross-sectional descriptive study was
conducted at Department of Clinical Hematology, Yangon General Hospital
from September 2015 to August 2016. Multiparametric flow cytometry
immunophenotyping was performed using monoclonal antibodies against
CD56, CD19, CD138, CD38 and CD45. A total of 40 clinically suspected
cases of multiple myeloma were included for the study. Among the
40 cases, 25 cases (62.5%) were diagnosed as multiple myeloma by the
positive expression of CD138 or CD38, negative CD19 expression, weak or
negative CD45 expression and positive or negative CD56 expression.
Age of the patients ranged from 49 years to 89 years. The male to female
ratio was 1.1:1. Serum protein electrophoresis and densitometer reading
were performed in all cases for detection of monoclonal band and
monoclonal protein concentration. Monoclonal band was detected visually
and estimation of monoclonal protein was done by densitometer. Among
40 cases, 25 (62.5%) had monoclonal gammopathy. Among these cases,
20 (80%) had monoclonal band in the gamma (y) region and 5 (20%) had in
the beta (B) globulin region. The mean concentration of monoclonal protein
was 4.50 g/dl, with a range of 2.28 to 7.95 g/dl. The remaining 15 (37.5%)
were not detected monoclonal band. In conclusion, flow cytometry immuno-
phenotyping is useful tool for the diagnosis of multiple myeloma and it
should be included as a routine assay in monoclonal gammopathy patients.
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INTRODUCTION

Multiple myeloma is a clonal B-cell
disorder in which malignant plasma cells
accumulate in the bone marrow, producing
Iytic lesions, excessive amounts of
monoclonal protein in the serum or urine,
and evidence of end-organ damage (hyper-
calcemia, renal insufficiency, anemia,
or bone lesions).! It accounts for 1% of all
malignancies and 10% of hematological
malignancies.?*

Evaluation of multiple myeloma disease is
based on a variety of laboratory techniques,
including bone marrow morphology and
immunophenotyping, analysis of serum and
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urine M- component and free light chains,
hematological and biochemical parameters,
cytogenetics, DNA ploidy, and measure-
ment of plasma cell proliferative activity.
These investigations are important to
support the diagnosis of multiple myeloma,
to guide the therapy, to provide prognostic
information, and to monitor treatment
efficacy.* Immunophenotyping has become
an invaluable tool in the management
of hematological malignancies and is
increasingly finding a role in the diagnosis
and monitoring of plasma cell disorders.’

*To whom correspondence should be addressed.
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Immunophenotyping by flow cytometry is
a sensitive method that is used for the
diagnosis and clinical monitoring of the
disease. Flow cytometry in multiple
myeloma is beneficial in detecting
malignant plasma cells and prognostic
markers and monitoring the development
and differentiation of myeloma cells.®

Flow cytometry has many advantages:

o distinguishing among normal, reactive,
and malignant plasma cells;**

e evaluating the risk of progression from
monoclonal gammopathy of unknown
significance (MGUS) to  multiple
myeloma;****

o detecting prognostic markers;

e evaluating minimal residual
(M RD).?, 18,19

o identifying new targets for myeloma
therapy.'® 1720

Multiple myeloma is not uncommon
globally as well as in Myanmar. Being
limited availability of laboratory diagnostic
facility, there had been no studies using
flow cytometry immunophenotyping for
diagnosis of multiple myeloma in
Myanmar. The study was aimed to provide
an accurate diagnosis of multiple myeloma
by application of flow cytometry immuno-
phenotyping.

10, 15-17

disease

MATERIALS AND METHODS

Study population

A cross-sectional, descriptive study was
conducted at Department of Clinical
Haematology, Yangon General Hospital
from September 2015 to August 2016.
A total of 40 clinically suspected cases
of multiple myeloma were included in
the study. After getting informed consent,
relevant clinical history, physical exami-
nation and laboratory results were recorded
in case report form. Then, 2 ml of bone
marrow  aspirate with EDTA tube
and 2 ml of venous blood with plain
tube were collected and sent to Blood
Research Division, Department of Medical
Research within 2 hours.

Flow cytometry immunophenotyping

Plot configuration and  optimization
including isotype control, fluorescent
(colour) control, calibration beads and
compensation were firstly performed. After
getting the standard optimized setting of
machine, the patient’s samples were analyzed
throughout the process. Accurate and con-
sistent test results were checked and
standardized over time regardless of variables.

Immunophenotypic evaluation was per-
formed using multicolour flow cytometry
CyFlow® Cube 8 (Sysmex Partec). Multi-
parametric flow cytometry immunopheno-
typing was performed using monoclonal
antibodies against CD56, CD19, CD138,
CD38 and CD45 conjugated with phyco-
erythrin (PE), allophycocyanin (APC),
fluorescein isothiocyanate (FITC), and
phycoerythrin (PE-Dy).

Data were analyzed by CyView™ software.
The plasma cells were initially gated using
CD138 and side scatter, following which,
CD138+ gated cells were analyzed for CD56,
CD19 and CD45. In cases of CD138-
specimens, the bone marrow aspirate was
restrained with a CD56/CD19/CD38/CD45
panel. In this case, plasma cells were gated
using CD38 and side scatter and CD38+ cells
were analyzed for CD56, CD19 and CDA45.

Serum protein electrophoresis

Visual detection of a monoclonal band
following serum protein electrophoresis
was used to confirm the presence of
monoclonal protein. The concentration of
monoclonal protein was quantified by using
a densitometer.

Statistical analysis

Data entry was performed and checked
for double entry, incorrectness and
incompleteness to validate the data. Data
were analyzed by using SPSS 16.0. Simple
descriptive analysis for each variable was
done.

Ethical consideration

This study was approved by Ethics Review
Committee, Department of Medical Research.
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RESULTS

A total of 40 clinically suspected cases of
multiple myeloma were included for
the study. Among the 40 cases, 25 cases
(62.5%) were diagnosed as multiple

myeloma by the positive expression
of CD138 or CD38, negative CD19
expression, weak or negative CDA45

expression and positive or negative CD56
expression (Fig. 1-3). Fifteen cases (37.5%)
had no evidence of multiple myeloma by
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Fig. 3. Phenotype of neoplastic plasma cells showing expression of CD56+ CD19- CD38+ CD45+
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flow cytometry. Age of the patients ranged
from 49 years to 89 years. The male to
female ratio was 1.1:1. In 23 out of 25 cases
(92%), plasma cells could be sufficiently
identified through initial CD138 gating. The
positive expression rates of CD56, CD19,
CD138 and CD45 in neoplastic plasma cells
were 84% (21/25), 0% (0/25), 92% (23/25)
and 32% (8/25), respectively (Table 1). Two
of 25 cases (8%) were negative for CD138
expression following initial CD138 gating
and were subsequently restained and gated
using CD 38.

Table 1. Antigenic expression rates in multiple
myeloma cases

Antigen Expression  Multiple myeloma patients (%)
CD138 Positive 23(92)
Negative 2(8)
CD56 Positive 21(84)
Negative 4(16)
CD19 Positive 0(0)
Negative 25(100)
CD45 Positive 8(32)
Negative 17(68)
Serum  protein  electrophoresis  and

densitometer reading were performed in
all cases for detection of monoclonal band
and monoclonal protein concentration.
Monoclonal band was detected visually
and estimation of monoclonal protein
was done by densitometer. Among
40 cases, 25 cases (62.5%) had monoclonal
gammopathy. Among them, 20 cases (80%)
had monoclonal band in the gamma (y)
region and 5 cases (20%) had in the beta ()
globulin region. The mean concentration
of monoclonal protein was 4.50 g/dl,
with a range of 2.28 to 7.95 g/dl. The
remaining 15 cases (37.5%) were not
detected monoclonal band.

DISCUSSION

Immunophenotyping has become an
invaluable tool in the management of
hematological ~ malignancies and is
increasingly finding a role in the diagnosis
and monitoring of plasma cell disorders.
The major advantage of flow cytometry
when compared to other methods is the

possibility to discriminate between normal
polyclonal and abnormal clonal plasma
cells. In addition to establishing the
diagnosis of plasma cell disorders, several
studies have reported an association
between the phenotype of neoplastic plasma
cells and prognosis.

This study demonstrated the four-color flow
cytometry using monoclonal antibodies
against CD56, CD19, CD138 (CD38) and
CD45 to detect the neoplastic plasma cells
in patients with multiple myeloma.

The European Myeloma Network has
recommended using CD38, CD138 and
CD45 together with CD19 and CD56 to
identify multiple myeloma cells.” Minimum
of 4 markers is recommended for basic
plasma cell analysis so that expression of
CD56, CD19, CD138 (CD38) and CDA45
should be analyzed in every monoclonal
gammopathy case to identify CD138+
CD38+ plasma cells and to discriminate
normal or reactive plasma cells (CD19+
CD56 - CD45+) and abnormal plasma cells
(CD19 - CD56 + or - CD45 - or +)."

In all multiple myeloma cases, a single
antigen cannot be used to distinguish
neoplastic plasma cells. Although CD138 is
expressed at high levels on plasma cells,
this marker cannot be used to discriminate
neoplastic myeloma cells from reactive
plasma cells. In our study, CD138 was used
for the initial identification of plasma cells
because plasma cells are the only cells in
the bone marrow that express CD138.
Subsequent selection using CD38 was
analyzed only for samples with dim to
negative CD138 expression. In this study,
23 of 25 cases (92%) showed CD138+
neoplastic plasma cells, with only 2 cases
(2/25,8%) with CD138- neoplastic plasma
cells. However, this later group showed
CD38+ neoplastic plasma cells and
therefore, in these cases, CD38 was used
for selection. No difference was noted in
the immunophenotypic profile between
CD38+ cells and cells gated using the
CD138 marker.
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CD56 is expressed mainly on neoplastic
plasma cells although not in all cases. CD56
expression was reported in 70 to 80% of
multiple myeloma patients. ?* This study
showed that CD56 expression was 84%.
Lack of CD56 expression in myeloma

has been associated with a worse
prognosis.*
Similarly, both CD45- and CD45+

neoplastic plasma cell populations have
been described. Because of the varied
expression patterns of CD45 on neoplastic
plasma cells, there was some limitation in
identifying them using CD45 alone, unlike
the case with CD56 and CD19. However,
the presence of CD45- neoplastic plasma
cells has been associated with poor clinical
outcome.? In this study, CD45 expression
was found in 32% of multiple myeloma
patients.

Reactive plasma cells express CD19;
however, neoplastic plasma cells show no or
only a dim CD19 expression.'> * CD19
represents the most valuable antigen to
identify neoplastic plasma cells in patients
with multiple myeloma. These findings
suggest that CD19 expression was negative
in all patients.

Conclusion

This study revealed the diagnostic role
of flow cytometry immunophenotyping
in patients with multiple myeloma. As
an adjunct to morphologic evaluation of
marrow aspirate smear, histology, immuno-
histochemistry of marrow biopsy and
protein  electrophoretic analyses, flow
cytometry immunophenotyping is useful
tool for the diagnosis of multiple myeloma
and it should be included as a routine
assay in monoclonal gammopathy patients.

ACKNOWLEDGEMENT

This project was supported by World Health
Organization. We would like to express our
deepest gratitude to Sysmex Partec
Company for technical assistance and
reagents support to develop flow cytometry

56

laboratory in Department of Medical
Research. We wish to express our
sincere gratitude and thanks to all the
patients for their kind participation in this
study.

REFERENCES

1. Munker R, Hiller E, Glass J & Paquette R.
Modern Hematology: Biology and Clinical
Management. 2" ed. Totowa; NJ: Humana
Press; 2007; 250.

2. Kyle RA & Rajkumar SV. Multiple myeloma.
The New England Journal of Medicine 2004;
351: 1860-1873.

3. Rajkumar SV & Kyle RA. Multiple myeloma:
Diagnosis and treatment. Mayo Clinic
Proceedings 2005; 80; 1371-1382.

4. Cannizzo E, Bellio E, Sohani AR, Hasserjian
RP, Ferry JA, Dorn ME, et al. Multiparameter
immunophenotyping by flow cytometry in
multiple myeloma: The diagnostic utility of
defining ranges of normal antigenic expression
in comparison to histology. Cytometry B
Clinical Cytometry 2010; 78(4): 231-8.

5. Kumar S, Kimlinger T & Morice W.
Immunophenotyping in multiple myeloma and
related plasma cell disorders. Best Practice
Research Clinical Haematology 2010; 23(3):
433-451.

6. Albayrak M, Balcik OS, Dagdas S, Yilmaz M,
Ceran F, Yokus O, et al. Role of flow cytometry
in multiple myeloma and the prognostic
significance of CD87 (uUPAR) expression.
Turkish Journal of Hematology 2010; 27: 182-9.

7. Rawstron AC, Orfao A, Beksac M,
Bezdickova L, Brooimans RA, Bumbea H, et al.
Report of the European Myeloma Network
on multiparametric flow cytometry in multiple
myeloma and related disorders. Haematologica
2008; 93: 431-438.

8. Bataille R, Robillard N, Avet-Loiseau H,
Harousseau J-L & Moreau P. CD221 (IGF-IR) is
aberrantly expressed in multiple myeloma, in
relation to disease severity. Haematologica
2005; 90: 706-707.

9. Moreaux J, Hose D, Reme T, Jourdan E,
Hundemer M, Legouffe E, et al. CD200 is a new
prognostic factor in multiple myeloma. Blood
2006; 108: 4194-4197.

10. Robillard N, Pellat- Deceunynck C & Bataille R.
Phenotypic characterization of the human
myeloma cell growth fraction. Blood 2005; 105:
4845-4848.

11. Moreau P, Robillard N, Avet-Loiseau H, Pineau
D, Morineau N, Milpied N, et al. Patients



12.

13.

14.

15.

16.

17.

with CD 45 negative multiple myeloma
receiving high-dose therapy have a shorter
survival than those with CD45 positive multiple
myeloma. Hematologica 2004; 89: 547-551.

Ocqueteau M, Orfao A, Almeida J, Blade J,
Gonzalez M, Gercia- Sanz R, et al. Immuno-
phenotypic characterization of plasma cells from

monoclonal gammopathy of undetermined
significance patients: implications for the
differential diagnosis between MGUS and

multiple myeloma. American Journal of

Pathology 1998; 152: 1655-1665.

Rawstron AC, Owen RG, Davies FE, Johnson
RJ, Jones RA, Richards SJ, et al. Circulating
plasma cells in multiple myeloma: Charac-
terization and correlation with  disease
stage. British Journal of Haematology 1997; 97:
46-55.

Terstappen LW, Johnsen S, Segers-Nolten IM
& Loken MR. Identification and characteri-
zation of plasma cells in normal human bone
marrow by high-resolution flow cytometry.
Blood 1990; 76: 1739-1747.

Perez-Persona E, Vidriales MB, Mateo G,
Garcia- Sanz R, Mateos MV, de Coca AG, et al.
New criteria to identify risk of progression
in monoclonal gammopathy of uncertain
significance and smouldering multiple myeloma
based on multiparameter flow cytometry
analysis of bone marrow plasma cells. Blood
2007; 110: 2586-2592.

San Miguel JF, Gutierrez NC, Mateo G &
Orfao A. Conventional diagnostics in multiple
myeloma. European Journal of Cancer 2006;
42: 1510-1519.

Mateo G, Montalban MA, Vidriales MB,
Lahuerta JJ, Mateos MV, Gutierrez N, et al.
Prognostic value of immunophenotyping in
multiple myeloma: A study by the PETHEMA/
GEM cooperative study groups on patients
uniformly treated with high-dose therapy.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Journal of Clinical
2737-2744.

Mateo G, Castellanos M, Rasillo A, Gutierrez
NC, Montalban MA, Martin ML, et al. Genetic
abnormalities and patterns of antigenic
expression in multiple myeloma. Clinical of
Cancer Research 2005; 11: 3661-3667.

Lima M, Teixeira Mdos A, Fonseca S,
Goncalves C, Guerra M, Queiros ML, et al.
Immunophenotypic aberrations, DNA content,
and cell cycle analysis of plasma cells in patients
with myeloma and monoclonal gammopathies.
Blood Cells Molecular Disease 2000; 26:
634-645.

Lemoli RM & Fortuna A. C-kit ligand (SCF) in
human multiple myeloma cells. Leukemia &
Lymphoma 1996; 20: 457-464.

Kovarova L & Hajek R. Flow cytometric
analysis of plasma cells in multiple myeloma.
Klinicka Onkologie 2008; 21(Suppl 1): 249-252.
Rawstron AC. Immunophenotyping of plasma
cells. Currrent Protocols in Cytometry 2006;
Chapter 6: Unit 6, 23.

Sahara N, Takeshita A, Shigeno K, Fujisawa S,
Takeshita K, Naito K, et al. Clinicopatho-
logical and prognostic characteristics of CD56-
negative multiple myeloma. British Journal of
Haematology 2002; 117: 82-5.

Sahara N & Takeshita A. Prognostic significance
of surface markers expressed in multiple
myeloma: CD56 and other antigens. Leukemia &
Lymphoma 2004; 45: 61-65.

Kumar S, Rajkumar SV, Kimlinger T, Greipp
PR & Witzig TE. CD45 expression by bone
marrow plasma cells in multiple myeloma:
Clinical and biological correlations. Leukemia
2005; 19: 1466-70.

Harada H, Kawano MM, Huang N, Harada Y,
Iwato K, Tanabe O, et al. Phenotypic difference
of normal plasma cells from mature myeloma
cells. Blood 1993; 81: 2658-63.

Oncology 2008; 26:

57



