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Abstract
Objective: The plasminogen activator system consists of the serine protease urokinase plasminogen activator
(uPA), two endogenous inhibitors of PAI-1 (plasminogen activator inhibitor-1) as well as the PAI-2 and uPA
receptor (uPAR or CD87). The aim of this study was to determine the significance of flow cytometry and
CD87, CD45 and CD56 expressions in the diagnosis, follow-up and prognosis of multiple myeloma (MM).
Materials and Methods: Twenty-nine MM patients were included in the study. Bone marrow samples
were used for flow cytometry. A panel of CD87, CD45, CD56, CD10, CD19, CD20, CD38, and CD138
was tested by flow cytometry.
Results: CD87 was negative in 8 (27.5%) cases, dim positive in 9 (31.1%) and bright positive in 12 (41.4%).
CD87 expression was significantly higher in CD45 (-) cases.
Conclusion: Flow cytometry has a significant role in the diagnosis and prognosis of MM. Further clinical
studies including large numbers of patients are needed to determine the prognostic role of CD87 in MM.
(Turk J Hematol 2010; 27: 182-9)
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Özet
Amaç: Plazminojen aktivatör sistemi; serin proteaz ürokinaz plazminojen aktivatörü (uPA), iki endojen
inhibitörü PAI-1 (plazminojen aktivatör inhibitör-1) ve PAI-2 ile uPA reseptöründen (uPAR veya CD87)
oluşmaktadır. Bu çalışmada MM tanı, takip ve prognozunda akım sitometri metodunun ve CD87, CD45,
CD56 ekspresyonunun önemini belirlemek amaçlanmıştır.
Yöntem ve Gereçler: Çalışmaya 29 MM hastası alındı. Akım sitometri için kemik iliği örneği kullanıldı. Hastalara
akım sitometri yöntemi ile CD87, CD45, CD56, CD10, CD19, CD20, CD38, CD138’i içeren panel çalışıldı.
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Bulgular: Çalışmamızda CD87; 8 (% 27.5) olguda negatif, 9 (% 31.1) olguda zayıf pozitif, 12 (% 41.4)
olguda ise kuvvetli pozitif bulundu. CD 45 (-) olgularda CD 87 ekspresyonu anlamlı olarak yüksek bulundu.
Sonuç: Akım sitometri MM tanısı ve prognozu belirlemede önemli role sahiptir. MM’da CD87 ekspresyonunun prognostik rolünü belirlemek için çok sayıda hasta içeren daha fazla klinik çalışmaya ihtiyaç vardır.

(Turk J Hematol 2010; 27: 182-9)
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Introduction
Multiple myeloma (MM) is a B-cell malignancy
characterized by the proliferation of malignant plasma cells in the bone marrow. It accounts for 1% of all
malignancies and 10% of hematological malignancies [1]. The diagnosis of MM depends on the criteria
of the ‘International Myeloma Working Group’ [2].
The International Staging System (ISS), which classifies patients into three prognostic groups according
to their β2-microglobulin (β2-M) and albumin levels,
is used for the staging of MM [3].
A number of prognostic factors have been
defined for MM, including advanced age, low performance status, lactate dehydrogenase (LDH),
albumin, C-reactive protein (CRP), β2-M levels,
plasma cell labeling index (PCLI), bone marrow
microvessel density (MVD), myeloma subtype, disease stage, syndecan-1 (CD138) level, soluble interleukin-6 receptor (sIL-6R) levels, and cytogenetic
abnormalities including hypodiploidy and chromosome 13 deletions [1].
Studies are still ongoing to determine the role of
flow cytometry in the diagnosis and prognosis of
MM. The report of the European Myeloma Network
suggests that the primary flow cytometric gate
should depend on CD38 vs CD138 expression and
that the panel including CD19, CD45, CD56, CD20,
CD117, CD28 and CD27 should be used for diagnoses, differential diagnoses and follow-up [4].
The urokinase plasminogen activator (uPA) system consists of serine protease uPA, two endogenous inhibitors of PAI-1 (plasminogen activator
inhibitor-1) as well as PAI-2 and uPA receptors
(uPAR or CD87). uPA is a serine protease transforming plasminogen into active plasmin [5,6]. CD87 has
a number of regulatory effects on cell migration,
leukocyte adhesion, chemotaxis, and signal transduction. Reports have suggested that malignant
plasma cells expressed uPA and uPAR and that this
active proteolytic system might have an effect on
the bone marrow turnover in this disease. In addition, studies suggested that CD87 had a role in the

pathogenesis of MM and was associated with the
prognosis [7,8].
The studies have demonstrated that CD56 expression is determined at a rate of 72-78% in overall MM
cases and is associated with poor prognosis [9-15].
CD45 is a tyrosine phosphatase expressed by hematopoietic cells. CD45 expression is demonstrated at
a rate of 18% in MM cases and associated with a
good prognosis [12,16-18]. Extramedullary disease
is also observed in patients who are CD45-negative
[10]. Therefore, CD87 expression was evaluated
with CD56 and CD45 in our study.
In this study, we examined the frequency of
CD87, CD45, and CD56 expressions and their association with other prognostic parameters such as
age, β2-M and albumin levels, genetic abnormalities, and disease stage and subtype. The main
objective of the present study was to determine the
significance of flow cytometry and CD87, CD45 and
CD56 expressions in the diagnosis, follow-up and
prognosis of MM.

Material and Methods
A total of 29 MM patients (23 newly diagnosed; 6
with relapse while under follow-up) were included
in the study. The MM diagnosis was based on the
medical history, clinical manifestations, immune
fixation tests in urine and serum, immunoglobulin
levels, and morphologic examination of the bone
marrow. Age, hemoglobin (Hb) concentration,
numbers of leukocytes and platelets, levels of plasma calcium (Ca), creatinine (Cr), albumin, LDH,
β2-M and CRP, type of plasma M protein, type of free
light chain in urine, the bone marrow biopsy, and
the rate of plasma cells in the bone marrow of all
the cases were registered. Using these parameters,
the ISS stages were established [3]. The bone marrow samples of all cases were placed in BD
Vacutainers containing standard (85 IU) amount of
lithium heparin, for cytogenetic evaluation.
Conventional cytogenetic evaluation of urine culture was conducted through 48 hours. 100 nuclei
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were assumed for each parameter and RB, IGH/
FGFR DC/DF and p53 probes were used for del 13q,
t(4;14) and del 17p, respectively. Bone marrow
samples were used for flow cytometry
Material used in the study
The acquisition and analyses of cells were carried out with the FACSCalibur device and Cell Quest
program (BD Biosciences, Heidelberg, Germany)
and monoclonal antibodies (BD Biosciences,
Heidelberg, Germany). CD45 PER CP (peridininchlorophyll-protein), CD38 PE (phycoerythrin),
CD138 FITC (fluorescein isothiocyanate), CD10 PE,
CD19 PER CP, CD20 PER CP, CD56 PE, CD87 PE, cyt
kappa FITC, cyt lambda PE, IgG1FITC, IgG1 Per CP,
and IgG2a PE monoclonal antibodies were used.
Procedure
Bone marrow was directly examined by fluorescein stained (FITC, PE, PER CP) monoclonal antibodies. We used CD45/CD38/CD138/CD20, CD38/
CD138/CD19/CD87, CD45/CD38/CD19/CD56, CD38/
CD138/CD19/CD10, cytKappa/cyt Lambda/CD38/
CD19 combinations for multiparametric analysis.
Following the reading of cells with the FACS CALIBUR
device, they were analyzed with the CELL QUEST
program. For the analysis, CD45 (-/dim+) and CD38
(+) plasma cells at the CD45/CD38 dot blot were
selected. Thereafter, CD38 (+) and CD138 (+) cells
at the CD38/CD138 dot blot were selected. A gate for
selected CD45 (-/dim+) CD38 (+) CD138 (+) plas-

Figure 1. Selection of plasma cells by flow cytometry

Turk J Hematol 2010; 27: 182-9

ma cells was drawn from the FSC-SSC dot blot and
all analyses were carried out with the cells gated in
this dot blot (Figure 1). The gating strategy was optimized to exclude contamination events, particularly
apoptotic cells and cellular debris. Analysis of CD38
versus CD138 expression provides the best separation of plasma cells from other leukocytes, but is
also subject to contamination, with cells binding
antibodies nonspecifically. This can be detected on
the CD38 versus CD45 plot to the right of the plasma
cell population. Thus, an initial region (R1) is set
around cells expressing high level of CD38 and
CD138, and a second region (R2) is set on the light
scatter of gated CD38+CD138+cells. A third region
(R3) was set around the cells satisfying both R1 and
R2 for CD38 and CD45 expression.
All samples were drawn after obtaining formal written consent from the patients, and the research was
carried out in accordance with the Helsinki Declaration.
Statistical Analysis
Data were analyzed with the SPSS 11.5 package
program. While descriptive statistics were expressed
as mean±SD or median (min-max) for continuously measured variables, categorical variables were
expressed as the number of observations and percentages. Mann-Whitney U test was used to compare two independent groups for characteristics
such as age, immunoglobulin, ISS and CD87. When
the number of independent groups was more than
two, Kruskal-Wallis variance analysis was done for
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comparisons. Categorical comparisons were done
using chi-square and Fisher’s exact tests. A level of
p<0.05 was considered to be significant.

Results
A total of 29 MM patients (20 males, 9 females) who
were monitored in the Hematology Clinic were examined. While 23 patients (79%) were newly diagnosed,
6 (21%) had relapsed disease. Patients who were in the
plateau phase or in remission were excluded. General
characteristics of the patients are listed in Table 1.
A panel of CD87, CD45, CD56, CD10, CD19, CD20,
CD38, and CD138 was tested by flow cytometry for
each patient. Initially, samples were examined for
CD38 and CD138 to support the MM diagnosis. All

patients were CD38 and CD138 (+). CD138, CD87
and CD56 positivity by flow cytometry are shown in
Figures 2, 3, and 4, respectively; Figure 5 shows concurrent positivity of CD38 and CD138. Flow cytometric findings are listed in Table 2.
Comparison of CD87 expression with other prognostic parameters is presented in Table 3. A significant correlation was present between CD87 and
CD45 (p=0.019). While CD87 expression was low
(negative or dim) in cases who were CD45 (+), it
was high (bright) in those who were CD45 (-). CD87
correlated significantly with extramedullary involvement (p=0.050). CD87 expression was bright (+) in
patients with extramedullary involvement (Table 3).
In CD45 (+) patients, low CD87 expression (negative or dim positive) was statistically significant
(p=0.019) (Table 3).

15/14

Age (years, median/range)

61.5 (36-78)

Disease status (new diagnosis/relapse)

23/6

Hb level (g/dL) (≤10/>10)

13/16

Creatinine value (mg/dL) (≤1.3/>1.3)

21/8

Lytic lesions (yes/no)

20/9

IgG/IgA/light chain

15/11/3

Free chain (kappa/lambda/none)

13/15/1

ISS (stage I/stage II-III)

12/17

Βeta-2 microglobulin (mg/dL) (≤1.8/>1.8)

13/16

CRP (mg/L) (≤5/>5)

11/18
0/29

Extramedullary involvement (yes/no)

6/23

Poor cytogenetic parameter
[del13q, 17p, t(4;14)] (yes/no)

15/14

10

0 101

3
102 10
CD45 PerCP

10

4

Figure 2. CD138 positivity in plasma cells

Table 2. Flow cytometric findings in patients
(n=29)

% (Mean) of
positive cases

CD38 (-/+)

0/29

0/69.8

CD138 (- /+)

0/29

0/66.6

CD45 (-/+)

19/10

65.5/34.5

CD10 (-/+)

29/0

100/0

CD19 (-/+)

28/1

96.6/3.4

CD20 (-/+)

24/5

82.8/17.2

CD56 (-/+)

8/21

27.6/72.4

CD87 (negative-dim positive/bright positive) 17/12

58.6/41.4

CD87 PE
0 101 102 10 3
10

Hb: Hemoglobin; CRP: C-reactive protein; ISS: International Staging System

10

4

Sedimentation (mm/hr) (N/high)

10

Age (≤65/>65)

CD138 FITC
0 101 102 10 3
10

9/20

4

Table 1. General characteristics of patients enrolled in the study (n=29)
Sex (female/male)

185

10

0 101

3
102 10
CD20 PerCP

Figure 3. CD87 positivity in plasma cells
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There was no significant correlation between
CD56 and CD87 (p=1.000) (Table 3). Similarly, CD56
and CD45 did not correlate significantly (p=0.201).
CD56 positivity in plasma cells with flow cytometry
is shown in Figure 4.

Discussion
The surface antigens detected by flow cytometric method have begun to be used in addition to the
biochemical and genetic parameters in the diagnosis, follow-up and prognosis of MM [4]. Using flow
cytometry, Rigolin et al. [19] determined neoplastic
cells expressing CD87 in all of the 49 MM patients
included in their study. The highest CD87 expres-

sion was by CD45 (+) immature plasma cells; in
addition, these cells displayed strong reactivity
against CD138 and CD56, which are two important
molecules for the cell adhesion process. In MM
patients, CD87 expression seems to be inversely
related to the maturation of malignant plasma cells.
This suggests that CD87, like CD56, may be involved
in the regulation of plasma cell organization and
consequently in the disease pathogenesis [7,9].
We used CD38 and CD138 to diagnose MM and to
differentiate malignant plasma cells. CD38 and
CD138 were positive in all cases (Table 2). This finding was in accordance with the data in the literature. In a study by Plesner et al. [20] including 31
patients, the percentage of CD38 (++) cells was

10

4

Table 3. Comparison of CD87 expression with prognostic parameters
CD87 negative
or dim positive
(n=17)

CD87 bright
positive
(n=12)

p
value

8

11

0.019

CD38 PE
0 101 102 10 3
10

CD45 (-)
CD45 (+)

9

1

CD56 (-)

5

3

CD6 (+)

12

9

EM involvement Yes

1

5

No

16

7

13

11

CD20 (-)

10

0 101

102 10
CD56 FITC

3

10

4

1.000
0.050
0.370

CD20 (+)

4

1

Age

17

12

0.412

Male

10

10

0.234

Female

7

2

Hb ≤10

9

4

Sex

Figure 4. CD56 positivity in plasma cells

>10

8

8

Creatinine value ≤1.3

11

10

(mg/dL)

>1.3

6

2

Lytic lesions

Yes

6

3

No

11

9

Stage I

7

5

Stage II and III

10

7

≤1.8

7

6

>1.8

10

6

CRP (mg/L)

0-5

5

6

between

>5

12

6

ISS
β2-M (mg/dL)

13q14 del.

Yes

7

7

No

10

5

0.296
0.408
0.694
1.000
0.638
0.438
0.462

EM: Extramedullary involvement; Hb: Hemoglobin; CRP: C-reactive protein;

Figure 5. Concurrent positivity of CD38 and CD138 in plasma cells

ISS: International Staging System; β2-M: Beta-2 microglobulin
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considered as the percentage of myeloma cells. Lin
et al. [12] suggested that CD138 was the most specific marker for plasma cells, and that staining was
70-100%, but reported that for the initial differentiation of plasma cells, the CD38, CD138 and CD45
combination was more effective. Aberrant CD56
expression was detected in 71.7% of MM cases [12].
CD56 differentiates malignant and benign plasma
cells [11]. Aggressive disease and extramedullary
involvement are common in myeloma cases without CD56 expression [13].
A study by Mathew et al. [13] including 68 cases
demonstrated that survival was shorter in CD56 (-)
myeloma cases compared to those who were CD56
(+). In another study, 8 among 12 CD56 (-) myeloma cases were either refractory or progressive [21].
Sahara et al. [15] also examined 70 patients and
found that 15 cases were CD56 (-) and 55 were
CD56 (+). In this study, high β2-M level, extramedullary disease, thrombocytopenia, and renal involvement were significantly more common in patients
who were CD56 (-) compared to CD56 (+) cases.
Survival was significantly lower in CD56 (-) cases
(22 months) than in CD 56 (+) patients (63 months)
[15]. In the present study, 21 among 29 patients
(72%) were CD56 (+), in accordance with the previous data. However, we could not find any correlation between CD56 and other prognostic factors.
CD45 expression is variable in myeloma cells.
While immature plasma cells stain CD45 bright (+),
mature plasma cells stain either CD45 (-) or CD45
dim (+) [22]. Asosingh et al. [23] suggested that
CD45 (+) myeloma patients had a longer survival.
Moreau et al. [24] reported that while CD45 (-)
myeloma patients had a poor prognosis, the prognosis of CD45 (+) cases was good.
In compliance with the above-mentioned data,
CD87 expression was significantly higher in CD45 (-)
patients in our study. Lin et al. [12] reported that 54
among 306 cases (17.6%) expressed CD45. In our
study, in 10 among 29 patients (34.5%), CD45 expression was positive; CD45 expression did not correlate
significantly with other prognostic parameters.
In a study by Hjertner et al. [8] including 7 cases,
uPA and uPAR were expressed by myeloma cells
and all patients had CD87 expression. Similarly,
Rigolin et al. [19] reported CD87 expression in all of
their patients (n=49). On the other hand, Plesner et
al. [20] could not detect uPAR in any of their patients
in a series including 10 cases. Although the reason
for this difference is unclear, variations in myeloma
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cell isolation were suggested to account for the difference in uPAR expression [20]. CD87 expression
was bright (+) in 12 patients among 29 (41.5%) and
-/dim positive in 17 (58.5%).
While immature plasma cells stain CD45 bright
(+), mature plasma cells stain either (-) or dim (+)
[22,25,26]. The expression of CD87 by CD45 (+)
immature plasma cells is 5-17 times higher than by
CD45 -/dim+ mature plasma cells. The study by
Hjertner et al. [8] showed that uPAR expression
depended on myeloma cell maturation and that
immature myeloma cells had high expression levels. Rigolin et al. [19] classified 49 patients into two
groups according to CD87 expression. Patients with
high CD87 expression also had high CD56, CD38,
CD138 and high CD45 positivity.
The studies have demonstrated that prognosis
was poor in CD45 (-) myeloma patients and good in
CD45 (+) cases (23,24). In our study, CD87 expression was significantly higher in CD45 (-) cases, and
the rate of extramedullary involvement, which is
associated with poor prognosis, was also significantly higher in this group.
However, uPAR expressions are highly variable in
myeloma patients. This was suggested to be associated with the translocation of uPAR stored in the
cytoplasmic compartment on the cell surface after
being activated, and following uPA/PAI-1 internalization and degradation in lysosomes, its return to the
cell surface [8,20].
Lanza et al. [27] reported a significant correlation between high CD87 expression in acute leukemias and extramedullary involvement. This suggests an association of uPAR expression with clinical features predicting a more aggressive disease
course [27]. We found a significant correlation
between CD87 expression and extramedullary
involvement. Patients with extramedullary involvement had higher CD87 expression. However, there
was no correlation between CD87 and other prognostic parameters (Table 3).
Rigolin et al. [19] determined an association
between high CD87 expression and lytic bone lesions.
However, we could not demonstrate such a correlation in our study. On the other hand, while Rigolin et
al. could not find a correlation between circulatory
soluble uPAR and uPAR (CD87), suPAR seemed to
correlate with an aggressive disease course. High
suPAR levels were associated with advanced disease, high Cr levels, high CD138 and high β2-M levels.
However, this study was not able to demonstrate a
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significant correlation between suPAR level and CRP
and 13q14 deletion [19]. No other studies detected a
significant relation between CD87 expression and
13q14 deletion in myeloma patients [7]. Similarly, in
our study, CD87 expression and the 13q14 deletion
did not correlate significantly.
CD87 (uPAR) is expressed by myeloma cells and
is likely to have a pivotal role in the biology of the
disease. Moreover, serum uPAR is an independent
parameter that predicts extramedullary involvement and poor prognosis in myeloma [19].
In conclusion, immunophenotyping by flow
cytometry is a sensitive method that is used for the
diagnosis and clinical monitoring of the disease.
Flow cytometry in MM is beneficial in detecting
malignant plasma cells and prognostic markers and
monitoring the development and differentiation of
myeloma cells. CD87, CD45 and CD56 should be
tested for the prediction of prognosis in MM.
However, further clinical studies including large
numbers of patients are needed to determine the
prognostic role of CD87.
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