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The aim of this study was a contemporaneous measurement of plasma cells proliferative and apoptotic activity in patients
examined at the time of multiple myeloma (MM) diagnosis before initiation of chemotherapy, focussed on the following as-
pects: determination of prognostic significance of plasma cell propidium iodide (PC-PI) and annexin-V FITC (PC-AI) indi-
ces; optimal cut off of PC-PI and PC-AI with regard to overall survival; calculation of summary kinetic index of plasma cells
(PC-PI/AI ratio) for evaluation of its prognostic importance; determination of an index (out of PC-PI, PC-AI and PC-PI/AI)
showing the closest relation to prognosis of multiple myeloma.

The analyzed 122 patients fulfilling SWOG multiple myeloma criteria were treated by conventional chemotherapy.
Plasma cell proliferative activity was measured by means of PC-PI examined by flow cytometry using a DNA/CD138 double
staining technique. For detection of plasma cells entering apoptosis (PC-AI), flow-cytometry method with annexin-V FITC
and MoAb CD138 was used.

The PC-PI median in 122 patients was 2.6(0.4–4.8)%. The sequence prognostic analysis showed that the optimal PC-PI
cut off was 2.9% and displayed a significant relationship with overall survival (OS) (p=0.031). The group of 94 patients had
PC-AI median of 5.0(1.4–24.5)%. The best statistical significance of the rate of apoptosis related to overall survival was
found at cut off value of 4.4% (p=0.022). The median of overall kinetic index of plasma cells (PC-PI/AI) examined in 94
MM patients was 0.5(0.05–2.60) and the overall kinetic index was found to display a very good relationship to OS at the cut
off value of 0.71 (p=0.032). All the three indices expressing various aspects of kinetics of plasma cells allow the stratifica-
tion of patients into two prognostically different groups with statistically significantly different medians of overall survival:
good risk – OS still undeterminable at the time of analysis; bad risk – M: OS was for PC-PI 17 months, for PC-AI 23 months
and for PC-PI/AI 16 months. The ratio of both indices, i.e. PC-PI/AI, however did not bring any further contribution to over-
all survival/prognosis evaluation, when compared with single PC-PI and PC-AI.

Results of present study indicates that the evaluation of both proliferation and apoptotic activities of plasma cells is im-
portant for prognosis thus extending possibilities of initial stratification of MM patients into groups with different prognos-
tic risk.
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Multiple myeloma (MM) is a clonal lymphoproliferative
disease that affects terminally differentiated B-cells, i.e.
plasmocytes, which typically display a variable proliferative
activity and different resistance to apoptosis with latent accu-
mulation of myeloma cells in the bone marrow [1, 2]. The

disharmony of proliferation and down-regulation or disrup-
tion of apoptosis is considered as one of crucial mechanisms
of myeloma cell expansion [3]. The expansion of myeloma
cell neoplastic clone is determined by an equilibrium be-
tween proliferation and induction or blockade of apoptosis. It
seems that in the pathogenesis of MM the key event is not
only the loss of myeloma plasma cells growth control, but
also the inhibition of their apoptosis. While significant im-
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portance of proliferative properties of plasma cells (PC-PI)
for MM prognosis has been confirmed [4–8], only a few clin-
ical studies reported on evaluation of myeloma cells
apoptotic intensity [9, 10]. It is even striking, that despite nu-
merous papers dealing with apoptosis in MM, most studies
are of experimental character, focussed mostly on plasma cell
apoptosis under in vitro conditions in constrast with
sporadical reports oriented to clinical situation.

The aim of this study was to measure contemporaneously
the plasma cell proliferative (PC-PI) and apoptotic (PC-AI)
activities in patients analyzed at the time of MM diagnosis
with the following purposes:

a) Determination whether not only the evaluation of
plasma cell proliferation activity using propidium iodide in-
dex (PC-PI), but also examination of apoptosis rate evaluated
by means of annexin-V FITC index (PC-AI) could be of
prognostic significance;

b) Determination of optimal cut off value of propidium io-
dide (PC-PI) and annexin-V (PC-AI) indices for evaluation
of overall survival;

c) Calculation of overall kinetic index of plasma cells
(PC-PI/AI ratio) with respect to its prognostic importance;

d) Determination which of the three indices, i.e. propidium-
-iodide proliferation index (PC-PI), annexin-V apoptotic in-
dex (PC-AI) or overall kinetic index of plasma cells
(PC-PI/AI) has the closest relation to prognosis.

Patients and methods

The analyzed group of 122 patients fulfilling SWOG mul-
tiple myeloma diagnostic criteria [11] was examined at the
time of MM diagnosis before initiation of the therapy during
1994–2004, while in the group with examination of PC-AI
were 94 patients during 1997–2004. Serum electrophoresis
and immunofixation method, performed in all patients, iden-
tified following monoclonal immunoglobulins: IgG 66%;
IgA 22%; light chain only 10% and IgM 1%. Of the serum
monoclonal proteins, 68% were kappa, 31% were lambda.
One percent of the patients had no monoclonal protein identi-
fiable in the serum and/or in the urine. The median age at di-
agnosis in this series was 66 (44–85) years, (male-to-female
ratio 0.8: 1.0). Clinical stage by the DURIE-SALMON system
[12] was distributed as follows: I – 15(12%); II – 52(43%);
III – 55(45%); substage B – 32(26%). In the examined group
of MM patients, a systematic conventional chemotherapy, i.e.
VBMCP (M2-protocol), VAD, Cy-VAD, CIDex, and some-
times MP regimens were used.

Plasma cell proliferative activity (proportion of S-phase
plasma cells) was measured by means of propidium iodide
index (PC-PI) by flow cytometry (Coulter Epices XL Coulter
Corporation) using a DNA/CD138 double staining technique
allowing to evaluate the fluorescence of intercalated
propidium iodide that is proportional to cellular DNA con-
tent, while plasma cells were identified by MoAb against
syndecan-1 (CD138) [13]. PC-PI was examined in bone mar-

row aspirates after separation of cells using a density gradient
(Ficoll Verografin). Special Multicycle software for each
sample analysis was used to evaluate plasma cells present in
the S-phase of the cell cycle (Multicycle for Windows ver.
3.0 Phoenix Flow Systems) [14–16].

Apoptotic properties of plasma cells were examined in the
bone marrow aspirate placed in heparinized RPMI 1640 me-
dium, followed by cell separation using a density gradient
and identification of myeloma plasma cells with MoAb
anti-CD138 (CD138 PE, Biotech), which is plasma cells spe-
cific. To detect phosphatidyl serine expression on the surface
of apoptotic cells, the Annexin-V FITC kit (Immunotech,
Marseille, France) was used, allowing selective differentia-
tion of the apoptotic, necrotic and secondary necrotic cell
population using flow cytometer (Epics XL, Coulter Corpo-
ration, Miami, USA) analysis. The apoptotic index was de-
fined as percentual presence of propidium iodide-negative
cells showing a specific bound on annexin-V [9, 17].

The Kaplan-Meier product limit method was used to ob-
tain the survival curve; log rank test (p<0.05) was employed
to determine the overall survival time differences.

Results

It was found that the PC-PI median in the 122 MM group
was 2.6 (0.4–4.8)%. Results of individual steps of the per-
formed analysis are given in Table 1. The sequence prognos-
tic analysis showed that in case of evaluation of proliferation
PC-PI index, cut off value of 2.9% divided MM patients into
two prognostically different groups, where a median of OS of
patients with a high value of PC-PI index ≥2.9% was only
17 months, while in the group of patients with a low value,
i.e. <2.9% remained unidentifiable due to survival of patients
at the time of analysis (Tab. 1, Fig. 1). Differences in progno-
sis between the two compared groups were statistically sig-
nificant.

In 94 examined MM patients, PC -AI median was 5.0
(1.4–24.5)%. Prognostic analysis of initial values of plasma
cells apoptosis rate using PC-AI also proved a high signifi-
cance of this marker. Unfavourable prognosis of short sur-
vival rate was confirmed in patients with a low PC-AI value,
i.e. ≤4.4% with overall survival of only 23 months, while in
the group of patients with a high value of PC-AI >4.4% the
OS median could not be identified at the time of analysis yet
(Tab. 1, Fig. 2). In order to enhance sensitivity of overall
prognostic estimation, we tried to evaluate the importance of
overall index of proliferation and apoptosis of plasma cells
calculated as a ratio of propidium iodide and annexin-V indi-
ces (PC-PI/AI). Median of overall index examined in the
group of 94 MM patients was 0.5 (0.05–2.60). Sequence
prognostic analysis showed the highest prognostic potential
of the overall kinetic index of plasma cells 0.71. The group of
patients with summary index value ≥0.71 was found to have a
considerably worse prognosis with median survival of only
16 months, while patients with the index value <0.71 had a
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more favourable prognosis, at the time of analysis with still
unidentifiable OS median (Tab. 1, Fig. 3). The calculated dis-
crimination values of PC-PI, PC-AI and PC-PI/AI stratified a
cohort under study into separate asymmetric groups, where
the group with unfavourable prognosis (bad risk) and a short
overall survival always represented minority (PC-PI 38%,
PC-AI 43% and overall PC-PI/AI 32%).

Discussion

MM is characterized by the accumulation of malignant
plasma cells in the bone marrow caused primary by failure of
normal homeostatic mechanisms to prevent the expansion of
postgerminal plasma cell [2]. Cell-cycle control, but mainly
dysregulation of apoptosis represents major determinants for

disrupted plasma cell homeostasis in MM
pathogenesis [18]. Accumulation of non-
cycling myeloma cells in the bone marrow
originates mainly from dysregulation of
apoptosis although the expansion of mono-
clonal myeloma cells cannot be achieved
without dysregulation of the cell cycle ear-
lier during MM initiation. MM is really an
accumulative rather than a true proliferative
disease [19, 20] and MM constitutes perhaps
one group of cells, which cannot undergo
apoptosis in the bone marrow [9]. With re-
gard to the above mentioned reasons, an
analysis of these processes is crucial for un-
derstanding of biological nature of MM as
well as for the evaluation of clinical stages of
the disease. In MM the overall survival
and/or the duration of the response to ther-
apy varies substantially and is significantly

influenced by kinetic properties i.e. proliferative and mainly
apoptotic characteristics of the plasma cell clone [4–6, 8, 12,
18, 21, 22]. It is well known, that patiens with a high percent-
age S-phase, i.e. high plasma cell labeling index (PC-LI)
have a very bad prognosis with short OS, while those with a
low PC-LI usually have a substantially longer OS [3, 21, 23].
PC-LI is an independent and one of the most important prog-
nostic factors and specific markers of MM aggressivenes [4,
6, 8, 18, 23] and a marker for early disease progression and
death [4, 24, 25]. Since PC-LI value refers to the whole
myelomatous population, but not to growth fraction (GF)
alone, even a very small variation (e.g. 1%) denotes substan-
tial changes in GF proliferative activity [26]. The prolifera-
tion of human myeloma cells is mainly within a tiny compart-
ment of plasmablastic [18] or primitive plasma cells, that
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Table 1. Characteristics of the analyzed groups and results of prognostic significance of

proliferative and apoptosis properties of the plasma cells and the proliferative/apoptosis

plasma ratio in the group of multiple myeloma patients examined at the time of myeloma di-

agnosis before starting of conventional chemotherapy

No. of cases
n (%) Median (range) Objective survival

(months)
p-value
(< 0.05)

PC-PI
< 2.9
≥ 2.9

122
75 (62%)
46 (38%)

2.6 (0.4–4.8)
2.3 (0.4–2.8)
3.2 (2.9–4.8)

?
17

0.031

PC-AI
≤ 4.4
> 4.4

94
40 (43%)
54 (57%)

5.0 (1.4–24.5)
3.1 (1.4–4.3)
6.6 (4.5–24.5)

23
?

0.022

PC-PI/AI
< 0.71
≥ 0.71

94
64 (68%)
30 (32%)

0.5 (0.05–2.6)
0.4 (0.05–0.70)
1.2 (0.71–2.60)

?
16

0.032

PC-PI – plasma cell propidium iodide index, PC-AI – plasma cell annexin-V index, PC-PI/AI –
plasma cell propidium iodide/annexin-V ratio, ? – still survive at the time of analysis.

Figure 1. Curves of overall survival according to Kaplan-Meier in the

group of 122 patients divided according to propidium iodide prolifera-

tion index with cut off value of PC-PI at 2.9% (p=0.031).

Figure 2. Curves of overall survival according to Kaplan-Meier in the

group of 94 patients divided according to annexin-V index with cut off

value of PC-AI at 4.4% (p=0.022).



have a higher labelling index than mature (CD38++, CD45++)
cells, while primitive plasma cells best correlate with disease
activity [5, 27]. In MM, the neoplastic population consists of
3 clonally related compartments [26]: small self-maintaining
stem-cell compartment, growth fraction compartment and
the largest differentiation compartment where proliferation
stops and differentiation into mature plasma cells takes place,
and cell loss by apoptosis and necrosis occurs in this com-
partment. The balance between GF and differentiation com-
partments determines clinical phases of the disease (progres-
sion/relapse, plateau phase and phase of response to therapy).
The proliferative activity of the malignant plasma cells is as-
sessed either by PC-LI with bromodeoxyuridine immuno-
fluorescent method or by flow cytometry with propidium io-
dide (PC-PI) [3, 15, 23, 25]. Propidium iodide staining and
flow cytometric analysis used in the present study permits the
identification of cellular distribution along the different cell
cycle phases. PC-PI analysis is based on the assumption that
S-phase cells have a DNA content that is between that of the
G0/G1-phase and the G2/M-phase populations [15, 28]. In our
previous study we confirmed, in agreement with several re-
ports [5, 9, 29] a high importance of PC-proliferation index
examination for differentiation of active (progressive/re-
lapse) versus stable/plateau forms of MM or MGUS and
smoldering MM respectivelly [17, 30]. The present study
dealing with the actual stage of proliferation and apoptosis of
myeloma plasma cells proved clearly the relation between
proliferation activity of these cells and prognosis of the dis-
ease. Comparison with the results of previous analyses using
autoradiographic method with H3thymidine and later also
immunofluorescence method with bromodeoxyuridine con-
firmed that the flow cytometry method using propidium io-
dide is technically suitable, quick and reliable [6, 17, 27].

The results obtained from a sequence prognostic analysis
indicated that the optimal discrimination value of PC-PI is
2.9%, which is very close to that of 3% recommended in pilot
studies [6, 15]. The described cut off allows the division of
patients into prognostically different groups (62% good and
38% poor risk) with a high statistical significance.
BOCCADORO observed improved OS in patients with high
PC-LI treated using HD-therapy (HDT) with autologous
stem cell transplantation (ASCT) support than in patients re-
ceiving conventional therapy. Hence the improved survival
abolishes the difference from patients with low PC-LI, he be-
lieves this proliferation index to be no longer an adverse
prognostic factor in patients treated with HDT with ASCT
[21]. This hypothesis should be verified. It is known that pro-
liferation rate of myeloma cells is also associated with bone
marrow angiogenesis and tumor burden, with other markers
of plasmocyte proliferation activity, e.g. serum thymidine
kinase level, with presence of abnormal clone in cytogenetic
analysis [31] and with another standard MM prognostic fac-
tors, e.g. anemia, hypercalcemia, β2-microglobulin and
creatinine serum level and number of peripheral blood natu-
ral killer cells [6, 17, 20, 30, 32].

The expansion of a neoplastic clone is determined by the
equilibrium between proliferation on the one hand, and in-
duction or blockade of apoptosis on the other. This blockade
causes failure of apoptosis with a prolonged life span of
myeloma cells, which could contribute to tumor burden with-
out increasing cell proliferation [3, 26]. In MM, cell death
avoidance is likely a more important factor, since myeloma is
characterized by a latent accumulation of “resting” plasma
cells, which are not in cycle and typically display a very low
proliferative activity. The data point to a loss of apoptotic
control in MM cells as a consequence of dysregulation of
multiple survival pathways stemming from oncogenic trans-
formation and interaction with the bone microenvironment.
Numerous combinations of antiapoptotic mechanisms of
both intrinsic and extrinsic origin are operating in MM, and
their individual contribution may vary in different phases of
the disease to ensure the survival of a malignant clone. Con-
trol in the apoptotic cascade involves a permeability transi-
tion of the mitochondria and the release of cytochrome-c into
the cytoplasmic space to form the activation of down-stream
effectors [2, 33]. Overexpression of bcl-2 preventing the ter-
minal steps of the apoptotic cascade efficiently inhibits
apoptosis by cytokine deprivation (e.g. TNF-α, Fas/Fas
ligand, i.e. CD95/CD95L) as well as the cytotoxicity of chemo-
therapeutic drugs [7, 34, 35]. In myeloma cell apoptosis,
many factors are involved, e.g. induction of Fas, Trail
(TNF-related apoptosis inducing ligand), the IL-6/IL6R sig-
naling pathway, enhanced expression of Mcl-1 (myeloid cell
factor-1), Bcl-XL, INF-κB (nuclear factor kappa B), over-
expression of cyclin D and inactivation of cyclin-dependent
kinase inhibitor p16INK4a, FGFR3 (fibroblast growth factor
receptor 3), IGFs (insulin-like growth factor) and many other
mediators [1, 36–39].
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Figure 3. Curves of overall survival according to Kaplan-Meier in the

group of 94 patients divided according to overall kinetic index of plasma

cells, i.e. PC-PI/AI ratio with cut off value at 0.71 (p=0.032).



Similarly to our previous studies, the rate of apoptosis of
myeloma plasma cells was evaluated by means of a staining
technique with annexin-V FITC, because propidium iodide
provides a rapid and simple method of detecting early
apoptotic processes [40]. On the basis of sequence prognostic
analysis, the most suitable cut off for prognosis assessment of
MM patients was determined at the value of PC-AI 4.4%.
This value allows division of patients into two considerably
different prognostic groups, i.e. good risk – with still uniden-
tifiable OS median, and poor risk – with OS median of only
23 months. We consider the evidence of a significant prog-
nostic importance of the determined index of plasma cell
apoptosis at MM diagnosis provided in the present study to
be important with regard to the absence of a similar finding in
available literature. It is interesting that the statistical signifi-
cance was even higher than in the case of plasma cell prolif-
eration index. This finding indicates that under conditions of
conventional chemotherapy, internal biological nature of
plasma cells and microenvironmental factors of bone marrow
of a given individual play a decisive role in the disease stage
and prognosis. This finding stimulates further investigation
of other MM aspects, e.g. achievement and duration of thera-
peutic response, evaluation of relation to standard prognostic
MM factors and verification of prognostic importance of
PC-AI even under conditions of HDT supported by ASCT.

Several previous studies reported an inverse relationship
between bcl-2 expression and the proliferation of plasma
cells. They described that bcl-2 positive cells proliferated
minimally or not at all [18, 37]. These observations support
the hypothesis that all cycle kinetics may be intimately re-
lated to the regulation of programmed cell death, although
the nature of this association is not well defined [1, 35].
Myeloma cell immortalization may be, firstly, a consequence
of unending proliferation or, secondly, due to prolonged sur-
vival through a failure of cell death or apoptosis [34]. This
hypothesis as well as the existence of mutual inverse relation-
ship between proliferation and apoptosis described in our
previous study [17] explain to a certain extent why the over-
all kinetic index of plasma cells calculated from proliferation
and apoptotic index (PC-PI/AI) ratio did not result in better
prognostic prediction compared to the results obtained from
separate evaluation of both indices. It was found that within
the division of a cohort into two prognostically different
groups (good a bad risk), OS median of the bad risk group,
characteristics of survival curves as well as statistic relation-
ship were in overall PC-PI/AI similar to those of PC-PI and
PC-AI alone.

Conclusion

Our results indicate that not only proliferative but also
apoptotic disturbance is substantially important in MM clini-
cal manifestation and course and namely in prognosis of this
disease. The results of this study support our previously pub-
lished working hypothesis of “inverse relation between the

proliferation (PC-PI) or apoptotic (PC-AI) activities in
plasma cell compartments of patients with MGUS and vari-
ous forms of MM” [17]. This hypothetic concept has not only
potentially pathogenetic, but mainly clinical and therapeutic
implication.
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