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Abstract

Background and Objective. bcl-2 oncoprotein plays
a major physiological role in hemopoietic and non-
hemopoietic cells by preventing apoptosis (pro-
grammed cell death). Disregulation of this process
may be important in oncogenesis and the response
to treatment of patients with different hematological
malignancies. We have investigated the levels of bcl-
2 expression in plasma cells from patients with reac-
tive plasmacytosis (RP), monoclonal gammopathy
of unknown significance (MGUS) and multiple myelo-
ma (MM), correlating the bcl-2 expression and clin-
ico-biological features in MM patients.

Design and Methods. The percentage of bcl-2 (+)
plasma cells and levels of bcl-2 protein expression
were investigated in 73 patients at diagnosis. Immu-
nofluorescence and immunoenzymatic methods were
applied using McAb against bcl-2 protein, and the
intensity of protein expression was assessed by both
the mean channel fluorescence intensity (MFI) and
semiquantitative methods. To evaluate the intensity
of bcl-2 expression in proliferating plasma cells,
sequential double immunoenzymatic staining with
McAb Ki-67 and bcl-2 was applied in 10 patients
with MM. Correlations between bcl-2 expression and
the clinico-biological features in MM patients were
also studied.

Results. The proportion of bcl-2 (+) plasma cells was
significantly higher in MGUS and MM than in RP
(p<0.001). The intensity of bcl-2 expression in plas-
ma cells (assessed by MFI) was significantly differ-
ent between all groups studied (p<0.0001). RP
showed lower expression than MGUS and MM
patients. MM stage Ill patients demonstrated high-
er bcl-2 expression values than MGUS (p<0.01).
According to the proportion of plasma cells express-
ing Ki-67, patients with a proliferative index (Ki-67+)
> 4% showed lower bcl-2 expression than patients
with proliferative index < 4% (p<0.05). Immunocy-
tochemistry showed that plasma cells from RP had
a lower intensity of bcl-2 expression than MM
(p<0.001), and double immunostaining Ki-67/bcl-2
demonstrated that the majority of proliferating plas-
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ma cells had weak bcl-2 expression. There was no
correlation between bcl-2 expression and clinico-bio-
logical parameters, response to therapy or overall
survival in MM patients.

Interpretation and Conclusions. Globally, the num-
ber of bcl-2 (+) plasma cells and the intensity of pro-
tein expression in neoplastic gammopathies are sig-
nificantly higher than in reactive plasmacytosis and
bcl-2 levels tend to increase with disease stage.
bcl-2 may be relevant to the pathogenesis of malig-
nant gammopathies, prolonging the survival of plas-
ma cells by preventing apoptosis and increasing the
chance of acquiring additional gene defects. bcl-2
expression could also contribute to the resistance to
chemotherapy observed in MM disease.
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—I—he bcl-2 proto-oncogene was originally discov-
ered and mapped to chromosome 1821 in a
follicular lymphoma with t(14;18)(q32;q21)."?
In this lymphoma, the bcl-2 gene rearranges with
14932 where the Ig heavy chain gene is located,
resulting in the t(14;18)(q32q21) - a hallmark of this
lymphoma. This rearrangement leads to the activa-
tion and over production of otherwise normal bcl-2
protein, which, though characteristic, is not specific
of lymphomas bearing t(14;18).3

Posteriorly, it was shown that the bcl-2 protein
plays a major physiological role in haemopoietic and
non hemopoietic cells*® by allowing cells to survive by
preventing the triggering of apoptosis (programmed
cell death)” a normal process by which cells are elim-
inated during embryogenic development and in adult
life. Disruption of this normal physiological pathway
results in illegitimate cell survival and may increase
the chances for cells to acquire additional gene
defects that promote aberrant growth and prolifera-
tion, thus facilitating cancer development.®'° For
instance, deregulated bcl-2 expression prolongs the
survival of some interleukin-dependent hemato-
poietic cell lines when deprived of growth factors.™
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Recent in vitro studies of murine and human leukemia
cell lines have demonstrated that, although the sup-
pression of cell proliferation is not prevented, high
levels of bcl-2 protein may protect cells from under-
going apoptosis in the presence of glucocorticoids
and a variety of chemotherapeutic drugs.'? These find-
ings suggest that disregulation of bcl-2 protein expres-
sion may play an important role in the oncogenesis
and response to treatment of patients with different
hematological malignancies other than follicular lym-
phoma. For instance, the bcl-2 protein has been
shown to be expressed in blast cells from acute
leukemia patients and the levels of expression seem to
be related to a poor outcome.’¢ Similarly, cells from
most mature B-cell disorders, including follicular lym-
phoma,’”'® diffuse large cell lymphoma'-?" and
chronic lymphocytic leukemia?22 express bcl-2 at high
levels though the relationship between bcl-2 expres-
sion and prognosis has not been established.

bcl-2 is also expressed in neoplastic cells from
malignancies of B cells in the late stages of differenti-
ation, such multiple myeloma (MM) and myeloma
cell lines,?#2¢ and recent studies have suggested that
chemotherapeutic agents may enhance bcl-2 expres-
sion in such neoplastic plasma cells and contribute to
chemo-resistance.?” However, a correlation between
the levels of bcl-2 expression, clinical features at pre-
sentation in MM and outcome of the disease has not
been previously investigated.

We have studied the clinical significance, if any, of
the levels of bcl-2 protein expression in plasma cells
from multiple myeloma (MM) by: a) comparing
results between plasma cells from patients with reac-
tive plasmacytosis (RP) and monoclonal gammopa-
thy of unknown significance (MGUS) and MM, and
b) correlating within MM the intensity of bcl-2 pro-
tein expression to the clinical-biological features,
response to treatment and survival.

Materials and Methods

Patients
Seventy-three patients were studied at diagnosis.

This series included: 12 cases of reactive plasmacyto-

sis (RP), 12 monoclonal gammopathies of unknown

significance (MGUS), and 49 multiple myeloma

(MM). The main clinical features were:

— for reactive plasmacytosis (RP): 6 males and 6 females
(M/F:1), mean age 61 years (range 30-88). The
diagnosis was based on bone marrow infiltration
by polyclonal plasma cells as assessed by Ig light
chain restriction (>5%). The underlying patholo-
gies in these patients were connective tissue dis-
ease (n=5), cancer (n=5) and AIDS(n=2);

- monoclonal gammopathy of unknown significance (MGUS):
the M/F ratio was 1, with a mean age of 72 years
(range 65-86). The diagnosis was made according to
Kyle’s criteria:®® all patients had a serum monoclon-
al M band < 3 g/dL and bone marrow infiltration by

plasma cells was less than 10%;

- multiple myeloma (MM): the clinico-biological char-

acteristics are shown in Table 1. There were 25 males
and 24 females (M/F:1) with mean age 69 years
(range 39-87). The diagnosis was based on the cri-
teria of the Chronic Leukemia-Myeloma Task Force.?®
Stages according to Durie-Salmon’s criteria®® were:
stage | (n=2), stage Il (n=10), and stage Il (n=37);
this latter group included two patients with plasma
cell leukemia. The serum M band was IgG in 27
patients, and IgA in 15; 7 patients had only light
chains in urine (Bence-Jones*) (k* 4, A* 3). The eval-
uated prognostic factors associated to outcome
were: age, tumor stage (according to Durie and
Salmon),?® performance status (according to the
Eastern Cooperative Oncology Group scale, ECOG), bone
lytic lesions, percentage of bone marrow plasma
cells, Ki-67 expression in bone marrow plasma cells,
M-band Ig class , haemoglobin, calcium and creati-
nine serum levels, LDH, C reactive protein (CRP), M-
protein levels and 3, microglobulin. Thirty patients
with advanced (lI-1lll) stages and over 65 years of
age were treated with melphalan-prednisolone
(73%), response being evaluated after 6 cycles.
Eleven patients (27%) aged < 65 years were treated
with combination chemotherapy VCMP/ VBAP (vin-

Table 1. Clinico-biological characteristics of multiple myelo-
ma patients (n=49).

Mean+SD Range

Age (years) 69 39-87
Hemoglobin (g/dL) 9.62+0.34 4-13.5
Bone marrow infiltration (%) 46.96+4.13 15-100
Creatinine (mg/dL) 1.6+0.21 0.5-7.1
Calcium (mg/dL) 10.04+0.2 8.08-14.4
LDH (U/L) 385.07+62.11 77-2910
5 microglobulin (ng/L) 6,181.05+899 1,462-33,000
CRP (mg/L) 3.75+1.45 0.09-7
Monoclonal component (mg/dL)

18G (n=27) 527.7+478.2 1,900-10,700

IgA (n=15) 4,958.3+597.6 1,600-9,320

Bence-Jones (n=7) 9.37+3.8 0.7-45

(/24 h)
Ki-67 (%) (plasma cells) 3.99+1.08 0-40

N° cases %

Performance status (ECOG)

0-1 28 58

2-4 21 42
Bone lytic lesions

0 8 17

1 13 27

2 13 27

3 15 29
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cristine, cyclophosphamide, melphalan, predniso-
ne/vincristine, BCNU, adriamycin and prednisone)
and response was assessed after four cycles. Clinical
response was assessed according to the Leukemia-
Mpyeloma Task Force criteria,?® as follows: M band
reduction of at least 50% and/or a 75% decrease in
Bence-Jones protein without any increase in the size
or number of bone lytic lesions. Data concerning
response to treatment and follow-up were available
and analyzed in 30 patients.

Methods

Mononuclear cells were isolated from heparinized
bone marrow specimens by Ficoll-Hypaque density
gradient centrifugation. Cell reactivity with the various
monoclonal antibodies (MoAb) was analyzed by flow
cytometry and by immunocytochemistry on cytospin
made slides. The McAb used were fluorescein-conju-
gated bcl-2 (bcl-2 FITC) (Dakopatts), unconjugated
bcl-2 (Dakopatts), CD38 phycoerythrin conjugate
(CD38PE), CD45 PerCP (Becton-Dickinson) and
unlabeled Ki-67 (Dakopatts).

Immunofluorescence study

Samples (5x10° cells/mL) were subjected to a
simultaneous triple labeling as described below. Cells
were simultaneously incubated for 10 min in the dark
with the CD38 PE and CD45 PerCP MoAb, in order
to identify plasma cells. After two washes with phos-
phate buffer saline (PBS), cells were further incubat-
ed for 10 min with FACS lysis solution (1:10 distilled
water), to permeabilize the cell membrane for the
detection of cytoplasmic antigens. After two washes
with PBS, the cells were again incubated for 10 min
with FITC bcl-2 and washed two more times with
PBS. All samples were acquired on the FACscan flow
cytometer and analyzed using “Paint-a-gate” software,
with at least 5000 events being evaluated for each
sample. Plasma cells were identified by their forward-
side scatter properties and strong reactivity with
CD38. The intensity of bcl-2 protein expression was
assessed by the mean channel fluorescence intensity
(MFI) value of plasma cells positive with bcl-2. In
order to standardize the method, a ratio between the
MFI value of the positive plasma and non-plasma
cells was established in each sample.

Immunoenzymatic study
Immunocytochemistry was performed on bone mar-
row mononuclear cells by the alkaline phosphatase-
antialkaline phosphatase method (APAAP)*' to assess
the cytoplasmic expression of bcl-2 in cells displaying
the morphology of plasma cells. Cytospin made slides
were examined under X100 optic microscope magni-
fication, and at least 100 plasma cells were evaluated
in each sample. The intensity of protein expression was
assessed semiquantitatively as follows: 0 (negative), +
(1, weak), ++ (2, moderate) and +++(3, strong) stain-
ing. No cut-off point was used for either the percent-

age of bcl-2 positive cells or for the degree of intensity
of bcl-2 expression. Normal peripheral blood lymphoid
cells were used as bcl-2 (+) controls. In patients with
MM, the degree of proliferation in plasma cells (pro-
liferative index) was investigated by nuclear staining
with the MoAb Ki-67, using an immunoperoxidase (IP)
sandwich technique.’? Sequential double immunoen-
zymatic staining IP/APAAP 3 with Ki-67 and bcl-2 was
applied in 10 patients with MM stage Il to evaluate the
intensity of bcl-2 expression in the proliferating cells
(Ki-67 positive).

Statistical analysis

Comparisons of bcl-2 expression between the diag-
nostic groups were made with the Kruskall-Wallis
test. Multiple comparisons between each pair of
groups were performed by the Bonferroni method.

The relation between clinical and biological fea-
tures in MM and bcl-2 expression was investigated by
univariate analysis: a) comparisons of bcl-2 expres-
sion between strata for qualitative variables were
made using the Mann-Whitney U-test or the Kruskall-
Wallis test; b) relations between bcl-2 expression and
quantitative variables were analyzed by simple linear
correlation.

Survival curves were estimated by the Kaplan and
Meier method?** and were compared by the log-rank
test.3S All analyses were performed with the Statisti-
cal Package for the Social Sciences (SPSS) software
(SPSS Inc., Chicago).

Results

bcl-2 expression in normal and neoplastic plas-
ma cells

Flow cytometry. The proportion of bcl-2* plasma cells
in the various groups ranged from 48 to 98%, and
was significantly lower (p<0.001) in PR than in
MGUS and MM at all stages: stage I+l (94%,) and
stage Il (93%) (Table 2). There were no significant
differences between patients with MGUS and MM.

The intensity of bcl-2 expression in plasma cells is
represented in Figure TA. The intensity of bcl-2
expression differed significantly among all groups
studied (p<0.00001), as follows: RP had significant-
ly (p<0.0001) lower ratios (0.88+0.17, range 0.6-
1.2) than MGUS (1.36+0.27, range 1-1.9), MM
stages |+1 (1.51£0.4, range 1-2.04; p<0.0001) and
MM stage lll (2.06+0.78, range 1-4; p<0.0001). Dif-
ferences were not significant when comparing MGUS
and MM stages |+, or early MM stages (I+11) and
advanced MM stage (lll). bcl-2 expression was sig-
nificantly lower (p<0.01) in MGUS than in MM stage
Il patients.

Immunocytochemistry. The proportion of bcl-2* plas-
ma cells was significantly higher (p<0.001) in MGUS
(96%, range 90-100), MM I+1l (98%, range 90-100)
and MM Il (96%, range 80-100) than in RP (48%,
range 24-90) (Table 2). There were also significant
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Table 2. Percentage of bcl-2 positive plasma cells.

RP MGUS MM (I+11) MM(IIT)
% bel-2* 48+23* 97+4 98+3 9616
IC (24-90) (90-100) (90-100) (80-100)
n=12 n=12 n=12 n=27
% bel-2* 57+20* 94+7 94+9 93+14
IF (25-81) (80-100) (76-100) (47-100)
n=9 n=11 n=12 n=37

Values are given as mean+SE. Abbreviations: IC, immunocytochemistry. IF,
immunofiuorescence. RP, reactive plasmocytosis. MGUS: monoclonal gam-
mopathy of unknown significance. MM (I+11), multiple myeloma stages | and
II. MM (Il), multiple myeloma stage Ill. n= number of patients.

*significant differences between RP and the rest of groups (p<0.001).
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Figure 1. Comparison of the intensity of bcl-2 expression
between reactive plasmocytosis (RP), monoclonal gam-
mopathy of unknown significance (MGUS), multiple myelo-
ma stages | and Il (MM st. I+1l) and MM stage Ill. Each
group of patients is displayed as a box plot: the box covers
the range between the first and the third quartile and the
central is at the median. The whiskers (???) extend to the
more extreme.

A: Flow cytometric results are expressed as the ratio
between the MFI (mean fluorescence intensity channel) of
bcl-2 in plasma and non plasma cells.

B: Immunocytochemistry results are expressed as a scoring
system based on the staining intensity.

Table 3. Intensity of bcl-2 expression in Ki-67 positive plas-
ma cells.

% bcl-2+/Ki-67* % bel-2++7/+++/Ki-67*

1. 62 38
2. 83 17
3. 70 30
4, 86 14
5. 85 15
6. 98 2
7. 83 17
8. 100 0
9. 64 36
10. 93 7
mean 8.4* 17.6*
(62-100) (0-38)

Double immunostaining: Ki-67 (IP)/bcl-2 (APAAP).
(+)= weak staining. (++/+++)= moderate / strong staining.
(*) significant differences between both groups (p<0.0001)

differences in the intensity of bcl-2 expression between
RP (174(43, range 120-256) and MM (stage I+lI:
237(36, range 178-292; stage Ill: 232(41, range 160-
300) (Figure 1B) (p<0.001).

Double immunostaining with Ki-67 and bcl-2
showed that the majority of proliferating MM plas-
ma cells (82+4%) had weak (+) bcl-2 expression while
the remaining proliferating cells (18+4%) exhibited
moderate (++) or, rarely, strong (+++) expression
(p<0.0001) (Table 3).

Relation of bcl-2 expression to prognostic fac-
tors, treatment outcome and survival in MM

Correlation between bcl-2 expression and prognostic factors
in MM. There were no significant differences in mean
values of bcl-2 expression intensity between groups of
qualitative variables (performance status, osteolysis
and M band Ig class). No correlation was observed
on applying a univariate analysis between the inten-
sity of bcl-2 expression (MFI ratio) and the various
quantitative variables: age (r=0.15, p=0.39), hemo-
globin level (r=0.12, p=0.19), creatinine (r=0.12,
p=0.49), LDH (r=0.01, p=0.49), CRP (r=0.15,
p=0.40), M-protein levels (r=0.27, p=0.48), B,
microglobulin (r=0.00, p=0.98) and Ki-67 expression
in bone marrow plasma cells (r=0.004, p=0.82). Only
the percentage of bone marrow plasma cells (r=0.59,
p<0.05) and serum calcium levels (r=45, p<0.05)
showed a minimal correlation.

Relationship between proliferative index and bcl-2 expres-
sion in MM plasma cells. According to the proportion of
plasma cells expressing Ki-67, cases were divided into
two groups with more or less than 4% of Ki-67" cells.
Patients with proliferative index < 4% exhibited greater
bcl-2 expression (bcl-2 ratio=1.96+0.19) than patients
with proliferative index (4% (bcl-2 ratio=1.53+0.12)
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Figure 2. Survival of patients with multiple myeloma with
high bcl-2 ratio (>1.58, patients 15, median 10 months) and
low bcl-2 ratio (< 1.58, patients 15, median 10 months).
The difference was not significant (log rank test: p=0.39).

Figure 3. Bone marrow cytospin showing several bcl-2 pos-
itive plasma cells (red cytoplasmic stain, APAAP technique)
with differences in the intensity of bcl-2 expression from a
patient with multiple myeloma (3A); a bcl-2 negative plas-
ma cell from a patient with reactive plasmocytosis, coex-
isting with bcl-2 positive lymphoid cells (3B).

(p<0.05).

Correlation between bcl-2 expression and treatment response
in MM. Response to treatment (MP or VCMP/VBAP)
was evaluated in 30 patients. No significant differences
were found in the intensity of bcl-2 expression (MFI
ratio) between responders (16 patients; 1.98+0.97)
and non responders (14 patients; 1.94+0.81)(data not
shown).

Correlation between bcl-2 expression and survival in MM:
The median follow-up in 30 MM patients was 12(3
months (range, 0.5-69 months). Seventeen patients
died (two during the first month after the diagnosis)
and the remainign 13 are still alive.

Two groups of patients according to median bcl-2
expression were analyzed. Patients with a bcl-2 ratio
lower than the median (1.58) had a median survival
of 1043 months while patients with ratios higher than
1.58 had a median survival of 13 months. Although
the follow-up was too short, a trend towards a more

Figure 4. Bone marrow mononuclear cells stained with
CD38-PE and bcl-2 FITC, acquired on the FACscan flow
cytometer and analyzed using Paint-a-gate software.
4A: plasma cells (CD38***) from a patient with reactive
plasmocytosis, 60% of them being bcl-2 negative. The inten-
sity of bcl-2 expression in positive plasma cells is similar to
other bcl-2 positive mononuclear cells in the sample.
4B: plasma cells (CD38*+*) from a patient with multiple
myeloma, 95% of them being bcl-2 positive and exhibiting
a greater intensity of expression than other bcl-2 positive
cells in the same sample.
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prolonged survival among patients with higher levels
of bcl-2 was observed; however, no significant differ-
ences in survival probability were found between
patients with lower or higher- than -median bcl-2 val-
ues (log-rank test p>0.05) (Figure 2).

Discussion

This study shows that patients with MGUS and
MM have a significantly higher number of bcl-2* plas-
ma cells, and that they overexpress such protein com-
pared to patients whose bone marrow presents an
increase in non-clonal /reactive plasma cells (Figures
3 and 4). These findings are in contrast to other
reports where no differences between reactive and
clonal plasma cells were found in terms of bcl-2
expression,?+2° though in these studies other methods
were used and very few samples were analyzed. In
addition, we observed that bcl-2 expression tends to
increase parallel to disease stage: thus, while MGUS
exhibited the lowest levels, MM in advanced stage
(I11) had the greatest expression (p<0.01), and early
MM stages (I/Il) presented intermediate levels; no
statistical differences were found between MM stage
I/l and MGUS or MM stage Ill. However, although
a larger number of cases must be analyzed, bcl-2
overexpression in MM might contribute to disease
progression by increasing the chances of acquiring
secondary genetic changes in an already established
neoplastic clone.

As in other hemopoietic malignancies, bcl-2 expres-
sion in MM seems to be inversely correlated to the
proliferative rate of the tumor, as shown by staining
with Ki-67.36%8 Although the reason for this is not
known, it could be related to the fact that bcl-2
delays cell enter to cycle.®

The clinical impact of bcl-2 expression in hemo-
poietic malignancies is variable and controversial. For
instance, while in AML it seems to be correlated to
drug resistance,'’'? the significance of bcl-2 in
ALL™3" is little or none. In mature lymphoprolifera-
tive disorders, a number of studies have shown that
bcl-2 overexpression is related to resistance therapy
and/or worst survival in B-NHL'81940 and CLL;*' few
studies have been unable to confirm this correla-
tion.17:3?

The few studies available on MM have document-
ed that bcl-2 does not play a major role as a factor
influencing the response to treatment and/or sur-
vival.#? The present study confirms such findings, as
we could not correlate the level of bcl-2 expression to
any other clinical parameter known to have prog-
nostic significance in MM or to patient response to
therapy or overall survival, though a trend towards
longer survival was observed among patients express-
ing higher levels of bcl-2. This finding may be related
to the lower bcl-2 expression observed in patients
with a higher proliferative index, considered an
adverse prognostic factor in MM patients. Our find-
ings, and those reported previously may be due in

part to the different treatment modalities used,
including those for low or high-grade malignancies,
and to the fact that the patients are old and may die
from causes unrelated to the disease.

To summarize, we have demonstrated that the per-
centage and levels of bcl-2 in plasma cells from neo-
plastic gammopathies are significantly higher than in
reactive plasmacytosis, and that the intensity of bcl-
2 expression tends to increase with disease stage. bcl-
2 may play a role in the pathogenesis of malignant
gammopathies, extending the survival of plasma cells
(by protecting them from apoptosis) and increasing
the chance for cells to acquire additional gene
defects. Although other studies are required, bcl-2
levels could also be related to the resistance to
chemotherapy observed in MM disease.
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