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Lovastatin (LOV), until now largely used for the treatment of hypercho-
lesterolemia is a new promising drug in multiple myeloma (MM), however,
the precise mechanism of its antitumor activity is not clear yet. It is probable
that this effect is mediated by down-regulation of BCL-2 expression. In this
study, we analyzed BCL-2 and BAX expression in cells of MM patients ex-
posed to LOV in short-term culture. The obtained results indicate an increase
in susceptibility to apoptosis both in CD138+ malignant cells and CD8+ T
lymphocytes. Interestingly, such a tendency was confirmed in vivo in MM
patient subjected to 3 cycles of LOV therapy.
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Abbreviations: LOV – lovastatin, MM – multi-
ple myeloma, MoAb – monoclonal antibody, PBS –
phosphate buffered saline, THAL – thalidomide

INTRODUCTION

Multiple myeloma (MM) is still an incurable
disease characterized by an accumulation of
plasma cells in the bone marrow. Despite many
therapeutic regimens introduced recently, like con-
ventional chemotherapy or high dose chemother-
apy supported by autologous transplantation of pe-
ripheral blood stem cells, patients suffering from
treatment-resistant or relapsing MM have a very
poor prognosis. Thus, there is an urgent medical
need for novel innovative drugs. The first one used
successfully in resistant or relapsed MM patients was
thalidomide (THAL). It was reported that THAL in-
duced apoptosis or G1 growth arrest of MM cells
and regulated microvessel density.

Lovastatin (LOV) seems to be the other promis-
ing drug. It is a representative of a large group of
drugs called statins that are commonly used in
clinical practice for the treatment of hypercholes-
terolemia. LOV reduces cholesterol synthesis by
preventing the conversion of 3-hydroxy-3-methyl-
glutaryl CoA (HMG-CoA) to mevalonate. It was
observed that HMG-Co-A reductase activity was
increased in cancer tissue [6]. Thus, inhibition of
HMG-CoA reductase by LOV can influence the
cell cycle progression and cell proliferation. LOV
has been shown to have antiproliferative effect in
cancer cell lines and in animal models by inhibition
of cell proliferation and inducing programmed cell
death [4, 5]. Feleszko et al. [3] showed that LOV
and other statins effectively suppressed production
of vascular endothelial growth factor (VEGF) by
tumor cells harboring RAS mutations. They also
showed that cerivastin exerted the most potent anti-
tumor effect in comparison to other statins like sim-
vastatin, LOV and atorvastatin and this effect was

mostly attributed to their effects on tumor vascula-
ture. The antitumor activity of LOV seems to be
complex, but the precise mechanism of this action
is not clear yet. However, the clinical study of LOV
in cancer patients is promising. Thibault et al. [7] in
phase I clinical study assessed the tolerability of
LOV administered at dose ranging from 2 to 45
mg/kg/day with a 7-day courses given monthly in
patients with different type of cancers. They con-
cluded that the administration of LOV at a dose of
25 mg/kg daily for 7 consecutive days was well to-
lerated by cancer patients.

The aim of this pilot study was to assess the in-
fluence of LOV on apoptosis of MM cells that were
subjected to in vitro short-term culture with this
drug. We also evaluated the effect of LOV by in
vivo assessing apoptosis in bone marrow samples
of the patient with chemotherapy-resistant MM
treated with very high dose of LOV. We examined
the regulation of BCL-2 and BAX protein expres-
sion by LOV in the population of CD138+ plasmo-
cytes. These proteins play a crucial role in pro-
grammed cell death by inhibition (BCL-2) or in-
duction (BAX) of this process. The malignant
plasma cells closely interact with non-malignant T
cells, thus, we also examined BCL-2 and BAX ex-
pression by CD4+ and CD8+ cells.

MATERIALS and METHODS

Five MM patients who relapsed and were resis-
tant to chemotherapy were enrolled into the study.
The bone marrow samples were obtained by biopsy
from posterior iliac crest after obtaining the in-
formed consent from the patients. The samples
were taken before starting the therapy. In one pa-
tient, the samples were also obtained during 3 cy-
cles of LOV therapy. This patient was treated with
a dose of 15 mg/kg/day divided into the doses
taken four times a day for 10 consecutive days in
monthly cycles. In order to prevent LOV-induced
myopathy, supplementation of ubiquinone was in-
troduced at a dose of 240 mg daily divided into
four doses a day starting 7 days before LOV and
continuing during LOV therapy. The evaluations of
BCL-2 and BAX expression were performed after
the first and third cycle.

The conditions of in vitro cell culture with LOV
were established similarly to those described previ-
ously for assessment of THAL influence on plasma
cells apoptois [2]. The mononuclear cells of bone
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Fig. 1. BCL-2/BAX ratio of CD138+, CD4+ and CD8+ cells of

MM patients incubated with LOV for 24 and 48 h in cell culture



marrow were isolated by density gradient centrifu-
gation using Lymphoprep (Nycomed, Norway).
Then the cells were washed twice with phosphate
buffered saline (PBS) and finally resuspended at
a concentration of 2x10� cells/ml in culture me-
dium consisting of RPMI 1640 with 1% 2 mM L-
glutamine, 1% antibiotics (penicillin and strepto-
mycin), 10% heat-inactivated fetal calf serum
(FCS). All reagents were obtained from Sigma,
Germany. This culture medium was supplemented
with LOV at a concentration of 10 �M. LOV in the
inactive form was obtained from Merck Laboratories,
USA. It was converted to the active form by dissolv-
ing in ethanol, heating at 50°C in 0.1 M NaOH and
neutralizing with the HCl. Distilled water was
added to a final concentration of 8 mg/ml. This
stock solution was stored frozen at –20°C and its
1 �l aliquots were added per each ml of cell cul-
ture. The cells were incubated with LOV at 37°C in

5% CO� atmosphere. The experiments were con-
ducted at 0, 24 and 48 h of cell culture.

In due time, the cells were washed and incu-
bated for 15 min at room temperature (RT) with
10 �l of appropriate monoclonal antibody (MoAb)
anti-membrane antigens: anti-CD138FITC, anti-
CD4FITC, anti-CD8FITC (all obtained from Dako,
Denmark). Subsequently the cells were submitted
to fixation and permeabilization procedures with
IntraPrep kit (Immunotech, France) following the
manufacturer’s instruction. The cells were then in-
cubated with 10 �l of MoAb anti-intracellular
BCL-2 or anti-BAX PE conjugated in darkness at
RT for 15 min.

The labeled cells were analyzed with double-
color flow cytometry technique using FACSCalibur
instrument (Becton Dickinson, USA) and Cell
Quest software. We measured the percentage of
CD138+, CD4+, CD8+ cells and the level of BCL-2
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and BAX expression, indicated by the mean fluo-
rescence intensity (MFI). It was measured from the
upper limit of the negative control. The formula for
the mean was: mean = �X�/n, where X� is the linear
value for the i�� event and n is the number of events
used in the calculation. The BCL2/BAX expression
ratio for CD138+, CD8+, and CD4+ cells was also
calculated. The mean values at 0, 24 and 48 h are
shown in Tables 1, 2 and on Figure 1.

RESULTS and DISCUSSION

Even though the experiments were done only in
five patients, some important conclusions can be
drawn. In cell cultures with LOV, we observed the
lowering of the percentage of malignant CD138+
plasmocytes after 24 and 48 h in comparison to 0 h
culture that may suggest the influence of LOV on
plasma cell number. The expression of BCL-2 by
CD138+ cells after 24 and 48 h was lower than at
0 h that may indicate a tendency to apoptosis in-
duction. As a confirmation of such tendency the
BCL-2/BAX ratio was calculated. This ratio was
significantly lower in 24 and 48 h cultures in com-
parison to 0 h culture. We also observed a minimal
increase in BAX expression after 48 h of culture in
comparison to the control (0 h). Similarly to in vi-
tro effects, the significant decrease in BCL-2 ex-
pression and increase in BAX expression and, con-
sequently, the lowering of BCL-2/BAX ratio were
observed in the patients treated with LOV both af-
ter first and third cycle of the therapy. According to
these results, it can be concluded that LOV induces
apoptosis of malignant MM cells and regulates it
by the influence on BCL-2 and probably BAX ex-
pression, however, the different ways of apoptosis
regulation can be also possible.

Similarly to CD138+ cells, the lowering of
BCL-2 expression and BCL-2/BAX ratio together
with an increase in BAX expression were observed
in CD8+ population in cell cultures, however, it
was not confirmed in in vivo conditions. It may in-
dicate that LOV regulates the function of CD8+ T
cells by induction of their apoptosis. This observa-
tion was significant because of much higher per-
centage of CD8+ cells in comparison to CD4+ lym-
phocytes and the reversed CD4+/CD8+ ratio de-
tected in MM patients that can influence the
proliferation of malignant cells.

There are only few publications concerning an-
titumor activity of statins and relating it to the regu-

lation of BCL-2 and BAX expression [1, 8, 9].
Weis et al. [9] have shown in animal models that
antiapototic BCL-2 protein was down-regulated
and BAX expression was increased by high dose
statins. They have also shown that statins exert
biphasic effects on angiogenesis. At low concentra-
tions (0.005 to 0.01 �mol/l) statins enhanced endo-
thelial cell proliferation, but at high concentrations
(0.05 to 1 �mol/l), they decreased endothelial re-
lease of VEGF and increased endothelial apoptosis.
Agarwal et al. [1] have observed that LOV at a con-
centration of 10 �M decreased BCL-2 expression
and increased the expression of BAX in colon can-
cer cell lines. Van de Donk et al. [8] investigated the
effect of LOV on apoptosis induction in 3 plasma
cell lines and 8 MM patients. They found that LOV
reduced BCL-2 protein only in U266 line. In L363
and XG.1, the expression of BCL-2 was un-
changed. Only in 2 out of 8 studied patients LOV
treatment reduced BCL-2 without changing BAX
expression.

Our study will be continued in the larger group
of MM patients, however, these preliminary results
indicate that LOV induces apoptosis in malignant
plasma cells by influencing BCL-2 and BAX ex-
pression in cell culture and it seems probable that
this effect is also present in vivo as it was shown in
our patient treated with LOV. Thus, further studies
of the application of statins in the treatment of MM
patients are warranted.
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