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ABSTRACT: Multiple myeloma (MM) is an incurable hematological malignancy
for which new therapeutic strategies should be envisaged. The selective estrogen
receptor modulator (SERM), 4-hydroxy tamoxifen (4-OHTam), in the range of
1 to 10 M, was able to impair the cell proliferation of MM cell lines. This was
achieved by blocking cells at the G1 phase of the cell cycle and by inducing
apoptosis. This cellular response was observed in five out of six tested cell lines,
all five expressing both o and [3 estrogen receptor forms. No modifications of
Bcl-2, Bel-X, and Bax levels were observed, as well as no changes in Pi3K/Akt
and JAK/STAT pathways that are often constitutively active in these cells. The
signalization of 4-OHTam-induced cell death needs further investigation.
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INTRODUCTION

Multiple myeloma (MM) is a B-cell malignancy characterized by the clonal
expansion of plasma cells in the bone marrow and the occurrence of bone destruction. !
Accounting for approximately 1-2% of all human cancers and 10% of hematological
malignancies, MM is a relatively frequent disease.! Although high-dose chemotherapy
associated with autologous hematopoietic stem cell transplantation has improved
overall patient survival, the prognosis is still poor and new therapeutic strategies
have to be designed.2 In two recent reports, tamoxifen and toremifene, active as
efficient antiestrogens (AE) in the treatment of estrogen-dependent breast cancer,
induced growth inhibition and apoptosis of MM cell lines and MM patients.3* How-
ever, the apoptosis-related molecular events are unclear. In order to get new insights,
we analyzed the response of six MM cell lines towards 4-hydroxy tamoxifen (4-
OHTam) treatment.
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MATERIALS AND METHODS

LP1, U266, NCI H929, and Karpas 620 MM cell lines have been described pre-
viously.> CAC-2 and CAC-6 have been derived in our laboratory and exhibited key
features of MM cell lines (data not shown). Cells were maintained in RPMI 1640 and
supplemented with 10% heat-inactivated fetal calf serum (FCS), 100 U/mL penicillin,
100 pg/mL streptomycin, and 2 mM L-glutamine. In experiments using 4-OHTam,
cells were cultured in phenol red—free RPMI 1640 medium supplemented with
charcoal-treated, inactivated FCS in order to eliminate estrogen agonistic or anti-
agonistic activities. For cell proliferation and viability determinations, cells excluding
trypan blue were counted in a hemocytometer at different time intervals. Cell viability
was assayed using CellTiter 96 Aqueous One Solution® (Promega, France) as
recommended by the supplier. Cell cycle analysis and apoptosis determination were
realized after propidium iodide staining and fluorescent cell sorter examination.
Western blots were obtained after electrophoresis of whole-cell extract proteins,
transfer onto nylon membranes, and immunodetection.

RESULTS

We first analyzed the effects of concentrations of 4-OHTam varying from 0.01 to
100 uM on the six cell lines (LP1, CAC-2, CAC-6, NCI H929, U266, and Karpas 620)
using an XTT assay (see MATERIALS AND METHODS). The tests determined that con-
centrations higher than 10 uM were highly toxic and led to cell death after a 24- or
48-h treatment (data not shown). We then studied the effects of 4-OHTam (0—10 uM)
on cell proliferation and found in all cases, except Karpas 620, that the 4-OHTam
impaired cell proliferation. As exemplified for the LP1 and NCI H929 cell lines
(F1G. 1A), this inhibition correlated with the AE concentration used.

As demonstrated by cytofluorometric analysis, the decrease of cell proliferation
was the result of a block at the G1 phase of the cell cycle, as well as the induction of
apoptotic cell death (exemplified for LP1 and NCI H929; FiG. 1B). Again, both the
percentage of cells accumulated in G1 and the percentage of apoptotic cells
correlated with the AE concentration (TABLE 1).

TABLE 1. Results obtained with each MM cell line

Increase in sub-G1 fraction Increase in G1 fraction
MM cell line 1 uM 5uM 10 uM 1 uM 5uM 10 uM
LP1 1 - 7 2 10 19
CAC-2 - 1 8 - 9 20
CAC-6 - 6 nd 6 9 nd
NCI H929 1 1 19 — 9 7
U299 - 4 9 - 9 18
Karpas 620 - - - - - -

Note: The increase in sub-G1 and G1 fractions was calculated as the difference between
the percentage of treated vs. nontreated cells in each fraction; —, no increase; nd, not done.
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FIGURE 1. Effects of 4-OHTam on MM cell line proliferation and apoptosis. (A)
Exponentially growing cells were treated, or not for controls, with various concentrations of
4-OHTam (1-10 uM). At various times (24-96 h), viable cells, excluding trypan blue, were
enumerated. Experiments were done in triplicate. Representative proliferation curves of
NCI H929 and LP1 cell lines are presented. (B) MM cells were treated for 48 h with various
concentrations of 4-OHTam (0—10 uM). They were then stained with propidium iodide and
sorted with the FACScalibur cytometer. Ten thousand events were acquired for each sample,
and the results were analyzed with CellQuest v.1.1.2 and ModFit LT v.1.01 softwares.
Representative profiles obtained with LP1 and NCI H929 cells are presented. The percentages
of cells in the sub-G1 and G1 fractions are noted under the graphs.

The cell lines responding to 4-OHTam treatment possessed both o and B estrogen
receptors (ER), which were absent on Karpas 620 cells (F1G. 2A). The apoptotic cell
death elicited by the 4-OHTam did not require Bcl-2, Bcl-X, or Bax proteins
(F1G. 2B). The Pi3K/Akt pathway constitutively activated in MM cell lines, despite
anormal level of PTEN, was not modified by 4-OHTam treatment, nor was the JAK/
STAT3 pathway constitutively activated in CAC-2, LP1, and U266 (data not shown;
FiG. 2C).
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FIGURE 2. Expression of estrogen receptors and modulation of signaling molecules
by the 4-OHTam. (A) Total cell extracts were prepared from MM cells that were grown in
phenol red—free medium containing stripped FCS for 48 h. Aliquots (100 pg of proteins)
were separated on an 8% SDS-PAGE, transferred onto a PVDF membrane, and blotted with
D12 anti-ER mouse antibody (Santa Cruz Lab.) or with E8 anti-ERP rabbit antibody (a gift
of G. Greene). As a control, 80 ng of ERa and ERP translated in rabbit reticulocyte lysates
were used (lane 7). (B) Western blots, realized as in part A, were performed with the following
antibodies: anti-Bcl-2 from Dako; anti-Bcl-X, anti-Bax, and antitubulin from Santa Cruz
Biotech. (C) Western blots were performed with the following antibodies: antiphospho-Akt,
anti-Akt, and anti-PTEN from Cell Signaling; anti-phospho-STAT3, anti-STAT3, and anti-
actin from Santa Cruz Biotech.
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DISCUSSION

The 4-OHTam inhibits cell proliferation of ER-expressing myeloma cells by
blocking the cell cycle at G1 and inducing apoptosis. The 4-OHTam does not modify
the phosphorylation state of Akt and STAT3, known to be important regulators of
proliferation and survival of MM cells (FiG. 2C). The induction of apoptotic cell
death is independent of Bcl-2, Bcl-X, and Bax proteins, for which the levels remain
unmodified after 4-OHTam treatment. It has been previously proposed that the pro-
apoptotic effect of tamoxifen was due to a positive regulation of the Fas receptor.*
The expression of this molecule will be studied, as well as the role of the caspase
family in the induction and execution of apoptosis.
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