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it is unclear whether such expression is myeloma-specific or also
comparable to expression in nonmalignant marrow-based plasma
cells. Some evidence exists that BCL-2 may protect myeloma cells
against apoptosis (8, 9). In contrast, little is known about expression
of other BCL family members in myeloma cells, which may be
relevant to induction of or protection against apoptosis.

The BCL-X gene is a BCL-2 homologue that encodes at least two
separate proteins via an alternative splicing mechanism (10). The
longer protein, BCL-X-L, consists of 241 amino acids and is an
inhibitor of cell death, whereas the shorter form, BCL-X-S, contains
178 amino acids and is proapoptotic. Two recent reports (9, 11)
suggest that IL-6 can up-regulate expression of the antiapoptotic
protein BCL-X-L, and this may correlate with protection against
apoptosis in murine myeloma cells (9). In addition, BCL-X expression
has been detected in lymph node plasma cells of normal mice and
humans (12), as well as in murine myeloma cells (13). We, thus,
initiated the current study to investigate expression of BCL-X in
human myeloma plasma cells.

MATERIALS AND METHODS

Cell Lines. The U266, IM-9, ARH-77, and HS Sultan myeloma cell lines
were obtained from American Type Culture Collection. The 8226 line was a
kind gift of J. Epstein (University of Arkansas, Little Rock, AR). The 8226-
dox-40 line was a kind gift ofDr. Jose Lutsky (University ofCalifomia, Irvine,
CA). The UCLA 1 line was startedfromthe peripheralblood of a patientwith
plasma cell leukemia. All cell lines were maintained in RPM! medium,
supplemented with 10% fetal bovine serum, L-glutamine, nonessential amino
acids, sodium pyruvate, and antibiotics. They were passaged at least once a

week.
Reagents. Phycoerythrin-conjugated mouse antihuman CD38 antibody

was purchased from Becton Dickinson (San Jose, CA). All other reagents were
purchased from Sigma Chemical Co. (St. Louis, MO).

Western Blot Analysis. Following washing in cold PBS, cells were lysed
in 50 al of lysis buffer [1% Triton X-l00, 0.5% Nomdet P-40, 10 mMTris (pH
7.4), 150 mM NaCl, 1 m@i EGTA, 0.2 mM Na3VO4, 0.2 mM NaF, and 0.2 miss

phenylmethylsulfonyl fluoride]. Lysates were cleared at 1400 rpm for 15 mm
at 4Â°C.Twenty-five @gof protein from each sample were boiled for 5 mm in
1 X SDS gel loading buffer [125 miss Tris (pH 6.8), 5% glycerol, 2% SDS, 1%

f3-mercaptoethanol, and 0.006% bromphenol blue]. Proteins were separated by
12.5% SDS-PAGE and transferred onto polyvinylidene difluoride membranes.

Membranes were blocked for 1 h at room temperature in 3% BSA, 5% nonfat
dried milk, 10 miss Tris (pH 7.5), 100 miss NaCl, and 0.1% Tween 20. The
membranes were washed four times and then incubated with 0.5 ag/mi rabbit
antihuman BCL-2 or antihuman BCL-X antibody (antisera 1695; Ref. 12) for
1 h. After four more washes, the membranes were overlayed with 1 @ag/ml

horseradish peroxidase-labeled goat antirabbit IgG (Amersham), and protein

bands were detected with an enhanced chemiluminescence system.
Cell Sorting for CD3S Expression. Patient bone marrow cells were

washed in PBS-l% BSA and resuspended to 5 X 107/mlin 200 p1 Following
the addition of phycoerythrin-conjugated mouse antihuman CD38 antibody
(Becton Dickinson; 1:5 dilution in PBS-l% BSA), the cells were incubated at
4Â°Cfor 45 mm. After threewashes in PBS-l% BSA, high CD38-expressing
cells were positively sorted by flow cytometry with a FACStar apparatus.

MTT Assay. The MTT assay was performed as described previously (14).
Briefly, 1â€”2x 10â€•targets in 0.1 ml of complete medium were dispensed into
96-well mmcrotiter plates. Drugs were added to appropriate concentrations in
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ABSTRACT

Because murine myeloma plasma cells and normal human lymph node
plasma cells express BCL-X, we evaluated BCL-X expression in malignant

human plasma cells. BCL-X expression was detected in several human
myeloma cell lines, as well as in CD3S-sorted bone marrow ceHsobtained
from some padents Only the anfiapoptolic long form of BCL-X (BCL
X-L), was detected. Because BCL-X-L expression can protect tumor cells
from apoptotic death induced by chemotherapeutic agents, we tested the
clinical relevance of expression in 55 archival bone marrow biopsies. The
biopsies were stained by immunohistochemistry, and BCL-X expression
was correlated with the subsequent response to treatment. BCL-X expres
sion in malignant plasma cells strongly correlated with decreased response
rates in patient groups treated with either melphalan and prednisone or
vincristine, Adriamycin, and dexametbasone. Response rates were 83-
87% in non-BCL-X-expresslng cases and 20-31% in BCL-X-expressing
cases. In addition, BCL-X expression was more frequent in specimens
taken from patients at relapse (77%), when compared to those at initial
diagnosis (29%). Further support for the association of drug resistance
with BCL-X-L expression came from studies of the 8226 dox-40 cell line.
This line, which expresses p-glycoprotein and serves as a model of multi
drug resistance in multiple myeloma cells, demonstrated an up-regulated
expression of BCL-X-L, which was relatively specific, in that BCL-2 or

BAXexpressionwasnotaltered.In addition,dox-40cellsdemonstrateda
generalized resistance to apoptosis that was induced by several different
agents. These results indicate that malignant plasma cells can express
BCL-X-Land that such expressionmay be a markerof chemoresistant
disease

INTRODUCTION

Multiple myeloma is a B-cell malignancy characterized by clonal
expansion of plasma cells. These cells demonstrate a low proliferative
potential (1), and it is, thus, possible that protective mechanisms that
retard the physiological process of apoptosis play a role in induction
or maintenance of the malignant clone. Indeed, several studies have
demonstrated a protection of malignant plasma cells against apoptosis
when they are exposed to the myeloma growth factor JL-63 (2, 3),
bone marrow stromal cells (4), or insulin-like growth factors (5). In
addition, because chemotherapeutic drugs all appear to induce cell
death via a common pathway of apoptosis, these protective mecha
nisms may contribute to determining outcome of therapy.

It is clear that apoptosis is carefully regulated by the BCL-2 family
of homologous proteins, many of which are capable of homo- or
heterodimerization. Of this family, the major antiapoptotic protein
BCL-2 is highly expressed in myeloma plasma cells (6, 7), although
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100 p1. After culture, 100 p3 of medium were removed, and 20 ,al of MiT (5
mg/mi stock solutions) were added to each well. The plates were incubated
overnight to solubilize the fonnazan dye. The A570nm of each well was
measured the next day with a mic@plate ELISA reader equipped with a
570-nm filter. Quadruplicate wells were run for each group, and the SD of each
group was always <5% of the mean. Percentage cytotoxicity was determined
as: [1 â€”A570nm(experimental group)/A570nm(control group) X 100]. A LD50
(dose of drug inducing 50% cytotoxicity) was determined from extrapolation
of the results of the MTT assay, whereby percentage cytotoxicity was plotted
versus log10 concentration.

DNA Electrophoresis. As describedpreviously(2), cells were exposed to
lysis buffer (100 mMNaC1, 10 mistTris-HC1,25 missEDTA, 0.5% SDS, and
0.1 mg/mI proteinase K at pH 8.0) for 18 h at 37Â°C.DNA was then extracted
with phenol, chloroform, and isoamyl alcohol. Electrophoresis of 1Oâ€”3O-@g
aliquots of total cellular DNA was performed in 1% agarose gels. Gels were
visualized with ethidium bromide staining.

Immunohistochemistry. Bone marrow cells were initially separated by
Ficoll-Hypaque density gradient centrifugation. The cells were washed once
with PBS, cytospin preparations were made on slides, and the slides were fixed
with 4% formalin. After preblocking with TSK-BT buffer (100 mMTris, 50
mM NaC1, 10 mM KCI, 2% BSA, and 0.05% Triton X-lOO), the cytopreps were

stained with rabbit anti-BCL-X antibody (antibody 1695, 1:1000dilution) and
then washed three times in PBS. Slides were then stained with horseradish
peroxidase-labeled goat antirabbit antibody (Amersham; 1:200 dilution). The
peroxidase color reaction was detected by a 3,3'-diaminobenzidine method,
and the nuclei were counterstained with hematoxylin.

The expression of BCL-X was also tested in archival bone marrow biopsies
obtained from patients at the West Los Angeles Veterans Affairs and Kaiser
Permanente (Woodland Hills, CA) Hospitals. The former biopsies were fixed
in fonnalin, and the latter were in Bouin's solution. These patients were all
biopsied between 1989 and 1996. They were all stage Ill by Durie-Salmon
staging. Immunohistochemistry for BCL-X expression was performed as pre
viously reported (12) using the 1695 antibody. Stained specimens were exam
med by two of the authors (S. R. and A. L.), and an agreement was obtained
as to whether the specimen was positive or negative for BCL-X expression. If
at least 10% of plasma cells stained with the BCL-X antibody, the specimen
was considered positive. All specimens studied by immunohistochemistry
were examined in a totally blind fashion. Negative controls consisted of
simultaneously stained preparations, in which preimmune antiserum was used
instead of the BCL-X antibody. BCL-X-expressing megakaryocytes served as
internal positive controls. These studies were approved by Human Subject
Protection Committees of the West Los Angeles Veterans Affairs and Kaiser
Permanente Hospitals.

Response to chemotherapy was determined by chart review and examina
tion of follow-up protein electrophoretic studies 6â€”9months after initiation of
chemotherapy with either M&P or VAD. For the purposes of this study,
response was defined as at least a 50% reduction in serum paraprotein or 75%
reduction in urine paraprotein for patients with light chain myeloma. These
reductions in M-protein had to last for at least 3 months to be considered a
response. For four patients with nonsecreting myeloma, response was defined
as a decrease in plasma cell marrow infiltration to <5% on repeat bone marrow
examination.

Statistics. Differences between groups were evaluated statistically by the
Fisher's exact test for 2 X 2 contingency tables. Differences in cytotoxicity
between 8226 parental and dox-40 cell lines were evaluated by the t test.

RESULTS

BCL-X-L is expressed in several myeloma cell lines and in
freshly obtained plasma cells ofsome patients with myeloma Fig.
1 demonstrates Western blot analysis for BCL-X protein in extracts of
several myeloma cell lines. Clear expression was seen in U266, IM-9,
ARH-77, and UCLA 1 lines, whereas HS Sultan cells showed very
minimal expression (Fig. 1B). Only the long form of BCL-X, the Mr
30,000 protein BCL-X-L, was demonstrated on these blots. The Mr
20,000 short form of BCL-X, BCL-X-S, was never detected (Fig. lB).
Interestingly, the dox-40 chemoresistant variant of the 8226 cell line
demonstrated a significant up-regulation of BCL-X-L, as compared to

-Bcl-X-S

Fig. 1. BCL-X-L expression in myeloma cell lines. A, immunoblot analysis of BCL
X-L versus BCL-2 expression in 8226 parental cells (Lane 1) and versus the dox-40 cell
line (Lane 2). B, BCL-X-L and BCL-2 expression in U266 (Lane 1), IM-9 (Lane 2).
ARH-77 (Lane 3), HS-Sultan (Lane 4), and UCLA I (Lane 5) cell lines. C, BCL-X-L and
BCL-2 expression in U266 (Lane I), 8226 (Lane 2), or UCLA I (Lane 3) cell lines
cultured without (â€”)or with (+) 1000 units/mI IL-6 for 24 h.

parental 8226 cells (approximately 3.5â€”4-fold increase by densitom
etry; Fig. lA), while containing comparable expression of BCL-2 (Fig.
1) and BAX (data not shown). Our dox-40 line is not intermittently
restimulated with doxorubicin, and so the demonstrated up-regulated
BCL-X-L was not a result of doxorubicin exposure. Similar to the
findings of others (9, 11), a modest up-regulation of BCL-X-L cx
pression was detected following exposure of the UCLA I cell line to
IL-6 for 24 h (Fig. lC). However, two other cell lines, U266 and 8226,
showed no alteration of expression. As we have previously reported
for 8226 cells (2), IL-6 exposure had no effect on BCL-2 expression
in these three myeloma cell lines (Fig. 1C).

Immunohistochemical studies were consistent with the Western
blots, with a rough correlation between intensity of cell staining and
intensity of expression on the blots. U266 and dox-40 cells demon
strated the highest staining, whereas staining of 8226, IM-9, ARH-77,
and UCLA 1 cells was somewhat less intense (data not shown).
Immunohistochemical staining of single-cell suspensions from several
bone marrow samples obtained from patients with aggressive disease
in relapse also demonstrated positive staining for BCL-X in malignant
plasma cells. An example is shown in Fig. 2. To confirm that expres
sion was being detected in the plasma cells and not nonmalignant
hematopoietic cells and to identify which form of BCL-X was being
expressed, we first sorted these single-cell suspensions of bone mar
row cells from six of these patients for high CD38 expression. These
isolated cells were composed of over 97% plasma cells based on
Wright-Giemsa-stained preparations. Western analysis of proteins,
extracted from these plasma cell-purified populations, confirmed
BCL-Xexpressionin malignantplasmacells (Fig.3). In thesecells,
BCL-X-L migrated as a doublet of mass 29â€”31kDa, consistent with
the BCL-X-L form of the protein, which appears to exist in two
conformations that migrate differently in SDS-PAGE. This appear
ance of BCL-X-L on blots is similar to the data of Krajewski et a!.
(12), who performed immunoblot analyses on a variety of nonmalig
nant human and murine tissues. As with the myeloma cell lines,
BCL-X-S was not detected. The six CD38-sorted samples were also
immunoblotted with anti-BCL-2 antibody, and five of the specimens

showed expression. Although it is difficult to draw conclusions re
garding a possible inverse relationship of BCL-2 expression to
BCL-X expression in only six cases, it may be of interest that the one
specimen, which was negative for BCL-2 expression, showed the
highest BCL-X-L expression and, conversely, one of the specimens
with minimal BCL-X-L expression (Fig. 3, Lane E) contained the
highest levels of BCL-2 protein.
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Fig. 2. lmmunohistochemistry for BCL-X expression. Single-cell suspension of bone marrow cells from one patient with myeloma stained with BCL-X antisenim (A) or control
preimmune serum (B). Magnification, X400.
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Table 1 BCL-X Expression in 55PatientsnPA.

BCL-X expression bytreatmentTreatment

(n)

M&Pâ€•(2.5)

VAD' (30)BCL-X

% plasma cell'@ Responses (%)

â€” 12 38% 10/12 (83%)

+ 13 44% 4/13(31%)
â€” 15 45% 13/15 (87%)

+ 15 49% 3/15(20%)0.015
0.001B.

BCL-X expression bysubgroupSubgroupBCL-X+At

diagnosis
Atrelapse5

17
10 13025

.
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might participate, at least in part, in the resistance of these cells to
various injurious agents, To test a possible generalized defect in
apoptosis in dox-40 cells, these targets were exposed to increasing
concentrations of doxorubicin, cisplatin, and anti-fas antibodies and
were also subjected to serum deprivation. The relative numbers of
viable cells were then measured by MTT assays, and comparisons
with parental 8226 cells were made. As expected (Table 2), dox-40
cells were resistant to doxorubicin, with an approximately 100-fold
difference in the LD50, as compared to parental 8226 cells. The
dox-40 cells also demonstrated a lower level of resistance to cisplati

num (approximately 3-fold) and significant resistance to anti-fas.
Some resistance to serum deprivation was also detected (Table 3).
These significantly different sensitivities seen by MiT assays were
also present when cell survival was determined by trypan blue dye
exclusion (data not shown). Furthermore, the differences in cell sur
vival correlated with differences in DNA fragmentation (Fig. 5). As
shown, apoptotic-like DNA degradation was decreased in dox-40 cells
exposed to doxorubicin, cisplatin, anti-fas, and serum deprivation.
Staining cells with 4',6-diamidino-2-phenylindole to detect nuclear

apoptotic morphology confirmed these results. For example, after 24 h
of exposure to 0.1 and 1.0 @ag/mlof anti-fas antibody, the frequencies
of cells with apoptotic nuclei had increased in cultures of 8226 cells
from 4% to 40% and 68%, respectively. Concurrently, the same
concentrations of anti-fas antibody induced only approximately
8â€”10%of the dox-40 cells to undergo apoptosis. Taken together,
these data suggest a possible generalized defect in apoptotic pathways
in dox-40 cells.

DISCUSSION

Here, we demonstrate that BCL-X is expressed in multiple my
eloma cell lines, as well as in malignant plasma cells of at least some
patients with myeloma. Expression is up-regulated in myeloma cells
at the time of relapse and correlates with a decreased response rate to
subsequent chemotherapy, suggesting that high levels of BCL-X
expression may be a marker of chemoresistance. The study adds
myeloma to a growing list of human malignancies (16â€”21) that
express BCL-X.

BCL-X-L and BCL-X-S proteins dimerize with other members of
the BCL-2 family (22â€”24),and these interactions may mediate their
contrasting effects on apoptosis. Our BCL-X antiserum is capable of
detecting both forms of BCL-X on Western blots (12). However,
immunoblot analyses of cell lines or fresh myeloma tissue only
detected expression of the larger BCL-X-L protein. BCL-X-L in
CD38-sorted fresh myeloma cells migrated as a double band on gels,
whereas only a single Mr 30,000 band was detected from extracts of

a Plasma cell infiltration = mean % plasma cells of marrows by counting 300

nucleated cells in original marrow specimen.
b Kaiser Hospital patients studied at diagnosis.

C Veterans Affairs Hospital patients studied at diagnosis and relapse.
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Fig. 3. BCL-X-L expression in CD38-sorted myeloma plasma cells. Immunoblot
analysis of BCL-X-L and BCL-2 expression in CD-38-sorted plasma cell samples from
six patients (Lanes Aâ€”F)with myeloma at relapse.

BCL-X Expression in Patient Specimens. BCL-X-L expression
can protect tumor cells against apoptosis that is induced by chemo
therapeutic agents. It, thus, may influence responsiveness to therapy in
myeloma patients. To test this issue, we next analyzed 55 archival
bone marrow biopsies for BCL-X expression (Table 1). All biopsies
were obtained from patients with Durie-Salmon stage Ill myeloma,
who were subsequently treated with chemotherapy. Twenty-five spec
imens were obtained from patients diagnosed at Kaiser Hospital
(Woodland Hills, CA) and fixed in Bouin's solution. Thirty additional
specimens were obtained from patients diagnosed at the West Los
Angeles Veterans Affairs Hospital and were fixed in formalin. All
bone marrow biopsies were evaluated in blinded fashion. The 25
former Bouin-fixed marrows were from patients who were all biop
sied at diagnosis and then treated with M&P. As shown in Table 1, the
response to M&P in patients with negatively stained marrows (10 of
12, or 83%) was greater than responses in patients with BCL-X
stained marrows (4 of 13, or 31%). This difference was significant at
the 0.015 level by Fisher's exact test. In contrast, there was no
correlation between BCL-X expression and the degree of plasma cell
infiltration of marrows (Table 1), nor was there any correlation with
age (data not shown). Of the 30 biopsies fixed in formalin obtained
from patients at the Veterans Affairs hospital, 17 of these specimens
were obtained at initial diagnosis, and 13 were from patients at the
time of relapse. Of the non-BCL-X-expressing samples, 13 of 15
(87%) responded to VAD, whereas only 3 of 15 (20%) patients with
BCL-X-expressing tumors responded (Table 1A). This difference is
significant at a P = 0.001 level. In contrast, once again, there was no
correlation between BCL-X expression and degree of plasma cell
infiltration. Furthermore, there was a significant difference in fre
quency of BCL-X expression between patients examined at diagnosis
versus those studied at relapse. For this comparison, we only com

pared marrows obtained from patients at the Veterans Affairs Hospital
because they were all fixed identically in formalin. Only 5 of 17
(29%) of these bone marrows obtained at diagnosis were positive for
expression compared with 10 of 13 (77%) marrows obtained at
relapse (P = 0.025; Table 1B). BCL-X expression in these marrows

was easily discernible and the morphological identity of plasma cells
as the expressing cells was equally clear as shown in Fig. 4, A and B.
BCL-X-expressing megakaryocytes served as internal positive con
trols in myeloma bone marrows when plasma cells were negative for
expression (Fig. 4C). Finally, negative controls, in which preimmune
sera was used instead of the 1695 BCL-X antibody, were always
negative for expression (as shown in Fig. 4D).

Studies in the dox-40 Cell Line. The dox-40 variant of 8226 was
initially selected by exposure to doxorubicin and has been extensively
studied and exploited as a model of multidrug resistance caused by
overexpression of membrane p170 p-glycoprotein (15). As shown in
Fig. 1, the dox-40 variant also exhibited an up-regulated expression of
BCL-X-L, which was selective in that BCL-2 and BAX expression
were unaltered relative to 8226 parental cells. This suggested a pos
sible BCL-X-L-mediated hindrance to apoptotic mechanisms that
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Fig. 4. Immunohistochemistry for BCL-X expression in archival bone marrow biopsies of patients with myeloma. A, BCL-X-expressing myeloma cells are evident. Magnification,

X400. B, high-power magnification (X 1000) of a different bone marrow with BCL-X-expressing plasma cells. C, BCL-X-negative plasma cells (small arrows) in a biopsy with a
BCL-X-expressing megakaryocyte (large arrow). D. same marrow as shown in B, stained with control preimmune serum. Nonstaining plasma cells are shown (arrows). Magnification,
X400.

the myeloma cell lines. Additional tumor lines and fresh patients
specimens must be tested to determine whether this difference is
consistently observed. It is unclear whether the double band represents
a posttranslational modification or another alternatively spliced form
of the protein, but even the in vitro translated BCL-X-L protein
exhibits this phenomenon and the recent 3-dimensional structure of
BCL-X-L suggests that it may assume different conformations that
could account for its migration as a doublet in SDS-PAGE (25). A
double BCL-X-L band was also detected in normal murine and human
tissues (12), as well as in human colorectal carcinoma specimens (18).

BCL-X-L and BCL-2 expression appear to be regulated in recip
rocal fashion within some normal tissues and tumors. This is espe
cially true during T-cell and B-cell differentiation (23, 26), implying

Table 3 Sensitivity of 8226 and dox-40 cells to serum starvationâ€•

% cytotoxicity

Incubation time (h)

Target 24 48 72

8226 parent 23 Â±3 51 Â±6 73 Â±3
Dox-40 9 Â±2b 25 Â±4b@@ 5b

a 8226 and dox-40cells incubated with orwithout serum for24, 48, or72 h and percent

cytotoxicity measured. Data represent mean Â±SD of three separate experiments.
b Significantly different from 8226 parent cells (P < 0.05).

that these two antiapoptotic proteins â€œtaketurnsâ€•in serving as the
predominant regulators of apoptosis at various stages of cell differ
entiation and activation. This reciprocal expression is also seen in at
least some myeloma cells obtained from patients at diagnosis. Their
plasma cells demonstrate very high expression of BCL-2 (6, 7), but
only a minority have tumor cells expressing BCL-X-L. However, at
relapse, most patients' samples demonstrated expression of both pro
teins. Although we studied only a small number of patients by
Western blot analysis, it is intriguing that BCL-X-L expression was
highest in the sample that lacked BCL-2 expression. In addition, we
have detected expression of BAX in malignant plasma cells of pa
tients at diagnosis and recurrence.4 Thus, there are ample opportuni
ties for protein-protein interactions within these cells that can deter
mine the sensitivity to apoptosis.

4 S. Renner, I. Weisz, A. Fleishman, J. Taylor, R. Vescio, M. Rettig, i. Berenson, S.

Krajewski, i. C. Reed. and A. Lichtenstein. BCL-2 and BAX expression in multiple
myeloma, manuscript in preparation.

Table 2 Resistance of dox-40 cells to various inducers of apoptosis

8226 or dox-40 cells exposed to increasing concentrations of doxorubicin, cisplatin, or
anti-fat for 3 h. Cells were then washed once and cultured for 24â€”72h, and cytotoxicity
measured in MiT assay. Exposure to increasing concentrations of anti-fas was continuous
for 24 h. Data are mean LD5@s determined from cytotoxicity curves of six separate
experiments. For all agents at all assay times, the LD5@sfor dox-40 cells were signifi
candy (P<0.05) greater than those of parental 8226 cells.
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Further support for the notion that BCL-X-L is a marker for
chemoresistance comes from studies in dox-40 cells. This tumor line,

which was generated by exposure of 8226 cells to doxorubicin in
vitro, overexpresses p170 and demonstrates a multidrug-resistant phe
notype. BCL-X-L expression was up-regulated in this cell line, which
was relatively selective, in that BCL-2 and BAX expression was
unaltered. A prior study with murine myeloma cells (13) also detected
a similar selective up-regulation of BCL-X-L expression in a therapy
resistant clone. We hypothesized that BCL-X-L up-regulation might
result in a generalized restraint of apoptosis and cross-resistance to
apoptosis-inducing conditions. Prior work supported this hypothesis.
First, transfection studies clearly demonstrated that BCL-X-L expres
sion protects cells against chemotherapy (36, 37). Second, there are
several reports of chemoresistant cell lines generated by an in vitro
exposure to drugs that subsequently demonstrate reduced apoptotic

responses to diverse agents (38â€”42), and several of these lines also
demonstrate up-regulated expression of BCL-X-L (41, 42) but no
alteration in BCL-2 expression. Indeed, dox-40 cells were resistant to
apoptosis induced by cisplatin, anti-fas, and serum deprivation, as
well as doxorubicin, supporting this hypothesis. The cross-resistance
to anti-fas has been recently described by other investigators (43).
However, we have no clear data yet that indicates the up-regulated
BCL-X expression in dox-40 cells actually induces resistance to these
apoptotic agents, and this is a difficult question to answer given the
known obstacles in successful transfection of 8226 cells (44). A
further problem with this hypothesis is that the initial report on dox-40
cells described the collateral development of enhanced sensitivity to
dexamethasone (15), and a subsequent report (45) described collateral
sensitivity to tumor necrosis factor. In preliminary experiments not
presented here, we have also detected enhanced sensitivity to dexa
methasone (approximately 2â€”3-fold)in MU assays as well as by
DNA electrophoresis. Thus, if these cells do express a generalized
defect in apoptotic pathways that accounts for resistance to cisplati
num, anti-fas, and serum deprivation, these data imply that dexa
methasone-induced apoptosis (and possibly tumor necrosis factor
induced apoptosis) is mediated through different pathways.

In summary, BCL-X-L expression in malignant plasma cells is
more likely to be detected in patients at relapse and correlates with
relative chemoresistance to M&P and/or VAD therapy. It is also
selectively up-regulated in the 8226-dox-40 cell line, which is a model
of multidrug resistance in myeloma. It remains to be determined
whether or not up-regulated expression of BCL-X-L actually plays a
role in chemoresistance in patients or simply serves as an indicator of
resistance.
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p@g/mlanti-fas for 8 h (Lanes 14 and 16). Corresponding control, nontreated cells are
shown in Lanes 1, 3, 5, 7, 9, 11, 13, and 15, respectively.
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