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ABSTRACT

Glucocorticoids are widely used for the treatment of multiple myeloma.
To investigate the direct actions of glucocorticoids on myeloma cells, we
have used three cell lines of human multiple myeloma, OPM-1, OPM-
2, and RPMI 8226. When growth curves of these cells were examined,
OPM-1 cells were resistant, while OPM-2 were sensitive to dexameth-
asone (DEX). In cultures of OPM-2 cells, addition of DIA led to virtual
cessation of growth, with only 16% of the residual cells viable after 4
days. RPMI 8226 appeared to be slightly sensitive, showing some slowing
of growth for several days in DEX, with later recovery. Viabilities of
OPM-1 and RPMI 8226 cells were not affected. Secretion of immuno-
globulin (Ig-X) was also partially suppressed, by 30% in OPM-2 and
14% in OPM-1. No significant suppression was observed in RPMI 8226.
To explore the mechanism of these differential responses to the steroid,
glucocorticoid receptor (GR) was examined. Binding assays showed high
affinity binding sites in all three cell lines: 64 Â±11 fmol/10* cells in
OPM-1, 78 Â±14 in OPM-2, and 62 Â±16 in RPMI 8226. Nuclear
transfer of GR and DNA-cellulose binding after heat activation appeared
similar in all three cell lines. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis of cytosol proteins labeled with |3H|dexamethasone

mesylate showed a GR of \l, 95,000 in all three. When GR mRNA was
studied in these cells, all of them had GR mRNA of approximately 7
kilobases, but OPM-2 and RPMI 8226 had 3 times more GR mRNA
than OPM-1. OPM-2 GR mRNA was induced 2-fold by DEX treatment
at 5 x 10"' M or greater. OPM-1 GR mRNA was much less sensitive,
with no response at less than 10 '' M DEX and only 1.5-fold induction at

that concentration. These results demonstrate that some myeloma cells
can be killed by a direct action of glucocorticoids. The quantity and
affinity of GR in the cells were not predictive of this response. Therefore,
we propose that the resistance of OPM-1 and the relative resistance of
RPMI 8226 to glucocorticoid inhibition of cell growth is by post-receptor
mechanisms. The high sensitivity of induction of GR mRNA in OPM-2
may correlate with glucocorticoid-evoked cell kill.

INTRODUCTION

Glucocorticioids have been used successfully for the therapy
of various hematopoietic malignancies, among them, multiple
myeloma (1-7). Several important questions arise from this
clinical response. Are the therapeutic effects of the steroid due
to a direct action on the myeloma cells, or are some secondary
actions more important? That is, are regulatory actions of the
steroids on various lymphokines and similar growth-regulatory
factors producing secondary effects on myeloma cell growth, or
do steroid hormones alter cellular immune systems to bring
about myeloma cell involution? Why is it that only a fraction
of myeloma patients respond to steroid treatment? Finally, can
markers by identified to predict those patients who will re
spond? Obviously, such a complex set of issues will require
study at many levels in various systems. In this paper, we have
elected to simplify some of the questions by examining the
actions of glucocorticoids on three myeloma cell lines. Very
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little is known of the interactions of glucocorticoids with mye
loma cells. For example, it is not known whether myeloma cells
have a functional GR4 or whether they can be killed by gluco

corticoids directly or indirectly. While GR has been identified
in myeloma cells in culture (8-10) and cells taken directly from
patients (8), whether those receptor function directly in me
diating steroid growth-inhibitory effects in the myeloma cell
has not been demonstrated clearly. The steroidal inhibition of
cultured myeloma cell growth, briefly described for a few cell
lines (9-12), has been rather weak, has been observed only at
very high concentrations of hormone, and with the exception
of one report only published in abstract form (10) has not been
shown to correlate with receptor occupancy. In contrast, leu
kemia has been relatively well studied. Using the human leu-
kemic T-cell line CEM C7, it has been clearly shown that
glucocorticoids can induce the cytolysis of leukemia cells di
rectly, through interactions with the GR (13). Cells lacking the
GR (14) or with defects of GR function (15) have been shown
to be glucocorticoid resistant. Multiple myeloma, however, is
derived from B-lineage plasma cells, and human B-lymphocytes
and B-lymphocyte-derived leukemias are usually found to be
insensitive to growth inhibition by glucocorticoids, even though
they may contain GRs. Nevertheless, certain B-cell lymphomas
have been shown to respond well (16-18); thus some early B-
cell forms appear to be sensitive.

We herein describe the effects of a potent glucocorticoid,
dexamethasone, on three myeloma cell lines, RPMI 8226,
OPM-1, and OPM-2. RPMI 8226 is a well known myeloma
line which has been said to be glucocorticoid sensitive (11).
OPM-1 and OPM-2 have not been examined previously for
this response. They have several interesting characteristics ( 19).
These lines were derived from a single patient with end stage
multiple myeloma. Both secrete Ig-X but have different kary-
otypes and different extents of expression of the B-cell surface
marker OKT10. When we examined the growth response of
these cells to glucocorticoids, they also behaved differently.
OPM-1 cells grew without diminution of doubling time in high
concentrations of DEX, while OPM-2 cells were killed, despite
similar numbers of GR sites in both cell lines. Two markers
were examined for hormone response, Ig-X and the level of GR
mRNA. We present data showing that, in the sensitive line
OPM-2, the steroid at low concentrations induced GR mRNA.

MATERIALS AND METHODS

Materials. RPMI 1640 was purchased from Mediatech (Washington,
DC). Fetal calf serum was from Hyclone (Logan, UT). DEX was from
Sigma (St. Louis, MO). [3Hj-DEX and [3H]-DEX mesylate were pur
chased from New England Nuclear (Boston, MA) and ["P]-dCTP was

from ICN Biochemicals (Irvine, CA).
Cells and Cell Culture. Human myeloma cell lines OPM-1 and OPM-

2 were established as reported previously ( 19). They were derived from
a single patient with multiple myeloma. Surface expression of B-cell

4The abbreviations used are: GR, glucocorticoid receptor; DEX, dexametha

sone; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel clectrophoresis;
SSC, saline sodium citrate.
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antigens is indistinguishable between these two cell lines, except
OKT10, which is expressed in<30% ofOPM-1 and varying percentages
between 40 and 80%, of OPM-2 (19). RPMI 8226 human myeloma
cell line was also used for studies (20). This cell line is OKT 10- and
BA-2-positive (21). Cells were grown in RPMI 1640 medium supple
mented with 10% fetal calf serum, in 5% carbon dioxide in humidified
air, at 37Â°C.

Cell Growth Study. Cells were plated at a density of about IO5cells/

ml. Designated concentrations of DEX were added, except for the
control, to which ethanol alone was added. In all cases, the ethanol
concentration was kept <0.1%. Cell numbers were obtained by twice
counting each of two independent samples per time point on a Model
ZF Coulter counter. Every 48 h a hemacytometer was used to estimate
visually viable cells, using the trypan blue dye exclusion method.

Measurement of Ig-X Chain. Cultured cells were treated with 10~'Â°,
10-', or IO'8 M DEX or 10~8M DEX plus 10~6M RU 38486 for 48 h

(22). Viable cells were counted and cultured medium was collected. Ig-
Xwas quantitated by enzyme-linked immunosorbent assay, using rabbit
anti-human IgG antiserum (23). Data are expressed as IgG equivalents
per viable cells.

Glucocorticoid Receptor Binding Assay. GR assay was done by the
whole-cell binding method (24), using various concentrations of [3H]-
DEX as a ligand in the absence or presence of a 100-fold excess of
unlabeled DEX for total binding or nonspecific binding, respectively.
Specific binding was determined by subtracting nonspecific binding
from total binding. Data were subjected to Scatchard analysis (25).

Nuclear Transfer Assay. After labeling with 20 nM ['H]-DEX at 37Â°C

for 1 h, cells were washed twice with ice-cold phosphate-buffered saline
(0.01 M PO4, 0.15 M NaCI, pH 7.4). The cell membrane was disrupted
by resuspending the cells in 1.5 IHM MgCl2 solution, followed by
vortexing. Completeness of cell disruption was confirmed by micros
copy and staining with Turk's solution. The procedure resulted in

>95% cell disruption. The nuclear pellet was washed with 1.5 mM
MgClj and radioactivity was counted.

DNA Cellulose Binding. The binding of GR to DNA was determined
by the method described by Schlechte and Schmidt (26), with some
modifications. Briefly, cytosol was prepared by freezing and thawing,
followed by ultracentrifugation (100,000 x g, 30 min at 2Â°C).GR was
labeled by incubating the cytosol with 50 nM [3H]-DEX at 4Â°Cfor 3 h.

The receptor was activated by incubating the radiolabeled cytosol at
25Â°Cfor 30 min in 0.1 M KC1. Unbound radioactivity and salts were
removed by Sephadex G-25 gel filtration. One hundred n\ of eluate
were mixed with 100 M' of a 25% slurry of DNA-cellulose in 10 mM
Tris-HCl, and 1 HIM EDTA, pH 8. For the determination of total
binding, 50 M!of the eluate were mixed with 300 ^1 of a 10% slurry of
hydroxylapatite in 50 HIM K2PO4, pH 7. The radioactivities of the
pellets were counted after washing with each buffer.

SDS-PAGE. Cells were covalently labeled with 20 nM [3H]-DEX
mesylate at 37Â°Cfor 1 h and washed with phosphate-buffered saline 3
times. After preparing the cytosol as mentioned above, SDS-PAGE
was carried out as described by Laemmli (27), in a 7.5% polyacrylamide
gel. ['"CJPhosphorylase B (M, 97,000), bovine serum [14C]albumin (M,
66,000), and [14C]ovalbumin (M, 46,000) were used for molecular

weight markers. After the electrophoresis, the gel was fixed in 30%
methanol/10% acetic acid, treated with EN3HANCE (Du Pont, Boston,
MA), and dried. Autofluorography was conducted at -70Â°C.

Extraction and Analyses of RNA. Total cellular RNA was extracted
from IO1 cells using the cesium chloride/guanidine hydrochloride

method (28). Twenty Â¿igof RNA were fractionated on a 0.8% agarose/
formaldehyde gel and transferred onto Gene Screen Plus filters (Du
Pont, Boston, MA). For slot blot analysis, RNA was denatured, diluted,
and applied to a manifold (Schleicher & Schuell, Keene, NH) for
blotting onto Gene Screen Plus filters. The "P-labeled probe for hy

bridization was made by the random priming method (Amersham, UK).
For detecting the GR mRNA, a 4.2-kilobase fragment of the BamHl
digest of OB7, which has an insert of human GR complementary DNA
(29), was used for the DNA template. Hybridization was conducted in
6x SSC (Ix SSC is 0.15 M sodium chloride, 0.015 M sodium citrate,
pH 7.0), 1% SDS, 3x Denhardt solution (Ix Denhardt solution is
0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albu

min), 200 Mg/ml salmon sperm DNA, at 60Â°Covernight. The final
stringency of washing was O.lx SSC, 0.1% SDS, at 60'C. Densito-

metric scanning of autoradiograms was done with a Beckman DU8
spectrophotometer. Rat a-tubulin complementary DNA (30) was used
for preparing the probe for normalization of the data after stripping
the GR probe, according to the manufacturer's instructions.

Statistical Analysis. Significance of the results was assessed by Stu
dent's t test when necessary.

RESULTS

Sensitivity of Myeloma Cell Lines to Glucocorticoids. To
examine the response of cell growth to glucocorticoids, various
concentrations of DEX were added to the culture medium of
each cell line. Cells were counted every 24 h and viability was
checked every 48 h (Fig. 1). The growth or viability of OPM-1
was not affected by DEX even at 10~6M. In contrast, the growth

of OPM-2 was inhibited in a dose-dependent manner at DEX
concentrations of IO"8 M or higher, and cell viability decreased

markedly after 4 days. The decreased growth was observed
following a period of >24 h exposure to hormone. In the
steroid, RPMI 8226 cells showed a modest slowing of growth
for a few days and then seemed to recover the growth rate of
untreated cells. Their viability was unaffected throughout.

OPM-1, OPM-2, and RPMI 8226 secrete Ig-X in the basal
state. Because circulating immunoglobins often are used as an
index of response to therapy in patients with multiple myeloma,
these cultured cell lines were examined for glucocorticoid effects
on Ig-X secretion. After treating the cells with DEX for 48 h,
viable cells were counted and culture medium was collected.
The time and DEX concentrations were selected so as to avoid
changes in cell viability and this was confirmed by trypan blue
dye exclusion counts. As is shown in Fig. 2, Ig-X secretion was
suppressed by as little as 10~9 M DEX in OPM-2 and by IO"8

M in OPM-1. This suppression was not observed when the GR-
binding antiglucocorticoid RU 38486 was added together with
DEX, suggesting that these effects are GR mediated. In OPM-
1, the extent of suppression by 10 " M DEX, while significant,
was less than in OPM-2. RPMI 8226 did not show any re
sponse, even at 10~8 M DEX. In summary, the growth-inhibit-

able cell line OPM-2 showed a more sensitive and greater
response to DEX, while OPM-1 showed no growth inhibition
and a weaker response of Ig-A secretion at a higher concentra
tion of DEX. RPMI 8226 showed fleeting inhibition of cell

fio6

OPM-1 OPM-2 RPMI 8286

DAYS

Fig. 1. Growth curve of three myeloma cell lines. Cells were treated with
designated concentrations of DEX and counted every day. Viabilities were ex
amined by the trypan blue exclusion assay every other day. Only viabilities of the
cells treated with IO"6 M DEX are shown. Control cells were 85 to 95% viable.
The range of individual counts around the averages shown did not exceed ~20%.
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Fig. 2. Effect of DEX on Ig-X secretion. Cells were treated for 48 h with:

ethanol only (Q, IO'10 M DEX (/). 1(T' M DEX (2), IO'" M DEX (3). or 10"' M
DEX + 10~6 M RU 38486 (4). Viable cells were determined by the trypan blue

dye exclusion method. Ig-X in the supernatant was measured by enzyme-linked
immunosorbent assay for IgG. Data are mean Â±SD of quadruplicate samples.
Significant difference from control, ' P < 0.05; ** P < 0.01.
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Fig. 3. Scatchard analysis of GR-DEX binding data. A representative result
from several experiments is shown. Each point is a mean of duplicate samples.

Table l GR binding characteristics of myeloma cells
Data are mean Â±SD of three independent experiments.

OPM-1
OPM-2
RPMI 8226RO(fmol/

10'cells)64.3

Â±11.0
78.3 Â±14.4
62.3 Â±16.0Kt

<nM)7.76

Â±2.75
6.44 Â±2.24
8.23 Â±1.33

1, OPM-2, and RPMI 8226 cells, respectively. For further

examination of the activation of the GRs of these cells, the
affinity for DNA before and after heat activation under cell-
free conditions was tested (Table 2). Under unactivated condi
tions, 5 to 6% of the total GRs could bind to DNA-cellulose.
After incubation at 25Â°Cfor 30 min, 19 to 30% were able to

bind to DNA-cellulose, a 4- to 5-fold increase of binding to
DNA.

To test for abnormality in size of the GR protein. ['H]-DEX

mesylate was used to covalently radiolabel the receptor. Cells
were exposed to 20 x IO"9 M ['HJ-DEX mesylate and the crude

cytosolic fraction was prepared and run on SDS-PAGE. Auto-
fluorography of the gel allowed visualization of the location of
the ligand-bearing GR (Fig. 4). The major competeable band
appeared at approximately M, 95,000 in all three cell lines,
which corresponds to the GR band of CEM C7 (15). There
were no major additional bands or size differences.

GR mRNA and Its Regulation. To investigate the GR mRNAs
of these myeloma cells, RNA was extracted from hormone-
treated and control cells and examined by Northern blot analy
sis, using "P-labeled GR complementary DNA as the probe.

The results showed that all three cell lines have mRNA for GR
in varying amounts (Fig. 5). The size of GR mRNA was
approximately 7 kilobases in all, consistent with the size re
ported in other tissues (29). Faint hybridization was observed
at around 5 kilobases. This could be a minor degradation
product of the 7-kilobase GR mRNA (33). It did not vary
significantly in control versus hormone-treated cells and, com
pared to the major band at 7 kilobases, appeared to be weak
enough to be neglected for specific quantitation. Therefore, slot

Table 2 Binding of unactivated and heat-activated li R to DNA-cellulose and
hydroxylupatite

Values are percentages of receptors specifically bound to DNA cellulose over
those specifically bound to hydroxylapatite. Values are mean Â±SD of n = 3.

OPM-1
OPM-2
RPMI 8226GR

boundUnactivated

Activated5.48

Â±0.61 25.8 Â±2.81
5.01 Â±1.26 19.1 Â±0.47
5.87 Â±1.33 29.4 + 2.53

J_
U C U C U C

growth and no reduction of Ig-X secretion.

GR of Myeloma Cell Lines. Since many lymphoid cell lines
resistant to DEX in culture have shown abnormal GR, we
examined the GR of the three myeloma lines under study. First,
GR characteristics were determined by a whole-cell binding
assay. Fig. 3 shows a representative result of binding data
plotted by the method of Scatchard. All three cell lines have a
single class of high affinity binding sites. Table 1 summarizes
the GR properties of these cells. OPM-2 cells have slightly
more binding sites than OPM-1 or RPMI 8226, but the affinity
of the receptor for ligand in all three was similar. After binding
the ligand, GR is known to undergo heat-dependent changes to
translocate to the nucleus and bind DNA (31, 32). To examine
whether the receptors from myeloma cells behave similarly, the
"nuclear transfer" of the receptor was determined at 37Â°Cby

standard techniques. Of the total specifically bound counts. 56
Â±3%, 73 Â±11%, and 89 Â±15% (mean Â±SD, n = 4) were
found to be associated with the crude nuclear pellets of OPM-

97

66

46

Fig. 4. SDS-PAGE of GR. Cells Â»erelabeled with |'H]-DEX mesylate in the
absence (f) or presence (Q of a 100-fold excess of unlabeled DEX, and cytosol
was extracted and fractionated on a 7.5Ã•7gel. Autofluorography was conducted
at -70'C. Size markers are M, x IO'3. /, OPM-1: 2. OPM-2: R. RPMI 8226. In

each lane of the gel, 20 ^1 of cytosol protein were loaded.
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1

7kb
28 S

18 S

Fig. 5. Northern blot analysis of GR mRNA. Total cellular RNA was extracted
and fractionated on a 0.8% agarose/formaldehyde gel. RNA was transferred onto
Gene Screen Plus filters and hybridized with 3!P-labeled DNA probe. /, OPM-1;
2, OPM-2; A, RPMI 8226.

2-

1-

rii

C1334 C1334 C1234

OPM-2 RPMI 8226OPM-1
Fig. 6. Regulation of GR mRNA by DEX. Cells were treated with 10~' M (/),

5 x 10"' M (2), 10-' M (3), or 10~' M DEX for 24 h. Total cellular RNA was

extracted and slot blotted onto Gene Screen Plus filters. The filters were first
probed for GR and reprobed for tubulin after stripping the GR probe. Autoradi-
ograms were scanned densitometrically and the GR signal was normalized to the
tubulin control, to adjust for slight variations in RNA applied. Data are mean Â±
SD. n = 4 or 5. Significant difference from control (C): * P < 0.05; ** P < 0.01.
a, bar graph of data from densitometric scans of autoradiogram; />.example of
slot blot data used for scanning. Shown is the autoradiogram of slot blots
corresponding to OPM-2, probed for GR mRNA.

blot hybridization was used for detailed quantitation of GR
mRNA. For quantitative analysis, autoradiograms of slot blots
probed for GR mRNA were scanned densitometrically (Fig. 6).
Data were normalized by hybridization of an a-tubulin probe
to the same filters, after removing the GR probe, and relating
the densitometric value of GR to that of tubulin mRNA in the
same lane of the filter. We observed on Northern blots that.

under the conditions and timing of our experiments here, the
tubulin signal did not vary significantly with DEX treatment.
Our prior experience with another lymphoid cell line coincides
with these observations (34). In the basal state OPM-2 cells
had 3-fold more GR mRNA than OPM-1 and about the same

as RPMI 8226. GR mRNA has been reported to be negatively
regulated by glucocorticoids in several tissues and cell lines
(35). Recently, however, an exception has been found in steroid-
sensitive CEM cells, wherein GR mRNA is induced by DEX
(36). To see whether there was any regulation in the myeloma
cell lines, each was treated with several concentrations of DEX
for 24 h. Of the three, only OPM-2 showed high sensitivity of
induction. In OPM-2, the mRNA was induced 2-fold by con
centrations of DEX of 5 x 10~9 M or greater. No consistent

effect was seen in RPMI 8226. In OPM-1, slight but statistically
significant induction was obtained, but only at the pharmaco
logical concentration of 10~6M.

DISCUSSION

In this study, we used three cell lines of human myeloma,
OPM-1, OPM-2, and RPMI 8226. These are all established
cell lines that still maintain certain myeloma cell characteristics,
including surface marker expression and immunoglobulin se
cretion (19-21). Because it is usually difficult to obtain enough
myeloma cells directly from patients for extensive biological
studies, these cell lines are convenient tools to investigate the
pathophysiology and biochemistry of myeloma cells. Here we
have examined the glucocorticoid effects on cell growth and Ig-
X secretion, because these two parameters might be closely
related to clinical usage of the steroids. Of the three lines, it
was clear that only OPM-2 was killed by glucocorticoid. This
result indicates that even B-derived cells like myeloma cells can
be killed directly by glucocorticoids. At least some of the
therapeutic effect of these hormones in the treatment of mye
loma may come from such direct effects. They may also pertain
to the short term involution of B-lymphomas in patients treated
briefly with glucocorticoids alone (16, 17). We did see modest
but temporary slowing of the growth of RPMI 8226 cells. If
the data were plotted on a linear scale and only a few time
points were examined, this would be seen as ~50% inhibition
of cell number. Dalton et al. (11) have described a modest
decrease in clonogenicity of wild-type RPMI 8226 cells in DEX.
These data would be consistent with ours if one presumes a
subpopulation of sensitive cells that are inhibited and then
overgrown by the majority of resistant cells present. The differ
ence in response of OPM-1 and OPM-2 is interesting, consid
ering that they are derived from a single patient. It has been
reported earlier that when these cells are cultured in serum-free
medium, in which cells die spontaneously even without addition
of glucocorticoids, cell death of both OPM-1 and OPM-2 was
accelerated by DEX (8). This may reflect a weak sensitivity of
OPM-1 to glucocorticoids brought out by nutritional depletion,
which is completely masked in the usual cell culture conditions.
In fact, we could observe weak glucocorticoid effects on Ig-\
secretion and GR mRNA induction in OPM-1. The detailed
time course of the Ig-X effect in both OPM-1 and OPM-2 may
deserve further investigation. However, it should be noted that
cumulative inhibition of Ig-X secretion did not correlate well
with growth inhibition. No change in Ig-X was seen in RPMI
8226 cells, despite a slowing of growth. Since serum immuno
globulin levels are often used clinically to follow response to
therapy, this parameter should be used with caution, inasmuch
as it may not reflect reduction in tumor burden. Of course,
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tissue culture cells may not reflect in vivo conditions, and many
more examples must be studied before drawing firm conclu
sions. In this context, we note a recent report of IgG reduction
by glucocorticoids in human myeloma cells (37).

We examined the GRs of these cells to seek functional
diversities, particularly between OPM-1 and OPM-2. All three
cell lines have high quantities of GRs. Although we noted slight
difference in receptor site number, Kd, and nuclear transloca
tion, none seemed a sufficient explanation for the differences
in steroid sensitivity. For nuclear translocation of GR, other
investigators report that approximately 50% of total binding
translocates to the crude nuclear fraction, using the similar
method (31). The high percentages for OPM-2 and particularly
RPMI 8226 might be due to special characteristics of myeloma
cells. Even so, it seems unlikely that differences in their nuclear
translocation could explain the difference in steroid hormone
sensitivity between OPM-2 and other cell lines. The higher
nuclear translocation of GR in RPMI 8226 cells raised the
possibility that these were analogous to the nt' class of mutants
in the S49 cell line. These steroid-resistant cells contain a
truncated form of the GR that shows heightened nonspecific
DNA binding (38). However, size analysis of the myeloma GRs
on SDS-PAGE showed that all three lines here had normal Mr
95,000 GR. The differences in DEX mesylate labeling between
the cells probably reflect differing efficiencies of covalent reac
tions rather than differences in GR quantity. We conclude that
it is likely that "extra-receptor defects" account for the relative

insensitivity of RPMI 8226 and OPM-1. It is noteworthy that,
in a pair of clonal lines from a single patient with acute
lymphocytic leukemia, extra-receptor differences also account
for steroid insensitivity, just as seems to be the case here for
OPM-1 and OPM-2 (39).

The most striking correlation we found was the sensitive
induction of GR mRNA by DEX in the growth-inhibited OPM-

2 cells. This result was surprising, because there are many
documented instances in which glucocorticoids down-regulate
their receptors, including those of lymphoid cells (40). Recently,
however, Eisen et al. (36) reported that GR mRNA is induced
in an acute lymphocytic leukemia cell line that is killed by DEX
but not in a receptor-deficient DEX-resistant subclone. Our
data here show a similar correlation for myeloma cell lines.
Based on the usual down-regulation of GR mRNA by ligand,
one might have predicted that the DEX-sensitive OPM-2 line
would have shown GR mRNA reduction after DEX, not an
increase. Since all our myeloma lines had GRs, our data also
show that the induction correlates with growth inhibition by
DEX and not just with the presence of GR. It may be that GR
induction will prove a useful marker for predicting growth
inhibition of myelomas by glucocorticoids, an hypothesis that
we are presently testing.

In conclusion, we have demonstrated that at least some
myeloma cells have GRs and can be killed by glucocorticoids
directly. Induction of glucocorticoid receptor mRNA may be a
sensitive indicator for steroid sensitivities of the myeloma cells,
although its significance and mechanism are not yet clear.
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