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Abstract
We previously reported the establishment and characteristics of a DXM-resistant cell line (7TD1-
DXM) generated from the IL6-dependent mouse B cell hybridoma, 7TD1 cell line. After
withdrawing DXM from 7TD1-DXM cells over 90 days, DXM significantly inhibited the cell
growth and induced apoptosis in the cells (7TD1-WD) compared with 7TD1-DXM cells.
Additionally, IL-6 reversed while IL-6 antibody and AG490 enhanced the effects of growth
inhibition and apoptosis induced by DXM in 7TD1-WD cells. Our study demonstrates that 7TD1-
DXM cells become resensitized to DXM after DXM withdrawal, and IL-6 and JAK2/STAT3
pathways may regulate the phenomenon.
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1. Introduction
Multiple myeloma (MM) is a malignancy of terminally differentiated B-lymphocytes. It is
characterized by the clonal proliferation of plasma cells within the bone marrow [1]. MM is
the second most common blood cancer and compromised about 1% of all cancer types in the
United States. It was estimated that there was about 21,700 new cases and 10,710 deaths of
MM in 2012 in the United States [2]. Despite recent progress in understanding of the
mechanism of MM, it is still currently incurable and the patients have poor prognosis [3].

The goals of treatment for patients with MM are to reduce symptoms, to slow disease
progression and to prolong remissions. A variety of chemotherapy agents have been used to
treat MM including melphalan, cyclophosphamide, doxorubicin, prednisone and
dexamethasone (DXM) [4, 5]. Other options such as immunotherapy, radiation, bone
marrow/stem cell transplant have also been used to treat MM [6]. Treatments options of MM
depend on the stage of disease and the patients may be effectively response to the initial
treatment but the disease may recur later. Patients with recurrence of the disease may
develop refractory MM in which the patients no longer response to the treatments [4].

DXM, a synthetic glucocorticoid steroid hormone, has been commonly used in the treatment
of MM. DXM acts via binding with the glucocorticoid receptor [7, 8]. DXM induces
apoptosis in MM cells but the precise mechanism is still unknown. However, several
possible mechanisms have been proposed. First, DXM may induce cell cycle arrest
especially at the G1 phase and the cell cycle arrest may serve as an apoptotic signal [9, 10].
Second, DXM can induce apoptosis via activating the transcription of apoptotic genes such
as Bim, Caspase-3, and Caspase-8 [11–14]. Third, DXM can also induce apoptosis via
suppression of the Akt-PI3K pathway or glucocorticoid receptor involvement [15–18]. A
major problem for DXM in treatment of MM is the occurrence of drug resistance due to
MM cells resistance to DXM induced apoptosis besides drug induced side effects. Chronic
exposure to DXM may lead to DXM resistance in patients with MM and DXM treatment is
no longer beneficial. Several mechanisms have been discovered that count for the resistance
to DXM induced apoptosis including insufficient ligand, glucocorticoid receptor mutations,
abnormal GR translocation, or overexpression of Bcl-2 [17, 19, 20].

Interleukin 6 (IL-6), a 26 kDa protein, is a multifunctional cytokine secreted by many cell
types such as activated monocytes and macrophages, endothelial cells, adipose cells and the
Th-2 subset of T helper cells [21]. IL-6 belongs to the cytokine family that also includes
IL-11, leukemia inhibitory factor, oncostatin M, cardiotrophin-1, cardiotrophin-1, and ciliary
neurotrophic factor [22]. This cytokine family is characterized by a four-alpha-helix bundle
structure. The different biological functions of IL-6 include immune response,
hematopoiesis, and acute-phase reactions [21, 23]. Previous studies showed that the
interaction between MM cells and bone marrow stromal cells triggered the production of
IL-6 [24, 25]. IL-6 is essential for the survival and growth of myeloma cells, and also
protects the cells from apoptosis caused by the chemotherapeutic agents such as DXM via
various mechanisms [26–28]. Activated glucocorticoid receptors may repress the activity of
NF-κB leading to the down-regulation of the transcription of IL-6 gene in various cells [29–
32]. In the later stage of MM, the cells can proliferate without IL-6 stimulation [6, 33, 34].
Other studies also indicated the relationship between the endogenous production of IL-6 and
the progress of malignant MM cells, suggesting the possible roles of IL-6 in resistance to
DXM-induced apoptosis [35].

IL-6 acts via binding and activating the IL-6 receptor which is a single transmembrane
receptor composing three main regions. The first is an outer immuunioglobulin-like domain,
the second is a remaining extracellular protein known as the cytokine binding domain and
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the third is an intra-cytoplasmic domain [23]. The cytokine binding domain mediates the
binding to IL-6 and gp130. The binding of IL-6 with its receptor recruits the binary complex
with gp130 to form a high-affinity ternary complex, IL-6/IL-6 receptor/gp130 [36, 37]. The
interaction of IL-6 and its receptors activates many signal transduction pathways. The gp130
forms a dimmer after the stimulation by IL-6 and leads to the activation of the Janus-
activated kinase signal transducer and activator of transcription (STAT) signaling pathway
[22, 38, 39]. The JAK/STAT signaling pathway is the major pathway of IL-6. Additionally,
IL-6 also triggers the MAPK signaling pathway and the PI3K-AKT pathway [39–42].

In our previous studies, we demonstrated that cAMP and IL-6 dependent signaling pathway
cross-talk regulated the proliferation and apoptosis of 7TD1 cells [43]. We generated DXM
resistant 7TD1 cell line (name it as 7TD1-DXM cells) by chronic exposure of the parent
7TD1 cells to DXM and the 7TD1-DXM cells showed IL6-independent proliferation. We
also indicated that the apoptotic resistance exhibited by 7TD1-DXM cells is regulated
independently by IL-6 triggered signaling [44]. In order to further investigate the molecular
mechanisms of DXM resistance in MM, we withdrew the continuously presence of DXM in
the DXM resistant 7TD1-DXM cells (name the DXM withdrawn cells as 7TD1-WD cells)
to see if it could reverse the resistance of the cells to DXM induced cell growth inhibition
and apoptosis. We also investigate the effects of IL-6 and the JAK2 inhibitor AG490 on the
cell proliferation and apoptosis in MM cells, as well as the possible involvement of signal
transduction pathways in the DXM resistant and withdrawn 7TD1 cells.

2. Materials and methods
2.1. Reagents and antibody

DXM was purchased from Sigma-Aldrich (St Louis, MO) and dissolved in 100% ethanol at
1 mg/ml stock solution. AG490 was purchased from Promega (Madison, WI) and dissolved
in DMSO at a stock concentration of 50 mM. The recombinant IL-6 was purchased from
Upstate Biotechnology (Lake Placid, NY) and IL-6 antibody was purchased from Santa
Cruz Biotechnology, Inc, (Santa Cruz, CA).

2.2. Cell culture
The parental 7TD1 cells were cultured in the media consisting of RPMI-1640 with
glutamine (GIBCO, Invitrogen, Carlsbad, CA) and supplemented by 2 g/L sodium
bicarbonate (Fisher Scientific), 20 mM HEPES (Sigma Aldrich, St. Louis), 1% (v/v)
penicillin/streptomycin antibiotic (CELLGRO Mediatech Inc., Manassas, VA), 50 μg/ml
gentamycin (MP Biomedicals, Aurora), 10% (v/v) FBS (Atlanta Biologicals, Lawrenceville,
GA), and 50 mM 2-mercaptoethanol (Sigma-Aldrich, St. Louis, MO). The DXM resistant
7TD1 cells (7TD1-DXM) were established by chronically treated with 85 μM of DXM and
continuously cultured in the absence of IL-6 over a period of 6 months as previously
described [44]. The DXM withdrawn 7TD1 cells (7TD1-WD) were established from DXM
resistant 7TD1 cells by continuously cultured in the absence of DXM and IL-6 over a period
of 3–5 months.

2.3 MTT assay
The MTT assay is used to determine the effect of DXM, IL-6 or IL-6Ab on the cell growth
and survival. A total of 1000 cells were added to a 96 well plate, and incubated with DXM,
IL-6 and IL-6Ab in a 100 μl final volume for 72 hours, then 10 μl of MTT (Sigma Aldrich,
St Louis) in PBS (5 mg/ml) was added into each well. Four hours later the reaction was
stopped by adding 150 μl of acidified isopropanol. The blue precipitate was dissolved by
repeated pipetting and the optical density (OD) was measured at 570 nm determined with

Liu et al. Page 3

Leuk Res. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bio-Tek microtiter plate reader (Winooski, VT). Experiments were performed in triplicate
and analyzed for statistical significance.

2.4. Detection of apoptosis
Apoptotic cells were quantified using the DNA fragmentation TUNEL assay (Molecular
Probes, Eugene, OR). Briefly, 7TD1-DXM and 7TD1-WD cells were subjected to various
specified treatments, incubated for 48 hours, washed with 1X PBS, fixed in a mixture of ice-
cold 1X PBS with 70% ethanol, and kept at −20°C for 12–18 hour. The cells were washed
with 1X PBS, stained using the APOBrdu TUNEL assay kit according to the manufacturer’s
protocol, and analyzed using a flow cytometer (Becton Dickinson, Franklin Lakes, NJ).

2.5. Western blotting
As previously described [44], cells were harvested by centrifugation at 200 g for 6 min and
whole cell lysates prepared using a lysis buffer containing 20 mM Tris-HCl (pH 7.6), 100
mM NaCl, 2% Triton X-100, 10 mM EDTA, 100 mM sodium fluoride, 60 mM sodium
pyrophosphate, 0.2% sodium azide, 0.2 mM sodium orthovanadate, 1 mM PMSF, 20 μg/ml
leupeptin, and 2 μg/ml aprotonin. Lysates were then sonicated for 5 seconds and centrifuged
at 5,200 × g for 10 min; the resulting supernatants were mixed with 3X SDS loading buffer
and incubated at 95°C for 3 min. The proteins were then separated on a 12% (w/v)
polyacrylamide gel. Separated proteins were transferred to a PVDF membrane by
electrophoresis at 100 V for 1 hour. After transferring, the PVDF membrane was blocked in
a solution containing 5% milk powder and 2.5% bovine serum albumin (BSA) in 1X Tris
buffered saline (TBS) with 0.05% tween (TBST) at 4°C for 6 hours and then washed with
1X TBS and 1X TBST for three to four times. After washing, the membrane was probed
with primary antibody for total JAK2 and JAK2 phosphorylation using JAK2 and phosphor-
JAK2 (Tyr1007/1008) antibodies, or for total STAT3 and STAT3 phosphorylation using
STAT3 or phospho-STAT3 (Tyr705) antibodies (1:1,000 dilutions, Calbiochem, San Diego,
CA) at 4°C overnight, followed by washing with 1X TBS and 1X TBST for three to four
times. The membrane was then probed with Horse-Radish Peroxidase (HRP) labeled goat
anti-rabbit IgG secondary antibody (1:2,500 dilutions, KPL, Gaithersburg, MD). Blots were
then processed by Pierce chemiluminiscence kit as recommended by the commercial vendor
and autoradiographed on an X-ray film (RPI corp., Beacon Falls, CT). Western blot analysis
was carried out at least 3 times.

2.6. Statistical analysis
Statistical significance of the data was analyzed by one way univariate analysis of variance
(ANOVA) followed by Tukey’s post-hoc test with a minimum significance level set at p <
0.05 (marked as *). The higher significance level was set at p < 0.01 (marked as **)

3. Results
3. 1. DXM resistance was reversed after withdrawing DXM from the 7TD1-DXM cells

We previously established and characterized a dexamethasone-resistant 7TD1 murine
myeloma cell line phenotype 7TD1-DXM by chronic treatment with DXM (85 μM) and the
cells are both resistant to inhibition of proliferation and DXM induced apoptosis [44]. To
test whether withdrawing continuous DXM presence could reverse the resistance to DXM in
7TD1-DXM cells, and if so, how long duration of DXM withdrawal is needed for the
reversion, we withdrew DXM from 7TD1-DXM cells for up to 150 days, and performed the
MTT assay to compare the cell survival after 85 μM DXM treatment in the 7TD1-DXM
cells and the DXM withdrawn (7TD1-WD) cells. We chose 85 μM concentration of DXM
for the study because it was the IC50 for DXM against the parent 7TD1 cells ([44] and data
not shown). There was no significant difference in cell survival after DXM treatment in both
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cell lines of 7TD1-DXM and 7TD1-WD-60 (DXM withdrawal for 60 days). The result
indicates that withdrawing DXM for 60 days could not reverse the resistance to DXM in
7TD1-DXM cells. However, 85 μM of DXM significantly inhibited cell growth in the
7TD1-WD cells compared to 7TD1-DXM cells with statistical significance of p < 0.01 after
DXM withdrawal for 90 and 150 days (Fig. 1A). After we determined that withdrawing
DXM over 90 days could reverse the resistance of 7TD1-DXM cells to DXM, we further
tested the sensitivity of the cells of 7TD1-DXM, 7TD1-WD-90 (DXM withdrawn for 90
days) and 7TD1-WD-150 (DXM withdrawn for 150 days) to DXM at various concentrations
(10, 22, 43, 85, 128, 213 and 255 μM). The growth of all three cells was inhibited by DXM
in a dose-dependent manner, however, DXM showed greater inhibitory effect against 7TD1-
WD-90 and 7TD1-DW-150 cells compared with 7TD1-DXM cells (Fig. 1B) and the IC50 of
DXM was 172 ± 10, 106 ± 6, and 86 ± 15 μM for 7TD1-DXM, 7TD1-WD-90 and 7TD1-
WD-150, respectively (Fig. 1C). There was significantly statistical difference between
7TD1-DXM cells and 7TD1-WD-90 or 7TD1-WD-150 cells (p < 0.01). However, no
significant cell growth inhibition was observed between the cells of 7TD1-WD-90 and
7TD1-WD-150 to DXM treatment with P > 0.05 and the data indicates that DXM
withdrawal over 90 days is sufficient to reserve the resistance to DXM in 7TD1-DXM cells
(Fig. 1C). DXM resistance in MM cells is mainly due to development of resistance to
apoptosis induction. Therefore, we studied the apoptotic effects upon DXM treatment in
both cells of 7TD-DXM and 7TD1-WD-90 with TUNEL assay. Various concentrations of
DXM (85, 170 and 340 μM) were used to treat the cells of 7TD1-DXM and 7TD1-WD-90
and the percentage of apoptotic cells was measured. The data showed that the percentage of
apoptosis was 10.3 ± 2.9 and 8.5 ± 3.1 in the negative controls (treated with media only) and
76.0 ± 15.6 and 72.3 ± 10.7 in the positive controls (treated with 10 μM of etoposide) for
7TD-DXM and 7TD1-WD cells, respectively. Treatment of 85 μM of DXM did not
significantly induce apoptotic effects in both 7TD1-DXM and 7TD1-WD-90 cells compared
to the media control with the percentage of apoptosis of 9.1 ± 3.7 and 12.5 ± 3.5,
respectively (Fig. 1D), although 85 μM of DXM significantly inhibited the cell growth in
7TD1-WD-90 cells but not in 7TD1-DXM cells (Fig. 1A). However, higher concentration of
DXM at 170 μM significantly induced apoptotic effect in 7TD1-WD-90 cells (34.3 ± 5.5)
but not in 7TD1-DXM cells (12.8 ± 1.0) with significant difference (p < 0.05) between
7TD1-DXM and 7TD1-WD-90 cells. Further increasing the concentration of DXM to 340
μM dramatically induced apoptosis in both 7TD1-DXM and 7TD1-WD-90 cells compared
the media control. However, the percentage of apoptotic cells was significantly higher in
7TD1-WD-90 cells (53.0 ± 10.4) compare to 7TD1-DXM (32.3 ± 8.1) with statistically
significant difference (p < 0.05).

3.2. Effect of IL-6 and IL-6 Ab on DXM induced cytotoxicity and apoptosis in the cells of
7TD1-DXM and 7TD1-WD-90

7TD1 cell growth depends on IL-6 and the cells are sensitive to DXM- induced apoptosis.
However, 7TD1-DXM cells are independent of exogenous IL-6 for proliferation and
resistant to DXM induced cell growth inhibition and apoptosis [44]. To compared the effect
of IL-6 on cell proliferation and apoptosis, we treated both cells of 7TD1-DXM and 7TD1-
WD-90 with DXM (85 μM for cell survival and 170 μM for apoptosis) and IL-6 (4 μg/ml)
alone or in combination. Cell survival was measured by MTT assay while apoptosis was
measured by TUNEL assay and the results are summarized in Fig. 2. In 7TD1-DXM cells,
IL-6 could not enhance the cell survival compared to the control and did not significantly
affect the cell survival when combining with DXM (Fig. 2A). However, in 7TD1-WD-90
cells, IL-6 significantly reduced the inhibitory effect of DXM (p < 0.01) although IL-6 itself
did not affect the cell survival (Fig. 2A). Similarly, IL-6 significantly reduced the apoptotic
effects induced by DXM in 7TD1-WD-90 cells (p < 0.01) but had no effect in 7TD1-DXM
cells (Fig. 2B). These data suggested that IL-6 may play a protective role in DXM induced
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toxicity and apoptosis in 7TD1-WD-90 cells. To further evaluate the effect of IL-6 on the
cells of 7TD1-DXM and 7TD1-WD-90, we investigated the effect of DXM (85 μM for cell
survival and 170 μM for apoptosis) and IL-6Ab (2 ng/ml) alone or in combination on the
cell growth and apoptosis in the both cells. IL-6Ab inhibited the cell growth compared with
the control group (p < 0.05) but did not further enhance the cell growth inhibition when in
combined with DXM in 7TD1-DXM cells (Fig 2C). IL-6Ab profoundly inhibited the cell
growth in 7TD1-WD-90 cells (p < 0.01 vs the control) compared with that in 7TD1-DXM
cells with significant difference (p < 0.01). Additionally, IL-6Ab enhanced the cell growth
inhibitory effects caused by DXM (p < 0.01) in 7TD1-WD-90 cells but not in 7TD1-DXM
cells (Fig. 2C). For apoptosis study, the data showed that IL-6Ab and DXM alone or in
combination did not induced significantly apoptotic effects compared to the control (p >
0.05) in 7TD-DXM cells. However, IL-6Ab significantly enhanced the apoptotic effects (p <
0.01) induced by DXM although IL-6Ab alone did not induce apoptosis compared to the
control (p > 0.05) in 7TD1-WD-90 cells (Fig. 2D). These studies indicate that blocking the
IL-6 effects by IL-6Ab may increase the cytotoxicity and apoptosis induced by DXM in
7TD1-WD-90 cells but not in 7TD1-DXM cells.

3.3. Effect of AG490 and DXM alone or in combination on cell growth and apoptosis in the
cells of 7TD1-DXM and 7TD1-WD-90

AG490 is a JAK inhibitor and can inhibit the JAK/STAT signaling pathway. In order to
explore the relationship between the JAK/STAT signaling pathway and DXM activity in the
cells of 7TD1-DXM and 7TD1-WD-90, we investigated the effects of AG490 and DXM on
cell growth and apoptosis by treated both cells with AG490 (10 μM for cytotoxicity study
and 50 μM for apoptosis study) and DXM (85 μM for cytotoxicity study and 170 μM for
apoptosis study) alone or in combination. The data showed that although AG490 inhibited
the cell growth (p < 0.01 compared to the control), it could not further enhance the
inhibitory effects of DXM in 7TD1-DXM cells. However, AG490 not only inhibited the cell
growth (p < 0.01), but it also significantly (p < 0.01) enhanced the inhibitory effect of DXM
in 7TD1-WD-90 cells (Fig. 3A). Additionally, AG490 and DXM alone or in combination
did not significantly induce apoptosis (p > 0.05 compared to the control) in 7TD1-DXM
cells. However, AG490 and DXM alone induced higher apoptotic effects compared with the
control (p < 0.05 and p < 0.01, respectively) and the combination of AG490 and DXM could
further significantly enhanced apoptosis compared to AG490 alone (p < 0.01) in 7TD1-
WD-90 cells (Fig. 3B). The data indicate that AG490 could only enhance the effect of DXM
in 7TD1-WD-90 cells but not in 7TD1-DXM cells.

3.4. Effect of DXM, IL-6 or AG490 on JAK2/STAT3 signaling pathway in the cells of 7TD1-
DXM and 7TD1-WD

The JAK2/STAT3 signaling pathway is the major pathway of IL-6 and is constitutively
activated in 7TD1-DXM cells [44]. AG490 blocks the constitutive activation of STAT3
[45]. To examine the effects of DXM, IL-6 and AG490 on the JAK2/STAT3 signaling
pathways in both cells of 7TD1-DXM and 7TD1-WD-90, we treated the cells with 170 μM
of DXM, 4 μg/ml of IL-6 or 50 μM of AG490 and examined the expression level of total
JAK2 and phosphorylated JAK2, total STAT3 and phosphorylated STAT3 using Western
blotting analysis. The data showed that DXM or IL-6 did not cause significant changes in
both of the total protein levels and phosphorylation of JAK2 and STAT3 in both cells (Fig.
4). AG490 also did not affect the protein levels of total JAK2 and STAT3 in both cells.
However, AG490 significantly inhibited the phosphorylation of JAK2 and phosphorylation
of STAT3 in 7TD1-WD-90 cells but not in 7TD1-DXM cells (Fig. 4). The data suggested
that JAK2/STAT-3 signaling pathways may be changed in 7TD1-WD-90 cells compared
with 7TD1-DXM cells.
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4. Discussion
In order to investigate the possibility of reversing DXM resistance of myeloma cells, we
have selected to use the DXM resistant 7TD1-DXM cell line which we previously
established from a mouse myeloma 7TD1 cell line as the model system for our studies.
Parental 7TD1 cell growth depends on IL-6 and is sensitive to DXM induced apoptosis [26,
28, 46]. Chronic exposure of 85 μM of DXM to 7TD1 cells over 6 months led the cells
becoming resistant to DXM and growing independently of exogenous IL-6 [44]. The 85 μM
of DXM is about the IC50 for 7TD1 cells (data not shown and [44]). After 7TD1 cells
become resistant to DXM, the JAK/STAT pathway is constitutively activated [44]. In this
study, we withdrew DXM from the DXM resistant 7TD1-DXM cells for 60, 90 and 150
days and tried to determine whether DXM withdrawal reverses the DXM resistance in
7TD1-DXM cells; and, if so, how long duration is needed for the reversal. Moreover, we
investigated the effect of IL-6 and JAK/STAT pathway on 7TD1-DXM cells and DXM
withdrawn cells.

First, we withdrew DXM for 60 days to test the cells growth inhibition with the treatment of
85 μM of DXM and compare to 7TD1-DXM cells, the results indicated there was no
significant difference in cell growth inhibition between the cells of 7TD1-DXM and 7TD1-
WD-60 (withdrew DXM for 60 days) (Fig. 1A). Next, we increased the DXM withdrawing
time to 90 and 150 days, the data showed that the cells could be significantly inhibited and
there was significantly statistical difference in the cell growth between the cells of 7TD1-
DXM and the cells of 7TD1-WD-90 (p < 0.01) and 7TD1-WD-150 (P < 0.001) (Fig. 1A).
Then, we treated the cells of 7TD1-DXM, 7TD1-WD-90 and 7TD1-WD-150 with various
concentrations of DXM (10–255 μM) to determine the dose response curve and the IC50 of
the DXM in each cells. The IC50 of the DXM was determined to be 172 ± 10, 106 ± 6 and
86 ± 15 μM, respectively (Fig. 1C). The data indicated that withdrawing DXM for 90 days
almost completely reversed the sensitivity of the cell to DXM while withdrawing DXM for
150 days completely reversed the sensitivity of the cell to DXM compared to the parent
7TD1 cells (IC50 ~85 μM) (Fig. 1B and 1C).

DXM resistance 7TD1-DXM cells were resistant to apoptosis induced by DXM.
Development of drug resistance of DXM in treatment of MM may be attributable to MM
cells resistance to DXM induced apoptosis clinically. To investigate the effect of DXM
withdrawal on DXM induced apoptosis, we detected the apoptotic effects induced by
various concentrations of DXM (85–340 μM) in the cells of 7TD1-DXM and 7TD1-WD-90.
Our data showed that low concentration of DXM (85 μM) did not induce significant
apoptosis compared to the control in both cells. The data indicated that 85 μM of DXM
could inhibit the cell proliferation, but was not able to induce apoptosis in 7TD1-WD-90
cells. However, when we increased the DXM concentration to 170 μM, significantly higher
percentage of apoptotic cells were detected in the 7TD1-WD-90 cells but not in 7TD1-DXM
cells (p < 0.01). Furthermore, high concentration (340 μM) of DXM significantly induced
apoptosis in both cells compared to the control, however, the apoptotic effect was
profoundly induced in 7TD1-WD-90 cells than that in 7TD1-DXM cells (Fig. 1D).

IL-6 plays an important role in regulating the proliferation and apoptosis of 7TD1 cells [43].
While DXM resistant 7TD1-DXM cells developed from 7TD1 cells are independent of
exogenous IL-6 for proliferation. We want to know what role(s) of IL-6 may play in the
DXM withdrawn cells. Our data showed that treatment of the 7TD1-WD-90 cells
(withdrawing DXM over 90 days from 7TD1-DXM cells). with 4 μg/ml of IL-6 reversed the
inhibitory and apoptotic effects caused by DXM but did not enhance the cell proliferation
(Fig. 2A and 2B), suggesting that withdrawal of DXM may lead to the resistant cells
becoming more sensitive to IL-6, and the growth of 7TD1-WD-90 cells was still IL-6
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independent. We also used IL-6 antibody (IL-6Ab) to block the effects of IL-6, and
compared the inhibitory and apoptotic effects caused by DXM in both cell lines. IL-6Ab
alone inhibited the cell growth but did not further increase the cell growth inhibition when it
combined with DXM in 7TD1-DXM cells. However, IL-6Ab not only inhibited the cell
growth, but also significantly enhanced the inhibitory effects of DXM in 7TD1-WD-90 cells
(Fig. 2C). We also investigate the apoptotic effects of IL-6Ab and DXM alone and in
combination in the cells of 7TD1-DXM and 7TD1-WD-90. We observed that IL-6Ab
significantly enhanced apoptosis induced by DXM in 7TD1-WD-90 cells but not in 7TD1-
DXM cells (Fig. 2D). The data generated from IL-6 and IL-6Ab experiments indicate that
IL-6 may be important to regulate the cell growth and survival as well as response to DXM
induced apoptosis in 7TD1-WD-90 cells.

JAK/STAT pathway is the major signal transduction pathway in IL-6 signaling in multiple
myeloma cells and this pathway can be inhibited by AG490. JAK/STAT pathway is
constitutively activated in the DXM resistant 7TD1 cells [44]. AG490 is a member of the
tyrphostin family of tyrosine kinase inhibitors and it inhibits the JAK/STAT, JAK/AP-1, and
JAK/MAPK pathways [45]. AG490 selectively blocks leukemic cell growth in vitro and in
vivo by inducing apoptosis with no deleterious effect on normal haematopoiesis [47].
Although AG490 could inhibit the cell growth of 7TD1-DXM cells, it could not induce
apoptosis in these cells (Fig. 3). However, AG490 could inhibit cell growth and induce
apoptosis in 7TD1-WD-90 cells. More importantly, it greatly potentiated the apoptotic effect
induced by DXM in 7TD1-WD-90 cells but not in 7TD1-DXM cells (Fig. 3). The results
suggested that JAK/STAT pathway may also be important in regulating cell growth and
survival in 7TD1-WD-90 cells. Additionally, we examined the expression of total JAK2 and
phosphorylated JAK2, and total STAT3 and phosphoryated STAT3 after DXM, IL-6 and
AG490 treatment. We have previously showed that 50 μM of AG490 could completely
block the phosphorylation in the parent 7TD1 cells while STAT3 was constitutively active
in the DXM resistant 7TD1-DXM cells [44]. In the present study, we observed that AG490
(50 μM) significantly inhibited the expression of phosphorylated JAK2 and phosphorylated
STAT3 in the 7TD1-WD-90 cells to some extends, but not in 7TD1-DXM cells. The data
suggest that JAK2/STAT3 signaling pathway maybe changed in the 7TD1-WD-90 cells and
IL-6 mediated JAK2/STAT3 signaling pathway may, at least in part, contribute to the
reversion of DXM resistance following DXM withdrawal for 90 days in 7TD1-DXM cells
(Fig. 4). In addition, we measured the expression of JAK2 and phosphorylated JAK2,
STAT3 and phosphorylated STAT3 after treating both cell lines with the combination of
DXM and AG490, and we could not detect significant change in the expression of these
proteins compared with AG490 alone (data not shown). This suggested that DXM did not
add any additional inhibitory effects on the JAK2/STAT3 signaling pathway compared with
by AG490 alone.

Previous studies already showed the benefits of withdrawing therapeutic agents to prevent
drug induced toxicity and/or to reverse drug resistance. Some chemotherapy agents such as
paclitaxe, cisplatin and methotrexate could induce neurotoxicity, but neurons were able to
recover after termination of drug treatment [48]. Macrolide antibiotics could reverse
anticancer drug resistance such as vinblastine on leukemia cells [49]. Withdrawal of sex
steroid reversed therapy related defects in bone marrow lymphopoiesis [50]. In this study,
we demonstrate that withdrawing DXM for 90–150 days could near or completely reverse
DXM resistant in 7TD1-DXM cells. We also revealed that IL-6 and JAK2/STAT3 pathway
may play important roles in the DXM withdrawn cells. Microarray analysis showed that
histone deacetylase 3 (HDAC3) was up-regulated in response to IL-6 treatment in 7TD1
cells. We evaluated the effects of two structurally different histone deacetylase inhibitors
(HDACi), Suberoylanilide Hydroxamic Acid (SAHA) and Sodium Butyrate (NaB), on
proliferation and apoptosis in dexamethasone sensitive, resistant, and withdrawn 7TD1 cell
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lines. We found that inhibition of HDAC3 can enhance the sensitivity of 7TD1 multiple
myeloma cells to DXM. The data may suggest that the change of the sensitivity to
chemotherapy agents may also due to some genetic changes (unpublished data).

For patients with MM, the average age of patients is about 70 years old and the 5 year
survival rate is still relatively very low. DXM is one of the first line chemotherapy choices
to treat MM, and the drug resistance is a major problem leading to the failure of the therapy.
This study provides some information for DXM treatment in patients with MM. Patients
with MM may discontinue DXM treatment for a period of time when DXM resistance
occurred. The patients may become sensitive to DXM and resume DXM treatment again
after termination of the treatment for certain times.

In brief, this study demonstrates that withdrawing DXM for 90 days or longer can restore
the sensitivity of DXM in induction of cytotoxicity and apoptosis in DXM resistant 7TD1-
DXM cells near to that of the parent 7TD1 cells. There are different effects of IL-6 and
AG490 on cell growth inhibition and apoptosis in 7TD1-DXM and 7TD1-WD cells. It may
have potential implication for DXM in treatment of MM clinically.
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Fig. 1.
The effect of DXM on the cell growth inhibition (A), dose response curves (B), IC50 (C),
and induction of apoptosis (D) in the cells of 7TD1-DXM and 7TD1-WD. 7TD1-WD-60:
DXM withdrawal for 60 days; 7TD1-WD-90: DXM withdrawal for 90 days; and 7TD1-
WD-150: DXM withdrawal for 150 days. Cell proliferation was determined by MTT assay
after 72 hours treatment. The cell growth medium was used as a negative control. Values
represent mean OD ± SD for triplicate assays. For apoptosis evaluation, the cells were
treated with DXM (85, 170 or 340 μM) or 10 μM of etopside (positive control) and fixed
after 48 hours treatment using the TUNEL assay. DNA fragments were analyzed by flow
cytometry. Values were the average percent apoptotic cells from three independent
experiments. *Denotes p < 0.05; **Denotes p < 0.01.
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Fig. 2.
Effect of IL-6 and IL-6Ab alone or in combination on DXM induced cytotoxicity (A & C)
and apoptosis (B & D) in the cells of 7TD1-DXM and 7TD1-WD-90. The cells were treated
with IL-6 (4 μg/ml), IL-6Ab (2 ng/ml) or DXM (85 μM) alone or in combination for 72
hours. Cell proliferation was determined by MTT assay. Values represent mean OD ± SD
with triplicate assays. For apoptosis study, the cells were treated with IL-6 (4 μg/ml),
IL-6Ab (2 ng/ml), or DXM (170 μM) alone or in combination. The cells were fixed after 48
hours drug treatment, and evaluated for apoptosis using the TUNEL assay. DNA fragments
were analyzed by flow cytometry. Etoposide (10 μM) was used as a positive control. The
Values present Mean ± SD of percent apoptotic cells with triplicate experiments. *Denotes p
< 0.05; **Denotes p < 0.01.
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Fig. 3.
Effects of AG490 and DXM alone or in combination on cell growth inhibition (A) and
apoptosis (B) in the cells of 7TD1-DXM and 7TD1-WD-90. The cells were treated with
AG490 (10 μM for cell growth inhibition and 50 μM for apoptosis) and DXM (85 μM for
cell growth inhibition and 170 μM for apoptosis) alone or in combination. Cell growth was
determined by MTT assay after 72 hours drug treatment. Values represent mean OD ± SD
for triplicate assays. For apoptosis study, the cells were fixed after 48 hours drug treatment
and evaluated for apoptosis by TUNEL assay, DNA fragments were analyzed by flow
cytometry. The data present Mean ± SD from three independent experiments. *Denotes p <
0.05; **Denotes p < 0.01.
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Fig. 4.
Effects of DXM, IL-6 and AG490 on the JAK2/STAT3 signaling pathway in the cells of
7TD1-DXM and 7TD1-WD-90. Both cells were treated with 170 μM of DXM, 4 μg/ml of
IL-6 or 50 μM of AG490 and incubated at 37°C for 6 hours, and then the cells were
collected. Cell lysates were prepared and run on a SDS-PAGE following by Western blot
analysis. Beta-actin was used as a loading control. The experiments were carried out at least
three times.
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