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Abstract: Cladribine (2-CDA) is a well-known purine nucleoside analog with activities against lymphoproliferative 
disorders such as hairy cell leukemia (HCL). Bendamustine, a hybrid molecule of purine analog and alkylator, in-
duces apoptosis via DNA damage response and inhibition of mitotic checkpoint. Their therapeutic potential in pa-
tients with multiple myeloma (MM), particularly those become resistant to traditional chemotherapeutic agents, 
remains unclear. Here we study the effects of cladribine or bendamustine on dexamethasone-sensitive (MM1.S) 
and -resistant (MM1.R) MM cells. MTS-based proliferation assays showed that cladribine and bendamustine exhib-
ited similar anti-proliferation/anti-survival effects on MM1.S and MM1.R cells in a dose-dependent manner. The 
IC50s of cladribine were approximately 35.3 nmol/L and 58 nmol/L for MM1.S and MM1.R cells, respectively. The 
IC50s of bendamustine were approximately 119.8 μmol/L (MM1.S) and 138 μmol/L (MM1.R). An apoptotic-ELISA 
and western blot assays of PARP cleavage and activation of caspase-8 and caspase-3 indicated that cladribine 
or bendamustine induced apoptosis in both cell lines. Similar results were obtained with flow cytometric analysis 
showing that cladribine or bendamustine increased the sub-G1 population. Treatment with bendamustine but not 
cladribine also resulted in cell cycle S-phase arrest. Either cladribine or bendamustine led to a remarkable increase 
of the phosphorylated H2A.X, CHK1 and CHK2 in both MM1.S and MM1.R cells, suggesting an induction of DNA 
damage response. Collectively, we demonstrate that cladribine and bendamustine exert potent inhibitory effects on 
dexamethasone-sensitive and -resistant MM cells in vitro. Our data suggest that MM patients, including those with 
dexamethasone resistance, may particularly benefit from cladribine or bendamustine.
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Introduction

Multiple myeloma (MM), a clonal bone marrow 
disorder characterized by the neoplastic trans-
formation of B cells, is the second most com-
mon hematological malignancy, and is respon-
sible for approximately 2% of cancer deaths [1]. 
Despite progress in recent years, MM is still 
incurable and therapeutic challenges remain, 
especially for patients at high risk for early 
relapse and for those with multi-drug resistant 
disease and refractoriness to traditional combi-
nation regimens. Identification of novel and 

more effective therapeutic agents is critical to 
improve the survival of MM patients.

Cladribine (also known as 2-chlorodeoxy-
adenosine, 2-CDA) is classified as one of the 
therapeutic purine nucleoside analogs. In cells, 
it requires phosphorylation by deoxycytidine 
kinase (DCK) to convert to its lymphocytotoxic 
form, 2-chlorodeoxyadenosine triphosphate, 
inhibiting DNA and RNA synthesis and subse-
quently enhancing DNA strand break [2, 3]. 
Since lymphocytes have high levels of DCK as 
compared with other cell types, cladribine 
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shows potent cytotoxicity in lymphoid tissues 
[4]. Cladribine exerts remarkable activity, pro-
duces long-lasting complete remissions, and 
has been standard treatment in hairy cell leu-
kemia (HCL), a chronic B-cell lymphoprolifera-
tive disorder [5]. Although cladribine has not 
become first-line therapy as another purine 
nucleoside analog fludarabine, it has been 
shown to have similar and even more impres-
sive clinical results with single agent or combi-
nation with conventional agents in treating 
chronic lymphocytic leukemia (CLL) [6-9]. In 
addition, cladribine has also been proved to be 
active in other hematologic malignancies such 
as indolent non-Hodgkin lymphoma and acute 
myeloid leukemia [10, 11]. However, its thera-
peutic potential in MM is still controversial. 
Clinical studies found that cladribine was less 
effective in MM patients; however the data 
were resulting from insufficient samples and 
low dose of the agent [12, 13]. While some 
investigators observed negative results in in 
vitro studies [14, 15], others showed that 
cladribine displayed a marked heterogeneous 
effect on MM cell lines [4], and clearly inhibited 
proliferation of RPMI8226 MM cells at high 
concentrations [16]. Our previous studies also 
confirmed that cladribine exhibited inhibitory 
effects on U266, RPMI8226 and MM1.S cells 
in vitro, and MM1.S was the only cell line show-
ing significant response to the clinically achiev-
able concentrations [17].

Bendamustine was synthesized firstly in 1960s 
in German. Although classified as one of alkyl-
ating agents, bendamustine combines the 
alkylating activity of the mustard group with the 
antimetabolite activity of the purine analog 
structure, which makes it possess different 
pharmacological profile. It has been shown that 
bendamustine induces DNA damage response, 
apoptosis, mitotic catastrophe, and inhibition 
of mitotic checkpoint, however, it does not 
show cross-resistance with other cytotoxic 
agents  [18]. Preclinical studies have demon-
strated that bendamustine has potential to 
overcome resistance to other alkylating agents 
[19], and also shows synergistic toxicity with 
cladribine or rituximab in lymphoma cell lines or 
xenograft models [20, 21]. In MM treatment, 
several clinical studies have shown promising 
results of bendamustine for relapsed/refracto-
ry MM patients using single agent or combina-
tion with conventional chemotherapeutics such 

as thalidomide, lenalidomide, and dexametha-
sone [22-24]. Nonetheless, the precise molecu-
lar mechanisms of how bendamustine over-
comes chemotherapeutic resistance in MM 
remain unclear.

Dexamethasone is widely used in combination 
with other classical or novel chemotherapeu-
tics for MM treatment. However, development 
of resistance to dexamethasone has limited 
the use of this agent. Here, based upon our pre-
vious studies evaluating the efficacy of cladrib-
ine in MM treatment [17], we seek to explore 
whether cladribine or bendamustine may have 
therapeutic potential against MM sensitive or 
resistant to dexamethasone.

Materials and methods

Reagents and antibodies

Dexamethasone (D1756) and cladribine 
(C4438) were purchased from Sigma-Aldrich 
(St. Louis, MO). Dexamethasone was dissolved 
in ethanol to make a stock solution at 1 mg/ml. 
Cladribine and bendamustine (Cephalon, Inc., 
Frazer, PA) were dissolved in dimethyl sulfoxide 
(DMSO) to make a stock solution at 10 mg/ml 
and 526 mmol/L, respectively. All the stock 
solutions were stored at -20 °C.

The sources of antibodies for western blots 
were as follows: caspase-8 mouse mAb (1C12), 
caspase-3 rabbit mAb (8G10), PARP rabbit 
mAb, P-Histone H2A.X (Ser139) rabbit anti-
body, Histone H2A rabbit polyclonal antibody II, 
P-CHK1 (Ser345) (133D3) rabbit mAb, CHK1 
rabbit antibody, P-CHK2 (Thr68) rabbit poly-
clonal antibody, and CHK2 rabbit polyclonal 
antibody (Cell Signaling Technology, Inc., 
Beverly, MA); cyclin E (HE12), E2F1 (KH95), 
p27kip1 (C-19) (Santa Cruz Biotechnology Inc., 
Santa Cruz, CA); β-actin mouse mAb (clone 
AC-75) (Sigma Chemical Co., St. Louis, MO). All 
other reagents were purchased from Sigma 
unless otherwise specified.

Cells and cell culture

Human MM cell line MM1.S and MM1.R [25] 
were kindly provided by Dr. Steven Rosen 
(Department of Medicine, Robert H. Lurie 
Comprehensive Cancer Center, Northwestern 
University, Chicago, IL). The cells were main-
tained in RPMI1640 cell culture medium sup-
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plemented with 10% fetal bovine serum (FBS) 
at a 37 °C humidified atmosphere containing 
95% air and 5% CO2 and were split twice a 
week.

Cell proliferation assays

The CellTiter96TM AQ non-radioactive cell prolif-
eration kit (Promega Corp., Madison, WI) was 
used to evaluate cell viability as we previously 
described [26]. In brief, cells were plated onto 
96-well plates with 0.1 ml complete medium 
containing 0.5% FBS as control, or 0.1 ml of the 
same medium with a series doses of dexa-
methasone, cladribine or bendamustine, and 
incubated for 72 h in a 37 °C humidified atmo-
sphere containing 95% air and 5% CO2. After 
reading all wells at 490 nM with a 96-plate 
reader, the percentages of surviving cells from 
each group relative to control groups, defined 
as 100% survival, were determined by reduc-
tion of MTS.

Quantification of apoptosis

An apoptosis ELISA kit (Roche Diagnositics 
Corp., Indianapolis, IN) was used to quantita-
tively measure cytoplasmic histone-associated 
DNA fragments (mononucleosomes and oligo-
nucleosomes) as previously reported [26].

Western blot analysis

Protein expression levels were measured as 
previously described [26]. In brief, cells were 

cell cycle distribution and apoptosis for treated 
and untreated cells. In brief, cells grown in 100-
mm culture dishes were harvested and fixed 
with 70% ethanol. Cells were then stained for 
total DNA content with a solution containing 50 
μg/ml propidium iodide and 100 μg/ml RNase I 
in PBS for 30 min at 37 °C. Data was acquired 
using a Coulter FC500 instrument (Beckman-
Coulter, Fullerton, CA), and analyzed using 
ModFit LT 3.2 software (Verity Software House, 
Topsham, ME).

Statistical analysis

Statistical analyses of the experimental data 
were performed using a two-sided Student’s t 
test. Significance was set at a P<0.05. 
Calculation of IC50 was performed using the 
Calcusyn software (Biosoft, Ferguson, MO).

Results

Dexamethasone induces growth inhibition, cell 
cycle G1 arrest, and apoptosis in MM1.S, but 
not MM1.R cells.

MM1.S and MM1.R cell lines were established 
from the same MM patient that paralleled pro-
gression of the disease. While MM1.S cells are 
sensitive to steroid hormones such as dexa-
methasone, MM1.R cells have no response to 
the treatment of dexamethasone [25].  Thus, 
this pair of MM cell lines provides us an excel-
lent system to identify novel and more effective 
therapeutics against MM, particularly those 

Figure 1. Dexamethasone inhibits proliferation of MM1.S, but 
not MM1.R cells. MM1.S or MM1.R cells were plated onto 96-
well plates with fresh RPMI1640 medium (0.5% FBS) or same 
medium containing indicated concentrations of dexametha-
sone for 72 h. The percentages of surviving cells as compared 
to controls, defined as 100% survival, were determined by re-
duction of MTS. Data shows the representative of three inde-
pendent experiments. Bars, SD.

lysed in a buffer containing 50 mM Tris, 
pH 7.4, 50 mM NaCl, 0.5% NP-40, 50 mM 
NaF, 1 mM Na3VO4, 1 mM phenylmethyl-
sulfonyl fluoride, 25 μg/ml leupeptin, and 
25 μg/ml aprotinin. The protein concen-
trations of total cell lysates were mea-
sured by the Coomassie Plus protein 
assay reagent (Pierce Chemical Co., 
Rockford, IL). Equal amounts of cell 
lysates were boiled in Laemmli SDS-
sample buffer, resolved by SDS-PAGE, 
and western blot analysis with specific 
antibodies as described in the figure 
legends.

Flow cytometric analysis of cell cycle and 
apoptosis

Flow cytometric analyses were performed 
as described previously [26] to define the 
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become resistant to dexamethasone. We first 
performed cell proliferation (MTS) assays to 
confirm the responsiveness of MM1.S and 
MM1.R cells to dexamethasone. MM1.S cells 
were much more sensitive to dexamethasone 
than MM1.R cells with the survival rate less 

than 30% at the concentration of 
12.5 nmol/L. In contrast, MM1.R 
cells were highly resistant to dexa-
methasone treatment with the sur-
vival rate almost 100% at the concen-
tration of 1000 nmol/L (Figure 1). 
Then, flow cytometric analysis of cell 
cycle progression revealed that treat-
ment with dexamethasone (5 μmol/L) 
increased the percentage of cells in 
G1 phase and reduced the percent-
age of cells in S phase in MM1.S cells 
but not MM1.R cells (Figure 2A). 
Consistently, western blot analysis on 
the critical molecules controlling the 
G1-S transition showed that dexa-
methasone enhanced the expression 
of the CDK inhibitor p27kip1 and 
reduced the positive regulators Cyclin 
E and E2F1 only in MM1.S cells 
(Figure 2B). Furthermore, dexametha-
sone induced cleavages of PARP and 
caspase-8 and -3, the hallmarks of 
apoptosis, in MM1.S cells in a dose-
dependent manner (Figure 2C). In 
addition, the enhanced apoptosis 
was also detected with the presence 
of a sub-G1 population in MM1.S 
rather than MM1.R cells upon dexa-
methasone treatment (Figure 2A). 
Collectively, our data indicate that 
dexamethasone induces growth inhi-
bition, cell cycle G1 arrest, and apop-
tosis in the sensitive, but not resis-
tant MM cells.

Cladribine and bendamustine inhibit 
cell proliferation and induce apopto-
sis in both MM1.S and MM1.R cells

Next, we sought to determine wheth-
er cladribine and bendamustine may 
overcome dexamethasone resistance 
in MM cells. After treated with differ-
ent concentration of cladribine or 
bendamustine for 72 h, both MM1.S 
and MM1.R cells’ proliferation was 
significantly inhibited by either 
cladribine or bendamustine (Figure 

Figure 2. Dexamethasone induces cell cycle G1 arrest and apop-
tosis in MM1.S cells. A, MM1.S or MM1.R cells cells were cultured 
with RPMI1640 (0.5% FBS) in the absence or presence of dexa-
methasone (Dex, 5 μmol/L) for 24 h. Cells were collected and sub-
jected to flow cytometric analysis of cell cycle distribution. Data 
shows the representative of three independent experiments. B & C, 
MM1.S or MM1.R cells were cultured with RPMI1640 (0.5% FBS) in 
the absence or presence of indicated concentrations of dexameth-
asone (Dex) for 24 h. Cells were collected and subjected to western 
blot analyses with specific antibody directed against p27kip1, Cyclin 
E, E2F1, or β-actin (B), or PARP, caspase-8 (Casp-8), caspase-3 
(Casp-3), or β-actin (C).

3A & 3B). The response of MM1.S cells to 
cladribine was in accordance with our previous 
report [17]. The IC50s of cladribine were 
approximately 35.3 nmol/L and 58 nmol/L for 
MM1.S and MM1.R cells, respectively. The 
IC50s of bendamustine were approximately 
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119.8 μmol/L (MM1.S) and 138 μmol/L 
(MM1.R). To elucidate the molecular mecha-
nisms by which cladribine and bendamustine 
induced growth inhibition, we performed apop-
tosis-related analysis after treating MM cells 
with either agent for 24 h. An apoptotic-ELISA 
showed that dexamethasone (5 μmol/L), 
cladribine (0.5 μmol/L) or bendamustine (100 
μmol/L) induced potent apoptotic effects on 
MM1.S cells. Less potent but still significant 

apoptosis was observed in MM1.R cells upon 
treatment with cladribine or bendamustine, but 
not dexamethasone (Figure 4A). Consistent 
data were also obtained from western blot 
assays on the apoptosis-related proteins and 
flow cytometric analysis. Either cladribine or 
bendamustine strongly induced PARP cleavage 
and activation of caspase-8 and -3 evidenced 
by the increases of cleaved caspase-8 and -3 in 
both cell lines, while dexamethasone showed 

Figure 3. Cladribine and bendamustine inhibit cell growth in both MM1.S and MM1.R cells. MM1.S or MM1.R cells 
were plated onto 96-well plates with fresh RPMI1640 medium (0.5% FBS) or same medium containing indicated 
concentrations of cladribine or bendamustine (Benda) for 72 h. The percentages of surviving cells as compared to 
controls, defined as 100% survival, were determined by reduction of MTS. Data shows the representative of three 
independent experiments. Bars, SD. A. cladribine; B. bendamustine.
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the same impact only on MM1.S cells (Figure 
4B). In addition, increased percentage of the 
cells in sub-G1 population further confirmed 
that treatment with cladribine or bendamustine 
promoted both MM1.S and MM1.R cells under-
going apoptosis (Figure 5A & 5B). Interestingly, 
we did not detect significant alterations of cell 
cycle progression upon treatment with cladrib-
ine in both MM1.S and MM1.R cells (Figure 
5A), consistent with our previous findings [17]. 
In contrast, a remarkable S phase arrest was 

observed in both MM1.S and MM1.R cells after 
treatment with bendamustine (Figure 5B), sug-
gesting that induction of cell cycle S phase 
arrest by bendamustine may contribute to its 
inhibitory effects on MM cells. Taken together, 
our data demonstrate that cladribine and 
bendamustine exhibit potent anti-proliferative/
anti-survival activity in both dexamethasone-
sensitive and -resistant MM cells, and both 
agents accelerate apoptosis via caspase-
dependent signaling pathways.

Figure 4. Cladribine and bendamustine induce apoptosis in both MM1.S and MM1.R cells. MM1.S or MM1.R cells 
were cultured with RPMI1640 (0.5% FBS) in the absence or presence of dexamethasone (Dex, 5 μmol/L), cladribine 
(0.5 μmol/L) or bendamustine (Benda, 100 μmol/L) for 24 h. Cells were collected and subjected to a specific apop-
totic ELISA (A), or western blot analyses with specific antibody directed against PARP, caspase-8 (Casp-8), caspase-3 
(Casp-3), or β-actin (B). Bars, SD. P values vs control.
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Cladribine and bendamustine enhance DNA 
damage response in both MM1.S and MM1.R 
cells

It has been reported that both cladribine and 
bendamustine have capability to induce DNA 

double strand break in 
other cells [3, 18], we won-
dered whether both agents 
could trigger DNA damage 
response to result in 
growth inhibition in both 
MM1.S and MM1.R cells. 
We examined the expres-
sion of DNA damage check-
point proteins after treating 
the cells with dexametha-
sone, cladribine or benda-
mustine for 24 h. Without 
surprise, treatment with 
dexamethasone (5 μmol/L) 
increased phosphorylated 
H2A.X (P-H2A.X) and CHK2 
(P-CHK2) in MM1.S but not 
MM1.R cells. P-CHK1 
remained unchanged 
(Figure 6A). In contrast, the 
levels of P-H2A.X, P-CHK1, 
and P-CHK2 were dramati-
cally induced by cladribine 
(0.5 μmol/L) or bendamus-
tine (100 μmol/L) in both 
cell lines (Figure 6A). 
Nonetheless, unlike the 
effects of dexamethasone 
on cell cycle G1-S transition 
in MM1.S cells, neither 
cladribine nor bendamus-
tine significantly altered 
the expression levels of 
p27kip1, Cyclin E, and E2F1 
in both cell lines (Figure 
6B), which was consistent 
with the cell cycle analysis 
showing that neither agent 
induced G1 arrest (Figure 
5). Our studies suggest 
that both cladribine and 
bendamustine enhance 
DNA damage response 
mainly through induction of 
P-H2A.X, P-CHK1, and 
P-CHK2 in MM cells.

Figure 5. Cladribine and bendamustine show distinct effects on cell cycle pro-
gression in MM1.S and MM1.R cells. MM1.S or MM1.R cells were cultured 
with RPMI1640 (0.5% FBS) in the absence or presence of cladribine or benda-
mustine (Benda) for 24 h. Cells were collected and subjected to flow cytomet-
ric analysis of cell cycle distribution. Data shows the representative of three 
independent experiments. A. cladribine; B. bendamustine.

Discussion

Recent advances in identifying novel agents for 
MM treatment have provided promising results. 
Among them purine nucleoside analogs are 
rationally designed as anti-cancer drugs that 
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exert cytotoxicity via inhibition of DNA and RNA 
synthesis, and are frequently used in treating 
hematologic malignancies [27, 28]. Despite 
successful application of cladribine in B-cell 
originated hematologic malignancies such as 
HCL and CLL [5, 6], its efficacy in MM remains 
controversial. Bendamustine is an old alkylat-
ing agent possessing purine analog structure, 
and has been currently used to treat B-cell orig-
inated cancer [29]. Although recent clinical tri-
als showed promising results of bendamustine 
in treating relapse/refractory MM patients, its 
mechanisms of action in overcoming resis-
tance are not fully understood. Here we provide 
strong evidence indicating that both cladribine 
and bendamustine potently inhibit cell prolifer-
ation and induce apoptosis in MM cells, and 
have potential to overcome dexamethasone 
resistance. We previously reported that the 
MM1.S cells showed significant growth inhibi-
tion and apoptosis induced by cladribine with 

the dose under the peak plasma 
concentration [17]. Here our 
data not only further confirmed 
this finding, they also revealed 
that another cell line MM1.R, 
which was derived from the same 
MM patient and highly resistant 
to dexamethasone, presented a 
similar sensitivity to cladribine 
treatment as compared with 
MM1.S (Figure 3A). In addition, 
the doses of bendamustine we 
evaluated for growth inhibition 
and apoptosis were also within 
clinically tolerated concentra-
tions [30]. Therefore, these facts 
facilitate us to propose that 
cladribine and bendamustine 
may be valuable options to treat 
MM patients, especially those 
become resistant to dexametha 
-sone.

Dexamethasone is frequently 
used for the treatment of MM 
patients, but resistance to this 
agent has limited its application. 
MM1.S and MM1.R cells were 
established as a good model to 
explore mechanisms of resis-
tance to dexamethasone [25]. 
We utilized this pair of cell lines 
not only to confirm their clearly 

Figure 6. Cladribine and bendamustine enhance DNA damage response 
in both cell lines. MM1.S or MM1.R cells were cultured with RPMI1640 
(0.5% FBS) in the absence or presence of dexamethasone (Dex), cladrib-
ine or bendamustine (Benda) for 24 h. Cells were collected and sub-
jected to western blot analyses with specific antibody directed against 
P-H2AX, H2AX, P-CHK1, CHK1, P-CHK2, CHK2, or β-actin (A) , or p27kip1, 
Cyclin E, E2F1, or β-actin (B).

distinct sensitivities to dexamethasone, but 
also to clarify the reasons why dexamethasone 
acts so differently in these two cell lines. Our 
data indicate that dexamethasone fails to 
induce cell cycle G1 arrest and activation of 
caspase-dependent apoptosis signaling in 
MM1.R cells, which leads to dexamethasone 
resistance. It has been reported that dexa-
methasone-induced apoptosis is associated 
with a decrease in the activities of MAPK and 
p70S6K and the induction of PARP cleavage and 
caspase activation in the sensitive MM cells. In 
contrast, these effects can be blocked by inter-
leukin-6 (IL-6) via inhibiting MAPK and p70S6K 
kinases and PARP cleavage, or triggering acti-
vation of PI3-K/Akt signaling [31, 32]. In addi-
tion, activated Stat3 signaling induced by IL-6 
confers resistance to apoptosis in human U266 
myeloma cells [33]. Therefore, it will be very 
interesting to study if IL-6 mediated survival sig-
naling contributes to the resistance to dexa-
methasone in MM1.R cells.
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Like other purine nucleoside analogs, cladrib-
ine needs to be phosphorylated by deoxycyti-
dine kinase (DCK) to convert to its active form 
[2]. Thus, the expression levels of DCK in MM 
cells may be critical for cladribine to become 
effective. Considering our previous findings 
that MM1.S cells are more sensitive to cladrib-
ine than the other cells [17], we are currently 
trying to figure out whether MM1.S and MM1.R 
cells have similar DCK activity, and whether or 
not this pair of cell lines express higher levels of 
DCK than other MM cell lines. Distinct from 
cladribine, bendamustine does not require any 
kinase to activate, and directly induces DNA 
double strand breaks. Furthermore, it has also 
been reported that bendamustine activates 
genes involved in DNA damage responses, 
apoptosis, inhibition of mitotic checkpoint, and 
induction of mitotic catastrophe [18]. Previous 
studies also demonstrated that expression of 
the glucocorticoid receptor (GR) is required for 
glucocorticoid response in hematologic malig-
nancies. Thus, GR and its regulation are crucial 
factors of glucocorticoid effectiveness [34]. 
Compared to wild-type expression of GR, as 
observed in MM1.S cells, GR expression is 
reduced or absent in MM1.R cells [25]. Both 
cell lines have similar responses to either 
cladribine or bendamustine, which may indi-
cate less involvement of GR. It is still worth 
exploring whether the expression levels or func-
tion of GR are altered upon treatment with 
cladribine or bendamustine, and whether either 
agent may re-sensitize MM1.R cells to the treat-
ment of dexamethasone.

Three major signaling pathways play critical 
roles in MM growth. Jak pathway activates 
Stat3 transcription factors to regulate cell sur-
vival [35]. The MAPK pathway is involved in MM 
cell growth and proliferation [36]. In addition, 
the PI-3K/Akt pathway leads to NF-κB and 
FKHR activation and p53 degradation [37]. We 
have observed that cladribine treatment reduc-
es phosphorylated Stat3 in U266, RPMI8226 
and MM1.S cells, and addition of the Stat3 
inhibitor enhances cladribine-induced apopto-
sis [17]. Thus, it is interesting to explore wheth-
er cladribine and bendamustine inhibit MM 
growth via Jak/Stat3, MAPK, or PI-3K/Akt path-
ways, and have potential to enhance the effi-
cacy via specifically inhibiting the key proteins 
in these pathways. Besides, since most of MM 
patients are treated with multi-drug regimens, 

uncovering the therapeutic potential of cladrib-
ine and bendamustine in a combinational con-
text may further extend their clinical applica-
tion. While bendamustine and cladribine exhibit 
in vitro synergy in non-Hodgkin’s lymphoma 
cells [20], we did not observe synergistic effects 
on inhibiting MM growth (data not shown), and 
their anti-MM activities when combined with 
conventional therapeutics remain to be 
elucidated.

In summary, cladribine and bendamustine 
exhibit similar anti-proliferative activities, and 
induce DNA damage response and caspase-
dependent apoptosis in both dexamethasone-
sensitive and -resistant MM cells. While cladrib-
ine has no effects on cell cycle progression, 
bendamustine potently arrested the cells at S 
phase. Our studies suggest that cladribine and 
bendamustine hold therapeutic potential 
against MM, and may be developed as novel 
therapeutics to treat MM patients, particularly 
those resistant to dexamethasone.
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3 - ( 4 , 5 - d i m e t h y l t h i a z o l - 2 - y l ) - 5 - ( 3 -
carboxymethoxyphenyl) -2-(4-sulfophenyl) -
2H-tetrazolium, inner salt.
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