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Introduction

Current cancer treatment modalities with clinical response con-
sist of chemotherapy, hormonal therapy, radiation and/or immu-
notherapy (antibodies, vaccines, gene therapy). However, several 
of these therapies are toxic and not curative. Many patients 
relapse, and tumor resistance gradually develops.1 Therefore, 
there is an urgent need to develop novel, non-toxic therapies to 
overcome resistance. One of the currently clinically examined 
treatments of malignancies is the use of TRAIL/agonist and/
or anti-DR4 and DR5 monoclonal antibodies.2,3 Tumor necro-
sis factor-related apoptosis-inducing ligand (TRAIL) is a type II 
transmembrane protein expressed in cytotoxic cells (e.g., CTL, 

the pan Bcl-2 family antagonist obatoclax (GX15-070), currently in clinical trials, was shown to sensitize tRAIL-resistant 
tumors to tRAIL-mediated apoptosis via the release of Bak and Bim from Mcl-1 or Bcl-2/Bcl-XL complexes or by the 
activation of Bax, though other mechanisms were not examined. Herein, we hypothesize that obatoclax-mediated 
sensitization to tRAIL apoptosis may also result from alterations of the apoptotic pathways. the tRAIL-resistant B-cell 
line Ramos was used as a model for investigation. treatment of Ramos cells with obatoclax significantly inhibited the 
expression of several members of the Bcl-2 family, dissociated Bak from Mcl-1 and inhibited the NFκB activity. Cells 
treated with Mcl-1 siRNA were sensitized to tRAIL apoptosis. We examined whether the sensitization of Ramos to tRAIL 
by obatoclax resulted from signaling of the DR4 and/or DR5. transfection with DR5 siRNA, but not with DR4 siRNA, 
sensitized the cells to apoptosis following treatment with obatoclax and tRAIL. the signaling via DR5 correlated with 
obatoclax-induced inhibition of the DR5 repressor Yin Yang 1 (YY1). transfection with YY1 siRNA sensitized the cells to 
tRAIL apoptosis following treatment with obatoclax and tRAIL. overall, the present findings reveal a new mechanism 
of obatoclax-induced sensitization to tRAIL apoptosis and the involvement of the inhibition of NFκB activity and 
downstream Mcl-1 and YY1 expressions and activities.
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NK, macrophages) and a few selected tissues.4 TRAIL binds 
to death receptors DR4 and DR5 as well as to decoy receptors 
DcR1 and DcR25 or osteoprotegerin (OPG).6 TRAIL is selec-
tively cytotoxic to sensitive transformed cells, with minimal 
toxicity to normal tissues and stem cells.7,8 TRAIL and agonist 
anti-DR4/DR5 monoclonal antibodies are now in phase I or II 
clinical trials against a variety of tumors.9,10 It should be noted, 
however, that many hematological malignancies are resistant to 
TRAIL,11 limiting its therapeutic effectiveness as monotherapy. 
Since most tumors are not sensitive to TRAIL-induced apopto-
sis, there is the need to be sensitized by other agents to reverse 
resistance.7 The mechanisms by which malignant cells develop 
resistance to TRAIL have been poorly explored.12,13 Notably, a 
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Results

Treatment of Ramos cells with Obatoclax inhibits the expres-
sion of anti-apoptotic gene products. Obatoclax has been 
reported to antagonize and inhibit the activity of anti-apoptotic 
members of the Bcl-2 family including Mcl-1 in solid tumors.21-24 
To examine the effects of Obatoclax in lymphoid tumors, Ramos 
cells were treated with two optimal concentrations of Obatoclax 
(14 and 28 nM) for 24 h, and cell lysates were prepared for analy-
sis of various gene products. The findings in Figure 1A demon-
strate that following treatment of Ramos cells with Obatoclax 
(14 and 28 nM) resulted in significant inhibition of Mcl-1, 
Bcl-X

L
, XIAP and cIAP 1/2 protein expression, and that the 

effect was more pronounced with 28 nM of Obatoclax. Similar 
results were observed in the Daudi cell line (data not shown). In 
addition, Ramos cells treated with Obatoclax for 6, 12 and 48 h 
were also analyzed for expression for Mcl-1, Bcl-X

L
 and XIAP, 

and no changes were observed at 6 and 12 h. The inhibition 
observed at 24 h was similar to 48 h (data not shown). Analyses 
of various pro-apoptotic gene products revealed that there were 
inhibitions of Bad, Bid and Bax and no significant induction of 
Bim (Fig. 1B). Reports by Nguyen et al. and Mott et al. dem-
onstrated that Obatoclax inhibits the association between Mcl-1 
and Bak in intact cells.17,19 These findings were confirmed here in 
Ramos cells treated with Obatoclax for 24 h, and the lysates were 
first immunoprecipitated with Mcl-1 antibody and developed for 
western blotting with both anti-Bak and anti-Mcl-1 antibodies. 
The findings shown in Figure 1C demonstrate that there were 
significantly higher levels of Bak and Mcl-1 in the untreated cells 
when compared with cells treated with Obatoclax, suggesting 
that there were losses of association of Mcl-1 with Bak, and these 
findings demonstrate that Obatoclax dissociates the Bak/Mcl-1 
complexes.

Overall, the above findings demonstrated that Obatoclax 
treatment of Ramos cells resulted in significant inhibition of the 
expression of several gene products of the Bcl-2 family. These 
findings suggested that Obatoclax, originally developed as a 
BH3-mimetic inhibitor of the anti-apoptotic gene products of 
the Bcl-2 family, exerts other activities by regulating gene expres-
sion as well. The gene products modified by Obatoclax may have 
resulted, in part, from Obatoclax-induced regulation upstream of 
survival pathways that regulate such gene products, such as the 
NFκB survival pathway.25-28

Obatoclax inhibits the constitutive NFκB pathway. The 
findings above shown in Figure 1 suggested that inhibition of 
the anti-apoptotic gene products by Obatoclax may have resulted 
from its upstream inhibition of the constitutively activated NFκB 
pathway, which regulates, in part, the transcription of these 
gene products.25-28 This hypothesis was tested by examining the 
effect of Obatoclax treatment of Ramos cells on the activity of 
NFκB. Ramos cells were treated with two concentrations of 
Obatoclax (14 and 28 nM), and the lysates were prepared for 
analyses for gene products by western blortting and densitome-
try. The data in Figure 2A demonstrate that Obatoclax inhibited 

common mechanism in TRAIL resistance is overexpression of 
Bcl-2 and its anti-apoptotic family members, which function 
by blocking the mitochondrial pathway.14 Members of the Bcl-2 
family overexpression protect chronic lymphocytic leukemia, 
prostate, breast, colon cancers, melanoma and lymphoma from 
TRAIL-induced apoptosis.11,13,15 Therefore, strategies to modu-
late the Bcl-2 pathway may represent an important therapeutic 
target that may increase the efficacy of TRAIL for the treatment 
of human cancers.

Obatoclax is a small-molecule Bcl-2 antagonist that binds the 
hydrophobic groove in Bcl-2, Bcl-X

L
 and Mcl-116 and mimics 

pro-apoptotic BH3-only proteins, such as Bad, Bim, Noxa and 
Puma, from sequestering the multidomain pro-apoptotic pro-
teins (Bak and Bax). The Bcl-2 anti-apoptotic family members 
exert their activity by different mechanisms. For instance, Bcl-2 
controls the permeability of the mitochondrial outer membrane 
and permits the release of factors, such as cytochrome C and 
Smac/DIABLO.16 These activate caspase 9 and other caspases of 
the core apoptotic pathway. It has been proposed to antagonize 
the pro-survivor members by BH3 mimetics and its potential 
therapeutic intervention.14

Nguyen et al. reported the development of a small molecular 
inhibitor Obatoclax (GX15-070) of pro-survival Bcl-2 members 
including Mcl-1, and demonstrated that it overcomes the resis-
tance conferred by Bcl-X

L
.17 These findings provide the rationale 

of developing Obatoclax for therapeutic use in combination with 
other targeted cancer treatments.

Recent studies reported the sensitization of several solid 
tumors by Obatoclax to TRAIL-mediated apoptosis. Various 
mechanisms were reported using different tumors, such as the 
release of Bim from the anti-apoptotic proteins Mcl-1 and Bcl-2 
or direct activation of Bax with no alteration of gene products 
related to the Bcl-2 family members or the TRAIL receptors 
DR4 and/or DR5.18-20 However, the effect of Obatoclax on the 
regulation of pro-survival pathways that might be involved in 
the sensitization to TRAIL has not been considered. We hypoth-
esized that the Obatoclax-mediated effect as a BH3 mimetic may 
also antagonize Bcl-2 anti-apoptotic members through inhibition 
of their expression by interfering upstream with the activation 
of anti-survival or deactivation of pro-survival pathways. The 
TRAIL-resistant B-Non Hodgkin Lymphoma (B-NHL) cell 
line, Ramos, was used as a model for investigation. The above 
hypothesis was examined as follows: (1) Does Obatoclax sensi-
tize Ramos cells to TRAIL apoptosis, and does it activate the 
type II mitochondrial apoptotic pathway? (2) Does Obatoclax 
inhibit the constitutively activated NFκB pathway and down-
stream anti-apoptotic gene products? (3) Does Obatoclax-
mediated sensitization to TRAIL result via signaling of the 
DR4 and/or DR5 pathway? and (4) Does the DR5 transcription 
repressor YY1 play a role in Obatoclax-induced sensitization to 
TRAIL? The findings show that Obatoclax inhibits NFκB activ-
ity and demonstrate the involvement of Mcl-1 and YY1 inhibi-
tion by Obatoclax and upregulation of DR5 in the sensitization 
of TRAIL apoptosis.
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Figure 1. obatoclax modifies anti-apoptotic gene products expression. (A and B) Ramos cells were treated with the indicated concentrations of 
obatoclax for 24 h. Mcl-1, Bcl-XL, XIAp, c-IAp 1/2, Bad, Bim, Bid, Bax and Bak protein expressions were analyzed by western blot. the β-actin protein 
expression was used as a loading control. Densitometric analysis is shown in the right. (C) Ramos cells were treated or not with obatoclax (28 nM) for 
24 h. Immunoprecipitation was done with anti-Mcl-1 antibody, and western blotting was developed with an anti-Bak antibody. Whole-cell lysates 
were used as control.
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Figure 2. obatoclax-mediated inhibitions of NFκB expression and DNA-binding activity. (A) Ramos cells were treated with obatoclax (14 or 28 nM) for 
24 h. Whole cell extracts were analyzed by western blot using specific antibodies. Densitometric analysis is shown (right). the β-actin protein expres-
sion was used as a loading control. (B) pC3 cells were transfected with the NFκB-Luc reporter plasmid and, 24 h after, the cells were treated with DMSo 
or obatoclax. twenty four hours after, the luciferase activity was evaluated as described in the Materials and Methods. Cells treated with 10 μg/ml 
DHMeQ, a chemical inhibitor of NFκB, served as a positive control for inhibition of NFκB promoter activity. (C) Ramos cells were treated for 24 h with 
obatoclax, and nuclear extracts were tested by eMSA for NFκB DNA-binding activity. (D) Ramos cells were left untreated or treated with DHMeQ (1, 
2.5, 5 and 10 μg/ml) and apoptosis was analyzed. the data represent the mean ± SD of the three independent experiments performed in duplicate 
*p < 0.05.
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not show any significant loss in cell viability by any of the treat-
ments above (Fig. 3D).

Altogether, the above findings demonstrate that Obatoclax 
sensitized TRAIL-resistant tumor cells to TRAIL-induced apop-
tosis in a synergistic manner.

(B) Obatoclax sensitizes Ramos cells to TRAIL-induced apoptosis 
by activation of the type II mitochondrial pathway. We examined 
the effect of treatment of Ramos cells with Obatoclax, TRAIL or 
combination on the mitochondrial membrane potential. The data 
in Figure 3E demonstrate that Obatoclax treatment had a mod-
est effect on the depolarization of the mitochondrial membrane 
potential, and TRAIL treatment alone had no effect. However, 
treatment with the combination of Obatoclax and TRAIL 
resulted in significant depolarization of the mitochondrial mem-
brane potential (46%) (see Table above Fig. 3E), (Fig. 3E, left 
part). A representative histogram is shown in Figure 3E (right 
part). The above data suggested that the combination treat-
ment might have acted through the activation of mitochondrial 
type II apoptotic pathway, leading to the activation of caspases 9 
and 3 (Fig. 3E) and resulting in apoptosis. Analyses of lysates 
from cells treated with a single agent or the combination show 
clearly that TRAIL treatment had no effect on the activation of 
caspases 9 and 3. Treatment with Obatoclax showed activation 
of caspase 3 and no effect on caspase 9 and 8. The combina-
tion treatment, however, resulted in the activation of caspases 3 
and 9 (Fig. 3E). Caspase 8 was activated by the low concentra-
tion of Obatoclax (14 nM) but not with the higher concentration 
(28 nM). Recent reports in reference 33 suggested that high con-
centrations of Obatoclax can induce caspase-independent activa-
tion of apoptosis.

Overall, the above findings demonstrate that Obatoclax-
induced sensitization to TRAIL results in the activation of 
the mitochondrial type II apoptotic pathway. These results are 
concordant with the inhibition of anti-apoptotic gene products 
shown above in Figure 1, which regulate the mitochondrial 
membrane potential and activate caspases 9 and 3.34

(C) Role of Obatoclax-induced inhibition of Mcl-1 in the sensi-
tization to TRAIL apoptosis. Previous reports in references 35 and 
36 and our present findings have demonstrated that Obatoclax 
antagonizes Mcl-1 association with Bak, and it has also been 
shown here to inhibit Mcl-1 expression (Fig. 1A). The possible 

the phosphorylation of p65 (Ser 536) and IKK expression. The 
inhibition of NFκB activity by Obatoclax was corroborated 
using the NFκB luciferase reporter assay. Treatment with vari-
ous Obatoclax concentrations resulted in significant inhibition 
of luciferase activity in a concentration-dependent fashion. The 
NFκB inhibitor DHMEQ was used as a positive control (Fig. 
2B). In addition to the above, Obatoclax inhibited NFκB DNA-
binding activity as determined by EMSA (Fig. 2C). The inhibi-
tion by Obatoclax downstream of anti-apoptotic gene products 
regulated by NFκB was also observed following treatment with 
DHMEQ.29-32 The data in Figure 2D show that DHMEQ sensi-
tized Ramos cells to TRAIL apoptosis in a concentration-depen-
dent manner. Similar results were observed in Daudi and DHL-4 
cell lines (data not shown).

Altogether, the above findings suggested that Obatoclax 
inhibits the activity of the NFκB pathway and its inhibition is 
responsible, in part, for sensitization of Ramos cells to TRAIL-
induced apoptosis.

Sensitization of TRAIL-resistant Ramos cells to TRAIL-
induced apoptosis by Obatoclax and underlying molecular 
mechanism of sensitization. (A) Sensitization to TRAIL apoptosis. 
NFκB inhibitors such as DHMEQ have been shown to sensitize 
TRAIL-resistant tumor cells to apoptosis by TRAIL as confirmed 
here (Fig. 2D). These findings imply that Obatoclax-mediated 
inhibition of NFκB is involved in the sensitization to TRAIL.

We examined the sensitizing effect of Obatoclax treatment 
on the TRAIL-resistant Ramos cells to TRAIL apoptosis. 
The cells were treated with various concentrations of TRAIL 
(2.5– 10 ng/ ml) and Obatoclax (7, 14, 21 and 28 nM). The 
cells were pre-treated with Obatoclax for 24 h and treated with 
TRAIL for an additional 18 h, and the cells were tested for viabil-
ity (Fig. 3A) and for apoptosis (Fig. 3B). In addition, the same 
experiments were performed at 24 or 48 h (Fig. 3C). The find-
ings demonstrated that  significant apoptosis was shown with 
the combination-treatment of Obatoclax and TRAIL, and it was 
dependent on the concentration used. The significant potentia-
tion of apoptosis was synergistic as determined by an isobolo-
gram analysis (Fig. 3B, right part). Similar results were observed 
with Daudi and Raji NHL cell lines (data not shown). The effect 
of Obatoclax, TRAIL and combination on toxicity of normal 
peripheral blood cells obtained from four normal individuals did 

Figure 3 (See opposite page). obatoclax-induced sensitization of lymphoma cell lines to tRAIL-mediated apoptosis. (A) Ramos cells were treated 
with obatoclax at the indicated concentrations in the presence or not of various concentrations of tRAIL (2.5, 5 or 10 ng/ml) for 18 h. Cell viability 
was examined microscopically by trypan blue dye exclusion and by the Xtt assay. Mean percentage relative to control untreated cells ± SD, (n = 3). 
(B) Left, Ramos cell were pretreated for 24 h with increasing concentrations of obatoclax followed by treatment with tRAIL (2.5, 5, 10 or 20 ng/ml) 
for 18 h. Apoptosis was determined by activation of pro-caspase 3 as described in Materials and Methods. the data represent the mean ± SD from 
three independent experiments *p < 0.05, **p < 0.01, ***p < 0.001. Right, synergy between obatoclax and tRAIL was achieved, as indicated by the 
isobologram analysis. F.I.C., fractional inhibitory concentration. (C) Ramos cells were treated as above for 24 and 48 h, and apoptosis was determined 
as indicated in (B). (D) pBLC from four healthy donors were treated with several concentrations of obatoclax (14, 28 and 35 nM) for 24 h in combina-
tion or not with different concentrations of tRAIL (2.5, 5, 10 and 20 ng/ml), and percent of viability was determined. D1 through D4 represent normal 
donors. (e) Ramos cells were pre-treated or not with obatoclax (28 nM) for 24 h and then with tRAIL (10 ng/ml) for an additional 18 h. the depolariza-
tion of the mitochondrial membrane was assessed by staining with DioC6 and then analyzed by flow cytometry. Left, percentage of depolarization 
is shown in bar form. the data represent the values expressed as % of depolarization of the MM relative to the control and as 100% and represent the 
mean ± SeM of at least three independent experiments *p < 0.05: treated vs. untreated cells. Right, representative histogram of decreased polarization 
of MM. the upper part shown the MFI of each of the conditions used and the values of the % of decreased polarization of MM relative to the control. 
(F) Ramos cells were pretreated with DMSo or obatoclax and then treated or not with tRAIL (10 ng/ml). protein lysates were screened by western blot 
for caspase 3, 8 and 9.
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Figure 3. For figure legend, see page 2796.
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of the TRAIL death receptor DR5, and its inhibition results in 
the upregulation of DR5 expression.38,39,41 Here, we examined 
whether Obatoclax-induced inhibition of YY1 results in the 
upregulation of DR5 expression. Ramos cells were treated with 
Obatoclax, and cell lysates were examined for expression of both 
DR4 and DR5 by western blot. The data in Figure 6A demon-
strate that treatment with Obatoclax results in significant upreg-
ulation of DR5 expression, both with 14 and 28 nM Obatoclax 
concentrations. In contrast, there was no upregulation of DR4 
expression (Fig. 6A, top part). The data were also analyzed by 
densitometry (Fig. 6A, bottom part). The upregulation of DR5 
was also analyzed by flow cytometry, and a representative histo-
gram is shown in Figure 6B. Clearly, a significant upregulation 
of surface DR5 obtained following Obatoclax treatment and the 
expression of DR5 was higher with 28 nM as compared with 
14 nM. In addition to Ramos cells, other cancer cell lines that 
included lymphoma and solid tumors treated with Obatoclax 
resulted in upregulation of DR5 (Fig. 6C), although the upregu-
lation in DHL4 cells was modest.

(2) Sensitization by Obatoclax to TRAIL apoptosis in Ramos cells 
is mediated by activation of DR5 but not by DR4. The above find-
ings with Obatoclax-induced DR5 upregulation via YY1 inhi-
bition, did not address whether, in the absence of upregulation 
of DR4, signaling of DR4 by TRAIL might have been involved 
in TRAIL-induced apoptosis. To determine the direct roles each 
for DR4 and DR5 in Obatoclax-induced TRAIL sensitization, 
Ramos cells were treated with either DR4 or DR5 siRNA. The 
findings in Figure 6D show that treatment with DR4 siRNA or 
DR5 siRNA resulted in the specific inhibition of the correspond-
ing proteins as expected. DR5 silencing antagonizes Obatoclax-
dependent sensitization to TRAIL. However, cells treated with 
DR4 siRNA in the presence of Obatoclax and TRAIL showed 
significant apoptosis. These findings suggested that Obatoclax-
mediated sensitization to TRAIL in Ramos cells is through the 
activation of the DR5 signaling pathway in the absence of trig-
gering the DR4 pathway.

Overall, the above findings suggest that Obatoclax-induced 
YY1 inhibition and DR5 upregulation are responsible, in large 
part, for the sensitization to TRAIL apoptosis. TRAIL sensitiza-
tion is mediated by the induction of DR5 but not DR4.

Discussion

The present findings provide evidence for a novel mechanism of 
Obatoclax-induced gene regulation in B-NHL tumor cells that is 
involved in the reversal of resistance to TRAIL-induced apopto-
sis. Obatoclax has been designed as a BH3-mimetic; however, the 
present findings suggested novel activities mediated by Obatoclax, 
namely, inhibition of the constitutively activated NFκB survival/
anti-apoptotic pathway and the inhibition of several gene prod-
ucts involved in apoptosis. We suggested the involvement of both 
Mcl-1 and the DR5-repressor YY1, inhibited by Obatoclax, in 
the sensitization to TRAIL apoptosis. Obatoclax-induced sensiti-
zation to TRAIL apoptosis occurs primarily via activation of the 
death receptor DR5 but not DR4. Thus, Obatoclax exerts sev-
eral activities, namely, directly as a BH3 mimetic, as previously 

role of Mcl-1 inhibition by Obatoclax in the sensitization to 
TRAIL was examined. Ramos cells were transfected with Mcl-1 
siRNA and control siRNA for 48 h and then treated with TRAIL 
(2.5–20 ng/ml) for an additional 24 h. Thereafter, the cells were 
tested for apoptosis by the activation of caspase 3. The findings 
in Figure 4A demonstrate that treatment with Mcl-1 siRNA sig-
nificantly inhibited Mcl-1 expression compared with cells treated 
with control siRNA. The cells transfected with Mcl-1 siRNA 
but not with control siRNA were sensitized to TRAIL-mediated 
apoptosis. The extent of apoptosis was a function of the TRAIL 
concentration used (Fig. 4B). These findings suggest the possible 
involvement of the Mcl-1 inhibition in Obatoclax-mediated sen-
sitization of Ramos cells TRAIL apoptosis.

Direct role of Obatoclax-induced inhibition of YY1 and 
induction of DR5 in the sensitization to TRAIL apoptosis. We 
have previously reported that the inhibition of NFκB activity and 
downstream DR5 transcriptional repressor YY1 are responsible, 
in large part, for tumor cell sensitization to TRAIL apoptosis.37-40 
We have shown here that Obatoclax inhibits NFκB activity and 
results in tumor cell sensitization to TRAIL-mediated apopto-
sis (Fig. 2). Hence, we examined whether the sensitization by 
Obatoclax resulted from the inhibition of YY1 and upregulation 
of DR5.

(A) Obatoclax inhibits YY1 expression and activity. Ramos cells 
were treated with Obatoclax (14 and 28 nM) for 24 h, and the 
lysates were examined for YY1 expression by western blot. The 
findings demonstrate that Obatoclax treatment significantly 
inhibited the YY1 expression by both Obatoclax concentra-
tions used (Fig. 5A, top part). These findings are also shown by 
densitometry analysis (Fig. 5A, bottom part). The inhibition of 
YY1 activity by Obatoclax was examined both by EMSA and 
by an YY1 luciferase reporter assay. In EMSA, treatment with 
Obatoclax significantly inhibited YY1 DNA-binding activity 
(Fig. 5B). PC3 cells transfected with an YY1 luciferase reporter 
and treated with Obatoclax resulted in significant inhibition of 
the luciferase reporter activity. The NFκB inhibitor DHMEQ 
was used as an internal control (Fig. 5C).

(B) Role of YY1-induced inhibition by Obatoclax in the sensiti-
zation to Ramos cell of TRAIL apoptosis. We examined the direct 
role of Obatoclax-induced inhibition of YY1 activity in the sensi-
tization to TRAIL by treating the cells with YY1 siRNA. Ramos 
cells were transfected with YY1 siRNA or control siRNA for 48 h. 
Treatment with YY1 siRNA resulted in the upregulation of DR5, 
and there was no noticeable change on DR4 (Fig. 5D, left part). 
In addition, YY1 siRNA treatment resulted in the inhibition of 
Mcl-1 and Phospho-p65 (Fig. 5D, left part). The cells transfected 
with YY1 siRNA and treated with various TRAIL concentra-
tions for 18 h were examined for apoptosis. The findings dem-
onstrate that transfection with YY1 siRNA, but not with control 
siRNA, resulted in significant sensitization to TRAIL apoptosis, 
and the level of apoptosis was a function of the TRAIL concen-
tration used (Fig. 5E).

(C) The important role of DR5 upregulation by Obatoclax, but 
not DR4, in Obatoclax-mediated sensitization to TRAIL mediated 
apoptosis. (1) Upregulation of DR5 by Obatoclax via YY1 inhibi-
tion. We have reported that YY1 is a transcriptional repressor 
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of Bax.42 Recently, Brem et al.33 demonstrated 
that Obatoclax induces downregulation of 
p53 in B-NHL cell lines, and it is known that 
p53 regulates the expression of Bax.43 The 
Obatoclax-mediated inhibition of Bax is not 
sufficient to regulate Obatoclax-mediated sen-
sitization to TRAIL apoptosis. In comparison 
to B-NHL cells, Obatoclax does not affect 
the expression of Bax and Bak in normal cells. 
Brem et al.33 studied the effect of Obatoclax 
on Rituximab-resistant cell lines using a com-
bination of Obatoclax and chemotherapeutic 
drugs. They reported that Obatoclax enhanced 
the activity of Rituximab, and the combination 
was synergistic. The Obatoclax concentration 
used by them was higher than the concentra-
tion used by us here (0.1–1 μM vs. 14–28 nM). 
Their findings were interpreted by Obatoclax-
induced inhibition of p53 and upregulation of 
pro-apoptotic genes, such as Noxa and Puma. 
Further, they proposed additional pathways of 
cell death in a caspase-independent manner, 
such as autophagy. However, the concentra-
tion that they used to inhibit p53 and upregu-
late Puma and Noxa was over 10-fold higher 
than the concentration used for analyses of 
cell death. Our findings herein show that the 
induction of apoptosis with the combination of 

low concentrations of Obatoclax and TRAIL was caspase-depen-
dent and synergistic. In comparison to B-NHL cells, Obatoclax 
does not affect the expression of Bax and Bak in normal cells 
(unpublished).

The present findings show that Obatoclax treatment of Ramos 
cells inhibited NFκB activity through an unknown mechanism. 
It may be postulated to be the direct inhibition by Obatoclax of 
transcription factors or promoters resulting in the regulation of 
transcription. In addition, previous reports indicated that Bcl-2 
family members, such as Bcl-2 and Bcl-X

L
, can form a complex 

with NFκB, and this complex inhibits the translocation of NFκB 
and its function in the nucleus.44 The modification of the flex-
ible loop regulatory domain (FLD) of Bcl-2 that lies between 
the BH4 and BH3 regions as a dephosphorylated form can be 
implicated in the interaction with transcriptional factors such as 
p53 and can also be implicated in the interaction with NFκB 
and its subsequent inhibition.42,45,46 These various possibilities 
warrant further investigation in the future. In addition, we have 
shown here that Obatoclax induced the inhibition of different 
BH3-only proteins, such as Bid and Bad. Each one belongs to 
two subclasses of BH3 peptides: one called activators, including 
the BH3 domain of Bid, that can directly activate Bak, and the 
other subclass, called sensitizers, represented by Bad and others, 
which can’t activate Bak directly but, instead, bind to an anti-
apoptotic Bcl-2 to displace Bid-like peptides.47 It is not clear how 
Obatoclax induces the inhibition of these proteins, and previous 
data about this family of BH-3 protein have been reported to be 
regulated also by p53.48,49 Our findings suggest that regulation 

reported, and indirectly, as reported here, by inhibiting the sur-
vival/anti-apoptotic NFκB pathway and downstream anti-apop-
totic target genes.

Obatoclax-mediated sensitization to TRAIL apoptosis corre-
lated with Obatoclax-induced inhibition of YY1, upregulation of 
DR5 and with inhibition of various anti-apoptotic gene products, 
namely, Mcl-1. Reported studies with non-lymphoid tumor cells 
also showed their sensitization by Obatoclax to TRAIL apoptosis, 
although through a different mechanism, namely, by the release 
of Bak and Bim from Mcl-1.19,24,35,36 There were no alterations 
of cellular expression of other gene products, such as Mcl-1, in 
contrast to our findings here.19 Another study reported by Huang 
et al. showed that Obatoclax sensitized human pancreatic cancer 
cells to TRAIL apoptosis.18 The mechanism of sensitization was 
due to the dissociation of Bak and Bim from Bcl-2, Bcl-X

L
 or Mcl-

1. The direct role of Bax upregulation by Obatoclax was reported 
by Smoot et al., in which treatment of cholangiocarcinoma cells 
with Obatoclax resulted in the translocation of Bax into the mito-
chondria, which contributed directly to cell death.20 The discrep-
ancy between these reported two studies and ours herein is not 
clear but may be due to the type of tumor cells studied.

Inhibition of NFκB by Obatoclax resulted in the inhibition 
downstream of several anti-apoptotic gene products, such as Mcl-
1, Bcl-X

L
, cIAP and XIAP (as expected) as well as the pro-apop-

totic gene product Bax at a high Obatoclax concentration. Of 
interest, Obatoclax modestly inhibited Bax expression, possibly 
as a consequence of NFκB inhibition or the modification of other 
transcription factors that may lead to p53-mediated inhibition 

Figure 4. Mcl-1 plays a roll in the obatoclax-induced sensitization of Ramos cells to tRAIL-
mediated apoptosis. Ramos cells were grown in media without antibiotic for 24 h and then 
transfected with Mcl-1 siRNA or control siRNA. After 24 h, the cells were treated with the 
indicated tRAIL concentrations, and 18 h after, the cells were analyzed for apoptosis by acti-
vation of caspase 3 by flow (B) or analyzed by western blot (A). the data represent the mean 
± SD from three independent experiments *p < 0.01.
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of these modifications in the reversal of resistance is not clear, 
although we show that Mcl-1 may be regulated by YY1 (Fig. 5D). 
It has been shown that Mcl-1 can be regulated by several tran-
scriptional factors in cancer as well as in normal cells.55 Those 
transcriptional factors include NFκB,56 which, in turn, can 

of Bcl-2 family members through 
Obatoclax can affect the regula-
tion of transcription factors that 
are implicated in the regulation 
of pro-apoptotic signaling events.

The findings here demonstrate 
that Obatoclax inhibits several 
anti-apoptotic gene products, 
such as Mcl-1, Bcl-X

L
, cIAP and 

XIAP, and these inhibitory effects 
are consistent with the inhibition 
upstream of NFκB.50-53 The find-
ings here are distinct from the 
original description of Obatoclax 
as a BH3-mimetic.54 Reported 
studies demonstrated the role of 
Obatoclax in the translocation of 
Bax and Bim from Bcl-X

L
/Mcl-1 

to the mitochondria, leading to 
its activation. We confirm here 
in B-NHL cells that treatment of 
Ramos cells with Obatoclax dis-
sociated Bak from Mcl-1. Nguyen 
et al. reported that Obatoclax 
antagonized Mcl-1 resistance 
to apoptosis.17 In the present 
findings, we have shown that 
Obatoclax inhibited further the 
expression of Mcl-1 in addition to 
its release from Bak. We also show 
the involvement of Mcl-1 inhibi-
tion by Obatoclax in TRAIL sen-
sitization in Ramos cells through 
the treatment of tumor cells with 
Mcl-1 siRNA. However, the 
direct role may be examined in 
cells treated with Obatoclax, in 
which Mcl-1 was overexpressed 
and then treated with TRAIL.

While the direct role of YY1 
in the reversal of TRAIL apopto-
sis has been demonstrated by us 
previously and here,39,41 the direct 
role of DR5 regulation in the sen-
sitization has not been reported. 
In the present study, we show that 
Obatoclax-induced inhibition of 
YY1 and upregulation of DR5 in 
sensitization took place via activa-
tion of the DR5 signaling path-
way and not the DR4 pathway, 
hence suggesting that the induction of DR5 by Obatoclax via 
the inhibition of YY1 may be involved in the reversal of TRAIL 
resistance. The above findings demonstrated that both YY1 and 
Mcl-1 play important roles in the reversal of TRAIL resistance 
following treatment with Obatoclax. The contribution of each 

Figure 5. Downregulation of YY1 by obatoclax can be in part responsible to tRAIL sensitization through 
DR5 upregulation. (A) Ramos cells were treated with obatoclax (14 and 28 nM) and cell lysates were ana-
lyzed by western blot for YY1 expression. the low part shows the densitometry analysis (mean ± SD, n = 3 
*p < 0.05). (B) Ramos cells were treated with obatoclax (28 nM) or DMSo for 24 h and the nuclear extracts 
were tested for YY1 DNA-binding activity by eMSA. (C) pC3 cells were transfected with the pYY1-Luc 
reporter construct and then treated with DMSo or obatoclax for 24 h (mean ± SD, n = 3 *p < 0.05). the YY1 
reporter luciferase activity was determined and normalized as described in experimental procedures. (D) 
Ramos cells were transfected with either YY1 siRNA or control siRNA and 24 h after transfection the cells 
were lyzed and analyzed by western blot for DR4, DR5, YY1, Mcl-1 and p-p65. the β-actin protein expres-
sion was used as a loading control. (e) Ramos cells were transfected with either YY1 siRNA or control siRNA 
and after 24 h the cells were treated with the indicated tRAIL concentrations for 18 h and apoptosis was 
determined by cleavage caspase-3 by flow (mean ± SD, n = 3 *p < 0.05).
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Figure 6. obatoclax upregulates DR5 expression. (A) Ramos cells were treated with obatoclax at the indicated concentrations for 24 h and then ana-
lyzed by western blot with specific antibodies. the densitometry analysis is shown (lower part). (B) Ramos cells were treated with DMSo or obatoclax 
(14 or 20 nM) for 24 h, and the expression of cell surface DR5 was determined by flow. Anti-DR5 antibody conjugated with pe was used, and control 
IgG-pe was used. (C) 2F7, DHL4, pC3, SW620 and Jurkat cells were treated with obatoclax at the indicated concentrations for 24 h and the expressions 
of DR4 and DR5 were determined by western blot. (D) Ramos cells were transfected with siRNA for DR4 and DR5 for 24 h and analyzed by western blot 
or were treated with DMSo or with the indicated obatoclax concentrations and, 24 h after, the cells were treated with tRAIL (10 ng/ml) and then as-
sessed for apoptosis by cleavage caspase-3 by flow (mean ± SD, n = 3 *p < 0.05). Upper part, cells were analyzed by western blot.
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Tokyo, Japan)61 and diluted in DMSO. Obatoclax (GX15-070) 
was obtained from Gemin X Pharmaceuticals (Montreal, QC 
Canada) and dissolved in DMSO at a stock concentration of 
5 mmol/L that was aliquoted, stored at -20°C and then diluted as 
needed in cell culture medium.

Viability assay. Cell viability was assessed by either trypan 
blue exclusion assay by microscopy or by XTT dye absorbance 
according to the manufacturer’s instruction (Roche Diagnostic 
GmbH, Nonnenwald Germany) and as previously described in 
reference 59. The viability of the untreated cells was set at 100%. 
Each experimental condition was performed in triplicate, and the 
SD was calculated.

Western blot analysis for protein expression. Cell lines were 
incubated at 37°C for 24 h. The cells treated with Obatoclax or 
left untreated, were lysed on ice with 100 μl of ice-cold RIPA 
buffer (1% Nonidet P-40, 0.1% SDS, 0.5% deoxycholic acid and 
complete protease inhibitor mixture tablet from Roche). Lysates 
were prepared as described in reference 41.

Determination of apoptosis. Apoptosis was assessed in Ramos 
cells pretreated for 24 h or 48 h with different Obatoclax con-
centrations, followed by an 18 h treatment with various TRAIL 
concentrations. Apoptosis was determined by cleavage of pro-
caspase 3 using flow cytometry.39,60 For DHMEQ treatment, the 
cells were pretreated with different DHMEQ concentrations and 
then treated for additional 18 h with the indicated TRAIL con-
centrations, and apoptosis was determined as above.

Flow cytometry. Ramos cells treated for 24 h with different 
concentrations of Obatoclax were subjected to flow cytometry for 
evaluation of DR4 or DR5 surface expression. Cells were stained 
with PE-conjugated specific antibody for 1 h at 4°C according 
to the manufacturer’s instruction. A flow cytometric analysis 
was done using an excitation wavelength of 488 on a Flow Epics 
XL-MCL (Coulter) using System II Software, and both the mean 
fluorescence intensity and the percentage of apoptotic cells was 
recorded.

Transfection with siRNA. Scrambled RNA, Mcl-1, DR4, 
DR5 and YY1 small interfering RNAs were obtained from Santa 
Cruz Biotechnology. Ramos cells were cultured at a density of 
2.5 x 105/ml in RPMI 1640 devoid of antibiotics for 24 h. Cells 
were then transfected with 50 nM/liter siRNA in a final volume 
of 100 μl of medium in the presence of 10 μl of lipofectamine 
2000 (Invitrogen, Invitrogen Life Technology, Carlsbad, CA) in 
opti-MEM. After 24 h of transfection, the cells were treated with 
TRAIL at the indicated concentrations for 18 h. Ramos cells 
were collected and analyzed for the relevant protein by western 
blot or for apoptosis by flow as indicated above.

Reported assay. Transient transfections with the reporter 
plasmids pYY1-Luc or pNFκB-Luc were performed in 6-well 
dishes containing exponentially grown PC3 cells.39 The lucifer-
ase pYY1 constructs carrying the full length of the relevant wild-
type promoter sequence were synthesized as previously described 
in reference 60. The pNFκB-Luc plasmid was purchased from 
Invitrogen (Carlsbad, CA). Transfections were performed using 
the Transfectol Transfection Kit (Gene Choice) as described in 
reference 40. Data were normalized to protein concentration 
levels using the Bio-Rad protein assay. Prostate cell lines were 

regulate Mcl-1 transcription by binding to the promoter region. 
As we observed in Figure 5D, inhibition of YY1 dowregulates 
the NFκB activation (p65 phosphorylation). This data suggested 
that a loop probably exists between the regulation of NFκB and 
YY1 and the target genes for each of these transcriptional fac-
tors that are affected in the regulation of the loop NFκB/YY1. 
This can explain, in part, our results, whereby the regulation 
of Mcl-1 occurs via the inhibition of YY1 through the NFκB 
loop. Additional experiments to establish the mechanism linking 
NFκB and YY1 are the subject of another investigation.

The treatment of normal peripheral blood leukocytes with high 
concentrations of Obatoclax, either alone or in combination with 
TRAIL, did not show any detectable cytotoxic activity. These 
findings are important in the potential therapeutic application 
of Obatoclax alone or in combination with TRAIL. The find-
ings also suggest that Obatoclax may sensitize in vivo tumor cells 
to TRAIL-expressing host cytotoxic cells.41 The clinical applica-
tion of Obatoclax in combination with therapeutics agents was 
reported recently in a phase II study in lung cancer in combina-
tion with Topotecan.57 Obatoclax is safe and tolerant when given 
in conjunction with Topotecan in patients with advanced solid 
tumor malignances.58 Studies testing the efficacy of Obatoclax in 
hematological malignances in combination of therapeutics drugs 
have not been reported. Thus, the results in this study offer the 
possibility of exploring the efficacy of Obatoclax in combination 
with chemo-immunotherapeutic drugs in the treatment of hema-
tological malignances. Like TRAIL, the above findings imply 
that Obatoclax may also sensitize chemotherapy-resistant tumor 
cells to chemotherapy-induced apoptosis by the same underly-
ing mechanisms, since the inhibition of NFκB also reverses 
resistance to chemotherapeutic drugs.30,31 Overall, we propose 
a dysregulated resistant circuit, namely, the NFκB/YY1/Mcl-1/
DR5 that is modified by Obatoclax, leading to reversal of resis-
tance (see diagram in Fig. 7).

Materials and Methods

Cell lines and reagents. Ramos, Daudi, Raji, DHL4, PC3, 
SW620 and Jurkat cell lines were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA). 2F7 cells 
were kindly provided by Dr. Otoniel Martinez-Maza (Jonsson 
Comprehensive Cancer Center, Los Angeles, CA). The cell lines 
were cultured as described previously in references 59 and 60. 
The following antibodies were obtained from these sources: 
Bcl-X

L
, Mcl-1, Bad, Bid, Bim, Bax, Bak (pan antibodies), p50, 

p65, Phospho-p65 (phosphorelation at Ser 536), IκBα, Phospho-
IκBα, IKK, YY1, DR4, caspase 3, caspase 9, caspase 8 and 
cIAP1/2 (Santa Cruz Biotechnology, Santa Cruz, CA); XIAP 
(Cell Signaling, Beverly, MA); DR5 (Ψ Scientific, Poway, CA) 
and β-actin (Chemicon, Temecula, CA); PE-labeled anti-DR5, 
anti-DR4 and FITC-labeled anti-active caspase-3 antibodies as 
well as the corresponding IgG isotype controls were obtained from 
BD PharMingen (San Diego, CA). Soluble recombinant human 
TRAIL was purchased from Pepro-Tech Inc., (Rocky Hills, NJ). 
The NFκB inhibitor dehydroxymethylepoxyquinomicin 
(DHMEQ) was provided by Dr. K. Umezawa (Keio University, 
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ECL (Amersham Biosciences). Primary Abs for Bak and 
Mcl-1 (Santa Cruz Biotechnology) were used at predeter-
mined optimal concentrations overnight. The blots were 
developed by Luminol Reagent and peroxide (Santa Cruz 
Biotechnology).

Mitochondrial membrane depolarization. The 
mitochondria-specific dye 3,3'-dihexyloxacarbocyanine 
(DiOC6; Molecular Probes Inc., Eugene, OR) was used 
to measure the mitochondrial membrane potential37 
in Ramos cells after 24 h of treatment with different 
Obatoclax concentrations. Cells were washed with PBS 
and resuspended in 900 μl of PBS containing 10 μl of 
DiOC6 (final concentration 40 nM). Cells were mixed, 
incubated for 30 min at 37°C in the dark and kept on 
ice until analyzed by flow. Cells with loss DiOC6 fluo-
rescence represent cells with permeabilized mitochondria.

EMSA. Ramos cells were harvested after treatment 
with Obatoclax (28 nM) and washed twice with ice-
cold PBS. After washing, the cells were lysed in 1 ml of 
Nonidet P-40 lysis buffer to purify the nuclear proteins 
and sonicated for 10 sec at 4°C. The protein concentra-
tion was determined using the Bio-Rad protein assay kit. 
Ten μl of nuclear proteins were mixed with the biotin 
probe for the transcriptional factors NFκB and YY1, 
using the EMSA Kit from PanomicsTM (Fremont, CA) 
following the manufacturer’s instructions and as previ-
ously described in reference 62. Ten μl of the samples 
were separated on 5% polyacrylamide minigels and 
transferred to Nylon Hybond-N+ membrane (Amersham 
Biosciences). Membranes were exposed to UV light for 
3 min. The membranes were exposed to film blots and 
were developed by Luminol Reagent and peroxide (Santa 
Cruz Biotechnology).

Isobologram analysis for synergy determination. The 
isobologram analysis was used to evaluate the effect of 
the Obatoclax/TRAIL combination.63 Traditional isobo-

lograms were constructed from treatments combining Obatoclax 
(7, 14, 21 and 28 nM) with TRAIL (2.5, 5, 10 and 20 ng/ml). 
Analysis was done according to the dose-response curves using 
cleavage caspase 3 analysis for Ramos cells treated with TRAIL 
alone or Obatoclax alone and the combination for 18 h, and these 
analyses generated dose-response curves (isoboles) of 25 ± 5% 
cytotoxicity to evaluate the effect of the agents in combination.

Statistical analysis. All results were expressed as the mean 
± SD of three independent experiments in triplicate or dupli-
cate. The statistical analyses were performed using Graph Pad 
Prism-4. The statistical significance of differences between group 
means was determined using one-way ANOVA to compare vari-
ance. Significant differences were considered for probabilities 
< 5% (p < 0.05).
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treated with standardized concentration of Obatoclax (156 and 
132 nM) to induce upregulation of DR5.

Immunoprecipitation. Ramos cells were treated with 
Obatoclax or DMSO for 24 h, and then the cells were lysed on 
ice with 100 μl of ice-cold RIPA buffer [1% Nonidet P-40, 0.1% 
SDS, 0.5% deoxycholic acid and complete protease inhibitor mix-
ture tablet (Roche, Diagnostic GmbH, Nonnenwald Germany)]. 
Lysates were added with 10 μl of anti-Mcl-1 antibody (Santa Cruz 
Biotechnology) and incubated overnight at 4°C, constantly and 
gently mixed on a shaker. 100 μl of agarose-conjugate suspension 
(Roche, Diagnostic GmbH, Nonnenwald Germany) were added 
and incubated for 1 h at 4°C and constantly and gently mixed on 
a shaker. Immunoprecipitated complexes were collected by cen-
trifugation at 3,000x g for 2 min at 4°C. The supernatant was 
discarded, and the pellet was washed three times with 1 ml of 
cold Dulbeco (Invitrogene Life technology, Carlsbad, CA) and 
centrifugated at 30,000x g for 2 min at 4°C. Laemmli sample 
buffer (Bio-Rad) was added to each sample, and then the samples 
were boiled for 5 min, separated on 12% SDS-polyacrylamide 
minigels and transferred to nitrocellulose membrane Hybond 

Figure 7. Schematic diagram of the mechanism by which obatoclax sensitizes 
B-NHL to apoptosis by tRAIL. B-NHL cells maintain their resistance to tRAIL-
induced apoptosis through the constitutive activation of NFκB and YY1, which 
negatively regulates DR5 expression. Cell treatment with obatoclax inhibits 
NFκB and YY1 activities, leading to increased expression of DR5. In parallel, 
obatoclax targets Mcl-1 to unsequester pro-apoptotic binding partners and 
also inhibits expression of Mcl-1. the inhibition by obatoclax of NFκB and 
downstream YY1 and Mcl-1 all participate in the sensitization of B-NHL cells to 
apoptosis by tRAIL.
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