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Introduction

Chronic myelogenous leukemia (CML) is a disease of 
hematopoietic stem cells caused by the t(9:22)(q34:q11) 
reciprocal translocation and expression of the Bcr-Abl 
fusion protein.1,2 The constitutively active Bcr-Abl kinase 
promotes growth and survival in the chronic phase of 
CML that is characterized by accumulation of cells in the 
granulocytic lineage.2 Accordingly, inhibitors of the Abl 
tyrosine kinase function, such as imatinib mesylate, block 
growth of Bcr-Abl–transformed cells and are highly effec-
tive in inducing remissions in patients with CML in 
chronic phase.3,4 Nonetheless, primitive CML stem cells 
survive despite treatment with imatinib and acquire drug-
resistant mutations within the Bcr-Abl kinase domain.2,5 
In this way, the chronic phase of CML inevitably pro-
gresses with the accumulation of blasts in the bone mar-
row and peripheral blood. The blast phase of CML has 
been attributed to an arrest of differentiation resulting 
from the acquisition of genetic and epigenetic changes.1,2 
Progression to blast crisis has also been attributed to the 
emergence of progenitor cells with characteristics of stem 
cells.2 In that line of reasoning, the granulocyte-macro-
phage progenitor pool has been proposed as the source of 
stem cells in blast crisis.6,7 Significantly, the self-renewal 
and leukemic potential of the granulocyte-macrophage 
pool is decreased by suppression of β-catenin, indicating 

that dysregulation of β-catenin contributes to CML blast 
phase.6 In concert with this model, β-catenin deletion 
markedly reduces the ability of mice to develop Bcr-Abl–
induced CML.8 Moreover, imatinib-insensitive CML stem 
cells in the mouse are dependent on β-catenin for sur-
vival.9 Bcr-Abl has been shown to stabilize β-catenin.10 
Gene signatures involved in CML progression have also 
implicated β-catenin as a contributing factor.11 These find-
ings have thus provided support for the importance of  
the Wnt/β-catenin pathway in the self-renewal of CML 
stem cells.

MUC1 is expressed in CML blasts, stabilizes the Bcr-Abl 
protein, and blocks CML cell differentiation.12,13 Following 
translation as a single polypeptide, MUC1 undergoes auto-
cleavage into 2 subunits that in turn form a heterodimeric com-
plex at the cell membrane.14 The MUC1 N-terminal 
subunit (MUC1-N) is the mucin component of the heterodi-
mer that contains the characteristic glycosylated tandem 
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Abstract
Chronic myelogenous leukemia (CML) inevitably progresses to a blast phase by mechanisms that are not well understood. The MUC1-C oncoprotein 
is expressed in CML blasts but not chronic phase cells. The present studies demonstrate that treatment of KU812 and K562 CML cells with a cell-
penetrating MUC1-C inhibitor, designated GO-203, is associated with increases in reactive oxygen species (ROS) and depletion of glutathione. GO-
203 treatment resulted in the complete downregulation of Bcr-Abl expression and induced cell cycle arrest by a ROS-mediated mechanism that was 
blocked by the antioxidant N-acetylcysteine. Progression of CML to blast crisis has been linked to dysregulation of Wnt/β-catenin signaling and an arrest 
of differentiation. The present results show that inhibition of MUC1-C induces ROS-mediated suppression of β-catenin expression and induction of a 
differentiated myeloid phenotype. Our studies also show that GO-203 treatment is associated with ROS-induced decreases in ATP and loss of survival 
by late apoptosis/necrosis. These findings demonstrate that inhibition of the MUC1-C oncoprotein in CML cells disrupts redox balance and thereby 1) 
downregulates expression of both Bcr-Abl and β-catenin and 2) induces terminal myeloid differentiation by ROS-mediated mechanisms.
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repeats. The MUC1 C-terminal sub-
unit (MUC1-C) includes extracellu-
lar, transmembrane, and cytoplasmic 
domains. MUC1-C functions as a cell 
surface receptor that accumulates in 
the cytoplasm and is targeted to the 
nucleus.14,15 The MUC1-C cytoplas-
mic domain binds directly to the Bcr 
N-terminal region of Bcr-Abl and 
thereby blocks Bcr-Abl degradation.12 
The MUC1-C cytoplasmic domain 
also interacts with the Wnt signaling 
pathway by functioning as a sub-
strate for glycogen synthase kinase 
3β (GSK3β)16 and by binding to 
β-catenin.17 GSK3β phosphorylates 
β-catenin and thereby targets it  
for proteosomal degradation.18,19 
However, the MUC1-C cytoplas-
mic domain blocks GSK3β-mediated 
phosphorylation of β-catenin and in 
turn stabilizes β-catenin.20 MUC1-C 
induces anchorage-independent growth 
and tumorigenicity.20 Significantly, in 
this regard, disruption of the interac-
tion between the MUC1-C cytoplas-
mic domain and β-catenin attenuates 
MUC1-C–induced transformation, 
indicating that MUC1-C contributes 
to the malignant phenotype, at least in 
part, through the stabilization of β- 
catenin.20 Overexpression of MUC1-C 
also blocks death in the response of 
cells to oxidative stress by a mecha-
nism involving regulation of the 
FOXO3a pathway.21,22 Other studies 
have demonstrated that blocking 
MUC1-C with cell-penetrating pep-
tide drugs is associated with disruption of redox balance and 
an increase in reactive oxygen species (ROS).23 The Wnt/β-
catenin pathway is regulated by redox signaling.24 Moreover, 
low levels of oxidative stress stimulate the interaction between 
β-catenin and the FOXO transcription factors.25 These find-
ings have supported a model in which MUC1-C regulates 
β-catenin function through a direct interaction and through 
redox signaling.

The present studies demonstrate that inhibition of MUC1-
C in CML cells with the cell-penetrating peptide, GO-203, is 
associated with increases in ROS. GO-203 contains a poly 
Arg cell transduction domain linked to the CQCRRKN 
sequence ([R]

9
-CQCRRKN; all D-amino acids) that binds 

directly to the MUC1-C cytoplasmic domain.26 GO-203 
treatment was also associated with pronounced suppres-
sion of Bcr-Abl expression and cell cycle arrest by a 

ROS-dependent mechanism. The results further demonstrate 
that inhibition of MUC1-C with GO-203 results in ROS-
mediated downregulation of β-catenin and the induction of 
terminal CML differentiation.

Results
Inhibition of MUC1-C disrupts redox balance in CML cells. 

The MUC1-C oncoprotein protects against increases in 
intracellular ROS.21,22,27,28 In this capacity, treatment of 
KU812 CML cells for 48 hours with the MUC1-C inhibitor, 
GO-203, was associated with a marked increase in ROS, 
and this response was attenuated by the antioxidant NAC 
(Fig. 1A). By contrast, CP-2, a GO-203 analog that is inef-
fective in inhibiting MUC1-C, had little effect on ROS 
levels (Fig. 1A). Similarly, K562 CML cells responded to 

Figure 1.  GO-203 disrupts redox balance in CML cells. (A-D) KU812 (A, C) and K562 (B, D) cells 
were treated with 5 µM GO-203 or 5 µM CP-2 each day for 2 days. The GO-203–treated cells were 
also incubated concurrently with 5 mM NAC. (A and B) Oxidation of c-H

2
DCFDA to DCF was 

determined by flow cytometry. The results are expressed as the relative ROS level (mean ± SD for 
3 determinations) as compared to that of control cells (assigned a value of 1). (C and D) Cells were 
analyzed for GSH levels. The results (mean ± SD of 3 determinations) are expressed as GSH levels/106 
cells (µM).
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GO-203 with increases in ROS that were blocked by NAC 
treatment (Fig. 1B). Oxidative stress results in depletion of 
intracellular GSH levels.29 Accordingly, the GO-203–
induced ROS increase in KU812 cells was associated with 
decreases in GSH that were in part reversed by NAC, a pre-
cursor for GSH synthesis (Fig. 1C). Treatment of K562 
cells with GO-203 was also associated with depletion of 
GSH and a NAC-mediated reversal of this response (Fig. 
1D). These findings indicated that GO-203 disrupts redox 
balance in CML cells and that NAC can be used to discrimi-
nate GO-203–conferred responses mediated by increases in 
ROS.

GO-203 downregulates Bcr-Abl and induces cell cycle arrest. 
The stability of Bcr-Abl is decreased by oxidative stress.30 
In this context, treatment of KU812 cells with GO-203 was 

associated with marked downregulation of Bcr-Abl levels 
(Fig. 2A). In addition, this response was attenuated by NAC 
(Fig. 2A). K562 cells also responded to GO-203 with ROS-
induced decreases in Bcr-Abl expression (Fig. 2B). By con-
trast, CP-2 treatment had no apparent effect on Bcr-Abl 
levels (Fig. 2A and 2B). Bcr-Abl promotes the growth of 
CML cells, and by extension, GO-203 treatment was asso-
ciated with accumulation of KU812 cells in G1 and G2/M 
phases (Fig. 2C). The arrest of KU812 cell cycle progres-
sion was reversed by NAC, consistent with the effects of 
this antioxidant on Bcr-Abl expression (Fig. 2C). GO-203–
induced arrest of K562 cell cycle progression in G1 and 
G2/M phases was also attenuated by NAC (Fig. 2D). These 
findings indicate that CML cells respond to GO-203 with 
ROS-mediated downregulation of Bcr-Abl expression and 
cell cycle arrest.

Figure 2.  GO-203 treatment decreases Bcr-Abl levels and induces cell cycle arrest. (A-D) KU812 (A, C) and K562 (B, D) cells were treated with 
5 µM GO-203 or 5 µM CP-2 each day for 2 days. The GO-203–treated cells were also incubated in the presence of 5 mM NAC. (A and B) Lysates were 
immunoblotted with the indicated antibodies. (C and D) Cells were fixed and analyzed for cell cycle distribution by flow cytometry.
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Inhibition of MUC1-C results in ROS-mediated downregulation 
of β-catenin and induction of differentiation. Dysregulation of 
β-catenin contributes to the development of CML.6 The 
MUC1-C cytoplasmic domain stabilizes β-catenin and has 
thereby been shown to contribute to transformation.20 Based 
on these premises, we asked if inhibition of MUC1-C with 
GO-203 affects the Wnt/β-catenin pathway. Significantly, 
treatment of KU812 cells with GO-203 was associated with 
downregulation of β-catenin expression (Fig. 3A). More-
over, NAC attenuated this response, consistent with sup-
pression of β-catenin by a ROS-dependent mechanism (Fig. 
3A). Dysregulation of β-catenin contributes to the arrest of 
differentiation associated with CML blast crisis.6 In that 
line of reasoning, treatment of KU812 cells with GO-203, 
but not CP-2, resulted in induction of the myeloid/ 
monocytic marker CD11b (Fig. 3B). Consistent with the 
induction of myeloid differentiation, GO-203 treatment was 
also associated with increased expression of CD11c (Fig. 
3C) and CD14 (Fig. 3D).

As confirmation of the effects  
of inhibiting MUC1-C in KU812 
cells, treatment of K562 cells with 
GO-203 was similarly associated 
with ROS-mediated downregulation 
of β-catenin levels (Fig. 4A). More-
over, GO-203 induced the expres-
sion of CD11b (Fig. 4B), CD11c 
(Fig. 4C), and CD14 (Fig. 4D). 
Importantly, the induction of these 
markers of myeloid differentiation 
was blocked by NAC, consistent 
with dependence on ROS signaling. 
These findings thus supported a 
model in which inhibition of MUC1-
C with GO-203 results in downregu-
lation of β-catenin signaling and the 
induction of a differentiated CML 
phenotype.

Inhibition of MUC1-C induces ROS-
mediated depletion of ATP and late 
apoptosis/necrosis. Mitochondria are 
a major source of ROS that is depen-
dent on the extent of oxidative phos-
phorylation.31 In turn, ROS can 
affect mitochondrial ATP produc-
tion.31 In this way, the GO-203–
induced redox imbalance in KU812 
cells was associated with depletion 
of ATP (Fig. 5A). This response to 
GO-203 was reversed by NAC, con-
firming the involvement of oxida-

tive stress (Fig. 5A). As a control, treatment with CP-2 had 
little if any effect on ATP levels (Fig. 5A). ATP production 
requires the molecular subunits of the H+-ATP synthase. 
However, downregulation of the β-catalytic subunit of the 
H+-ATP synthase (β-F1-ATPase) in malignant cells can 
limit the flux of electrons along the respiratory chain and 
therefore the generation of ROS and ATP.32,33 Of potential 
relevance to the relationship between inhibition of MUC1-
C and oxidative stress, GO-203 treatment was associated 
with upregulation of the β-F1-ATPase, and this induction 
was reversed by NAC (Fig. 5B). In concert with GO-203–
induced increases in ROS and decreases in ATP, treatment 
of KU812 cells with the MUC1-C inhibitor resulted in the 
induction of annexin V and PI staining, consistent with the 
induction of late apoptosis/necrosis (Fig. 5C). Moreover, 
GO-203–induced death was attenuated by NAC (Fig. 5C). 
These results were confirmed in repetitive experiments and 
further demonstrated that CP-2 has no effect on viability 
(Fig. 5D). Treatment of KU812 cells with GO-203 and the 

Figure 3.  Downregulation of β-catenin and induction of myeloid differentiation in the response of 
KU812 cells to GO-203 treatment. (A) KU812 cells were treated with 5 µM GO-203 or 5 µM CP-2 
each day for 2 days. The GO-203–treated cells were also incubated in the presence of 5 mM NAC. 
Lysates were immunoblotted with the indicated antibodies. (B-D) KU812 cells were treated with 5 µM 
GO-203 or 5 µM CP-2 each day. Cells harvested at the indicated times were analyzed for expression of 
CD11b (B), CD11c (C), and CD14 (D). The results (mean ± SD of 3 determinations) are presented as 
the percentage of control (open bars), GO-203–treated (solid bars), and CP-2–treated (shaded bars) 
cells expressing the indicated markers.
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caspase inhibitor zVAD-fmk was associated with a signifi-
cant decrease in the induction of late apoptosis/necrosis 
(Suppl. Fig. S1A). By contrast, zVAD-fmk had little effect 
on GO-203–induced downregulation of Bcr-Abl and 
β-catenin (Suppl. Fig. S1B), indicating that these responses 
are not a secondary effect of cell death.

By extension to K562 cells, GO-203 treatment was asso-
ciated with decreases in ATP levels (Fig. 6A) and upregula-
tion of the β-F1-ATPase (Fig. 6B). As found in KU812 
cells, GO-203–induced depletion of ATP (Fig. 6A) and 
expression of the β-F1-ATPase (Fig. 6B) were reversed by 
NAC. GO-203 treatment also resulted in the induction of 
annexin V and PI staining that was attenuated by NAC (Fig. 
6C). Repetitive experiments confirmed that GO-203 con-
fers a ROS-mediated induction of late apoptosis/necrosis 
(Fig. 6D).

Discussion
Inhibition of MUC1-C in CML cells disrupts redox balance. 

Previous work had shown that Bcr-Abl promotes redox 
imbalance in CML cells by increasing ROS production.34-36 
These observations supported the concept that CML cells 

become particularly sensitive to 
agents that further induce oxidative 
stress.30,37 The present results dem-
onstrate that treatment of CML cells 
with an inhibitor of the MUC1-C 
oncoprotein is associated with 
increases in ROS and depletion of 
GSH, consistent with disruption of 
redox balance. MUC1 had been 
shown to protect cells from oxida-
tive stress associated with exposure 
to hydrogen peroxide,21,22 hypoxia,27 
and glucose deprivation,28 suggest-
ing that MUC1-C inhibitors could 
potentially block this protective 
effect with a resulting increase in 
ROS levels. CML cells were thus 
treated with the cell-penetrating 
GO-203 peptide that binds directly 
to the MUC1-C cytoplasmic domain 
and blocks its function.26 The 
GO-203–induced disruption of redox 
balance was reversed by NAC, a pre-
cursor of GSH synthesis, providing 
a model to assess the cellular effects 
of GO-203 attributable to increases 
in ROS. Indeed, GO-203 treatment 
was associated with complete down-
regulation of Bcr-Abl expression 
that was abrogated by NAC, sup-

porting a ROS-mediated mechanism. Studies with the natu-
ral compound PEITC similarly showed that disruption of 
CML cell redox balance promotes Bcr-Abl degradation and 
that this response is reversed by NAC.30 How increases in 
ROS induce Bcr-Abl degradation is not known; nonethe-
less, dependence of CML cell growth on Bcr-Abl signaling 
invoked the possibility that GO-203–induced disruption of 
redox balance would affect cell cycle progression. Based on 
these premises, we found that GO-203 treatment blocks 
CML cells in G1 and G2/M phases and that this response is 
attenuated by NAC. These findings thus provided support 
for inhibition of MUC1-C as a strategy to downregulate 
Bcr-Abl and block proliferation of CML cells.

GO-203 treatment downregulates β-catenin expression by a 
ROS-dependent mechanism. The available evidence from 
mouse models and human CML cells indicates that dysreg-
ulation of β-catenin contributes to CML blast phase.6,8,9,11 
The MUC1-C cytoplasmic domain binds directly to 
β-catenin and thereby attenuates β-catenin degradation.20 
The MUC1-C cytoplasmic domain also functions as a  
substrate for GSK3β phosphorylation and thereby  
blocks GSK3β-mediated phosphorylation of β-catenin.16,20 

Figure 4.  GO-203 downregulates β-catenin and induces myeloid differentiation of K562 cells. 
(A) K562 cells were treated with 5 µM GO-203 or 5 µM CP-2 each day for 2 days. The GO-203–
treated cells were also incubated in the presence of 5 mM NAC. Lysates were immunoblotted with the 
indicated antibodies. (B-D) K562 cells were treated with 5 µM GO-203 in the absence and presence 
of NAC. Cells harvested at the indicated times were analyzed for expression of CD11b (B), CD11c 
(C), and CD14 (D). The results (mean ± SD of 3 determinations) are presented as the percentage of 
GO-203–treated cells in the absence (solid bars) and presence of NAC (shaded bars) expressing the 
indicated markers.



MUC1-C inhibition disrupts ROS signaling in CML cells / Yin and Kufe	 61

Consistent with the decrease in β-catenin levels, GO-203 
disrupts the interaction between MUC1-C and β-catenin, 
thus releasing β-catenin for phosphorylation by GSK3β and 
proteosomal destruction (unpublished data). In concert with 
the importance of GSK3β→β-catenin signaling, GSK3β 
suppresses the generation of malignant CML stem cells by 
a β-catenin–dependent mechanism.38 Oxidative stress has 
been linked to activation and inhibition of the Wnt/ 
β-catenin pathway, depending on the timing of ROS signal-
ing.24,39 Moreover, oxidative stress regulates β-catenin 
function by stimulating the interaction between β-catenin 
and FOXO transcription factors.25 In this capacity, β-catenin 
enhances FOXO activity and promotes a protective response 
to oxidative stress.25,40 Notably, the MUC1-C cytoplasmic 
domain interacts with β-catenin17,20 and also regulates the 
FOXO3a signaling pathway in a survival response to oxida-
tive stress.22 The present results indicate that inhibition 
of MUC1-C with GO-203 subverts this survival response 
with increases in ROS and downregulation of β-catenin.  
Of potential importance to CML, suppression of β-catenin 

depletes the granulocyte-macro-
phage progenitor pool that contrib-
utes to CML blast phase.6 Other 
studies have shown that β-catenin is 
necessary for CML stem cell self-
renewal and survival.8,9 Based on 
these observations and the present 
results, inhibition of MUC1-C and 
the resultant ROS-mediated down-
regulation of β-catenin thus repre-
sent a potential approach for treating 
CML in blast phase by decreasing 
self-renewal and reversing the arrest 
in differentiation.

Inhibition of MUC1-C induces ROS-
mediated terminal differentiation. The 
finding that MUC1 is expressed in 
CML blasts and not chronic phase 
cells lends support to the premise 
that upregulation of MUC1-C con-
tributes to the genetic or epigenetic 
changes that block differentiation 
and increase self-renewal capacity.12 
Indeed, silencing MUC1 in KU812 
and K562 cells is associated with 
decreases in self-renewal and a more 
differentiated erythroid phenotype.12 
Moreover, inhibition of MUC1-C 
results in arrest of KU812 and K562 
cell growth, induction of myeloid 
differentiation, and loss of sur-
vival,13 indicating that blocking 

MUC1-C function has additional effects not found with 
MUC1-C silencing. The present results demonstrate that 
inhibition of MUC1-C with GO-203 in CML cells induces 
ROS-mediated myeloid differentiation, ATP depletion, and 
late apoptotic/necrotic death, consistent with the induction 
of terminal differentiation. Other studies have shown that 
AML cells are also sensitive to the effects of GO-203, indi-
cating that the findings are not restricted to CML cells.41 
ROS have been shown to play a role in inducing myeloid 
differentiation of normal hematopoietic cells42 and leuke-
mic blasts43-45 by mechanisms that have largely remained 
unclear. The finding that ataxia telangiectasia mutated 
(ATM)–deficient mice develop bone marrow failure that is 
reversed by NAC provided one link between redox imbal-
ance and loss of hematopoietic cell self-renewal.46 Other 
studies have shown that FOXO family members protect 
against oxidative stress and that FOXO-deficient mice 
exhibit decreases in the hematopoietic cell compartment, 
which are also restored by NAC.42 MUC1-C interacts 
with ATM47 and FOXO22 signaling, and thus, inhibition of 

Figure 5.  Depletion of ATP and induction of late apoptosis/necrosis in GO-203–treated KU812 
cells. (A-D) KU812 cells were treated with 5 µM GO-203 or 5 µM CP-2 each day for 2 days. The 
GO-203–treated cells were also incubated in the presence of 5 mM NAC. Intracellular ATP levels 
(mean ± SD of 3 determinations) are expressed relative to that obtained for untreated cells (A). 
Lysates were immunoblotted with the indicated antibodies (B). Cells were stained with PI/annexin V 
and analyzed by flow cytometry (C). The results (mean ± SD of 3 determinations) are expressed as the 
percentage of cells with late apoptosis/necrosis (D).
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MUC1-C with GO-203 could induce oxidative stress by 
affecting these pathways. MUC1-C also localizes to the 
mitochondrial outer membrane.48,49 ROS are in large part 
generated by mitochondria; therefore, further studies will 
be needed to more precisely define how treatment with 
GO-203 induces oxidative stress. The observation that 
GO-203 treatment induces β-F1-ATPase expression could be a 
contributing factor in increasing ROS and depleting ATP 
and also warrants further investigation. The present findings 
thus demonstrate that inhibition of MUC1-C represents a 
novel strategy to disrupt redox balance in CML cells and 
thereby 1) decrease Bcr-Abl levels, 2) downregulate β-catenin 
expression, and 3) induce terminal myeloid cell differentiation.

Materials and Methods
Cell culture. Human KU812 and K562 CML cells were 

cultured in RPMI 1640 medium supplemented  with 10% 
heat-inactivated fetal bovine serum (FBS) (Cellgro, Manassas, 

VA), 100 units/mL penicillin, 100 µg/mL 
streptomycin, and 2 mM L-glutamine. 
Cells were treated with the cell-
penetrating GO-203 ([R]

9
-CQCRRKN;

D-amino acids) and CP-2 ([R]
9
-AQA-

RRKN; D-amino acids) peptides26 
(AnaSpec, Fremont, CA), N-acetyl-
cysteine (NAC) (Calbiochem, La 
Jolla, CA), and the caspase inhibitor 
zVAD-fmk (BD Pharmingen, Frank-
lin Lakes, NJ).

Measurement of ROS levels. Cells 
were incubated with 5 µM carboxy-
H

2
DCFDA (Molecular Probes, 

Eugene, OR) for 20 minutes at 37°C. 
Fluorescence of oxidized DCF was 
measured at an excitation wave-
length of 480 nm and an emission 
wavelength of 525 nm using a flow 
cytometer (BD Biosciences, Frank-
lin Lakes, NJ).

Determination of GSH concentra-
tions. Cell lysates were prepared as 
described22 and analyzed for GSH 
levels using the Bioxytech GSH-400 
kit (OXIS International, Beverly 
Hills, CA).

Immunoblot analysis. Cell lysates 
were prepared as described.27 Solu-
ble proteins were analyzed by immu-

noblotting with anti-Bcr (Santa Cruz Biotechnology, Santa 
Cruz, CA), anti-β-catenin (BD Biosciences), anti-β-F1-
ATPase (Molecular Probes), and anti-β-actin (Sigma-
Aldrich, St. Louis, MO).

Analysis of cell cycle distribution and death. Cells were har-
vested, washed with PBS, fixed with 80% ethanol, and 
incubated in PBS containing 30 µg/mL RNase and 5 µg/mL 
propidium iodide (PI) as described.13 Cell cycle distribution 
was determined by flow cytometry for relative DNA con-
tent. For analysis of apoptosis and necrosis, cells were incu-
bated with PI/Annexin V-FITC (BD Biosciences) and 
analyzed by flow cytometry.

FACS analysis. Cells were incubated with FITC-
conjugated antibodies against human CD11b, CD11c, or 
CD14 (Novus Biologicals, Littleton, CO). Reactivity was 
analyzed by FACScan (Becton, Dickinson and Company, 
Franklin Lakes, NJ).

Figure 6.  GO-203 treatment depletes ATP levels and induces late apoptosis/necrosis in K562 cells. 
(A and B) K562 cells were treated with 5 µM GO-203 or 5 µM CP-2 each day for 2 days. The 
GO-203–treated cells were also incubated in the presence of 5 mM NAC. Intracellular ATP levels 
(mean ± SD of 3 determinations) are expressed relative to that obtained for untreated cells (A). 
Lysates were immunoblotted with the indicated antibodies (B). Cells were stained with PI/annexin V 
and analyzed by flow cytometry (C). The results (mean ± SD of 3 determinations) are expressed as the 
percentage of cells with late apoptosis/necrosis (D).
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Measurement of ATP levels. Cell lysates were analyzed for 
ATP levels using an ATP Determination kit (Molecular 
Probes).
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