
Abstract. Background: This study examined whether and how
chloroquine inhibits blast progenitor self-renewal (SR)
synergistically with phytochemicals or nonsteroidal anti-
inflammatory drugs in seven hematological malignant cell
lines. Materials and Methods: Vitamin C, resveratrol, cyclo-
oxygenase inhibitor NS-398 and indomethacin heptyl ester
(Ind) were added to cell culture with or without 3 μM
chloroquine. Results: Chloroquine synergistically inhibited
blast colony formation in methylcellulose with vitamin C,
resveratrol, NS-398 and Ind in one, two, none and one cell
lines, respectively, in a total of four out of 28 conditions.
Chloroquine synergistically inhibited blast progenitor SR in
suspension with vitamin C, resveratrol, NS-398 and Ind in four,
six, one and five cell lines, respectively, in a total of 16 out of
28 conditions. In contrast, chloroquine abolished SR inhibition
by another agent in four out of 28 conditions. Conclusion:
Chloroquine exerted a marked synergistic inhibition of blast
progenitor SR, but not blast colony formation.

There has been a growing interest in cancer prevention and
other therapeutic use of food plants and their products (1-4).
The preventive role of nonsteroidal anti-inflammatory drugs
(NSAIDs) and aspirin in several cancer types is well established
(5-7). Additionally, these studies indicated that the chemo -
preventive effect is dose- and duration-dependent (2, 6-8). 

Treatment of acute myeloid leukemia (AML) cells with
catalytic mammalian target of rapamycin (mTOR) inhibitors
resulted in induction of autophagy, which acts as a regulatory
mechanism promoting leukemia cell survival (9, 10).
Simultaneous blockade of the autophagic process using
chloroquine or by knockdown of Unc-51 like autophagy
activating kinase 1 (ULK1) resulted in enhanced
antileukemic responses. Interestingly, NSAIDs and
phytochemicals have been shown to inhibit mTOR (11-17)
and induce autophagy (13-15, 18, 19).

In AML and acute lymphoblastic leukemia, leukemia stem
cells arise either from hematopoietic stem cells or more
differentiated and committed progenitors that acquire the
potential for self-renewal (SR) (20, 21). The SR of leukemia
blast progenitors assessed by secondary blast colony
formation (BCF) in methylcellulose or recovery of
clonogenic cells (CCs) in suspension (22), but not terminal
divisions of blast progenitors assessed by primary BCF in
methylcellulose (23), has been described to be highly
correlated with the clinical outcome of patients with AML
(24, 25). Leukemia stem cells not only adopt the regulatory
machinery operating in normal hematopoietic stem cells, but
also establish their own mechanisms against differentiation
and cellular stress responses such as autophagy, apoptosis,
necrosis and senescence (26, 27).

Thus, in the present study, using our newly-established
long-term suspension culture (28, 29), the growth of blast
CCs was investigated not only in methylcellulose, but also
in liquid suspension for up to 4 weeks by serial re-plating
following continuous exposure to phytochemicals or
NSAIDs with and without chloroquine in seven malignant
hematological cell lines. Cellular stress responses, such as
autophagy, apoptosis, necrosis and senescence, were also
serially determined. To the best of our knowledge, this is the
first study which demonstrated that chloroquine in
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combination with phytochemicals or NSAIDs significantly
inhibits the SR capacity of malignant stem/progenitor cells
compared to either agent alone.

Materials and Methods
Reagents. Iscove’s modified Dulbecco’s medium (IMDM), fetal calf
serum (FCS) and phosphate-buffered saline (PBS) were from Gibco
(Grand Island, NY, USA). Chloroquine and vitamin C were from
Sigma-Aldrich Corporation (St. Louis, MO, USA). Trypan blue (TB)
was from Sigma (Tokyo, Japan). Indomethacin heptyl ester (Ind) as
a cyclo-oxygenase (COX) 1 and 2 inhibitor [half maximal-inhibitory
concentration (IC50) for human COX2=0.04 μM] and COX2-specific
inhibitor NS-398 (IC50=1.77 μM) were from Cayman Chemical Co.
(Ann Arbor, MI, USA). Recombinant human (rh) interleukin-3 (IL3)
was a generous gift from Dr. S. Clark (Genetics Institute, Cambridge,
MA, USA). Resveratrol was from Biomol International LP
(Farmingdale, PA, USA). 

Cultured cells were assessed in methylcellulose and suspension
with chloroquine alone or in combination with vitamin C,
resveratrol, NS-398 and Ind at final concentrations of 3, 300, 10, 30
and 30 μM, respectively (28, 29).

Cell lines. HL-60 (kindly provided by Dr D.W. Golde, UCLA School
of Medicine, LA, CA, USA) is a myeloid cell line derived from a
patient with acute promyelocytic leukemia. Mo7e (a kind gift of Dr
S. Tohda, Tokyo Medical and Dental University, Tokyo, Japan) is a
subclone of the human megakaryoblastic-leukemia cell line Mo7 (30).
The cells require either IL3 or granulocyte-macrophage colony-
stimulating factor for long-term growth. K562 is a myeloid cell line
derived from a patient with chronic myelogenous leukemia in
myeloid crisis. Daudi and Raji are B-lymphoid cell lines derived from
patients with Burkitt’s lymphoma. U-937 is a human histiocytic,
monocyte-like cell line derived from a patient with diffuse histiocytic
lymphoma. K562, Daudi, Raji and U-937 were purchased from the
Japanese Collection of Research Bioresources Cell Bank (Osaka,
Japan). Human myeloma cell line U-266 was kindly provided by Dr
M. Kawano (Yamaguchi University School of Medicine, Ube, Japan).
Cells were propagated in IMDM with 10% FCS in the presence or
absence of hematopoietic growth factor (HGF) (10 ng/ml rhIL3 for
Mo7e), at 37˚C in a humidified atmosphere containing 5% CO2.

Long-term suspension culture. To determine the blast clonogenic SR
capacity, the growth of blast CCs was investigated in liquid
suspension for up to 4 weeks by serial re-plating following continuous
exposure to phytochemicals or NSAIDs with and without
chloroquine. Briefly, cells were cultured at a density of 2×104/ml in
35-mm Lux tissue culture dishes (Miles Lab., Naperville, IL, USA)
in 2 ml of IMDM with 10% FCS in the presence or absence of HGF
(10 ng/ml rhIL3 for Mo7e) and agents (28, 29). Controls contained
0.38% dimethyl sulfoxide (DMSO) alone. Twice a week, the cells
were harvested, counted, washed and plated in 96-microwell plates
at a density of 2×103 per well in 0.1 ml of IMDM with 1%
methylcellulose and 10% FCS, in the presence or absence of HGF
(10 ng/ml rhIL3 for Mo7e) to obtain the plating efficiency. The
recovery of CCs per dish was obtained by multiplying this plating
efficiency by the number of cells harvested from the suspension. At
each subculture, the harvested cells were transferred into fresh
medium in the presence or absence of agent, and the cumulative
number of CCs per dish with time was calculated.

Calculation of kinetic parameters for cumulative clonogenic cells.
The cumulative number of CCs from the start of liquid suspension
culture was serially plotted on semilogarithmic graphs. Linear
regression analysis using SPSS software (IBM, Tokyo, Japan) was
performed. The line of the fitted equation describing the plots and
the significance of linearity were determined (31). The relative slope
of the line (SLP) (rSLP) defined as the ratio of SLPagent/SLPcontrol
reflects the level of SR under treatment by the agent. SR inhibition
was defined as a value of rSLP at 0.9 or below (29). Synergistic
inhibition of the cumulative number of CCs by a combination of
two agents was defined as significant inhibition of the cumulative
number of CCs by simultaneous addition of the two agents
compared with that by either one alone. Synergistic inhibition of SR
capacity by two agents was defined as that of the cumulative
number of CCs at four points or more out of a total of eight points
during 4 weeks (≥50%).

Clonogenic assay in methylcellulose culture. BCF was performed
as previously reported (32). Synergistic inhibition of BCF by two
agents was defined as significant inhibition of BCF by simultaneous
addition of the two agents compared with that by either one alone. 

Detection of autophagic vacuoles using monodansylcadaverine
(MDC). Autophagic vacuoles were detected by incubating cells with
MDC solution (1:1,000 in Cell-Based Assay Buffer, 50 μM) using
an Autophagy/Cytotoxicity Dual Staining Kit (Cayman Chemical
Co.). Cells were incubated with MDC for 10 min at 37˚C, washed
three times with PBS and immediately analyzed under a fluorescence
Nikon ECLIPSE E600 microscope (Nikon, Tokyo, Japan) equipped
with a filter system (excitation wavelength of 365 nm, emission
wavelength of 400 nm). For quantification of MDC-positive staining
of cells, bright-field and fluorescence images were merged, 100 cells
were counted in three separate fields by using a fluorescence
microscope and the proportion of MDC-positive cells was
determined. Images were captured with a Nikon DIGITAL SIGHT
DS-Ri1 microscope camera (Nikon) and imported into Photoshop. 

Senescence-associated (SA) β-galactosidase labeling. SA-β-
galactosidase was detected by using Senescence Detection Kit
(BioVision Inc., CA, Milpitas, USA). Briefly, cells were fixed for
15 min with Fixative Solution, then washed once with PBS. Cells
were then incubated overnight at 37˚C with Staining Solution Mix
containing 1 mg/ml X-Gal. For SA-β-gal-positive staining cell
quantification, 100 cells were counted in three separate fields by
using an inverted microscope (Nikon) and the proportion of SA-β-
galactosidase-positive cells was determined.

Apoptotic cell fraction. Propidium iodide (PI) staining of DNA in
permeabilized cells by cell phase determination kit (Cayman Chemical
Co.) and its detection by flow cytometry (BD FACSCanto™ II; BD
Biosciences, Tokyo, Japan) were used to identify the hypodiploid cells
as the apoptotic cell fraction (33). Fluorescence of PI-stained cells was
measured within 30 min on a FACSCanto™ II equipped with a
doublet discrimination module for 104 nuclei.

Trypan blue staining for necrosis. Since loss of membrane integrity
is a pathognomonic feature of necrotic cell death, necrotic cells stain
with specific membrane-impermeable nucleic acid dyes such as TB
in contrast to viable cells (34). A mixture of equal volumes of 0.4%
TB solution in 0.85% saline and cell suspension was kept for 5 min
at room temperature, and cells stained blue were counted as
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positive. For quantification of TB-positively stained cells, 100 cells
were counted in three separate fields using an inverted microscope
(Nikon) and the proportion of TB-positive cells was determined.

Enhancement and reduction in cellular stress responses, such as
autophagy, apoptosis, necrosis and senescence. Enhancement in
cellular stress response rate was defined as ≥200% of the control value
and ≥5% in value (29). Similarly, reduction in cellular stress response
rate was defined as <50% of the control value and ≥2.5% in value.

Statistical analyses. Data for BCF are shown as the mean±SD of
five replicate cultures. The other assay determinations were carried
out in triplicate. The statistical significance was evaluated using
Student’s t-test (two-tailed) and chi-square tests.

Results
Growth regulation in methylcellulose. Chloroquine inhibited
BCF in a dose-dependent manner, with an IC50 concentration
of 14.0, 8.3, 11.6, 10.0, 10.6, 8.7 and 9.0 μM for HL-60, K-
562, Mo7e, Daudi, Raji, U-266 and U-937 cell lines,
respectively, with a mean±SD of 10.3±2.0 μM (data not
shown). Chloroquine, vitamin C, resveratrol, NS-398 and Ind
at final concentrations of 3, 300, 10, 30 and 30 μM inhibited
BCF by 16±17%, 25±18%, 16±8%, 9±15% and 25±16%
(mean±SD of percentage inhibition of control in seven cell
lines), respectively (Figure 1). Consequently, the inhibitory
effect on BCF was greater in the order of vitamin C, Ind,
resveratrol, chloroquine and NS-398, although there was no
significant difference between the effect of the five agents.
Thus, the final concentrations of agents used were less than the
IC50s except in two conditions (K-562 with vitamin C or Ind).

Inhibition of BCF. Chloroquine, vitamin C, resveratrol, NS-
398 and Ind significantly inhibited BCF in five (71%), six
(86%), four (57%), five (71%) and six (86%) out of seven
cell lines, respectively, under a total of 26 out of 35
conditions (74%) (Figure 1).

Synergistic inhibition of BCF by chloroquine and another
agent. Chloroquine in combination with vitamin C,
resveratrol, NS-398 and Ind synergistically inhibited BCF in
one (14%), two (29%), none (0%) and one (14%) out of
seven cell lines, respectively, under a total of four out of 28
conditions (14%) (Figure 1).

Growth regulation in liquid suspension. A significant
logarithmic linear increase in the cumulative number of CCs
recovered per dish for up to 4 weeks was noted under all of
the 70 conditions with or without the agents [p<0.01;
r=0.993±0.007 (range=0.973-0.999)] (Figures 2-5).

Synergistic inhibition of blast progenitor SR by chloroquine
and phytochemicals. Chloroquine and vitamin C
synergistically inhibited SR in four cell lines (HL-60, K-562,

Daudi and U-937) (57%) (Figure 2). Chloroquine and
resveratrol synergistically inhibited SR in all seven cell lines
except one (U-266; 86%) (Figure 3). Chloroquine, vitamin
C and a combination of chloroquine with resveratrol reduced
the rSLP level to almost zero in U-266, Daudi and Raji cells
at day 30, 30 and 25, respectively. In contrast, in Raji cells,
chloroquine combined with vitamin C almost completely
abolished the reduction in rSLP level induced by vitamin C
and chloroquine alone. In U-266 cells, vitamin C or
resveratrol partially abolished the reduction in rSLP level by
chloroquine at day 30.

Synergistic inhibition of blast progenitor self-renewal by
chloroquine and nonsteroidal anti-inflammatory drugs.
Chloroquine and NS-398 synergistically inhibited SR in
Daudi cells alone (14%) (Figure 4). In contrast, NS-398
abolished the reduction in rSLP level by chloroquine in U-
266 cells at day 30. Chloroquine and Ind synergistically
inhibited SR in all seven cell lines except in two (Raji and
U-266; 71%) (Figure 5).

Thus, chloroquine in combination with phytochemicals or
NSAIDs synergistically inhibited SR under a total of 16 out
of 28 conditions (57%). There was no significant correlation
between BCF (relative to the control) and rSLP level (n=63;
r=0.264, t=2.136, p>0.05) (Figures 1-5).

Changes in cellular stress responses in liquid suspension.
Autophagic, apoptotic, necrotic and senescent cell rates were
serially determined. Representative Daudi cells with
autophagic vacuoles are shown in Figure 6. In HL-60 cells,
all four types of stress response reached a peak at day 4 or
7 except for necrosis by vitamin C or Ind (Figure 7A). In K-
562 cells, autophagy and senescence reached a peak at day
4, whereas apoptosis and necrosis reached a peak at day 7,
except for apoptosis by resveratrol or Ind with a peak at day
4. In Mo7e cells, apoptosis and necrosis reached a peak at
day 4 except for necrosis by resveratrol with a peak at day
10, whereas autophagy and senescence reached a peak at day
7 or 10. In Daudi cells, autophagy, apoptosis and senescence
reached a peak at day 4 or 7 except for autophagy by NS-
398 with a peak at day 10, whereas necrosis reached a peak
at day 10 (Figure 7B). In Raji cells, autophagy, apoptosis and
necrosis reached a peak at day 4 except for necrosis by NS-
398 or Ind with a peak at day 7. In U-266 and U-937 cells,
all four types of stress response reached a peak at day 4 or
7 except for senescence by vitamin C and apoptosis and
necrosis by resveratrol or Ind, respectively.
Cellular stress response and SR capacity. Under 11
conditions (K-562 cells with resveratrol or Ind, Mo7e cells
with resveratrol, Daudi cells with vitamin C, resveratrol or
Ind, Raji cells with resveratrol, U-266 cells with vitamin C,
resveratrol or NS-398 and U-937 cells with resveratrol)
leading to enhanced apoptosis, necrosis or senescence, SR
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inhibition and synergistic inhibition of SR with chloroquine
were absent in U-266 cells treated with NS-398 and U-266
cells treated with vitamin C, resveratrol or NS-398,
respectively (Figures 2-5). Under the remaining 17
conditions with none of these enhanced stress responses,
SR inhibition and synergistic inhibition of SR with
chloroquine were observed in Raji cells with vitamin C and
U-937 cells with NS-398; and HL-60 cells with vitamin C,
resveratrol or Ind, K-562 cells with vitamin C, Mo7e cells
with Ind, Daudi cells with NS-398 and U-937 cells with

vitamin C or Ind, respectively. Between the two groups, the
frequency of SR inhibition was significantly different
(10/11 vs. 2/17, χ2=17.093, p<0.01), whereas that of
synergistic inhibition of SR with chloroquine was not
significantly different (8/11 vs. 8/17, χ2=1.79, p>0.05).
Furthermore, the frequency of SR inhibition was also still
significantly high under 10 conditions with enhanced
apoptosis or necrosis compared with remaining 18
conditions with neither apoptotic nor necrotic enhancement
(9/10 vs. 3/18, χ2=14.106, p<0.01). Conversely, reduction
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Figure 1. Effects of chloroquine (Chl), phytochemicals, nonsteroidal anti-inflammatory drugs and a combination of chloroquine with other agents on
blast colony formation (BCF) in HL-60, K-562, Mo7e, Daudi, Raji, U-266 and U-937 cells. Myeloid (A) and lymphoid (B) cells were treated in
methylcellulose with 0.38% dimethyl sulfoxide (DMSO) alone (control, Cont) or with DMSO plus vitamin C (Vit-C), resveratrol (Res), cyclo-oxygenase
inhibitor NS-398 (NS) or indomethacin heptyl ester (Ind) in the presence or absence of 3 μM chloroquine. The number of blast colonies per well in
control cultures was 87±6, 92±7, 96±7, 68±9, 95±7, 78±8 and 104±4 in HL-60, K-562, Mo7e, Daudi, Raji, U-266 and U-937 cells, respectively. The
data shown represent the mean±SD of five replicate cultures. The data were normalized as the percentage of the control value in each experiment.
*Significantly different at p<0.05 when compared with control cultures. **Synergistic inhibition of BCF by chloroquine with another agent.
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Figure 2. Synergistic inhibition of blast clonogenic self-renewal by chloroquine (Chl) and vitamin C (Vit-C) in HL-60, K-562, Mo7e, Daudi, Raji, 
U-266 and U-937 cells. Myeloid (A) and lymphoid (B) cells were cultured in suspension with 0.38% dimethyl sulfoxide (DMSO) alone (control, Cont)
or with DMSO plus 300 μM vitamin C in the presence or absence of 3 μM chloroquine and cumulative clonogenic cell recovery was determined in
long-term suspension cultures. The data shown represent the mean±SD of five replicate cultures. Both chloroquine and vitamin C alone inhibited self-
renewal in three cell lines (Daudi, Raji and U-266). *Synergistic inhibition of cumulative number of clonogenic cells by chloroquine and vitamin C.
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Figure 3. Synergistic inhibition of blast clonogenic self-renewal by chloroquine (Chl) and resveratrol (Res) in HL-60, K-562, Mo7e, Daudi, Raji, U-
266 and U-937 cells. Myeloid (A) and lymphoid (B) cells were cultured in suspension with 0.38% dimethyl sulfoxide (DMSO) alone (control, Cont) or
with DMSO plus 10 μM resveratrol in the presence or absence of 3 μM chloroquine and cumulative clonogenic cell recovery was determined in long-
term suspension cultures. The data shown represent the mean±SD of five replicate cultures. Resveratrol alone inhibited self-renewal in six (K-562,
Mo7e, Daudi, Raji, U-266 and U-937) cell lines. *Synergistic inhibition of cumulative number of clonogenic cells by chloroquine and resveratrol.
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Figure 4. Synergistic inhibition of blast clonogenic self-renewal by chloroquine (Chl) and cyclo-oxygenase inhibitor NS-398 (NS) in HL-60, K-562,
Mo7e, Daudi, Raji, U-266 and U-937 cells. Myeloid (A) and lymphoid (B) cells were cultured in suspension with 0.38% dimethyl sulfoxide (DMSO)
alone (control, Cont) or with DMSO plus 30 μM NS-398 in the presence or absence of 3 μM chloroquine and cumulative clonogenic cell recovery
was determined in long-term suspension cultures. The data shown represent the mean±SD of five replicate cultures. NS alone inhibited self-renewal
in one cell line (Daudi). *Synergistic inhibition of cumulative number of clonogenic cells by chloroquine and NS-398.
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Figure 5. Synergistic inhibition of blast clonogenic self-renewal by chloroquine (Chl) and indomethacin heptyl ester (Ind) in HL-60, K-562, Mo7e,
Daudi, Raji, U-266 and U-937 cells. Myeloid (A) and lymphoid (B) cells were cultured in suspension with 0.38% dimethyl sulfoxide (DMSO) alone
(control, Cont) or with DMSO plus 30 μM indomethacin heptyl ester in the presence or absence of 3 μM chloroquine and cumulative clonogenic
cell recovery was determined in long-term suspension cultures. The data shown represent the mean±SD of five replicate cultures. Indomethacin
heptyl ester alone inhibited self-renewal in two cell lines (K-562 and Daudi). *Synergistic inhibition of cumulative number of clonogenic cells by
chloroquine and indomethacin heptyl ester.



of apoptosis (Mo7e and U-266 cells with Ind) or necrosis
(HL-60 cells with Ind and HL-60, K-562, Mo7e and Raji
cells with NS-398) resulted in lack of SR inhibition, but not
necessarily synergistic inhibition of SR with chloroquine
(HL-60 and Mo7e cells with Ind).

Neither SR inhibition (9/23 vs. 3/5, χ2=0.739, p>0.05) nor
synergistic inhibition of SR with chloroquine (12/23 vs. 4/5,
χ2=1.289, p>0.05) significantly correlated with enhanced
autophagy.

Discussion

As previously reported (13-15, 18, 19), in the present study
we demonstrated that phytochemicals and NSAIDs enhanced
not only apoptosis, necrosis and senescence but also
autophagy in seven malignant hematological cell lines. Thus,
it might be assumed that chloroquine in combination with
phytochemicals or NSAIDs effectively inhibits malignant
cell growth (9-19). Accordingly, a combination of
chloroquine and another agent synergistically inhibited SR
in liquid suspension (16/28, 57%) more frequently than it did
BCF in methylcellulose (4/28, 14%) (McNemar’s test,
χ2=10.286, p<0.01). This may be partly explained by long-
term exposure of the cells to the agents in liquid suspension
and increased dependence of immature stem cell survival on
autophagic activity compared with mature cells (8, 27-29,
35). Continuous exposure to resveratrol and induction of
cellular stress responses have been revealed to be necessary
to inhibit stem cell SR (8, 28).

We also demonstrated that phytochemicals and NSAIDs
induce coincident elevation of apoptosis and necrosis and of
senescence and autophagy. Namely, induction of apoptosis
and necrosis preceded, coincided with or succeeded that of
autophagy and senescence. In Daudi cells, however,
induction of necrosis succeeded that of the other three types
of stress response.

Apoptosis is classified as programmed cell death I,
characterized by morphological features such as rounding up
of the cell and caspase activation (36). Necrosis is usually
considered to be uncontrolled and accidental. However,
recent research suggests that its occurrence and course might
be tightly regulated (37).

Senescence is characterized by irreversible cell-cycle
arrest (38-40), overexpression of cyclin-dependent kinase
inhibitors, caspase-independent cell death and a strong
resistance to apoptosis (41). Exogenous expression of p53 in
senescent cells restored their ability to undergo p53-
dependent apoptosis, suggesting that apoptosis resistance in
senescent cells may be mediated by changes in p53 signaling
(42). Autophagy also blocks the induction of apoptosis and,
if apoptotic response starts, autophagy can be inhibited, in
part due to the caspase-mediated cleavage of essential
autophagy proteins (43).

In contrast, senescence and autophagy exist as parallel
processes, and the inhibition of autophagy delays the
senescence process (44, 45). Recent literature highlights the
intricate interplay between apoptosis, necrosis and autophagy
in normal development and in pathology (46, 47). It is also
reported that the senescence response was potentiated by
apoptosis inhibition in an autophagy-dependent way (48).

It has been reported that cellular senescence plausibly
contributes to therapy resistance (49, 50). We observed, in
the present study, that induction of apoptosis or necrosis, but
not necessarily that of senescence, results in inhibition of SR.
Alternatively, as we have partly reported previously (29),
reduction of apoptosis or necrosis resulted in lack of SR
inhibition.

In the present study, we showed that chloroquine, vitamin
C, resveratrol and NS-398 abolished the inhibition of SR by
another agent in four out of 28 conditions (14%). Autophagy
can either result in chemoresistance (9, 10) or induce
autophagic cell death (8, 15, 51-53).
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Figure 6. Resveratrol (Res) increases autophagy in Daudi cells as shown by fluorescence microscopy. Daudi cells were cultured in suspension with
0.38% dimethyl sulfoxide (DMSO) alone (A) or with 10 μM resveratrol (B). After 4 days, cells were stained with monodansylcadaverine staining
solution and images were captured with a Nikon DIGITAL SIGHT DS-Ri1 microscope camera at 400× magnification.
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Figure 7. Cellular stress responses in liquid suspension cultures of HL-60, K-562, Mo7e, Daudi, Raji, U-266 and U-937 cells. Myeloid (A) and
lymphoid (B) cells were treated in suspension with 0.38% dimethyl sulfoxide (DMSO) alone (control, Cont) or DMSO plus 300 μM vitamin C (Vit-
C), 10 μM resveratrol (Res), 30 μM cyclo-oxygenase inhibitor NS-398 (NS) or 30 μM indomethacin heptyl ester (Ind). The percentage of cells
stained with monodansylcadaverine (autophagy), propidium iodide (apoptosis), trypan blue (necrosis) or β-galactosidase (senescence) was
determined. The data shown represent the mean of three separate measurements.



In contrast to SR regulation, regulation of apoptosis and
necrosis was not significantly correlated with synergistic
regulation of SR. Further studies are required to uncover the
complex interactions between autophagy and other three types
of cellular stress responses in synergistic regulation of SR
capacity in hematological malignant cells, including synergistic
regulation of apoptosis or necrosis using a combination of
chloroquine and another agent (54).
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