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Abstract. Background: With our newly established longterm suspension culture, we investigated the effects of
nonsteroidal anti-inflammatory drugs (NSAIDs) on the selfrenewal capacity of blast progenitors in seven
hematological malignant cell lines. Materials and Methods:
Cyclo-oxygenase inhibitors NS-398 (NS) or indomethacin
heptyl ester (indomethacin) at 30 μM was added to the cell
culture. In U-937 cells, indomethacin was added at 0.3 or
3 μM. Results: In all cell lines, the agents significantly and
markedly inhibited blast colony formation (BCF) and
telomerase activity, respectively. Significant exponential
clonogenic cell growth was noted under all 23 conditions
with or without the agent. The relative slope (SLP) of the
line (SLPagent/SLPcontrol) reflects the level of self-renewal
induced by the agent and self-renewal was inhibited
(relative SLP at 0.9 or below) in four out of 16 conditions,
including in U-937 cells treated with 0.3 or 3 μM
indomethacin, in Daudi cells treated with indomethacin and
in U-266 cells treated with NS. Indomethacin enhanced
senescence, necrosis and apoptosis in U-937 and Daudi
cells, whereas NS reduced apoptosis in U-937 cells and had
no effect on senescence, necrosis and apoptosis in Daudi
cells. In U-266 cells, NS enhanced senescence and
necrosis, whereas indomethacin reduced apoptosis. There
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was no significant correlation between the control of BCF
and relative SLP. Conclusion: NSAIDs enhance or reduce
stress responses, inhibit telomerase activity and
differentially regulate BCF and self-renewal.

In acute myeloid leukemia and acute lymphoblastic
leukemia, leukemia stem cells arise either from
hematopoietic stem cells or more differentiated and
committed progenitors that acquire self-renewal (SR)
potential (1, 2). Secondary blast colony formation (BCF) in
methylcellulose and recovery of clonogenic cells in
suspension, but not primary BCF, were significantly
associated with remission induction (3). Furthermore, the
survival duration of patients who achieved complete
remission was significantly associated with the number of
clonogenic cells recovered in suspension.
The preventive role of nonsteroidal anti-inflammatory
drugs (NSAIDs) and aspirin, in particular, in colorectal
cancer is well established (4). More recently, NSAIDs have
been shown to reduce the risk and mortality from several
cancer types (5). However, the molecular mechanisms
involved in NSAIDs-mediated tumor-suppressing activities
are not yet completely defined (6, 7).
In the present study, we investigated the growth of
hematological malignant blast progenitors in liquid
suspension for up to 1 month by serial re-plating following
continuous exposure to cyclo-oxygenase (COX)-2-specific
inhibitor NS-398 (NS) and COX1 and -2 inhibitor
indomethacin heptyl ester (indomethacin). Primary BCF in
methylcellulose was carried out to assess the terminal
divisions of blast progenitors (3). Regulatory mechanisms
including telomerase activity, stress responses such as
senescence, necrosis and apoptosis, and their rates were also
serially determined. As far as we are aware of, this is the first
report describing the inhibition by NSAIDs of SR capacity
in hematological malignant blast progenitors.
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Cell lines. HL-60 (kindly provided by Dr D.W. Golde, UCLA
School of Medicine, LA, CA) 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.
The cells require either interleukin-3 (IL-3) or granulocytemacrophage colony-stimulating factor for long-term growth. K-562
is a myeloid cell line derived from a patient with chronic
myelogenous leukemia in myeloid crisis. Daudi and Raji are Blymphoid cell lines derived from patients with Burkitt’s lymphoma.
U937 is a human histiocytic, monocyte-like cell line derived from
a patient with diffuse histiocytic lymphoma. K562, Daudi, Raji and
U937 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).

Materials. Iscove’s modified Dulbecco’s medium (IMDM) (Gibco),
fetal calf serum (FCS), and phosphate-buffered saline (PBS) were
from Gibco (Grand Island, NY, USA). Trypan blue (TB) was from
Sigma (Tokyo, Japan). Indomethacin heptyl ester (indomethacin) [halfmaximal inhibitory concentration (IC50) for human COX2=0.04 μM]
and NS (Cayman Chemical Company, Ann Arbor, MI, USA) as a
COX2-specific inhibitor (IC50=1.77 μM) were from Cayman Chemical
Company. Recombinant human (rh) IL3 was a generous gift from Dr.
S. Clark (Genetics Institute, Cambridge, MA, USA).
Clonogenic cell assay in methylcellulose culture. BCF was
performed as previously reported (8).

Long-term suspension culture. Cells were cultured at a density of
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 hematopoietic growth factor (HGF) (10 ng/ml rh IL3 for Mo7e) and
agents (30 μM NS or indomethacin). In U-937 cells, indomethacin was
added at 0.3 or 3 μM. Control 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, 10% FCS, in the
presence or absence of HGF (10 ng/ml rh IL3 for Mo7e) to obtain the
plating efficiency. The recovery of clonogenic cells 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 clonogenic cells (CCCs) per dish
with time was calculated.

Calculation of kinetic parameters for cumulative clonogenic cells.
The numbers of CCCs from start of liquid suspension culture were
serially plotted on semilogarithmic graphs. Linear regression
analysis using SPSS Statistics was performed. The line of the fitted
equation describing the plots and the significance of linearity were
determined (9). The relative slope (SLP) (rSLP) of the line defined
as the ratio of SLPagent/ SLPcontrol indicated the level of SR under
treatment by the agent.
TB staining. A mixture of equal volumes of 0.4% TB solution in
0.85% saline and cell suspension was kept for 5 min at room
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temperature, and cells stained blue were counted as positive. For
quantification of TB-positively stained cells, 100 cells were counted
in three separate fields using an inverted Nikon microscope (Nikon,
Tokyo, Japan) and the proportion of TB-positive cells was
determined. 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 (10).

SA-β-galactosidase labeling. SA-β-galactosidase was detected by
using Senescence Detection Kit (BioVision Inc., Milpitas, CA,
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
quantification of SA-β-galactosidase-positively stained cells, 100
cells were counted in three separate fields using an inverted Nikon
microscope 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 Company) 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 (11).
Fluorescence of PI-stained cells were measured within 30 min on a
FACSCanto™ II equipped with a doublet discrimination module for
104 nuclei.

Telomerase activity. Telomerase activity was assessed using a
Quantitative Telomerase Detection Kit (Allied Biotech, Inc.,
Benicia, CA, USA) according to the manufacturer’s protocol. Cells
were lysed and protein was isolated using the kit. The concentration
of the isolated protein was determined using a NanoDrop
Spectrophotometer (Thermo Scientific, Waltham, MA, USA). The
telomerase activity in each cell extract was measured from its ability
to synthesize telomeric repeats onto an oligonucleotide substrate.
The extended product was amplified and visualized using SYBR
Green. The increase in fluorescence was monitored, and the
telomerase activity was determined using real-time polymerase
chain reaction (Chromo 4TM Real-Time PCR System; Bio-Rad,
Tokyo, Japan).

Statistics. 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).

Results

Growth regulation in methylcellulose. In all seven cell lines,
both agents inhibited BCF in a dose-dependent manner
(Figure 1). The IC50 for NS and indomethacin ranged from
9.2 to >30 and 3.6 to >30 μM with a mean of >27.0 and
>26.2 μM, respectively. Thus, in the subsequent experiments,
we cultured cells in suspension with NS and indomethacin
at a final concentration of 30 μM, which inhibited BCF by
43±19% and 36±27% (mean±SD of percentage inhibition of
control in seven cell lines), respectively. The inhibitory effect
on BCF was greater for NS than indomethacin, although

Yi et al: Effects of NSAIDs on Blast Progenitor Self-renewal

Figure 1. Effects of nonsteroidal anti-inflammatory drugs on blast colony formation BCF in methylcellulose. Full titration curves of NS-398 (NS)
and indomethacin (Ind) for the seven cell lines were generated. BCF per well in control culture was 129±10, 100±5, 115±2, 68±14, 125±8, 70±9
and 192±20 in HL-60, U-937, U-266, Mo7e, K-562, Raji and Daudi 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. Control medium contained 0.38% dimethyl sulfoxide
alone. *p<0.05 when compared to control cultures.

there was no significant difference between the two agents.
Thus, the final concentrations of agents used were less than
the IC50s except in two cases (Raji with NS and U-937 with
indomethacin).

Growth regulation in liquid suspension. A significant
logarithmic linear increase in the number of CCCs recovered
per dish for up to 1 month was observed under all conditions
(seven cell lines treated with or without either agent and U937 treated with indomethacin at 0.3 and 3 μM) (p<0.01, r
ranged from 0.994 to 0.999 with a mean±SD of 0.997±0.002)
(Figure 2).
Inhibition of SR capacity (rSLP at 0.9 or below) by both
agents was observed in four (25%) out of 16 conditions,
including U-937 with 0.3 or 3 μM indomethacin, U-266 with
NS and Daudi with indomethacin. In addition, a significant
reduction in the number of CCCs by both agents, at least
once, was observed under all 16 conditions except for HL60 with both agents. Surprisingly, in U-937 cells,
indomethacin at 30 μM almost completely abolished BCF
(3% that of the control), but did not affect the SR capacity
(rSLP of 1.004), although at 0.3 and 3 μM it inhibited SR
capacity with rSLP of 0.808 and 0.873, respectively.
There was no significant correlation (p>0.05) between
control of BCF and rSLP in the cell lines using NS
(t=0.318, r=0.141) or indomethacin (t=0.647, r=0.278)
(Figures 1 and 2).
Stress responses of cells in liquid suspension. The rates of
each of the three types of stress response, i.e. senescence,

necrosis and apoptosis, of the cells in liquid suspension were
serially determined (Figures 3 and 4).
In U-937 cells, indomethacin enhanced both senescence
and necrosis at days 14 and 17 (Figure 3) and the relative
apoptotic ratio by FCM analysis at day 10 (Figure 4). In
contrast, NS reduced apoptosis at days 7 and 10, although it
enhanced necrosis at day 14. Thus, BCF was more sensitive
to inhibition by indomethacin than by NS. Indomethacin and
NS reduced the CCC at re-plating except for day 21 and days
7, 14, 17 and 21, respectively.
In U-266 cells, NS enhanced senescence and necrosis,
whereas indomethacin reduced apoptosis, and BCF and SR
capacity were more sensitive to the inhibition by NS than by
indomethacin.
In Raji cells, NS slightly enhanced and indomethacin
slightly reduced apoptosis at days 4 and 7 and day 4,
respectively; BCF was more sensitive to inhibition by NS
than by indomethacin. NS and indomethacin ceased to
reduce CCC number and both NS and indomethacin and
indomethacin alone reduced apoptosis and necrosis at day 10
and 14, respectively.
In Mo7e cells, cellular stress response by either agents
was absent until day 14, and BCF was most resistant to the
agents. Indomethacin reduced CCC number at day 14 and
enhanced necrosis at day 17.
In K-562 cells, NS and indomethacin scarcely reduced the
CCC number until day 4 and 10 and reduced necrosis at day
7 and 14, respectively. Subsequently, NS and indomethacin
reduced CCC number at day 10 and 14, respectively, and
enhanced necrosis at day 17.
2317
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Figure 2. Effects of nonsteroidal anti-inflammatory drugs on cumulative clonogenic cell recovery in long-term suspension cultures of HL-60, U937, U-266, Mo7e, K-562, Raji and Daudi cells. Cells were cultured in suspension with 0.38% dimethyl sulfoxide alone (Cont) or with dimethyl
sulfoxide plus NS-398 (NS) or indomethacin (Ind). The data shown represent the mean±SD of five replicate cultures. Relative slope (rSLP) was
expressed as inhibition relative to the control (1.0). *p<0.05 when compared to Cont.
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Figure 3. Senescence and necrosis in liquid suspension cultures of HL-60, U-937, U-266, Mo7e, K-562, Raji and Daudi cells. Cells were treated
with 0.38% dimethyl sulfoxide alone (Cont) or with dimethyl sulfoxide plus NS-398 (NS) or indomethacin (Ind). The percentage of cells stained
with SA-β-galactosidase (senescent, Sen) or trypan blue (necrotic, Nec) was determined. The data shown represent the mean±SD of three separate
measurements. *p<0.05 when compared to Cont.

In Daudi cells, indomethacin enhanced apoptosis at days
4 and 7, necrosis at day 10, and senescence at day 17,
whereas NS enhanced none of the stress responses.
Consequently, SR capacity was more sensitive to inhibition
by indomethacin than by NS, although BCF reversely
responded to these agents.

Telomerase activity. Both agents markedly reduced
telomerase activity at day 4 or 7 in all of the seven cell lines,
although the reductions in Daudi cells were not significant
(Figure 5).

Discussion

In the present study, both of the agents significantly inhibited
BCF and CCC number in 14 (100%) and 14 (88%) out of 14

and 16 conditions, respectively. However, there was no
significant correlation between the sensitivity to the either
agents of the SR capacity in suspension and that of the BCF
in methylcellulose. This may be partly owing to the
differences in the duration of total exposure to the agent and
the subsequently accumulated cellular damage. This is
somewhat reflected in the fact that it took more than 6 years
to benefit from at least 0.5 to 1.5 standard aspirin tablet use
per week in gastrointestinal cancer (12).
According to our criteria, the effect on the three stress
responses in seven cell lines was as follows: unchanged:
1/14, 7%, Mo7e with NS; reduced but not enhanced: 6/14,
43%, HL-60 and Raji with either agents, U-266 with
indomethacin, and Daudi with NS; reduced and enhanced:
4/14, 29%, K-562 with either agents, U-937 with NS, and
Daudi with indomethacin; and enhanced but not reduced:
2319
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Figure 4. The relative apoptotic cell fraction determined with flow cytometric analysis. HL-60, U-937, U-266, Mo7e, K-562, Raji and Daudi cells
were treated with 0.38% dimethyl sulfoxide alone (Cont) or with dimethyl sulfoxide plus NS-398 (NS) or indomethacin (Ind). The apoptotic cell
fraction was determined as described in the Materials and Methods Section. The data were normalized as the percentage of the control value in
each experiment. The percentage of apoptotic cells in control cultures was 0.3%±0.7% (n=7), 4.8%±5.6% (n=7), 3.1%±2.6% (n=7) and 1.1%±0.6%
(n=4) at day 0, 4, 7 and 10, respectively. *Enhancement and reduction of apoptosis was defined as ≥200% and <50%, respectively.

Figure 5. Effects of nonsteroidal anti-inflammatory drugs on telomerase activity in HL-60, U-937, U-266, Mo7e, K-562, Raji and Daudi cells. Cells
were treated with 0.38% dimethyl sulfoxide alone (Cont) or with dimethyl sulfoxide plus NS-398-398 (NS) or indomethacin (Ind). The data shown
represent the mean±SD of three separate measurements. *p<0.05 when compared to Cont.

3/14, 21%, U-937 and Mo7e with indomethacin and U-266
with NS. Thus, reduced and enhanced stress response was
found in 10 (71%) and 7 (50%) out of 14 conditions,
respectively. Under six conditions with reduced but without
enhanced stress response, rSLP was 0.979 (U-266 with
2320

indomethacin) or greater, with a mean of 1.009. Under 10
conditions with reduced stress response, except for Daudi
with indomethacin, rSLP was 0.967 (K-562 with
indomethacin) or greater, with a mean of 1.0. In Daudi with
indomethacin, enhancement far exceeded reduction. Under
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four conditions without reduced stress response, except for
U-937 with indomethacin, rSLP was 0.971 (Mo7e with NS)
or less, with a mean of 0.922. Thus, lack of reduced stress
response seems to be necessary to inhibit SR capacity.
Senescence is regarded as a physiological response of
cells to stress, including telomere dysfunction, aberrant
oncogenic activation, DNA damage and oxidative stress (13).
Senescence is characterized by irreversible cell-cycle arrest,
overexpression of cyclin-dependent kinase inhibitors,
caspase-independent cell death and a strong resistance to
apoptosis (14).
In contrast, apoptosis is classified as programmed cell
death I, characterized by morphological features such as
rounding of the cell and caspase activation (15). Necrosis is
usually considered to be uncontrolled and accidental.
However, recent research suggests that its occurrence and
course might be tightly regulated (16). Recent literature
highlights the intricate interplay between apoptosis, necrosis
and autophagy in normal development and in pathology (17).
It is also reported that the senescence response was
potentiated by apoptosis inhibition in an autophagydependent way (18).
NSAIDs have been shown to down-regulate telomerase
activity and cancer cell growth in vitro (19). Telomerase
inhibition either genetically or pharmacologically limits
leukemia stem cell SR capacity through cell-cycle arrest, p53
activation, DNA damage, and apoptosis (20). A noncanonical feed-forward regulatory loop mechanism involved
in the cross-talk with telomerase reverse transcriptase
between the nuclear factor-kappa B and WNT/β-catenin
pathways has been reported (21). Although, in the present
study, both agents markedly reduced telomerase activity in
all seven cell lines, inhibition of SR was observed in only 4
(25%) out of 16 conditions. Telomerase inhibition results in
stimulation of COX2 and mammalia target of rapamycin
complex 1 and inhibition of autophagy (22, 23). This may
indicate that reduced telomerase activity may be necessary
but not sufficient to inhibit SR capacity.
In U-937 cells, 0.3 μM indomethacin significantly
inhibited BCF and reduced rSLP to 0.808. In a human
clinical trial, 1 h after a single capsule dosage of 25 mg
indomethacin, its concentration in blood of 0.3 μM or more
was obtained (24). Thus, it may be possible for indomethacin
to inhibit malignant hematological SR capacity in vivo.
Aspirin has been shown to inhibit colony formation, SR
capacity by spheroid-formation assay and tumor growth in a
nude mouse xenograft model in breast and pancreatic cancer
(25, 26). Our present long-term suspension culture, however,
enables us to express the SR capacity of blast progenitors as
rSLP, compare each rSLP for different agents alone and in
combination, and uncover the growth-regulatory mechanisms
by adding stimulators or inhibitors to the culture. Mechanisms
of an imbalance between pro-oxidant and antioxidant factors

controlled by multiple components in NSAIDs, including
positive correlation between indomethacin dose and rSLP in
U-937 cells, remain to be further clarified (27).
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