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Abstract
The novel synthetic retinoid 6-[3-(1-adamantyl)-4-hydroxy-
phenyl]-2-naphtalene carboxylic acid (AHPN/CD437) has
been proven to be a potent inducer of apoptosis in a variety
of tumor cell types. However, the mechanism of its action
remains to be elucidated. Recent studies suggest that the
lysosomal protease cathepsin D, when released from
lysosomes to the cytosol, can initiate apoptosis. In this
study, we examined whether cathepsin D and free radicals
are involved in the CD437-induced apoptosis. Exposure of
human leukemia HL-60 cells to CD437 resulted in rapid
induction of apoptosis as indicated by caspase activation,
phosphatidylserine exposure, mitochondrial alterations and
morphological changes. Addition of the antioxidants a-
tocopherol acetate effectively inhibited the CD437-induced
apoptosis. Measurement of the intracellular free radicals
indicated a rise in oxidative stress in CD437-treated cells,
which could be attenuated by a-tocopherol acetate.
Interestingly, pretreatment of cells with the cathepsin D
inhibitor pepstatin A blocked the CD437-induced free radical
formation and apoptotic effects, suggesting the involvement
of cathepsin D. However, Western blotting revealed no
difference in cellular quantity of any forms of cathepsin D
between control cells and CD437-treated cells, whereas
immunofluorescence analysis of the intracellular distribu-
tion of cathepsin D showed release of the enzyme from
lysosomes to the cytosol. Labeling of lysosomes with
lysosomotropic probes confirmed that CD437 could induce
lysosomal leakage. The CD437-induced relocation of cath-
epsin D could not be prevented by a-tocopherol acetate,
suggesting that the lysosomal leakage precedes free radical
formation. Furthermore, a retinoic acid nuclear receptor
(RAR) antagonist failed to block these effects of CD437,
suggesting that the action of CD437 is RAR-independent.
Taken together, these data suggest a novel lysosomal
pathway for CD437-induced apoptosis, in which lysosomes
are the primary target and cathepsin D and free radicals act

as death mediators. Cell Death and Differentiation (2001) 8,
477 ± 485.
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Introduction

Over the last few years, a growing number of studies have
shown that the novel synthetic retinoid 6-[3-(1-adamantyl)-4-
hydroxyphenyl]-2-naphtalene carboxylic acid (AHPN/CD437)
can effectively inhibit the growth and induce apoptosis of a
wide variety of human malignant cell types including lung
carcinoma,1 ± 6 breast cancer,7 ± 10 ovarian carcinoma,11

cervical carcinoma,12 prostate cancer,13 melanoma,14 ± 16

neuroblastoma,17 and leukemia.18 ± 20 Interestingly, CD437,
unlike retinoic acid and most other synthetic retinoids which
act via binding to and activation of specific nuclear receptors
(RARs and RXRs), acts in an RAR-independent manner
because it is effective in retinoic acid-resistant cells.1,18,19

RAR-deficient cells18 and in the presence of RAR antago-
nist.1,12,19 Thus, what is the authentic pathway for the action of
CD437 remains to be investigated.

A number of apoptosis-related factors including cas-
pases,4,19 ± 21 P53,4,5 P21,3,5,7,18,22 P38,23 Bcl-2,3,24 c-
Myc,6 AP1,15 C-jun3 and nur773 have been implicated in
the CD437-induced growth arrest and apoptosis. However,
the involvement of the individual factors was somehow
inconsistent (variable) or even conflicting according to the
experimental system used.1,12,25 Dual pathways (both
dependent and independent) for some factors such as
caspases and P53 in a given cell type have been
reported.4,21,24 It was also observed in some cases that
de novo protein synthesis was not required for the induction
of apoptosis by CD437.19,26 Despite these findings,
questions such as what is the primary target of CD437
and how the apoptotic factors could be activated by CD437,
need to be answered.

Most recently, a study showed that CD437 could cause
mitochondrial alterations that preceded other apoptotic
manifestations in different cell models, including human
myeloma cell line RPMI 8266, the RAR g-negative myeloma
cell line L363 and RPMI 8266 cytoplasts (anucleate
cells).26 It was also found that purified mitochondria could
be directly affected by CD437, and supernatants from
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CD437-treated mitochondria provoked chromatin condensa-
tion of isolated nuclei.26 On this basis, it was proposed that
the rapid execution of CD437-induced apoptosis is a
nucleus-independent phenomenon involving mitochondria.

Interestingly, several recent studies have demonstrated
that the lysosomal aspartic protease cathepsin D is
involved in apoptosis.27 ± 35 During apoptosis induced by
certain factors such as oxidative stress, release of
cathepsin D from lysosomes to the cytosol was found to
precede mitochondrial alterations and other apoptotic
manifestations.28,29,34 ± 37 Inhibiting cathepsin D with pep-
statin A totally prevented the apoptosis.27 ± 30,33 ± 35 It was,
therefore, suggested that lysosomal proteases, if released
to the cytosol, might rapidly cause apoptosis directly by
pro-caspase activation and/or indirectly by mitochondrial
attack with ensuing discharge of pro-apoptotic factors.27 ± 37

Thus, lysosomal rupture (leakage or destabilization) seems
to be an early event and may play a pivotal role in
apoptosis.

It is possible that CD437 can cause lysosomal leakage
by itself or its oxidative metabolites and thereby rapidly
induce apoptosis via mitochondrial attack independent of
the nucleus. This study was designed to test this
hypothesis by examining the roles of cathepsin D and
free radicals in CD437-induced apoptosis in human
leukemia HL-60 cells.

Results

Exposure of HL-60 cells to CD437 (1 mM) resulted in massive
cell death within 6 h. Morphologically, the CD437-treated cells
exhibited nuclear pycnosis and fragmentation, cytoplasmic
condensation, basophilia and apoptotic bodies (Figure 1).
Staining with Annexin-V showed that more than 30% of the
cells underwent phosphatidylserine translocation (Figure 2).
Measurement of mitochondrial transmembrane potential
(Dcm) indicated a loss of Dcm in the CD437-treated cells
(Figure 2). Furthermore, assay of caspase-3 activity showed a
remarkable increase in the enzyme activity in the CD437-
treated cells (Figure 3). These apoptotic manifestations
occurred apparently 4 h after CD437 exposure. The effective
concentration of CD437 was as low as 0.25 mM in HL-60 cells.

To explore the role of free radicals in the CD437-induced
apoptosis, we determined the effect of a-tocopherol
acetate, an effective free radical scavenger, on the
responses of HL-60 cells to CD437. As shown in Figures
1 ± 3, pretreatment of cells with a-tocopherol acetate
(400 mM) significantly inhibited all the observed apoptotic
alterations induced by CD437. Measurement of intracellular
reactive oxygen species (ROS) levels by using the cell-
permeant fluorescent probe 2',7'-dichlorodihydrofluorescein
diacetate indicated that treatment with CD437 resulted in a
significantly high level of ROS, which could be attenuated
by addition of a-tocopherol acetate (Figure 4). These results
suggest that free radicals play an important role in
mediating CD437-induced apoptosis. The generation of
free radicals seems to be an early event that precedes the
apoptotic alterations, including mitochondrial change.

Previous studies have found that the lysosomal protease
cathepsin D may act as a death mediator during

apoptosis.27 ± 37 Thus, we determined whether cathepsin
D is involved in the CD437-induced apoptosis. As shown in
Figures 1 ± 4, pretreatment of HL60 cells with pepstatin A, a
potent inhibitor of cathepsin D, effectively blocked the
apoptotic effects of CD437. Surprisingly, pepstatin A also
significantly inhibited the CD437-induced generation of free
radicals (Figure 4). This suggests that cathepsin D exerts
an apoptosis-initiating effect upstream of free-radical
formation during the CD437-induced apoptosis.

Next, we tried to figure out whether the effect of
cathepsin D is due to its overexpression in the CD437-
treated cells or its relocation/activation induced by CD437.
To address this issue, Western blot analysis and
immunofluorescence detection of cathepsin D were
performed. The results showed that there was no
significant difference in any forms (precursor or active) of
cathepsin D protein between control cells and CD437-
treated cells at different time points within 6 h (data
not shown). This suggests that expression and/or conver-
sion (activation) of cathepsin D is not involved during the
period of time. However, immunofluorescence staining of
cathepsin D revealed different patterns of intracellular
distribution of cathepsin D between control cells and
CD437-treated cells (Figure 5). Control cells displayed a
distinct granular staining, whereas CD437-treated cells
exhibited more diffuse staining. This pattern corresponds
to release of the enzyme from lysosomes to the cytosol, as
demonstrated by others using electron microscopy in
different cell types.29,34,35 This phenomenon of cathepsin
D relocation could be observed as early as 30 min after
exposure to CD437 and prior to apparent apoptotic

Figure 1 Morphological changes of HL60 cells after treatment with CD437
and the effects of antioxidants and cathepsin D inhibitor. Cells were treated
with vehicle/ethanol (a, control), 1 mM of CD437 alone (b), CD437 (1 mM) plus
400 mM of antioxidant a-tocopheryl acetate (c), or CD437 (1 mM) plus 100 mM of
the cathepsin D inhibitor pepstatin A (d) for 6 h, centrifuged onto slides, and
stained with LeukoStat stain. Photographs were taken using a Nikon
microscope
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alterations. Interestingly, neither a-tocopherol acetate nor
pepstatin A could inhibit the CD437-induced relocation of
cathepsin D, although both of them could effectively
prevent the CD437-induced apoptosis, suggesting that the

Figure 2 Mitochondrial alterations and phosphatidylserine exposure of HL60 cells in response to different treatments. Cells were treated with vehicle/ethanol (a,
control), 1 mM of CD437 alone (b), CD437 (1 mM) plus 400 mM of antioxidant a-tocopheryl acetate (c), or CD437 (1 mM) plus 100 mM of the cathepsin D inhibitor
pepstatin A (d) for 6 h. Cells were then co-stained with MitoTracker-Red (Molecular Probes) to detect changes in inner mitochondrial transmembrane potential
(Dcm) and FITC-ApoAlert Annexin V (Clonetech) to detect cell surface phosphatidylserine (PS). The stained cells were analyzed by fluorescence microscopy (A;
red, mitochondria stained with MitoTrack; green, PS stained with annexin V) and by flow cytometry (B, mitochondria staining; C, PS staining)

Figure 3 Caspase-3 activity in HL60 cells following different treatments.
Cells were treated with vehicle/ethanol (a, control), 1 mM of CD437 alone (b),
CD437 (1 mM) plus 400 mM of antioxidant a-tocopheryl acetate (c), or CD437
(1 mM) plus 100 mM of the cathepsin D inhibitor pepstatin A (d) for 6 h.
Caspase-3 activity was determined as described in Materials and Methods.
The values are the mean+S.D. of three independent experiments (n=3,*
represents P50.05 vs control)

Figure 4 Generation of free radicals (reactive oxygen species, ROS) in HL60
cells after treatment with CD437. Cellular oxidative activity was measured by
flow cytomestry using 2',7'-dichlorodihydrofluorescein diacetate as probe.
Intracellular levels of ROS rose 30 min after exposure to 1 mM CD437 (B; A,
control). Pretreatment of cells with 400 mM a-tocopheryl acetate (C), or 100 mM
pepstatin A (D) prevented the CD437-induced generation of free radicals
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release of cathepsin D is an early event underlying the
apoptosis induced by CD437.

In light of the CD437-induced release of cathepsin D,
we further examined the effect of CD437 on lysosomal
membrane stability using neutral red as a lysosomotropic
probe. Cells were preloaded with neutral red, challenged
with CD437 and then the distribution of neutral red dye
was examined with microscopy. As shown in Figure 6,
neutral red dye was concentrated in lysosomes in a
granular pattern with intense red stain in control cells,
whereas a redistribution of the dye, as shown by a diffuse
or fade-stain pattern, was observed in the CD437-treated
cells. The time course of this effect indicated that the
phenomena could take place within 30 min following
CD437 exposure (not shown). The redistribution of the
lysosomal probe could not be blocked by either a-
tocopherol acetate or pepstatin A, but the apoptotic
changes in morphology could be effectively prevented by
both of them (Figure 6). Use of another lysosomotropic
probe, acridine orange, obtained similar results (data not
shown). Obviously, these effects on the distribution of
lysosomotropic probes were parallel to those effects on
the distribution of cathepsin D. These findings suggest that

CD437 may act as a lysosomal destabilizer to induce
lysosomal leak.

Finally, to see whether the nuclear retinoic acid
receptors (RARs) are involved in the CD437-induced
apoptosis, cell death in response to CD437 was examined
in the presence of the RAR antagonist AGN 193109 or in
the RAR-deficient HL-60R cells. Our results showed that
CD437 was still effective in induction of apoptosis in HL-
60R cells, and the RAR antagonist failed to block the
apoptotic effects of CD437 (data not shown), suggesting
that the action of CD437 is RAR-independent. In addition,
our previous studies have shown that the mannose 6-
phosphate/insulin-like growth factor-II receptor (M6P/
IGF2R) mediate the apoptotic effect of certain reti-
noids.38,39 To test whether the CD437-induced apoptosis
is mediated by the M6P/IGF2R, we examined the apoptotic
effect of CD437 in M6P/IGF2R-positive and M6P/IGF2R-
negative P388D1 cells. We found that CD437 was still
effective in the M6P/IGF2R-negative cells but the receptor-
negative cells seemed to be less sensitive to CD437 than
the receptor-positive cells (data not shown), suggesting that
the M6P/IGF2R is not essential for the action of CD437 but
may potentiate its effect. Similarly, the CD437-induced

Figure 5 Immunofluorescence detection of cathepsin D in HL60 cells following different treatments for 4 h. (a) control cells (treated with vehicle). (b) cells treated
with 1 mM CD437. (c) cells pretreated with 400 mM a-tocopheryl acetate and exposed to CD437. (d) cells pretreated with 100 mM pepstatin A and exposed to CD437.
Note granular staining in control cells (a) and diffuse staining in CD437-treated cells (b). Both a-tocopheryl acetate and pepstatin A failed to block the CD437-
induced changes
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apoptosis of P388D1 cells could be inhibited by pepstatin
A, suggesting the involvement of cathepsin D.

Discussion

In the present study, we have examined the mechanism by
which CD437 induces apoptosis in HL-60 cells. We found that
cathepsin D and free radicals play a pivotal role in mediating
the CD437-induced apoptosis. The data presented here
demonstrate that CD437 may trigger apoptosis through a
direct attack on lysosomes.

Based on our findings, we propose a coherent pathway
for CD437-induced apoptosis in HL-60 cells, as illustrated
in Figure 7. The sequence of events (steps) of the pathway
is as follows: (1) CD437 targets primarily on lysosomes and
induces lysosomal leakage or rupture. CD437 is a
hydrophobic (lipid-solvable) compound capable of penetrat-
ing and partitioning into lipid membrane of cellular
organelles including lysosomes. Thus, it is not impossible
for CD437 to rapidly alter or disturb lysosomal membrane
stability or permeability. This is supported by our findings
that CD437 could induce relocation/release of cathepsin D,
a lysosomal marker enzyme, as well as neutral red, a
lysosomotropic dye (Figures 5 and 6). This event took
place as early as 30 min following exposure to CD437 and
prior to free radical formation and other apoptotic

alterations. (2) Cathepsin D, once released from lyso-
somes to the cytosol, may convert certain (unknown)
substances to bioactive molecules such as free radicals,
directly attack other cellular organelles (e.g., mitochondria)
or directly activate caspases. Indeed, our results showed
that CD437 treatment resulted in a rapid rise in intracellular
free radicals, and addition of free radical scavenger could
block all apoptotic alterations, including mitochondrial
changes, but failed to inhibit the cathepsin D relocation,
whereas cathepsin D inhibitor could block both free radical
formation and apoptosis (Figure 4). This suggests that the
free radical generation takes place before all other
apoptotic alterations but secondary to cathepsin D
release. Thus, cathepsin D seems to act as a death
initiator in this system. (3) Mitochondria undergoes
alterations as a result of attack of cathepsin D and/or free
radicals. Mitochondrial alteration has been well recognized
as a typical manifestation of apoptosis in many systems40

and has been recently shown to be an underlying
mechanism of CD437-induced apoptosis in human myel-
oma cell lines.26 In the present study, we found that
exposure of cells to CD437 resulted in loss of mitochondrial
transmembrane potential, which could be blocked by either
the inhibitor of cathepsin D or free radical scavenger. This
supports the notion that the mitochondrial alteration in this
case is secondary to the effect of cathepsin D and/or free

Figure 6 Lysosomal leakage induced by CD437 in HL60 cells. Cells were preloaded with the lysosomal probe neutral red, exposed to 1 mM CD437 for 6 h and then
the distribution of neutral red dye was examined using a light microscope. (a) control cells (treated with vehicle). (b) cells treated with 1 mM CD437. (c) cells
pretreated with 400 mM a-tocopheryl acetate and exposed to CD437. (d) cells pretreated with 100 mM pepstatin A and exposed to CD437. Note a granular pattern
with intense red stain in control cells (a) and a diffuse or fade-stain (pale) pattern in CD437-treated cells (b). The redistribution of the lysosomal probe could not be
blocked by either a-tocopherol acetate or pepstatin A but the apoptotic changes in morphology could be effectively prevented by both of them (c and d)
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radicals. (4) Apoptotic factors (e.g., caspases) are released
or activated and execute apoptosis. Following mitochondrial
alteration, certain factors such as cytochrome-C may be
discharged and then trigger expression or activation of
other apoptotic factors such as caspase-3, an executor of
apoptosis. In this study, an enhanced level of caspase-3
activity was observed in the CD437-treated cells. This
suggests that caspase-3 is involved in the CD437-induced
apoptosis, consistent with the findings of previous
studies.4,19 ± 21

Nevertheless, it is possible that CD437 is a free-radical-
generating compound. The active form of CD437 is its
oxidative metabolites that can directly attack lysosomes
and mitochondria. If this is the case, free radical-scavenger
should be able to inhibit all the CD437-induced changes.
However, our findings do not support this possibility
because the free radical-scavenger a-tocopherol failed to
block the CD437-induced cathepsin D release, and the CD-
437-induced rise in free radicals could be effectively
attenuated by the cathepsin D inhibitor pepstatin A, which

is not a free-radical scavenger.34 Nevertheless, our findings
do not exclude the possibility that multiple pathways may
be involved.

Lysosomes, as an acidic compartment with limiting
membranes, are the major site for cellular catabolism and
contain a wide spectrum of hydrolytic enzymes (e.g.
proteases, nucleases, etc.) that can degrade nearly all
cellular components. Among the most powerful hydrolytic
enzymes are the cathepsins. The lysosomal cathepsins,
particularly cathepsin D, the major intracellular aspartic
protease present in relatively high concentrations within
the lysosomes, have been demonstrated to be involved
in apoptosis by several recent studies in different
systems.27 ± 35 In this context, it is conceivable that an
uncontrolled leakage of the enzymes from lysosomes to the
cytosol may be dangerous or even lethal for cells. Indeed,
our data presented here and those reported by others
previously.28,29,34 ± 37 have demonstrated that lysosomal
leakage or partial rupture, leading to release of cathepsin
D, plays an important, perhaps even initiating, role in
apoptosis. These findings, therefore, provide new insights
into the mechanisms of apoptosis and challenge the early
notion that lysosomal rupture is connected solely with
cellular necrosis, and the essential functions of cathepsin D
is limited to bulk degradation of proteins in lysosomes. It is
now evident that lysosomes may function as suicide bags
and therefore are the potential target for induction of
apoptosis, whereas cathepsin D may be a key mediator or
executor of apoptosis. Thus, any agents that are able to
alter lysosomal membrane stability may serve as inducers
of apoptosis.

Because lysomomal proteases serve as mediators or
executors of apoptosis in the lysosomal pathway, any
factors or processes that determine the bioavailabilty of the
enzymes in lysosomes may affect the lysosomal apoptosis.
Normally, trafficking of newly synthesized lysosomal
enzymes from the TGN to lysosomes are carried out by
two kinds of mannose 6-phosphate receptors (cation
dependent and cation-independent).41 Thus, quantity and
functional activity of the receptors in a cell may have an
effect on the sensitivity of the cell to apoptosis using the
lysosomal pathway. Our results that CIMPR-deficient cells
were relatively less sensitive to CD437 supports this
hypothesis.

In conclusion, we have demonstrated a lysosomal
pathway for apoptosis induced by CD437 in HL-60 cells.
In this pathway, CD437 acts as a lysosomal destabilizer to
cause release of cathepsin D, which serves as a death
mediator.

Materials and Methods

Materials

CD437 (AGN 192837) and the nuclear retinoic acid receptor (RARs)
antagonist AGN193109 were synthesized by Allergan (Irvine, CA,
USA). Retinoids were dissolved in ethanol at an initial stock
concentration of 10 mM and stored at 7208C in the dark. Pepstatin
A and a-tocopheryl acetate were obtained from Sigma (St. Louis, MO,

Figure 7 Model of a possible lysosomal pathway for CD437-induced
apoptosis. CD437 may target directly on lysosomes and induces lysosomal
leakage or partial rupture, leading to release of cathepsin D (CD) from
lysosomes to the cytosol. Released cathepsin D may convert certain unknown
substances to bioactive molecules such as free radicals which may attack
other cellular organelles (e.g., mitochondria, nucleus). In addition, cathepsin D
may directly attack the organelles or activate caspases. As a result of attack of
cathepsin D and/or free radicals, mitochondria may undergo apoptotic
alterations. Thus, apoptotic factors (e.g., cytochrome C, caspases) are
released or activated and execute apoptosis
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USA). Annexin V-EGFP Apoptosis kit and the Caspase-3 Colorimetric
Assay kit were purchased from Clontech (Palo Alto, CA, USA).
MatoTracker, 2',7'-dichlorodihydrofluorescein diacetate (H2DCFDA)
and the neutral red were purchased from Molecular Probes, Inc
(Eugene, OR, USA). The mouse anti-human-cathepsin D monoclonal
antibody was obtained from Zymed Laboratories Inc. (Carlton Court,
CA, USA). The goat anti-mouse IgG conjugated-HRP and the goat
anti-mouse IgG conjugated-FITC polyclonal antibody were obtained
from Jackson Immuno Research Laboratories Inc (West Grove, PA,
USA). The ECL Western blotting system was obtained from NEN Life
Science (Boston, MA, USA). RPMI 1640 medium and fetal bovine
serum (FBS) were obtained from Cellgro and JRH Biosciences
(Leneta, KS, USA), respectively.

Cell lines and culture conditions

The human leukemia cells, HL-60 (CCL-240 American Type Culture
Collection) and HL-60R (kindly provided by Dr. SJ Collins, Fred
Hutchinson Cancer Research Center) were maintained in RPMI 1640
medium supplemented with 10% fetal bovine serum, without
antibiotics. The cells were incubated in humidified air with 5% CO2

at 378C and subcultured every 3 days.

Induction and assessment of apoptosis

To induce apoptosis, cells were grown on 12-well plates at 106/ml and
treated with 1 mM of CD437 at 378C for 1 ± 6 h alone or in combination
with the antioxidant a-tocopheryl acetate (400 mM), or the cathepsin D
inhibitor pepstatin A (100 mM). The concentration of a-tocopheryl
acetate or pepstatin A alone had no effect on the growth of cells.
Apoptotic morphology was detected with a light microscope following
cytospin and staining with LeukoStat stain (Fisher). Cells were scored
as apoptotic if there was evidence of nuclear pycnosis and
fragmentation, cytoplasmic condensation, apoptotic bodies and
basophilia. The annexin V cell surface labeling was also carried out
according to the manufacturer's instruction using the ApoAlert Annexin
V Apoptosis Kit (Clonetech). Briefly, cells were washed with cold PBS,
resuspended in 200 ml of binding buffer, and incubated with 50 ml of
Annexin V-EGFP and 10 ml of PI for 10 min in the dark. The cells were
mounted on glass slides and photographed with a Nikon photomicro-
scope. The percentage of apoptotic cells was quantified by flow
cytometry.

Assessment of lysosomal stability

To detect lysosomal stability, neutral red, a common lysosomal probe,
was used. HL60 cells were loaded with 10 mg/ml neutral red in
RPMI1640 medium at 378C, 5% CO2 for 2 h. Then, cells following
pelleting were resuspended in RPMI 1640 medium with ethanol
(control), CD437 alone or CD437 plus a-tocopheryl or pepstatin A and
incubated at 378C for 30 min. The cells were gently pelleted and
mounted on glass slides and photographed by light microscope.

Detection of cathepsin D by immunocytochemistry
and immunoblot

For immunocytochemistry, HL-60 cells were fixed in 4% paraformal-
dehyde in phosphate-buffered saline (PBS) for 30 min at 48C followed
by exposure to 1 mM of CD437 for 0.5, 1, 2, 4 or 6 h and then
processed for immunostaining. Briefly, the cells were incubated with a
monoclonal mouse-antihuman cathepsin D antibody (dilution, 1 : 5) at
08C for 1 h, followed by a goat anti-mouse IgG-FITC conjugate
(1 : 2000) after washing three times in PBS. Thereafter the cells were

rinsed in PBS three times again, mounted in antifade reagent
(Molecular Probes), and examined and photographed in a Nikon
photomicroscope. For Western blot, the extracts from HL-60 cells
cultured with or without 1 mM of CD437 were obtained by the treatment
with cell lysis buffer containing 150 mM NaCl, 50 mM Tris, 5 mM
EDTA and 0.5% NP-40, including the protease inhibitor containing
0.01 mg/ml leupeptin, 0.01 mg/ml pepstatin, 0.1 mM PMSF. Ten mg of
proteins from each sample was subjected to 12% SDS-polyacrylamide
gel electrophorosis (SDS ± PAGE) and subsequently transferred to
PVDF membrane (Immunobilon, Millipore, USA). The blots were
incubated with anti-cathepsin D monoclonal antibody (dilution 1 : 50)
and visualized with the ECL detection system (NEN Life Science,
USA). Quantitation analysis of the immunosignals was carried out
using Scanning Imager.

Assessment of mitochondrial transmembrane
potential (Dcm)

Changes in inner mitochondrial transmembrane potential (Dcm) in HL-
60 and HL-60R cells following different treatments were examined by
flow cytometry and photographed in a Nikon photomicroscope using
MitoTracker (Molecular Probes) as probes. In detail, 1 mM of
MitoTracker stock solution was made up in dimethyl sulfoxide and
then 300 nM MitoTrack working solution was prepared freshly by
diluting stock solution in RPMI 1640 medium and was subsequently
added to the plates with HL60 or HL60R cells. The cells were kept at
378C for 30 min in the dark. After incubation, cells were rinsed twice in
PBS and resuspended in 1 ml of PBS for measurement of the
fluorescence by FACScan, or mounted on glass slides for photograph
in a Nikon photomicroscope.

Measurement of intracellular ROS levels

To monitor intracellular oxidative activity, the cell-permeant probe
2',7'-dichlorodihydrofluorescein diacetate (H2DCFDA) (Molecular
Probes) was used. The oxidative activity of HL60 and HL60R cells
were assessed following the different treatments. Briefly, the cells
were centrifuged, washed twice with PBS and resuspended in RPMI
1640 medium with 5 mM H2DCFDA for 30 min at 378C. After the
incubation, cells were washed again two times with PBS and
resuspended in 1 ml of PBS. The fluorescence was measured with
lex=488 nm and lem=575 nm by FACS assay.

Measurement of Caspase-3 enzyme activity

Caspase-3 activity was measured using the Caspase-3 Colorimetric
Assay Kit (Clontech) according to the manufacture's protocol. In brief,
26106 ml cells were lysed with 50 ml of chilled cell lysis buffer. The
clear supernatant was obtained by microcentrifugation for 10 min at
12000 r.p.m./min and used for caspase-3 colorimetric protease assay.
The protein (200 mg) was mixed with 50 ml of 26recation buffer
(containing 10 mM DTT) and 5 ml of caspase-3 substrate. After
incubation at 378C for 1 h, samples were read at 400 nm by a
spectrophotometer.
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