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Abstract. Chemoresistance has become a major obstacle to
the successful treatment of leukemia. Autophagy, a regulated
process of degradation and recycling of cellular constitu-
ents, has recently caught increasing attention for its roles in
conferring resistance to various commonly used anticancer
therapies. Here we showed that the member of the S100
calcium-binding protein family, SI00A8, is a critical regulator
of chemoresistance in the autophagy process. It positively
correlated with the clinical status in childhood acute myelo-
blastic leukemia (AML) and it was released from leukemia
cells after chemotherapy-induced cytotoxicity. Knockdown
of S100A8 expression increased the sensitivity of leukemia
cells to chemotherapy and apoptosis. Moreover, suppressing
S100AS8 expression decreased autophagy as evaluated by the
increased expression of the autophagic marker microtubule-
associated protein light chain 3 (LC3)-II, degradation of
SQSTM1/Sequestosome 1 (p62) and formation of autophago-
somes. Furthermore, stimuli that enhanced reactive oxygen
species (ROS) promoted cytosolic translocation of SI00AS8
and thereby enhanced autophagy. SI00A8 directly interacted
with the autophagy protein Beclinl displacing Bcl-2. These
results suggest that SIO0AS is a critical pro-autophagic protein
that enhances cell survival and regulates chemoresistance in
leukemia cells likely through disassociating the Beclinl-Bcl-2
complex.

Introduction

Autophagy is a highly evolutionarily conserved catabolic
mechanism responsible for the removal and breakdown of
cellular material as a mean to maintain intracellular homeo-
stasis (1,2). During this process, cytosolic constituents are
sequestered into autophagosomes, which subsequently fuse
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with lysosomes to become autolysosomes where their contents
are degraded (3). Many clinically available cancer therapeu-
tics, including DNA-damaging chemotherapeutics, radiation
therapy and molecular targeted therapies have been found to
induce autophagy in cell culture and animal models (4-6).
However, the role of autophagy in response to chemoresistance
in leukemia cells is not clearly defined.

S100A8 (also designated MRP8 or calgranulin A) is a
member of the S100 multigene subfamily of cytoplasmic
EF-hand Ca?**-binding proteins (7). At least 16 genes of the
S100 family, including the gene coding for SI00AS8, are clus-
tered on human chromosome 1q21, a frequent target region
for chromosomal rearrangements that occur during tumor
development (8). SIO0AS is differentially expressed in a wide
variety of cell types and is abundant in myeloid cells (9,10).
It has been reported to regulate cell proliferation and meta-
static processes (11-13), to induce apoptosis (14,15) and to be
involved in the progression of various cancers (16,17).

Research has shown that SI00A8/S100A9 (exogenous puri-
fied protein) induces autophagy and promotes cell death (18).
However, whether endogenous S100A8 regulates autophagy
and influences chemotherapy sensitivity in myelogenous
leukemia cells remains unknown. In this study, the expression
of SI00AS in childhood acute leukemia, the involvement of
S100A8 in autophagy, its relation with reactive oxygen species
(ROS) generation, its effect on the Beclinl-Bcl-2 complex and
its influence on chemoresistance of leukemia cells were inves-
tigated collectively, which would help obtain more insight into
S100A8's function in regulating autophagy and chemoresis-
tance of leukemia cells.

Materials and methods

Reagents. The antibodies to S1I00AS, Fibrillarin and SODI1
were obtained from Abcam (USA). The antibodies to LC3,
Beclinl, Bcl-2 and actin were obtained from Cell Signaling
Technology (USA). The antibody to p62 was obtained
from Santa Cruz Biotechnology (USA). Vincristine (VCR),
adriamycin (ADM), arsenic trioxide (As,0s), rotenone (Rot),
thenoyltrifluoroacetone (TTFA), antimycin A (AA), E64D and
pepstatin were from Sigma (USA).

Human S100A8-siRNA and human SODI-siRNA were
obtained from Gene Pharma Co., Ltd. (Shanghai, China). ROS
activity assay kit, FITC Annexin V Apoptosis Detection kit
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and the Nuclear and Cytoplasmic Protein Extraction kit were
purchased form Beyotime Institute of Biotechnology (Beijing,
China).

Cell culture. Acute promyelocytic leukemia HL-60 and
chronic myelogenous leukemia K562 cells (Xiangya School
of Medicine Type Culture Collection, China) were cultured in
RPMI-1640 medium with 10% heat-inactivated fetal bovine
serum (FBS), in 5% CO, and 95% air.

Patients and cell separation. Diagnostic childhood acute
myeloblastic leukemia (AML) and acute lymphoblastic
leukemia (ALL) bone marrow samples were obtained after
informed consent and with the approval of the Research
Ethics Committee at Central South University. The diagnoses
of AML and ALL were based on morphology and flow
cytometric analysis of immunophenotype. Bone marrow
mononuclear cells (BMMCs) were isolated by Ficoll density
gradient centrifugation.

Small interfering RNA (siRNA) transfection. Human S100A8-
siRNA and human SODI-siRNA were transfected into cells
using Lipofectamine RNAiIMAX reagent according to the
manufacturer's instructions (Invitrogen, USA). After 3 h incu-
bation, the medium was replaced with RPMI-1640 containing
20% FBS and the cells were incubated for another 48 h at
37°C. After siRNA transfection for 48 h, the cell medium was
changed before subsequent treatments.

Cell viability assay. Cell viability was assessed by the MTT
assay (19). Cells were plated in 96-well flat bottom tissue
culture plates at a density of ~5x10° cells/well. After the treat-
ment, 20 ul of 5 mg/ml MTT (in PBS) was added to each well
of a 96-well plate, and continually incubated 4 h at 37°C. The
formazan granules obtained in cells were then dissolved in
150 pl dimethyl sulfoxide (DMSO). The absorbance values
were detected at a wavelength of 490 nm by a 96-well multi-
scanner autoreader (Thermo, USA). The experiments were
performed 3 times. Cell viability was calculated as % = (OD
of treated cells/OD of control cells) x 100.

ELISA for SIOOA8 measurement. Quantitative evaluation of
S100A8 in cell culture supernatants was performed by ELISA.
Briefly, leukemia cells were cultured in 6-well plates. The
supernatants were collected 48 h later and the concentration of
secreted SIO08A proteins was determined using an ELISA kit
(Beyotime). Plates were read in an ELISA microplate reader
(Thermo) at 450 nm. The experiments were performed 3 times.

Electron microscopy. Leukemia cells were collected and
fixed in 2.5% glutaraldelhyde for at least 3 h. Then cells were
treated with 2% paraformaldehyde at room temperature for
60 min, 0.1% glutaraldelhyde in 0.1 M sodium cacodylate for
2 h, post-fixed with 1% OsO, for 1.5 h, after second washing,
dehydrated with graded acetone, and embedded in Quetol 812.
Ultrathin sections were observed using a Hitachi H7500 elec-
tron microscope (Tokyo, Japan).

Reverse transcription PCR (RT-PCR). Total-RNA was
isolated from BMMCs using TRIzol reagent (Invitrogen)

according to the manufacturer's protocol. RNA concentra-
tion and purity were measured with a spectrophotometer
at A260 and A260/280, respectively. RNA was reverse-
transcribed into cDNA using a Primescript™ RT reagent kit
(Invitrogen) according to the manufacturer's instructions.
The sequences of primers used were as follows: for [3-actin,
forward, 5"-TCCTTCCTGGGCATGGAGTC-3' and reverse,
5'-GTAACGCAACTAAGTCATAGTC-3'"; for S100AS,
forward, 5'-TGTCAGCTGTCTTTCAGAAG-3' and reverse,
5'-ACGCCCATCTTTATCACCAG-3'". B-actin was used as an
internal control to evaluate the relative expressions of SI00AS.
The polymerase chain reaction (PCR) conditions were as
follows: denaturation at 94°C for 2 min, followed by 30 cycles
of 94°C for 30 sec, 55°C for 30 sec (f-actin, 51°C for 30 sec),
72°C for 30 sec, and a 5 min elongation at 72°C. PCR products
were analyzed with 1.0% agarose gel electrophoresis. The gels
were stained with EB, photographed and scanned using Band
Leader software for grey scale semi-quantitative analysis.

Western blotting analysis. Western blotting was performed
with various targeted primary antibodies and horseradish
peroxidase-conjugated AffiniPure secondary antibodies.
B-actin [goat anti-rabbit IgG (1:1,000, polyclonal antibody,
CST, USA)] served as a control protein. In brief, leukemia cells
with different treatments were collected and lysed. The whole
cells lysate was separated by 8% (10, 12 and 15%) SDS-PAGE
and electrophoretically transferred onto polyvinylidene difluo-
ride (PVDF) blotting membrane (Beyotime). The membrane
was blocked with 5% non-fat dry milk in TBST (50 mM Tris
pH 7.5, 100 mM NacCl, 0.15% Tween-20), incubated with the
primary antibodies (at various dilutions) for 12 h at 4°C, and
washed three times with TBST for 10 min. The membranes
were then incubated for 12 h at 4°C temperature with secondary
antibodies and detected with ECL reagent (Pierce, USA) after
three washes with TBST for 10 min. Membranes were exposed
to X-ray film and the expressions of the targeted proteins were
quantified by detecting the specific band recorded on X-ray
film. BandScan 5.0 system was used to quantify and analyze
each specific band obtained after Western blotting.

Immunoprecipitation analysis. Cells were lysed at 4°C in
ice-cold lysis buffer (50 mM Tris-HCI, pH 7.4, containing
150 mM NaCl, 1% NP-40, 0.5% Na-deoxycholate, 0.1% SDS,
protease inhibitors cocktail), and cell lysates were cleared by
a brief centrifugation (12,000 x g, 10 min). Concentrations
of proteins in the supernatant were determined by the BCA
assay. Before immunoprecipitation, samples containing
equal amount of proteins were pre-cleared with protein A or
protein G agarose/sepharose (Santa Cruz Biotechnology) (4°C,
3 h), and subsequently incubated with various irrelevant IgG or
specific antibodies (5 mg/ml) in the presence of protein A or G
agarose/sepharose beads for 2 h or overnight at 4°C with gentle
shaking (20). After incubation, the agarose/sepharose beads
were extensively washed with PBS, and the proteins were
eluted by boiling in 2X SDS sample buffer before SDS-PAGE
electrophoresis.

Determination of ROS generation. Changes in the intracel-
lular levels of ROS were determined by measuring oxidative
conversion of cell-permeable 2'7'-dichlorofluorescein diacetate
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Figure 1. Correlation of SI00AS8 with the development of childhood AML and its release by chemotherapeutic drug treatments. (A) Relative expression levels of
S100A8 in childhood leukemia. Total-mRNA was extracted from normal or patient BMMCs, and S100A8 level was determined by the relative optical intensity
(in arbitrary units, AU) of the bands by RT-PCR. Each dot represents the relative SI00A8 levels in each individual sample. AML, acute myeloblastic leukemia;
ALL, acute lymphoblastic leukemia; P, primary; CR, complete remission; R, relapse. “P<0.05 vs. normal; “P<0.05 vs. CR; “P>0.05 vs. normal; “P>0.05 vs. CR.
(B) HL-60 and K562 cells were treated with adriamycin (ADM, 1 pg/ml), vincristine (VCR, 1 yg/ml) or arsenic trioxide (As,05, 5 uM) for 24 h, and then the
cell viability (top) and SI00AS release (bottom) were analyzed (n=3, “P<0.05 vs. control group). Cell viability of the control was set as 100%.

(DCFH-DA) into fluorescent dichlorofluorescein (DCF) in a
fluorospectrophotometer (F4000, Japan). Cells were washed
with D-Hank's buffer and incubated with DCFH-DA at 37°C
for 20 min. Then the DCF fluorescence of 20,000 cells was
detected by fluorospectrophotometer analysis at an excita-
tion wavelength of 488 nm and an emission wavelength of
535 nm. The increasing production of ROS was expressed as a
percentage of control.

Apoptosis assays. Apoptosis in cells was assessed using the
FITC Annexin V Apoptosis Detection kit (Annexin V-FITC,
propidium iodide (PI) solution, and Annexin V binding buffer).
This assay involves staining cells with Annexin V-FITC (a
phospholipid-binding protein that binds to disrupted cell
membranes) in combination with PI (a vital dye that binds
to DNA penetrating into apoptotic cells). Flow cytometric
analysis (FACS) was performed to determine the percentage
of cells that were undergoing apoptosis (Annexin V*/PI).

Statistical analysis. Data are expressed as the mean + SEM.
Significance of differences between groups was determined by
two-tailed Student's t-test. P<0.05 was considered significant.

Results

Correlation of SIO0AS with the development of childhood
AML and its release by chemotherapeutic drug treatments.
We investigated the relative SIOOA8 mRNA expression levels
in BMMC:s obtained from 31 patients with AML (18 patients
in primary, 5 in relapse, and 8 in complete remission phase)
and 14 patients with ALL (7 patients in primary, 3 in relapse,
and 4 in complete remission phase). Higher levels of SI00AS8
were found in BMMCs derived from patients with primary

and relapse leukemia compared with the normal healthy
subjects, or patients with complete remission in AML patients
(Fig. 1A). The expression levels of SIO0A8 in ALL patients
didn't significantly differ between primary or relapse patients
and the normal healthy subjects or complete remission patients
(Fig. 1A). It is suggested that SIO0A8 may be correlated with
the clinical status in childhood AML.

To further determine the potential role of SI00A8 in
leukemia, we quantified SIO0A8 in culture supernatants of
leukemia cells following treatment with several chemothera-
peutic drugs, such as vincristine (VCR, 1 pg/ml), adriamycin
(ADM, 1 ug/ml), and arsenic trioxide (As,Os, 5 uM) (21),
which are widely used for the treatment of hematological
malignancies. HL-60 and K562 cells were treated with
chemotherapeutic drugs (VCR, ADM and As,0;) for 24 h.
Cytotoxicity of leukemia cells increased after the treatment
of chemotherapeutic drugs (Fig. 1B). In HL-60 and K562
cells treated with different chemotherapeutic drugs for 24 h,
the concentration of SI00AS in the supernatants was signifi-
cantly elevated compared with the untreated cells (Fig. 1B).
Altogether, this data suggest that SIOOA8 may hold an impor-
tant role in tumorigenesis.

siRNA-mediated silencing of SIO0AS8 expression increases
chemotherapy sensitivity in leukemia cells. Specific siRNA
targeting of SI00OA8 mRNA was used to knockdown S100A8
expression. We performed Western blot analyses to examine
the expression of SI00A8 in leukemia cells. Transfection with
S100A8 siRNA resulted in a remarkable decrease of SI00A8
expression in HL-60 and K562 cells (Fig. 2A). In contrast,
transfection with control siRNA did not interfere with SIO0A8
expression (Fig. 2A). Moreover, we found that knockdown of
S100AS in these cells increased the chemotherapy sensitivity
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Figure 2. siRNA-mediated silencing of SIO0A8 expression increases chemotherapy sensitivity in leukemia cells. (A) SI00A8 knockdown increased the sensi-
tivity of leukemia cells to chemotherapy. After knockdown of SI00A8 by siRNA in leukemia cells (HL-60 and K562) cells were treated with vincristine (VCR,
1 pg/ml), adriamycin (ADM, 1 pg/ml) or arsenic trioxide (As,0O;, 5 uM) for 48 h, and then the cell viability was assayed by the MTT assay (n=3, “P<0.05).
Cell viability of the control was set as 100%. (B) S1I00A8 knockdown increased anti-cancer drug-induced apoptosis. After knockdown of SIO0A8 by siRNA
in HL-60 cells for 48 h and treatment with As,O5 (5 uM), cell early apoptosis was examined by flow cytometry at 24 h. (n=3, “P<0.05). UT, untreated group.

and early apoptosis with As,O; treatment compared with the
control group (Fig. 2), supporting a potential prosurvival role
for S1I00AS in cells exposed to chemotherapy.

Knockdown of SI00AS8 expression inhibits the initiation of
autophagy in leukemia cells. Recently, autophagy has been
shown to have important role in the mechanism of resistance
to chemotherapy in hematological malignancies (22-25). The
inhibition of autophagy increased anti-cancer-therapy-induced
apoptosis (26,27). Whether S1I00A8 regulates autophagy
in leukemia cells, is not fully understood. Microtubule-
associated protein light chain 3 (LC3) is now widely used
to monitor autophagy. During autophagy, LC3 is processed
post-translationally into soluble LC3-I, and subsequently
converted to membrane-bound LC3-II, which correlated with
the number of autophagosomes (3). In this study, we found
that classical autophagic stimuli, such as starvation (Hank's
Balanced Salt Solution, HBSS) or rapamycin treatment,
increased the expression of LC3-II in HL-60 cells (Fig. 3A).
Similar to HBSS and rapamycin, As,O; at a therapeutic dose
(5 pM) also increased LC3-II expression (Fig. 3A), suggesting
As,0;-induced autophagy in leukemia cells. Furthermore,
pre-treatment of HL-60 and K562 cells with SI00A8 siRNA
for 48 h and then with As,O; treatment for 24 h significantly
decreased the expression of LC3-II compared with the control
groups (Fig. 3B). Meanwhile, the expression of Beclinl,
which is necessary for the formation of autophagosomes
during the autophagic sequestration process (28,29), was

detected in leukemia cells. Here, we found that knockdown
of S100A8 expression and then treatment with As,O; for 24 h
significantly decreased Beclinl expression compared with the
control siRNA group (Fig. 3B). In addition, its expression was
correlated well with both SI00A8 and LC3-II expressions in
leukemia cells.

Protein degradation by autophagy is an important mecha-
nism to mitigate the accumulation of polyubiquitinated protein
aggregates. The polyubiquitin-binding protein SQSTM1/
aequestosome 1 (p62) is degraded by autophagy (30,31). p62
has LC3 binding domains, which target this protein for incor-
poration into the autophagosomes thus serving as a selective
substrate of autophagy (30). To investigate whether SI00A8 is a
direct activator of autophagic flux, we evaluated the expression
of p62 in this study. Knockdown of SI00AS8 decreased LC3-1I
protein levels, but increased p62 expression compared with the
control group in K562 cells, indicating that p62 degradation is
dependent on S100A8-induced autophagy (Fig. 3C). Moreover,
treatment with the lysosomal protease inhibitors pepstatin and
E64D (32) increased LC3-II and p62 expressions compared
with the SI00AS8 siRNA group (Fig. 3C). These results suggest
that observed increase in LC3-II was not due to decreased
degradation of lipidated LC3, but was a result of the increased
autophagic flux.

Our evidence for As,0O;-induced autophagy was further
substantiated by electron microscopy, the most convincing
and standard method to detect autophagy (3), which revealed
the presence of multiple autophagosome-like vacuoles with
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Figure 3. Knockdown of SI00A8 expression inhibits the initiation of autophagy in leukemia cells. (A) As,O; induced the initiation of autophagy. Western
blotting showing the LC3-I/II expression levels in HL-60 cells treated with Hank's Balanced Salt Solution (HBSS) for 2 h, rapamycin (Rapa, 100 nM) for 24 h
and As,O; (5 uM) for 24 h. UT, untreated group. (B) HL-60 and K562 cells were pre-treated with SIOOA8 RNA interference for 48 h, and then treated with
As,0; (5 uM) for 24 h, LC3-I/I and Beclinl levels were assayed by Western blot analysis. UT, untreated group. (C) HL-60 cells were transfected with SI00A8
siRNA, then pre-treated for 1 h with pepstatin A (PA, 10 M) and E64D (10 #M) as indicated, and were subsequently treated for 24 h with As,O;(5 yM) in the
continuous presence or absence of the inhibitors, as indicated. LC3-I/II and p62 levels were assayed by Western blot analysis. (D) Ultrastructural features in
HL-60 cells with SI00AS8 siRNA for As,O; treatment. The number of autophagosomes seen in cells treated with control siRNA plus As,O; (5 M, 24 h) was
higher compared with cells treated with SI00A8 siRNA plus As,O;. Arrows, autophagosomes; magnification, x20,000; UT, untreated group.

double-membrane structures in the control siRNA group
compared with the SIO0AS siRNA group (Fig. 3D). Altogether,
these data demonstrate that leukemia cells show typical
autophagy reactions to As,O;, and S100A8 is required for the
initiation of autophagy in leukemia cells.

Reactive oxygen species-dependent signals enhance autophagy
and regulate SIO0AS translocation. As,O; has important anti-
leukemic effects in vitro and in vivo, and is known to mediate
its effects via its ability to induce apoptosis (33). A key mecha-
nism for such induction of apoptosis is the generation of ROS,
resulting in the induction of proapoptotic signals and engage-
ment of the casepase cascade (33). Autophagy and apoptosis
are now regarded as different aspects of the same cell death
continuum (34) and increasing evidence demonstrates that
ROS also induces autophagy (35). In this study, we have found
that leukemia cells treated with As,O; induced autophagy, and
S100A8 regulated the initiation of autophagy (Fig. 3). Here, we
found that As,O; induced ROS generation, and knockdown of
S100A8 decreased ROS expression (Fig. 4A). Whether ROS
generation regulates autophagy and affected SI00AS8 expres-
sion in leukemia cells remains unclear.

The mitochondria electron transport chain (mETC)
complexes are the major generator of ROS in cells and tissues
(35). To evaluate the relationship between mitochondrial ROS

production and initiation of autophagy, we treated HL-60
cells with different mETC inhibitors. HL-60 cells treated
with rotenone (Rot; complex I inhibitor), thenoyltrifluoroac-
etone (TIFA; complex II inhibitor), and antimycin A (AA;
complex III inhibitor) increased ROS production and LC3-II
expression (Fig. 4B). These mETC inhibitors also induced
S100AS8 translocation from the nucleus to the cytosol, as
assessed by Western blotting of subcellular fractions (Fig. 4C).
As a protective strategy of cells or tissues against oxidative
stress, the superoxide dismutase (SOD) family members, cata-
lase, or glutathione peroxidase clear ROS under physiological
conditions (35). We found that knockdown of SODI increased
As,0;-induced autophagy and S100AS8 translocation in K562
cells (Fig. 4D). Together, these results demonstrate that ROS
signals are required for sustained autophagy and S100A8
translocation.

Depletion of SIO0A8 promotes persistent Beclinl-Bcl-2 interac-
tion. The interaction between Bcl-2 and Beclinl is an important
molecular event during autophagy (36). The disassociation of
Beclinl-Bcl-2 complex sustains autophagy (36). Thus, we deter-
mined the effect of SIO0AS8 on the interaction between Beclinl
and Bcl-2. Knockdown of S100A8 blocked the disassociation of
Beclinl-Bcl-2 in the setting of enhanced autophagy (Fig. 5A),
further supporting that SI00A8 regulates As,O;-induced
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Figure 4. Reactive oxygen species (ROS)-dependent signals enhance autophagy and regulate the SI00AS translocation. (A) Knockdown of SIO0A8 limits
As,0;-induced ROS production. HL-60 cells were transfected with SIO0A8 siRNA for 48 h, and then treated with As,O; for 24 h. ROS production was
assessed by measuring the fluorescence intensity of DCF in a fluorescence plate reader. The increasing production of ROS was expressed as a percentage of
control. (n=3, "P<0.05). UT, untreated group. (B) mECT inhibitors promote ROS production and autophagy. HL-60 cells were stimulated with rotenone (Rot),
thenoyltrifluoroacetone (TTFA), and antimycin A (AA) at the indicated doses for 12 h. ROS production was assessed by measuring the fluorescence intensity
of DCF in a fluorescence plate reader and LC3-I/II expression level was assayed by Western blot analysis. The increasing production of reactive oxygen species
was expressed as a percentage of control. (n=3, “P<0.05 vs. the untreated group). UT, untreated group. (C) mECT inhibitors promote SI00A8 translocation.
HL-60 cells were treated with TTFA (500 xM) for 24 h, and the nuclear/cytosolic SIO0AS8 expression was assayed by Western blot analysis. Fibrillarin is a
nuclear fraction control, and actin is a cytoplasmic fraction control. Nuc, nuclear; Cyt, cytosolic. (D) SODI RNAi limits As,O;-induced autophagy and SI00A8
translocation. HL-60 cells were pre-treated with SODI siRNA for 48 h. Then cells were treated with As,O; for 24 h, the nuclear/cytosolic SI00A8 expression
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autophagy. Meanwhile, we found that SIO0AS interacted with
Beclinl but not Bcl-2 in the regulation of autophagy (Fig. 5A).
Moreover, SI00A8 interacted with Beclinl in leukemia
cells treated with As,0O; compared with the untreated group
(Fig. 5B). Thus, the mechanism of the SI00A8 regulation of
autophagy may be exerted via the inhibition of the interaction
between Beclinl and Bcl-2.

Discussion

Autophagy is an evolutionarily conserved lysosomal self-
digestion process essential for cellular homeostasis and
survival. The role of autophagy in tumor cells is not well
characterized, particularly for chemotherapy. In this study,
we demonstrate that a novel function of SI00A8 is to affect
chemotherapy sensitivity by sustaining autophagy in myeloid
leukemia cells.

As,0; is a metalloid that has attracted worldwide interest
because it exhibits potent antineoplastic effects in vitro and
in vivo (33). It shows substantial anticancer activity in patients
with acute promyelocytic leukemia (APL) and other solid
tumors (37-40). However, chemoresistance has become a
major obstacle to successfully treat leukemia. Various mecha-
nisms of drug resistance have been proposed so far, but an
exact mechanism has still not been established (41). A detailed
understanding of the mechanisms that are clinically relevant
in leukemia may help predict and overcome drug resistance
thereby improving chemotherapy and ultimately the outcome
of cancer patients.

Our experimental data suggest that SIO0A8 may be involved
into the mechanism of myeloid leukemia chemoresistance.
Concerning the SI00A8 protein, Cui et al (42) have described
the use of S1I00A8 to discern AML differentiation and to
distinguish AML from ALL. The expression of SI00A8 in
AML patients has been associated with worse prognosis and
is a predictor of poor survival (43). In this study, we found
that SI00AS8 expression was positively correlated with the
clinical status in childhood AML. Meanwhile, depletion of
S100A8 increased chemotherapy sensitivity and the apoptosis
of leukemia cells. This clearly suggests a strong influence of
S100A8 on chemoresistance of leukemia cells.

Autophagy is a cell death mechanism distinct from apop-
tosis, involving autophagosomic/lysosomal degradation of
cell components (44). Depending on the cellular context or
initiating stimulus, autophagy may act as protective opposing
effects and promote generation of antineoplastic responses
(45,46). Many studies have demonstrated that inhibition of
autophagy potentiates chemotherapy-induced cell death in
leukemia cells (24,25). However, little is known about the
regulation of autophagy and chemoresistance by S100A8
in leukemia cells. Here, we found that As,O, treatment of
leukemia cells induced autophagy, and knockdown of SI00AS
decreased the LC3 conversion (LC3-I to LC3-II), degradation
of p62 and maturation of autophagosomes. This revealed a
dominating role of SI00A8 in regulating autophagy.

ROS function as signaling molecules in various pathway
regulating both cell survival and cell death. They can be
induced by many chemotherapeutic drugs (such as ADM,
As,0;) and radiation therapy during cancer therapy (47,48).
ROS can induce autophagy through several distinct mecha-
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nisms involving catalase activation of Atg4 and disturbance
in the mETC (35). In this study, we found that ROS gener-
ated during As,O; treatment serve as signaling molecules that
initiate autophagy. Importantly, this stimulus caused SI00AS8
cytosolic localization, suggesting that the localization of
S100AS8 is necessary to enhance autophagy. Moreover, we
have demonstrated that SIO0AS translocation in autophagy is
ROS dependent.

S100A8 potentially confers its pro-autophagic activities by
controlling Beclinl-Bcl-2 complex formation. The dissociation
of Bcl-2 from Beclinl is an important mechanism involved
in activating autophagy after physiological stimuli (36). We
found that SI00AS8 disrupts the interaction between Beclinl
and Bcl-2 by competitively binding to Beclinl after As,O;
treatment, but not to Bcl-2. It suggests that Beclinl-Bcl-2
complex disassociation is an important mechanism of SI00AS
regulated autophagy.

In summary, we found that SI00AS8 reflected the stage of
leukemia, influenced chemotherapy sensitivity and acted as
a positive regulator of autophagy, which enhanced chemore-
sistance of leukemia cells. In the As,O;-treated cell model,
ROS generated by cellular stress promoted S100AS transloca-
tion to the cytosol, which induced autophagy and disrupted
Beclinl-Bcl-2 complex formation. In light of the therapeutic
promise of autophagy inhibitors to render tumor cells more
susceptible to conventional therapies, our discovery that
S100AS8 is an important regulator of autophagy in leukemia
cells may lead to the development of novel strategies for the
treatment of human leukemia.
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