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Abstract: Acute myeloid leukemia (AML) is characterized by unrestrained proliferation of myeloid cells. In has been
shown that tanshinone IIA (Tan 1lA), exhibited anti-tumor activities on different types of cancers. However, the un-
derlying mechanisms by which Tan lIA regulates apoptosis and autophagy in AML remain unclear. Thus, this study
aimed to investigate the effects of Tan IIA on AML in vitro and in vivo. CCK-8 assay, EdU staining, flow cytometry,
MDC staining, immunofluorescence, transwell migration and invasion assay were used to detect cell proliferation,
apoptosis, autophagy, migration and invasion, respectively. In addition, western blotting was used to examine the
protein levels of Bax, Bcl-2, active caspase-3, Beclin-1, Atg-5, p-mTOR and p-Akt in cells. Moreover, animal studies
were performed to evaluate anti-tumor effect of Tan IIA on AML in vivo. The results revealed that Tan IIA significantly
suppressed the growth of U937 cells in vitro and in vivo. Meanwhile, Tan IlIA induced apoptosis in U937 cells via
up-regulating the levels of active caspase-3 and Bax, and down-regulating Bcl-2 in vitro and in vivo. In addition, Tan
IIA inhibited the capacity of migration and invasion in U937 cells. Moreover, Tan IlA induced autophagy in U937 cells
via upregulation of the expression of LC3 Il, Atgb and Beclin 1, which was further confirmed by MDC staining and
immunofluorescence assays. For the first time, we have shown that autophagy inhibitor 3MA significantly enhanced
Tan llIA-induced apoptosis in U937 cells. Furthermore, Tan lIA induced apoptosis and autophagy via downregulation
of PI3K/Akt pathway in vitro and in vivo. Therefore, the accumulating evidences suggested that Tan IIA could be a
potential agent for improving the symptoms of AML in the future.
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ed from Chinese herbal medicine Salvia miltior-
rhiza Bge [8, 9]. Tan IIA has been used as an
effective  monomeric compound to remedy
patients with osteosarcoma cancer, parkin-
son’s disease and oral squamous cell carcino-
ma [10-12]. Several studies showed that Tan lIA
exhibited anti-inflammatory and anti-oxidative

Introduction

AML is a kind of leukemia, which is character-
ized by the abnormal accumulation of marrow
cells [1, 2]. The 5-year mortality rate of patients
is more than 70% [3]. The older patients who
diagnosed with acute monocytic leukemia have

a pretty poor prognosis due to the therapy-trig-
gered negative effects, their average overall
survival is only 5 to 10 months [4]. Although
only 10-20% of children patients diagnosed
with AML cannot receive chemical therapy
properly, reappear occurs in 30-40% of chil-
dren patients with AML [5-7]. Therefore, more
effective therapeutic strategies for treating
AML need to be discovered.

Tanshinone IIA (Tan 1lA) is one of the vital fat-
soluble monomer components, which extract-

functions in rats [13, 14]. Previous study also
found that Tan lIA could inhibit proliferation,
invasion and migration in osteosarcoma MG-63
cells [10]. However, the effects of Tan IIA on the
AML remain unclear.

Autophagy and apoptosis are important mecha-
nisms to keep a stabilized cellular environment,
which are involved in cell growth, differentiation
and other physiological processes [15, 16].
PI3K/Akt signaling pathway is a vital intracellu-
lar signal transduction pathway, which plays a


http://www.ajtr.org

Tan IlA induces apoptosis and autophagy in AML

very important role during the development
and progression of cancer [17]. Li et al studi-
ed that Tan lIA could improve the symptom of
myocardial ischemia reperfusion injury through
regulating the PI3K/Akt/mTOR signaling path-
way [18]. Moreover, Tan IlIA could induce au-
tophagy in oral squamous carcinoma cell via
suppressing the PI3K/Akt/mTOR pathway [12].
Hence, we investigated the effects of Tan lIA on
the proliferation, apoptosis and autophagy of
AML in vitro and in vivo.

Materials and methods
Cell culture

The human U937 cell line was obtained from
American Type Culture Collection (ATCC, Rock-
ville, MD, USA). Cells were cultured in Dulbec-
co’s Modified Eagle’s Medium (DMEM, Thermo
Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% heat-inactivated fetal bovine
serum (FBS, Thermo Fisher Scientific), penicillin
and streptomycin (100 U/ml, Thermo Fisher
Scientific) in a humidified incubator with 5%
CO, at 37°C.

CCK-8 assay of cell viability

Cell viability was assessed with Cell Counting
Kit-8 (CCK8, Beyotime, Shanghai, China) accor-
ding to the manufacturer’s protocols. U937 cell
lines were seeded into a 96-well plate at a den-
sity of 5 x 103 cells/well and incubated at 37°C.
Then, cells were incubated with Tan lIA or 3MA.
After incubation, 10 yL of CCK-8 reagent was
added to each well and then incubated for 2 h.
The absorbance was determined at 450 nm
using a microplate reader (Bio-Rad, Hercules,
CA, USA) using wells without cells as blanks.
Tan IIA standard product was purchased from
sigma (Sigma, St. Louis, MO, USA, # T4952).

EdU staining

U937 cell lines were seeded into a 24-well
plate at a density of 4 x 10° cells/well and incu-
bated at 37°C overnight. Then, the cell were
treated with different concentrations of Tan lIA
(0, 20 or 40 pM) and incubated for 72 h.
Harvested U937 cells (1 x 10° cells) were in-
cubated with 50 uyM EdU labeling medium at
37°C for 2 h. EdU detection was performed
according to the EdU kit specification (Thermo
Fisher Scientific, Waltham, MA, USA) described
method.
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Colony-forming unit (CFU) assay

Colony-forming unit-U937 were cultured in
methylcellulose (1%) supplemented with fetal
bovine serum (FBS, 30%), 1% BSA, 0.1 mM
B-mercaptoethanol, and Tan lIA (20 or 40 pM).
U937 cells (2 x 10* cells/mL) were seeded into
a 6-well plate and incubated for 3 days. The
colony was considered as a cluster of 50 or
more cells. Colonies were scored blindly.

Flow cytometric analysis of cell apoptosis

Annexin V-FITC Apoptosis Detection Kit (Thermo
Fisher Scientific, #V13241) was used to evalu-
ate the percentage of apoptosis cells according
to the manufacturer’s protocols. U937 cell lines
were seeded into a 6-well plate and incubated
at 37°C overnight. Then, cells were incubated
with Tan IIA or 3MA for 72 h. Cultured cells (5 x
10° cell/well) were centrifuged at 1000 g at
room temperature for 5 min followed by wash-
ing with cold phosphate-buffered saline (PBS) 3
times. Afterwards, pelleted cells were stained
with 5 yL Annexin V and 5 pL propidium iodide
(Pl) in 500 pL apoptosis reaction solution for
15 min at room temperature in the dark follow-
ing the manufacture’s instruction, and analyz-
ed by flow cytometry (Dickinson Franklin Lake,
NJ, USA) using a FACScan™ flow cytometry
system.

Western blot analysis

Cells were washed with PBS twice and lysed in
cell lysis buffer. Cell lysates were clarified by
centrifugation at 12,000 g for 10 min at 4°C,
and the supernatants were mixed with 4 x load-
ing buffer (Thermo Fisher Scientific) and boiled
for 5 min. The protein contents in the superna-
tant were measured by using a Bradford Protein
Assay Kit (Beyotime, Shanghai, China). Proteins
were separated by electrophoresis with 10%
SDS polyacrylamide gel, and then proteins we-
re transferred onto polyvinylidene fluoride
membranes (PVDF, Thermo Fisher Scientific,
Waltham, MA, USA) in 2 h. The membranes we-
re blocked with 5% skim milk for 1 h at room
temperature. After that, membranes were in-
cubated with primary antibodies overnight at
4°C: anti-Bax (Abcam; ab32503) (1:1000), anti-
Bcl-2 (Abcam, Cambridge, MA, USA; ab32124)
(1:12000), anti-active caspase 3 (Abcam; ab-
2302) (1:1000), anti-B-actin (Abcam; ab8227)
(1:2000), anti-Beclin 1 (Abcam; ab207612) (1:
1000), anti-Atg 5 (Abcam; ab228668) (1:1000).
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After washing, the PVDF membrane was incu-
bated with secondary antibody anti-rabbit (Ab-
cam; ab7090) (1:5000) for 1 h at room tem-
perature before determined by chemilumines-
cence. Finally, the PVDF membranes were in-
cubated with ECL reagent (Santa Cruz Biotech-
nology) to detect the blots.

Transwell migration assay

The cell migration assay was conducted using a
24-well transwell chambers according to the
manufacturer’s protocols (BD, Franklin Lake,
NJ, USA). Briefly, U937 cells (4 x 10° cells/well)
were seeded onto the upper chamber (Corning,
NY, USA) in 200 uL serum-free medium. The
lower wells were added into 500 uyL DMEM
medium containing with 10% FBS. After 24 h of
incubation at 37°C, cells that invaded through
the membrane were fixed with 4% paraformal-
dehyde and then stained with 0.05% crystal
violet for 2 h. Finally, invaded cells were count-
ed under a microscope at a magnification of x
200 and the relative number was calculated.

Transwell invasion assay

The cell invasiveness assay was conducted
using a 24-well matrigel chambers according
to the manufacturer’s protocols (BD, Franklin
Lake, NJ, USA). Transwell membranes (polycar-
bonic membrane, diameter 6.5 mm, pore size 8
um) were coated with matrigel in a total of 50
uL each transwell (matrigel/serum free medi-
um: 1/5). U937 cells (4 x 10° cells/well) were
seeded onto the upper chamber (Corning, NY,
USA) in 200 pL serum-free medium. The lower
wells were added into 500 yL DMEM medium
containing with 10% FBS. After 24 h of incuba-
tion at 37°C, cells that invaded through the
matrigel membrane were fixed with 4% parafor-
maldehyde and stained with 0.05% crystal vio-
let for 2 h. Finally, invaded cells were counted
under a microscope at a magnification of x 200
and the relative number was calculated.

Monodansylcadaverine (MDC) staining

U937 cell lines were seeded into a 6-well plate
and incubated at 37°C overnight. Then, cells
were incubated with Tan IIA or 3MA for 72 h.
Then, cells were stained with 0.05 mM MDC
(Sigma Aldrich, St. Louis, MO, USA, #D4008) at
37°C for 30 min. After that, U937 cells were
washed with PBS twice to wipe off redundant
MDC. Fluorescence of cells were instantly
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observed and counted with a Hitachi F-2000
fluorescence spectrophotometer (Olympus
Corporation, Tokyo, Japan) and counting.

Immunofluorescence

Cultured cells were washed in PBS 3 times, pre-
fixed in 4% paraformaldehyde at room tempera-
ture for 15 min, and then fixed in pre-cool meth-
anol (100%) for 10 min at -20°C. Next, cells
were incubated with primary antibodies for
DAPI (Abcam; ab104139) and LC3 (Abcam;
ab48394) overnight at 4°C. Then, cells were
incubated with goat anti-rabbit secondary anti-
body, (Thermo Fisher Scientific, Alexa Fluor
488, #R37116) (1:1000) at 37°C for 1 h. The
samples were immediately observed by fluo-
rescence microscope (Olympus CX23 Tokyo,
Japan).

Animal study

Male BALB/nude mice (aged 4-6 weeks) were
purchased from Shanghai Slac Animal Center
(Shanghai, China) and housed within a dedicat-
ed SPF facility with alternating 12 h periods of
light and darkness, a constant temperature of
18-23°C and 55-65% humidity. Aliquots of
U937 cells (1 x 107 cells, in 100 yL of PBS)
were injected subcutaneously into the right
flank. The tumor growth and body weight of the
mice were monitored every day. When the
tumors volume reached to 100 mm3, the nude
mice were randomly divided into treatment and
vehicle groups (n = 4 mouse/group). The vehi-
cle group received normal saline only. In the
treatment groups, mice were intraperitoneal
(ip) injection with 30 or 50 mg/kg Tan-lIA,
respectively; three times a week for 4 weeks.
Mice were weighted weekly. Tumor volume was
measured by calipers every week until mice
were sacrificed under anesthesia. Inhibition
rate of tumor growth (X) was measuring by the
weight of the tumor (W) and using the equation
X= (erhicle-WTan-llA)/erhicle Al animal eXpeI’ime-
nts were performed in accordance with institu-
tional guidelines, following a protocol approv-
ed by the Ethics Committees of the Second
Affiliated Hospital of Xi'an Jiaotong University.

TUNEL staining

Deparaffinized tissue sections were stained
using an APO-BrdU™ TUNEL Assay Kit (Thermo
Fisher Scientific, Waltham, MA, USA), according
to the manufacturer’s instructions.
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Statistical analysis

Each group were executed at least three in-
dependent experiments and all data were ex-
pressed as the mean = SD. Statistical analys-
is of data was performed using SPSS version
13.0 (SPSS Inc, Chicago, IL). The results of the
transwell migration and invasion assays were
analyzed by Student’s t-test. The differences in
the cell proliferation, cell autophagy and cell
apoptosis assays were analyzed by one-way
analysis of variance (ANOVA) followed by Dun-
nett’s test. P < 0.05 or P < 0.01 was considered
to indicate a statistically significant difference
(*P < 0.05, **P < 0.01).

Results

Tan IIA inhibited proliferation and colony for-
mation in U937 cells

The chemical structure of Tan lIA is presented
in Figure 1A. CCK-8 assays were used to detect
the viability of U937 cells after treatment with
various concentrations of Tan lIA for 24, 48 and
72 h. As presented in Figure 1B, Tan IIA inhibit-
ed U937 cell growth in a dose- and time-depen-
dent manners. Since, Tan lIA (20 and 40 uM)
induced about 50% growth inhibition, Tan IIA at
20 and 40 yM doses were utilized in the follow-
ing in vitro experiments. In addition, the results
of EdU fluorescence assay indicated that the
EdU positive cells were significantly decreased
by Tan lIA treatment, compared with the control
group (Figure 1C and 1D). Furthermore, colony
formation assay indicated that Tan [IA markedly
inhibited proliferation in U937 cells (Figure 1E
and 1F). These results suggested that Tan IIA
could suppress proliferation and colony forma-
tion in U937 cells.

Tan IIA induced apoptosis in U937 cells

In order to investigate the effect of Tan IIA on
apoptosis of U937 cells, Annexin V/PI staining
was applied. As indicated in Figure 2A and 2B,
Tan 1IA significantly induced apoptosis in U937
cells, compared with the control group. Next,
the levels of apoptosis-related proteins Bax,
Bcl-2 and active-caspase 3 were detected by
western blotting. The results showed the ex-
pressions of Bax and active caspase 3 were
markedly increased, while the level of Bcl-2
was significantly decreased in 40 uyM Tan lIA-
treated group, compared with the control group
(Figure 2C-F). All these results indicated that
Tan IIA could induce apoptosis in U937 cells.

2998

Tan lIA inhibited the capacity of migration and
invasion in U937 cells

Next, the transwell assays were used to investi-
gate the effects of Tan IIA on the migration and
invasion abilities of U937 cells [19]. The results
revealed that 40 uM Tan IlIA significantly
decreased the capacity of migration and inva-
sion in U937 cells, compared with the control
group (Figure 3A-D). These data suggested
that Tan lIA could inhibit the capacity of migra-
tion and invasion in U937 cells.

Inhibition of autophagy enhanced Tan lIA-
induced apoptosis in U937 cells

In order to assess the role of Tan IIA on the
autophagy of U937 cells, MDC assay and im-
munofluorescence assay were performed. The
MDC staining data indicated that the auto-
phagic vacuoles and autophagosome was dr-
amatically increased in the U937 cells by Tan
IIA treatment, compare with the control group
(Figure 4A and 4B). Additionally, immunofluo-
rescence data indicated that Tan IIA increased
the level of LC3-1l, which positively related with
autophagosome formation (Figure 4C). Wes-
tern blotting was then utilized to detect the
expressions of autophagy-related proteins Be-
clin 1 and ATG 5 in the U937 cells. As revealed
in Figure 4D-F, compare with the control gr-
oup, Tan lIA dramatically increased the levels
of Beclin 1 and ATG 5 in U937 cells. These data
revealed that Tan IIA could induce autophagy in
U937 cells.

In addition, autophagy inhibitor 3MA was used
to further testify the effect of Tan IIA on U937
cells. Compared with the Tan llIA-treated group,
the number of proliferative cells were signifi-
cantly decreased, while the apoptotic cells
were markedly increased in the presence of
3MA, respectively (Figure 4G-l). As expected,
the level of active caspase 3 in cells were fur-
ther increased by 3MA, compared with Tan IIA
alone (Figure 4J and 4K). All these results sug-
gested that inhibition of autophagy could en-
hance Tan IlA-induced apoptosis in U937 cells.

Tan lIA induced autophagy in U937 cells via
downregulation of PI3K/Akt pathway

Previous studies showed that PI3K/Akt path-

way plays an important role in regulation of cell
autophagy [20, 21]. To further explore the me-
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Figure 1. Tan lIA inhibited U937 cell proliferation. A. The chemical structure of Tan IIA. B. Cell viability was deter-
mined using CCK-8 assay in U937 cells treated with emodin (0, 10, 20, 40 or 80 uM) for 24, 48 and 72 h. C, D.
U937 cells were treated with Tan IIA (20 or 40 uM) for 72 h. Relative fluorescence expressions were quantified by
EdU and DAPI staining. E, F. U937 cells were underwent a colony formation assay for 3 days, and surviving colonies

were counted. (*P < 0.05, **P < 0.01 vs. control).

chanism by which Tan IlIA regulated autophagy
on U937 cells, western blotting was utilized to
detect the expressions of p-Akt and p-mTOR. As
shown in Figure 5A-C, Tan IIA markedly down-
regulated the levels of p-mTOR and p-Akt in
U937 cells compared with the control group
(Figure 5A-C). These data suggested that Tan
IIA induced autophagy in U937 cells via down-
regulation of PI3K/Akt pathway.
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Tan IIA inhibited tumor growth via induction of
apoptosis in vivo

In order to evaluate the anti-tumor effect of Tan
lIA in vivo, U937 tumor bearing xenograft was
applied. As shown in Figure 6A-C, both 30 and
50 mg/kg Tan lIA significantly inhibited tumor
growth and tumor weight, compared with vehi-
cle group. In addition, the tumor growth inhibi-

Am J Transl Res 2019;11(5):2995-3006
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Figure 2. Tan IlA induced apoptosis in U937 cells. U937 cells were exposed to 20 or 40 uM Tan IIA for 72 h. A. Apoptotic cells were detected with Annexin V and PI
double staining. B. Apoptosis cell rates were calculated. C. Expressions of Bax, Bcl-2 and active caspase-3 in U937 cells were analyzed by western blotting. D. The
expression of Bax was quantified by normalizing to B-actin. E. The expression of Bcl-2 was quantified by normalizing to B-actin. F. The expression of active caspase-3
was quantified by normalizing to B-actin. (*P < 0.05, **P < 0.01 vs. control).
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Figure 3. Tan lIA inhibited the capacity of migration and invasion in U937 cells. U937 cells were exposed to 40 uM
Tan llA for 24 h. A, B. Cell migration ability was detected using transwell migration assay, x 200 magnification. C,
D. Cell invasion ability was detected using transwell invasion assay, x 200 magnification. **P < 0.01 vs. control.

tion rate in 30 and 50 mg/kg Tan IIA treatment
group were approximately 40% and 70%, res-
pectively (Figure 6D). Moreover, the results of
TUNEL indicated that either 30 or 50 mg/kg of
Tan lIA significantly increased cell apoptosis in
tumor tissues (Figure 6E and 6F).

To clarify the molecular mechanisms underly-
ing the anti-tumor effect of Tan IIA in vivo, ex-
pressions of apoptosis- and autophagy- related
proteins were detected by western blot. As
shown in Figure 6G-J, the levels of p-mTOR and
p-Akt were markedly decreased, whereas the
level of Beclin 1 was notably increased in Tan
[IA-treated groups. All these results verified that
Tan llIA inhibited U937 cell growth via downreg-
ulation of p-mTOR and p-Akt and upregulation
Beclin 1 in vitro and in vivo.
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Discussion

In this study, we revealed that Tan IIA induced
apoptosis and autophagy on U937 cells in vitro
and in vivo. This finding highlights that inhibi-
tion of autophagy increased Tan llA-induced
apoptosis in U937 cells, indicating that autoph-
agy may play a protective role in U937 cells. To
the best of our knowledge, this is the first report
of the effects of Tan IIA on U937 cells in vitro
and in vivo.

Previous studies have shown that Tan IIA could
inhibit cell proliferation in gastric cancer and
breast cancer [22, 23]. The results of the pres-
ent study revealed that Tan IIA inhibited prolif-
eration in a dose and time-dependent manners
in U937 cells. In addition, Tan IIA significantly
reduced the volume and the weight of the cervi-

Am J Transl Res 2019;11(5):2995-3006
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Figure 4. Inhibition of autophagy enhanced Tan IllA-induced apoptosis in U937 cells. A. U937 cells were incubated
with 5 mM 3MA for 1 h. Then, the culture medium was changed and cells were incubated with 40 uM Tan IIA for
another 72 h. MDC staining was used to observe the autophagosomes formatting, x 200 magnification. B. The
number of autophagosomes in cells were counted. C. Relative fluorescence expressions were quantified by LC3 and
DAPI staining, x 400 magnification. D. U937 cells were exposed to 20 or 40 uM Tan llA for 72 h. The expressions of
beclin 1 and Atgb in cells were analyzed by western blotting. E. The expression of Beclin 1 was quantified by normal-
izing to B-actin. F. The expression of Atgb was quantified by normalizing to B-actin. G. U937 cells were incubated with
5 mM 3MA for 1 h. Then, the culture medium was changed and cells were incubated with 40 uM Tan IIA for another
72 h. Cell viability was determined using CCK-8 assay. H. Apoptotic cells were detected with Annexin V and Pl double
staining. |. The apoptosis cell rates were calculated. J. The expression of active caspase 3 in cells was analyzed by
western blotting. K. Active caspase 3 relative expression was quantified by normalizing to B-actin. *P < 0.05, **P <
0.01 vs. control; *#P < 0.01 vs. Tan IIA group.
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Figure 5. Tan IlA induced autophagy in U937 cells via inhibition of the Akt/mTOR pathway. U937 cells were exposed
to 20 or 40 uM Tan IIA for 72 h. A. Expressions of p-Akt and p-mTOR in U937 cells were analyzed by western blot-
ting. B. The expression of p-Akt was quantified by normalizing to Akt. C. The expression of p-mTOR was quantified by

normalizing to mTOR. **P < 0.01 vs. control.

cal cancer xenograft in vivo. Lin et al studied
that Tan IIA markedly inhibited the growth of
breast cancer cells in vitro and in vivo [24]. Sui
et al found that Tan IIA suppressed the growth
of human colorectal cancer in vitro and in vivo
[25]. All these findings suggest that Tan IIA
exhibits notable anti-tumor effects on different
tumor types.

Most malignant tumors exhibit a highly migr-
atory and invasive effects [26]. Portulacer-
ebroside A inhibited migration and invasion
abilities of leukemia HL60 and U937 cells [19].
Zhang et al found that Tan IIA inhibited prolifer-
ation, migration and invasion in osteosarcoma
MG-63 cells [10]. In the present study, our
results revealed that Tan IIA could inhibit migra-
tion and invasion of U937 cells in vitro. Our find-
ings were consistent with these results.

In the present study, our results indicated that
Tan lIA significantly upregulated the levels of
active caspase 3 and Bax, while downregulated
the level of Bcl-2 in vitro. Zhang et al found that
Tan IIA could induce cell apoptosis in human
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gastric cancer cells via upregulating the level of
caspase 3 and downregulating the level of
Bcl-2 [27]. These data revealed that Tan IIA
could induce U937 cells apoptosis.

Previous report studied that PI3K/Akt/mTOR
pathway performed an important role in the
pathogenesis progression of leukemia [28]. In
addition, PI3K/Akt/mTOR signaling pathway
could regulate apoptosis and autophagy in
U937 cells [28]. The novel finding in this study
is that Tan IIA could downregulate the expres-
sions of p-Akt and p-mTOR in vitro and in vivo.
Similarly, su revealed that Tan lIA also could
inhibit apoptosis in pancreatic cancer cells via
inhibiting PI3K/AKT/mTOR pathways [29]. Su et
al revealed that Tan IIA inhibited tumor growth
in gastric carcinoma via downregulating the
PI3K/Akt/mTOR in vitro and in vivo [30]. These
results indicated that Tan IlIA induced U937
cells apoptosis via inhibiting AKT/mTOR pa-
thway.

In this study we also found Tan IIA could induce
autophagy in U937 cells via increasing the lev-
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Figure 6. Tan llA inhibited tumor growth via induction of apoptosis in vivo. A. Tumor volume of nude mice treated with
Tan 1lA (0, 30 or 50 mg/kg) for 4 weeks. The tumor volumes were monitored weekly. B. Tumors were isolated and
pictured after 4 weeks’ treatment. C. Tumor weights of mice were calculated. D. The inhibition rates of tumor growth
were calculated. E, F. TUNEL staining of tumor tissues in each group and TUNEL positive cell rate were calculated.
G. Expressions of p-Akt, p-mTOR and Beclin 1 in tumor tissues were analyzed by western blotting. H. Relative expres-
sion of p-Akt was quantified by normalizing to Akt. I. Relative expression of p-mTOR was quantified by normalizing
to mTOR. J. Relative expression of Beclin 1 was quantified by normalizing to B-actin. **P < 0.01 vs. vehicle group.

els of Beclin 1 and Atg 5. Tan IIA could induce
cell autophagy in oral squamous cell carcinoma
cells via activation of Beclin-1/Atg 5 signaling
and inhibition of PI3K/Akt/mTOR signaling [12].
Ding et al found that Tan IIA induced autopha-
gy and apoptosis in glioma cells via inhibiting
PI3K/Akt/mTOR signaling pathway and increas-
ing the expression of LC3 and Beclin 1 [8].
Similar to these results, Tan lIA induced U937
cell apoptosis and autophagy via inhibiting
PI3K/Akt/mTOR pathway in vitro and in vivo.

Recent study has shown that autophagy pro-
moted AML cells survival [31]. Li et al revealed
that Tan IIA induced apoptosis and autophagy,
and inhibition of autophagy could increase Tan
IIA-induced apoptosis in human prostate can-
cer PC-3 cells [32]. In the current study, we also
found that inhibition of autophagy enhanced
the Tan llA-induced apoptosis in U937 cells.
These findings suggested that autophagy may
play a pro-survival role in U927 cells.

Conclusion

In this study, these results indicated that Tan
IIA could induce apoptosis and autophagy in
U937 cells via inhibiting PI3K/Akt/mTOR sig-
naling pathway. In addition, inhibition of auto-
phagy could enhance Tan llA-induced apopto-
sis in U937 cells. In conclusion, we suggested
that Tan IlIA could be a potent agent for the
treatment of patients with AML.
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