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AZD80SS induces cell death associated with autophagy
and activation of AMPK in hepatocellular carcinoma
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Abstract. AZD8055 is a potent inhibitor of mTORCI1 and
mTOR?2 and shows inhibitory effects in several types of
cancer cells in vitro and in vivo. However, the effect of
AZDS8055 on hepatocellular carcinoma (HCC) cells has not
been studied. We report that AZD8055 inhibits cell prolifera-
tion and colony formation of Hep3B and Huh7 cells but does
not cause PARP cleavage, or caspase activation, suggesting
that classical apoptosis is not its main mechanism of cell
death. By contrast, AZD8055-induced cell death was associ-
ated with several characteristics of autophagy, including an
increase in acidic vesicular organelle content, conversion of
cytosolic LC3-I to membrane-bound LC3-II and elevation
of the levels of Atg-5/12, BECNI1 and LC3-II. Inhibition of
autophagy by 3-methyladenine (3-MA) partially inhibited
AZD8055-induced cell death. Furthermore, AZD8055 caused
the activation of AMPK and co-treatment with the AMPK
inhibitor dorsomorphin also caused a partial but significant
reduction of AZD8055-induced cell death. In conclusion,
AZD8055-induced HCC cell death is associated with induc-
tion of autophagy and activation of AMPK.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors and ranks fifth in frequency worldwide
among all malignancies; it causes 1 million deaths annually
and its incidence is increasing steadily in various countries (1).
Epidemiological studies showed that primary liver cancer is
the second cause of cancer-related mortality in China and
it accounts for 53% of all liver cancer deaths worldwide (2).
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Despite considerable developments in diagnosis and therapy,
the cure rate for patients who undergo resection is relatively
low, and among patients who are ineligible for surgical or
percutaneous procedures, only chemoembolization improves
survival. Moreover, HCC is widely regarded as a chemo-
therapy-resistant disease. These drawbacks necessitate the
continued search for novel HCC therapies.

AZDS8055 is an orally available, potent inhibitor of
mTORCI1 and mTOR?2 with superior pharmacokinetic and
activity profiles and shows inhibitory effects in a wide variety
of tumor cells by inhibiting the phosphorylation of mTORC1
substrates p70S6K and 4E-BP1 as well as phosphorylation of
the mTORC?2 substrate AKT and downstream proteins (3,4).
Combination of AZD8055 and MEK (Selumetinib) inhibitor
enhanced apoptosis and tumor growth suppression in
non-small cell lung cancer (5). The promising results of
AZD8055 demonstrate its potential as a therapeutic agent
for solid tumors individually or in combination, and warrant
our investigation into the therapeutic potential and molecular
mechanism of AZD8055 in liver cancer cells.

Autophagy, a process of ‘self-eating’, is a process of self-
degradation that maintains cellular viability during periods
of metabolic stress (6). Although autophagy is considered a
survival mechanism when faced with cellular stress, extensive
autophagy can also lead to cell death. Accumulating evidence
indicates the crucial role of autophagy as a key molecular mech-
anism to eliminate cancer cells in chemotherapy. AZD8055
has been shown to induce autophagy in several cancer cell
lines, although there are controversies if autophagy induced by
AZDB8055 serves a pro-death or a pro-survival role (3-5,7-9).

In the present study, we focused on the therapeutic value
and molecular mechanism of AZD8055 in HCC cells. We
showed that AZD8055 induces cell death associated with
autophagic features including an increase in the number of
acidic vacuole organelles and conversion of cytosolic LC3-1
to membrane-bound LC3-II. Furthermore, AZD8055 induced
the activation of AMPK and co-treament with AMPK inhibitor
dorsomorphin attenuated AZD8055-induced cell death. These
findings provide a better understanding of AZD8055-induced
cell death and demonstrate the potential of AZD8055 as a
therapeutic agent for HCC; they also provide insight into the
development of novel therapies for HCC.
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Materials and methods

Chemicals and antibodies. AZD8055 was purchased from
Selleck Chemicals, dissolved in dimethyl sulfoxide (DMSO) as
a stock concentration of 1 mmol/l and diluted to the indicated
concentrations with culture medium. All antibodies were
obtained from Cell Signaling Technology. Cell culture media and
supplements were purchased from Gibco/Invitrogen Corp. Other
chemicals and reagents were obtained from Sigma-Aldrich.

Cell lines and cell culture. Human HCC cell lines Huh?7
and Hep3B were obtained from the American Type Culture
Collection. Cell lines were maintained in RPMI-1640 medium
with 10% FBS supplemented with 100 U/ml penicillin G and
100 pg/ml streptomycin (Sigma-Aldrich). Cells were main-
tained at 37°C in a humidified 5% CO, incubator.

Cell viability and cell death assay. Huh7 and Hep3B cells
(1x10°/ml) were plated in 96-well plates and allowed to attach
overnight. Cells were exposed to various concentrations of
AZD8055 for the indicated times. Cell viability was assessed
by the reduction of tetrazolium bromide (MTT) assay as previ-
ously described (10). For assay of cell death, cells were treated
with AZD8055 at different concentrations for the indicated
times. After treatment, cell death was determined by trypan
blue exclusion as previously described (11). Briefly, cells were
stained with 0.4% trypan blue and stained cells were counted.
Data represent the mean + SD derived from at least 3 separate
experiments.

Clonogenicity assay. Clonogenicity assay was performed
as previously described (12). Briefly, Huh7 and Hep3B cells
were plated in 6-well plates in RPMI-1640 media containing
100 nM AZD8055 and colonies were stained with crystal violet
and counted in triplicate wells after growth for a further 2 to
3 weeks. DMSO was used as a negative control. Data represent
the mean + SD derived from at least 3 separate experiments.

Immunofluorescent staining. Cells were fixed in 4% para-
formaldehyde and blocked with normal goat serum. The
mouse anti-human LC3 (Cell Signaling Technology) primary
antibody was added and incubated overnight at 4°C. After
washing 3 times with PBS, the goat anti-mouse IgG secondary
antibodies conjugated with Cy3 (Jackson ImmunoResearch
Laboratories Inc., West Grove, PA, USA) were added and
incubated at room temperature for 1 h. Cells were then coun-
terstained with DAPI (Sigma-Aldrich) and the images were
captured using a Leica fluorescent microscope.

Immunoblotting. Immunoblotting was performed as previ-
ously described (10). At the end of the treatments, Huh7 cells
were harvested and lysed with ice-cold cell lysis solution and
the homogenate was centrifuged at 10,000 x g for 15 min at
4°C. Total protein in the supernatant was quantified using a
BCA protein assay kit. Total protein (30 xg) from each sample
was separated by 12% SDS-PAGE and transferred to a PVDF
membrane; the PVDF membrane was placed in washing
buffer containing skimmed milk powder at room temperature
and blocked for 2 h. After washing 3 times, indicated primary
antibodies were added respectively and incubated at 4°C over-
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night. Then, horseradish peroxidase-conjugated secondary
antibody was added to incubate for 1 h. X-ray film exposure
was performed and Alphalmager HP fluorescence/visible light
gel imaging analyzer processing and image analysis software
were used to analyze gray value.

Statistical analysis. All data are presented as the mean + SD.
Differences between groups were analyzed for statistical
significance using a two-tailed Student's t-test. P<0.05 was
considered to indicate statistically significant differences.

Results

AZDS8055-induced cell death is associated with caspase-
dependent apoptotic signaling cascade. To study the cytotoxic
effect of AZD8055 on HCC cells, Huh7 and Hep3B cells were
used in the present study. Initially, we determined the effects of
AZD8055 on cell death in both cell lines which were measured
by trypan blue exclusion. DMSO was used as control. Huh7 and
Hep3B cells were treated with different concentrations (5, 10,
20,50 and 100 nM) of AZD8055 24 h or with 100 nM AZD8055
for various periods and trypan blue staining was performed. As
shown in Fig. 1A, AZD8055 increased cell death in both cell
lines in a concentration- and time-dependent manner. AZD8055
(100 nM) was used in the following study, which was shown to
significantly induce cell death in both cell lines.

To determine the long-term cytotoxicity of AZD8055,
colony formation assay was performed in Huh7 and Hep3B
cells treated with 100 nM AZD8055 or DMSO. As shown
in Fig. 1B, AZD8055 decreased colony numbers in both cell
lines, as compared to control cells. These data indicate that
AZDB8055 is cytotoxic to HCC cells.

To investigate the nature of AZD8055-induced cytotox-
icity, we first determined whether AZD8055 inhibits HCC
cell proliferation through classical apoptotic type I cell
death. Huh7 and Hep3B cells were treated with DMSO or
100 nM AZD8055 for 24 h. We explored whether AZD8055-
induced cell death was associated with caspase activation.
Immunoblot analysis revealed that AZD8055 treatment did
not markedly induce the formation of the active forms of
cleaved caspase-3 and caspase-9. Consistently, the cleavage
of PARP, which is a substrate of caspase-3 and a well-known
apoptotic hallmark, was not upregulated by AZD8055 in
tested cell lines. Quantitative analysis of caspase-3, caspase-8
and caspase-9 activity by colorimetric assay also showed that
AZD8055 treatment did not alter caspase-3, caspase-8 and
caspase-9 activity in the tested cell lines. These data suggest
that AZD8055-induced cell death is not associated with the
caspase-dependent apoptotic signaling cascade.

AZDS8055 induces autophagy in HCC cells. Since AZD8055-
induced cell death appeared to lack the characteristics of
classical apoptotic type I cell death, we sought to determine
whether it was associated with changes in the autophagic
pathway previously described as characteristic of type II cell
death. To determine whether AZD8055 induces autophagy in
HCC cells, we investigated the effect of the drug on the intra-
cellular localization of microtubule-associated protein 1 light
chain 3 (LC3), a specific marker of autophagosomes (13,14),
in the tested cell lines. As shown in Fig. 2A, left, representa-
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Figure 1. AZD8055-induced cell death is associated with caspase-dependent apoptotic signaling cascade. (A) AZD8055 induces cell death in a time- and
concentration-dependent manner. Huh7 and Hep3B cells were treated with different concentrations (5, 10, 20, 50 and 100 nM) of AZD8055 for 24 h or were
treated with 100 nM AZD8055 for variable periods (6, 12,24 and 48 h). Cell death was assessed by performing MTT assay and trypan blue staining, respectively.
Data represent the mean = SD derived from at least 3 separate experiments. "P<0.05, “P<0.01, compared to control. (B) AZD8055 suppresses colony formation of
HCC cells. Huh7 and Hep3B cells were plated in 6-well plates in RPMI-1640 media containing 100 nM AZD8055 and colonies were stained with crystal violet
and counted in triplicate wells after growth for a further 2 to 3 weeks. DMSO was used as control. Data represent the mean + SD derived from at least 3 separate
experiments. “P<0.01. (C) AZD8055 does not cause caspase activation. Huh7 and Hep3B cells were treated with 100 nM AZD8055 for 24 h and immunoblot
analysis was performed to detect PARP cleavage and caspase-3, caspase-9 activation. 3-actin was used as a loading control (up). Quantitative analysis of cas-
pase-3, caspase-8 and caspase-9 activity was assessed by colorimetric assay (down). Data represent the mean + SD derived from at least 3 separate experiments.

tive fluorescence micrographs show a punctate pattern of LC3  increase in cells with LC3 punctate pattern in AZD8055-treated
in AZD8055-treated cells in contrast to the diffuse pattern  cells as compared with control cells (P<0.01),i.e.,43 vs. 17% in
in control cells. Quantitative analysis revealed a significant  Huh7 cells and 41 vs. 18% in Hep3B cells, respectively (right).
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Figure 2. AZD8055 induces autophagy in HCC cells. (A) Effect of AZD8055 on intracellular localization of LC3 protein. Huh7 cells were treated with 100 nM
AZD8055 or with the same volume of DMSO as control for 12 h. Immunofluorescence staining was performed to examine the transformation of cytosolic
LC3-I to membrane-bound LC3-II. Quantitatively, percentage of cells with dots of LC3 in control or AZD8055-treated cells were assessed by counting at least
100 cells under fluorescence microscopy (right). Each column represents mean + SD of 3 independent experiments. “P<0.01. (B) Effect of AZD8055 on the
expression of Atg-5/12, BECN1 and LC3-II in human HCC cell lines. Huh7 cells were treated with 100 nM AZD8055 for the indicated times. After treatment,
cell extracts were prepared for immunoblot analysis. The levels of Atg-5/12, BECN1 and LC3-II were detected using the corresponding antibodies. -actin was
used as a loading control (left). The amount of Atg-5/12, BECN1 and LC3-1I was quantified by a laser densitometer. After normalization to 3-actin, the relative
levels of Atg-5, BECN1 and LC3-II were compared with those at time 0 as a value of one. Data represent mean + SD of 3 independent experiments (right).
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Figure 3. Effects of 3-MA on AZD8055-induced cell death in HCC cells. (A) 3-MA decreases LC3-1I expression in Huh7 and Hep3B cells. Cells were treated
with DMSO or 100 nM AZD8055 for 12 h following 2-h pretreatment of 2 mM 3-MA. After treatment, cell extracts were prepared for immunoblot analysis.
The levels of LC3-II were detected using the corresponding antibodies. 3-actin was used as a loading control (left). After normalization to (3-actin, the relative
levels of LC3-II were compared with those at time O as a value of one. Data represent mean + SD of 3 independent experiments (right). (B) Inhibition of
autophagy by 3-MA decreases cell death in Huh7 and Hep3B cells. Cells were treated with DMSO or 100 nM AZD8055 for 12 h following 2-h pretreatment of
2 mM 3-MA. Cell death was assessed by trypan blue staining. Data represent the mean + SD derived from at least 3 separate experiments. ‘P<0.05, “P<0.01.

To further verify an increase in autophagic markers
induced by AZD8055, we assessed the effects of AZD8055
on the levels of Atg-5/12, a protein complex formed by activa-
tion of autophagy (14,15), BECN1 and on the conversion of
the cytoplasmic form of LC3-I protein (18 kDa) to the preau-
tophagosomal and autophagosomal membrane-bound form of
LC3-II (16 kDa). As shown in Fig. 2B, immunoblot analysis
revealed that AZD8055 treatment led to a time-dependent
increase in the levels of conjugated Atg-5, BECN1 and LC3-II
proteins in both tested cell lines. Quantitative analysis indi-
cated that AZD8055 treatment led to an increase in Atg-5/12,
BECNI1 and LC3-II levels as early as 12 h after drug exposure,
gradually increasing thereafter (Fig. 2B). Collectively, these
data suggest that AZD8055 induces autophagy in HCC cells.

Inhibition of autophagy by 3-methyladenine decreases
AZD8055-induced cell death in HCC cells. To confirm the
contribution of the increase in the autophagic compartment
to AZD8055-induced cell death, we analyzed the effect
of 3-methyladenine (3-MA), a well known inhibitor of
autophagosome formation (16). Huh7 and Hep3B cells were

co-treated with 2 mM 3-MA and 50 nM AZD8055 for 12 h
and then cell pellets were harvested to determine the amount
of the autophagic marker LC3-II. As expected, AZD8055
treatment resulted in increased levels of LC3-II in Huh7 and
Hep3B cells. 3-MA treatment led to a significant decrease
in AZD8055-induced LC3-II expression in both tested cell
lines (Fig. 3A). In addition, we tested whether co-treatment
with 3-MA could affect AZD8055-induced cell death. As
shown in Fig. 3B, co-treatment with 2 mM 3-MA resulted in
a partial but significant inhibition of AZD8055-induced cell
death, as measured by MTT assay, in Huh7 and Hep3B cells.
The fact that chemical blockage of autophagosome formation
reduced cell death confirmed that the observed accumulation
of autophagosomes in cells treated with this drug contributes,
at least in part, to its cellular toxicity.

Role of AMPK activation in AZD8055-induced autophagic
cell death in HCC cells. Previous studies have demonstrated
the crucial role of AMP-dependent protein kinase (AMPK) in
regulation of autophagy. Thus, we tested whether AZD8055-
induced cell death was associated with the activation of AMPK
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Figure 4. Role of AMPK activation in AZD8055-induced cell death. (A) Cells were treated with 100 nM AZD8055 for the indicated times. After treatment,
cells were harvested and cell extracts were prepared for immunoblot analysis. The levels of AMPK and p-AMPK were detected by immunoblot analysis
using the corresponding antibodies. B-actin was used as a loading control. The amount of AMPK and p-AMPK was quantified by a laser densitometer. After
normalization to f-actin, the relative levels of AMPK and p-AMPK were compared with those at time O as a value of one. Data represent mean + SD of
3 independent experiments (right). "P<0.05, “P<0.01. (B) Blocking AMPK activation by dorsomorphin increases cell death in Huh7 and Hep3B cells. Cells
were treated with DMSO or 100 nM AZD8055 for 12 h following 2-h pretreatment of 2 mM dorsomorphin. Cell death was assessed by trypan blue staining.
Data represent the mean + SD derived from at least 3 separate experiments. (C) Blocking AMPK activation by dorsomorphin decreases LC3-1I expression in
Huh7 and Hep3B cells. Cells were treated with DMSO or 100 nM AZD8055 for 12 h following 2-h pretreatment of 2 mM dorsomorphin. After treatment, cell
extracts were prepared for immunoblot analysis. The levels of LC3-1I were detected using the corresponding antibodies. 3-actin was used as a loading control
(left). Data represent means + SD of 3 independent experiments (right). “P<0.05, “P<0.01.

in Huh7 cells. Initially, we tested the effect of AZD8055 on ~ AZD8055-induced cell death and the amount of autophagic
activation of AMPK and found AZD8055 caused increased  marker LC3-II. As shown in Fig. 4B and C, blocking activation
phosphorylation of AMPK (Fig. 4A). Next we blocked activa-  of AMPK caused significant attenuation of AZD8055-induced
tion of AMPK by using AMPK inhibitor dorsomorphin and  cell death as measured by MTT assay and expression of LC3-11
tested whether co-treatment with dorsomorphin affected as measured by western blot analysis.
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Discussion

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors with steadily increasing incidence and
mortality rates in various countries (1). HCC is widely regarded
as a chemotherapy-resistant disease. These drawbacks neces-
sitate the continued search for novel therapeutic strategies for
HCC.

Autophagy is an evolutionarily conserved process in
which cellular organelles and macromolecules are degraded
for recycling of bioenergetic components (17). As an essential
mechanism controlling cellular homeostasis, autophagy is inti-
mately associated with the regulation of cell survival and cell
death. Often a stress or injury signal could activate both the cell
death and autophagy pathways, in which the role of autophagy
could vary depending on the context. In particular, the role
of autophagy in liver cancer biology/therapy remains unclear.
A previous study demonstrated a dual role of autophagy in
cancer therapy (18); autophagy may suppress tumorigenesis or
it may provide cancer cells with a rescue mechanism under
unfavorable conditions.

Autophagy could serve as novel mechanism to kill cancer
cells. Autophagy is also referred to as programmed cell
death type II, as opposed to apoptosis or programmed cell
death type I (19,20). Recently, inducing autophagic cell death
became a novel treatment strategy for cancer therapy. Several
chemotherapeutic agents have been observed for inducing
autophagic cell death in various tumor cells (21,22). In the
present study, we investigated the potential of AZD8055 as a
therapeutic agent in HCC partially through the perspective of
inducing autophagic cell death.

AZDB8055 is a specific mammalian target of rapamycin
kinase inhibitor with profound growth inhibitory effects in
cervical (3), lung (4), breast cancer (4), glioblastoma (4) and
osteosarcoma (4) cells and antitumor activity in vivo (4). The
effects of AZD8055 on HCC cells has not been studied. We
reported that AZD8055 induced cell death associated with
autophagic features in HCC cells, as demonstrated by increased
autophagy-related protein. The induction of autophagy seems
to be indispensable for inhibitory effects of AZD8055, as
demonstrated by the fact that inhibition of autophagy by 3-MA
attenuates AZD8055-induced cell death in Huh7 and Hep3B
cells.

A better understanding of the mechanism underlying
AZD8055-mediated autophagy is critical for the development
of novel therapies. We further investigated the mechanism
underlying AZD8055-mediated autophagy in HCC. AZD8055
is an ATP-competitive mTOR kinase inhibitor (4). The inhibi-
tory effect of AZD8055 is closely related to ATP levels (4).
AMPK acts as a major sensor of cellular energy status in
cancer and is critically involved in the efficiency of anticancer
agents (23-27). We observed that AZD8055 caused AMPK
activation in HCC cells, which has been proved to modulate
the induction of autophagy under low energy conditions by
dual regulation of mMTORCI and ULK1 (28,29). We found that
AZDS8055 triggered the activation of AMPK and inhibition
of AMPK by dorsomorphin attenuated AZD8055-induced
autophagic cell death. The data presented here indicate the key
role of AMPK activation in AZD8055-induced autophagic cell
death.
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In the present study, we investigated the potential of
AZDS8055 as a therapeutic agent in HCC. We reported that
AZDB8055 induces cell death associated with autophagic
features and APMK activation. Our findings provide a better
understanding of the molecular mechanisms underlying the
inhibitory effects of AZD8055 and demonstrate the potential
of AZD8055 as a therapeutic agent for HCC.
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