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Abstract Laryngeal squamous cell carcinoma (LSCC), one of
the most common malignancies in the head and neck, has poor
prognosis and high mortality. The need of novel and effective
treatment for LSCC is urgent. Asparaginase, an enzyme-
depriving asparagine, has been employed for the treatment of
various cancers. In this study, we reported for the first time that
asparaginase could induce remarkable cytotoxicity and caspase-
dependent apoptosis in human LSCC Tu212 and Tu686 cells.
Meanwhile, autophagy was triggered by asparaginase in LSCC
cells, which was confirmed by accumulation of autophagosomes
and the conversion of light chain 3-I (LC3-I) to LC3-II.
Importantly, inhibition of autophagy by chloroquine (CQ) signif-
icantly enhanced asparaginase-induced cytotoxicity, indicating
that autophagy has a cytoprotective role in asparaginase-treated
LSCC cells. Meanwhile, we found that mitochondrial-originated
reactive oxygen species (ROS) participated in asparaginase-

induced autophagy and cytotoxicity. N-acetyl-L-cysteine
(NAC), a common antioxidant, was employed to scavenge
ROS, and our results demonstrated that NAC could significantly
block asparaginase-induced autophagy and attenuate
asparaginase-induced cytotoxicity, indicating that intracellular
ROS played a crucial role in asparagine deprivation therapy.
Furthermore, western blot analysis showed that asparaginase-
induced autophagy was mediated by inactivation of Akt/mTOR
and activation of the Erk signaling pathway in Tu212 and Tu686
cells. Therefore, these results indicated the protective role of
autophagy in asparaginase-treated LSCC cells and provided a
new attractive therapeutic strategy for LSCC by asparaginase
alone or in combination with autophagic inhibitors.
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Introduction

Laryngeal cancer, one of the most common malignancies in
the head and neck, has been a significant health risk for its
poor prognosis and high mortality (Unger et al. 2015).
Approximately 90% of laryngeal cancers are laryngeal squa-
mous cell carcinomas (LSCC) which usually originates from
laryngeal epithelial cells (Piantelli et al. 2002; Surono et al.
2016). Despite the advances in LSCC therapies including sur-
gery, chemotherapy, and radiotherapy, the overall 5-year sur-
vival of LSCC has not substantially improved in recent de-
cades (Zhu et al. 2014). Therefore, the limited therapeutic
options and dismal prognosis promote the searches for novel
therapeutic strategies for LSCC.

As a semi-essential amino acid, asparagine plays an impor-
tant role in mammalian cell metabolism (Wang et al. 2016).
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Meanwhile, for most tumor cells, the extracellular source of
asparagine is essential for cell viability due to the lack of
asparagine synthetase (ASNS) (Figueiredo et al. 2016; Kelo
et al. 2009). Asparaginase, an enzyme which originates from
Escherichia coli and Erwinia chrysanthemi, hydrolyzes aspar-
agine into aspartic acid and ammonia, thereby suppressing the
growth and inducing apoptosis of ASNS-deficient cells (Costa
et al. 2016; Horvat et al. 2016). Based on asparagine depriva-
tion, asparaginase has been employed in the therapy of acute
lymphocytic leukemia, myelomonocytic leukemia, melanoma
sarcoma, non-Hodgkin’s lymphoma, and pancreatic carcino-
ma (Abd El Baky and El Baroty 2016). Although asparaginase
showed its broad spectrum and potent efficacy on tumors, its
efficiency and the potential mechanism of asparagine-based
therapy for LSCC have not been reported.

Long-term efficacy of tumor-targeted therapies is always
challenged by therapy resistance. Autophagy is a conserved
cellular catabolic pathway involving the orderly degradation
and recycling of cellular proteins and organelles in eukaryotic
cells (Casasampere et al. 2017; Cordani et al. 2016). Recently,
autophagy has been widely reported to play a double-edged
role in human health and disease (Fan et al. 2013, 2016a, b;
Gozuacik and Kimchi 2004). Previous studies have demon-
strated that antitumor drugs, especially chemotherapeutic
agents and nutrient starvation, could trigger potent autophagy
(Gozuacik and Kimchi 2004). With regard to the role of au-
tophagy in tumor therapy, increasing lines of evidence in-
clined to suggest autophagy as a cytoprotective mechanism
in cancer treatment, especially in amino acid deprivation-
based therapies, which indicated that abolition of amino acid
and autophagy might further enhanced the antitumor efficacy
of amino acid deprivation alone (Zhang et al. 2016a). Notably,
mitochondrial-originated ROS, Akt/mTOR, and Erk signaling
pathway were also involved in the response to cancer thera-
peutics (Fan et al. 2013). In this study, we supposed that treat-
ment with asparaginase alone or combined with autophagic
inhibitors could be a potential therapeutic strategy for LSCC.

In this study, we investigated the potential effect of
asparaginase on LSCC and reported for the first time that
asparaginase could induce remarkable cytotoxicity and
caspase-dependent apoptosis in LSCC Tu212 and Tu686
cells. Meanwhile, autophagy was triggered by asparaginase,
which was confirmed by autophagosomes, autophagic flux,
and conversion of LC3-I to LC3-II. Further exploration indi-
cated that mitochondrial-originated ROS, Akt/mTOR, and
Erk signaling pathway were also involved in the molecular
mechanisms underlying the autophagy induction. Notably, in-
hibition of autophagy by chloroquine (CQ) could significantly
enhance asparaginase-induced cytotoxicity and apoptosis, in-
dicating that autophagy had a cytoprotective role in
asparaginase-based therapy. Therefore, our results showed a
novel viewpoint that autophagy had a cytoprotecitve role in
asparaginase-induced LSCC cytotoxicity, and highlighted the

novel approach for LSCC treatment by asparaginase alone or
combined with autophagic inhibitors.

Materials and methods

Cell lines and culture

Human LSCC cell lines Tu212 and Tu686 were purchased from
the Cell Bank of Xiangya Central Experiment Laboratory
(Changsha, China). Cells were cultured in RPMI-1640 (San
Diego, CA, USA) supplemented with 10% of heat-inactivated
fetal bovine serum (San Diego, CA, USA) and maintained at
37 °C in humidified air with 5% CO2.

Reagents and antibodies

Asparaginase (derived from E. chrysanthemi) was obtained from
Baiyunshan Mingxing Pharmaceutical Co., Ltd. (Guangzhou,
China). The caspase inhibitor benzyloxycarbonyl Val-Ala-Asp
(O-methyl)-fluoro-methylketone (z-VAD-fmk) and the antioxi-
dant N-acetyl-L-cysteine (NAC) were acquired from Beyotime
Institute of Biotechnology (Jiangsu, China). CQ and 3-(4,5-
dimertrylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were obtained from Sigma-Aldrich (St. Louis, MO, USA). The
primary antibodies were as follows: anti-tubulin, anti-β-actin,
anti-caspase 3, anti-cleaved caspase 3, anti-PARP, anti-cleaved
PARP, anti-LC3, anti-phospho-mTOR, anti-phospho-Akt, anti-
phospho-p70 S6 kinase, anti-4EBP1 phospho (pT45), which
were purchased from Cell Signaling Technology (Danvers,
MA, USA). The secondary antibodies, including horseradish
peroxidase-conjugated goat anti-mouse and anti-rabbit immuno-
globulin G, were supplied by MR Biotech (Shanghai, China).

Cell viability assay

Cell viability was determined by the MTT assay. Cells were
seeded into 96-well plates at a density of 1 × 104 cells/100 μL.
Then, cells were incubated with different concentrations of
asparaginase with or without CQ. After 48 h of incubation, cells
were incubated with MTT (0.5 mg/mL) for 4 h at 37 °C. The
optical density (OD) was measured at an absorbance wavelength
of 590 nm.

Apoptosis assay

Annexin V-FITC/PI apoptosis detection kit (BD Bioscience,
Franklin Lakes, NJ, USA) was employed to measure apoptosis.
After treatment with asparaginase, cells were collected and
washed with phosphate-buffered saline (PBS), then resuspended
in 500 μL binding buffer at a concentration of 1 × 106 cells/mL.
Subsequently, cells were incubated with Annexin V-FITC and PI
for 15 min. Data was analyzed by FACS calibur flow cytometer.

4952 Appl Microbiol Biotechnol (2017) 101:4951–4961



Transmission electron microscopy

Tu212 and Tu686 cells were incubated with or without 0.5 IU/
mL asparaginase for 24 h. Then, cells were harvested and
fixed with glutaraldehyde in 0.1 M PBS (pH 7.4) for 2 h at
4 °C. After dehydration, samples were cut into ultrathin sec-
tions, then stained with uranyl acetate and lead citrate. Finally,
samples were detected with a JEM 1410 transmission electron
microscope (JEOL, Inc., USA).

Western blot analysis

To analyze protein expression levels, Tu212 and Tu686
laryngeal cancer cells were collected after treatment with
different concentrations of asparaginase. Then, cells were
washed with PBS and lysed in RIPA buffer (Beyotime
Biotechnology, China) on ice for 30 min. The cell lysates
were separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to

polyvinylidene difluoride (PVDF) membrane. Then, the
membrane was blocked with 3% bovine serum albumin
(BSA) powder in 0.05% Tris-buffered saline and incubat-
ed with primary antibodies. After incubation with second-
ary antibodies, the membranes were observed with en-
hanced chemiluminescent reagents (Pierce, Rockford, IL,
USA). Densitometry was determined by the ImageJ
software.

Confocal immunofluorescence

Cyto-ID Autophagy Detection Kit was acquired from Enzo Life
Sciences (Farmingdale, NY, USA), and LysoTracker Red was
obtained from Invitrogen (SanDiego, CA,USA).After treatment
with or without asparaginase, LSCC cells were stained with
Cyto-ID, Hoechst 33342 and LysoTracker Red DND-99 accord-
ing to the manufacturer’s protocol. The samples were analyzed
by laser confocal microscopy.

Fig. 1 Asparaginase induced growth inhibition and apoptosis in
laryngocarcinoma cell lines. a The expression of ASNS in Tu212 and
Tu686 cells was measured by western blot. K562 cells served as the
positive control, while H1975 cells served as the negative one.
Densitometric values were quantified by the ImageJ software, and the
data represented the mean of three independent experiments. b Exposed
to asparaginase for 48 h, the cell viability recorded a concentration-
dependent decrease in Tu212 and Tu686 cells. Densitometric values were

quantified by the ImageJ software, and the data represented the
mean ± SD of three independent experiments. c Treated with different
concentrations of asparaginase for 48 h, the apoptotic rate of the cells was
analyzed by flow cytometry. d The percentage of Annexin V-positive
Tu212 and Tu686 cells was presented in bar charts. Results were repre-
sented as mean ± SD and analyzed by using Student’s t test (two tailed)
(*P < 0.05, **P < 0.01)
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Statistical analysis

In this study, all experiments were repeated three times and the
data were presented as the mean ± standard deviations (SD).
Qualitative variables were analyzed by GraphPad Prism 5 under
Student’s t test. P < 0.05 and P < 0.01 were indicated by * and
**. P < 0.05 was considered as statistical significance of the
differences.

Results

Asparaginase elicited potent cytotoxicity in Tu212
and Tu686 cells

Mounting lines of evidence have shown that ASNS deficiency
formed the basis in asparaginase treatment (Hurteau et al.
2005). To explore whether ASNS was deficient in LSCC,
western blot analysis was performed to determine the

expression of ASNS in Tu212 and Tu686 cells. As shown in
Fig. 1a, K562 cells and NCI-H1975 cells were serviced as the
positive and the negative control, respectively. ASNS was
deficient in Tu212 and Tu686 cells indicating that Tu212
and Tu686 cells were sensitive to asparaginase treatment.
Next, we analyzed asparaginase-induced cytotoxicity in
Tu212 and Tu686 cells. After treatment with different concen-
trations of asparaginase for 48 h, significant cytotoxicity was
induced by asparaginase in a dose-dependent manner in
Tu212 and Tu686 cells (Fig. 1b).

Altogether, these results indicated that asparaginase in-
duced cytotoxicity in ASNS-deficient LSCC cells.

Caspase-dependent apoptosis was activated
in asparaginase-treated Tu212 and Tu686 cells

Apoptosis plays vital roles in antitumor drug-induced cytotoxic-
ity, and caspase-3 is found to be one of the key family members
of caspases (Mili et al. 2016). First, Annexin V/PI-based FCM

Fig. 2 Apoptosis induced by asparaginase depended on caspase
activation in Tu212 and Tu686 cells. a, b After treated with 0.125,
0.25, 0.5, and 1 IU/mL of asparaginase for 24 h, the level of caspase 3,
cleaved-caspase 3, PARP, and cleaved-PARP was detected by western
blot analysis. Densitometric values were quantified by ImageJ software,
and the data represented the mean of three independent experiments. c, d
After treatment with 0.25 IU/mL of asparaginase for different time, the
level of caspase 3, cleaved-caspase 3, PARP, and cleaved-PARP was
detected by western blot analysis. Densitometric values were quantified

using ImageJ software, and the data represented the mean of three inde-
pendent experiments. e Densitometric values of the level of cleaved-
caspase 3 and cleaved-PARP in asparaginase-treated Tu212 cells were
quantified by ImageJ software, and the data represented as the
mean ± SD of three independent experiments. f Exposed to asparaginase
(0.25 IU/mL) and/or 20 μM z-VAD-fmk for 48 h, cell viability was
analyzed by MTTassay. Results were represented as mean ± SD of three
independent experiments and analyzed by Student’s t test (two tailed)
(**P < 0.01)
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analysis was used to determine the apoptosis in asparaginase-
treated Tu212 and Tu686 cells. As shown in Fig. 1c, d, treated
with asparaginase for 48 h, apoptosis was remarkable induced in
a dose-dependentmanner, indicating that apoptosis was activated
by asparaginase in Tu212 and Tu686 cells. Then, after treatment
with asparaginase for 24 h, LSCC cells showed an increased
level of cleaved-caspase 3 and cleaved-PARP in a dose- and
time-dependent manner (Fig. 2a–d and Fig. S1A–D).
Moreover, upon pretreatment with z-VAD-fmk, a high efficiency
caspase blocker, asparaginase-induced cell cytotoxicity was sig-
nificantly reversed (Fig. 2f), indicating that caspase-dependent
pathways contributed to asparaginase-induced apoptosis in
LSCC cells.

Collectively, our data demonstrated that asparaginase in-
duced caspase-dependent apoptosis in Tu212 and Tu686 cells.

Autophagy was induced by asparaginase in Tu212
and Tu686 cells

Recent studies have identified that autophagy could be in-
duced by amino acid depletion to maintain cell homeostasis
(Chen et al. 2016). To determine whether autophagy partici-
pated in asparagine deprivation-based LSCC treatment, three
well-established methods including transmission electron mi-
croscopy, fluorescence staining, and immunoblotting were
employed in this study. First, after treatment with asparaginase
in LSCC cells for 24 h, an increased accumulation of double-
membrane autophagosomes was observed when compared
with negative controls (Fig. 3a). Then, autophagic vesicles
were reported by the Cyto-ID Green dye with fluorescence
microscopy. Similar to the positive control rapamycin-

Fig. 3 Asparaginase triggered
autophagy in Tu212 and Tu686
cells. a Exposed to asparaginase
(0.5 IU/mL) for 24 h, the
autophagosomes in Tu212 and
Tu686 cells were examined by
TEM. Red arrows labeled
autophagic vacuoles. b After
treated with asparaginase (0.5 IU/
mL) for 24 h in Tu212 and Tu686
cells, autophagy stained with
Cyto-ID Green dye was detected
by confocal fluorescent micros-
copy. Rapamycin (50 nM) was
serviced as a positive control. c, d
Tu212 and Tu686 cells were
treated with asparaginase in a
dose- and time-dependent man-
ner, and the expression of LC3-I/
II was measured by western blot
analysis
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treated cells, asparaginase-treated cells exhibited increased
green fluorescent dots (Fig. 3b). Furthermore, LC3-II, a reli-
able biomarker of autophagic level, was detected in
asparaginase-treated LSCC cells. As shown in Fig. 3c, d and
Fig. S2A–D, asparaginase induced LC3-II overexpression and
the transformation from LC3-I to LC3-II in Tu212 and Tu686
cells.

Taken together, these data forcefully suggested that
asparaginase induced autophagy in Tu212 and Tu686 cells.

Autophagic flux was elicited in asparaginase-treated
LSCC cells

Autophagy is a vital process involved in autophagosome forma-
tion, fusion of autophagosomes to lysosomes, and degradation of

cellular contents in lysosomes (Zhang et al. 2016b). To further
elucidate the dynamic process of autophagy, autophagic flux was
evaluated in asparaginase-treated cells. Western blot analysis
showed that cotreatment with CQ, a lysosomal pH neutralizing
agent that inhibited autophagosome-lysosome fusion to restrain
autophagy flux, further improved the expression of LC3-II in
asparaginase-treated cells (Fig. 4a, b). Moreover, Cyto-ID and
LysoTracker staining were used to examine autophagic flux by
confocal fluorescent microscopy. Three stages of autophagic
flux were distinctly observed in asparaginase-treated cells
(Fig. 4c, d): the formation and accumulation of
autophagosomes at 12 h (green fluorescence), fusion of
autophagosomes to lysosomes at 24 h (yellow fluorescence),
and then finally degradation of autophagosomes by lysosomes
at 48 h (orange fluorescence).

Fig. 4 Asparaginase triggered autophagic flux in Tu212 and Tu686 cells.
a, b Tu212 and Tu686 cells were treated with 0.25 IU/mL of asparaginase
and/or CQ (5 μM) for different times, then western blot analysis was
performed to assess the expression level of LC3-II. Densitometric values

were quantified by ImageJ software, and the data were presented as
means ± SD of three independent experiments. c, d After treated with
asparaginase (0.25 IU/mL) for different times, autophagic flux was mea-
sured in Tu212 and Tu686 cells by a confocal microscope
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Briefly, these results strongly demonstrated that autophagic
flux was activated by asparaginase in Tu212 and Tu686 cells.

Blocking autophagy enhanced asparaginase-induced
cytotoxicity in Tu212 and Tu686 cells

To explore the role of autophagy in asparaginase-treated LSCC
cells, CQ, an autophagosome-lysosome fusion blocker, was used
to abolish autophagy. As shown in Fig. 5a, asparaginase-
triggered autophagy was successfully inhibited by CQ in
Tu212 and Tu686 cells, while cotreatment with asparaginase
andCQ induced enhanced cytotoxicity in Tu212 and Tu686 cells
compared with asparaginase alone (Fig. 5b). Western blot anal-
ysis exhibited a significant increase of cleaved-PARP in the cells
cotreated with asparaginase and CQ (Fig. 5c). To further eluci-
date the biological role of autophagy in asparaginase-induced

cytotoxicity, asparaginase-induced apoptosis was also detected.
Figure 5d, e shows that cotreatment with asparaginase and CQ
induced an enhanced apoptosis in LSCC cells compared with
asparaginase treatment alone (Fig. 5d, e).

These data indicated that asparaginase-induced autophagy
represented a cytoprotective mechanism in Tu212 and Tu686
cells, and blocking autophagy could potentiate asparaginase-
induced cytotoxicity and caspase-dependent apoptosis in LSCC
cells.

ROS was involved in asparaginase-induced autophagy
and cytotoxicity in Tu212 and Tu686 cells

Previous studies have reported that ROSwas involved in various
antitumor treatment-induced autophagy (Poillet-Perez et al.
2015). First, confocal microscopy was employed to detect

Fig. 5 Inhibiting autophagy enhanced asparaginase-induced apoptosis
and cytotoxicity in Tu212 and Tu686 cells. a Tu212 and Tu686 cells were
treated with asparaginase (0.25 IU/mL) and/or CQ (5 μM) for 24 h.
Autophagy-associated protein LC3-I/II was measured by western blot
analysis. b Tu212 and Tu686 cells were incubated with 0.25 IU/mL of
asparaginase in the absence or presence of CQ (5 μM) for 48 h, then cell
viability was measured byMTT. Densitometric values were quantified by
the ImageJ software, and the data represented mean ± SD of three

independent experiments. c Tu212 and Tu686 cells were treated with
asparaginase (0.25 IU/mL) and/or CQ (5 μM) for 24 h. The levels of
PARP and cleaved-PARP were detected by western blot analysis. d
Tu212 and Tu686 cells were treated with asparaginase (0.25 IU/mL)
and/or CQ (5 μM) for 48 h, then flow cytometry was performed to
measure cell apoptosis. e The percentage of Annexin V-positive/PI-neg-
ative cells was presented in bar charts. Results were represented as
mean ± SD (**P < 0.01)
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whether ROS participated in asparaginase-induced autophagy in
LSCC cells. As shown in Fig. 6a, treatment with asparaginase
induced the generation of ROS and autophagy (red and green
fluorescence) in LSCC cells, while incubation with asparaginase
and NAC, a free radical scavenging agent, led to a severe reduc-
tion of autophagy specific fluorescence, further suggesting that
inhibition of ROS attenuated asparaginase-induced autophagy.
We also found that inhibition of ROS by NAC could partially
rescue the cytotoxicity and apoptosis in asparaginase-treated
LSCC cells (Fig. 6b–d).

Collectively, these data demonstrated that intracellular
ROS had a crucial role in asparaginase-induced autoph-
agy and cytotoxicity in Tu212 and Tu686 cells.

The Akt/mTOR and Erk signaling pathways were
implicated in asparaginase-induced autophagy in Tu212
and Tu686 cells

Akt/mTOR signaling pathway is a classic negative reg-
ulatory pathway for autophagy (Piccione et al. 2016;
Zhou et al. 2016). To investigate whether Akt/mTOR
signaling pathway was involved in asparaginase-
induced autophagy, the phosphorylated level of Akt
and mTOR in Tu212 and Tu686 cells was assessed.
Figure 7a. b shows that the phosphorylated level of
mTOR and Akt significantly decreased in a dose-
dependent manner in Tu212 and Tu686 cells after

Fig. 6 ROS generation played an important role in asparaginase-induced
autophagy and cytotoxicity in cells. a Tu212 and Tu686 cells were incu-
bated with asparaginase and NAC for 48 h, and autophagy and ROS were
determined by confocal microscopy. b After treated with asparaginase
(0.5 IU/mL) and/or NAC (20 μM) for 48 h, cell viability was determined
by MTT assay. Results were expressed as mean ± SD of three

independent experiments and analyzed by using Student’s t test (two
tailed). c, d Tu212 and Tu686 cells were treated with asparaginase
(0.5 IU/mL) and/or NAC (20 μM) for 48 h and detected by flow cytom-
etry. The percentages of Annexin V-positive/PI-negative cells were pre-
sented in bar charts (**P < 0.01)
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asparaginase treatment for 24 h. Furthermore, the phos-
phorylated level of p70S6K and 4EBP1, two down-
stream substrates of Akt/mTOR signaling pathway, was
also downregulated (Fig. 7a, b).

Previous studies have shown that extracellular-signal-
regulated kinase 1/2 (Erk1/2) is another important pathway
in amino acid deprivation-induced autophagy (Song et al.
2015). Upon exposure to different concentrations of
asparaginase, western blot analysis showed an increased phos-
phorylation level of Erk1/2 in TU212 and TU686 cells
(Fig. 7c, d).

These results demonstrated that inactivation of Akt/mTOR
and activation of the Erk signaling pathway were involved in
asparaginase-induced autophagy in Tu212 and Tu686 cells.

Discussion

According to the data published in 2014 by the American
Cancer Society, the 5-year survival rate of LSCC patients is
still decreasing in recent years (Lian et al. 2016; Lin et al.
2015; Lu et al. 2016). Targeting cellular metabolism has been
regarded as a promising approach for the therapy of malignan-
cies (Zhu et al. 2016). Asparaginase, an asparagine-depleting
enzyme, has been approved for the therapy of acute lympho-
blastic leukemia (Kelo et al. 2009). Moreover, previous stud-
ies have demonstrated that ASNS-deficient cancer cells were

susceptible to asparaginase treatment (Rizzari 2014). In this
study, our results demonstrated that ASNS was deficient in
LSCC TU212 and TU686 cells and asparaginase could sig-
nificantly induce cytotoxicity and caspase-dependent apopto-
sis in LSCC for the first time.

Autophagy, a conserved cellular catabolic pathway, has
been triggered in environmental stimulus such as nutrient star-
vation and chemotherapeutic agents (Gomes et al. 2016;
Wang et al. 2014). It has been reported that autophagy played
a dual role in cancer therapy (Gomes et al. 2016). In this study,
we found that autophagy was induced in LSCC cells after
asparaginase treatment. The appearance of autophagy was
validated by the accumulation of autophagic vacuoles,
autophagy-specific fluorescence, and the conversion of LC3-
I to LC3-II in Tu212 and Tu686 cells. Previous studies
showed that abolishing autophagy could enhance the antitu-
mor efficacy of asparaginase in human pulmonary adenocar-
cinoma and acute myeloid leukemia (Zhang et al. 2016a). The
biological function of autophagy in asparaginase-treated
Tu212 and Tu686 cells was explored to determine its potential
effect for antitumor therapy. Autophagolysosome inhibitor
CQ was employed to block asparaginase-induced autophagy.
Our results demonstrated that the combined treatment with
asparaginase and CQ induced a significant enhanced cytotox-
icity, indicating that autophagy was a cytoprotective mecha-
nism in asparaginase-induced cytotoxicity. Further experi-
ment clarified the relation between autophagy and apoptosis

Fig. 7 Akt/mTOR and Erk signaling pathways were implicated in
autophagy triggered by asparaginase in Tu212 and Tu686. a–d Tu212
and Tu686 cells were exposed to different concentrations of asparaginase
(0, 0.125, 0.25, 0.5, 1 IU/mL). a, b The level of p-Akt, p-mTOR, p-

p70S6K, and p-4EBP1 was determined by western blot analysis. c, d
Western blot was performed to analyze the protein Erk1/2 and p-Erk1/
2. Densitometric values were quantified using the ImageJ software, and
the data are presented as means ± SD of three independent experiments
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in asparaginase-treated cells. After inhibiting autophagy, the
percentage of Annexin V-positive cells and cleaved-PARP
was remarkably increased in asparaginase-treated cells, which
strongly demonstrated that autophagy played a cytoprotective
role in asparaginase-induced cytotoxicity and inhibiting au-
tophagy could be a therapeutic approach to enhance the anti-
tumor efficacy in laryngocarcinoma.

We explored the probable underlying molecular mecha-
nisms in asparaginase-induced autophagy. Previous studied
have demonstrated that ROS, Akt/mTOR, and Erk signaling
pathway played a key role in autophagy induction (Yang et al.
2015). Thus, we first detected whether ROS was accumulated
in asparaginase-treated LSCC cells. We found that ROS was
notably accumulated and scavenging ROS by NAC could
reduce asparaginase-induced autophagy and cytotoxicity in
LSCC cells indicating that ROS was essential in
asparaginase-induced autophagy and cytotoxicity in
laryngocarcinoma cells. Then, the protein expression level of
phosphorylated mTOR, Akt, p70S6K, and p-4EBP1 in
asparaginase-treated cells was determined. Our results dem-
onstrated that the expression of phosphorylated mTOR, Akt,
p70S6K, and p-4EBP1 was significantly decreased, indicating
that asparaginase induced autophagy via inactivation of the
Akt/mTOR signaling pathway. Meanwhile, we observed the
activation of phosphorylation of Erk1/2 in asparaginase-
treated cells, suggesting that the Erk pathway was also in-
volved in asparaginase-induced autophagy. Therefore, our da-
ta demonstrated that ROS, inactivation of Akt/mTOR, and
stimulation of the Erk signaling pathway played key roles in
asparaginase-induced autophagy, providing the feasible un-
derlying molecular mechanisms of asparaginase treatment in
LSCC.

In conclusion, deprivation of asparagine by asparaginase
induced cytotoxicity and caspase-dependent apoptosis in
Tu212 and Tu686 cells. Meanwhile, the cytoprotective au-
tophagy was triggered by asparaginase. Inhibiting autophagy
by CQ could remarkably enhance asparaginase-induced cyto-
toxicity and apoptosis. Moreover, our results revealed that
asparaginase-induced autophagy depended on ROS produc-
tion and inactivation of Akt/mTOR and activation of the Erk
signaling pathway. Therefore, our results demonstrated that
asparaginase alone or in combination with autophagy inhibi-
tors could serve as an attractive therapeutic strategy for LSCC.
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