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Abstract Laryngeal squamous cell carcinoma (LSCC), one
of the most common malignant solid tumors in the world, has
a high rate of mortality, recurrence, and metastasis. Recombi-
nant human arginase (rhArg) recently has been developed in
arginine deprivation therapy for a number of malignant tu-
mors. In the present study, we observed that rhArg triggered
significant cytotoxicity in human laryngeal squamous cell car-
cinoma Tu212 cells. Meanwhile, we observed that rhArg si-
multaneously activated autophagic flux in Tu212 cells, which
was demonstrated by the accumulation of autophagosome and
light chain 3 II (LC3-II). And, we explored the role of autoph-
agy in cytotoxicity induced by rhArg in Tu212 cells. Autoph-
agy inhibitors including chloroquine (CQ) and bafilomycin
A1 (Baf A1) enhanced cytotoxicity induced by rhArg, imply-
ing the protective role of autophagy in rhArg-treated Tu212

cells. Moreover, Akt/mTOR signaling pathway was most pos-
sibly to participate in the rhArg-induced autophagy. Mean-
while, rhArg could upregulate the phosphorylation of
ERK1/2 in a time-dependent manner. Therefore, all the results
illuminated the cytoprotective role of autophagy in the treat-
ment of rhArg in laryngeal squamous carcinoma Tu212 cells
and provided a potential approach for LSCC therapy by rhArg
combined with autophagy inhibitors.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is one of
the major threats to human health. More than 500,000 cases of
HNSCC occur each year (Perl et al. 2013). Laryngeal squa-
mous cell carcinoma (LSCC) accounts for a large proportion
of HNSCC (Machiels et al. 2014). Although the diagnosis and
treatment of LSCC, including surgery, chemotherapy, and ra-
diotherapy, have been rapidly developed, 5-year overall sur-
vival rate of LSCC is still relatively low. Thus, it is imperative
to find a novel therapy for LSCC.

Arginine, a conditionally essential amino acid, was known
to be a requirement of cell division, wound healing, and tumor
growth (Garcia-Navas et al. 2012; Wang et al. 2014b). Argi-
nine is an integral part of ornithine cycle, and in this cycle,
arginase catalyzes the conversion of arginine to ornithine and
urea. Many reports indicated that arginine deficiency could
serve as an effective approach for the treatment of malignant
solid tumors. Recombinant human arginase (rhArg) is an
arginine-degrading enzyme, which has been used as anti-
cancer drug for the treatment of arginine-auxotrophic tumors,
such as liver cancer, melanomas, and hepatocellular
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carcinomas (Cheng et al. 2005; Li et al. 2013), indicating the
potential approach of rhArg for tumor therapies. Nevertheless,
whether it is efficient for LSCC still remains unclear.

Autophagy is a process by which the cell eliminates dam-
aged cellular proteins or organelles and recycles obsolete cel-
lular constituents. Autophagy maintains cell homeostasis and
integrity (Chen et al. 2014; Ding and Choi 2015). Studies
indicated that autophagy can be induced when cells are faced
with growth pressure such as metabolic disturbance, cellular
stress, or hypoxia (Trendeleva et al. 2014; Rabinowitz and
White 2010). The premier step in the process of autophagy
is the formation of double membrane vesicle, known as
autophagosome, which encircles cytoplasmic components.
Then, the autophagosome fuses with the lysosome to form
autolysosome. After digestion of the autophagosome contents
by hydrolytic enzymes, the metabolites could be used for new
synthesis (Hackenberg et al. 2014). Regulation of autophagy
is highly related to inputs from the cellular environment (Kim
et al. 2009). Autophagy mostly plays a protective role in can-
cer therapy in the pathogenesis process (Chen et al. 2013;
Nakai et al. 2007). However, several studies reported that
autophagy was associated with cancer cell death following
chemotherapy in a series of cancer cells, including hepatocel-
lular carcinoma cells (Pan et al. 2014), breast cancer cells
(Shajahan-Haq et al. 2014), and ovarian cancer cells (Jin
et al. 2014). The relationship between autophagy and cytotox-
icity induced by rhArg in LSCC still remains unclear.

In the report, we studied whether rhArg could be a prom-
ising therapy for LSCC. First, we found that rhArg triggered
cytotoxicity of LSCC Tu212 cells. Meanwhile, rhArg induced
autophagy in Tu212 cells. Secondly, the critical role of au-
tophagy in cytotoxicity induced by rhArg in Tu212 cells was
studied. Interestingly, inhibiting autophagy could enhance cy-
totoxicity induced by rhArg, implying that autophagy played a
cytoprotective character in the treatment of Tu212. Collective-
ly, rhArg, either alone or combined with autophagy inhibitor,
might be a novel promising therapy for the treatment of
LSCC.

Materials and methods

Reagents and antibodies

3-(4, 5-Dimetrylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) and lysosomal inhibitor chloroquine (CQ) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Rapamycin and bafilomycin A1 (Baf A1) were obtained from
Sangon Biotech (Shanghai, China). Cyto-ID® was obtained
from ENZO Life Sciences, Inc. (Farmingdale, NY, USA).
LysoTracker® was from Invitrogen (San Diego, CA, USA).
Anti-phospho-p70 S6 Kinase (Ser371) and anti-phospho-4E-
BP1/2/3 (pT45) were acquired from Epitomics (Burlin-game,

CA, USA). Anti-tubulin was from Proteintech Group (Chica-
go, IL, USA). All the other primary antibodies including the
antibodies against phospho-mTOR (Ser2448), phospho-Akt
(Ser473), LC3, andβ-actin were obtained fromCell Signaling
Technology (Danvers, MA, USA). Secondary antibodies were
supplied by MingRui Biotech (Shanghai, China).

Preparation of rhArg

RhArg 1(accession number:NM_000045.3)was obtained by
Escherichia coliBL21 expression system(vector:pET30a)
(Huan and Xian 2008). QuantiChrom™ Arginase Assay Kit
was used to measure arginase activity. The specific activity of
the arginase was approximately 200 U/ml.

Tumor cells and culture conditions

Tu212 cells were obtained fromCell Bank of Xiangya Central
Experiment Laboratory (Changsha, China). Cells were culti-
vated in RPMI-1640 (Invitrogen, San Diego, CA, USA) with
supplementing 10 % (v/v) of fetal bovine serum (FBS)
(Invitrogen, San Diego, CA, USA), 100 μg/ml of streptomy-
cin, and 100 U/ml of penicillin. Cells were incubated at 37 °C
in 5 % (v/v) CO2.

Cell viability assay

The cell proliferation assay was performed using 3-(4.5-
dimeth ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT). Cells were seeded in 96-well flat bottom plates at a
density of 5×103 cells per well. After 24 h of incubation, serial
dilutions of rhArg with or without CQ and rapamycin were
added to the cultures for 48 h. Then, the cells were incubated
withMTT (0.5mg/ml) at 37 °C for 4 h. After that, the medium
was carefully removed and formazan crystal was solubilized
with dimethyl sulphoxide (DMSO). The absorbance was mea-
sured with microplate reader at the wavelength of 595 nm.

Western blotting analysis

Tu212 cells, growing in six-well plates, were incubated with
different concentrations of rhArg. Cells were harvested and
gently washed with cold phosphate-buffered saline (PBS)
two times and then lysed in RIPA buffer (Beyotime Biotech-
nology, China) on ice for 30 min. The procedure of Western
blot for the collected lysate was as described by Wang et al.
(2014a).

Transmission electron microscopy

Tu212 cells were cultured with or without rhArg (0.12 U/ml)
for 24 h, and Tu212 cells were collected (Li et al. 2013). After
being sliced, cells were stained by uranylacetate and lead
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citrate. The cells were observed by JEM 1410 TEM (JEOL
USA, Inc.).

Confocal microscopy

Tu212 cells were treated with or without rhArg (0.12 U/ml).
Rapamycin (50 nM), an autophagy inducer, was used as a
positive control. Afterward, cells were incubated with Cyto-
ID (ENZO Life Science, Farmingdale, NY, USA) and/or
LysoTracker (Invitrogen, San Diego, CA, USA). And, then,
cells were incubated in an atmosphere of 37 °C for 30 min.
According to the operating instructions of confocal microsco-
py (Carl Zeiss L SM710, Carl Zeiss, Germany), the stained
Tu212 cells were detected.

Statistics analysis

Data were carried out for statistical analysis with IBM SPSS
Statistics 19. P value <0.05 was considered to be statistically
significant. The results were expressed in the form of the
means±standard deviations (SDs). Significance of differences
was calculated by Student’s t test and one-way ANOVA.

Results

RhArg elicited cytotoxicity of laryngeal squamous cell
carcinoma Tu212 cells in vitro

It was reported that the tumors which were deficient of orni-
thine transcarbamylase (OTC) or argininosuccinate synthetase
(ASS) were suitable for arginine derivation therapy by rhArg
(Cheng et al. 2007). In our study, we found that LSCC Tu212
cells did not express OTC protein, whereas the protein of ASS
was observed in Western blot (Fig. 1a), indicating that Tu212
cells were sensitive to rhArg therapy. A549 was used as a
positive control. The cytotoxic efficiency of rhArg on Tu212
cells was thus detected by MTT assay in vitro. Following
exposure to different concentrations of rhArg for 48 h, we
found that rhArg inhibited the growth of Tu212 cells in a
dose-dependent way (Fig. 1b). RhArg could not inhibit the
growth of A549 cells (Supplementary Fig. S1). Taken togeth-
er, our data above suggested that rhArg could induce cytotox-
icity in LSCC Tu212 cells.

RhArg triggered an accumulation of autophagosomes
in Tu212 cells

Autophagy is a stress adaptive response in eukaryotes. Previ-
ous research demonstrated that deprivation of amino acid
could result in autophagy activation. In this study, we deter-
mined whether autophagy was induced in Tu212 cells follow-
ing the treatment with rhArg.We observed an accumulation of

autophagosomes in Tu212 cells following exposure to 0.12 U/
ml of rhArg for 24 h. As shown in Fig. 2a, compared to un-
treated controls, Tu212 cells treated with rhArg presented many
electron-dense inclusions. Upon the magnified view, they pre-
sented the double membrane structures, which were known as
autophagosomes. Meanwhile, we used Cyto-ID® autophagy
detection kit to verify whether autophagy was involved in
rhArg-treated Tu212 cells. Compared with positive controls
(rapamycin-treated Tu212 cells), as shown in Fig. 2b, intensive
green fluorescence could be observed under fluorescence con-
focal microscopy after rhArg-treated cells (0.12 U/ml) at 24 and
48 h, whereas minimal fluorescence could be found in the un-
treated cells. Furthermore, immunoblotting showed LC3-II,
membrane-associated autophagosome protein, significantly in-
creased in Tu212 cells (Fig. 2c, d). Our data suggested that
rhArg induced remarkable autophagy in Tu212 cells.

RhArg triggered autophagic flux in Tu212 cells

To further illustrate autophagy induced by rhArg in Tu212
cells, we assessed whether autophagic flux was triggered in
Tu212 cells after rhArg treatment. Bafilomycin A1 (Baf A1), a
lysosomal inhibitor, prevents the fusion of autophagosomes
with lysosomes and blocks the autophagy at its maturation
stage. Tu212 cells were incubated with different concentra-
tions of rhArg for 20 h. Tu212 cells were incubated in the
presence or absence of Baf A1 (40 nM) for a further 4 h.
Western blot showed that the cells treated with rhArg and
Baf A1 induced more expression of LC3-II compared to the
cells treated with rhArg alone (Fig. 3a). We also used Cyto-ID
and Lyso-Tracker to stain the Tu212 cells after cell incubation
with rhArg (0.12 U/ml) for 0, 6, 12, 24, and 48 h. The en-
hancement of green fluorescence represented the formation of
autophagosomes, which suggested an increased autophagic
activity. LysoTracker marks autophagolysosomes and lyso-
somes. We found green fluorescence accumulation increased
within 12 h and then decreased. The red fluorescence in cells
represented the degradation of autophagosomes (Fig. 3b).
There was a striking increase in yellow fluorescence after
the treatment of rhArg for 24 h, suggesting that
autophagosomes transformed to autolysosomes. All the data
indicated that rhArg induced autophagic flux in Tu212 cells.

Blocking autophagy enhanced growth inhibitory effect
of rhArg in Tu212 cells

To explore the role of autophagy in the cytotoxicity induced
by rhArg, we chose two autophagy inhibitors, CQ and Baf A1,
which inhibit the fusion of autophagosomes with lysosomes at
late stage and block LC3-II degradation. As shown in Fig. 4a, b,
the combination CQ or Baf A1 with rhArg significantly en-
hanced the formation of LC3-II in Tu212 cells compared with
the cells treated with rhArg alone. We used MTT assay to
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explore the role of autophagy in rhArg-induced cytotoxicity, the
results revealed that inhibition of autophagy by CQ or Baf A1
potentiated rhArg-induced cytotoxicity of Tu212 cells (Fig. 4c,
d). In addition, combining with autophagy inducer rapamycin

did not show obvious impact on the cytotoxicity induced by
rhArg in Tu212 cells (Supplementary Fig. S2). Collectively, the
results revealed that autophagy played a cytoprotective role in
the treatment of rhArg in Tu212 cells.

Fig. 1 Cytotoxocity induced by
rhArg in Tu212 cells. a A549 and
Tu212 cells were examined for
OTC and ASS protein expression
by Western blot analysis. A549
cells served as positive control. b
Tu212 cells (5×103 cells/well)
were incubated in the presence or
absence of differrent
concentrations of rhArg for 48 h.
Student’s t test was used for the
significance of differences (N=3,
means±SD, *p<0.05, **p<0.01)

Fig. 2 Autophagy was induced
by rhArg in Tu212 cells. a
Ultrastructural analysis of Tu212
cells either untreated or treated
with rhArg (0.12 U/ml) for 24 h
by TEM. The magnified view of
the electron photomicrograph
shows autophagosome. b Tu212
cells were untreated or treated
with rhArg (0.12 U/ml) for 24 and
48 h; green fluorescence
significantly enhanced could be
observed by confocal
fluorescence microscopy. c
Tu212 cells were incubated with
rhArg at 0.12 U/ml, the level of
LC3-I/II was analyzed by
Western blot. Tubulin was used as
a protein-loading control. d
Relative protein expression of
LC3-II/tubulin was qualified by
ImageJ software. Student’s t test
was used for the significance of
differences (N=3; mean±SD,
**p<0.01)
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Fig. 3 Autophagic flux was
triggered by rhArg in Tu212 cells.
a After incubation with rhArg at
0, 0.015, 0.03, 0.06, and 0.12 U/
ml for 20 h, Tu212 cells were
incubated with or without Baf A1
(40 nM) for a further 4 h. The
expression of LC3-II was
detected byWestern blot analysis.
b Representative fluorescence
images of Tu212 cells co-stained
with Hoechst, Cyto-ID®, and
LysoTracker® after incubated
with rhArg (0.12 U/ml) for 0, 6,
12, 24, and 48 h

Fig. 4 Combination with
autophagy inhibitors increased
cytotoxicity of Tu212 cells
induced by rhArg. a, b Tu212
cells were treated with or without
rhArg (0.12 U/ml), in the absence
or presence of autophagy
inhibitor CQ (5 μM) or Baf A1
(2.5 nM) for 24 h. Western blot
analysis was employed to detect
the expression of LC3. c, d Tu212
cells were treated with or without
0.12 U/ml of rhArg in the absence
or presence of autophagy
inhibitor CQ (5 μM) or Baf A1
(2.5 nM) for 48 h. Cell growth
inhibition was analyzed by MTT
assay. One-way ANOVAwas
used for the significance of
differences (N=3, means±SD,
*p<0.05, **p<0.01)
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The Akt/mTOR signaling pathway participated
in autophagy in rhArg-induced Tu212 cells

The PI3K/Akt/mTOR pathway is an important intracellular
signaling pathway regulating autophagy in eukaryotic cells
(Chang et al. 2014; Guertin and Sabatini 2007). Mammalian
target of rapamycin (mTOR) exists in a phosphorylation type
in the normal environment (Takeuchi et al. 2005). As shown
in Fig. 5a, exposure of Tu212 cells to rhArg resulted in dimin-
ished levels of the phosphorylated form of mTOR (Ser2448)
in a dose-dependent manner. The expression of LC3-II in-
creased in a dose-dependent manner. RhArg also reduced
the phosphorylation of Akt (an upstream inducer of mTOR),
and 4E-BP1 and p70S6K (two downstream effectors of
mTOR). Following the treatment of rhArg, the level of phos-
phorylated Akt was significantly downregulated.
Extracellular-signal-regulated kinase 1/2 (ERK1/2) activation
has been previously reported to promote cell survival (Kao
et al., 2014; Ogier-Denis et al., 2000). We also found an in-
crease of LC3-II and ERK1/2 phosphorylation in a time-
dependent manner in rhArg-treated Tu212 cells (Fig. 5b). Col-
lectively, the Akt/mTOR and ERK1/2 signaling pathways
might be involved in autophagy induced by rhArg in Tu212
cells.

Discussion

The absence of OTC or ASS as bio-markers for rhArg efficacy
has previously been studied in a number of malignant solid
tumors, including hepatocellular carcinoma, melanoma, and
prostate cancer (Cheng et al. 2007; Hsueh et al. 2012; Lam
et al. 2009). This study demonstrated for the first time that

rhArg exhibited anticancer efficacy in human laryngeal carci-
noma cells. It has been reported that the sensitivity of rhArg
was linked to deficiency of OTC or ASS, while the sensitivity
of arginine deiminase (ADI), another arginine-degrading an-
ticancer drug, was only linked to the deficiency of ASS. ADI
is in clinical phase II studies of melanoma and hepatocellular
carcinoma. In this study, we found that Tu212 cells did not
express OTC protein but expressed ASS protein. Simulta-
neously, rhArg induced cytotoxicity of Tu212 cells as deter-
mined byMTTcytotoxicity assay. Furthermore, we found that
obvious cell morphology changes following treatment of
rhArg, including smaller cell size and irregular shape, while
control cells showed normal cell morphology.

Numerous studies showed that autophagy plays an impor-
tant role in the anticancer processes, and autophagy could
partly illuminate the resistance of cancer cells to therapy. We
hypothesized that the regulation of rhArg-induced autophagy
might increase sensitivity and improve the cytotoxicity of
rhArg on LSCC. In this paper, we reported for the first time
that autophagy was induced by rhArg in LSCC Tu212 cells.
We used several methods to detect rhArg-induced autophagy.
For example, we used confocal microscopy to observe green
fluorescence which presented autophagic vacuoles. The for-
mation of LC3-II was also detected by Western blot analysis.
Moreover, the stimulation of characteristic autophagosomes
was observed by transmission electron microscopy. All these
results suggested that rhArg could induce autophagy in Tu212
cells.

For understanding autophagy more clearly, we investigated
whether rhArg could induce autophagic flux. Three stages of
autophagy were observed using confocal microscopy, includ-
ing formation of autophagosomes, fusion of autophagosomes
with lysosomes, and clearance of autophagosomes. When

Fig. 5 The Akt/mTOR signaling pathways were involved in autophagy
induced by rhArg in Tu212 cells. a Tu212 cells were exposed to various
concentrations of rhArg (0, 0.015, 0.03, 0.06, 0.12 U/ml) for 24 h. The
expression of p-Akt, p-mTOR, p-p70S6K, p-4E-BP1, and LC3 were

examined by western blot analysis. b Tu212 cells were incubated with
0.12 U/ml of rhArg for the indicated times (0, 6, 12, 24, 48 h). The
expression of Erk 1/2, phospho-Erk 1/2 (Thr202/Tyr204), and LC3 was
examined by Western blot analysis
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rhArg was employed in combination with Baf A1, the forma-
tion of LC3-II significantly increased. These results strongly
indicated that rhArg triggered autophagic flux in Tu212 cells.

Previous investigations demonstrated that autophagymight
be cytoprotective in drug resistance of cancer cells (Li et al.
2010; Li et al. 2013). However, there were also several studies
reporting that autophagy might mediate a type II form of pro-
grammed cell death (Heckmann et al. 2013; Lomonaco et al.
2011). Both the autophagy inhibitors (Baf A1 and CQ) en-
hanced cytotoxicity in Tu212 cells. Therefore, the activation
of autophagy was cytoprotective in rhArg-induced cytotoxic-
ity in Tu212 cells.

Several studies reported that autophagy has a complex sig-
naling transduction pathway (Zhang et al. 2014). To explore
the underlying molecular mechanisms in rhArg-induced au-
tophagy, we investigated several signaling pathways in Tu212
cells. Expression of p-Akt and p-mTORwas downregulated in
Tu212 cells after rhArg treatment. Meanwhile, the phosphor-
ylation of p70S6K and 4E-BP1 decreased. They were down-
stream substrates of mTOR. Furthermore, the phosphorylation
of ERK1/2 was upregulated. All these results strongly indicat-
ed that the inactivation of Akt-mTOR and activation of
ERK1/2 signaling pathways participated in the treatment of
rhArg in Tu212 cells.

In conclusion, we provided a novel potential therapy for
LSCC. We also showed the possibility of making Tu212 cells
more sensitive to rhArg by combining with autophagy inhib-
itor. First, we observed that remarkable cytotoxicity was trig-
gered by rhArg. Second, we found that significant autophagy
was induced by rhArg. And, autophagy played a
cytoprotective role in Tu212 cells. Blocking autophagy can
significantly potentiate cytotoxicity induced by rhArg in
Tu212 cells. Finally, Akt/mTOR signaling pathway was most
possibly to take part in autophagy induced by rhArg in Tu212
cells. The report might provide a promising therapeutic strat-
egy for LSCC.
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