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Abstract: Aloperine, an alkaloid isolated from Sophora alopecuroides, exhibits multiple pharmacological
activities including anti-inflammatory, antioxidant, antiallergic, antinociceptive, antipathogenic, and
antitumor effects. Furthermore, it exerts protective effects against renal and neuronal injuries. Several
studies have reported antitumor effects of aloperine against various human cancers, including
multiple myeloma; colon, breast, and prostate cancers; and osteosarcoma. Cell cycle arrest, apoptosis
induction, and tumorigenesis suppression have been demonstrated following aloperine treatment.
In a previous study, we demonstrated antitumor effects of aloperine on human thyroid cancer
cells through anti-tumorigenesis and caspase-dependent apoptosis induction via the Akt signaling
pathway. In the present study, we demonstrated the modulation of the autophagy mechanism
following the incubation of multidrug-resistant papillary and anaplastic human thyroid cancer cells
with aloperine; we also illustrate the underlying mechanisms, including AMPK, Erk, JNK, p38, and
Akt signaling pathways. Further investigation revealed the involvement of the Akt signaling pathway
in aloperine-modulated autophagy in human thyroid cancer cells. These results indicate a previously
unappreciated function of aloperine in autophagy modulation in human thyroid cancer cells.
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1. Introduction

Aloperine, a quinolizidine alkaloid isolated from Sophora alopecuroides, reportedly exhibits
multiple pharmacological activities, including anti-inflammatory, antiallergenic, antiviral, antimicrobial,
antinociceptive, and antitumor effects; moreover, it exhibits protective effects against renal and neuronal
injuries as well as pulmonary fibrosis [1–20]. Aloperine exerts antitumor effects against multiple
human cancers, including multiple myeloma; colon, breast, prostate, and thyroid cancers; and
osteosarcoma [1,7,12,15,18,20]. In previous studies, our and other research groups have demonstrated
that aloperine can suppress tumorigenesis, inhibit tumor cell proliferation, and induce cell cycle arrest
and apoptosis in various human cancer cells [1,7,12,15,18,19]. Studies investigating the mechanisms
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underlying the antitumor activity of aloperine have demonstrated the modulation of various signaling
pathways in human tumors, including JAK/STAT3, Ras-Erk, and PI3K/Akt pathways, following
aloperine treatment [1,7,13,15,19,20]. Furthermore, an in vivo study has demonstrated the safety and
efficacy of aloperine as a therapeutic agent [7]. Although antitumor activities of aloperine have been
reported in various studies, its detailed mechanism of action and possible further anticancer effects
should be elucidated urgently.

Autophagy, a self-degradative mechanism, disassembles unnecessary or dysfunctional
components in cells, thereby maintaining homeostasis and intracellular energy balance. Under
stressful conditions, such as nutrient deprivation, hypoxia, or infection, autophagy is induced to
eliminate stress and maintain homeostasis for cell survival [21,22]. During autophagy activation,
double-membrane vesicles (autophagosome or autophagic vacuole) are formed and specific or
non-specific target cargos are recruited in the cytoplasm for disassembling and recycling unnecessary
or dysfunctional cellular components via lysosomes (autolysosomes) [22]. Currently, autophagy is
implicated in various physiological responses and pathophysiological processes, including aging,
metabolic disorders, neurodegenerative diseases, cardiovascular disorders, immune responses,
carcinogenesis, and infectious diseases [23]. Autophagy plays a dual role in cancer. It can promote
cancer growth and survival by maintaining cellular energy production and eliminating stress, but it
has also been recognized as a therapeutic strategy against cancer [24]. However, there is insufficient
evidence regarding the modulation of autophagy by aloperine. Therefore, the regulation of autophagy
machinery and related mechanisms following aloperine treatment are worth exploring.

We have previously demonstrated anticancer activity of aloperine in human thyroid cancer
cells through elevated caspase-dependent apoptosis via the PI3K/Akt signaling pathway [15]. The
PI3K/Akt/mTOR signaling pathway plays important roles in autophagy regulation [25] and is a
potential target for anticancer therapy. In the present study, we evaluated autophagy in multiple
human thyroid cancer cells following aloperine treatment. Furthermore, we investigated the upstream
signaling pathway involved in aloperine-mediated autophagy modulation.

2. Results

2.1. Aloperine Reduces Cellular Viability in Human Thyroid Cancer Cells

Various studies have demonstrated that aloperine can induce apoptosis in human cancer cells,
including those of multiple myeloma; osteosarcoma; and hepatocellular, breast, colon, thyroid, and
prostate cancer [1,7,12,15,18,19]. In the present study, we confirmed the effects of aloperine on cellular
viability in undifferentiated human thyroid cancer cells as well as in multidrug-resistant anaplastic
and papillary thyroid cancer cells. The viability of KMH-2, 8505c, and IHH-4 cells treated with various
concentrations of aloperine was significantly reduced in a dosage-dependent manner compared with
that of the control cells (Figure 1). At 48 h post-incubation with aloperine, 50% cytotoxic concentration
(CC50) for KMH-2, 8505c, and IHH-4 cells was 207.3, 268.4, and 169.4 µM, respectively, suggesting
that KMH-2 and IHH-4 cells are more sensitive to aloperine comparing with 8505c cells. Whether this
difference in these cells are due to genetic background or other reasons warrants further investigation.



Int. J. Mol. Sci. 2019, 20, 5315 3 of 15

Int. J. Mol. Sci. 2017, 18, x FOR PEER REVIEW  2 of 15 

 

the mechanisms underlying the antitumor activity of aloperine have demonstrated the modulation 
of various signaling pathways in human tumors, including JAK/STAT3, Ras-Erk, and PI3K/Akt 
pathways, following aloperine treatment [1,7,13,15,19,20]. Furthermore, an in vivo study has 
demonstrated the safety and efficacy of aloperine as a therapeutic agent [7]. Although antitumor 
activities of aloperine have been reported in various studies, its detailed mechanism of action and 
possible further anticancer effects should be elucidated urgently. 

Autophagy, a self-degradative mechanism, disassembles unnecessary or dysfunctional 
components in cells, thereby maintaining homeostasis and intracellular energy balance. Under 
stressful conditions, such as nutrient deprivation, hypoxia, or infection, autophagy is induced to 
eliminate stress and maintain homeostasis for cell survival [21,22]. During autophagy activation, 
double-membrane vesicles (autophagosome or autophagic vacuole) are formed and specific or non-
specific target cargos are recruited in the cytoplasm for disassembling and recycling unnecessary or 
dysfunctional cellular components via lysosomes (autolysosomes) [22]. Currently, autophagy is 
implicated in various physiological responses and pathophysiological processes, including aging, 
metabolic disorders, neurodegenerative diseases, cardiovascular disorders, immune responses, 
carcinogenesis, and infectious diseases [23]. Autophagy plays a dual role in cancer. It can promote 
cancer growth and survival by maintaining cellular energy production and eliminating stress, but it 
has also been recognized as a therapeutic strategy against cancer [24]. However, there is insufficient 
evidence regarding the modulation of autophagy by aloperine. Therefore, the regulation of 
autophagy machinery and related mechanisms following aloperine treatment are worth exploring. 

We have previously demonstrated anticancer activity of aloperine in human thyroid cancer cells 
through elevated caspase-dependent apoptosis via the PI3K/Akt signaling pathway [15]. The 
PI3K/Akt/mTOR signaling pathway plays important roles in autophagy regulation [25] and is a 
potential target for anticancer therapy. In the present study, we evaluated autophagy in multiple 
human thyroid cancer cells following aloperine treatment. Furthermore, we investigated the 
upstream signaling pathway involved in aloperine-mediated autophagy modulation. 

2. Results 

2.1. Aloperine Reduces Cellular Viability in Human Thyroid Cancer Cells 

Various studies have demonstrated that aloperine can induce apoptosis in human cancer cells, 
including those of multiple myeloma; osteosarcoma; and hepatocellular, breast, colon, thyroid, and 
prostate cancer [1,7,12,15,18,19]. In the present study, we confirmed the effects of aloperine on cellular 
viability in undifferentiated human thyroid cancer cells as well as in multidrug-resistant anaplastic 
and papillary thyroid cancer cells. The viability of KMH-2, 8505c, and IHH-4 cells treated with 
various concentrations of aloperine was significantly reduced in a dosage-dependent manner 
compared with that of the control cells (Figure 1). At 48 h post-incubation with aloperine, 50% 
cytotoxic concentration (CC50) for KMH-2, 8505c, and IHH-4 cells was 207.3, 268.4, and 169.4 µM, 
respectively, suggesting that KMH-2 and IHH-4 cells are more sensitive to aloperine comparing with 
8505c cells. Whether this difference in these cells are due to genetic background or other reasons 
warrants further investigation. 

 

Figure 1. Suppression of human thyroid cancer cell growth following aloperine treatment. (A) KMH-2,
(B) 8505c, and (C) IHH-4 cells were treated with aloperine at various dosages, and their viabilities were
determined after 24, 48, and 72 h post-treatment using the CCK-8 assay. Cells treated with dimethyl
sulfoxide (DMSO) were used as a negative control, and all groups were normalized with the control
group. The results are expressed as mean ± SD of three independent experiments.

2.2. Aloperine Promotes Autophagy Activation in Human Thyroid Cancer Cells

To evaluate whether aloperine can modulate cellular autophagy activity, human thyroid cancer
cells were treated with aloperine at various concentrations. The expression of LC3-II, a biomarker
for autophagosome formation, was determined using western blot. Elevated LC3-II expression was
observed in KMH-2, 8505c, and IHH-4 cells following aloperine treatment (Figure 2). Moreover, LC3-II
and p62 expression was decreased in KMH-2 and IHH-4 cells following treatment with aloperine at a
high concentration or for a long time (Figure 2A,B,E,F), suggesting that aloperine induced autophagic
flux in these cells. However, LC3-II and p62/SQSTM1 (p62) expression continued to increase in 8505c
cells (Figure 2C,D), suggesting that aloperine blocked autophagic flux in these cells. Furthermore,
immunofluorescence staining confirmed aloperine-induced autophagosome formation in KMH-2 and
IHH-4 cells. Rapamycin elevated LC3 puncta in KMH-2 and IHH-4 cells (Figure 3). Aloperine treatment
induced LC3 puncta, and co-incubation with 3-MA could reduce aloperine-mediated LC3 puncta
(Figure 3) in KMH-2 and IHH-4 cells, suggesting that aloperine treatment promoted autophagosome
formation in these cells following. To confirm the induction of autophagic flux in KMH-2 and IHH-4
cells by aloperine, the mRFP-EGFP-LC3 vector was transfected into KMH-2 cells and autophagosome
and autolysosome puncta were located using confocal microscopy. Aloperine treatment promoted
autophagosome formation and simultaneously enhanced autophagic flux in KMH-2 and IHH-4
cells (Figure 4). Moreover, chloroquine treatment could block the aloperine-mediated induction of
autophagic flux. These results demonstrate that aloperine acts as an autophagy inducer in KMH-2 and
IHH-4 cells but blocks autophagic flux in 8505c cells.
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Figure 2. Autophagy modulation in human thyroid cancer cells following aloperine treatment.
(A,B) KMH-2, (C,D) 8505c, and (E,F) IHH-4 cells were incubated with aloperine, and LC3-II and p62
expression was determined using western blotting (A,C,E). Data are shown for cells incubated with
aloperine for 24 h. (B,D,F) Data are shown for cells treated with DMSO or aloperine (200 µM). Numbers
under the plots indicate the quantification of protein intensity after normalization with GAPDH. Three
independent experiments were performed, and results of one of these are shown.
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expression was determined using western blotting (A, C, E). Data are shown for cells incubated with 
aloperine for 24 h. (B,D,F) Data are shown for cells treated with DMSO or aloperine (200 µM). 
Numbers under the plots indicate the quantification of protein intensity after normalization with 
GAPDH. Three independent experiments were performed, and results of one of these are shown. 
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Figure 3. Autophagosome monitoring in human thyroid cancer cells following aloperine treatment. 
(A) KMH-2 and (B) IHH-4 cells were incubated with 3-MA (5 mM), rapamycin (30 µM), or aloperine 
(200 µM) for 24 h, and autophagosome formation was examined using immunofluorescence staining. 
LC3 (green) was used to label autophagosomes and DAPI to label the nucleus (blue). DMSO was 
used as a negative control; 3-MA was used as the autophagy inhibitor and rapamycin as the 
autophagy inducer. Cells with elevated autophagosome signaling are labeled with an arrow. 
Autophagosome puncta in the cells were identified and quantified in 30 cells. * p < 0.05, ** p < 0.01, 
compared with the DMSO group. ## p < 0.01, compared with the aloperine group. Three independent 
experiments were performed, and results of one of these are shown. 

Figure 3. Autophagosome monitoring in human thyroid cancer cells following aloperine treatment.
(A) KMH-2 and (B) IHH-4 cells were incubated with 3-MA (5 mM), rapamycin (30 µM), or aloperine
(200 µM) for 24 h, and autophagosome formation was examined using immunofluorescence staining.
LC3 (green) was used to label autophagosomes and DAPI to label the nucleus (blue). DMSO was used
as a negative control; 3-MA was used as the autophagy inhibitor and rapamycin as the autophagy
inducer. Cells with elevated autophagosome signaling are labeled with an arrow. Autophagosome
puncta in the cells were identified and quantified in 30 cells. * p < 0.05, ** p < 0.01, compared with the
DMSO group. ## p < 0.01, compared with the aloperine group. Three independent experiments were
performed, and results of one of these are shown.
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treatment. (A) KMH-2 and (B) IHH-4 cells expressing pmRFP-EGFP-LC3 were subjected to aloperine 
(200 µM) treatment for 24 h with or without 5 µM chloroquine to determine autophagosome/lysosome 
fusion. Autophagosome (yellow) and autolysosome (red) puncta increased in the aloperine group, 
and most puncta were yellow (autophagosome) in the chloroquine combination group. DMSO was 
used as a negative control. 

2.3. Modulations of Signaling Pathways with Aloperine in Human Thyroid Cancer Cells 

To investigate the mechanisms underlying aloperine-mediated autophagy induction, the 
expression and activation of AMPK, Akt/mTOR, Erk, p38, and JNK signaling pathways were 
determined in KMH-2 and IHH-4 cells following aloperine treatment. The expression and activation of 

Figure 4. Induction of autophagic flux in human anaplastic thyroid cancer cells following aloperine
treatment. (A) KMH-2 and (B) IHH-4 cells expressing pmRFP-EGFP-LC3 were subjected to aloperine
(200 µM) treatment for 24 h with or without 5 µM chloroquine to determine autophagosome/lysosome
fusion. Autophagosome (yellow) and autolysosome (red) puncta increased in the aloperine group,
and most puncta were yellow (autophagosome) in the chloroquine combination group. DMSO was
used as a negative control.

2.3. Modulations of Signaling Pathways with Aloperine in Human Thyroid Cancer Cells

To investigate the mechanisms underlying aloperine-mediated autophagy induction, the
expression and activation of AMPK, Akt/mTOR, Erk, p38, and JNK signaling pathways were determined
in KMH-2 and IHH-4 cells following aloperine treatment. The expression and activation of the AMPK
pathway was reduced in both KMH-2 and IHH-4 cells (Figure S1). Moreover, the activation of
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the Akt/mTOR and p70S6K pathways decreased in an aloperine dosage-related manner treatment
in both cell lines, whereas the expression of LC3-II increased (Figure 5A). In addition, aloperine
treatment suppressed overall mTOR expression (Figure 5A), suggesting that aloperine regulates mTOR
translation. In addition, the expression of phospho-p38 and phospho-Erk was reduced (Figure 5B),
whereas that of LC3-II was increased; however, the expression of phospho-JNK remained unchanged.
These results suggest that aloperine modulates the Akt/mTOR, Erk, and p38 signaling pathways and
activates autophagy in KMH-2 and IHH-4 cells.
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Figure 5. Signaling pathway modulation in human thyroid cancer cells following aloperine treatment.
The signaling pathways including (A) Akt/mTOR/p70s6K and (B) Erk, p38, and JNK pathways were
examined in cells with or without aloperine treatment. DMSO was used as a negative control. Numbers
under the plots indicate the quantification of protein intensity after normalization with GAPDH. Three
independent experiments were performed, and results of one of these are shown.
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2.4. Akt Signaling Pathway Contributes to Aloperine-mediated Autophagy Induction in Human Thyroid
Cancer Cells

To address whether the Akt/mTOR, p38, and Erk signaling pathways are involved in the
aloperine-mediated autophagy, KMH-2 and IHH-4 cells were pre-incubated with inhibitors including
perifosine, SB203580, and PD98059. Inhibiting Akt pathway activation increased LC3-II expression in
KMH-2 and IHH-4 cells (Figure 5A); this was also observed in aloperine-treated groups. Moreover,
compared with aloperine alone, the combination of aloperine and perifosine suppressed phospho-Akt
and increased LC3-II expression to a greater extent (Figure 6A), suggesting that Akt pathway inhibition
contributes to aloperine-mediated autophagy induction. Moreover, treatment with SB203580 and
PD98059 inhibited p38 and Erk pathway activation in KMH-2 and IHH-4 cells (Figure 6B,C), and
aloperine treatment suppressed p38 and Erk pathway activation. Furthermore, combination of aloperine
with PD98059 or SB203580 decreased LC3-II expression in KMH-2 and IHH-4 cells (Figure 6B,C),
suggesting that aloperine-mediated autophagy activation is not regulated via Erk and p38 pathway
modulation. However, the physiological significance of aloperine-mediated decrease in phospho-Erk
and phospho-p38 warrants further investigation. Meanwhile, we confirmed autophagosome puncta
formation in cells treated with a combination of aloperine and perifosine. Perifosine-increased Akt
pathway inhibition significantly increased LC3 puncta formation (Figure 7). In addition, we confirmed
the role of the Akt pathway in aloperine-mediated autophagy induction; a constitutively active-form
construction of Akt was transiently transfected into KMH-2 and IHH-4 cells, and the activation of Akt
and expression of LC3-II were monitored using Western blotting. The overexpression of active-form
Akt in the cells treated with aloperine reduced the expression of LC3-II, demonstrating that the Akt
signaling pathway is the upstream pathway involved in aloperine-mediated autophagy induction
(Figure 8). These results demonstrate that aloperine may serve as an autophagy inducer via Akt/mTOR
signaling pathway suppression in human thyroid cancer cells.
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human thyroid cancer cells. To confirm the signaling pathways involved in aloperine-mediated 
autophagy induction, cells were treated with (A) perifosine (an Akt inhibitor), (B) SB203580 (a p38 
inhibitor), or (C) PD98059 (an Erk inhibitor) with or without aloperine; LC3, phospho-Akt, phospho-
p38, and phospho-Erk expression was examined using Western blotting after 24 h incubation. DMSO 
was used as a negative control. Numbers under the plots indicate the quantification of protein 

Figure 6. Evaluation of signaling pathways involved in aloperine-mediated autophagy induction
in human thyroid cancer cells. To confirm the signaling pathways involved in aloperine-mediated
autophagy induction, cells were treated with (A) perifosine (an Akt inhibitor), (B) SB203580 (a p38
inhibitor), or (C) PD98059 (an Erk inhibitor) with or without aloperine; LC3, phospho-Akt, phospho-p38,
and phospho-Erk expression was examined using Western blotting after 24 h incubation. DMSO was
used as a negative control. Numbers under the plots indicate the quantification of protein intensity
after normalization with GAPDH. Three independent experiments were performed, and results of one
of these are shown.
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Figure 7. Promotion of aloperine-mediated autophagosome formation via the suppression of Akt
pathway activation in human thyroid cancer cells. (A) KMH-2 and (B) IHH-4 cells were treated with
aloperine (200 µM) alone or in combination with perifosine (20 µM) for 24 h, and autophagosome
formation was examined with immunofluorescence staining (green). DAPI was used to label the
nucleus (blue). DMSO was used as a negative control. Cells with elevated autophagosome signaling
are labeled with an arrow. Autophagosome puncta in cells were identified and quantified in 30 cells.
** p < 0.01, compared with the DMSO group. ## p < 0.01, compared with the aloperine group. Three
independent experiments were performed, and results of one of these are shown.



Int. J. Mol. Sci. 2019, 20, 5315 10 of 15

Int. J. Mol. Sci. 2017, 18, x FOR PEER REVIEW  10 of 15 

 

Figure 7. Promotion of aloperine-mediated autophagosome formation via the suppression of Akt 
pathway activation in human thyroid cancer cells. (A) KMH-2 and (B) IHH-4 cells were treated with 
aloperine (200 µM) alone or in combination with perifosine (20 µM) for 24 h, and autophagosome 
formation was examined with immunofluorescence staining (green). DAPI was used to label the 
nucleus (blue). DMSO was used as a negative control. Cells with elevated autophagosome signaling 
are labeled with an arrow. Autophagosome puncta in cells were identified and quantified in 30 cells. 
** p < 0.01, compared with the DMSO group. ## p < 0.01, compared with the aloperine group. Three 
independent experiments were performed, and results of one of these are shown. 

 
Figure 8. Suppression of aloperine-mediated autophagy induction via compensation of phospho-Akt. 
Human thyroid cancer cells were transfected with a constitutively active-form Akt construct or a 
vacant construct. Phospho-Akt and LC3 expression in cells with or without aloperine treatment for 
24 h was examined using Western blotting. DMSO was used as a negative control. Numbers under 
the plots indicate the quantification of protein intensity after normalization with GAPDH. Three 
independent experiments were performed, and results of one of these are shown. 

2.5. Aloperine-mediated Autophagy Exerts A Cytotoxic Effect in Human Thyroid Cancer Cells 

To determine the role of aloperine-mediated autophagy modulation in human thyroid cancer 
cells, KMH-2 and IHH-4 cells were incubated with aloperine or combination with 3-MA or rapamycin, 
and the cellular viability was examined with CCK-8 assay. The cell viability was significantly reduced 
in the cells under aloperine treatment (Figure 9). However, the cellular toxicity was rescued in the 
cells under aloperine combination with 3-MA treatment (Figure 9). On the other hand, cells incubated 
with aloperine and rapamycin showed higher cytotoxicity (Figure 9). These data suggested that 
aloperine-mediated autophagy serve a cytotoxic activity in KMH-2 and IHH-4 cells. 

 
Figure 9. Modulation of autophagy in human thyroid cancer cells affects aloperine-mediated 
cytotoxicity. (A) KMH-2, and (B) IHH-4 cells were incubated with aloperine, rapamycin, 3-MA alone, 
or combination treatment, and their viabilities were determined after 24 h post-treatment using the 
CCK-8 assay. Cells treated with DMSO were used as a negative control, and all groups were 

Figure 8. Suppression of aloperine-mediated autophagy induction via compensation of phospho-Akt.
Human thyroid cancer cells were transfected with a constitutively active-form Akt construct or a vacant
construct. Phospho-Akt and LC3 expression in cells with or without aloperine treatment for 24 h was
examined using Western blotting. DMSO was used as a negative control. Numbers under the plots
indicate the quantification of protein intensity after normalization with GAPDH. Three independent
experiments were performed, and results of one of these are shown.

2.5. Aloperine-Mediated Autophagy Exerts a Cytotoxic Effect in Human Thyroid Cancer Cells

To determine the role of aloperine-mediated autophagy modulation in human thyroid cancer
cells, KMH-2 and IHH-4 cells were incubated with aloperine or combination with 3-MA or rapamycin,
and the cellular viability was examined with CCK-8 assay. The cell viability was significantly reduced
in the cells under aloperine treatment (Figure 9). However, the cellular toxicity was rescued in the
cells under aloperine combination with 3-MA treatment (Figure 9). On the other hand, cells incubated
with aloperine and rapamycin showed higher cytotoxicity (Figure 9). These data suggested that
aloperine-mediated autophagy serve a cytotoxic activity in KMH-2 and IHH-4 cells.
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Figure 9. Modulation of autophagy in human thyroid cancer cells affects aloperine-mediated cytotoxicity.
(A) KMH-2, and (B) IHH-4 cells were incubated with aloperine, rapamycin, 3-MA alone, or combination
treatment, and their viabilities were determined after 24 h post-treatment using the CCK-8 assay. Cells
treated with DMSO were used as a negative control, and all groups were normalized with the control
group. The results are expressed as mean ± SD of three independent experiments.

3. Discussion

Aloperine, a natural alkaloid isolated from the herb S. alopecuroides, has been reported to exhibit
anticancer activity in various human cancers [1,7,12,15,18,20]. Previous studies have demonstrated
that aloperine mediates cell proliferation, cell cycle inhibition and regulation, apoptosis induction, and
tumor migration/invasion and suppression [1,7,12,15,18,19,26]. In a previous study, we demonstrated
that anticancer effects of aloperine in multiple human thyroid cancer cells via the suppression of
cell proliferation and tumorigenesis as well as induction of cell cycle arrest and apoptosis [15]. In
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this study, we evaluated autophagy regulation in IHH-4 (a multidrug-resistant papillary thyroid
carcinoma), 8505C (an undifferentiated thyroid carcinoma), and KMH-2 (a multidrug-resistant
anaplastic thyroid carcinoma) cells treated with aloperine. We also explored the mechanisms involved
in aloperine-modulated autophagy activation.

We demonstrated that aloperine activates the autophagy machinery, promotes autophagosome
formation, and increases autophagic flux in KMH-2 and IHH-4 cells (Figure 2A,B,E,F, Figure 3, Figure 4),
suggesting its role as an autophagy inducer in these cells. Although LC3-II and p62 expression levels
were elevated in 8505c cells following aloperine treatment, these levels did not further decrease with
prolonged treatment (Figure 2C,D), suggesting that aloperine acts as an autophagy inhibitor in 8505c
cells. However, further investigation is required to determine whether aloperine can simultaneously
activate autophagy and block autophagic flux in 8505c cells. Alternatively, whether aloperine alters
lysosomal functions, inhibits lysosomal proteolysis, or blocks the delivery of cargo to lysosomes needs
further evaluation.

The PI3K/Akt/mTOR, AMPK, and MAPK/Erk signaling pathways play major roles in autophagy
induction [27]. In this study, we evaluated the expression and activation of AMPK, Akt/mTOR,
Erk, p38, and JNK pathways in cells following aloperine treatment. We demonstrated that the
aloperine-suppressed Akt/mTOR signaling pathway is the upstream mechanism for autophagy
induction in KMH-2 and IHH-4 cells (Figures 5–8). Although our results show that aloperine can
suppress the activation of the p38 and Erk pathways in KMH-2 and IHH-4 cells (Figure 5A,B), this
suppression with a combination of aloperine and SB203580 or PD98059 treatment did not significantly
increase LC3-II expression (Figure 6B,C). These results suggest that the aloperine-mediated inhibition of
p38 and Erk pathways is not the underlying mechanism for aloperine-mediated autophagy induction.
However, the physiological significance of aloperine-inhibited p38 and Erk signaling pathways in
KMH-2 and IHH-4 cells warrants further investigation. In addition, we cannot rule out whether factors
other than the Akt pathway are involved in aloperine-mediated autophagy induction.

Autophagy is a self-degradation process that clears unnecessary intracellular organelles and
proteins, playing an important role in cellular homeostasis [22,23,27]. Multiple compounds including
clinical chemotherapeutic agents and/or natural products induce autophagy. However, such autophagy
induction is either cytotoxic or cytoprotective [28], demonstrating that autophagy induction in cancer
cells may be more complicated. Although excessive and sustained autophagy may lead to cell death
and tumor shrinkage, and autophagic cell death has been reported in numerous reports, the cytotoxic
role of autophagy remains debatable because of insufficient data on autophagic cell death markers [29].
In the present study, we demonstrated that aloperine can modulate the autophagy machinery and
induce autophagosome as well as autophagic flux in human thyroid cancer cells. Blocking of autophagy
with 3-MA or enhancing of autophagy with rapamycin in the aloperine-treated cells could reduce or
enhance aloperine-mediated cytotoxicity. Therefore, we suggested that aloperine-mediated autophagy
exerts a cytotoxic role in human thyroid cancer cells.

Autophagy activation by natural products has been considered a double-edged sword in
determining the cell fate of human cancers, and the interplay between autophagy and apoptosis has
recently been highlighted [30]. Several proteins and signaling pathways, including the p53, Bcl-2,
DAPK, Akt/mTOR, and JNK pathways, act as scaffolds in mediating the crosstalk between autophagy
and apoptosis [30,31]. In a previous study, we reported that aloperine induces caspase-dependent
apoptosis through PI3K/Akt inhibition pathway in human thyroid cancer cells [15]. In the present study,
cells treated with aloperine exhibited autophagy induction through Akt/mTOR pathway suppression in
human thyroid cancer cells. Therefore, we speculate that Akt/mTOR pathway inhibition induces both
apoptosis and autophagy in human thyroid cancer cells following aloperine treatment. Overall, our
findings indicate interplay of molecules in human thyroid cancer cells following aloperine treatment,
which mediates both autophagy and apoptosis, and these molecules may be effective targets in
developing anticancer therapies. In addition, aloperine exhibits multiple pharmacological activities,
including anti-inflammatory, antiallergenic, antiviral, antimicrobial, and antinociceptive effects against
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renal and neuronal injuries as well as pulmonary fibrosis [1–20]. Here, we demonstrate autophagy
regulation by aloperine. Whether aloperine can protect against renal and neuronal injuries as well
as pulmonary fibrosis through autophagy induction should be an interesting topic to explore in the
future [32,33].

4. Materials and Methods

4.1. Cell Line and Cell Culture

Human thyroid cancer cell lines including KMH-2 (multidrug-resistant anaplastic thyroid
carcinoma), 8505c (undifferentiated thyroid carcinoma), and IHH-4 (multidrug-resistant papillary
thyroid carcinoma) were purchased from Japan Collection of Research Bioresources Cell Bank (JCRB,
Japan). IHH-4 and KMH-2 cells were cultured in DMEM + RPMI (1:1) medium (GIBCO, Gaithersburg,
MD, USA), and 8505c cells were cultured in MEM medium (GIBCO) supplemented with 10% FBS
(Biological Industries, Kibbutz Beit Haemek, Israel) at 37 ◦C in a 5% CO2 incubator.

4.2. Cell Viability Assay

Cells (5 × 103 cells/well) were seeded in 96-well cell culture plates, and adherent cells were
incubated in a control medium containing 0.01% dimethyl sulfoxide (DMSO) or a medium containing
aloperine (Selleck Chemicals, Houston, TX, USA). Cell viability was examined using the CCK-8 assay
kit (Enzo Life Sciences, Farmingdale, NY, USA) following treatment for indicated time and at indicated
dosages. Three independent experiments were performed.

4.3. Autophagosome Detection

Cells (without starvation) were treated with or without aloperine for various durations. The
expression of autophagy marker LC3-II was examined using Western blotting. Furthermore,
autophagosome formation was detected using immunofluorescence staining under a laser confocal
scanning microscope (LSM800, ZEISS, Germany). To determine autophagic flux induction following
aloperine treatment, p62 expression in cells was examined. GAPDH was used as a loading control in
western blotting, and DAPI was used to label the nucleus.

4.4. Western Blotting

Cells were cultured in 10-cm cell culture dishes and treated with aloperine. DMSO was used as a
negative control. The whole cellular extract was subjected to sodium dodecyl sulfate–polyacrylamide gel
electrophoresis, and the separated proteins were electrically transferred to a PVDF membrane (Millipore
Corporation, USA). The membrane was blocked with primary antibodies (anti-LC3 Ab; Abcam, USA;
anti-GAPDH Ab; GeneTex, USA; anti-AMPK α-1 Ab; Cell signaling, USA; anti-phosphorylated-AMPK
α-1 (Thr 172) Ab; Cell Signaling, USA; anti-Akt Ab; Santa Cruz, USA; anti-phosphorylated-Akt
(Ser 473) Ab; Santa Cruz, USA; anti-mTOR Ab; Cell Signaling, USA; anti-phosphorylated-mTOR
(Ser 2448) Ab; Cell Signaling, USA; anti-p70S6K Ab; Cell Signaling, USA; anti-phosphorylated-p70S6K
(Thr 389) Ab; Cell Signaling; anti-p62/SQSTM1 Ab; Abgent, USA; anti-Erk Ab; Cell Signaling, USA;
anti-phosphorylated-Erk (Thr 202/204) Ab; Cell Signaling, USA; anti-JNK Ab; Cell Signaling, USA;
anti-phosphorylated-JNK (Thr 183/Tyr 185) Ab; Cell Signaling, USA; anti-p38 Ab; Cell Signaling, USA;
and anti-phosphorylated (Thr 180/Tyr 182) Ab; Cell Signaling Ab, USA) and was analyzed using the
BioSpectrum 800 Imaging System (UVP, CA, USA).

4.5. Plasmid Transfection

To observe autophagosome and autolysosome formation in cells treated with aloperine, a
pmRFP-EGFP-LC3 plasmid (purchased from Addgene, Watertown, MA, USA) [34] was transfected
with Lipofectamine 2000 (Thermo Scientific, Waltham, MA, USA) according to the manufacturer’s
instructions. To confirm the role of the Akt pathway in aloperine-mediated autophagosome induction,
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the pHRIG-Akt1 plasmid (a constitutively active-form construct of human Akt1, a myristoylated
form of Akt-1, purchased from Addgene) and pBSSK+ (an empty vector used as a negative control)
were transfected with Lipofectamine 2000 (Thermo Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions.

4.6. Statistical Analysis

Data are presented as mean and standard error. Statistical differences were analyzed using
one-way analysis of variance and Fisher’s least significant difference test. Statistical significance was
defined as p < 0.05.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/20/21/
5315/s1.

Author Contributions: H.-I.Y. and H.-C.S.: Study design, original regulatory, funding, and manuscript preparation;
S.-H.C.: In vitro laboratory work, data organization, and manuscript preparation; Y.-P.L.: Data organization and
manuscript preparation; H.-H.C., T.-S.T., F.-P.K., C.-H.L., and C.-Y.H.: Manuscript preparation; Y.-R.L.: Study
design, original regulatory, obtained funding, and manuscript preparation and writing. All authors read and
approved the final manuscript.

Acknowledgments: This work was supported by the grants from the Ministry of Science and Technology of
the Republic of China, Taiwan (MOST 108-2314-B-705-001), Ditmanson Medical Foundation Chiayi Christian
Hospital (Grant R107-24) and Chi Mei Medical Center (CLFHR10836). We thank Myron for the critical review of
the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zhang, L.; Zheng, Y.; Deng, H.; Liang, L.; Peng, J. Aloperine Induces G2/M Phase Cell Cycle Arrest and
Apoptosis in Hct116 Human Colon Cancer Cells. Int. J. Mol. Med. 2014, 33, 1613–1620. [CrossRef] [PubMed]

2. Zhou, C.C.; Gao, H.B.; Sun, X.B.; Shi, H.B.; Liu, W.; Yuan, H.N.; Wang, Z.X. Anti-Inflammatory and
Anti-Allergic Action of Aloperine. Zhongguo Yao Li Xue Bao 1989, 10, 360–365. [PubMed]

3. Yuan, X.Y.; Liu, W.; Zhang, P.; Wang, R.Y.; Guo, J.Y. Effects and Mechanisms of Aloperine on 2,
4-Dinitrofluorobenzene-Induced Allergic Contact Dermatitis in Balb/C Mice. Eur. J. Pharmacol. 2010,
629, 147–152. [CrossRef] [PubMed]

4. Lin, Z.; Huang, C.F.; Liu, X.S.; Jiang, J. In Vitro Anti-Tumour Activities of Quinolizidine Alkaloids Derived
from Sophora Flavescens Ait. Basic Clin. Pharmacol. Toxicol. 2011, 108, 304–309. [CrossRef] [PubMed]

5. Lin, W.C.; Lin, J.Y. Five Bitter Compounds Display Different Anti-Inflammatory Effects through Modulating
Cytokine Secretion Using Mouse Primary Splenocytes in Vitro. J. Agric. Food Chem. 2011, 59, 184–192.
[CrossRef] [PubMed]

6. Ma, N.T.; Zhou, R.; Chang, R.Y.; Hao, Y.J.; Ma, L.; Jin, S.J.; Du, J.; Zheng, J.; Zhao, C.J.; Niu, Y.; et al. Protective
Effects of Aloperine on Neonatal Rat Primary Cultured Hippocampal Neurons Injured by Oxygen-Glucose
Deprivation and Reperfusion. J. Nat. Med. 2015, 69, 575–583. [CrossRef] [PubMed]

7. Wang, H.; Yang, S.; Zhou, H.; Sun, M.; Du, L.; Wei, M.; Luo, M.; Huang, J.; Deng, H.; Feng, Y.; et al. Aloperine
Executes Antitumor Effects against Multiple Myeloma through Dual Apoptotic Mechanisms. J. Hematol.
Oncol. 2015, 8, 26. [CrossRef]

8. Hu, S.; Zhang, Y.; Zhang, M.; Guo, Y.; Yang, P.; Zhang, S.; Simsekyilmaz, S.; Xu, J.F.; Li, J.;
Xiang, X.; et al. Aloperine Protects Mice against Ischemia-Reperfusion (Ir)-INDUCED Renal Injury by
Regulating Pi3k/Akt/Mtor Signaling and Ap-1 Activity. Mol. Med. 2016, 21, 912–923. [CrossRef]

9. Dang, Z.; Zhu, L.; Lai, W.; Bogerd, H.; Lee, K.H.; Huang, L.; Chen, C.H. Aloperine and Its Derivatives as a
New Class of Hiv-1 Entry Inhibitors. ACS Med. Chem. Lett. 2016, 7, 240–244. [CrossRef]

10. Ren, D.; Ma, W.; Guo, B.; Wang, S. Aloperine Attenuates Hydrogen Peroxide-Induced Injury Via
Anti-Apoptotic Activity and Suppression of the Nuclear Factor-Kappab Signaling Pathway. Exp. Ther. Med.
2017, 13, 315–320. [CrossRef]

11. Wu, F.; Hao, Y.; Yang, J.; Yao, W.; Xu, Y.; Yan, L.; Niu, Y.; Sun, T.; Yu, J.; Zhou, R. Protective Effects of
Aloperine on Monocrotaline-Induced Pulmonary Hypertension in Rats. Biomed. Pharmacother. 2017, 89,
632–641. [CrossRef] [PubMed]

http://www.mdpi.com/1422-0067/20/21/5315/s1
http://www.mdpi.com/1422-0067/20/21/5315/s1
http://dx.doi.org/10.3892/ijmm.2014.1718
http://www.ncbi.nlm.nih.gov/pubmed/24682388
http://www.ncbi.nlm.nih.gov/pubmed/2533795
http://dx.doi.org/10.1016/j.ejphar.2009.12.007
http://www.ncbi.nlm.nih.gov/pubmed/20006963
http://dx.doi.org/10.1111/j.1742-7843.2010.00653.x
http://www.ncbi.nlm.nih.gov/pubmed/21159130
http://dx.doi.org/10.1021/jf103581r
http://www.ncbi.nlm.nih.gov/pubmed/21155568
http://dx.doi.org/10.1007/s11418-015-0928-2
http://www.ncbi.nlm.nih.gov/pubmed/26142710
http://dx.doi.org/10.1186/s13045-015-0120-x
http://dx.doi.org/10.2119/molmed.2015.00056
http://dx.doi.org/10.1021/acsmedchemlett.5b00339
http://dx.doi.org/10.3892/etm.2016.3962
http://dx.doi.org/10.1016/j.biopha.2017.02.033
http://www.ncbi.nlm.nih.gov/pubmed/28262616


Int. J. Mol. Sci. 2019, 20, 5315 14 of 15

12. Chen, S.; Jin, Z.; Dai, L.; Wu, H.; Wang, J.; Wang, L.; Zhou, Z.; Yang, L.; Gao, W. Aloperine Induces Apoptosis
and Inhibits Invasion in Mg-63 and U2os Human Osteosarcoma Cells. Biomed. Pharmacother. 2018, 97, 45–52.
[CrossRef] [PubMed]

13. Dang, Z.; Xie, H.; Zhu, L.; Zhang, Q.; Li, Z.; Huang, L.; Chen, C.H. Structure Optimization of Aloperine
Derivatives as Hiv-1 Entry Inhibitors. ACS Med. Chem. Lett. 2017, 8, 1199–1203. [CrossRef] [PubMed]

14. Zhang, X.; Lv, X.Q.; Tang, S.; Mei, L.; Li, Y.H.; Zhang, J.P.; Jiang, J.D.; Peng, Z.G.; Song, D.Q. Discovery and
Evolution of Aloperine Derivatives as a New Family of Hcv Inhibitors with Novel Mechanism. Eur. J. Med.
Chem. 2018, 143, 1053–1065. [CrossRef] [PubMed]

15. Lee, Y.R.; Chen, S.H.; Lin, C.Y.; Chao, W.Y.; Lim, Y.P.; Yu, H.I.; Lu, C.H. In Vitro Antitumor Activity of
Aloperine on Human Thyroid Cancer Cells through Caspase-Dependent Apoptosis. Int. J. Mol. Sci. 2018,
19, 312. [CrossRef] [PubMed]

16. Zhang, X.; Liu, Q.; Zhang, N.; Li, Q.Q.; Liu, Z.D.; Li, Y.H.; Gao, L.M.; Wang, Y.C.; Deng, H.B.; Song, D.Q.
Discovery and Evolution of Aloperine Derivatives as Novel Anti-Filovirus Agents through Targeting Entry
Stage. Eur. J. Med. Chem. 2018, 149, 45–55. [CrossRef] [PubMed]

17. Yin, W.; Han, J.; Zhang, Z.; Han, Z.; Wang, S. Aloperine Protects Mice against Bleomycin-Induced Pulmonary
Fibrosis by Attenuating Fibroblast Proliferation and Differentiation. Sci. Rep. 2018, 8, 6265. [CrossRef]

18. Ling, Z.; Guan, H.; You, Z.; Wang, C.; Hu, L.; Zhang, L.; Wang, Y.; Chen, S.; Xu, B.; Chen, M. Aloperine
Executes Antitumor Effects through the Induction of Apoptosis and Cell Cycle Arrest in Prostate Cancer in
Vitro and in Vivo. Onco Targets Ther. 2018, 11, 2735–2743. [CrossRef]

19. Tian, D.; Li, Y.; Li, X.; Tian, Z. Aloperine Inhibits Proliferation, Migration and Invasion and Induces Apoptosis
by Blocking the Ras Signaling Pathway in Human Breast Cancer Cells. Mol. Med. Rep. 2018, 18, 3699–3710.
[CrossRef]

20. Zhang, N.; Dou, Y.; Liu, L.; Zhang, X.; Liu, X.; Zeng, Q.; Liu, Y.; Yin, M.; Liu, X.; Deng, H.; et al. Sa-49, a
Novel Aloperine Derivative, Induces Mitf-Dependent Lysosomal Degradation of Pd-L1. EBioMedicine 2019,
40, 151–162. [CrossRef]

21. Suzuki, K.; Ohsumi, Y. Molecular Machinery of Autophagosome Formation in Yeast, Saccharomyces
Cerevisiae. FEBS Lett. 2007, 581, 2156–2161. [CrossRef] [PubMed]

22. Mizushima, N. Autophagy: Process and Function. Genes Dev. 2007, 21, 2861–2873. [CrossRef] [PubMed]
23. Klionsky, D.J.; Abdelmohsen, K.; Abe, A.; Abedin, M.J.; Abeliovich, H.; Arozena, A.A.; Adachi, H.;

Adams, C.M.; Adams, P.D.; Adeli, K.; et al. Guidelines for the Use and Interpretation of Assays for
Monitoring Autophagy (3rd Edition). Autophagy 2016, 12, 1–222. [CrossRef] [PubMed]

24. Vakifahmetoglu-Norberg, H.; Xia, H.G.; Yuan, J. Pharmacologic Agents Targeting Autophagy. J. Clin. Investig.
2015, 125, 5–13. [CrossRef] [PubMed]

25. Ebrahimi, S.; Hosseini, M.; Shahidsales, S.; Maftouh, M.; Ferns, G.A.; Ghayour-Mobarhan, M.; Hassanian, S.M.;
Avan, A. Targeting the Akt/Pi3k Signaling Pathway as a Potential Therapeutic Strategy for the Treatment of
Pancreatic Cancer. Curr. Med. Chem. 2017, 24, 1321–1331. [CrossRef] [PubMed]

26. Liu, J.S.; Huo, C.Y.; Cao, H.H.; Fan, C.L.; Hu, J.Y.; Deng, L.J.; Lu, Z.B.; Yang, H.Y.; Yu, L.Z.; Mo, Z.X.; et al.
Aloperine Induces Apoptosis and G2/M Cell Cycle Arrest in Hepatocellular Carcinoma Cells through the
Pi3k/Akt Signaling Pathway. Phytomedicine 2019, 61, 152843. [CrossRef]

27. Glick, D.; Barth, S.; Macleod, K.F. Autophagy: Cellular and Molecular Mechanisms. J. Pathol. 2010, 221, 3–12.
[CrossRef]

28. Gewirtz, D.A. The Four Faces of Autophagy: Implications for Cancer Therapy. Cancer Res. 2014, 74, 647–651.
[CrossRef]

29. Wang, N.; Feng, Y. Elaborating the Role of Natural Products-Induced Autophagy in Cancer Treatment:
Achievements and Artifacts in the State of the Art. BioMed Res. Int. 2015, 2015, 934207. [CrossRef]

30. Marino, G.; Niso-Santano, M.; Baehrecke, E.H.; Kroemer, G. Self-Consumption: The Interplay of Autophagy
and Apoptosis. Nat. Rev. Mol. Cell Biol. 2014, 15, 81–94. [CrossRef]

31. Porta, C.; Paglino, C.; Mosca, A. Targeting Pi3k/Akt/Mtor Signaling in Cancer. Front. Oncol. 2014, 4, 64.
[CrossRef] [PubMed]

32. Kaushal, G.P.; Shah, S.V. Autophagy in Acute Kidney Injury. Kidney Int. 2016, 89, 779–791. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.biopha.2017.09.066
http://www.ncbi.nlm.nih.gov/pubmed/29080457
http://dx.doi.org/10.1021/acsmedchemlett.7b00376
http://www.ncbi.nlm.nih.gov/pubmed/29152054
http://dx.doi.org/10.1016/j.ejmech.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29232582
http://dx.doi.org/10.3390/ijms19010312
http://www.ncbi.nlm.nih.gov/pubmed/29361731
http://dx.doi.org/10.1016/j.ejmech.2018.02.061
http://www.ncbi.nlm.nih.gov/pubmed/29494844
http://dx.doi.org/10.1038/s41598-018-24565-y
http://dx.doi.org/10.2147/OTT.S165262
http://dx.doi.org/10.3892/mmr.2018.9419
http://dx.doi.org/10.1016/j.ebiom.2019.01.054
http://dx.doi.org/10.1016/j.febslet.2007.01.096
http://www.ncbi.nlm.nih.gov/pubmed/17382324
http://dx.doi.org/10.1101/gad.1599207
http://www.ncbi.nlm.nih.gov/pubmed/18006683
http://dx.doi.org/10.1080/15548627.2015.1100356
http://www.ncbi.nlm.nih.gov/pubmed/26799652
http://dx.doi.org/10.1172/JCI73937
http://www.ncbi.nlm.nih.gov/pubmed/25654545
http://dx.doi.org/10.2174/0929867324666170206142658
http://www.ncbi.nlm.nih.gov/pubmed/28176634
http://dx.doi.org/10.1016/j.phymed.2019.152843
http://dx.doi.org/10.1002/path.2697
http://dx.doi.org/10.1158/0008-5472.CAN-13-2966
http://dx.doi.org/10.1155/2015/934207
http://dx.doi.org/10.1038/nrm3735
http://dx.doi.org/10.3389/fonc.2014.00064
http://www.ncbi.nlm.nih.gov/pubmed/24782981
http://dx.doi.org/10.1016/j.kint.2015.11.021
http://www.ncbi.nlm.nih.gov/pubmed/26924060


Int. J. Mol. Sci. 2019, 20, 5315 15 of 15

33. Zhao, X.; Wei, S.; Li, Z.; Lin, C.; Zhu, Z.; Sun, D.; Bai, R.; Qian, J.; Gao, X.; Chen, G.; et al. Autophagic
Flux Blockage in Alveolar Epithelial Cells Is Essential in Silica Nanoparticle-Induced Pulmonary Fibrosis.
Cell Death Dis. 2019, 10, 127. [CrossRef] [PubMed]

34. Kimura, S.; Noda, T.; Yoshimori, T. Dissection of the Autophagosome Maturation Process by a Novel Reporter
Protein, Tandem Fluorescent-Tagged Lc3. Autophagy 2007, 3, 452–460. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/s41419-019-1340-8
http://www.ncbi.nlm.nih.gov/pubmed/30755584
http://dx.doi.org/10.4161/auto.4451
http://www.ncbi.nlm.nih.gov/pubmed/17534139
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Aloperine Reduces Cellular Viability in Human Thyroid Cancer Cells 
	Aloperine Promotes Autophagy Activation in Human Thyroid Cancer Cells 
	Modulations of Signaling Pathways with Aloperine in Human Thyroid Cancer Cells 
	Akt Signaling Pathway Contributes to Aloperine-mediated Autophagy Induction in Human Thyroid Cancer Cells 
	Aloperine-Mediated Autophagy Exerts a Cytotoxic Effect in Human Thyroid Cancer Cells 

	Discussion 
	Materials and Methods 
	Cell Line and Cell Culture 
	Cell Viability Assay 
	Autophagosome Detection 
	Western Blotting 
	Plasmid Transfection 
	Statistical Analysis 

	References

