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Correlation of Altered Expression of the Autophagy Marker
LC3B with Poor Prognosis in Astrocytoma
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Glioblastoma multiforme is one of the most serious malignant brain tumors and is characterized by resistance to chemotherapy
and radiation therapy. Recent studies suggest that autophagy may play an important role not only in the regulation of cancer
development and progression but also in determining the response of cancer cells to anticancer therapy.The purpose of the present
study was to assess the relationship between protein expressions of two autophagy markers, LC3B and Beclin-1, with clinical
parameters in astrocytoma patients. Furthermore, the expression of CD133, a marker of the cancer stem-like cells, in astrocytoma
patients was also investigated. A total of 106 thin-section slides were retrospectively collected from astrocytoma patients. LC3B,
but not Beclin-1, protein expression was found to significantly correlate with resistance to radiation- or chemotherapy. In addition,
high intensity of LC3B staining was predictive of poor prognosis. Furthermore, survival time of patients with high-level expression
in both CD133 and LC3B was significantly shorter than those with weak expression in both CD133 and LC3B.These results suggest
that astrocytoma cancer stem-like cells together with enhanced autophagymay cause resistance to radiation therapy/chemotherapy
and that targeting the cancer stem-like cell in astrocytoma may offer a viable therapeutic approach.

1. Introduction

Astrocytoma is the most frequent brain tumor found in
humans. The World Health Organization (WHO) [1] has
classified astrocytomas into four grades based on the degree
of malignancy. Grade I tumors are benign and slow-growing,
as represented by pilocytic astrocytomas.The grade II tumors
consist of relatively slow-growing diffuse astrocytomas and
pilomyxoid astrocytomas. The grade III and the grade IV

tumors are highly malignant and are, respectively, exempli-
fied by anaplastic astrocytoma and glioblastoma multiforme
(GBM), which is the most common and most aggressive
malignant primary brain tumor in humans. Extensive efforts
have been focused on identifying biomarkers that correlate
with the severity of astrocytomas in order to facilitate diag-
nosis as well as to develop therapeutic agents for the treat-
ment of this devastating disorder. In this regard, increased
protein and/or gene expression of several biomarkers, such
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as cycloxygenase-2 [2], insulin-like growth factor-binding
proteins [3], and epidermal growth factor receptor [4], have
been shown to correlate with poor survival in astrocytoma
patients. By contrast, protein and/or gene expression ofmyo-
inositol [5] and N-myc downstream-regulated gene [6] have
been reported to be negatively correlated with pathological
grading in astrocytoma. However, these markers are rarely
related to mechanisms by which the development of astro-
cytomas is regulated.

The cancer stem cell (CSC) theory postulates that tumors
arise from a subpopulation of cells that are characterized
by self-renewal, infinite proliferative potential, and multipo-
tency and are able to initiate new tumors in vivo [7]. CSC
cells mediated radio- and chemoresistance and these cells
with stem-like features have been identified in glioblastoma
[8]. A previous study showed that these cells express the
transmembrane glycoprotein prominin-1 (CD133) (a cell-
surface marker expressed on normal human neuronal stem
cell) and have the ability to initiate new tumor in vivo
after xenotransplantation in mice. But few data are available
on the actual prognosis of CD133 expression in malignant
gliomas. Glioblastoma stem cells are highly resistant to
conventional chemotherapy and radiotherapy [9, 10] and
the chemo-radioresistance of these cells may be responsible
for the poor clinical outcome of these patients. The CSCs
display strong capability of tumor resistance to TMZ. This
resistance is probably contributed by the CD133+ cells with
downregulation of autophagy-related proteins [11].

Autophagy constitutes the basic catabolic mechanism
that involves degradation of unnecessary or dysfunctional
cellular components by lysosomes [12]. Recent studies suggest
that autophagy may play an important role not only in the
regulation of cancer development and progression but also in
determining the response of cancer cells to anticancer therapy
[13–15]. Subsequent studies have also identified microtubule-
associated protein 1 light chain 3 (LC3) [16–18] and Beclin-
1 [19–21] as essential markers for autophagy. There are three
isoforms of LC3, namely, LC3A, LC3B, and LC3C. Lines of
evidence have shown that LC3B is a prognostic marker in
advanced breast cancer after chemotherapy [22].

In the present study, protein expressions of LC3B and
Beclin-1 in astrocytoma patients were evaluated and the
results were utilized to correlate with clinical parameters.
Furthermore, since cancer stem-like cells have been found to
be attractive targets for novel anticancer therapies [23, 24],
the expression of CD133, a marker of these cancer stem-like
cells [25, 26], in astrocytoma patients was also investigated.

2. Material and Method

2.1. Astrocytoma Samples. Based on the operative notes,
medical records, pathological reports, and MRI images,
218 thin section slides were retrospectively collected from
astrocytoma patients who were diagnosed between 2000
and 2010 at the Neurosurgery Department of Chung-Ho
Hospital, Kaohsiung, Taiwan. However samples with poor
immunohistochemical staining were excluded, so were those
from patients who were diagnosed by biopsies only, had

incomplete medical records or no follow-up visits, or showed
low quality pathological results. A total of 106 samples were
finally selected for the present study.This study was approved
by the Kaohsiung Medical University Hospital Review Board
(KMUH-IRB-20120238).

2.2. Immunohistochemistry. In order to retrieve antigens
for immunohistochemical staining, 3𝜇m sections from
formalin-fixed, paraffin-embedded tissue blocks were depar-
affinized, rehydrated, and autoclaved at 121∘C for 10min in
Target Retrieval solution (Dako, Glostrup, Denmark), pH
9.0. Endogenous peroxidase in the sections was blocked
by incubating in 3% hydrogen peroxide at room tempera-
ture for 5min. The sections were then washed in a Tris-
buffered solution (Dako, K9001) and incubated with a 1 : 200
dilution of rabbit polyclonal anti-human CD133 (Biorbyt,
orb18124, UK), Beclin-1 (abcam, ab16998, USA), and LC3B
(SANTACRUZE, sc-16755, Europe) antibodies for 1 hr at
room temperature. After washing with Tris-buffered solu-
tion, the sections were incubated with secondary antibodies
conjugated with horseradish peroxidase for 30min at room
temperature. Subsequently, the slides were incubated in 3,3-
diaminobenzidine for 5min followed byMayer’s hematoxylin
counterstaining for 60 sec and mounted with Entellan (prod-
uct no. HX247305, Merck). The immunohistochemically
stained slide sections were evaluated by an investigator
blinded to the experimental procedures. The staining score
of Beclin-1 and LC3B was as follows: negative: 0 (without
or less 10% positive cells of tumor); weakly positive: 1 (10∼
30% positive cell of tumor); positive: 2 (30∼70% positive cell
of tumor); strongly positive: 3 (70%∼100% positive cell of
tumor). The staining score of CD133 was as follows: negative:
0 (if 65% of cells were stained by the antibody); weakly pos-
itive: 1 (>5–20%, including 20%, of stained cells); positive: 2
(>20–50%, including 50%, of stained cells); strongly positive:
3 (>50% of stained cells) [27]. For statistical analysis, scores
of 0 and 1 were defined as low-expression group and scores
of 2 and 3 were defined as high-expression group [28]. The
results of protein expressions were correlated with clinical
parameters such as age, gender, tumor grade, being accepted
for radiation- or chemotherapy, and Karnofsky performance
status scale (KPS) [29].

2.3. DataAnalyses. Social Sciences forWindows,Version 19.0
(SPSS, Chicago, IL, USA), was used for statistical analysis.
Chi-square test was performed to determine whether there
was a correlation between Beclin-1 and LC3B protein expres-
sions with a specific clinicopathological parameter. A 𝑃 value
of <0.05 was considered statistically significant. The survival
rate was analyzed by the Kaplan-Meier method with log-rank
test.

3. Results

3.1. Correlation between LC3BandBeclin-1 Protein Expressions
with Clinical Parameters. Figures 1 and 2 show representative
immunochemical staining sections for Beclin-1 and LC3B,
respectively, with weak, low, moderate, and high intensities.
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Figure 1: Representative immunohistochemical staining for Beclin-1 protein expression in astrocytoma sections. A: Score 0, negative or weak
intensity. B: Score 1, low intensity. C: Score 2, moderate intensity. D: Score 3, high intensity. Magnification, 100x.

Figure 2: Representative immunohistochemical staining for LC3B protein expression in astrocytoma sections. A: Score 0, negative or weak
intensity. B: Score 1, low intensity. C: Score 2, moderate intensity. D: Score 3, high intensity. Magnification, 100x.
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Table 1: Correlation between Beclin-1 and LC3B protein expression with clinicopathological parameters. 𝑃 values were determined by Chi-
squares analysis. KPS: Karnofsky performance status scale.

Score LC3B Beclin-1
0 1 2 3 𝑃 0 1 2 3 𝑃

Age 0.312 0.244
>65 16 19 14 15 9 17 18 20
<65 12 12 17 1 7 12 13 10

Gender 0.221 0.453
M 15 17 18 6 4 14 19 19
F 13 14 13 10 12 15 12 11

Tumor grade 0.563 0.312
I 2 5 3 0 0 2 4 4
II 4 8 2 2 1 4 5 6
III 5 4 6 2 4 5 4 4
IV 17 14 20 12 11 18 18 16

Radiation/chemotherapy 0.021∗ 0.071
Yes 8 10 24 15 8 18 19 21
No 20 21 7 1 8 11 12 9

KPS 0.452 0.549
>70 10 15 17 6 10 15 8 15
<70 18 16 14 10 6 14 23 15

The results of immunohistochemical staining of Beclin-1 and
LC3B were separately analyzed to determine the relationship
of protein expression with clinicopathological parameters of
astrocytoma patients, such as age, gender, tumor grade, resis-
tance to radiation- or chemotherapy, and KPS scale. None of
these parameters were significantly correlated with Beclin-
1 protein expression (Table 1). LC3B protein expression was
found to significantly correlate with radiation- or chemother-
apy (𝑃 < 0.05). However, none of other clinical parame-
ters were shown to correlate with LC3B protein expression
(Table 1). Furthermore, Beclin-1 protein expression did not
correlate with overall survival of the patients (Figure 3). In
contrast, a high intensity in immunochemical staining of
LC3B predicted poor prognosis (Figure 4). Likewise, negative
or weak LC3B protein expression displayed a similar survival
curve as that of high LC3B levels.The results also showed that
low and moderate levels of LC3B expression had a significant
increase in survival when compared with those of high LC3B
levels (Figure 4).

3.2. Prognostic Values of CD133 and LC3B Expressions in
Astrocytoma. A previous study has shown that cancer stem-
like cells are resistant to radiation therapy or chemotherapy,
and enrichment in these cells is indicative of poor prognosis
[30]. Since the expression of LC3B protein was shown to
correlate with resistance of radiation- and chemotherapy
(Table 1), we assessed the expression of CD133, an astro-
cytoma cancer stem-like cell marker, together with that
of LC3B in overall survival. Figure 5 shows representative
immunochemical staining sections for CD133 with weak,
low, moderate, and high intensities. The overall survival of
patients with high-level expression in both CD133 and LC3B

was 38mon, and those with weak expression in both CD133
and LC3B was 170mon (Figure 6). These results showed that
high-level expression of both CD133 and LC3Bwas indicative
of poor prognosis in astrocytoma (𝑃 < 0.05).

4. Discussion

Glioblastomamultiforme (GBM), or grade IV astrocytoma, is
the most frequently found class of malignant primary brain
tumor and one of the most aggressive forms of cancer. As
a consequence, median survival after diagnosis is usually
just 12mon [31]. Standard therapy for the management
GBM includes surgical resection, focal radiotherapy, and
treatment with alkylating agents such as temozolomide [32,
33]. Unfortunately, these therapeutic approaches increase the
survival of GBM patients only modestly. Thus, extensive
studies have focused on identifying new pathways and/or
molecular markers that are predictive of poor prognosis
and resistance to radiotherapy/chemotherapy in this class of
patients.

There are several key findings presented in this study.
Increased expression of LC3B, an autophagy marker, was
found to be correlated with radiotherapy/chemotherapy as
well as with poor survival in astrocytoma patients. Further-
more, increased expression of LC3B together with enhanced
levels of CD133, a cancer stem-like cell marker, also cor-
related significantly with poor prognosis. Previous studies
have shown that chemical induction of autophagy enhances
chemosensitivity and radiosensitivity in papillary thyroid
cancer [34]. Song et al. reported that autophagy inhibitors
may make liver cancer stem cells (LCSCs) more sensitive
to the tumor microenvironment and be useful in improving
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Figure 3: Assessment of the relationship between Beclin-1 pro-
tein expression and overall survival of astrocytoma patients using
Kaplan-Meier method with log-rank test. No statistically significant
correlation was found.

anticancer treatments [35]. Likewise, induction of autophagy
in glioma-initiating cells by rapamycin also increased their
sensitivity to radiation [36].

Autophagy constitutes the basic catabolic mechanism
that involves the degradation of unnecessary or dysfunc-
tional cellular components by lysosomes [12]. Autophagy
has the ability to protect cells against metabolic stress by
removing damaged or aged organelles, toxic metabolites, or
intracellular pathogens [37–40]. Previous studies reported
that inhibition of autophagy by 3-methyladenine (3-MA)
and Atg7 siRNA enhances 5-FU induced cytotoxicity in
human colorectal cancer cells [34]. Autophagy suppression
also enhances the therapeutic efficacy of cisplatin and 5-FU
in esophageal and colon cancer cells, respectively [41, 42].

These results drastically differ from our finding that
high levels of autophagy marker LC3B led to a significant
correlation with resistance to radiation- and/or chemother-
apy. In our study, enhanced autophagy was a result of
disease progression rather than due to chemical induction as
reported by other investigators [34, 36]. In addition, the cell
type used in the present study was clearly different from those
utilized in other studies [34, 36] as GBM is highly resistant
to chemotherapy and radiotherapy. Further investigation is
needed to clarify this matter. Unexpectedly, Beclin-1, another
autophagy maker, did not exhibit properties similar to those
of LC3B in the current study. The reasons for this difference
are not known at the present.

Huang et al. reported that the expressions of LC3B-II
and Beclin-1 were reduced in GBM due to a downregulated
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Figure 4: Assessment of the relationship between LC3B protein
expression and overall survival of astrocytoma patients using
Kaplan-Meier method with log-rank test. High intensity of LC3B
immunohistochemical staining was shown to predict poor progno-
sis. Similar survival curve was also found with negative or weak
LC3B protein expression. By contrast, low and moderate levels
of LC3B expression had a significant increase in survival when
compared with those of weak or high LC3B levels.

autophagic capacity [27]. Consistent with these results, we
also found that high-level expression of LC3B was associated
with poor prognosis. Our results suggest that a reduction in
autophagy may lead to more advanced astrocytoma although
their correlation did not reach statistical significance. The
role autophagy plays in tumor development is complicated
[15]. It can suppress tumor development during early stages
of tumorigenesis. However, autophagy can also promote fur-
ther tumor development in established tumors. Our results
showed that high levels of LC3B expression, or enhanced
autophagy, correlatedwith poor prognosis are consistent with
the role of autophagy as tumor promoter.

Recently, GBM cancer stem-like cells have been shown
to participate in the formation of the tumor endothelium,
increase in the invasiveness of the tumor, and lead to resis-
tance to radiotherapy [43, 44] through various mechanisms.
Our results showed that a high-level expression of CD133,
a cancer stem-like cell marker, together with a high-level
expression of LC3B, was indicative of poor prognosis in astro-
cytoma (Figure 6). These results suggest that astrocytoma
cancer stem-like cells together with enhanced autophagymay
cause resistance to radiation therapy/chemotherapy and that
targeting the cancer stem-like cell in astrocytoma may offer a
viable therapeutic approach.
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Figure 5: Representative immunohistochemical staining for CD133, a cancer stem-like cell marker, in astrocytoma sections. A: Score 0,
negative or weak intensity. B: Score 1, low intensity. C: Score 2, moderate intensity. D: Score 3, high intensity. Magnification, 100x.
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Figure 6: Assessment of the relationship between a combination of
CD133 and LC3B protein expressions and overall survival of astro-
cytoma patients using Kaplan-Meier method with log-rank test.The
average overall survival of patients with high-level expression in
both CD133 and LC3B was 38mon, and those with weak expression
in both CD133 and LC3B was 170mon.

Disclosure

This work neither has been published nor is it being consid-
ered for publication elsewhere in any form. All authors have
read and approved the paper.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] D. N. Louis, H. Ohgaki, O. D. Wiestler et al., “The 2007 WHO
classification of tumours of the central nervous system,” Acta
Neuropathologica, vol. 114, no. 2, pp. 97–109, 2007.

[2] M. El-Sayed and M. M. Taha, “Immunohistochemical expres-
sion of cycloxygenase-2 in astrocytoma: correlation with angio-
genesis, tumor progression and survival,” Turkish Neurosurgery,
vol. 21, no. 1, pp. 27–35, 2011.

[3] V. Santosh, A. Arivazhagan, P. Sreekanthreddy et al., “Grade-
specific expression of insulin-like growth factor-binding
proteins-2, -3, and -5 in astrocytomas: IGFBP-3 emerges as a
strong predictor of survival in patients with newly diagnosed
glioblastoma,” Cancer Epidemiology Biomarkers & Prevention,
vol. 19, no. 6, pp. 1399–1408, 2010.

[4] A. Maiti, K. Ghosh, U. Chatterjee, S. Chakrobarti, S. Chatterjee,
and S. Basu, “Epidermal growth factor receptor and proliferat-
ing cell nuclear antigen in astrocytomas,” Neurology India, vol.
56, no. 4, pp. 456–462, 2008.



BioMed Research International 7

[5] M. Castillo, J. K. Smith, and L. Kwock, “Correlation of myo-
inositol levels and grading of cerebral astrocytomas,” American
Journal of Neuroradiology, vol. 21, no. 9, pp. 1645–1649, 2000.

[6] L. Li, J. Wang, X. Shen et al., “Expression and prognostic value
of NDRG2 in human astrocytomas,” Journal of the Neurological
Sciences, vol. 308, no. 1-2, pp. 77–82, 2011.

[7] T. Reya, S. J. Morrison, M. F. Clarke, and I. L. Weissman, “Stem
cells, cancer, and cancer stem cells,” Nature, vol. 414, no. 6859,
pp. 105–111, 2001.

[8] S. K. Singh, I. D. Clarke, M. Terasaki et al., “Identification of a
cancer stem cell in human brain tumors,” Cancer Research, vol.
63, no. 18, pp. 5821–5828, 2003.

[9] G. Liu, X. Yuan, Z. Zeng et al., “Analysis of gene expression and
chemoresistance of CD133+ cancer stem cells in glioblastoma,”
Molecular Cancer, vol. 5, article 67, 2006.

[10] S. Bao, Q. Wu, R. E. McLendon et al., “Glioma stem cells
promote radioresistance by preferential activation of the DNA
damage response,”Nature, vol. 444, no. 7120, pp. 756–760, 2006.

[11] J. Fu, Z.-G. Liu, X.-M. Liu et al., “Glioblastoma stem cells
resistant to temozolomide-induced autophagy,” Chinese Medi-
cal Journal, vol. 122, no. 11, pp. 1255–1259, 2009.

[12] Z. Yang and D. J. Klionsky, “An overview of the molecular
mechanism of autophagy,” Current Topics in Microbiology and
Immunology, vol. 335, no. 1, pp. 1–32, 2009.

[13] A. C. Kimmelman, “The dynamic nature of autophagy in
cancer,” Genes and Development, vol. 25, no. 19, pp. 1999–2010,
2011.

[14] C.-P. Kung, A. Budina, G. Balaburski, M. K. Bergenstock, and
M. E. Murphy, “Autophagy in tumor suppression and cancer
therapy,” Critical Reviews in Eukaryotic Gene Expression, vol. 21,
no. 1, pp. 71–100, 2011.

[15] K. S. Choi, “Autophagy and cancer,”Experimental andMolecular
Medicine, vol. 44, no. 2, pp. 109–120, 2012.

[16] S. Pankiv, T. H. Clausen, T. Lamark et al., “p62/SQSTM1 binds
directly to Atg8/LC3 to facilitate degradation of ubiquitinated
protein aggregates by autophagy∗,” The Journal of Biological
Chemistry, vol. 282, no. 33, pp. 24131–24145, 2007.

[17] K. Satoo, N. N. Noda, H. Kumeta et al., “The structure of Atg4B-
LC3 complex reveals the mechanism of LC3 processing and
delipidation during autophagy,”The EMBO Journal, vol. 28, no.
9, pp. 1341–1350, 2009.

[18] R. A. Hanna, M. N. Quinsay, A. M. Orogo, K. Giang, S. Rikka,
and A. B. Gustafsson, “Microtubule-associated protein 1 light
chain 3 (LC

3

) interacts with Bnip3 protein to selectively remove
endoplasmic reticulum and mitochondria via autophagy,” The
Journal of Biological Chemistry, vol. 287, no. 23, pp. 19094–19104,
2012.

[19] X. H. Liang, J. Yu, K. Brown, and B. Levine, “Beclin 1 contains
a leucine-rich nuclear export signal that is required for its
autophagy and tumor suppressor function,” Cancer Research,
vol. 61, no. 8, pp. 3443–3449, 2001.

[20] S. Shrivastava, J. Bhanja Chowdhury, R. Steele, R. Ray, and R.
B. Ray, “Hepatitis C virus upregulates Beclin1 for induction of
autophagy and activates mTOR signaling,” Journal of Virology,
vol. 86, pp. 8705–8712, 2012.

[21] A. U. Gurkar, K. Chu, L. Raj et al., “Identification of ROCK1
kinase as a critical regulator of Beclin1-mediated autophagy
duringmetabolic stress,”NatureCommunications, vol. 4, p. 2189,
2013.

[22] S. Chen, Y. Z. Jiang, L. Huang et al., “The residual tumor
autophagy marker LC3B serves as a prognostic marker in

local advanced breast cancer after neoadjuvant chemotherapy,”
Clinical Cancer Research, vol. 19, pp. 6853–6862, 2013.

[23] S. Hombach-Klonisch, T. Paranjothy, E. Wiechec et al., “Cancer
stem cells as targets for cancer therapy: selected cancers as
examples,” Archivum Immunologiae et Therapiae Experimen-
talis, vol. 56, no. 3, pp. 165–180, 2008.

[24] A. U. Ahmed, N. G. Alexiades, and M. S. Lesniak, “The use of
neural stem cells in cancer gene therapy: predicting the path to
the clinic,” Current Opinion in Molecular Therapeutics, vol. 12,
no. 5, pp. 546–552, 2010.

[25] S. Bidlingmaier, X. Zhu, and B. Liu, “The utility and limitations
of glycosylated human CD133 epitopes in defining cancer stem
cells,” Journal of Molecular Medicine, vol. 86, no. 9, pp. 1025–
1032, 2008.

[26] F. Ren, W. Q. Sheng, and X. Du, “CD133: a cancer stem
cells marker, is used in colorectal cancers,” World Journal of
Gastroenterology, vol. 19, pp. 2603–2611, 2013.

[27] X. Huang, H.-M. Bai, L. Chen, B. Li, and Y.-C. Lu, “Reduced
expression of LC3B-II and Beclin 1 in glioblastoma multiforme
indicates a down-regulated autophagic capacity that relates
to the progression of astrocytic tumors,” Journal of Clinical
Neuroscience, vol. 17, no. 12, pp. 1515–1519, 2010.

[28] C. Melguizo, J. Prados, B. Gonzalez et al., “MGMT promoter
methylation status and MGMT and CD133 immunohisto-
chemical expression as prognostic markers in glioblastoma
patients treated with temozolomide plus radiotherapy,” Journal
of Translational Medicine, vol. 10, article 250, 2012.

[29] J. W. Yates, B. Chalmer, and F. P. McKegney, “Evaluation of
patients with advanced cancer using the Karnofsky perfor-
mance status,” Cancer, vol. 45, no. 8, pp. 2220–2224, 1980.

[30] P. Economopoulou, V. G. Kaklamani, and K. Siziopikou, “The
role of cancer stem cells in breast cancer initiation and pro-
gression: potential cancer stem cell-directed therapies,” The
Oncologist, vol. 17, pp. 1394–1401, 2012.

[31] D. Krex, B. Klink, C. Hartmann et al., “Long-term survival with
glioblastomamultiforme,”Brain, vol. 130, no. 10, pp. 2596–2606,
2007.

[32] R. Henriksson, T. Asklund, and H. S. Poulsen, “Impact of
therapy on quality of life, neurocognitive function and their
correlates in glioblastoma multiforme: a review,” Journal of
Neuro-Oncology, vol. 104, no. 3, pp. 639–646, 2011.

[33] M. M. Mrugala, “Advances and challenges in the treatment of
glioblastoma: a clinician’s perspective,” Discovery Medicine, vol.
15, pp. 221–230, 2013.

[34] C.-I. Lin, E. E. Whang, D. B. Donner et al., “Autophagy induc-
tion with RAD001 enhances chemosensitivity and radiosen-
sitivity through met inhibition in papillary thyroid cancer,”
Molecular Cancer Research, vol. 8, no. 9, pp. 1217–1226, 2010.

[35] Y. J. Song, S. S. Zhang, X. L.Guo et al., “Autophagy contributes to
the survival of CD133+ liver cancer stem cells in the hypoxic and
nutrient-deprived tumor microenvironment,” Cancer Letters,
vol. 339, pp. 70–81, 2013.

[36] W. Zhuang, B. Li, L. Long, L. Chen, Q. Huang, and Z. Liang,
“Induction of autophagy promotes differentiation of glioma-
initiating cells and their radiosensitivity,” International Journal
of Cancer, vol. 129, no. 11, pp. 2720–2731, 2011.

[37] G. E. Mortimore and C. M. Schworer, “Induction of autophagy
by amino-acid deprivation in perfused rat liver,” Nature, vol.
270, no. 5633, pp. 174–176, 1977.

[38] N. Mizushima and D. J. Klionsky, “Protein turnover via
autophagy: implications for metabolism,” Annual Review of
Nutrition, vol. 27, pp. 19–40, 2007.



8 BioMed Research International
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