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Abstract

Background: This study was to examine the link between astrocyte elevated gene-1 (AEG-1) and hypoxia induced-
chemoresistance in T-cell non-Hodgkin’s lymphoma (T-NHL), as well as the underlying molecular mechanisms.

Methods: Expression of AEG-1, LC3-II, and Beclin-1 were initially examined in human T-NHL tissues (n = 30) and
normal lymph node tissues (n = 16) using western blot, real-time PCR and immunohistochemistry. Western blot was
also performed to analyze the expression of AEG-1, LC3-II, and Beclin-1 in T-NHL cells (Hut-78 and Jurkat cells)
under normoxia and hypoxia. Additionally, the proliferation and apoptosis of Hut-78 cells exposed to different
concentration of Adriamycin (ADM) in normoxia and hypoxia were evaluated by MTT and Annexin-V FITC/PI
staining assay. Finally, the effects of AEG-1 on Hut-78 cells exposed to ADM in hypoxia were assessed by MTT and
Annexin-V FITC/PI staining assay, and 3-MA (autophagy inhibitor) was further used to determine the underlying
mechanism.

Results: AEG-1, LC3-II and Beclin-1 expression were significantly increased in T-NHL tissues compared with normal
tissues. Incubation of Hut-78 and Jurkat cells in hypoxia obviously increased AEG-1, LC3-II and Beclin-1 expression.
Hypoxia induced proliferation and reduced apoptosis of Hut-78 cells exposed to ADM. AEG-1 overexpression further
increased proliferation and decreased apoptosis of Hut-78 cells exposed to ADM in hypoxia. Moreover,
overexpression of AEG-1 significantly inversed 3-MA induced-changes in cell proliferation and apoptosis of Hut-78
cells exposed to ADM in hypoxia.

Conclusions: This study suggested that AEG-1 is associated with hypoxia-induced T-NHL chemoresistance via
regulating autophagy, uncovering a novel target against hypoxia-induced T-NHL chemoresistance.

Keywords: Astrocyte elevated gene-1 (AEG-1), T-cell non-Hodgkin’s lymphoma (T-NHL), Hypoxia, Autophagy,
Chemosensitivity

Background
The lymphoma, a type of blood cancer, is roughly classi-
fied as Hodgkin’s lymphoma (HD) and non-Hodgkin’s
lymphoma (NHL), and NHL represents the most
common malignancy (Hadzipecova et al., 2007). T-cell
lymphoma (T-NHL) accounts for approximately 15% of

NHL in the United States (Tian et al., 2016). Currently,
chemotherapy still remains the major choice for the
treatment of T-NHL, especially at the advanced stages,
but T-NHL is not that sensitive to conventional chemo-
therapy (R et al., 1987). These chemotherapy options
ultimately yield poor outcomes in T-NHL patients,
mainly resulted from the chemoresistance development
of T-NHL. Actually, more than 90% of deaths from can-
cer are associated with drug resistance and metastasis
(Ahmad et al., 2012).

* Correspondence: mingzhi_zhang@sohu.com
1Department of Oncology, The First Affiliated Hospital, Zhengzhou University,
No. 1 Jianshe East Road, Zhengzhou, Henan 450052, People’s Republic of
China
Full list of author information is available at the end of the article

Molecular Medicine

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Yan et al. Molecular Medicine  (2018) 24:35 
https://doi.org/10.1186/s10020-018-0033-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s10020-018-0033-6&domain=pdf
mailto:mingzhi_zhang@sohu.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Hypoxia is a common characteristic in solid tumors
(Zhang et al., 2016a). Hypoxic environment triggers vari-
ous adaptive responses in hepatocellular carcinoma
(HCC) to survival in tough environment, and it provides
a strong selective pressure for the survival of HCC,
which results in the “survival of the fittest” and elimin-
ation of the inferior (Bogaerts et al., 2015; Zhang et al.,
2016b). Reports also revealed that HCC cells in hypoxia
are more resistant to chemotherapy than the cells grow-
ing in normoxia (Bogaerts et al., 2015; Zhang et al.,
2016b; Lionel et al., 2012). Hypoxia in the tumor micro-
environment is the major cause of drug resistance in
cancer chemotherapy (Cosse & Michiels, 2008), but the
mechanism by which hypoxia induces drug resistance in
tumors is unclear. Several studies have shown that this
process is mediated by autophagy. Song et al. (Song et
al., 2009) found that autophagy was a protective way to
participate in HCC chemotherapy resistance under hyp-
oxic conditions, and chemotherapy induced-cell death in
hypoxia was less than that in normoxia. They also ob-
served that autophagy was significantly increased in hyp-
oxia, and inhibition of autophagy by 3-MA or RNA
interference increased cell death and improved drug re-
sistance. In normoxia, antitumor drug 4-HPR resulted in
cell death by inducing the apoptosis; while in hypoxia,
4-HPR induced autophagy, and 3-MA or chloroquine
further enhanced apoptosis and reduced the survival of
cells exposed to 4-HPR, suggesting that autophagy can
prevent tumor cell death and may induce
hypoxia-induced drug resistance to 4-HPR (Liu et al.,
2011; XW et al., 2010). These studies fully demonstrate
that autophagy is involved in the process of resistance
induced by hypoxia.
Astrocyte elevated gene-1 (AEG-1) was initially cloned

as neuropathology related gene in primary human em-
bryos astrocytes in 2002 (Kang, 2002). Several researches
have demonstrated the important role of AEG-1 in the
progression of different tumors, including proliferation,
metastasis, chemoresistance, and angiogenesis (Chang et
al., 2016; X M & KK, 2013). Autophagy can be reflected
by monitoring the accumulation of autophagy marker
LC3- II. Silencing AEG-1 in a variety of tumor cell lines
reduced LC3- II accumulation and restored chemo-
sensitivity (Bhutia et al., 2010; Zou et al., 2016; Xie &
Zhong, 2016). Besides, hypoxia inducible factor (HIF-1α)
promoted AEG-1 expression by binding to the AEG-1
promoter (Zhao et al., 2017). However, it is unclear
whether AEG1 participates in the regulation of autophagy
and chemoresistance induced by hypoxia in T-NHL.

Methods
Tissue samples
Patients who were diagnosed with T-NHL at The First
Affiliated Hospital of Zhengzhou University were included

in the study after obtaining their oral and written in-
formed consent. The biopsy specimens of patients (n = 30)
were prepared by the Department of Clinical Pathology
for paraffin-embedded tumor tissue sections. The control
group consisted of 16 samples of lymph node that were
obtained from normal lymph nodes in the disused tissues
after standard operations, and the candidates were ex-
cluded from all kinds of tumors. This study was reviewed
and approved by the Ethics Committee of the Medical
Faculty at the First Affiliated Hospital of Zhengzhou
University (Scientific Research-2017-LW-73).

Cell culture and treatment
T-NHL cell lines (Hut-78 and Jurkat) were obtained
from the Cell Bank of Chinese Academy of Science
(Shanghai, China). Cells were cultured in RPMI-1640
medium supplemented with 10% heat-inactivated FBS
(fetal bovine serum), 50 U/ml penicillin and 50 U/ml
streptomycin (Sigma-Aldrich, St. Louis, MO, USA) at
37 °C in a humidified atmosphere containing 5% CO2.
Hypoxia treatment was performed by placing the cells

in a sealed chamber (Thermo Forma) filled with mixture
gases of 1% O2, 5% CO2, and 94% N2.

Plasmid construction and cell transfection
The pcDNA3.1 vector was purchased from Invitrogen
(USA). PcDNA3.1-AEG-1, a plasmid containing AEG-1,
was constructed by Invitrogen (USA). The plasmid
constructs carrying siRNA against AEG-1 and HIF-1α
were designed and constructed as previously described
(Yan et al., 2012) . Hut-78 and Jurkat cells were seeded
in six-well plates at a density of 1 × 106 cells per well.
Subsequently, the transfection was performed by Lipo-
fectamine™ 2000 (Invitrogen, USA) according to the
manufacturer’s instructions. The stable transfection cells
were verified for RT-PCR and western blot analysis.

Immunohistochemical assay
Standard immunoperoxidase procedures were used to
visualize AEG-1 and LC3-II expression, as previously
described (Yan et al., 2012). Briefly, paraffin sections
were deparaffinized in xylene, followed by a graded
series of alcohols (100, 95 and 75%) and re-hydrated in
water followed by Tris-buffered saline. Following antigen
retrieval, slides were incubated with 3% H2O2 to pre-
vent endogenous peroxidase. Then slides were
blocked with 5% normal serum and incubated with
anti-AEG-1 and anti- LC3-II antibody. After washing,
the tissue sections were treated with biotinylated
anti-rabbit secondary antibody (Zymed Laboratories
Inc., South San Francisco, CA, USA), followed by
further incubation with streptavidin-horseradish peroxid-
ase complex (Zymed). Tissue sections were then
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immersed in 3, 3′-diaminobenzidine and counterstained
with 10% Mayer’s hematoxylin, dehydrated and mounted.

RNA extraction, reverse transcription and real-time PCR
Total-RNA from cultured cells was extracted using the
TRIzol reagent according to the manufacturer’s instruc-
tions. The cDNA synthesis was performed in accordance
with the protocol of the Takara Reverse Transcription
System for real-time PCR [Takara Biotechnology (Dalian)
Co., Ltd., China] with 2 μg RNA and reverse transcription
performed with random primers. Real-time PCR primers
were designed according to http://www.ncbi.nlm.nih.gov.
The sequences of the PCR primers used were as follows:
AEG-1, forward 5’-CGGTACCCCGGCTGGGTGAT-3′
and reverse 5’-CTCCTCCG CTTTTTGCGGGC-3′;
HIF-1α, forward 5’-GTCGGACAGCCTCACCAAACAG
AG C-3’and reverse 5’-GTTAACTTGATCCAAAGCT
CTGAG-3′; GAPDH, forward 5’-CGGAGTCAACGGAT
TTGGTCGTATTGG-3′ and reverse 5’-GCTCCTGGA
AGA TGGTGATGGGATTTCC-3′. Real-time PCR
analysis was carried out on a LightCycler real-time PCR
instrument using SYBR Green I kit (Tiangen Biotech Co.,
Ltd., Beijing, China) according to the manufacturer’s
instructions. Each reaction was carried out in triplicate.
Data were analyzed using the 2-ΔΔCt method as described
elsewhere (Fan et al., 2005).

Western blotting assay
Total proteins were extracted by lysing cells in buffer
(50 mM Tris pH 7.4, 150 mM NaCl, 0.5% NP-40,
50 mM NaF, 1 mM Na3VO4, 1 mM phenylmethylsulfo-
nyl fluoride, 25 mg/ml leupeptin and 25 mg/ml aproti-
nin). The lysates were cleared by centrifugation and the
supernatants were collected. Proteins were extracted
using the protein extraction kit following the manufac-
turer’s instructions. Protein concentration was deter-
mined using protein assay reagent (Bio-Rad, Hercules,
CA, USA). Equal amounts of protein were separated on
SDS-PAGE, transferred to PVDF membranes, incubated
with antibodies against AEG-1, HIF-1α, LC3-I, LC3-II,
Beclin-1, and GAPDH, followed by incubation with the
secondary antibodies. The membrane was then washed
three times and visualized with diaminobenzidine.
Quantification of the proteins was detected with the
ECL system (Pierce Biotechnology Inc., Rockford, IL,
USA). Each value represents the mean of triple experi-
ments, and is presented as the relative density of protein
bands normalized to GAPDH.

MTT cell viability assay
MTT assay was carried out as previously described
(Yan et al., 2012). Cells were seeded in a 96-well plate at
a concentration of 2.5 × 104/ml (100 μl/well). Six parallel
wells were assigned to each group. Then, 20 μl/well of

5 mg/ml MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) was added at different time after
seeding and were then incubated for another 4 h. The
supernatant was removed and the product converted from
MTT was dissolved by adding 150 μl/well dimethylsulfox-
ide (DMSO). The plate was gently shaken for 15 min at
room temperature and an enzyme-linked immunosorbent
assay reader was used to measure the absorbance of each
well at 570 nm.

Annexin V-FITC flow cytometric analysis
Annexin V-FITC apoptosis detection kit (BD Biosci-
ences, San Jose, CA, USA) was adopted to detect early
apoptosis, as previously described (Yan et al., 2012).
Briefly, after culturing for 48 h, each group of cells was
harvested, washed twice with pre-chilled PBS and resus-
pended in binding buffer (HEPES-NaOH 10 mM
pH 7.4, 144 mM NaCl and 25 mM CaCl2) at a concen-
tration of 1 × 106 cells/ml. One hundred microliters of
this solution (1 × 105 cells) was mixed with 5 μl of
Annexin V-FITC and 5 μl of PI (BD Biosciences) accord-
ing to the manufacturer’s instructions. The mixed solu-
tion was gently vortexed and incubated in the dark at
room temperature (25 °C) for 15 min. Four hundred
microliters of 1X dilution buffer were added to each
tube and cell apoptosis analysis was performed by flow
cytometry (BD FACSCalibur) within 1 h. At least 10,000
events were recorded and represented as dot plots.

Statistical analysis
The SPSS13.0 software (SPSS, Inc., Chicago, IL, USA) was
used for all statistical analyses, and results are expressed
as mean ± SEM. The comparison between two groups was
evaluated by Student’s t test; the comparison between
multiple groups was performed using one-way analysis of
variance (ANOVA), followed by the Tukey’s test. Results
were considered statistically significant at P < 0.05.

Results
AEG-1, LC3-II, Beclin-1, and HIF-1α are significantly
up-regulated in T-NHL tissues
To examine the expression of AEG-1 in T-NHL, tumor
tissues (n = 30) and normal lymph node tissues (n = 16)
were first employed and analyzed by RT-PCR and western
blot. AEG-1 expression was significantly up-regulated in
tumor tissues compared with normal tissues, both in
mRNA (Fig. 1a) and protein levels (Fig. 1b). Western blot
analysis also revealed the elevated levels of
autophagy-related markers LC3-II and Beclin-1 in T-NHL
tissues (Fig. 1b). Additionally, HIF-1α level was also ele-
vated in T-NHL tissues (Fig. 1b). Immunohistochemical
staining further confirmed high levels of AEG-1 and
LC3-II in T-NHL tissues, which were rarely detected in
normal tissues (Fig. 1c).
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Hypoxia triggers expression of AEG-1, LC3-II and Beclin-1
in T-NHL cells
To understand the effects of hypoxia on AEG-1 expres-
sion and autophagy in T-NHL, we detected the expres-
sion of AEG-1, LC3-II and Beclin-1 in hypoxia via
western blot assay. Jurkat and Hut-78 cells were incu-
bated in normoxia or hypoxia for 0, 12, 24, 48 and 72 h,
respectively. The expression of AEG-1, LC3-II and
Beclin-1 was much higher in hypoxia than normoxia at
12, 24, 48 and 72 h, both in Jurkat (Fig. 2a) and Hut-78
(Fig. 2b) cells. Quantitation analysis of western blot
further confirmed up-regulated expression of AEG-1
(Fig. 2c), LC3-II (Fig. 2d) and Beclin-1 (Fig. 2e) as well
as LC3-II/LC3-I ratio (Fig. 2f ) in hypoxia, but not in
normoxia in Jurkat cells. Similar results were also ob-
served in Hut-78 cells (Fig. 2g-j). Additionally, the posi-
tive control for authophagy under starvation conditions
further demonstrated that hypoxia induced authophagy
in T-NHL cells through the detection of LC3-I, LC3-II
and Beclin-1 expression (Additional file 1).

Knocking down HIF-1α inhibits expression of AEG-1,
LC3-II and Beclin-1 in T-NHL cells under hypoxia
Transcriptional factor HIF-1α is a master regulator upon
hypoxia, and it has been reported that HIF-1α promoted
AEG-1 expression by binding to its promoter (Zhao et al.,
2017). Here, to further elucidate the detailed role of
HIF-1α in T-NHL under hypoxia, HIF-1α was first si-
lenced in Jurkat (Fig. 3a) and Hut-78 (Fig. 3b) cells, and
RT-PCR was performed to assess transfection efficiency.
Moreover, western blot results revealed that AEG-1,
LC3-II and Beclin-1 expression as well as LC3-II/LC3-I
ratio were remarkably decreased in Jurkat cells transfected
with HIF-1α siRNA under hypoxia (Fig. 3c-e). Similarly,
under the hypoxic condition, Hut-78 cells transfected with
HIF-1α siRNA exhibited the same trend (Fig. 3f-h).

AEG-1 reduces chemosensitivity of Hut-78 cells under
hypoxia
Hut-78 cells were first treated with different doses of
ADM under normoxia and hypoxia for 24 h. MTT assay

Fig. 1 Relative expression of AEG-1, Beclin-1 and LC3-II in T-NHL tissues and normal lymphoid tissues. a Detection of AEG-1 in 30 T-NHL tissues
and 16 normal lymphoid tissues using RT-PCR. b Expression of AEG-1, Beclin-1, LC3-I, LC3-II and HIF-1α were detected by western blot. c AEG-1
and LC3-II were detected by immunohistochemical assay. Bar = 20 μm. ***p < 0.001, T-NHL tissues vs. normal lymphoid tissues
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revealed that ADM dose-dependently decreased cell via-
bility both in normoxia and hypoxia, while cell viability
in hypoxia was much higher than that in normoxia
(Fig. 4a). In contrast, cell apoptosis was significantly in-
creased in a dose-dependent manner both in normoxia
and hypoxia, but the apoptosis of cells incubated in hyp-
oxia was signally decreased compared with that in nor-
moxia (Fig. 4b). These results indicated that hypoxia
attenuated the response of Hut-78 cells to ADM. Then
RT-PCR was performed to assess the transfection
efficiency of pcDNA3.1-AEG-1 and AEG-1 siRNA in
Hut-78 cells. AEG-1 expression was significantly in-
creased in cells transfected with pcDNA3.1-AEG-1, but
that was significantly decreased in cells transfected with
AEG-1 siRNA (Fig. 4c). Besides, western blot revealed
that AEG-1 overexpression markedly up-regulated
Beclin-1 expression and LC3-II/LC3-I ratio, but those
were significantly down-regulated in cells transfected with
AEG-1 siRNA, both in normoxia and hypoxia (Fig. 4d). In
contrast, p62 expression was markedly down-regulated in
cells with AEG-1 overexpression, but AEG-1 siRNA sig-
nificantly up-regulated p62 expression, both in normoxia

and hypoxia (Fig. 4d). Especially, Beclin-1 expression and
LC3-II/LC3-I ratio in hypoxia were prominently in-
creased, while p62 expression in hypoxia were promin-
ently decreased in comparison to normoxia (Fig. 4d).
Further, under hypoxic conditions, AEG-1 overexpression
signally enhanced the viability of Hut-78 cells following
ADM treatment (Fig. 4e), while cell apoptosis was note-
worthy reduced (Fig. 4f). These results indicated that
AEG-1 blunted sensitivity of Hut-78 cells to ADM in
hypoxia.

AEG-1 reduces chemosensitivity of Hut-78 cells by
promoting autophagy under hypoxia
To illuminate the underlying mechanisms by which
AEG-1 reduced the response of Hut-78 cells to ADM in
hypoxia, 3-MA (10 mM, autophagy inhibitor) was
employed (Nakanishi et al., 2016). MTT assay showed
that inhibition of autophagy under hypoxia significantly
decreased cell viability after ADM treatment, while
AEG-1 partly improved the inhibition of cell viability by
3-MA (Fig. 5a). AEG-1 also significantly reversed the

Fig. 2 Effect of hypoxia on AEG-1 and autophagy markers in T-NHL cells. Hut-78 and Jurkat cells were incubated under normoxia or hypoxia for
0, 12, 24, 48 and 72 h before detection. a Expression of AEG-1, Beclin-1, LC3-I and LC3-II in Jurkat cells under normoxia and hypoxia environment
via Western blot assays. b Expression of AEG-1, Beclin-1, LC3-I and LC3-II in Hut-78 cells under normoxia and hypoxia environment via Western
blot assays. c-f Quantitative analysis of AEG-1, Beclin-1, LC3-I and LC3-II in Jurkat cells under normoxia and hypoxia. The expression of AEG-1
(p < 0.05), LC3-II (p < 0.05) and Beclin-1 (p < 0.05) was much higher in hypoxia than normoxia at 12, 24, 48 and 72 h. g-j Quantitative analysis of
AEG-1, Beclin-1, LC3-I and LC3-II in Hut-78 cells under normoxia and hypoxia. The expression of AEG-1 (p < 0.05), LC3-II (p < 0.05) and Beclin-1
(p < 0.05) was much higher in hypoxia than normoxia at 12, 24, 48 and 72 h. NO: normoxia, NO: hypoxia. *p < 0.05, NO vs. LO
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up-regulation of cell apoptosis induced by 3-MA in
Hut-78 cells exposed to ADM under hypoxia (Fig. 5b).

Discussion
Increasing evidence suggests that AEG-1 acts as an
oncogene and is involved in many aspects of tumorigen-
esis, including protection from serum starvation-induced
apoptosis, promoted tumor growth, angiogenesis and
migration (Emdad et al., 2009; Emdad et al., 2007). High
expression of AEG-1 has been reported in ovarian can-
cer tissues compared to normal ovarian tissues (Blanco
et al., 2011). Besides, microarray analysis also confirmed
that AEG-1 is associated with the regulation of chemore-
sistance (Meng et al., 2013). Actually, AEG-1 has been
verified to be up-regulated in T-NHL and is associated

with tumor growth in our previous study (Yan et al.,
2012), but its effect on chemosensitivity in T-NHL is not
understood.
The present study found that AEG-1 expression was

remarkably increased in T-NHL specimens, which has
been reported in our previous study (Yan et al., 2012).
Besides, LC3-II and Beclin-1 were also remarkably in-
creased in T-NHL specimens. In addition, AEG-1,
LC3-II, and Beclin-1 were obviously induced in T-NHL
cells in hypoxia. Hypoxia is also an important factor in
promoting drug resistance. It can also be obtained that
hypoxia blunted the response of Hut-78 cells to ADM,
and overexpression of AEG-1 further enhanced the
resistance of Hut-78 cells to ADM in hypoxia, as
evidenced by cell viability and apoptosis assays. Above

Fig. 3 Effect of HIF-1α on AEG-1 and autophagy markers in T-NHL cells exposed to hypoxia. HIF-1α siRNA and the negative control (Scrambled
siRNA) were transfected into Hut-78 and Jurkat cells, respectively. The mRNA expression of HIF-1α in Jurkat cells (a, p < 0.05) and Hut-78 cells
(b, p < 0.05) were measured with RT-PCR. c Expression of HIF-1α, AEG-1, Beclin-1, LC3-I and LC3-II in Jurkat cells were detected by western blot.
d Quantitative analysis of HIF-1α (p < 0.05), AEG-1 (p < 0.05), Beclin-1 (p < 0.01) and LC3-II (p < 0.01) in Jurkat cells. e Quantitative analysis of ratio
of LC3-II/LC3-I (p < 0.01) in Jurkat cells. f Expression of HIF-1α, AEG-1, Beclin-1, LC3-I and LC3-II in Hut-78 cells were detected by western blot.
g Quantitative analysis of HIF-1α (p < 0.05), AEG-1 (p < 0.01), Beclin-1 (p < 0.01) and LC3-II (p < 0.01) in Hut-78 cells. h Quantitative analysis of ratio
of LC3-II/LC3-I (p < 0.01) in Hut-78 cells. *p < 0.05, **p < 0.01. HIF-1α siRNA vs.Scrambled siRNA
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Fig. 4 AEG-1 reduced chemosensitivity of Hut-78 cells in hypoxia. Hut-78 cells were cultured with different doses of ADM under normoxia or
hypoxia for 24 h. Cell viability was detected by MTT assay (a, p < 0.05), and cell apoptosis was detected by Annexin-V FITC/PI double staining
assay (b, p < 0.05). Hut-78 cells were transfected with pcDNA3.1-AEG-1 or AEG-1 siRNA. c The expression of AEG-1 (p < 0.05) was detected by
RT-PCR. d Expression of AEG-1, Beclin-1, LC3-I, LC3-II, and P62 in Hut-78 cells under normoxia or hypoxia were detected by western blot. MTT
assay (e) and Annexin-V FITC/PI double staining assay (f) were conducted in Hut-78 cells exposed to ADM under normoxia or hypoxia. *p < 0.05
versus NO group. #p < 0.05 versus LO + control group. $p < 0.05 versus LO+ Scrambled siRNA group

Fig. 5 AEG-1 reduced chemosensitivity of Hut-78 cell by promoting autophagy. Hut-78 cells were cultured with 3-MA and ADM, and then
transfected with pcDNA3.1-AEG-1. a Cell viability was detected by MTT assay. b Cell apoptosis was detected by Annexin-V FITC/PI double staining
assay. *p < 0.05 versus NO group. #p < 0.05 versus LO group. $p < 0.05 versus LO + Control+ 3-MA group

Yan et al. Molecular Medicine  (2018) 24:35 Page 7 of 9



results indicated that AEG-1 was largely responsible for
chemoresistance of Hut-78 cells in hypoxia, which was
in accordance with the results observed in hepatocellular
carcinoma (HCC) (Xie & Zhong, 2016).
In addition, we also proposed a mechanism by which

AEG-1 enhanced chemoresistance of Hut-78 cells in
hypoxia. A large amount of studies have demonstrated
that autophagy plays a vital role in hypoxia-induced drug
resistance (Liu et al., 2010; Ko et al., 2012; Rzymski et
al., 2009). Thus, to illuminate the specific role of autoph-
agy in chemoresistance of Hut-78 cells exposed to hyp-
oxia, 3-MA (autophagic inhibitor) was selected. We
found that inhibition of autophagy under hypoxia atten-
uated the cell viability and increased the apoptosis rate
of Hut-78 cells, further, AEG-1 partially abolished the ef-
fect of 3-MA on the response of Hut-78 cells to ADM in
hypoxia as revealed by MTT and apoptosis assays, indicat-
ing that AEG-1 reduced chemosensitivity of Hut-78 cells
by inducing autophagy. It was reported that activation of
autophagy inhibits tumor metastasis through the induc-
tion of HIF-1α (Indelicato et al., 2010). Previous studies
have confirmed that hypoxia can induce autophagy
through at least three pathways including activating
transcription factor4, hypoxia-inducible factor1 and
AMP-activated protein kinase (Liu et al., 2010; Rzymski et
al., 2009; Kim et al., 2011). Actually, we also observed that
the inhibition of HIF-1α significantly down-regulated
AEG-1, LC3-II, Beclin-1 expression, and LC3-II/LC3-I
ratio in T-NHL cells exposed to hypoxia. Unfortunately,
the detail relationship between HIF-1α and AEG-1 in
chemoresistance of Hut-78 cells exposed to hypoxia is not
clear, which needs further investigation.

Conclusion
In this paper, our data presents evidence that AEG-1,
LC3-II, Beclin-1, and HIF-1α are significantly
up-regulated in T-NHL tissues, and hypoxia triggers
AEG-1, LC3-II and Beclin-1 expression in T-NHL cells
(Hut-78 and Jurkat cells). AEG-1 also reduces chemosen-
sitivity of Hut-78 cells in hypoxia. Further, AEG-1 en-
hances chemoresistance of Hut-78 cells exposed to
hypoxia by promoting autophagy. This study contributes
to the target therapy against the drug resistance in
T-NHL.

Additional file

Additional file 1: Hut-78 and Jurkat cells were incubated under normoxia,
hypoxia or starvation environment for 48 h before detection. a Western blot
assays and quantitative analysis of AEG-1, Beclin-1, and LC3-II in Jurkat cells
under normoxia, hypoxia or starvation environment. b Quantitative analysis
of LC3-II/LC3-I ratio in Jurkat cells under normoxia, hypoxia or starvation
environment. The expression of AEG-1 (p < 0.05), LC3-II (p < 0.05), Beclin-1
(p < 0.05) and LC3-II/LC3-I ratio (p<0.05) was much higher in hypoxia or
starvation environment than normoxia in Jurkat cells. c Western blot assays

and quantitative analysis of AEG-1, Beclin-1, and LC3-II in Hut-78 cells under
normoxia, hypoxia or starvation environment. d Quantitative analysis of
LC3-II/LC3-I ratio in Hut-78 cells under normoxia, hypoxia or starvation
environment. The expression of AEG-1 (p < 0.05), LC3-II (p < 0.05),
Beclin-1 (p < 0.05) and LC3-II/LC3-I ratio (p<0.05) was much higher in
hypoxia or starvation environment than normoxia in Hut-78 cells. NO:
normoxia, NO: hypoxia. *p < 0.05, NO vs. LO or starvation. (TIF 574 kb)

Abbreviations
ADM: Adriamycin; AEG-1: Astrocyte elevated gene-1; ANOVA: One-way
analysis of variance; DMSO: Dimethylsulfoxide; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase; HCC: Hepatocellular carcinoma; HD: Hodgkin’s
lymphoma; HIF-1α: Hypoxia inducible factor; NHL: Non-Hodgkin’s lymphoma;
T-NHL: T-cell non-Hodgkin’s lymphoma

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
YJQ and ZJH designed the project; ZJH, ZXD, LX, LL, LZM, CRY, ZL performed
the experiments; WJJ, WXH, SZC, FXR, CY, NFF, YH, WXL interpreted and
analyzed the data; FXY, LWC, ZMZ drafted the manuscript. All authors have
approved the submitted version and agree to be personally accountable for
the contributions and for ensuring that questions related to the accuracy or
integrity of any part of the work.

Ethics approval and consent to participate
This study was reviewed and approved by the Ethics Committee of the
Medical Faculty at the First Affiliated Hospital of Zhengzhou University.
Patients who were diagnosed with T-NHL at The First Affiliated Hospital of
Zhengzhou University were included in the study after obtaining their oral
and written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Oncology, The First Affiliated Hospital, Zhengzhou University,
No. 1 Jianshe East Road, Zhengzhou, Henan 450052, People’s Republic of
China. 2Department of Otorhinolaryngology, The Third Affiliated Hospital of
Zhengzhou University, Zhengzhou, Henan 450052, People’s Republic of
China. 3Department of pathology, The First Affiliated Hospital, Zhengzhou
University, Zhengzhou, Henan 450052, People’s Republic of China.

Received: 1 March 2018 Accepted: 5 June 2018

References
Ahmad A, Sakr WA, Rahman KM. Novel targets for detection of cancer and their

modulation by chemopreventive natural compounds. Front Biosci.
2012;4:410–25.

Bhutia SK, et al. Astrocyte elevated gene-1 induces protective autophagy.
Proc Natl Acad Sci U S A. 2010;107:22243.

Blanco MA, et al. Identification of staphylococcal nuclease domain-containing 1
(SND1) as a Metadherin-interacting protein with metastasis-promoting
functions. J Biol Chem. 2011;286:19982–92.

Bogaerts E, et al. Time-dependent effect of hypoxia on tumor progression and
liver progenitor cell markers in primary liver tumors. PLoS One.
2015;10:e0119555.

Chang Y, et al. Lentivirus-mediated knockdown of astrocyte elevated Gene-1
inhibits growth and induces apoptosis through MAPK pathways in human
retinoblastoma cells. PLoS One. 2016;11:e0148763.

Yan et al. Molecular Medicine  (2018) 24:35 Page 8 of 9

https://doi.org/10.1186/s10020-018-0033-6


Cosse JP, Michiels C. Tumour hypoxia affects the responsiveness of cancer cells
to chemotherapy and promotes cancer progression. Anti Cancer Agents
Med Chem. 2008;8:790.

Emdad L, et al. Astrocyte elevated gene-1: recent insights into a novel gene
involved in tumor progression, metastasis and neurodegeneration.
Pharmacol Ther. 2007;114:155–70.

Emdad L, et al. Astrocyte elevated gene-1 (AEG-1) functions as an oncogene and
regulates angiogenesis. Proc Natl Acad Sci U S A. 2009;106:21300.

Fan B, Wang YX, Yao T, Zhu YC. p38 mitogen-activated protein kinase mediates
hypoxia-induced vascular endothelial growth factor release in human
endothelial cells. Acta Pharmacol Sin. 2005;57:13–20.

Hadzipecova L, Petrusevska G, Stojanovic A. Non-Hodgkin's lymphomas:
immunologic prognostic studies. Prilozi. 2007;28:39–55.

Indelicato M, et al. Role of hypoxia and autophagy in MDA-MB-231 invasiveness.
J Cell Physiol. 2010;223:359–68.

Kang D. Identification and cloning of human astrocyte genes displaying elevated
expression after infection with HIV-1 or exposure to HIV-1 envelope
glycoprotein by rapid subtraction hybridization, RaSH. Oncogene.
2002;21:3592–602.

Kim J, Kundu M, Viollet B, Guan KL. AMPK and mTOR regulate autophagy
through direct phosphorylation of Ulk1. Nat Cell Biol. 2011;13:132.

Ko YH, Cho YS, Won HS, Jeon EK, Hong YS. Possible role of autophagy inhibition
in hypoxia-induced chemoresistance of pancreatic cancer cells. J Clin Oncol.
2012;30:224.

Lionel F, et al. TMEM45A is essential for hypoxia-induced chemoresistance in
breast and liver cancer cells. BMC Cancer. 2012;12:391.

Liu D, Yang Y, Liu Q, Wang J. Inhibition of autophagy by 3-MA potentiates
cisplatin-induced apoptosis in esophageal squamous cell carcinoma cells.
Med Oncol. 2011;28:105–11.

Liu X-W, et al. HIF-1α-dependent autophagy protects HeLa cells from fenretinide
(4-HPR)-induced apoptosis in hypoxia ☆. Pharmacol Res. 2010;62:416.

Meng X, Thiel KW, Leslie KK. Drug resistance mediated by AEG-1/MTDH/LYRIC.
Adv Cancer Res. 2013;120:135.

Nakanishi T, et al. Autophagy is associated with cucurbitacin D-induced apoptosis
in human T cell leukemia cells. Med Oncol. 2016;33:1–8.

R E, et al. Treatment of cutaneous T-cell lymphoma by extracorporeal
photochemotherapy. Preliminary results N Engl J Med. 1987;316:297–303.

Rzymski T, Milani M, Singleton DC, Harris AL. Role of ATF4 in regulation of
autophagy and resistance to drugs and hypoxia. Cell Cycle. 2009;8:3838–47.

Song J, et al. Hypoxia-induced autophagy contributes to the chemoresistance of
hepatocellular carcinoma cells. Autophagy. 2009;5:1131.

Tian YY, et al. Restoration of microRNA-373 suppresses growth of human T-cell
lymphoma cells by repressing CCND1. Eur Rev Med Pharmacol Sci.
2016;20:4435.

X M KWT, KK L. Drug resistance mediated by AEG-1/MTDH/LYRIC. Adv Cancer
Res. 2013;120:135–57.

Xie Y, Zhong DW. AEG-1 is associated with hypoxia-induced hepatocellular
carcinoma chemoresistance via regulating PI3K/AKT/HIF-1alpha/MDR-1
pathway. EXCLI J. 2016;15:745–57.

XW L, et al. HIF-1α-dependent autophagy protects HeLa cells from fenretinide
(4-HPR)-induced apoptosis in hypoxia. Pharmacological Research the Official
Journal of the Italian Pharmacological. Society. 2010;62:416–25.

Yan J, Zhang M, Chen Q, Zhang X. Expression of AEG-1 in human T-cell
lymphoma enhances the risk of progression. Oncol Rep. 2012;28:2107–14.

Zhang J, et al. Hypoxia attenuates Hsp90 inhibitor 17-DMAG-induced cyclin B1
accumulation in hepatocellular carcinoma cells. Cell Stress Chaperones.
2016a;21:339–48.

Zhang J, et al. Hypoxia attenuates Hsp90 inhibitor 17-DMAG-induced cyclin B1
accumulation in hepatocellular carcinoma cells. Cell Stress Chaperones.
2016b;21:1–10.

Zhao T, et al. HIF-1α binding to AEG-1 promoter induced upregulated AEG-1
expression associated with metastasis in ovarian cancer. Cancer Medicine.
2017;6:1072–81.

Zou M, et al. AEG-1/MTDH-activated autophagy enhances human malignant
glioma susceptibility to TGF-β1-triggered epithelial-mesenchymal transition.
Oncotarget. 2016;7:13122–38.

Yan et al. Molecular Medicine  (2018) 24:35 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Tissue samples
	Cell culture and treatment
	Plasmid construction and cell transfection
	Immunohistochemical assay
	RNA extraction, reverse transcription and real-time PCR
	Western blotting assay
	MTT cell viability assay
	Annexin V-FITC flow cytometric analysis
	Statistical analysis

	Results
	AEG-1, LC3-II, Beclin-1, and HIF-1α are significantly �up-regulated in T-NHL tissues
	Hypoxia triggers expression of AEG-1, LC3-II and Beclin-1 in T-NHL cells
	Knocking down HIF-1α inhibits expression of AEG-1, �LC3-II and Beclin-1 in T-NHL cells under hypoxia
	AEG-1 reduces chemosensitivity of Hut-78 cells under hypoxia
	AEG-1 reduces chemosensitivity of Hut-78 cells by promoting autophagy under hypoxia

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

