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MACCI1 induces autophagy to regulate proliferation, apoptosis,
migration and invasion of squamous cell carcinoma

JIAN WU, DAWEI ZHANG'"", JUN LI', XIN DENG>*, GUANNAN LIANG!,
YANG LONG!, XUEMEI HE!, TIANYANG DAI' and DELIAN REN?

1Department of Cardio-Thoracic Surgery, The Affiliated Hospital of South West Medical University;

2Depalrtment of Immunology, Basic Medicine College, South West Medical University;

3Drug Discovery Research Center, Southwest Medical University; 4Laboratory for Cardiovascular Pharmacology of

Department of Pharmacology, The School of Pharmacy, Southwest Medical University, Luzhou, Sichuan, P.R. China

Received January 21, 2017; Accepted June 12, 2017

DOI: 10.3892/0r.2017.5889

Abstract. Metastasis-associated colon cancer-1 (MACCI)
plays an important role in cancer development, but the role
and mechansim of MACCI in squamous cell carcinoma
(ESCC) remain unclear. In this study, we found that MACC1
expression was increased in ESCC, and correlated with
lymph node metastasis. MACC1 knockdown suppresed
ESCC cell proliferation, metastasis and enchanced cell apop-
tosis. Moreover, MACCI1 knockdown inhibited ESCC cell
autophagy, and 3-methyladenine was able to rescue MACCI-
induced malignant phenotype of ESCC cells. Furthermore,
MACCI knockdown inactivated AMPK-ULKI1 signaling
pathway, and metformin could rescue MACCI-induced
autophagy in ESCC cells. Collectively, this study found that
upregulation of MACC1 in ESCC was associated with lymph
node metastasis of patients, and MACCI1 regulated ESCC
cell proliferation, apoptosis, migration and invasion mainly
through AMPK-ULKI1 induced autophagy.

Introduction

Esophageal cancer (ESC) is a common malignant tumor in
digestive tract system, and its incidence and mortality rank
eighth and sixth wordwide, respectively (1,2). ESC mainly
includes two subtypes: squamous cell carcinoma (ESCC) and
adenocarcinoma. The former accounts for 90% of patients with
ESC in China (3). In recent years, although the clinical treat-
ment for ESC has improved, the 5-year survival rate of patients

Correspondence to: Professor Delian Ren, Department of Immuno-
logy, Basic Medicine College, South West Medical University,
Luzhou, Sichuan 646000, P.R. China

E-mail: rendelian0605@sina.com

*Contributed equally

Key words: metastasis-associated colon cancer-1, metastasis,
autophagy, AMPK signaling, esophageal squamous cell carcinoma

with ESC is still between 15 and 25%, and this is strongly
associated with the high recurrence and metastasis (4,5).
Most of the patients with ESC have advanced stage disease
when diagnosed, because the early stage of ESC is difficult to
discover (6).

Metastasis-associated colon cancer-1 (MACC1), a tumor
metastasis-related gene, was first identified in colon cancer
by Stein et al in 2009 (7). Its encoding proteins include ZUS,
SH3 binding domain, SH3 structural domain, and two death
domains of the C-terminal tail (8). MACCI binds spl and
further locates in the promoter region of c-Met gene to promote
the gene transcription, thereby enhancing the proliferation and
metastasis of colon cancer cells (9). Recent studies indicated
that upregulation of MACCI1 promoted cell proliferation and
metastasis in various cancers, such as gastric cancer (10,11),
hepatocellular carcinoma (12,13), breast cancer (14), ovarian
cancer (15) and glioma (16). However, the role of MACCI in
ESC development remains largely unclear.

Autophagy refers to a highly conserved biological process
in which cytoplasmic materials are delivered to lysosomes
for degradation and reuse, and this process plays an impor-
tant role in tumor recurrence, drug resistance, and distant
metastasis (17-19). Increasing evidence has shown that defi-
ciency of key autophagy-related genes induces tumorigenesis
and enhances survival ability of tumor cells (20,21). On the
contrary, accumulated autophagy causes irreversible damage
to organelles, resulting in tumor cell death (22). Autophagy is
a double-edged sword in tumor progress, but it still provides
a new strategy for treatment of tumor. In the present study,
we found that MACCI1 overexpression induced autophagy
to promote ESC cell proliferation, migration and invasion,
suggesting that MACC1 might be a theraputic target for the
treatment of ESC.

Materials and methods

Clinical specimens. Samples were collected from 51 patients
with ESCC, who underwent complete surgical resection
at Department of Cardiothoracic Surgery of the Affiliated
Hospital of Southwest Medical University from March 2011
to December 2014. This study was approved by Ethics Review
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Board at Southwest Medical University. After surgical resec-
tion, the tumor and matched normal tissues (away from the
tumor by >5 cm) were isolated and stored in liquid nitrogen.
Clinical characterization of the patients with ESCC are shown
in Table I.

Immunohistochemistry. Any five high-power fields (x200)
were selected for measurement, and density of the MACC1
staining was scored based on two pathological experts. The
scores were as follows: O for no color, 1 for light yellow, 2 for
yellow, and 3 for brown. Percentage of positive cells was calcu-
lated under the view, and scoring was performed according to
the following standards: <5%, a score of 0; 6-25%, a score of 1;
26-50%, a score of 2; and 51-100%, a score of 3. The final score
was obtained by multiplying the average staining intensity of
each slice by the average percentage of positive cells, with 0-1
score for negative (-), 2-4 for weakly positive (+), and 5-9 for
strongly positive (++).

Cell culture. Normal human esophageal epithelial cells, and
esophageal squamous cell carcinoma cell lines including
Ecal09,Eca9706,TE1, TE10, TE11 and Kysel50 were cultured
in vitro. Normal esophageal epithelium cells were cultured
using EpiCGS-2 serum-free epithelial medium containing
1% P/S solution, and esophageal squamous cell carcinoma
cells were cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS) at 37°C in 5% CO,, respectively.

RNA isolation. Tissues were quickly frozen by liquid nitrogen
and completely pulverized. Tissue powder or ESC cells were
lysated by using TRIzol isolation reagent according to the
manufacturer's protocol. Total RNAs were analyzed using gel
electrophoresis and ultraviolet spectrophotometer, and then
stored at -80°C.

Quantitative reverse transcription polymerase chain reaction
(gRT-PCR). PrimeScript RT reagent kits (Takara) were used to
synthesize cDNA, and SYBR Green Real-time PCR Master
Mix (Takara) was used to perform the PCR assays accoding to
the manufacturer's protocols, respectively. Parameter of PCR
reaction was as follows: incubation at 94°C for 2 min, followed
by 40 cycles of 94°C for 30 sec, 60°C for 1 min and 72°C for
30 sec, and after that incubation at 72°C for 2 min. The
sequences of primers of MACCI and GAPDH are as follows:
MACCI forward, 5'-GCAGACAAAGAATCAGAGAAAG-3,
reverse, 5'-GATGAGACGTGCGACTAACTC-3'."GAPDH
forward, 5'-ATGCTGGCGCTGAGTACGTC-3"; reverse,
5-GGTCATGAGTCCTTCCACGATA-3'.

Western blotting. Total proteins were extracted using RIPA
lysis buffer (Pierce Biotechnology) according to the manu-
facturer's protocol. Forty micrograms of total proteins were
separeted on 10% SDS-PAGE gels and then transferred
onto PVDF membranes. The membranes were blocked in
five percent skimmed milk for 1 h, and then incubated with
primary antibodies, MACCI1 (1:1,000, Sigma) and GAPDH
(1:4000, Beyotime), at 4°C overnight. The membranes were
incubated with HRP-conjugated secondary antibodies
(Zhongshan Biotechnology) for 1 h, and finally analyzed by
using enhanced chemiluminescence.
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Table I. Clinical characterization of patients with ESCC.

Index n
Sex

Male 45

Female 6
Age

>60 19

<60 32
Tumor size

>5 cm 10

<5cm 41
Location

Middle 44

Lower 7
Differentiation

Well 25

Moderate 21

Poor 5
Invasion depth

Outer layer 39

Inner layer 12
Lymph node metastasis

Yes 29

No 22

Lentivirus vector construct. Eca9706 and Kysel50 cells were
inoculated in six-well plates with a density of 2x10° cells per
well. After the cells adhered to the plates, lentivirus LV-GFP-
PURO-shR-MACC1 and LV-GFP-PURO-shR-NC were added
to infect with the multiplicity of infection (MOI) value of 20.
After 12 h, fresh complete RPMI-1640 medium was replaced.
At 72 h post medium replacement, complete RPMI-1640
medium containing 1 xg of PURO was added to the culture for
14 days. Efficiency of transfection was measured by immuno-
fluorescence microscopy and flow cytometry. Silencing effect
of MACCI was measured by western blotting.

Cell proliferation. ESCC cells with a density of 1x10* per well
were seeded into 96-well plates. When the cells were cultured
for 24, 48 or 72 h, cell proliferation was analyzed using cell
counting kit 8 (CCK8, Beyotime) according to the manufac-
turer's protocol.

Cell migration and invasion. For cell migration, 1x10° ESCC
cells were resuspended in 200 ul serum-free RPMI-1640
medium and added to the upper compartment of Transwell
chambers (8 um), which were placed into 24-well plates.
RPMI-1640 medium (500 pl) supplemented with 10% FBS
was added into each well of the 24-well plates, so that it could
be attracted to the lower compartment of Transwell chambers,
and then incubation at 37°C with 5% CO, for 24 h. The cham-
bers were fixed with 4% formaldehyde at room temperature
for 10 min, and then stained with Giemsa for 2 min. The cells
detained in the upper compartment were removed, and the
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Figure 1. MACCI1 expression in ESCC tissues and cell lines. QRT-PCR revealed increased MACC1 expression in 51 ESCC tissues compared to paired normal
tissues (A), and MACCI1 expression was increased in 29 ESCC tissues with lymph node metastasis and in 22 of those without (B). Immunohistochemical
staining reveals that MACCI expression is increased in ESCC tissues (C). Western blotting and qRT-PCR show MACCI expression in ESCC cell lines (D).

B-actin as internal reference. “"P<0.01; "P<0.05.

cells passed through the membrane were observed under a
microscope. Five fields were randomly selected and the cells
were counted.

For cell invasion, the procedure was the same, except
that Matrigel (CA, USA) was added into the upper chamber
of Transwell chambers to simulate extracellular matrix,
and the incubation time continued for 72 h. Briefly, the
original Matrigel was diluted with serum-free RPMI-1640
medium at a ratio of 1:2. Diluted Matrigel (50 pl) was
added evenly to coat the upper chamber, and incubated at
37°C for 60 min.

Cell apoptosis. The cells were collected and washed twice
with pre-cooled PBS. Cell apoptosis was analyzed using
Annexin V Fluorescein Isothiocyanate Apoptosis Detection
kit (BD Bioscience) according to the manufacturer's
protocol. The single PE-Annexin V-positive population and
double-positive [PE and 7-amino-actinomycin D (AAD)]
population detected by flow cytometry were considered as
early and late apoptotic cells, respectively. The single PI-7-
AAD-positive population was considered as necrotic cells.

Confocal laser scanning microscopy and transmission
electron microscopy. For confocal laser scanning micros-
copy, 1x10° cells in each group were inoculated on a 20-mm
culture dish and cultured in RPMI medium supplemented
with 10% FBS. After the GFP-RFP-LC3B adenovirus

(MOI, 20; purchased from Han Bio) was added in the culture
medium and co-cultured for 12 h, the medium was replaced
by a fresh medium and then cultured for 72 h. Imagings
were observed under a confocal fluorescence microscope
(SP8, Leica, Germany). The numbers of autophagosomes
(green) and autolysosomes (red) in random field were calcu-
lated.

For transmission electron microscopy, growing adherent
cells were directly scraped, and the cell precipitate was
collectet after using PBS to wash twice. The cells were fixed
by using 2.5% glutaraldehyde solution overnight at 4°C. Two
days later, imagings were observed under a transmission elec-
tron microscope (Fucheng Biological Technology Co., Ltd.,
Shanghai, China).

Statistical analyses. Continuous data are presented as mean +
standard deviation. The comparison between two groups was
performed by using Student's t-test. A P<0.05 was considered
statistically significant. All experiments were repeated three
times.

Results

MACCI is frequently upregulated in ESCC tissues and asso-
ciated with lymph node metastasis. To determine MACCI1
expression in ESCC, we detected mRNA and protein expres-
sions of MACCI in 51 pairs of ESCC and matched normal
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Figure 2. MACCI regulates ESCC cell proliferation and apoptosis. (A) Western blotting (upper) and qRT-PCR (lower) revealed MACC1 expression is decreased
in the Eca9706 and Kysel50 cells infected with lentivirus containing sh-MACCI vectors, compared with those containing empty vectors. (B) Cell count kit-8
shows MACCI1-knockdwon Eca9706 and Kysel150 cells have decreased proliferative capacity after culture for 48, 72 and 96 h. (C) Flow cytometry showed
MACCI1-knockdown Eca9706 and Kysel150 cells have increased apoptosis rates. "P<0.05.
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Figure 3. MACC1 knockdown inhibits ESCC cells migration and invasion. (A) Transwell without Matrigel shows that MACC1-knockdown Eca9706 and
Kysel150 cells have a decreased migratory capacity. (B) Transwell with Matrigel shows that MACC1-knockdown Eca9706 and Kysel150 cells have a decreased
invasive capacity.
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Figure 4. MACCI knockdown inhibits ESCC cell autophagy. (A) Electron microscope and laser confocal microscopy show autophagy in Eca9706 cells.
(B) The number of autophagosome is decreased in MACC1-knockdown Eca9706 and Kysel50 cells. (C) Western blotting revealed that MACC1 knockdown
decrease MACC1 expression (D), and the ratio of LC3B-I/II and increases p62 expression (E) in the Eca9706 and Kysel50 cells. "P<0.05.

tissues. QRT-PCR experiments showed the mRNA expres-
sion of MACCI was significantly increased in ESCC tissues
compared with matched normal tissues (P<0.01) (Fig. 1A), and
the expression was also increased in ESCC tissues of patients
with lymph node metastasis compared to those without lymph
node metastasis (P<0.01) (Fig. 1B). Immunohistochemical
staining revealed that the protein expression of MACCI1 was
also increased in ESCC tissues with 94.1% (48/51) positive
rate compared with matched normal tissues with 37.3% (19/51)
positive rate (Fig. 1C). Furthermore, mRNA and protein
expressions of MACCI in ESCC cell lines were examined.
Western blotting and qRT-PCR assays showed high protein
and mRNA expression of MACCI in Eca9706 and Kysel50
cells (P<0.01) (Fig. 1D), suggesting that MACCI expression is
increased in ESCC and associated with lymph node metastasis
of ESCC patients.

MACCI regulates proliferation and apoptosis of ESCC cells.
To determine the role of MACCI in ESCC cells, we selected
Eca9706 and Kysel50 cells with high expression of MACCI to
perform MACCI1 knockdown using letivirus vectors containing
the specific shRNA for MACCI1. Western blotting and
gRT-PCR assays showed that the protein and mRNA expression
of MACCI1 was significantly decreased, respectively (P<0.05)
(Fig. 2A). Cell count kit-8 experiments indicated that MACC1
knockdown significantly decreased proliferative capacity of the
Eca9706 and Kysel50 cells (P<0.05) (Fig. 2B). Flow cytometry
revealed that MACCI knockdown significantly increased apop-
tosis of the Eca9706 and Kysel50 cells (Fig. 2C).

Downregulation of MACCI suppreses migration and invasion
of ESCC cells. To determine whether MACCI is involved in
ESCC cell metastasis, cell migration and invasion assays were
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Figure 5. Three-methyladenine (3-MA) rescues MACCI-induced ESCC cell phenotype. (A) Western blotting shows that treatment of 3-MA decreases the ratio
of LC3B-I/II and increases p62 expression in Eca9706 and Kysel50 cells with MACCI overexpression. (B) Number of autophagosomes in the Eca9706 and
Kysel50 cells was analyzed after 3-MA treatment. (C) Cell counting kit-8 reveals that treatment of 3-MA rescues the proliferation of Eca9706 and Kysel50
cells at 48, 72 and 96 h. (D) Transwell reveals that treatment of 3-MA rescues the migration and invasion of MACCI-overexpressing Eca9706 and Kysel50
cells. (E) Flow cytometry shows that treatment of 3-MA rescues apoptosis of MACC1-overexpressing Eca9706 and Kyse150 cells. "P<0.05.

performed. As shown in Fig. 3, MACCI knockdown signifi-
cantly repressed migration and invasion of the Eca9706 and
Kysel50 cells (P<0.05), suggesting that MACCI is correlated
with tumor metastasis in ESCC.

Downregulation of MACCI inhibits autophagy in ESCC cells.
Autophagy is shown to be involved in the proliferation, apop-
tosis and metastasis of tumor cells. Therefore, we determined

whether MACC1 is involved in ESCC cell autophagy. Electron
microscope and laser confocal microscopy assays showed
autophagy (Fig. 4A), and the number of autophagosome was
significantly decreased in the Eca9706 and Kysel50 cells with
downregulating MACC1 compared with those with empty
vector (P<0.05) (Fig. 4B). Moreover, western blotting revealed
that MACCI knockdown significantly decreased the ratio of
LC3B II/I (P<0.05) and increased the protein expression of
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Figure 6. MACCI regulates AMPK signaling pathway. (A and C) Western blotting shows MACC1 knockdown decreased phosphorylation levels of ULK1 and
AMPK in Eca9706 and Kysel50 cells. (B and D) Western blotting reveals that treatment of metformin rescues the phosphorylation levels of ULK1 and AMPK

in the Eca9706 and Kysel50 cells. "P<0.05.

p62 (P<0.05) (Fig. 4C-E). These data suggest that MACC1
knockdown inhibits autophagy in ESCC cells.

Three-methyladenine (3-MA) rescues MACCI-induced ESCC
cell proliferation, apoptosis, migration, and invasion. To
detemine whether autophagy plays a crucial role in MACCI-
induced phenotype in ESCC cells, we used 3-methyladenine
(3-MA), an inhibitor of autophagy, to inhibit autophagy in
Eca9706 and Kysel50 cells. Western blotting and laser
confocal microscopy assays showed that 3-MA rescued
the ratio of LC3B II/I and p62 expression, and the number
of autopahosome, respectively (P<0.05) (Fig. 5SA and B),
suggesting that MACCl-induced autophagy was rescued by
3-MA treatment. Furthermore, proliferation, apoptosis, migra-
tion, and invasion of the Eca9706 and Kysel50 cells were also
rescued with 3-MA treatment (P<0.05) (Fig. 5C-E), suggesting
MACCI-induced phenotype in ESCC cells is mainly through
autophagy.

MACCI regulates the AMPK signaling pathway involved in
autophagy. To understand the mechanism by which MACC1

regulates ESCC cell autophagy, we detected AMPK-ULK1
signaling pathway that is believed to be involved in cell
autophagy. Western blot assays showed that MACC1 knock-
down significantly decreased phosphorylation levels of
p-ULK1 and p-AMPK in the Eca9706 and Kysel50 cells
(P<0.05) (Fig. 6A and C), whereas protein expression of ULK1
and AMPK was not altered, suggesting that MACCI-indued
autophagy is associated with AMPK signaling pathway.
Furthermore, MACCI-induced autophagy in ESCC cells
was rescued when the cells were treated with metformin,
an AMPK activator (P<0.05) (Fig. 6B and D), suggesting
that AMPK signaling pathway is a key pathway in MACCI1-
induced autophagy.

Discussion

This study found that MACC1 was overexpressed in ESCC,
and its upregulation was positively correlated with lymph
node metastasis of ESCC patients. Stable knockdown of
MACCI repressed ESCC cell proliferation, migration and
invasion, while enhanced cell apoptosis. Furthermore,
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MACCI knockdown inhibited ESCC cell autophagy. When
3-MA, an inhibitor for autophagy, was used to treat ESCC
cells, MACCl-induced autophagy was rescued, resulting in
ESCC cell proliferation, apoptosis, migration, and invasion
also being rescued to normal level, suggesting that MACC1
induced the aggressive progress of ESCC cells mainly
through affecting autophagy. AMPK signaling pathway
was also confirmed to be important in MACCl-induced
autophagy.

MACCI has been considered as an important molecule
for various cancer diagnosis, prognosis, and theraputic
target (10-15). Increasing evidence indicates that ectopic
expression of MACCI is involved in tumorigenesis and
cancer development (16). However, the role and mechnism
of MACCI in ESCC had not been investigated. Our data
demonstrated that MACC1 was upregulated in ESCC and
correlated with lymph node metastasis of ESCC patients,
suggesting that the expression signature of MACCI1 might
be a novel biomarker for ESCC diagnosis and prognosis.
The role of MACCI was reported inconsistently in variety
of cancers, but in our data we first showed MACCI as an
oncogene, promoting malignant phenotypes of ESCC cells
by gain- and loss-of-function.

Autophagy plays crucial role in tumorigenesis and
cancer development. For example, Beclin deficience could
increase the tumorigenesis risk of mice, such as lymphoma,
lung cancer, liver cancer and other tumors (23,24) Weh
et al found that Beclin-dependent autophagy is specific
and related with prognostic factors of EAC (25). Lee ef al
demonstrated that a dominant-negative autophagy protein
Atg5K130R could lead to loss-of-heterozygosity of tp53
followed by promoting tumorigenesis (26). In our study,
we first found that MACCI induced ESCC cell autophagy
by multiple experiments. Importantly, 3-MA, an inhibitor
for autophagy, was able to rescue autophagy in ESCC cells,
and further rescued MACCI-induced malignant phenotype
of ESCC cells, suggesting the important role of autophagy
in ESCC cells. However, 3-MA did not alter MACC1
expression, indicating that MACCI is a upstream gene
in autophagy of ESCC cells. Consistant with a previous
study (27), our data also revealed that autophagy inhibition
repressed ESCC cell proliferation, migration and inva-
sion, and enhanced cell apoptosis. Autophagy is involved
in several signaling pathways, such as AMPK and PI3K/
AKT/mTOR (28,29). Our results showed that MACC1
knockdown decreased phosphorylation levels of AMPK
and ULK1, suggesting that MACCIl-induced autophagy
is involved in AMPK signaling pathway. AMPK directly
phosphorylates VPS34 and ULKI1, resulting in autophagy
formation. On the contrary, AMPK inhibits autophagy by
phosphorylating mTOR, so AMPK has different roles in
different cells. Moreover, when ESCC cells were treated
using metformin, an activator of AMPK, the autophagy was
rescued, suggesting MACCIl-induced autophagy mainly
through regulating AMPK signaling pathway.

In conclusion, the present study showed that upregulation
of MACCI1 was correlated with lymph node metastasis of
ESCC patients. MACC1 regulated ESCC cell proliferation,
apoptosis, migration and invasion mainly through affecting
autophagy.
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