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Downregulation of MACCI1 inhibits the viability, invasion and

migration and induces apoptosis in esophageal carcinoma cells

through the phosphatase and tensin homolog/phosphoinositide
3-kinase/protein kinase B signaling pathway
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Abstract. As an oncogene, MACCI serves an important
function in cancer progression and metastasis. However, the
effect of MACCI in esophageal carcinoma (EC) remains to
be fully understood. The present study assessed the asso-
ciation between MACCI expression and the progression of
EC cells. A small interfering (si)RNA was delivered into
EC cells to downregulate MACCI1 expression. The MTT
assay demonstrated that EC cell viability was reduced by
siRNA-MACCI. Decreasing MACCI expression increased
the apoptotic rate of EC cells compared with control cells.
Transwell and Matrigel assays demonstrated that EC cell
migration and invasion, respectively, were downregulated
by siRNA-MACCI. Furthermore, knocking down MACCI1
suppressed the phosphoinositide 3-kinase (PI3K)/protein
kinase B (Akt) signaling pathway by upregulating the expres-
sion of phosphatase and tensin homolog (PTEN), a tumor
suppressor. The results of the present study revealed that
MACCI expression affected cellular functions of the EC cells
through the PTEN/PI3K/Akt signaling pathway. Therefore,
MACCI may potentially serve as a novel biomarker and
therapeutic target for EC.
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Introduction

Esophageal cancer (EC) is associated with an increased
mortality rate globally (1). Despite improving treatments,
combining surgical resection with chemotherapy or radio-
therapy remains a suboptimal treatment option due to early
local invasion and systemic metastasis (2-4). The prognosis
for EC remains poor and the 5-year overall survival rate in
the USA was 4% in the 1970s and increased to 14% in the
1990s (5,6). Previous studies have demonstrated that multiple
biological markers may not only facilitate the diagnosis and
treatment of EC but may also help to predict early recurrence
and clinical outcomes following surgery (7-11).

MACCI was firstidentified during a genome-wide screening
of human colon cancer tissues and its abnormal expression is
associated with the metastasis and recurrence of colon cancer
through the regulation of the hepatocyte growth factor-MET
proto-oncogene signaling pathway (12). Furthermore, previous
studies have revealed that the abnormal expression of MACCI
may be associated with the development and progression of
numerous types of solid tumor, including lung (13,14) and
gastric cancer (15-18), hepatocellular carcinoma (19-21), breast
cancer (22), glioma (23) and colon (12,24) and esophageal
cancer (25). These studies suggested that MACCI may serve
as a key biomarker for recurrence, metastasis and patient
survival in multiple types of human cancer. To the best of our
knowledge, few studies regarding the function of MACCI in
EC have been performed. The present study evaluated the
function of MACCI in EC cells. EC cell viability, invasion,
migration and apoptosis potential were assessed by regulating
the expression of MACCI.

Materials and methods

Cell culture and treatment. The human EC cell lines Ecal09
and TE1 were purchased from the Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China) and
cultured in RPMI-1640 medium containing 10% fetal bovine
serum (FBS) (both from Gibco; Thermo Fisher Scientific, Inc.,
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Waltham, MA, USA), 100 IU/ml penicillin G and 100 pg/ml
streptomycin at 37°C in a humidified 5% CO, incubator. For
the analysis of cell viability and mobility, the Ecal09 and TE1
cells were pretreated with 500 nM phosphatase and tensin
homolog (PTEN) inhibitor SF1670 at 37°C for 30 min (Gene
Operation LLC, Ann Arbor, MI, USA).

Small interfering (si)RNA transfection. siRNA duplexes
were synthesized and purified by Suzhou GenePharma
LLC (Suzhou, China). siRNA was diluted to 100 nM with
serum-free culture medium. The siRNA sequences for
MACCI1 were as follows: Forward, 5~ AAGAGGGGACGG
GGACACGGCTT-3' and reverse, 5-TTGGCGAACCGG
AACAGGGGACG-3'. The transfection of MACC1-siRNA
into the experimental Ecal09 and TEI cells was performed
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
transfection of MACCI-NC (forward, 5'-CCAGTTAAGAAC
GTCCCCAAGCG-3' and reverse, 5S'-"AAGCTTGAGGTCTAG
GTAATTTC-3") into the scramble control Ecal09 and TE1
cells, was conducted using the same protocol.

Western blot analysis. Protein was extracted from the
transfected Ecal09 and TEl cells (1x109) cells using
radioimmunoprecipitation assay lysis buffer containing
1/100 phenylmethanesulfonyl fluoride (PO013; Beyotime
Institute of Biotechnology, Haimen, China) at 0-4°C for 30 min.
The supernatant was collected at 3,000 x g in 4°C for 30 min.
The total protein concentration was determined using the
bicinchoninic acid method. Protein (20 pg/lane) was separated
using SDS-PAGE on a 10% gel and subsequently transferred
to polyvinylidene fluoride membranes. The membranes
were blocked with 5% nonfat milk at room temperature for
1 h and then incubated overnight at 4°C with primary anti-
bodies. The membranes were then washed three times in TBS
containing 0.05% Tween-20 and incubated with AP-labeled
goat anti-mouse/rabbit IgG (A0258/A0239; 1:5,000; Beyotime
Institute of Biotechnology) for 2 h at room temperature. The
secondary antibodies were detected using an enhanced chemi-
luminescence kit according to the manufacturer's protocol
(Pierce; Thermo Fisher Scientific, Inc.). The primary antibodies
were goat polyclonal anti-MACCI (catalog no. HPA020081;
dilution, 1:1,000; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany), rabbit monoclonal anti-caspase-3 (catalog
no. CST9662), rabbit monoclonal anti-cleaved caspase-3
(catalog no. 9664), rabbit monoclonal anti-Bcl-2 (catalog
no. 2872) and rabbit monoclonal anti-Bax (catalog no. 5023)
(dilution, 1:1,000; all from Cell Signaling Technology, Inc.,
Danvers, MA, USA), rabbit monoclonal anti-PTEN (catalog
no. ab32199), mouse monoclonal anti-PCNA (catalog no. 29),
rabbit monoclonal anti-Akt (pan; catalog no. 85683), rabbit
monoclonal anti-Akt (phospho S473; catalog no. 81283) (dilu-
tion, 1:1,000; all from Abcam, Cambridge, UK), and mouse
monoclonal anti-GAPDH (catalog no. KC-5G5; dilution,
1:5,000; Kangcheng Biotechnology Co., Ltd., Nanjing, China).
GAPDH protein was used as the internal control.

Cell viability assay. The viability of Ecal09 and TEl cells
under the aforementioned pretreatments was evaluated using
an MTT assay. Ecal09 and TE1 cells were seeded onto
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96-well plates (8,000 cells/well) with RPMI-1640 medium and
transfected with the siRNA vectors as aforementioned at 37°C.
Following incubation for 48 h at 37°C, 5 mg/ml MTT was
added to each well and the cells were incubated for a further
4 h at 37°C. Following the addition of 150 ml dimethyl sulf-
oxide to each well, the absorbance was measured at 490 nm
(ELX800; BioTek Instruments, Inc., Winooski, VT, USA). The
experiment was repeated three times.

Soft agar colony formation assay. To assess colony formation,
Ecal09 and TEl cells were collected following treatment, and
1x10* cells were mixed with 0.6% agar solution in RPMI-1640
medium containing 20% FBS and placed on a 1.2% agar layer
in 6-well tissue culture plates. Following solidification of
the gel, the cells were incubated for 2-3 weeks in a 5% CO,,
humidified incubator at 37°C until colonies formed, during
which time, RPMI-1640 supplemented with 10% FBS was
changed every 3 or 4 days. The colonies containing >50 cells
were subsequently counted using a light microscope. Clones
were counted in 10 random fields at x100 magnification and
the mean + standard deviation (SD) was calculated. The
experiment was repeated three times.

Cell migration and invasion assays. Ecal09 and TE1 cell
migration and invasion were evaluated using Transwell assays
(EMD Millipore, Billerica, MA, USA), according to the manu-
facturer's protocol. For the invasion assay, 5x10* cells in total
were seeded onto a Transwell insert (pore size, 8§ mm) coated
with extracellular matrix (50 mg/l Matrigel, 1:6 dilution with
serum-free medium; BD Biosciences, Franklin Lakes, NJ,
USA). Subsequently, 100 ul serum-free RPMI-1640 medium
containing 10 g/l bovine serum albumin (ST023; Beyotime
Institute of Biotechnology) was added to the upper chamber,
and 500 pl complete culture medium was added to the lower
chamber. Cells were incubated at 37°C for 24 h for both the
migration and invasion assays. For the migration assay, 5x10*
Ecal09 and TEI cells were seeded onto a Transwell insert,
which was not coated with Matrigel. Following incubation
at 37°C for 24 h, the cells adherent to the upper surface of
the filter were removed using a cotton applicator and stained
with 0.5% crystal violet at room temperature for 15 min. Cell
numbers were counted in 10 random fields at x100 magnifica-
tion by light microscope. The values obtained were calculating
the mean =+ standard deviation (SD) from triplicates of each
assay.

Apoptosis assays. Ecal09 and TEI cells were seeded onto
6-well plates (5x10° cells/well) with RPMI-1640 complete
culture medium. Following 48 h of transfection as aforemen-
tioned, the cells were collected, including the supernatant of
the culture medium, by centrifugation at 250 x g for 3 min
at room temperature, and the cells in each well were washed
with PBS twice. The cells were subsequently incubated at
room temperature with 5 ul Annexin V-fluorescein isothio-
cyanate in 195 ul binding buffer (catalog no. C1063; Beyotime
Institute of Biotechnology) in darkness for 10 min. Cells were
centrifuged at 250 x g for 5 min at room temperature and
resuspended in 190 ml binding buffer and 10 ml propidium
iodide. All samples were analyzed for apoptosis using the
BD FACSVerse™ (651156) flow cytometer (BD Biosciences).
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Figure 1. Downregulation of MACCI significantly inhibits the viability and colony formation of EC cells in vitro. (A) EC cell viability was assessed using an
MTT assay. Ecal09 and TEI cells were pretreated with sSiRNA-MACCI and the scramble control siRNA for 12, 24, 48 or 72 h. (B) The colony formation of
Ecal09 and TE1 cells with downregulated MACCI expression was evaluated using a soft agar colony formation assay. 'P<0.05, “P<0.01 vs. scramble control.

EC, esophageal cancer; si, small interfering.

The BD FACSuite™ software (11.10; BD Biosciences) was
used to analyze the data. The experiment was repeated three
times.

Immunocytochemistry. Ecal09 and TEIl cells (2x10%)
were cultured on coverslips in 6-well plates with
RPMI-1640 complete culture medium and transfected with
MACCI1-siRNA as aforementioned. Following 48 h of
culture, the cells were washed with PBS, fixed with 2% w/v
paraformaldehyde for 15 min and permeabilized with 1% v/v
Triton X-100 for 10 min at room temperature. Subsequently,
blocking was achieved through incubation with 10% w/v
normal goat serum (SP Kit-B2; Fuzhou Maixin Biotech. Co.,
Ltd.,Fuzhou, China) in PBS at room temperature for 1 h. Cells
were then incubated with MACC (catalog no. HPA020081;
dilution, 1:100; Sigma-Aldrich; Merck KGaA), PTEN
(catalog no. ab32199; dilution, 1:100) and p-Akt (phospho

S473; catalog no. ab81283; dilution, 1:200) (both from
Abcam) primary antibodies at 4°C overnight. Subsequently,
the cells were washed with PBS, and incubated for 1 h with
Cy3-labeled secondary antibody (catalog no. A0516; dilu-
tion, 1:400; Beyotime Institute of Biotechnology) at room
temperature, and subsequently counterstained with DAPI
(1 ug/ml) for 5 min at room temperature (Sigma-Aldrich;
Merck KGaA). Images of the immunostained cells were
obtained using a fluorescent microscope (x200 magnifica-
tion).

Statistical analysis. All statistical analyses were performed
using SPSS 18.0 statistical software (SPSS, Inc., Chicago,
IL, USA). The results are presented as the mean + SD as
appropriate. Student's t-test was used to compare viability,
migration, invasion and apoptosis between the groups. P<0.05
was considered to indicate a statistically significant difference.
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Figure 2. Downregulation of MACCI contributes to the inhibition of the migration and invasion of esophageal cancer cells in vitro. The migration and invasion
of Ecal09 and TEI cells with downregulated MACC1 expression were assessed using a Matrigel and Transwell assay, respectively. Data were presented as the
mean = standard deviation, as derived from three independent experiments. "P<0.05 vs. scramble control. si, small interfering. Magification, x100.

Results

Decreased MACCI expression significantly inhibits EC
cell viability in vitro. Cell viability was assessed using an
MTT assay. The present study evaluated four time-points
(12, 24, 48 and 72 h) following transfection of the EC cells
with siRNA-MACCI. The results revealed that EC cells
transfected with siRNA-MACCI1 exhibited significantly
decreased cell viability compared with those transfected with
the scramble control (P<0.05; Fig. 1A). The inhibition rate of
siRNA-MACCI on EC cell viability was 5-35%. The present
study evaluated the rate of colony formation of the EC cells
2 weeks following treatment. The results suggested that the
EC cells transfected with siRNA-MACCI formed fewer
colonies compared with those transfected with the scramble
control (P<0.05, P<0.01; Fig. 1B). The results of the present
study suggested that siRNA-MACCI inhibited the viability
and neoplastic capacity of EC cells in vitro.

Downregulating MACCI contributes to the inhibition of
migration and invasion of EC cells in vitro. To assess the
effect of sSiRNA-MACCI on cell motility, the EC cells under-
went migration and invasion assays following transfection.
The results demonstrated that the number of migratory and
invasive cells in the siRNA-MACC]-transfected EC cell group
was significantly decreased compared with that in the scramble

control EC cell group (P<0.05; Fig. 2). These results suggested
that the knockdown of MACCI contributed to the inhibition of
migration and invasion of EC cells in vitro. The present study
suggested that MACCI serves a key function in the regulation
of EC cell motility, including invasion and metastasis.

Knockdown of MACC1 markedly induces apoptosis of EC cells
in vitro. The apoptosis assay revealed that the apoptotic rate of
the sSiRNA-MACCI-transfected Ecal09 cells (9.71+2.89%) was
increased compared with that of the scramble control Ecal09
cells (4.79+1.65%); that of the siRNA-MACCI-transfected
TE1 cells (15.32+2.45%) was increased compared with that of
the scramble control TEl cells (6.08+0.87%). The difference
in apoptotic rate between these groups was statistically signifi-
cant in the two cell lines (P<0.05; Fig. 3A). The expression of
B-cell lymphoma 2 (BCL2), an anti-apoptotic indicator, was
downregulated, and the expression of apoptosis-associated
cleaved caspase-3 and BCL2 associated X was upregulated,
in siRNA-MACClI-transfected EC cells compared with that
in the scramble control EC cells (Fig. 3B). The present study
demonstrated that downregulating MACCI1 significantly
induced apoptosis in EC cells in vitro.

Decreasing MACCI expression suppresses the PTEN/phos-
phoinositide 3-kinase (PI3K)/protein kinase B (Akt) signaling
pathway of EC cells. The present study evaluated the effect
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Figure 3. Downregulating MACCI expression induces esophageal cancer cell apoptosis in vitro. (A) The apoptotic potential induced by siRNA-MACC1 was
measured using flow cytometry. (B) The expression of apoptosis-associated proteins in Ecal09 and TE1 cells with downregulated MACCI expression was
detected using western blot analysis. "P<0.05 vs. scramble control. si, small interfering; Bcl2, B-cell lymphoma 2; bax, Bcl2 associated X; FITC, fluorescein

isothiocyanate.

of downregulating MACCI expression on PTEN and the
PI3K/Akt signaling pathway in EC cells (Fig. 4). The
siRNA-MACClI-transfected EC cells revealed a significant
decrease in MACCI protein expression compared with that
in the scramble control EC cells (Fig. 4B). In the EC cells in
which MACCI expression was downregulated, compared with
the scramble control EC cells, the expression of PTEN was
increased, the expression of total Akt remained unaltered, and
the expression of phosphorylated (p)Akt and proliferating cell
nuclear antigen was decreased (Fig. 4B). The present study
obtained similar results from immunofluorescence experi-
ments (Fig. 4A). Furthermore, the present study used the PTEN
inhibitor SF1670 to assess the effect of PTEN on signaling
pathways in the EC cells. The results revealed that treatment
with 500 nM SF1670 decreased the inhibition of viability,

mobility, and phosphorylation of Akt in EC cells (Fig. 5). The
results of the present study suggested that decreasing MACC1
expression affected the expression of PTEN and the phosphor-
ylation of Akt in the EC cells, which suggested that MACC1
represents a potential oncoprotein and a promoting factor for
the activation of the PTEN/PI3K/Akt signaling pathway in
these cells. Furthermore, decreasing MACCI expression in the
EC cells may have facilitated the regulation of the PI3K/Akt
signaling pathway by PTEN and helped PTEN function as a
tumor suppressor.

Discussion

Among types of cancer, EC is associated with the sixth
highest global mortality rate in 1990s (3). Although research
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and novel molecular targets have improved early diagnosis
and therapeutic options, and provided less invasive surgery
options, the 5-year survival rate for EC remains low due to
increased rates of metastasis and recurrence (5).

EC cells migrate from the primary site to distant sites
through the bloodstream or the lymphatic system, a crucial

factor in the prognosis of EC. MACCI, first identified as
a colon cancer oncogene, potentially functions as an early
diagnosis biomarker and is associated with the progression of
multiple solid tumors (12-28). Stein ez al (12) demonstrated that
MACCI upregulation was associated with benign-malignant
tumor transition. Wang et al (29) revealed that inhibiting
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Figure 5. PTEN inhibitor SF1670 affects viability, mobility and the PTEN/PI3 K/Akt signaling pathway in EC cells. (A) EC cell viability was assessed using
an MTT assay. Ecal09 and TEI cells were pretreated with the scramble control siRNA and siRNA-MACCI1 with or without 500 nM SF1670 for 12, 24, 48 or
72 h. (B) The migration and invasion of Ecal09 and TEI1 cells with downregulated MACCI expression with or without 500 nM SF1670 were evaluated using
a Matrigel or Transwell assay. Data were presented as the mean + standard deviation, as derived from three independent experiments. (C) The expression of
MACCI, PTEN, tAkt and pAkt proteins in Ecal09 and TEI cells with downregulated MACC1 expression with or without 500 nM SF1670 was detected using
western blot analysis. "P<0.05 vs. scramble control. PTEN, phosphatase and tensin homolog; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; EC,
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MACKCI significantly inhibited the proliferation and migra-  expression in EC cells remains unclear. Using MACCI1-siRNA,
tion of pancreatic cancer cells. However, the effect of MACC1  the present study assessed the expression of MACCI1 in EC
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cells and its effect on the viability, migration, invasion and
apoptosis of the EC cells. The results revealed that inhib-
iting MACCI expression in EC cells decreased viability and
affected migration and invasion, which are key processes in
metastasis. Furthermore, downregulating MACCI contributed
to the induction of EC cell apoptosis. These results suggested
that increased MACCI1 expression may be associated with
the survival and aggressiveness of EC cells and may serve an
important function in their metastasis.

Previous studies have suggested that MACCI is asso-
ciated with the Akt and Ras/EPH receptor B2 signaling
pathways (28-30). Zhang et al (28) demonstrated that MACC1
expression may affect the PI3K/Akt signaling pathway and the
protein expression of matrix metallopeptidase (MMP)2 and
MMP9. Meng et al (30) revealed that pAkt was a key target
gene of MACCI, and that pAkt expression was significantly
suppressed by MACC1 downregulation in nasopharyn-
geal carcinoma cells. In the present study, downregulating
MACCI expression increased the expression of PTEN and
decreased the phosphorylation of Akt in EC cells. PTEN, a
tumor suppressor gene with numerous functions in multiple
tissues, serves as a central negative regulator of the PI3K/Akt
signaling pathway by dephosphorylating the PI (31) and P3
of PI3K and regulating downstream signals (32). The present
study demonstrated that downregulating MACCI decreased
EC cell viability and mobility. The present study also demon-
strated that the PTEN inhibitor SF1670 not only decreased the
inhibitory effect of sSiRNA-MACCI on viability and mobility,
but also affected the PTEN/PI3K/Akt signaling pathway in
EC cells. These results suggested that MACCI represents a
potential oncoprotein, and a promoting factor for the activa-
tion of the PTEN/PI3K/Akt signaling pathway in EC cells.
Furthermore, decreasing MACCI expression in the EC cells
may have facilitated the regulation of the PI3K/Akt signaling
pathway by PTEN and helped PTEN function as a tumor
SUppIessor.

The present study suggested that MACC1 abnormal
expression may affect the PTEN/PI3K/Akt signaling pathway
and is thereby crucial for the viability, migration, invasion and
apoptosis of EC cells. These results suggested that MACCI1
may potentially serve as a therapeutic target for EC. However,
the molecular mechanisms underlying the function of MACC1
in the PTEN/PI3K/Akt signaling pathway remain to be fully
understood. Further studies are required to clarify the genetic
features of MACCI and its potential as a target in antitumor
therapy for EC.
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