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MACC1 silencing inhibits cell proliferation and induces cell apoptosis of lung 
adenocarcinoma cells through the β-catenin pathway 
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It has been documented that over-expression of metastasis-associated in colon cancer-1 (MACC1) is related to poor 
prognosis in non-small cell lung cancer (NSCLC). This study investigates the function and underlying molecular mecha-
nisms of MACC1 in lung adenocarcinoma. Here, we firstly employed immunohistochemistry, western blotting, real-time 
PCR, and online database to demonstrate that MACC1 expression was elevated in tumor tissues compared with tumor-
adjacent or normal tissues. Real-time PCR, CCK-8, colony formation western blotting, Hoechst staining, and flow cytom-
etry assays then evaluated the effects of MACC1 knockdown on the cell cycle, cell proliferation and apoptosis in A549 
and H1299 adenocarcinoma cells. Result highlighted that MACC1 knockdown inhibited cell proliferation, induced G0/
G1 phase arrest and promoted cell apoptosis in vitro. Mechanistic analysis revealed it also up-regulated expression levels of 
bax, cleaved-caspase-3 and cleaved-PARP while down-regulating cyclin D1, c-myc, bcl-2, and β-catenin expression in A549 
cells. Intriguingly, up-regulation of β-catenin suppressed G0/G1 phase arrest and apoptosis in MACC1-silenced A549 cells 
and this was accompanied by increased levels of cyclin D1, c-myc, and bcl-2. Collectively, our results indicate that MACC1 
knockdown effectively inhibited cell proliferation and promoted apoptosis of lung adenocarcinoma cells by regulating the 
β-catenin pathway. 
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Lung cancer has the highest mortality rate of all malig-
nant tumors and it accounts for 27% of deaths in males and 
26% in females. [1]. Non-small cell lung cancer (NSCLC), 
comprising adenocarcinoma, squamous carcinoma and large 
cell carcinoma, is the most frequently diagnosed pathology in 
lung cancer [2]. Although advanced development of NSCLC 
treatment including surgery, radiotherapy and chemotherapy 
has been achieved and has improved patient survival, the 5 
year survival rate of patients with NSCLC is still only 15 % 
[3], and therefore development of novel drugs and explora-
tion of therapeutic targets are extremely urgent for NSCLC 
prevention and cure.

Metastasis-associated in colon cancer-1 (MACC1) is a 
pivotal regulator of the HGF/c-Met signal pathway and is 
initially identified by whole-genome expression analysis 
of primary and metastatic colon carcinomas [4]. Accumu-
lating evidence reveals that MACC1 is over-expressed and 
associated with poor prognosis in many tumors; especially 
hepatocellular carcinoma [5] and gastric [6], breast [7] and 
colorectal cancers [8]. However, MACC1 knockdown can 

inhibit cell proliferation, colony formation, invasion, arrest 
the cell cycle in the G0/G1 phase and induce cell apoptosis 
in human osteosarcoma [9]. While it has been reported 
that high MACC1 levels predict worse prognosis in NSCLC 
patients [10–12], its function and underlying molecular 
mechanisms remain unclear.

This study evaluates MACC1 expression in adenocarci-
noma samples and determines its knockdown effects on the 
cell cycle, cell proliferation and apoptosis in lung adenocarci-
noma cells in vitro. Finally, the MACC1 silencing molecular 
mechanisms producing the anti-cancer effect are also inves-
tigated.

Patients and methods

Patients and tissue samples. A total of 8 paired tissue 
samples including corresponding normal tissue derived 
from patients with lung adenocarcinoma were obtained 
from the Department of Cardiothoracic Surgery, Beijing 
Anzhen Hospital. Signed informed consent was obtained 
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from all participating patients and the study was approved 
by the Ethics Committee of Beijing Anzhen Hospital and 
conducted in accordance with the 2008 Declaration of the 
World Medical Association in Helsinki 

Cell culture. Lung adenocarcinoma cell line A549 
was obtained from the Shanghai Cell Bank of the Chinese 
Academy of Sciences and H1299 was purchased from the 
Chinese Food and Drug Inspection Institute. The two cell 
lines were cultured in Dulbecco Modified Eagle Medium 
(Gibco, Erie County, NY, USA) with 10% fetal calf serum 
(Hyclone, Logan, UT, USA), and then placed in an incubator 
with constant humidity at 37 °C and 5% CO2.

Western blot. Western blot analysis was routinely 
performed as previously described. In brief, whole proteins 
were extracted from cells and tissues with lysis buffer under 
low temperature. The mixture was separated with 10% 
SDS-PAGE and transferred onto polyvinylidene difluoride 
(PVDF) membranes. These were sealed with 5% milk and 
incubated overnight at 4 °C. by primary antibodies against 
MACC1 (1:500, Bioss, bs-4293R), cyclin D1 (1:500, Boster, 
BA0770), c-myc (1:500, Sangon, D199941), cleaved-caspase-3 
(1:1000, Abcam, ab2302), bcl-2 (1:500, sangon, D198628), 
bax (1:500, sangon, D120073), cleaved-PARP (1:1000, 
Abcam, ab32561), β-catenin (1:500, KeyGen, KG21520), and 
β-actin (1:1000, Santa cruz, sc-47778). Target proteins were 
probed with HRP-labeled second antibodies and detected by 
enhanced chemiluminescence (Beyotime, Haimen, China) in 
a gel imaging system (Liuyi, Beijing, China). Target protein 
expression was normalized to β-actin expression.

Total RNA extraction and real-time PCR. Total RNA 
was isolated from tissue samples by RNApurel Kit (BioTeke, 
Beijing, China). Reverse transcription PCR synthesized 
cDNA and MACC1 expression was detected with real-time 
PCR and calculated by 2−ΔΔCT. The primer sequences were 
as follows: MACC1 forward: 5’-CACAACTTGCGGAG-
GTCAC-3’, MACC1 reverse: 5’-TTCCAACAACGGGCT-
CACAG-3’; β-actin forward: 5’-CTTAGTTGCGTTA-
CACCCTTTCTTG-3’, β-actin reverse: 5’-CTGTCACCTTCA-
CCGTTCCAGTTT-3’.

Immunohistochemistry. Immunohistochemical staining 
determined the level of MACC1 in tissue samples. Briefly, 
histological sections were de-waxed with xylene and hydrated 
with graded ethanol. After antigen retrieval by microwave 
irradiation with citrate buffer solution for 10 min, 3% H2O2 
was applied at room temperature for 15 minutes to eliminate 
endogenous peroxidase activity. Sections were then incubated 
overnight at 4 °C with primary antibody against MACC1, and 
horseradish peroxidase-labeled second antibody probed the 
primary antibody. The target gene was visualized with DAB 
after hematoxylin counterstained the nucleus. Photographs 
were captured on optic microscope (Olympus, Tokyo, Japan) 
and analyzed by professionals.

Vector construction and transfection. MACC1-specific 
sequences were designed and nonspecific sequences synthe-
sized as follows: MACC1 sh-RNA: 5’-GATCCCCCACCA-

TAGCTTGCAAAGTATTCAAGAGATACTTTGCAAGC-
TATGGTGTTTTT-3’; NC shRNA: 5’-GATCCCCTTCTCC-
GAACGTGTCACGTTTCAAGAGAACGTGACACGTTC-
GGAGAATTTTT-3’. The synthesized sequences were 
constructed in pGCsi-H1 plasmids and transiently trans-
fected into A549 and H1299 cells with Lipofectamine 2000 
agent (Invitrogen, Carlsbad, CA). The A549 cells were then 
selected by G418 at 500g/ml concentration to establish the 
stable cell line. The β-catenin S33Y plasmid was purchased 
from AddGene (Cambridge, MA, USA) and transiently 
transfected into stable MACC1-silenced A549 cells with 
Lipofectamine 2000.

Colony formation assay. Cell proliferation capacity was 
evaluated by colony formation assay. In brief, 300 cells were 
seeded in 35mm dishes and placed in the incubator for two 
weeks. 4% paraformaldehyde then fixed cells for 20 minutes 
at ambient temperature. Wright-Giemsa stain dyed cells for 
5 minutes. (Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China), and the number of clones was counted by 
inverted microscope (Motic, Xiamen, Fujian, China).

CCK-8 assay. Cell proliferation was examined by CCK-8 
kit (Beyotime). Cells at 3×103 density were seeded in a 
96-well plate with five duplicates in each group. The super-
natant was discarded after 24 hours, 100 μl complete medium 
was supplemented and 10 μl of CCK-8 was then added to 
each well for 1 hour. Optical density (OD) was detected at 
450nm by microplate reader (Biotek, Winooski, USA).

Cell cycle analysis. Beyotime cell cycle kit analyzed cell 
cycle distribution. Cells were collected and immobilized with 
pre-cooled 70% ethanol at 4 °C for 2 hours and 25 μl propidium 
iodide (PI) was added to cells re-suspended in 500 μl buffer. 
The cells were then incubated with 10 μl RNase in the dark 
at 3 °C for 30 minutes and the cell cycle was detected by 
flow cytometry (BD Biosciences, Franklin Lakes, NJ USA).

Cell apoptosis analysis. The KeyGEN, Nanjing, China 
apoptosis assay kit detected cell apoptosis. Cells were 
collected and re-suspended in 500 μl binding buffer and 
5 μl AnnexinV-FITC was added and well-mixed. The cells 
were then incubated with 5 μl PI at room temperature for 15 
minutes and apoptosis was analyzed by flow cytometry (BD 
Biosciences).

Hoechst staining. Beyotime Hoechst staining kit assessed 
cell apoptosis Cells at 5×104 density were seeded on glass 
slides loaded into a 12-well plate. After 24 hours the cells were 
fixed with stationary liquid for 20 minutes and 0.5 ml Hoechst 
staining solution was added to the plate for 5 minutes. Anti-
quenching agent maintained fluorescence intensity and cells 
were observed under an Olympus fluorescence microscope 
at 400× optical amplification.

Statistical analysis. Data was analyzed by Student’s t-test 
and analysis of variance by Graphpad prism 5.0 (GraphPad 
Software, San Diego, CA, USA); each experiment was in 
triplicate and data was presented as mean ± SD (standard 
deviation). P<0.05, p<0.01 and p<0.001 were marked “*” “**” 
and “***”, and considered statistically significant.



554 L. GUO, S. OU, X. MA, S. ZHANG, Y. LAI

Results

Expression level of MACC1 in lung adenocarcinoma. 
Determination of MACC1 expression in lung adenocarci-
noma was performed by collecting 8 paired tissue samples of 
carcinoma and adjacent tissues and performing immunohis-
tochemistry, western blotting and real-time PCR. Figures 1A, 
C, and D reveal a remarkably high level of MACC1 in tumor 
tissues compared to adjacent tissues. Representative MACC1 
immunohistochemical images in both tissue types are shown 
in Figure 1B. Similarly, data derived from the Oncomine 
database (www.oncomine.org) established that MACC1 
mRNA expression in 226 lung adenocarcinoma samples was 
significantly higher than that seen in normal lung samples 
(Figure 1E). These results indicate that MACC1 has an 
important role in lung adenocarcinoma progression.

Silencing MACC1 in lung adenocarcinoma cells. We 
instituted MACC1 knockdown in A549 and H1299 cells to 
fully investigate MACC1 effects on lung adenocarcinoma. 
This process is described in the materials and methods 
section. The MACC1 knockdown efficiency in the two 
cells was evaluated by western blotting and real-time PCR. 
Figures  2A and B highlight that MACC1 expression was 
significantly reduced after silencing compared to control cell 
expression.

MACC1 knockdown effects on cell proliferation, cell 
cycle and apoptosis in lung adenocarcinoma cells. We 
examined if MACC1 plays any role in lung adenocarci-
noma cell cycle and proliferation. Figure 3A highlights that 
MACC1 knockdown significantly attenuated clone forma-
tion ability in A549 and H1299 cells compared to controls. 
The CCK-8 assay revealed that MACC1 down-regulation 

Figure 1. MACC1 is over-expressed in patients with lung adenocarcinoma. (A) Immunohistochemical analysis, (C) western blotting, and (D) real-time 
PCR assessed MACC1 expression in patients with lung adenocarcinoma. (B) Representative pictures of MACC1 in carcinoma and adjacent tissue. (E) 
MACC1expression from the oncomine database. All results are presented as means ± SD.
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cancer (NSCLC) is the most frequent type, and this accounts 
for up to 85% of all pathological lung cancers [10]. Although 
great improvement has been made in treating malignant 
tumors, a huge challenge remains to improve NSCLS patient 
survival and lessen the terrible mortality rate [3]. 

Our study proves that MACC1 is elevated in patients 
with lung adenocarcinoma and that MACC1 knockdown 
significantly attenuates proliferation capability, induces G0/
G1 phase arrest and stimulates cell apoptosis in vitro in lung 
adenocarcinoma cells by regulating the β-catenin pathway. 
MACC1 elevated expression and prognostic value have been 
demonstrated in multiple tumors [6, 10, 14–18], and our 
results of tissue samples and database search coincide with 
the well-documented NSCLC  data provided by Wang et 
al. and Zhou et al. [10,11]. Numerous studies on the corre-
lation between MACC1 expression and clinical patholog-
ical parameters indicate its prognostic value in a variety of 
cancers [5,8,19]. Following Wang et al. [20], we explored 
MACC1’s additional functions and the underlying molecular 
mechanisms

Uncontrolled cell proliferation and inhibition of normal 
apoptosis can result in cancer [21]. MACC1 has been demon-
strated to be over-expressed in the A549 and H1299 cell 
lines [10,22] and here we confirmed that finding and proved 
further that MACC1 silencing inhibited cell proliferation 
and induced cell apoptosis and cycle arrest of G0/G1 in A549 

inhibited A549 and H1299 cell proliferation (Figure 3B). 
Moreover, MACC1 silencing resulted in G0/G1 stage arrest 
in those two cells (Figure 3C). We also investigated MACC1 
effect on adenocarcinoma cell apoptosis and Figures 4A and 
B show that MACC1 knockdown induced apoptosis in A549 
and H1200 cells compared to matched controls.

MACC1 knockdown inhibition of lung adenocarci-
noma cell growth through the β-catenin pathway. We 
detected expression levels of the cell proliferation/apoptosis-
related genes at the molecular level. The Figure 5 results of 
western blot assay show that MACC1 silencing up-regulated 
the expression of cleaved-caspase-3, bax and cleaved-PARP 
in lung A549 cells but down-regulated cyclin D1, c-myc, 
bcl-2 and β-catenin. Intriguingly, the G0/G1 stage arrest 
in MACC1-silenced A549 cells was relieved following 
up-regulation of β-catenin (Figure 6A). Similarly, apoptosis 
in MACC1-silenced A549 cells was decreased by β-catenin 
over-expression (Figures 6B and C). Moreover, increased 
β-catenin was found to up-regulate the expression levels of 
cyclin D1, c-myc, and bcl-2 in MACC1-silenced A549 cells 
(Figure 6D).

Discussion

Lung cancer is one of the commonest global malignancies 
that pose serious threat to human health. Non-small cell lung 

Figure 2. Verification of MACC1 knockdown efficiency in lung adenocarcinoma cells. MACC1 expression in A549 and H1299 cells was evaluated by 
(A) western blot and (B) real-time PCR after MACC1 silencing. Results are in means ± SD.
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and H1299 cells in vitro. Cyclin D1 is a key checkpoint of cell 
division from the G1 to S phase which binds its cyclin depen-
dent kinases (CDKs) to regulate cell growth [23]. There are also 
extensive literature reports that Cyclin D1 plays an important 
role in various cancers, including NSCLC cancer [24–27]. 

The programmed cell death in apotosis in extrinsic, 
mitochondrial and endocytoplasmic reticulum pathways is 
a crucial process in the body’s development, and unregulated 
cell growth occurs and tumors develop when this process 
is impeded [28]. The Bcl-2 family proteins can regulate cell 
death by controlling mitochondrial membrane permeability; 
and this includes both the pro-apoptotic proteins, such as 
Bak and Bax) [29] and the anti-apoptotic proteins which 
include Bcl-2, Bcl-XL and Mcl-1 [29]. The Bcl-2 protein, for 
example, impairs caspase activity by preventing the release of 
cytochrome c from the mitochondria and/or by binding with 

the Apaf-1 apoptotic-activating factor [30]. The increase in 
cleaved-PARP caspase-3 substrate indicates MACC1 knock-
down’s pro-apoptotic effect in the lung adenocarcinoma cell 
[31].

MACC1 anti-cancer mechanisms have been exten-
sively studied in a variety of tumors. For example; (1) Akt 
signaling is involved in the MACC1-mediated promotion 
of proliferation and tumorgenicity in human osteosarcoma 
[9]; (2) over-expression of MACC1 in colon cancer results in 
activation of the HGF/MET and β-catenin signal pathways 
[32, 33]; (3) MACC1 enhances vasculogenic mimicry in 
gastric carcinoma through up-regulation of TWIST1/2 [34] 
and (4) multiple signaling pathways play crucial roles in 
NSCLC development. These include pathways for growth 
factor receptor (EGFR), mitogen-activated protein kinases 
(MAPK) and phosphatidylinositol 3-kinases (PI3K)  [35, 36]. 

Figure 3. MACC1 silencing suppressed proliferation and induced G0/G1 stage arrest in lung adenocarcinoma cells. (A) detection of colony-formation 
viability and (B) proliferation ability of A549 and H1299 cells after MACC1 silencing. (C) Flow cytometry analysis of the effect of MACC1 knockdown 
on cell cycle distribution in A549 and H1299 cells. Results are presented as means ± SD.
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Figure 4. MACC1 silencing promoted apoptosis in lung adenocarcinoma cells. Apoptosis in A549 and H1299 cells was evaluated by (A) Hoechst stain 
and (B) flow cytometry after MACC1 silencing. Results are in means ± SD.

Figure 5. MACC1 silencing regulated cell cycle-, proliferation-, and apoptosis-related molecules in A549 cells. The expression levels of cyclin D1,  
c-myc, bcl-2, bax cleaved-PARP, cleaved-Caspase-3, and β-catenin were detected in MACC1-silenced A549 cells by western blotting. Results are pre-
sented as means ± SD.
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Lin et al. demonstrated that H19 knockdown simultane-
ously up-regulated MACC1 and β-catenin expression in 
a lung adenocarcinoma cell, and thus implied correlation 
between them. Herein, we demonstrated that MACC1 knock-
down down-regulated the expression of β-catenin which is 
the central molecule in the β-catenin pathway. Moreover, our 
rescue experiment of β-catenin over-expression in MACC1-
silenced A549 cells highlighted that MACC1 knockdown 
effects on the cell cycle and cell apoptosis were inverted by 
up-regulation of β-catenin. Further, the cyclin D1, c-myc 
and bcl2 downstream target genes in the β-catenin pathway 
[33, 37, 38] were rescued following elevated β-catenin in 
MACC1-silenced A549 cells. Thus, our results indicate that 
the anticancer effect of MACC1 silencing is mediated by 
β-catenin pathway.

In conclusion, MACC1 expression was elevated in lung 
adenocarcinoma and its knockdown resulted in inhibition of 

cell proliferation and increased cell apoptosis in lung adeno-
carcinoma cells in vitro. These findings provide new insight 
into the molecular mechanisms of the anti-cancer effect of 
MACC1 knockdown in lung adenocarcinoma, strongly 
suggesting MACC1 as a therapeutic target for the treatment 
of this cancer.

Figure 6. Up-regulation of β-catenin can reverse the MACC1 knockdown effect in A549 cells. (A) The cell cycle was evaluated in the MACC1-silenced 
A549 cell with over-expression of β-catenin. (B) Hoechst stain and (C) flow cytometry assessed cell apoptosis. (D) Expression levels of β-catenin, cyclin 
D1, c-myc and bcl-2 were determined by western blotting. M + V, MACC1-shRNA + Vector; M + C, MACC1-shRNA + β-catenin S33Y. The results are 
in means ± SD.
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