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Abstract: The purpose of this article is to research on whether MACC1 can serve as a potential target for gene 
therapy of human bladder urothelial carcinoma (BUC). In this study, the expression of MACC1 gene was knocked 
down by RNA interference (RNAi) in the T24 cell (human BUC cell). The transcription level of MACC1 was detected by 
RT-PCR. Activities of MACC1, caspase-3, caspase-8, Bax and Met (mesenchymal-epithelial transition factor) protein 
were measured by Western blot. The cell proliferation and apoptosis were detected by MTT and flow cytometry. The 
cell’s invasion ability was performed on Matrigel transwell assay. We also detect MMP2 (metalloproteinase-2) pro-
teins by ELISA. The results showed that the level of MACC1 mRNA and protein was significantly reduced after RNAi. 
MTT assay showed that the proliferation of T24 cell was decreased due to RNA interference. Apoptosis studies also 
showed that MACC1 gene interference in T24 loses its anti-apoptotic effects. The expression of apoptosis proteins 
(Caspase-3, Caspase-8 and Bax) increased significantly due to the MACC1 RNAi. The level of Met protein was down-
regulated obviously due to RNAi. Transwell assay showed that invasion abilities of T24 cells were reduced obviously 
due to MACC1 RNAi. Further studies showed that the secretion of MMP-2 was reduced by RNAi. It can conclude that 
the ability of proliferation and invasion in T24 cells can be inhibited by RNAi-targeting MACC1. As a result, MACC1 
can serve as a potential target for gene therapy of human bladder urothelial carcinoma.

Keywords: Metastasis-associated in colon cancer 1, bladder cancer, carcinoma, RNA interference, gene therapy, 
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Introduction

The incidence of bladder cancer ranks nine 
among malignancies in the world [1]. Bladder 
cancer can occur at any age, even among chil-
dren. But it is more likely to occur among the 
middle-aged, whose incidence often increases 
with age [2]. Different age groups have differ-
ent types of bladder cancers. In most coun-
tries, the main type is are urothelial cell carci-
noma, also known as transitional cell carcino-
ma, which accounts for more than 90% of the 
bladder cancer, while the squamous cell carci-
noma is the main type in Egypt, which accounts 
for about 75% of the bladder cancer [3]. The 
incidence of bladder cancer tends to increase 

year by year. The traditional treatments, such 
as surgery, chemotherapy and radiotherapy on 
tumor are not ideal, because of their poor sen-
sitivity and specificity for the disease, and the 
serious adverse reactions as well as the low 
survival rate. In recent years, with the develop-
ment of molecular biology, people have been 
putting increasing emphasis on the gene thera-
py of bladder cancer. 

MACC1 gene is human colon cancer cell metas-
tasis gene, which is located on human chromo-
some 7 (7p21.1). Stein study finds that the high 
expression of MACC1 is closely related to the 
patient’s prognosis in colon cancer. The 5 years 
survival rate of colorectal cancer patients can 
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be as high as 80% with low expression of 
MACC1 mRNA, while 5 year survival rate of 
colorectal cancer patients can be only 15% 
with high expression of MACC1 mRNA [4]. 
Further studies show that overexpression of 
MACC1 exists in gastric cancer, colon cancer, 
lung cancer, hepatocellular carcinoma, colorec-
tal cancer, breast cancer and so on. 
Furthermore, the prognosis of patients with 
high expression of MACC1 was poorly [5-12]. 
MACC1 can be used as a tumor ‘marker’ 
[13-15]. 

However, the biological behavior of bladder 
cancer cell after MACC1 expression knockdown 
remains unknown. RNAi which is widely applied 
to silence particular genes is a typical post-
transcriptional regulation of gene expression 
[16-18]. In present studies, RNAi approach was 
used to knock down MACC1 expression in T24 
cells, and possible antitumor mechanisms of 
MACC1 knockdown in T24 cells were dis- 
cussed.

Materials and methods

Cell lines, cell cultures and reagents

T24 and EJ cell line was obtained from the 
American Type Culture Collection (ATCC, 
Manassas, VA). BIU87 and SV-HUC-1 cell line 
were obtained from the Institute of Biochemistry 
and Cell Biology, Shanghai Institutes for 
Biological Sciences, Chinese Academy of 
Sciences (Shanghai, China). SV-HUC-1 cells 
originated from human normal uroepithelium. 
T24, EJ and BIU87 cells derived from human 
urothelial cell carcinoma. All cells were cultured 
in RPMI-1640 media (Life Technologies, 
Rockville, MD, USA) containing with 10% fetal 
bovine serum (FBS) and 1% penicillin-strepto-
mycin. Cells were incubated at 37°C in 5% CO2 
humidified air. Technologies, Rockville, MD, 
USA. Rabbit monoclonal anti-human primary 
antibodies (against MACC1, caspase-3, cas-
pase-8, Bax, Met and β-actin) were purchased 
from Santa Cruz Biotechnology, Inc (Santa 
Cruz, CA, USA) Goat anti-rabbit secondary anti-
body was purchased from Santa Cruz 
Biotechnology. MTT and DMSO were purchased 
from Sigma, St. Louis, MO, USA. PI was pur-
chased from KGI Biological Development Co. 
Ltd, Nanjing, China. MMP-2 ELISA kits were pur-
chased from R&D Systems, USA. 

SiRNA for MACC1

Four siRNA against MACC1 gene sequences 
were designed synthesized by the Wuhan Cell 
marker Biotechnology Co., Ltd. in Wuhan, 
China. Four siRNA oligonucleotides were the 
following sequences: p-1: 5’-ATCAACTGTCTG- 
CTTCTAA-3’; p-2: 5’-GCCCATCAGAGTATACATA-3’; 
p-3: 5’-GATCCAACCCCAAACCTAA-3’; p-4: 5’-AT- 
GTCAAGGTGATTTCAAA-3’. Sequence (5’-CAAC- 
AAGATGAAGAGCACC-3’) was designed as nega-
tive control. 

RT-PCR assay for MACC1 mRNA in cells

MACC1 mRNA was detected by RT-PCR in cells 
MACC1 primers used in RT-PCR were as follow: 
5’-TTTCACCCTTCGTGGTAATAATGCT-3’ (sense); 
5’-TTAAAGGCAGGACAATCTGTTCAAG-3’ (anti-
sense). Total RNA of MACC1 was isolated using 
Trizol reagent (Invitrogen, Grand Island, NY, 
USA) and detected concentration of MACC1 by 
spectrophotometry (Eppendorf biospectrome-
ter basic, Eppendorf, Hamburg, Germany). After 
isolation, 2 μg total RNA was reverse tran-
scribed (RT) utilizing the HiFi-MMLV cDNA Kit 
(Beijing CoWin Biotech Co. Ltd., Beijing, China) 
compiling with the manufacturer’s protocol. 
PCR was performed as pre-denaturation for 
120 S at 94°C; denaturation at 94°C, for 30 S; 
annealing extension at 57°C, for 30 S; exten-
sion at 72°C, for 30 S; total of 35 cycles. PCR 
products were electrophoresed on 1.0% aga-
rose gels and dyed by Goldview I (Beijing 
Solarbio Science & Technology co, LTD. Beijing 
China). β-actin was used as internal control. 
Bands of PCR products were analyzed by were 
analyzed by the Image J software (National 
Institutes of Health, Bethesda, MA, USA).

Cell transfection

According to the results of RT-PCR, the highest 
expression of MACC1m RNA cell line (T24 cell) 
was selected for other experiments. There were 
three groups. MACC1 RANi group was trans-
fected with RNA interference sequences; Blank 
control group was transfected with an empty 
plasmid without any sequence while the nega-
tive control group was transfected with a nega-
tive control RNA interference sequence. Blank 
control group and negative control group were 
used for negative controls. Blank control group, 
MACC1 shRNA and negative control shRNA 
transfection T24 cells were performed accord-



The role of MAAC1 in T24 cell

7939	 Int J Clin Exp Pathol 2015;8(7):7937-7944

ing to the protocol of Lipofectamine 2000 
(Invitrogen, USA). Then cells were screened by 
medium with 800 mg/L G418. Cells that stably 
transfected were harvested after 8 weeks and 
were used to other experiments.

RT-PCR assay for efficiency of RNAi in T24 cell

Efficiency of RNAi was also detected by RT-PCR 
in T24 cell. There were three groups: MACC1 
RANi group, Blank control group and the 
negative control group. RT-PCR was performed 
as the previous description.

Western blot assay

Total proteins were extracted from T24 cells 
using radio immunoprecipitation assay (RIPA) 
buffer (Beyotime Institute of Biotechnology, 
Shanghai, China) with 25 mM NaF, 1 mM 
Na3VO4, and 1 × protease inhibitor cocktail 
(Roche Molecular Biochemicals, Indianapolis, 
IN, USA). Protein concentrations were quanti
fied by spectrophotometry (Eppendorf, Ham- 
burg, Germany). After SDS-PAGE electrophore-
sis, the proteins were transferred to PVDF 
membrane, and then blocked with 5% nonfat 
dry milk at room temperature for 1 h. They were 
incubated with different rabbit monoclonal 
anti-human primary antibodies (against 
MACC1, caspase-3, caspase-8, Bax, Met and 
β-actin; 1:1000) overnight at 4°C respectively. 
The membranes were then washed prior to 
incubation with goat anti-rabbit secondary anti-
body (1:8000), and then detected by ECL 
(Beyotime Institute of Biotechnology, Shanghai, 
China). Bands were analyzed by the Image J 
software. Each experiment was repeated for 
three times.

MTT assay

Cells were seeded with 100 μl medium in 
96-well plate (5 × 103 per well). After one, two, 
three and four days, MTT solution (20 mg/ml, 
Sigma, St. Louis, MO, USA) 20 μl was added 
and incubated for 4 h, then added 150 μl 
DMSO. After being shaked for 10 minutes, the 
490 nm absorbance was determined by micro-
plate reader (Thermo Multiskan MK3; 
Thermoelectric Electronics Co., Ltd, Shanghai, 
China).

Flow cytometry for cell apoptosis

Apoptosis in T24 cells was measured by Flow 
cytometry. Cells were scraped, washed twice 

with PBS and centrifuged. Pelleted cells were 
incubated in 1 × binding buffer containing FITC-
annexin V (Promega, USA) and PI (KGI Biological 
Development Co. Ltd. Nanjing, China) in dark 
for 15 min. Apoptotic cells were examined using 
a Flow cytometry (FACS Calibur flow, BD 
Company, America). Each sample was repeated 
3 times.

Monolayer cell wound healing assay for cell 
migration

About 5 × 104-5 × 105 cells were seeded in 
6-well-plate. The 100% confluent monolayer 
cells were obtained after cells confluence, then 
scraped monolayer cells with 200 μl pipette tip 
and cell debris was washed with PBS. 2 ml 
medium without FBS was added into each well. 
The distance from one side of the scratch to the 
other was measured at the 0 h and 24 h, with 
an inverted microscopy equipped with a digital 
camera (Olympus, Japan). 

Matrigel transwell assay for cell invasion

Transwell chambers coated with Matrigel 
Basement Membrane Matrix (from BD 
Biosciences, USA) were used to perform cell 
invasion assay. Cells (2 × 105 cells/ml) were 
seeded in the upper compartment with 200 μl 
serum-free medium. while 600 μl RPMI-1640 
with 10% FBS was added to the lower chamber. 
The chamber was incubated at 37°C and 5% 
CO2, for 24 h and then the non-migratory cells 
in the upper chamber were removed with a cot-
ton swab. Then lower chamber cells were fixed 
with 4% paraformaldehyde. After 10 min, 0.1% 
crystal violet was used to dye cells for 30 min. 
Cells were counted by an inverted microscopy 
equipped with a digital camera. 

Enzyme-linked immunosorbent assay

Cells were treated as described above. 
Concentrations of MMP-2 in the cell culture 
supernatants were quantified using MMP-2 
ELISA kits (R&D Systems, USA). Each sample 
was repeated 3 times. Briefly, the cellular 
supernatants were collected and centrifuged 
for 5 min at 500 g. Total 100 µl supernatants or 
standard samples or positive control samples 
were added into 96 well and incubated for 1 h. 
Followed with 100 µl enzyme-linked antibodies 
incubation for 0.5 h at 4°C. After washed 9 
times with washing buffer, the template was 
added and incubated for 0.5 h, followed with 2 
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M H2SO4 termination reaction. The 450 nm 
absorbance was determined by microplate 
reader. Each sample was repeated three times.

Statistical analysis

The results were expressed as mean ± standard 
error of the mean (S.E.M). SPSS 17.0 was used 
for statistical analysis. Statistical analysis was 
done with Student’s t-test and one-way ANOVA. 
Differences were considered statistically 
significant when P < 0.05.

Results

MACC1 mRNA was increased in human blad-
der urothelial carcinoma cells

RT-PCR analysis showed that the expression of 
MACC1 mRNA was increased in human urothe-
lial carcinoma (EJ, BIU87 and T24) cell lines 
compared with SV-HUC-1, human uroepithelial 
cell line (Figure 1). Expression of MACC1 mRNA 
in T24 cell line was that of highest in all cell 
lines.

Figure 1. RT-PCR was used for detection the mRNA expression of MACC1 in cells (A). Data were expressed as mean 
± S.E.M from three separate experiments (B). *(P < 0.05) indicates a significant difference compared with the SV-
HUC-1 cells.

Figure 2. Effect of MACC1 RNAi on the expression of MACC1 in T24 cells. RT-PCR was used for detection the effect 
of MACC1 RNAi on the mRNA expression of MACC1. Data were expressed as mean ± S.E.M from three separate ex-
periments (A). The protein level of MACC1 in T24 cells was detected by western blot. Data were expressed as mean 
± S.E.M from three separate experiments (B). Statistical analyses were performed using the t-test and one-way 
ANOVA. *(P < 0.05) indicates a significant difference compared with the control groups.
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Expression of MACC1 inhibits evidently by 
RNAi

Expressions of MACC1 in cells were detected 
by RT-PCR and western blot after cells were cul-
tured 48 h. The results showed that the mRNA 
and protein expression level in the negative 
control group and the blank control group was 
significantly higher than MACC1 RNAI group (P 
< 0.05). There was no significant difference 
between the negative control group and the 
blank control group (P > 0.05). (Figure 2A, 2B).

Effect of RNAi on the growth of T24 cells

The rate of cell proliferation was gradually 
decreased in the RANi group after 48 h, and 
the cell proliferation is decreased significantly 
compared to the other groups, (P < 0.05). There 
were no obvious difference between the nega-
tive control group and the blank control group 
(P > 0.05), as is shown in Figure 3C.

Effect of RNAi on the apoptosis of T24 cells

Cell apoptosis was considerably increased in 
the RANi group compared to the other groups 

(P < 0.05). There was no significant difference 
between the negative control group and the 
blank control group (P > 0.05), as is shown in 
Figure 3A and 3B. Western blot was used to 
detect the expression of apoptosis proteins 
(Caspase-3, Caspase-8 and Bax), as is shown 
in Figure 4A and 4B). Results showed that the 
expression of Caspase-3, Caspase-8 and Bax 
increased significantly due to the MACC1 RNAi 
treatment.

Impact on invasion of T24 cells by OPN-RNAi

The number of cells going through the mem-
brane in RANi group is significantly lower than 
the negative control group and blank control 
group (P < 0.05). This result suggests a reduced 
capacity of tumor invasion in the RANi group in 
T24 cells as is shown in Figure 5A and 5B.

Effect of OPN-RNAi on the expression of inva-
sion relate proteins

We also detect the expression of invasion asso-
ciated proteins (MMP2). Results showed that 
the protein of MMP2 in the RANi group reduced 
significantly than the negative control group (P 
< 0.05) as is shown in Figure 5C.

Figure 3. Effect of MACC1 RNAi on the apoptosis of T24 cells. The apoptosis of T24 cells were detected by FITC-
Annexin V staining (A). Data were expressed as mean ± S.E.M from three separate experiments (B). Cell proliferation 
was monitored with MTT assay (C).*(P < 0.05) indicates a significant difference compared with the control groups.
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Discussion

RNA interference was widely applied to gene 
therapy. Gao J used the method of RNAi to 
reduce the expression of MACC1 protein in 
Huh7 cells. The invasion abilities of the cells of 
the RNAi group were lower than that of the cells 
of the control groups [17]. Similar results were 
observed in ovarian cancer tissues. Expression 
of MACC1 in OVCAR-3 cells was significantly 

down-regulated by MACC1 specific small hair-
pin RNA and the invasion ration of the RNAi 
group cells were lower than that of the control 
group cells [18]. In our present research, we 
have successfully designed and synthezed four 
specific siRNAs, which downregulated MACC1 
genes to study the effects of MACC1 inhibition 
on T24 cells. On the basis of construction, RNAi 
of MACC1 gene was studied on T24 cell by 
RT-PCR, Western blot, MTT, et al. After 2 days, 

Figure 4. Effect of MACC1 RNAi on the proteins of T24 cells. The apoptosis proteins (Caspase-3, Caspase-8 and Bax) 
and Met were detected by western blot (A). Data were expressed as mean ± S.E.M from three separate experiments 
(B). *(P < 0.05) indicates a significant difference compared with the control groups.

Figure 5. Effect of MACC1 RNAi on the invasion of T24 cells. T24 cell invasion ability was monitored with transwell 
assay (A) and the invasion ration was expressed as mean ± S.E.M from three separate experiments (B). The concen-
tration of MMP2 in cell culture medium was analyzed with ELISA assay (C).*(P < 0.05 vs. control groups). 
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expression of MACC1 mRNA and protein signifi-
cantly decreased (P < 0.05) in the RNAi group 
compared with the control group. MTT assay 
showed that the proliferation of T24 cell was 
decreased due to RNA interference. Apoptosis 
studies also show that MACC1 gene interfer-
ence in T24 loses its anti-apoptotic effects. The 
expression of apoptosis proteins (Caspase-3, 
Caspase-8 and Bax) increased significantly due 
to the MACC1 RNAi treatment. It indicated that 
MACC1 gene interference could induce the 
apoptosis of T24 cells through the caspase and 
Bax signaling pathway. 

Met is a receptor for hepatocyte growth factor 
(HGF), and it has influence on cellular prolifera-
tion, migration and invasion [19-22]. The prog-
nosis of patients with overexpression of Met 
are poor prognosis [23, 24]. Studies have 
shown that MACC1 can increase the protein 
expression of Met through the HGF/Met signal-
ing pathway, thus increasing the ability of tumor 
cell proliferation, and leads to the cancer’s 
metastasis and recurrence [25-28]. In the cur-
rent study, the level of Met protein was down-
regulated significantly after inhibition of MACC1 
by RNAi in T24 cells. It indicated that RNAi 
could inhabit the proliferation of T24 cells 
through the HGF/Met signaling pathway.

MACC1 plays an important role in the process 
of cell invasion. Studies have also shown that 
MACC1 regulate MMP-2 secretion and promote 
tumor invasion and metastasis [17, 18]. In the 
current study, transwell assay show that inva-
sion abilities of T24 cell are reduced obviously 
due to MACC1 RNAi. Further studies show that 
the secretion of MMP-2 was reduced by RNAi in 
T24 cell. 

Wang found that SF/HGF induced the activa-
tion of MMP-2 in two human EC lines [29]. Tsou 
found that HGF increased the migration and 
expression of MMP-2 in human chondrosarco-
ma cells, and MMP-2 protein could be reduced 
by c-Met siRNA and inhibitor [30]. These sug-
gest that MACC1 may have an indirectly effect 
on the invasion of protein concerned (MMP2) 
by regulating the HGF/c-Met signaling pathway, 
and thus increase the invasive ability of BUC 
cell. However, its specific molecular mecha-
nism need to be further researched.

In conclusion, we confirm that recombinant 
plasmid vector carries four specific shRNAs 
against MACC1 gene sequence, which signifi-

cantly inhibit the proliferation and metastatic 
potential of T24 cells in vitro. Therefore, we 
consider that MACC1 is expected to become a 
new target for human BUC gene therapy.

As for the effect of MACC1 on the development 
of BUC, we focus more on knocking down the 
expression to inhibit the proliferation and inva-
sion of tumor. We have not researched the 
effect of overexpression vector for MACC1 on 
BUC cells. It will help us to fully understand the 
effect of MACC1 protein in BUC cell, if it can be 
carried out.
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