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Abstract: ALDH1A1 is one member of the ALDHs gene superfamily locating on human chromosome 9, which oxi-
dizes various aldehydes to the corresponding carboxylic acids. The study aimed to further validate ALDH1A1 expres-
sion in gastric cancer tissues and adjacent tissues, and to screen the cell line with highest expression among 6 
strains of gastric cancer cell lines and transfected it into gastric cancer cells by the construction of siRNA-ALDH1A1 
expression vector. We explored the effect of ALDH1A1 expression on the proliferation, migration and invasion of 
gastric cancer cells by MTT test, flow cytometry, scratch test and invasive experiments, and detected Wnt/β-catenin 
signaling pathway activation by western blot technology. The expression level of the ALDH1A1 in gastric cancer tis-
sue (75.0%, 60/80) was higher than para-carcinoma tissue (38.8%, 31/80) (P<0.05). The cell migration distance 
in the ALDH1A1 transfection group was longer than that in the control group (42.10 vs. 22.38, P<0.01). The num-
ber of gastric cancer cells through the inferior vena in ALDH1A1 transfection group and was more than that in the 
control group (99.29 vs. 59.37, P<0.05). The siRNA-ALDH1A1 significantly inhibited the expression of Wnt1, Wnt2 
and β-catenin in the gastric cells, the expression of CyclinD1 and PCNA and the expression of MMP-2 & MMP-9 
compared to the control group (all P<0.01). ALDH1A1 also up-regulated the expression of E-cadherin and down-
regulate the expression of N-cadherin in the gastric cells (P<0.01). In conclusion, interfering ALDH1A1 expression 
could significantly inhibit the proliferation, migration, invasion and metastasis of MKN-45, and block the cell cycle 
in phase G1, which were achieved by down-regulating CyclinD1, PCNA, MMP-2, MMP-9 and N-cadherin expression, 
up-regulating the expression of E-cadherin, and reduce the expressions of Wnt1, Wnt2 and β-catenin. 
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Introduction

Gastric cancer has high morbidity and mortality 
throughout the world, which is the same in 
China with the 5-year survival rate less than 
30% and seriously threatening people’s life and 
health [1]. Therefore, it is of great significance 
to explore the pathogenesis of gastric cancer, 
and to seek new tumor markers and the gene 
therapy targets of gastric cancer, thus improv-
ing the diagnostic level and prognosis of gastric 
cancer. The occurrence and development of 
gastric cancer development is a typical multi-
factor and multi-step process, which involves 
the disorder of the key signaling pathways in 
the regulating cell, including cell proliferation, 
apoptosis, invasion and metastasis. Wnt sig-
naling pathway is highly conservative involving 
in the evolution of multicellular eukaryotes, 
regulating various multicellular eukaryotes life 

activities. Disorders of Wnt signaling pathway 
are closely related to the occurrence and devel-
opment of tumors, such as cervical cancer, 
breast cancer, gastric cancer, liver cancer, pros-
tate cancer, bladder cancer and so on [2-5]. 
β-serial protein (β-catenin) mediated pathway is 
a typical one among the Wnt signaling path-
ways. In normal physiological circumstances, 
β-catenin as cytoskeleton protein forms a com-
plex with the E-calcium adhesion factor 
(E-cadherin) to maintain homotopic cell adhe-
sion and prevent the movement of cells. When 
stimulated by upstream signal, β-catenin was 
accumulated in the cytoplasm by inhibiting the 
phosphorylation mediated by glycogen syn-
thase kinase 3β (GSK3β) and transferred to the 
nucleus, regulating downstream gene expres-
sion, such as cell cycle protein D1 (CyclinD1), 
matrix metalloproteinases (MMPs), E-cadherin 
and N-cadherin protein, thereby leading to the 
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occurrence of tumor. Wnt/β-catenin signaling 
pathway was activated in most patients with 
gastric cancer [6, 7].

ALDH1A1 is one member of the ALDHs (alde-
hyde dehydrogenases, acetaldehyde dehydro-
genase) gene superfamily locating on human 
chromosome 9, which could oxidize various 
aldehydes to the corresponding carboxylic 
acids. ALDH1A1 protein is the autotetraploid 
somatic cell plasma protein, expressing in the 
brain of the cornea, lens, retina, hepatic and 
gastrointestinal epithelial tissues [8]. Li, et al. 
determined 216 gastric cancer tissue samples 
by immunohistochemical technology and found 
high expression of ALDH1A1 [9]. Wu et al. 
determined the expression of ALDH1A1 in 
1072 cases of gastric cancer tissues and adja-
cent tissues, revealing that ALDH1A1 expres-
sion in gastric cancer tissues was significantly 
higher than that of adjacent tissues [10]. Highly 
active ALDH1A1 in breast cancer, prostate can-
cer and bladder cancer cells had increased 
abilities of clone, tumor formation and migra-
tion [2-5]. SiRNA interfered ALDH1A1 expres-
sion of drug-resistant ovarian cancer cells, 
which obviously inhibited tumor growth and 
migration in nude mice compared to single che-
motherapy [11]. Wnt/β-catenin signaling path-
way was inhibited, thereby reducing ALDH1A1 
the number of positive prostate cancer cells, 
and improving the effect of chemotherapy [12], 
which indicated that ALDH1A1 expression was 
closely related to the occurrence and develop-
ment of a variety of malignant tumor. 

Therefore, our study aimed to further validate 
ALDH1A1 expression in gastric cancer tissues 
and adjacent tissues, and to screen the cell line 
with highest expression among 6 strains of gas-
tric cancer cell lines and transfected it into gas-
tric cancer cells by the construction of siRNA-
ALDH1A1 expression vector. We explored the 
effect of ALDH1A1 expression on the prolifera-
tion, migration and invasion of gastric cancer 
cells by MTT test, flow cytometry, scratch test 
and invasive experiments, and detected Wnt/
β-catenin signaling pathway activation by west-
ern blot technology.

Materials and methods 

Cell lines

The MKN-45, MKN-28, AGS, BGC-823, SGC-
7901, HGC-27 human gastric cancer cell lines 

and an immortalized gastric mucosa epithelial 
cell line were purchased from cell bank, Chinese 
academy of sciences.

Reagents and instruments

MTT (Sigma Corp, USA), Rabbit CyclinD1, PCNA, 
MMP-2, MMP-9, E-cadherin, N-cadherin, Wnt2, 
GADPH Monoclonal Antibodies (Epitmics Corp), 
Rabbit Wnt1, β-catenin Monoclonal Antibod- 
ies (Epimotics); Cell cycle kit (Abcam Corp); 
Transwell Chambers (Corning Corp); Crystal  
violet (Sigma Corp). CO2 Incubators (Thermo 
Scientific Corp); inverted microscope (Nikon 
Corp); Flow Cytometry (BD Corp); Mini double 
vertical electrophoresis apparatus, Mini trans-
fer electrophoresis apparatus, ChemiDocTM 
XRS gel imaging system (Bio-Rad Corp).

Immunohistochemical detection of ALDH1A1 
expression

The carcinoma tissue and normal tissue adja-
cent to carcinoma were surgically obtained 
from stomach cancer patients from our hospi-
tal. The samples were dewaxed by xylol and 
washed by anhydrous, 95%, 80% ethanol dehy-
dration, and then closed with horse serum. The 
samples were soaked with wood grain, hydro-
chloric acid, and alcohol sequencely. And then 
they were watered until to blue and dehydrated 
by alcohol and transparentized by xylol. 
ALDH1A1 positive was stained for light yellow, 
tan or brown, and located in cytoplasm.

Detection the expression of ALDH1A1 

RNA was extracted from samples using the 
operation instruction of Trizol Reagent box 
(Invitrogen) and in the environment without 
RNAase. Snail gene were amplified (F: 
5’-CTCGAGATGTCATCCTCAG-3’; R: 5’-GAATTCGT- 
GAGTTCTTCTG-3’). The cDNA sample was syn-
thesized by using one-step RT-PCR kit and PCR 
amplification. 5 ul amplification products 
gained for detection in the next step of 2% aga-
rose gel. Detected electrophoresis bands and 
took photos by ultraviolet spectrophotometer. 
Expression of protein was determined Western 
Blot with Protein Assay Kit.

Vector construction and cell transfection

The sh-RNA-ALDH1A1 carrier was synthesized 
by Gemma biotech companies, Shanghai. 



ALDH1A1 in gastric cancer

10203 Int J Clin Exp Med 2016;9(6):10201-10210

siRNA sequence of ALDH1A1 was 5’-GTAG- 
CCTTCACAGGATCAA-3’ and control sequence 
was -TTCTCGGAACGTGTCACGT-3’. When the 
confluence of cells reached 30~50%, Vehicles 
were transfection by LipofectamineTM2000. 
The siRNA (250 μl) was diluted with moderate 
amount of serum-free Opti-MEM® I medium, 
and gently blending. Shook up Lipofecta- 
mineTM2000 was took a moderate amount to 
diluted and mixed with Opti-MEM® I, incubated 
for 5 min at room temperature. The diluted 
LipofectamineTM2000 and diluted siRNA were 
mixed and incubated for 20~30 min at room 
temperature. The siRNA/LipofectamineTM2000 
complexes were inoculated in 6-well plates and 
mixed, changed to DMEM medium containing 
10% serum after 6 h; cultured in 37°C, CO2 
incubator for 24~72 h.

Cell proliferation rate detection by MTT method

Cells were inoculated in 96-well plates, 100 μl 
in each well and four plates for each group. 
When the confluence of cells reached 50%, 
siRNA-ALDH1A1 and corresponding control NC 
were transfected. When transfected by 48 
hours, the cells were added 20 μl 5 mg/ml MTT 
and abandoned culture solution after contin-
ued to be cultured for 4 hours, added DMSO 
150 μl in each well, shocked to dissolve the 
crystals, and detected the OD values at 560 
nm of ELIASA and calculated relative growth 
rate with 630 nm as a reference wavelength.

Cell cycle detection by flow cytometry method 

Cells were inoculated in 96-well plates, 100 μl 
in each well and four plates for each group. 
When the confluence of cells reached 50%, 
siRNA-ALDH1A1 and corresponding control NC 
were transfected. When transfected by 48 
hours, the protein concentration was measured 
according to the Cell cycle detection kit instruc-
tion. The samples placed at 4°C for 48 h after 
fixing. Before detection, the cells were washed, 
blended, added 5 µl Rnase (10 mg/ml), incu-
bated in 5% CO2 incubator for 1 h, in which PI 
(100 μg/ml) 200 μL was added later, stained 
under the conditions of protection from light for 
30 min at room temperature. Cell cycle was 
detected and analyzed by flow cytometry 
method.

Scratch test 

Cells were inoculated in 96-well plates, 100 μl 
in each well and four plates for each group. 

When the confluence of cells reached 50%, 
siRNA-ALDH1A1 and corresponding control NC 
were transfected, When transfected by 48 
hours, lined on 6 orifice cells using 20 μl liquid 
move spear, washed three times using PBS, 
then cultured with serum-free RPMI-1640, 
observed measured the scratch width under 
Nikon inverted microscope, and took photos.

Cell invasion experiment

The Matrigel glue was evenly spread on the 
micro-film of the Transwell chamber, and was 
made as a gel spare. Cells were inoculated in 
96-well plates, 100 μl in each well and four 
plates for each group. When the confluence of 
cells reached 50%, siRNA-ALDH1A1 and corre-
sponding control NC were transfected. When 
transfected by 48 hours, the cells were digest-
ed and added into Transwell upper chamber, 
and the lower chamber continued to be cul-
tured for 24 hours in DMEM medium 5% fetal 
bovine serum. Then the Transwell chamber was 
removed and washed, fixed with paraformalde-
hyde, stained with crystal violet, counting the 
number of five fields of view of passed mem-
brane cells under an inverted optical micro-
scope and calculating the average number of 
cells per field of view, which represented the 
migration ability of cells.

Western blot

When the confluence of cells siRNA-ALDH1A1 
and corresponding control NC were transfect-
ed, when transfected by 48 hours, the cells 
were scraped and centrifuged. After added 
appropriate amount of RIPA lysis buffer, the 
cells were put into the vortex meter and 
shocked for 30 seconds. After 40 minutes, they 
were centrifuged (4°C, 10000 rpm) for 10 min-
utes and carefully absorbed the supernatant, 
by which could obtain the total protein. The pro-
tein concentration was measured according to 
the BCA kit. The proteins ran SDS gel electro-
phoresis, and then wet brick membrane. The 
membrane was immersed and incubated in pri-
mary antibody solution and overnight in 4°C. 
After rinsed, proteins were immersed and incu-
bated in the secondary antibody solution at 
room temperature for 1 to 2 hours. The mem-
brane was removed and rinsed, on which ECL 
solution was dropped, exposed in the gel imag-
ing system. Each antibody striped gray value 
was detected with “Quantity one” software.
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Statistical analysis

Means and standard deviations (SD) were used 
to summarize continuous variables. To deter-
mine the differences among groups, indepen-
dent t test and one-way ANOVA was used where 
appropriate. A 2-sided P value of <0.05 was 
considered to be statistically significant. All 
analyses were performed using SPSS software, 
version 17.0.

Results

Expression level of the ALDH1A1

The expression level of the ALDH1A1 in gastric 
cancer tissue (75.0%, 60/80) was higher than 
para-carcinoma tissue (38.8%, 31/80) (P< 
0.05) (Figure 1). Compared to the immortalized 
gastric mucosa epithelial cell line GES-1, we 

significantly decreased in the siRNA-ALDH1A1 
after transfection (P<0.01) in Figure 4. As 
shown in Table 1, the expression of ALDH1A1 
in gastric cancer cell decreased from down 
from 54.28% to 33.46% in cell cycle G1 phase, 
and from 33.29% to 22.15% in S phase (both 
P<0.01).

Effect of ALDH1A1 on migration and invasion 
in gastric carcinoma cells

The cell migration distance in the ALDH1A1 
transfection group (Figure 5A) was longer than 
that in the control group (Figure 5B) (42.10 vs. 
22.38, P<0.01). The number of gastric cancer 
cells through the inferior vena in ALDH1A1 
transfection group and was more than that in 
the control group (99.29 vs. 59.37, P<0.05) in 
Figure 5C and 5D.

Figure 1. Expression level of the ALDH1A1 in gastric cancer tissue and para-carcinoma tissue of immunohisto-
chemical detection. A: Para-carcinoma tissue, B: Gastric cancer tissue. 

Figure 2. The expression of ALDH1A1 in 6 gastric cancer cell strains de-
tected by RT-PCR and Western blot.

found that the expression of 
ALDH1A1 in gastric cancer  
cell line MKN-45 was the high-
est detected by RT-PCR and 
Western blot test (Figure 2)  
and suitable as the cell line  
of follow-up experiments. The 
ALDH1A1 mRNA and protein 
expression of shRNA-ALDH1A1 
expression vector were decre- 
ased by RT-PCR and Western 
blot detection, which indicated 
the success of model (Figure 
3).

Effect of ALDH1A1 on the vi-
ability of gastric carcinoma cell 
and cell cycle

Compared to the control group, 
the gastric cancer cell vitality 
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Effect of ALDH1A1 on the expression of re-
lated proteins 

The siRNA- ALDH1A1 significantly inhibited the 
expression of Wnt1, Wnt2 and β-catenin in the 

also found 75 up-regulated genes and 26 
down-regulated genes by the gene chip tech-
nology. These genes were related to the protein 
connection, signal transduction and cell migra-
tion and adhesion, etc. The ovarian cancer cells 

Figure 3. The transfection of ALDH1A1 in gastric cancer cells MKN-45 de-
tected by RT-PCR and Western blot.

Figure 4. Effect of ALDH1A1 on the viability of gastric carcinoma cell.

gastric cells (Figure 6A), the 
expression of CyclinD1 and 
PCNA (Figure 6B) and the 
expression of MMP-2 & 
MMP-9 (Figure 6C) com-
pared to the control group (all 
P<0.01). ALDH1A1 also up-
regulated the expression of 
E-cadherin and down-regu-
late the expression of N- 
cadherin in the gastric cells 
as shown in Figure 6D 
(P<0.01).

Discussion

ALDH1A1 was highly ex- 
pressed in a variety of carci-
nomas, including the gastric 
carcinoma tissue [9, 10]. The 
study by Marcato et al. [2] 
found that the forming ability 
of breast cancer cells trans-
planted tumor with high 
activity of ALDH was signifi-
cantly enhanced [2]. The abil-
ities of cells colony forma-
tion, migration and invasion 
in vitro of ALDH-positive pan-
creatic cancer, prostate can-
cer and bladder cancer, 
migration were greatly im- 
proved [3-5]. Charafe et al. 
Separated cancer stem cells 
from three breast cancer cell 
lines SUM149, MARY-X and 
IBC, finding that the ALDH1A1 
activity was high, and in vivo 
experiments confirmed that 
invasion and metastasis abil-
ities of ALDH1A1-positive 
cancer cells were significant-
ly higher than ALDH1A1-
negative cancer cells [13]. 
Moreb et al. used siRNA to 
siRNA the ALDH expression 
of lung cancer cells, which 
could inhibits proliferation 
and migration capacities of 
cancer cells [14]. The study 

Table 1. Effect of ALDH1A1 on gastric cancer cell cycle
Group G1 (%) S (%) G2 (%)
NC 54.28±7.63 33.29±4.21 12.43±1.26
siRNA-ALDH1A1 33.46±5.19 22.15±2.38 44.39±4.05
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after ALDH1A1 silence were injected into nude 
mice, which significantly inhibited tumor growth 
compared with single chemotherapy [11]. It 
indicated that ALDH1A1 expression of tumor 
cells was closely associated with tumor prolif-
eration, migration and invasion, which could be 
significantly inhibited by interfering the expres-
sion of ALDH1A1. Our study confirmed the high-
er expression of ALDH1A1 in gastric cancer tis-
sues than in adjacent tissues, which was con-
sistent with the studies by Li [9] and Wu [10]. 
We also found that siRNA-ALDH1A1 was able to 
inhibit the proliferation, migration and invasion 
of gastric cancer cells, which was related to 
Wnt/β-catenin signaling pathway.

The Wnt gene was discovered by Nusse et al. in 
the process of inducing breast cancer of mice 
by HPV in 1982. The Wnt signaling pathway was 
a class of highly conserved signal transduction 
pathway in multicellular eukaryotes, closely 
related to the tumor occurrence and develop-

ment. The study by Katoh et al. confirmed that 
the expressions of the mRNA of Wnt1 and 
Wnt2b were increased in gastric cancer tissues 
[15]. Cheng et al. found that the over expres-
sion of Wnt2 protein and the abnormal posi-
tioning of the nuclear and plasm of β-catenin 
protein occurred in gastric cancer tissues [16]. 
The study by Kurayoshi et al. showed that the 
Wnt5a mRNA was over expressed in gastric 
cancer tissues and was related to the invasion 
and metastasis of cancer cells, which suggest-
ed the Wnt signaling pathway was closely relat-
ed to the occurrence and development of the 
gastric cancer [17]. Mazieres et al. further 
inhibited the Wnt-2 protein of human malignant 
glioma cells by siRNA interference technology 
and monoclonal anti Wnt-2 antibodies, leading 
to the inhibition of tumor cells proliferation and 
the induction of cell apoptosis [18]. ALDH1A1 
could be immune coprecipitated with β-catenin, 
and gene knockout of β-Catenin would lower 
the expression of ALDH1A1 and inhibit the 

Figure 5. Effect of ALDH1A1 on migration and invasion in gastric carcinoma cell. A: The gastric issue on migration; 
B: The control group on migration; C: The gastric issue on invasion; D: The control group on invasion.
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Figure 6. Effect of ALDH1A1 on the expression of related proteins compared to the control group. A. In Wnt/β-catenin signaling pathway; B. CyclinD1 and PCNA in 
gastric cancer cells; C. MMPs; D. CyclinD1 and PCNA. Compared to control group, **P<0.01.
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growth and peritoneal metastasis of the ovari-
an transplantation tumor [19]. The expression 
of ALDH1A1 and CyclinD1 in ovarian cancer 
cells could be down-regulated by inhibiting the 
Wnt/β-catenin signaling pathway, resulting in 
the inhibition of tumor cells proliferation and 
the induction of cell apoptosis [20]. In the cells 
of esophageal squamous cell carcinoma with 
high activity of ALDH1A1, the expressions of 
MMP-2 and MMP-9 mRNA were significantly 
increased while the expression of E-cadherin 
mRNA was decreased, indicating that highly 
active ALDH1A1 was able to prompt invasion 
and metastasis of cancer cells [21]. In the gas-
tric cancer cell line BGC823 and SGC7901 in 
vitro and in vivo transplantation tumor experi-
ment, the expression of E-cadherin and 
N-cadherin could be regulated by inhibiting 
Wnt/β-catenin signaling pathway [22], suggest-
ing that the expression and activity of ALDH1A1 
were closely related to the Wnt signaling path-
way, which profoundly affected the prolifera-
tion, migration and invasion of tumor cells. 
Therefore, this study inhibited the proliferation, 
migration and invasion of gastric cancer cells 
by interfering the expression of ALDH1A1 in 
gastric cancer cells, and down-regulated the 
expression of Wnt1 Wnt2 and β-Catenin, fur-
ther influencing the expression of downstream 
target genes. 

CyclinD1 is a cycling closely associated with the 
G1 phase of the cell cycle. It has been reported 
that CyclinD1 was related to the proliferation of 
tumor cells [10, 11]. The study by Farago et al. 
revealed that the Wnt pathway was abnormally 
activated in breast cancer cell lines, with 
β-catenin accumulating in the cytoplasm, the 
expression of CyclinD1 increased, and the pro-
liferation of tumor cells accelerating [23]. The 
study by Saikawa et al. suggested CyclinD1 was 
over expressed in the gastric cancer, and the 
growth of cancer cells was significantly inhibit-
ed when interfered by antisense oligonucle-
otide probes [24]. Cell proliferation antigen 
(PCNA) is the accessory protein of DNA com-
pound enzyme, which is related to the tumor 
cell proliferation. PCNA level cyclically changes 
accompanied with the cell proliferation, start-
ing to express at phase G1 and reaching to the 
peak at phase S. Therefore, our study inter-
fered ALDH1A1 in gastric cancer cells to down 
regulate CyclinD1 and PCNA expressions, lead-
ing to the block of the cell cycle at phase G1 
and the inhibition of cancer cell proliferation.

The extracellular matrix degradation is a neces-
sary step of tumor invasion and metastasis. 
MMPs are the most important group of prote-
ases to degrade the extracellular matrix, which 
play an important role in tumor invasion and 
metastasis. MMP-2 could either degrade the 
gelatin type IV collagen in the extracellular 
matrix which would help tumor cells infiltrate to 
the surrounding parts along the damaged base-
ment membrane, or promote tumor invasion 
and metastasis through neonatal blood capil-
laries, which is the sign of the invasion and 
metastasis of malignant tumors [25]. Tumors 
with MMP-2 gene amplification and overexpres-
sion have high aggressiveness and high degree 
of malignancy [26]. MMP-9 is a proteolytic 
enzyme secreted by a variety of cells, and it is 
the enzyme with largest molecular weight 
among MMPs which could degrade the extra-
cellular matrix and basement membrane, thus 
increasing exercise capacity of cells and pro-
moting tumor proliferation and metastasis. 
MMPs play a crucial role on the invasion of 
hepatoma cells. Yang et al. found that MMP-9 
was significantly over expressed in gastric can-
cer tissues, and MMP-9 expression in patients 
with distant metastasis was significantly higher 
than that in patients without distant metasta-
sis [27]. Meta-analysis of clinical studies indi-
cated that the high expression of MMP-9 con-
tributed to the increase of the invasion of gas-
tric cancer tissues, and affected the prognosis 
of patients with gastric cancer [28]. Therefore, 
our study interfered ALDH1A1 of gastric cancer 
cells to down regulate MMP-2 and MMP-9, thus 
inhibiting cancer cell migration and invasion. 

Epithelial cells-mesenchymal transition (EMT) 
was first confirmed in the process of embryonic 
development, and there are increasing evi-
dence demonstrating that EMT plays a signifi-
cant role in the tumor occurrence, local inva-
sion, metastasis and spread through the circu-
latory system, which is the characteristic of 
tumor cells with strongest invasive ability. It 
could be considered to be the start of the inva-
sion and metastasis when EMT occurred in 
malignant cells [29, 30]. The symbolic charac-
teristics of EMT is the down-regulation of the 
expression of intercellular adhesion molecule 
E-cadherin, and the up-regulation of a series of 
mesenchymal markers, including the N- 
cadherin, vimentin and fibronectin [31, 32]. 
Sun et al. detected the expression of E-cadherin 
protein of 58 cases of gastric cancer tissues, 
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40 cases of adjacent tissues and 42 cases of 
non-cancerous atrophic gastritis by immuno-
histochemistry technology, finding that the 
expression of E-cadherin protein in gastric can-
cer tissues was significantly lower than that in 
adjacent tissues and non-cancerous atrophic 
gastritis tissues [33]. Low expression of 
E-cadherin and and high expression of 
N-cadherin were closely related to gastric can-
cer invasion and metastasis [34]. Therefore, 
our study interfered ALDH1A1 of gastric cancer 
cells to up-regulate the expression of E-cadherin 
and down- regulate the expression of 
N-cadherin, thus inhibiting the invasion and 
metastasis of cancer cells.

In conclusion, interfering ALDH1A1 expression 
could significantly inhibit the proliferation, 
migration, invasion and metastasis of MKN-45, 
and block the cell cycle in phase G1, which 
were achieved by down-regulating CyclinD1, 
PCNA, MMP-2, MMP-9 and N-cadherin expres-
sion, up-regulating the expression of E-cadherin, 
and reduce the expressions of Wnt1, Wnt2 and 
β-catenin.

Disclosure of conflict of interest

None.

Address correspondence to: Jun Xue, Department 
of Vascular Gland Surgery First Affiliated Hospital of 
Hebei North University, No. 12 Changqing Road, 
Zhangjiakou 075000, P. R. China. E-mail: xue-
jun2015@foxmail.com

References

[1] Xia Y, Zhang M, Zhang X and Liu X. A system-
atic review and meta-analysis of runt-related 
transcription factor 3 gene promoter hyper-
methylation and risk of gastric cancer. J Cancer 
Res Ther 2014; 10 Suppl: 310-313.

[2] Marcato P, Dean CA, Liu RZ, Coyle KM, Bydoun 
M, Wallace M, Clements D, Turner C, Mathenge 
EG, Gujar SA, Giacomantonio CA, Mackey JR, 
Godbout R, Lee PW. Aldehyde dehydrogenase 
1A3 influences breast cancer progression via 
differential retinoic acid signaling. Mol Oncol 
2015; 9: 17-31.

[3] Rasheed ZA and Matsui W. Biological and clini-
cal relevance of stem cells in pancreatic ade-
nocarcinoma. J Gastroenterol Hepatol 2012; 
27 Suppl 2: 15-18.

[4] Su Y, Qiu Q, Zhang X, Jiang Z, Leng Q, Liu Z, 
Stass SA, Jiang F. Aldehyde dehydrogenase 1 
A1-positive cell population is enriched in tu-

mor-initiating cells and associated with pro-
gression of bladder cancer. Cancer Epidemiol 
Biomarkers Prev 2010; 19: 327-337.

[5] van den Hoogen C, van der Horst G, Cheung H, 
Buijs JT, Pelger RC and van der Pluijm G. The 
aldehyde dehydrogenase enzyme 7A1 is func-
tionally involved in prostate cancer bone me-
tastasis. Clin Exp Metastasis 2011; 28: 615-
625.

[6] Cui J, Xi H, Cai A, Bian S, Wei B and Chen L. 
Decreased expression of Sox7 correlates with 
the upregulation of the Wnt/beta-catenin sig-
naling pathway and the poor survival of gastric 
cancer patients. Int J Mol Med 2014; 34: 197-
204.

[7] Yuan G, Regel I, Lian F, Friedrich T, Hitkova I, 
Hofheinz RD, Ströbel P, Langer R, Keller G, 
Röcken C, Zimmermann W, Schmid RM, Ebert 
MP, Burgermeister E. WNT6 is a novel target 
gene of caveolin-1 promoting chemoresis-
tance to epirubicin in human gastric cancer 
cells. Oncogene 2013; 32: 375-387.

[8] Liu Y, Lv DL, Duan JJ, Xu SL, Zhang JF, Yang XJ, 
Zhang X, Cui YH, Bian XW, Yu SC. ALDH1A1 ex-
pression correlates with clinicopathologic fea-
tures and poor prognosis of breast cancer pa-
tients: A systematic review and meta-analysis. 
BMC Cancer 2014; 14: 444.

[9] Li XS, Xu Q, Fu XY and Luo WS. ALDH1A1 over-
expression is associated with the progression 
and prognosis in gastric cancer. BMC Cancer 
2014; 14: 705.

[10] Wu CL, Wang YM, Wang GF, Yu ZG and Wang JJ. 
ALDH1A1 expression in gastric cancer tissue 
and its clinical significance. Journal of Clinical 
Oncology 2014; 19: 992-995.

[11] Landen CN Jr, Goodman B, Katre AA, Steg AD, 
Nick AM, Stone RL, Miller LD, Mejia PV, 
Jennings NB, Gershenson DM, Bast RC Jr, 
Coleman RL, Lopez-Berestein G, Sood AK. 
Targeting aldehyde dehydrogenase cancer 
stem cells in ovarian cancer. Mol Cancer Ther 
2010; 9: 3186-3199.

[12] Cojoc M, Peitzsch C, Kurth I, Trautmann F, 
Kunz-Schughart LA, Telegeev GD, Stakhovsky 
EA, Walker JR, Simin K, Lyle S, Fuessel S, 
Erdmann K, Wirth MP, Krause M, Baumann M, 
Dubrovska A. Aldehyde Dehydrogenase Is 
Regulated by beta-Catenin/TCF and Promotes 
Radioresistance in Prostate Cancer Progenitor 
Cells. Cancer Res 2015; 75: 1482-1494.

[13] Charafe-Jauffret E, Ginestier C, Iovino F, Tarpin 
C, Diebel M, Esterni B, Houvenaeghel G, Extra 
JM, Bertucci F, Jacquemier J, Xerri L, Dontu G, 
Stassi G, Xiao Y, Barsky SH, Birnbaum D, Viens 
P, Wicha MS. Aldehyde dehydrogenase 1-posi-
tive cancer stem cells mediate metastasis and 
poor clinical outcome in inflammatory breast 
cancer. Clin Cancer Res 2010; 16: 45-55.

mailto:xuejun2015@foxmail.com
mailto:xuejun2015@foxmail.com


ALDH1A1 in gastric cancer

10210 Int J Clin Exp Med 2016;9(6):10201-10210

[14] Moreb JS, Baker HV, Chang LJ, Amaya M, Lopez 
MC, Ostmark B, Chou W. ALDH isozymes down-
regulation affects cell growth, cell motility and 
gene expression in lung cancer cells. Mol 
Cancer 2008; 7: 87.

[15] Katoh M and Katoh M. Comparative genomics 
on Wnt5a and Wnt5b genes. Int J Mol Med 
2005; 15: 749-753.

[16] Cheng XX, Wang ZC, Chen XY, Sun Y, Kong QY, 
Liu J, Gao X, Guan HW, Li H. Frequent loss of 
membranous E-cadherin in gastric cancers: A 
cross-talk with Wnt in determining the fate of 
beta-catenin. Clin Exp Metastasis 2005; 22: 
85-93.

[17] Kurayoshi M, Oue N, Yamamoto H, Kishida M, 
Inoue A, Asahara T, Yasui W, Kikuchi A. 
Expression of Wnt-5a is correlated with aggres-
siveness of gastric cancer by stimulating cell 
migration and invasion. Cancer Res 2006; 66: 
10439-10448.

[18] You L, He B, Xu Z, Uematsu K, Mazieres J, Fujii 
N, Mikami I, Reguart N, McIntosh JK, Kashani-
Sabet M, McCormick F, Jablons DM. An anti-
Wnt-2 monoclonal antibody induces apoptosis 
in malignant melanoma cells and inhibits tu-
mor growth. Cancer Res 2004; 64: 5385-
5389.

[19] Condello S, Morgan CA, Nagdas S, Cao L, Turek 
J, Hurley TD, Matei D. beta-Catenin-regulated 
ALDH1A1 is a target in ovarian cancer spher-
oids. Oncogene 2015; 34: 2297-2308.

[20] Arend RC, Londoño-Joshi AI, Samant RS, Li Y, 
Conner M, Hidalgo B, Alvarez RD, Landen CN, 
Straughn JM, Buchsbaum DJ. Inhibition of 
Wnt/beta-catenin pathway by niclosamide: a 
therapeutic target for ovarian cancer. Gynecol 
Oncol 2014; 134: 112-120.

[21] Yang L, Ren Y, Yu X, Qian F, Bian BS, Xiao HL, 
Wang WG, Xu SL, Yang J, Cui W, Liu Q, Wang Z, 
Guo W, Xiong G, Yang K, Qian C, Zhang X, 
Zhang P, Cui YH, Bian XW. ALDH1A1 defines 
invasive cancer stem-like cells and predicts 
poor prognosis in patients with esophageal 
squamous cell carcinoma. Mod Pathol 2014; 
27: 775-783.

[22] Guo J, Fu Z, Wei J, Lu W, Feng J and Zhang S. 
PRRX1 promotes epithelial-mesenchymal tran-
sition through the Wnt/beta-catenin pathway 
in gastric cancer. Med Oncol 2015; 32: 393.

[23] Farago M, Dominguez I, Landesman-Bollag E, 
Xu X, Rosner A, Cardiff RD, Seldin DC. Kinase-
inactive glycogen synthase kinase 3beta pro-
motes Wnt signaling and mammary tumorigen-
esis. Cancer Res 2005; 65: 5792-5801.

[24] Saikawa Y, Kubota T, Otani Y, Kitajima M and 
Modlin IM. Cyclin D1 antisense oligonucleotide 
inhibits cell growth stimulated by epidermal 
growth factor and induces apoptosis of gastric 
cancer cells. Jpn J Cancer Res 2001; 92: 
1102-1109.

[25] Chang A, Parikh P, Thongprasert S, Tan EH, 
Perng RP, Ganzon D, Yang CH, Tsao CJ, Watkins 
C, Botwood N, Thatcher N. Gefitinib (IRESSA) in 
patients of Asian origin with refractory ad-
vanced non-small cell lung cancer: Subset 
analysis from the ISEL study. J Thorac Oncol 
2006; 1: 847-855.

[26] Davies B, Miles DW, Happerfield LC, Naylor 
MS, Bobrow LG, Rubens RD, Balkwill FR. 
Activity of type IV collagenases in benign and 
malignant breast disease. Br J Cancer 1993; 
67: 1126-1131.

[27] Yang S, Zhao Z, Wu R, Lu H, Zhang X, Huan C, 
Wang C, Wu X, Guan G. Expression and biologi-
cal relationship of vascular endothelial growth 
factor-A and matrix metalloproteinase-9 in gas-
tric carcinoma. J Int Med Res 2011; 39: 2076-
2085.

[28] Zhang QW, Liu L, Chen R, Wei YQ, Li P, Shi HS, 
Zhao YW. Matrix metalloproteinase-9 as a 
prognostic factor in gastric cancer: A meta-
analysis. Asian Pac J Cancer Prev 2012; 13: 
2903-2908.

[29] Yang JD, Nakamura I and Roberts LR. The tu-
mor microenvironment in hepatocellular carci-
noma: current status and therapeutic targets. 
Semin Cancer Biol 2011; 21: 35-43.

[30] Ogunwobi OO and Liu C. Therapeutic and prog-
nostic importance of epithelial-mesenchymal 
transition in liver cancers: insights from experi-
mental models. Crit Rev Oncol Hematol 83: 
319-328.

[31] Yamada S, Okumura N, Wei L, Fuchs BC, Fujii T, 
Sugimoto H, Nomoto S, Takeda S, Tanabe KK, 
Kodera Y. Epithelial to mesenchymal transition 
is associated with shorter disease-free survival 
in hepatocellular carcinoma. Ann Surg Oncol 
2014; 21: 3882-3890.

[32] Hou KZ, Fu ZQ and Gong H. Chemokine ligand 
20 enhances progression of hepatocellular 
carcinoma via epithelial-mesenchymal transi-
tion. World J Gastroenterol 2015; 21: 475-483.

[33] Sun GY, Wu JX, Wu JS, Pan YT and Jin R. 
Caveolin-1, E-cadherin and beta-catenin in 
Gastric Carcinoma, Precancerous Tissues and 
Chronic Non-atrophic Gastritis. Chin J Cancer 
Res 2012; 24: 23-28.

[34] Peng Y, Liu YM, Li LC, Wang LL and Wu XL. mi-
croRNA-503 inhibits gastric cancer cell growth 
and epithelial-to-mesenchymal transition. 
Oncol Lett 2014; 7: 1233-1238.


