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Upregulated miRNA-543 promotes the proliferation and 
migration of gastric carcinoma by downregulating KLF6
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Abstract: This study aims to uncover the potential function of MicroRNA-543 (miRNA-543) in the pathogenesis of 
gastric carcinoma and the possible mechanism. MiRNA-543 levels in gastric carcinoma tissues and cell lines were 
detected by quantitative real-time polymerase chain reaction (qRT-PCR). Regulatory effects of miRNA-543 on prolif-
erative and migratory abilities of AGS and MKN45 cells were assessed. The downstream target of miRNA-543 was 
predicted by online bioinformatics and verified by dual-luciferase reporter gene assay. At last, rescue experiments 
were carried out to uncover the interaction between miRNA-543 and Krüppel-like factor 6 (KLF6) in the progres-
sion of gastric carcinoma. MiRNA-543 was upregulated in gastric carcinoma tissues and cell lines. Particularly, 
gastric carcinoma patients with advanced stage or positive metastasis expressed higher abundance of miRNA-543. 
Overexpression of miRNA-543 promoted proliferative ability in gastric carcinoma, manifesting as increased viability, 
EdU-positive ratio and migratory cell number in AGS and MKN45 cells. KLF6 was proved to be the downstream 
target of miRNA-543. Both mRNA and protein levels of KLF6 were negatively regulated by miRNA-543 in gastric car-
cinoma cells. Silence of KLF6 was able to reverse the regulatory effects of miRNA-543 inhibitor on proliferative and 
migratory abilities in gastric carcinoma. MiRNA-543 is highly expressed in gastric carcinoma. It accelerates gastric 
carcinoma cells to proliferate and migrate by negatively regulating KLF6 level. 
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Introduction

Gastric carcinoma is a common malignancy 
derived from the gastric mucosal epithelium 
[1]. Studies have confirmed that the occurrence 
of gastric carcinoma is the result of both host 
genetic factors and environmental risk factors. 
Risk factors for tumorigenesis of gastric include 
demographic characteristics, dietary patterns, 
microbial infections, genetic differences, and 
mental and psychological factors [2]. Surgical 
resection is currently considered to be the only 
possible curative treatment for gastric carcino-
ma. Despite great advances in cancer screen-
ing and treatment technologies, the 5-year sur-
vival of gastric carcinoma is lower than 30%. It 
is noteworthy that the 5-year survival in patients 
with early-stage gastric carcinoma undergoing 
radical resection is up to 90%. Nevertheless, 

the detective rate of early-stage gastric carci-
noma is extremely low owing to the lack of typi-
cal symptoms, extensive application of gastros-
copy and public medical knowledge [3, 4]. 
Advanced gastric carcinoma is fatal and its 
prognosis is extremely poor. It is urgent to 
develop biological markers and therapeutic tar-
gets for gastric carcinoma [5].

MicroRNAs (miRNAs) are endogenous, non-cod-
ing RNAs of 21-25 nucleotides in length. A pri-
miRNA is transcribed in the nucleus, which in 
turn produces a pre-miRNA with 60-70 nucleo-
tides long and contains a hairpin structure. 
Subsequently, a pre-miRNA is translocated into 
the cytoplasm under the assistance of Ran-
GTP, where a specific RNA-specific endonucle-
ase Dicer contributes to process a double-
stranded RNA. This short-chain double-strand-
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ed RNA is separated by the RNA helicase, one 
of which is integrated into RISC (RNA-induced 
silencing complex) and the other one is discard-
ed. At last, the RISC-miRNA complex splices or 
inhibits translation of target RNAs by comple-
mentary base pairing, thus downregulating 
downstream protein expressions [6, 7]. The- 
refore, the balance between mRNA and miRNA 
controls mRNA abundance to ensure normal 
expression pattern of proteins. Once the bal-
ance is disrupted, miRNAs exert oncogenic or 
anti-tumor effects in tumor diseases [8-12]. 

MiRNA-543 is highly expressed in various 
malignant tumors [13-16]. Overexpression of 
miRNA-543 in renal clear cell carcinoma pro-
motes tumor cells to proliferate and migrate, 
presenting a carcinogenic role [13]. MiRNA-543 
regulates multiple tumor-associated genes, 
including Krüppel-like factor 6 (KLF6) and Silent 
information regulator T1 (SIRT1) [17, 18]. This 
experiment mainly elucidated the role of 
miRNA-543 in the development of gastric 
carcinoma.

Patients and methods

Sample collection

Fifty gastric carcinoma tissues and matched 
adjacent tissues were collected. None of gas-
tric carcinoma patients enrolled was treated 
with preoperative anti-tumor therapy. Samples 
were pathologically confirmed and preserved in 
liquid nitrogen. Patients and their families in 
this study have been fully informed. This study 
was approved by Ethics Committee of the First 
Medical Centre, Chinese PLA General Hospital.

Cell culture

Gastric carcinoma cells (MKN45, AGS, SNU5 
and HGC-27) and gastric mucosal cells (GES1) 
were cultured in dulbecco’s modified eagle 
medium (DMEM) (Gibco, Rockville, MD, USA) 
containing 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA), and 1% penicillin-
streptomycin in an incubator containing 5% CO2 
at 37°C. Fresh medium was regularly replaced. 

Transfection

Cells in good growth condition were transfected 
using Lipofectamine 3000 (Invitrogen, Car- 
lsbad, CA, USA). Transfected cells for 24-48 h 

were harvested for the following experiments. 
Transfection plasmids used were constructed 
by Genechem (Shanghai, China). 

RNA extraction and quantitative real-time poly-
merase chain reaction (qRT-PCR)

Cells were lysed to harvest RNAs using TRIzol 
method (Invitrogen, Carlsbad, CA, USA), and the 
extracted RNAs were subjected to reverse tran-
scription according to the instructions of 
PrimeScript RT reagent Kit (TaKaRa, Tokyo, 
Japan). RNA concentration was detected using 
a spectrometer. QRT-PCR was then performed 
based on the instructions of SYBR Premix Ex 
Taq TM (TaKaRa, Tokyo, Japan). Relative level 
was calculated using 2-ΔΔCt method. miRNA-
543, F: 5’-CCAGCTACACTGGGCAGCAGCAATTC- 
ATGTTT-3’; R: 5’-CTCAACTGGTGTCGTGGA-3’; 
KLF6, F: 5’-CTCTCAGCCTGGAAGCTTTTAGCCT- 
AC-3’; R: 5’-ACAGCTCCGAGGAACTTTCTCCCA- 
3’; glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH), F: 5’-GGAATCCACTGGCGTCTTCA-3’; R: 
5’-GGTTCACGCCCATCACAAAC-3’ U6, F: 5’-AGA- 
GAAGATTAGCATGGCCCCTG-3’; R: 5’-ATCCAGTG- 
CGGGTCCGAGG-3’.

5-Ethynyl-2’-deoxyuridine (EdU) assay

Cells were inoculated into 96-well plates with 
1×105 cells per well, and labeled with 100 μL of 
EdU reagent (50 μM) per well for 2 h. After 
washing with phosphate buffered saline (PBS), 
cells were fixed in 50 μL of fixation buffer, 
decolored with 2 mg/mL glycine and permeat-
ed with 100 μL of penetrant. After washing with 
PBS once, cells were stained with 4’,6-diamidi-
no-2-phenylindole (DAPI) in dark for 30 min. 
EdU-positive ratio was determined under a fluo-
rescent microscope. 

Cell counting kit-8 (CCK-8) assay

Cells were seeded into 96-well plates with 
5×104 cells per well. At the appointed time 
points, 10 μL of CCK-8 solution (Dojindo, Ku- 
mamoto, Japan) was added in each well. The 
absorbance at 450 nm of each sample was 
measured by a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Transwell

1×105 cells were inoculated in the upper side of 
8 μm Transwell chamber (Corning, Corning, NY, 
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USA) coated with diluted Matrigel. In the bot-
tom side, 600 μL of medium containing 20% 
FBS was applied. After 48 h of incubation, cells 
penetrated to the bottom side were fixed in 4% 
paraformaldehyde for 20 min, stained with 
crystal violet for 20 min and counted using a 
microscope. The number of penetrating cells 
was counted in 5 randomly selected fields per 
sample.

Dual-luciferase reporter gene assay

Based on the predicted binding sites between 
miRNA-543 and KLF6, luciferase vectors KLF6-
WT and KLF6-MUT were constructed. Cells 
were co-transfected with NC/miRNA-543 mim-
ics and KLF6-WT/KLF6-MUT. Finally, cells were 
lysed for examining relative luciferase activity 
(Promega, Madison, WI, USA).

Western blot

Total protein was extracted for determining pro-
tein concentration. Protein sample was sepa-
rated by sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), trans-
ferred to polyvinylidene fluoride (PVDF) mem-

nes. Intergroup data were compared using the 
t-test. P<0.05 considered the difference was 
statistically significant.

Results 

Upregulation of miRNA-543 in gastric carci-
noma

MiRNA-543 levels in gastric carcinoma tissues 
and adjacent normal tissues were detected at 
first, which was upregulated in tumor tissues 
compared with normal tissues (Figure 1A). 
According to the tumor staging, we determined 
miRNA-543 level in gastric carcinoma patients 
in stage I+II and stage III+IV. Patients in stage 
III+IV expressed higher abundance of miRNA-
543 compared with stage I+II (Figure 1B). In 
addition, gastric carcinoma patients with posi-
tive metastasis expressed higher level of 
miRNA-543 relative to those without metasta-
ses (Figure 1C). In vitro level of miRNA-543 was 
identically upregulated in gastric carcinoma 
cells than that of gastric mucosal cells (Figure 
1D). The above data indicated the potential 
involvement of miRNA-543 in the progression 
of gastric carcinoma. 

Figure 1. Upregulation of miRNA-543 in gastric carcinoma. A. MiRNA-543 
level in gastric carcinoma tissues and adjacent normal tissues. B. MiR-
NA-543 level in gastric carcinoma patients with stage I+II and stage III+IV. 
C. MiRNA-543 level in gastric carcinoma patients with negative or positive 
metastasis. D. MiRNA-543 level in gastric carcinoma cells and gastric mu-
cosal cells.

branes (Roche, Basel, Swi- 
tzerland) and blocked in 5% 
skim milk for 1 hour. The spe-
cific primary antibody was 
used to incubate with the 
membrane overnight at 4°C, 
followed by secondary anti-
body incubation for 2 h at ro- 
om temperature. After washing 
with 1×tris buffered saline-
tween (TBST) for 1 min, the 
chemiluminescent substrate 
kit was used for exposure of 
the protein bands.

Statistical analysis

Statistical Product and Servi- 
ce Solutions (SPSS) 22.0 (IBM, 
Armonk, NY, USA) and Gr- 
aphpad prism 8.0 (La Jolla, CA, 
USA) was used for data analy-
sis and figure editing. Data 
were expressed as mean ± 
standard deviation (

_
x  ± SD). 

Pearson correlation test was 
conducted to compare the 
relationship between two ge- 
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Figure 2. MiRNA-543 stimulated gastric carcinoma to proliferate and migrate. A. Transfection efficacy of miRNA-543 mimics in AGS and MKN45 cells. B. Viability in 
AGS and MKN45 cells transfected with NC or miRNA-543 mimics. C. EdU-positive ratio in AGS and MKN45 cells transfected with NC or miRNA-543 mimics (magni-
fication 20×). D. Migratory cell number in AGS and MKN45 cells transfected with NC or miRNA-543 mimics (magnification 20×).
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MiRNA-543 stimulated gastric carcinoma to 
proliferate and migrate

In vitro overexpression model of miRNA-543 
was established in AGS and MKN45 cells by 
transfection of miRNA-543 mimics (Figure 2A). 
CCK-8 assay uncovered an elevated viability  
in gastric carcinoma cells overexpressing 
miRNA-543 compared with miRNA-543 NC 
group (Figure 2B). Meanwhile, EdU-positive 
ratio increased after transfection of miRNA-
543 mimics, also confirming the stimulated 
proliferative ability compared with miRNA-543 
NC group (Figure 2C). Transwell assay illustrat-
ed an increase in migratory cell number af- 
ter overexpression of miRNA-543 in AGS and 
MKN45 cells in comparison with miRNA-543 
NC group (Figure 2D). Hence, miRNA-543 was 
able to promote gastric carcinoma to prolifer-
ate and migrate. 

MiRNA-543 directly targeted on KLF6

Through online prediction and analyses, KLF6 
was selected as the downstream gene of 
miRNA-543 (Figure 3A). A decline in luciferase 
activity after co-transfection of KLF6-WT and 
miRNA-543 mimics verified the binding rela-
tionship between KLF6 and miRNA-543 (Figure 
3B). Both mRNA and protein levels of KLF6 
were downregulated in AGS and MKN45 cells 
overexpressing miRNA-543 compared with 
miRNA-543 NC group (Figure 3C, 3D). Fur- 
thermore, KLF6 level was identified to be down-
regulated in gastric carcinoma tissues com-
pared with normal tissues (Figure 3E). Through 
statistical processing, miRNA-543 level was 
negatively correlated to that of KLF6 in gastric 
carcinoma tissues (Figure 3F). It is proved that 
KLF6 was the downstream gene of miRNA-543 
and negatively regulated by it in gastric 
carcinoma. 

Figure 3. MiRNA-543 directly targeted on KLF6. (A) Binding sites in promoter regions of miRNA-543 and KLF6. (B) 
Luciferase activity in AGS and MKN45 cells co-transfected with NC/miRNA-543 mimics and KLF6-WT/KLF6-MUT. 
(C, D) The mRNA (C) and protein (D) levels of KLF6 in AGS and MKN45 cells transfected with NC or miRNA-543 
mimics. (E) KLF6 level in gastric carcinoma tissues and adjacent normal tissues. (F) A negative correlation between 
expression levels of miRNA-543 and KLF6 in gastric carcinoma tissues. 
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KLF6 was responsible for miRNA-543 regula-
tion on gastric carcinoma

To uncover the involvement of KLF6 in the pro-
gression of gastric carcinoma, KLF6-siRNA was 
established. MiRNA-543 inhibitor significantly 
down-regulated the level of miRNA-543 in AGS 
and MKN45 cells. Transfection of KLF6-siRNA 
remarkably down-regulated KLF6 level in AGS 
and MKN45 cells (Figure 4A, 4B). Knockdown 
of miRNA-543 reduced viability and EdU-
positive ratio in gastric carcinoma, which were 
partially reversed after co-transfection of KLF6-

siRNA (Figure 4C, 4D). Besides, the attenua- 
ted migration in gastric carcinoma cells with 
miRNA-543 knockdown was enhanced after 
silence of KLF6 (Figure 4E). It is suggested that 
KLF6 was necessary in the gastric carcinoma 
progression regulated by miRNA-543. 

Discussion 

MiRNAs are of clinical value in gastric carcino-
ma, serving as detective indicators, therapeu-
tic targets or prognostic hallmarks. Compared 
with other circulating nucleic acids, peripheral 

Figure 4. KLF6 was responsible for miRNA-543 regulation on gastric carcinoma. AGS and MKN45 cells were trans-
fected with control, miRNA-543 inhibitor or miRNA-543 inhibitor + KLF6-siRNA. A. MiRNA-543 level; B. KLF6 level; 
C. Viability; D. EdU-positive ratio (magnification 20×); E. Migratory cell number (magnification 20×). 
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blood levels of miRNAs are more stable [19, 
20]. Drug therapy based on tumor-related miR-
NAs are promising in nowadays tumor treat-
ment. On the one hand, these miRNAs contrib-
ute to suppress tumor-related genes and path-
ways, thus alleviating the malignant progres-
sion [21]. On the other hand, miRNAs are able 
to influence drug-resistance in chemotherapy 
or radiotherapy through targeting drug trans-
porters, drug-metabolizing enzymes, transcrip-
tion factors, and nuclear receptors [22]. Dy- 
sfunctional miRNAs in gastric carcinoma pose 
a huge impact on cellular behaviors of tumor 
cells [23]. Expression characteristics of these 
miRNAs are closely linked to tumor staging, 
malignant progression and clinical outcome of 
gastric carcinoma [24]. 

KLF6 is a zinc finger transcription factor of the 
Kruppel-like factor family. It is involved in the 
regulation of various life activities. In NSCLC 
and renal clear cell carcinoma, KLF6 is found to 
be downregulated and induces apoptosis [25, 
26]. Through p53-independent pathway, KLF6 
regulates p21 level and further stimulates 
tumor cell apoptosis. Once KLF6 is abnormally 
expressed in tumors, p21 dysfunction leads to 
apoptosis impair. The malignant proliferative 
stage of tumor cells eventually leads to tumor 
deterioration [27, 28].

In this paper, miRNA-543 was highly expressed 
in gastric carcinoma tissues and cell lines. Its 
level was observed to be higher in gastric carci-
noma patients with advanced stage or positive 
metastasis. In vitro experiments confirmed the 
role of miRNA-543 to promote proliferative abil-
ity in AGS and MKN45 cells. Subsequently, 
KLF6 was proved to be the downstream target 
of miRNA-543. Both mRNA and protein levels 
of KLF6 were negatively regulated by miRNA-
543 in gastric carcinoma cells. Silence of KLF6 
was able to reverse the regulatory effects of 
miRNA-543 inhibitor on proliferative and migra-
tory abilities in gastric carcinoma. To sum up, a 
regulatory loop miRNA-543/KLF6 was identi-
fied, which influenced the malignant progres-
sion of gastric carcinoma. 

Conclusions 

MiRNA-543 is highly expressed in gastric carci-
noma. It accelerates gastric carcinoma cells to 
proliferate and migrate by negatively regulating 
KLF6 level. 
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