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Vimentin, an intermediate filament of mesenchymal cells, is upregulated in epithelial-mesenchymal transition
(EMT) and has a main role in cancer metastasis. As a new strategy to control metastatic outgrowth, EMT
markers are generally inhibited using some drugs or specific siRNA. In this study, AGS gastric cancer cells were
treated with metformin and vimentin-specific siRNA (vim-siRNA) for 48 h. The impact of metformin and vimsiRNA on vimentin downregulation in AGS cells were analyzed by quantitative PCR and Western blot.
Following treatment with metformin and vim-siRNA, cell motility, migration and invasion abilities of AGS cells
were also analyzed. The results showed that inhibition of vimentin due to metformin was comparable with the
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vim-siRNA. Furthermore, wound-healing and invasion assays showed a significant decrease in migration and
invasion of AGS cells following metformin and vim-siRNA treatment. Our finding for the first time indicated
that metformin can be an alternative to specific siRNA for inhibition of vimentin expression and migration of
AGS cell line. Taken together, our data indicates that the use of metformin might have a priority to siRNA for
inhibition of gastric cancer cell behaviors siRNA is more unstable and expensive than metformin, and needs
special vehicles and delivery strategies for efficient transfection of cells. Further in vivo studies can reveal
metformin's potential in inhibition of EMT and metastasis of cancer cells.
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Metformin inhibites EMT in gastric cancer
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The AGS cell line was prepared from the

Hence, further understanding of drugs leading to

National Cell Bank of Iran (Pasture Institute,
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then treated with 10 mM metformin or transfected

containing 1 µg extracted RNA, 0.5 µL random

with 10 pM vim-siRNA/scrambled siRNA. The

hexamers, 0.5 µL oligo-dT and 0.5 µL reverse

scratched area was marked and cell migration into

transcriptase. The tubes were incubated at 37 °C for
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Quantitative polymerase chain reaction (qPCR)
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Real-time qPCR was performed in Rotor-Gene
6000 instrument (Corbett, Australia) using SYBR ®

Cell invasion assay
The AGS cells were starved in a serum-free
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Table 1. The primers sequences used in the qPCR experiments.
Name
GAPDH
Vimentin

Accession no.
NM_001289745
NM_003380

Sequence (5´ to 3´)
TGGGCTACACTGAGCACCAG
CAGCGTCAAAGGTGGAGGAG
CGGGAGAAATTGCAGGAGGAG
CAAGGTCAAGACGTGCCAGAG

PCR product size
72 bp
106 bp
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Enhanced

chemiluminescence

reagent

(NajmBio Tech, Iran). The antibodies were diluted

VIMENTIN level decreased upon treatment
with metformin and siRNA

as 1:10,000 for GAPDH antibody and 1:2000 for

VIMENTIN expression was measured at

VIMENTIN, HRP-linked anti-mouse and anti-

mRNA level in metformin and siRNA treated cells

rabbit IgG antibodies. The amount of protein level

by real-time qPCR. Figure 1a shows, 9.78-fold

was quantified using Image J software.

decrease in 10 mM metformin treated cells vs 8.45-

Statistical analysis

fold decrease in siRNA treated cells (P≤ 0.01).

All experiments were repeated three times and

What is striking in the figures is that siRNA-

the statistical analyses were performed using

mediated downregulation of VIMENTIN reaches to

ANOVA or Student's t-test. A P-value <0.05 was

maximum level earlier than metformin. While the

considered significant.

most reduction of VIMENTIN by siRNA was
measured at 48 h, it was at 72 h for metformin
treated samples.
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Results

Fig. 1. Quantification of vimentin in 10 mM metformin and siRNA treated cells. (a) The treated cell was subjected for vimentin mRNA
level quantification by real-time qPCR for three sequential days. GAPDH was amplified in each sample for normalization. Each column
shows the mean ± SD of three independent experiments, performed in triplicate. (b) Western blot analysis of vimentin protein. (c)
Quantification of vimentin protein in metformin and siRNA received samples. Intensity of the protein bands were quantified using Image J
software.
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Fig. 2. Effect of metformin on the migration of AGS cells compared with siRNA-VIM treated. (a) AGS cells were treated with
metformin and siRNA for 48 hours (Magnification 40X). (b) After 48 hours in metformin treated 76% and in siRNA treated 56% of scratch
was filled. Cell migration was quantified by wound-healing assay using Image J software. ***P≤0.0001.

Fig. 3. Effect of metformin on the invasion of AGS cells compared with siRNA-VIM treated. AGS cells were treated with metformin
for 24 hours and the cell invasion was measured in the Culturex 96 well BME invasion assay kit by counting the number of cells invading
underside of BME. ***P≤0.0001.

The western blotting results, also confirmed

healing process was inhibited and the closure of

qPCR results. Metformin and siRNA treatments

denuded area progressed more slowly in metformin

resulted in a significant decrease in VIMENTIN

and siRNA treatment groups (P≤0.0001) (Figure 2a

protein level as revealed by western blotting

and b).

(Figure 1b). VIMENTIN decreased to 41% in

The AGS cells plated into transwell chamber,

metformin treated cells and to 59% in siRNA

and the number of cell migrated was measured after

treated cells following 72 h (P≤0.01) (Figure 1c).

24 h. As shown in Figure 3, metformin and siRNA

Metformin and VIM-siRNA inhibited cell
migration and invasion

treatment significantly decreased the invasion
ability of AGS cells (P≤0.0001).

Wound healing progress in control culture was
rapidly disappeared following 48 h. However, the

Discussion
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During the last decade, VIMENTIN has

of vim-siRNA, which in turn led to drop off in

received considerable attention regarding its role

suppression of VIMENTIN by siRNA. However,

in cancer cell migration and invasion, signal

metformin molecule is more stable than siRNA, as

transduction, and apoptosis. Iwatsuki et al.

it is not metabolized by the cells. Therefore, it

illustrated that circulating VIMENTIN positive GC

provides a stronger inhibition of VIMENTIN in

cells, could reside at bone marrow of GC patients.

long-term.

Also VIMENTIN expression level in bone marrow

RNAi-based therapeutics have emerged for

is clearly related with tumor invasion and lymph

treatment of cancers, infectious diseases, and other

node metastasis ability of GC cells (16). Therefore,

diseases associated with specific gene disorders (10,

VIMENTIN is a potential molecular target that can

19,

be inhibited to struggle with tumor cells invasion

metformin is much more than siRNA. Moreover,

and localization at other tissues.

lower cost of metformin in comparison to siRNA
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study,
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high

level

20).

However,

intracellular

stability

of

make it more applicable for clinical use.

expression of VIMENTIN in AGS intestinal GC

The changes of VIMENTIN level in response

cell line. We also compared the suppressive effects

to siRNA and metformin treatments were different

of metformin, as a small drug, and siRNA on

from its transcript. While the VIMENTIN protein

VIMENTIN and cell movement. Our results

level in siRNA-treated cells declined intensely than

indicated that both molecules potently inhibited

metformin-exposed samples at the day three, the

VIMENTIN. Nevertheless, the silencing patterns

converse results were obtained for VIMENTIN

were different, which is probably resulted from

transcript amount. This paradox might be described

different layers targeted by them. Metformin can

by the difference of half-life between VIMENTIN

target mitochondria, interfere with redox systems

mRNA and protein. According to previously

and some signaling pathways including AMPK and

published study, the half-life of VIMENTIN

EMT signaling pathway. Metformin leads to

transcript and protein is 6 and 32 h, respectively

reduced expression of transcription factors driving

(21). Therefore, at the third day, transcript of

EMT signaling (17, 18).

VIMENTIN was not detected by qPCR, while a part

Our results indicated the siRNA-induced
reduction of VIMENTIN was strongly initiated in

of earlier expressed proteins was detected by
western blot.

comparison with metformin. However, metformin

In conclusion, our finding for the first time

emerged as a more potent inhibitor of VIMENTIN

indicated that metformin is able to be an alternative

following three days. This difference can be

to siRNA for VIMENTIN inhibition in AGS GC

described by considering the mechanisms by which

cell line. Overall, the use of metformin might have

siRNA and metformin apply for VIMENTIN

some priority to siRNA. Since siRNA is more

suppression. While siRNA directly interacts with

unstable and expensive than metformin and it needs

VIMENTIN transcripts and induces its degradation,

special vehicles and delivery strategies for efficient

VIMENTIN downregulation by metformin is

transfection of cells. Further studies in vivo may

conducted through several known and unknown

reveal effectiveness and applicability of metformin

pathways such as 5'-AMP-activated protein kinase

in inhibition of metastasis of GC cells.

(AMPK) signaling pathway (18). Therefore, the
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