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Inactivation of miR-100 combined with arsenic treatment enhances the malignant
transformation of BEAS-2B cells via stimulating epithelial -mesenchymal transition
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ABSTRACT
Chronic arsenic treatment induces epithelial-mesenchymal transition (EMT) and promotes tumorigenicity,
but the mechanism is unclear. MiR-100 has been shown to be involved in this biologic process. In this
study, we hypothesize that inactivation of miR-100 combined with low concentration of arsenic exposure
could promote the malignant transformation of human bronchial epithelial cells (BEAS-2B cell) by
promoting EMT. To test this hypothesis, BEAS–2B cells were treated with low-dose of As2O3 chronically,
and lentiviral vectors were used to mediate the inhibition of miR-100 expression. Flow cytometry, cloning
formation, and transwell assays were used to examine cell cycle progression, cell proliferation, and cell
migration, respectively. The mouse xenograft model was used to investigate the cell malignant growth in
vivo, and western blot was used to detect EMT related marker expressions. Our results showed that, the
inactivation of miR-100 combined with arsenic treatment significantly promoted the proliferation, viability,
and migration of BEAS-2B cells in vitro, and tumorigenesis in vivo. Consistently, the EMT related marker
expressions were also significantly increased in corresponding groups. Our data indicate that inactivation
of miR-100 combined with chronic arsenic treatment promotes tumorigenicity of BEAS-2B cells via
activation of EMT. This novel insight may help us to better understand the pathogenesis of arsenic
carcinogenesis.
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Introduction

Lung cancer is the leading cause of mortality worldwide.1 The
occurrence of lung cancer is most commonly associated with
the air and water pollution. Arsenic is a toxic heavy metal exist-
ing as a mixture in the atmospheric environment and water,
and considered as a risk factor of lung cancer. Chronic arsenic
exposure from contaminated drinking water and air has been
reported in many countries.2 Study indicated that human bron-
chial epithelial cells (BEAS-2B) cells that were chronically
exposed to sodium arsenite increase proliferation and a certain
degree of malignant transformation.3 Although the carcino-
genic evidence of arsenic in humans has been widely observed,
the mechanisms are still unclear.

The tumorigenesis is a long-term process, which is influ-
enced by both environmental and genetic factors in multi-
factorial fashion.4-6 The abnormal expression of miRNAs
might promote the carcinogenesis of lung cancer.7 The
research about the relationship between miR-100 and tumor
has made significant progresses, but the data so far are still
controversial.8 Study found that, in prostate cancer, the
miR-100 expression was elevated and associated with
increased metastasis.9 However, in lung cancers, the

expression of miR-100 was downregulated, suggesting it
played a tumor suppressor function.10-13

Epithelial-mesenchymal transition (EMT) is regulated
by transcription factors14,15 extracellular ligands and micro-
RNAs.16-18 It has been proposed that inducing EMT in epithe-
lial tumor cells enhances migration, invasion and
dissemination, whereas the MET process facilitates metastatic
colonization.14,15,19 In addition, induction of EMT in differenti-
ated tumor cells has been shown to generate cells with proper-
ties of tumor-initiating cells, or cancer stem cells.20

In present study, both in vitro and in vivo experiments were per-
formed to test our hypothesis that downregulation of miR-100
combined with chronic arsenic exposure could enhance metastasis
and proliferation of BEAS-2B by promoting EMT, and our results
confirmed this notion.

Materials and methods

Cell culture and reagents

The BEAS-2B cell line was obtained from the American Type
Culture Collection. Cells were maintained in 5% CO2 at 37�C
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in Dulbecco’s modified Eagle’s medium (DMEM), supple-
mented with 10% fetal bovine serum(FBS, Life Technologies/
Gibco), 100 U/mL penicillin, and 100 ug/mL streptomycin
(Life Technologies/Gibco). Cell culture flasks used should be
pre-coated with a mixture of 0.01mg/ml fibronectin, 0.03 mg/
ml bovine collagen type I and 0.01 mg/mL bovine serum albu-
min dissolved in DMEM. For arsenic chronic treatment, 1 £
105 cells were seeded into 6-cm dishes for 12 h and maintained
in 0.25 mM As2O3 (Sigma) for 48-72 h per passage. This pro-
cess was continued for about 10 weeks (20 passages) and
20 weeks (40 passages). For arsenic acute stimulate, 5 mM
As2O3 (Sigma) was co-cultured with BEAS-2B cells with or
without miR-100 inhibition for 0 h, 6 h, 12 h, and 24 h,
respectively.

Lentivirus-mediated suppression of miR-100–3p

The lentivirus was obtained from Genechem (Shanghai,
China). For control or miR-100–3p inhibition group, a
sequence encoding a miR-100–3p negative control or its spe-
cific inhibitor was cloned into the lentiviral vector hU6-MCS-
Ubiquitin–EGFP -IRES-puromycin. BEAS-2B cells (1 £ 106)
were infected with 1 £ 107 lentivirus transducing units in the
presence of 10 mg/ml polybrene (Sigma-Aldrich).

Methyl Thiazolyl Tetrazolium (MTT) assay

Arsenic treated BEAS-2B (miR-100-inhibitor) and BEAS-2B
(miR-NC) cells were seeded and cultured on 96-well plates at
an initial density of 2000/well after trypsinization. The cell’s
viability was measured by assay at 0, 24, 48, 72, and 96 hours.
Specifically, 0.02 mL of MTT solution (5 mg/ml in PBS) was
added into each well, and incubated for 4 hours at 37�C. After
that, the medium was replaced by 0.15 mL of dimethyl sulfox-
ide for 15 min incubation. The optical density at 490 nm was
measured by 96 well-plate spectrophotometer (Thermo Scien-
tific, MA). All experiments were performed in triplicate.

Cell cycle analysis

Arsenic treated BEAS-2B (miR-100-inhibitor) and BEAS-2B
(miR-NC) cells were harvested. 1 £ 106 cells collected after
washing twice with PBS, and fixing in cold ethanol (70%) for
overnight. After washing with PBS, cells were permeabilized
with 100 mL RNAase in PBS for 30 min at 37�C in the absence
of light, and then cells were stained with 500 mL of propidium
iodide (PI) for 30 min. The cell-cycle phases were analyzed by
flow cytometry system (BD Biosciences, Bedford, MD, USA) at
an excitation wavelength of 488 nm and an emission wave-
length of 525 nm.

Colony-formation assay

Arsenic treated BEAS-2B (miR-100-inhibitor) and BEAS-2B
(miR-NC) cells were seeded and cultured on 60 mm2 plates at
an initial density of 400/well after trypsinization, each group
was measured in 3 parallel wells, and incubated for 2 weeks at
37�C, 5% CO2. Then cells were washed with PBS, and fixed for
15 minutes at room temperature. Cells were then stained with

crystal violet 10»30 minutes, washed and air-dried. Colony
numbers were counted.

Soft agar assay for colony formation

One thousand arsenic treated BEAS-2B (miR-100-inhibitor) and
BEAS-2B (miR-NC) cells were re-suspended in 1mL of complete
medium (DMEM medium with 10%FBS) containing 0.6% agar
and were then plated on top of a bottom layer that contains
1.2% agar (BD) with complete medium. Plates were cultureed
under normal conditions for 2 weeks, and then cells colony were
counted and photographed under a microscope (Nikon).

Cell migration assays

For the migration assays, a total of 2 £ 104 arsenic treated
BEAS-2B(miR-100 -inhibitor) and BEAS-2B (miR-NC) cells in
serum-free media were placed into the upper chamber of an
insert (8 mm pore size, millepore). The chambers were then
inserted into a 24 well culture plate and filled with DMEM
medium containing 10% FBS. After 8 h, the cells remaining on
the upper surface of the membranes were scraped off, whereas,
the cells located on the lower surface were fixed, stained with
0.1% crystal violet, imaged, and counted under a microscope
(Olympus, Tokyo, Japan). The same experiments were inde-
pendently repeated 3 times.

Western blotting assays

Western blotting was performed according to the standard pro-
cedure. Briefly, cultured cells were lysed in RIPA buffer supple-
mented with complete protease inhibitor (Roche, Mannheim,
Germany). Aliquots (60»80 mg) of total protein extracts were
resolved on 6»10% sodium dodecyl sulfate PAGE (SDS-PAGE)
gels and transferred to polyvinylidene fluoride membranes
(PVDF, Millipore). The membranes were then incubated with
antibodies against E-cadherin (1:1000; Cell Signaling Technology,
USA), Vimentin (1:1000; Cell Signaling Technology, USA), ZEB-
1 (1:1000; Cell Signaling Technology), MMP-3 (1:1000; Cell Sig-
naling Technology, USA), MMP-9 (1:1000; Abcam, USA), b-cat-
enin (1:2000; Cell Signaling Technology), b-actin (1:10000; Santa
Cruz Biotechnology, Santa Cruz, CA). Subsequently, the mem-
branes were incubated with specific HRP-conjugated secondary
antibodies (1:5000; Sigma-Aldrich, St Louis, MO, USA). Signals
were detected using the enhanced chemiluminescence western
blotting system (ComWin Biotech, Beijing, China).

In vivo tumorigenicity assay

Tumor cells (5 £ 105) were diluted with PBS to a total volume
of 0.1 ml. The tumor cells were subcutaneously inoculated into
6-week-old male BALB/C nude mice (5 mice per group) on the
flank regions of legs of both sides. The length and width of the
tumors were monitored every 5 d. The tumor size was calculated
by the formula: width £ length £ (width C length)/2. After
90 d of observation, the mice were sacrificed and the solid tumor
was harvested. All animal experiments were approved by the
Institute Research Ethics Committee of Anhui Medical
University.
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Statistical analysis

The data are expressed as the mean§ SD of at least 3 independent
experiments. The x2 test or rank test was used for categorical varia-
bles, and Student’s T-test for continuous variables. The sigma plot
version 12.5 (systat-software) was used for statistical analysis and
figure creation. �indicates statistical difference with p < 0.05,
��indicates statistical difference with p< 0.01.

Results

Inactivation of miR-100 combined with arsenic promotes
proliferation of BEAS-2B cells

Increased proliferation is an important feature of cancer cells
that is essential for the formation of primary tumors.21 In our
study, we observed the effect on the cell proliferation of
BEAS-2B after silencing the expression of miR-100 by using
miR-100 inhibitor lentivirus expression vector (miR-100
-inhibitor). Cell proliferation was measured by MTT assay
(Fig. 1A).We found that the proliferation ability of BEAS-2B
cells increased after the inactivation of miR-100. It has been
established in the literature that the proliferation of BEAS-2B
cells increased when chronically exposed to sodium arsenite.
To study whether arsenic can effect synergistically with miR-
100 inhibited, the BEAS-2B cells transfected with miR-100
inhibitor lentivirus expression vector were incubated with or
without 0.25 mM arsenic for 10 weeks (AS 20 passages) and

20 weeks (AS 40 passages). Compared with untreated group,
the cell proliferation ability was significantly increased after
low concentration of arsenic exposure (Fig. 1A and B).

Next, the effect of miR-100 inhibition on cell cycle progress
of BEAS-2B cells was determined by flow cytometry (Fig. 1B).
Compared with BEAS-2B/miR-NC cells, BEAS-2B/miR-100-
inhibition cells showed the increased percentage of S phase cells
and decreased percentage of G0/G1 phase cells. However, the
percentage of G2/M phase cells showed no statistically differ-
ence between those 2 groups. To further determine the
synergistic effect of chronic arsenic treatment combined with
miR-100 inactivation, the cells were treated with arsenic for 20
passages and 40 passages, respectively. Similarly, we found that
chronic arsenic treatment after miR-100 inactivation contrib-
uted the BEAS-2B cells to re-enter the cell cycle(S phase).

The effects of miR-100 inactivation on the colony-formation
capacity of BEAS-2B cell was determined by colony-formation
assay (Fig. 1C-D). The results showing that the colony number
and colony size were increased following inhibition of miR-100
in BEAS-2B cells. Similar trend was observed in the chronic
arsenic treated cells (AS [40] and AS [20]) after the miR-100
inactivation.

Taken together, these results confirmed that inhibition of
miR-100 promoted proliferation of BEAS-2B cells, and chronic
arsenic treatment increased BEAS-2B cell proliferation. The
inactivation of miR-100 and chronic arsenic treatment might
play synergistic role in this process.

Figure 1. Inactivation of miR-100, combined with arsenic treatment, promotes proliferation of BEAS-2B cells. A. BEAS-2B cells with miR-100 inhibition were exposed to 0
or 0.25 mM As2O3 for 20, and 40 passages. MTT assay was performed to investigate the cell proliferation. The combination of miR-100 inhibition and chronic arsenic treat-
ment promote the cell proliferation significantly. � p < 0.05, ��p < 0.01. B. Cell cycle analysis by using flow cytometry system suggested that inhibition of miR-100 accel-
erated cell re-entering into the S phase, especially in as BEAS-2B(miR-100-inhibitor)-AS(40) cells.��p < 0.01. C. The colony-formation assay revealed that colony number
and colony size were increased following inhibition of miR-100 in BEAS-2B cells, similar trend was observed in the AS-treated cells(AS (40) and AS (20)) when the expres-
sion of miR-100 was inhibited.�p < 0.05;��p < 0.01.
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Inactivation of miR-100 combined with chronic arsenic
treatment promotes anchorage- independent growth
of BEAS-2B cells

Anchorage-independent growth is a characteristic gained by
cancer cells.22 In this study, we observed that inhibition of
miR-100 promoted anchorage-independent cell growth in soft
agar (Fig. 2). The colony number and size was significantly
increased after the inactivation of miR-100 in BEAS-2B cells.
Furthermore, chronic arsenic treatment promotes the anchor-
age-independent growth of BEAS-2B cells after the miR-100
inactivation, indicated by the increased colony size and colony
number.

Inactivation of miR-100 combined with arsenic promotes
migration of BEAS-2B cells

Cell invasion is a significant aspect of cancer progression.14

To investigate whether inhibition of miR-100 promoted
migration of BEAS-2B cells, we evaluated BEAS-2B cell
migration by using transwell assay. As showed in Fig. 3,
inhibition of miR-100 promoted the migration of BEAS-2B

cells by approximately 50.5% compared with control group.
Moreover, numerous studies had documented that arsenic
induced cell malignant transformation, i.e., promoted cell
proliferation and migration at low concentration. To deter-
mine whether arsenic promoted migration of BEAS-2B cells
after miR-100 inactivation, the cells were treated with low
dose of arsenic chronically. As expected, the migration of
BEAS-2B cells treated with arsenic after miR-100 inactiva-
tion was significantly increased when compared with con-
trol group. Moreover, the promoting effect was associated
with the time of the As2O3 treatment.

These results demonstrated that inhibition of miR-100
promoted the ability of migration of BEAS-2B cells,
while chronic arsenic treatment increased migration
synergistically.

Inactivation of miR-100 combined with chronic arsenic
treatment promotes tumorigenesis of BEAS-2B cells in mice

To further confirm the observed in vitro effects of the inac-
tivation of miR-100 and the chronic arsenic treatment on
the proliferation, viability, and invasiveness of the BEAS-2B

Figure 3. Inactivation of miR-100 combined with arsenic treatment promotes migration of BEAS-2B cells. Left panel: Transwell assays were performed to evaluate the
migratory capabilities of the cells untransfected, transfected with either a miR-100–3p inhibitor (Inh-miR-100) or a miR-100–3p inhibitor control (Inh-NC) with or without
chronic arsenic treatment. Similar trend was observed in the AS-treated cells when the expression of miR-100 was inhibited, especially in as BEAS-2B (Inh-miR-100)-AS
(20) or AS (40) cells. Right panel: Quantitative analysis of the migration rates. ��p < 0.01.

Figure 2. Inactivation of miR-100 combined with arsenic treatment promotes anchorage- independent growth of BEAS-2B cells. Left panel: The soft agar colony formation
assay shows that inhibition of miR-100 promotes anchorage-independent growth of BEAS-2B cells. Right panel: Quantitative analysis of the agar colony formation.
��p < 0.01.
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cells, we investigated its roles in the growth of mammary
tumors in vivo using a tumor xenograft model. The miR-
100 inactivation BEAS-2B cells with or without chronic
arsenic treatment were injected into BALB/C nude mice.

Mammary tumors were detected after the tumor implanta-
tion (Fig. 4). The chronic arsenic treatment combined with
miR-100 inactivation enhanced tumor growth. As shown in
Fig. 4A, the tumor growth was promoted after the chronic

Figure 4. Inactivation of miR-100 combined with arsenic treatment promotes mammary tumor growth of BEAS-2B cells. A. the representative image showed mammary
tumors from the miR-100 inactivation (Lv-Inh-miR100.) BEAS-2B cells with or without chronic arsenic treatment (0.25 mM) for 0, 20, 40 passages. B. Tumor size was moni-
tored every 5 d after injection of BEAS-2B cells. C. Solid tumors were removed after the sacrifice at 90 d. The representative image showed mammary tumor size. D. Solid
tumors from BEAS-2B cells were removed, and their weights were determined after sacrifice. The data were presented as the mean § SEM (n D 5/group) �p < 0.05.
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arsenic treatment, and this effect was significantly enhanced
by the inactivation of miR-100. The mammary tumors were
removed after 90 d for further measurement. As illustrated
in Fig. 4B-D, the miR-100 inactivation combined with
chronic arsenic treatment significantly increased the weight
of the mammary tumors.

Inactivation of miR-100 combined with chronic arsenic
treatment induces the EMT like transition

Literatures indicated that miR-100 is a novel EMT inducer, and
validated in human tumors that miR-100 correlates with EMT-
associated markers.23 It has been reported that chronic expo-
sure to arsenic caused EMT during arsenic-induced malignant
transformation.24 Consistently, in the process of chronic arse-
nic exposure, we observed that chronic arsenic treatment of
BEAS-2B cells, when the expression of miR-100 was inhibited,
underwent a marked morphologic change, i.e., from epithelial
to spindle-like mesenchymal morphology (Fig. 5A).

To further confirm these observations, we next examined the
expression of epithelial and mesenchymal markers by using
western blotting. These results proved that treatment of BEAS-
2B cells with arsenic, after inhibiting the expression of miR-100,
resulted in EMT, as evidenced by reduction of the epithelial
marker E-cadherin, and induction of the mesenchymal markers
vimentin, ZEB1, and the matrix metalloproteinases MMP-3,
MMP-9, and nuclear b-catenin.

To test whether these effects were due to the chronic exposure of
arcsine, an acute As2O3 stimulating experiment was performed.
BEAS-2B cells with miR-100 inactivation were exposed to 5 mM
As2O3 in the short term, i.e., 0, 6, 12, and 24 h. We then examined
the expression of EMTmarkers in treated cells. The results showed
that the epithelial marker (E-cadherin) level was decreased, while
mesenchymal markers (vimentin, ZEB1) and MMP-3, MMP-9,
b-catenin levels were increased, similar results was observed in the
BEAS-2B cells with chronic As2O3 exposure (Fig. 5C).

Overall, the morphological and molecular changes have all
suggested that BEAS-2B cells with the inactivation of miR-100
underwent an EMT process after the As2O3 exposure.

Discussion

Lung carcinogenesis is a long-term process, during which cells
gain malignant biologic behavior, including increased cell pro-
liferation, adhesion, migration, and invasion ability.21,25,26

Human beings are exposed to arsenite (AS) through
environmental, medical, and occupational sources. Acute
and chronic AS exposure via drinking water has been
reported in many countries of the world. There is sufficient
epidemiological evidence to support a causal association
between AS exposure and human disease. Long-term expo-
sure to AS through contaminated drinking water increases
the risk of skin, lung, bladder, liver, and prostate can-
cers.21,24,26 Li Y reported that, a low concentration
(1.0 mM) of AS induces anchorage- independent growth of
HaCaT cells in soft agar.21 In our previous study, the HT-
29 cell lines were exposed to 0 to 15 nM AS for 15 weeks
and 30 weeks. The AS chronic exposure significantly pro-
motes the cell viability, proliferation, migration, and

adhesion in vitro and in vivo. In the present study, the
effect of chronic AS exposure on carcinogenesis was investi-
gated by using human bronchial epithelial cells, therefore,
the higher concentration of 0.25 mM was chosen. In our
study, we have established BEAS-2B cell lines with stable
expression of miR-100 inhibitor, and then treated the cells
with 0.25 mM arsenic for 10 weeks (AS 20 passages) and
20 weeks (AS 40 passages). We demonstrated that inhibi-
tion of miR-100 expression in BEAS-2B cells led to
enhancement of cell proliferation and migration. Further-
more, to understand the synergistic effect of arsenic on
BEAS-2B cells after inhibition of miR-100, the cells were
treated with arsenic chronically. The results shown that
chronic arsenic treatment promoted the malignant transfor-
mation of BEAS-2B cell after inhibition of miR-100
expression.

Arsenic exposure is a risk factor of human lung cancer. Expo-
sure to inorganic arsenic was associated with the occurrence of
lung cancer in a dose dependent manner in the residents with low
methylation capacity in Taiwan.27 Mendez observed, that water
arsenic concentrations were significant and positively associated
with female lung cancer.28 Pratheeshkumar reported that, the arse-
nic induced lung cancer was induced by ROS-dependent activation
of STAT3,3 while another study showed that arsenic bound to
series of antioxidant proteins, such as peroxiredoxin, peroxide
reductase, glutathione reductase, and glyceraldehyde-3-phosphate
dehydrogenase.30 These observation revealed that the arsenic
uptake by living cells increased the reactive oxidative stresses, and
led to chromosome abnormalities and mutation,31 which might
include themicro RNA expression.

The arsenic exposure affected on oncogenic transforma-
tion via affect the miR-100 expression. MiR-100 was down-
regulated in the lung cancer, and considered as a diagnostic
bio-marker.31 The low miR-100 might be a poor prognostic
factor in non-small cell lung cancer patients. Luo reported
that, overexpression of miR-100 in non-small cell lung can-
cer cell inhibited the cancer growth, migration, and chemo-
sensitivity through FGFR3.32 Xiao observed that the
HOXA1 mediated the chemo-resistance of small cell lung
cancer under the regulation of MiR-100.29 In the present
study, the miR-100 inactivation promoted arsenic induced
carcinogenesis in human lung bronchial epithelial cells,
which might reveal the oncogenic transformation of lung
disease under the arsenic exposure.

MiR-100 could induce EMT in human breast tumors.23

Chronic exposure to arsenic caused EMT during arsenic-
induced malignant transformation.24 In our study, we observed
that EMT is involved in inactivation of miR-100 and chronic
arsenic treated BEAS-2B cells. EMT was considered to be a key
early event in tumor invasion and metastasis,33 and was charac-
terized by loss of epithelial cell apical-basal polarity, downregu-
lation of epithelial markers including E-cadherin, and
dissolution of cell-to-cell junctions. These changes promoted
an adhesion switch to predominately cell-matrix interactions,
were accompanied by drastic morphological changes, and were
associated with the upregulation of a variety of cytoskeletal pro-
teins that contribute to increased cell motility34,35 In our study,
miR-100 inactivation in combination with chronic arsenic
treatment of BEAS-2B caused EMT phenotype, a sign with
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Figure 5. Morphological changes and Western Blotting evidences suggested that EMT is involved in the process. A. BEAS-2B cells with inhibited miR-100 were exposed to
0 or 0.25 mM of As2O3 for 0, 20, or 40 passages, and typical images with or without treatment are shown. Note the morphological shift of BEAS-2B cells from epithelial-like
to mesenchymal-like when miR-100 inhibition. B, C. Chronic or acute exposure to As2O3 also induces the EMT-like phenotypical shift. Left panel: BEAS-2B cells with inhib-
ited miR-100 were exposed to 0 or 0.25 mM of arsenic for 20, or 40 passages, or 5 mM of arsenic for 0, 6, 12, 24h. Western Blotting was performed to determine the pro-
tein expression levels of E-cadherin, Vimentin, MMP-3, MMP-9, b-catenin, and ZEB-1. Note that epithelial marker E-cadherin was inhibited by arsenic, whereas
mesenchymal markers (Vimentin, MMP-3, and MMP-9) were upregulated. Right panel: Protein expression was quantified by band intensity and normalized to b-actin.
�p < 0.05; ��p < 0.01.
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more malignant features, particularly associated with increased
metastatic potential.36-38

In this study, we identified as an EMT inducer, and
demonstrated that inactivation of miR-100 in BEAS-2B
cells led to significant enhancement of cell proliferation
and migration. Our findings may help us to better
understand the pathogenesis of lung cancer and facilitate
the development of miRNA-directed diagnostics and cancer
prevention.
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