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Background: Paraquat (PQ) can over-accumulate in alveolar epithelial cells. Anthocyanin (An) can exert anti-oxidative prop-
erties. The role of An in PQ-induced toxicity is unclear, so we aimed to explore whether An could inhibit epi-
thelial mesenchymal transition (EMT) induced by PQ in alveolar cells.

Material/Methods: Alveolar epithelial cells were treated with PQ and An with concentration gradient for 12, 24, and 48 h. The
cell viability, ROS level, and apoptosis rate were determined using the Cell Counting Kit-8 (CCK-8) and flow
cytometry, respectively. The lactate dehydrogenase (LDH) leakage, methane dicarboxylic aldehyde (MDA) level,
glutathione peroxidase (GPx), and superoxide dismutase (SOD) activities were determined by spectrophoto-
metric method. The mRNA and protein expressions were detected using quantitative real-time PCR (gPCR) and
Western blot, respectively.

Results: An reduced the PQ-induced apoptosis in a dose-dependent manner. Moreover, An reduced the ratio of Bax/Bcl-2
to ROS level. We found that An suppressed the activity of LDH and MDA and improved SOD and GPX levels.
Additionally, the level of PQ-induced E-cadherin was decreased by An while the expressions of vimentin, a-smooth
muscle actin (-SMA), and collagens type | (col-l) were increased. Furthermore, An inhibited the levels of trans-
forming growth factor f1 (TGF-B1) and activin receptor-like kinase 5 (ALK5) and reduced the phosphorylation
of smad2.

Conclusions: Our study shows newly discovered effects of anthocyanidins on EMT and supports their chemopreventive ef-
fects in paraquat-induced apoptosis in alveolar type Il cells.
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Background

Paraquat (PQ, 1, 1’-dimethyl-4, 4’-bipyridinium) can accumu-
late to an especially high level in alveolar type Il (AT2) epithelial
cells; it is an extremely poisonous substance and its primary
pathological target organ is the lungs [1-3]. PQ-induced acute
pulmonary fibrosis can cause respiratory failure, thus leading
to death [4,5]. Lung epithelial cells can acquire mesenchymal
properties by epithelial-mesenchymal transition (EMT), which is
expressed as decreased epithelial cell markers (E-cadherin) and
increased mesenchymal cell markers (vimentin) [6]. Epithelial
cells can be transformed to mesenchymal cells during the
EMT process [7]. Moreover, EMT was revealed to be involved
in lung fibrosis [8,9].

It was reported that PQ can cause fatal human toxicity by a
oxidation-reduction cycle, as well as accumulating reactive ox-
ygen species [10,11], which contributes to oxidative damage
to cells. Apoptosis of alveolar epithelial cells is regarded as an-
other molecular mechanism of PQ-induced lung injury [12-14].
Several drugs were reported to be effective against PQ toxicity,
but they exert little effect in PQ-induced lung injury.

Recently, many studies have demonstrated that PQ-induced
lung toxicity can be alleviated primarily by antioxidant [15-18]
and anti-apoptotic [13,19] pathways. Anthocyanins (An)
have been reported to protect against cellular oxidation
and inhibit oxidant-induced inflammatory cell damage and
cytotoxicity [20-25]. Recently, An was shown to suppress the
TGF-B/smad?2 signaling pathway via inhibition of EMT in glio-
blastoma cells [26]. However, the effect of anthocyanin on
PQ-induced apoptosis and EMT is still unclear. Therefore, the
present study was performed to explore the potential mech-
anism of anthocyanin in PQ-induced lung injury.

Material and Methods

Reagents

Anthocyanins were obtained from Extrasynthese (Genay,
France). RPMI-1640 media, fetal bovine serum (FBS), and para-
quat solution were purchased from Sigma-Aldrich (St. Louis,
MO, USA). RIPA, Cell Counting Kit-8 (CCK-8), 2’, 7’-dichlorofluo-
rescin diacetate (DCFH-DA), sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE), and BCA protein assay
kits were purchased from Beyotime Institute of Biotechnology
(Haimen, Jiangsu, China). Kits used for lactate dehydrogenase
(LDH), methane dicarboxylic aldehyde (MDA), glutathione per-
oxidase (GPx), and superoxide dismutase (SOD) detection were
purchased from the Jiancheng Institute of Bioengineering
(Nanjing, China). Trizol was purchased from Invitrogen (Carlsbad,
CA) and the FastQuant RT Kit was purchased from TIANGEN
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(Beijing, China). Antibodies used for Western blot analyses
were anti-Bcl-2, anti-Bax, anti-vimentin, anti-TGF-1, anti-
ALK5, and anti-B-actin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA); anti-phospho-smad2 (p-smad2) and anti-smad2 (Cell
Signaling Technology, Beverly, MA); anti-E-cadherin, anti-a-
SMA, and anti-col-I (Abcam, Cambridge, MA, USA); and horse-
radish peroxidase (HRP)-conjugated antibody (Sigma-Aldrich,
St. Louis, MO, USA).

Cell culture and treatment

RLE-6TN cells were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). RLE-6TN cells were main-
tained in RPMI-1640 media containing 10% FBS at 37°C with
5% CO, in an incubator. For CCK-8, cells were incubated with
concentration gradient of PQ (0, 5, 25, 50, and 100 pM) and
An (0, 10, 20, 40, and 80 pM) for 12, 24, and 48 h, respectively.
Moreover, cells were treated by PQ with different levels of An
(20, 40, and 80 pmol/L) for 12, 24, and 48 h.

CCK-8 assay

Cells (1x10% were cultivated and then CCK-8 was added to
each group for 4 h. Absorbance was measured at 450 nm using
a MultiSkan3 ELISA Reader (Thermo Fisher scientific, USA).

Detection of cell apoptosis

Cell apoptosis in each group was analyzed by Annexin V-PE apop-
tosis detection kit according to the manufacturer’s protocol (BD
Biosciences, San Jose, CA, USA). Cell apoptosis was analyzed by
flow cytometry (Guava Technologies, Inc., Millipore, USA). Data
analysis was performed using FCS ExpressV3 software (De Novo
Software, Los Angeles, CA). Cells in each group were identified
by fluorescent staining: Annexin V-PE stained cells represented
early apoptotic cells, 7-AAD bounded cells represented necrotic
cells, and double-labeled cells represented late apoptotic cells.

ROS determination

The cells (2x10°) were cultivated in a 6-well plate. Thereafter,
DCFH-DA (10 mM) was added in the medium and incubated
in the dark at 37°C for 0.5 h. The cells were measured by flow
cytometry (Guava Technologies, Inc., Millipore, USA).

Measurement of LDH, MDA, SOD, and GPx activity

The cells were incubated and centrifuged for the measure-
ment of LDH leakage, MDA level, SOD, and GPx activities. The
content of LDH release, MDA level, and SOD activities were
determined according to the manufacturer’s protocol. The ab-
sorbance was read using a Hitachi U-2000 recording spectro-
photometer (Tokyo, Japan).
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Table 1. Primers for qPCR.
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Gene Forward primers (5°-3’) Reverse primers (5’-3°)
E-cadherin GGGTTGTCTCAGCCAATGTT CACCAACACACCCAGCATAG
a-SMA AGCCAGTCGCCATCAGGAAC CCGGAGCCATTGTCACACAC
Vimentin AGATCGATGTGGACGTTTCC CACCTGTCTCCGGTATTCGT
Col-I TGCTGCCTTTTCTGTTCCTT AAGGTGCTGGGTAGGGAAGT
Bax GCCTTTTTGTTACAGGGTTTCA CACAAAGATGGTCACTGTCTGC
Bcl-2 ATAAGCTGTCACAGAGGGGCTA CGGTTCAGGTACTCAGTCATCC
B-actin TTGCCGATAGTGATGACCT CGTGCGTGACATTAAAGAG

A B
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100 4 100 A
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Figure 1. An increased the viabilities of RLE-6TN cells treated by PQ. (A) The cell viabilities of the RLE-6TN cells decreased with the
increased concentration of PQ administered for 12, 24, and 48 h. (B) The viability of RLE-6TN cells was maintained by
different doses of An for 12, 24, and 48 h. (C) The viability of RLE-6TN cells treated by PQ (50 pM) were increased by low
(20 uM), medium (40 pM), and high (80 pM) concentrations of An. *, ¥, A P<0.05 compared with control group.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNA of cells (5x10°) in each group was extracted by Trizol
reagent and the concentrations and the purity were determined.
Then, cDNA was reversed according to the kit protocol. The
gPCR reactions were performed in the ABI 7900 PCR system
(Applied Biosystems, Foster City, CA, USA) with the following
conditions: 95°C for 10 min, 40 cycles of 95°C for 15 s, and 60°C
for 1 min. The specific primers are shown in Table 1. GAPDH

served as a reference gene and each sample were detected
at least 3 times. The results were evaluated by 222t method.

Western blotting

RLE-6TN cells were lysed in lysis buffer followed by the de-
termination of protein concentrations by a BCA kit. Total pro-
teins severed by SDS-PAGE were transferred onto polyvinyl-
idene difluoride membranes (GE Healthcare, Little Chalfont,
United Kingdom). The membranes were incubated overnight
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Figure 2. An inhibited the PQ-induced apoptosis of RLE-6TN cells.

(A) The apoptosis rate in each group as shown by flow cytometry.

(B-D) Western blot and gPCR results showed that the ratios of Bax/Bcl-2 were decreased by An. * P<0.05 compared with

control group.

at 4°C with primary antibodies after blocking with 5% nonfat
milk solution. The membranes were washed and finally incu-
bated with HRP-conjugated secondary antibodies (1: 3000). The
proteins were detected using the Molecular Imager VersaDoc
MP 5000 System (Bio-Rad Life Science Research, Hercules,
CA) and analyzed with Quantity One software v4.6.9 (Bio-
Rad, Hercules, CA).

Statistical analysis

Data are expressed as the mean +SEM. One-way analysis
of variance (ANOVA) was used to evaluate the differences
among groups. A value of P<0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
software (version 15.0, SPSS, Chicago, IL, USA).
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Results

An improved the decreased cell viability induced by PQ

PQ reduced the cell viability in a dose-dependent manner, and
50 uM PQ significantly inhibited the cell viability (Figure 1A).
An had very little effect on the proliferation of normal RLE-6TN
cells (Figure 1B). However, 24 or 48 h after An treatment, the
decreased cell viability caused by PQ was obviously increased
by An (Figure 1C).

An inhibited the PQ-induced apoptosis in a time- and
dose-dependent manner

When the cells were exposed to PQ, the total number of apop-
totic cells was increased by more than 20%, while An inhib-
ited cell apoptosis in a dose-dependent manner (Figure 2A).
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Figure 3. An attenuate the PQ-induced oxidative stress in RLE-6TN cells. (A) The ROS level in each group was detected by flow
cytometry. The levels of (B) LDH, (C) MDA, (D) SOD, and (E) GPx were measured by commercial kits. * P<0.05 compared with

control group.

Furthermore, Western blot results showed that An sup-
pressed the level of Bax but enhanced the expression of Bcl-2
(Figure 2B). The ratios of Bax/Bcl-2 were also decreased by An
at protein and mRNA levels (Figure 2C, 2D).

An attenuated PQ-induced oxidative stress in RLE-6TN cells

The ROS level was evidently increased by PQ, and low con-
centration of An could not inhibit the ROS level. Moreover,
the high level of An significantly reduced ROS accumulation
(Figure 3A). Additionally, a remarkable increase in LDH leakage
was observed in cells treated by PQ compared with the control
group. However, the increased LDH release was reduced by An
(Figure 3B). Similarly, the obviously increased levels of MDA
induced by PQ were reduced by An (Figure 3C). Additionally,
the activities of SOD and GPx in the PQ group were obviously
decreased compared with the control group, whereas the high
level of An partly recovered the decreased levels of SOD and
GPx (Figure 3D, 3E).

An regulated the EMT-related molecules in RLE-6TN cells

The expression of E-cadherin was obviously decreased by PQ,
while the levels of a-SMA, vimentin, and col-I were increased
by PQ treatment. However, An reversed the expression patterns.
Moreover, the expressions of PQ-induced o-SMA and vimentin
were largely suppressed to the control levels by the high level
of An (Figure 4A-4D). Western blot results showed a similar pro-
tein expression trend as with mRNA (Figure 4E). An improved
the protein expression and suppressed the protein levels of
o-SMA, vimentin, and col-I (Figure 4F-41).

An suppressed the levels of TGF-f1 and ALK5 as well as
the phosphorylation of smad2 in RLE-6TN cells

To further illuminate the potential mechanism of An in PQ-
induced EMT, the protein levels of TGF-B1, ALK5, p-smad2,
and smad2 were determined in RLE-6TN cells (Figure 5A). The
levels of PQ-induced TGF-B1 (Figure 5B) and ALK5 (Figure 5C)
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Figure 4. An regulated the EMT-related molecules in RLE-6TN cells. The mRNA levels of (A) E-cadherin, (B) a-SMA, (C) vimentin, and (D)
col-1 were determined by qPCR. (E-I) The protein levels of E-cadherin, a-SMA, vimentin, and col-I by as indicated by Western

blot analysis. * P<0.05 compared with control group.

were significantly reduced by An. Furthermore, the ratio of
p-smad2/smad2 was markedly decreased by An (Figure 5D).

Discussion

Oxidative stress, inflammation, and pneumocyte apoptosis
may play roles in the pathology of PQ-induced pulmonary fi-
brosis [27-30]. In the present study, the major finding was
that An attenuated the PQ-induced apoptosis and regulated
the EMT-related molecules in RLE-6TN cells. Furthermore, An
not only inhibited the levels of TGF-B1 and ALK5, but also the
phosphorylation of smad2 in the RLE-6TN cells.

According to several in vitro experiments, PQ caused apoptosis
of various cells [12,31,32]. In our study, the high concentration
of PQ led to the apoptosis of RLE-6TN cells, confirming that
acute PQ injury can trigger apoptosis, in line with results of a
previous study [6]. An improved the viability of PQ-treated RLE-
6TN cells in time- and dose-dependent manners. Moreover, the

apoptosis rate induced by PQ was significantly suppressed by
An. Furthermore, the pro- and anti-apoptosis members of the
Bcl-2 family were reported to serve as an index for cell apop-
tosis [33]. An inhibited the expression of Bax (pro-apoptosis)
and up-regulated the Bcl-2 (anti-apoptosis) level, indicating
that An can attenuate PQ-induced cytotoxicity and apoptosis.

ROS have been reported to play a critical role in PQ-induced
lung toxicity [29]. In the present study, high-dose An almost re-
duce the ROS level to nearly the same level as in as the control.
Additionally, PQ can destroy the antioxidant system and cause
oxidative damage. LDH is related to cell viability and membrane
integrity, and MDA can be used to evaluate oxidative stress
as an indicator of membrane lipid peroxidation [34,35]. Our
results showed that An can prevent LDH leakage and reduce
MDA activity. The antioxidant defense systems include enzy-
matic and non-enzymatic antioxidant mechanisms. As a main
antioxidant enzyme, SOD exerts a protective effect against ox-
idative stress-induced injury [36]. GPx is a non-enzymatic anti-
oxidant that may be associated with organic antioxidation [37].
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Figure 5. An suppressed the expressions of TGF-B1 and ALK5 and the ratio of p-smad/smad. (A) The protein levels of TGF-$1, ALK5,
p-smad, and smad as shown by Western blot analysis. The protein levels of (B) TGF-B1 and (C) ALK5 were decreased by An

and (D) the ratio of p-smad/smad was also reduced by An. *

In our study, the levels of SOD and GPx were obviously im-
proved by An. These results suggest that An can alleviate PQ-
induced oxidative damage.

In the EMT process, epithelial cells lose epithelial markers
(E-cadherin) and acquire mesenchymal markers (vimentin),
accompanied by obliterated cell-cell adhesion and improved
motility [38]. a-SMA is reported to be a specific protein of
myofibroblast differentiation, and col-l is highly expressed in
fibrotic lung tissues [39,40]. We found that PQ enhanced the
expression of E-cad, and the levels of a-SMA, vimentin, and
col-I were decreased by PQ, suggesting that PQ can induce EMT
and lead to increased EMT events in RLE-6TN cells. However,
An can reverse the expressions of these molecules.

As a major inducement of EMT [41], TGF-B1 can bind and acti-
vate ALKS5, and the activated ALK5 can phosphorylate Smad?2
and Smad3 [42] to form heteromeric complexes with Smad4,
which translocate into the nucleus, leading to EMT [43].
However, EMT has been reported to be related to smad2 sig-
naling in multiple cancer cell types [44,45]. Meanwhile, it was
revealed that TGF-B1 can trigger EMT in lung cancer cells [46].
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In the present study, TGF-B1 and ALK5 levels were significantly
increased by PQ, suggesting that PQ induces TGF-B1 and ALK5
in RLE-6TN cells. An attenuated the expressions of the TGF-1
and ALK5. Meanwhile, the ratio of p-samd2/smad2 induced by
PQ was markedly decreased by An. These results suggest that
An can inhibit PQ-induced EMT by regulating TGF-B1, ALK5,
and smad2 in RLE-6TN cells.

Conclusions

We demonstrated that anthocyanin can attenuate PQ-induced
apoptosis and EMT in RLE-6TN cells. Furthermore, anthocyanin
can suppress the expression of TGF-B1, reduce the level of ALK5,
and inhibit the phosphorylation of smad2. These results are
the first to show the effect of anthocyanin in the treatment
of PQ-induced lung injury.
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