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Abstract

Paraquat (PQ) and diquat (DQ), two highly efficient herbicides sharing similar chemical backbone, both induce reactive
oxygen species and are highly toxic to humans and livestock, however, PQ but not DQ poisoning result in pulmonary fibrosis,
the leading cause of high mortality rate in patients suffering PQ toxicity. Understanding the unique mechanism of PQ
different from DQ therefore would provide potential strategies to reduce PQ-induced pulmonary fibrosis. Here, we identified
that PQ but not DQ continuously upregulates TGF-β expression in alveolar type II (AT II) cells. Importantly, such high
expression of TGF-β increases cytosolic calcium levels and further promotes the activation of calcineurin-NFAT axis. TGF-β
mainly activates NFATc1 and NFATc2, but not NFATc3 or NFATc4. Administration of the inhibitors targeting cytosolic calcium
or calcineurin largely reverses PQ-induced epithelial–mesenchymal transition (EMT), whereas DQ has little effects on
activation of NFAT and EMT. Ultimately, PQ poisoned patients exhibit significantly reduced blood calcium levels compared to
DQ poisoning, possibly via the large usage of calcium by AT II cells. All in all, we found a vicious cycle that the upregulated
TGF-β in PQ-induced EMT further aggravates EMT via promotion of the calcium–calcineurin axis, which could be potential
drug targets for treating PQ-induced pulmonary fibrosis.
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Introduction
Paraquat (PQ) is a highly efficient nonselective contact herbicide
commonly used worldwide. So far, >140 countries and regions
were reported to utilize PQ for agricultural production [1]. How-
ever, PQ is extremely toxic in human and livestock through
self-administration or accidental ingestion. PQ can be absorbed
by digestive tract, respiratory tract and skin, which ultimately

results in severe damage to multiple organs, especially pul-
monary fibrosis, one of the leading causes for PQ-induced mor-
tality [2]. Due to its toxicity, PQ has been replaced by diquat (DQ),
another dipyridylium herbicide with structural similarity of PQ,
in some countries [3]. Though DQ is also toxic to humans, the
toxicity of DQ has been reported to be less severe than that
of PQ. DQ has been reported to mainly affect the liver or the
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kidney [4]. Unlike PQ, pulmonary injury is less prominent with
DQ administration and no progressive pulmonary fibrosis has
been observed in DQ poisoning [5]. It has been reported that
DQ cannot be absorbed by alveolar type II (AT II) cells, leading
to its low toxicity to the lung [6, 7]. However, both PQ and DQ
treatment result in cell toxicity in A549 cells, a cell line of AT II
cells, indicating that DQ toxicity can also affect AT II cells but
not lead to pulmonary fibrosis, probably with a different mech-
anism compared to PQ poisoning. Therefore, understanding that
how PQ and DQ behave differently in AT II cells might provide
potential strategies to treat PQ poisoning and related pulmonary
fibrosis.

Patients of pulmonary fibrosis suffer progressive dete-
rioration. Some of them progress slowly whereas others
decline quickly. TGF-β signaling has been proposed as an
important initiator. Numerous studies have addressed the
functions and mechanisms of TGF-β signaling in modulation
of pulmonary fibrosis [8]. TGF-β induces multiple types of
cell transition, including epithelial-to-mesenchymal transition
(EMT), endothelial-to-mesenchymal transition, fibroblast-to-
myofibroblast transition [9–11]. Importantly, EMT has been
recognized as the pivotal event for the malignant progression of
pulmonary fibrosis, from which TGF-β signaling plays a central
role in EMT in AT II cells [12]. All of these observations raise
the possibility that TGF-β is a potential important signal for
PQ poisoning, which has been indeed clarified in several studies.
However, little has been addressed whether DQ poisoning affects
TGF-β signaling, which might be the key factor for the difference
between PQ and DQ.

Activation of TGF-β downstream cascades are important pro-
cess to promote EMT and pulmonary fibrosis, including the TGF-
β/SMADs downstream axis as well as the crosstalk with the
WNT signaling and the MAPK pathway [13]. Interestingly, DQ
has also been recognized to activate WNT signaling or MAPK
[14, 15], making us to address other potential cascades activated
by TGF-β in modulation of EMT process. Calcium signaling has
been indicated as another important modulator together with
TGF-β signaling for the induction of EMT in tumor cells, such
as breast cancer cells [16]. However, little has been addressed
that whether PQ but not DQ modulates TGF-β raised calcium
signaling and thus EMT in AT II cells that facilitates pulmonary
fibrosis.

Calcium signaling is one of the major routes modulating mul-
tiple biological functions as calcium ions are the second messen-
ger that exhibits almost omnipotent functions [17]. Unlike other
second messengers, calcium ions could not be generated by cells
but all from extracellular calcium entry [18]. The calcium influx
could then increase cytosolic calcium levels that activates cal-
cineurin and dephosphorylates NFAT family members, including
NFATc1, NFATc2, NFATc3, and NFATc4 [19]. The dephosphorylated
NFATs translocate into the nuclear and act as a transcriptional
factor for multiple genes expression, including E-cadherin and
Vimentin, the EMT markers [20]. Importantly, it is unclear that by
which NFATs does TGF-β induce calcium signals and thus EMT
in AT II cells.

The current study was designed to answer whether and
how PQ but not DQ modulates TGF-β induced calcium-
NFAT axis and thus EMT in AT II cells. Understanding the
precise mechanisms between PQ and DQ in modulation
of TGF-β induced calcium signaling would provide specific
efficient strategies for treating PQ-induced pulmonary
fibrosis.

Material and Methods
Reagents

PQ (Cat. No: 36541) and DQ (Cat. No: 45422) were purchased from
Sigma Chemical Co (St. Louis, MO, USA). The enhanced chemo-
luminescence (ECL) reagent was acquired from Millipore (Biller-
ica, MA, USA). The cell culture dishes or plates were purchased
from CORNING (Tewksbury, MA, USA).

Cell culture

A549 cells were purchased from Stem Cell Bank, Chinese
Academy of Sciences and cultured in Ham’s F-12K Medium
(Genom, GNM21127) supplemented with 10% fetal bovine
serum (GIBCO,42Q1095K), penicillin (Genom, GNM15140) and
streptomycin (Genom, GNM15140). The cells were grown at 37◦C
in a 5% carbon dioxide incubator.

Quantitative RT-PCR analysis

A549 cells were treated with 10 ng/ml TGF-β, 50 μM BAPTA,
1 μM CsA, or 800 μM PQ as indicated. The treated cells were
lysed in TRIZOL (Vazyme Biotech Co, R701-02), after which total
RNA was extracted for reverse transcription by HiScript III RT
SuperMix kit (Vazyme Biotech Co, R323). The mRNA expression
of TGF-β, NFATc1, NFATc2, NFATc3, NFATc4, E-Cadherin, Vimentin
was monitored by semiquantification analysis in QuantStudio 7
Flex (Thermo Fisher Scientific, CA, USA) with utilizing the ChamQ
SYBR Color qPCR Master Mix (Vazyme Biotech Co, R323, Q411–02).
Data are normalized to GAPDH and calculated by 2[−(Ct target
gene−Ct GAPDH)]. The sequence of the PCR primers utilized
in this study is shown below: GAPDH (F: 5′ ACCCAGAAGACT-
GTGGATGG 3′; R: 5′ TTCAGCTCAGGGATGACCTT 3′), E-cadherin
(F: 5′ TTCCTCCCAATACATCTCCC 3′; R: 5′ TTGATTTTGTAGTCAC-
CCACC 3′), Vimentin (F: 5′ CTCTTCCAAACTTTTCCTCCC 3′; R: 5′

AGTTTCGTTGATAACCTGTCC 3′), NFATc1 (F: 5′ TGTGCCGGAATC-
CTGAAACTC 3′; R: 5′ GAGCATTCGATGGGGTTGGAG 3′), NFATc2
(F: 5′ GAGCCGAATGCACATAAGGTC 3′; R: 5′ CCAGAGAGACTAG-
CAAGGGG 3′), NFATc3 (F: 5′ GCTCGACTTCAAACTCGTCTT 3′; R:
5′ GATGCACAATCATCTGGCTCA 3′), NFATC4 (F: 5′ ACCCTACAGAT-
GTTCATCGGC 3′; R: 5′ ATTCCCGCGCAGTCAATGT 3′).

Western blot

A549 cells were treated with or without 800 μM PQ or DQ for
24 hours, after which the cells were lysed in 1× SDS loading
buffer. The lysates were separated by 10% SDS-PAGE gels and
transferred onto a nitrocellulose filter membrane (NC) mem-
brane (Pall, 66 485). The membrane was blocked in 5% nonfat
milk for 1 hour and primary antibodies targeting TGF-β (Affinity,
AF1027, 1:1000), E-Cadherin (Cell Signaling Technology, 3195S,
1:1000), Vimentin (Cell Signaling Technology, 5741S, 1:1000), or
GAPDH (Proteintech, 60 004-1-Ig, 1:1000) were utilized. The blots
were imaging in Amersham Imager 600 (Cytiva, MA, USA).

Immunofluorescence

A549 cells were plated on glass coverslips in a 24-well plate.
After attachment, the cells were stimulated with 800 μM PQ for
24 hours, fixed in 4% paraformaldehyde, permeabilized with 0.1%
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TritonX-100 (Biosharp, BS100) and blocked with 0.2% BSA.
The cells were then incubated with primary antibodies for
TGF-β (Affinity, AF1027, 1:100) at RT for 1 hour, followed by
incubation with 594-conjugated goat antirabbit secondary
antibody (Thermo, A32723, 1:2000) for 1 hour. The stained
cells were imaged and recorded by laser scanning confocal
microscopy (Leica).

Flow cytometric analysis

A549 cells were plated in a six-well plate at a concentration of
1 × 106 cells/dish in the complete growth medium. The attached
cells were stimulated with 10 ng/ml TGF-β for 24 hours. The
stimulated cells were then washed twice with Hanks’ Balanced
Salt Solution (Beyotime, C0218) and incubated with 2 μM Fluo-
3/AM (Beyotime, S1056) diluted in Hanks’ buffer for 30 minutes
at 37◦C in the dark. The stained cells were then washed and
collected to detect the presence of [Ca2+]i using a FACScan flow
cytometer (BD FACS Fortessa, USA).

Statistical analysis

Data are represented as mean ± SD. Experiments with multiple
comparisons were performed using one-way or two-way ANOVA
followed by Bonferroni post-tests, as indicated. N.S., not signifi-
cant, ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

Results
PQ but not DQ raises TGF-β expression in AT II cells

TGF-β is well recognized as a secreted protein that acts in
an autocrine or a paracrine pattern [21]. We therefore firstly
observed whether PQ treatment could induce TGF-β mRNA
expression in A549 cells, a cell line of AT II cells. Consistent
with other reports, PQ treatment significantly induces TGF-β
expression at 24 hours (Fig. 1B). TGF-β expression shows a trend
of increase after PQ treatment at 6 hours, yet no statistical signif-
icance has been observed, indicating that the induced expression
of TGF-β by PQ might continuously aggravate pulmonary fibrosis,
probably via an autocrine pattern. We then further observed the
distribution of TGF-β via immunofluorescence after 24 hours
treatment of PQ. Consistent with the mRNA expression of TGF-β,
the overall TGF-β signal is largely enhanced in PQ treated cells
compared to the vehicle control (Fig. 1C). Importantly, multiple
signals of TGF-β are evenly distributed in whole cells, indicating
that TGF-β is under post-modification and ready to secret out of
the cells. In addition, some of the TGF-β signals seem to exhibit
membrane-localized pattern, raising the possibility that TGF-
β secreted by A549 cells could act in an autocrine pattern to
modulate AT II cells functions.

To further confirm the abundance of TGF-β proteins raised by
PQ, we performed WB analysis and again found that PQ strikingly
increases the expression of TGF-β accompanied with a robust
decline of E-Cadherin expression and increase of Vimentin expres-
sion (Fig. 1D), biomarkers of epithelial cells or mesenchymal cells,
respectively. Next, we wonder whether DQ would also affect TGF-
β expression. Interestingly, unlike PQ, DQ exhibits little effects on
the expression of TGF-β both in mRNA level (Fig. 1E) or protein
level (Fig. 1F), indicating that the increased expression of TGF-β
and followed activation of TGF-β signaling would be the potential
reason for the difference between PQ and DQ poisoning.

TGF-β stimulation enhances cytosolic calcium burden
in AT II cells

The increased expression of TGF-β and its partial membrane-
localized pattern after PQ treatment raises us to further clarify
the followed activated signaling. As mentioned in the Introduc-
tion, we are specifically interested in understanding whether
TGF-β could enhance calcium signals in AT II cells. Therefore, we
measured the cytosolic calcium levels via Fluo-3 AM staining in
A549 cells treated with TGF-β for 24 hours. Compared to the blank
group, the Control group shows a strongly enhanced signal, sug-
gesting that the calcium measurement system we established in
this study works well. Compared to the control cells, the TGF-β
treated cells exhibit further enhanced signals (increased 40.6%
compared to the control cells) (Fig. 2A–C). Consistently, the anal-
ysis of the Geometric mean further confirms the observations.
We repeatedly observed the increase of cytosolic calcium levels
in TGF-β treated cells with a consistent increase trend (Fig. 2D),
suggesting that the TGF-β signal is critical for raising cytosolic
calcium levels in AT II cells.

TGF-β promotes the expression of NFATc1, NFATc2 and
NFATc3, but not NFATc4

NFAT activation is well characterized as the major downstream
event raised by increased cytosolic calcium concentrations [22].
Different cell types exhibit their unique calcium-NFAT axis by
activating specific NFAT family members. To clarify the major
NFAT activation in response to TGF-β stimulation in A549 cells,
we analyzed the NFAT expression profile w/wo TGF-β stimula-
tion in A549 cells. As shown in Fig. 3A, we have been able to detect
the expression of NFATc1, NFATc2, and NFATc3 in A549 cells
while little NFATc4 could be observed (Fig. 3A), suggesting that
NFATc4 plays little roles in A549 cells. Moreover, all of the three
NFATs are highly upregulated with TGF-β stimulation, indicating
TGF-β is a nonselective inducer for NFAT activation.

TGF-β activates NFATc1 and NFATc2 via the
calcium–calcineurin axis

To further clarify whether the expression of NFATs is raised
by TGF-β induced calcium cascades, we then introduced
cyclosporine A (CsA) and BAPTA, two inhibitors targeting
calcineurin or cytosolic calcium ions, respectively [23, 24]. As
shown in Fig. 3B–D, treatment of CsA and BAPTA largely reduces
TGF-β induced NFATc1 and NFATc2 expression (Fig. 3B and C).
Interestingly, CsA but not BAPTA exhibits effective inhibition
on TGF-β induced NFATc3 expression (Fig. 3D), indicating
alternative pathways independent of cytosolic calcium signals
exist for activation of calcineurin and thus NFATc3 raised by TGF-
β. Nevertheless, these results clearly show that TGF-β mainly
activates NFATc1 and NFATc2 through calcium–calcineurin axis
in A549 cells. Moreover, as NFATc1 is much strongly expressed
compare to NFATc2 or NFATc3, it would be highly possible
that NFATc1 plays a major role in A549 cells in response to
extracellular stimulator induced calcium signals, such as TGF-β.

PQ but not DQ promotes EMT via the
calcium–calcineurin axis in AT II cells

The activation of calcium-NFAT axis by TGF-β in A549 cells
arouse us to further understand the relevant biological functions.
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Figure 1: TGF-β is upregulated in PQ but not DQ-treated A549 cells. (A) Chemical structure of paraquat and diquat. (B) QPCR analysis of tgf-β expression. A549 cells

were treated with 800 μM PQ for 0, 6, or 24 hours as indicated. One-way ANOVA was performed for analyzing statistical significance. N.S., not significant; ∗P < 0.05. (C)

Immunofluorescence assay for observation of TGF-β abundance and distribution in A549 cells treated with or without 800 μM PQ. (D) Western blotting for the expression

level of TGF-β in A549 cells treated with or without 800 μM PQ. E-Cadherin and Vimentin are makers for EMT. (E) A549 cells were treated with or without 800 μM DQ for

24 hours as indicated. Student’s t-test was performed for analyzing statistical significance. N.S., not significant. (F) Western blotting for the expression level of TGF-β in

A549 cells treated with or without 800 μM DQ for 24 hours.

Many studies have already shown TGF-β induces EMT via the
calcium signaling in tumor cells [25]. We have clarified that
PQ induces TGF-β expression in A549 cells in Fig. 1. Therefore,
we speculated that PQ induced EMT could be a result of
increased TGF-β expression induced calcium-NFAT activation.
To address this possibility, we examined the expression of E-
Cadherin and Vimentin. Consistent with others and our previous
reports, PQ treatment significantly reduces the expression of E-
Cadherin while increases the expression of Vimentin in A549 cells,
suggesting that PQ induces EMT in AT II cells. Administration of
CsA or BAPTA significantly reduces PQ-induced EMT. Specifically,
treatment of BAPTA almost normalizes PQ-reduced expression
of E-Cadherin (Fig. 4A) while inhibits PQ-induced expression of
Vimentin (Fig. 4B). Similar trends were observed in CsA treated
cells. These results suggest that PQ-induced EMT is largely
dependent on calcium-NFAT signaling.

On the contrary, DQ plays little effects on EMT process as
DQ treatment in A549 cells does not affect the expression
of E-Cadherin or Vimentin (Fig. 4C and D). Also, DQ does not
induce NFAT family members expression (Fig. 4E–G), even
reduces the expression of NFATc3. These results together suggest
DQ plays little effects on calcium-NFAT activation as well
as EMT.

Patients suffering PQ poisoning exhibits relatively low
blood calcium levels compared to DQ poisoning

The different response of calcium-NFAT activation between PQ
and DQ treatment in A549 cells raises us to further explore
the clinical relevance. Since calcium ions in cells all come from
extracellular calcium entry, the continuous increased cytosolic
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Figure 2: TGF-β increases cytosolic calcium concentrations in A549 cells. (A–D) A549 cells were treated with 10 ng/ml human recombinant TGF-β for 24 hours. Cells

were subjected to Fluo-3 AM staining and flow cytometry measurement. Representative data (A) and quantification analysis of the positive percentage of fluorescence

signals (B) or geometric mean (C) were shown. (D) The experiment was biologically replicated and fold change of the replicate experiment was calculated. Student’s

t-test was performed for analyzing statistical significance. ∗∗P < 0.01.

calcium levels by the PQ-TGF-β axis might slightly reduce extra-
cellular calcium pools. We therefore speculate that PQ poison-
ing might exhibit reduced blood calcium levels in patients. By
retrospectively analyzing the results of blood tests in patients
suffering PQ or DQ poisoning in our hospital in recent years, we
found that patients suffering PQ poisoning exhibit significantly
reduced blood calcium levels compared to DQ poisoning in the
initial term (Fig. 4H). More importantly, blood calcium levels in
DQ poisoning patients are kept in normal range. These results
indicate that reduced blood calcium levels and intracellular cal-
cium overburden are important features of PQ poisoning that
differs from DQ poisoning, which might be the potential drug
targets for treating PQ poisoning and related pulmonary fibrosis.

Discussion
Both PQ and DQ have been recognized to promote reactive oxy-
gen species (ROS) and therefore lead to cell toxicity and organs
failure [26, 27]. However, little has been addressed that how
PQ and DQ show largely different toxicity in AT II cells thus

pulmonary fibrosis. Here, by using the in vitro analysis of A549
cells exposure to PQ or DQ, we revealed that PQ but not DQ raises
the expression of TGF-β in A549 cells and the expressed TGF-
β further activates calcium–calcineurin-NFATc1 axis, leading to
EMT process in AT II cells, which is responsible for pulmonary
fibrosis in PQ poisoning. Our study provides a potential reason
why PQ and DQ exhibit totally different functions in pulmonary
fibrosis, yet sharing a similar chemical backbone.

ROS has been recognized as one of the major signals that
aggravates pulmonary fibrosis [28, 29]. In the scenario of PQ treat-
ment, multiple studies have revealed that ROS is the major signal
for pulmonary fibrosis and numerous strategies developed to
eradicate ROS have been reported to treat PQ induced pulmonary
fibrosis [30], however, the output is limited as expected, leading
to the possibility that signals upstream of ROS exist in response
to PQ poisoning. It has been reported that abnormal calcium sig-
nals would promote ROS accumulation and such accumulation
could act as a vicious cycle that further aggravates intracellular
calcium burdens [31]. Here we found that PQ and TGF-β induced
intracellular calcium signals are essential for EMT, raising the
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Figure 3: TGF-β induces NFATc1 and NFATc2 activation via promotion of the calcium–calcineurin axis. (A) A549 cells were treated with 10 ng/ml TGF-β for 24 hours. The

cells were then subjected to QPCR analysis for NFATc1, NFATc2, or NFATc3. GAPDH was utilized as the housekeeping gene. (B–D) A549 cells were treated with 10 ng/ml

TGF-β, together with 50 μM BAPTA or 1 μM CsA as indicated. The cells were then subjected to QPCR analysis for NFATc1 (B), NFATc2 (C), or NFATc3 (D). GAPDH was

utilized as housekeeping gene. The statistical significance in all of the panels was analyzed by Two-way ANOVA. N.S., not significant; ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

possibility that TGF-β could be an important mediator linking PQ
and ROS accumulation via TGF-β induced intracellular calcium
burdens in AT II cells. In addition, considering DQ is also well
characterized to induce ROS, one would expect to observe similar
functions of DQ as PQ in TGF-β expression and EMT. However, our
study clearly showed that DQ cannot induce TGF-β expression as
well as EMT, raising the possibility that other critical mechanisms
but not ROS exist for PQ poisoning and result in major toxicity
in lungs. Further studies are required to deeply elucidate that
how PQ modulates intracellular calcium signaling and therefore
pulmonary fibrosis.

Several studies have reported that TGF-β increases cytoso-
lic calcium signaling and related biological functions, including
the rapid increase of collagen A1 and fibronectin in pulmonary
fibroblasts [32]. However, little has been addressed that how TGF-
β modulates calcium signaling cascades. Here, we have identified
that TGF-β activates NFATc1 and NFATc2 but not NFATc3 or
NFATc4 via the calcium–calcineurin axis in AT II cells, which
clarifies the major downstream targets of TGF-β induced cal-
cium signaling. For the upstream cascades, cytosolic calcium

signals could be modulated by two major routes. The intra-
cellular calcium stores, especially the endoplasmic reticulum
(ER), can increase cytosolic calcium levels via ER localized IP3Rs,
RyRs, or SERCA pumps [33]. The extracellular calcium pools
can affect intracellular calcium signals via extracellular calcium
entry mediated by calcium release activated calcium channels
(CRAC), voltage-gated calcium channels, P2Xs, etc [18]. Mukherjee
S et al. reported that blockage of calcium release from ER by ryan-
odine totally depletes TGF-β induced calcium signaling in fibrob-
lasts, suggesting that the ER calcium store is essential for TGF-β
increased cytosolic calcium levels [34]. However, blockage of the
ER calcium store might also reduce CRAC-mediated extracellular
calcium entry. Therefore, it would be reasonable to speculate
that the upstream of TGF-β induced calcium signaling could be
ascribed to both the ER calcium store and CRAC activation. In
the scenario of PQ-TGF-β axis, by which route for intracellular
calcium overburden does PQ poisoning utilize to induce EMT
in AT II cells requires further efforts to elucidate. Nevertheless,
combinational strategies targeting TGF-β, calcium-NFATc1 axis
and ROS together would be expected to interfere the vicious cycle
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Figure 4: PQ but not DQ drives EMT and is largely reversed by blockage of the calcium–calcineurin axis in A549 cells. (A–B) A549 cells were treated with 800 μM PQ,

together with 50 μM BAPTA or 1 μM CsA as indicated, for 24 hours. The cells were then subjected to QPCR analysis for E-Cadherin (A) and Vimentin (B). (C–G) A549

cells were treated with 800 μM DQ for 24 hours. The cells were then subjected to QPCR analysis for E-Cadherin (C), Vimentin (D), NFATc1 (E), NFATc2 (F), and NFATc3 (G).

GAPDH was utilized as the housekeeping gene. The statistical significance was analyzed by Two-way ANOVA. N.S., not significant; ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

(H) Retrospectively analysis of the blood calcium levels in patients suffering PQ or DQ poisoning. Student’s t-test was performed for analyzing statistical significance.
∗P < 0.05.

of ROS-calcium signaling raised by PQ and thus ameliorate PQ-
induced pulmonary fibrosis.

Overall, in this study we identified TGF-β driven calcium
signaling as the unique downstream of PQ poisoning different
from DQ poisoning. Considering the low toxicity of DQ in lung
injury, strategies targeting TGF-β driven calcium signaling might
be beneficial for treating PQ induced pulmonary fibrosis.

Conclusions
In conclusion, in this study we demonstrated that TGF-β is
induced in PQ but not DQ-stressed AT II cells, which promotes
intracellular calcium burdens and mainly activates NFATc1 for
the promotion of EMT via enhancing the expression of mes-
enchymal markers while restricting the expression of epithelial
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makers. Our study provides a novel insight that how PQ acti-
vates a unique downstream pathway differently from DQ that
drives EMT process in AT II cells, which would be beneficial
for developing strategies to treat PQ poisoning and pulmonary
fibrosis.
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