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Abstract. Radiation-induced lung tissue injury is an important
reason for the limited application of radiotherapy on thoracic
malignancies. Previously, we reported that administration
of Jiawei-Maxing-Shigan decoction (JMSD) attenuated the
radiation-induced epithelial-mesenchymal transition (EMT)
in alveolar epithelial cells (AECs) via TGF-f/Smad signaling.
The present study aimed to examine the role of protein phos-
phatase Mg**/Mn?**-dependent 1A (PPM1A) in the anti-EMT
activity of JMSD on AECs. The components in the aqueous
extract of JMSD were identified by high-performance liquid
chromatography coupled with electrospray mass spectrometry.
Primary rat type II AECs were treated with radiation (60Co
v-ray at 8 Gy) and JMSD-medicated serum. PPM1A was
overexpressed and knocked down in the AECs via lentivirus
transduction and the effects of JMSD administration on the
key proteins related to TGF-f31/Smad signaling were measured
by western blotting. It was found that radiation decreased the
PPMI1A expression in the AECs and JMSD-medicated serum
upregulated the PPM1A expressions in the radiation-induced
AECs. PPMI1A overexpression increased the E-cadherin level
but decreased the phosphorylated (p-)Smad2/3, vimentin
and a-smooth muscle actin (a-SMA) levels in the AECs. By
contrast, the PPM1A knockdown decreased the E-cadherin
level and increased the p-Smad?2/3, vimentin and a-SMA levels
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in the AECs and these effects could be blocked by SB431542
(TGF-p1/Smad signaling inhibitor). JMSD administration
increased the E-cadherin level and decreased the p-Smad2/3,
vimentin and a-SMA levels in the AECs; however, these
effects could be blocked by siPPM1A-2. In conclusion, PPM1A
is a key target of JMSD administration for the attenuation of
the radiation-induced EMT in primary type II AECs via the
TGF-p1/Smad pathway.

Introduction

Currently, besides surgery and chemotherapy, radiotherapy
remains one of the most commonly used treatment methods for
thoracic malignant tumors such as lung cancer, breast cancer,
neck cancer and lymphoma (1,2). Radiation-induced normal
lung tissue injury is a common complication of chest radio-
therapy and is an important reason for the limited application
of radiotherapy in patients with thoracic malignancies (3.,4).
Main radiation-induced injury is reported to result in acute
pneumonitis and, later, fibrosis in lung tissue (4). In addition,
studies have indicated that radiation could result in injury
of alveolar epithelial cells (AECs) and subsequently induce
epithelial-mesenchymal transition (EMT) of AECs. This is
one of the possible pathological mechanisms of pulmonary
fibrosis after radiotherapy (5,6). Therefore, suppression of the
EMT process in AECs would be beneficial for controlling
or preventing the development of pulmonary fibrosis under
radiotherapy.

Jiawei-Maxing-Shigan decoction (JMSD), is
composed of Roasted ephedra (Herba Ephedrae), Gypsum
(Gypsum Fibrosum), Paeoniae radix (Radix Paeoniae Rubra),
Apricot seed (Semen Armeniacae Amarum), Mulberry (Cortex
mori Radicis), Honeysuckle (Flos Lonicerae Japonicae) and
Licorice (Radix Et Rhizoma Glycyrrhizae) (7) and is a clinically
proven recipe for treating pediatric asthma (8), bronchitis (9),
infantile mycoplasma pneumonia (10) and radioactive lung
injury (7,11). Our previous study found that the main constitu-
ents of JMSD are farnesene, dihydrotanshinone I, paeonol,
emodin, schisanhenol, tanshinone ITA, cryptotanshinone,
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columbianadin, uridine and liquiritigenin (7). Furthermore,
JMSD administration can attenuate radiation-induced EMT
in AECs by regulating the expression of TGF-f/Smad
signaling (7). Protein phosphatase Mg*/Mn**-dependent 1A
(PPM1A) serves an important role in the signal transduction
of TGF-f/Smad signaling and can inactivate TGF-f3/Smad
signaling by dephosphorylating Smad2/3. PPM1A functions as
a tumor suppressor in bladder and breast cancer via regulating
cell invasion, EMT and cell cycle progression (12-14). As part
of a continuing study on the molecular mechanisms of JMSD,
the present study further examined the role of PPM1A in the
anti-EMT activity of JMSD on AECs.

Materials and methods

Herbal medicines. The seven herbal medicines were supplied
and the JMSD water extract was prepared by the School
of Pharmacy, Zhejiang Chinese Medicine University. The
composition of JMSD is presented in Table I. The seven herbs
were decocted by boiling in distilled water for 1 h twice as
described in our previous paper (7). Then, the water extract
was filtered and concentrated to 32 ml. As JMSD was a
mixture, its purity could not be determined.

Liquid chromatography coupled with electrospray mass
spectrometry (HPLC/ESI-MS) analysis of JMSD. The aqueous
extract of JMSD was analyzed with an Agilent 1100 HPLC
system (Agilent Technologies, Inc.) coupled with electrospray
mass spectrometry as previously described (7). The separa-
tion was performed on a GS-120-5-C18-BIO chromatographic
column (5 ym; 250x4.6 mm i.d.; Global Chromatography
Co., Ltd.) with the column temperature set at 35°C. A linear
gradient elution of A (0.1% formic acid water) and B (acetoni-
trile) was used with the gradient procedure as follows: B 5%
at 0 min, B 40% at 60 min (v/v). The flow rate was 1.0 ml/min
and the injection volume was 10 x1. DAD was on and the target
wavelength was simultaneously set at 210 nm. The split ratio
to the mass spectrometer was 1:3. The acquisition parameters
for negative ion mode were: collision gas, ultra high-purity
helium (He), nebulizer gas (N2), 35 psi, drying gas (N2),
10 1/min, drying temperature, 350°C, HV, 3500 V, mass
scan range, m/z 100-2200, target mass, 500 m/z, compound
stability, 100%, trap drive level, 100%. All the data were
analyzed using the Chemstation software (version B.04.03;
Agilent Technologies, Inc.).

Animals. Male Sprague-Dawley (SD) rats (6-8 weeks;
200+20 g; n=3) and Wistar rats (6-8 weeks; 200 + 20 g; n=06)
were acquired from the Shanghai Experimental Animal
Center (Shanghai, China). Rats were maintained at 25°C with
60% humidity and a 12-h light/dark cycle, and free access to
food and water. The experimental protocols were approved by
the animal ethics committee of Zhejiang Chinese Medicine
University (Hangzhou, China; approval no. 2019485).

Chemicals. The TRIzol® kit, BCA protein quantitative kit,
SYBR Green PCR kit and reverse transcription kit used in
the study were bought from the Thermo Fisher Scientific,
Inc. The ECL kit (cat. no. WBKLS0100) was purchased from
EDM Millipore. The primary antibodies for PPM1A and

Table I. Composition of Jiawei-Maxing-Shigan decoction.

Herbal medicines Weight (g)
Roasted ephedra (Herba Ephedrae) 9
Gypsum (Gypsum Fibrosum) 18
Paeoniae radix (Radix Paeoniae Rubra) 12
Apricot seed (Semen Armeniacae Amarum) 12
Mulberry (Cortex mori Radicis) 12
Honeysuckle (Flos Lonicerae Japonicae) 9
Licorice (Radix Et Rhizoma Glycyrrhizae) 6

phosphorylated (p-)Smad2/3 were purchased from Abcam.
The primary antibodies for Smad2/3, p-Smad2/3, E-cadherin,
vimentin, a-SMA and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) were purchased from Cell Signaling
Technology, Inc. PLKO.1, psPAX2 and pMD2G were acquired
from Addgene, Inc. DH5a competent cells were purchased
from Beijing Transgen Biotech Co., Ltd.; 293T cells, from
ATCC and pLVX-Puro from Clontech Laboratories, Inc.

Preparation of the JMSD-medicated serum and control
serum. Wistar rats were randomly divided into the JMSD
and control groups (n=3 per group). In the rats in the control
and JMSD groups, 4 ml of 0.9% sodium chloride and JMSD
were intragastrically administered twice per day for 3 days,
respectively. At 2 h after the last administration, the rats were
euthanized with intraperitoneal injections of pentobarbital
sodium (100 mg/kg) and a blood sample (~6 ml) was drawn
from the abdominal aorta, pooled and clotted for 2 h at room
temperature. Serum was isolated carefully by centrifuging
the clotted blood at 2,000 x g for 20 min at 4°C and stored
at -70°C until use. In accordance with previous literature, the
dose for preparation of medicated serum can be calculated as:
Dose=clinical dose x animal equivalent dose x dilution (15).
In the present study, the animals were given 15 x adult dose to
prepare the IMSD-medicated serum. Primary type II AECs
were treated the JMSD-medicated serum at doses of ~2-10%,
which was diluted to ~2/100-10/100. Therefore, the dose used
in this present study was not a very high dose. During the
experiments, animal health and behavior were monitored daily
to minimize suffering and distress. Greater than 20% weight
loss, dehydration, or loss of ability to ambulate, were the signs
we used to determine the time at which the animals should
be euthanized. Confirmation of death was evaluated with vital
signs including heart beats, pupillary response and respiratory
pattern. No animals showed signs of humane endpoints and no
rats were dead prior to the end of the experiments.

Preparation of type Il AECs and cell culture. Primary type 11
AECs were prepared from SD rats as previously described (10);
after the rats were euthanized with intraperitoneal injections of
pentobarbital sodium (100 mg/kg). Dispase was instilled into
the lung via a tracheal catheter for 15 min at 37°C. The lungs
were removed, carefully teased apart and treated with DNase I
for 5 min at 37°C. The cell suspension was passed through 150,
15 and 7.5 pm metal strainers and then centrifuged at 100 x g
at 4°C for 8 min. The cell pellet was resuspended in Dulbecco's
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Table II. Identification of constituents from Jiawei-Maxing-Shigan decoction.

Compound RT/min Herbal medicines
1. Ephedrine hydrochloride 0.56 Honey-fried Herba Ephedrae
2. Levistilide A 0.68 Gypsum Fibrosum
3. Liquiritigenin 1.01 Radix Et Rhizoma Glycyrrhizae
4. Pseudoephedrine hydrochloride 3.18 Honey-fried Herba Ephedrae
5. Paceoniflorin 5.09 Radix Paconiae Rubra
6. Astilbin 5.70 Cortex mori from Morus alba L.
7. Cycloastragenol 5.10 Radix Et Rhizoma Glycyrrhizae
8. Diosgenin 5.74 Stir-baked Semen Armeniacae Amarum
9. Rosmarinic acid 6.32 Flos Lonicerae Japonicae

10. Paeonol 7.54 Radix Paeoniae Rubra

modified Eagle's medium (DMEM) and plated to a culture dish
precoated with rat IgG. After 1 h of culture, the non-adherent
cells were collected and plated to another culture dish. After
culturing for another 20 min, the non-adherent cells were
centrifuged at 100 x g at 4°C for 8 min. The cell pellet was
resuspended in DMEM containing 20% fetal bovine serum
(HyClone; Cytiva) and cultured at 37°C in a 5% CO, incubator.
The purity of the isolated cells was >90% as determined with
nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate
staining.

Constructions of the overexpression and low expression level
of lentivirus. A lentivirus was constructed commercially by
Genewiz, Inc. Briefly, the plasmid vectors were extracted
and subsequently co-transfected into 293T cells with the
packaging plasmids using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 72 h of culture at 37°C,
supernatant of 293T cells was collected and filtered using a
0.45-um filter. The short interfering (si)RNA sequences used
are as follows: siPPM1A-1: 5'-CCAAGUGGACUUGAG
ACAUUU-3'; siPPM1A-2: 5'-GCCUGAAGUCCAUGAUAU
UUU-3'; siPPM1A-3" 5'-CCUUGAGAAAGUUUGCAA
UUU-3'; and siNC: 5-CAGUACUUUUGUGUAGUACAA-3".

Cell treatment. Primary type II AECs were divided into four
groups. Groups 1 and 2 were cultured with 10% serum collected
from control rats. The cells in group 3 were incubated with
2% JMSD-medicated serum (J) and 8% normal control rat
serum (N). Those in group 4 were incubated with 6% J serum
and 4% N serum, whereas those in group 5 were incubated
with 10% J serum. Groups 2-5 were stimulated with 8 Gy of
60Co vy-rays (Hangzhou Cancer Hospital) at 3.64 Gy/min.
After 24 h of culture, reverse transcription-quantitative (RT-q)
PCR assay and western blotting analyses were performed.

RT-gPCR. Total RNA was isolated from cells with TRIzol® and
subsequently reversed transcribed into cDNA with RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Then, a real-time PCR
analysis was performed using an ABI 7300 instrument (Applied
Biosystems; Thermo Fisher Scientific, Inc.) at the following
parameters: 95°C for 10 min, followed by 40 cycles of annealing

at 95°C for 15 sec and amplification at 60°C for 45 sec. GAPDH
was used as an internal control. The primers used were: PPM1A:
5" TGCCAAATACTGCTGTGAG-3' (forward), 5'-CTGTTG
ACCCACTTCTATCTG-3' (reverse); and GAPDH: 5'-GGA
GTCTACTGGCGTCTTCAC-3' (forward), 5“ATGAGCCCT
TCCACGATGC-3' (reverse). The mRNA level in each sample
was evaluated using the **CT method (16). The experiments
were repeated three times.

Western blotting assay. The proteins in the cells were
prepared using a radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) and the protein
concentrations were measured using the bicinchoninic acid
method. Equal amounts of protein (30 ug) were loaded on
10% sodium dodecyl sulfate-polyacrylamide gel and then
transferred onto a nitrocellulose membrane and blocked
with 5% skimmed milk at room temperature for 1 h. The
membranes were then incubated with primary antibodies
and subsequently incubated with HRP-conjugated secondary
antibodies at room temperature for 1 h. Lastly, the targeting
bands were detected using ECL reagents. The primary anti-
bodies were anti-PPM1A (cat. no. ab154489, 1:1,000) and
anti-p-Smad2/3 (cat. no. ab63399, 1:1,000), purchased from
Abcam. Anti-Smad2/3 (cat. no. 5678, 1:1,000), anti-E-cadherin
(cat. no. 14472, 1:1,000), anti-vimentin (cat. no. 5741, 1:1,000),
anti-a-SMA (cat. no. 19245, 1:5,000) and anti-GAPDH
(cat. no. 5174, 1:1,000) were obtained from Cell Signaling
Technology, Inc. Densitometry was performed using ImageJ
software (version 1.48; National Institutes of Health) with
GAPDH as the loading control.

Statistical analysis. All experimental data are shown in
mean + standard deviation. One-way ANOVA followed by
Sidak's post hoc test was performed to analyze statistical
comparisons. P<0.05 was considered to indicate a statistically
significant difference.

Results
Identification of 10 compounds. The aqueous extract from

the JMSD was measured with high-performance liquid chro-
matography coupled with electrospray mass spectrometry
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Figure 1. Screening the components in the aqueous extract of Jiawei-Maxing-Shigan decoction. (A) High-performance liquid chromatography coupled
with electrospray mass spectrometry chromatogram of the aqueous extract in positive and negative modes. (B) The product ion mass spectra of (1) ephed-
rine hydrochloride, (2) levistilide A, (3) liquiritigenin, (4) pseudoephedrine hydrochloride, (5) paeoniflorin, (6) astilbin, (7) cycloastragenol, (8) diosgenin,
(9) rosmarinic acid and (10) paeonol. Conditions: collision gas, ultrahigh-purity helium (He); nebulizer gas (N2), 35 psi; drying gas (N2), 10 L/min; drying
temperature, 350°C; HV, 3500 V; mass scan range, 100-2200 m/z; target mass, 500 m/z; compound stability, 100%; and trap drive level, 100%.

(HPLC/ESI-MS) in positive- and negative-ion modes (Fig. 1, acid (9) and paeonol (10), by comparing the retention times
Table II). The following 10 compounds were identified: ephed-  and MS data with the reference standards.

rine hydrochloride (1), levistilide A (2), liquiritigenin (3),

pseudoephedrine hydrochloride (4), paeoniflorin (5), Decreased PPMIA expression level in type Il AECs following
astilbin (6), cycloastragenol (7), diosgenin (8), rosmarinic  radiation treatment. Following radiation treatment (60Co
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Figure 2. PPMI1A expression level was downregulated in type II AECs
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v-ray at 8 Gy), the PPM1A expression level in type II AECs
was determined using RT-PCR and western blotting assays.
As shown in Fig. 2, the results indicated that the radiation
treatment could decrease the PPMIA expression levels in
AECs both in terms of mRNA and protein expression levels
(P<0.05) in an obvious time-dependent manner.

Attenuation of radiation-mediated decreased PPMIA
expression level in type Il AECs by JMSD-medicated serum.
Furthermore, the effects of the JMSD-medicated serum on the
PPMI1A expressions in radiation-induced type II AECs were
determined using RT-PCR and western blotting assays. The
results shown in Fig. 3 suggested that IMSD-medicated sera
(2, 6 and 10%) could upregulate the PPM1A expressions as
compared with the vehicle (P<0.05, P<0.001 and P<0.001,
respectively) in a concentration-dependent manner.

Attenuation of radiation-induced Smad activation and
epithelial-mesenchymal transition by PPMIA overexpression.
Consequently, PPM1A overexpressed AECs (Fig. 4A and B)

#iH#

PPM1A mRNA level
GAPDH)

© <@ ] o o
t £ 2 2 £
3 g 3 3 32
F > PN N
> Al [{e] o
(O] + + —
> > +
© (0] (0] 8
B [e0] [o0] post
PF,Mm_
GAF’DH_
Ke) < [a] (m] [m)]
t 2 2 g ¢
3 g 3 3 3
¥ R R R
> (aV] © o
(0] + + —
> > +
[ee] [e0) Y]
o0}
0.8
_ it
[4)
E 0.6
o -
<G
E 0.2
[a
0.0-
o
£
o
O

Q@
2
=
)
>
+
>
0)
®

8 Gy+2%JMSD
8 Gy+6%JMSD
8 Gy+10%JMSD

Figure 3. IMSD-medicated serum attenuated the radiation-mediated inhi-
bition of PPM1A expression in type II alveolar epithelial cells. Cells were
incubated with 0, 2, 6 and 10% JSMD-medicated serum and then treated
with 8 Gy of ®°Co y-rays. After 24 h, the (A) mRNA and (B) protein levels
of PPMI1A were detected with reverse transcription-quantitative PCR
and western blotting, respectively. ““P<0.001, vs. the control; “P<0.05,
"P<0.001, vs. 8 Gy + vehicle. IMSD, Jiawei-Maxing-Shigan decoction;
PPM1A, protein phosphatase Mg**/Mn?*-dependent 1A.

were constructed to investigate the role of PPM1A. The results
showed that compared with vector expression, the PPMI1A
and E-cadherin expressions were upregulated, whereas the
p-Smad2/3, vimentin and a-SMA expressions were down-
regulated in the PPM1A-overexpressed AECs (Fig. 4C).
Morphology analysis showed that elongated spindle-like
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type cells were increased in radiation-treated cells, and such
morphological alteration was decreased when PPM1A was
overexpressed (Fig. 4D).

Attenuation of radiation-induced Smad activation and
epithelial-mesenchymal transition by JMSD-medicated
serum via the regulation of PPMIA expression. Subsequently,
the role of PPM1A was further studied using the siRNA inter-
ference of PPM1A. The present study designed three siRNA
sequences for the PPM1A and siNC, a scrambled sequence,

was used as a negative control. siPPM1A-2 was selected as
the siRNA sequence for the following studies (Fig. 5A and B).

Furthermore, the results suggested that compared with the
cells in the vehicle group, the PPM1A siRNA-interfered AECs
showed downregulated PPM1A and E-cadherin expressions
but upregulated p-Smad2/3, vimentin and a-SMA expres-
sions (Fig. 5C). In addition, after treatment with SB431542,
a TGF-pB1/Smad signaling inhibitor, the p-Smad2/3, vimentin
and a-SMA expression levels were decreased, whereas the
E-cadherin expression level was increased in the PPM1A
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Figure 5. PPM1A knockdown promoted the epithelial-mesenchymal transition by activating the TGF-1/Smad pathway. (A and B) Type II AECs were trans-
duced with siPPM1A. After 24 h, the mRNA (A) and protein levels (B) of PPM1A were detected with RT-qPCR and western blotting, respectively. ““P<0.001
vs. siNC. (C) Type II AECs were transduced with siPPM1A and then treated with 10 zmol/l TGF-f1/Smad inhibitor (SB431542). After 24 h, the protein levels
were measured using western blotting. "P<0.05, “P<0.01, “"P<0.001. PPM1A, protein phosphatase Mg**/Mn**-dependent 1A; AEC, alveolar epithelial cells;
si, short interfering; p-, phosphorylated; a-SMA, a-smooth muscle actin; NC, negative control.

knockdown AECs as compared with the vehicle group.
Combined with the above-mentioned results, it was hypoth-
esized that PPM1A might be a crucial target for EMT in AECs
in TGF-B1/Smad signaling.

Finally, the role of PPM1A in the attenuating effects of
JMSD against radiation-induced EMT was studied in primary
type II VECs. The image depicted in Fig. 6 suggested that
JMSD-medicated serum could increase the E-cadherin expres-
sion level and decrease the p-Smad?2/3, vimentin and a-SMA
expression levels. However, these effects could be blocked by
siPPM1A-2. Consequently, it is hypothesized that PPM1A-2
is a crucial target for the anti-EMT effect of JMSD in VECs.

Discussion

Herbal medicines are important alternative and comple-
mentary remedies for the treatment of various diseases,
particularly those that cannot be treated with western
drugs. Radiation-induced pulmonary fibrosis is an intrac-
table disease in clinical practice and an increasing number
of researchers have attempted to search for treatments
for pulmonary fibrosis from herbal medicines (17). Some

extracts/compounds from natural herbal medicines are
feasible for treating lung pulmonary diseases, such as
polydatin from Polygonum cuspidatum (18,19) and astraga-
loside IV from Astragalus membranaceus (20,21). IMSD
administration can attenuate the radiation-induced EMT in
AECs via the TGF-f/Smad signaling (7). The present study
on JMSD against radiation-induced EMT found that PPM1A
exhibits a crucial role in its anti-EMT activity.

TGF-p/Smad signaling serves a key effect in the EMT
process of AECs and further induction of pulmonary
fibrosis (22). Under radiation, the TGF-f1 expression level
in bronchoalveolar lavage fluids can be increased and then,
TGF-p/Smad signaling is activated (23). First, TGF-3 expres-
sion can promote the phosphorylation of Smad2/3 by binding
to the TGF-f receptor in the cell membrane and then the
transcription of p-Smad2/3 to the cell nucleus, resulting in
some transcriptional regulation of a number of genes (24).
Consequently, some of the responding productions such as
Snail, connective tissue growth factor and matrix metallo-
proteinases would be released and further result in EMT (25).
PPMI1A is a phosphatase of the serine/threonine PPM family
and the main substrates of PPMI1A include MAPK, Smad2
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Figure 7. PPM1A is a key target of JMSD administration for attenuating the radiation-induced EMT in primary type II AECs. PPM1A, protein phosphatase
Mg?>*/Mn**-dependent 1A; IMSD, Jiawei-Maxing-Shigan decoction; EMT, epithelial-mesenchymal transition; AECs, alveolar epithelial cells; p, phosphorylation.
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and Smad3 and MKKs (12-14). PPM1A serves an important
role in the signal transduction of TGF-p/Smad signaling and
can inactivate TGF-p/Smad signaling by dephosphorylating
Smad2/3 (26,27) (Fig. 7). The present study found that PPM1A
expression level was reduced in type II AECs following
radiation treatment. PPM1A overexpression attenuated EMT,
while PPM1A knockdown showed reverse effects on EMT.
Furthermore, treatment with a TGF-B1/Smad signaling inhib-
itor blocked PPM1A knockdown-induced EMT. Therefore,
PPMI1A upregulation is a potential strategy for treating EMT
and pulmonary fibrosis through inhibiting TGF-f1/Smad
signaling.

Previously, we have reported that JMSD attenuated
radiation-induced EMT in AECs by regulating TGF-/Smad
signaling (7). The present study found that JMSD-medicated
serum attenuated the radiation-mediated inhibition of PPMI1A
expression in type II AECs. The role of PPM1A in the anti-EMT
effects of JMSD in AECs was then examined and it was found
that JMSD treatment could increase the PPM1A and E-cadherin
expression levels. JIMSD also decreased the p-Smad2/3,
vimentin and a-SMA expressions in VECs. After knockdown
of the PPM1A, the regulating effects of IMSD on these proteins
were blocked. The data indicated that JMSD acted against
radiation-induced EMT through upregulating PPM1A.

However, the present study has some limitations. It did not
investigate the biological effects of the detailed components
identified using HPLC/ESI-MS owing to the limited time. In
addition, upstream targets of PPM1A should also be investi-
gated in succeeding works. The research regarding JMSD is
continuing and it is hoped to investigate the detail mechanisms
by which JMSD increase the PPMIA expression and the
biological effects of detail components of JMSD and present
the related results in the future.

Together, the present study suggested that PPM1A is a
key target of JMSD administration for the attenuation of the
radiation-induced EMT in primary type II alveolar epithelial
cells via TGF-B1/Smad signaling.
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