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[ABSTRACT] This study investigated the effects of X-ray irradiation on primary rat cardiac fibroblasts (CFs) and its potential mech-
anism, as well as whether sodium tanshinone IIA sulfonate (STS) has protective effect on CFs and its possible mechanism. Our data
demonstrated that X-rays inhibited cell growth and increased oxidative stress in CFs, and STS mitigated X-ray-induced injury. En-
zyme-linked immuno-sorbent assay showed that X-rays increased the levels of secreted angiotensin Il (Ang II) and brain natriuretic
peptide (BNP). STS inhibited the X-ray-induced increases in Ang II and BNP release. Apoptosis and cell cycle of CFs were analyzed
using flow cytometry. X-rays induced apoptosis in CFs, whereas STS inhibited apoptosis in CFs after X-ray irradiation. X-rays in-
duced S-phase cell cycle arrest in CFs, which could be reversed by STS. X-rays increased the expression of phosphorylated-P38/P38,
cleaved caspase-3 and caspase-3 as well as decreased the expression of phosphorylated extracellular signal-regulated kinase 1/2 (ERK
1/2)/ERK 1/2 and B cell lymphoma 2 (Bcl-2)/Bcl-2 associated X protein (BAX) in CFs, as shown by Western blotting. STS mitigated
the X-ray radiation-induced expression changes of these proteins. In conclusion, our results demonstrated that STS may potentially be
developed as a medical countermeasure to mitigate radiation-induced cardiac damage.
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Introduction ceives radiation !

tomatic myocardial ischaemia, acute and chronic pericarditis,

. RIHD is mainly characterized by asymp-

Radiation th RT ith t chemoth . . .
d adia 1or.1 e.r;ply ( ;"WIh concurren cfemo era:)ly accelerating atherosclerosis of coronary artery disease, con-
and surgery, 1s widely used in the treatment of cancer. Al- duction abnormalities, myocarditis, valvulitis and heart fail-

ure ™%, Studies have shown that the cause of RIHD may be
m

though RT greatly improves the prognosis and long-term sur-
vival of cancer patients, healthy tissue exposed to radiation

related to oxidative stress and radiation-induced apoptosis
close to the tumour may suffer short- and/or long-term side

However, the mechanism of RIHD is not clear.

Cardiac fibroblasts (CFs) have multiple functions in nor-
mal or pathological conditions of the heart, such as the syn-
thesis and deposition of the extracellular matrix and cell-cell

effects '*1. Among the multiple RT-induced side effects, ra-
diation-induced heart disease (RIHD) is the primary cause of
benign death in patients undergoing chest radiotherapy, and

this disease may occur within a few years after the patient re- communications with other cardiac cells, including myocytes

and endothelial cells *'”. Cardiac fibroblasts also synthesize
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lular signal-regulated kinase (ERK), c-Jun NH2-terminal pro-
tein kinase, and P38), the secretion of numerous growth
factors and cytokines, microRNA exchange, gene and pro-
[11-13

tein expression, and angiogenesis 1. The physiological

functions of cardiomyocytes in RIHD were intensively in-

1181 byt little attention

vestigated over the past few decades
has been paid to CFs.

Sodium tanshinone IIA sulfonate (STS), is a water-sol-
uble derivative of tanshinone IIA that is one of the key com-
ponents isolated from Salvia miltiorrhiza Bunge, which is a
traditional Chinese medicine used for the treatment of cardi-

U791 previous researches showed that

ovascular diseases
STS had cardioprotective effects, such as the prevention of
myocardial ischaemia/reperfusion injury and radiation-in-
duced toxicity ****. The possible mechanism of STS protec-
tion is thought to be the reduction of oxidative stress-
triggered injury and apoptosis > *. Gu et al. demonstrated
that STS attenuated fibrosis damage in CFs through the inhib-
ition of ER stress and the TGF-$1/Smad pathway .
However, whether STS has other protective effects on CFs
and its underlying mechanisms are not clear. Therefore, our
research focused on the changes in CFs after radiation injury
and the effects of STS on these changes.

Materials and Methods

Primary CFs isolation, culture and identification

CFs were isolated from neonatal Sprague-Dawley rats
(1-3 days old) under sterile conditions. The apical tissue was
washed with pre-chilled PBS after cutting with curved scis-
sors. The pieces of the heart were digested at 37 °C with
0.25% trypsin (Gibco, Grand Island, NY, USA) for 5 min and
digested with 1% collagenase I 4 to 5 times at 37 °C. The su-
pernatant was digested for 8 min each time, and an equal
volume of DMEM medium (Gibco, Grand Island, NY, USA)
containing 20% fetal bovine serum (ABW, Uruguay) was ad-
ded to terminate the reaction. The digested cell suspension
was filtered through a 200-mesh cell sieve, and centrifuged at
250 g for 8 min. The supernatant was discarded, and the cells
were re-suspended in DMEM medium containing 10% fetal
bovine serum cultured at 37 °C in a 95% humidified atmo-
sphere with 5% CO, for 90 min. The non-adherent cells were
discarded, and the adherent cells were washed 3 times with
PBS. Complete medium was added and replaced every 2 or 3
days. Vimentin (1 : 100, Proteintech Group, Wuhan, Hubei,
China) positive cells were considered CFs. The cells were
passaged as they grew to 80% confluence. CFs at passage one
or two were used for subsequent experiments. All experi-
ments were performed in accordance with the guidelines of
the Experimental Animal Center of Gansu University of
Chinese Medicine.
Irradiation procedure

The cells were seeded with fresh culture medium and
cultured for 24 h prior to radiation treatment. A single dose of
0.5, 1, 2, or 4 Gy of X-rays was administered to the cells us-
ing a Siemens PRIMUS high-energy linear accelerator

®

(Siemens AG, Erlangen, Germany), operating at a dose-pulse
rate of 6 MV-min ' with a source-to-CFs distance of 100 cm.
After radiation, the cells were maintained at 37 °C and 5%
CO, cell culture incubator up to 48 h, and the culture medi-
um was replaced every 24 h. Exposure of all samples was
performed at room temperature.
Cell viability analysis

Cell viability was determined using the 3-(4, 5-dimethyl-
2-thiazolyl)-2, 5-diphenyl tetrazolium bromide (MTT) assay.
The experiment included a control group and STS treatment
with groups (2.5, 5, 10, 20 pg-mL™" for 24 h and 48 h). The
purity of STS (Shanghai First Chemical Company, Shanghai,
China) used in the present study was > 95%, and STS was
dissolved in DMEM medium. Here, 1 x 10° cells/mL cells
were seeded into 96-well plates, cultured for 12 h, and treated
with 0, 0.25, 5, 10, 20 pg-mL™" STS for 24-48 h. MTT (20
puL) was added to each well and incubated for 4 h. The medi-
um was discarded and replaced with 150 pL of dimethyl
sulfoxide (Sigma-Aldrich, St. Louis, MO, USA) in each well.
The cultures were incubated for 10 min. The OD570 nm was
measured, and the proliferation rate was calculated. Each
treatment and control were assayed in at least six wells, and
the cell viability is expressed as a percentage of the control
cells.
Cell colony formation assay

Cell survival was measured using the colony formation
assay, which was performed to determine the effect of radi-
ation damage on CFs. Briefly, the cells were plated in 60-mm
dishes at 1 x 10° cells/well in triplicate and exposed to differ-
ent doses (04 Gy) of irradiation using an X-ray irradiator
(Siemens AG, Erlangen, Germany) at a rate of 2.1 Gy/min.
The treated cells were incubated in the corresponding medi-
um for 14 days in 5% CO, at 37 °C. The colonies were fixed
in methanol for 20 min and stained with 0.5% crystal violet
(Sigma-Aldrich Corp. St. Louis, MO, USA) for 30 min. The
number of colonies (> 50 cells) was counted using Imagel
(the National Institutes of Health, US).
Lactate dehydrogenase release assay

The effect of X-ray damage on the CFs were identified
using the LDH assay. The cells were treated with 0, 0.25, 1, 2
and 4 Gy of radiation. The supernatants of the culture media
were collected after 48 h to measure the amount of LDH re-
leased. The protective effect of STS on the CFs was also de-
termined using the LDH assay. The CFs were pretreated with
different dose of STS for 24 h and irradiated with the same
dose X-rays. The culture medium was collected 48 h after X-
ray irradiation, and LDH activity was measured using a color-
imetric assay from a commercial LDH assay kit, according to
the manufacturer’s instructions (Nanjing Jiancheng Bioengin-
eering Institute, Nanjing, China).
Reactive oxygen species (ROS) flow cytometric analysis

The CFs were randomly divided into various experiment-
al and control groups prior to X-ray irradiation. The cells
were divided into the following groups: 0 Gy (0 + 0 control)
group; 4 Gy radiation (4 + 0) group; 4 Gy + 0.25 pg'mL™"
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STS (4 + 2.5) group; 4 Gy + 5 pg-mL™' STS (4 + 5) group; 4
Gy+10pug-mL "' STS (4+10) group; and4 Gy+20 pg-mL ' STS
(4 + 20) group. Flow cytometry was used to assess the levels
of by radiation-induced ROS. Briefly, the CFs were labelled
with 0.1 mmol-L™" DCFH-DA (Nanjing Jiancheng Bioengin-
eering Institute, Nanjing, China). DCFH-DA is oxidized into
fluorescent DCF in the presence of ROS, which allows the
ROS levels to be determined indirectly using flow cytometry.
Superoxide dismutase (SOD) and malondialdehyde (MDA)
assay

Following pretreatment with different doses of STS for
24 h, the CFs were irradiated with 4-Gy X-ray. Proteins were
extracted from the cells 48 h after X-ray radiation. The activ-
ity of SOD and the content of MDA in the irradiated CFs
with STS treatment were determined using commercial kits
according to the manufacturer’s protocols (Nanjing Jianch-
eng Bioengineering Institute, Nanjing, China).

Enzyme-linked immuno-sorbent assay (ELISA)

To investigate the effect of STS on X-irradiation-in-
duced CFs secretion in vivo, the culture medium was collec-
ted 48 h after irradiation. The cells were pretreated with dif-
ferent concentrations of STS. The collected supernatants were
assayed for Ang II, BNP and VEGF using a rat Ang II ELISA
kit, a rat BNP ELISA kit and a rat VEGF ELISA kit (Jianglai
biology, shanghai, China), respectively.

Cell cycle analysis

The CFs in the logarithmic growth phase were harvested
and seeded in DMEM containing 10% FBS at a density of 2 x
10° cells per flask. The cells were allowed to adhere, and the
culture medium was removed and replaced with medium con-
taining different concentrations of STS or control. The cells
were cultured for 24 h before irradiation. The cells were cul-
tured for 48 h after irradiation at 4 Gy, harvested, washed
once with cold PBS, resuspended in 1 mL PBS, and fixed
with prechilled 70% ethanol at 4 °C for 12 h. After centrifu-
gation at 100 x g for 5 min, the collected cells were washed
twice with PBS, resuspended in 0.5 mL of a propidium iod-
ide staining solution and incubated at 37 °C for 30 min in the
dark. Cell cycle analysis was performed using a Cell Cycle
and Apoptosis Kit (Beyotime, Shanghai, China) following the
manufacturer’s instructions. The DNA contents of the cells
were measured using a flow cytometer (BD, New Jersey,
USA) at 488 nm and analyzed with Flowjo (BD, New Jersey,
USA).

Cell apoptosis assays

The effect of STS on apoptosis was detected using a PE-
Annexin-V/7-AAD Cell Apoptosis Kit (BD, New Jersey,
USA), according to the manufacturer instructions. Briefly,
after exposure to X-ray radiation for 48 h, CFs pretreated
with STS or control were centrifuged to remove the medium.
The cell pellet was washed with PBS twice and co-stained
with 5 pL of Annexin V-PE and 5 pL of 7-AAD for 20 min at
room temperature in the dark. A volume of 400 pL of 1 x
Binding Buffer was added to each tube. The samples were
analyzed using flow cytometry (BD, New Jersey, USA) with-

in1h.
Western blot analysis

After treatment with STS or control, cells at 80% conflu-
ence were collected and washed three times with PBS. RIPA
buffer was added to extract the total protein, and equal
amounts of protein were loaded onto 12% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
gels for protein separation. The proteins were transferred to
nitrocellulose membranes, and the membranes were blocked
with 5% non-fat dried milk for 1 h. The membranes were in-
cubated with primary antibodies (P38 at 1 : 1000, p-P38 at
1 : 1000, ERK 1/2 at 1 : 1000, p-ERK 1/2 at 1 : 1000, B cell
lymphoma 2 (Bcl-2) at 1 : 1000, Bcl-2 associated X protein
(BAX) at 1 : 1000, and cleaved caspase-3 or caspase-3 at
1 : 1000) overnight at 4 °C. The membranes were washed
with Tris-buffered saline (pH 7.2) containing 0.05% Tween
20 (TBST), and incubated with secondary antibodies at room
temperature for 1.5 h. The membranes were washed with
TBST and incubated with the enhanced chemiluminescence
reagent to detect the proteins of interest. The levels of GAP-
DH were used as loading controls. Rabbit polyclonal antibod-
ies for BAX, Bcl-2, P38, and ERK 1/2 were purchased from
the Proteintech Group (Wuhan, Hubei, China). Antibodies for
caspase-3, phosphorylated ERK 1/2, and phosphorylated P38
were purchased from Cell Signaling Technology (Beverly,
MA, USA). The relative intensities were quantified using Im-
agel.
Statistical analysis

Statistical analyses of the results were performed using
SPSS20.0 (version 12.0; IBM, USA). The results are ex-
pressed as the means + standard deviation (SD). Comparis-
ons between the various levels of radiation with or without
STS treatment were performed by two-way analysis of vari-
ance (ANOVA). A paired #-test was used to evaluate differ-
ences between the same levels of radiation versus without
treatment. Comparisons between groups were performed us-
ing one-way ANOVA. P-values < 0.05 were considered stat-
istically significant for all statistical analyses.

Results

Identification of primary rat CFs

Vimentin is an intermediate fibre in interstitial cells, and
it is part of the cell skeleton. Vimentin maintains cell the in-
tegrity. CFs positive for vimentin expression. The results
showed that vimentin-positive cells with green fluorescence
were considered highly purified cardiac fibroblasts (Fig. 1).
STS increased primary rat CFs cell viability and protected
CFs from X-ray damage

To observe the effect of STS on cell viability, the CFs
were exposed to various concentrations of STS after 24 and
48 h. The results of the MTT assays showed that STS in-
creased cell viability in a concentration-dependent manner.
The proliferation rate was significantly increased in cells
treated with 20 ug'mL™" STS for 48 h (P < 0.01) (Fig. 2A).
Our results indicated that STS had a positive effect on the vi-
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FITC-vimentin

Merged

Fig. 1 The identification of CFs using immunofluorescent. (A) Representative images of CFs are shown. (B) Nuclei of CFs were
stained with DAPI. (C) Vimentin staining of CFs. (D) The merged picture of (B) and (C). The same magnification (40 x) was used

for all images

ability of CFs.

To determine the optimal dose of radiation for CFs, a
colony formation assay was used to evaluate the effect of ir-
radiation on the proliferation of CFs by calculating the colony
number. The results from these assays demonstrated that X-
ray radiation significantly suppressed the growth of CFs in a
dose-dependent manner, compared to the control cells (P <
0.01) (Figs. 2B, 2C). Based on a colony formation assay, a 4-
Gy X-ray was selected for development of the CFs damage
model in subsequent experiments.

The protective effect of STS in CFs was investigated us-
ing an LDH release assay. As shown in Fig. 2D, a marked in-
crease in LDH activity was observed after 4-Gy X-ray expos-
ure (P < 0.01). Cells treated with different doses of STS prior
to exposure to 4-Gy X-ray radiation showed a decrease in
LDH release with increasing STS doses. These results
showed that pretreatment with STS significantly prevented
radiation damage in CFs (P < 0.01).

STS protected against X-ray radiation-induced oxidative
stress in primary rat CFs

Previous studies showed that radiation increased the pro-
duction of ROS, which are key signals in the triggering of
caspase-dependent apoptosis . To examine the mechan-
isms underlying the antioxidant activity of STS, we evalu-
ated the contents of ROS and MDA and the activity of SOD.

®

STS suppressed ROS formation in CFs after irradiation with
4-Gy X-ray (Figs. 3A, 3B). SOD activity in the 4 + 0 radi-
ation group was significantly decreased compared with
that the 0 + 0 control group and STS increased SOD activity
(Fig. 3C). The content of MDA in the 4-Gy X-ray group was
higher than the 0 + 0 control group, and a decreasing trend
was observed after STS intervention, However, the differ-
ence was not statistically significant. Pretreatment with STS
reversed these alterations (Fig. 3D). These results indicated
that STS treatment was significant inhibited X-ray radiation-
induced increases in the contents of ROS and the decrease in
SOD activity in CFs.
STS inhibited the secretion of Ang Il and BNP of CFs after X-
irradiation but not VEGF

To assess the effects of STS on the secretion of CFs, we
measured the levels of Ang II, BNP and VEGEF in the culture
medium of CFs treated with STS and X-ray. As shown in
Figs. 4A, 4B, 4-Gy X-ray increased Ang II and BNP levels,
which was significantly higher than the level of the 0 + 0 con-
trol group (P < 0.01). After treatment with STS, the Ang II
and BNP levels were significantly decreased (P < 0.01).
There was no significant difference in BNP levels between
the 4 + 0 group and the 4 + 2.5 group. However, X-irradi-
ation did not significantly elevate VEGF levels in the culture
medium. STS treatment did not significantly alter the VEGF
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Fig.2 The effect of radiation and STS on primary rat CFs. (A)The effects of STS on cell viability as measured by the MTT as-
say. P<0.05, "P<0.01 vs control group at 24 h; “P < 0.05, P < 0.01 vs control group at 48 h; *P<0.0524 h vs 48 h (B) Repres-
entative images of colony formation assay on CFs treated with different doses of radiation show that radiation exposure inhibited
the colony-forming capacity in a dose-dependent manner. (C) The results of the colony formation assay are expressed as colony
number (n=4), “P<0.01 vs control group. (D)The effects of X-ray radiation and STS treatment on the LDH release of CFs were
assessed using LDH release assay. P < 0.01 vs the 0 + 0 control group; P < 0.01 vs the 4 + 0 group; NS, No significance. All data

are expressed as mean = SD (n=3). LDH, Lactate dehydrogenase

levels (Fig. 4C).
STS reduced X-ray radiation-induced S phase cell cycle ar-
rest in primary rat CFs

Flow cytometric analysis was performed to determine the
distribution of CFs at each phase of the cell cycle. X-ray radi-
ation-induced S phase accumulation compared with the 0 + 0
control group, and STS reduced S phase cell cycle arrest
compared with the radiation group in a concentration-depend-
ent manner. STS treatment at 5, 10, and 20 pg-mL™, signific-
antly decreased the percentage of cells in S phase cell cycle
arrest compared with the 4-Gy X-ray group (P < 0.01). The
difference between 10 and 20 ug-mL™ STS was statistically
significant (P < 0.05) (Figs. 5A, 5B).
STS ameliorated apoptosis of primary rat CFs after X-irradi-
ation

The percentage of apoptotic fibroblasts increased in the
4 + 0 group compared to the 0 + 0 control group (P < 0.01).
However, after treatment with STS, the rate of apoptosis de-
creased to 13.50% = 0.82% in the 4 + 20 group compared to
38.06% + 1.61% in the 4 + 0 group (P < 0.01). These results
demonstrated that STS alleviated X-irradiation-induced CFs

apoptosis. There was no significant difference between the
0 + 0 group and 4 + 0 group. (Figs. 5C, 5D).
STS protected against the X-ray radiation-induced apoptosis
of CFs via the involvement of the MAPK signaling pathway
The apoptosis assay showed that X-rays induced apop-
tosis in CFs and STS reduced the radiation-induced apoptos-
is of CFs. We next assessed X-ray radiation-induced expres-
sion changes in apoptosis-related molecules and P38 MAPK
pathway-related molecules in CFs by Western blotting. X-ray
radiation significantly upregulated the levels of p-P38/P38,
cleaved caspase-3 and caspase-3 and downregulated the
levels of p-ERK 1/2/ERK 1/2, and Bcl-2/BAX. STS treat-
ment significantly downregulated the levels of p-P38/P38,
cleaved caspase-3, caspase-3 and the ratio of cleaved caspase-
3/caspase-3 and upregulated the levels of p-ERK 1/2/ERK
1/2 and Bcl-2/BAX in radiation-damaged CFs (Fig. 6).

Discussion

RIHD is one of the side effects of exposure to ionizing
radiation (IR), and several therapeutic targets, including anti-
inflammatory, anti-fibrotic and anti-apoptotic mediators, are
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Fig.3 STS treatment ameliorated radiation-induced CFs oxidative stress. (A) DCFH-DA labelled ROS was measured by flow-
cytometry analysis. (B)The ROS staining positive rates are expressed as mean + SD. NC, negative control. PC, positive control.

(C) The relative SOD activity results in CFs. (D) The relative content of MDA results in CFs. "

P <0.01 vs the 0 + 0 control group;

*P < 0.01 vs the 4 + 0 group; NS, No significance. All data are expressed as mean + SD (n = 3). ROS, reactive oxygen species;

SOD, Superoxide dismutase; MDA, Malondialdehyde

being explored . STS is widely used to treat cardiovascu-
lar disease *”*”. Our previous study demonstrated that STS is
beneficial for radiation-induced heart damage, most of which
is concentrated in cardiomyocytes, and study demonstrated
that 10 pg-mL™" STS has protective effects on radiation-in-
duced damage in H9C2 cardiomyocytes, while an inhibitory
effect on cell proliferation when the concentration of STS
was greater than 20 pg-mL™" . However, there are few stud-
ies on radiation-induced damage to CFs and whether STS has
protective effects on these cells. In this study, we evaluated
the effects of X-ray radiation on the biological behaviour of
CFs and the protective effects of STS treatment.

X-ray radiation-induced cardiotoxicity is characterized
by excessive intracellular ROS production, which may trig-
ger oxidative stress and damage cell membrane proteins and
lipids ¥ *"". MDA levels indicate membrane lipid peroxida-
tion levels during oxidative damage, and LDH can be used as
an indicator of cell injury because it leaks from cells after

®

plasma membrane disruption. Endogenous antioxidant SOD
protects cells from oxidative stress °>**, Our data showed
that radiation increased ROS, MDA, and LDH levels and de-
creased SOD content compared with control cells. In contrast,
STS significantly suppressed ROS generation in CFs subjec-
ted to radiation-induced damage and promoted antioxidant
stress by reducing LDH and MDA levels and increasing SOD
levels. Therefore, these results suggested that radiation may
cause cytotoxicity due to activation of oxidative stress, and
the protective effects of STS may be related to its ability to
scavenge oxygen free radicals and prevent lipid peroxidation
in CFs. IR is also known to directly induce cellular DNA
damage. Cell cycle checkpoints are activated after DNA dam-
age to slow or prevent cell cycle progression to repair cells or
B34 3 The percent-
age of S phase cells significantly increased after irradia-
tion ®**”. We assessed the influence of STS on cell cycle dis-
tribution of CFs. Our results suggested that radiation-induced

prevent the spread of damaged genomes
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damage increased the proportion of cells in S phase, and STS
reversed these effects, which indicates that STS can inhibit
radiation-induced S phase cell cycle arrest in CFs.

CFs produce extracellular matrix (ECM) scaffolding,
which is mainly used to support the adjacent cardiomyocytes,
and their dynamics contribute to the proliferation, differenti-
ation and function of cardiomyocytes, in part through the se-
cretion of paracrine factors and markers such as TGF-f, Ang
I, ET1, BNP and VEGF "% A previous study confirmed
that the STS attenuation of the radiation-induced fibrosis
damage in CFs was related to the inhibition of TGF-f expres-
sion *”). Upregulated Ang I also significantly increases intra-
cellular ROS production in fibroblasts, and upregulated BNP
exerts anti-proliferative effects on CFs in many heart dis-
eases. VEGF promotes angiogenesis and collateral vessel
formation “'**. To evaluate effects the of X-rays on the
secretory function of CFs, we assessed the levels of secreted
Ang I, BNP and VEGF. Our data showed that radiation sig-
nificantly increased the levels of Ang II and BNP released in-
to the medium compared to control cells, and STS treatment
inhibited the release of Ang II and BNP, which suggests that
radiation caused a disorder of CFs secretory function that was
improved by STS. STS could improve the deteriorated heart
function caused by X-rays. However, our results showed no
significant difference in the effects of radiation and STS on

®

VEGEF secretion by CFs. Further research is needed to elucid-
ate the mechanisms of these effects.

Apoptosis is an important feature of cardiotoxicity and
leads to the loss of contractile units and heart failure ** ***,
In this study, the results of flow cytometry showed that X-ray
radiation alone significantly increased the percentage of ap-
optotic cells compared with the control group. Moreover,
STS ameliorated the X-ray radiation-induced apoptosis,
which suggests that STS protected CFs against radiation-in-
duced injury. MAPK is a serine-threonine protein kinase that
exhibits a wide range of functions in many different cell pro-
cesses. In vitro studies and in vivo evidence suggest an im-
portant role for the MAPK signalling pathway in the activa-
tion of cardiac apoptosis ' **!. P38 MAPK leads to apoptosis,
and ERK 1/2 plays a regulatory role in cell cycle and cell pro-
liferation, which can promote CFs proliferation. Simultan-
eously, the activation of ERK 1/2 is a survival factor after ox-
idative stress "> *>**). Previous research also confirmed that
STS has a protective effect on radiation-induced injury in car-
diomyocytes that involves the MAPK signalling pathway ',
We measured the expression of MAPK signalling pathway-
related proteins, including P38, ERK 1/2, p-P38 and p-ERK
1/2. Our results showed that X-ray irradiation upregulated p-
P38 and downregulated p-ERK 1/2, and these results were
changed by STS pretreatment. These results suggest that radi-
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ation induces apoptosis by the activation of P38, and STS
may activate ERK 1/2 to reduce CFs apoptosis induced by ra-
diation and protect CFs proliferation.

P38 MAPK degrades Bcl-2 and activates BAX, which
leads to apoptosis “”. Bcl-2 inhibits the activation of BAX,
which translocates to the mitochondria and releases apoptotic
factors during apoptosis. An enhanced Bcl-2/BAX ratio is
important for the regulation of apoptosis ** ***1. Caspase-3 is
a major factor affecting apoptosis, which plays an important
role in DNA fragmentation and morphological changes "
Previous study showed that inhibition of MAPKs may sup-
press apoptosis, at least partially, via the inhibition of cas-
pase-3 activation *”. Irradiation can induce an upregulation
of BAX and caspase-3 and downregulation of Bcl-2 in cardi-
omyocytes, which leads to apoptosis *" . Our results
showed that X-ray exposure decreases Bcl-2/BAX expres-
sion and increases cleaved caspase-3 and caspase-3 expres-
sion, and STS reverses these results. These data suggest that
STS protects against the X-ray radiation-induced apoptosis of
CFs via the MAPK signaling pathway.

Conclusion

We demonstrate that X-rays increases oxidative stress
and apoptosis in CFs, and STS protects against radiation-in-
duced injury. We found that the its underlying mechanism
may be related to a reduced secretion of Ang II and BNP and
an activation of the P38 MAPK signalling pathway. These
novel findings suggest that STS is suitable as a preventive
agent for X-ray-induced heart damage. We provide evidence
that CFs are an important target for the pleiotropic effects of
cardiovascular drugs that reduce adverse radiation-induced
heart damage. Further research is needed to elucidate the spe-
cific mechanisms of STS-mediated protection of CFs from ra-
diation-induced damage.
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