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Abstract

Radioprotection is an important approach to reduce the side-effects of
radiotherapy. The radioprotective effect of the flavonoids of Rosa roxburghii Tratt
(FRT) has been confirmed, and the mechanism has been identified as
theBcl-2/caspase-3/PARP-1 signaling pathway. In this study, we investigated the
effects of FRT on the intercellular adhesion molecule (ICAM), and vascular cell
adhesion protein (VCAM) in addition to apoptosis-related proteins such as Bax/Bcl-2,
p-ERK/ERK, p-p53/p53, and p-p38/p38. In the present study, we focused on the effect
of FRT on PARP-1/AIF. lonizing radiation triggered the activation of PARP-1 and
AIF translocation from the mitochondrion to the nucleus. The inhibition of
PARP-1/AIF signaling pathway by FRT was investigated. Our results showed that the
expressions of Bax/Bcl-2, p-ERK/ ERK, p-p53/p53 and p-p38/p38 were decreased
after FRT treatment compared with the radiation-treated group. FRT inhibited
PARP-1 activation to inhibit AIF translocation from mitochondrion to nucleus.
Pretreatment with FRT diminished the comet’s tail and reduced fragments in 6
Gy-irradiated thymocytes compared with the irradiated cells without FRT treatment.
We conclude that FRT enhanced radioprotection at least partially by regulating
PARP-1/AIF to reduce apoptosis. This article is protected by copyright. All rights
reserved
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Introduction

The apoptosis-inducing factor (AIF) is a novel apoptosis-related protein located in
the inner mitochondrial membrane. The poly [ADP-ribose] polymerase 1 (PARP-1) is
a nuclear protein with a dual function of promoting cell damage repair and increasing
apoptosis, and an important upstream regulatory factor of AIF. In normal or DNA
mildly damaged cells, PARP-1 helps repair the damaged DNA and maintain genome
stability. When the DNA is badly damaged, PARP-1 is cleaved into two fragments
with a relative molecular mass of 89 kD and 24 kD [Luo and Kraus, 2012].

It has been reported that AIF is activated by PARP-1 and subsequently released into
the cytoplasm from the inner membrane of the mitochondria, followed by
translocation to the nucleus [Sevrioukova, 2011]. Without PARP-1, AIF could not
translocate from mitochondria to the nucleus in embryonic fibroblasts. The use of
caspase inhibitor Z-VAD-FMK could not effectively reduce the toxicity of fibroblasts
treated by H.O». Therefore, it is believed that apoptosis mediated by AIF nuclear
translocation is dependent on PARP-1, but not on the cascade reaction of caspase;
thus, it is a non-caspase dependent apoptotic pathway [Yu et al., 2002]. It has been
reported that AIF can directly cause chromatin aggregation and DNA fragmentation in
the nucleus, resulting in cell apoptosis. In contrast, AIF siRNA intervention in
radiation-damaged human colon cancer cells HCT-116 Bax” could reduce DNA
damage and increase cell survival rate significantly [Huerta et al., 2013]. Therefore,
inhibiting the activation of PARP-1/AIF signaling pathway to reduce the damage of

DNA is another effective approach for radiation protection.
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Rosa roxburghii Tratt is a deciduous shrub native to China and known for its
highly nutritional fruit. Flavonoids extracted from Rosa roxburghii Tratt (FRT) are
reportedly effective antioxidants [Zhang et al., 2005]. Purity of FRT was 73.85 %. The
main compounds of FRT were catechin (34.26 %) and quercetin (2.97 %)
(supplementary Fig. 1/2/3). We recently reported that FRT acted as a radio-protector
[Xu et al., 2014; Xu et al., 2012]. We have recently shown that FRT exhibited
anti-apoptotic properties via Bcl-2 (Ca®")/caspase-3/PARP-1 pathway [Xu et al., 2016].
Moreover, AlF is an important downstream molecule of PARP-1. In the present study;,
we investigated the effects of FRT on apoptosis-related proteins, with a particular
focus on the effect of FRT on PARP-1/AIF. lonizing radiation triggered PARP-1
activation to inhibit AIF translocation from mitochondrion to nucleus, and the
inhibition of PARP-1/AIF by FRT was subsequently investigated.

Materials and Methods

Materials

Male KM mice (4-6 weeks old, weighing 18-22 g) were purchased from the
Experimental Animal Center of Xinxiang Medical University. Animals were housed
at 10 per cage with ad libitum access to water and food pellets. Rosa roxburghii Tratt
was purchased from Ci-li Sales Center in Kaifeng (Henan, China; product batch
20150624). FRT was prepared in our laboratory in Xinxiang Medical University.
Tissue Freezing Medium of Thermo Richard-Allan NEG-50 was purchased from
Thermo Fisher Scientific Inc. (Waltham, MA USA). DNA Ladder kits were from
Jian-cheng Biotechnology Co., Ltd, Nanjing, China. RPMI-1640 and fetal calf serum
were obtained from Gibco BRL (Gaithersburg, USA). Antibodies for rabbit anti-poly
(ADP-ribose) polymerase-1(PARP-1), and anti-apoptosis inducing factor (AIF) were
purchased from Bo-Ao-Sen Biological Technology Co. Ltd, Beijing, China.
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Secondary antibodies were goat anti-rabbit IgG-Cy3 and IgG-FITC from Bi-Yun-Tian
Biotechnology Co., Ltd, shanghai, China. PARP-1 inhibitor (3-AB) were purchased
from Selleck Chemicals (Houston, USA). RNAiso Plus reagent (TAKARA BIO
INC.);

ReverTra Ace qPCR RT Master Mix kit (TOYOBO CO., LTD. Life Science
Department OSAKA JAPAN); SYBR® Green Real-time PCR Master Mix Kit
(TOYOBO CO., LTD. Life Science Department OSAKA JAPAN).

Cell culture

Thymus cells were cultured in suspension in RPMI-1640 medium containing 10%
fetal bovine serum, 100 U/mL penicillin, and 100 U/mL streptomycin at 37 °C in a
humidified atmosphere of 5% CO2.

Irradiation

Thymus cells were irradiated at room temperature with °°Co y-radiation at a dose
of 6 Gy. The animals were restrained in holders and exposed to 6 Gy total-body ®°Co
y-radiation to determine PARP-1 and AlF.

Comet assay (alkaline single cell gel electrophoresis, ASCGE)

The thymus cells (1 x 10° cells) were treated with 50 or 100 pg/mL FRT,
followed 2 h later by irradiation with 8°Co y-radiation at a dose of 6 Gy. Two hours
after irradiation, alkaline single cell gel electrophoresis (ASCGE) was performed
under alkaline conditions. Ten microliters of the cell suspensions were mixed with 50
uL of 0.4% low melting point agarose. Mixtures were spread onto microscope slides
pre-coated with 0.8% normal melting point agarose, and another 50 uL of 0.4% low
melting point agarose were used to cover the surface. The slides were kept at 4 °C for

20 min to allow the agarose to solidify and were subsequently immersed in chilled
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lysis buffer (2500 mM NaCl, 100 mM Na.-EDTA, 100 mM Tris base pH10, 1%
sarcosine Na, 1% Triton X-100, and 10% DMSO) for 1.5 h at 4 °C. Subsequently, the
slides were transferred into a horizontal electrophoresis tank with chilled
electrophoresis buffer (30 mM NaOH, 1 mM Naz-EDTA) for 20 min to allow DNA
unwinding. Electrophoresis was performed at 19 V and 100 mA at 4 °C for 20 min.
After electrophoresis, the slides were placed in a neutralizing buffer (400 mM
Tris-HCI, pH 7.5) at 4 °C for 15 min and stained with propidium iodide. Pictures of
the comets were obtained by laser scanning confocal microscopy. A total of 100
comets were observed in each sample. For the analysis, the comet tail ratio was
calculated.

DNA fragmentation assay (DNA ladder)

The thymus cells (1 x 10° cells) were treated with 50 or 100 ug/mL FRT. After 2 h,
cells were irradiated with %°Co y-radiation at a dose of 6 Gy. At 3 h after irradiation,
DNA gel electrophoresis was performed to assay DNA fragmentation. 5 x 10° cells
were centrifuged (2000 rpm, 4 ‘C, 5 min) , and washed with PBS for two times; 50
ML Lysis Buffer was added to the precipitate, mixed gently, centrifugated to get supernatant,
to which 5 uL Enzyme A was added, reacting at 37 'C for 15 min. 5 pL Enzyme B solution
was added to the suspension, gently mixed, incubated at 50 ‘C for 30 min; Next,
adding 40 puL. ammonium acetate and 200 pL cold ethanol to the mixture, mixing, reacting at
20 ‘C for 30 min; Then it was centrifuged (12000 rpm, 4 °‘C, 10 min) to obtain DNA
precipitation, to which 10 pL TE Buffer was added after it was dried at room temperature for 10
min. 10 uL DNA sample solution and 2 pL Loading Buffer mixed together for electrophoresis

experiment with the following conditions of 1.5% agarose gel electrophoresis and voltage 4 V/cm.
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Immunoblot analysis

The thymus cells (1 x 108 cells) were treated with 50 or 100 ug/mL FRT. After 24
h, cells were irradiated with ®©Co y-radiation at a dose of 6 Gy. The PARP-1 inhibitor
3-aminobenzamide (3-AB) was added 2 h before radiation. The caspase-3 inhibitor
Z-VAD-FMK was added 30 min before radiation. Six hours after irradiation, cells
were collected and RIPA lysis buffer and 1 mM phenyl methyl sulfonyl fluoride
(PMSF) (99:1) were added according to the amount of cells. The mixed liquid
induced complete lysis and was subsequently centrifuged (4 °C, 12000 r/min, 5 min).
The resulting supernatant was preserved at -80 °C. Forty-eight hours after transfection
with PARP-1 siRNA (0.1 uM), the protein was extracted. The protein concentration
was determined using the bicinchoninic acid assay (BCA) assay. The blocked blots
were incubated with primary antibodies overnight at 4 °C using antibody dilutions
recommended by the manufacturer. Subsequent incubation was performed with
horseradish peroxidase (HRP)-conjugated secondary antibody. The signal was
detected using enhanced chemiluminescence (ECL) reagents.
Detection of AIF by immunofluorescence and laser scanning confocal
microscopy

Mice adapted to the environment were divided into three groups: normal
(non-irradiated, untreated), irradiation (irradiated, untreated), and drug treatment
(irradiated, treated). All drugs were administered orally. Mice in the normal and
irradiation groups were given distilled water, and mice in the treatment groups

received FRT at 30 or 60 mg/kg. After 4 d, mice were irradiated with %°Co at a dose of
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6 Gy. The thymuses were dissected 3 days after irradiation and were stored in 4%
paraformaldehyde at 4 °C for 24 h. Fixed thymuses were put into 20% and 30%
sucrose solution to be dehydrated in turn. Subsequently, the thymuses were embedded
using a frozen embedding agent and were sliced into 4-um thick sections in Thermo
Richard-Allan NEG-50. Permeabilization was performed by treating the thymic tissue
sections with 0.1% Triton for 20 min. After rinsing with 0.01 M PBS for three times
(5 min each), sections were incubated for 1 h in 10% normal goat serum. Tissue
sections were incubated with AIF primary antibody overnight at 4 °C using antibody
dilutions recommended by the manufacturer, followed by incubation with
FITC-conjugated secondary antibody. Subsequently, sections were incubated for 10
min at 25 °C in 4',6-diamidino-2-phenylindole (DAPI) solution. The anti-fluorescence
quenching agent was added to tissue sections in the dark. The signal was detected by

laser scanning confocal microscopy.

Quantitative real-time PCR (RT-PCR)

The RT-PCR was performed according to the kit instruction. After isolating total
cellular RNA using the RNAiso Plus reagent, the cDNA was acquired from 1 pg
RNA of each sample using the ReverTra Ace gPCR RT Master Mix kit according to
the manufacturer’s instructions as follows: 37°C for 15min, 50°C for 5min, 98°C
for 5min. Quantitative PCR was performed using the ABI5500 RT-PCR system
(Strata-gene) with the SYBR® Green Real-time PCR Master Mix kit with the
following conditions: 95 “C for 1 min, 40 cycles of 95 C for 15s, 60 ‘C for 30 s,
72 °C for 45 s. The following primers with the predicted size were used. Primer
sequence of various genes were designed as follows: PARP-1 forward Primer:
5’-AGGACGCTGTTGAGCACTTC-3’ and reverse Primer:
5’-GCTTCTTTACTGCCTCTTCG-3’; AlF forward Primer:
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5’-CAGCCAGACAGCATCATCCA-3’ and Reverse Primer:
5’-TAAAGCCGCCCATAGAAACC-3’; GAPDH-1 forward Prime: 5’-AGGTCGG

TGTGAACGGATTTG-3’ and reverse Prime:  5’-TGTAGACCATGTAGTTGAG

GTCA-3".

Results
Effects of FRT on apoptosis-related proteins
Apoptosis signals were activated via the Bcl-2(Ca?*)/caspase-3/PARP-1 pathway in
irradiated cells, while FRT inhibited this pathway by down-regulating cleaved caspase-3,
-8, -9, and Ca?* and up-regulating prototype PARP-1 and Bcl-2 [8]. As shown in Fig.
1A-E, the protein expressions of Bax, p-ERK, p-p53, p-p38 were up-regulated, while
Bcl-2 was down-regulated after radiation. The ratios of Bax/Bcl-2, p-ERK/ERK,
p-p53/p53, p-p38/p38 were improved. Moreover, treatment with 50 or 100 pg/mL FRT
resulted in a down-regulation of Bax/Bcl-2, p-ERK/ ERK, p-p53/p53, p-p38/p38.
FRT inhibited radiation-induced cytoplasm-to-nucleus translocation of AIF in vivo
Given that AIF was located in mitochondria in the normal group, irradiation damage
resulted in its transfer from mitochondria to nucleus. On the 1st day after irradiation,
there was no apparent AlF translocation from the cytoplasm to the nucleus (Fig.2A). On
the 3rd day after irradiation, the expression of protein AIF in the nucleus in thymus
tissue of mice treated with irradiation but not with FRT was significantly higher
compared with the normal group (Fig. 2B). On the 6th day after irradiation, no AIF was
detected (Fig. 2C). Therefore, we selected 3 days after radiation as the best time to

determine target molecules. Applying FRT before irradiation at the concentration of 60
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mg/kg significantly inhibited AIF translocation from the cytoplasm to the nucleus (Fig.
2D).

FRT partially mitigated the radiation damage via the caspase-independent
pathway of PARP-1/AIF in thymus cells

Radiation induced activation of PARP-1. Following irradiation in vitro, the
expression of PARP-1 showed a dynamic change, which was most significant at 6 h
after irradiation (Fig. 3A).

FRT inhibited the shear activation of PARP-1, without altering its integrity. As shown
in Fig. 3B, the expression of PARP-1 was higher in the FRT + PARP-1 siRNA group
than in the PARP-1 siRNA group. This suggests that FRT could protect PARP-1 and thus
reduce degradation.

Radiation caused mitochondria to release a large amount of AIF into the cytoplasm,
which was then transferred into the nucleus. As shown in Fig. 4A, the expression of
protein AIF in thymus treated with irradiation was significantly higher compared with
the levels in the normal group, while it was significantly lower in FRT-treated cells
compared with the radiation group. Our findings suggest that the expression of AIF was
significantly increased in the nucleus, and that FRT could effectively reduce its
expression in the nucleus. As shown in Fig. 4B, Z-VAD-FMK has no inhibitory effect
on AIF nuclear translocation. The addition of this caspase inhibitor could not prevent a
large amount of AIF release caused by radiation damage. Moreover, FRT also reduced
the release of AIF to reduce the radiation damage. These data indicate that FRT

protected cells from radiation damage by means of a caspase-independent pathway. On
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the other hand, the PARP-1 inhibitor 3-AB exerted an inhibitory effect on AlF release.
As shown in Fig. 4C, after the addition of 3-AB, the release of AIF was inhibited, and
there was no significant difference in the expression of AIF between the three
experimental groups.
FRT protected DNA against radiation damage
Irradiation can cause different forms of DNA damage. Double-stranded breaks are
one form that leads to cell death. DNA double-stranded breaks in thymocytes were
examined (Fig. 5A). Irradiation induced DNA damage as evidenced by a longer comet’s
tail. Moreover, pretreatment with FRT diminished the comet’s tail in 6 Gy-irradiated
thymocytes compared with the irradiated cells without FRT treatment. The results of the
DNA fragmentation assay are shown in Fig. 5B. The DNA Ladder results indicated that
irradiation created more DNA fragmentation, while pretreatment with FRT reduced
fragmentation in 6 Gy-irradiated thymocytes compared with only irradiated cells.
Inhibitors of PARP-1 and caspase-3 administered with FRT significantly suppressed
DNA fragmentation.
The effect of FRT on mRNA of AIF and PARP-1
Results on the radiation-induced activation of PARP-1 mRNA are shown in Fig. 6A.
After irradiation, the expression of PARP-1 mRNA in thymocytes treated with
irradiation was significantly higher compared with the levels in the normal group;
while it was significantly decreased in FRT-treated cells compared with the radiation
group. Radiation induced activation of AIF mRNA is shown in Fig. 6B. After

irradiation, the expression of PARP-1 mRNA in thymocytes treated with irradiation
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was significantly higher compared with the levels in the normal group; while it was
significantly decreased in FRT-treated cells compared with the radiation group.
Discussion

Radiation often causes severe interference in the patients’ quality of life, and can
result in the discontinuation of the treatment due to radiation injury [Bernier, 2009;
Henriquez-Hernandez et al., 2012; Ospina et al., 2015].
Exposure of cells to ionizing radiation leads to simultaneous activation of multiple
signaling pathways that control cell death or survival. The molecular mechanism
involved in this process has been widely explored, but not precisely deciphered
[Burdelya et al., 2008; Gupta et al., 2004]. Apoptosis, or programmed cell death, is an
important biological phenomenon that provides protection in response to injury
whereby it minimizes further injury-related damage [Ballardin et al.,2011]. A study on
gene expression in intestinal cells reported a marked increase in the Bax/Bcl-2 ratio in
mice exposed to whole-body 4-Gy y-radiation, while administration of Clerodendron
infortunatum extract resulted in a significant reduction of this ratio, suggesting a
mitigation of radiation-induced apoptosis [Chacko et al., 2016]. The radiation-induced
bystander effect was diminished when the irradiated liver hepatocellular HepG2 cells
were pretreated with p53 siRNA, suggesting that a- particle-induced bystander effect
was regulated by p53[Li et al., 2013]. Moreover, naringin, a major flavonoid glycoside
in grapefruits, protected against ultraviolet B-induced skin damage by suppressing the
mitogen-activated protein kinase (MAPK)/p38 pathway activation [Ren et al., 2016].

Following a-particle irradiation, both ERK and p38 pathways were activated in
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human bronchial epithelial BEAS-2B cells, resulting in direct radiation-related
damage[Fu et al., 2016]. The persistently elevated density of ICAM-1 and VCAM-1 on
lung and heart microvascular endothelial cells may suggest a late inflammatory
response to 8-Gy irradiation in these cells [Sievert et al., 2015].

Apoptosis is characterized by a number of cytological alterations including
chromatin condensation, DNA fragmentation, and activation of cysteinyl
aspartate-specific proteinases, i.e. caspases [Nicholson and Thornberry, 1997]. The
pathways leading to apoptosis may be dependent or independent of caspases.
Originally, caspase-dependent apoptosis was described and studied, but
caspase-independent apoptosis is now a widely recognized phenomenon [Mathiasen
and Jaattela, 2002].

Recent evidence suggested AIF as an essential mediator in caspase-independent
cell death [Delavallee et al., 2011]. As a highly conserved mitochondrial intermembrane
flavoprotein, the mature AIF (62 kD) performs an indispensable protective redox
function when anchored to the inner mitochondrial membrane [El Ghouzzi et al., 2007].
Under the stress of several pro-apoptotic signals, the mature AIF is cleaved into a
soluble 57 kD protein (truncated AIF, tAlIF), and exerts a special activity in inducing
programmed cell death. Once released from mitochondria, AIF relocates into the
nucleus and induces caspase-independent chromatinolysis, eventually leading to cell
death [Cande et al., 2004]. AIF is the first identified protein involved in the
caspase-independent pathway[Susin et al., 1999]. In the present study, ionizing radiation

resulted in an increased expression of AIF in thymocytes and induced
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mitochondrion-to-nucleus AIF translocation.

The question remains as to what is upstream of AIF. AIF was released from
mitochondria by activated caspases, suggesting an involvement of caspase activation
in AIF nuclear translocation [Zamzami et al., 2000]. In addition, the caspase inhibitor
Z-VAD-FMK could block AIF release [Arnoult et al., 2003; Arnoult et al., 2002].
Furthermore, the translocation of the worm AIF homolog (WAH-1) translocation has
been reported to require the caspase homolog cell-death gene CED-3 [Wang et al.,
2002]. Taken together, these previous findings suggested that, under certain conditions,
AIF release depends upon caspase activation. Our present results found that the
caspase inhibitor Z-VAD-FMK failed to prevent AIF translocation, suggesting that
caspase activation is not required for AIF release, at least in ionizing-radiation
induced apoptosis in thymocytes.

Given that caspase was not required for the release of AIF in our experimental
settings, we further investigated the factors involved in promoting AIF release.
PARP-1 is activated by DNA strand breaks, which, if extensive, can initiate an
energy-consuming futile intracellular cycle. This subsequently leads to rapid depletion
of cellular content of NAD* and ATP, which results in cell dysfunction and/or cell
death [Ha and Snyder, 2000]. Cell-based studies demonstrated that diverse apoptotic
stimuli including oxidative stress with concomitant energy depletion, serum
deprivation, and alkylating agents cause a caspase-mediated cleavage of PARP-1;
thereby allowing the cell to preserve ATP levels required for energy-dependent

apoptosis and to release the suppression of apoptosis by poly(ADP-ribosyl)ated
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histone H1 [Yoon et al., 1996]. Additionally, in vivo studies showed that inactivation of
the PARP-1 gene in mice leads to pronounced protection in cerebral and myocardial
ischemia-reperfusion injuries[Endres et al., 1997; Pieper et al., 2000]. Reports suggested
that PARP-1, a nuclear enzyme responsible for DNA damage repairing, is an essential
up-regulator of AIF translocation[wu et al., 2012]. Over-expression of PARP-1
triggered by severe impairment could induce AIF translocation, while blocking
PARP-1 could suppress translocation [Chiu et al., 2012]. Activation of nuclear PARP-1
is required for the release of AIF to the nucleus [Sevrioukova, 2011]. Moreover, the
application of the PARP-1 inhibitor 3-AB inhibited the release of AlF, indicating that
PARP-1 is upstream of AIF. The substantial cytoplasmic-to-nuclear translocation of
AIF and its 57-kDa activated fragment detected between 14 and 24 h after treatment
indicated AlF as an effector for DNA fragmentation [Meggyeshazi et al., 2014].

In summary, our findings demonstrated that PARP-1/AIF is involved in the
caspase-independent cellular apoptosis induced by irradiation in thymus cells. The
present research provides for the first time a potential mechanism for the application
of combined ionizing radiation and gene therapy against PARP-1/AIF (Fig. 7).
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Figure legends

Fig. 1 Effects of FRT on apoptosis related proteins as measured by Western blot.
(A) Effect of FRT on the expression of Bax/Bcl-2 in thymocytes after irradiation (*, P
< 0.01 compared with control; #, P < 0.01 compared with irradiation alone). (B)
Effect of FRT on the expression of p-ERK/ ERK in thymocytes after irradiation (*, P
< 0.01 compared with control; #, P < 0.01 compared with irradiation alone). (C)
Effect of FRT on the expression of p-p53/p53 in thymocytes after irradiation (*, P <
0.01 compared with controls; #, P < 0.01 compared with irradiation alone). (D) Effect
of FRT on the expression of p-p38/p38 in thymocytes after irradiation (*, P < 0.01
compared with controls; #, P < 0.01 compared with irradiation alone). (E) Effect of
FRT on the expression of ICAM and VCAM in thymocytes after irradiation (*, P <

0.01 compared with controls; #, P < 0.01 compared with irradiation alone).
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Fig. 2 FRT inhibited radiation-induced translocation of AIF from cytoplasm to
nucleus in vivo. (A) AIF at 1 d after irradiation. (B) AIF at 3 d after irradiation. (C)
AlF at 6 d after irradiation. (D) Effect of FRT on the translocation of AIF from
cytoplasm to nucleus in vivo (*, P < 0.01 compared with controls; #, P < 0.01
compared with irradiation alone).

Fig. 3 Effects of FRT on the expression of PARP-1 siRNA in thymocytes as
measured by Western blot. (A) The activation of PARP-1 at different time points
after irradiation (*, P < 0.01 compared with controls). (B) Effect of FRT on the
expression of PARP-1 in thymocytes following PARP-1 siRNA transfection (*, P <
0.01 compared with Ps group).

Fig. 4 Effects of FRT on the expression of AIF in thymocytes after irradiation as
measured by Western blot. (A) Effects of FRT on the expression of AIF in the
cytoplasm and nucleus in vitro. (*, P < 0.01 compared with controls; **, P < 0.01
compared with irradiation alone). (B) Effect of caspase-3 inhibitor Z-VAD-FMK on
the expression of AIF after irradiation (*, P < 0.01 compared with controls; **, P <
0.01 compared with irradiation alone). (C) Effect of PARP-1 inhibitor 3-AB on the
expression of PARP-1 and AlF after irradiation.

Fig. 5 Protective effect of FRT on irradiation-induced DNA damage in
thymocytes. (A) Effect of FRT on irradiation-induced DNA comet’s tail in
thymocytes. DNA damage was detected by the alkaline single-cell gel electrophoresis
(ASCGE) assay. One hundred comets were analyzed in each group, and percentages

of tail DNA were compared (*, p < 0.01 compared with controls; #, p < 0.01
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compared with irradiation alone). (B) Protective effect of FRT on irradiation-induced
DNA fragmentation in thymocytes.

Fig. 6 Effect of FRT on PARP-1/AIF mRNA in irradiated thymocytes. (A) Effect
of FRT on PARP-1 mRNA in irradiated thymocytes (*, p < 0.01 compared with
controls; #, p < 0.01 compared with irradiation alone). (B) Effect of FRT on AlF
MRNA in irradiated thymocytes (*, p < 0.01 compared with controls; #, p < 0.01
compared with irradiation alone).

Fig. 7 PARP-1/AIF signal pathway
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