
ORIGINAL PAPER

Genistein Alleviates Radiation-Induced Pneumonitis
by Depressing Ape1/Ref-1 Expression to Down-regulate
Inflammatory Cytokines

Guo-Dong Liu • Lei Xia • Jian-Wu Zhu • Shan Ou • Meng-Xia Li •

Yong He • Wei Luo • Juan Li • Qian Zhou • Xue-Qin Yang • Jin-Lu Shan •

Ge Wang • Dong Wang • Zhen-Zhou Yang

Published online: 23 March 2014

� Springer Science+Business Media New York 2014

Abstract The aim of the study was to investigate the role

of genistein in alleviating radiation-induced pneumonitis

(RIP) through down-regulating levels of the inflammatory

cytokines by inhibiting the expression of apurinic/apyrim-

idinic endonuclease 1/redox factor-1 (Ape1/Ref-1). Fifty

female C57BL/6J mice (8 weeks old) were randomly

divided into a control group, a pure irradiation (IR) group

and a genistein ? IR group. At the four time points after

IR, hematoxylin, and Masson’s trichrome stainings were

used to examine the pathological changes and collagen

fiber deposition. Flow cytometry was used to detect

reactive oxygen system (ROS) changes, EMSA was used to

estimate the nuclear factor kappa B (NF-jB) transcrip-

tional activities and an ELISA assay was used to measure

the levels of TGF-b1, IL-1b, TNF-a, and IL-6 in the serum

and bronchoalveolar lavage fluid (BALF) 2 weeks after IR.

The pathological detection results showed acute inflam-

matory/fibrinoid exudation of the thoracic tissue after IR,

which was significantly alleviated with genistein. The IR-

induced an APE1 protein expression increase and NF-jB

was effectively suppressed by genistein (P \ 0.05). The

induction of the inflammatory cytokines TGF-b1, IL-1b,

TNF-a, and IL-6 by IR were in turn inhibited in the serum

and BALF of the genistein-pretreated mice (P \ 0.05). In

addition, the ROS production was significantly boosted in

the A549 cells after IR, which could be down-regulated by

the pretreatment of genistein. The results demonstrate that

genistein alleviates RIP by attenuating the inflammatory

response in the initiation of RIP. A possible target of

genistein is the Ape1/ref-1, which regulates key inflam-

matory cytokines by activating the NF-jB.

Keywords Genistein � Radiation-induced thoracic

injury � Reactive oxygen species � AP endonuclease/redox

factor-1 � NF-jB � Cytokines

Introduction

Radiotherapy is one of the main treatments for thoracic

tumor. However, serious complications in radiotherapy of

the thoracic tumor can occur such as the radiation-induced

thoracic injury, including radiation-induced pneumonitis

(RIP), and radiation-induced fibrosis (RIF). Radiotherapy

still lacks effective protection strategies and is considered

as a dose-limiting factor [1]. Respiration is the key
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physiological activity, thus the initiation of RIP has sig-

nificant impact on the respiratory capacity which limits the

dose applied to lung cancer radiotherapy. Currently, it is

widely recognized that the oxidative stress-induced

inflammatory cytokine cascade mediates and amplifies the

RIP [2–5]. It has been proved that nuclear factor kappa B

(NF-jB), which is a key responsive transcription factor

under oxidative stress, plays a crucial role in the expression

of various inflammatory cytokines. Inhibiting NF-jB can

effectively suppress the inflammatory response [6, 7]. A

valid signal pathway ionizing radiation-activated NF-jB is

important for selecting molecular targets to inhibit the NF-

jB activity. Multifunctional protein apurinic/apyrimidinic

endonuclease 1/redox factor-1 (Ape1/Ref-1) has been

reported to be the redox activator of NF-jB. Inhibition of

Ape1/Ref-1 may down-regulate the NF-jB DNA binding

activity, whereas overexpression of Ape1/Ref-1 could

activate NF-jB [8, 9]. Our previous studies have proven

that 5,7,4/-genistein is a promising radiation protector

which is worthy of further study [10].

Previous studies have demonstrated that genistein can

enhance the effect of the radiotherapy for prostate cancer,

by restraining the NF-jB activity by down-regulating the

Ape1/Ref-1 expression [9]. However, the effect of possible

tissue injury has not been reported. The cascading effect of

the inflammatory cytokines mediates and amplifies the RIP,

when the NF-jB activity is closely related to the release of

the inflammatory cytokines. However, it remains unclear

whether genistein exerts a protective effect on the RIP

through decreasing NF-jB activity by down-regulating the

Ape1/Ref-1 expression. We hypothesized that genistein

exerts a protective effect on the RIP by the pathway:

expression decrease of APE1/Ref-1 ? down-regulation of

NF-rB transcriptional activity ? down-regulation of

inflammatory factors. Thus, in this study, we detected

APE1/Ref-1 expression at different stages after the RIP and

after the administration of genistein. In the meantime, the

changes in inflammatory factors in the mice serum and

bronchoalveolar lavage fluid (BALF) were detected to

analyze the protective effect of genistein on the RIP via the

abovementioned pathway.

Materials and Methods

Animals and Cell Strains

A total of 50 female C57BL/6J mice (Experimental Animal

Center of Daping Hospital, Third Military Medical Uni-

versity, Chongqing) aged 8 weeks and weighing (20 ± 2)

g were used in the experiments. The mice were housed in

facilities accredited at Experimental Animal Center of

Daping Hospital, Third Military Medical University and

were treated in accordance with approved protocols. In the

main experiment, we used computer-generated random

numbers to divide the mice into three experimental groups:

control group (n = 10), pure irradiation (IR) group

(n = 10) and genistein ? IR group (n = 30). The geni-

stein (200 mg/kg, purity C98 %, normal saline as the sol-

vent, Sigma Inc. USA) was injected subcutaneously at 8,

16, and 24 h before IR [11, 12]. The mice were housed in a

standard laminar flow animal room. Human A549 thoracic

adenocarcinoma cell line (ATCC sequence number: CCL-

185) was kindly presented by the Cancer Institute of Xin-

qiao Hospital, Third Military Medical University and cul-

tured routinely.

Radiation

The mice in the control group received sham IR (0 Gy) of

the thorax under the same conditions, and the mice in the

other groups were treated with whole thorax IR of

(12 ± 0.2) Gy. The mice were anesthetized intramuscu-

larly with sodium pentobarbital (50 mg/kg) and fixed with

Perspex jigs. All mice in groups B and C received a single

dose of 8 MV X-ray IR by digital linear accelerator

(ELEKTA Company) to the whole thorax, with a dose of

12 Gy (approximately 0.5 Gy/min) and SSD = 100 cm

[13].

Pathological Observation of the Thoracic Tissues

The mice were killed and the right thoracic tissues were

taken and placed in 10 % formaldehyde for fixation. The

thorax was then embedded in paraffin, and sliced into 5 lm

sections for hematoxylin (HE) and Masson’s trichrome

stainings. The pathological tissue structure change was

observed under microscope and the histopathological

scores evaluated, i.e., the hamster mycoplasma pneumo-

niae pneumonia histopathology score system [14].

Detection of ROS Content With a Flow Cytometry

The 2.0 9 105/well of A549 cells at logarithmic growth

phase were inoculated in a 24-well plate, with 0.5 ml per

well. After adherence, the cells were divided into six

groups: control group, pure IR with 5 Gy group (IR 5 Gy

group), pure IR with 10 Gy group (IR 10 Gy group), pure

genistein group, genistein ? IR 5 Gy group, and geni-

stein ? IR 10 Gy group. Wherein, genistein with 30 lmol/

l of final concentration was added 24 h before IR; IR with 5

or 10 Gy, respectively, was done with 8 MV X-ray, with

absorption dose rate of 0.5 Gy/min. After IR, the cells were

continued to be cultured for 24 h. A quantity of 1.7 mg

DCF (Sigma Inc) was sufficiently dissolved with 500 ll of

DMSO. Then, 50 mmol/l of NaOH solution was prepared,
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and 500 ll was added to the DCF. The incubation was

carried out under room temperature for 30 min away from

light. With the addition of 6 ml PBS into a centrifuge tube

(15 ml in volume), the activated DCF was added and the

tube was then placed over ice for reserve. After treatment,

the cells were washed with PBS and DCF probe (1:20) was

diluted with 2 % serum/PBS. Then, the cells were put in

the wells for 1 h of culture. After the probe was loaded, the

cells were collected and washed twice with PBS. Flow

cytometry was applied to detect the reactive oxygen system

(ROS) content in the cells.

Measurement of Ape1 Protein Expression by Western

Blot

After IR, the protein was extracted from the mice right

thoracic tissues. Then, the proteins were incubated with

rabbit anti-human APE1/Ref1 polyclonal antibody (1:200,

Novus Company) or rabbit anti-human b2 actin monoclo-

nal antibody (1:2000, Pierce Inc.) for 11/2 h and incubated

with HRP-labeled goat anti-rabbit secondary antibody

(1:2,000, Pierce) for 1 h. The chemiluminescence kit

(Pierce) was used for chromogenic assay.

Determination of NF-jB Expression by EMSA Method

The 2.0 9 105/well of A549 cells were inoculated on a

24-well plate for the following groups: the control group,

pure genistein group, pure Ad5/F35 APE1 siRNA recom-

binant adenovirus group, genistein ? Ad5/F35 APE1 siR-

NA recombinant adenovirus group, pure IR 5 Gy group,

genistein ? IR 5 Gy group, Ad5/F35 APE1 siRNA

recombinant adenovirus ? IR 5 Gy group, and geni-

stein ? Ad5/F35 APE1 siRNA ? IR 5 Gy group. Geni-

stein with 30 lmol/l of the final concentration was added

24 h before IR. The Ad5/F35 APE1 siRNA recombinant

adenovirus (with infective dose of 10 MOI) was added 12 h

before IR. IR with 5 Gy was done with 8 MV X-ray for all

groups, with absorption dose rate of 0.5 Gy/min. After the

IR, the culture was continued for 12 h. The cells were

collected and nuclear protein (Pierce Company) was

extracted for reserve according to the kit specification. The

nuclear protein (Pierce Company) was extracted from the

right thoracic tissues of each group after 3 days of IR in

accordance with kit specification for reserve.

Determination of Inflammatory Factors in Serum

and BALF by Using Double Antibody Sandwich

ELISA Assay

After the mice were irradiated for 2 weeks, 1 % amyl

barbital sodium (50 mg/kg) was intramuscularly injected

for full anesthesia. Then, the eyeball was removed and the

orbital venous blood was collected in a clean EP tube.

After deposition for 30 min, the orbital venous blood was

centrifuged for 3 min at 1,000 rpm, followed by collection

of the supernatant in a clean EP tube for preservation at

-70�C in the refrigerator. The neck skin was cut and the

indwelling needle was used for endotracheal intubation.

We used 1 ml of normal saline to wash the whole thorax

for collection of the BALF. The procedure was repeated

three times and a total of 2 ml BALF was collected. Then,

the BALF was centrifuged at 4�C and at 1,000 rpm for

10 min and the supernatant was collected and preserved in

-70�C refrigerator. The ELISA method (NeoBioscience)

was used to determine the levels of IL-1b, TNF-a, IL-6,

and TGF-b1 in the serum and BALF. A standard curve was

drawn to calculate the concentration of these inflammatory

factors.

Statistical Analysis

The SPSS 13.0 was used for statistical analysis and the

results were expressed as mean ± SD. The pairwise com-

parisons of the single-factor analysis and t test were per-

formed for the mean value of multiple samples. The

differences were considered statistically significant at

P \ 0.05.

Results

Morphological Observation of Mice Thoracic Tissues

The thoracic tissue of mice in the control group had intact

capillary wall, with no congestion of the pulmonary

interstitial or inflammatory exudation of the alveolar and

bronchiolar cavity (Fig. 1a). The pathological changes in

the mice thorax in the pure IR group featured exudation at

day 3 after IR, with congestion and edema in the pul-

monary interstitial and capillary, many lymphocytes in the

bronchoalveolar cavity and bronchioles, and edema fluid in

some alveolus (Fig. 1b). The pathological changes at day

56 after IR, featured mainly chronic inflammation. The

inflammatory cell infiltration of the lymphocytes could be

seen around the bronchi and blood vessels, where the

fibrinoid exudate could be found in the alveolar septa and

part of the alveolar cavity (Fig. 1c). Acute inflammatory

reaction was also found in the thoracic tissue of the geni-

stein ? IR group, but the congestion and edema of the

alveolar cavity lymphocytes, thoracic interstitial and alve-

olar wall capillary and the alveolar inflammatory exudate

were significantly alleviated in comparison to the pure IR

group (Fig. 1d–f). Masson triple staining showed blue
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fibrous deposition in the pulmonary interstitial, while a

little fibrous tissue could be found in the control group

(Fig. 2a); the fibrous tissue started to proliferate in the pure

IR group 14 days after IR (Fig. 2b); pulmonary fibrosis

was formed at days 28 and 56 after IR, with disorder

thoracic structure and a lot of green-dyed collagen fibers

(Fig. 2c, d).

Determination of ROS Content

Compared with the control group, the content of intracel-

lular ROS was significantly increased in the A549 cells

after IR (P \ 0.05). While the content of intracellular ROS

in the genistein ? IR 5 Gy group and genistein ? IR

10 Gy group was significantly reduced, which showed

Fig. 1 Morphological changes

of the mice thorax after IR (HE

9400). a Control group; b pure

IR for 2 weeks; c pure IR for

8 weeks; d genistein 8 h ? IR

for 2 weeks; e genistein

16 h ? IR for 2 weeks; and

f genistein 24 h ? IR for

2 weeks

Fig. 2 Masson triple staining revealed collagen fiber changes of thoracic tissue of mouse thoracic tissues after IR (Masson 9400). a Control

group; b at day 14 after IR; c at day 28 after IR; and d at day 56 after IR

Fig. 3 Flow cytometric

analysis of ROS content in

A549 cells
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insignificant difference in comparison with the control

group but significant difference in comparison with IR

5 Gy group and IR 10 Gy group (P \ 0.05) (Fig. 3),

indicating that genistein can effectively suppress the pro-

duction of ray-generated large number of reactive oxygen

substances within the target cells.

Effect of Genistein on Ape1/Ref-1 Expression

in Thoracic Tissues

Western blot results showed that APE1/Ref-1 expression of the

thoracic tissue of the mice changed little at different time points

in the control group but was first increased and then decreased

in the pure IR group with the development of the RIP. At day 1

after IR, APE1/Ref-1 expression in the pure IR group began to

increase and reached a peak on day 3, which was significantly

higher (about 2.2 times) than that of the control group

(P \ 0.05). Then, with the development of RIP, APE1/Ref-1

expression in the pure IR group was gradually reduced to the

level of the control group at day 28 and it was significantly

lower than that of the control group at day 56, only about 1/5 of

the control group (P \ 0.05) (Fig. 4). Subcutaneous injection

of 200 mg/kg of genistein was performed 24 h before IR.

Western blot results after 3 days of IR showed that APE1/Ref-

1 protein expression had reached the highest level in the pure

IR group, followed by the control group and the geni-

stein ? IR group in descending order, suggesting that geni-

stein could significantly antagonize the elevation of radiation-

induced Ape1/Ref-1 expression (Fig. 5).

Detection of NF-jB Expression in Thoracic Tissues

and A549 Cells With EMSA

After 3 days of IR, the nucleus protein was extracted from

the right thorax of the mice from each group to detect NF-

jB expression. The results showed that the NF-jB

expression in the thoracic tissues of the control group was

lower than the other groups, indicating that the NF-jB

expression in the thoracic tissue was increased at various

degrees after IR, with the most remarkable increase in the

pure radiotherapy group. The NF-jB expression in the

genistein 24 h ? IR group showed no obvious increase,

which indicates that rendering of genistein 24 h before IR

could obviously reduce NF-jB expression in the thoracic

tissues. While rendering of genistein 16 or 8 h before IR

had no similar effect (Fig. 6). The NF-jB expression was

clearly increased in the A549 cells after IR. While NF-jB

expression in the A549 cells after pretreatment with geni-

stein or Ad5/F35-APE1 siRNA was lowered to some

extent. The NF-jB expression reached the lowest level

after treatment with genistein ? Ad5/F35-APE1 siRNA, as

indicated that down-regulation of the Ape1/Ref-1 expres-

sion could restrain NF-jB activity (Fig. 7).

Fig. 4 Western blot detection of Ape1/Ref-1 expression in mice with

RIP at different time points

Fig. 5 Western blot detection of the effect of genistein on Ape1/Ref-

1 expression in A549 cells

Fig. 6 EMSA detects NF-jB expression in the thoracic tissues of

RIP mice. 1. Genistein 24 h ? IR group; 2. genistein 16 h ? IR

group; 3. genistein 8 h ? IR group; 4. pure IR group; and 5. control

group

Fig. 7 NF-jB expression in A549 cells by EMSA. 1. Control group;

2. pure genistein group; 3. pure Ad5/F35 APE1 siRNA recombinant

adenovirus group; 4. genistein ? Ad5/F35 APE1 siRNA recombinant

adenovirus group; 5. pure IR 5 Gy group; 6. genistein ? IR 5 Gy

group; 7. Ad5/F35 APE1 siRNA recombinant adenovirus ? IR 5 Gy

group; and 8. genistein ? Ad5/F35 APE1 siRNA ? IR 5 Gy group
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ELISA Analysis on Expressions of Inflammatory

Cytokines in Serum and BALF of RIP in Mice

The ELISA method was used to measure the influence of

genistein on protein expressions of IL-1b, TNF-a, IL-6,

and TGF-b1 in serum and BALF of the mice.

IL-1b Protein Content

Compared with the control group (with the exception of the

IL-1b protein content in BALF of the mice in geni-

stein ? IR group which was treated 24 h before IR), the IL-

1b protein contents in the other groups had increased sig-

nificantly (P \ 0.05), indicating the existence of IL-1b high

expression of IL-1b protein at radiation-induced thoracic

injury. Compared with the pure radiation group, the

expression of IL-1b proteins 24 h before IR was signifi-

cantly decreased in the groups C and D (P \ 0.05), while

there was no significant changes of IL-1b protein expres-

sion in genistein ? IR group at 8 and 16 h before IR

(P [ 0.05), suggesting that only subcutaneous injection of

genistein 24 h before IR could achieve protections from

thoracic injury and significantly lower the IL-1b protein

content in the serum and BALF (Tables 1, 2).

TNF-a Protein Content

Compared to the control group, the serum TNF-a protein

content of the mice in the genistein ? IR group which was

treated 24 h before IR showed no significant differences with

that in the bronchoalveolar lavage of the genistein ? IR group

which was treated 16 and 24 h before IR (P [ 0.05), but the

TNF-a protein content was increased significantly in the other

groups. Compared with pure IR group, the serum TNF-a
protein contents of the mice were decreased significantly in

the genistein ? IR group before IR (P \ 0.05), and the TNF-

a content in BALF in the genistein ? IR group which was

treated 16 and 24 h before IR also had obvious difference

(P \ 0.05), which indicated that TNF-a was sensitive in

predicting the influence of genistein on RIP (Tables 1, 2).

IL-6 Protein Content

Compared with the control group (except for the serum IL-6 of

the mice in the genistein ? IR group that was treated 16 h

before IR), the IL-6 contents in the other groups was increased

significantly (P \ 0.05). Compared with pure IR group, the

serum IL-6 content of the mice had increased significantly 8 h

before IR in the genistein ? IR group (P \ 0.05) but

decreased slightly in the other groups, with no significant

change (P [ 0.05). However, the IL-6 content in the BALF

had decreased significantly in all groups (P \ 0.05), indicat-

ing that the serum IL-6 content was not the proper forecasting

index for measuring genistein’s influence on RIP in compar-

ison with the bronchoalveolar lavage (Tables 1, 2).

TGF-b1 Protein Content

Compared with the control group, the TGF-b1 protein

content showed high expression in the serum and the

Table 1 Changes of IL-1b,

TNF-a, IL-6, and TGF-b1 in the

serum of mice in all groups (pg/

ml, �x� s)

Compared with control group:
aP \ 0.05

Compared with pure IR group:
bP \ 0.05

Group IL-1b TNF-a IL-6 TGF-b1

Control group 90.52 ± 4.61 27.84 ± 1.49 11.22 ± 1.72 22353.18 ± 52.88

Pure IR group 215.09 ± 7.38a 63.11 ± 2.37a 26.01 ± 9.51a 71421.59 ± 40.81a

Genistein 8 h ? IR

group

244.11 ± 2.31a 55.12 ± 4.18a,b 39.75 ± 1.06a,b 67138.16 ± 1163.00a

Genistein 16 h ? IR

group

252.26 ± 7.38a 37.02 ± 3.57a,b 14.45 ± 2.19 62776.32 ± 1097.88a

Genistein 24 h ? IR

group

129.89 ± 4.03a,b 32.58 ± 2.67b 17.63 ± 5.55a 52927.63 ± 15621.48a,b

Table 2 Changes of IL-1b, TNF-a, IL-6, and TGF-b1 in the BALF of mice in all groups (pg/ml, �x� s)

Group IL-1b TNF-a IL-6 TGF-b1

Control group 103.98 ± 4.15 529.42 ± 23.00 320.87 ± 6.89 127.37 ± 8.19

Pure IR group 532.57 ± 37.51a 972.40 ± 43.97a 948.48 ± 56.49a 650.00 ± 8.93a

Genistein 8 h ? IR group 454.41 ± 39.81a 867.49 ± 20.00a 658.00 ± 54.09a,b 493.88 ± 2.51a,b

Genistein 16 h ? IR group 310.30 ± 13.65a 570.21 ± 31.44b 480.50 ± 21.21a,b 253.42 ± 69.59a,b

Genistein 24 h ? IR group 115.19 ± 7.52b 544.42 ± 14.23b 442.52 ± 31.31a,b 159.59 ± 0.91b

Compared with control group: aP \ 0.05

Compared with pure IR group: bP \ 0.05
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BALF of the mice with RIP in the other groups (P \ 0.05),

indicating that the TGF-b1 was a sensitive index for

forecasting acute radioactive thoracic injury. Compared

with the pure IR group, the serum TGF-b1 protein content

of the mice 24 h before IR in the genistein ? IR group

(P \ 0.05) and the TGF-b1 contents in the BALF in the

genistein ? IR group (P \ 0.05) had decreased signifi-

cantly, which indicated that TGF-b1 was sensitive in pre-

dicting the protective effect of genistein on the RIP

(Tables 1, 2).

Discussion

Malignant thoracic tumors greatly threatens human life and

radiotherapy is one of the most important treatment

methods [15]. As the most common dose-limiting factor for

thoracic tumor radiotherapy, the radiation-induced lung

injury (RILI) including RIP and RIF has an incidence ratio

as high as 5–15 %. RIP may lead to serious consequences

and an ideal radioprotectant is urgently needed [16].

The animal models of RIP are essential to further investi-

gate the mechanism and protection of RIP. Rodent models of

RIP are currently the most widely used. Though small dosage

with repeated IR corresponds with routine treatment, frac-

tionated IR is commonly used in short-term research. William

et al. [17] used 6 MV X-ray for single IR with mice with

30 Gy right thorax, and observed the changes for 2 months

after IR. In this study, the 8-week-old female C57BL/6J mice

were used and the mice RIP model was constructed using

single IR of the whole thorax with 12 Gy. The inflammatory

pathological change and collagenous fiber deposit of the

thorax were tested via HE and Masson staining. The expres-

sions in inflammatory factors included TNF-a, IL-1b, IL-6,

and TGF-b1 and were tested by the ELISA method.

RILI is a complicated pathological process that is

regulated by the various factors produced by the interac-

tion of cells. Once the target cells are damaged by radi-

ation, the cytokines (TNF-a, IL-1, IL-6, etc.) will be

released to induce acute inflammatory response, which in

turn induce cytokines to activate the macrophages

releasing TGF-b1, boost fiber metrocyte transformation,

fibroblast proliferation and matrix protein synthesis, and

ultimately lead to pulmonary interstitial fibrosis [18, 19].

‘‘Remote contingent effects’’ of the RIP further proves

that the cascade effect of the inflammatory cytokines is

the key in mediating and magnifying RIP. In this study,

the ELISA method was used to test the protein expres-

sions of TNF-a, IL-1b, IL-6, and TGF-b1 in the mice

serum and BALF and found that ionizing radiation could

cause a remarkable increase in the expression of the four

inflammatory factors. The results of the study are in

accordance with other domestic and foreign research

results indicating that blood plasma TGF-b1 level could

be a predictive factor for RIP [5, 20–22].

As the main component of the soy isoflavones, 5,7,40/-
genistein is a special type of polyphenolic compound. Our

previous studies have demonstrated that genistein is a

promising radio-protector [10]. NF-jB plays a key role in

mediating release of the inflammatory cytokines [6, 7]. A

number of recent studies have proved that genistein

quenching radiation-induced radical and inhibiting oxi-

dized stress-induced NF-jB DNA binding activity are the

main molecular basis for its radiation protective effect [23–

25]. Other studies have also demonstrated that genistein

reduces the activity of NF-jB by decreasing Ape1/Ref-1

expression [9]. In this study, the Western blot method was

used to observe Ape1/Ref-1 expression at different stages

after RIP and the results showed that the Ape1/Ref-1

expression was increased on day 1 after IR, reached peak at

day 3 (about 2.2 times of control group); later, with alle-

viation of RIP, Ape1/Ref-1 expression was lowered to the

level of control group at day 28 and was obviously lower

than the control group at day 56 (about 1/5 of the control

group). This, on one hand, was possibly related with large

amount of ROS produced by ionizing radiation, which

exceed the capacity of antioxidant system in the thoracic

cell. Ape1/Ref-1 protein was then activated to up-regulate

of the DNA binding activity of the transcription factors in

response to oxidative stress. On the other hand, with

development of RIP, the imbalance between repair capac-

ity of Ape1/Ref-1 and DNA damage is then formed during

thoracic injury repair [26]. Genistein pretreatment was

performed 24 h before IR. The Western blot method

showed that Ape1/Ref1 protein expression in the pure IR

group ranked the highest, with control group the second,

pure genistein the third and genistein ? IR the least, which

indicates that pretreatment with genistein can reduce the

radiotherapy-induced expression increase of Ape1/Ref1

protein. As the redox activator of NF-jB, Ape1/Ref-1 can

restrain NF-jB activity under the down-regulated expres-

sion but activate NF-jB activity under the up-regulated

expression [8, 9]. The in vitro and in vivo experiments in

this study have displayed the similar results: NF-jB

expression was obviously increased after IR, and obviously

decreased after pretreatment with genistein or Ad5/F35-

APE1 siRNA adenovirus and reached the lowest level after

synergetic treatment with genistein ? Ad5/F35-APE1

siRNA adenovirus, as further proves that Ape1/Ref-1 is the

redox activator of NF-jB.

Because NF-jB plays a key role in mediating the release

of the inflammatory cytokines [6, 7], it was presumed that

down-regulating the Ape1/Ref-1 expression could influ-

ence inflammation and the release of the inflammatory

cytokines. The results of this study indicated that subcu-

taneous injection of genistein at 24, 16, and 8 h before IR,
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showed a change in acute inflammation in all groups.

However, compared with the pure IR group, the scope of

inflammation decreased, the congestion in the thoracic

mesenchyme and alveolar wall capillary was alleviated and

the inflammatory exudation reduced. This demonstrated

that the use of genistein before radiotherapy could obvi-

ously mitigate the acute radioactive pneumonia. The results

also showed that radiation could significantly stimulate

production of ROS, while genistein could effectively

inhibit intracellular ROS production after IR. The ELISA

method was used to test the influence of genistein on the

expressions of inflammatory cytokines such as IL-1b, TNF-

a, IL-6, and TGF-b1 in the serum and BALF and found

that in order to reduce the expressions of the inflammatory

cytokines, subcutaneous injection of genistein should be

done within 24 h before IR. Compared with IL-1b, TNF-a
was a more sensitive factor for predicting the protection

role of genistein against RIP. While IL-6 level in BALF

was a more reasonable parameter for predicting the pro-

tection role of genistein against RIP in comparison with IL-

6 level in the serum. As for TGF-b1, it was a sensitive

predictive parameter not only for acute RIP, but also for the

protection effect of genistein against RIP.

In conclusion, genistein could protect against RIP, when

one of the mechanisms is possibly to reduce synthesis of

the inflammatory cytokine through decreasing Ape1/Ref-1

protein expression. With development of the molecular

biology, more molecular mechanism of genistein protec-

tion will be disclosed, which will definitely provide a new

and effective therapy for alleviation of RIP.
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