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ME: BRY  ®HTH K487 (Amifostine, AMI) &7/ RSB (RILT) 6 B 47 48 A L),
Tk H 24 R C5TBL/6) AN KA A P RERLL, B IRA AL, AMI 20, JA A& Anik B oMV -X SH4& %
R A2Gy BBAH I KA, BAAT 30 min M ES AMI, SRR Ae S ob BRI SH T A2 K, R4
14 dE, GRONRIMTALARA, RAHAM - Faofé ik (HE) MRREAE ; BRI L )E A M % (ELISA)
Hm A EMRERR TGN F 6 (IL-6), MBHRABEF —o (TNF-a ), #HAEKEF -, (TGF-B,)
FOART Bkl kA RN EE T kB (NF-kB) #&H ; ZEMAZ4FHIE NLRP3 & a8
KA Fe AL TR TR AR A 222 NLRP 3 42 IL—1 8 mRNA #) &k ; Western blot 4]
NF-k B p65. NLRP3, IL-1B & &8 kik, & BAHE S 14 K, AMI 405 32 46 BB A4 b E, AMI 40048
LR ZME K BRI ER 3 AMI 40 X A B A ik P IL—6, TNF—a KFTFH, TGF-B, KT & (P <0.05);
AMI ZHAF4B 42 NF—k B T (P <0.05); AMI LA 2048 % NLRP3 % & & ik T (P <0.05) ; AMI 40
NLRP3 #= IL—-1 B mRNA F& & FH(P <0.05); AMI 21 NF— k B p65 NLRP3.IL—1 3 & & &k FHE(P <0.05),
L5 AMI TTAER T 374 58 41 51 A2 09 NF—k B 7, #hmdnd) NLRP3 LB 693 Ao kok , ) S5 B F 49
A, WA RILL,

FKERE . FRART ; ARG MS 3 NF-k B ; NLRP3 ; &/~% —18

FESZES : R818.74 SCHRARIRES ¢ A

Protective effect of Amifostine against radiation-induced lung
injury in mice and its mechanism*

Wei Xuan', Shuai Li', Xiu-yan Wu’, Yan Geng', Zhuo Zhang'
(1. Department of Radiotherapy, 2. Department of Medical Oncology, the Second Affiliated Hospital of
Dalian Medical University, Dalian, Liaoning 116023, China)

Abstract: Objective To investigate the radioprotective function of Amifostine (AMI) in mice with acute
radiation-induced lung injury and its mechanism. Methods Totally 24 female C57BL/6J mice were randomized
into 3 groups as AMI group (treated by AMI 200 mg/kg plus radiation), radiation group and solvent control group.
The mouse lungs in the radiation group and the AMI group were irradiated with linear accelerator 6MV X-ray at a
single dose of 12 Gy, and those in the solvent control group received sham radiation. The mice in the AMI group were
intraperitoneally injected with Amifostine 30 minutes before irradiation, while the same volume of solvent was given
to the control and radiation groups. The mice were sacrified and the mouse lung tissue was collected 14 days after
irradiation. The pathological changes in the lung tissue were observed after HE staining. The levels of IL-6, TNF- «
and TGF-B1 in the bronchoalveolar lavage fluid (BALF) were measured by ELISA. The NF-«B activity was detected
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by EMSA. The expression and positioning of nucleotide-binding domain and leucine-rich repeat containing protein
3 (NLRP3) in the lung tissue were observed by immunohistochemical method. The expressions of NLRP3 and IL-
1B mRNAs in the lung tissue were assayed by qRT-PCR. And the expressions of NF-kB p65, NLRP3 and IL-1f
proteins in the lung tissue were assayed by Western blot. Results On the 14th day after irradiation, compared with
the radiation group, acute inflammatory reaction of the lung tissue was alleviated, the IL-6 and TNF-« levels in
BALF were markedly decreased (P < 0.05), the level of TGF-B1 in BALF rose slightly (P < 0.05), and NF-«B activity
in the lung tissue was obviously reduced (P < 0.05) in the AMI group. Immunohistochemical results showed that the
expressions of NLRP3 and IL-1 mRNAs were obviously reduced (P < 0.05), and the expressions of NF-kB p65,
NLRP3 and IL-1p proteins in the lung tissue were obviously reduced (P < 0.05) in the AMI group compared to the
radiation group. Conclusions Amifostine can down-regulate the activitity of NF—«B, then inhibit transcription and

expression of NLRP3 gene and effectively reduce the release of inflammatory cytokines, therefore alleviate acute

radiation-induced lung injury in mice.

Keywords: Amifostine; radiation-induced lung injury; nucleotide-binding domain and leucine-rich repeat

containing proteins; nuclear factor-kB; interleukin-13

R IT 2 51 A AN TR 20501 9 Ml 45 43, 7 A%
U2 PRI 458 43 1) ¢ A 52 30 7™ R 2 o B R AR TT
( Amifostine, AMI) & 5> E AR ZURIN )
ISR 2, TEAR R TR T, B
. A7 aeEtt, —ERE EARm E YT U
P BRI SR T - k B (nuclear factor kappa B,
NF-« B) A9l B AR S HIROE L, Gl $20 NF-« B
WTE, A FAMBECRAER T, FEALNF - « B IHHE,
A R 2 i ", NF-x B X ] 8 4% NLRP3
RS A IR SRR L ARSI S TR T R A 45
i ( radiation—induced lung injury, RILI ) /NERAEAL B
5% AMIL 452 5145 NF - « B, NLRP3 f93&ik, M
MR B RILT A97E AL

1 RS

NEERHTIE
24 H 8 JHi% C57BL/6) MEPE/NE, (202 ) g,
WG TR 3% BERF R sh Wy S vt o K HBEHL 23 BN
HRAH . sali IRGF4H . AMIZH, 45208 H., AMI4H .
AMI % TAFEERK, BREFTET 30 min 80T 8 VG245 24
200 mg/kg 5 X AR 2 R 4l S 2 3 A ) 5 R 4 0
o 4% KA FAREMEIEES (0.1 ml/10 g) FEAMRRIE/ N
L, SRR [E G, 6MV-X Ht2k ( SE[E UNIQUE B4k
I es ), FER 0.4 Gy/min, I =100 cm, %R
/N AR IRGT 0 Gy, AR/ T 2 il Bk
MR 12 Gy, LR R R A A/ NRIET

1.2 FERFIFMEE
AMI ( KiE P K25 ), TRIzol Reagent ( 3

1.1

[ Invitrogen 23 1) ), 52 HF 280 5E 1 R A B 6 20
( quantitative real-time polymerase chain reaction, qRT-
PCR) il & ( HAS TaKaRa 23] ), %t NLRP3 £ 70
FEpLIA (32 Novus 4H] ), RPL NF-«k B p65 HLygkE
Pifk (£E CST A ), At B —actin FIEREHTA (5
[ Protein Tech 2] ), FEHUE ARG (TTRIUEAE
YNl FEE Pierce Biotech 23] ), BCA &5 & (db
HRKFAT] ), Western blot Rl & . —Hilyg AL
B ARAF), GEECL &G (9 Sigma 24 7] ),
/N2 6 (Interleukin—6,11.-6 ) ITIEIRIEH T - a
( tumor necrosis factor— a , TNF— « ) FAb E KA+ - B,
( transforming growth factor- B ,, TGF-f ) TEFEDR B 2 W
Fis ( enzyme-linked immunosorbent assay, ELISA ) ik
G A VLRI A A R A\, SRR U
DAB B3R &0 B bt i A2 W £ /A F], Eppendor ik
R E.OHL (fEFE Eppendor 23 7] ), BER G ( 35
B UVP 7] ), “ZHEE7OEE i PCR X (LHZHEE
v ), UNIQUE FEMes ( LE LR ZAH ).

1.3 7K - FUAREMERAAUFZE
el BB 2L, 4% Z2 P RERE 24 h, H

FUBK . BEE, R i RS HL R, WM
o I 22 7K S5 I3 AROKS — B 21 44 8 (hematoxylin—eosin
staining, HE ), e N WASH AR RIS, s
SUESADAL TR - EHUBE 2K, 3% BEK 1,0, Eif
fEA] 18 min, PBS Mk 3 K, 3 min/ K. 0.01 mol/L #7
BRREEZ W (pH =6.0) PUREBE, BHEZEG,
PBS #{ 3 1K, 3 min/ K. IEH ILFEMEEA, =ik
15 min ; i I NLRP3 — 3 TAEH (1 : 100), 4°Cid
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K (>18h); 37°CA i 1 h, PBS #ik 3 ¥k, 3 min/ IX ;
W) Bt 37°CHER] 15 min, PBS Wk 3 YK, 3 min/ IX ;
AW =BT 37°CHER 15 min, PBS Pk 3 7K, 3 min/ K.
DAB R 6, IR 5 ARG R Gy, DKk
Wid R W MR A SUbR AR Hh NLRP3 25 19 28 fif
ESINE
1.4 ELISA

MG E 2 8, FH 4% KA (0.1 ml/10 g) 7o
O3 R U T S50 e ik, U s <8 I T bk R AT
AT EAE, 0.8 ml A= FHER /K Bk il 5 Rl
WAk, BE 3K, WHEL 2ml, 4°C. 1000 r/min &L
15 min, W4 b 5 A ELISA 3345 & 0 %2 TNF- « |
IL-6. TGF- B, RHEH T
1.5 ERBIXIBZIN

PRI h A B, AR T BRI L VKRS
52 4 (electrophoretic mobility shift assay, EMSA ) i 5] &
( Ds=Bio—-NFKB probes : Bio—5" ~AGTTGAGGGGAC
TTTCCCAGGC-3" -Bio, TAEWHEE 500 fmol/ 1,
i 1.0 1, 500 fmol ; Ds—Cold=NFKB probes : Cold5’ -
AGTTGAGGGGACTTTCCCAGGC-3" —Cold, TAEWHk
F 15 pmol/ w1, A 3.3 w1, 30 pmol, 100 x w4 ) K
M NF-k Bifith. LIRUT : &6 1KFR 10x S50
dC) 1pl, ZHEA 1~3pl, YRR
ICMERER 0.5 w1, #MVKE 10w, ZEIEHE 20 min, Hl
A 10x R 5 6 6.5% RBNIGEEIGEER 5 T
HLYK 120V, 1h; ERES 180 V HEJK 70 min ; FEA5, &
i 390 mA , 40 min; 242K 5 min; 4] 30 min, 1 : 750
streptavidin—HRP JZ W 20 min; 1 x Wash Buffer JEK 4 7K,
5 min/ WK ; ST S5 min, fh2 &GRS
1.6 RNA #2EUK qRT-PCR

Trizol ¥£ 2 W4 21 th & RNA, & & W &
afi JE 5 w0 5t 4 W cDNA. NLRP3 1E [ 5] %) .

2rl, poly(di :

5" —~ACAGCATTGAAGAGGAGTGGA-3", Jz 5|4y -
5’ -TCGTGTGTAGCGTTTGTTGAG-3" ;111 1E[15]
1:5" ~GTGGCAATGAGGATGACTTGT-3", JZ [n] 5[4 -

5" -TGTAGTGGTGGTCGGAGATTC-3" ; GAPDH iE i1
51 ¥ .5 -GGTGAAGGTCGGTGTGAACGGA-3", JZ
[[5147:5" ~CCAAAGTTGTCATGGATGACCTTGG-3"
WA Z « SYBR Premix Ex Taq 1T ('Tli RNaseH Plus )
(2x10p1), IEREGIHI4 1 wmol/L, ROX Reference
Dye (50x ) 0.4 1, DNA &t 2pl, dH,05.6nl. J2

W& L 95 C AR ME 30 s, 95°CAEE 3 s, 55CIB K
30 s, 72°CHEMH 30 s, H40 MEF 5 HEfREITZ 95°C
Imin, 55°C. 30s, 95°C. 30s,
1.7  Western blot #:ill

WA EEZH 2 30 ~ 50 mg, VK #2467 5
4°C ., 12 000 r/min B5.0> 10 min, $2HL %, BCA il
BEHWREE ., UK WA R 80 V, 4r B i
JE 120V 5 Felsiseqt (M%) : THI 200 mA, 2h ;5 5%
RS WK £ 2 h, NF—« B p65. NLRP3, IL-1B —
B (1 : 1000), NZ B-actin (1 : 3000) 4CHEH
i, TBST B MR (1 x TBS+0.1%Tween 20 ) ¥t
JEE 3, 15 min/ K, —PL (1 : 5000) ZJHEIEE 1h,
PR 3 YK, 15 min/ K. K] ECL b2 i (0300 & 12
5, Image Lab BER AR R G B 8, Gelpro 32 )
PR H M NS K, 52453 NF-k B p65.
NLRP3, IL-1B & H X Rk
1.8 Sit=FHiE

BRI SPSS 17.0 Geitdrit, Haveor
B+ i (x£s) Fom, HERRZE 2000, W
Wi L SNK—q Ko, P <0.05 23 A5 X,

#HR

TRIBAREYT
HE SR, X B2 it 2H 2 vl i ot =6 40 10 55 45 R
W, MiRESERE, JCLLANMEB . Al R4/ R
ZH A ] LB A A T 40 I B A, il
TR, I gE /N 5 RAE LT A0H05
R B AF O it RE K R] 20 2 SR AR
BT K, A PR A A Rk P 20 A A5 2 0 A0
R 5 B RE R TR 1 R A A 22, AT DL
LI ELMEA AR AMI ZE iy % 5 200 1 45 e PR A Bl R
SR, RAES H KT A6 BRAS Tb to AR XA B 2
UL 1,
2.2 [h4HZA7 NLRP3 EARIA

Xof 2 il 2 40 NLRP3 2K 14 32 8 26 31k Tl ] 5t
KA, RPN PR R 5 P Al ST B N
M. b Rz 40 MG % Al ) 5 NLRP3 3547 frsi fin, &2
PRFH A 5 SRR Hh, AMI ZLAlia) i K | Rz 4
A3k i NLRP3 25 A2 40 . I 2.
23 IL-6. TNF-a., TGF-B,&E
3 H/NR IR R 1L-6, TNF- o . TGF-

2

2.1
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TR, BT 25000 ER A G E X (P <0.05),
xRt SRl RS AN RURTEE VR P 106
TNF-o . TGF-B, &% & 34 fin (q=28.425. 3.307 fI
16.615, ] P =0.000), AMI 24 "' IL-6. TNF-«
Al BE G LRI (q =—20.498 F13.921, ¥ P =
0.000 ), fH TGF- B, FEHH (q=11.273, P =0.009 ),
VLR

2.4 NF-«B®EME

XF L Bl R AMI 4L/ RO 41 40

NF-« BiGTE S, S5 200, ZRAGIHFEX
(F =186.631, P =0.000). X H& 2 NF-« B 1K il

RUIEEN

L2 Sl

BT PR IS . S X R AR EL, 4l B 2 il
HAH NF-k B & (q =51.751, P =0.008 ) ;
5P Al BE G AE L, AMI ZH NF-« B 35 P4 52 31 31 il
(q=-42.903, P=0.009 ), WA 3,

25 INEREHAZ ® NLRP3 #0 IL-1 B mRNA #Y
Fix

3 /UM ZH 4L Fh NLRP3 AT IL-1 8 mRNA fi55
KEE, @iz, 2RA R (F=33912
H1850.332, P =0.009 F10.000 ), S5xFHRZHAHL, Haf
HE B 40 NLRP3 F1 IL-1 8 mRNA £ ik T+ (q=3.752
F118.322, ¥ P =0.001), 5 HaifaSTA AL, AMI

AMI 20

H 1

X HEZH

3 H/INRATELRRIBLTL

ALl 2

(HE %44 x 400 )

AMI 41

i PRI

B2 3E/NRATALAH NLRP3 BIRIE

ik 3 A/NRETEELRP IL-6, TNF-o, TGF-B,
SEtE  (n=8, pgml, x+s)

X R ZH 9.18 +0.46 102.84 +3.75 17.91+0.57
AR 5511+ 134" 213.66+3.79"  33.16+0.57"
AMI 4 21.99 = 0.99” 82.26 +3.15” 34.33+0.72"
FAH 4518.365 3129.542 2091.413
P 0.000 0.000 0.000

e 1) S5XTHALHE, P<005; 2) 5 a4 AR,
P <0.05

(e 81k 2Rk x 400 )

24 NLRP3 £l IL-18 mRNA 2 ik FFE Ik (q =—4.405 Al
22.329, P =0.000 1 0.002 ), UL&l 4.
26 /R B 42 2 1 NF-« B p65. NLRP3,
IL-1p EEMRIE

3 4/NRITZHZ T NF-k B p65. NLRP3, IL-18
HHRB LK, @200, 2RA%FEX
(F =441.404, 168.947 F1 139.347, ] P =0.000).
4fi R4 NLRP3 85 H SRR B A A5 (q =9.357,
P =0.001 ), AMI 4] NLRP3 £ [ 3 ih %5 ol 18 5 21 1%
i (q=-9.016, P =0.000), HLEAGIL] NF-«k B p65.
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150 -

100 =

50

NF-«k B 7

YA sRRSTE AMI 4]

1: BAPEXTRZ; 2. PRAGRBGTLL; 3. AMI4L; 4. XTHR4L; 5. WRsSasEr; 6. PHPEXTHR4L
B3 3E/NRATELH NF-k BiEHELLE

1L-1B & FAFRIBBX IR q =—13.557 F1 -2.893,
P =0.001 F11 0.043), AMI 241 NF-«k B p65, IL-18 &
P 3R 3K A PR Al R A R IR (q =—15.881 1 —9.409,
P =0.027 1 0.007 ), WL 5. 6.

> CINLRP3
06 4 - -1 p
)
oo
= 2+
Z,
EIRE i
LW e

XPHRZH  PRARESTA AMI 4L

T 5 sl LA, P <0.05

4 3 H/INRAALS NLRP3, IL-1B mRNA FRiktb%

Xof B4 AR 2H

"lllll III |II ~_ NLRP3
— S W

0.5 5

AMI 4

0.4 4

0.3 4

0.2 A

0.1

NLRP3 & FHAHX ik

0.0

SR GRS AMI4L

3 H/NRATZEZE NLRP3 EH Rk

Bl R G2 AMI 41 popiicEi

R ) NF-«k Bp65

ey en e

2.5 9 I NF-k B p65
E.i-p
2.0
HEH
;ng 1.5 4
=
Z 1.0 4
i
# 54
0.0
YHHRZL  PALlfESTAL AMI 4L
6 3 H/MRAMEAL NF-« B p65, IL-1B EERIELLER

3 itig

it 6 T e S BEASE Xof A 5 b B UK, Az B
HARSTRE A IR SIS, FRIX R A I A S AR
[ g 5 Bl O R T U 28 8 B AR s
RILI & AR R RRAIS, SClkHaE H R B0
14.6% ~ 37.2%" ., RILI BHLAS T 7R AR B S5 0,
R L g A A RV 16 it . RILL 2 il
WA AT SR AR SIS AE A OC A
T, RSN E Zem i i . R gE e B
WE 2 P, I P B A5 06 TNF- o, IL-1, 1L-6 5%
YT PR S RE G BRI, RIS 5 W A A o3
TGF- B\, 15 T LT A dn g A 554k I & R 1,
e 2 BNl A R R4
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AMI 22— 5 5L 2 B b2 S5 F A AL 2 e 2R
258y, EARN ARG AR T st R R G, Ik
R K A O T PE RS WR-1065 FIBREE [H b3t v,
WR-1065 FITH BRI =0 Bt 3k, M= A pli 4
£ . HOFER 45 " W5t kM, fEIEH 44U, AMI B
P B AR A [ DNA $453, (FURAEMR 4, +
Pkt 5 105 DNA XEERE R . VUJASKOVIC %
WFRRYT, AMI L3R i M s A pIL I 5 a0 4
FEAHDCIR TR IAA G A SEINRE A A FIE 538
%25 RILLwEAE B 8T, © M NF-« B 38
R SRERIAT S, FEIAE T 1 A B Rl b
EZA/ER T, EAERIFSE AL, NLRP3 RIEE &
TR 5 2R 5 Bl ] e Ak oG R b
I NLRP3 % 5% R K A T NF-k B™, A#F5T 8
it 12 Gy it sk RS /NEL, & RILLALAY, B
AMI 2752 5875 NF-« B & H T % NLRP3 i@ J% %
iE PR P22 3K, DT B P il 92 1) A

8 17 EMSA 1 Western bolt A5 1l & Bi, P 4l I8
SR B/ ERUI ZH 20 rp NF- B 1GR3 &5, NF-
k B p65 H MR BTHE ; BTETZ LD AMI T U5
NF-k B iGPERER, NF-« B p65 H A2 ME, W
HARACTEA B, RSB AP 32 R R T R
BUERSIA A A R, LAM 25 Y BRI, H g
£ 5 NF-«k B fil DNA 255 16 A CHE, P NF-« B
TP DARRARRIE N F-3R35 , KIEHLRAMER . NF-« B
BB 2SR ERNE R AT, )2
FETZRAL A, BIEES 5 NI 1
¥, FESHRAE. . AL, ARG GEFYE
T A5G AR PEE AR A5 . ELISA K0 & B, MRS/
SR 96 B PRV P TNF-« . 1L-6. TGF-B, % 4E A T
ST, AMI TG TNF- o | IL-6 24E K 7%k
FAlk, 5 MITCHELL %5 "' #f%7—3%(. NF-« B £Z 2
WL e-Jun EILAGGEERNEIL . Tk B SEFIE 1k K
TNF- o WEFRAL, DT 5 PRI R AT A, 4
il NF-x B i, REA RO RAEDERE . p6S J4L Ak
NF-k B =R 5 22—, wlaiad 2w A A g 1k o7
7, LAY NF-k B AT UE A4IIRE N, 5 DNA 45414
P SL R SR 238 ™. H AMI T1S 9 TGF-8
TR T, SRREE S AL, AMLYERS,
/NEUILTE H TGF- B, & i e TR R AR s, A
XG0 T R B ML e AN A, AR DGR oA
. fiT DADRICH 45 " W95 ki, TGF-B, £%

I FEYEALHUR T, BrLA TL-6, TNF- o KFEXF
TR RILL A9 2 A A 7

S g L KB, B 51 R D B 41 2
NF-« B i PERG A [H] A, NLRP3, IL-1B8 mRNA Al
FEHREW LT, I HBEEE NF-« B iHHE— 20
NLRP3 RAEE AR A T M i — 4 2 E
HEREY, FEAETERAN ., LR, ke
YA, TR b, SE S P TR DG BE R
S, B5951k Caspase—1, I IL-1B . 1L-18
EZFMER AN G S W, 25 2P E0 |
R R MR EF A AP 5 Z b s s T g
AT TEfE NF-k B, 0E FUiE NLRP3 #IE [ 5]
B IL-1 8 THE R RIEH TR 457 AMIL THi5,
NLRP3, IL-1B mRNA FIE [ £ A R FFEK, SoEd
LU F SRR, TR /N R4 2 NLRP3 2 1
FRKFETHE, I H RN AL R —8, SR, 29
AMI T /N BUIT AL 8N ) NLRP3 RE &2 & R %3k
ZAHl, 5 ZHONG %5 "™ iy —3, Ao uEssm st i
il NF-w BifitE, A NARAER GIRMRE, BEA
L, RPN FREERE

ZE LTk, AMIL R AEB B ERPLE Z — 7] Ge 2
RS S R A NF-« B #0S, SEiH NLRP3
SR P FEME RS, WM 1L-1 8 S R 4E A
TAEMIAIF IR R TEINAY o BlE G RAF ST TR A S TR
BE2E AR, AMI TSR B 4 (R ELAA G5 - B S i
W ooz — e, IR HEA RN BTG RILL .
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