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e 2 IR ST BB 1) TGF-B1 185 A7 1T REAE
T35 80N 4000, 75555 80N 404 H AL, M
M55 DNA #5519, (B2 TGF-p1 & & B reis s
PP R EEAEH A IRE. RH4h, A
AL (SOD2) B K25 1 A G I 4 J B T K
A US) BRI A AT DL H1299 N /N2 B it e 40 B 9
WX G, W FUHR ST 15 5 10 55 25 S A i 3 A7 B
MRS, FFRST TGF-B1 15 5@ M Al SOD2 7
bt AR AT RE R PRI A

1 MRI5EE%
1.1 #FHRFE

N AR /I i i e 4 L H1299 ) 5 o [ sk
A R T B A R s iR A i TE e E 3k E
Hyclone /A #]; RPMI1640 5775, NEIEREN. —H
F£ AN (Dimethyl sulfoxide, DMSO)# TGF-BR1 14
7(SB431542)1 4 35 [F Sigma-Aldrich A %] ; HEPES
GePE B E E R LR A IR AR HER-
W T AR AN B E A AR Ll o
P/ IgGH+L)IE B A1 25 2 R AV AR 5T
Pt SOD2 /MR A FLERTIAIE H £ E BD AR fb4
RAFIECL)E H 3 H Bio-Rad A .

1.2 7%
121 w3 fAeda G

H1299 40 DA 24 LU mh T 5 F 10%/5 4 1
. 2.5 gL BiAFE. 1 mmol L' NEREEEN. 100
UmL ' #H&HZE. 100 pgmL ' 452 % 1 mmol-L™
HEPES (pH 7.2)ff) RPMI1640 ¥, WET
37 C. & 5% CO,. WARELHEEFRAE T, B8
RIR o

4 M /£ 20°C F K H1 32 [ RAD SOURCE
RS2000 X~ ZeHLdEAT AT, A 160 kVp, A&
A 40 cm, FIEZEN1.16 Gy'min_lo FH SRR B 5
FAERE TR AR SR N 5 Gy, SR FC4R 5T
T BRI BN 2 Gy
122 KHERRARR

AR B TR R IEIRR A R IR N 5 1R
US55 55 0 B 4 B X 100120 5 ANZH BT 100
mm FE SR, 553% 24 h 5, S BOBH i A5 95
HH XGRS, FIER S Gy. e 1 h 5
18 h J&, WEERF IR T JE A% (@ 0.22 pm)idt

JECL L BRANMIAE Fr o ATTIERE N, TEAS SRS
RS 5 I IR S M AR NS S A, Bl sk 8
TR TR A TR 40 B AR A S5 RN A . TR B IS
1 h AT 18 h W B SR A5 3R 53 IR RR R 1 h IR 2%
{8 389(1 h RCM)HI 18 h HBHS 41455 75 (18h
RCM). X 7 FR) A% R S 20 0l B A oA R A S 335 9%
(1 h SCM £ 18 h SCM). H4b, RAHEER; IR
YE 75 D6 (Control)
1.2.3 ST A% SR B8

BN 50 A K U 11 248 o) o, o 200 i o R 4 T
60 mm HyRFFRILA, & IL7ml 8RN 100 N4EME, +F
ANSERA Y 3 AT ATRE. 24 h G, ERRIERIRIR,
Iy B A E R IR . 1 hRCM. 1 hSCM. 18h
RCM 5 18 h SCM, 41557 13d 2 )5, FEFRM
F PBS P YE 3 i, FIEEREE 15 min, 7 AR EE 4L
30 min, AE/KEEEFRIPEFET . T RS T
TS S0 AN AR DAL A B 7 o T T B R A A
Mo BE AP TS R A% R AR SRR (%) =
COrBEBURER D x100%; 4050 FBEAETE R =
AR 2H 7 [ T 1 2R/ %o} T 2, e B T 1o o
1.24  Western Blotting #& M 5 2 & 48 iz 69 SOD2
F K KF

N AL T 1 hRCM. 1 h SCM. 18 h RCM
g% 18 h SCM 43¢ 3 h 5 5 h J&, FIFil/A /I PBS ¥
ME 3 O, 0N E 40 M R (0.1% Hi HirE
X-100. 10 mmol-L™" Tris (pH 7.4). 10%H3H. 150
mmol-L ' & 148, 5 mmol'L ' EDTA. 1 mmol-L™"' J§i
PUEZAA. 1 mmol- L' 2 F LR L S (PMSF) A 0.1%%K
FIBEHI7)D, 72 4 "CEL# 30 min J5, 13000xg 4 C
250 10 min, HU 3%, F£H Bradford & € & 5%
WsE B AW . BUERFESIFIMAN 14 FRELE
5xSDS-PAGE b FEZZMR, 95 CHn#k 5 min {85
A o BRJE T 12%[H) SDS-PAGE 5 FL ik 73 25 25 1
(200 V, 30-60 min). ZEF|E A EERE, HEA
2 PVDF (100 mA, 2 h). & 5%/ 5 9k
f) TBST(100 mmol-L™" Tris-HCl/pH7.5, 0.9% NaCl,
0.1% Tween-20)3EAT IERF %3 . IIAFL SOD2
NEREPTLRERUA 4CIRE I, A TBST #IH
e 3, I ZHEAR SRR IC L 2PN R
IgG(H+L) iR & 45 min. B H] TBST J& ¥k 3 i,
A BOGFI(ECL), 2 DiRe ot 4 g &
4; (3£[E Amersham /~ 7] Typhoon 9410) HEATHEN
AL
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AT O AR SIS 25 P 5 R IO R 2032 55 0B 40 ML ) o
BETLRCRE J1,  HAK PN [ s SO f SRS 2 1 3 97
YRR DA 55 N 2 P 1 S A 5 R $ROS X2k
ANRETS LB TR 31 H1299 55 R0 41 v FiE RE
T

2.2 HI1299 =R RAEST X-51 2 BB a8 EE Mt

AW FERTT T FH BRI RO R A AR R G 97
K] H1299 5550 M40, £ 2 Gy I X-SH£EIE S5,
HAM e AR R OB S Ol W 2a PR, 5K
SRR L, H1299 i B 8457 2 Gy [ /5
HITEATTRHE T 14% (p<0.01); {E4nF 405
FERE IR R Z ST H1299 4 i 26 4F 15 35 (1 h
SCM)H1I5% 24 h Ja 2 BaT, HrEfimEs
K2 HRANBEAH L R BRK T 4% (p=0.085), HHE M
SRR EE AN T 12% (p<0.01); 11 28 ff 2 SR 5

1.4 ;— (a)

0.6 -

Cir Cr2Gy Th SCM+2Gy 1h RCM+2Gy

FERG TR 528 H1299 4 i B 5 26 A 55 72 (1 h
RCM)H #5597 24 h Jo B2 IRYS, HowkEfaigssa
I T AR RS A, B T4 5% (p=0.068), 5
B IR AR BRI T 22% (p=0.012). FFH., H
Ao [i) 5 77 3ok A 52 HE AN 52 I H 1299 41 1) 2% 1R 15 7%
(18 h SCM F1 18 h RCM)% 7% 5 Fi-32 32 I8 4t , 4 i
(e B A7 e gt — 2B, 5 ARZIRgIuAREL, &
FIBEIN T 20%H1 31%, bb B 32 FE 40 i 2 Sl 3 n 1
38%F1 52% (B 2b). AEERZ, LiklE 1 h
2 18 h WM 577, RCM Bi s i 4n i
5 SCM #7=id anftitt, HZM G whEAAiE R
HRLTE 10%.0 IXELEE TR H1299 55 0N A 2 K
HRS 25 A R 5 5 B T X RS R aE v, T
MR G SR AR SR — P D T X P& R, I HAaZ
TEE R PR K /N 5 ST 2% A 1 SR VR R I ) A O

LE

0.1

Survival fraction

0.01 E

Ctr 1h SCM 1ThRCM

Bl 1 HI1299 SRS A2 AR5 77 (1 h SCM. 1 h RCM,
18 h SCM B} 18 h RCM)3% 37 Ji ) T A7 ¢
Fig.1 The clonogenic cell survival of H1299 unirradiated
bystander cells cultured in SCM or RCM harvested at 1 h or
18h post-irradiation

18h SCM 18h RCM

14 - (b)

Ctr Ctr+2Gy 18 h SCM+2Gy 18 h RCM+2Gy

B2 sz AFACER H1299 AHH 2 BUS M5B AF IR AE ST : (a) 1h SRAFEFIRIBONTE 24 h J5 A 2 Gy: (b) 18 h Sk PSR is
7% 24 h JE I 2 Gy(fREM4AHLL, p<0.05)
Fig.2 The survival fraction of H1299 bystander cells irradiated with 2 Gy X-rays after cultured in 1 h conditioned medium (a)
or 18 h conditioned medium (b) for 24 h (*p<0.05 vs. relative controls)
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2.3 HI1299 EHNMMMAEESENYS TGF-p1
ESIEEMEX

N TRV TGF-Bl [E 52 RS 5 [N
T H1299 55 30 S 40 B A e S 1 v, JRATTLE HRG T
H1 10 umol-L™" TGF-BR1 14 71(SB431542) i kb 3
1554 1 h BB SR AF R IR UG BLECKS SB431542
IR FAEEE TR, ARG S A R 5 iR
TR AN A, W% SB431542 XTEESHAE S H1299
55 200 N7 4 0 26 B 3 S 1k B BS . 10 wmol L
SB431542 X} H1299 4 (1% %5 HH 3 5 A1 K ve B
RIITC S35 500, SB431542 Bk 2 Gy MRS 5 5l
FRUSARLL, AR IE v FE TR B 1 B 35 BRI (R
FHEIR 3 IR, M5 540 TE AT SB431542
TRALFEE 1 h 5,1 h SCM B3¢ 1 1 55 S 44 2 Gy
FRA, Hw A7 Rt B IR S 4 7% (p=0.34),
EtARIn SB431542 AHFEAIK T 20% (p =0.02); 1 h RCM
Bt 15 N A0 2 Gy TS, Hoom AR R I
BRI SR 11% (p=0.03), EL AR SB431542 4%
K7 32% (p<0.01). SCM #15 RCM 48] JC & 2 1
Z 5. 1M 18 h SCM 1 18 h RCM 15773 1 55 %% 3
i iRss, HowkERS HERRE A m Lg%
ZR, WA SB431542 W BIFEAK T 19%A0
30%, JH SCM 4141 RCM 4H[a) kA 5% % 7.
X sk BB IR ] SB431542 4] 115 S 4
TGF-B1 M5, FARFREEST H1299 5530841
JERSHE NN R T . B —J7 1, 24 SB431542
BB SRR TR A G, 1 h F G TR R )
H1299 5534 M4l 2 Gy BRE i, Hro R E
BESHHE, SR SB431542 AR EZER, I
H SCM #iI RCM HEMA 13%H %R, ©rH
SB431542 il 557 5S40 A 1 5 (1) TGF-B1 @26 HEA
SO 1 h S35 TR0 T 55 50 200 B PR ST 3 A
SR, FH#&4 SB431542 1) 18 h SCM £l 18 h RCM
RiFRil i) H1299 55N 44t 2 Gy Mitis, Ho
BEAETE R AR NN SB431542 4y HIFEIK T 28%Al
18%, 18 h SCM A £ [F 2= HE G 4K, H2
18 h SCM ZHF11 18 h RCM 4H ] 22 S 34 K 28 24%, $2
77 P SB43 1542 1] 55 24 M 40 P 1 £ 1 TGF-B1 3 %
TH R T R MR 2 A RS 3R 90075 5 55 RS 41 i () 4 B i
VA (SRS I TECE T S e S G I NG S h S
T B2 BT XL R G 5 A A 5%
RN AR K] TGF-B1 {5 538 B0 H1299 55 25 N 4

R A M A A A A R A

o
Cirt2Gy
R SCM IH +2Gy
B RCM 1H +2Gy
BE= scmisH 26y
[ RCM 18H +2Gy

04

3 TGF-PR1 #I#|71(SB431542)%} X-5F£51% S H1299 5%
RO e S PR 2R CARRPIZLARLL, p<0.05)
Fig.3 The effects of SB431542 on the radiation adaptive
response in bystander cells after cultured in conditioned
medium harvested at 1 h and 18 h post-irradiation
(*p<0.05 vs. relative controls)

24 BHEEHEFRFSEMNEE SOD2 Rk
K TBE

AT western blotting F | %25 15 77
RS54 3 h AT S h S 41 HF SOD2 R I
o W& 4 Firzx, 1 hRCM 1595 3 h M1 5 h J5, H1299
2N AN SOD2 (IFRIEKTHIFEL T 18 h RCM
9% 3 hjg, H1299 553441 SOD2 Rk /K%
HHHEMA, HAEFES hG, HI299 5530841
SOD2 KIAKFKAE T HEM TR,

Bt e ———————————————

——— —
SOD2 — C— —~—

Lane 1 2 3 4 5 6 7 8

5.1hSCM/5h  7.18hSCM/5h
6.1hRCM/5h 8. 18hRCM/5h

1.1hSCM/3h 3.18hSCM/3h
2.1hRCM/3h 4.18hRCM/3h

4 K Western Blotting Fill &% 25 Rs 325572 3 h Al S
h J&, H1299 55308 40 SOD2 ik /K- B AL 155 1t
Fig.4 The alterations of SOD2 expression in bystander cells
cultured in conditioned medium harvested at different times
post-irradiation for 3 h and 5 h, respectively, which was
determined by Western Blotting

3 g

AW TR BN X-HFZRARER M H1299 5544
IS 24 L P S0 A RS 7, AT DABRAR 55 250N 4 B 1)
RSB, BISRRON A B TR SE N . B

RLIN 5 AR B B TR AR AL B S AR b, 72
Ja 1 hoEG 18 h WA IR S5 A B RIS AN BE
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H1299 55 %08 20 i 1) 5w B A7 % (B 1) SR A R
A, S5 RUN A B A AR HR G A% R B R % 77 5 i iR
2 Gy, HFoREf7imRe bt ol iR s Al it (- 2),
PEIR AR IR 25 AR5 FR0T 7E H1299 4H i Hh 175 538 B
PERORE, el ihid, H1299 40 H B 5t il B R il
ERE TN Ao P i K = e BT E I PRy At
M BRSPS 2 A R TR 7R JE IR 2 Gy, HwREAETE
R ARG 2H vy, JF 2w TR IR 2% A
Rt (| 2), R X-HHER5E S0 H1299 5534
JSLEH B HH IR T3 B e R, R XGRS 2
L AR AT S TR, DT A 5% R0 44 e P S AUk
PERRAR . X5 SCHR[1S]HOE M4 RA 2, ZHF 5
BN SE AR R IR R R 2 Gy B4
FHEG, H460 F1 AS549 20 i 7 452 52 H MR G S% AR 35 77
AL JE IR 2 Gy, HOmBEAFIE R K, RIS 4K
AR AR R AR TE N RN TS A TR HA60 4 i A
AS549 N RIGFES B A B AE U tpS3, 1T H1299 44
LI tp53 & SAR RN . tp53 S I AESR S T 55 0N
1 L P 3 S R R R SRR R B — P . X
gt B AL G R 38 B S N AN AR E], A I TR IR
G 3 P S B R AEAE AR T 953 4l AN
RAEAETAR T tp53 (4 AR AP0 S e HE IR 55 RO 4
L PR S 3 I 5 G R S M T RN R .
AR NI AL, 5N 4N M35 2 Gy 9 X542k
A, HBEERERERR T ROHEAE. TR
KIL, HI1299 457 81.3%H) CD44 FHYE4HAE,
3 L 41 i [ o 08 22 B 0 ) ol 360 PR s 40
BT (B FeE A A B R 2, ORI
REG CD44 PRGN, SHBEEAdibE, JEHK
A0 40 Ak R S B CDA44+ 41 P 1Y L 5] 19 hn 5]
96.2%; S —J7T, 2 Gy [ y-5f £ W 5 AT DLt
S5 AT 200 R 2 PR v R T 400 B PO R
ERT S FRAT THE U i W0 5% 28] 14) o 2 T2 R e 38 o 7 Js B T
RERMEMAM T, 2 Gy W X-STHERIRS N T 553K
N H1299 ZHiffd st CD44 BHEAH % H o 4 7
BB BRI

BATCA RBIRIESE X-FH267E H1299 4Hff
BRI = AR AR T, 52 BB S 5 4t A 55 258
YA TGF-B1 {5 5 @B A, I H X 55808
A2 (DNA $iffi. ROS 7KV 408 5E 55
(7= RHE AR RBR REE ] (R GREARD » AT
TR TGF-B1 155 30 e X 48 575 5 55 250 40 i fr)
&R S B AR IE . {5 S A0 ) TGF-B1

G BESANHE, AR FRIOE S 0E A
FEAE, HRETE T S RN AR M B E R R T . X
bk AR IAE S AN Y TGF-B1 15 5@ B XT 5524
S L T 7 e (1) e A A AR SRBR IR . 1K
S g BRI T WL 5% 28] (493 I P s I PR if A P 5% 30 8E
30, B PA— Bad kS 5 40 ) TGF-p1 &
PR SRAM T 55 0N F 55 0 240 F PR A A AN T
AT BT, MV TGF-B1 i ER 4
IS, 1 h YSCEE 1 S& A B FR 05 2 IR LTS SR A
FE, T 18 h WUBR 1) SR AR5 7R 5 R 3 S M AT P A1
T, AR AR IR R BRG S R EE FR  AT [1
ARHIER T, HRoRF SN TGF-B1 JEERAE
AN 1] i B E 2 At R IR 5 R R S R
RIFCVERAARE, It H T GEEA Bl okt im i =
55T 550N A IE B S B IX i IR e gt LR
7N 55 85NN R 11 3 7 1 5 4 03 S M T R T AN TR
FIRLH, DA F0 R AL GeE M 1) R A 5 TGF-B
%9\%[23]0

F WIAR G5 3 55 RS AT ML (1)3E B YE 5 AR S I iE
JSLPEAN [ 53 — AN UEHE 2 55 S 4l i SOD2 i
Ko TEALRGUIE N s N, AR R e S T A B
45 S5 SOD2 Fik S, WA G T & R
(R s ARASTIF T 5 30 55 2050 N 4 i 428 TR A3 2% 1 1 5
W3EFE 3 h 805 h 5, HHA SOD2 KiL/KF-HT
BT . BAMCERESEE2R 1 h RCM A LL5]
H1299 5524 R 40 miR-21 F&H 0, 18 h RCM
HIFE H1299 S5 R0% 4 miR-21 KX T CRK
KA. M miR-21 A LB TNF-o [H#20H$%
SOD2M", At miR-21 ik AR AL 7T B8 S ASAIT 7800
R SOD2 KA TN —NEZEFRFE. {H 1 h
RCM #1118 h RCM 5| #2 H1299 5% %% 5 4l il HF miR-21
ANFERISAE, FEGIE T SOD2 RIEMFI K, H
— AT BRI R RE A DR A S DN B ) A PR A ] 5 00T
AT RERIRRE L SOD2 I8 BN, X
tegh IWIRIR, SOD2 TR RS SHES 5T 55 R 4H
PRI 7P S N R R AR, (IR — S5 808 7 B — 20 1
IEENRIES

R, ARWFFTUESE T L B AR T S 1 55 RS AN
TE N [AAETE R . FEBEAE H1299 55 20084 i
SOD2 FIEKTFHI NI, X-HH£65E S H1299 553
NG A 52 HE G AR T G R SR Sy I HLAZE R 1)
KA TS 540  TGF-B1 155188, M55
RS AR Y TGF-B1 5 5 B B R MIME A L 2
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The adaptive response to X-ray irradiation in H1299 bystander cells is
associated with TGF-p1 pathway

JIANG Youqin TIAN Wengian YIN Xiaoming WANG Jingdong YANG Hongying
(School of Radiation Medicine and Protection, Medical College of Soochow University/School for Radiological and
Interdisciplinary Sciences (RAD-X), Soochow University, Suzhou 215123, China)

ABSTRACT The aim is to investigate the adaptive response in radiation-induced bystander H1299 non-small cell
lung cancer cells and the potential roles TGF-B 1 pathway plays in the response. Medium transfer method was used to
obtain radiation-induced bystander cells; clonogenic assay was used to observe the adaptive response in bystander
cells after irradiation; Western Blotting was used to detect the alteration of SOD2 expression in bystander cells. The
data show that the conditioned medium collected from both unirradiated and irradiated cells did not cause any change
in the clonogenic cell survival of bystander cells. However, when bystander cells were irradiated with 2 Gy of X-rays
after being cultured in 1 h or 18 h non-radiation conditioned medium, its clonogenic cell survival was 12% or 38%
greater than that cultured in fresh medium. The clonogenic cell survival of cells irradiated with 2 Gy of X-rays after
culture in 1 h or 18 h radiation conditioned medium was 10% greater than that cultured in relative non-radiation
conditioned medium. Furthermore, when the signaling cells were pretreated with a TGF- fR1 inhibitor, SB431542, the
adaptive response in bystander cells no longer occurred. But adding SB431542 into the conditioned medium caused
more complex consequence. On one hand, it did not affect the adaptive response in bystander cells cultured in the
conditioned medium harvested 1 h post irradiation; on the other hand, while it decreased the adaptive response in
bystander cells cultured in the non-radiation or radiation conditioned medium harvested 18 h post irradiation by 28%
or 18% compared with that without SB431542, it increased the difference of the levels of adaptive response in
bystander cells between cultured in radiation conditioned and in non-radiation conditioned medium from 10% to 24%.
Moreover, the expression of SOD2 of bystander cells decreased after culture in radiation-conditioned medium for 3 h
and 5 h compared with that cultured in non-radiation-conditioned medium. The results suggested that the conditioned
medium from unirradiated cells induced an adaptive response to X-irradiation in bystander cells, and that from
irradiated cells caused a greater adaptive response. TGF-B1 pathway played an important mediating role in the
occurrence of the response, but SOD2 was not involved.

KEYWORDS Radiation-induced bystander effects, Adaptive response, TGF-f1 signaling pathway, SOD2, Lung
cancer cells
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