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ABSTRACT The purpose of this study was to explore the ameliorative effect of CpG-ODN on spleen damage
after carbon ion radiation (CIR). In the experiment, C57BL/6L mice were irradiated with 5 Gy of CIR and the index

of spleen was calculated. Changes in spleen tissue structure were observed by histological examination (HE).
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Double-strand break (DSB) of DNA and apoptosis were detected by y-H,AX immunohistochemistry and terminal

deoxynucleotidyl transferase-mediated dUTP nick and labeling (TUNEL) assay, respectively. The number of B cells

in the peripheral blood was examined using CD19 antibody labeling. These results showed that CpG-ODN improved

the index of spleen, relieved red pulp atrophy, and increased the area of white pulp, in which the number of y-H,AX
foci and TUNEL-positive cells were decreased after CIR. In addition, CpG-OND increased the number of CD19" B

cells in peripheral blood after CIR. These results indicated that CpG-ODN ameliorates spleen damage induced by

CIR, possibly by inhibiting the rate of DSB and apoptosis.

KEYWORDS Carbon ion radiation (CIR), CpG-ODN, Spleen, Apoptosis, Double-strand break (DSB)
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CpG-ODN (Oligodeoxynucleotide) & 15 1L 4
DNA H3F B 34k s e (CO A S g (GO %O 7 41
TN L& B — M SR H R, v DURE S MO 4
9% 41 Y A Toll £ 52 44 9 (Toll like receptor 9, TLR9) .
4 TLRO #3805 )5 » ol ik MyD88 (& kE 3 1L R 1,
Myeloid differentiation factor 88 ) ffi 14 1 % 1\ T 1%
1041 L Y NF-xB (B R 7 305 B 40 i 1) k- 42 8%
Nuclear factor kappa B) {72 i 4H ffd 77 7% . 7 1 44 A
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CG-3'GiE : T RIZR ARy (B 2L 2 R AAE I , FoAth el 2
SR AB D ARG ZE R FEAT 22 N EE R AL B, PBS
(IR 2% i 5 %5 WX, Phosphate buffer saline) #i ¢ 21|
J& 5250 pg/mL LA%% .

1.2 )

ek H CS7BL/6L M /N B, 44 # 16~18 g,
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WEFE T S 55 A o 4 s R R G U130 XURT 98 R
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] 58 £ — MK 5 = 20 08 8.0 em 3.5 em. 3.5 em
AR )32 B 2B ORL GN o EH T 52 21 5 BT e B 40 XY
BEL A Ry T B G A A0 I PR TSR VB T R A N R
TECTE T LI X N IR . BRSNS S5 F 45
U e & 270 MeV ; 1% (8 % /5 (Linear energy transfer,
LET){# 31.3 keV/um; 7] & 2 0.8 Gy/min; 7 &
5 Gy,

1.4 AR
56 /N SRUBE ML 20 Bl 1E 5 2H. (Normal) - B4l 25 24
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WRREEERITEER.

2 #ZR

21 CpG-ODN X *C*"EFRBHEEEEHNE
fe)
IR 56 45 SR 27 , CpG-ODN g it i "C* B
JE 8 J5 CSTBL/6L /N A7 3 R0 o A Uk 56

C57BL/6L /N R I FE 52 3] 5 Gy "C™ B T4 F 1R 4 .
TE 2RI B 1 RIS 3 KD TS/ BRI i 204k
DA 2 Fz T AR I 25 440 o R (1] 2 S e AR U 7 928
RERAS o B 1 RoR /s BB 48 20 7E PO B 1 IR S
551 RAES 3 Ko il A2 1E 21 61.9% F1146.3% .
41 J5 CpG-ODN Ab 2, BRI Fi8 BU7E 56 1 R AN 3 KA
N IE H 2H B 83.6% Al 59.5%. iX 2 W 1E /N B, %
B 2CBE T RS 5 BT B G RE AR M N
CpG-ODN R 11 il I A 22 45 , [ 42 15 B O B A s
G T Re AR AE FH

457
= Normal
40t o CpG-ODN
o CIR control
w35 8 CIR+CpG-ODN
()
2
= 3.0
[0}
Q2
& 25

Time after CIR / d

1 CpG-ODN % "“C*" 551 He 5 ) LR 4 1) s )
/N SRR A PO B IR R 2 1 RANES 3 R AL L
*p<0.05, 5 RS X IR AL ELAEL
Fig.1 Effects of CpG-ODN on spleen index after CIR. the
change of spleen index after CIR at the 1st and 3rd day;
*p<0.05, compared with CIR control group

2.2 CpG-ODN Xf "C"&F B 5t 5 B8 B 2B 2R 45 44

g

C57BL/6L /N R 32 3] 5 Gy *C™ B T 4= 5 I8 5t
J& BN M2 HE Gt 5 [T 45 2R 45 14 A8 4k LAV Al
WG REE  B 2 () 25 BB oR, 1B W AT 2 23 2 B
(Red pulp, R.P.) #1 (4 & (White pulp, W.P.) 43 i
2, CIBE NS E R A, HEP B0 e T IR
SF 5 PRNE 2 2R IR AT RE 40 , 25 MR, I S5
ik 70 ML, AR, B AR /D, L 2 B HE B A
i - 8 4t J5 CpG-ODN Ab B , 21 86 25 46 F2 FE 042, A
B8 T AR AR XS 180K, 4 B A it o, FE AR 4R
2(b) B A5 R RoN , I BE R & L
48.3%, "C* B T MG 5 28 1 R ANER 3 K (i 7 b4
/NEN 19.7% F111.8%. B 4 f5 CpG-ODN Ab 2, i i
H#E & RS 1 RIS 3 R 73 51 0H 29.4% #1120.1%.
XK/ RS2 B PC B T N S B 2 2 4, 5
FAREIR , 1 CpG-ODN RE k2 U 5 I BE S 46 12T
SF f A 1% o
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Time after CIR3 d
100x

(b) eoy = Normal
GpG-ODN
501 o CIR control
) 8 CIR+CpG-ODN
~ 40t
=3
2
2 30F NN
e
e
10}
0

Time after CIR /d

El2  CpG-ODN i *C & F MR} i MLINEZH 23 25 1 (¥ 520 Ca) HE G W 82 /1N BR A2 3] PCOV s IR J5 LT 28 | RANER 3 R &5
AR 5 (o) B4 HT FBIE F1 8 15 EE 5 %p<0.05 , 55 HEAR X AR EL R

Y

Fig.2 Effects of CpG-ODN on spleen damage after CIR: (a) representative of histological specimens of spleen after CIR at 1st and
3rd day; (b) proportion of white pulp in spleen was quantified; *»<0.05, compared with CIR control group

23 CpG-ODN %1 "C*E5F B &Y /5 BE A 48 DNA
WA A TR
C57BL/6L /) i, 3% % 5 Gy "C™ & 1 4= B W 5
I S AL RS T y-H,AX 2K [ A 7K, DL
JELIUE 40 i DNA & 4= DSB 4 i, [F] s TUNEL 46

(a) CpG-ODN

100x%

100%

0GR 248 P A R T PR B T 3 (o) R g A A A
REIR,DNRZ R PCTE 7 WS 5 MAE A BE Ay
-H,AX [H 14 2 A & 14 0 - B8 4 5 CpG-ODN 4b 3
4, P y-HLAX BH % 41 i £ =2 082, P 3 s
162 A FEAKE] 53 4. 1K 3 (b) 1 TUNEL ¥ 46 1 45

5 y-HAX G 3% HATERG I 25 FIEAR—FL .

CIR control CIR+C

72

pG-ODN

3 CpG-ODN X "“C* -1~ [ 5 J I 20 il DNA &2 &2 DSB A T IS = (a) G 2HALTE AT I /)N B 52 1) °Co 1 1 A3 I Rk
P A 4 y-HLAX 3 1 93R5K ; (D) TUNEL YAl /s B 32 1) 2C 1 7 IR i LU 1 A 080 1 2 ) 5
Fig.3 Effects of CpG-ODN on DNA DSB and apoptosis of spleen cell after CIR: (a) expression of y-H,AX protein in spleen was
detected by immunohistochemistry after CIR; (b) the number of apoptotic cells in spleen was detected by TUNEL assay after CIR
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X R B /N BRPC RS T R S I R P 4 R AR
DSB FIA T HUE ¥ £ , 1 CpG-ODN RE % 31 I8 5 fir
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AN JE L B 20 B E R UE T LT , 7E A4 e
RAEHEFAEA , FACR ] B B WA T REIR A
C57BL/6L /N 32 E 5 Gy "CT 5 T4 B 5t )5 ,CD19

(a)

Normal CpG-ODN

DAPI

CD19

DAPI

3d

CD18

CD19+ B cell / (10°mL™")

1

PeNCHUARFRIC A L b B 40 . B 4 (a) 45 R 2w, /)
BRAZ B PCO B TR A R 2 1 R AME I CD19' B 41
BRI, 5 3 R BT N B 2 . B4 5 CpG-
ODN 4t 3 ,CD19' B4 f 2 & AH X 3G £ . I 4(b) & &=
SRR, PCUES - R E AR 1 RAES 3 R4 If B
41 i 50 5= A3 o) A TR 2L 43.0% A 4.3%, 1 iR A S
CpG-ODN 4t # , 4h J& 1fL B 40 i 43 1) v 1E & 45 1)
73.9% 1 41.4% . 1X 3 B /N BR 32 B PC B - R4/ 4b
JE 11 B 20 i 25 B P R B T CpG-ODN RE 328 HE ST
Je A0 JE I B 20 B 1) R B M 5 — N THI R
CpG-ODN HJ il 42 PC* B8+ HR I By BUM AT 4747 , 4 +¢
B PEINRE -

CIR control CIR+CpG-ODN

s Normal

8 CpG-ODN

B CIR control

8 CIR+CpG-ODN

Time after CIR / d

4 CpG-ODN Xf “C* B[ 4 J= #0401 CD19” B 41 BRI FEME « (a) e 5 GIRA I B 32 3 “Co 1 T 5 58 1 R A1
3 RAME I CD19" B 4 H %5 5 (b) € /- Hr sk I CD19" B 41 HI & 5 *p<0.05, 15 [ 5 0 R A b A
Fig.4 Effects of CpG-ODN on CD19'B cells in peripheral blood: (a) the number of CD19"B cells in peripheral blood after CIR at
Ist and 3rd day detected by CD19" labeling; (b) the number of CD19" cell quantified; *»p<0.05, compared with CIR control group
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