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BKKE (5umol/L) GAATIAE 4 24h, AL TAEFEN T FEERyHELER, 2700 x %
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LETH y A& AMEANATHE S, E48MT GAAE, SR GAAXBAM, BSHMATHL
BIAE A, F4, WCGAAREG, WHEANHELHEERAENEITMEE. B GAA R v
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2.1  {APERVIEFRRER

N HepG2 21 i W 5 5% [ HiL Y 35 732 47 O 8 o0
(ATCC). 4fu%E T & 10% M55 & . 100U/mL &%
F M 100 U/mL %5 % % () DMEM = M 85 2 v, 7E
37°Cy R HN 5% CO, MTHIRRE FR4H 55 9%, 41l
B EEA K, Mg M A L B 80% A2 A i, A
0.25% JEREE TR A AL AR, BUARLE X Hi AR K 1) 4t e ik
17525
2.2 IEEEKH

WBIL M, R HINEG Hr4a .
ARSI F F b B R Be A e 2 A B R S BT JFDS R
1% i AT BA I 98 908 J1m 1 R 35 B HINEG 7™ 4 1)
14MeV # fig o T 3 47 58 18 20, HINEG o 7 5 98 15
6.4x10"2n /s, TE4EIERIGRT, 05 48 3¢ PR S K5
SRR SRR R . A S A R AR o R B A R
WER F, SRS 2 90°EE. AMmBmsets, Wl
T T4 PR U B T R B R S BE R PE RS 3 IR
JEHCEE. MR e R, AT e ER T4
SR S R = AT Y KT R R S i 5 =
BE R VR SR TR R 2 P e g
A SRR AEIER, BT P AT, Wkt
FI0 5T 1 R Bl e KR SE T AR ot B RO B . 8
TR EE R BRI, @i RR HE 1 1L
KHiF (14MeV) R, A4 MRIES SR FER-t
B Bl RS e 5 R B [(uk/p)x E] 9 5.65%x10 Pm?>.J /kg,
D=K=® x(uk/p)x E. X, DNRUGIE; KN
LbREnRE;s @ NP FiEE; wk /p NHCRESREHRE R
B EoAFTReE. @B R TR, R
S H A [ ZEL 441 B ) PR WAL 1) 2 o

R y R B . K A BIOBEAM GM2000
)y 3t 28 58 I AY (Gamma-Service Medical, fE[H), ik
SRR BTCs BB, B AN 2.5 Cy/min. A
R A2 AR SRR T B R R AR UE 52 BRI 5, R BRI TE TR
AEATRE R AL B

2.3 EUSE
Sl — L 8 . A XA (Sham), AN 4E

HEFIE2H (0.3, 0.6, 1.2 Gy), MNZXTHEZH (0 Gy+ 5 pmol /L
GAA) BAFFEREFE T INZ41 (0.3 Gy, 0.6Gy, 1.2Gy+
5umol/L GAA). M4 M Fhda T X (b7 Fy S £8),
3 TR . GAA NMCE (Med Chem Express) 2
W ) S A o
2.4 ZHAESEMER

W 26 B4 KA 9 Hep G2 40 it il j 4 B 2o, BX
100 pL 41 g & 1 96 FLAR I AL (3000441 i1 /4L ),
RS, FFAMNEEESS, FEREEIR, M mA A
YR LS T AR 1 GAA (ZIRE5H180, 5, 10,
20, 40 pmol /L), F4MEE T BT R FA N2 % 20,
BHREINEIL, BFE 24 FHATIRN, ML
A 10pL COK-8 ([Ff-fbs:, HA) . ¥ 96 fLIRTE
37T CEFAENME 2h, FEEFR OGN E 450 nmAb i
JEME, BRI, BCFIE.

2.5 YRR FETEIERNE

2t 5 umol /L ] GAA TiAbFE 24 h & 40 i 43 7332k 47
TR Ry B e dR IR, WOGRIE R 0.3, 0.6, 1.2Gy .
WSt THACAN RO, B e R E A iR
T 60mm R FRIAp, BF37TCRFE 2 AL, FH
Brgedk, J5H PBSTEBEMM, FELEE 15min, H 8%
Giemsa Ze 8, CHKT 50 NI EETE B, 400 o RE
A7 2R M — IRB AL 7 2 Y=exp[-1x (ax X+
Bx XA #AT A . b, X NEBERE; YREES
s o, BN M £V % 2 40, W] Graphpad 8
Gtk it .

2.6 ZHBAT RN

T A Y A I OGS B K T Hep G2 418G, il ik
AR, MY T 35 mm BE IR, R IR,
W BE 5 57 25 R B SR, B RS 5umol/L GAAF
DMEM $; F5 2, BB RIS H 24h; AR50 40
J 53 o BEAT v HEUR Ay S AR B, OISR R R 2 0.3,
0.6, 1.2Gy: %@ M 25 I 5 9k 815 77 24 h g AT oAl
FE TR (BD, RE) Sl BT EAE, R,
PBS¥E# 408 27K, JI A 100uL Annexin V Binding
Buffer ff 4 fg &%, A 5uL 1) Annexin V-FITC &
S JE, N SuL ML RE (P), Y82 @k, =EiR
R 30min J5, 8IS A4 A (Beckman, ) ks
MARIH T3 . H CytExpert(Beckman, 3&[H) & {4t
1T HHE BT
2.7 YH2AX REFAKN

A B Bl T o 4 TE ) 12 AL R (2%
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100 /5L), MARERE 3K, T 12hEEHREH
Sumol/L GAA FIREFRIE, MR FRM UL E 24h;
SR 5 X 4 R A3 ) BEAT TR BR A AT y S AR TR, RIECA
0.3Gy, T 6h/fGKH 4% % & ¥ & [H £ 10min, 2%
BSA+0.3% Triton X100 & K = iR 1 2h, vy H2AX
—PU(1:500)4 C L EHE, PBSIEYE3 X, K 5min,
P P (1:500) iR E 2h, I PBSIHYE 5K, N
OH DAPLIHL A K E AT 3 o WOt LB AER
Je R N EEy H2AX £E S TE G I3
BIEGIT

AR ESE 3R, JFHBRARKE 734
SPATAL, RRAURE TR TR E D N 3R, R SE R
Guit 5 HAF T IME, 3R ISR (1 7 39 {H DL Tur-
key 2 LUk S0 0 . S50 HHE B0 Rk R 2 ) 22 57 2 M
BRI R T 20 01. P<0.05 NZERA G ERE X,
P<0O0L NG EFEZEMEZR. Git ML EYET
Graphpad 8 3K 1F5E %
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3.1 GAA XHRREMERIFZN

GAA X BT 8 41 B HepG2 38 48 3% J1 1 5% wi {d
CCK-8 TR . 455, GAA W LM 4 A 1,
HRIUNIR AN, BEZIYIHRE (0~40 pmol /L) 13
RIS S . BT RS B IC10 4954 (5+0.2)
pmol/L, PLTFSERFATIG — 8 FH 5 pmol /LK EEAE A5
SHRMR SIS AT IOREE, WA 1.

GAA SHRIBE M= EFEENEN

JEL PR B L AH M E PRI IR 7 0N, SEREARIE R
HEER. FPEEL2Cy M EHMPATEERT
vER I 1.2 Gy 7l & 440 A7 35 - 10 A A 5 pmol /L ¥ i
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D-T neutron radiation
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GAA Xt HepG2 41 B 15 M F il 15 FH 25 3

20 40
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GAA TiAbFE A M 7E o T4 B y 3R RS, 40 IRA7 IS
et HE R G s>, I H R R SR,
WK 2. 253 5pmol /LK E GAA b FEidE i 5 M 77
MG, A7 S 0 40 o A7 7% 238 5 308 2 KT R S 0]
. G % S0 2H P 41 A0 2 B (SF ), ¥y
48 W8 21 1 SF P 8 b b b 748 B 4L SF P 24148,
SR HH BN (RBE) (. HHEED], *E4
) 7 RBEE A 1.57, GAAXFE4 & 7 RBEME N
1.65. ZEHFH, WITHIN GAA AN, ¥WEEE %
B AR PR b HEOR AF I S B A 36, LA 1 s S Bk
PERIVE o
GAA X iERAME T RIS
T el B AR A I 8 Y S 2R B R R R S
24 h B S A M AR T L . 7R GAA A AL AN M i) 1
MF, & LET t 748 10 HepG2 4 M 1997 1 He A7 e 5
oo WL ) O G 0 T R E R RGN IR, 7Ry S 4R4R
WAME, FTplE—Elm, EEREARE, I
Kl 3.

1E GAA AL ERAM ) 264, 0 e it s 24 ho i
SRR T AR LG . R oK, & LET 158 BT
HepG2 21 i F7 1 T L 451 bt 5 % 1750 52 70 189 o v 34

vy ray radiation
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K3 PR TT 0N GAA TR T2

FEHRBAE03Gy I, I GAAH S RMZGHMLEL,
i FRAH TR 2 TR I A ;s WA v S 2k
WS, AP 03GYFET, GAAA RN
EZTEASY 5 L O 7 R ST S P s W 1
MR, &LETFFRERBAMBAFET A EES
Ty AEERA, X5t RAm LET Rtk HY)
1.

3.4  GAAX 485115 % 4 is DNA X § Wi 2 152 47 #Y

A
PGB TSy H2AX [ foci TR B, 1 4.

(a) Ct

FEARAR SR A, A D2y H2AX B F 1 foci JE
B TEHE PR 440 B A A vy H2AX (I3 i R4 PR 4 B
EMMZ . AR FREBAGT, GAATIABHARAS
RINZGAFRHA L, yH2AX ) foci TE i i 2 M1 £
(P<0.05); TEyWHZEEMEMHT, GAA AN
SRMZGAFRA AL, yH2AX [ foci T it £ (H % 7
PEAN L . dl I L 6 R R R AR R 1) y H2AX [ foci
TEREE, KI5 IR & T By H2AX ) foci ¥ R
HELyFLRERFFTHHREREEEZ, WK 4
FIT7R o

S umol/L GAA

Merge

Sham IR

@ 0 ym25 0 um2sf|
L i il

D-T neutron
radiation

y ray
radiation

0 um 25 0 pm 25
e e

(b) 100
80 [~ W Ct
60 -

40

3 5 pmol/L GAA

DAPI

& 0 um25
i

e®o
; & % 0 pm 25
¥ [S——")

Cell with y-H2AX foci/%

0 1

y ray radiation

D-T neutron ray radiation
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(a) IR ULy H2AX (1 foci JTE ;. (b) v H2AX Y foci JE BACR I SE it



51 SIS, 2 W AR PR A IO SE A S ORI BB - 101 -
4 i il 980 (0 B U ) 77 9k 290, A 4 3 £ P 6 DT Rl o

PR, KEWF TR NI E S G 2P B IR 2 oy
Xof A AR I A RS B IT AR . REVENIREE
GREANZAAE, BN RARNEMNZHHERIEE
Tz, HhRZBRBEIUESN, W GHARERR
2R G Ui e, HAE MM 5 b B
AR EF AR P2, R R 2 = R Y T S R
T T SO 10 /N B 45 T e B 0 i g 280, R 24
B Ak S 40 i ] R 40 A AR O ER (1, AT T B
M8 e 24, R 6 HOT-116 p5s3t/ T (B4
) G 5 A G, T HOT-116 p53™/ -4 2k 71 41
JA WAL S/GL I, WEM T = w54 n] R P53 5
] EL it <20 L 5 0 AN TG 440 ¢ 2 94 2 200, (R R R 2
WA, S0 ch R A ST — s e g (207271,
FIT U i ] 1 5 o R 2 R ) T R B 4 AT — T2 A
Ueah, ATERILRZ 5BUTHL S, WA a7
HRGF R B AE F 28], (R A LB A B, i R
ZREBIES PR BANE R . BAEET I,
HHtFikiE s H GAA 7] LA 58 Hep G2 280 6T MR £k
LHURME LT, Rk, BARE, RZET R
JEPE G R SRR 2 Ak, AT GAA X
JFF 958 40 HO 4% ST RO M ) R e TT R T VD 2B B AT

WA, RAER T GAA B4R EUE . o2
I EEREY] . (1) A GAA TSN, AFRES T
KA E/NERFEEE N, 75
Xif -y S 2 BG4 A 5 R Al i s o, S
iR T el 2 . (2) ZERINT GAAJE, 5K
GAAXHRZAHLL, 5 SR TR te B B 1S s R
PRI FEBELMT, KITE0.3Gy F&E AT
BEWINT 40%, FFEE TR INE T g b1
(n: fE1.2Gy &4 FRET G SxtEA L, B
T 50%); FFE, 16y HLERT, HiNGAAE X4
M RAR SR K, SR 0.3 Gy SRIEFIE T, InZhit
PR A 40 M T B R BT R, JE A 4
M FEREAEIE R, FATH R IAEFE ST Sham XFREAH A, 40
i T A A7 3% 26 o 3 e ) 1 8 0 T 3 B AR
GAA TRAC B A0 J5 HEATHR AN, R T2 0 1) e 2 A7 0 2
8 5 e ) R 3 T BRI o X 5 AT AR 38 ) 4
L T SE R 45 R — 3K

WEFCA,  FRATIE 1 R4 S R b R S A [
AR, It bAteiR. o, prEiE
AR T30, PR AT R R T, B E
FAEH B Bl bR STIE (BNCT) th2 IR IG ) T

TR, WA T BB RGN T I NS4
i T 1 DNA 4545 &% ez BO), iy B %2 — Fh g
R, AT LA 2 RS PR Rt AT R 2
B, IR EH R RROT FEB. %6y 4R 5t
PEMEER RARIE R L, Wy RN B A i 92,
T JEAZAEW), v 5 2t 2 X0 20 B 40 M 1) DNA 32t il 4
I Iadace: 2 ACI R G o NS TOE 1 o )
PSR . T E R, — T DU R
I Be B R, B LET ENCAX 3. AHEy 5142,
Hy R TR LET M7, HLET#({A A 20keV /pm,
My S 22K LET #5841, LETHU{E N 0.4keV/pm. 7E
MIFEBAET, mEET T LET &y 521 50 1%,
5 LET 45 5476 At ViR B4 Bragg 16 1 s B30,
Uh, R RERy S 2R 7E GAA TR N M4R S AR 3
J97 25 S5 A& AT CABRAR I .

E AATH DNA GBS . 40 & I3 . 40
U T A A 5 308 B P 5 55 58 ORI 43 T 240 L 6 S UK
P B0, AR TAEIR IR T GAA SR SR ) 5
JAH R R IR BRI RS, Rl e T g2, T
ToAS I WF Fe R S AR S B i —, AT
1 9 A 5 R 0 e AR B — ANV b o BT381, %
TR, A N E I A R E
S LA 1 PO S AR A 2 N (B ) . T R
200 7 L 2 R 4 o B RS SO 2 o R AR sz 1B,
FAT S ARE— RFIRE RS LR, XL
B E S AR N R A, W B
Caspase B FIR N Caspase BFF G . oA o &
CIIBER. B NE B 2 IR AME . 2 5 (ADP-#
) B4 iE PARP (1% i % DNA il 242 (400, plag
S HO A0 AT 00 SRAE N R 2 26 5, EIE GAA KT 4R R
JE AN R SR . B AT SRR A IR, RIEH T
IRy R T, BN GAA J5 RES 14
SRR AR SR . AL, BATRAIE A4 T g JE X
BRI E N R 4N AR 1) DNA #4518 B i sm, @it i
5 umol /L ) GAA FALFEANAL G, EP AR IR AR 1F
KRG 0.3 Gy M7,  RIUIR A0 ¥y H2AX & (110
foci 2R IAT B ZVERE MBI S, WWILE 0.3GyFIE T
NI GAA X R 240 A — & 10 38 n e S OB METE
XA SR T A4S KA — 80, HEDTT SR 2R
BEIm IS PR TS S R T, AR R
SR AT I g 141

TEARR TR R I, B41 HepG2 41 i 75 9 Ff 2 HE
77 N WSO R ) R R, (R R B T AN A P T b
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B . ST A EARE T, AR AR KB,
B I8 1) — i L 77 2O SR FH AE S AR RL8E (RBE) #EAT
L, DA2h RBE fH 5 g S B H S0 A4 5 5| i A= 0
7B SR AR AL . TR S 5% 5645 35 4 (2R it i) RBE
T, BT E A o B (SFE) 5. R
v iR SFAFME L B AR R AL R SF AP 344E, mT
PAA3 2] F- i RBEAE . H A%t B/ Ct 40+ 7 % RBE
fHA2 1.57, 1 GAA &AM+ ¥ RBEEZ 1.65. @it
B ) SCRRIEAT LA, R Kim 2 (431 g sizig 4 5 L oh 7
IR S y g 28 AT X LS F 5 RBEAE, 3L U208
A+ RBEE N 1.8, KHOS/NP 4+ 7 RBE
{82 1.55. Vandersickel 2 44y aff se 45 Bep, 5 X 4t
2% A L Ku70i 40 il i) h 7 RBE A & 1.95. 44 i & [49]
WA RO TR y AL, @SR b
T RBE “FIME A 1.25. ASLEGATS X R 41 RBE
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Preliminary Research on the Radiation Sensitizing Effect of
Ganoderic acid A on Human Hepatoma Cells

SHAO Changshenglz7 ZHANG Qunxia'?, WANG Jianye?’, HUANG nglﬂ-ﬂ‘

(1. Institute of Technical Biology and Agricultural Engineering Hefei Institutes of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230027, China;
3. Institute of Nuclear Energy Safety Technology, Chinese Academy of Sciences, Hefei 23003, China)

Abstract: The aim of this study was to investigate the effect of ganoderic acid A (GAA) on the radiosensitivity of
human hepatoma cell line HepG2 for high-LET neutron and low-LET gamma-ray radiations. In this research, the
CCK-8 method was used to detect the inhibition of proliferation of HepG2 cells treated by GAA. It was found that
5 pmol/L GAA treatment had weak proliferation inhibition effect on HepG2 cells, and so this concentration of
GAA was applied to the cells for 24 h in the subsequent experiments. CCKS8 assay, clone formation assay, apoptos-
is assay, and the foci formation of vy H2AX were detected after irradiated by different doses of either neutron or -
ray. The experiments showed that the high-LET neutron irradiation had a higher proportion of apoptosis than the
low-LET 7 ray irradiation for the cells without GAA treatment, while for the cells with GAA treatment, the pro-
portion of apoptosis also decreased significantly for the cells under y-ray irradiation. After treated with GAA, the
proportion of induced apoptosis was significantly increased compared to the control group without GAA treatment.
Besides, after GAA treatment, the cell proliferation inhibition rate also increased with the increase of irradiation
dose. Therefore, these results suggest that GAA can increase the radiosensitivity of HepG2 cells, and HepG2 cells
are more sensitive to the high-LET neutron irradiation than low-LET vy-ray irradiation. As such, this study sug-
gests that GAA not only may serve as a natural radiosensitizer, but also may provide a new radio-therapy method
which may be suitable for cancers, or particularly, liver cancers.

Key words: ganoderic acid; liver cancer cells; neutron; y-ray; radio-sensitivity; linear-energy-transfer (LET); radi-
ation
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