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Assessment of the protective effects of GANRA nanoparticles against

X-ray radiation-induced cellular damage and microRNA alterations
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ABSTRACT The radioprotective effects of GANRA nanoparticles against X-ray radiation were studied in
lymphoblast cells. Cytotoxicity and cell proliferation assays were conducted to evaluate the toxicity and

radioprotective effects of the nanoparticles. The influence of these nanoparticles on the induction of genomic
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instability was determined using the cytokinesis-block micronucleus assay. Our results indicated that GANRA

nanoparticles exhibited low toxicity, while protecting lymphoblasts from X-ray radiation-induced damage. Moreover,

GANRA nanoparticles acted as free radical scavengers. GANRA nanoparticles could also alter the sensitivity of

circulating microRNAs to radiation, as assessed by the relative microRNA expression in lymphoblasts. In conclusion,

our results suggest that GANRA nanoparticles have potential use as safe and efficient radioprotectants.

KEYWORDS GANRA nanoparticles, X-rays, microRNA/miRNA, Lymphoblast cells
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SR T 2 S EWUAE I RS WA RS TEIR.
L it e S B g% R G AL , 7 I P A i e A o
UeAh, PR KA B H SR SRR R R 2
JEFF, WK ATEAN R 245 8 I Rl K iE g in, 78
KHARERBAT 55, TG 25 (B) PR B R A i T
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T RGI L RE R I A T A S A,
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24 BA B TR ORI FH A
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HHEEBES AR AN RE,
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06 R N P SR 22 TR A . TR SR 9K 245 W R T o 15
B THAMAERE, ERATZENAYASEAR
Al BINEBZY), REmAmteErt, SR
BHALHISE, X 250 M SORI B Ak e O,

AT RGBT GANRA 254147
W, FHXEEE GANRA 9K 15 B E
AT T, DAARS 31— Fh BAG S0 LV i 24 o5
B4 AR B 259 -

microRNA(miRNA) & —Ff Py I AE4R 15 RNA,

Z 5 R NFIE B EL AR, 2/
WAL R, miRNA 540 M (058 5 BUSE . 3R 95
IR I e AR RN S 55 L RN AR BT R &
15141 Wang 1 2I5F 78 &% B miR-185 ] LA i #E i 14
58 DNA fif5KF ATR 3855 245 5515 S 1)
S M8 T2 S BEAE H ) o B A SCHR i 91 2R i A
miRNA 2235 7K - 32 248 56 B 3 250 it s i),
X ] B 2 Ha ST BT 25 R AR FH B — P R A%
Bk, ASCHE—PHE T GANRA GRKZ40%) LA
RS HUE miRNA 5200, PRFT miRNA 1E RSB
LR A RE T

1 #MRISREE
1.1 ERSEHF

SER N R EBV EAR K A b B BRAH
JE, e A BT A 0 e e e R AT R AR . A
M 2 5 JE AR AR 2 U B ) S RN CH 5 16.7%
AR MLIE Y 1640 5775 T 37 CL 5% CO, HIANE
FEME IR B IR R AR 7%, IR IR E A T
1x10°~/mL) HEAT55

TRIzol (Invitrogen), ¥ All-in-one
First-stand cDNA Sythesis Kit (Gene Copoeia), E &
PCR &7 All-in-oneTM miRNA qRT-PCR Detec-
tion Kit (Gene Copoeia), miR-150. miR-223 .
miR-34a. miR-574 {510 5 M R REEVR
BOABR ) 2 0 B - 2 A IR & Cell
Counting Kit-8 (biosharp); #4Hifa 5tz Cytochalasin
B (Solar bio), 7% %8 (Reactive oxygen species, ROS)
R & H 2 s RAEEEARA R AT .

Eppendorf-Cenrifuge 400R-1E & =1 i3 =5 0L,
Faxitron RX-650-X 4 & 4 ¥ %% B % 4, BIO
RAD-CHROMOA4/CFX96- 52 i} 7% . & & PCR X,
Thermo SCIENTIFIC-HEPA class 100 CO, 55744,
Leica-AF600-% 6 43 5%, BD-EISS-FACS Calibur-
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1.2 GANRA EHKZGR0EIZ

43 WIFREUR A %) PCL-PEG-PCL( 3% £ % (PEG)
MO A BEEIS TR G S AR, PCEC) #E 96
mg 1 GANRA Z5%) 4 mg; Fl 1 mL ) & HF A
i PCEC, 1 0.5 mL [ — 40 2 0% GANRA 254
TG, FPRIEIOR S, IR 28 R ACK
TEMER L. fF o R eERE, £ 60 C
KB, FRAIIN 1 mL 2848 7K 78 5 i o

1.3 X-BiZigRR4be

OO B T MUAE ] — 2 BRSO E
BEATHR AL R, AL T RS — RO . )
YR E #0045 Gy/min, WG E R EAESE N B
EETEIRMLGG 5T 75 I THEGES 1 min (MR E .

1.4  GANRA FEKARRFTFHIF N

240 2 AR
WH 0. 0.625. 1.25. 2.5. 3.75. 5. 10 ug/mL
(1) 7 ANBEEE IR L, KM BEUF ) GANRA 92K
259 I 96 LB (100 pL 40235 /4L, £ 4 000
AR, BAGYIRIER 5 DAL s alERE TR
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Y% £ (Optical density, OD){H -
1.4.2 GANRA £ 2K 25 &9 8 1F F B 18] 9 i

EOGT 0 AR K B )bk CUREAR AR, T 1T 4R BRI
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T2V 3. 4. 6 h AT X-5F 258 IR A I
&2 Gy, #WMJ5 24 h in A\ CCK-8, 37 °CH¥H 3 h
J& I OD 14 .
143 Ak

EORT 0 AR K B )bk CUREAR AR, 1T 4R BRI
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4h JEiEAT X SRR IR AL EE, BERTINAYIARA G R,
24 h JEWUERML, B0 /55 BIE, FH 200 pL /) PBS
HEJE, A 1 mL R EEREDE 30 mine B0,
7r B3E, BN 200 pL fRE R E AR, . T
HEJE NI BERE YLt 1 min, PBS #¥k 3 i, % L
P T PO M T M. T 500
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1.44  ROS #m
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RGNS G TRk 3 i, B T oI R 72 2
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To MG B R F Ve 3 IR, HE T PBS HHit A o 4T,
TEYED PR 2 L i 1 SR DU K70 A B 45

1.5 GANRA P RAYITERGTHURA miRNA
A0

B0 E A K I 4H AT X-SF R 4m IR AL 2], 7
=771 0.0.5.2.4 Gy. @85 6 h ILEE4H L, TRIzol
EVEHUA LS RNA, 5 54T [ % 5% PCR (Reverse
transcript PCR)HISEIN 5 )6 i€ & PCR (5250 B2
WAV, oirfEREkeE g 4 F
miRNA [JRIA =,

Ot $ A K A b E2 BEZR B I N GANRA 42K
YRR 3 h T, HHT X-SHRIREIRALEE, 259k
FES N 0. 2.5 ug/mL & 4. 5RIR 6 h Jo R EAl
ML RNA, s, 26 E &S (R PCR
BARSI P RS IR & U B 15 . 4 GANRA
YUK S XS mRE A Bk 4 B
miRNA [JRIE1L

1.6 BRI

a5 3 IRER ., SLig R
“X+s” Ron, WEMZERDHKA Student’s t-test
HATRES, n=3, *p<0.05, WAGIE BEEER,
#4p<0.01, MAGIHAWREEEER.

2 #R

2.1 GANRA KAV E AR

GANRA KRS E 1(a) P, BANEE
FERTLIE RS A HREL S, R EERRE RN E K.
GANRA KZiWnd@id B2 9K 4> T8 GANRA
KL, MAMESGEKRIER, RmEKEE (E
1(b)). GANRA ZWEZEHT G R W 1(c)Fim,
HEmE SR,

2.2 GANRA ZHKZHHE RN

FAARTRIAE T GANRA 42K 24 Kb 38N ik B2 B
UMD, Tnzh)E 24. 48. 72 h F} CCK-8 yEA I 4H
MOIETETE 71, SR EE AT L. SRIn g R
T, A2 I A B 1 B B TR BFR RO K, Ny
H M EE R = T A2 AH (2.
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Fig.1 Preparation of GANRA nanoparticle: (a) GANRA;
(b) preparation of GANRA nanoparticle; (c) effects of
before and after the GANRA particle preparation
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YRR 20T 2 it DR R B AR B B R B ) T A R
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T, K 4 FhEESHEUK miRNA RIE R RAE
EEMTN (B4, HF, miR-150 il miR-574 &
X- SRR IR AL 5 2Rk N R, 4R IRI RSN 0.5
Gy N EXERMI (A 4(@a), (b)). 1fi miR-223 Fl
miR-34a Fik2 FIE, JfHHFRXERE X-F20%
W T E T (B 4(c), (d)). PAEgERE,
M E RS miR-150. miR-574. miR-223 #
miR-34a FL A5 45 i Ut .
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(a) & (b) Change of relative activity of lymphoblast in GANRA nanoparticles preprocessing and irradiation by X-rays with absorbed
dose of 2 Gy; (c) & (d) lymphoblast micronucleus formation rate after irradiation with X-rays at different doses and
the treatment of irradiation combined with GANRA nanoparticles preprocessing; (e) changes of lymphoblast m
intracellular ROS in treatment of irradiation combined with GANRA nanoparticles preprocessing

3 GANRA Y2 HIRR S B 47 RN
Fig.3 Radiation protection effect of GANRA nanoparticles (¥*p<0.05, **p<0.01, n=3)

2.5  RSTEUR miRNA X GANRA K25/ &

N T WFFE GANRA 442K 24500 ik 02 B4 i rh A
BUZ miRNA RIERIFZM, 4087 LB T I GANRA
YK 25 TALER 5 AN N 254 ik BRZH B A L E R U 0.5
Gy ) X-$£8)5, 40 miRNA #5240 150,
RIAEME B 4 FP4E 5 BUK miRNA X
GANRA gk i min; (B 5). fEMREa %
IR, 28 2.5 pg/mL ) GANRA 9K Z4bHE 9 h
J5, 4 FERSHBUR miRNA ¥ BiEE. Hb, 2440
HIMRI T 0.5 Gy X-5F 2k J& miR-150 [ 3RIE K- 5. 2%
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ERRMB AL FR T IN N GANRA 44K 24 1 Ak 34 1) 248 e o
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REHT I GANRA 442K 24 T 4b 22 ¥ 40 B A U2 1
FKik (B 5(d)). LA Eseigst R, 7Rk g0
' GANRA K2 BA MR X-S 25m IR 51 r)
miR-150 Fl miR-574 [FFRIEFFARAKT, (MR G
RN miR-223 HIRIAFEAL, DL — D gt
miR-34a [ LR IE .
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Fig.5 Relative expression of miRNAs after X-ray irradiation (*p<0.05, **p<0.01, n=3)

030201-6



MRERZEAF: GANRA UK 25508 I E B 4 ) 5 1575 47 41 P B i A BURK microRNA FRI B2

3 g

T GANRA Z5 A TK, 2BHFRKEZ XA
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I, S N I 9k B 200 B PR R 5 4 R AL
Wk E B A FIERN Lk, AT T2 RS R 2 R
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