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Comparative study on the tk and hprt gene mutation assays for nano-iron oxide
particle
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National Institutes for Food and Drug Control, Beijing 100050, China

Abstract: Objective To perform rk gene mutation assay and /prt gene mutation assay using L5178Y cells for evaluating the gene
mutation risk of IONP, and comparing the sensitivity of both assays. Methods Cells were treated with different concentrations of
PEG-IONP (31.25, 62.5, 125, 250, 500 pg/mL) for 3 h. Cells were seeded in 96-well plates on 0, 2 and 6 days after treatment and
cultured for 9 to 10 days for calculating the plating efficiency. TFT and 6-TG were adopt as the tk gene and Aprt gene selection
agents on 2 or 6 days after treatment respectively, and the gene mutation frequencies were analyzed after a 14 days incubation.
Sterile water and MMS (10 pg/mL) were included in parallel as vehicle control and positive control groups. Results The mutation
rates of Aprt gene in vehicle control group and the positive control group were lower than that of the ¢k gene, and the statsistical
results indicated that the initial concentration for positive result in the sprt gene mutation assay (250 ug/mL) was higher than the tk
gene mutation (125 pg/mL). However, the results for PEG-IONP are generally consistent in both assays. Conclusion PEG-IONP
could significantly increase the mutation rates of both #k gene and Aprt gene in mouse lymphoma L5178Y cells. This data provided
reference for the methods selection on the gene mutation risk assessment of nanomaterials.
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2 oK S8 A Bk RT A Dy ik TR AR T T R 2 BRI
Jre BEAh, NHEFE H AR T v A T e d Ak 31
A A9 K E AL BRURL I A VA RE L3 B EORE A Ak
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B K2 R RHE A AT R A, o Ak
B AL 25 R O M B T R TE M B . NIRAE ¢
P BE 7 BT, D RRE R AN RS 2808 A v 2 T
PEEERE i, A8 5 T 0 4 R O 5 0 i ) 28 A% 4
A E R A BAE A . G R SR
T B4 KUK , 3E O\ 0 0 5 T 36 o S A S R ¢
RESEAE P 5 R e (AR B DNA W 2. 4R, 22
B 38 AR B VR VR 5 R A0 T e BRI (R
Ames 50D 7E VF A 40 K A4 R} B 350K A8 V7 TH A7 AR
—E M. W2002—2010 4 K& R 1 17 Ry Kk}
AL B VR A 45 R b, 15 B AUR A RHE Ames iR 56
S5 NI A8 L b 24 K 22 BORN AE AR Ah G € Ak i AR
BRI RS S A A B R, AR T T
W R B SE RS Ames 50 HHE 5 s 4% 15
PR 5 RAFAE T B N, S BORE 78 3 M DL E
LR GUR I EE 5 A5 SO A, B R T kA
i =y BRASE B AT TC VA 0k H 4 K ) 0 8 A R
AR Ames 1R 56 LA B USSR R T 40K A
BEE B A 5 533 v BE 5 41 T B AL V) O BAE
73 KA R AR 400 B M 0 o e &6 SR 7 A Y
Wi o BR Ames B 56 Ab , J T 3L 50 W0 40 B 1D ok S IR
RAZGI AN hpre 5 K RAZ AL 1 2 LAEE PR T A8 g dar
M2 f i s v m ok, iR 77 kg
FH 2K OECD 45 3¢ J5 ) R AR ), AT A Sy A i 38 5% A%
B A b £ 306 7 3k o AFL DRI T A R 7L 3 4 4 i
PR R AR 56 J7 20 F T 22 PR AR R A, Gk
R RHBEAT PR B SCHR 5T RHR 2D, 2 5 WA R0
HH AR AL 0 38 A% 2 M 1 A9 21 78 20 B E

the 32 [R) G AR R IE AT hppree e DR 5% 45 4R 56 1) m] {5
/0N BV B R A B LS178Y 4 M e, b A A
L5178Y Z0N3JT Ji& ek & PR] 5% A 12056 SR /) B itk 22 8
21 o i 56 (mouse lymphoma assay, MLA) . A T
ELAE, ASHIE FC A% I AH [ 40 P & (L5178Y 1k -3.7.2C)
I3 ITT R th 5 K] AL I A hpre 5 TR AR 156, %
5 & M 3 T A R 4 K S AL R BURE (polyethylene
glycol-modified iron oxide nanoparticles, PEG-IONP)
HVEAE BUR AR VEBEAT VR , I AR PRAN T ik 2t 4T
ELER .

1 #e
1.1 4Ap8

/I B HR B R 4 D L5 178Y k' -3.7.2C,2C, 51 H
H A E 37 B 25 & DA AT, & 3 R R
BRI S R AR A A S T A KA ORAE . B 50 B FH 48
Ji1h 82 AR S 6~101K.
1.2 EFEUFERF

PEG-IONP 5 nm (It 5 MKBR4497V) . i & H
¥t 1 BR I8 (methanesulfonic acidmethyl, MMS, #t =5
126K3721) \NaHCO, 6-fiii & & ¥4 (6-thioguanine , 6-
TG, #it 5 SLBH7699V) 1 = & M
1F (Trifluorothymidine, TFT, it 5 BCBR3508V) Ji4
Fl Sigma-Aldrich, RPMI 1640 (HyClone) , I Ifi
& (HyClone) , & B % & & & W (Gibco) , N i I8
WCE 25 BD , KB ES K CRE X ENZAFRA
F]D o BRI H L 1) I A 2 N 0% 10% il
20% ] RPMI 15 77 3 (5 1% 5 4 55 5 8 & A1 200
ng/mL T4 B R AR, F A 4 0% I I i (1) 8% 97 2L (ROD
T H R T 32 A B R B AL B SR MR A
B 10% Sy I 37 A3 95 5 (R10) 3 B T g0 AL AR 15
IR, 20% H IL7E IR 77 28 (R20) = ZLH T 96 LK
UL T .
1.3 RN RAE

PEG-IONP £ RPMI 1640 £ 5% ¥ fi B¢ 31| — € ik
B I o A% 3 25 6§ % (Dynamic Light Scattering
DLS, At H X %% N Zeta Sizer Nano ZS, Malvern 2
] W5 RIURELE 4 B35 77 Y B RSORE 23 A1 R 2 T Y
HLME . 202 PEG-IONP 7E 17 77 ¥ h 3 51 43 A B G
BH 2 AR, UKL 34 49 A M (5.6+0.4)nm, 3R 1] 417 HL
N-2 mV.
2 Rk
2.1 {AREEEFE

L5178Y 2 figd 4 52 75 J5 A8 FH R10C5 10% 5 1fiL
H 1% 75 8 5 2R & W0 RPMI 1640 55 77 35 ) 78
37 °C.5% CO, 26 F N RE 7%, b R B8 #1577 3, fr 4
PR3 G A 0 R R AT RIS . P A R IR R
AN 200 pg/mL A B FZ 84 & 40 mg/mL NaHCO, .
22 RTHNLIE

2 5 AR K S S R ROCA & B 1MLV A &
1% 5 55 75 218 AW H0 RPMI 1640 355550, I mn
AN 4] % FE 1 PEG-IONP (31.25. 62.5+ 125,250+ 500
pg/mL) , PEG-IONP #5 K 45 24 V< B2 R 4f8 e AR A< 45 (1)
Foe 1 VAR e iy 0 400 it 2 A R 4 SR o L 24 AR FEIK
J& 4 500 pg/mL i Xt L5178 4 Jfd fit) 38 Bt 76 W 2 5%
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Mo ik 56 P AT B B K BRI S K BT B A A
MMS (10 pg/mL) P X A 4 f 55 52 i 4
T 37°CH B E# 3 h, 2 J5 1 000 r/min = #7250 5
min 7 L. 44 25 )5 (do) 3E 4T 40 M i %, 18
R10 K 15 77 i Hh 40 B 4k 52 1 88 Oy 2% 10° A~/mL, f FH
R20 (5 20% I iE & 1% 75 5% % 2 VR 5 W1 RPMI
1640 35 77 5 ) 44 ol 4 41 Ha ] % v 8 N/mL J5 #5701
96 FL AR (BRI PEO 4 , & FL 0.2 mL, ~F 3 1.6 1~ 4 Jf1/
FL), # 5% CO,.37 °C K577 9~10 d Ja M EE 5% o 1L
BT 5 PEO LR AR .
23 thHERFRTIRAE

YR H TR 2 R Ay AT A 4, &
YT BG4 F R 10 K 55 77 0 P9 40 i 25 15 1 8 o
2x10°A/mL. 452455 55 2 R (d2) v 30U H R20 i 5
90 B 2 E N 1x10* N /mL #l] £% 28 48 4 % (mutation
frequency , MF) P « 5 41 M 2 5 TFT (4 i &k
J£ 3 png/mLVE A JE N 96 FLAR (4&EFL 0.2 mL, 7~
2x10° A4 /5D 5 “FAR T 37 °C 5% CO, 748 4k 255
75 14 d, W52 a B TV A« 8 4 40 A A R20 1 48
J9 8 N /mL 40 i &R, IR HE R T 96 FLAR CEP PE2 4,
L 0.2 mL, P35 1.6 AN ML/FL) , B 5% CO,.37 °C
B % 9~10 d Jo WL 82 & o FEFL B T 1F 5 PE2 2
BMECREILE D R #8259 AE Ik
PR B 92 )i & 45 £ # 5 (Good Laboratory Practice
GLP)ZRHAT
24  hprtBEERTIRE

BHEE IR FE2REIRLE 6 K5 HEt
A7 4 M5, A5 v B 35 B R10 K55 3200 79 40 i
BRI N 2x10°ANmL. A25)E 52 KA 6
K (d6) 43 5 FH R20 il /E PE2 J PE6 P-4 FH T it 5 4%
PR B IRIA“2.3745 . B 255 5 6 R4 T UG
F R20 1 %2 41 i 2% B A9 1x10°/>/mL 1] £ (mutation
frequency , MF) P : 4 41 il & 55 6-TG (28 Jig &k
J% 0.5 pg/mL) VR4 Ja I 96 LR (4L 0.2 mL, *F

¥ 2x10° /N H/AL) » “F AR T 37°C 5% CO, I 6 4k &5
B 14 d, WERB R EREEGRELE D. E
BRI AR TE GLP 1A & T kT .
2.5 HERWBRBIELE

B IR A WG, W8T BT BRCEE PP 83 PEO.
PE2. PE6 J¢ MF, it 55 40 Jig M1 XF 47 ¥ & (relative
survival rate, RS) « fH X & 7% £ K Z (relative
suspension growth rate, RSG) K& # Xt & 4 K
# (relative total growth rate, RTG) , A N 15 2 =0
Tla-DFrR. k3K RA KL T £ &> 96 L MF
SR R B AR A AL TR s e L 2% /) B (small
clone, SC) 1 FLAL , TH 5 & 3% K R AR A5 % (MF) BA J&¢
/N T B 1R GRAE T 43 36 (SC%) s hpre 3 R 58 AR 3 56 AN
X RN TR BEAT X 3, 75 v B0 A AR v B 1 AL 3K
I E MF. A Bl i 3 ke g5 3 28l DA
X5 RN,

() UL B A P n(
PEFLEL, TW S FLE N oA TR LI 40 B 5L
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ARYR I F14 200 i 25
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Fig 1

Schematic diagram of tk and hprt gene mutation test procedure
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3 Z#R
3.1 PEG-IONP 9tk EFRTiRX

3 IR th B DR R ARG 45 RS H W3 1, 0T
ZH f) MF A 170.0x10°, PE F1 MF 2 7E A 5206 %= 1) 715
BB Y5 B N (PE: 50%~160%; MF: 110x10°~
250x 10 FH M X B MMS ] MF 24 1100.7x
10° (P<<0.001) , B 2 &8 tH BH 1% 45 2R A w2 B .
PEG-IONP [{J3 J& 4 125,250,500 pg/mL i, th £ [A]
AR K 4y W) N 294.0x10°. 320.3x10° A1 361.7x10°,
A T 0 R ZEL A 126x 107 H. 529 B A S5 L 15
i (P<0.05). #7524 PEG-IONP ik & 4 125 pg/
mL & LA b, 0% S LS178Y 41 g & 2E ok F [N =
AZ . MLA SEEG ] i [X 43 /s b ok R B X 43 52 4k
VI 1AL TR AR FH 7 2 /N O N o R R 32
A AT T G A T 2R T K e B K A A ) 5
K R AR A Ko A B 5L 11 PEG-IONP & i 2 2H
SC% 5 XS B AH LU AOR W2 P2 7, 37 T
BIE 25 F F PEG-IONP K T £t L5178 4H i B & 11

VAR UNGTESS VAR
3.2 PEG-IONP Y hprt B F R IRE

3K hpre 3R A 56 25 FIIME W3R 2 Fow , ¥
8 %sF FELZEL (1K) MIF Dl 124.3% 107, 111 BH A4 X5 B8 1) hpree 32
AN 971.0x10°(P<<0.01) . 24 PEG-IONP f{]
W 125 pg/mL.250 ug/mL % 500 pg/mL i, tk HE K]
AR Ry Hil N 275.7x10°.261.0x10° A1 369.0x10°,
TA) 8 P G 0 R 2L 1K) 126107 H. 5L 9 R a1 15
A AR R R O R e bR H i R AT L
IIHT ORI, 2R N 125 pg/mL I 3 ORI Bl 5
SR LA R EEZE R (P> 0.05) . $#7
7 24 PEG-IONP ¥ J§ 24 250 pg/mL K& LA i, o] i
FL5178Y M K 2L hpre FE DRI RAZ
3.3 thEE K hprt EFERT R

P ol 35 IR SR AR R 5% 4 il B AT 3 0K, H MIF U
R 2 FroR o 3 RIS AN [ B 4 1) AR 2R
25T AE 10%~40% , 327 BRI 77 v Sl i 25 R
(R IR o 5 Gt 20 AN B ek 3t R A1 e J25 A

#1 PEG-IONP X L5178Y 4 etk B F R I HI M0
Table 1 Effect of PEG-IONP on the tk gene mutation of L5178Y
451 W/ (ugmL™")  PE0/% PE2/% RS0/% RSG/% RTG/%  MF/(x10) SC/%
T K R 0 53 75 100 100 100 170.0 18
PEG-IONP 31.25 63 67 119 79 71 191.7 18
62.5 55 69 103 81 74 260.0 19
125 53 65 100 88 76 294.0° 29
250 55 61 103 84 69 320.3" 29
500 45 56 84 77 58 361.7 18
MMS 10 35 52 65 62 43 1100.7" 67"
S AL LB P < 0.05 P < 0.001
"P <0.05""P<0.001 vs solvent control group
%2 PEG-IONPXf L5178Y Z0Af hpre £ [E 22 25 B 2200
Table 2 Effect of PEG-IONP on /prt gene mutation of L5178Y
W/ (ug-  PEO/ PE2/ RSG6 RTG2 MF/(x
2151 - PE6/% RS0/% RS2/% RS6/% RSG2/% RTG6/%
mL™") % % /% /% 10%)
T TR 0 60 67 71 100 100 100 100 100 100 100 124.3
PEG-IONP 31.25 52 58 61 87 87 87 55 107 47 92 235.7
62.5 56 55 60 94 82 84 70 87 57 74 210.0
125 45 47 55 75 71 77 64 84 46 65 275.7
250 45 53 58 75 80 82 78 85 62 70 261.0°
500 43 47 46 73 71 65 79 85 56 55 369.07
MMS 10 28 34 33 48 50 46 72 84 36 39 971.0™

L HE AL B L "P < 0.05,77P < 0.001
*P<0.05,""P<0.001 vs solvent control group
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RAF I E AR T etk LR AR 2, H i 22 45 R 42
71N hprt 215 R AR B0 HUHE 3015 6 35 1 22 e kR 4R ik
J£ (250 pg/mL) 5 T ok & IR AR 3058 (125 pg/mL) .
{HEE R 5 PR LR 2% PEG-TIONP FI VP4 45
— .

TRIEGTIR 31,25 625 125 250 500 MMS 41
PEG-IONP/(ng-mL™")
E2 AREREPEG-IONPHSH th BEE 0 hpre BEE R
LB (X £5, n=3)

Fig2 Comparison on mutation rates between zk gene and

hprt gene induced by different concentrations of PEG-
IONP( X =5, n=3)

4 it

IONP 7 #f 4t 4 i A% & §2 77 1 A1 i 9 322 1)
AR E TR AT Z BN L 1 PEG =2 49X
KA KL W RIS 12—, 4 FDA it H +
& R B H T % B 3 IR & 52 19 44 K A Bk kL
Ferumoxsil #1 Ferumoxide ¥ &N PEG £ #% . & #f
7t 3 8 IONP % 1H £ PEG 18 1fii Ja o 7= 4 35 /K
N TR SR RN i Ay T N RN
T Wi 2 40 0 90 K JORL I 35 R S 1 R AR, 2
K HAE AR N 1 B0 I TA) 9 2 a3 HAE R R o R
TR . 45 CHk 4R 1 PEG-IONP (1] 8t 1% 75 o 45 5 Ay
N FEYE . a0k 42 N 10 nm ) PEG-IONP 7£ 5 Al
To AR TG AL 2% AF N AT S Ames 58 H 42 6
5 B0 90 X # Bk (TA97. TA98. TA100. TA102.
TA1535) 5 FH VE &5 3, 15 Z% £8 4k w42 3K 56 K
ok 56 25 ¥ OB N . AW A Y PEG-
IONP (5 nm) &b B 57 & ¥ & K T 125 pg/mL K,
Al 5] /N B vk B R L5178Y 4 Y tk Bk R K hprt
HERRABLE FEMET & ZIREEE N, I
iR 36 f) PEO « PE2 1 PE6 (X hpre 55 [ 58 45 i 56 )
BEHARAPEEH AL ENYE HET
Fl (50% ~160%) , A HF B b ik 58 A48 Oy b 3k J&
U B 0= S O i NI I G R 2 SO

Ames R 50 1 A& H M = 5K 50 1 A

PRI [ A B 7R 2, 2 2 B MR R N RE
B, TS SR MRS 5 5 0E i BE AT B VR S
YT 78 4 B ik, DL R — e gl oK M R T B 1E
AR A 3L 3k Y0 A i T R ) tklhpre JE
DR 5% A8 36 A A7 76 b3k ) @8, BTG 9ok ¢ R
B DR AR RIS PE AT 0 £ 3k T &R . U AT LA R
7R W 2 £ P A WF 7048 H () PEG-IONP I, P4
TRV &5 R — 50, BT AE B om ik E &
R % G 3 R 9 A8 . AR, Kirkland %50 5]
Ji 7 SC ks MLA 700 2R S, 8 Ames R
6 RN AR A BZ R 56 2 08 T S mE G S s
g PR OR AR P 33 AR B M 7R B A I R R B 3G
MLA Ji& , # H A I T 1.5% C I 316/405 42 &
% 322/405) » AL, MLA 356 45 50 94 K 6 Rl
TEAE 5 T 2 R 9 AR KUK 1 VR A 45 SR AL L £
Fa. A, B STk R S S S A A
ML & 5 ON R 20 T R ) hpre B TR R A A
6 K W 40 2K — 48 Ak B R R 40 oK A I AR B0 5 TR AT
E— 7 &, 1R A A 41 Mo & i 0k 1 B Xt
DNA #1173 & 5 e 716 B 22 57 M ) 25 3=
Az gt AR A B P T 8 AE ROk M
LI A 7 MV U R WS R R, R
ST FE K BB SRR .

th 3 TR R A5 AR 56 A hpre 35 TR 225 3R 56 3 ) T %2
WEEH K™, MLA B hpre 2 R 2828 56 75 518
B X5 TR AR L R 55 . hpre N XOE B
B, AT A5 R SR AR T S B B AE T . (E SR B R AR T
YEFT 5 hpre 2 IR 9878 AT 5 50K B 41 i 48 T2 0k %
B B o R e B DR AR 58S T A ) 1) 55 B R AR
U, U a5 AR NN SR /N i 2R 25 o T R
DRl P 7R S 25 xof e 8 i 7 28 O 2R e 2 5 ) G
TR B B 22 o T AL T G 0 AR 1) ok 3 R AR T 4% 9%
GRA IR N IBURK, Bk the HE TR AR A, AT 2 ) 5 ke
5 DRLRH O 1) S B AR o5 i e CE A Sl O R ]l T 42
oy ZLHE H 51k 1) RS R e R
MLA AJ 3 Jb [X 43 K /) o o 00 56 A2 i % 3 2 [
R R/ e € A Ui 2R 14D XIS 33 47 ST T 5 W e A
I P 358 A B G ) 248 o R T R 5 AR AR 560 1)
2 W33,

25 bRk, AW I 4 00 A8 T MLA BT hpre 555 98
ARG VAT T PEG-IONP F 98 75 B0 58 48 K , 75 &
X PEG-IONP F Tl 5 SR — 8. 4a7 9Kk ks =
A R A A 5 DR R AR RS VAN 925, AT T 4 R T
AR TR PR B 5555,
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