P > = N N N
& ;1328%2?5,}1 =N E MK ¥ ¥R Vol.45 No.5
A JOURNAL OF GUIZHOU MEDICAL UNIVERSITY 2020.5

P ZEFH BT [ Aurora B8 A I8 5 A 3E /)N 2H Bal fip
T2 21 Be B AR ST B R M

g BN, HEME, Fa’, FER
(1R em R, BB KK 1630005 2. 49 FR255—HH @ B be B 8}, B A1 832008; 3. JHFEI T H 0 B B A0 U4 N
B, BP9 JEE 714000)

[H8 ZFE] B RIS 2885 (MLN8237 ) o A AR /)20 i 6 i S A e vk Py 5% i S AR P BL A . oo D si-
PORT NeoFX #% i FKrFH 1 siRNA | si Aurora Kinase A 2334 NCI-H1975 4 fitd BA 44 %) BB 2H (Si control ) J% ¥
[6] Aurora JJi A 4 (si Aurora Kinase A) , A5 siPORT NeoFX [#) NCI-H1975 4fi U4 g 246 % B8 41 ( Control ) ;
CCKS8 SZ5 kil ] Aurora B{HG A (¥H)H1 55 ( MLN82370) X NCI-H1975 40 A=+ (1452 M, 2 A0 125 55 45 00 1)
#) Aurora JUAE A KA MLN8237 Xt NCI-H1975 4 J8 1= B S0, T e TV s SC B kil T MLNS237 Xf NCI-H1975
20 B U AU SE IR B2 I, gRT-PCR S2B8 1AL T NCI-H1975 i pl6 M p21 B3Rk, 56 E B A L 56
S 240 SRS DG 2 S TR - (E2F ) R 38006 Ak 28 11 (INKD) (6 M. 45 R NCI-H1975 40 i i) 5% e 30 36
89.91% , ¥l Aurora i A J i A MLN8237 w] B & 41 il NCI-H1975 4il il ity A4k K, 25 A il M L (P <
0.01) ; AN T- S50 45 R BRI H] Aurora JEF A KA MLN8237 1] Bf i # =5 NCI-H1975 AR T ; 3ake
& RLSE 5 s , MLN8237 HEf% i 3 MR R 4 /5 NCI-H1975 41 fitd ) 5 B % Al AE i % NCI-H1975 41 it 5 T30 5 3
SR, LB S 1 R AR B i 3 qRT-PCR 2552 B 7R, i A MLN8237 ( Aurora 3 i A 074157 BT /5, p16
Jeop21 [ FRR I i B 9B R B A AT L I A5 SR R, ] Aurora G A B EREAL T E2F A& M, T INK 197
PERER R, ZREGIFE (P <0.01) . g8 Bz 288 fEl i ¥E ") Aurora 4 A, T #) # NCI-H1975
g Mo SR T, T HE R NCI-H1975 20 i 5 ik S g o
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[ Abstract] Objective: To investigate the effect of alisertib on the radiosensitivity of human non-small
cell lung cancer by targeting Aurora kinase A. Methods: NCI-H1975 cells were transfected with
siPORT NeoFX transfection reagent and divided into Si control group, Si Aurora Kinase A group; Nci-
H1975 cells that were not transfected with siPORT NeoFX were used as the control group. The effects
of inhibitors that inhibit Aurora kinase A ( MLN82370) on NCI-H1975 cells growth were detected by
CCKS assay; the effects of Aurora kinase A inhibition and the addition of MLN8237 on the apoptosis of
NCI-H1975 cells were detected by apoptosis assay; the effects of MLLN8237 on radiosensitivity of NCI-
H1975 cells were examined by cloning formation experiment; the expression of pl6 and p21 in NCI-
H1975 cells was evaluated by qRT-PCR; the activities of E2F and JNK were determined by luciferase
assay. Results; The transfection efficiency of NCI-H1975 cells was 89.91% ; CCKS results showed
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the growth of NCI-H1975 cells were significantly inhibited by Aurora kinase A or adding the

MLN8237, the difference was statistically significant (P < 0. 01). The results of apoptosis assay

showed the apoptosis of NCI-H1975 cells were significantly increased by inhibiting of Aurora kinase A

or adding MLN8237; The cloning formation experiments showed the cloning forming ability of NCI-
H1975 cells were significantly reduced with MLN8237 after irradiation, the radiosensitivity of NCI-
H1975 cells were significantly increased with MLN8237; The qRT-PCR results showed the expression
of pl6 and p21 was significantly up-regulated after IR with MLN8237 ( Aurora kinase A inhibitor) ;

The results of Luciferase analysis showed that the activity of E2F was significantly decreased while the

activity of JNK was significantly increased by inhibition of Aurora kinase A (P <0.01). Conclusion;

Alisertib can inhibit the proliferation and induce apoptosis of NCI-H1975 cells by targeting Aurora

kinase A, thereby increasing the radiosensitivity of NCI-H1975 cells.

[ Key words ] carcinoma,non-small-cell lung( NSCLC) ; transfection; radiation tolerance; apoptosis;

cell proliferation; alisertib

iR e B AR e R I 2 — , bk
N SRS ( non-small cell lung cancer, NSCLC) &
TR 80% ~85% ', UL4E3K,NSCLC [93A97 £
KT JIT AT ARG T ST, gy
SR IRYT O I s . TR
IR ] 57 2 felT AR 20 B 7 A R , ik - 4R A
IR AN M T R Y AR L2 Aurora
A AL LT S O R B OS5 R A, XA
225y YRR b Y OARHES Sy 2203 3 vh Kk 4%
SR B, Aurora S A 2 R 22
YR A 9 R O IR B A R A v A A Y 3
KKy Aurora (il A WF 22 RIRYJEAE (FLIRIE (25
AN E RN RN S DR ) Sk
RAEH], SMARCBI LR a] 3l 0 il Aurora B A
A 2 35 1 3 2] J00 4l A H KX 48 R 45 (central nerv-
ous system, CNS ) i & JJLRE IR 41 2B K g VR
By 57 €45 (Alisertib, MLN8237) & —FA % 11 %
PEREFEPE Aurora A R, X Ji 83 A — 7 B 411
AT, SR RCR B4 A A 15 00) , A5 1B 7E 4R
DBl 37 ZER X NSCLC U EURE Y52 i S AT
Bl
1 #R5FE
L1 PR

i 96 44 il NCI-H1975 Wy 5 22 [ 7 08 i
L, MLN8237 Wy H 3 F B 42 T Tl 23 w], RPMI-
1640 F5 3200 B 55 E PR CHERBHL A AL R4
I3 W A SE R BEER R ARBHE 2 W], BIPE siRNA (si
Aurora Kinase A J; siPORT NeoFX #5YL5| My H 3

T FE A 7], FAM-siRNA W [ 1363 7 59 ) 2514
532

ARABRZ 7], Annexin V-FITC/PL 41 Jifd i 745 1] i
R & A 55 E 3/ W], RT-PCR 57 &1 5 55
PR R B A 7, BCA R & [ i =
RAPEARBFLIT, qTR-PCR S5 1450 6 5% [ 5%
ARG R B 2 = ARG FRA I 5% [ FEBR K
IRBHE AT ,6 MV X 28 B A k4 1 F 78 PG 1)
TAFRGUERN 0.5 Gy/min) , FA LA A
FE N Te & PR R R A R R | BR300 B 5€ [ 0t

INA AT EARA BRA ]
L2 Jik
L2.1 4ifusise RAEH 10% a4 i Y RP-

MI-1640 $5 57K T 37 C 5% CO, WEIREEFR46
WS SR I AN NCI-H1975,3 ~4 d /24X 1 1K,
SBAE AR R G B0 0 B8 A T A0 M i A 7 5 2 52
1.2.2 RNAi 2R Y KR Aurora 3 A
mRNA 1 siRNA FIHE#E [ siRNA DL R 5B hRic 1)
$iRNA( FAM-siRNA) D45 6 FLHZ 5 nmol/L siPORT
NeoF X 6 Y| Ry 284 , i B i e Jy SR i YL B9 43
it NCI-H1975 4 2 v, -0 20 0 « i alixd B 20
( Control ) . BH 4 %} BE 2H ( Si control ) Jz #[n] Aurora
1R A 2H (si Aurora Kinase A)

1.2.3  CCK-8 4Hffdi% Jy 58 Kr siRNA F2 YL |
FAREG G Jifi 9 NCI-H1975 41 Jfg 73 53] (5 000 >4
Ji/ L) HeRhLE 96 fLAH, W RLEE FR . X T siR-
NA FEQesd (O AnMd , e 5k 72 h g, W LRGSR 2%,
A 10 pL CCK-8 ¥k, F¥ & 2 h, 31434 Control
2H .Si control ZH# Si Aurora Kinase A ZH ; Xf T A&%
YR AN, IR 24 h 5, DLHRE 0 & fL R A
ANTRTH BE (K3 40 nmol/L 5k 160 nmol/L) (1)
MLN 8237""%" 34} Control (DMSO) 4,40 nmol/L,
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B 37 FE R AL #L ) Aurora Y A B fRp AR /IS0 e 200 M0 PSR A

A1 160 nmol/L 41 7E/EH] 24 h J5, A 10 pL
CCK-8 VW, I-HEBEE 2 he M (A1 Tt s A3 )
FEAS0 nm P KA FIEIEE (OD {H) , 3% LR A 5K
TEETANAETE ) CLAAR T g B e 4 e 4 ] 52) - 4
& g1 = [OD {E(n2y) - oD {H(=H) /[ OD {H
(KImzh) - oD fH(=H) x100% .

1.2.4 RTS8 B DL siRNA B2 e NORE:
JeJirs NCI-H1975 45351 (5 000 A4/ L)
FTE 96 FLAR Y WCHE T siRNA B9 72 h S R B g
[ NCI-H1975 2 MG 24 h JFFERFE YL 2H
SIS [F) e i 9 MLN 8237 (40 nmol/L J 160 nmol/
L) FFUAE T 24 b, 11 J5 53 500 MO 4R 45 4 40 i T 0
BN, LA 1000 r/min B0 5 min, PBS PEIEIFE0 2
X ; F Binding Buffer 500 L %41 fifd . Annexin V-
FITC 5 pL #1 PUS pL Yty iR &) 5 kG 551
TR RN 1S5 ming F A AR | A3 A 45
HANMI P T3, sr e 1. 2.3,

1.2.5  sgREIE MUSE g fF 0 AR K I Y it
NCI-H1975 2 jitd 2 B S 5 i AN ) 20 T35 3 mL g
FrAEH (LAY AR 60 mm , 422 HE HE SR 5] 8 I3
EERP YR iR %l 200,400,800 .1 200 K 1 600 4~/
fL)  TEA RS FRAE R 6 h i UG BE ; 240 if It B
JE FE RN [ BE i A7 2524, 9 324 Control (DMSO )
ZH .40 nmol/L MLN 8237 #H & 160 nmol/L MLN
8237 4, HAH B 3 AL Z4WMER] 24 h 5, LI
I DMEM 3 mL =5 55 77 S50, K 4 7351 L) 0
2.4.6.8 Gy Rl f AT X GFk B AR5 R W IR
ER5% vfIR (PBS ) Pk T A1 ML, I 70 5 0 1% 5% 5L v B
F37 dJE, AT RIS A0 0, TR S A A S g
10 min, KRS wh R Y T4 LIRIRITHEOT
RS & SO LA B AN RO 1A sk, 15
SEREIE R (AR ( plating efficiency, PE) 2 /g
TE15 5788 (survival fraction, SF) , $4 B o £ #0174
SF =1~ (1~e(=D/D0))" 405 22 il 48 i A7 35 Hh
2, 03T P Y SO i (Do), U 1/ 31 i H
(Dq) , FEGHELE 2 Gy Wy 5 ify Z BN 5 e LY
ANMLAETG 73 (B (SF2) B4R 4L (SER) .
1.2.6 qRT-PCR 224 (1) Aurora Kinase A 5|
Y. Bl TGATCCTTAGAGCAGCTTCG, T i
%51} CTAGGGTTACTTGGAATGAT, (2) p21 5|
Y. FiigRe 5 TAGTTCATCGAGTCGCTTT, T it /%
%125 CACTCTGTTGCCACCTATCG, (3)pl6 5|4y
%l CGAGCTAACAAGCAAGCAGC, i
%) 5 ACGTCACCGGATCCTCCAGAAC, (4) GAP-

DH 51#): 335514 GTCTGCTCTGACTTCAACA-
GAG, T % JF % ;5 ACCAACCTGTCGCTGTAGCAAA
qRT-PCR AR ZR (20 wL) : B35 19 (F) Ll T
1% (R)1 uL,2 x TagMan ® qPCR Greenmololaster
Mix 10 L, cDNA #&# 200 ng, nuclease free water
20 L, GAPDH % Py i &f I, qRT-PCR % ¥,
95 °C .3 min, 95 C .15 5,60 C .30 5,95 C .15 s,
40 MEER;65 C EF-R95 C, fJ5 ] AACt 5
BATR AL R IA AR
1.2.7 SOGCERF L8 {fi Cignal Finder 10
Pathway Reporter Arrays( SA Biosciences ) iff 47 Path-
way JPHr o K NCI-H1975 20 42l 2E 78 Jm 1
FOCRBHASNH R 96 fLAk, 12 h J5, A IR #k
B (3 BF 40 nmol/L = ¥ & 160 nmol/L) MLN
8237 K HRLF(6 Gy) Ak PHEANM, 0 5 K 40 M -FF 15 5%
24 h ARG 2R B 5E £ 55 ( Promega ) 7E Glo-
max G T (Promega ) il 5 5% 6 2 B M , B 52
G ER B TERR VAL Ry i B O RS P JF TR
. JH GraphPad Prism /473 Bt .
L3 Giteeinik

i8] Graph Pad Prism 6. 0 H X AH 5 s i
TGEHVER K by, LIRS = Bl 2E (v £5) FoRIT
TR, LA 7 RS TSR, ST AR AR ] ¢
K AT LA LA, 2 P <0.05 I, KR ZERALE
HE

2 #R

2.1 NCI-HI975 4 i i) Yo s 38 B e

WL HRIC Y siRNA ( FAM-siRNA ) #% 4t 5|
NCI-H1975 Z Jfi b, 5 e 3 ik 89.91% , 3k W]
L siPORT NeoFX % 44 501 £ Ay 45 14 g 1 2 5% o 22
SKOAnE 1, & NCI-H1975 #ijifg 5 Aurora Kinase
A IR RIFIT R MR, A 2 R, Sio Auro-
ra Kinase A #] Aurora Kinase A B F ik & H
32.68% , 5%f M40 J Si Control 44 Fb & 25 P&,
ZERAGIFE (P <0.01),
2.2 il Aurora J4RF A K Jin A MLN8237 %} NCI-
H1975 4l A <5200

CCK8 545 W, Si Control ZH Y 40 il A= <
oM (86.34 +2.83)% ,Si Aurora Kinase A ZH 40 i
A K (72,13 £2.95) % 4] Aurora JHG A 7]
WA NCI-H1975 4 i A= (< (P =0.001 4);
5% B A F &, i A 40 nmol/L. MLN8237 44
AINCI-H1975 4 il A= 1 8 (78. 52 +2. 36 ) % B . F%
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e T WY
B 1 NCI-H1975 41, FAM-siRNA B # % % 3 (200 x )
Fig. 1 Transfection efficiency of FAM — siRNA on NCI — H1975 cells(200 x )
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NCI-H1975 40 it A= K 38 (51. 37 +3. 12) % L i [
. 2RBHFEIT¥E X (P <0.000 1), 275
MLN8237 %} NCI-H1975 4ilfitdA7 #ifi /5 , HLBEH )
B, Hepm R, WAL 3,
2.3 4] Aurora J[iF A K in A MLN8237 %} NCI-
H1975 20 i T Y52 1)

2t Annexin-V/PT XYL 454 i 40 i AR A6
I NCI-H1975 41l Jifd 78 4 AS [ Ab P 22 )5 A9 0 T= 7K
L Kl 4.5 B, Aurora B A BEPIH] S A3 41
AP T- 3 (31.52 £ 1.51) % , 5 A2 ZH 40l
PT-%(1.35 £0.43) % LB, A0 08 T2 K32
(P <0.001) , 40 nmol/L MLN8237 () B2 4[4 ffd )&
T34 (39.52 +1.51) % , 160 nmol/L MLN8237 fiy
B3 4 40 Mo B TR Ky (82.67 = 2.64)%, fin A
MLN8237 [t B2 B3 4 4 il J8 1~ 3 BH i o= T FRL 4l %)
HRAL Bl 4, 2R A G248 X (P <0.001)
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Fig.3  Growth of NCI-H1975 cells effected by inhibiting of Aurora kinase A and adding with MLN8237
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A1 10 J02-UL0457%) Q2-UR(021%) A2 10°F0 U4 02-UR(0.81%) A3 10 302-UL(0.00%) 02-UR(0.30%)
10°4 10°3 105;
< T ] T
v ) v T
7104 v 10%3 1104
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10° 10°3 10 &
102-L0900%) | 02-LR(0.32%) Q2-LL9832%) | Q2-LR(039%) 102-11(63.19%) Q2-LR(36.51%)
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FITC-A FITC-A FITC-A
- 6 6
B1 10 102-UL0.00%) o] B2 'OTounooms @uro3s%] B3 175 mim00% Q3-UR030%)
105-; 1075 1074
E < E E
E ] & b j .
10 - 10 . 1044 .
E o Ay ff =%} E f
10° ¥ 104 K 103 4
Jeumey | e SR W e oz | o
10° 10* 10° 10° 10° 10* 105 106 10° 10* 10° 100
FITC-A FITC-A FITC-A

7 : A1 A Control 2, A2 # Si Control 24 ,A3 A Si Aurora Kinase A ZH ,B1 >4 Control 2H ,
B2 >4 40 nmol/1. MLLN8237 #4,B3 >jy 160 nmol/I. MLLN8237 4 ,
W4 A E 4R NCI-HI1975 20 j B 1= K F
Fig.4 Representative diagram about the apoptosis of NCI-H1975 cells in the different groups
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Fig.5 Apoptosis of NCI-H1975 cells effected by inhibiting Aurora kinase A and adding with MLN8237

2.4 MLN8237 X NCI-H1975 4 i ik S S0 stk 1%
Al

Wt v BE Y R S 56 0 4% MLN8237 X NCI-
H1975 20 SR A 52 i), 65 3 7 MLNS237
AT R R4 NCI-H1975 20 it A il B s o 85 4%

4 SF {Ei i B il Z HER R EAT L5 SF =1 - (1
-e"( —D/D0) "n, fHH K 6 Finih gk, &I mA
MLN8237 REfS i & PR AIC B 5 /5 NCI-H1975 21 g i) 5
REIY CRE ), % NCI-H1975 41 HAT BH 2 14l 1
YRR, BRI O R e 2, R 1,
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—e- control
-m- 40 nmol/L. MLLN8237
—e— 160 nmol/I. MLN8237
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=}

.01

0 2 4 6 8

Radiation Dose (Gy)
T 0T BR4] 5 40 nmol/L MLN8237 41 Lhist, P <0. 001 ;

X HE4H 55 160 nmol/L MLN8237 4 Lt#¢, P <0. 001,
6 MLN8237 xt NCI-H1975 % s F% 4%
J& &Y e ) % R

Fig.6 Effect of MLN8237 on the cloning ability
of NCI-H1975 cells after irradiation
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Tab.1 NCI-H1975 cell Irradiated multi-target
click mathematical model fit with cell

survival curve parameters

Hi) DO Dqg  SK2 SER
Control 2 4.731 2.005 0.932

40 nmol/I. MLN8237 ~ 3.533 1.462 0.875 1.434
160 nmol/L MLN8237 ~ 2.291 0.481 0.483  1.892

2.5 il Aurora i A Xf B 5} (6Gy) J5 NCI-
H1975 4 p21 K pl6 Kk

it qRT-PCR 344 NCI-H1975 £ rf pl6 K
p21 WFEIRG KB, N A MLN8237 ( Aurora J i} A
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Fig.7 Expression of pl6 and p21 in NCI-H1975 cells effected by inhibiting Aurora kinase A after IR
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W A J2IGYT NSCLC HYEAERE s, CCK8 Ry T
SEHG R Aurora L A GBI NCI-H1975 41
LA A KT T IZ AN B R T 5 e R S 0 s
B Aurora 3 A f40 ) 77 MLN8237 REA %42
55 NCI-H1975 Z 4O Sk o 8y 7 NSCLC
TRYT R Pk EEAE B TR SR A 32 O
L REE BRI , 78 0 — 5 AT 1S SO s i
JERCR AR I RIVE B B L A
WFFE A K dhe R WU I Aurora S A A9 10 i 55)
MLN8237 5 ik y7 Bk G R Y7 NSCLC, HoJie 5 1 s
SRR TEARR Yl R 50 T A FEARE RS i A
TR

BRI C K T — RN Aurora i A
O 1 570, 1) 4 ZM447439 ( AstraZeneca, Boston,
MA) FiI VX-680 ( Merck , Rahway, NJ) , &S BE b Z
1 Aurora JHE A A1 B-Y 7 B Ah—SE B 5T Y
MLN8237 B UEMIXT Aurora J(i A A i35 MY LEHE
Ph IR B[R AR BIE S A A 5 S
WRH] T MLN 8237 J&—Fp R4 Fi 5 1) NSCLC i
/NG TN 2 — ORI S 1) T8O 3 SR
AT S X% NSCLC RS Im R SE 85 o 53 A AHOG
WE5EHE o, M) Aurora G A W] 5 95 JF Y I fif
SR REAE 20 JULIR 40 R S RO . X MLN
8237 | Aurora Yl A T4 % NSCLC i S sk
PERIAL G, A WF 58 WA 1 — 28 A SR WE SR . i
qRT-PCR 52 46 A BF 5 PEAL T NCI-H1975 2 Jig
pl6 f p21 ik, & B Aurora i A WIS,

pl6 Je p21 AYRIEHIE - F, AT BE T 1 40 A & 3
T B KA PR B ( cyclin-dependent kinases, CDK)
CDK4-6 % RB 2 H By BERR 1k, o i 40 il 1 40 it 4
1, WA 5 NCI-H1975 A0y ™) 555 e 6 %
it 73 B S B A58 K B, ] Aurora (i A 2 2%
FEA T E2F (R35 1 5 INK A6 PE 5 4 o, X i
16 T 22 24 I3 36 Ak 5B M I ( mitogen-activated pro-
tein kinases, MAPK ) {5 5% 3 %, T 53 1 fiE
BT AR 5 S HLH, e 2k T NCI-H1975 41 i1 1)
/)

25 B PIR , BT 7 2 RE G i BE 1] Aurora Y
A4 NCI-H1975 2 0 58 58 b 75 0| 12, A
&1 NCI-H1975 20 M i i) S0P AR, iy T
JRCS S FHCRE 1) 250 ) 23T 0 A%, AR
HURER I HbAT TR, U R A i RV
01 B BAARGy FHLHRITER RAT T i — 2 58 4
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