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ABSTRACT Objective: To investigate whether 5-aminoketovaleric acid sonodynamic therapy (5-ALA-SDT )can promote apoptosis
of human osteosarcoma cell line u2-os cells and its mechanism. Methods: U2-os cells in logarithmic growth period were randomly
divided into control group, acoustic sensitization group (5-ala), ultrasound group (ultrasound), and sonodynamic group (5-ala-sdt).
Apoptosis rate was detected by flow cytometry, fluorescence probe and confocal laser scanning microscope were used to detect
fluorescence localization in cells, and the production of reactive oxygen species (ROS) was detected by dcth-da. Results: With simple
ultrasound group, pure 5-amino ketones pentanoic acid group compared with control group, 5-amino ketones pentanoic acid mediated the
acoustic power group cell survival rate (40.18%+/-1.35%) were significantly decreased (P<0.01), intracellular fluorescence localization
showed that 5-ALA diffusion in the cytoplasm and mainly accumulated in U2-OS cell mitochondria, and 5-amino ketones pentanoic acid
percentage of ROS mediated the acoustic power group (34.3+2.4) % is relatively simple ultrasound group, 5-pure amino ketones
pentanoic acid group and the control group obviously higher. Conclusion: The 5-aminoketovaleric acid mediated sonodynamic effect may
induce U2-OS cell apoptosis through the mitochondrial pathway.
Key words: Sonodynamic therapy; Osteosarcoma; Apoptosis; 5-Aminolevulinic acid
Chinese Library Classification(CLC): R-33; R738 Document code: A
Article ID: 1673-6273(2019)20-3823-04

Dk, —EURIRIR L3 VIR ZL, AR, 75 8 1A Y7 (Sonody-
namic Therapy, fij#} SDT)BC M IIRIRYT —FiFrE£E. HoT DIR

H AR (osteosarcoma) & —FHER I T [B] - ZHAVAEMERRE . AT S A SR ARN , 0F IO rT RS, AHFSE £ 8
FERAAEILED, FER T IIT R, BRI R EWTAE 15T SDT X AZKEAY-E IR U2-0S 2114 58 AP T 10 5 i , ok
PR T B SR, AT IR TAAE R, R 20T Ve SDT FI RS IR L TE Z S 21K
AN AT 2 R K 0B R 35 Ak e A% I AR TR 25 1A | GRS
SR PR 36 G AR DAL, 2 75 B R PR A 7 R A 1 g

* LG TR H W RETTRHERIE AA LTV S H (45 & A4 10126 (2016RAQXI211);

HpT A T A BRI IE AT H (2016-19652017-153)

Ve A R (1977-), 9 it , TS5 1 1R 15 01475 , E-mail ; 13580576 74@qq.com, Hii% : 15804508335
b SEIRER  EM, 5, W B AR B, ESEHESE)7 1 B R , E-mail : wangpengjms@163.com
ek H39:2019-04-23 4352 H 1. 2019-05-18)

YN

R

o}




- 3824 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

1.1 ##

NBUH PRIIEE U2-0S 4 ik 1 36 B bR ofi A= 4 S Wose b o
(ATCC);5- S BE T I R (S-ALA) Hh 5F — 2218 R ko], A%
10 mg/m; — H B AR (DMSO )t T 3¢ [F Sigma 23 ] 5 P4 HH FEAH
A MR (MTT) I T-32 [ Sigma 2w 5 HPFEBE S i (MDC) Il
T Sigma A H]; LRAKGEOICIREAT LilFE B RN
] ; Annexin-FITC/PI AT AR &0 T L3 = R vaE]; B,
ML (2 E BD A #] ) s BEbR AL (35 [E Thermo 24 7] ) ; 1
B0 U (T8 LEICA /2 R ) 5 AR IR e 3 e % 2 O ML (38
[ Beckman 2% &) ) ; 40 il 3% SR FL AR ( 36 B NEST A H] )5 7 80 J)
AR (R IR Tl K2 A EWEA, A B e Reo% : BLAR
3.5 em; RS . 1.0 MHZ; 555 H . 10% ; 542 45% . 100 HZ;
BRI R 1 MHZ, T3 2 W/ em?)

1.2 Fik

12.1 #pakEsE  U2-OS 4l il R #E 2 R Eagle 15 37 3L 8 3%
(DMEM, Gibco, USA), #HN 10%AE4- 113% (FBS, Hyclone,
USA). 100 U/mL %821 100 w/mL 4555 275 37°C i 5% CO,
IREE T 1557 , TEXT AR I A AT S5, BEAIL Yy 4 4. 25
M1 % B8 2H (control ) | 75 A 2H (5-ALA ) 8 75 2H (ultrasound ) %
78l J12H(5-ALA-SDT), 214> 8 BRIt

1.2.2 MBE AW wEMEEE (MTT) 2k —FhH RO
YH MY B TE RE 1 TR K A MR A 2 35 R IR SR LA
5-ALA WM (20 wg/mL)7E SRS HCE —/INF o SR )5 A 1%
IR 30 FPo I MTT 343008 407G 22 4=
WL 200 pL B8 A 96 LAk, 57 B i A MTT (5 mg/mL/)
20 pL/ FL/, AREE85 7 4 b B /N0 BE E3EW, i A DMSO
HE£L 200 pL, ¥23% 10 min, A B S BEAR (O FE 490 nm
4L OD fH. AR EE 3 Ko RITREA LT E MG
R AMIAEIE % (%) = (OD # & / OD X i) x 100%) , SR 5 %%
AE R MR o

1.23 5- SEMKXBAMABMANRFXEN UV2-0S 4l 5
20 pg/mL 5-ALA ¥ 4 h WHRic 10 nm 2o AR Sk 4504
(MT-G, Molecular Probes) #1 1 wg/mL 41 il ¥ € 41 Hoechst
33342 (Ho, Molecular robes) i A %% )5 ,5-ALA 1E & A &
U2-08 4 i %4k PpIX , TEEAMGIAR T = AELL A5k,
PpIX FBIRARAE MK S ARt o 20 M PR 480 8 P T SR AR ol
N DA 238 38 R SR LS R

1.2.4 Annexin-V/Pl L& RRAMMMIERNMAMATE M
PEA A U2-08 ZHM, & FUBRBRE AL B L, A5 540 s
W, TAREAHMI B 1 10° 40 /mL, AR 1.0
W/em 30s,5-ALA Z - 20 pg/mL, &S RIS 4 4% 2H 40
a5l 50 mL BEFRirh ab e ih g . HORAE, Lisani
SR

1.2.5 DCFH-DA #illiF 1 RROS)M =% ¥ 4 45 WA
MaIRST S 2 h J5 A DCFH-DA, f 4 &k B >k 10 mol/L, 7
5%CO, MFAE Tk RE FE 30 min Ji5 X 40 LR

L3 Gt o

BRI EE AR (vas) Fon. EFEIEL ST
SPSS 13.0 4b3H, Z2 20 8] HL AR HI SRR 2R J7 22534, it — 2 W 2

6] 35 FH SNK-q #6536, P<0.05 =5 A 85 X
2 #HR

2.1 5-ALA -SDT #i#l U2-OS ZHRaRIIETE

WE 1 s, BEE 7S BRGE A IS, u2-0S 4 HifAE %
GEHTREAR , 55X R AH L, SEI2H 22 A T 22 8 L (P<0.05)
g 2 s, BEFE S-ALA WREERIEIN, u2-OS A M7 iG 25 2

TR, X BRI LY, S 2H 25 5 A Gei A R X (P<0.05)
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Fig.1 Survival rate of U2-OS cells treated for different time
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i SXRAMAL, TRHAERAFRITFEN, P<0.05,

W 3 pras, BN B 20 pe/mL5-ALA 4 BRET, 41 il f7
6 RN 94.70%+ 0.58%, H7mHNF U2-0S 41 i 1% B o i 40
MIRGE . M440Mek 1.0 wem? 55 IRG , MIBTEER N
77.68%x 0.89%, {HJ& 44RMI7E 20 wg/mL 5-ALA i 748
B AL B S NI AF 6 3R T %21 40.18%% 1.35%(P<0.01), B/~
5-ALA -SDT X} U2-0S 41 R Ve, Lm0, SCaedl 5
HoAth = 2HAH LY, AEAFTE 322 50 Gt 2% 8 X (P<0.05) .
2.2 5-ALA 7EARRE N BIE LR

U2-0S 41 5 20 wg/mL 5-ALA 5% 4h, i AbRicH 10nm
P ZRR SRR AR ST (), ANl 4 JiR , 5-ALA
DREARISE 3 TRUNE U <2 0 | SRy SN i e = e |
5-ALA ' BiC7e 20 i o AN 3 B BARAE U2-0S 4l .
2.3 5-ALA -SDT %5 U2-0S AT

K Annexin-V/PI 4 460 U2-OS ATTETIBR B, 45
RWRER S IMHz, SREEN 2 W B BRAlE S IR T
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Fig. 3 The survial rate of U2-OS cells in each group

5 HEM 3 ALb%, IR A P<0.05,
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Fig.4 Intracellular fluorescence localization of 5-ala

R U2-0S Al &AL T JHT-RIINIE, 78 5- ZIEM IR 51
FABNINART AT R R = RS 5- SRR SRR 2 At
TR TR BRI 5),
2.4 5-ALA -SDT 5 U2-0S RaiE S (ROS)HI =4

FE I (ROS) PA A 3% (33.6% 2.5)%, XTIAA
(11.3% 1.5)%, 5- S SEH IR ZH (11.6% 1.6)%FIEA 4l 75 40
(14.2+ 1.7)%(F 6), Hzh il 5HAM 3 H i 2: 7 Wk
(P <0.05),

3 PHig

AMIRT e — AR AL, I AR R AT
B, 5 AN AR T AT R X R BB R B AR . AR
W 5-ALA 4511 SDT J7 %t AR I8 U2-0OS 41t i %
FRHCIREAE T . 5- R IR (5-ALA )2 H R 3h 1 45 i
A 2 B R AEGR 2 — o 5- B R SRR AT ATER PO AR A B
npwk IX (ProtoporphyrinIX , PpIX ), Ji Mk IX J2 5 54 ) P I
PERON B A U R, I EL IR A A S
IS, FIBRA 4 25 IR N S . 2 K IAE I 5 5
WHLPILER AL P RETE L PpIX, K73l X kG
FPAREEIERIAME ©0, FRATH] MTT BA6 0 40 LAE 16 %8, R
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Fig.5 The apoptosis rates of U2-OS cells were induced in each group
i 5EAM 3 AL *P <0.05.
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Fig.6 Production rate of reactive oxygen species in each group

i 5HAM 3 AR *P <0.05.
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U2-OS 4R/ &R 5-ALA e I 7 i HERT S [ 9 3
HEIEZE TR, R 5-ALA -SDT XF U2-OS 40 R 1EH .

A% S5 O PR B R G 5- S RS R AN E R
Jo U2-0S 4 AR UE T, 45 53R 5-ALA-SDT B R IFRYIA
FNE R U2-08 IR T-VEH. XTAslyrkanfg s
B AR AN T LS B ATA R 2R BT LR 2 A RS R
BT, AR R 0 F B Ak tE, 9 HeE R K 4
BN, TR AR BT IR P BS54, 3 FLAE s
J it AR TR e A I 109 43 F S5 44, e 248 0 e 4 g
JHTU A 22 B DA Ry 75 2 AV RO 75 S slezs v, DA
FEAE R A AR A 3, AT B A R A R s o e
S N CE R U2-0S g i Tl oA RE ISR
(ROS) M= . TG TEEAEHUR AL F sh 2P , AN ifAT 0T
W A=A N, AN EZ BISMSR AT, ROS Y742
FNE R HHBLRENT, 5:30 ROS FEAIAE N S5 1 £ i I A Al
R A, A BEZS IR, I 75 S g 2 I g =0, AR Sy
TR B ZH(ROS)™ A I 43 %4(33.6¢ 2.5)%, 5 H A 3 20 4k
ZRA REMNE L (P<0.05), 755 J120 ROS K, $in
TR ek TR AT ML PN 1Y) 5- G R TR G TR 7 AR Y R TP ik
PpIX, P B ROS 768 PRI ANAR N 746, e A T PR AT A i
fof HE 7 P A S B, I H B ORI, 3 I EL A, A
TMF AR A T,
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WA — P SRR AR 5 7] R & 5-ALA -SDT i 511
YAEFEEN FE IR . ASLE ek U2-08S 4ij 5-ALA iF
P E AL, A 4 TR, 5-ALA D640 S 4oRik S (0,517
7 BRAT i O E S, %%Fﬁ 5-ALA ¥ BU7Edn 5 i 3222 8
U U2-0S 4 hifik N, X WA 5-ALA 3 238 i #F
U2-OS 4ffzkpifs, ﬁi‘%@%ﬂhﬂ%%ﬁﬁﬁﬂiﬁﬁ? ML, X
A A TE SDT A A S AIBIR A B . VBN EZREIRAY A&
HL,5-ALA -SDT A B RAAR LN M T2 — AT Z IR 40
AT AP EERRTRE . B —EINEM S, i TRAIL,
FAS/FasL S5 FET- 52 (A 720 58 R IR MR 12, 2k ik
AHSERFA T, AR R ARJA T3 4% 0] gl ad PR AN Z M AY
S R, LR 2 B, AT DU SRS f5d AR e, ok
W5 T fE 2 5-ALA -SDT 5 S M4l fetk £ E R R E
U2-OS 4HAf LRI , 2- BHRM IR T 3= 5 A ZRiik , T 5-ALA
AR TR SDT ZhFHIE A SWEIR A 2, A —2b 5280 vh 2 3
SDT REFZMA I 1935 , 175 SANIRI T, e I 167 i 3L
e E SR,

ARSI AT FWR BB PR I A 5- AL E IR A B A
Je U2-OS A BAT (R UEAT-VE R, JEHL 5 2R 75 SO R =
PERETEMPEAN AP, FE AR TSR R P, 88 75 IV F i
AN ELIE A R Ao R A e A R T AR
B — 2 5T AR NS IE 5
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