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An in vitro study of the effect of low intensity ultrasound on the migration and invasion of MHCC97H
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[ Abstract | Background and purpose: Low intensity ultrasound (LIUS) can kill cancer cells and promote
their apoptosis. However, it is still unknown how it affects the migration and invasion of tumor cells. This study
aimed to explore the effect of LIUS on human hepatocellular line MHCC97H in migration and metastasis and the
possible mechanism in vitro. Methods: According to the intensity of ultrasonic irradiation, 4 experimental groups were
established: control group (0 W/em®), 0.5 W/ecm®, 1.0 W/em® and 1.5 W/em’ group. The migration and invasion ability
of hepatocellular cells was detected by scratch assay and Transwell migration and invasion assay after the irradiation
of LIUS. The changes of cytoskeleton after irradiation were observed by microscope and F-actin green fluorescence
staining. The expressions of MMP-2 and MMP-9 were examined by real-time fluorescent quantitative polymerase chain
reaction (RTFQ-PCR) and Western blot. Results: Low intensity ultrasound (< 1.5 W/cm®) promoted the migration
and invasion of hepatocellular line MHCC97H. Scratch assay and Transwell assay showed much more cells under
irradiation migrated through membrane than untreated. It was found that morphology of liver cancer cells changed
after LIUS irradiation using optical microscope and fluorescence microscope. The results of RTFQ-PCR and Western
blot showed upregulation of MMP-2 expression by LIUS in MHCC97H and high expression of MMP-9 mRNA.
Conclusion: Low intensity ultrasound may promote the migration and invasion of MHCC97H through changing
cytoskeleton and upregulating protein expression of MMP-2.

[ Key words ] Low intensity ultrasound; Liver cancer cell; Migration; Matrix metalloproteinase
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Fig.1 The influence of LIUS on the migration of MHCC97H through scratch assay
*: P<0.05, compared with control group; **: P<0.01, compared with control group
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Fig.2 Transwell migration and invasion assay in vitro

*: P<0.05, compared with control group; **: P<0.01, compared with control group; ***: P=0.000, compared with control group
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Fig.3 Cell morphology and cytoskeleton changes by F-actin staining
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Fig. 4 The relative mRNA expression of MMP-2 and MMP-9 after LIUS irradiation
*: P<0.05, compared with control group; **: P<0.01, compared with control group
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Fig.5 The protein expression of MMP-2 and MMP-9 after LIUS

irradiation

MR IRYT R R A A N . M
FEIAYT AR N R A RE AR T A, PR
NVER, BUEPURITIRE S HLURE, Dhik
FNAIFEAR I T . LIUS—&de i s g /N T
3 W/em?, XFAMRHL A=A AN n] Wi i %, H
I W FH I R B &2 B b o B 7 B yR YT A
m%Mﬁﬂ%mT-mﬁﬁﬁ\%ﬁfﬁ*%ﬁ
I o RITRIFSE £ 22 0 2 A 7 D 11423 Al -
%%ﬁ@%ﬁ%*%mnﬂ&ﬁﬁmﬂﬁm?
WAk, PPARAZNRED . K IR B
G— R 8)ad

H%%Hﬁ%ﬁﬁmmU@W@z—,%
SEUEACTET- R = RN T, AR
FIRIT I REIE . BARIE ARG IR A A



(e @H/ER L) 20I5FE2555121)

931

Wi eictt , (R USSR, R
KR #E k. MHCCOTH)E THHEAI AR,
K A& H R E Tl E AR T, BA
R BV R AL, FRATA IS M S Ak
PRIG XT FA7 18 T 1% T 98 40 B 04 4= 28 56 B A A
S

AR, LIUSTE Mg 297 v iy i Bk
R, — 5T, A R AR RO
R R0 1) v o7 e DT e 24 1 ) U v
FeRR R, KRBTSR E g L S —
DT, TR REPD I MR A, R RSN
FE BJUE S 75 ¥R T BEAA SR 03 s A i . 0
MR A P RATRIPT S ESE T X —
Mo BRI, LIUSXFAEIE T ok 14 i ed 20 i i 4=
FERR R A Mg, AR FE X e T
Feo Ao B R R A (high intensity
ultrasound, HIUS) W] BE3% Jin [Mogg &% % 14 XU
EALA AR WA, Xinge 12 e o i 58 £
#i7 (high intensity focused ultrasound, HIFU)
YRR IEAT T A3, R ILHIF U3 fin Jib 98
FERS RS, T L AT DA bR S S . LIUS
Xof Jie R A4 e 1) 12 28 55 7% 1) 5% ) B RTAF SR AR 2
JEERMBEATHA TR T A ML, Wei
4 LB HIUS(21 KHz, 46 mW/em?®, 30 )
A B 6 i 2 B g A L P C-3 1% 8 56 A R kA7
THEFE, AR A B B i P C-3 41 ifd Y
1REFERE, IR R R X ] B 2 3l 1o P AR 4 s i
R HEEMMP-2 . MMP-9 & #E/EHII) . =W
4 LM MHz, 0.3 W/em?, 60 sfl1l MHz,
0.6 W/em®, 30 sy S5, KM A
I 1 Bk 2 PP ik PN Sono Vue B/ T 2L 98 41 i
FRMDA-MB-231HY 3 58 fiE 11 fliz 22 fE 11 .
X ] B8 A R A T AE 5T 1 i R A0 L 2 AL TR
FrEC, Wl Re s B RS R L MR
b B TE] L Ak 3 2 R R £ )R] AR R
A G, AR AT MHz, 41 min,
FE0~2 W/em B E R, BHSE R N, #
X 20 B Y A AR B s (g5 R R RoR ) FE
2 W/em RIE T, FRAF M40 LF AR A K
FIr AFR AT L O~1.5 W/em® 58 B VERF 98 . 7

AWFgE, b PR JE 40 M T 1R 2R HE T 1
R SEE . Transwell/N=E 5L 45 5L 3 F B
1.5 W/em® 41 40 jd i §% fit 1 i HL 5 Ho Al 5 41
] 22 A G2 X, {H0.5 W/em 41 51.0 W/
cm 4 2% EANH] B . 7F Western blot4h
1.0 W/em*4IMMP-2 () 8 F F ik e 1, iX
ULEIMMPALH ] 5 HOZ I — NS 5006, 1
HARHLHIE T — 50T

BE T 4 Jm 25 1 B (MM Ps) 2 3 15 14 i 2!
FR R K B 0, BES 4 A 6 IS S A 4 i
SRR ZHA 5, FEPRT A0 AL 1 A B A
R EEA/EH . Kb, S5HERZEHEX
R BV ZEMMP-2, MMP-9, Ef1#)E T
VA w1 AR R, ZLIUSKL B
J5 B2 EMMP-2 I mRNA I [ Rk 38,
ULIMMP-27] G862 S5 e R (R 285 % . A bt
5% 2 BIMMP-9BE A 471 98 19 1 FH o ] 2 2k e
R, NTRESHRI B &, TE MR A By
BrReAE U i & R, 650 e 1 oA B e A1 o
FRE D AR L I, LIUSHMAE T
MMP-9ymRNA %L, A HEEMMP-9% [k
eGP ARTEE—8, BA L EEER.

AT KL, ZLIUSAE 3 1 40 T 245
BT A, FEteE WA T v LUE B 40 AR
K REIEW FRIES, XATReMmanie s 4 -
R A . AFE R, L E ik
PR R T YO R T
WX F-actindf AT e (6, AT LAVEAE MU B R Ab
20 it () f K A, T Ak B A4 ] 5 4k
A HRMARTE 20 e B A 2R PR A
XA 25 0 ek AR ] 2 IR BT RS e T
() — A

ARG HAERSN RS TR T ab H e
AN AR 22 RS BE T B As , AR P BREE 2
A RN A T 25T

gi L frit, LIUSH LLE i 2 FdL il R 5
i Jeg 20 A bR A . LTUS X I8 4 it
MHCCOTHW = 28 4 #4 fig T 22 #Eny, X nl fig
SLIUSHA I TMMP-2(1 3356 56, il gEs
LIUSHCAE fifrias 4 i T 5 %o



W42, . KRR R A MHCCOTHIE RS 15 (2288 T i i RS M7

(3]

(7]

(8]

% X Wkl
FENG Y, TIAN Z, WAN M. Bioeffects of low—intensity
ultrasound in vitro: apoptosis, protein profile alteration, and
potential molecular mechanism [J1.7J Ulirasound Med,
2010, 29(6): 963-974.
ZHANG Z, CHEN J, CHEN L, et al. Low frequency and
intensity ultrasound induces apoptosis of brain glioma in rats
mediated by caspase—3, Bel-2, and survivin [ J | . Brain Res,
2012, 1473(): 25-34.
YOSHIDA T, KONDO T, OGAWA R, et al. Combination of
doxorubicin and low—intensity ultrasound causes a synergistic
enhancement in cell killing and an additive enhancement in
apoptosis induction in human lymphoma U937 cells [ J ] .
Cancer Chemother Pharmacol, 2008, 61(4): 559-567.
WANG X L, ZHAO X Y, LI S, et al. A novel plasmid and
SonoVue formulation plus ultrasound sonication for effective
gene delivery in nude mice [ J | . Life Sci, 2013, 93(16): 536~
542.
SHI J Y, GAO Q, WANG Z C, et al. Margin—infiltrating
CD20(+) B cells display an atypical memory phenotype and
correlate with favorable prognosis in hepatocellular carcinoma
[J].Clin Cancer Res, 2013, 19(21): 5994-6005.
WOOD A K, SEHGAL C M. A review of low—intensity
ultrasound for cancer therapy [ J | . Ultrasound Med Biol,
2015, 41(4): 905-928.
FORNER A, LLOVET J M, BRUIX J. Hepatocellular
carcinoma [ J ] . Lancet, 2012, 379(9822): 1245-1255.
MASUI'T, OTA 1, KANNO M, et al. Low—intensity ultrasound
enhances the anticancer activity of cetuximab in human head

and neck cancer cells [ J | . Exp Ther Med, 2013, 5(1): 11—

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

16.
LI H, FAN H, WANG Z, et al. Potentiation of scutellarin
on human tongue carcinoma xenograft by low—intensity
ultrasound [ J ] . PLoS One, 2013, 8(3): €59473.
FENG Y, TIAN Z M, WAN M X, et al. Low intensity
ultrasound—induced apoptosis in human gastric carcinoma
cells [ J] . World J Gastroenterol, 2008, 14(31): 4873-4879.
FRY F J, JOHNSON L K. Tumor irradiation with intense
ultrasound [ J ] . Ultrasound Med Biol, 1978, 4(4): 337-341.
XING Y, LU X, PUA E C, et al. The effect of high intensity
focused ultrasound treatment on metastases in a murine
melanoma model [ J ] . Biochem Biophys Res Commun, 2008,
375(4): 645-650.
WEI C, BAI W K, WANG Y, et al. Combined treatment of
PC-3 cells with ultrasound and microbubbles suppresses
invasion and migration [ J | . Oncol Lett, 2014, 8(3): 1372—
1376.
RO, VRBEHE, B S A E iR T XA MDA -
MB-23 1 435 S (2 28 he s [ ] . b B2 g
iR, 2014, 30(2): 180-184.
B e XISOR. PR R A AR S He R o LI A STt
JELT] . BRI B2, 2014, 22(4): 932-936.
MATUSIAK N, VAN WAARDE A, BISCHOFF R, et al.
Probes for non—invasive matrix metalloproteinase—targeted
imaging with PET and SPECT [J ] . Curr Pharm Des, 2013,
19(25): 4647-4672.
VAN ZIJL F, ZULEHNER G, PETZ M, et al. Epithelial-
mesenchymal transition in hepatocellular carcinoma [ J ] .
Future Oncol, 2009, 5(8): 1169-1179.

Ok HB: 2015-05-29 &Il H M. 2015-10-10)



	15-12_p6
	15-12_p7
	15-12_p8
	15-12_p9
	15-12_p10
	15-12_p11
	15-12_p12

