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Experimental study on the anti—cancer effects of inert gas microbubbles
combined with low frequency and intensity ultrasound on human
pancreatic cancer PANC-1 cells

JIN Tingting, JIANG Tian’an,ZHENG Shusen, WANG Liying
Department of Ultrasound , Shaoxing Second Hospital , Zhejiang 312000, China

ABSTRACT Objective To investigate the anti—cancer effects of inert gas microbubbles combined with low frequency
and intensity ultrasound irradiation on human pancreatic cancer PANC~1 cells.Methods The human pancreatic cancer PANC~1
single cell suspension with logarithmic growth and concentration of 1x10%ml was divided into 4 groups.In the blank control
group, 2.0 ml human pancreatic cancer PANC-1 single cell suspension was added.In the inert gas microbubble group, 1600 pl
human pancreatic cancer PANC~1 single cell suspension and 400 .l SonoVue were added and fully mixed.In the low frequency
and intensity ultrasound group, 2.0 ml human pancreatic cancer PANC~-1 single cell suspension was added and then irradiated
continuously for 60 s by low frequency and intensity ultrasound with sound intensity of 0.60 W/cm? and frequency of 1 MHz.In
the microbubbles+ultrasound group, 1600 wl human pancreatic cancer PANC~1 single cell suspension and 400 pl SonoVue
were added and fully mixed, and then irradiated continuously for 60 s by low frequency and intensity ultrasond with sound
intensity of 0.60 W/cm® and frequency of 1 MHz.The proliferation activity and the apoptosis rate of cells in each group were

detected.Results The proliferative activity of human pancreatic cancer PANC—1 cells in the blank control group, the inert gas

KB IF 4R BRI E (2018€30132)

PERE B0 312000 WA AT, 49480 I g B A BBl 7 B (s R ) 5 VR B 2 e B B — R e i P R (R K28 ) L ISR
(GFRA7R)

HIRVEE : EHADE, Email : drwang88@qq.com



- 482 - I PRAB A BE 2 2 i 2022 4F 7 A58 24 55 731 J Clin Ultrasound in Med, July 2022, Vol.24,No.7

microbubble group, the low frequency and intensity ultrasound group and the microbubble+ultrasound group were 0.9356+

0.1652, 1.1126+0.0738, 0.3236+0.0126 and 0.1566+0.0137, respectively. The proliferative activity of the microbubble+

ultrasound group was lower than that of the other groups, and the differences were statistically significant (all P<0.05). The

apoptosis rate of the blank control group, the inert gas microbubble group, the low frequency and intensity ultrasound group and

the microbubble+ultrasound group were 0.069+0.007, 0.033+0.006, 0.279+0.016 and 0.678+0.018, respectively. The apoptosis

rate of microbubble+ultrasound group was higher than that of the other groups, and the differences were statistically significant

(all P<0.05).Conclusion Inert gas microbubbles combined with low frequency and intensity ultrasound irradiation can inhibit

proliferation and induce apoptosis of human pancreatic cancer PANC~1 cells cultured in vitro, which provides a new research

idea for tumor therapy.

KEY WORDS Ultrasonic irradiation, low frequency, low intensity ; Inert gas microbubbles ; Pancreatic cells ; Carcinostasis

B MR i 2 T AL R G W L AR R 2 — | R R
FIET R 2 B4 F S, B K & H AR w4
A, A0 I A B B P AN AR ST P R B AR 28
R, N2 LR IR 22 R 25 FE R XY AR TT S AN
BTG 22 B2 5 5 AR AR AN 10% , 7™ 5 U i
BB RAE R AN A A s g A o AL A AT, 48
FAYTRUR  JE K B AR AF IR, S H TR R D
()R R %) & A RN e 2 A M U T 5 4 i 34 g )
BB R A 45 5 BT AT R F AR AR,
U5 S A M AE T E B AT RE TG IT  BIESE BS
B 25 8 7 A W 2 N BRI AR BB 1R 9T 1 M AR R
A B B8 7 vk B R A B O R S IR
R 50 BE B 75 48 0% 20 kHz~1 MHz 75 38 <3 W/em? () #
P o A R AR AN 5 5 R 7 o R T T o 5
FEFS T IR A0 RE R T ok A i s T AR A B
s S5 7 T IR T A 1) R, FE ORI YY R T A
IR 1 ARSEES B AR TR M AR R A IR
SRS 5 J3E 6 75 3 5 A RO A R 988 PANC—1 41 il i 17
FEAET, A IR A Y7 B O A o S8

M5 7%

— R IARAL S

1 B G bR AP PANC—1 41 B ([
Bh2F BE 1 20 55 25 W 000 5 BT 40 L PO BRI )
SonoVue i 5 7 (7 K AH| Bracco 22 7l ) , 75 AL B 13
LT, A 2~5 i 0.9% AL B T FF 4R
7B ML (3 [ Biowest 22 7] ) s RPMI 1640 ¥ {47 77 3k
(€ [# Hyclone 23 7] ) , HLA% SH30809.01, 7 L-7+ & ik
JHe , AN TSR A 5 0.25% e £ F1 I (52 [ Gibeo 4 ] ) 5
CCK-8 127 & ( H A [F{~fb = 5% T ) 5 Annexin V-
FITC/PT A TG 350 & (36 [ BD A 6] o

2. FEALES T BIR YT AL (MET40, MR ¥ H
JEA A BR A A, i B GBSk T PR B B
5 A3E e Yt 2 R AN, Sk AR 13 mm, Sk
ST RDE 5 43 b B 3 = 4 B A2 (FACSCanto 1T, 325
BD/AH]).

SR

LM R 37 . 6T 37.0°C 5% —E LRI AL 1S 55
RO AN BEAR IR PANC—1 40 H 25 15% R a4 135
[ RPMI 1640 AR BE TR L35 57, 9 2~3 AR 1k,
FH0.25% Jif £ 11 B X 504 1 B A9 A B s PANC-1
A1 B A L Wi B 40 B L 1200 r/min 5.0 3 min, 7 F
TH W, 15 29 A 1 10%ml (19 A AR g PANC—1 FA.4]
PR

2. 50 2 B A By vk AR AR BRI R TR Al 4 4
Oz [ IR F i o8 B AN B 9 PANC-1
P AR 2.0 mil; O ARG : H 5.4 ml 0.9%
SALEN I G B SonoVue, FE4MRG 84T , il BLIR B
2 T NI A 1600 wl AR PANC—1 B4 g
BN 400 Wl 45 1719 SonoVue TR B, /MR A) L H
P R 3 3K 3] 20% 5 ARG 58k 5 7 4 - Tl
HIA 2.0 ml A JBE B985 PANC—1 B2 g BL vk, 3845 IS 3
B Ko S DR i R | I s Dk 7 D SO B (107 5
55 B (1 MHz.0.60 W/em?) 8 7 I 1% 22 55 18 60 s ; @71k
W+ AL Tl A 1600 wl A BRI PANC-1
PO i AT 400 pl SonoVue TREK , 780 AT L 1M
WK FE R3] 209 SRS TE IRV G 200 LR A 7,
BT AR B N ARSI FE (1 MHZ.,0.60 W/em®)
B SR IR 60 s

3G 0] 200 R T < A B A 40 4 ol £
96 FLAZ H, A FLZY 100 pl 40T, B T 37.0°C.5% —
SAARERIG TR A R TS 3% 24 ho BEFLASIINA 10 wl 44



I RAB A BE2p 275 2022 4R 7 HEE 24 5578 ] Clin Ultrasound in Med ,July 2022, Vol.24,No.7

+ 483 -

PR BGRB8 L SR A T
B FRAE R 3 he , I FH B 4 36 I 1 4 450 nm
Ak B W S BE A (5 A€ 450~490 nm A K6 3 K, 600~
650 nm J S LA ) o A G BE I 1 DA O B A 3R
o R —REAR T 5 O S4(E .

4. I 248 B O TN O < K R N R s PANC-1
Y11 e 2 I 4 R 1%10°/ml, T+ 4°C 1000 r/min , &0 2
215 em BB OHLFE L S min, 75 VW, P4
BT 200 wl &5 G b, A S wl Annexin VA5 pl
PR, MG R T B 15 min, 2R )5 I FH 204 A =X
YN BT A LA PR T . [R]— AR AR A2 I i S UK
BOFH41E .

= Gl

i FH SPSS 10.0 GE i1, 1 i B9 R 2es /R,
2 LR SNK 2 5 LA, P EL R ¢ K 50
P<0.05 =S A G L.

# =R

— LN PANC—1 40 B8 5 06 Pk L

25 IR R B PSR 2 ARG B R
T+ 8 7 2 N B MR PANC— 1 40 i 186 5 345 143 1) b
0.9356+0.1652,1.1126+0.0738.,0.3236+0.0126.,0.1566+
0.0137, ZH LK ZEFAH G #E X (P<0.05) . H
PO+ 7 AL 20 B B TS P IR T AR A A, 2 7
G iT2EE L (HP<0.05) .

TS LH N JH RS PANC—1 4B TR A

23 UG REZE A M AR Tt A AR EG it B e 75
2 B+ 7 AR PANC— 1 4 B TR 5 51 A
0.069+0.007 ., 0.033+0.006 . 0.279+0.016, 0.678+0.018,
ZH B ZESRA G FE L (P<0.05) . Hri i+
MR T RS H, ERIASITH
=X (¥ P<0.05), WA,

E E E E
= TSR = £ E
T  nd i 5 s 5 3
o) 2l - or- bd 2 X 2 2
3 Qi<1] - Qa-1 3 Q1-1]" Q2-1 5 5
=2 = 2 = 2 =2
=} Ay =% =\
Q3-1| Q4-1 03-1] - (4-1 Q3-1] Q4-1
R g o g .
T0 100 100 105 105~ T .0 100 10°  10* 10° .~ T 0 10° 10° 10°  10° T0 100 100 100 10°
-68 APC-A @ -9 APC-A -92 APC-A © -4 APG-A 0)

A2 PR R B B PE SR A 5 C o ARSI BE A 75 4H 5 D - i+ 75 40
B 1 44 MRS PANC—1 41 JE T2 507

Wi

PR A A P TR 0 i 4 B SR 4 A A T A 2 el
ToA A AR 0 SR IELEAL iR A A9 SE T 07 SURLIR IR AE
FIWE R T2 b ol oy 1 8RR M 40 i 5t
T2 A WEgRR o T BURR P PR M AE T, J2 T I AF A T
ORI P ) — o T AR ) ff i A o e 2
B P A A 32 A R A R T A% 4 7 T
AEEAERS . RS HGE G A A S R R
IR I AT e A Sy — bR B 4 g S AL L e A
SR A B WAL T ] A IR 2 D, DA T 2k 341
JEZBONE o P I AT AR K MR 0 N, TR e e 4 2R
[Ea) 5, 105 ok g 200 M 3, = AL DA LR L Ak
IO B 25 A BN 5 He v 23 A B0 0T 4 o P A A T A 4
il 2 A R v K W R A — R 8 B )

Sk R 7 AR R DR I o e e 4 I O T 3k
ML AR ZRE , P B A M ] B8 K, 9 S ML PN B )2 Al
IR, S BN AR AR FE 8, BEL DB 8 1 A e 2 2 af
7 HRDE AR TR — R 4 o] RS iR
J7 o NE T RATT o R SR B R
0 T 3 R P 8 2 AN AR A R i S T 40
S —EHERE . PTG P R R A
oA LA T LI 5 e 0 L5 5 B T L SR 7 %
7S U R e PSR LY R PN N7 (B Syl ]
YA RN . H R 105 AU A s RN
A L) SonoVue AR A B ENEVE A BIIR B4, HAR
2~5 wm, AN TK B E MRS, 7 BE A 52 56 Al PRATF
FEP RN

P A 2 T TR R0 1 i 32 7 et I
AT | 200 AR 20 L P 45 R RO A P 4 € A v LR



. 484 -

I RAB S BE 275 2022 4R 7 HEE 24 555780 J Clin Ultrasound in Med ,July 2022, Vol.24,No.7

JiE DNA FN3E R R BEWT 24, 5 B0a0 51 i s 40 i 98 4
FEL N I 40 A 4 2 R A B BT T, ELAE B A A
il 9 0 A R B VR TR ST s X 1 & 41 2L R
ML 455 o Hou 55O ik 8 Tl 1 52 79 6 A (A0 7 ]
S 9o A A A2 L 5 SR AR M I T, I A B
PR IR AN MIFE T, Yang 250 41 I 45 RR 75 16 4 1k
TR0 T 52 TR P AR TR A0 B O TR ek 2 A0 i 2
0 Py A A RN A 1, 8 AR A S R 28 1 1
TR o ARG M SRS 5 AT, o 7 B
AVER T N B PANC—1 4001, 45 5 & 90 s o+ 75
2 240 B K T P P T A A A AR R TR S T
HRSH , 258 A 50153 L (¥ P<0.05) , RUITE M
ARG AR R i A 7 T el A B R i PANC—1
20 B T R RO, [ T 5 S LB PANC—1
AT

BOR A SR 4 e AR Bl ot K R A A
JIE A 7 5 | R 0 9 AT R BT T A R TR R
FF R0 K falt 760 e 35 22 VDA O, B) Bt 35 6 7 Jp 1 6 448
I, s AR 3G 8, 23 Ak R R ARG, i 40 L O T 3
T it 25 R P I 7 iR T AR 5 g P 4 R R A
T 58 0 R o 7 37 52 PR i) 93 40 L 0 1
e oK A R AR A I A B, S S g
20 i 2 A Lk B 209 BF AT I S5 S P oRe 4 i U
T, B AT b Jed 200 J A7 335 25, DT 400 o) e 9 21 20384 4
WAL B, B ESURAE T . ARSI R A A BR R
AT A AE AR, MO IR AT 3 I A R g PANC-1
1 b 3 AR TR 0o o g 2 291G R 3 AR B e
AR 7 SR R ) B R v B AR N B . AR
W T — 2 U A S B A E S e, 3k
LR SR B, I HE T R VX2 R R SR
SR B T BB A ARBTG5 R 34 6 T e i
Bl R IR B R R

g5 LTI 1 MU o B A AR U I i R S
B TR B I AR AR & A B 8 PANC—1 41 it 089 5 3% 1k L 7%
SN T, B U AR AR T, M I PR AR IR 9T
A TR A ST B

5% 30k

[1]  Tempero MA.NCCN Guidelines Updates : Pancreatic Cancer [ ] ].

(2]

[3]

(4]

[5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

J Natl Compr Canc Netw,2019,17(5) :603-605.

Shen Y, PiZ,Yan F, et al.Enhanced delivery of paclitaxel liposomes
using focused ultrasound with microbubbles for treating nude mice
bearing intracranial glioblastoma xenografts [J].Int J Nanomedicine,
2017,12(8):5613-5629.

Guo X, Guo S,Pan L, et al. Anti—-microRNA-21/221 and microRNA-
199a transfected by ultrasound microbubbles induces the apoptosis
of human hepatoma HepG2 cells[J].Oncol Lett, 2017, 13(5) :
3669-3675.

Vicar T, Raudenska M, Gumulec J, et al. The quantitative—phase
dynamics of apoptosis and lytic cell death [J].Sci Rep, 2020,
10(1):1566.

Sarosiek KA, Fraser C, Muthalagu N, et al. Developmental regulation
of mitochondrial apoptosis by ¢—Myc governs age— and tissue-
specific sensitivity to cancer therapeutics [J].Cancer Cell, 2017,
31(1):142-156.

Cao Y, Li Q,Liu L, et al. Modafinil protects hippocampal neurons by
suppressing excessive autophagy and apoptosis in mice with sleep
deprivation[ J].Br J Pharmacol ,2019,176(9) : 1282-1297.

Shen ZY, Liu C, Wu MF, et al. Spiral computed tomography
evaluation of rabbit VX2 hepatic tumors treated with 20 kHz
ultrasound and microbubbles [J]. Oncol Lett, 2017, 14 (3) : 3124-
3130.

Wang LY, Zheng SS. Advances in low—frequency ultrasound
combined with microbubbles in targeted tumor therapy[J1.J Zhejiang
Univ Sci B,2019,20(4) :291-299.

Bai WK, Zhang W, Hu B, et al. Liposome—mediated transfection of
wild—type P53 DNA into human prostate cancer cells is improved by
low—frequency ultrasound combined with microbubbles [J]. Oncol
Lett,2016,11(6) :3829-3834.

Hou R,Xu Y,Lu Q,et al.Effect of low—frequency low—intensity
ultrasound with microbubbles on prostate cancer hypoxia[J].
Tumour Biol, 2017, 39 (10) : 1010428317719275. doi: 10.1177/
1010428317719275.

Yang Y, Bai W, Chen Y, et al. Low—frequency ultrasound-mediated
microvessel disruption combined with docetaxel to treat prostate
nude mice: a novel type of

carcinoma  xenografts in

chemoembolization[ ] ].Oncol Lett,2016,12(2): 1011-1018.
TR W A IR P HE S 0 5 R T ) R DU 145 4
I LA P B A0 i A PR 3Rk Y SE B I [T ). e Al e 2l 7
TR ,2013,10(12) : 1027-1030.
SR, 1 SCH, S0, A LTRSS BT O AR AR P A T
AT /0N BRUAIT 4) R 200 M6 107 P B A PR R R I SR R [T .
I R A R 2 2k 7, 2015, 17(9) - 577-581.

(Yief H 9 :2022-04-21)



