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Study of cationic gene-loaded nanoscale microbubbles guided US imaging and targeted

killing of hepatocellular carcinoma cells

Wang Ling', Li Jia', Lu Hangqin’, Gao Qi', Ding Fengan®, Yuan Chenyan*, Zhang Dongsheng™

'Department of Ultrasonography, ZhongDa Hospital, Southeast University, Nanjing 210009; *Medical School ,
Southeast University, Nanjing 210009; *Department of Pathology, *Department of Clinical Laboratory, Zhong Da
Hospital , Southeast University , Nanjng 210009; *Department of Pathology and Pathophysiology , Medical School,
Southeast University , Nanjing 210009, China

[Abstract] Objective: To prepare gene loaded nanaobubbles and explore their effects of ultrasonography and targeted killing of
hepatocellular carcinoma cells in vivo and in vitro. Methods: Positively charged nanobubbles with the peripheml phospholipid shells
filled by suphurhexafluoride (SFs) gas were fabricated through the method of lipid thin-film, hydration and mechanical agitations. Then
simplex herpes virus thymidine kinase (HSV-TK)plasmid DNA coupled with alpha fetoprotein (AFP) promoter was conjugated to create
gene loaded nanobubbles. The characteristics such as morphology , average particle size, zeta potential,, capacity of DNA binding and
gene transfection were detected. Then the effect of ultrasound contrast enhancement imaging was investigated in vivo and in vitro.
Finally, the killing efficiency of gene-loaded nanobubbles on BEL-7402 and SMCC-7721 cells when combined with ultrasound-targeted
microbubble destruction (UTMD )was detected using CCK-8 and flow cytometry (FCM ) assay. Results: The nanobubbles appeared as a
spherical morphology with a core - shell structure under TEM, and they were about 667 nm in mean hydrodynamic diameter with
positive charge. Nanobubbles can effectively bind with plasmid DNA when particle/DNA weight ratio was set at 5: 1. The gene-loaded
nanobubbles had good ultrasonic contrast enhancement characteristics in vitro and in vivo ultrasonography. RT-PCR assays indicated
that nanobubbles combined with UTMD enabled HSV-TK to be expressed in AFP positive hepatocellular carcinoma cells rather than
AFP negative ones. The analysis of CCK-8 and FCM showed that gene-loaded nanobubbles combined with UTMD could significantly
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inhibit the proliferation of BEL-7402 cells and induce apoptosis, which was significantly different from other groups (P < 0.05).

Conclusion: Gene-loaded nanobubbles with good ultrasonic imaging function can effectively induce targeted killing of AFP positive

hepatocellular carcinoma cells.
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Figure 1 Characterization of lipid nanobubbles
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Figure 5 US imaging and UTMD experiment in vitro
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Figure 6 Ultrasound imaging of gene-loaded nanobubbles

in tumors
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Figure 7 Results of CCK-8 assay

T ELAT IR H, T RE S A A 28 SR R 2 A4 5
TR B BOR. DNA AHZE & 1T HLEL % pEGFP JBURLS 1
2H 210 i PN 47 A 00 B (0, SO R XL AR
UERT T 1A 94 6 R BE A S 6 DR 8 St i i
BISMARESS & UTMD ST A 8 BE &8 . tFsErh
pHREJAFP-HSVTK [ ki DNA 5 9091 i 45 5 A 2
TEANILIA) il 28 B b e AR 1 TR 7 LR A8 i IS
TR, KRR 0 745G DNA AT DU S50 4 48
PRI, BB AT LA b B AN 0 B2 1) SR R 9%, () B AT LA
RECE 00 2 T80 TR DNA 19, R AFSY
i ZAR YR TR AR EE I F UK SR I B AR 45 G L B
FE T AN T REHE A 1 B A SE R i, DT R I SR YT
IRt RS2 A

P AR ZE R s T 2 R A S AR
T BB DNA {HZ 7R AR SMEK SR R A% FR AL 5511 R
T ool A 75 T A AR LR 4 AT 1) P T 5 R
T HL A AT R 75 48 BT , JRAS S 30k o 1] 7 1Y) 28
FER AR UTMD VE T B ] 28 Sy TG 17 1t B 4
KA ARG, 1 T[RR8T 2K, AT
00 Bl =T A TR 7 [ B TT R A Bt A S Y 2 Ak
T 2B R DR 11 Dt R T3, 3 A ) T 52 T S ]
PRI ISR o [RIRERY (K YRR 7 38 52 A, 800
DKL 498 160 FE 8% %F R AFLIRE 7™ AR ARG 1Y) 75 3 S 4 0 I
15, HA R 8 75 1 52 A] A ARFZE 3 min Z A, 3X
Ui I ] A 280 R 4 96 o 52 ) B A R S s 1
FE G S AR SCR AT LA A USRS W 2R
WAL, 7B RS A I B A AR e B F oy, e A AR
A AR IR E AR R e A I B AME T &
UESE T A ] ) 2835 R B o b vt f s o o P 1 22 4k

JHF 95 5 DR Y 7 1R 8L o e R 8 8 28 1Ry e
BT AT HEAIIG ST BOR B OCHE R 3= . AWFSER
FHEY H B R B A HE P g ) HSV-TK, &
£ 289 I H T — 28l R g . HSV-TK



WISEW 2 E B G, NE A AT AR B0 A R RN R ) A s A A R BT .

20184F 12 A MRt ERR AR (A ARBIARR) ,2018,38(12) : 1667-1673, 1700 -1673 -
A Xt A IR o HERNEHUTMDA B

=

N 104

S

o 104

= 5 301 I BEL-7402401

= 103 e *

40 =mSMCC-7721 4
5 *

100 107 10° 10° 10" 10° 10° 10° 10°
FITC Annexin Y FITC Annexin Y
2.3% 18.27%

AA3

SMCC-7721 4l

£
10° 100 10° 10° 10* 100 100 10° 10° 10°
FITC Annexin Y FITC Annexin Y
3.11% 6.32%

FITC Annexin Y
35.25%

10* 10*
10%3 . 10
104 - - ' 104 -~

JHT%(100%)
o 5 8
‘F_‘g:

101- st l

il

10" 10° 10° 10*

FITC Annexin Y
25.31%

A T I 2 BEL-7402 1 SMCC-7721 2RI A I8 T-3 ; B: BEL-7402 Fll SMCC-7721 WG ZH 20 I Y8 T3 B S 1T A4 S o 5 0R ) 4 e )
YHRZAAA L, P < 0.05; 5 [WZH 1Y SMCC-7721 44 8 T- 3 L%, *P < 0.05,,
8 AMAAEUNEMATRER

Figure 8 Results of cell apoptosis rates detection by flow cytometry
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