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Study on the Parameter Optimization for Therapeutic Ultrasound Mediated Microbubble Destruction Enhancs Gene
Transfection in Rat Muscle in vivo TANG Yuan-jiao, ZHANG Ling-yan, WANG Lei, LIN Ling, WEN Xiao-
rong » QIULi*. Departmentof Ultrasound , West China Hospital , Sichuan University, Chengdu 610041, China
/\ Corresponding author, E-mail: wsqiuli@126. com

[Abstract] Objective To search for the most suitable gene transfection conditions for rat muscle in vivo by
therapertic ultrasound-mediated microbubble destruction (UMMD). Methods A mixture of microbubbles and
enhanced green flurescence protein (EGFP) plasmids was injected into rat tibialis anterior muscle and the muscels
treated with ultrasound irradiation by different output intensity, duty cycle and irradiation time of therapeutic
ultrasound. The transfection efficiency was demonstrated by the EGFP expression results under fluorescent staining
and immunohistochemical staining. And the most favorable ultrasound conditions as well as local intra-muscle and
intravenous injection methods were selected based on the best transfection efficiency and the least muscle damage
under HE staining. The rats were divided into four groups: (O ultrasound + microbubbles + plasmid; @
microbubble + plasmid; @ ultrasound -+ plasmid; @ plasmid only. The favorable ultrasound conditions and
injection method were selected out on the basis of above steps. EGFP expression was observed in the tibialis anterior
muscle of each group. The rats were sacrificed in groups at 5 days after they underwent ultrasound irradiation, the
EGFP expression in muscle was observed after fluorescent and immunohistochemical stainingand the muscle damage
was also observed under HE staining. Results The most favorable conditions consisted of a 1-MHz therapeutic
ultrasound irradiation applied for 3 min, a power output of 2 W/cm? and a 20% duty cycle. Under these conditions,
the muscle showed significant EGFP expression, and the muscle was not significantly damaged. The EGFP
expression induced by the local intra-muscle injection was more significantly increased than that induced by the
intravenous injection. Among the four groups, the EGFP expression under fluorescence staining and

immunohistochemical staining in the muscle of the ultrasound + microbubbles + plasmid group was significantly
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higher than that of the other three groups, and the microbubbles + plasmid group was higer than that of the other

two groups (P<C0. 05). No muscle damage caused by the ultrasound and microbubbles was detected under HE

staining. Conclusion Under the optimal transfection conditions, the therapeutic ultrasound-mediated microbubble
g P P

destruction method can significantly enhance the in vivo gene transfection efficiency of rat muscle and found no

damage to the muscle.
procedure for gene therapy.
[Key words]

optimization
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Ultrasound-mediated mibrobubble destruction

Thus, these conditions can be used as part of a safe and effective non-viral gene transfection

Gene transfection Muscle Parameter
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Table 1 Comparison of the transfection efficiency of different power

outputs (n=6)

Power output
2 W/cm? 1 W/cem?
69.00+5.67 30.33+3.61 <C0.05

P

EGFP expression cell
percentage (%)

0.2540.02 0.16£0.01 <Z0.05
0.194£0.02 0.1140.01 <0.05

Fluorescence intensity (MOD)
EGFEFP-staining intensity (MOD)

MOD: Mean optical density
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Jr F8 3 SR () 2 F0 5 BRI R L R P i D TR
g RS R) AR TR) 25 F R . A 2090 88 30940.50%
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2.3 ARG ARBIEE 100 g PR M g i 2R 2 W/em® ., 28
o FH UL PA) J53 ¥4 3 S5 R0 5 R TR 53 9 - L o L 2020, f@ HECmF (] 3 min 5% 5 3 AT 2B . K Ok

E1 EFENAHERXBERF. X200 B2 SEMAHELREERR. X200 B3 RHERIBETUEEGFP Rk, X200
4 HEHANME EGFP RiL. Envision X400

Fig 1 Image of normal musclee HE X200 Fig 2 Image of abnormal muscle. HE X200 Fig 3 Detection of EGFP expression
under fluorescence microscopy. X200 Fig 4 Immunohistochemical analysis of EGFP expression. Envision X400

1A, 2A: Cross section; 1B, 2B: Longitudinal section; 3A, 3C, 3E, 3G: Fluorescence images; 3B, 3D, 3F, 3H: DAPI images; 3A, 3B,
4A. US+MB-+PL group; 3C, 3D, 4B:. MB+PL group; 3E, 3F, 4C. US+PL group; 3G, 3H, 4D. PL group. The US+ MB+ PL group
showed the brightest fluorescence and the greatest positive immunoreactivity, US: Ultrasound; MB: Microbubbles; PL. Plasmid
®2 FEASZHHEREERLER (n=6)

Table 2 Comparison of the transfection efficiency of different duty cycles (n=6)

Duty cycle

20% 30% 50%
EGFP expression cell percentage (%) 69.8344.49* 37.5044. 37 36.33+3.56
Fluorescence intensity (MOD) 0.26+0.02" 0.15+0.01 0.15+0. 02
EGFP-staining intensity (MOD) 0.18%+0.02" 0.11+0.01 0.11+0.02

% P<C0.05, vs. 30% and 50% groups
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Table 3 Comparison of the transfection efficiency of different ultrasound pulse durations (n=6)

Ultrasound pulse duration

1 min 3 min 5 min
EGFP expression cell percentage (%) 17.50+4.51 70.0043.16* 85.834+2.86" 7
Fluorescence intensity (MOD) 0.11+£0.01 0.2440.01" 0.3340.03*-%
EGFP-staining intensity (MOD) 0.06+0. 02 0.194+0.02" 0.27+0.03*7

* P<C0.05, vs. 1 min group; # P<C0.05, vs. 3 min group
x4 FEFHAXHELLREE (i=6)

Table 4 Comparison of the transfection efficiency of different
injection methods (n=6)
Injection method
Local Intravenous p
injection injection
EGFP expression cell 69.33+3.20 37.33+3.27 <C0.05

percentage (%)
0.2440.02 0.14240.02 <C0.05
0.18+0.01 0.1040.01 <C0.05

Fluorescence intensity (MOD)
EGFP-staining intensity (MOD)

Lo G e Ak 45 2R 8 8 7 75 A TR RO+ R 4

(US+MB+PL) 511 + fi ki (MB+PL) EGFP %%
JeORAR T H AP, 88 75 5 IR 4 0 + Bk 4
NHI R, R OG R IB W SE, W B IR (P <
0.05) , H /4 Tk 2H (USHPL) K Bl Ji ki 41 (PL)
EGFP £k MR, WAl 2 7 LG it 2% 8 X (P>
0.05) (& 3,18 4,32 5)., HE JetaF , & 2 48 X AL
TR 15 A B0 P 8 ¢ M A4 i 9 i B BR AE 2 B, BRI 4% 4
Bk e B e LA 45343

£S5 TEAFAXHEREZRIER i=6)

Table 5 Comparison of the transfection efficiency of different ultrasound pulse durations (n=6)

US+ MB+PL MB+PL US+PL PL
EGFP expression cell percentage (%) 69.8345.27*% 30.33£2.58" 7.83+1.72 7.00+2.61
Fluorescence intensity (MOD) 0.2640.02* % 0.1340.01* 0.07+0.01 0.06£0.01
EGFP-staining intensity (MOD) 0.2040.03*-# 0.0940.02* 0.04-0.01 0.052+0.01

* P<C0.05, vs. US+PL and PL groups; # P<0.05, vs. MB-+PL group
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