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Abstract

Gene therapy is a promising therapeutic technique, and it is defined
as correcting defective genes responsible for disease development. The
key of gene therapy is gene delivery (also known as transfection). In this
research, ultrasound and ultrasound contrast agents are used to induce
cavitation, and gene delivery is assisted with cavitation effect. Cavitation
is the process of microbubble formation, resonance, and destruction.
When microbubbles experience time-varying acoustic field, cavitation
may occur. Cavitation effects induced by ultrasound have been found
beneficial in the non-thermal treatment, and the advantages of ultrasound
are non-invasiveness, focusing and real-time imaging capacities.
Although quantitative success of acoustic cavitation assisted gene
delivery has been reported in the literature, the relations between gene
delivery rate and cavitation effect are still unknown. In this research,
methods for effective induction of acoustic cavitation are first established.
Then, the quantitatively relations of gene delivery and cavitation dose are
analyzed. A 1MHz ultrasound transducer and the commercial ultrasound
contrast agent Levovist” are used for cavitation induction. HeLa cells and
FITC labeled short sequence DNA are used in the gene delivery
experiments. The parameters under investigation are acoustic pressure,
microbubble concentration and ultrasound pulse length. The effect of
cavitation (microbubble destruction) is quantitatively analyzed using the
inertial cavitation dose (ICD) method. After gene delivery experiments,
the gene delivery rate and cell viability are calculated under the
fluorescent microscope. The curves of gene delivery rate (and cell
viability) versus ICD are plotted, and the relations between gene delivery
rate/viability and cavitation are examined. The results show that ICD

increases with the acoustic pressure, microbubble concentration and pulse
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length. In the gene delivery experiments, there are high correlations
between gene delivery rate (or cell viability) and ICD. Combining the
results of gene delivery rate (or cell viability rate) versus ICD of the three
parameters, high correlations also exist between gene delivery results and
ICD, indicating that gene delivery results may be potentially predicted

using cavitation measurements before gene delivery experiments.

Key words: ultrasound, microbubbles, cavitation, transfection, gene
delivery, inertial cavitation dose
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FdlER A B Ak R 5 200,300, 400mg/mLpE B £E TP A 5 10,
25, 40 4 4[81] -

B 2-2 : B pcsr ™ 2 Levovist” o

d 30 % ik B erLevovist e 08 A FI3N A Ik BB e F R
AR RCHER (MR AT Y 313 & T F
EERVS. R | ¢ )
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RABITF At
OV WS R cnic ‘E';F\, ﬁ%«gé‘: Lzﬁggmigqﬂg\,g\o»f\ [kl
ﬁﬁ%%&é2%(ﬁ%ﬁ&w)uﬂ% Baggiokfpk ~ fedugi kT
fo s EACHTIER PR T T S AFETH ARk
AT G RBR R PRI 2o T L A B TR s
ok (ddH,0) 0 #=2~H 2% E & 3 fqifs % > &5 ﬁ,y E IS5 (8
NIk AR DBE A TR TR o

B % > 48 (agarose phantom ) ¥ i& {7 o

DA% R B iR S AW 2-3 0 BABeRY AR - BE T
Smm ~ FA 2.5cm > BAE 5 0.5mL ] F o 5 McH e AR EE o
FREehL R A AR A F SR A - IMHz chRER E4FE (V303
Panametrics-NDT, Waltham, MA, USA ) » & & # 4 (focal volume, %
BBE 2-3) 9aE MY Mok o PRt Pl 5403 A cdfeg 0 &
FEHIFE LD £ R P P G EHFLEHITT] IMHz fF 8 0 5 1
B o TR EEAE & 5 10MHz ( V312, Panametrics-NDT, Waltham, MA,
USA) > EREMFB~2EFHY B - LF A DGR KD T 5%
Poendc i gE v i 4+ (digital-to-analog converter, CompuGen 1100,
GaGe Applied Technologies, Lachine, QC, Canada )’ ¥ 45 #] e %8 5 %
BEAE S~ B SRS s B e P R RE BAE S (pulse repetition
frequency, PRF ) ~ % &+ 7 & 22 duty cycle & o % = e A5 d Heix gt
e+ g I 3 # 52+ B (RF power amplifier, 250A250A, Amplifier
Research, Souderton, Pennsylvania, USA ) > 7 B3c {8 f Spds 45 2p 3
b o HELE YD 10MHz 47 8f 45 cfs » S o3+ % (Pulser/Receiver
5072PR, Panametrics-NDT, Waltham, MA, USA ) = » £ d 3t Hc i
f# 3+ (analog-to-digital converter, CompuScope 12100, GaGe Applied
Technologies, Lachine, QC, Canada ) #4c » # {5 ¢ Matlab ( Mathworks,
Natick, MA, USA) 2+ & X &3 g chfe B o

FOREAAT o R RS - P AZ | RIS
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* 424 A & (10L and LOGIQ 500, GE Medical Systems, Milwaukee,

Wisconsin, USA ) & 4&/5 8% 57 fRicH e BB e f 42 - o >0 Afi

q
i SR T 0 B - R e R ST BT 3

= ) (nano-second )
P T R A[82] Wi FEEY L - ﬁ”ﬂwwe’“ﬂk%uhﬁﬁ

AR AR T MR e R — B e AP 0 T 5 T4
2-1(a) 35 4T b 85 s &$@mn4¢@,¢@%;%%@zumo

B ifd B2 4B+ (frame grabber, UPG 401B, UPMOST Corp,. Taipei,
Taiwan ) % = ¥2 & 37 o

frame grabber card - PC
D/A card
commercial
ultrasound 10MHz
imaging system
beam pattern Y
S P
— amplifier
7MHz focal volume
prhantom
B 2-3: BT R TE R

SR FA-R 240 GREY L ochicd BT L EE AR

microbubbles 10MHz transducer
(receiver)
LOGIQ 500 — - 1MHz transducer
10L probe ' | (transmitter)

Agarose phantom

16



]

RBITERE €ER R AT S S B MFeBEE T
[58-59,79] - #F7 % % 7 f§ i* § Beraf 2B 0 T 4 Levovist e F 7
B ESR R  F R i F R 3R FIEE T o T kR
* ok A5 5 %k (pulsed wave ) 0 4R ¥HEEER ¢ o IMHz 3 51 52
# > PRF% 100Hz -

2.1.3.1 et 3% R

RS R A B g e R S
ggmﬁgi]”""/n\wip’%ﬁ/fob };/Eﬁ &F“r’ R AR I)@mi%g&i%ﬁ?ﬁ]}
Brenf ok RRA 5 D R 4e[83] 0 FlP A AR Y R ) R

HEE B A g IEdis 47 &k (impedance analyzer , HP4194A,
Hewlett-Packard Company, CA, USA) & {7 fEfeiEeng ) > & 12 p #
it R A FIFERR T R R EE D B EF R E c BEF U
&+ 4 pc® * T (radiation force balance, National Physical Laboratory,
UK) £ k& F (hydrophone, MHA150, FORCE Technology, Denmark )
TR R REORE c SRIES AT ¢ ®F o IMHz RE L #F e 5
< f BRETE [32MPae RAITRFHEF > ANPHFEY BB L B 5
0.09,0.25,0.48,0.79,1.09 ¥z 1.32MPa- &% r %R T 5 5 5 B
ok o A EHCE e kR S 40mg/mL > BRI e AL i o

2132 #cq ik R

AR e e enik R A B L 1, 5, 10, 20, 40, 100, 200, 300,
400mg/mL - 200~400mg/mL 51k B 5 Levovist” >t i 48 & 87 P& et ik
B REIPFFRE (5310 448) 5 @ k&3 100mg/mLa73 % 48
R0 e 30 RE - i kR R - R AR

17



AR 3F S 2mLends F 4 B AT R s kB 0 F L iy i B4R
Aledhk 2@ S A ap 2+ o P FRFERT ORPRL 1.32MPa > 5
SHF P S o

2.1.3.3 3 &+3% 8 #ic

WA BN TR G F AP SR Y T 7 SR B p o
FHEg o ds g0 F AL ET ATERE PRF > x4
YR PAZ R € TS S Hp B 4o @ K55 [59-60]- AAT T i ¢ 1,2,5, 10
FITL PSSl LRKRERT AERL 1.32MPa s MeF e kR A
40mg/mL o

18



BRI RAET @ Bmode i R E A G E A TS FE

FowFREE LR TE (FER IR OfRT A G 4

TRk RSB ERE LB o FpL A

-2 12 B-mode ¥’ B A 1 & ¥ HBRFEF 7 A Levovist” e f
o B E 2 NPT R o

i
N—
o
ke
=
2
E:
T
~m|
g

2.1.4.1 B-mode 2’ {2 %

"2 B-mode # A AR hficF e iR RARE T ATE
ROFEF A TS C A RBIRD FTRIT RS T TR RD
IR B F AT B o 57 @ IRGE F R R R AP
# i # 2% 7] 60dB -

2142 "3 Z TE F T

3 RBT/DETE > 20 2 57 F 57 [74,76-78] 0 2 i k)
40 iR £ 4L % inertial cavitation dose (ICD) > v 7 i& # P i
FRET R BB —‘F%m@ja; K3t B FI €N F AR R A
B G BHAE o st A Rin F BRI A E R R T
4RGN S E 0 ke R T R AT iip R AT R
e g ICD B2 3 pF > 7 ikch e B A B/A8%5 % % - @ 4 g ICD i@
%’iﬁgﬁﬂ*%“ﬂfﬁ%%ﬁ%ﬁﬁ T AN EK)

Bt Mk e ICD Epd A Eirs TR >d s e ik
éﬂ »T & » #t differential ICD[74] -

‘m

ICD p 2 4c ] 2-5 5 d *Mpeg e BB e R 5 5L (spike) fpe
Br2Ayaear [82] (Bl 2-5(a)) W% 5 #ch 2 4% 5 Flpt iR ¥
A1 18 B~ BB i 5L 52 (broadband noise, B] 2-5(b) ) > B #E F H
I ¥ 3|iE 30-40MHz[84] - = 5 7 ®F B MF 3y L 7 5L (harmonic

19



signals ) i = e+ 3 » 2L RGO IR SR REPACF e AL PR 2 eh
TG BAFE Y WM F e hi B 2 R TR kA e L e T A
£ o % 10MHz $F 50 (£ fccniBBET A3 b o 3§ Ach ¢ WdR B 5 4
B d kb A 4 anik ik £ 55 (harmonic signals) %A

10MHz *f3iFeh5s B & 284 css » Fpt % 10MHz £ 5 Jc 5% e 13
BRI ST FARL R 2D e e B A B AR s o AP B
10MHz #£ g % {4 0.5MHz # [l <5~ 3213 & (root mean square, RMS )

o5 3 RATE SLTE 2 B o 5 R - S IMHz 47 57 5 S5 o 3]
2B RMS EkpERE 2o BT @ 540 2-5()nES ¥ R o Bl

2-5(C)7 oA A T A T PR BT SR RMS B 0 3
T2 PR ELE §OBkH e LA R o T 2-5(c)d AT ha i
Ao BRE ] LR RPFER PN kF e B T
ICD o o »v2\ i g ehif @ %5 3% 5 icq e > Tl = 2 = & ohp
Be e i I 2 T AR B T (B 2-5(c) i) o
# RMS amplitude 7 £ 7 & & F = {5 > ] $#FE S RITfH L UTEHK
Foe B BRI R o FEPR AR RPN A
- B ICD & ( Bl 2-5(c) /=38 A ) Bl #pic f 72 e ICD g2 -k e ICD »
¥ & 1] differential ICD » J* 5 B & % 1 £ v X &rxfyehdp ik -

20



spike RMS amplitude calculation

time

amplitude
magnitude

10MHz frequency

(b)

~
Qo
N~

KICD area (microbubbles)

RMS amplitude

ICD area (water)
¥

time

(c)
Bl 2-5:ICD R 32 o
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2.2 A TF|BEF %

2.2.1 w2
*F K hmie fhHeLa §_4 $f ch 3 ¥ § % w e (Cervical
cancer cells, Bl 2-6) pEp % Wiegmie & (ATCC, American Type
Culture Collection, VA. USA) o ‘m#z L3 8 [T 10 & A 0T K& b2 4
= H g chpk R dm e 0 32 % % = & 5 DMEM( Dulbecco's Modified Eagle's
Mediumm GIBCO, Grand Island, NY, USA) ~ 10%:5#5 2 & 5 (fetal
bovine serum, GIBCO ) #2 1%:4# % (penicillin)» 3 £ %8 5 7 5%
CO 37 C % 46 « F B L #-tmre 11 1x% F=v fF (trypsin) % T >
o ks % i 32 ® (haematocytometer ) 3 #ic 0 B s A K S
L% 0.5SmLenime Bisie - & F 0 5 10 B HeLaim® - ¥ ¢t » DNA
(20ug) 243 (k&R 2.5mole/L, 5 pul) FF4LR £353 15774 » &
Fanse AR o WATHES T AEXDNARBH T AL A R T T
B35 3 ST DNAS fm % WoEEaE > 1@ 4k F) @b d £ 7 o (L iF § gt
F g RN JE T @ e F E LA 0 A R e RRR S
E A E SuladlE

B 2-6 : HeLacells (25 ATCC) o

22



2.2.2 DNA

LR BTG RE BB K AP R Y - FE37FITC (fluorescein

EN

5'-isothiocyanate ) 1% £, ‘& % 7|DNA (MDBio Inc., Taipei, Taiwan ) i%
3 e A F @i A~ F > DNAE B 2 10 B d#% K
(5’<TACATCATGG>3") » FITC*t 450-490nm=ijgcsy iz ™ 7 2 4
£ % S515nmenik k> F)pt FFITC-DNAG & » fmve » AFBEF %%
IS H R R HCE T PV —JFJ: Dz Ik d F ko * FITCA & ik
BLAV 2T EIBEs T3 AR e R o m A T Y S G5

i ek % [56]0 9 B PFAFITC-DNAGK B 5 40ug/mL> 7 #-20ug 7DNA
4er 3 0.5mL% § 10’ BHeLaim® chus % i ¥ L 32 (7423 L 0P8 5o

23



ATV DL et R B R SRAR R 0 B ST AR S EIT
B EE & L E kS FE L L SR L 0 R R
P L #4-HeLam® ~ FITC-DNA 4T 33 R £ 73 % 4 » Levovist“# %
fo* A3k 1S > FE2LABUERBRIFHMFN LEFARF R
FPpbt e FLHEFTHZENITEL6 4T KRG >4 »DMEM
BRI S 2mLE @ e iR 4LT 0 1 & 24 ] R dmve s A e T pEaT
T E A b oo Rk % mex IIDMEME % % 0 2 1x PBS (Phosphate
Buffered Saline ) % 3 * = =t » 23 K& » % FITC-DNA £ 7

AL fRenimre R (s 0 ¥ R B (TCS SP2, Leica Camera AG,
Solms, Germany ) #L% o 5 7 % #FITC-DNAE_ T /2§ 7 & » fm¥e >
Ay 2 2 e & & s (TCS SP2, Leica Camera AG, Solms, Germany )

2231 AF @i £ pliz
A TR 200 1 (F 45 20x, P AL 10x) AKX & 5 chy & Ak

=
=
BTREEEP > S F - Hwred T B S B ROI (region of

interest) > 3+ & & — ROI ® ‘mPe B @i 2 11 4% d ¥ kehmic e (84
fmiegF kW F 5 H- 5 B ROI sfic@ie 7 T4 (T4 L iE 2 T H g
e g L WA FBILS o d 0 F - FF)inE - WO S E

Ao otkE - w3V E N THEsE Ry o

2232 m¥e 3 & LR

m\

dm¥e 3 5 X ehip 3 A * Trypan Blue Staining » # RIZ 5 ik 5w

FR¥ o EHMELI o § e = B e g LR
%

-~

e
LR

g
qj\

3

2

4v s> trypan blue % & i i » ‘w2 @ e RILE S o B wmE

T3
|~ o

1

Gk

\T*—

-~

/

=3

i
E\N
?:l

PR A > AL E R N e N o kgt R AR T
RS mve chlicP o ApIT A 4o 2 DNA & A BB SHZ 3 L i BB

B R A PR S B F - e BB

>\+

122
=L
0 e

‘11
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d 3t HeLa m* eh= 23 4 ¥ (doubling time) % 48 ] PF[56] -
PRBF %S B Hela wie 2 B F 0T ARG hpERFE S )

B b e TOREA T R AR A e A B i AR 4 P B o F iR 4
BAFIRER R 24 ) FSEFRET? €7 e X AW ERGL
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2z¢%%$&
AFIBER %Y o RO FT S AR R SR o ek
*’Nﬁ%ﬁx drd 2-1~2-3° £ 2-1~2-3 ¢ $E A7 AR FIL L6
DR OEY S IES 2 HBE S Lo NHEE G B e
%%Téig%ﬁwﬁ(ﬁﬁ?ﬁlﬁﬁ)ﬁﬁ§@%§ﬁ$ﬁ£
B % 2ev RN G wier DNA 3 &0 = 27 BREAZF & D7)
TRAEEAT GRS 3-6 i E R e R HERG
$EEE O Y ERL 048, 079, 1.09 ¥ 1.32MPa - #icF i@ kR
40mg/mL > 3 54iF B 5 F 5 UAF ERR R TFIF R ER S
10, 20, 40, 100mg/mL » % 5+ £/ 1.32MPa » 3 ik #c 5 & 5 18 543
B L BT BT ks 1,2, 52 10% > F BB 1.32MPa > ik
F ek AR 40mg/mL o Bt Sl FlauE R > A% S § 3 T4
B P R REZOEP c DR TR ARMETSS
60 #5 » PRF 325 100Hz » & - ‘2 & fA= S £4F » * »03- 5 A Fldg

‘,»;l/_’-‘v‘:»/,,//,.v_» Y
FBme 3 EF T BEERE L o

Eull 112 3 4 5 6

HeLa (1x10°%0.5mL) [V |V | V | V | V | V

DNA (20pg/0.5mL) viv v |v | v

Ca®" (5uL/0.5mL) Viv| Vv |V |V |V
Ultrasound (sec) 60
Microbubble ( mg/mL ) 40

Acoustic pressure(MPa) 0.48 | 0.79 | 1.09 | 1.32

Sine wave cycles 5

20210 AR A SR L R
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Eull 12 3 4 5 6
HeLa (1x10°%0.5mL) [V |V | V | V | V | V
DNA (20pg/0.5mL ) V| Vv \% v v
Ca®" (5uL/0.5mL) Viv| V|V |V |V
Ultrasound ( sec) 60
Microbubble ( mg/mL ) 10 20 40 100
Acoustic pressure(MPa) 1.32
Sine wave cycles 5
20220 U e kR R T
EEl 1|2 3 4 5 6
HeLa (1x10°%0.5mL) [V |V | V | V | V | V
DNA (20pg/0.5mL ) V| V A% A" A%
Ca*" (5uL/0.5mL) VIiV| Vv A \Y \Y
Ultrasound (sec) 60
Microbubble ( mg/mL ) 40
Acoustic pressure(MPa) 1.32
Sine wave cycles 1 2 5 10

F2-3 U A E S S R
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2.2. BJ}F‘]@ —-r/ L4 ?;r—ﬁﬁ/\éﬂ'"i@rﬁgmf{’g:i
P % b ATE b 8T HE x4 (differential ICD) ~ £ 7]
@R 8 e 35 5 % % {8 0 12 SigmaPlot ( Systat Software, Inc., CA,
PN

USA) #rktig I A R @RS & fme 575 5 5 5idh ~ differential ICD
ﬁ%ﬁ%m{%i]%] QR 24} kquﬁ»%‘?}g{éim‘*%ﬂ;@ ﬁﬁg%ﬁ

Ir’io
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FOARITRLBE e AR B AR

Heq e s BECATS AT % 2y ELMCH ¢ & B PERY BLA |3 B~ B-mode

BB > F SRS %40 3-1 -

(a) 0 sec (b) 0.5sec (c)0.5-1sec (d) 1 sec (e) 2 sec (f) 3 sec

B 3-1 : 12 B-mode ¥ § %M F i@ BB 25 o
(%R 1.32MPa, #cf ¢ k& * 40mg/mL)

Bl 3-1(a) 5 W1 » e ie ~ & X B A L enlia) o 7 4 DUHcq

EIaG B AT R E Y o Bl 3-1(b) 5 RIB AT L 0 MeF e R T
B B ; B 3-1(c)~(d)~ (&)~ (DA = E.% 0.5-1~1-~2 3%
P 2 "sﬁ%ﬁﬁ%ﬁmfg’%c B R RS G Rg Bibikg e B
oI ;%}_;;J'% (B 3-1(f)) - & > IMHz% éfﬁﬁﬁ‘ﬁ_’rﬁsdB%‘f\@ﬁ o fF ST
PR aE R G A (B 2-3)0 Fl EE R IR =y
Fod 27 R RIS R <5 eh B AR o d PIRERE

%
_w_
I8
124 i gk Levovist” #r

g% T ar o AR H -5 B AR i
@ FP T kT ICDE B L R AT o
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pulse index

3.1.2 % &+ BB vs.
R BT 1L BB
- e F e ehE B4 Y 5 B 150 &

>
—

s\

£ >
sl

&1 o d 3 PRF % 100Hz » F]pt 150 &
ICD sk 45 i 424 ) 3-2 o

201
40F
60+
80+
100+
120+
140+
5 10 15 20 25 30 35 40
time (us)
(a) l
O: Signal 100
§_0: O: Signal 5 ‘
) il S %IOW O: Signal 1

'

pulse index

30

20

401
60}
80
LOOf
120¢
140¢

>

==

SEAEBCE B S 40usc ©d
Yz 13 55 (pulse index ) i¥ ICD

e SLPE R 5 1S5 ) -

A1

voltage
=)

5 10 15 20 25 30 35 40
time (us)
(b) i
Signal 100
s AN e 1,
Signal 5 ‘
Signal 1

WWWWW

timeinps

'

-2
frequency i

10 20 30 40

Signal 5

&MS}

St Signal 1
o T T
10————:7<R‘ 7:7777
m%mﬁrWAivL

frequency in MHz

'

)]

0.5

k3

0.4

0.2

0.4

06

-U.8



N
&)

< | ICD area=0.874 (V-s) |
Py
S 15 .
=]
=
< 1 ]
=
o ICD area=0.164 (V-s) |

o
o1

OO 0.5 1 1.5
Time (sec)
(2)

B 3-2 1 ICD 4 47in4208) ° (a) 7 4k ¢ & 2%k PFe M-mode #1555 ;5 (b))
BF P Hcq e PP e M-mode 3923 55 (o) (a) BB ehpE e 55 (d)d (b)
Bl B~ d chph 3 2 55 ;5 (e)#-(c) Bl ¥ chE & PR OB T A 49 > F B
9.5-10.5MHz ¥ chig i RMS 8 & ; (#(d)B] ¢ ird & prid 3 8 (e ag 2 A 47 22
RMS & ; (g)#-#7F (7 RMS B R #hE 11> 3 5 RMS amplitude & 4
TR AT @R LS Fy N HeF e s A enE R 0 T ICD o ( BR  1.32MPa,
g e kR D 40mg/mL, F 53kt 5 iF)

Bl 3-2(a) 22 (D)4 &) 5 % — %P~ F it B ¥ ()% AL 7
v R pER ) en 5 s (b) s PR ¢ %~ JE R % 40mg/mL Levovist”
P erdR T 3 B0 B B R L 1.32MPac (a)22 (b)B] ¥ chgidhy B S 4R
o H 150 o Rdhs LR TR R 0 5 40pus 0 SRS
s M-model] » ¥ BLAZAZF AR H T3 & PFROIP IR PF A 5
oA Y Wi PR R TR S R AN ) DR
Diwe 15 £ 50 (0-015 4)) 7 s Zlenk SR % > ATk @V AW
?\EUV\'J vm ERE e BB AT Mg e XF4ER o % 162 8% 60
5. (0.16-0.6 ﬁ/) PIV BTG SLR 4t 2 &b 4 » 2t Tl
F e B Yy o 2t M-modeB] 7 £ = F‘ TP &g ek S+ 8L (0.61-1.5
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ZDRNAEY 3 REAIES & I rﬂ‘“%&13:%”%?;?13:?1%%&&&’}ifépifu g
AT (D) 0 (@B ELess R 2R ) o B FIRF P BT BT A
A s AT T T L (D) R ¥ R o R T T Fffbfﬁfﬁf%&"'ﬁﬁ
F TR 32008 () FEFB LR EHEAET T 3-2e)8
(f) » ¥ B~ 9.5-10.5SMHzfF i1 3 L 8L (FRMS T 35

B o HFATEE BB EE o nG 9.5-10.5MHz R e, B
o dis o #(e)Z ()& 150 BRMSE 5 b 1 > 4o B 3-2(g) » -
PR -5 R A (time-amplitude curve ) o A #T-K end AR g i@
SRR -G R MR - B aR O R enE IR & g e AU S ek
T 0 ik B 3-2(2)F drLlevovist“#e f ¢ BLA chi & RS LW
0.7 Fj > v 25 & d (b)BIM-modedi Zh N & ~ RAPF o 57 3 Gk
& BB Rl 0 BBl e MR TR A > TV EI 1SN
e e e B 1 2 (Inertial Cavitation Dose, ICD i )£ -k «hICD
B3 FARRIE S LB f E TR enit £ 0 fidifferential
ICD > »* & %% 5 0.71V-s -

It o AR R A B R GO #h o differential ICD 5 4+
FR33higsk > VREEDEFF AR e g e BLH R R -

j:fg-{:to
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)

S

Differential IC Dose (V-

© o o o o o o ©
O P N W M O O N 0

0.09 0.25 0.48 0.79 1.09 1.32
Acoustic Pressure (MPa)

Bl 3-3 0 0 SR G R T2 KRB
(Hc# &k & © 40mg/mL, 3 5tk #c @ 5 i)
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313 Mg ek R vs. R

K e kR G b o differential ICD 3 %+ i 3| B 3-4 0
Bk o MEFMFERR S i e AR B0 M B
P hlFA, B cF e ek B TR A N O BB M 4 o K] 3-4 hid %
FOFI 0 M ¢ kR F > 100mg/mL pF > differential ICD & 7 3 &
e AP AT D e B AR i (B B R
BHYRAR ) P BAOEFRLFMG 2R T IRAL EFOUE
[85] > & tHieg e AL B HLV ae A H s Aplehg @ fedg > m £ E G 2%

BET RAHET -

o
Qo
!

Differential IC Dose (V-s)
o
(o)}

0.4+ ]
0.2 ]
0 | | | | | | | 3(\)0\
1 5 10 20 40 100 200 400

Concentration (mg/mL)

B 3-4: g e kR s RFL RBRE o
(3 o8R0 1.32MPa, % Sik i 5 i, H bty i g )

AR #ﬁﬁ<k§ %éifwiﬁ)m? Fi o S i
400mg/mLz’1’ﬂLeV0V1st M €% 7% iTB-mode= if > s % 4o 3-5 -
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B e

(a)10mg/mL (b)20mg/mL (c)40mg/mL (d)100mg/mL (e)200mg/mL (f)300mg/mL (g)400mg/mL

. ~ 7 7 . ®/ S N2 Y2\ a7
B] 3-5 : " B-mode®’ kB & Levovist & ;& O FErc R o

d B 35 i % T @ A2 5 0§ Levovist” fic § i kB A2 B
100mg/mLFF ((e)-(g)) » BeE ehif Frox s i 18 7 4iF T L 38 enfp (B
W A R g P XY Senpicg i@ e g ook ARSFER R D] o B R
FUEMAERERA 5L % (B 3-6, top halfregion )~ T £ % (bottom
half region ) ~ "8 ¥%-]- % (top small region) £ &% ] % (bottom small
region) 3 BB R R NTIORA R T U cF kR S FITR > T F

Bl 3-7 chit % o

| _— top small region

< L— top half region

L bottom half region

P bottom small region

FI3-6:3 B THARL T7 AR -
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180+ | —— top half region 1
—— bottom half region
160 | —— top small region 1
%) bottom small region
@ 140 g! ]
s
£ 120+ |
2
M 100 :
g
o 80r 1
=
60 r 1
40+ background .
L L L L L 3p0 L
10 20 40 100 200 400

Concentration (mg/mL)

B 3-7: 4 % TR R vsilch @ kR B (F fhi i i) -

W R 37 P P RETERZ S ks e kR
100mg/mL ¥ » } T L HenT3aR BRISTER D F A W 4o ey ek
BAZE 100mg/mL pF » T L R ehT a2 g ST 4pk > P X R TR R
FISEER D B "o F L VB 3-7 B0 BRIV FenT R
B SR OER ] IOOmg/mL BT RenA R TSER AT
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Gene Delivery Rate (%)
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%%@%ﬁﬁﬁ$’Eﬁ%%@%%%##1@°*%%§@
1.32MPap# » & 5@ .5 7 i 33.48% > oL P enim® 55 5 5 48.65% ;
# P ERE D 048MPapF > A TS R 5 19.11% 0 & lwiE g s 5 i
07.06% ; % BBAZSH @ p FHBEL it T F 1.57% 0 d 3+ A F
R AOTRAAZS 1S 24 PR L %‘Jﬁié %f'rz‘_ﬁﬂ’?é'ffxfﬂ
EFHAFTBEE I P U2 Fhgd ARHT LT FF AT
B AP TR A By F &—#F § HeLaim® 4048+ 22 DNA
ch i 17 T 4e » Levovistficf i@ ~ 2 47423 ik, & T 443 ik
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Gene Delivery Rate (%)
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