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6) Effects of nano-platinum particles on cell death induced
by ultrasound

Paras Jawaid', Mati Ur Rehman', Peng Li', Qing Li Zhao',

Mariame Ali Hassan', Tadamichi Shimizu', Takashi Kondo',

Yusei Miyamoto® (' Graduate School of Medicine and Pharmaceutical

Sciences, University of Toyama, * Graduate School of Frontier

Sciences, The University of Tokyo)
Ultrasound (US) has been shown to induce apoptosis and cell lysis
in cancer cell lines. In this study, we report on the potential use of
platinum nano particles (nano-Pts), a SOD/catalase mimic antioxi-
dant, in combination with US for 2 min at an intensity of 0. 4 W/cm2
with 10% duty factor. The apoptosis induction, as detected by DNA
fragmentation and Annexin V-FITC/ PI was shown to be mediated
by the both mitochondrial and caspase 8 dependent pathways, ob-

served by Flow cytometry and spectrophototmetry assay which were
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significantly decreased in the cells pre-treated with nano-Pts. In addi-
tion, nano-Pts also decreased the expression of proteins that related
to apoptotic and autophagic cell death which are responsive to US.
Furthermore, interestingly morphological changes as evidenced by
Giemsa staining and cell viability measured by trypan blue assay
showed enhanced cell killing in the combination treatment. The oc-
currence of US-induced DNA damage was also observed. Taken to-
gether, in this study we have shown for the first time that in combina-
tion treatment, nano-Pts protect US induced autophagic and apoptotic
cell death, as well as enhanced cell killing by switching the apoptosis
into particular irrepareable pyknotic and non-apoptotic cell death;
however, the underlying mechanism for this switch remains unclear.
These results indicate the potential of nano-Pts in combination with
US and would further clarify the role of nano-Pts in US-aided thera-

pies.

%30
HE:SF 26 4E 12 H 19 B (%)
AT L BHEE ST RS R T B F v DS ABRBE 1 S 305 &
(W)
fe: HERV 2 7 I A M) —%a BTRBEEE A 70NT
WVOMBAEHICET 5> Y RTT A

1) BRI L AR EEHMBEOMEEROSRERS

TGRS (AL R R B s R A i 7e )
ik, MUNSIEAMAE LMl SOy ABE A 1 RS 5
U THIIABICEESE A LA L E L, HEHRIREET 2
JAINIEATAY VKL —3 g UAOIBHIZOWTHE LT,
COTFE— ML L ATON T L EHHE S E V5 ) KL —
Vg VHARTEEANOER A 2 W, EARENMEL, #
DI LA 7o TWh, F2THRAIE, BEERBHTIZBT
DEID A 55 o LI E U ARG 2 RIS 5 2
LDV R =2 a Y ORERTEHLMICL, BAREOR
LR HET A R IT o CE . AT, BE Ry MZEDER
O EH#EEERL, 508 MBOMEER % mEED 45T
SRR S 5 ¥ AT AZHEOGBIZ R % I 2 CHIBIEE O % 75T
filiz KL, AIED55 T\ EAMIIEG OB 2 7RI
Wik R 5,
2) NTIWEA F I ADIEREN

LIHN— (EEHAAHE AR

AE MRS T CIAR, IS 2 5081E, AY—7 =PRI L -
TEHEERH T 2OER UL, BEICERERETT 2. oh%
Ty T —2a v 4 REND,. COFWREZITLEIET,
FNZNOKIBOE, WO T1ZT 525, e sia
MEAERE WS, E2AH, EEHA~A 7 a7 V2B LT,
S EERICE T2 HMABZ L ODBIRTH 5. RIFFET
i, By IalL—Ya vtk EERARA 7T VICEL
T, KA MR 2 5 &b N, ZOfR2 8+
5.
3) 3RTBERSZHOMBREICKZRERA~YC 7ONTILO

G

PR, PRIGE ), EAEE, SEOLR, TLH OB
INEPAREE, EH R GREURIRS)
I 23 5 S I NE I I & 3R B s % 720,

L

Jpn J Med Ultrasonics Vol. 42 No. 3 (2015)

TERBHANFZET L EPHEETH L L) MEEDPH L. €2
TEAIEINFE T, NLIMNE % RN 5 N e S I R % 17
W, EEREEICHET 2 RO ETo CE. MEETHE
LTHBDO NI VAT 2= TIX 1 RO = AP INDL DI
LT, 2DT7 LA b5 v AF 2 —5 % v CTEIRE 1 o Ak )

IR FEORENM ET L e 2 MG L TE72. OO
X E W OMEAT N 2T A TR B L 7y, K OYSIE ok
B2 X > CTH LU % Primary Bjerknes Force ZFI[H LT\ 5. L&
L, SH5EVFNDFEL L ILF — OBV SRV~
THLETHOATH Y, FOETHIIIWHS ) FDT) % L
FTHIELIETE Loz FITRIIFETIE, BEHEOESDOZERE
B 70 BUiE & BRI L S 5 & 3h1c, AN OE o OMAE %
BET 2 2 L2 X o CTHBEDHATH I &M HMOT %L, 4
RN T ORUNRIB O REB I EI O W 4 2 REEN 121 F 825 2 &
ZHME LTI EIT-720T, %7 5.
4) BEFBHICLZAMEMER EBRDSARE

Moligsg, £ 1%, AAE— GEEERKS ME Wi7ed)
AE WAL BRI T2 2N, A LFER %2 RIZ LG50
T, ZRELTTHECTERICHVSLZ LN TES, ISHOHE—IZ, B
HHIGNIC & o T rt-PA O EFERN 2 RET 25O TH 5.
Fea (ZIPFHEE R OEZET OFEBE L V) IBIRORNR L ZEr e
G4 A2EERRTD, IR SN T RVESHETHL 2 &
AR L7, BE RIS R EEIRE T RE T L, h
W7 LCHEAET L E THT5 28T, BEEREDImE % -
7209 o2 WEB LEL. TOEEE, R, GEOREE
GZEMEIZEDLIZEREL LVEZEZONTE. Faldl ok
AR P HEEINE LD L Fo L REL, ThOLEZIHS 5
FMis Bz TH b EHE 272, SN E 7 7 v ok NEEFOM
HT, Iho 2 ERRICHEIRESMEICLEHTLIZ LA
WEL, ZOEEPEERER L 2T AZ L THFICHAT A
LR 5.
=70, B ABBCE L T, BERBHEIC X > TH AR
IC—MfbgEEd (NO) % pEd: &4, #1% radio-sensitizer G (L
FHARERAN OFEFE % radio-sensitizer &3 5) & L CXHAEEZFITT
5, FRBEE— XM HAEIRET 5. ZoWigeid, Lifg=
DAY 500 kHz O H JE P EE B IR G IC X > TH AMRGEIRTY
IZNO FEAEDNTFHFRINS Z L ORI LS. REFRTIE, BFWH
B X o THAMME NO JRIEDS LA L, XAHEE3 5 & uRTE
RPN RERET 5.
5) EBERZEBRVERSBICEITIZESFvET—YaveSs
ZHR0EA

REAS SO, =0 RCP, e R—2E, RIS, B
B (RS REERE, CIA REE TAE)
EESH CIIEBEOBERICIVEEXF YT — 2 a V)% AE
L7 S MRS R B 52562 L e b, 22 THEYS
WO E Vo 2 BlEr b EEX Y T — Y a Y OWlETS
FOBEVEE L o TWh., EFXRFTHTEIESEYvyET -V 3
X BTER BN LA A E L CHEE Sy E T - a v
DFEMBEREROFEVSELTHY), HFHFvyET—Ta v
ORUEFHMOM EXEHOMMEIN TV L, 2070, Hifsk=
TEEEF YT — 2 3 VOZEMGHAOMELRITH) 720IZF v &
T—=arkryhoOEERIToTELY, Ly EELNICEA

375



FTHBIIERBIC L TERL RS2 TLE ), EEFvET -3

Y OZEMAATIEI S LR 2 5 & v o Z2REDH 2125

H L7 ZTTARIZETIE, YV /7 I3 % vty Z (SCL: Sono

Chemi Luminescence), &I (GE Healthcare: LOGIQe)

?D B E— FHI{§% W CTEEF vy U — 3 3 v OZE/M5 2 il L

7o EHIS, KFBHEFTHEMED: (PIV: Particlelmage Velocimetry)

VT EHELNTIAE L EFE8m 2 T L, F8nsrE8r v e

F—=2a OB LTED L) R EE 5 2 WA HE %

To720T, WiET5.

6) BERIC LD BEE TR
ANINESE, FHEw, ERHE, Tk
KA FIE I SEH)

WBERE, RNEBICEREL, FEORMICER L CHET 52

EHURETH D, ZOMWHEFM LT, KAIEA L7235 T 0

SEUL A B ORI T 2 AU, R A9 22 A 2 E (m T S A

T, A RWAOBWRIHETDEEZ 5NA. DI, b

T SEE R O HeLa MU A RO £ 0 LT 2455

T DA% T v 7 LIlAGbEDL 2 EI2L Y, BHWRIC

IEELTHEILT 2 70— —2MELL. b0 7 uE—

y — OFEMALICIE, BEWEIREHC X DT 3k S5 MR

ARNVAPEG L TWE I EAREN. Laerl, IThbo 7

E— & — I SHNESFRATH ), HeLa M T A IHZE 7 B IS

BUxIR L7z 22°C, B MBTh, [k FRE BTG

EMOTOE— 5 — BN TH L 02 T572012, b Ml

SRS F oK O LNCaP M CHUSLNEEL A I L AL & 0 ikl s

LG RT OMEEI ZHH LT, BEEeEE7a€—-5 -0

PER & SRA T RN DOV THIE T 5.

7) BR - 7S5ATEMBLAEYA 7ONTIVEHIC KB HEEA
3
TR T Gl T3 M T 228

WFZe 4 mi3ifa 5~ 4 7 oA AL, fIICET X -V %

5.2 %, BEORC L D ERT R A0 5 A, EREERE, IR

VBT 55 v B2 X 2 ERALED KBS TH o720 L

MPLBHS DD, BRI OSTI ) F—N) Z3IT7

ey CHrE L7210, S CEEREICSAE L WL Rimlo g

EAFLELTVDE I EIZRDE, BREN AT 2V TZOSI

RRERL 2L 25, B A 0o 72—H O #Aia5 Th b 2 b

Bbhhotz, ZOFEIZL-> THBRIEOIMT T&22ZLhbh

MY, FIEATHNZ WS [TV AR EMHENE TN, AL L

THREEDDIZES>TWDL. TIABMET 7714 7THEME L

TIN5 C b 2 S % 1) R AR 2 i & & C BB L2 B % FLN

T2 LT, LIRS RABT R L CH ML, 2

DT THRLE ML F % L) HEET, BRI Ccd ML T

LINB N %D, PILERMIZE S X — T & 5.2 e\ &) LT

Bdh, BT 5.

8) FTIAVICK>TEREINDFrET—VavedvET—
aAvILE>TEREND TS XY
I e R — CILHMERE R SRR LAE)

TIATRF YT a rRiEEOL), FxEr—TarK

ORI Lo TT I AL 6NE, iz, BUfE, T

AR DFE T, HAEThTO TSI XDk E FOISHIZET

LIFEDEHVELEED, BRALZFEIILZ->T0E. FSL
L, VI IANY = ERUSHET T X< &b OBFZE 5

e (BEREERA:

376

K> TWhESA A, R#EETIE, BMHL—F—T7L—3
D7 CLOR TR i A IV R0 b/ R VA o S AN A | 41
FhRFRI Y ET—Ya VAROEBIC L2 TI9X< (V) TT
A=) HERENFT 5 hE, BLY, v r3IAM)—7uk
A DI HD L A TRATVW L F Y EF— 3 3 Y 4&7al
TOWET I AXERIZOWTRNT 5.
9) NTIWIRY—LZMBALEBERERFTIUNI—RT

LI KB EHREE

Wfmie—!, wiE CEf) 7, FEmZ, sk 5

Al —HE (BTSRRI, i R SRS
BRI, B & % 2GR EET 2 RN OB, %
REPZREITEAT 5 TEEZHCT, BEH, A, BEERE
DPEEAEH 3 B EFECHRISH 2SR SN 5. AR
ANDBETEAFE) XY ¥ — ORI, BETHREOHMESE
OHMTHEETH L EEZ2H5NTWVEAY, #HM, HUELEZR SO
R EOZTEEICHEEDEE L, Lrd s B omniEy 4
WARY 5 —BLXORT v 77N -2 X7 4 (DDS) 7 -
TEROWIEHESNE EN TS, 20 L) RIS, Th
FTICF A, FETANANY & — DB OBEIEF TN — 7 —
WE L TCOBFWRELATAE AT R =20 ONT V)R — L)
CHF WIS RN LB ET TN — 2 AT A ORISR D
T&7 ZOEGETFTIN) =T AT AL, NTNVY Ry =42
7' A3 F DNA X siRNA O T CiaFHABEE (1- 2MHz)
FRETAEXF YT =2 a vHEE ONTIVORE) 12fE) <A
suaY oy NEDIEL, FRERBTIE LCRY - SEm T
FRICHIANE HETE A L) LD TH L. AWfFETlE, HEE
BEEHELTHMONTWA T2y Yy Y ARF I A b7 1 —
(DMD) DFEBETIVEIY (mdx : MBS S VX2V ETHDHY
A MO 74 YRABIZE Y, BADEEE) L, N7V RY —
L L BE W OB X 2 BIET- 70N — &7, R
BB (KBTI A MO 74 0% 287 BOEBINE) % HEEd
58T, KEOHHEEFEL, TOBRERET 5.
10) #E#HE EEANTILOESRESHE
VACTERR (R B K R AR
AR, REREES WA HE E LR R R C &2 B
WSR2 515 5 N2 B R 8 L, O, SEEE,
JE I B 2 — B ROG TULEARN W R 2B Rk L -
7o —h, BEWEOEHEEANDILHIL S0 FEL LORVELREZ L L
AL BMFBIIEOWEE BT hdro7z. LrL, 20K
I, SETIIhDo 728 LWEEE T - FilE5Sk e L5
THEITH T T/, ERRTH T Ei%° Drug Delivery System
NI NVEICHT 72000 ErNL L) L LTwA, 1.k
A SBE O 2. BEWSE 3 RSN 7 — T v E v
7o MAR AR, 4. REHB RS WA RS, 5. el R iR
TERHO A S = A L, 6 BEWRELFEAL, 7. LB & ERD
BabicowT, i o,

Jpn J Med Ultrasonics Vol. 42 No. 3 (2015)



#4E
HEE P 2743 07 H (h)
Ky L AR IR RS (FR R )
[BrFmE 1]
Precision drug delivery with ultrasound and microbub-
bles: mechanisms, applications and progress to translation
to clinics. From basics to translational research

Ayache Bouakaz, Inserm U930, Université Frangois Rabelais,

Tours, France
Targeted drug delivery (delivery of a drug to a spatially localized site
in the human body) is one of the most ambitious goals of modern
therapy. The strict localization of the pharmacological activity of a
drug to the site of pathology would result in a significant reduction in
systemic drug toxicity. This would enable the ability to deliver in-
creased doses of drug to desired tissue, and thus would result in an
increase in treatment efficacy and safety. Although a great amount of
work is conducted worldwide on the research of various targeted
drug delivery systems, clinical applications of site-targeted delivery
are still very limited. In recent years, new promising possibilities for
targeted drug delivery have been discovered based on the combina-
tion of ultrasound (US) and microbubbles.
Sonoporation consists of the interaction of US waves and gaseous
microbubbles used as contrast agents. The result of this interaction is
a transient permeabilization of the cell membrane allowing for the
uptake of drugs or DNA, and other therapeutic compounds from the
extracellular environment. The membrane alteration is temporary but
leads to a permanent trap of the compound inside the cell after US
exposure. The first experiments on sonoporation date back to 1980s,
Various US exposure conditions have been tested blindly including
frequencies ranging from the kHz to the MHz. Sonoporation has also
been evaluated using high pressure amplitude US waves. Since then
and with the recent introduction of contrast agents, higher frequency
US with cavitation enhanced by microbubbles have been sought to
induce a range of effects on cells. Extensive examinations have been
carried out to evaluate the efficiency of US in combination with con-
trast microbubbles in inducing cellular uptake. Although these result
and finding were achieved in a controlled in-vitro environment, diag-
nostic US scanners were also useful for therapeutic applications of
sonoporation particularly with the guidance of treatment afforded by
the imaging mode.
Today, the mechanisms involved in the sonoporation process and the
cell membrane permeabilization remain poorly identified. Although
no consensus has been reached, several scenarios have been hypothe-
sized, including the formation of pores, further stimulation of endo-
cytotic pathways and occurrence of membrane wounds. Elucidating
the mechanisms responsible for delivery of compounds to the cells
and the kinetics of permeabilization are essential in order to improve
and control this therapeutic strategy. This invited talk will focus on
the current knowledge of the mechanisms of sonoporation and drug
delivery using US and microbubbles. We will also discuss the current
therapeutic applications of microbubbles and future progress and po-

tential translational use into clinics.
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[BrFEE 2]
Ultrasound Theranostics with Bubble

Kazuo Maruyama, Laboratory of Drug and Gene Delivery Research,

School of Pharma-Sciences, Teikyo University
“Theranostics™ is a portmanteau word of therapeutics and diagnos-
tics. The term “Theranostics™ describes technology with concurrent
and complementary diagnostic and therapeutic capabilities. Various
techniques using nanoparticles in combination with light, sound, and
electromagnetic fields are currently being developed for both thera-
peutic and diagnostic application. Among all diagnostic imaging
techniques, ultrasound imaging has a unique advantage because it is
real-time, low-cost, safe, and easy to incorporate into portable devic-
es. In fact, ultrasound is used widely in clinical settings not only for
diagnosis but also for therapy. With the use of microbubbles as ultra-
sound contrast agents, the sensitivity of ultrasound imaging has been
greatly improved. However, microbubbles have room for improve-
ment in size, stability, and targeting function. To solve these issues,
we previously developed intelligent bubbles called “Bubble lipo-

(1,2,3 .
(h2¥ BLs contain

somes” (BLs) based on liposome technology
echo contrast gas, which can function as a ultrasound imaging and
drug and gene delivery tool with ultrasound exposure in vitro and in
vivo. Ultrasound theranostics with BLs was examined in thromboly-
sis “* and solid tumor ablation *'.

Thrombus-targeted BLs modified with Arg-Gly-Asp (RGD) peptide
which binds to glycoprotein IIb-IIla complex on activated platelets
was developed for ultrasound theranostics for performing ultrasound
thrombus imaging and enhanced ultrasonic thrombolysis. The ultra-
sound theranostics capabilities of newly developed RGD-BLs were
studied with rabbit iliofemoral arterial thrombus. RGD-BLs could ac-
cumulate on the thrombus after intravenous injection and the throm-
bus location was clearly recognized by a 9 MHz linear transducer of
diagnostic ultrasound machine, and also confirmed by angiography.
Following the recognition of thrombus position, therapeutic ultra-
sound (0.5-1.0 MHz low-frequency ultrasound) was exposed
transcutaneously over the site of the rabbit iliofemoral arterial throm-
bus. This procedure induced cavitation of RGD-BLs on the thrombus
and following disrupting the clot, resulted in achievement of higher
recanalization rate. Thus, the combination of ultrasound and RGD-
BLs could be used as an effective and completely non-invasive re-
canalization therapy.

The ultrasound theranostics capabilities of BLs for the solid tumor
were studied in Colon 26 tumor bearing mice. BLs was injected to
mice via tail vein and 9 MHz linear ultrasound was exposed to solid
tumor site transdermally. The flow of BLs in blood was observed and
neovasculature of tumor tissue was imaged clearly. Following the
recognition of neovasculature in tumor tissue, 1. 0 MHz therapeutic
ultrasound was exposed transdermally over the site of solid tumor
tissue. This cycle was repeated several times. This process induced
cavitation of BLs in the tumor tissue, resulted in rising the tempera-
ture of tumor tissue to 45 -~ 55C, and also significant reduction of tu-
mor growth. Cavitation leads to localized heating and cloud be use
for ablative cancer therapy. Thus, the combination of BLs and ultra-

sound could be efficacious for neovasculature image and cancer ther-
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