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AKX THWEIKE

BxPC3-Red-Fluc : Luciora Itarica HE K X V)L 7 = 7 — ¥ g% A BxPC-3
CUBIC : clear unobstructed brain/body imaging cocktails and computational analysis
DDS: R v 77T Y NY = ZT L

DiD : 1,1’-dioctadecyl-3,3,3",3'-tetramethylindodicarbocyanine, 4-chlorobenzene
-sulfonate salt

Dil : 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindocarbocyanine perchlorate

DiO : 3,3'-dioctadecyloxacarbocyanine perchlorate

DiR : 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindocarbocyanine iodide

DMEM : Dullbecco’s modified Eagle’s medium

EDTA : ethylenediaminetetraacetic acid

FBS : 7 U ip W i

FRET : 7 = /b 2 Z — LG o 3L & — K @)

FUnGI : fructose, urea, and glycerol for imaging

PBS : AEBEHY U o Be R i

PEG-PDLLA : poly(ethylene glycol) methyl ether-block-poly(D, L lactide)

PET : positron emission tomography

PVDF : polyvinylidene difluoride

RPMI 1640 : Roswell park memorial institute medium

SPECT : single-photon emission computed tomography

X ## CT : X-ray computed tomography
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R ICEY 2 BN I X ET L2 & THEHE MR & RIE RN A FEH
5. FI7 v 77U RN =7 5 (DDS) O B3 HFIEDEE A AT D
NTWD, FICEFETIE., ENET5MESCHBER S ICRMMEZ AT
L0 DX TF R DE W TR RS M EAN O pHY R kN D
WE YO EORBIZEBT 2RELZMICIEE T 2 YKL O M
HLwole, FI7 v 7F%x VTICEHEELHRNOH T VLD #
WMLEZDDS BB EZLMEINTVD, LLARRL, FRTI v 7 *x U
TOLEBRNEHZFMT 2NN AENBKRICH~DRME D56
Nd D D, BT MK K OV Rk PR S o B E BURE S0 R Rk i B B T i
LBERE DA FEFRTIBICEZ2ARBEEOBREIZ LT FT7 v 7
XY VT ONEERESZEMT 2PN EE D EMEE LT
FzFonsd, T, AERBELZMHFELEZEEI T AZ AL L 0DOH
TR T vy 7 %Y V7 OEKNZEEZ AT 5 I O B3 2 M < K
HHITWD

BN OKRWEHRRTEHICRIT DM &L L T, positron emission
tomography (PET) | single-photon emission computed tomography (SPECT)
K O*X-ray computed tomography (X#RCT) 72 EDOWMHE A A —2 o Tk
WD, ZTHbLDOFEX, REEMA A - 7Hilre LTHEIK TR
SHHEsATWLI RN, MEN KRS B/ 2B o BIZIETAME TDH
LD —F wm A A=Y 7 BT ENORFRILETH DL Z L
MHATEKETCORMICRONS b OO, KFgEBORBRIZLY 2 F
MOHMBPLNLETEERALY— L TOBENARETH D12, L»
LR bH, DDSO®ENA A=V 71BN TIEH, FZ7v7Fx V70D
Eak LN EME OFEKICH WD a7 v — 7 3DDSH b i B S IE i
M2 &icmxaTlBO HEBENOBZICBWTEERHET L Z &N
MBE L2, K2 MZY T TWD



b0l EaEE 2, A TiE DDS OB B IEIZH W D %A A
— VORI OwWTHRRILIZ, FI7 vy 7%y T 8L T,
Hrx RBEZHETRETHY, WEVWEYENEFERE Y - /K
TR EIRL, F1EETIE, FIZ vy 77Xy U7 ERNBEINTZEYD O
EfERREMMAENEESTZAEALT 2200, 7oV A X -z x L
¥ —FB#) (FRET) BIRZIEH LA AT U THIFEHEE L, &F 2
ECIE., WERMBNOEY ORE R ZEMM oML TS 5720
MBBERAAETEZISALEA A U 7 HT2HE LI, % 3%ETIL,
BIEROE 2ETHERELENBA A -V 782 MW T, B
BiZk 75 DDS O AN EB A4kl LT,
FTOFEMIZONWTHE 2 imik T 5,
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B1H Fia

BRI EDZ R BRE~EZET DHDICIE, EWENHLERNT v 7
Xx VT DNEMNRBICRETLZ2ET, TORBEBEZREFEL TR TR
MBI, Ll AERRNICEW T, mMEICX2S2EAEIENO
HEORLMEL R EEOMEER TRV, FTIZ vy 7R U TR
REBETLIHERODL, BIE, R—0o® 7o —T7%2RNHE3T 252 L TFK
Ty X x UT HERL, TOEHETERT LA A -2 TEDILH
INTWD 223 Ll b, RIvITXx VT RHMELEED S
n—7WHEkOTITFABRKRHB IS, RT7 v 77X U7 OIEMKR
Z @) % §F A T & R0,

FRET Bi& &k, 2 B OESEYWE DL L T D & &, donor 28 %
L 7ot = XL ¥ — )% acceptor ICEB T HB R TH 5 (Fig. 1A) Y,
FRET Bl 5 ® % 4 O # ) & donor & acceptor [ O BB D £ {b % & H T
T2, RIS, FURTHEBREDy FRIMAEER PR SFN
SNRKEE DO LA O FMT A EOICHVLE R TS, KETIE, KT
Yy 7Ry UTHEREZOMBERICKE SN T#EET v —7 O K H K
NZEhZ XA LTl T 5720, FRETE S ZICH LIz@® A A —
v AZ SR L (Fig. 1IB), 2 06 fila L XL E TOWELW AT —
WMIZB W TIS A ATRE 2» &2 At L 72,
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Fig. 1 FRET phenomenon (A) and FRET imaging strategy for detecting the dissociation

of polymeric nanoparticle (B)
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1. I

Poly(ethylene glycol) methyl ether-block-poly(p, L lactide) ( PEG-
PDLLA; PEG = 2 kDa, PDLLA = 2 kDa). 1,1’-dioctadecyl-3,3,3",3" -tetra-
methylindocarbocyanine perchlorate ( Dil ) M (% 3,3'-dioctadecyloxa
-carbocyanine perchlorate (DiO) | Sigma-Aldrich Co. (St. Louis, MO,
USA ) »» b B A L 7 . 1,1'-Dioctadecyl-3,3,3",3"-tetramethylindo
-carbocyanine iodide (DiR) }& OV 1,1'-dioctadecyl-3,3,3,3'-tetramethyl
-indodicarbocyanine, 4-chlorobenzenesulfonate salt (DiD) % Biotium Inc.

(Fremont, CA, USA) mHEALEZ, ToMMoREIIERLEZ H W,

2. BmAFT R FORM

PEG-PDLLAZ M & L, =~ v a YIEWICXL Y a1 7k
T Z M L7, In vivo FRET imaging & Nintravital FRET imaging!(Z fJ \»
5F R AT, wOEME L L TCDIRKUDIDAEWNE Lz, bbb,
PEG-PDLLA (25 pmol), DiR&% U'DiD (4 10-80 nmol) %# ¥ 7 v 1 X X
¥ (1mL) (C&EML, BERLET (50w, 257 H) TAHAHERY Rk
ik (PBS, 10 mL) Z{ F L7z, £0#%, EiR CTHEHE (700 rpmT30%
fil, 300 rpm Covernight) L., 0.22 um{L %8 @ polyvinylidene difluoride
(PVDF) 7 4 /v % — (Millex-GV, Merck Millipore Ltd, Burlington, MA,
USA) TAid L7, In vitro FRET imaginglZ W\ 2% F /7 KL 712 i1d. &%
ME & L TDIILKUDIOZWNE Lz, 75 PEG-PDLLA (2.5 umol) .
Dil% O'DiO (4 10-40 nmol) # ¥ 7 mm A ¥ UV ICHEM L. BERAHET
THEK (10mL) Z#H T L, TO®RIET LR EFFICHRL 2, b+ £
. bR - B — % BALW E EE (Zetasizer Nano ZS, Malvern,
Worsestershine, UK) Z H W T, @@t @ELEIC LIV HEE Lz, AL
= F 7R F I, T NT30-50nm T H Y L Z 5 BRI 0.24 K0 TH - 7o,



3. AR PO BEIE

U= TF R O®M AT bVX, ®N SN EE (RF-6000,
%&%W%\a%)%%wfwmbtoﬁ@b%\MR&@Dm%m
BHLUET 2R I3 ERE 640 nm (ICEE L., XK E 650-850 nm O
HPHT.DILLEODIOZENE Lzt /b xR d K 488 nm (2 & L |
4O K 490-640 nm O FPH T, N2 FiE 3 nm, 200 nm/min ® A & ¥
AE—RTEZNENHEEL T,

4. In vivo FRET imaging

W > ICR v 7 A Z H A SLC Bk A= +L (F ) 20 5 s A L L AIN-93G
il & k5 B Bk (D10012G, Research Diets Inc., New Brunswick, NJ, USA)

BRI LA Lz 6~8BHiElD b a2 EKBRIZMW, DIR LT

DiD ZNE L7z /k+ 2, v 7 2CHEHRNESL (DIR X DIiD & L
T 10 nmol/kg) L7=, A4 Y 77 #E: T T, Multi-functional in vivo
imager (MIIS, Molecular Devices Inc., San Jose, CA, USA) # H \» T, FRET
channel (Jih 7 ¢ /L % — : 640/20 nm, WL 7 4 /L % — : 809/81 nm) .
donor channel (i 7 ¢ /L % — : 640/20 nm, W I 7 4 /b % — :680/22 nm)
& Y acceptor channel (Jih#Z 7 4 /L % — : 708/75 nm, WL 7 1 L X — :
809/81 nm) 2B WV TEEMMICHIERE Lz, £, &5 15 2 KT 8
R B ICBWTHBHELRHEH L, Xk L, o T X TOMH
1% . MetaMorph software (version 7.10.1.161, Molecular Devices) %
AWTHEMT L, ~UV X0 & OCIEH 25 sEikicksid 2y H
e &2 R o, FRET O AN H Z /5§ FRET ratio . Tl Ui LV
B L7z, 7238, Irrer X O Iponor ¥ FRET & OF donor channel 12 F %
L5 H O 9R A R T

FRET ratio = Irret/ (LZFRET *+ IDonor)

B, ITXToEFYERIT, LIBERFRFEIVWEBREZESOER
Ok EF % K% E O KR (No. 2019-002) % 3 F . dbifEE B % K
FEIYEBRBBRICE SV CTHER L /-,



5. Intravital FRET imaging

DiR ¢ "' DIiD #NE L7 F / KL+ % ICR ¥ U A IZH RN 5 (DiR
" DiD & L T 10 nmol/kg) L7z, £ Y 7NV T UHEETF T, vU AD
HEZAT A KA T ACEESHE, X— LELFMS (Axio Zoom. V16,
Zeiss, Oberkochen, Germany) % H \» T, FRET channel (JBhi 7 1 /L & —
640/20 nm, W UL 7 ¢ /% — : 809/81 nm), donor channel (b 7 ¢ /v
A — : 640/20 nm, WL 7 4 /v ¥ — : 680/22 nm) M O acceptor channel
(hiEe 7 4 v % — 1 708/75 nm, WU 7 ¢ /L% — : 809/81 nm) IZF T
BERERIC B2 Lic, £/, DIR XU DID #NH LT /it %~
U AICE RN EZE LS (DR % O DiD & L C 10 nmol/kg) #%. A4 Y 717
VIEE T CHREL. HMIiEEZ XA 74 R RCEEIER D, D%,
X — NEwCHEME 2 AW T, IFEEmZ2 NI EeB 2 LTk,

6. In vitro FRET imaging

HepG2 (b FJFlE 2 A H k) MM X Riken cell bank (BLJ) 720 5 A
L7z, FEEMIL L7 10% Y BRI E (FBS) MO 40 pg/mL 7 & ~ A
v (FrE vy, MSD, KBk) % & & Dullbecco’s modified Eagle’s
medium (DMEM; & £ 7 4 v A FOGHFER AN KRk) 246808 L.
37°C, 5%C02-95% air e T CH®E 21T/, 27/ MIZELTL
M IE 0.25% b U 72 —EDTA (& £ 7 4 /v AFOEHE) 2 v CTH
L, MR L2, FEBRICIE, MR 22-24 ofila s H Wiz, HepG2 #f
fa (5x10%cells) % 14mm ¥ 7 AR b AT 4 v = (I T EKEKX
Stk KB ICHER L. 37°C. 5%CO02-95%Air 5 F T 24 Bl B % L
72, H:#& % . Hoechst33342 (Thermo Fisher Scientific Inc., Waltham, MA,
USA) Z W TM 28t L7z, 1% FBS & & ¢ DMEM % 47 i it
& L7 DIl LW DIOZWNE L7zt 7K+ (DIl 2O DiO & L T 2.0 uM)
DB ZEH L, 37°C X T T, LEQLLV ¥ —BHHEE (LSM700;
Zeiss) % 3T, FRET channel (Jphi€ L — % — : 488 nm, WUl 7 1 /v
% — : 560 nm long-pass 7 « /% — ). donor channel (ih i€ L — % — : 488
nm, WX 7 4 /L% — : 550 nm short-pass 7 /L& —) BV TRED



W R L, MBI E LY —Y —: 405 nm., WIR T 4 L X —
415-735nm % W T e @8l g L 7,



BIH BHER

EHPOLMBEL XL ETO FRET A A — Y 7123 572, DiR &
UD@%WHLth%f/M%%ﬁ@L\ﬁ%x&7%W&@%%
HEIZLH2HNEEHROIWMAAIZ LY FRET AR H ATHE2FEM L 72, 8t X
N7 R EB W T, mR&UMD@&F#IMNuM® RS AANE
X, BEBEOHEMIZIE T T, donor ¥ 7 F %R T 670 nm fFir d B — 7
(donor B — 7 ) O&E5EE XA L, FRET v 7 F /%2 /x7 770 nm £}
o v —27 (FRET E—7) O®GME X KL (Fig. 2A), — 7.
4.0 uM L EIZBWT FRET E— 27 O\ NKBERNBD Lz, TDOD

UBOERIZEBNTIZ3.0uM DL DEMHA L7z, PBS ZHmRIEE L L
=% 4. DiR X O DiD #NE L7=F /K1 @ donor ¥ — 7 O Y7 &
. FIRE® DID OALZNEH LT 2 FICHEXTERMETH- 2, £
7. FRET ¥ — 7 ot E L, FRE D DIR DA EZNEH L) /i +
X TEMETH o7 (Fig.2B), — ., =% ) — v am R & L
% &  DiR k" DIiD # W& L7z F K+ @ FRET & Y donor B2 — 7 @ &
JoR 1L, DiR XX DID O A ZNE Lzt k0O — 27 Ow kil E
DEFFE, TNENIZIEFEE & 72 - 7=, Multi-functional in vivo imager
(Fig. 2C) MO X — @ KM (Fig. 2D) ZH W THHH L7 FRET
K O donor 7 F vk WHEANRT ALK DB S FRET KO
donor ' — 7 (Fig.2B) & OM T, & 7 / KL 1 [H @ 5855 B4R 1T 13 1F — £
L7,
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Fig. 2 Validation for FRET imaging of DiR and DiD coloaded nanoparticles

Fluorescence spectra of DiR and DiD coloaded nanoparticles encapsulated various amount of
DiR and DiD (A). Fluorescence spectra of 3.0 uM DiR or/and DiD loaded nanoparticles
diluted 5-fold in PBS and ethanol (B). Fluorescent images of 3.0 uM DiR or/and DiD loaded
nanoparticles diluted 5-fold in PBS and ethanol obtained by multi-functional in vivo imager
(C) and zoom fluorescence microscopy (D).

10



BT R OERNE R E LY A — VTR 5 72O I2., invivo
FRET imaging 17> 72, DiR X ® DiD Z# W& L7=F 2 ki -2 & 5% .
YUADEHICHRE SN FRET Y7 F VT REFMICHEHT L., ¥
donor ¥ 7 7 VITRREEAICHE 9 L 7= (Fig. 3A), — Ji. acceptor ¥ 7
VDRI EE L odo, 72, FRET O A2 HE % /73 FRET
ratio (XM KFAYIZI D L7z (Fig.3B), 2T b O RIL, /2 R+ EKN
TREFMICHELTCND ZEEZ2RLTWVD, MHLEEISIICTE W TIT,
Frlohifi & fFlRICmVWE LR Bl E SN, WTholEsadb., &5 15 0%
2t~ T 8 K[ #& TiL. FRET ¥ 27 7 VX 99, donor ¥ 2 F /L [ #E 98
L. acceptor ¥ 7 T Vi Fh EEIL L d -7 (Fig. 3C), T4 b6 DR
X, S5 LT 2R+ IS K OFBICaoMA L., REMICHET S
kLTS,
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Fig. 3 FRET imaging of DiR and DiD coloaded nanoparticles in mice at whole body scale

DiR and DiD coloaded nanoparticles (10 nmol of DiR and DiD each/kg) were intravenously
administered to mice. The images were obtained by multi-functional in vivo imager (A).
Pre-image indicates before administration of the nanoparticles. FRET ratio was calculated from
fluorescence intensity at FRET and donor channels on the images of panel A (B). Ex vivo
fluorescent images were obtained at 0.25 and 8 h after administration (C).
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Mt /R OBRRNEE AR — TN T 572 DI,
intravital FRET imaging # 17> 7, T /R 2 5%, BFOomMENICE
WTHI W FRET 7 F V58O bdhv, REEICH T L 72 (Fig. 4A), —
J5 . donor ¥ 7 F NV IEFE EEAL L7 o 723, acceptor ¥ 7 L L KR F
I Lz, 260/ RIE, P TF /2P HRELLZ LITX
> CTFRET ¥ 7 7 /D & Bdonor ¥ 7 F )L DOEMMAK Z o722 L1
Mz . donor TH 2 DIDAMF2BHELELZ EIZXKY ., donor ¥ 7 F
NWFREEN Lol R L TS, FRIZEWYTIX, &5
%, A NIZHE W FRET 7 F AR @RO v, FEFMICHEB Lz, —
J . donor ¥ 7 F IV iF T EKICEB W TREERICHEE L 72 (Fig. 4B),
INHLORENL, BHEINT T 2R AT, IFEICE W T E 4~k
MT 2 ELICHEL, NEINTWEHREEI KB I Z & RR
e X Tz,
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N
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Fig. 4 Intravital FRET imaging of DiR and DiD coloaded nanoparticles in mice ear blood
vessels (A) and liver tissue (B)

Donor

Acceptor

DiR and DiD coloaded nanoparticles (10 nmol of DiR and DiD each/kg) were intravenously
administered to mice. The images were obtained at designed time by zoom fluorescence
microscopy. Pre-image indicates before administration of the nanoparticles. Scale bar is 100
pm.
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M LRI EB IS FRET A A — Y 7zt 4 5729, Dil X O DiO
FPRNE LEEmg T /2% L., DiR X" DD #NE LE-ES T
TR OHEAEERBRICELARRZ AV EOHEE S L —F —BHMEE T
B L8 emBic k> CTFRET AR ATRECTH 2 2 % 3l L 7=, 8
A7 R IZB W T, DIl L DIO O E N 1.0-2.5 uM O % [H (2 B W
T, BEOEIMIZIK U T, donor 7 F V%759 510 nm ffiF D v —
7 (donor ¥ — 7 ) O E XA L, FRET ¥ 7 F )L Z/~7 570 nm
ffixr o v — 2 (FRET ¥ — 2 ) Oua i EEIEH# K L7z (Fig. 5A), — 7.
3.0 uM L EICEBWT FRET BV — 27 O RENWAD Lz, TDDH
UBOERIZBNTIZ25u)M DO L D EMFH Lz, PBS 2RI H L L
7% & DIl X " Di0O Z WE L 72 F / KL @ donor & — 7 @ 4 5l & 1
FIEE D DIO DA EZNE LIS 2R FICHEXTRETH-T2, 70,
FRET V' — 7 0% M E L, RBEEO DIl DA% NE L) k1 I
&T%ﬁT%Ok@@Jm‘ﬁfiy/HW%ﬁﬁ%ﬁkbﬁﬁm
Dil 2 O DiO # W& L 727 7 K. ¥ @ FRET }& O donor ¥ — 7 @ % )t 5 &
IZ.DIl XTI DIODHENE LT /KO E—27 0wt EDAF L,
TN ENIZERMBEE R, HEALV—F—BHMELHVTHRE L
FRET & O" donor ¥ 7 F /L (Fig.5C) &, A7 M LI XD S
72 FRET & 0¥ donor £ — 2 (Fig. 5B) & O T, &+ / ki + D@55
BARITIEIE &Lz,
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Fig. 5 Validation for FRET imaging of Dil and DiO coloaded nanoparticles

Fluorescence spectra of Dil and DiO coloaded nanoparticles encapsulated various amount of
Dil and DiO (A). Fluorescence spectra of 2.5 uM Dil or/and DiO loaded nanoparticles diluted
5-fold in water and ethanol (B). Fluorescent images of 2.5 uM Dil or/and DiO loaded
nanoparticles diluted 5-fold in water and ethanol obtained by confocal laser microscopy (C).
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maFT T /R FOoFEHEMB R — L TR T 5720, in vitro
FRET imaging # 1T > 72, HepG2 Ml IZ kT, FRET ¥ 7 7 L34l
ZINT ., donor 7 F DO KB REKERICH R L 72 (Fig. 6), Z O #5F
F. TR FRMBANICIRYVAENDEM TREL., MBI Ek
WEPNMRBANICERT L2227 LTWVD,

Fig. 6 FRET imaging of Dil and DiO coloaded nanoparticles in HepG2 cells at cellular
scale

Dil and DiO coloaded nanoparticles (2.0 uM of Dil and DiO each) in DMEM containing 1%
FBS were applied to the cells. The images were obtained at designed time using confocal laser

microscopy. Scale bar is 50 pm.
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FAaHi BE

AKETE, FIv 7y VT HRKREZOMBERICKHH I A T®LET
2B—7 ORMENEEE XA L CAIf{bd 57, FRET 814 % &
Li-®EHA A= T IO THH L,

DiR & DiD X (X Dil & DIO DMl A B HLE T 2HBEOENYE % &4
TF R FICANE TS LICEY FRETHSREZR/ESE . 2800 M
VRNV E TOWEIKWAZ — LB W TERNEE Z2HTLT S &R
A HE & 72 o 7=, FRET Bl 4% donor & acceptor 78 10 nm AW IZE#E T 5
ERET D, KM THBE LGS T /R 11X, WEICBR KD
BEaRNHEHARER AT 2T 2 D, 7/ FOEFRKICHWZECME
T FhbEnWEsikErHEIT22 06, T 2RO a7 EDICEE
LEZ Ko T FRETHEREAELEEEZOND  ZHEEHKICDE
Ry 7% U TIZHBWT FRET Bl %25 LA A=V T 54T
ST DITiE, ZOoWEAFHNREICIECL T, FI vy 7 Fx U 7 NICHE
£ W HE/D FRET BIG R R AET HMAGLEO® LT v — 7 2 BN
L HEND D,

A CHBELEEY T /7R 13, &5 8 B #% £ T2 =12 K
MEWCERML, RN THET I ZERHAL N ER >, KON IX
) 150-200 nm DMK A H T L5 R E/RANKLTHY . TN TFTOH A XD
TR FIIRZICIHFMBICEZERTE CTH D 2P, InvitrolZBWT, T/
FL DN FMEICERY AEN2WBICEBEVWTHET LI ENRHL ML R
Sl s, BT ICEBT 2T 7K1 O REICIE, TR~ OSSR
WEN-HBES LWL EEZILND,

Acceptor ¥ 7 7 /L X FRET OB 2% F 2w, H—0wit 7o
— TEBICEDOIMERITONTCELAA T TOMBELERBEERD,
A TP LT R FORERNA A= 728 W T, FRET ¥ 7 F
bk acceptor Y TN DEIT R o, ThRhOL, RO FETIE
Wl 5 MNARAEETH -7~ DDS DEE 2 EfICH B L., TS 5
ZENT X,
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AKEBIZCBWTHSE L FRETA A —Y U 7 HEifflcky ARKRNORE X
A= LB WT, BEBREZEFELEZERNR Iy 72y U T EHEENT
Wy O IE e 7o WE R AU R N B S FEAL T RE & 7 o T,
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B2E MHRBALFEZALEAA VUV I7EIFOBE

B1H Fia

i 2 O DDS OREM KN ~D XL ERIL, EICHBERED N 2 8l
5L THMENTNWD BB LasLAanb, 2o FETiEYIC X
HEMEE~OBES, BT e—T oM EESI SR THEEND
e —HT, BHBNZZOEEFHMERLETHEA AT L LD
ELTH, BBPORDICL s THPBET 2720, Has N O # K
B Fons, £, AREFEEAGVEREOR Y0 — 7 &2 f
HALTH, DMELVEENER N &6, MRy — oMy
MEFMT 22 L IIRETDH S,

Ak Z WL FEZ, BRotZBEErsm EIEL2Z22ITXD ., EEF
NEOFEM AR E A A —2 0 7 ZAHBIZT 5 (Fig. 7) 3V, Z O H ik ix,
TN O RREEZ M - ML <L THLMIZT 5 HE B TR
S, BB T AKREEREEZ X -2 Lekax 2 TERS B 323,
KETIH, FI v 7 F vy )Tk TEESNEDEOMBNICTE T
HZEMB M EFMT 5 a2 BN E L, i 2 MkE L FEIC
W TR E L T2,

Excitation Excitation I H

Light ‘ ‘ I Increase
attenuation ' N -~ light penetration
Tissue-clearing ', o
treatment Nacd

Fig. 7 Advantage of tissue-clearing techniques
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B2Hi EBRFIE

1. R

BV LT IR p-YLER—J JRFE, ATFILP-v 7T HFRALNY
Yoy-vZme XAy VAFALAALKFIFY R, A7 r— A KR
2,2',2"- nitrilotriethanol 1T & 7 4 L A KR NS5 AL 72,
N-acetyl-L-hydroxyproline & O N,N,N',N'-tetrakis(2-hydroxypropyl)
-ethylenediamine (X R U b pk LMK XS () 2258 A L 72, Triton
X-100 X Alfa Aesar (Heysham, UK) 2> 5 ifE A L 7=, Polyethylene glycol
(8 kDa) K 0% glycerol (X Sigma-Aldrich Co.2> 5 A L 72, DyLight
649-conjugated tomato lectin |% Vector Laboratories Inc. (Burlingame, CA,
USA) oA LT, TOMOREILH 1 FH 2 HiH 1 HIZRLELD
D xR W,

2. BmAOF T RF O
H1IEFE 2B 2H L AMD J1E TPEG-PDLLA 2 # ks &+ 55
ST R AR L, wkmE L LT DIl (100 uM) =N E L 72,

3. v U AT 0% Wb o#
6~8 M iin > ICR ~ 7 AT, Dil # NE L7z) /Ki+ (Dil & L T 333

nmol/kg) Z kNG5 Lk, &5 3 KM 50 4 #% 12 DyLight
649-conjugated tomato lectin (3.3 mg/kg) ZFARANE G L=, -/ k1

BhHARMBZIZA% N T AV LAT VT Fegh ) VEREEKZ AT

BTG EET o, MFBZME L, 4°C £ T TA% T BNV AT

VT e FEEE ) CIREEERIC —BLRIE L7c, IFEIC O BER . Clear™ %),
ScaleSQ(0)33), clearing agent comprising fructose, urea, and glycerol for
imaging (FUnGI) 3® % OF clear unobstructed brain/body imaging cocktails
and computational analysis(CUBIC) £ 37Dz X 0 F B L AL B L 7= (Fig. 8).,

F7. CUBIC EZ X — X (T, LBEEDOMMR I NUHEFH 2 %L LI
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Modified CUBIC {£IZ X D iFE 2 ZHL WL E L 7=,

Tissue-clearing

: Procedure
techniques

25% formamide 50% formamide 50% formamide

Clear™ 10% polyethylene glycol 20% polyethylene glycol 20% polyethylene glycol

(RT,1h) (RT,1h) (RT, 5 h)
22.5% D bitol 40% D-sorbitol
.5% D-sorbito 10% glycerol
ScaleSQ(0) 9.1 M urea ‘ 4 M urea
(37°C, 2 h) 20% dimethyl sulfoxide
(RT,2h)

50% glycerol (vol/vol)
2.5 M fructose
2.5 M urea

FUNnGI 10.6 mM Tris Base
1 mM EDTA
50 mg/mL ascorbic acid
0.05 ng/mL L-glutathione

(RT, 2 h)

25% urea 50% sucrose
25% N,N,N',N'-tetrakis s 25% urea

CUBIC (2-hydroxypropyl) PB 10% 2,2', 2 -nitrilotriethanol

. ethylenediamine (RT, 24 h) 0.1% Triton X-100

15% Triton X-100 (RT, 72 h)

(RT, 72 h)

50% sucrose

Modified CUBIC 25%urea
10% 2,2',2”-nitrilotriethanol

(RT, 0.5 h)

Fig. 8 Composition of clearing reagents and protocols for five tissue-clearing techniques
(Clear™, ScaleSQ(0), FUnGI, CUBIC, and modified CUBIC)

4. ZHALLBIZL S DIIORHEDH ZE

Dil D= % /) — Vg (Smg/mL) ZFEOMMAIC 1uL@EH L. 30
iR ®E L 72, Clear™, ScaleSQ(0). FUnGI, CUBIC & " Modified CUBIC
B THEWAE LB L BN L2 P o DIlIREEZ 7L — FY — & —
(Powerscan HT, Pharma Biomedical Co.,Ltd. KFk) % v Tl K &
530/25 nm, WG R 590/35 nm I BT HEEMELWE T HZ & TR
DI, MEOCMBAICER L DIIOEGFEREZHRHB LI,
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5. BB B OFRY v L0 R EBE

BHAALALBEEZEOFEY > 7 E 4 mm AT AR BNLT 4 v = (B
W LRSS ) ICEE L EE R L — Y — B (LSM700, Zeiss)
ZHAWT, B8 L, gy 7 rvoRm»6 2um ORI TR
2y 7B ERYE L. SO ME B % ZEN software (black edition 3.0 SR,
Zeiss) ZHWT 3RITMICHMBERL -,
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BIH BHER

AL Z OFEOE I E A2 ik L7 (Fig. 9), Clear™ {5 TALH
LEMEEZBWTIE, B0 BREIMELARTE RN oD,
ScaleSQ(0),FUnGI } O Modified CUBIC # TALEE L 72 iFEE T B W Tl
*%@Eﬁﬁw%ﬁwﬁmstﬁéjﬁLto F72, CUBIC i CRUE LETFEICE
W T, BRICHMEICHERBATRE & 22 o T2,

Clear™ ScaIeSQ(O) FUnGI CuUBIC Modified CUBIC

zg EEE EEE iHELdEEEE) = J

2 g & = .= - .

= f i B |

5% 0 uli i . i

} ;

- ‘E el I | : @] 1
o 1 ETErT] ‘ 11 ITED
.E 5 23 g% NE W | 1l L i
S = T ul -

0 | - -+ | -q
§ — 4 —— - 4 et
s 0 NE & - u
< T RRE T LN smpll T

Fig. 9 Transparency of mouse liver lobe after tissue-clearing treatments

Each square indicates 2 x 2 mm?.
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B O EICHE T 5 DIl OfFEEMZHER L, Clear™,
ScaleSQ(0). FUnGI., CUBIC M O' Modified CUBIC £ (2 X 5 % W {b 4L #
BOMIEIZIH T 5 DIl DKAFARIT, TAEI 96.4+1.4%, 96.5+0.4%,
97.3 £ 1.5%., 22.0 £9.0% M T 98.4+0.2%Cd - 7= (Fig. 10),

120 -
100 . S
£ 80- \
HIEE
: 40 § T
20 \
N
Clear™ ScaleSQ(0) FUNnGI CuBIC Modified

Fig. 10 Percentage of Dil preservation in the liver after tissue-clearing treatments

Dil solution (5 mg/mL, 1 pL) in ethanol was spotted onto fixed liver samples, which were
immersed in specific clearing reagents, and Dil concentration in each clearing reagent was
measured. Data are presented as means + SD (n = 3).
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Dil ZWNE L7F 7R+ 2 & 5% OFMIZEB W T, & & HL LIz
Ko THMA AT TAIRBARIEE Z i L7z (Fig. 11), Clear™ £ T
(X 2 1 D A . ScaleSQ(0)}% Y FUnGI ¥ Tl FE £ w7 5 50 pm O
® X & T, Modified CUBIC £ Ti% 100 pm @ {# & £ T Dil & O" DyLight
649-conjugated tomato lectin IR O\ KM NBE A TH - 7=,
CUBICE TAHE LEEFICEB W TIEZ, @25 100 um O S £ TH R
CBBEAE TH D FEREEER & L TDIIHKRDOHE Y T T
NoOSmaNnRELS A LE, £, ALz DIl & T DyLight
649-conjugated tomato lectin D HOLE G & H T 3 RLAIC HBMHEE L
(Fig. 12), Modified CUBIC &8, I b IR £ TR L TE DT
EThoT,
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Immediately after perfusion Clear™

Tomato lectin Dil Merge Tomato lectin Dil
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Fig. 11 Dil distribution and tomato-lectin labeled sinusoidal structures of mouse liver
after tissue-clearing treatments

Dil loaded nanoparticles (333 nmol/kg for Dil) was administered intravenously to mice. At 4 h
after administration, the liver was perfused for fixation and excised. DyLight 649-conjugated
tomato lectin (3.3 mg/kg) was administered intravenously ten minutes before perfusion. After
tissue-clearing treatment, the tissues were observed with confocal laser microscopy. Each
fluorescent image at 0, 50, and 100 um below the liver surface was individually analyzed at
the respective depth. Scale bar is 50 pm.
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Fig. 12 Three-dimensional images of Dil distribution and tomato-lectin labeled
sinusoidal structures of mouse liver after tissue-clearing treatments

The images were reconstructed from Z-stack fluorescent images of liver samples presented in
Fig. 11. Each 2-um stack is obtained from 0 to 100 um below the liver surface.
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FAaHi BE

AETIH, FIv 7 Fxy UV TICkoTHESNEZHEOMBNICE
% ZE MBS AT & AL T D 7o oD O B 2 M % E B L FIE IS O W TR A
L7,

M ZERAAIIEZLS OLFERRE SN TE O | LB O Mk < 0 #
KHEOEWIZL > T, CPOoRESFHLTE I, Mo BEBELRET
X HEMARENRKREER D3, Clear™ ¥ 13BN <0 it 12 38 W\ T % WAL 7T B
ThHhoHrn M, NEMHAZEOEE RIFBICH L TIEAt+SaTholt &
b5, bEmWEWEZ R L7 CUBIC BT, fhofEaicB T
mWEPHEZEZB AR TH D2 D, IFIRICEB T 2 DIl O 4545 K& <
ZAb L7z, DIl ZBKMERN®m WO, FimiE A % 5 & CUBIC £ D&
HILIRIZ L > TR LD EE X 65, DIl LAIZ & Nile Red?® =0
coumarin 639& W o 72 EWE N DDS O EKEFHMICH WSO DA, W
TABBAKERES W G, REiEEAEZZT CUBICEILZRT v 27
XY VT OEBMMSMEFMT 27200 FELELTEABCTHD EH
b5, @ DIl ORFEE %~ L 72 ScaleSQ(0), FUnGI K& O Modified
CUBIC{#EDOH T, KE THE L 72 Modified CUBIC 12 f b i H8 £ T #f
fifbc&x, Lo Z &, 5, Modified CUBIC i3, F / kL 712 &
TEEZEINTWEOMBAN DM A2 2RI HAT 272D 0 KER
LThr BRI, NAEEENIFICEE TRERBHETH D
FFlg 23 B AL FTHE T & » 72 2 & 1%, Modified CUBIC £ 23 fli © F& £ O Jik
MICBNWTHLEWVWEREZEB CEZ 2 REELTIEBL TV D,

Tomato lectin (X, MHFIKIZCB W TiZ, Bz EMEEICHKEES T D
ZERHEINTWD 04D Z D78, DyLight 649-conjugated tomato
lectin IZ X o THH{LINTZDEFIFBOMEHETCHL EEZLND,
WG EE R tomato lectin (T . BB . B R K& OV 7R &Mt O B R IC DWW T
H oM EREE BN AR CTh 5 042 2 O 7= | # JFE#% tomato lectin
Z ff H L 72 Modified CUBIC JEIC X 2 ZEM A A —2 v 7 Fiki%, fkx
RIS MB~DISAN AR THDLI EEXHND,
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Modified CUBIC {EZ W72 3 RoiA A —Y 702 L0, O &
BEERECYWEO M2 ZRAICI D ZENTAREE R KD
MmMENOHEEE T /R TICABELEEEWERBEL TWD I EN
HeNhLhol, AEICE W THE L 2 Modified CUBIC £ % W7z 3
RIEARA—T 7T EIRICED, FI7 vy 7%y UV TICXLoTEEINTL
VB OMBENICEB T 2R 2 2 oA DR T AR & 7R o T,
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E3E BEERBIZIBITADDSOEBREBNERHO
RREMBAA—Y T

B1H Fia

R D EMIRFEIT B W T, FUEMEERIEOZ < 2y
BHEEZALTWVWDL D, HEHBICERRWICEY ZXET 5 DDS O BH
ENLEENTWD, DABEZEM L DDSOBRBIZE L TiX, K7
7Ry VT NEBERBRICHEZETLIETCEDENT LI EEREL R
FL, DAMBEDXIZHEBEBNTHNELTWEEDZ KB T2 2 &5,
M - GO OBANGERETH D,

EEWBREALICE W TR, IESFEENTTEL, DIOBEE RIS
TR TCHLMEEL BB L TCHBE~BNEST L P, Zhdx, RT7 v
FExx VT ORREREILTSZET, BROGICHEERRE XD %
EET D5 DDS BB PN O TE 2 4, L Lann, ko
— DN T —TIWZEDLE N Ty T XX VT OA A=V 7ETIE, R
Ty XY UTHRKEZOHREBEZR KB INTEDEOBITHEZ XA L
Tl L TWZwnw, 2ok, BHINTE N7y 7Fx V7 HEOM
FNLEBERE~EDLIE COEMRDKMOEKNEZSHZTML., KHoO
MAZKICLT, MEREEERELZHEH L7 DDS ZHBMAET 5 2
EMEBEHETH D,

— 5, EEHBETBRE 2MBEN~Y M) v R o TEREEOMKIE
EERT AT, BPORBERB~OREN BT o2 &R HE S
nTnwg 74 ZoWEEMRET LI, T, kxR kigIC K-S
K FRZ v 72U THHBINTW D, MEEHEGER~OEEMNEZT
il >\ Tik, MEEDIDRFOBRICROEN TN D2 DORENRTH D
W30 o, EIEWBENICK T DRE 2R EY oA & FE T
OB EELE R D,
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RETE, KTy 7 %% ) 7T AEKRONE LEWEO RS0 0I5
i~ D B FEE A RIS o, B 1 ROV 2 BT L
A A=Y 7RIS L, MR IS BT 5 DDS O RN %
I 22 1 B UC AR AL L 7
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B2 ERFE

1. &K

T L 2 K
REELFE 1=
R H W72,

iy

]7]

HITELE 7 o V2 M EMENSHEALEZ, TOMoD
2HEIE 1T HELRE  2EZFHE 28HF 1 HIZLES O % [FE

i

2. BEREETFT LT Z2DER

Luciola Italica B O KR EZ NV VY 7 =7 — VB EIxrf+%2EANL T
BxPC-3( & b 4% figk %8 /0 i . BxPC3-Red-Fluc) I% Perkin Elmer Inc.(Waltham,
MA, USA) oA L7, FEMIL L7 10% FBS X OV 40 pg/mL 7 > ¥ =
{ vk Ete RPMI 1640 (B L7 4 v A fIEHisE) #fH L. 37°C.
5%C02-95%Air I FCHEZ{To7c, =2 70> ML M
0.25% R~V 72> —EDTA Z W THII L, SR EZ1T -7, FERIZIX
A E 7 - 15 oM E AWz, 5## © BALB/c Slc-nu/nu ffEPE X — R
~ 7 A(HA SLC)IZ AIN-93G R G HMAE 2 1 @R LB\ L.
i L7 oxFZFRIZHNWE, 6~10 s D X — K~ v X[
BxPC3-Red-Fluc (2X107cells) X TG L, 7TAMBE T 25 Z & Tl
GRBEEBRSE-, Mlakb% 7 BEIC, £EREKICKEM LT
J1ov X R (3.3 mg/kg) ZEREN G L 15 4 # (2 Multi-functional
in vivo imager & W TH LB L (KN 7 4 /L% — :680/22nm) T 5 Z
ETC, EEBEWBEOEKEZ MR L7z (Fig. 13),
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Appearance

6000

Luminescence

100

Fig. 13 Appearance of tumor region and luminescence imaging in tumor-bearing mice

Akalumine hydrochloride (3.3 mg/kg) was administered intraperitoneally to tumor-bearing
mice at 7 days after injection of BxPC3-Red-Fluc cells. The luminescence images were
obtained by multi-functional in vivo imager.

3. AT T /R TFOoRAR

FRET A A=Y V7 ICHWDF k& LT, FHI1EF2HE2HEL
A ik D 5L T, DIR X O DD # W& L7F /K (DiR X DiD & L
T 3.0 uM) KO Dil X Di0O #WN&E L7727 7 K+ (Dil & O DiO & L
T25uM) ZRB L, £, 3 KA A=Y U TITHWD T 7 K1
ELTC,F2EF2HME2HEMEEO LT, DiIlZNE LT /R 1
(Dil £ L C 100 uM) Z= B L 7=,
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4. EBEBREET VU XIZEBIT 5 in vivo FRET imaging

ER LSRR ET L~ A2, DIR X' DID #WNEH L) /K
+ (DiR X' DiD & L T 10 nmol/kg) Z##IRAN&E S5 L=, £V 7V T
BB F T, Multi-functional in vivo image Z W T, % 1 5 2 Hi & 4
IH & [ Ak 2. FRET. donor & ON acceptor channel (2 35\ T &% B A9 12 8
s L7, £, BH S FHHABICBWVWCEEHREZMHO L., MO L&
Kl & & blcwAERE LI,

5. EFMEBEOBEHALLE L HABE

ERLEEEWRBEET L~D A2, DIl ZNE L) 2R+ (DIl &
L T 333 nmol/kg) Z#AkMW KL L, &5 7 B# 50 43 #% (2 DyLight
649-conjugated tomato lectin (3.3 mg/kg) ZFARANE G L=, + /7 K+
B 8KMBZBICA%N XTI ANV LAT VT e ReEGL Y VBEHKREZ HW T
BHWEREEEZITo70, EEMEBELMME L. Modified CUBIC IEIZ K 5
HERACRE ATV, B2 EB 2HE S HLEFEKROTET, EEA L —
Y — B M BT (LSM700, Zeiss) % H W CTH KR E Lz,

6. EFEFRELERT H2BAMIBIZI T 5 in vitro FRET imaging

BxPC3-Red-Fluc Mifid (1X10°cells) % 14dmm # 7 AR NAT 4 v ¥
2 \IZHEFE L L 37°C. 5%C02-95% air & F T — Wi k5% L 72, Hoechst33342
ZRWTHBEE 22 E LT, 37°C &/ F T, 1% FBS # & & PBS
o Et L U7z Dil kY Di0O # NE L 7= 7 kL (Dil & O DiO & L T
20 uM) OB EKEZEMA L, F 1 =HE 2HH 6 HEFEkD FiET, &
BV —F — BB (LSM700, Zeiss) 2 WV CRREEMICHELBE L -,
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BIH BHER

TSGR R ~D&E DT /R OBAITHEZM T 572D, invivo FRET
imaging # 1T > 72, DIR X O DiD # NEH L7z ) / K+ % & 5% . IR
BESAL I < M S 47z FRET ¥ 7 F LV X REFAY Ik 89 L. # 12 donor
VT OVITRREERICHE SR L7z (Fig. 14A), 72, &5 8 FFM &I H
L 72l #s i B W Tid . G 2, ;& Tl 2 58 v FRET ¥ 7 F b
N#ELE Sz (Fig. 14B), DIR XO'DID #NE L7zF /K 7% 5% D
JEBMFICB W THBE S/ FRET ¥ 27 7 /L O® M E L, DIR XX
DID DA ZNEH LS/ RFREZOEGMEAKI VW TBE I
FRET v 7 S VO ENSBREDOEFICIFIE—HLE, 2D RIET, &
H L /7R PEERBICEMLEZICRENICHEL, 5 8 KF
MBICIFZOZSDBHELTVDLI I EERLTND,
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Fig. 14 FRET imaging of DiR and DiD coloaded nanoparticles in tumor-bearing mice
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DiR and DiD coloaded nanoparticles (10 nmol of DiR and DiD each/kg) were intravenously
administered to tumor-bearing mice. The images were obtained by multi-functional in vivo
imager (A). Pre-image indicates before administration of the nanoparticles. Ex vivo fluorescent
images were obtained at 8 h after administration (B).
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Fig. 14 Continued.
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M F T /R FICL o CREESINTEYWEOBEEMABENICK T 20
Z Rl 9 2 72 0T, i L 2 E B A A 2 Modified CUBIC #£ 12 & 0 1% B
bt L, EELGL -V —BEMEL A TEEBLE LT, (Fig. 15),
TEBEMEHEANICB WY T, F 2k FICWNE L7 DIl © &% iE DyLight
649-conjugated tomato lectin 1T & - TH LA S 72 1 & UL O AL I
I Bl S iz,

(A)

Tomato lectin Dil

Tomato lectin

Depth from tumor surface
50 um 0 um

100 pm

Fig. 15 Three-dimensional images of Dil distribution and tomato lectin labeled vascular
structures of tumor tissue after tissue-clearing treatments

Dil loaded nanoparticles (333 nmol/kg for Dil) was administered intravenously to
tumor-bearing mice. At 8 h after administration, the tumor was perfused for fixation and
excised. DyLight 649-conjugated tomato lectin (3.3 mg/kg) was administered intravenously
ten minutes before perfusion. After tissue-clearing treatment using Modified CUBIC technique,
the tissues were observed with confocal laser microscopy. Scale bar is 100 pm.
Three-dimensional images (A) reconstructed from single-plane fluorescent images (B) of
tumor tissues. Each 2-um stack is obtained from 0 to 120 um below the tumor surface.
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T T R ONAMBE SO IAREFEMT D72 OHIT, in vitro
FRET imaging % 17 - 7= (Fig. 16), BxPC3 Ml NIZ &\ T, FRET ¥ 7
F v KON donor ¥ Z F L BNEREERICEE MR L /-, — J7 . Dil XX DiO & N
HLeF /2R FEHEZONAUMBNIZE W T, FRET ¥ 7 7 Vi35 £
HEahhrol, ZThHOHKRKRIL, BxPC3 MlaNIZEZ ki LT
SR E SN EEMEOW G NHFIET DI EERL TV D,
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Fig. 16 FRET imaging of Dil and DiO coloaded nanoparticles in BxPC3-Red-Fluc cells

Dil and DiO coloaded nanoparticles (2.0 uM of Dil and DiO each), and Dil or DiO loaded
nanoparticles (2.0 uM of Dil or DiO each) were applied to the cells. The images were obtained
using confocal laser microscopy. Scale bar is 50 pm.
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ABETIEZ, FI7 v 7 UTHERKLKOCRNE LEZYWEO RS0 EE
WHRAOBEEZHBBEICTMIT 272010, B 1 BLEOFH 2 FCTHEL
oA A=V 7 HiIFZIEA L, BEHEIZKIT 25 DDS O KN %
IF 22 [ B R ARAE L 72

AAFGE TR L 72k 8 30-50 nm O &y kL iE, B RE & R R
LR THEBRE~LBITT 52 L% FRET A A —Y 710k o T
B, mMEADOBEMBICEZT S22 & 2MEERALEZSH LA
A=V U7X THBICRLE, —MIZ, AL 200 nm BL O3
B A 1 I B0 I 2 L2 P S A0 9 <L B nm BLF O BORE - 1 T
NHPEH ST VE SN TS D 33D 10-200 nm & W o 72 1iE
JKWHRL DT VR PEBERE~OEYEZDLDD KT v 7 X x
U7 ELTHWHERTWS 440 = n o ommix, HEHEaEkFRED
HEXITHBEEDU R OB EREEICESSBDOTHLIN, WIhdE
WeME IS B ICERN S D FIETH D, KRR CTHELZREEMNA
A= TR B L, xRk & DT R A O EE R B~ O
BHEICHET 2 R2EMT 22 6T, B LY &5 ICHUE 72 B) 8§l H
ZRRE L T 287272 DDS OB BN A GEICR A D,

RGN TIE, EFMAMEE R L T, FrAEmnE N8 A LM
MR — 72 3D, £, DAOREEICE > T, B~ EY % E
T 54~ FY v ZADOFEMLERERMBMABEENLRR D Z LR
WMESINTNWDE N, 207D K7 vy 7 X U7 OMEEMGEN DML,
MNADHEBERHMA T LICRKRES BRI ERBEIND, BITE. DA
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