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In this study, we Ffirst developed a multi-color deep observation evaluation
system that enables simultaneous observation of blood vessels, cells, and DDS using a tissue
transparency technique. Next, we designed and synthesized novel High Functionality and Quality (HFQ)

lipids that can cell-selectively bind to various cells in cancer tissue, including cancer cells,
vascular endothelial cells, and tumor-associated macrophages. Furthermore, we successfully observed
the spatial distribution of blood vessels, cells, and RGD-modified liposomes in tumor tissues using
mice with solid tumors. We also applied a multicolor depth-field observation system to the brain and
peritoneum, and succeeded in observing the spatial distribution of DDS.
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(1) RGD HFQ
RGD-PEG000-DSPE CGRGDS mal-PEG20-DSPE 100 mM HEPES
mal -PEGz000-DSPE 2 1moal 2-

RGD 5eq. pH 7.0

4 48 (MWCO= 6,000-8,000)

MALDI-TOF-MS
DSPC MPEG000-DSPE RGD-PEG2000-




1 1 viv 65
3 RGD-(SG)W/PEG PEG
RGD-(SG)n 60 1
Cy5.5-PEG2000-DSPE, DiO, Dil 0.45 um
Zetasizer Nano ZS instrument
: Colon-26 10

FBS 100 U/mL penicillin 100 pg/mL streptomycin RPMI-

1640 5% CO, 37
25 uM Cy5.5 3

PBS flow cytometer

2% 10° 35mm
24 25uM Cy5.5
3 200 nM LysoTracker Green DND-26 1 4%
PFA DAPI LSM710
24
5x 10%cells’em? 24 04 M 200 uM
30 25 uM  5.7% RGD-(SG)s/PEG
30 4
25 uM 5.7% RGD-(SG)s/PEG 4 30
GRGDS 100 GRGDS
30 5.7% RGD-(SG)s/PEG 30
PBS

25 uL PBS 1x 106
10 mm

:Cy5.5 PEG 5.7% RGD-PEG00/PEG
5.7% RGD-(SG)s/PEG 25mg/kg  Colon26
24

640 nm Cy5.5 IVIS
Dil PEG 5.7% RGD-PEG2000/PEG 5.7%
RGD-(SG)s/PEG 25 mg/lkg  Colon 26 24
PBS 10unitYmL 10mL  PBS50mL
200
pul
11 3
DiO PEG
5.7 RGD-PEG2000/PEG 5.7 RGD-(SG)s/PEG
25 mg/kg colon26 24
10 um 4 PFA CD31 2
PEG 5.7% RGD-
PEG2000/ PEG 5.7% RGD-(SG)s/PEG 3 24
PBS (10units/mL) 10 mL ~ PBS 50 mL 4%PFA
4%PFA ScaleSQ 10x
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VTW HFQ
-KSSeK3-(SG)s-VTWTPQAWFQWY  VTW-(SG)s-K 3-
-KSS-(SG)5-K2-VTWTPQAWFQWY  VTW-K2-(SG)s- -KSS-
(SG)5-VTWTPQAWFQWYV (VTW-(SG)s- ) -ESS-(SG)s-E3-
VTWTPQAWFQWYV (VTW-E3-(SG)s- )  SPPS Fmoc 20%
20 Fmoc- HBTU/HOBt/DIPEA
30 Fmoc-Lys (Fmoc)eOH Fmoc HBTU/HOBLt/DIPEA
Lys (10 eq.)
TFA/TISIH,O (95/2.5/25) 3
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Man-(SG)s-SSR-K (Pal), : K-(SG)s-SSR-K (Pal)2 Fmoc
Fmoc 20% 20 Fmoc




HBTU/HOBT/DIPEA 30

25%

Fmoc-Lys(Fmoc)-OH Fmoc
(10 eq) HBTU/HOBT/DIPEA 4 2 (TFA)/TIS/H0
(94/2.5/2.5) 3 5
IME-thiomannoside 10 eq K(SG)s-SSR-K Pal 2 1leqg 2mL
1mL 20 puL 24

48
Man(S)-(SG)s-SSK-K (Pal),
Man(S)-(SG)s-SSK-K (Pal),

Man(S)-(SG)s-SSK -K (Pal).Fmoc
HBTU/HOBT/DIPEA

N-Fmoc-O-(2, 3, 4, 6-tetra-

O-acetyl-a, B-D-mannopyranosyl)-L-serine 4
30 25%
Fmoc-Lys(Fmoc)-OH Fmoc (10 eq)
HBTU/HOBT/DIPEA 4 4 0.01 M CH3;ONa/NMP-MeOH (17:3) 30
(3) NuBCP-9
8 10 12 14 R NuBCP-9
MDA-MB-231
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(1) RGD HFQ
RGD-(SG)n-Lipid  RGD-PEGuuo-Lipid
MALDI-TOF-MS RGD-(SG)-lipid(n=3 5 7)
MALDI-TOF-MS RGD-PEGzg00-lipid
PEG 10% PEGa2o00- RGD-PEGg000-
RGD-(SG)s/PEG RGD 15
3 5.7%RGD-(SG)slipid  PEG 85.5+10.0 94.4+8.4

87.9 + 2.5% RGD-(SG)s/PEG
3%RGD-(SG)./PEG
3%RGD-(SG)s/PEG

RGD
SG
3%RGD-(SG)-/PEG

PEG 3%RGD-(SG)s/PEG
3% RGD-(SG)s/PEG 3% RGD-(SG)//PEG
RGD-(SG)s/PEG
RGD
RGD-PEG2000/PEG RGD-(SG)s/PEG RGD 1.5
3.0 57% 15 3.0 57% RGD-PEG2/PEG
PEG
15 3.0 5.7%RGD-(SG)s/PEG PEG
RGD-PEG000/PEG RGD-(SG)s/PEG Colon-26
RGD-PEG000/PEG RGD
3.0% 5.7% RGD-(SG)s/PEG
Colon-26 RGD-PEG2000/ PEG
RGD-PEG000/PEG RGD-(SG)s/PEG
/ 5.7%RGD-(SG)s/PEG

RGD-(SG)s/PEG

RGD

avB3
RGD

RGD (SG)s/PEG

RGD-(SG)s/PEG

RGD-(SG)s/PEG
avB3



RGD-PEG00/PEG RGD-(SG)s/PEG 24
RGD-PEG00/PEG

RGD-(SG)s/PEG RGD-(SG)s/PEG
PEG RGD-PEG2000/PEG
3 PEG < RGD-
PEG 000/ PEG < RGD-(SG)s/PEG RGD-(SG)s/PEG
24
PEG
RGD-PEG 000/ PEG RGD-(SG)s/PEG
RGD-(SG)s/PEG
RGD-PEGq000/PEG RGD-PEG00/PEG
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VTW-(SG)s-
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(SG)s K3
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(B) (R K-(SG)s-SS-R-K(pal)
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K-(SG)s-SS-R-K (pd)2 0.2 mM
K-(SG)s-SS-R-K(pal):  IME thio-mannoside
24 Man-(SG)s-SSR-
K(Pal) 8.2% HPLC-UV
Fmoc
Man(S)-(SG)s-SSK-K (Pal) Fmoc-
- Man(S) N-Fmoc-O- 2, 3,4, 6- -O- -a, B-D-
-L- 17%
HBTU/HOBT/DIPEA Fmoc-mannose-serine
Fmoc (SG)s-SSK-K
Fmoc
Man(S)-(SG)s-SSK-K (pal)2 40.8%
3 NuBCP-9
NuBCP-9 R n 8 10 12 14
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