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HKbrid Polymeric Materials Grafting Stimuli-responsive Near-infrared Dyes and
Their Bioapplication
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pH-Responsive near-infrared fluorescent cyanine dyes have been developed.
From UV-vis absorption and fluorescence measurements, dyes showed pH-dependent equilibrium between a
fluorescent open-ring structure and a non-fluorescent closed-ring structure in the various pH
ranges. These behaviors depend on their nucleophilicity of substituents. The pH responsiveness is
reversible in all cases. From in vitro cell culture experiments, dyes were found to show the
pH-dependent enhancement of fluorescence intensively through endocytosis. PEG-grafted pH-responsive
dyes accumulated in tumor sites and visualized them in in vivo optical imaging.

pH



ICG

ICG

SN

SN
on

pH

Urano, Y. et al. Nature Chem. 2014, 6, 681
on-off

N"N ‘ N ]/\( o/\),OMe

ICG—t?Jl«DJM%E‘%ﬁK(J‘E%%J&%ﬁﬁ“)

Swnsd
H 3‘ -
j‘\/N ) Et €

4

(b)

o Yo B
- (a)
(b)

pH 6

1. VAR
DS

5. 8

pH

pH

4. BEREE

: )))))

2. EFHINEHEE S Z RN
3. BREG R R

FRERE — 6. 5%

1CG
pH
pH
pH
1 R ERDIET
" -H*
N — X
R N - R
\/> H* X N
H-X
FAIRIA RABRIK
(BR-ABEIESH) (HE-HEEESHL)
on-off
4 (1)
pH
pH (2) pH
pH
(3) pH



(1) pH
pH

pH

1-C

N Z3 N
<\/X7H ~
opened form (fluorescent)
1a-O (X = NH), 1b-O (X = 0), 1c-O (X = S)

'H+l T ”

closed form (non-fluorescent)
1a-C (X = NH), 1b-C (X =0), 1c-C (X = S)

on-off

(2 pH
pH

pH 1
pH

pH

(3) pH

pH 1
PEG 2

pH

(1 pH
pH
pH 1

3-aminopropyl
3-mercaptopropyl

3-hydroxypropyl

B
O
e,

+
N hN
a Ac

PhSH, K;CO3

— © 3
DMF “ KL \

K2CO3

- ol 3
MeOH KL K
1b-0 (Y = 0), 1¢-0 (Y = S)
.pH 1
Ns = 2-nitorobenzennsulfonyl

=
]

10 ¥R mge & -’?,1.0 ha i ee %0 4 A

3 X g * a

g 08 B E o8 x

3] 8 .

5 x

- 06 ’y éo.e ol

g 04 X £ 04 x B

£ 02 x Aa 302

s . | 2 x ? veu

< 00 Xxxx® 2xammn| F g Xxx X XXX¥am

2 4 6 g8 10 122 2 7 [3 5§ 10 12

pH pH

(© (d)

éw P 10

508 % 08

06 £ 06

2 =

2 @

g04 g 0.4

A =

502 g 02

5 o

200 < 00

3737373873 7373737373

pH pH

(a)
(b) (©

(d) pH
1c
pH 1
1
1-C
1
a, b la-c pH
8-12 6-8 4-6
pH
pH
1c
pH
c,d
2.



(2) pH
pH
pH
Hela
0°C 37°C
1b, 1c
ICG 0°C ATP
a 37 °C
pH
b
pH 1
4
37 °C
C d
1c 0°C
37 °C
b ICG 0 °C
1b ICG
(@) (b)
él i:lz
R0 I],i
N A
= 0 1 2 3 4 = 0 1 2 3 4

time (h)

&

ICG 1c 1c 1b
(105 M)(10°5 M) (10 M) (105 M

. HelLa

(b) 37 °C
(d)4

time (h)

g

N

iy

fluorescence intensity
(><1010 cps)

o

ICG 1c 1c 1b
(105 M)(10°5 M) (10 M) (10°° M)

1b, 1c ICG
(a)0°C
(©
Hela

(3 pH

PEG
PEG pH 1d
le pH
1d le
+/
. “Wi -
<\/X—H PEG
1d-O (X = NH), 1e-0 (X =S)
.PEG pH
1d le
0 et .
400 600 800 1000
wavelength (nm)
le
@
pH
pH
Hela
pH
PEG
invivo
6

(1) “pH-Responsive Near-Infrared Fluorescent
Cyanine Dyes for Molecular Imaging Based
on pH Sensing”

Miki, K.; Ohe, K. etal. 6 1
Chem. Commun. 2017, accepted. DOL:




@)

€)

4)

©)

(6)

()

@)

(€)

4)

©)

()

10.1039/C7CCO03035E.

“Polymeric Self-Assemblies with
Boron-Containing Near-Infrared Dye Dimers
for Photoacoustic Imaging Probes”

Miki, K.; Ohe, K. etal. 7 1
Biomacromolecules 2017, 18, 249-256. DOI:
10.1021/acs.biomac.6b01568.

113

E2]

2016, 61,
18-22.
“Synthesis of Biocompatible Polysaccharide
Analogues and Their Application to In Vivo
Optical Tumor Imaging”
Miki, K.; Ohe, K. etal. 7 1
Bull. Chem. Soc. Jpn. 2015, 88, 792-803.
DOI:10.1246/bcsj.20150038.
“Near-Infrared Dye-Conjugated Amphiphilic
Hyaluronic Acid Derivatives as a Dual
Contrast  Agent for  Optical and
Photoacoustic Tumor Imaging In Vivo”
Miki, K.; Ohe, K. etal. 8 1
Biomacromolecules 2015, 16, 219-227.
DOI:10.1021/bm501438e.

113

2015, 73, 580-594.

26
“Near-infrared dye-grafted nanoparticles for
tumor imaging and therapy”, Koji Miki,
2016 Annual Meeting of The Japan Scripps
Society -Scripps Asia-, Tokyo, 2016 12

3 [ ]

113

65 2016
9 14-16 | ]

113

2015 8 1

113

” 64
2015 9 15-17

113 pH

2015 5 19 [

2016,
pp248-258.

Near-Infrared Dye-Conjugated Hyaluronic
Acid Derivative and Contrast Agent for Optical
Imaging Including Them
Miki, K.; Yamauchi, F.; Yano, T,
Minami, M.; Inoue, T.; Kobayashi, Y.; Nakano,
K.; Ohe, K.

EP14709763.8
25/Aug/2015

pH

2016-160194
2006 9 5

Near-Infrared Dye-Conjugated Hyaluronic
Acid Derivative and Contrast Agent for Optical
Imaging Including Them
Miki, K.; Yamauchi, F.; Yano, T,
Minami, M.; Inoue, T.; Kobayashi, Y.; Nakano,
K.; Ohe, K.

US14/767362
2017 6 12

http://www.ehcc.kyoto-u.ac.jp/eh31/home/index-j
.html

(1)
MIKI Koji

60422979



