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Precision Synthesis of Block Glycopolymers for DDS Carrier targeting Macrophages
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We have studied synthetic strategy of block copolymers consisting glycopolymer as
a hydrophilic segment to develop drug deliver system for immune cells such as macrophages and dendritic
cells. We designed two types of block copolymers. One contains poly(lactic acid) as a hydrophobic
segments for hydrophobic drug delivery, and the other has poly(L-lysine) as a cationic segments for
nucleic acid delivery. We found that coupling method and bifunctional initiator method are promising
strategies for synthesis of amphiphilic and cationic block glyco-copolymers, respectively. It should be
noted that glycopolymer segments must have stability against acid hydrolysis for use in cationic block
copolymer having poly(L-lysine). In addition, we demonstrate an enhanced cellular uptake of glycopolymer
presenting mannose by RAW264.7 cells, showing targeting ability of glycopolymers.




(SEC)

@
(
, DDS)
DDS
DDS
(RES)
RES
(PEG)
PEG
ABC
PEG
(PManEMA)
DDS
( DDS)
( DDS)
(€D)
(PLLA)
PLLA
PManEMA
2
1,3-
'"H NMR

'H NMR
2
(- )
(- )(PLL)
PLL PManEMA
2
1,3
V4
3)
RAW264.7
@
(PLLA)
3
PManEMA
1,3-
2- (Sn(Oct),)
L_
PLLA ( /
M, PMMA ) 4500 10000
PLLA
MALDI TOF MS
PManEMA
ManEMA
CuBr, ( )



Oy O CHy = “oH Q
T L e 2ot
o o Sn(Oct); z da.m

HsC s

dry toluene, 90°C
L-lactide PLLA

PLLA

(o}
X
X g WOt
oo Ns/\/\O&Br oH (o)

o CuCly, TPMA fo)
0, ascorbic acid 0
/\ water / 2-propanol =8 /2 /\
HO HOi 30°C HO H
OHp OHoH
ManEMA PManEMA
PManEMA
(o}
2ot %

CHy
PLLA

CuBr o 9
X
PMDETA
" (,O\)L)m 0/\/\“ SN0 A
o CHy N=N oo

o HO HO; N\
~ OH
HG HO PManEMA-b-PLLA OH

OHpH
PManEMA

PManEMA-b-PLLA

(TPMA)
(Activator Generated by
Electron Transfer Atom Tranfer Radical
Polymerization, AGET ATRP)
( )
ATRP (2- -2-
2- )
IR
PManEMA  M,( PMMA )
16000 PLLA
PManEMA
DMF CuB
(PMDETA)
«c )
'H NMR PLLA
PManEMA
SEC PManEMA PLLA

PManEMA-b-PLLA
«C ) SEC

PLLA
PLLA

ATRP

SEC

86 92%
PManEMA-b-
PLLA 'H
NMR
PLLA
(CMO) 40 mg/L

PManEMA-b-PLLA

Mp (kDa, PMMA std.)

1000 100 10

|IIIIIIII IIIIIII T T |IIIII T T T
coupling PManEMA _PLLA
product ~_ | /

| l l I I
25 30 35 40 45 50 55
tg / min

PLLA PManEMA

SEC
2
(- )
V4
L— N- (NCA)
PLL
PManEMA
PLL( )
1,3~
« )
PLL
PZLL
PManEMA Z
(HBI'/CH3C02H)
(MAG)



o
\\/_\f /\NHz NJJ\,)NHZ
Towr H "
NHZ NHR
ZPLL:R=Z N g
PLL: R=H # CHaCOH

PLL

PLL uSH

Cuso, o o
3

2 M sodium ascorbate HoN NN\NN\OW
H,0, 65°C N=N )

PManEMA
o

OH,
PManEMA-b-PLL OH

PManEMA-
b-PLL
(NIPAM)
Boc N-(2- )-2-
2
ATRP Boc
NIPAM
ATRP ( )
CuCl/Me4yTREN DMF 20°C
3
PNIPAM-NHBoc  SEC
M, ( PMMA )
7300 M,/M,) 1.14
ATRP
24
Boc
Boc
SEC
PNIPAM-NH, NCA
DMF 40°C 3
« )
SEC
PNIPAM-b-
ZPLL ( )
PNIPAM-b-ZPLL
HBr Z
'"HNMR
Z SEC
PMAG-b-PLL

0 0
BocHN\/\NJ\(CI NIPAM RHN._~ c
H cuci H

MegTREN HN" S0
dry DMF, 20°C

PNIPAM-NHBoc : R = Boc CF3COH
PNIPAM-NH; : R = H CHZCl,

NIPAM
ATRP

o{f PNIPAM-NH, ?LN P W
} dry DMF

NHZ

PNIPAM-b-ZPLL:R=Z ~ g
CF3COH

PNIPAM-

PNIPAM-b-PLL: R=H

b-PLL

Mp (kDa, PMMA std.)
100 50 10 5

| L T [rrrr 11 T T

PNIPAM-b-ZPLL PNIPAM
N S

| | L
35 40 45 50 55
tz / min

PNIPAM-b-ZPLL  SEC

PNIPAM

3)

RAW264.7

NBD
2- (NBD-AEMA)
NBD-AEMA ManEMA
N-(2- )
(HPMA)
NBD PManEMA-co-
PHPMA ( ) RAW264.7
24 4x10°
cells/well NBD
37°C 5% CO,
24 PBS
DMSO 485 nm
538 nm
DMSO

( )

ManEMA

PManEMA



S

OHpH
NBD-labeled PManEMA-co-PHPMA

NBD
PManEMA-b-PHPMA

120

100

80

60

40

uptake amount (ppm)

20

incubation time (h)

RAW264.7 NBD
PManEMA-b-PHPMA

Makoto Obata, Ryo Asato, Shiho Hirohara,
Kazunori Mituso, “Effect of polymer matrix on
the performance of pressure-sensitive paint
comprising 5,10,15,20-tetrakis(pentafluoro-
phenyl)porphinato platinum(II) and
poly(1,1,1,3,3,3-hexafluoroisopropyl-co-tert-buty
1 methacrylates)”, J. Appl. Polym. Sci., 2016,

, DOI: 10.1002/APP.43316,

Shiho Hirohara, Chio Oka, Masayasu Totani,
Makoto Obata, Junpei Yuasa, Hiromu Ito, Masato
Tamura, Hirofumi Matsui, Kiyomi Kakiuchi,
Tsuyoshi Kawai, Masashi Kawaichi, Masao
Tanihara, “Synthesis, Photophysical Properties,
and Biological Evaluation of
Trans-Bisthioglycosylated
Tetrakis(fluorophenyl)chlorin for Photodynamic
Therapy”, J. Med. Chem., 2015, 58, 8658-8670,
DOI: 10.1021/acs.jmedchem.5b01262,

Makoto Obata, Tomoya Kobori, Shiho
Hirohara, Masao Tanihara, “RAFT Synthesis of
Statistical and  Block  Copolymers  of
2-(a-D-Mannopyranosyloxy)ethyl ~Methacrylate
with 2-(N,N-Dimethylamino)ethyl Methacrylate
and Application for Nonviral Gene Delivery”,
Polym. Chem., 2015, 6, 1793-1804, DOI:

10.1039/c4py01652a,

Makoto Obata, Ryo Asato, Kazunori Mitsuo,
Shiho Hirohara, “Radical Polymerization of
Trifluoromethyl-substituted Methyl
Methacrylates and Their Application for Use in
Pressure-Sensitive Paint”, J. Polym. Sci. Part A:
Polym. Chem., 2014, 52, 963-972, DOI:
10.1002/pola.27076,

, ., “RAFT
- )
7, 64
9 ( 9
),2015 9 15 17
s , “DDS
”’ 63 ,
( , ),
2014 9 24 26
- )
”, 63
, ( )
),2014 9 24 26
R , “RAFT
”, 63
( ,

), 2014 9 24 26

http://www.ccn.yamanashi.ac.jp/~mobata/index.h
tml

@
OBATA, Makoto

@
HIROHARA, Shiho



