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gugoln =X 23)-N-o|g7lHrjoln = lol=2FZelo|=(EDC) L N-dlo]==A]AAlolu]= (NHS) & A1
vl S=g ] AFRZEE ¢t

Zuda = (PVP) 2 9 (98 %) 2 Alfa aesarAF2ZHE, o} U2H(AAc) & W1 -Fo 25 | FA-PEG-
NH, & Nanocs, HAaFHAE 33t 8 9 (Tokyo Chemical Industry)=25F-E J3st3ict.
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upxgto 2 A (Doxorubicin)E  BUsta 24413 wwksl ¥ FA7AZE 5] Dox@NIPAM-AAc-PPy-FAS
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% 2a ¥ 2by ¥ ouby AA)do] A Az PNIPAM-AAc-ppy Y=EgAe] 994 =27 2 e &4 Ao,
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T 2a @ 2be =AE v} o] TEM (Transmission electron microscopy, 200kV)S 3] vw=iE3bxel 3
W7 A4S BUsth. PNIPA-AAc Yeiaks oF 274 migl #U @ FHE dEblt. Ze9Es =9
PNIPAM-ppy ¢t @4HS &8sk PNIPAM-ppy-FA:= ¢F 275 nm % 285 nme] FAMSH =712 yeldion, yYxgdat
o] Ae AE T3 EuEel # FAAEMS FAsSIT.

[e) AMAE =2 =1

OFES WAE Dox@NIPAM-ppy-FAFE 290 nmm= F7Fste] &dbAl7E vUxE3fAd @4 HASS YERAT (2
2a). 12]al DLS (Dynamic light scattering) #*1S %3] PNIPAM-AAc, PNIPAM-ppy, PNIPAM-ppy-FA 2
Dox@PNIPAM-ppy-FAS] A 7L 717} 432, 450.7, 468.6 L 486.7 mm= YEPES &9 o, yw&EgA z+7
o] 27L& TEM Hr} IA T YreE3tAe] ¢4# 7] @ F2+ FAME AES vERITH(E 2b).

= 3a WA 3ce E oy AAjdo A Az PNIPAM-AAc-ppy Yx=EghA|e] LCST 2 =7 W3 &4 Axjfo|t},
TAAH o2 % 3ai= PNIPAM-AAc, Dox@PNIPAM-AAc-ppy-FA2] LCST 4 ZA}o]t}. = 3b Z 3¢ PNIPAM-AAc,
Dox@PNIPAM-AAc-ppy-FA Y= i3tAe] &5 Wslo]| w2 sy 274 4 Azolr},

= 39 Z=AJE nke} o], PNIPAM-AAcol F3tE Zg|9 &9 93-S A7) 18, PNIPAN-AAc 2 Dox@PNIPAM-
ppy-FAS] LCSTE DLSE %3 &H3U (= 3a). PNIPAM_AAcE 45 CE eI, Dox@PNIPAM-ppy-FAS] LCST+=
42 CZ PNIPAM AAc Bt} @& ex 2 ey, thgoz %o Wald we J-Batxe 77 Wals pLSS
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[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

Z2HE3d 10-2022-0043756
=28 BAsgnt. 57t Z7138ke] whgl PNIPAM_AAcS] 7]+ 436 nmoll A 177 nmE 7+4 331, Dox@PNIPAM-
AAc-ppy-FAS] =71+ 630 nmoll A 420 nm= 7FA3FFTH( = 3b 2 3c).

v BEkAlelA Fed &9 o AE IR gteE SE-3dE ARsE 9
A Al =gle] A8 2 9FS MAA FaE Lot

ro
£
o

= =
o AN 8 Aol % abis FeRAR Aol gl 9% 1A Ao, % det Wvis 2

g, = da WA 4eoll =ATE vkel o] U BgHAe] A e A AlE A9 4 A7 PNIPAM-AAc e
AA= -37 mVE YERIS™ | PNIPAN-AAc-ppy, PNIPAM- AAC ppy-FAS] ke -29 mV, -15 mVE ZIE FWH
ol 3} FA-PEG-NH,7} Yx=E3tAo] Aoz AL USS HojFE=rh, FES =%k Dox@PNIPAM-AAc—ppy-FA<)

AE} A= TA] -28 nVE vi= RS GRASUTH(E 4a).
% 4be YxEgA 9 FT-IR (Fourier—transform infrared spectroscopy) 41 ZA3} =, PNIPAM-AAce] C=0, NH
9 C00HO| -SaH= 9 37F 1545, 1645 2 1750 cm oA THEE Q).

PNIPAM-AAc-ppy 9} PNIPAM-AAc-ppy-FAoll A Z&]3] & (polypyrrole)e] 1§ 339 9359} 1050 cm 01]/\1 2714 9]
927} PRSI, E3, PNIPAN-AAc-ppy-FAS] ~HE@6|A, 1107 2 2880 cm o ¥]3 PEG AFZe] C-0-C
35 eI,

EESAe] FE EAT FA9 34 AHE Hrish] 98] 0.1 mg/mLY F
1100 nm®] FFH=E UV-vis (Ultraviolet-visible) E4HES Ed SH=S
PNIPAM-AAcE o}lF-H S3 == YEeRA ¥gkon] PNIPAM-AAc-ppy, PNIPAM-AAc-ppy-FA 2 Dox@PNIPAM-AAc—
ppy-FA B5F Z2|I &R QUdt 2Hod JYolAa FFEE YERUE AS A5,

PNIPANM-AAc—ppy-FAE 280 nmollA] FA 1159 F714<¢ &35 2 velyon | Dox@PNIPAM-AAc—ppy-FASl A& 280
nmét 480 nmell Al FAS} Dox 9 THEE Vet AL geladti(E 4c).
% 5a WA Ser ¥ @ A Ajooll Al #lZ¥ PNIPAM-AAc-ppy Aol Fd 54 8 avolt. AR,

& Sax TYIE 5 2 FFFI Bl (volume ratlo))oﬂ ot % a3 B@rrelal, = b EY9E FFH(F
3] B](volume ratio)) 20%¢ A9 F9 F¥ HolEHE F7l2 EAT Zo|t}.

o

T

rlm _::
E%
2

28 A3 oF 7% b
Fardh. 20 49 NE wFAS AHED
I8 28ld "ot AL st ox ZeuEAe $Hst] TxA

H
o

= 5a % 5pE A %3

-

% 5ce ZYIE 10 %(volume ratio)Z 3+ 9o v HA| 9 wxo wE Fd EA H7F A3yolal, & 5d
= Z99E 10 %(volume ratio) % 0. lmg/m1° AS-o Uk HBgkA|e] dolA A7]e] wE BdE EA Hrlol
% bem EYIE 10 %(volume ratio) % 0.1mg/mlQl Aol LHLH A F50] w2 YA 44 A
|44 Hr7t AFolth

Hrtetgitt. 9 5y JH3

Fof| w2 2% WIE FAHEP o Z 29 E 10 %(volume ratio)®
T Aol =

8 Y=EEAe s JA4
74 9-¢1 Dox@PNIPAM-ppy-10-FAcl| A} &

(0e]
()
oo
=
=
vy
o,
2
i
Y
i3
lo
ok
ofd
ified
fol
i
H‘I il

ol

E

|\

(o

U
H43te B9 FF9 DoxePNIPAI-Mc-ppy-10-FA £AO2 FE% dlola AVl me ex W3
st dolq AVt FAARE & o] £22% SIsHTHCE 5e, 54).
3}

H
%,
ol}

i
39 YL BRI s 158 AR dolAe] A Ast, o) AbolEvieh o 33
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[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

SIHS31 10-2022-0043756

@A) OFE BE AT B7h, % 6bE Aol 24 Rl mE R oFE 3E A% B7h Astelrt
= 6a % 6bolA BiFe], £E W NIR @olq Aol o|% DoxGPNIPA-Mc-ppy-FA Lhe B A2 E | ok 3
& ABS WA 25 T, 37 T % 50TAN 7243 B OFE $E ASS wRedw, B +H wE
e 77 15 %, 42 % 3 67 %2 50CAA 7PF ¥ oFE WES ehth(E 6a).

e 25 A LA 718FS] Dox@PNIPAM-AAc—ppy-FA Wi BdA7F 25 A& &3 %z H=o
KR

glojA At oF ymEgAle] ofE WE Aes W 23, 25T, 37CREG 37CoA NIR Zlo]AES A
.

6b)
o= NIR #lo] A ZAF Alell vhieghal Wid-oll =4 ek ;‘—3134%94 FEEAE Q& vl LCST 2ok ¥ %
o &

E 7 2 Ew AAjdel lojA MIT assayoll 4l thgdh 5=l whe PNIPAM-AAc-ppy “=53HA1e] Al =4

7} A3} o)t} (A549: Folate receptor negative cells, MDA-MB-231: Folate receptor overexpressed cells).

T 7oA BZo]l, B AAAF(Y EUE A FUAAE HHSHA @2 PNIPAM-AAc—ppy-FAE = ¢t
[e]

(A549) = SFoF(MDA-Mb-231) Aol 24X 7F ¢t vjokale] MIT assay® AE =4S Hrtslgivt.

1 A3} PNIPAM-ppy-FA Ux=E3t4E= %% (100 pg/mL)oA%E 85 % o4 AE AEES Ei IE AgS
et Y EFARA 53 A AFAHS dERdE AS dlsgit.

2o Ao A A ZE Dox@PNIPAM-AAc-ppy-FA W=23A9] ik 484 (Folate receptor) X7
37} Ajolt),

TA A o7 PNIPAM-AAc—ppy-FA V=83 A4S 2 g]dk A549 A|Ee] & o]u|x|o]al, Dox@PNIPAM-AAc-ppy-FA }
S 223k A549 AME2] F3F ojnx]o|n | Dox@PNIPAM-AAc-ppy-FA Yx&-dAS =23k MDA-MB-231 A
o] 33g ojm A o]},

L 8 e Y5 FA Y Folate receptor7t & E & M 3 S8HE H7Eer] 918 CLSM (Confocal
laser scanning microscopy)= &3 &A% Helt}. 1 A3, PNIPAM-ppy-FA, Dox@PNIPAM—ppy—FA% =] 2] gk
A549 (Folate receptor negative cells) A|3EoA &= A gFo] #AH A LUTI(E 8). Dox@PNIPAM-AAc-ppy-
FAZ = 2]3F MDA-MB-231 (Folate receptor positive cells) A|Eo|A+= 733+ 2 A 63“@’0] & HAH(E 8).

|

o i
o &

\<

B

o] 2|3t Ax}+= Dox@PNIPAN-AAc—ppy-FA Ui=E3tA7F =&A-m7] AE U o] ARE Za] 92 84 (Folate
receptor)7} 2d i oF AXont yAs 2 4 S8 vehd.

= 9v 2 2 Ao Alxzd yx 530 24 AaEAM, = 9ax dolA A el dAgle]

PNIPAM-AAc-ppy-FA % Dox@PNIPAM-AAc-ppy-FA U345 228 MDA-MB-231 Ao AE& HA Azjon,

% 9b @Ol A A} $lo] PNIPAM-AAc-ppy-FA 2 Dox@PNIPAM-AAc-ppy-FA Lp=23HA1E 2|3t A549 AlEo] Al

E& 24 Aol

= 9= YxagAe ge-3d As :éz%% gelst7] A8, NIR #le] Al 2=AF ol e MDA_-MB-231 A9

A 54 B Zoleh, ohol gl PNIPAN-AcppyFA RedgHARh A2l @ dl2ol A 95 % ol4el

& AEES BT, heugA ol aﬂOW% 24 AFolAE Age) B mn e AE &gl o

Aade et

ohed A5 Dox@PNIPA-AMc-ppyFA the3HA1 S 37 Tl et 2 Collxe] & W&z <l
5 ZAYEE aAFo M= AE AEE] 25

& 9bi= A549 Aol NIR o)A ZAF glo] oFE ®A f5o we Alx 545 H7EeE Aot A549 A= 4
b &A (Folate receptor)7} @ 314 @& AEZRZ, Y YA7F AE o2 UiAlst =4 k7] wjiel 85
€]

- H
woldel w2 AE AEEE dehlE AS #Asksl. ol2@ Ao Dox@PNIPAM-AAc—ppy-FA Hi=3gA17} <
AF 484 (Folate receptor)7} #2383l MDA-MB-231 A X%k WAE =i, NIR #lo|A ZA} Ald] 3}3-34
Am2 Qe AYA G35 YERIS HojFErt.

T 102 3w Ao A MDA-MB-231 M EZAA #E-3E A= F Live(green)/dead(red) BF oA o|t},
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[0124]
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?iﬂﬂo& o] 333 o|mx], PNIPAM-AAc-ppy-FAE A& & FF olnx|o]™, Dox@PNIPAM-AAc-ppy-
AE AEg & FF o|n|H|o|t},
% 102 Dox@PNIPAM-AAc-ppy-FAZS ©]-&3F MDA-MB-231 M FEolAMe 3e-34d x5 ax=z: Btz Yl
B A/ Ao AZsgE Aok, 1 Ad, ol E AHEehA] ek i NIRS
APES HERA ekokom | NIR #lojA ZAbE Al AE] 43S nAA ke Ao

| Oi PNIPAM-AAc-ppy-FAol A= #lo] & ZALF Alo] okzke] A A1 3 (A APE)S
i YxeEFA= A% Fd UrER‘iEHE 10). °FE-o] 9l Dox@PNIPAM-AAc-ppy-FAol A= #Ho]# xA}
Nl Bt oE W FAE APES UERSaL, HolAE A 38 we o B2 Ay g

7t @
AEF AE "ol A zke #EeATHE 10).

)

[o

live/dead assay kit&
A3k gzl e AE
2 Yehgt(x 10). Eo

[o

o213k A= Dox-PNIPAM-AAc-ppy-FA7} 53 3het-3<d A58 UxmSdAds ov .

=35}
EWIa
— g @
@ Pyrrole FAPEG l,u-r &
¥
PNIPAM. AAC PRIPAN ppy PNIPAM ppy FA
NIR sk
Y @
" - R
= - L ] & g=¥ ™
o ¥’ ) o - - Q
— —_— e_ .,
Doy . * Ta>LCST AR AL
4 . : Q ,
. & o
DoxE PNIPAN ppy-FA Dot Rebease
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PRIPAN Ake PRIPAN pgy PFNTPAM. ppy FA
EW2
" FRRPAM AL ”[ FNTEAM i FARFAM gp3-FA | sl Dk FAIFAM gpr-TA
- =
i "
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250

200

Size (nm)

150

—s—PNIPAM-AAc

0 42 I 48
Temperature (°C)

Size (nm)

—s— Dox@PNIPAM-ppy-FA

a8 40 42 44

Temperature (°C)
~—~PNIPAM-AAc

=&=Dox@PNIPAM-ppy-FA

636.4

436.3 4199
2891
176.9
25°C 37.5°C 50°C
Temperature (°C)

_14_

ZIHS3d 10-2022-0043756



v — N
s s w

Zeta Potential (mV)
p”

45

PNIPAM-  PNIPAM- PNIPAM- Doxi@ PNIPAM-

AAc PPy ppy-FA

ppy_FA

Transmittance (a.u.)

= PNIPAM-A Ac
= PNIPAM-ppy
— PNIPAM-ppy-FA

1750

W

1107

Wavenumbers (cm ™)

4000 3500 3000 2500 2000 1500 1000 500
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Absorbance (a.u.)
o o o
= o ]

e
e

0.0

—PNIPAM-AAc

= PNIPAM-ppy
———PNIPAM-ppy-FA
~———Dox@PNIPAM-ppy-FA

480 am

300 400 500 600 700 500 900

Wavelength (nm)

AT (°C)
5 & 8

.

—e—Dox@PNIPAM-FA
—o—Dox@PNIPAM ppy-5-FA
[ —a—Dox@PNIPAM-ppy-10-FA

Ty

2 1S 18 N
Time (min)

Doxia@PNIPANM-ppy-20-FA

6 9 12 15
Time (min)
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——0.05mg/ml
—=0.lmg/ml

6 3 6 9 12 15 18 2N 24
Time (min)
Edbod
s —— 1Wim"
—— IWicm*
20 F-* IWim®

-
‘A

AT (°C)

‘A

0 3 6 9 12 15 18 2
Time (min)
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Temperature (°C)

Cumulative release (%)

©
w | on o off on o
SN[
2%
On On On On On
15 - . . . .
0 0 &0 90 120 150 180
Time (min)
100

=—Dox@PNIPAM -ppy-FA 25°C
=o—Doxi@ PNIPAM-ppy-FA 37°C
=& Dox@ PNIPAM-ppy-FA S0°C
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EH6h
0 — —
- =o=Dox@ PNIPAM-ppy-FA 25%C
S —=Dox@PNIPAM -ppy-FA 37°C ;
g ¥ [~*Dox@PNIPAM ppy FA 37°C+NIR
; On On On On
e
B
z 20}
-
= 10}
&
z .
0 1 2 L] 4 g

Time (h)

EH7
120
B 4549
L ] -
s MDA-MB-231

Cell Viability (%)
2

0 20 40 o0 30 1040
Concentration (pg/mL)

1
g
o

Phalloidin Doxorubicin (Dox)

PNIPAM-ppy-FA
in AS40

Dox@PNIPAM -ppy-FA
in AS49

Dox@ PNIPAM-ppy-FA
in MDA-MB-231
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EH9a
10 b 8 oatrad _
8 PNIPAAL ppy-FA « NIR
. 120} B Doxd PNIPAM ppy - FA = AT
- c & Dox @ PNIPAM ppy - FA « 37C <« NIR
< i ]
é.
3
-
=
-
-
0 bt ] & &) w0 100
Concentration (jug/ml.)
EH9%
120 SPNIPAM ppy-FA
B Dox@PNIPAM ppy-FA
= W0 1 )
-
» B
1 .
a8
-
== -
-
-
b
]
=] 20 &0 @0 50 160
Concentration (ug/ml.)
EHI0
Control PNIPAM-ppy-FA Dox@PNIPAM-ppy-FA
b y & % 4 . - . (I '. : -
NIR OFF
NIR ON
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