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$SEVWUDFW

7LPHO\ O\VRVRPH HVFDSH LV YHU\ LPSRUWDQW IRU QD
GHJUDGDWLRQ +HUHLQ ZH UHSRUW DQ H[FLWLQJ ILQGI
PRGLILFDWLRQ FDQ JUHDWO\ IDFLOLWDWH WKH O\WRVRPF
&3%V DQG IXUWKHU SURPRWH WKHLU H[RF\WRVLV D
IXQGDPHQWDO I1LQGLQJ IRU WKH ILUVW WLPH UHYHDOV
SHQHWUDWLRQ RI QDQRPDWHULDOV YLD DQ DFWLYH WUD
WKH PHFKDQLVP RI WKH 3%$ HQKDQFHG O\WWRVRPH HVFDS
LOWHUDFWLRQV RI WKO\ZPRWRALRX  ZREMKD Y SURWHLQV
SURWHLQV 7KH IHDWXUHG DGYDQWDJH RI WKH 3%$ PRGI
HVFDSH VWUDWHIJLHYVY LV WKDW LW GRHV QRW FDXVH VLJC
WKH &3%V )XUWKHUPRUH GR[RUXELFLQ ZDV FRQMXJDWH
GUXJ ORDGLQJ FRQWHQW ODUJHU WKDQ 7KLV &3%V E

WXPRUV HVWDEOLVKHG LQ PLFH E\ PXOWLSOH LQWUDYHQ
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‘HOO GHVLJQHG QDQR GUXJ GHOLYHU\ VA\VWHPV FDQ VH(
the enhanced permeability and retention (EPR)cé® +RZHYHU WKH\ ZRXOG E
ULVN RI GHJUDGDWLRQ DIWHU FHOO XO DW HQ WHW\W D DW]LR/
EHFDXVH RI WKH K\GURO\WLF HQ]J\PHVY DQG KDUVK DFLGLF
O\WRVRPDO HQWUDSPHQW LV D PDMRU ERWWOHQHFN IRU
LQ VXEFHOOXOMNW LUYHFUXFLDO IRU QDQR FDUULHUV WR \
O\WRVRPHV LQ WLPH WR DYRLG WKH GUXJ GHJUDGDWLRAQ

8S WR QRZ VHYHUDO DSSURDFKHY KDYH EHHQ GHYHORS
RI QDQRPDWHRUDBMOPSOH E\ HIHUWLQJ WKH QHJIJDWLYF
O\WRVRPDO PHPEUDQH VRPH SRVLWLYHO\ FKDUJHG PDV
FDUULHUVY DQG DFKLHYH O\WVRVRPH HVFDSH E\ GHVWDELO
HOHFWURVWDWLF $IQRWHKHUFWOLRSIMDFK LQYROYHV WKH
HIFHSWLRQDOO\ DEXQGDQW EDVLF JURXSV VXFK DV SRO\
WRXSWXUH O\WWRVRPHV YLD WKH VR GROKMRGHE UPRHWPEQ D/GH
IXVLRQ LV DOVR DQ RSHUDWLRQDO zZD\ IRU O\WWRVRPH HV|
XVLQJ FDWLRQ Lfescgdnis Raptiesd VheRdimer fusssLW K WKH O\WRVRP|
PHPEWRGIMHFWURVWDWLF fuspyerityp&pidadd RIQMWMH YCHO BHW EH D Q H
IXVLRQ WKURXJK FRQIRUPDWLRQDO FKDQJH LTXWKH DFL
DSSURDFK WHUPHG DV SKRWRFKHPLFDO LQWHUQDOL]DWL
SKRWRVHQVLWL]HUV WKDW \LHOG UHDFWLYH R[\JHQ VSI
IXUWKHU LQGXFH O\WWRVRPH UXSWXUH W I$0QRXIAKX WK MV IGHD P

DSSURDFKHV PHQWLRQHG DERYH FDQ DFKLHYH O\VRVREF
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QRWLFHDEOH GUDZEDFNV $V ZHOO GRFXPHQWHG DIWHU
FKDUJHG PDWHULDOVY DUH SURQH WR RSVRQL]DWLRQ DQG
OLWWOH RSSRUWXQLWXKWMRYWHDAMKHWXRRBEKDUJH UHYHUV
PDWHULDOV QHXWUDO RU DQLRQLF LQ EORRG FLUFXODWL
KRZHYHU VRSKLVWLFDWHG GHVLJQ DQG SUHSDUDWLRQ
UHYHUVDO DW WKH WDUJHW \RW HVK IfvsedandieeidEs KX JH FKD
WKHLU DELOLW\ WR HVFDSH IURP O\WRVRPHV ZRXOG EF
QDQRPDWHULDKOMMKDRRG/WHKOH G TXLWH M 80linitDWHG SUH
greatly their applicatiodd 7KH 3&, DSSURDFK LV JUHDWO\ OLPLWH(
SHQHWUDWLRQ GHSWK RI WKH H[FLWLQJ OLJKW DQG WKHX
DQG LQWURGXFLQJ SKRWRVHQVLWL]HUV$PBRUBLQUD\D G
GHYHORSLQJ HIIHFWLYH VWUDWHJ\ IRU WKH O\WRVRPH HYV
HITHFWV RQ RWKHU SHUIRUPDQFHV LV YHU\ LPSRUWDQW |
+HUHLQ ZH SUHVHQW DQ H[FLWLQJ ILQGLQJ WKDW SKH{
FDQ JUHDWO\ IDFLOLWDWH WKH O\WWRVRPH HVFDSH RI F\O
IXUWKHU SURPRWH WKHLU H[RF\WRVLY DQG WWDQVFHOO:
EHHQ IUHTXHQWO\ REVHUYHG WKDW 3%$ JURXSV FDQ L
WDUJHWLQJ DELOLW\ RI QDQRPDWHULDOV WKURXJK WKH
6$ UHVLGXHV RYHUH[SUHVVHG RQ YDULRXV WXPRU FHO
WXPRU SHQHWRDMMHRWY WKH PHFKDQLVP IRU HQKDQFLQJ W
XQFOHDU 7KLV ZRUN GHPRQVWUDWHY WKDW LW LV DQ DI

3%$ PHGLDWHG FHOOXODU XSWDNH DQG 3%$ HQKDQFHG
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JXUWKHUPRUH XVLQJ WKH 3%$ PRGLILHG &3%V DV QD
GR[RUXELFLQ '2; WKURXJK S+ VHQVLWachiededdigh OK\GUD]R
drug loading content larger than 20% and high tumMbK H U Be8ithy\WCIPBs are a

class of nanoscale one-dimensional polymers with wormlike morphology. This
morphology together with their well-defined chemical structure and controllable size

make them very suitable for delivering drugs, because the wormlike morphology is
favorable to tumor penetration and well-controlled chemical structure and size provide
reproducible pharmacokinetic and pharmacological préfif@&sThe 3% $ PRGLILHG
&3%V GHVLIQHG KHUH DOVR KDYH VHYHUDO RWKHU DGYL
FDQRW RQO\ SURPRWH WKH O\WRVRPH HVFDSH EXW DOVR
DQG WXPRU SHUPHDELOLW\ RI WKH &B&AZ LWV HOORYIWRUL
SRO\ FDUER[\EHWDLQH 3&% EORFN LQ WKH VLGH FKDLQ
K L JKti-biofouling DELOLW\ WKH padW@IHBLG\O PHWKDFU\ODWH
EORFN LQ WKH VLGH FKDLQV SURYLGH VXIILFLHQW PRGL
7TKHVH VXSHULRULWLHY HQDEOH WKH SURGUXJ WR HUDGL

PXOWLSOH LQWUDYHQRXYVY DGPLQLVWUDWLRQ
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Deep penetration

Acti\;e tumor targeting

" Sialic acid " Glycosylated protein @®DOX
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SHVXOWYV

6\QWKHVHYVY DQG FKDUDFWHUL]IDWLRQV RITWidte GUXJ ORD
clear the effect of PBA modification on the \VRVRPH HVFDSH RI &3%V DQC
HITLFLHQW WXPRU WKHUDS\ ZH PHWLFXORXVO\ GHVLJQH
&3%V QDPHG %&3% % DV ZHOO DV 3%$ IUHH &3%V QD
PDWHULDOV 7KHLU FKHPLFDO VWUXFW XEdI1b D/IKE VI\QWKH
EDFNERQH QDHIGb 3R %&3% % DQG %&3% ZDV VIQWKH
SRO\PHUL]LQJ WKH PRQRPHU JO\FLG\O PHWKDFU\ODWH YL
FKDLQ WUDQVIHU 5$)(@iving RONMR)H follolvBdAbl RaQverting the

epoxy groups to azido groups via the reaction with sodium azide (Supplementary

Scheme 1). The side chain of BCPB-B is a triblock copolymer and synthesized by a
three-step atom transfer radical polymerization (ATRP) wittt RSDUJ\O
EURPRLVREXW\U D®upplémeney ScigmeViTe wner block (the block

adjacent to the backbone) of the side chain is designed to be PGMA, whose abundant

epoxy side groups can be used for functionalizations. The second block is poly(2-
tertbutoxyN-(2-(methacryloyloxy)ethylN,N-dimethyl-2-oxoethanaminium) (PCB-

tBu). After the cleavage of theert-butyl ester protecting groups, a zwitterionic
poly(carboxybetaine) (PCB) block can be formed and impart high water solubility and
anti-biofouling ability. The third block is poly(OEGMA-Bpin) (POBpin,
Supplementary Scheme 1) and is used to provide PBA functional groups after removing

the pinacol ester. The reference material BCPB has the side chains without the third

block, which is the only difference comparing to BCPB-B. For bMhKk H WZR W\SHV RI

7



134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

&3%V WKH VLGH FKDLQV ZHUH JUDIWH® RQWR WKH

catalyzedalkyne-azide 1,3-dipolar cycloaddition (CUAAC). Antitumor agent DOX was
covalently bound to the PGMA block &% &3 % % D Q @rddgh & %H-sensitive
acylhydrazone linkage to achieve the responsive drug release in the weak acid
environment of tumors. We take BCPB-B as an example to illustrate the drug loading
process. We first converted the epoxy group&ar& 3 % ( 3oFig. 1b to azido groups
through the reaction with sodium azigad then performed the CUAAC between the
azido groups andN-propynoyl-hydrazinecarboxylic acitert-butyl ester (PHTE),
affording % & 3% % Supplementary Scheme JAfter the cleavage of theert-
butyloxycarbonyl (Boc) protecting groups by trifluoroacetic acid (TFA), acylhydrazine
side groups were formed in the inner block and used to link DOX via the reaction with
the carbonyl group in DOX. It is notable that in the process of the Boc cleavage, the
protecting groups of theert-butyl ester in the second block and the pinacol ester in the
third block would also be completely cleaved, afforditg 3 % Fip 1b The DOX-

loaded % & 3% % DQG %&3% DUH QDPHG 3%&3 %Figo 112; DQG
UHVSHFWLYHO\

The characterization data d% &3 % % '2; DQG % &8 Well2as their
precursors can be found in Supplementary Fig. 1-18.'MhRMR spectrum of the
backbone PGA is compared with that of PGMA in Supplementary Fig. 1. As can be
seen, the proton signals of the glycidyl moieties are observed at 3.23, 2.84, and 2.64
ppm in the spectrum of PGMA, and disappear completely in the spectrum of PGA,

indicating the high conversion efficiency of the epoxy to azido group. @h¢P EH U

8
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D Y H Uninleeular weight NIn) and polydispersity indexes Y of PGMA were

measured to be ~147,000 and 1.13 by gel permeation chromatography (GPC),
respectively (Supplementary Fig. 2Z)KH QDUURZO\ GLVWULEXWHG PROHF
EDFNERQH ZRXOG SURYLGH WKH SRO\PHU EUXVKHV ZLW
PLQLPL]H WKH FRQIRXQGLQJ IDFWRUV ZH XVHG WKH VHF
FKDLQ RI % &e%ideociaM o & 3% 7KH VLGH FKDLQ RI %&3% ¢
SUHFXUVRUV ZHUH VWUXFWXNDR GpectraK &BUMEWY HHUL]HG E\
Supplementary Fig. 4-6.7KH SRO\PHUL]DWLRQ GHJUHHV RI WKH 3*
32%SLQ EORFNV ZHUH HVWLPDWHG WIR NMR speetaX W D
respectively. The GPC data of the three-step ATRP prodit8$ 3*0$% 3&% W % X

DQG 3*0% 3&% W%X 32%S ISQppl@itdentavykiR) Z QHelr @1, and

values DUH GHWHUPLQHG WR EH DQG
$IWHU JUDIWLQJ WKH VLGH FKDLQV RQWR WKH EDFNERQ
%&3% % (3 DQG %&3% (3 7KH KLJK JUDIWLQJ HIILFLHQF
FRP SDULYV Rdrid® transtoim infrared (FTIR) spectra of the backbone and the

S R O \Ifrshes. As shown in Supplementary Fig. 18, a strong absorption band at 2100

cm! assigned to the azido groups can be observed in the FTIR spectrum of PGA and
disappears completely in the spectra of :1& O \ Briishes, indicating that almost all

the azido groups have reacted with the alkynyl end group of the side cHdinD O VR
FKHFNHG WKH VL]H GLVWULEXWLRQV Rl %&3% % (3 DQG ¢
DOWKRXJK WKH PHDVXUHPHQWY FDQ QRW SURYLGH DFFX

WKH SRO\PHU EUXVKHV GXH WR WKH KXJH VWUXFWXUDO
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OLQHDU SRO\VW\UHQH VWDQGDUGV )LJ D B8QLPRGDO F
REVHUYHG IRU ERWK %&3% % (8udsQ@abétikl3Zs afd 126 W K

7KH QDUURZO\ GLVWULEXWHG VL]HVY DUH JUHDWO\ IDYRU
ELRORJLFDO SURSHUWLHYV FDXVHG E\ WKH FKHPLFDO VWL
IURP GLIITHUHQW VL]J]HV FDQ EH HVVHQWLDOO\ HIFOXGHG
WR WKH SRO\PHU E Upk\snsitive \ackibyBrazdike Nakade, affording

%&3% % '2; DQG %.&B&arothatic proton signals from the DOX moieties

can be observed at 8.10-7.60 ppm in tH¢iNMR spectra (Supplementary Fig. 16-17)

The UV-vis absorption spectra 8 &3% % '2; % &3% '2; DQG '2; DUH VKRZ
Supplementary Fig. D ,W FDQ EH VHHQ WKDW ERWK %&3% % '2; C
WKH DEVRUSWLRQ FKDUDFWHULVWLFV RI '2; 7KH '2; FR
%&3% '2; ZHUH GHWHUPLQHG E\ PHDVXULQJ WKH DEVRUE
HVWDEOLVKHG FIhanksEdii2Abumiignt Feddtionkiteés& 3% % '2; DQG

% & 3% ' Jresent high DOX contents of about 21% and 23%, respectively, and

maintain desirable water solubility as shown by the photograph of their water solutions

Supplementary Fig. E.
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)LJ &KDUDFWHUL]DWLRQV DQG GUXJ UHOHDY3REHKDYLR!
FXUYHV Rl %&3% %RFOQAPOEB%H%)0 KHLIKW LPERBJBYRI % & 3%
% & % B adsorbed on UH V KO\ rRi€aHronY dil@e water solutions. Scale bars =
200nm. GH,Q YLWUR '2; UHOHDVH SURGLDGIV RE 332 % '2;
LQ 3%6 0O ZLWK GLITHUHQW S+ YDOXHV DW f&

We examined the morphological structures of the two types of polymer brushes
before and after drug loading by aticrforce microscopy (AFM). As shown in Fig. 2b,
C, ERWK %&3% % DQG %&3% KDYH D W\SLFDO RQH GLPHQVL
DAOYHUDJH OHQJWK RI a QP DQG FURVV VHFWLRQDO G
LQVWDQWDQHRXYV FRQILIJXUDWLRQV RI WKH SRO\PHU EUX)\
WKHLU JRRG IOH[LELOLW\ )URP WKH $)0 LPDJHV Rl %&:
Supplementary Figg F G LW FDQ EH VHHQ WKDW WKH PRUSKI

EUXVKHY GR QRW FKDQJH VLJQLILFDQWO\ DIWHU WKH GU.
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,Q YLWUR GUXH VWNREBDNWE WKH LQ YLWUR '2; UHOHDVH SUI
DQG %&3% '2; LQ GLIITHUHQW S+ PHGLD VLPXODWLQJ WKH
EORRG FLUFXODWLRQP R S+ i DQG O\WRVRPHYV
UHVSHFWLYHO\ $V VKRZQ LQ )LJ G H W\SLFDO S+ GF
REVHUYHG IRU ERWK %&3% % '2; DQG %&3% '2; $W S+
DQG : RlI '2; UHOHDVHG ZLWKLQ K ITRU %&3%

'2;, UHVSHFWLYHO\ $V H[SHFWHG ZLWK WKH GHFUHDVH F

WZR VDPSOHVY LQFUHDVH UHPDUNDEO\ $W S+ WKH FXP
K DUH : IRU %&3% % '2; DQG ¢ IRU %&3%
WKH YDOXHV DUH “ DQG ¢ UHVSHFWLYHO

UHOHDVH UDWH RI %&3% % '2; LV VLJQLILFDQWO\ KLJKHU
VDPH FRQGLWLRQV ‘H VSHFXODWH WKDW LQ %&3% '2
LOQWHUDFWLRQV EHWZHHQ WKH JZLWWHULRQLF 3&% UHS]|
SDH&ORVHO\ KLQGHULQJ JUHDWO\ WKH '2; UHOHDVH IUR
%&3% % '2; WKH WKLUG EORFN PD\ GLVUXSW WKH FORVHC
VHIPHQWY LQ VRPH HIWHQW OHDGLERH %R WAHKH LUDVV WH G |
UHOHDVH EHKDYLRUV Rl %&3% % '2; DQG %&3% '2; DU
acylhydrazone linkage between the DOX and polymer brush moietiespalddH JUHDW O\

EHQHILFLDO IRU UHGXFLQJ XQZDQWHG VLGH HIITHFWYV DQC
GUXJ UHOHDVH LQ FLUFXODWRU\ VA\VWHP LV UHPDUNDEO\

EDVLFDOO\ DFKLHYHG

12
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,Q YLWUR F\WRWR]J[LF L WToR\QIGaté tHeopbaxntaEolo g autDity bi

the drug-loaded polymer brushesd the biosaftyR | HiWU§-free polymer brushesWw K H
F\WWRWR[LFLWLHV RI %&3% % '2; DQG %&3% '2; DIJDLQVW P
&7 KXPDQ EUHDVW FDQFHU FHOOV 0&) DQG KXPDQ O
PHDVXUHG E\ 077 DVVD\ ZLWK %&3% % DQG %&3% DV QH.
SRVLWLYH FRQWURO )RU DOO WKH WKUHH FHOO OLQHYV
F\WWRWR[LFLW\ HYHQ DW D KLJK FRQFHQWUDWLRQ RI
F\WRFRPSDW L Bugplementajykilg. D %\ FRQWUDVW HDFK RI WKH
IRUPXODWLRQV RI %9&3% % '2; %&3% '2; DQG IUHH '2; GLV
F\WWRWR[LFLW\ DQG WKH IRUPHU WZR VKRZ VOLJKWO\ OR
IUHH '2; ZKLFK FDQ EH D VHGIHMHGED WHR BAHKHD Y XRFWAD RQ % & 3 ¢
DQG %&3% '2; Suppleméntary Fig. 7KH ,& YDOXHV RI WKH WK
IRUPXODWLRQV DJDLQVW WKH WKUHH FHOO OLQHV ZHUFE
1RWDEO\ IRU HDFK FHOO OLQH %&3% % '2; VKRZV D PXFK
ZKLFK LV DWWULEXW DIE@KE 3R WKRH WK D WURKXEBURPRWH W

XSWDNH GXH WR WKH WDUJHWLQJ HIITHFW RI WKH 3%$ JUR

13
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)L ,Q YLWUR F\WRWR[LFLW\ DQG FHOOXODB OYSWDNH RI
DVVD\V IRU EOD @ & GANVKIHVREGBEDEQXYWK&Y FHOOV DIW
LOQFXEFWLREDOFXODWHG |URBGH®7 % 0D VR DGHRDSE DP HD Q
IOXRUHVFHQFH LQWHQVLW\ PHIDRMXWHKEB8 &Y | ORZOBW R PW M/
LQFXEDWLRQ ZLWK WKH ),7& ODEHOHG %&3% % '2; DQC
UHVSHFWLYHO\ @&FD3BOH EDBYV 3 FRPSDUHG ZLWK
FRQWURO

‘H IXUWKHU VWXGLHG WKH FHOOXODU XSWDNH EHKDYLR
TXDOLWDWLYHO\ DQG TXDQWLWDWLYHO\ E\ FRQIRFDO OLCL
IORZ F\WWRPHWU\ DIWHU ODEHOLQJ WKHP ZLWK IOXRUHVFI
UHDFWLRQ RI adlRydradihel glo@X kh the polymer brushes with the
isothiocyanate group inthe dy&¢V VKR ZQ LQ $upplementary) GJ DIWHU

K LQFXEDWLRQ EULJKW VLIJQDOV IURP ),7& DQG '2; DUH
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DQG +HS* FHOOV LQFXEDWHG ZLWK %&3% % '2; DQG % &
LOQWHUQDOL]J]HG VDPSOHYVY DUH PDLQO\ GLVWULEXWHG LQ
LQGLFDWLQJ WKDW HQGRF\WRVLY PD\ SOD\ D PDMRU URO
JRU DOO WKH WKUHH FHOO OLQHV LW FDQ EH VHHQ WKD!
DQG '2; LQ WKH FHOOV WUHDWHG ZLWK %&3% % '2; DUH V
LQ WKH FHOOV WUHDWHG ZLWK %&3% '2; ZKLFK LV FRCQ
TXDQWLWDWLYH DQDO\VHV Sipplem&nBRzQLLQ )LWKHHPBPIQQ
IOXRUHVFHQFH LQWHQVLWLHY LQ WKH &7 0&) DQG +H
% '2; DUH IROG IROG DQG IROG WKH LQWHQVL)
WUHDWHG ZLWK %&3% '2; UHVSHFWLYHO\ ZKLFK FDQ EH
RI WKH 3%%$ JURXS 7KH HIIHFW GHJUHH RI WKH 3%$ JUI
SRVLWLYHO\ UHODWHG ZLWK WKH 6% H[SUHVVLRQ OHYHO
UHVXOWY DUH FRQVLVWHQW ZHOO ZLWK WKH IDFW WKDYV
DPRQJ WKH WKUHHKHHIOLQICHWDDHM OO XODU XSWDNH RI %&3%
'2; DOVR H[SODLQV LWV ORZHU ,& LQ WKH WKUHH FHOO
I\VRVRPH HVEPI®\ O\VRVRPH HVFDSH LV YHU\ LPSRUWD
pharmacological activity of the endocytosed nanomadicine$i LQYHVWLJDWHG W
O\WRVRPH HVFDSH EHKDYLRUV RI WKH ), 7& ODEHOHG %&?:
FRORFDOL]IDWLRQ RI WKH ODEHOHG EUXVKHV DQG /\VR7U
LPDJLQJ DQG E\ 3BHDUVRQ FR ORIFWEHMWERQHD QDWH HV JW
7KH 3HDUVRQYY FRUUHODWLRQ FRHIILFLHQWY EHWZHHQ V

&3%V DQG WKH UHG VLJQDOV IURP /\VR7UDFNHU DV D IXQ
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305

LQ )LJ E .WFDQ EH VHHQ WKDW IRU ERWK %&3% % DQG
WUHDWPHQW DUH ODUJHU WKDQ WKRVH DW K SUREDEO
DGHTXDWHO\ LQWHUQDOL]JHG E\ WKH FHOOV \HW :KHQ WEK
K WR K IRU %&3% WKH FRHIILFLHQW RQO\ GHFUHDVHV V
IRU %&3% % WKH FRHIILFLHQW GHFUHDVHY GUDPDWLFDC
WKH O\WWRVRPH HVFDSH UDWH RI %&3% % LV PXFK KLJKHL
FRQGLWLRQ 7R FR@WHRVRHAKH HLBBSH DELOLW\ RI %&3%
HIDPLQHG WKH O\WRVRPH HVFDSH EHKDYLRUV RI %&3% %
FHOO OLQHV DQG RE\Suppé&ndiary)LBLOD U, WHMX2R/WWK QRWL
IRU DOO WKH WKUHH FHOO OLQHYV DW HDFK WLPH SRLQYV
%&3% % LV ORZHU WKDQ WKDW RI %&3% SUREDEO\ EHFD >
% RFFXUV YHU\ VRRQ DIWHU HQWHULQJ O\WRVRPHYV

7R H[SORUH WKH PHFKDQLVP RI WKH 3%$%$ HQKDQFHG O\
DON\Q\O EHD WMIR[DUWLFOHY WKH GLDPHWBQGV a Q
%&3% YLD &X$%$& $IWHU LQFXEDWHG ZLWK &7 0&) DQG
UHVSHFWLYRBORROGAWKHHAH %&3% % DQG %&3% WRJIHWKHU .
SURWHLQV ZHUH LVRODWHG YLD PDIJQHWLF VHSDUDWLEK
VSHFLILFDOQ\ ERGUKHH)E %&3% % DQG %&3% ZHUH FROOH
E\ *HQH2QWRORJ\ *2 SDWKZD\ &HOOXODU &RPSRQHQV
6XSSOHPHQWDU\ )LJ 6XSSOHPHQWDU\ 7DEOH W L
FRPSDULQJ WR %&QWT XMEBUDO GVRUEV O\WRVRPDO PHPEUDC(

VKRFN SURWHLQV +63V 7TKH XQLTXH SURWHLQ DGVRL
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316

317

DVFULEDEOH WR WKH VSHFLILF LQWHUDFWLRQV RI WKH 3
DQG EDVLF JURXSV VXFK DV DPLQR RU JXDQLGLQH JURX
WKH O\WRVRPDO PHPEUDQH SURWHLQV DGVRUEHG E\ %&3
WKH O\WRVRPH HVFDSH Rl %&3% % ,Q DGGLWLRQ LW L
DGVRUEHG E\ %&3% % +VS LV D FUXFLDO UHJXODWRU
FDUIJDQG +VS LV D VXUYLYDO SURWHLQ GLUHFWO\ UHOD
DQG PDLQWDLQV WKH LQWHJULW\ RI O\WWRVRPH E\ SUHYHC
$FFRUGLQJO\ ZH VSHFXODWHG WKDW WKH 3%$ HQKDQFI

DVVRFLDWHG ZLWK WKH DGVRUSWLRQ RI WKH +63V

a BCPB-B BCPB
DAPI FITC LysoTracker Merged FITC LysoTracker

. ‘

- ¥
Ry
~
®
»
v . |

- BCPB-B = BCPB

b

intracellular (7.75e-25)

M intracellular part (4.46e-27)
organelle (8.01e-26)
intracellular organelle (2.05 e-26)

t
(2]

ien

-
o
1

membrane-bounded organelle (9.42e-16)

membr (1.66e-15)
cytoplasm (1.03e-18)

4% [ organelle part (5.69e-19)

49, _ Cytoplasmic part (1.42e-20)

. &
o,
0.8 y i y y s
= smic
. o
5% nucleus (1.40e-16)

0.44 B macromolecular complex (9.22e-22)

B Unknown

intracellular organelle part(1.84e-19)
8% 5% @i (1.09e-18)

0.2 g (1.09¢-18)
* 5% [ nuclear part (5.73e-15)
7% (°] (2.50e-15)
5% M intracellular ribonucleoprotein complex (4.09e-25)
6% 5% ribonucleoprotein complex (3.95e-26)
. ribosome (3.22e-23)

3 Other Cell Component

Time (h) B myelin sheath (5.82 e-15)

=]
=
1

e
o

Pearson’s correlation coeffic

)LJ INVRVRPH HVFDSH EHKDYLRUV RER@®RBBO% ] MWIGR @b ¢

REVHUYDWLRQ E\ &/60 RI WKH ), 7& ODEHOHG EUXVKHV J
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333

334

335

336

337

338

339

&7 FHOOV O6FDCPHHEEDNBOXWLRQ ZLWK WLPH RI WKH 3HDL
FRHIILFLHQWY EHWZHHQ WKH VLJQDOV IURP WKH ), 7& O
*HQH2QWRORJ\ *2 SDWKZD\ &HOOXODU &RPSRQHQW &&
FHOOV

SHQHWUDWLRQ LQ PXOWLFHOOX&DWXPRKH BRIUVFPHD BRV L
QDQRPHGLFLQHY HQDEOHV WKHP WR SHQHWUDWH LQ DYL
VLIQLILFDQWO\ WKHLU WUHDWPHQW HIIHFW :H VWXGLH
%&3% LQ 0&V WR VLPXODWH DQG HYDOXDWH WKHLU WXP
SUHSDUHG IURP +HS* DQG &7 FHOOV ZHUH XVHG 7R FOF
RI %&3% % DQG %&3% ZH ODEHOHG WKHPhddawie WZR GLII
B isothiocyanate (RBITC) UHVSHFWLYHO\ WUHDWHG 0&V%WLWK WKH
DQG 5%,7& ODEHOHG %&3% WRJHWKHU IRU GLITHUHQW St
0&V E\ &/60 $V VKRZG@nd &upplethentddy) L) ERWK WKH ODEHOH
%&3% % DQG %&3% H[KLELW WLPH GHSHQGHQW SHQHWU
$IWHU K LQFXEDWLRQ WKH ),7& ODEHOHG %&3% % DOUF
O&vV ZKHUHDV WKH 5%,7& ODEHOHG %&3% SHQHWUDWHG
%&3% % DQG %&3% SHQHWIM WK G5 R QW RV WHKDHWPEMQ W  EUL
VLIQDOV IURP %&3% % DUH REVHUYHG LQ WKH FHQWHU R
GHSWK RI %&3% LV RQO\ DERXW P 7KH GLITHUHQW SHU|
DUH DOVR FOHDUO\ UHIOHFWHG E\ WKH IOXRUHVFHQFH S
D 7TKH UHODWLYHO\ KLJKHU SHUPHDELOLW\ RI %&3% %

Supplementary) L J DQG 'XH WR WKH ORZHU 6% OHYHO RI ¢
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341

342

343

344

345

346

347

348

349

350

FHOOV WKH SHQHWUDWLRQ GHSWK RI %&3% % LQ &7 0&)\
QHYHUWKHOHVYVY WKH SHQHWUDWLRQ RI %&3% LQ &7 0 &

0&V ZKLFK IXUWKHU SURYHV WKH UROH RI W#%H 3%$ JURX

)LJ SHQHWUDWLRQ EHKDYLRUV RI %&30%NL®BDIE G Rol&B/% H- C
RSWLFDO VOLFHV WKURXJK WKH FHQWHUV RI +HS* 0&V
ODEHOHG %&3% % DQG 5%,7& ODEHOHG %&3% IRU GLIIEL
FRUUHVSRQGLQJ IOXRUHVFHQFH SODWH TXDQWLILFDWLR

PE7UDQVFHOOXODU WUDQVIHU VWXG\ RI WKH ),7& ODE
FHOOV 7KH OHIW GLDJUDP LOOXVWUDWHY WKH JHQHUDC(

FRYHUVOLSV , ZHUH FRLQFXEDWHG ZLWK WKH ),7& ODEH
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372

DQG LPDJHG E\ &/60 7KHUHDIWHU WKH FRYHUVOLSV , Z
,, EHDULQJ IUHVK FHOOV LQ IUHVK FXOWXUH PHGLXP IR
SURFHVV FRYHANHVPE IFSBAMKBILQIHIKW SLFWXUH VKRZV WKH &/
WKH FHOOV RQ WKH FRYHUVOLSV | ,, PQG ,,, UHVSHI
,Q YLWUR WUDQVFEFHOOOUPLYVHVWRDQWIMKH KLIKHU SHUPHDE
0O&V PD\ EH DVVRFLDWHG ZLWK WKH 3%$%$ HQKDQFHG O\VRV
O\WRVRPHV %&3% % PD\ IXUWKHU DFKLHYH HWIR¥FLMQW WU
3%% DXJPHQWHG FHOOXODU XSWDNH DQG 3%%$ DFFHOHUD!
K\SRWKHVLV ZH VWXGLHG WKH WUDQVFHOOXODU WUDQVI
EDWFKHV RI &7 FHOOV E\ &/60 REVHUYDWLRQV UHVSHF
GLDJUDP LQ )LJ E WKH FHOOV RQ FRYHUVOLSV , ZHU}I
ODEHOHG &3%V IRU K DQG WKHQ ZDVKHG ZLWK 3%6 D
&/60 7KHUHDIWHU WKH FRYHUVOLSV , ZHUH IXUWKHU
EHDULQJ IUHVK FHOOV LQ IUHVK FXOWXUH PHGLXP IRU

ZH DOVR REWDLQHG FRYHUVOLSY ,,, ,Q GRLQJ VR WKH \
WKH FHOOV RQ WKH FRYHUVOLSV | ,, bQG ,,, FDQ EH
&/60 LPDJHV VKRZQ LQ )LJ E LW FDQ EBUWWHH@ WKHDW W
FHOOV RI WKH FRYHUVOLSV , ,, bDQG ,,, DPH VLJQLIL
%&3% LQ WKH FHOOV RI FRUUHVSRQGLQJ FRYHUVOLSYV
SURFHVVHV RI FHOOXODU XSWDNH H[RF\WRVLV DQG VXE)
WKDQ WKH FDVH RI %&3% 7KH IDVWHU FHOOXODU XSWD

WDUJHWLQJ HIIHFW RI WKH 3%$ JURXSV DQG WKH IDVWt
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391

3%$ HQKDQFHG O\WRVRPH HVFDSH ZKLFK MRLQWO\ IDFL!
DQG DOVR WKH SHQHWUDWLRQ RI %&3% % LQ 0&V 6LPLC
&7 DQG 0&) Suppl@meriary) L J

,Q YLYR QHDU LQIUDUHG 10XR UMY FBIQF H QV,15)K\WP DQMQRI W |
ELR LQWHUDFWLRQV LQ D OLYLQJ ERG\ ZH WUDFHG WKH
%&3% '2: E\ 1,5) LPDJLQJ DIWHU ODEHOLQJ WKHP ZLWK D
DQG LQMHFWLQJ WKH ODEHOHG VDPSOHV LQWR VXEFXWEL
YLD WDLO YHLQ $V VKRZQ LQ )LJ D WKH VLJQDOV IURP !
EH REVHUYHG LQ WKH WXPRUV OLYHUV DQG LQWHVWLQ}
WLPH HODSVHG WKH VLJQDOV LQ WXPRUV LQFUHDVH DQC
K SL WKH VLIQDO LOQWHQVLWLHY RI %&3% % '2; DQG %
UHVSHFWLYH PD[LPD DQG DW HDFK WHVW WLPH SRLQW V
WXPRUV LV KLJKHU WKDQ WKDW RI %&3% '2; )LJ E $IWt
DW KSL ZH H[FLVHG DQG LPDJHG WKH WXPRUV DQG
ELRGLVWULEXWLRIRWWDED\ FVKH VLIQDO LQWHQVLW\ RI %
LV DERXW IROG WKDW RI %&3% '2; LQGLFDWLQJ WKH
%&3% % '2; WKDQ %&3% '2; ZKLFK VKRXOG EH FRQWULEXV

UHFRJQLWLRQ
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393

394

395

396

397

398

399

)L  %LRGLVWULEXWLRQV RI %&3% % '2; DQG %&3% '2; L
DE1,5) LPDJHV RI WKH + WYPRQCEABDQQDRREMVFHQFH L
RI WKH \EPRMRGBYIIHUHQW WLPH SRLQWYV DIWHU WDLO YHLQ
%&3% % '2; DQG %&3% '2; UHVSHFWLYHO\ 7KHGWXPRU Ul
GRWWHG DERHPDEHNYQG PHDQ 10XRUHWFRIQRH H QUAKHP@WIMN |
DQG RUJD QDMWH [FIDMMWG U LQMHFWLQJ WKH ODEMOHG %&3%

H'2, FROQOFHQWUDWLRQV LQ SODVPD YHUVXV WLPH DIWHU \
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421

DQOG %&3%lJ22; FRQFHQWUDWLRQV LQ GLIIHUHQW WLVVXt
DIWHU WDLO YHLQ LQMHFVWIERD IR& 3% 3%HDW D2PUH SUHVHQ
DV PHDQ “ 6'K®8& RI '2; DFFXPXODWLRQ LQ WXPRUV LQ %
%&3% '2; JURX/®Y LPDJHV RI WKH IUR]JHQ VHFWLRQV RI WKI
DW K DIWHU WDLO YHLQ LQMH PMIQREQ YR8 3WhK HJ K VV KHE W/E N
6FDOH EDWV

,Q YLYR GUXJIKBKXQIGYHHUAWDQG WKH GLITHUHQW SURSHUWL
GUXJ GHOLYHU\ ZH DQDO\|HG TXDQWLWDWLYHO\ WKH '2;
WXPRU EHDULQJ PLFH DV D IXQFWLRQ RI WLPH DIWHU WDI
%&3% '2; DW D GRVH RI PJ NJ '2; HTXLYDOHQW 7KH '2;
EORRG KHDUW OLYHU VSOHHQ OXQJ NLGQH\ DQG WXF
VSHFWURVFRS\ DIWHU '2; HIWUDFWLRQ IURP WKH WLVVX
HYROXWLRQ ZLWK WLPH RI WKH '2; FRQFHQWUDWLRQV LQ
%&3% % '2; DQG %&3% '2; WKH FRQFHQWUDWLRQ WLPH S|
FRPSDUWPHQW PRGHO DQG WKHLU HOLPLQDWLRQ KDOI O
DQG K UHVSHFWLYHO\ $V VKRZQ LQ )LJ I J DOO WK
DQG WXPRU WLVVXHYVY H[SHULHQFH D SURFHVV RI JURZLQ.
OLYHUV DQG VSOHHQV H[KLELW UHODWLYHO\tKe JKHU XSW
capture f PRQRQXFOHDU SKDJREF\WRIUF W&GWHF '2036NVKH PD[LPL
'2;, FRQFHQWUDWLRQVY LQ WKH KHDUW OLYHU VSOHHQ O}
. “ “ DQG of tHe injected dose per gram

of wet tissues (% ID/qg), respectively,and f&r& 3% '2; WKH YDOXHV DUH “
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443

“ “ “ D Q G% ID/g,“respectively., Q

WXPRUV WKH '2; FRQFHQWUDWLRQV RI %&3% % '2; DQG %
PD[LPD RI . DQGID/g DW K S L UHVSHFWLYHO\ 2
K PRQLWRULQJ GXUDWLRQ WKH WXPRU DUHD XQGHU FXI
UHDFKHYV , KJ ZKLFK LV IROG WKDW RI %&3% '2;
WXPRU FRQILUPLQJ WKH KLJKHU WXPRU WDUJHWLQJ DE
'2:; )LI K

,Q YLYR WXPRU SHH QXWWIONMUL FEHFNHG WKH LQ YLYR WXF
%&3% % DQG %&3% $IWHU ODEHOHG ZLWK ), 7& WKH \
LOQWUDYHQRXVO\ LQWR VXEFXWDQHRXV + WXPRU EHDULC(
H[FLVHG VHFWLRQHG ZLWK FU\RVWDW DQG VWDLQHG LF
REVHUYHG E\ &/60 )LJ L WKH JUHHQ VLIJQDOV RI %&3%
NHHS D GLVWDQFH ZLWK WKH UHG VLIJQDOV RPOWKH YHV\
KDYH H[WUDYDVDWHG IURP WKH WXPRU YHVVHOV DQG S
FRQWUDVW PRVW %&3% VWLOO VWD\ DURXQG WKH WXPRI
KLIJIKHU WXPRU SHUPHDELOLW\ RI %&3% % WKDQ %&3%

,Q YLYR DQWLWHOIFRRH HbBEOW% H[KLELWVY H[FHOOHQW SU
XSWDNH O\WRVRPH HVFDSH WXPRU DFFXPXODWLRQ DQ!
HITHFWLYHQHVYV RI %9&3% % '2; LV DQWLFLSDWHG 8VLQJ V
PLFH DV WKH PRGHO DQLPDOV ZH FRPSDUHG WKH DQWLW
%&3% '2;, DQG '2; DW D GRVH RI PJ NJ '2; HTXLYDOHQW 7!

ZLWK %&3% %9 %&3% DQG QRUPDO VDOLQH ZHUH XVHG D!
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465

ZDV LQMHFWHG DV D VROXWLRQ LQ PO RI VDOLQH YlI
SUHVHQWHG LQ )LJ D 7KH WXPRU YROXPH DQG ERG\ ZH
GD\ )LJ E DQG 6XSSOHPHQWDU\ )LJ "XULQJ WKH C
RI WKH QHIJDWLYH FRQWURO JURXSV JUHZ IDVWHVW DPRQ
%&3% GLG QRW VKRZ DQ\ DQWLWXPRU DFWLYLW\ )RU W
%&3% % '2; DQG %&3% '2; VKRZHG PXFK KLJKHU WXPRU V
IUHH '2; DQG %&3% % '2; ZDV EHWWHU WD® S0k 3WW'KRKH )L
UHODWLYH WXPRU YROXPHV RI WKH %&3% % '2; DQG %&
VWDWLVWLFDOO\ VBIQLILFDIQNV VEGXPIRHWKHQRHAWK LQKLELWL]
WKHGD\S L ZHUH FDOFXODWHG WR EH DQG IR U
'2; DQG '2; JURXSV UHVSHFWLYHO\ VHH 6XSSRUWLQJ ,Q
PHWKRG %DVHG RQ WKH ERG\ ZHLJKW HYROXWLRQ ZL
6XSSOHPHQWDU\ )LJ WKH '2; IRUPXODWLRQV DQG WK
VLIQLILFDQW WR[LFLW\ RQ WKH H[SHULPHQWDO DQLPDO\
RI WKH SRO\PHU EUXVKHVY DQG WKH ZHOO WROHUDWHG GF
RI DOO WKH WHVW JURXSV ZDV H[DPLQHG DQG VKRZQ LQ
LQ WKH %&3% % %&3% DQG QRUPDO VDOLQH JURXSV G
WUHDWPHQWY DQG DOO WKH PLFH LQ WKH '2; JURXS GLF
DQG RI WKH PLFH LQ WKH %&3% % '2; DQG %&3% '2,;
GD\ PRQLWRULQJ GXUDWLRQ UHVSHFWLYHO\
Encouraged by the high antitumor effect of BCPB-B-DOX, we further performed

multiple-dose experiments (dosing every other day at 4 mg/kg DOX equivalent, Fig.
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480

7d). After five doses of treatments, all the tumors of BCPB-B-DOX group disappeared
on the 18 day, while the TGIs of BCPB-DOX and DOX groups were 94.6% and 46.9%,
respectively. Due to the lack of tumor-selective accumulation, free DOX still showed
poor antitumor effect even after the five-dose treatments. The distinct tumor
suppression effects of the different formulations are evidenced intuitively by the
representative photographs of the excised sarcomas (Fig. 7e). Furthermore, as shown
in Fig. 7f, the body weight evolution with time indicates that BCPB-B-DOX and BCPB-
DOX did not cause significant toxicity to the mice since their body weights were
comparable with the saline-treated mice at all the test time points, whereas, the average
body weight of the DOX group began to decline sharply from thday p.i., which

should result from the even distribution of DOX in bodies that cause significant

unwanted side effects.

)LJ ,Q YLYR DQWLWXEPRWWHIDMAW QDRI DQWLWXPRU VWX

GRVH WUHDWPHQW RI HFF SHODWLYH WEEKPRQBY ROXPIHY DO
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UDWHRI WKH + WXPRU EHDULQJ PLFH DIWHU RQH GRVH W
LQGLFOWBIGXVWUDWLRQ RI DQWLWXPRU VWXG\ VFKHGX!
DGPLQLVWUDWLRQ ZLWK HDFK GRY%HGDW IPYYHNW XP,RHUT XROIX
WKH + WXPRU EHDULQJ PLFH WUHDWHG E\ ILYH GRVHV
DQG SKRWRJUDSKV RI WKH VDUFRPDVY*GI)F LDV WG UUWR R HWIK J
WUHDW®RRQWZHLIJKW FKDQJH RI WKH + WXPRU EHDULQJ

ZLWK GLIITHUHQW SURWRFROV LQGLFDWHG 'DWD DUH SUH

Discussion

Timely lysosome escape is of paramount importance for the endocytosed
nanomedicines to avoid premature degradation. The existing strategies for lysosome
escape mainly include lysosomal membrane destabilization induced by cationic
materials, lysosome rupture caused by # e URWRQ VSRQJH HIIHFW™ PHPEL
with the cationic liposomes or fusogenic peptides, and membrane damage evoked by
ROS. There are noticeable deficiencies with these strategies. Briefly, the positively
charged materials widely used for lysosome escape are subject to opsonization and
short blood circulation, fusogenic peptides generally suffer function reduction after
conjugation to nanomaterials and are also limited by their high cost and complicated
preparation, and ROS-induced membrane damage is overshadowed by the low tissue
penetration depth of the exciting light. Therefore, developing novel effective lysosome

escape strategy is urgently needed.
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In this work, we demonstrated clearly that PBA modification could promote greatly
the lysosome escape of CPBs, which further facilitated their exocytosis and transcytosis.
Such phenomena have never been observed before and support the mechanism that the
PBA group improves the tumor permeability of nanomaterials via an active transcytosis
process. Through analyzing the proteins adsorbed by BCPB-B and BCPB after
incubation with tumor cells, we speculate that the specific interactions of the PBA
group with the lysosomal membrane proteins and hot shock proteins may play
important role in the lysosome escape of BaRWifferent from the known strategies
for lysosome escape, the strategy of PBA modification does not give rise to significant
adverse effects on the properties of nanomaterials, by contraries, it enhances
remarkably their tumor targeting ability and tumor permeability, which is the featured

advantage of this strategy.

In conclusion, we synthesized DWHU VROXEOH 3%%$ PRGLILHG &3%V
3%% PRGLILFDWLRQ FRXOG JUHDWO\ IDFLOLWDWH WKH O\
SURPRWH WKHLU HI[RF\WRVLY DQG WUDQVFHOOXODU WUD
WKDQ WKH 3%%$ IUHH &3%V ‘H VSHFXODWH WKDW WKH P
O\WVRVRPH HVFDSH LV DVVRFLDWHG ZLWK WKH VSHFLILF L
O\WRVRPDO PHPEUDQH SURWHLQV DQG KRW VKRFN SURW
&3%V YLD S+ VHQVLWLYH DF\OK\GUD]RQH OLQNDJH ZLWK
XVLQJ WKH 3%%$ PRGLILHG SURGUXJ WKH + WXPRU EHDU

DIWHU PXOWLSOH LQWUDYHQRXY DGPLQLVWUDWLRQ 7KI
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IDFLOLWDWLQJ WKH O\WWRVRPH HVFDSH RI QDQRPDWHULD

ZLWK KLJK ZDWHU VROXELOLW\ KLJK GUXJ ORDGLQJ DQGC

OHWKRGV
Synthesis of backbone PGABackbone PGA was synthesized following published
procedure®. 'H NMR (400 MHz, 32 / SSP -0.93(d, 3H), 1.76 (m, 2H),
3.29 (s, 2H), 3.88 (m, 3H), 5.50 (s, 1H).
6\QWKHVLV RI VLGH*OKDLIQVIVIOQWKHVL]HG E\ WKH $753 R
PHWKDFU\ODWH *0$ ZLWK SURSDUJ\O EURPRLVREXW\UL
3%, % VYWKH LQLWLDWRU 3%,% PJ PPRO *0% J
PJ PPRO 30' (7% PJ PPRO DQG DQLVROH

LQ D P/ 6FKOHQN IODVN IROORZHG E\ IUHH]JH SXPS WKD
7KH UHVXOWLQJ VROXWLRQ ZDV VWLUUHG DW URRP WHPS
WKH UHVXOWLQJ VROXWLRQ ZDV ILO2N WIRHGHW RY R XRKSB H-L
VDOWY 7KH SURGXFW zZDV FROOHFWHG DQG SXULILHG E\
WLPHVY DQG GULHG XQGHU YDFXXP <LHOG J PRQR
SRO\PHUL]DWLRQ GHJUHH DQG DEVROXWH PROHFXODU Zt
DQG +E\05 UHVSHRARWIOBHO\ 0+] FKORUR IR

G + P+ G + Vo4 Y%
V o+
6\QWKHVLV RI 3*0$38@% W %KJ PPRO WHUW EXWRJ\

PHWKDFU\OR\DIRG\LIRWWYO O R[RHWBRWQDPLQLXP
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PPRO '0) P/ & X%U PJ 1RRREOZ DQG
SHQWDPHWK\OGLHWK\OHQHWULDPLQH 30'(7% PJ PF
6FKOHQN IODVN IROORZHG E\ IUHH]H SXP 3KW KWZVIRWWILRU I
VROXWLRQ ZDV VWLUUHG DW URRP WHPSHUDWXUH IRU t
DQG SXULILHG E\ SUHFLSLWDWLQJ IURP OH2+ WR WKH PL
Y Y WLPHV DQG GULHG XQGHU YDFXXP <LHOG d

7KH SRO\PHUL]DWLRQ GHJUHH DQG DEVROXWH PROHFXOD

DQG +EN05 UHVSHFWQYHO\0+] '062 / SSP
P+ Voo+ G + G + Vv
+ V + LQ 3&% W%X

Synthesis of PGMA-PCB-tBu-POBpin. PGMA-PCB-tBu (1.50 g, 0.064 mmol)
OEGMA-Bpir’® (487 mg, 0.84 mmol), DMF (4 mL), MeOH (4 mL), Cu (0) wire (I =

10 cm, d =1 mm), and PMDETA (11 mg, 0.064 mmol) were placed in a 25 mL Schlenk
flask followed by freeze-pump-thaw for three cycles in liquidThe resulting mixture

was stiredD W ¢ | R UhereHfter, the crude product was purified by precipitating
from MeOH to the mixture of diethyl ether and acetone (1:1, v/v) 3 times, dialyzing
against deionized water and lyophilization successively. Yield: 1.42 g (monomer
conversion: 91.2%). The polymerization degree and absolute molecular weight were
calculated to be about 12 and 30521'HYNMR, respectively’H NMR (500 MHz,
methanolds / SSP -1.25 (m, 3H), 1.34 (s, 12H), 1.57 (s, 9H), 2.02 (m, 2H,),

3.46 (s, 24H), 3.56 (s, 6H), 4.20 (s, 2H), 4.50 (s, 2H), 7.13-7.70 (M, 4H).
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Synthesis of BCPBEP. PGMA-PCB-tBu (843 mg, 0.036 mmol), backbone PGA (3.34
mg, 0.018 mmol), CuSEBH0 (0.45 mg, 0.0018 mmol), PMDETA (3 mg, 0.018
mmol), DMF (4 mL), and MeOH (2 mL) was placed in a 10 mL Schlenk flask. After
degassing, a solution of ascorbic acid (6.3 mg, 0.036 mmol) in 1 mL of DMF was added
followed by 3 freeze-pump-thaw cycles. The resulting mixture was stirredsatl R U

48 h under dark. Thereafter, the crude product was purified by precipitating from
MeOH to acetone 3 times, dialyzing against deionized water and lyophilization
successival. Yield: 683 mg (80.7% conversion ratéil NMR (500 MHz, DMSO«b)

/| SSP P+ -1/99 (M, 2H), 2.64-2.81 (d, 2H), 3.53 (s, 6H),
3.92 (s, 2H), 4.31 (s, 2H), 4.67 (s, 2H), 5.57 (s, 1H), 7.23 (s, 1H).

Synthesis of BCPB-BEP. PGMA-PCB-tBu-POBpin (1g, 0.036 mmol), backbone
PGA (3.34 mg, 0.018 mmol), CusGH.0O (0.45 mg, 0.0018 mmol), PMDETA (3 mg,
0.018 mmol), DMF (4 mL), and MeOH (2 mL) were placed in a 10 mL Schlenk flask
After degassing, a solution of ascorbic acid (6.3 mg, 0.036 mmol) in 1 mL of DMF was
added followed by 3 freeze-pump-thaw cycles. ThelVXOWLQJ PL[WXUH ZDV VW
for 48 h under dark. Thereafter, the crude product was purified by precipitating from
MeOH to acetone 3 times, dialyzing against deionized water and lyophilization
successively. Yield: 738 mg (73.6% conversion ratéNMR (400 MHz, methanol-

d / SSP P+ V. + -2.0(mV2H),R.67-2.81 (d,
2H), 3.34 (m, 30H), 3.73 (s, 2H), 4.32 (s, 2H), 4.71 (s, 2H), 5.32 (s, 1H), 7.89 (s, 1H).
Synthesis of BCPB-Nand BCPB-B-Ns. BCPBEP (400 mg, containing 4.66 mmol

epoxy groups), NapN909 mg, 14 mmol), and ammonium chloride (748 mg, 14 mmol
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were dispersed in DMF (25 mL) and W L U U HiGr 483W. After removal of the white
precipitate by filtration, the crude product was purified by precipitating from M&OH
cold diethyl ether 3 times, dialyzing against deionized water and lyophilization
successively to give BCPBsNYield: 509 mg (96.8% conversion rate). BCPB-B-N
was obtained by the same procedures as stated aboMMR (500 MHz, methanol-

di / SSP -1.18 (m, 3H), 1.60 (s, 9H), 1.98 (m, 2H), 3.29 (s, 6H), 3.95 (m, 4H),
4.40 (s, 2H). BCPB-B-Bwas obtained following the same procedures as stated above.
H NMR (500 MHz, methanaot, / SSP P + \% +

2.01 (m, 2H), 3.41-3.45 (m, 30H), 4.00 (s, 2H), 4.13 (m, 2H), 4.43 (s, 2H), 7.71-8.55
(m, 4H).

Synthesis of BCPB-Boand BCPB-B-Boc.BCPB-Ns (509 mg, containing 4.51 mmol
azide groups), PHTE (957 mg, 45.1 mmol, synthesized following published
procedure¥), CuSQ-5H,0 (11 mg, 0.045 mmol), PMDETA (50 mg, 0.29 mmol),
DMF (4 mL), and MeOH (3mL) were placed in a 10 mL Schlenk flask. After degassing,
a solution of ascorbic acid (158 mg, 0.09 mmol) in 2 mL of DMF was added followed
by 3 freeze-pump-thaw cycles. The resulting mixture was stiréd ¢ | R Under K
dark. Thereafter, the crude product was purified by precipitating from MeOH to diethyl
ether 3 times, dialyzing against deionized water and lyophilization successively to give
BCPB-Boc. Yield: 590 mg (97.5% conversion rate) NMR (400 MHz, 32 / SSP
0.76 (m, 3H), 1.17 (s, 9H), 1.50 (s, 9H), 1.99 (m, 2H), 2.40 (s, 2H), 2.60 (s, 2H), 3.37
(s, 6H), 3.97 (s, 4H), 4.41 (s, 2H), 6.91 (s, 1H), 7.22 (s, 1H), 7.78 (s, 1H). BCPB-B-
Bocwas obtained following the same procedures as stated aboM&IR (500 MHz,
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methanolds / SSP P+ \Y + v o+

2H), 3.40(s, 6H), 4.14 (m, 4H), 4.42 (s, 2H), 8.08 (s, 1H).

Synthesis of BCPB and BCPB-BBCPB-Boc(500 mg, containing 3.72 mmol Boc
groups) was dissolved in 10 mL of TFA and stirred at room temperature for 2 h. After
removal of the solvent under reduced presstite crude product was purified by
precipitating from methanol to diethyl ether 3 times, and dried under vacuum to give
BCPB.'H NMR (400 MHz, 32 / SSP -1.20 (m, 3H), 2.41 (m, 2H), 3.31(s,
6H), 3.97(m, 4H), 4.43 (s, 2H), 7.27 (s, 1H), 7.50 (s, 1H). BCPBaB obtained
following the same procedures as stated above. (400 MiHZ, D SSP P +
2.02 (m, 2H), 3.46 (m, 30H), 4.29(m, 6H), 7.35-7.72 (m, 4H).

Synthesis of BCPB-DOX and BCPB-B-DOX.BCPB (20 mg, 0.15 mmol) and
DOX-HCI (87 mg, 0.034 mmol) were dissolved in 4 mL of trifluoroethanol containing
adrop of TFA. The reaction mixture was stirred at room temperature under dark for 48
h. Thereafter, the crude product was purified by a Sephadex LH-20 column with
trifluoroethanol as an eluaritd NMR (500 MHz, methanots / SSP P+
1.29 (s, 3H), 2.02 (m, 2H), 2.85-2.98 (m, 9H), 3.43 (s, 6H), 3.87 (s, 2H), 4.29-4.41 (m,
4H), 5.14-5.45 (m, 3H), 7.62-8.04 (m, 4H). BCPB-B-DOX was obtained following the
same procedures as stated ab&deNMR (500 MHz, methanot, / SSP P
3H), 1.29 (s, 3H), 1.98 (m, 2H), 2.91 (m, 9H), 3.39 (s, 30H), 3.87 (s, 2H), 4.04 (m, 2H),
4.41 (m, 2H), 5.33 (m, 3H), 7.64 (m, 4H). TB®OX contents were determined by

measuring the absorbance at 489 nm in water using UV-vis spectroscopy with a pre-
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established calibration curve. The drug loading contents of BCPE®R-and BCPB-

DOX are about 21% and 23%, respectively.

Statistical analysis.Statistical results were calculated from at least three independent
experiments and expressed as mean * standard deviation. P values are included to
VKRZ WKH FRUUHODW L&E. % ¥ DQIwss Kdnsidarel SaistioallyVv W
significant, **p < 0.01, ***p < 0.001, and ***p < 0.0001 were considered highly

statistically significant.

SHIHUHQFHV

.DVKNRROL ) O 6ROWDQL O 6RXUL 0 &RQWUROO
WKURXJK DGYDQFHG QDQR GUXJ GHOLYHU\ VA\VWHPV
VWUDWHSRWURO 5HOHDVH

LOKHORAWSID®O\VLVY RI QDQRSDUWLFDW GHGOLYBUVWHWR W

6KL - .DQWRII 3 : :RRVWHU 5 )DURNK]DG 2 &
SURJUHVV FKDOOHQJHVYW GG R SSIRQMMUQ LWL HV
3HQJ & +XDQJ < =KHQJ - 5HQDO FOHDUDEOH QD¢

SK\WVLRORJLFDO EDUULHUV IRU SUHFERRWURO GHHOAN BI\

%ODQFR ( 6KHQ + JHUUDUL O 3ULQFLSOHV RI

RYHUFRPLQJ ELRORJLFDO EDDWLHANVNRWRFE&EQRO GHOLY!
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$KPDG $ .KDQ - O +DTXH 6 6WUDWHJLHV LQ WKF

DJHQWV IRU IDFLOLWDWLQJ HQG®RYRPROPHNWFDSH LQ Q

%HUWUDQG 1 :X - ;X ; .DPDO\ 1 )DURNK]D
QDQRWHFKQRORJ\ 7KH LPSDFW RI SDVVLYH DQG DFWL
FDQFHU BGRORJXJ 'HOLY 5HY

5RVHQEOXP ' -RVKL 1 7DR : .DUS - 0 3HHU ' 3
WRZDUGY WDUJHWHG GHOLYBIW\ RREPRQGHU WKHUDSHXW
3HL %X\DQRYD 0 2YHUFRPLQJ HQGRVRPDO HQWU
%LRFRQMXJ &KHP

6HOE\ / , &RUWH] -XJR & 0 6XFK * . -RKQVWRQ

SURJUHVV WRZDUG XQGHUVWDQGLQJ WKH HQGRVRPDO
:LOH\ ,QWHUGLVFLS 5HY 1DQRPHG 1DQRELRWHFKQRO
9DUNRXKL $ . 6FKROWH 0O B6WRUP * +DLVPD +
SDWKZD\V IRU GHOL¥HE&RQWHRRO BHEDDWH

$QGULDQ 7 5LHUD 5 3XMDOV 6 $OEHUWD]]L / 1DC
TXDQWLILFQRALRIOH $GY

'DQJ 6 S+ UHVSRQVLYH DPSKLSKLOLF FDUER[\ODWH S
IRU HQGRVRPDRQW FOISHP

$JLUUHHW/BR@ OROHFXODU :HLJKW &KLWRVDQ /0:& EDV

S'1$ '"HOLYHU\ )URP %HIRFEKX\RPHUIWHGVLGH

35



675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

)DQJ 1 &KDQ 9 ODR + 4 /HRQJ . : ,QWHUDFWLRQ

ZLWK FKLWRVDQ HIIHFW RI%WIRRPHDFURPR HEXIOWM\D QG S+

<DQJ KWW BRO\ SURS\ODFU\OLFRDGLFRCEFEODBDEWEPH
PLFURSDUWLFOHY DV D WDUJHWHG DQWIRIHQ GHOLYHU\
7 FHOO DPMLIRHDQNLRQDQVO OHG

*X BHWHDOWLRQDO 'HVLJQ RI 3/*$ 1DQRSDUWLFOH 9DFFL
,PSURYH ,PPXQHO0RD/ STV

+DR HWBULG PLFHOOHYV FRQWDLQLQJ PHWKRWUH[DW

ORDGHG ZLWK PLFURS51$% IRU URKKRDWRV®/ IDRW KU LW

'RQJ KW6MH®DI DVVHPEO\ RI DPSKLSKLOLF SKRVSKROLSLC
QDQRYHFWRUV IRU HITHFWLYH GHOLYHU\ RI VL51% WKHU
- &4RQWURO 5HOHDVH

+HLW] 0O -DYRU 6 ‘DUEUH 7 5H\PRQG - / 6WHUHI

SHSWLGH '"HQGULPHUV IRUANVRER) MUDQEKHFPNLRQ

SD\DPDMKHW BWHVSRQVLYH FDWLRQLF OLSRVRPH IRU
PHGLDWHG GRRIOGROGYEHXUN % LRLQWHUIDFHV
/IlL & &DR ; : =KDR - :DbQJ ) - (IIHFWLYH WKHUD

*$/$ DQ HQGRVRPDO HVFDSH SHSWLGHOHPEK UK GG H G
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6DWRDHW ®@GHUVWDQGLQJ VWUXFWXUH DFWLYLW\ UH
FDWLRQLF OLSLGV IDFLOLWDWHY WKH UDWLRQDO LGHQ
IRU GHOLYHULQJ -VIS5R®W UROY LSYHROH D V H

5DQJDVDPLDHW @OORULQJ PHPEUDQH SHUPHDELOLW\ F
HQKDQFH OLSLG PHGLDWHG QXKERFKIFP D BALGR SW WD Q ¥/ M
%LRPHPEU

4L HWS$DO+ $SFWLYDWDEOH QDQRSDUWLFOH IRU GXDO V
WDUJHWHG SKRWRG\QDRPURPDWHBEDRRENU WKHUDS\
<DQJ HW *PO®$SFWLYDWDEOH 1,5 1IDQRSODWIRUP ZLWK OL

IRU (QKDQFLQJ 7XPRU 686 FISEP 7EBWHS\ ,QWHUIDFHV

6RQJ : <XH = +RQJ 7 :DQJ = =KDQJ 6 6DQ
8SFRQYHUVLRQ 1DQRSUREHV &RDWHG ZLWK D 7KLQ 6l
7DUJHWHG &RRSHUDWLYH 3KRWRG\QDPLF $RBPODS\ IRU
&KHP

=KDQJH® DA IJKW 5HVSRQVLYH 1DQRSDUWLFOH %DVHG
3KHRSKRUELGH $ *UDIW 3RO\HWK\OHQLPLQH IRU 'HC
,PPXQRW IORWDD S\KDUP

6RH 7 + 1DQMR 7 :DWDQDEH . 2KWVXNL 7 5HC

,QWHUQDOL]DWLRQ W,R@WBWRBEKHPQGKADVRELRO

<LQ HW ™®RU WDUJHWLQJ DQG PLFURHQYLURQPHQW L
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IXVLRQ SURWHLQ IRU SUR RIREWRWHMWBHSWLGH GHOLY
6XQ 4 =KX < 'X - B5HFHQW SURJUHVV RQ FKDL
QDQRFDUULHUV IR U%ARPHEU ODUMHDW P HQ W V

OLGRX[ 3 ORQVLJQ\ 0 (IILFLHQW *HQH 7UDQVIt
3RO\O\WVLQH S'1$ RRERAMXI &KHP

X 4 HW DX®O )XQFWLRQDO 6XSHUQDQRSDUWLFOHV ZL
7KHUDS\ DQG OLFURZDYHDIERI URDW®/ 7KHUD S\
%RURG]LXW S@PRGLILHG 5RVH %HQJDO SKRWRVHQVLW
1D<) <E (U XSFRQYHUWLQJ QDQRSDUWLFOHV IRU HIIL
1IDQRWHFKQRORJ\

3DUNHU 6 7KH XVH RI GLIIXVH ODVHU SKRWRQLF H
SKRWRVHQVLWLVHU DV DQ D&MXBEBW WR SHULRGRQWDC
=KDQJHW (MEDQFLQJ WXPRU SHQHWUDWLRQ DQG WDUJI
DQG ]ZLWWHULRQLF QP@RPRGLEHQHWD VH

4LDQ HW D@ JHWLQJ DQG PLFURHQYLURQPHQW LPSURYL

GHFRUDWHG VR\ SURWHLQ QDQRSDUWLHOBYRAMWHK\GLII

&KHQ HW DBRHQ\OERURQLF DFLG LQFRUSRUDWHG HO
QDQRSDUWLFOH GUBRGWO I&KHP VA\VWHPV

=KDQJ = J/LX & /L & X : -LDQJ ; 6KDSH (IIHFWYV
6SKHULFDO 8QLPROHFXODU 3RO\PHU 1DQRPDWHULDOV

SHVHDUFK
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=KDQJHW /BIQJWK HIIHFWV Rl FIAOLQGULFDO SRO\PHU EU
LQ YLYR SURKRPDWIHHLY 6F L

=KDR HW$DFPRPSUHKHQVLYH VWXG\ DQG FRPSDULVRQ RI
K\GURJHOIVWWHU 6FL

=KX + /L / 6KHQ - OROHFXODU G\QDPLFV VLPXODW
DQG K\GUDWLRQ GLIIHUHQFH EHWZHHQ ]ZLWWHULRQLF
DQG SRO\ HWKEXH@H JIKW RO

&KHQ HW MOHUHQFHV LQ =ZLWWHULRQLF 6XOIREHWD
'"H[WUDQ %DV H@DQGRMLIHOV

HHIH $ - -LDQJ 6 3RO\ ]JZLWWHULRQLF SURWHLQ

VWDELOLW\ ZLWKRXW VDFULILFLQAQDWL GQKIHPJ DIILQLW\

=KDQJHWWRURQLF DFLG UHFRIJQLWLRQ EDVHG JROG QD
IRU WKH DVVD\ RI VLDOLF DFLG H[SUHVVLRQ RQ FDQFH!
SODVPD PDVV VISHFOMMRPHW U\

70DQ 0 HW PQRYHO UROH RI +63 LQ UHIJXODWLQJ R\

DEURJDWLQJ 5DE E @UR¥FKDPWWDRSKRUWFWD ORO &HC

*\UG +DQVHQ O 1\ODQGVWHG - -l I WWHOI 0 +HDW

FDQFHU FHOO YLDELOLW\ E\ VDIEFHAOWBEEQH O\WRVRPDO

$ ) $IJDUUDEHUHYV 'LFH - ) $ PROHFXODU FKDSHURC
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