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Target—selective delivery and activation of peptide—like and nucleic acid-—

like molecules
WFZEBRs IEhE R : S 246 H 1 H~SFf 543 A 31 A

WIEBARINEE KA M A

Umezawa, Naoki

WHIEPHRENERE BB - E - Bk
INSERFPBENG T BHSLRSE: « FEHEREMTEE (RE) - Hdfx

Nagoya City University, Graduate School of Pharmaceutical Sciences, Professor

IT WFERRF OBEE

AWFIEBAFE O BAEIX, MEIZBAFE Lc — BRI bIE A R S, PO FIC# LI N7 v 7T U RN —v 2T
2 (DDS) #BAFTHZ L THD, INETOMATHONIREALFEIE L LFARICHESZ R L, WL
AL E CIHRIEMEORIE TR T X, AN CTORAEYIEEEZ R T L2 1o ED 4, X7
F NI 2 W TE N7 BB OMEZ | BB 2 DT Z o7 ERBlEOMGl 2R L
oo TIUHDOETEMETW TN HIRS TALAEY TITERAEE L <. Fo T2 WD LEMERREWD,

AW OBRE &K 1 17T, AR CHIET 2011, T 7500, TANTRIBEINERAL . [ A4 RN
EWVD 3ODEYa—NIinbes, [HTENL IZEMIEEZH S IEMHELBRICAE U5 oy I3 EERiC 4y
AL HER & BT TN oD | ARG A TR C X D, AR IR 1R 2SR IR 22 T L & 8
9. BICEREE - Ot - REERBREL CUIKr S 4L, oy 120 DR RIS D& A2 G T 2, [ A4 REAL) 1R
FRCHEMIIAN~D X — 7T ¢ T E S MEEER7F K (CPP) WAMI CTRERILL TWbLEer ¥ —
ik L, e T2V T Refnd, KA, THhor8hn) 12U v R R A F Ukl LSD1 B
#EAFF R (PRSFLVRRK) ., A FEAL) 124D 70 F =2 Rio, [FMERRIBLGIKIERAL ) 18 TTER BT YW,
AW T OB A E L C, 1RFEIET D Z N TE - (J. Med. Chem., 2021, 64(7), 3707-3719), AHJF
JETCIE, SOR2MARKHOIIKEZD I L, LLTFOWFERRIEE 21D 7=,

1) IR THRET X7 F REIH > 7- O BR%E

2) AHAEPN THERE S D IR Hh 4y 1 D BR %S

3) Y a2 —/LDOEEEL



NP~ I ERLI
yuh—tgws | SMERRIE 8280 BREEARRE

T SR

. [ FEMRRR ) [%iﬁﬁ\l
O b FEL EMEE] N NADOY™ 7 500 250
SMEBRISS BB 5 F ~ RIEMOBERRPDF
CEMOUTAA—2a UARRAL @L‘Ef_%ﬂt EMOV T A =3 UAEND |:>F%'L HEE
R B BURBREE N o U —HEE 2 B AL VERETE

B AHERBBOME: —RHRKI{IEE AL =Hh5FDDS

1) HIfRN CHERET 57" F REIR Ay 1D %E

%< Ot NBRAKIETIX ph3 ZHIEIT AR TICRE 2L T TRV, ph3/MDM2 % o /37 EMAH A AEH O E
ﬁi#ﬁhﬁkbf%ﬁénfmé AR ZE PRI Z LT T REI 2 AN TR S & 5 2 & 22X

Mpoyf¥67) & LT ps3/MDM2 % R 7 BB ZHEST 27 F K, MBI & L CTHiflano

ﬁﬁﬂ%ﬁfzﬂb HIRTLEREL, [ A FEL) & U CHilRBEOE®E~7"F K& iz,

LG o) & LT ps3/MDM2 % /37 BRI AAEM % A% T 2 ~<7F N 1(ETFSDLWKLLPEN)
EEIN L7z, <X7F K 1iZ, MDM2 & MAERT 2 pb3 # > /7' MDM2 # A ik <, p53/MDM2 FH A {E
AZHETLISTF RELTAESNA TS, E#ETF K11k, MDM2 EfEAT 58 a~Y v 7 AL
R D2 ENMBNTHAEN BIRETHZ L TanV v 7 AEERTI < 72 0 JEEME T2 LR LT,
BLERE CUIBr S5 NEICERBEUIWRMAL . BRI MRNBITRZ R~ T4 ) 7 AF =0T F KR & (54
RERAL & U CERIR L7m, HIANORITEE FCUANL T ¢ REEAOBZL, A COMEISSET LT, BEMD
BT F 12525 PRENS (H2), BEHIGREERARAMAGDE, BRATF R 2 OABICH
DT RERIEZ, MEAEHR LIZ&ETY 2—v (a0, [ANBRITREINERALL . T A NEGNL)) %, &
KRBT S DR AR EHRIETHY . FEFY 22— /WTHBIOBIR, TWMTX 5L VWHIBREL L,

o RRRRBRRBRR) N+ o— 771 F &L [ #HfEEB]
O Q e p53/MDM2% [EE T %

w0 T M 5y T E
N p53H KD
J aEnmm —.S\L RFF |~ ﬁaﬁu —
— YR SL=E » ETFSDLWKLLPEN-NH,

S

auauﬁdiuﬁ‘
b o) ® @5’" or

BT F HHHTF 2
E2 ETERSGEMSIMDMIBEERKNT FF 2 & ELEHTTORERS

p53/MDM2[AE
EHRTFE 1

PR R DOEZE  p53/MDM2 FHEEH OFLEREE in vitro TR TE 5, MR IET v A 2L LT,
p53/MDM2 % > X7 G BAE Z Mt AEEEm-2 & LT, LAR—%—7 v&A, Fluoppi, A7 Y v kL
V7 2T —BERBE LI, BHIRIT. BAREERET LN, EBEEORA TV —=0 ZIiE, SENOE R
TRRHm A FIRER LR — 2 — T vt A Wiz,

BEEERIME oy 78] THLHEHESTF R 1L, #O6FET v A THREOHEREEZ R L. (K= 24




M), &KIZ, BIR_TF R 2 DiFME%E, LiR—%—7T v (MCF7#if) Tili L7z, ZOkHR., Bk<7F
R 20%, 20 pM F TIEHEZ /R ST, 50 uM T p53 DIFHEEA R bzt oo, MldOFREIZRE N LIL, 4
e T D AIREMEN R S Tz, & ZC, BRI T K 2 offilast:s MTT 7 v A TRHMiL7= & 2 A, 20 uM
THRVIRFEEDN oo, VR—%—7 vt A TR O 50 uM CTOIEMEIL, HIRREEEICE K3 2 1555
PHETHD LMW Lz, AV ITAF=01F, EXFOFRELED. HEFICEZ OEABINR G5, —IHinEEN
K e ENTWERD, BENDRERTH -T2, 2T, 13) TV 2a—LOEKE{b] 2% LT, Mgt
WCEIKT D032 L, faN CHERET % p53/MDM2 [HESF ORI 2w 5 = & & Lz, FEfli, 13) £
2 —/LDEERE] (ZERT 5,

Z)H@WT%%¢5#MM¢A%®%%

DNA <° RNA ORiED @A 2 0 2 & S N TERRIZ, DABGFOBE 25305 2 LIk 5 M A

ﬁ%ﬁ&«@ﬂﬁ#%ﬁéﬂf%éo$ﬁnf I, AL LT, TR REGEEK LT 5T T MR
(PNA; peptide nucleic acid) % V7=, AEEB X, 1) M THEET 527 F RIFT-O% ) B O 13)

EBV 2 —NDOEE ) ICENT LD, BRI TR L,

LS R w/717~t®7/%t/xMﬂk&519%ﬁ@PNA@Am*#%mﬁmL BT HY
DELNDEME R Uiz, PNA ZKBMEICZ LW, C RIS Lys & 2 B AT 5 2 LT, +Hoy7ekiatt

R TE T, CREO Lys 1%, KR EICERATHL 2 a_mz BT 2BIC bR TE D,

HMBFHI R OBE MILRTOT TR AEEEZTET 5720, Vo7 =7 —BE2ZERISE- MCFT #

R % ERk LT,

BEBEETAN fFAU L 722 mRNA & O “EHOLE AR A AT 2720, BfRIEE (Tn HIEREZMHEFE LT,

3) BV 2 —LDEEEL

1) MBI CHRES 27 F REIR T ORISR CEU-MEFEEOMEZ ik 570, [T B &
WA REL) D4R b Z T D 7o, TONRIGIRTERAL) 238 AT D BRI%, 3T DR ICEREE UM Az )
ERW, BIRXTF R 20880, 1) KEETHo7% pb3/MDM2 FHLETEM:Z2 /R X 72vy, 2) M Chlla gt
BT, EW) 2 00RMBERETRT 70, 1) [HE OREEEZ R EEwE5, 2) BRTF R
OWFEMEZIRT 2D (A REAL) OO F A MEOIKT, TH AL OBKMEDIET), &) 250
FHIE D EMF 2 ED 7=, T 500 OFEEMELZ M EXE 5 2 & C, Mgz s S WIRE CIEtEE R~
EWIRF LT, Fio, RIRRTF R 213 AFAAEOE THA FEAL L BOKPERE THFEL) 2 R
b OMHBANE ORI E o7, MlREENEE R D RN D D, A R B8O T T-E0L) O
Wrarha—L352 LT MREENMETCTEDEEXT,

(ST BV a—ADEEE EERET v A L0, BEHEHTF B 1O ps3/MDM2 [FHETENEA R E
ThdZEDWLNERS>TND, BOHEEMEZ G OBEHTTF REHREKE L, 1 L0 HRIBISHROIEEZ SO
AT F REGEHM Lo, £7-. psb3/MDM2 FHFE & 13572 27 C pb3 MEREZ RITE TX 5, BUKMENKNAT
FRUBET LTz, WThOXTF b B LT 2720108 ) % CRimlZ b D

(A FEAL | BV 22— NDEBRIE A R e LT, SIS EMaEm 7 ekt Lz, 4V 37
WX =0 X0 BT A MR~ ~'F B Tat <° Penetratin, FE5 (ZHIRBEEEIES BV & HE S
T % CPPY RBIR Rio 72 & DERRHINABLEIE 7 F RISz, TEEAINEIR A 72 B0 SAZ S ATHE & AT ST
WD AR — I U IR F Refat Lo, £, MlaBEEE<7F RLUSD T4 AL bRt L7z, ®IokR

3



BRISEMERAR AT F IOz, Bl Ue Ty & T A L) ZERS LICESESTF R G L
T, [HA REAL) OFREZ G L7, S RAET v A, LA—¥—7 v A BLOMTIT 7 v A &5 L7
LA, UTOMENRELINT,
« BTORTF KT, pb3 DEEEILMEALO WA FH-G80 bisinoTtz,
s AT A UEPMEN TH A REBAL) & D W BOKPEDME W THFE0L) 2 V5 2 & T, fla e S L=,
CHNROREZEALTNTTF FOMBANBITZ M Lz s 245, #IlaNLEes kit S, MEIC b1 L
7= (I A REALI - Re. BRIK Rio)s
DFEEHINE D Z & T, MIRRFEMEDIRIICES LTz, —F T, DOREHIAR+/rTH Y . M T p53/MDM2
PLEVEME 2 0 F ORI R EE A D 7o, 7203, T< Rl JEEE b 7e VK 98 L= v b r— L4128,
55\ ps3/MDM2 [HETE M2~ & W 9 KRG B ivic, T O PN O M R Z ik (Z B 22 - at 2 D 5 2 & T
INETEHERLTCELDFNEEZ LR WERBHL N E R TE T, HESHIFENEZRRTE D L 7,
W25y FaRat a4 2 & T MR TRV ps3/MDM2 FHETEMEZ R L, Mt 2R S RWEELTF Fo
BIFICEN LT, 2T F KB b D TH L) I —RBR IR biE 295 2 & C, YWHELE Lz T
OFFENER TE D EWFFE D, Fio, A UZMBEAIL. FEFICE L OEMIGHERT T KR b O—BEN
WA THD E PREND, ZOT2D, RHFITEWIE LR Z & ORRENDN S D,



The goal of this research is to develop a drug delivery system (DDS) suitable for medium-sized molecules by
advancing our temporary cyclization strategy. Peptide-based medium-sized molecules was used to inhibit
protein-protein interactions, and nucleic acid-based medium-sized molecules was used to suppress protein
expression. A schematic of this study is shown in Figure 1. The molecule developed in this study consists of
three modules: a “medium-sized molecule module” for biological activity, a “stimuli-responsive module” for
selective activation, and a “guiding module” for membrane permeabilization and/or targeting to diseased cells.
This basic concept was almost demonstrated through the development of reducing environment-responsive
cyclic LSD1 inhibitor peptide (J. Med. Chem. 2021, 64(7), 3707-3719). In this study, the following subjects
were pursued with the aim of further expanding the scope of application.

1) Development of peptide-based medium-sized molecules that function intracellularly

2) Development of nucleic acid-based medium-sized molecules that function intracellularly

3) Diversification of modules
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Figure 1. Overview of our research strategy: DDS of medium-sized molecules using temporary cyclization.

1) Development of peptide-based medium-sized molecules that function intracellularly

Many human cancer cells have abnormalities in factors that regulate p53, and inhibitors of the p53/MDM2
protein-protein interaction are expected to become anti-cancer agents. Cyclic peptide 2 was designed and
synthesized (Figure 2). Peptide 1 (ETFSDLWKLLPEN) is known to inhibit p53/MDMZ2 protein-protein
interaction. Oligoarginine R10 shows excellent intracellular translocation ability. Redox-responsive moiety
is cleaved and self-immolatively eliminated under reducing conditions such as inside cells. Linear peptide 1
showed moderate inhibitory activity in the fluorescence polarization assay. The cellular activity of cyclic
peptide 2 was evaluated in a reporter assay and MTT assay and found to be not active up to 20 uM and toxic
at 50 uM.

2) Development of nucleic acid-based medium-sized molecules that function intracellularly

Artificial nucleic acids are expected to be used for cancer therapy and other applications. This subject was
discontinued in order to focus on other subjects.

3) Diversification of modules

To overcome the two problems of 2, i.e., 1) inadequate p53/MDMZ2 inhibitory activity and 2) cytotoxicity, we
proceeded research under two guidelines: 1) increase the inhibitory activity of “medium-sized molecule
module” and 2) decrease overall amphiphilicity of peptide (decrease the cationic property of “guiding module”
and/or decrease the hydrophobicity of “medium-sized molecule module”) anticipating to reduce potential cell-

membrane damage. We found several peptides with significantly stronger activity than 1. As “guiding



module”, various CPPs, tumor homing peptides, and non-peptidic molecules were examined. We synthesized
various linear or cyclic peptides with “guiding module” and “medium-sized molecule module”. By following
the guideline in 2), cytotoxicity could successfully be reduced. On the other hand, the guideline 1) was
insufficient, and it was extremely difficult to create molecules that showed p53/MDMZ2 inhibitory activity in
cells. Very recently, however, we found that a control molecule designed to be inactive exhibited weak
p53/MDM2 inhibitory activity. This unexpected finding led to the elucidation of the cause of insufficient
activity. By applying a new molecular design that overcomes the presumed causes, we succeeded in
developing a linear peptide that exhibits strong p53/MDM2 inhibitory activity in cellular systems and is not
cytotoxic. By applying the temporary cyclization strategy to this molecule as “medium-sized molecule module”,
it is expected to develop the molecules with desired function. The problem found would be general and is

anticipated to be evident in a large number of bioactive peptides.
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Figure 2. Reducing environment-responsive p53/MDM2 inhibitory cyclic peptide 2 and its reaction under reducing conditions.



