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NTEH?Y, wrza¥ /44— 2%, MBSk 1%
JEAMAI Y AL FEREBO—2E R H 5. vz 0K
J A b= ZREALIIC D K AR S N2 HLD A SRR
ThHIEPHMONTVAER, =7aE /%4 b= R
LMY AREWHEL T M THOERR, ZhIcES
T 5B OB E, thoT > F¥ 4 b—v kKL
W U A 5T H% .

AFTIE, MBBAVR T DML~ DB Y SAAIZ BT
%, ¥ 7UV /¥4 b= Z20OF5 L ZOREICHET 58
B L TRk L 72w,

2. TH/OE/ Y4 k=2 R E BT ALK &K
Rk

ERDXHIZ, vr7aE %A b= RARBRBICE Y F
BAXNLHHLY P AL =Y 20—BETH Y, HMlE
WThorT 7 F 745Xy bOFEHE LMK R -
AL 2 PR, RV O NE 2 NI AL, 2
OBAELEZx 70 )Y —20BEZEFIEumiZd B XU,
o>y FH A4 b= AR (79 A) Y2y P A b —
VARHNREFTT Y RHA b= R) 1B HHD AR
fa (02pmBLF) ICHARTHEIIKRE V. /2, ZofH
IR RIS < OMIBBS R & MIFBNICHLY At 2 L AS
WHETH ), S FIEREBESLYHEL AT 5 MBasM kv
OO REEZFRICTLRBEEEZ SN 5.

707y —IhEOEMBLUATIEX, v raE B g
b= ZRARBCARSF L T\ I L 2 L
BHHNTWS, SEdliE LTk, 72& 213 ERRERN
T (epidermal growth factor : EGF) 7% EOKERTIZ L 5
ZRARA AL Ras, Rac 22 EOTEMEAL (GTP R A B~
OEAL), F72, KRXTrFINVA T =D VAL
[PI(4,5) P25 PI(3,4,5) P3I~NDZEW] #HLTT 7 F >
HEEMED S v 71) ¥ 7 2FET 52 M5 TW
53 =rn¥ ¥4 b—Y AIZEBERHTHRERF 2
ORI EZ T2 L EORTEMALSNEREN 2TV F
A FP—=TYATHDLERZONTWIA, I, RasEH
BAMI T~ B ¥ ¥ A b= ZHVEFE I
ENTWD I ENHRE SN, BAMILIZEIT 55D A
Ko B E ORISR, Z Ok R FIH L 72PiAs A K| O 2kE
EDABIEOBEN S, KERFEHZHEDTVSY,

BN D ARICBIF A~ 270 )% 4 V=Y 208
Hag, MR O R 2L R BB F A O & A 5 H I S
NCT&/ w7 /%4 b=V ADOFEEICLY, T2
FUTA4ATRAY N OFERLMMED Z X)) K74 T
BTy 7T, HHWIEN Y TIROMNELETE . # 0
P X 0 MR/ 2 BN ICI ) AT ABlg s h
5. IO IFE T MR UM 2 H Wil EE o
BlgEe, TU/F 745Xy Mojt - HL, H 50w
X7 a¥HA b= ARERANDBEZE X o THHM S
N5, HERE LTI, cytochalasin D (7 7 F » EAE

#1), 5-(N-ethyl-N-isopropyl) amiloride [EIPA ; Na*/H™ ex-
changer (NHE) PF15£%]], wortmannin [phosphatidylinositol
3-kinase (PI3K) BHEH], =¥ Fv—AREEHE] 2 &
PHWONL. 772 ALY P A b= A% E
TIE, MRS AN 28Ky oy B ik~ —
H—,  LTHEDTY FY— 2 OMIBINZE) % B ¥ 5
Thb. —J, 7TEHFA b= RISIERFRN 200
IYFHA P =V RATHLEI LD, TORY AA~Y—
H—&LT70kDa7T ¥ A T VOB ENS?.
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THEEHIT, MINICEYS S VX7 B R RET b HE
EHEODLOPDH L. INHOXRTF FIZHMBERRTF R
(cell-penetration peptides : CPPs) &#&FrS i, +1U I 7L
F= URHIV-1Tat ¥ ¥ X7 BHROWEIERTF K (TAT
A 7F F : GRKKRRQRRRPQ) 7°Z DIEFITHZ. 72
LR URY LRIy VY=L EEGHIIV ML
MAA 77 T7VF=r (R8) RTAT CTHBHIiT 52 LIk
D, IN5OEHF ORI ALIMRESINL Z LA
EISNTWE W, <70Vt 2 H 4 b—3 X% HEThE
oy, HWREREL WO BEASAERETHY, FA
DZDORNEF-72RTF KR ¥ VR HOHRE L%
S HITITHIBNBATIRE DT 21T > TE TV 5.

COW\BET, AT FTFTHTLUF=Y (RI12) BT T
£V ZFRCXCRAZ A LTI 27O ) H (4 b= A%
HAL$25Z LR, CXCRAOAERKDO) H Y FTHBHA U
<Mk FSDF-lad~2 0 /) %4 b —3Y A% il
FTHIEERWZLEY, & 5IZSDF-1a D N KGN T F
F (SN21 : KPVSLSYRCPCRFFESHVARA-amide) X % @
B X7 F K (P4A : YRCACRFF-amide) 3~ 7 0t
JH A M=V AFERELEASON Y ARMEHERE AT S
CEFRWZELTWAERY, vy —aEEGHIVN
JEH L vy 4 7oEYF v ) 7E LTOSHABK LT
%%, M NEOMBANOBITRIFLI L HEL
<, ZOMEEHNEST LT 7 —FH0ELLRL. |k
WWDOSN21 R PAA ITEHWV~ 7 T ¥ ¥4 b — ¥ AFHEhE
MR ERE T AT 525, MIEFET TIXZOREH»H
Iz v, NEWE 27 7 U WAL L7250 F WL R o P4A
(C18-0xP4A : stearyl-YRC*AC*RFF-amide ; C* [ 433 A )V
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4. BOZ v 7 JFEEPEIPARSZMEY/OE/
YA b= XEHETHBARY AL

Fxlx, 7 EHHROBMIEEZ AT 5054 2 HiHE
YR T F K M-lycotoxin DB KT I VBEO—DThH 5
17fiouf > v a2 7Ny I VBICEELZLITERTF K
(IWLTALKFLGKHAAKHEAKQQLSKL-amide) f£1F T 2T
f (1gG) Moy > 378, MNaFLINE oA~ D HL
DARDPMIEINDL Z L2 AW LAT. 44, LITEML
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PR % MR AR S 5 & 5 BRICIZPURIE Y A4 UL
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F72, VRO in vivo BZ X E LT, 413 1gG D Fe
WICKAE2 AT HRXTF FEBP & LITED=®mfkE v
vYas =1 [FeB(LI7E);] #EBL, 1gG L OEAITL
D, IgGCOMBNBITANER SN LD EMERET AL EL
7219 Alexad88 THINET NIV L 72 IgG (IgG-Alexa) & FcB
(LI7E); Z 1:20E NI TRA L, MBS 32 L xR
W72 1gG OMIBEN (h A4 M Vv) BITHSHERR S L2, 7
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b (Lifeact-mCherry THER - WHUEL) ANIH O PH 2 BLY Pt
GRS & 0 2 B PR & & 2 7RIB) . Alexad88 Kk IgG D ¥
4 MU ANOIEFIHEG (20, 40sec), TZF 74T A b
DR LB L OWEIZHRT 2 U192 5 7] % 15 TRk -
U,

WCTdH o722 k12, (i) IgG-Alexa & FeB(L17E); Z R AT
5 LW EC X DR S NS 2k, (i) W
ASHINE & B LTI SAE Nk, 1gG SN I — &S
PR, 10RETIgGIdMaekiciTE bz 2 L, (i)
FcBP (X LI7E O = RAARIZHUKEZ 5L, iR I3 E
B E % B9, FeBP & GO HAKILT LD
PEZWZ L, (iv) Alexa488 D H B AT K 12 £
ThHhoHrIT L, REPEOBOBGENI L VRSN, EH
FTARERML, 2 OHIEANDFE AT HAL 2 BEAD/INLIZ IS
IVEZIZDTIERL, MRMOISESLETHSLI LT
HAH. WHEAHIICE Y AT N ABIE, EOEEZ 7
7FVHWY &L L) BRI T MIERT 5 —F, bk
RN ICHAT 2 ICOoONERIIMEH ML (F2). F
72, ATPREARHESM TR, ~27u¥ /%4 b— v AHE
% (cytochalasin D, EIPA, wortmannin) f#7E F CTlZHuR DMl
JANTEAZHE IR SN G, LA > T, ZoMlanib
A, w7 /%, b=y 2 Z N BFEEIET S
LIS A 59 % 2%, LITEIC X 2 B0 M~ %
FEL R, BRI S SR RN LETH .
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Bz rb~ru )4 b— 205 2 #EmoO0
TWAIRETOHEHEICBVTY, WL~ o )9
AP = AL RBHORZLIY A b= 2H D0k
DB T 72 F > 7 4 5 X ¥ b OFRERZ AL MBI~
DI AABXOHFAEZ BT L TRt H S &
R L. 7929 MMREHZ Y YA b= 2AD% L
i, VY P EZBROMIHERN LR ENAR LN HE
HEVH, w7 al ¥4 b — T ZFHANE &g & Ik
FEEIIZHUD AL RSO TH Y, 70kDaTF A+ 7
PHo<—h =Rz A M5 T Wi, %ﬁ’@ﬁ?
HIEIZEoT, 7B /YA b=V REWHIED
Kikb%htéiéi&ﬂ77%7#ﬁﬁ¢ébk%ﬁ
HIEETES.

S F I R E S RRIFEZ FE oMl Mo - 25 L2 HL
DiAEh, TORBISEEELL 29 5. MRNA~NOIY A
KM BT B Z L1, IS OB F DM
MR L, FONELZHIETL2FELMEBT L0105
bOTEETHSL. 270 /A4 F—Y ZA%5He L
TSmO 5T, WE I TS b o 72Hi7:
T MR N~ OB - ) A AARRATH S 512 - TL 0]
DD 5. KR TIRELS SNL D o728, BARBONHE
< at ¥4 b= ADOME, RABENDBHO
TREEICB L CH SR oMmEd - 5.

E i3
AFLEHZIST CREST (Grant Number JPMJCR18H5) D%
BIZEDBDBDTH 5.

X 73

1) Conner, S.D. & Schmid, S.L. (2003) Regulated portals of entry
into the cell. Nature, 422, 37-44.

2) Mercer, J. & Helenius, A. (2009) Virus entry by macropinocyto-
sis. Nat. Cell Biol., 11, 510-520.

3) Egami, Y., Taguchi, T., Maekawa, M., Arai, H., & Araki, N
(2014) Small GTPases and phosphoinositides in the regulatory
mechanisms of macropinosome formation and maturation. Front.
Physiol., 5, 374.

4) TR, REAR (2021) vz 0¥ WA =Y ARG
M L7zl ok, ZE1ba:, 93, 137-140.

5) Zhang, Y. & Commisso, C. (2019) Macropinocytosis in cancer:
A complex signaling network. Trends Cancer, S, 332-334.

6) Xiao, Y., Xu, W., Komohara, Y., Fujiwara, Y., Hirose, H.,
Futaki, S., & Niidome, T. (2020) Effect of surface modifications
on cellular uptake of gold nanorods in human primary cells and
established cell lines. ACS Omega, 5, 32744-32752.

7) Means, N., Elechalawar, C.K., Chen, W.R., Bhattacharya, R.,

&

O=—K FH (L& L3))

TR KA EGEA #d%. St
ZOMITOWTIEAGEI A 175 (2021), p. 140% T 2SN,

& Mukherjee, P. (2022) Revealing macropinocytosis using
nanoparticles. Mol. Aspects Med., 83, 100993.

8) Nakase, 1., Akita, H., Kogure, K., Graslund, A., Langel, U., Ha-
rashima, H., & Futaki, S. (2012) Efficient intracellular delivery
of nucleic acid pharmaceuticals using cell-penetrating peptides.
Acc. Chem. Res., 45, 1132-1139.

9) Nakase, 1., Takeuchi, T., Tanaka, G., & Futaki, S. (2008) Meth-
odological and cellular aspects that govern the internalization
mechanisms of arginine-rich cell-penetrating peptides. Adv.
Drug Deliv. Rev., 60, 598-607.

10) El-Sayed, A., Futaki, S., & Harashima, H. (2009) Delivery of
macromolecules using arginine-rich cell-penetrating peptides:
Ways to overcome endosomal entrapment. A4PS J., 11, 13-22.

11) Nakase, 1., Noguchi, K., Aoki, A., Takatani-Nakase, T., Fujii, 1.,
& Futaki, S. (2017) Arginine-rich cell-penetrating peptide-mod-
ified extracellular vesicles for active macropinocytosis induction
and efficient intracellular delivery. Sci. Rep., 7, 1991.

12) Tanaka, G., Nakase, 1., Fukuda, Y., Masuda, R., Oishi, S.,
Shimura, K., Kawaguchi, Y., Takatani-Nakase, T., Langel, U.,
Griaslund, A., et al. (2012) CXCR4 stimulates macropinocytosis:
Implications for cellular uptake of arginine-rich cell-penetrating
peptides and HIV. Chem. Biol., 19, 1437-1446.

13) Arafiles, J.V.V., Hirose, H., Hirai, Y., Kuriyama, M., Sakyia-
mah, M.M., Nomura, W., Sonomura, K., Imanishi, M., Otaka, A.,
Tamamura, H., et al. (2021) Discovery of a macropinocytosis-
inducing peptide potentiated by medium-mediated intramo-
lecular disulfide formation. Angew. Chem. Int. Ed. Engl., 60
11928-11936.

14) Arafiles, J.V.V., Hirose, H., Akishiba, M., Tsuji, S., Imanishi, M.,
& Futaki, S. (2020) Stimulating macropinocytosis for intracel-
lular nucleic acid and protein delivery: A combined strategy with
membrane-lytic peptides to facilitate endosomal escape. Biocon-
Jjug. Chem., 31, 547-553.

15) Nakagawa, Y., Arafiles, J.V.V., Kawaguchi, Y., Nakase, I,
Hirose, H., & Futaki, S. (2022) Stearylated macropinocytosis-
inducing peptides facilitating the cellular uptake of small extra-
cellular vesicles. Bioconjug. Chem., 33, 869-880.

16) Dutta, D. & Donaldson, J.G. (2012) Search for inhibitors of
endocytosis: Intended specificity and unintended consequences.
Cell. Logist., 2, 203-208.

17) Akishiba, M., Takeuchi, T., Kawaguchi, Y., Sakamoto, K., Yu,
H.H., Nakase, I., Takatani-Nakase, T., Madani, F., Graslund,
A., & Futaki, S. (2017) Cytosolic antibody delivery by lipid-
sensitive endosomolytic peptide. Nat. Chem., 9, 751-761.

18) Akishiba, M. & Futaki, S. (2019) Inducible Membrane Permea-
bilization By Attenuated Lytic Peptides: A new concept for ac-
cessing cell interiors through ruffled membranes. Mol. Pharm.,
16, 2540-2548.

19) Iwata, T., Hirose, H., Sakamoto, K., Hirai, Y., Arafiles, J.V.V.,
Akishiba, M., Imanishi, M., & Futaki, S. (2021) Liquid droplet
formation and facile cytosolic translocation of 1gG in the pres-
ence of attenuated cationic amphiphilic lytic peptides. Angew.
Chem. Int. Ed. Engl., 60, 19804-19812.

OLE AR (O0r¥ VEhHX)
SRR AL A ERT feedkddz. Wit ().
ZOMITOVTIIAFEII S 15 (2021), p. 140% TBHL 2S00,

AAbE: 8595 K2 5 (2023)


https://doi.org/10.1038/nature01451
https://doi.org/10.1038/nature01451
https://doi.org/10.1038/ncb0509-510
https://doi.org/10.1038/ncb0509-510
https://doi.org/10.3389/fphys.2014.00374
https://doi.org/10.3389/fphys.2014.00374
https://doi.org/10.3389/fphys.2014.00374
https://doi.org/10.3389/fphys.2014.00374
https://doi.org/10.14952/SEIKAGAKU.2021.930137
https://doi.org/10.14952/SEIKAGAKU.2021.930137
https://doi.org/10.1016/j.trecan.2019.04.002
https://doi.org/10.1016/j.trecan.2019.04.002
https://doi.org/10.1021/acsomega.0c05162
https://doi.org/10.1021/acsomega.0c05162
https://doi.org/10.1021/acsomega.0c05162
https://doi.org/10.1021/acsomega.0c05162
https://doi.org/10.1016/j.mam.2021.100993
https://doi.org/10.1016/j.mam.2021.100993
https://doi.org/10.1016/j.mam.2021.100993
https://doi.org/10.1021/ar200256e
https://doi.org/10.1021/ar200256e
https://doi.org/10.1021/ar200256e
https://doi.org/10.1021/ar200256e
https://doi.org/10.1016/j.addr.2007.10.006
https://doi.org/10.1016/j.addr.2007.10.006
https://doi.org/10.1016/j.addr.2007.10.006
https://doi.org/10.1016/j.addr.2007.10.006
https://doi.org/10.1208/s12248-008-9071-2
https://doi.org/10.1208/s12248-008-9071-2
https://doi.org/10.1208/s12248-008-9071-2
https://doi.org/10.1038/s41598-017-02014-6
https://doi.org/10.1038/s41598-017-02014-6
https://doi.org/10.1038/s41598-017-02014-6
https://doi.org/10.1038/s41598-017-02014-6
https://doi.org/10.1016/j.chembiol.2012.09.011
https://doi.org/10.1016/j.chembiol.2012.09.011
https://doi.org/10.1016/j.chembiol.2012.09.011
https://doi.org/10.1016/j.chembiol.2012.09.011
https://doi.org/10.1016/j.chembiol.2012.09.011
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1002/anie.202016754
https://doi.org/10.1021/acs.bioconjchem.0c00064
https://doi.org/10.1021/acs.bioconjchem.0c00064
https://doi.org/10.1021/acs.bioconjchem.0c00064
https://doi.org/10.1021/acs.bioconjchem.0c00064
https://doi.org/10.1021/acs.bioconjchem.0c00064
https://doi.org/10.1021/acs.bioconjchem.2c00113
https://doi.org/10.1021/acs.bioconjchem.2c00113
https://doi.org/10.1021/acs.bioconjchem.2c00113
https://doi.org/10.1021/acs.bioconjchem.2c00113
https://doi.org/10.4161/cl.23967
https://doi.org/10.4161/cl.23967
https://doi.org/10.4161/cl.23967
https://doi.org/10.1038/nchem.2779
https://doi.org/10.1038/nchem.2779
https://doi.org/10.1038/nchem.2779
https://doi.org/10.1038/nchem.2779
https://doi.org/10.1021/acs.molpharmaceut.9b00156
https://doi.org/10.1021/acs.molpharmaceut.9b00156
https://doi.org/10.1021/acs.molpharmaceut.9b00156
https://doi.org/10.1021/acs.molpharmaceut.9b00156
https://doi.org/10.1002/anie.202105527
https://doi.org/10.1002/anie.202105527
https://doi.org/10.1002/anie.202105527
https://doi.org/10.1002/anie.202105527
https://doi.org/10.1002/anie.202105527

