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Abstract: Nanocarriers have been widely used for drug delivery because of their good biocompatibility, tissue permeabili-
ty , non-toxicity, and easy absorption. The drug carrier enters the target site by cell endocytosis. During this process, the bar-
rier function of the endosome is an important factor limiting the efficiency of drugs. This paper starts from the mechanism of
endosome escape. The escape agents realize the endosomal escape by means of protonation effects, membrane fusing or mem-
brane pore forming, membrane destructing, and immunity shielding. The modification of the carrier material by using the es-

cape agents like polymer materials, peptides, photochemical reagents, and pH-sensitive materials to achieve the escape are
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reviewed. Finally, the future development of the escape of the endosome is prospected.
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Fig. 1  Schematic of endocytosis and endosomal escapel”’ ; particles
entered the cells via the endocytic pathway become entrapped in
the visicles, the vesicles matured form early endosomes and late
endosomes and eventually end up in the lysosome, the particles
are effective by achieving the endosome escape; otherwise, en-

zymatic degradation processes take place
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Table I Endosomal escape agents'” ']

Category Agent Mechanism of endosomal escape
Proteins and peptides Poly ( L-histidine ) Proton sponge
KALA Fusion
GALA Fusion
Bovine prion protein ( bPrPp) Pore
(HA2)/poly (L-lysine) (PLL) Fusion
(R-Ahx-R) (4) AhxB Fusion

Polymers and chemicals

Poly( amidoamine)s (PAAs)

Poly (4-vinylimidazole )

Ammonium chloride

Methylamine

Chloroquine
Photosensitizer TPPS,,

TPPS,

AlPcS,,

Polyethylenimine (PEI)
PEG-oligo ( glutamic acid) -PEI

Proton sponge
Proton sponge

Proton sponge

Proton sponge
Proton sponge
Proton sponge
Proton sponge
Photochemical internalization
Photochemical internalization

Photochemical internalization

Acidic pH induced modulation

Amphiphilic (4sPCLDEAS)
Folate-PEG-poly ( aspartate Hydrazone doxorubicin)
Pullulan acetate and Oligo-sulfadimethoxine

Poly[ ( L-histidine) -( L-phenyl alanine) ]-PEG

PH sensitive micelles
Hydrazone bond cleavage
Internal structure change

Protonation of imidazole in his block
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Fig.2  Schematic of proton sponge mechanism''®

1. 1. cell internalization of proton sponge agent via endocytosis to form endosome; 2 influx of pro-

tons by ATPase due to proton buffering action of the agent with concomitant influx of chloride ions; 3: high ionic concentration in endosome

attracts water from cytosol leading to osmotic swelling; 4: rupture of endosome to release the endocytosed material
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Fig. 3 Peptides self-assemble to form pores in endosomal membrane
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Fig. 4 Schematic illustration of photo induced endosomal release!?*) ; 1;

localization of photosensitizer ( PS) in endosomal membrane; 2.

illumination of light exciting photosensitizer to generate reactive

oxygen species (ROS) ; 3: disruption of endosomal membrane by

ROS to release cargo in cytoplasm
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Fig.5 Cellular endosome/lysosome escape of C-Cy5 siPlkl in A375
cells. The medium was replaced with optimen reduced serum
medium and observed by CLSM for 12 h. The red arrows indicate
the escaped siPlkl, while the yellow one indicates the encapsu-

lated siPlk1 in endosome/lysosome 2"}
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Fig. 6 Images of endosomal disruption of gene complexes containing Cy5-
labeled plasmid (red) in cells with LysoSensor Yellow/Blue
DND-160 (green) after 2 and 4 h incubation: Cy5 channel (1),
LysoSensorYellow/Blue DND-160 channel (2), overlay (3) and

enlarged view (4) %]



276

Hh A i

538 &

BR-JE A AW (RLS Je RL) fE56Y 2 h, %EGRIE (4
REETOC(LABSRaEN), RIHEANKAE,; 75
Mt 4 h B, PETZLH IR B A 0OLRE S, 3R PET 4tk
AT, 1 IS (Y R R R A2 A W AL A Sk B 4
FRAE N A2, X R EIOEEE M, T
ZIFEHNEZ S T AR EE, FfdRm, KaR
Z K634 PEL W] 34

Kalina 25" BE11T pH fil & B RBLFLIK, flfi T pH R
HUR A ALIE MelP5 R34 18 432 A4 SCE A7
WL, B0 T PIMESRBER M R 5 SRR AL

WHF B, e 2™, 268, w1
TPPS, . TPPS,, . AIPcS,, FlH: T H KR K 40 7 19 6 i)
(DP) EZENAENIRRI IR, R T E, Xt
B &5 1 ROS MTE R, 46 AT (B P B8 AR, T 41 i
A BE A SE RO PR B AN P

Yuan 557 ]I T HA REF S LG (AIE) FRIERE
WER(PS) SN IGIRER (AA) S5 A TERFFE T, &5F
A ROS, M S AR O F 4 f B PRl A A 0 0 41 M P
IBHEAE, IV BERS N TR AR T ROS i S 1 AR SR ot 4717
#r, WE5ER, Hela UMZERA ROS S 5T, Ba @

Fofe pH=7 Ao . nTRAS, A6 pH=5 T4 S, OJG(AN) sk @aOt (AR aiiEi) , meR e 76
BT RAL, SEBLT AR S, OO R ERK, RPN BIR, 78401 5
3.3 HFmMAALEFESH HFRGIIE] YOYO-1 ARiCH) DNA, SCEL T Ak (| 7) .
R RDGAETT I, A Wy R I P A3 B R ik 3
(a]
o] (o) E
DL A ~ ~ M
1°°Y ) TPECM T 07
3 PE
P(TPECM-AA-OEI)-g-mPEG ; [b]
- & 1. Self-assembly -"a;:‘
aw .- 2. DNA binding /’—*’~ y
ooo DNA M~"’r '
(s
@ TPECMM\"mPEG AA @ OEI
el S-NP/DNA
4".'::‘
N A
§ Nanoparticle
destruction
End ) \ . / 5 / ; F 4
ndocytosis M08 3 Light >
3 ['.::"f %2, irradiation E -
)‘\y ¥ onaes o
1 Endollysosome
Cytoplasm Endo/lysosome disruption Nucleus

Pl 7 ROS W R 9 K SR ) 4 A Pl 252 B 1Ay e o i o 2 147

Fig. 7 The transgene expression and endosomal escape of ROS-responsive nanoparticles

Kun 25" iR 7 748 DOX FDGE SHI RS WK
W (D-LRPM) , JHZOGA MR i AR FI A i i, A OG-
PR RSO B A TC IR ST B B AR, H DOX 741 i
AL E i BE S I, S5 R R W], D-LRPM HO6i5 55
AR ROS BEAS IR P AR, 5 280 6 i3 22 400
JiH,

AT R, PCI AR OG0 B ke A7 I
T ERIA S Z B, P R, & —Fh A AL
A kR gy

[47]

3.4 pH#EBMHNES

pH BUBOR A LR — JE RERE W L i 72 R 58 pH (B 3L
IR TR T B RE K A — e 78 AL B B A
B TENUAAZ A0, LA i R ], e fhom e B
A% 0, pH BEAR. A IR LA 5 8 08 1k S5 A
ABRAET, IEWAHLAAN pH AT 7.2~7. 4, TEME
R A AT pH AF 6.5~6.9 Z a5 i 78 2 Wy dk A
ESIA pH SBUBHRIBRL, AL/ R E pH A1 T 58
IR, RESCEL T AR IR, SCREE 25 W) 1 T A Ak



53

BIIEAT . AOKR LY AR 52 BN 1A 0k i 277

BRI, ZnO KR AE A BLAE T (pH 7. 4) R FF R
UFrRasEYE, {BAE pH 5~6 ZEAT et E /3" . Zhang
EPURH X —H e, AR pH BUREEE Y Zno-
MSNs, AFIPIRSGRACER , STIAYRIR AT 1, Ma
MR MRS MR TR S, 5] GDR
Ay, RIS T pH M 5.0, 6.5 Al 7 () PBS Z& thii
H GDR 94 K B e 1 i 2 22 RSE, iRge 61, Hofe
pH=7.4F, RFifEfREEAZE; £ pH=6.5 T, KRAEH T
B, AE pH=5.0 I, RiARHE K Ry ihdE &0 T 1Y 3 4,
HA A pH BUSRUN , #d28hRid s R AT, i
H6hJm, N GDR 5MikIEN, HFMERA
AT 50% 1 N & M PR g g il ok, SEB I MR IR
TRFFTHE , TS 0 S T FE R R S, AN 1 5+
BT, TS S P9 s Bk R 493 .
3.5 BER#TH

MRS S I 2 B ( DOPE) K AT 4= Wy 7E Bh 5% vh
SRR, AR N RIE, FHOCHETY 2B, B8t
TR 2 B A TR) o 28 (AN AR R M e B 7 A LA F T
e, SR MR, 7 pH TR, PE 1k
ARG EWAERAMIED , NAERE S YRR K
RIWERME, RRSERUNRIE IR, Safinya PRI /N
FRE X SR s 2 — i ik = 1 5559 B2 (DOTAP) -
T A W 2 B ( DOPE ) 1) 45 4 5 JHC 2 380 % AH 56
1, DOPE #& LAl 1% S DNA-IE i &2 AW N £ )2 454
MBS AV A 5 A8 . R ) 7S I S5 R RE RS (2 il 5
FF B 2 [ A AH BAE S BOUIERL& FT DNA R,

4 % &

AR, —RINEA RUFREYMANE . AREE
P L EE . TR SR BRI R Tz
TFACFREI , (E AR 5 5 ) 77 7 o BR 1] 1 2K 2590 19 %
J&, VR, 8B A s B LA S B Rk iR
A2 IR 2 2R i 30 03 e (AT — i e I
TR A W2 IR AT R N AT — e bk A5 4=
RSB Rk iR, — RE P SO S R SR, TR AR
MR, (HHASHAT W A I, AT5afE LA B SE PR

TEIUA BB RN T, 385 X A A 6 3% BIL 1 ) 32
— LT, KeE S 2 AR K RN RS B
X5 EAARAE ML B 1z | AR B P AR 8 S5 L L )
— s BRI W) AR BT K, AR IR R K 2 A
NI R A s [l

SEHEE References

[1]  Yousefpour M M, Yari K A. Cancer Chemotherapy and Pharmacology

(17, 2017, 79(4) ; 637-649

(2] Thakur K, Aggarwal G, SI H. World Journal of Pharmacy and Phar-
maceutical Sciences [1], 2016, 4(5): 708-723

[3] Stewart M P, Lorenz A, Dahlman J, et al. Nanomedicine and Nano-
biotechnology[ 1], 2016, 8(3) . 465-478

[4] Giodini L, Re F L, Campagnol D, et al. Nanomedicine: Nanotechnol-
ogy Biology and Medicine[ 17, 2017, 13(2) ; 583-59%.

[5] Tallui S V, Kuppusamy G, Reddy-Karri V V, et al. Drug Delivery
[I], 2016, 23(4): 1291-1305

(6] Hinde E, Thammasiraphop K, Duong HT T, et al. Nature Nanotechn-
ology[ 1], 2017, 12(1) ; 81-89.

(7] Varkouhi A K, Scholte M, Storm G, et al. Journal of Controlled Re-
lease[ J], 2011, 151(3) . 220-228.

[8] Saftig P, Haas A. Nature Cell Biology[J], 2016, 18(10) . 1025-1027.

[9] Yang C, Wang X. Traffic[J], 2017, 18(6) . 348-357.

[10] Shete H K, Prabhu R H, Patravale V B. Journal of Nanoscience and
Nanotechnology[J], 2014, 14(1) ; 460-474.

[11] Guillard S, Minter R R, Jackson R H. Trends in Biotechnology[J],
2015, 33(3): 163-171.

[12] Saraswathy M, Oupicky D. Endolysosomal Escape into Cytosol[ M1//
Silvia M. Drug Delivery Across Physiological Barriers. Pan Stanford
Publishing, 2016. 341-365.

[13] Gao Y J, Qiao Z Y, Wang H. Science China Chemistry[ J], 2016, 59
(8): 1-12.

[14] Elise D D, Philip E M, Henry E F, et al. The Journal of Chemical
Physics[ 7, 2017, 146(18) ; 471-517

[15] Luckey M. Introduction to the Structural Biology of Membrane Proteins
[M]//Nunez D, Carmen M. Computational Biophysics of Membrane
Proteins. Royal Society of Chemistry Publishing, 2016 1-18.

[16] Tammam S N, Azzazy H M E, Lamprecht A. Journal of Controlled Re-
lease[J], 2016, 229. 140-153.

[17] Sandhu G K, Morrow M R, Booth V. Biophysical Journal[]], 2016,
110(3) : 415a.

(18] Kim J S, Choi DK, Shin J Y, et al. Journal of Controlled Release[ .
2016, 235. 165-175.

[19] Berg K, Selbo P K, Prasmickaite L, et al. Cancer Research[]],
1999, 59(6) . 1180-1183.

[20] Selbo P K, Weyergang A, Hggset A, et al. Journal of Controlled Re-
lease[ 1], 2010, 148(1); 2-12

[21] Bostad M, Olsen C E, Peng Q, et al. Journal of Controlled Release
[1], 2015, 206 37-48.

[22] Hu C M J, Fang R H, Wang K C, et al. Nawre[J], 2015, 526
(7571): 118-121.

[23] Lin C, Zhong Z Y, Lok M C, et al. Bioconjugate Chemistry[]],
2007, 18(1): 138145

[24] Meng T, Wu J, Yi H, et al. Colloids and Surfaces B: Biointerfaces
[J], 2016, 145; 695-705.

[25] Boussif O, Lezoualc’h F, Zanta M A, et al. Proceedings of the
National Academy of Sciences[J], 1995, 92(16) . 7297-7301.



278 Hh BB i %38 %

[26] Bivas-Benita M, Romeijn S, Junginger H E, et al. European Journal [J7, 2017, 106(10) ; 3113-3119.

of Pharmaceutics and Biopharmaceutics[J], 2004, 58(1): 1-6. [41] Santiwarangkool S, Akita H, Nakatani T, et al. Journal of Pharma-
[27] Zhang L, Zheng W, Tang R, et al. Biomaterials[]], 2016, 104; ceutical Sciences[J], 2017, 106(9) ; 2420-2427.

269-278. [42] Min S H, Lee D C, Lim M J, et al. Journal of Gene Medicine[J],
[28] Kichler A, Leborgne C, Coeytaux E, et al. Journal of Gene Medicine 2006, 8(12) . 1425-1434.

(17,2001, 3(2): 135-144. [43] Chen X, Yang J, Liang H, et al. Journal of Materials Chemistry B
[29] Godbey W T, Mikos A G. Journal of Controlled Release[J], 2001, 72 [J7, 2017, 5(7): 1482-1497.

(1-3): 115-125. [44] Kim S Y, Wiedman G, Li L, et al. Biophysical Journal[ 1], 2016,
[30] Dufort S, Sancey L, Coll J L. Advanced Drug Delivery Reviews[]], 110(3) ; 415a.

2012, 64(2): 179-189. [45] Allison A C, Magnus I A, Young M R. Nature [J], 1966, 209
[31] Guan X, Guo Z, Wang T, et al. Biomacromolecules[J], 2017, 18 (5026) ; 874-878.

(4) . 1342-1349. [46] Prasmickaite L, Hggset A, Berg K. Photochemistry and Photobiology
[32] Wang X, Shi C, Wang L, et al. Colloids and Surfaces B: [J7, 2001, 73(4) . 388-395.

Biointerfaces[ 1], 2017, 162 405-414. [47] Yuan Y, Zhang C J, Liu B. Angewandie Chemie International Edition
[33] Tiyaboonchai W, Woiszwillo J, Middaugh C R. European Journal of (11, 2015, 54(39) ; 11419-11423,

Pharmaceutical Sciences[ J], 2003, 19(4) ; 191-202. (48] Kim K, Lee CS, Na K. Chemical Communication[]], 2016, 52(13) ;
[34] Lee ES, Gao Z, Bae Y H. Journal of Controlled Release[]], 2008, 2839-2842.

132(3) : 164~170. [49] Taylor S, Spugunini E P, Assaraf S Y G, et al. Drug Resistance Up-
[35] Lee ES, Shin HJ, Na K, et al. Journal of Controlled Release [J], dates[]], 2015, 23; 69-78.

2003, 90(3): 363-374. [50] Malhotra S P K, Mandal T K. SCIREA Journal of Chemistry[J],
[36] Zhang X, Chen D, Ba S, et al. Biomacromolecules[]], 2014, 15 2016, 1(2); 67-89.

(11) ; 4032-4045. [51] Wang Y, Song S, Liu J, et al. Angewandte Chemie International Edi-
[37] Thm J E, Han K O, Hwang C S, et al. Acta Biomaterialia[ J], 2005, tion[J], 2015, 54(2) . 536-540.

1(2): 165-172. [52] Wang C, Li P, Liu L, et al. Biomaterials[J], 2016, 79: 88-100.
(387 Lino Z X, Peng S F, Chiu Y L, et al. Journal of Controlled Release  [53] Guo S, Huang L. Journal of Nanomaterials [1], 2011 (2011):

[J7, 2014, 193; 304-315. 742805 .
[39] Morris C, Wimley W C. Biophysical Journal [ J], 2017, 112 [54] Selby L 1, Cortez-Jugo C M, Such G K, et al. Nanomedicine and

[40]

(3): 525a.
Miura N, Tange K, Nakai Y, et al. Journal of Pharmaceutical Sciences

Nanobiotechnology[ J], 2017, 9(5) . el452.

(4 & W)



