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Figure 1 (Color online) The pathways of cellular uptake of nanoparticles

E FA A0 TR0 BF T 40 MBS R 1T (3) 400 AR Bt U A .
B F A G JURL 3 3 A 40 9 e A A2 R BB T
YA F A, RS M Y A2 AR - AARAE R B3GR
HE 51 & 20 B B0 2 37 TR B AR A . A A T AT
PLSE IR Y ks RSF ML E 9k B ek 22 4, Cham-
pion®5E NS T S [ B DR U X 5 I A D A S
R BLRURL () i 3 AR G, R RE U A A T A A I AR
N SEFWEAE L, KM AE H P A o 40 i
JCRE 45 R 8 2 HS ok A T A0 IR A 1) 1A RS R W I
B — Pl A0 R AR A G N O L R A
N A I B0RE RO LR R, B AT R A I i oK 21 o
KRSE AR, 5/ WEAE AN, BR 2> EO L 2 g
Hh, KZEA AR EA RMORAE . A% 2 RO Y
WA R I 2 N LB, 2 75 1F A 40 i i
w7 Y R A2 R R 5 0 2 T G AR AR
Ha5 AT, fil &8k /INe T8 Bl I e 28 i 2 T T T8
A B AL IR L. B PN A A R ST 7E 10~300
nm 2 [B) . 52 AR R ) i 7 A o T A A 1 AR 1) e
B M5 fe 22 B IR FH . B8 2 4 Jo B 1 R A IXC
WO i, £50~80 nmK IR IE (flask-shaped) N [ 45
t. KA, MR ERER N Y, P A ShE AW
W 4 A FH DA T JBE - 8 7%, R e 32 45 B 5 44 (caveo-
some). WFIE K P, MR FE40(SV4A0) 23l i X Fh 42
PEAZIA. & AU 0B R S AN 8 32 100 nm!e).
X F YR BRI, S5 S0 N T U 2 R
SN AR, 2 0k 2 i ) LR A S5 4
JiJE 2 1T ) 2 AR L2 A, e AN M TS R P B
PR P A2 AR R e a5 B Oy s

1977



M 7B B 2015578 He0% F21H

FIBORLAY B RAL. (EASIE R, AN FRIBOE —Fh
DR IBURE 5 95 KB R0 T U,

1.2 AENHIIX

RO/ 98 K kL AT DL SE 2o 4F P A 7 Xk 3l
BN PRS2 B 20 i 5 5 22 K (cell-penetra-
ting peptide) A] DL 25 375 4 il J5E HLAS 23 78 BN 7 A AL
T2 FE A b kb, ANRGE Y 48 TR oy 71—
2R L A 90 R P LS L L I 40 K SR (A T
Sy FPNAT LA . 7E 2R A AR R, A0
JEE AT e A LI, (A5 20 ML N A S L AR LA R
It EE RIS, T B M. SRR, &
N K R 3R T8 22 2 il A B R - B B K AR B
Jei, AT RATE 41 RS B 2 A R 5 i A i A .
WAL, A A 25 R 22 BRAE f  4 40 Ok U Al W] DL 5 37
91 DA 7 0 A4 i 5 7,

2 MR BB AN NRAE T AT DR 3

WFFERN, GORBURL I RE TR R sA 1
J5T | 2 T8 45 R A PR BE XS P T ) S BAE A B3
IR, 2B,

2.1 R EON
20 B PN A 9 K L Y R SE RO i iR AR AE . R G

B2 (2% REORS ()5 iR g K AL A 58 B AR TR AN ] A R

A6 B9 B 7K M 0 KUK 38 2 E M A0 W B 2 1 9 2R
£, JEPEE WA A A A . A WA R R ks R
R OR ROEE, T L SURL RS X 7 W Y 5 i AN
FUH PR 2 W R 1 0 oK R S et 2 s A, ]
DS R 7 200 55 3 0 B i A BObE . Osaki 55 LPY
RILARENAFS50 nmi) ORI B . Bl S G 40K
POV S 6 R RE & PRS0 nm i BRIE 0k ELA B 0
Y AR, 7E AL REG RO R SE G, PR
ARG b A ] T UR Fr 2 1T FR SN T A5 3 1 B4 HEAY
RO, AT 45 AR R 50 nm g FURL N AR RCR
Tt 0L, 20 i EBCEL b 49 K A B SE G P R B T
RSFREN A7 AE P2,

IRSF 34 )38 3k A7 AR 5 | T 3RS T AR ) OQE.
Lipowsky %5 A PG T 43 500 94 K 0L 5 98 960 11 422
fi [ 2. Helfrich*/FlDeserno™ % FH 41 Jfd 5 14 25 5 ok
RER, F 5T T A4 R 8 B A O AR B L Y ()
AT RS 3K — 3 T2 MR 45 R 3958 40 RE 1= 1Al Uk 5
Y R (8] P RE R RE (E,) . 4RSS A 25 i BB () A S dr
v 80 A1 B 248 B J5E 1) 40 2 5 o5 T AR T (B, 43 ) 3R
ik

E =-w-4,,

E = f{%/{(cl +c, —CO)2 +Eclcz}dA,

Et =O-'AAad’

Figure 2 (Color online) Factors influence the interaction between the cell and nanoparticles
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Compared with bulk materials, nanomaterials have unique optical, electronic, mechanical, and biological properties that have
enormous potential for use in drug delivery and cancer imaging. Since nanoparticles (NPs) interact with the human body at the cellular
level, there is a need for us to understand the interaction between NPs and cells. Many experimental results show that NPs adsorb onto
the cell membrane and are internalized by the cell through various pathways. Due to the complexity of cells, as well as their host
environments, the size, shape, surface chemical properties, charge distribution, structural topology, and elasticity of NPs can each have
a large influence on this interaction. For instance, some types of cells are better able to take up NPs with greater curvature to their
shape, while others are better able to take up NPs with less curvature. Similarly, some cells internalize soft-structured NPs, while
others respond best to rigid NPs. The mechanisms underlying these differences in interaction can be explained with theoretical models
and simulations. Here, we briefly introduce the pathways for cellular uptake of nanoparticles, and then review the recent progress in
identifying factors that affect this nanoparticle-cell interaction. We also discuss the potential for future research.
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