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Research advances in the effect and utilization of protein corona on
the circulation of nanoparticles in vivo
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Abstract: Nanoparticles have better applicability in the detection, treatment of cancer and various difficult
diseases, but mononuclear phagocytosis system can seriously shorten the time of nanoparticles in vivo circulation,
reduce the drug efficacy. The protein crown formed on the surface of the nanoparticle after entering the body can
change its surface properties, interfere with the recognition of phagocytes, and thus affect its circulation time in vivo.
This article outlines the general composition and formation process of protein crowns. It also summarizes the influence
of the physical and chemical properties of nanoparticles, such as particle size, surface charge, hydrophilicity and
surface materials on the formation of protein crowns. The protein crown affects the circulation of nanoparticles
in vivo, mainly because the adsorbed opsonic protein promotes cell phagocytosis. Therefore, we also introduce the
method of using protein crowns to promote the long circulation of nanoparticles in vivo. By designing appropriate
physical and chemical properties, surface modification, and directed design of protein crowns, the adsorption of
proteins on the surface of nanoparticles can be reduced. Therefore, it can reduce the clearance of nanoparticles
in the mononuclear phagocytic system (mainly the phagocytes of the liver and spleen), and achieve the goal of
long circulation of nanoparticles in the body.
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surface modification
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Figure 1  The formation process of protein corona. When the

nanoparticles enter the blood circulatory system, the surface of the
nanoparticles will adsorb protein to form a protein corona
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Figure 2 Method for using protein corona to promote long circulation of nanoparticle. It is mainly through the design of appropriate physical
and chemical properties, surface modification and targeted design of protein crowns to reduce the adsorption of proteins on the surface of
nanoparticles, especially opsonizing proteins (immunoglobulin, fibrinogen and complement proteins). This can reduce the clearance of
nanoparticles in the mononuclear phagocytic system (mainly the phagocytes of the liver and spleen) to achieve the goal of long circula-
tion of nanoparticles in the body
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Table 1  The effect of hydrophilic molecular modification on protein corona and circulation in vivo. SPIONs: Superparamagnetic iron
oxide nanoparticles; ITIH4: Inter-alpha-trypsin inhibitor heavy chain H4; AGP: Alpha-1-acid glycoprotein; HES: Hydroxyethylstarch; PS:
Polysarcosine; NP-Pd: Pd coated nanoparticles (NPs); NP-pD-Al: Albumin-coated NPs; NPxAIl: NPs with surface-embedded albumin 1;
LSECs: Liver sinusoidal endothelial cells; PEEP: Poly(ethyl ethylene phosphate); PVA: Polyvinyl alcohol polymer; MPS: Mononuclear
phagocytic system

Hydrophilic . Effect of surface modification on Effect of surface modification on
Nanoparticle ) : A . Reference
molecule protein corona (PC) internal circulation
Dextran-coated SPIONs In serum, C3, albumin, immunoglobulin and Modulate complement activation and prolong [43]
nanoworms apolipoprotein are rich in PC; in plasma, circulation time

fibrinogen, C3, albumin and apolipoproteins are
also enriched. Among them, NPs bind about 70
and 110 C3 molecules, respectively
CS-PEG coated PLGANPs Reduce serum protein adsorption Reduce macrophage uptake (especially the [57]
isolation in the liver), show dramatic
prolongation in blood circulation

Fucoidancoated SPIONs Affect the immunity of NPs and reduce Led to a 4-fold increase in the circulatory [58]
macrophage uptake half-life from 37.4 to 150 min

Hyaluronic acid Chitosan Reduce protein adsorption, form a low immunogenic Decrease rate of macrophage uptake [26]

coated (CS) NPs PC—without Apo J, containing two unique
anti-inflammatory proteins, ITIH4 and AGP

Alginate coated CS-NPs Are able to adsorb 25 stable proteins within the Decrease rate of macrophage uptake [26]
formedcorona

HES Polystyrene High amount of plasma proteins were adsorbed onto [11]

NPs the capsules' surface, Apo A-1 to be a component of

the hard protein corona and HSA as a component of
the soft corona

PS coated Au NPs The higher hydrophilicity of polysarcosine reduces  The blood retention of PS2-Au NPs samples [59]
the adsorption of proteins on the surface of after 24 h is 20%, which is twice as high as
PS2-Au NPs 10% of PEG-Au NPs
Albumin coated/ PLGA NPs Less protein are adsorbed to NP-pD and NP-pD-Al  The denatured albumin on NPxAIl acted as a [60]
bonded by the hydrophilic nature of the pD-covered surfaces substrate of scavenger receptor A for

than NP and NPxAIl. Mouse serum albumin was the  macrophages not only in itself but also by
major protein on NPxAI surfaces and adsorb more promoting the adsorption of protein corona

apolipoprotein E including Apo E and increased the MPS uptake

PEG bonded Au NPs Ungrafted nanoparticles adsorbed a dense layer of Below 0.5 PEG per nm?, macrophage uptake [33]
protein,such as C3, kininogen, proteins in clusters A, is a function of PEG grafting density for all
B, C, and D). Increasing PEG grafting density nanoparticle sizes. PEG minimizes macrophage
reduces total protein adsorption nonlinearly uptake by selectively suppressing the adsorption

of specific serum proteins
PEG bonded Polystyrene PEG coating reduces the adsorption of a wide Interestingly, PEGylation reduced nanoparticle [61]
NPs range of soluble proteins such as complements, uptake by inactivated MO and activated M1 and

glycosylated proteins, and lipoproteins M2 macrophages

PEG bonded PLGA NPs Dynamic outer PEG layer reduces protein binding Increases the characteristic binding time between [62]
affinity on PEGylated NPs LSEC receptors and their plasma protein ligands

adsorbed on NPs. Reduces the clearance of
PEGylated NPs by non-Kupffer cells (LSECs)
in the liver and extend NP blood circulation

PEEP bonded Polystyrene Reduced the adsorption of albumin, fibrinogenand  Clusterin reduces non-specific cellular uptake [27]
NPs vitronectin and the PC mainly consists of the Apo J
PVA coated SPIONs All PVA-coated SPIONSs show a notably specific Reduce the cellular uptake of P\VVA-coated [63]

adsorption of proteins (serum albumin, serotransfer- ~ SPIONSs and significantly extend blood
rin, alpha-fetoprotein, and kininogen-1), also notably circulation time

tightly bound proteins (cytochrome P450 2C5, alpha-

2-antiplasmin, vitamin D-binding protein, and alpha-

1B-glycoprotein) on the negatively charged SPIONs

BN, PLE SR JE BN FERE T R T 8 g i B A A {5 NPs T 124t 75 W 41 B 15 ) S S5 40, 388 n FL A BRI 1]
NPs 7477 A B AR, 18 i % ¥ 40 B R4 ik a5 A 11 IF 4 Li Z564%5 31 80 nm RBC-PLGA NPs H 2 45 L5 & F



Jo] A A P TR KR AR A AT R FRD S ) RS 7F 7 E P - 493 -

AL R R ATA RN R R A, Hodh CDAT (5 &
JIES 2R 11 0.423%, 1= [ ik ff RBC-PLGA NPs 8 %2 1
BN A E R . B, gl iR s 1 b R R
BT Re &, KL CDAT 124 NPs AMH 5 PEG & 1fi —
FE, g FEAR NPs 75 BT A7 98 24 w1y 05 240 i £5 5, 17 HLJd
I B M1 41 il % 35 SIRPa R i 2 3 PR AR T
NPs 75 M1 [l 20 g (1) S BB . Hu 25917 PLGA -4
T8 — At /N BB o) 36 T B2 I, BRI S B
% 1 CD47.CD55.CD59. % Fh 4 4 B 1 J HoAth 5 i 2R
H )5 N s AN E], H CDA7 B H LARE R
P 77 2ok 2D 4 P B 5 X, M43 15 82 ) CD55 11 CD59
PO T AMABOE R G, > NPs 7E 138 % 5 )5 B MA
WS IR
43 FEMERITEBRB 4 PCTE NPs 3 [ 1 Hf JE AL,
NPs [ 4= 1) 5 20087 1) 5 S HH HE A 5 () B AL 2 P i AR
B T PC 5 NPs A= 90A0 HAE A o PC AR i 24 fifg 5+
NPs 1) £8 5N 46 %6, 17 BL7E 3k 2> NPs [¥1375 B 75 TH & 72
HEE . Bk, @k #EdTh PC 2 2 DA Ak
TEIN, A B NPs [ K 5 8 o BB B 3 2L i NPs
FEAR AN T2 T A € PC, =B 23 I FL &R H (M
FABIEE ) W, AR E A (REEREA AT
o B IR R AMAS B 1) IROBH, NPs 32E N A4 P J5 AT LAk 2D
Ga e N . Johanna 50005 1 5% AT JE BT 4 7 19K A\
I k25 19G (19G i 2 M\ 28% PR A 1 4%) 115 A
HENEEIRE, VAR E R PC. IX TS T B
M AR P T NPs 5 B4 A BEAE R, B3¢
[F) W 1T PC S 4% 1l i 40 B AR ELAE I (9 B (1. AR A
it s 7 R 2R 1L 241G 80 il 45 R T3 NPs, JEK L 7E &
Fr Apo E-4 (1K1 AT B8 % & LLJE B PC, AT AT DR
S T S I P T P B, e R K 4 24 R S S 30 min 2R
HH ORI B ARG T 3 £571,
5 REERE

TER 2 AE W3R 55 7R, NPs 26 THI JE B PC 248 1
FLAEW 2 BB, AL HE 0 B AR 1 2 PR TR 5 A
Je AL, I8 ELFE NPs 7E 7R Y 16 70 A5 B 2R L BE AR T
BRAEEME, JU R NPs TE/R P G 3R B 18], Lhin s i 7
W 22 45 5] 762 NPs 7E Ly PR3 375 ok 550 E 1A G 25 14
GASAT BT o N . R, B PC A B0 NPs
AW N BB T iR 2 —, R R A RS0 55 4R
I ARV 2 T R R S5 4 7 e R R i LR AR T A%
R TFRHTIR SR IS, Wik & g K I 1B 100, A B
T NPs AN FE3F . HEARPCE 2007 E I )G, A
K PC 453k F K FH 185 Al 25 AN 31y 7 5 280 T B 4 2
B8 T RO RN, 18 PC HIHIF R B AR IR AL PAES O
SRR AM SN E, T “soft )27 A1 “hard J2 7 B

FEANU] S L7 BT FCIE 5T RO BRI 5
5 PC PR [ M R ARG L BN A 5 4 IR 5%
FVRFE R H RIE & AR S NPs B BEAL 22 1% 56 PC
SR Y FEBG R, HE 522 PC X NPs A= 924 1 H I AL
. E¥ PCIYRLH 5 NPs B THIR R I, AT B Fe 4
7 BEHRRRE PC A 21 0 i 47 A i 18] 537 RB e, 17 2 40
Iea) A 2 111 £ NP I, B2 SR L VA0 3 1) S KA B T
HLIA ROR, B2 PC T REFC AR IS AR . B2,
PCE AR A F 1 (1 — A B 2B ) o ) B o
LA 8 11 SRR R 2R BLR, 8 ZHENIRA
I TT, 74 RE U NPs il 74 (A ) g -

PEZ DTAk: IR I T AR B SR, Bk AGN
ARG AL, KRBT € T A SR, X ASCHEAT 1 465 5 A0
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