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ABSTRACT Objective: The aim of this study is to investigate the protein corona composition and the brain delivery of poly(ethy-
lene glycol)-poly(l-lactide) (PEG-PLA) nanoparticles in Alzhemer's disease (AD) model mice. Methods: PEG-PLA nanoparticles were
prepared. The particle size and zeta potential of the nanoparticles were measured, and their morphology were observed under transmis-
sion electron microscope. The distribution of PEG-PLA nanoparticles in the brain of APP/PS1 mice and wild type (WT) mice were ob-
served under two-photon microscopy. Composition of the two different protein coronas on nanoparticles incubated in the APP/PS1 mice
plasma and WT mice plasma were analyzed by LC-MS. Results: The prepared PEG-PLA nanoparticles exhibited uniform size and good
dispersion. After intravenously administered with PEG-PLA nanoparticles, APP/PS1 mice showed higher content of nanoparticles in
brain than that of WT mice. Proteomic analysis showed that clusterin in the protein corona formed on PEG-PLA nanoparticles in
APP/PS1 mice plasma incubation group were much higher than that of WT mice plasma incubation group. Clusterin is related to the eva-
sion of clearance of nanoparticles in vivo. In addition, some corona components related to cell adhesion such as von Willebrand factor,
vitronectin and myosin-9 were higher in APP/PS1 mice plasma incubation group compared to WT mice plasma incubation group. Con-
clusions: AD model mice showed high content of PEG-PLA nanoparticles in the brain. This may be related to the protein corona compo-
sition influenced by AD state.

Key words: PEG-PLA nanoparticles; Brain delivery; Alzheimer's disease; Disease state

Chinese Library Classification(CLC): R-33; R94; R749.16 Document code: A

Article ID: 1673-6273(2021)24-4601-08

H X ARBAE AR N B9 A= 7 B R PR, A

2B a5 R AT SR R B A, SR, A e ik
QURMLE A YAEINS , BEWMHATER R R AT, Bt iR SRR Eb

X SE LB GAAOR R TAT ) 2 H OR P o 3 e e WHTERIT, YA 1T A B R R Bl AR B0, AT ARYE A AKL Ak 14 A AL

* AT H . F K QAR E4T0 H (81973272,92068111 ) ; F RS B L1 (2018ZX09734005,2017Z2X09304016 )
YEZ T E = (1996-) 20 WA 58 A, F 25T 7 1) < I ] 249333 , E-mail: tylevelyn@]163.com
o TEIRVEH /NS 2 A SO BT 5, RS O 1) < R 1 259 363% , B-mail: shellygaol @sjtu.edu.cn
(ks H 1:2021-05-23 2257 H#§:2021-06-18)

YN

]

hnfll3




- 4602 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.24 DEC.2021

A (AN i 8 S B P RS 55 ) R A AR AR, N [l kol 4 1)
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1.4 PEG-PLA g4I $1 &

FREL 10 mg MePEG3000-PLA40000 1644, 4+ #IHA 1 mL
ZAMEELLF 2 mL 1% HER AV . B A AR I 4%
KM 2 min J5, LA 18 mL 0.5%HEER
R WP RE 5 min, B TR 0Y 500 mL FEH, 5% e
B S (VAR TELESE 2 10 min W — A RSB N 80 K . WS
T4 °C.18000% g .0 45 min, F FIHW, PIEEMA 1 mL PBS
2%, #ilfs PEG-PLA 4Kk, PEG-PLA R Dil /£ A5 L4
B, W& FES ERWBEAMF ., BTk, PR 10 mg
MePEG3000-PLA40000 1 0.1 mg Dil, #875 B $k e k5
DT BRIF) L PBS B )5 , R Sepharose CL-4B #EIE A
RBRE iE 5 ) Dil,

L5 ghRpRRIE

YRR 3 SR P e By A I o B A3 LA R A5 —
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0 MR FRESH AL B APP/PST 5 WT /RIS i PBS #
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Fig.l The characterization of PEG-PLA nanoparticles
Note: (A) The morphology of PEG-PLA nanoparticles under TEM;

(B) The particle size distribution of PEG-PLA nanoparticles under dynamic light scattering.
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Table 1 Particle size, zeta potential and PDI of the nanoparticles

Sample Name PDI

Particle Size (d.nm) Zeta Potential (mV)

PEG-PLA 0.151% 0.008

Dil-PEG-PLA 0.135% 0.006

83.20% 7.47 -18.7+ 3.2

92.07+ 4.62 -17.6% 1.2

Wild Type

Dil-PEG-PLA

APP/PS1

B 2 WFRMENE APP/PS1 /NR S WT /INRETAPEG-PLA 43R40 53 7R
Fig.2 The distribution of PEG-PLA nanoparticles in the brain of APP/PS1 mice and WT mice under two-photon microscope
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&, 4 APP-NP-corona , WT-NP-corona 44K%i - T AHE &

Yy, 58 AR S R , APP-NP-corona 5 WT-NP-corona [
EHERSA W EAL (B 4A, K 4B). FHREEER,
APP-NP-corona i &5 [ 7 H7 & 621 Fhik (5t , WT-NP-corona
REE AR E 652 Pl AT, —FILFEINA 592 M I,
APP-NP-corona W, [fl 4548 B985 11 it 29 #f, WT-NP-corona 1% [}
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FEEREE BT 60 Fi([E 4A), [ERERERRE, JURR MM SEMEET, 25 25%(18 4B), EM K P& m2h 1%(K
KEARAEFEEEEINS, RIsEAEY R RTKES  3B). PPRES T2/~ , APP-NP-corona , WT-NP-corona [/ [
4, MEEAE 1 A-IV(Apolipoprotein A-IV)FE & e L & w i is 5 A Fh e 2 (K 4C).

A B Plasma
APP/PS1 plasma  WT plasma Serum albumin WT_APP/PS1 % of total

Apolipoprotein A-ll | | 35

Pregnancy zone protein

12 {367 22 Serotransferrin
Apolipoprotein A-| 30

Alpha globin 1
Kininogen-1 25

C Alpha-1-antitrypsin 1-4

. Fibrinogen beta chain -
é Alpha-2-HS-glycoprotein
2 Hemopexin
6 Alpha-1-antitrypsin 1-2 15
\ Fibrinogen alpha chain

Immunoglobulins Complement C3 -
= Complement system Ig gamma-3 chain C region

Acute Phase Carboxylesterase 1C

Coa_gulatnon ' Murinoglobulin-1 5
:?&?Lzoﬁggg o Vitamin D-binding protein
= Other Plasma components Apolipoprotein A-IV 0

3 APP/PSI /NS WT /NI B (R A S 44
Fig.3 Plasma proteomic analysis of APP/PS1 mice and WT mice
Note: (A) The veen diagram of APP/PS1 and WT mice plasma. (B) Heatmap of most abundant protein detectable in the WT and APP/PS1 mice plasma.
Only proteins with relative abundance over total (% of total) > 1% are shown. (C) The classification of top 30 proteins that above 1.5 fold increase in

abundance in the plasma of APP/PS1 mice compared to that of WT mice.

% 2 APP/PS1 /MR HE WT /MRMFERILEXTF 1.5 WET 30 HEREAR
Table 2 Top 30 proteins that above 1.5 fold increase in abundance in the plasma of APP/PS1 mice compared to that of WT mice

Rank No. Protein names Fold change  Rank No. Protein names Fold change
1 Immunoglobulin kappa chain variable 12-89 17.15 16 Properdin 2.05
2 Beta-globin 10.41 17 Gelsolin 1.95
3 Serum amyloid A-1 protein 5.72 18 Complement C4-B 1.94
4 Immunoglobulin kappa variable 8-16 3.56 19 Immunoglobulin kappa variable 1-135 1.90
5 Immunoglobulin heavy variable V1-11 3.14 20 Alpha-1-antitrypsin 1-5 1.88
6 Complement C1lq subcomponent subunit A 3.03 21 Thyroxine-binding globulin 1.77
7 Inter-alpha-trypsin inhibitor heavy chain H1 2.94 22 Complement C1q subcomponent subunit B 1.72
8 Ig gamma-3 chain C region 2.59 23 Coagulation factor XIII A chain 1.69
9 Immunoglobulin heavy variable 6-3 2.55 24 Alpha-1-antitrypsin 1-1 1.68
10 Ceruloplasmin 248 25 Immunoglobulin heavy constant gamma 2C 1.67
11 Fibrinogen gamma chain 2.39 26 Complement C1q subcomponent subunit C 1.66
12 Apolipoprotein C-IV 2.28 27 Zinc-alpha-2-glycoprotein 1.66
13 Alpha-2-macroglobulin-P 2.17 28 Alpha-2-HS-glycoprotein 1.64
14 Murinoglobulin-1 2.16 29 Complement component C8 alpha chain 1.62
15 Alpha-2-antiplasmin 2.14 30 Complement factor D 1.60

[ J= i 156 i APP-NP-corona %5 WT-NP-corona FH e APP-NP-corona 1l 78 P 7E B- Bk (Beta-globin ) f)
B 2ZEFHERT 15 WAr30 ESEARK. £3 B7x  KEEHE, BETWAR TIFZE X TR AP Y & S,
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Fig.4 Proteomic analysis of the protein corona composition of APP-NP-corona and WT-NP-corona
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Note: (A) The veen diagram of APP-NP-corona and WT-NP-corona. (B) Heatmap of most abundant protein detectable in APP-NP-corona and

WT-NP-corona. Only proteins with % of total > 1% are shown. (C) The classification n of top 20 most-abundant protein detectable in APP-NP-corona and
WT-NP-corona.

APP-NP-corona 5 WT-NP-corona 2 Jfi 25 [H & 1 , beta-globin (1]
Bk 7.95:1, 5 APP/PS1 5 WT /NI rhiz 2 11 1) L 461
10.41:1 #238 (3R 2), $27R AR KX beta-globin {14 I ft 2 AR 45
S, (SR A2, APP-NP-corona T & H il H &R K
(Clusterin ) & & 5T WT-NP-corona(1.99: 1), 1iii APP/PS1 Al
WT /NI iz A SR A R EE R, Y2 URUE
APP/PS1 /PN H ,PEG-PLA 4Kt clusterin B #E:
F WT /MRS . Clusterin X FRMZIEE N I, AHF5EEY,
clusterin B 2 ZAKARLAE MR T PRI E] , Jl D AR S
B, F PEG i 4 AR 1k M4 5 5% - S G HAE ™, 1k
A, 1A 1M A7 995 TRl ( Von Willebrand factor ) 3% 3% & 1 (Vit-

ronectin ) K JULEREE H B 6 -9(Myosin-9 )i 265 4f iy Kl i A7 519
T 1 i 78 APP-NP-corona I (1% % [} 3% = T- WT-NP-corona, X
A REA TR I R . 4 IR 5 40 BR T
APP-NP-corona }, WT-NP-corona 3% fij 25 [ 7 FP il 2 i 45 A &
H B8y . RAEE T A SRR ¥ (Caveolae-associated
protein 1) APP-NP-corona 44 & 157, Bxf T/ & 1 HYIE
BT e A A AR AN, AT BeAR /N R LA S Y A
BVEM . T A8 25 [ 444% ( Clathrin light chain ) > WT-NP 47
B, W REA T MRS AN AR X g R,
AD %95 S g FRRES T HEUEHUF 12 9RR I ALE T REA [

% 3 APP-NP-corona % WT-NP-corona RKEEHBER AP ERLEXF 15 WA 30 HEREAR

Table 3 Top 30 proteins that above 1.5 fold increase in abundance in the protein corona of APP-NP-corona compared to WT-NP-corona

Rank No. Protein names Fold change  Rank No. Protein names Fold change
Voltage-dependent anion-selective channel o .
1 . 11.54 16 BPI fold-containing family A member 2 2.19
protein 3
2 Beta-globin 7.95 17 Platelet glycoprotein Ib alpha chain 2.09
3 Serum amyloid A-1 protein 7.13 18 von Willebrand factor 2.02
4 Immunoglobulin heavy constant alpha 3.40 19 Small integral membrane protein 1 2.01
Guanine nucleotide-binding protein subunit
5 3.33 20 Clusterin 1.99
alpha-13
6 MCG140784 3.31 21 Glutathione peroxidase 3 1.94
7 Alpha-synuclein 3.12 22 Myosin-9 1.81
8 Immunoglobulin kappa variable 6-32 3.05 23 Vitronectin 1.79
9 Glycophorin-A 2.94 24 Fibrinogen alpha chain 1.77
10 Histone H4 2.78 25 GTP-binding nuclear protein Ran 1.74
11 Myosin regulatory light polypeptide 9 2.68 26 Sulfhydryl oxidase 1 1.67
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12 Immunoglobulin kappa chain variable 19-93 2.67 27 Glyceraldehyde-3-phosphate dehydrogenase 1.65
13 Haptoglobin 2.65 28 Fibrinogen beta chain 1.57
14 Tubulin alpha-4A chain 248 29 Alpha-2-HS-glycoprotein 1.53
15 Mannose-binding protein C 223 30 Fibrinogen gamma chain 1.51

% 4 APP-NP-corona 5 EBRK S
Table 4 The unique proteins of APP-NP-corona

) o % of protein o % of protein
Rank No. unique proteins in the APP-NP-corona Rank No. unique proteins in the APP-NP-corona
corona corona
Guanine nucleotide-binding protein subunit
1 Programmed cell death 6-interacting protein 0.0202 16 0.0017
gamma
2 Serum amyloid A protein 0.0079 17 Ig kappa chain V-III region PC 7175 0.0016
Dehydrogenase/reductase SDR family o
3 0.0078 18 Rho-related GTP-binding protein RhoG 0.0015
member 11

4 Protein S100-A10 0.0068 19 Tubulin alpha-8 chain 0.0015
5 Immunoglobulin heavy variable V1-20 0.0058 20 Heat shock protein HSP 90-beta 0.0014
6 Ig heavy chain V region 3-6 0.0046 21 Nucleosome assembly protein 1-like 1 0.0010
7 Ig kappa chain V-II region 17S29.1 0.0042 22 ATP synthase subunit delta mitochondrial 0.0010

Major facilitator superfamily
8 0.0040 23 40S ribosomal protein S4 X isoform 0.0006
domain-containing protein 2B

9 Superoxide dismutase [Cu-Zn] 0.0029 24 Immunoglobulin kappa chain variable 4-72 0.0006
10 Tyrosine-protein kinase SYK 0.0025 25 Glutathione S-transferase Mu 3 0.0004

Latent-transforming growth factor
11 0.0025 26 PRALI family protein 3 0.0003
beta-binding protein 1

12 Plexin-A2 0.0024 27 Caveolae-associated protein 1 0.0002
13 Protein lin-52 homolog 0.0023 28 Ras-related protein Ral-B 0.0002
14 Nck-associated protein 1 0.0019 29 Desmoglein-1-alpha 0.0001
15 Immunoglobulin heavy variable 1-52 0.0018

% 5 WT-NP-corona 4B E AR5
Table 5 The unique proteins of WT-NP-corona

) o % of protein ) o % of protein
Rank No. unique proteins in the WT-NP-corona Rank No. unique proteins in the WT-NP-corona

corona corona
1 ADP-ribosylation factor 5 0.0181 16 Immunoglobulin heavy constant mu 0.0025
2 60S ribosomal protein L37a 0.0113 17 Proteasome subunit beta type-5 0.0024
3 Citrate synthase mitochondrial 0.0056 18 FH1/FH2 domain-containing protein 1 0.0023
4 Ig heavy chain V region 5-76 0.0051 19 Phosphodiesterase 0.0022
5 Immunoglobulin heavy variable V14-3 0.0044 20 Immunoglobulin heavy variable 9-4 0.0019

) Zinc finger protein with KRAB and SCAN
6 DNA topoisomerase 1 0.0044 21 ) 0.0019
domains 3
7 Anoctamin 0.0043 22 Phosphatidylinositide phosphatase SAC1 0.0017
8 Interferon gamma-induced GTPase 0.0040 23 Isocitrate dehydrogenase [NADP] cytoplasmic 0.0015
Myosin heavy polypeptide 13 skeletal
9 0.0039 24 Immunoglobulin kappa variable 10-94 0.0015
muscle

10 Leukemia inhibitory factor receptor 0.0038 25 Immunoglobulin kappa variable 4-58 0.0015
11 N-acetylmuramoyl-L-alanine amidase 0.0037 26 2-acylglycerol 0.0013

12 Clathrin light chain 0.0036 27 Very-long-chain enoyl-CoA reductase 0.0013
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Adipocyte plasma membrane-associated

13 0.0029 28 Peroxiredoxin-6 0.0012
protein
14 Immunoglobulin heavy variable 1-53 0.0028 29 60S ribosomal protein L35 0.0011
15 Unconventional myosin-X 0.0026 30 268 proteasome regulatory subunit 8 0.0011
3 ik AL DIRERYEE T, iNAUR R A A-LBURE A EABEH

1M figi 57 % ( Blood-brain barrier, BBB ) /2 Ifil ¥ 7 4t 5 It 4 21
[EFFAE— R BB R, B R R TP AR 28 R G0 N PR SR AR R
SEVERAE T E A LS ERE , (EL Rt KRR T 25 4 Y
RS HRGET, B AR 2, 298 98% /Ny T
b2 254 LU K 4230 100% 1% 38 () / 22 K A3 R 25 4 41 0 DA
Jisgtel, 55k BBB 36 245 2 S B AR I8 2 AT 0 R TR ()
SR, AR, AR R L RN / 2K A B E N
TR YA R R PR T SR TR,

YKk T A SRR B R R T AR R A K
PESE , BE A YIRS | RO BRHADE 21 b (4 2 1 BT A
B IIEL AR R T AN RRE I A ) 2 RS, SR AD Stk
A BTN T ARG P62 0452 0 6 AN B o DR L A e
FELL APP/PST /AR AD B B, 5 R/ BRL(WT ) ik
177 PEG-PLA F Kb ANk i 22 5 LA . P9 5 SR s |, fg e
/NS PEG-PLA 4K KL , ik PEG-PLA 34 5 it
/b, i APP/PST /NG ) PEG-PLA 4347 & i 8 i , #2737
R BRAE PIDRZS 200 T PEG-PLA 91 KR 1 P9 435

LGN R AD 1B BBB #5145, BBB i it 214 .
SR AR BT K30, 72 AD [ &4 & R fi b, )% BBB
ZHN—E WA, 250075 PRI AR N, 52 o 1 A 2 A g
I 5 14T I 5 2400 P M P 38 T 1A 5 R Bk R, 5341, AD
PR HE R 55 R SR8 AR DG 1 A2 B R SR 22 1) S
Ilt.,PEG-PLA 7E AD 171 Bl APP/PSI /)N I 4 5 ek e e
A REANZE Dy BBB B IS I, WRAR N RIS T
PEG-PLA [JAEY 2 Retk 4 T e a1 i )

PEG-PLA Gibnitt A ML VA I e f1% 1 I i 4 2 1 i T
AT ASHFFTHED , AD S A g BRERZS T 94 K 2 11 7
FIIEE A 53 & A T BRI M 4 RO F i P9 226 26 Rt . AT
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