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Br] /R % i 2R (Alzheimer’s disease, AD) &
— R LA B T . R EidiE s, H
A A BRR 294 645 AD JFHTEN Y 5 000 T3 i &
&, BUFE 2050 4F, X —ET Rk E] 152421
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Fig.1 Schematic illustration of sensing platform for detection of AD biomarkers
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Fig.2 Amyloidogenic proteins aggregate via multiple

pathways into different assembly structures ' **’

B2 EMEEAETSMEERERRENEKER

BN E R BN T AD R 2 T

ABJE— R E LN RIS AV EY) . 18
EH AR, MR AR (amyloid precursor
protein, APP) #{ o Flly#E FABEYIHE], FeAdANEHA
MM Z KB, 7E AD BRE KN, APPTER
iy A BERVE T o LA 39~43 1N KR 1Y
Z Rk, Hrb Ap42 1 AB40 X P BL 5 AD ¥ 1)
RAERREYIMG > 2 Kt ABRETL AR
Ko gk, FEORMN LI fih 32
B, s B e C R 2 R, A
RINHTEARZ AR RAERT, AR ZRIKERFEM
BEPEE B Y, X ATRETF S AD WSS R BB .
PTAER, GOREBARI K SRS AD B3 CSF i AB
MR AR L RE S B AR >, LB R R T %
FLT CSF AR KN ) 2 Wi HAR . CSF 23 AT il
AfE, BUREIRIME, 45 3 R ORI v . 2018
4, Nakamura 2§ 2 $2H1111%% AR5 CSF AR M
FETEAH G, JF HAGIZS R 5 PET 112 W 45 SR W)
G EEIRE 90%, 33X B A I I A I A EE A R AR
CSErMrish idi. BEfS, BRI T Lhmbrk
Yy Rl AR A A

tau B 2 —FES G TEMAE ERE R, HiE
W REEAER A IR E R, FRIE R Y
fiftes o MBUE L5 19 tau 88 7R IGER SR 4R, TR AR
F14) it 25 21 2 4 45 9 Il 2 AD i BRARRAIE 2 — 7
A 2B, AD B3 6K tau £ 23 B

JEBFRR ALY I 2, o WL T2 3K tau TR
AEYTETERRER, SR AR Iz I RERY
WSR2 534h, AR REGE N tau 25 11 Y o FE W R
b BY DL R R X MR ERE 4T 4 (paired helical fibers,
PHF) " (IE L, I HRBAE A i tau 25 1 (19 SR A2 AN
g

tau & [ A 85 M TEMIBERR LA s, 7E AD
RGN HE T 2 45 AR IR AL AL 2, Hirh
CSF ' p-taul81 (phosphorylated taul81) “* Ll &
p-tau217 (phosphorylated tau217) " #{ik i 5 AD
SRHELA G . i, PR ALK T p-tau2l7 5
p-taul 81 1E 0 AD A WIAR S W A &t , PET 4%
7R p-tau217 RN TV b X 53 AD FILE Al b 2558
FrPEgedm B BORBE 2 R 45 BRI 4, i 3R
BERRILIY tau, JUHIE p-tau217, 5 AD it e
YIAHOE

HHrC il 72840 AD PRI A= Yrbs
WY BRT A RO ST Al M R R P R 2 R
FH L (neurofilament light, NFL) ““/ % tau mRNA
R A5G /Y 58 B B DNA 25 & i H 43
(transactive response DNA binding protein 43, TDP-
43) 0 SEm ABAE N ARG R SR E M 10
(a  disintegrin  and  metalloprotease 10,
ADAMI0) ', A7 5 RAE A 2Tt Ui OC o i
Z YN fih & 324K 2 (triggering receptor expressed on
myeloid cells 2, TREM2) "' A JLT Jii fiff 3 #E 4R
[1-1 (chitinase 3-like 1 protein CHI3L1) 7" D K44
HEFE FARESE 1 (visinin-like protein 1, VLP-1)
% . E B T.YE4l (International Working Group,
IWG) U AR Fl tau I NS IWbRiEZ T, HHY
KT AD F 2y st F 2L T AR, tau i
FLA RS Z AR ER 0T, SR AD 2 i ife
IR, HUA G R F I PHE LA S AB Fl tau 25 1 AE Wb
BRI RIS BH AT L2 AD, IRt ARk
22 B0 SR DU A 5 V2R A AD LT AG I ) o T
Beo ARSI R B R B ERR S, BHAT
WAR T4 — N B BT (E, 3X i — 2D IR
il T A AR A R AR IR R R

2 KRB ARTEADMKRSMES B o A B2

AR AR R SR A AD RAME W H AR S2: H Rl
BOASEBERIREIEIA . WOREAR AL RENS S Bk
JEAEIRR BRI E SR, I RERSRE ALY SN AR AL Ot
RS IF R X L5 St — R, IR A K
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PARF S KA ARG HE A GOK A G R B e
T BRI T 45 AR T o A I ) R 3 L N o £ A AT
CSF FIfILH H AD AHOCH A= W5 590

RS AD A FI TR 2emiayy, IR
LW AD BFFE AU — 4 32 TR IR, H i
AD W R WIZWHa VT 2 R MEiE . 5. &9
PRI AR, AD PR KA SMS Wi B R AE 12
Wi, TG T LR TR A T R B T AR K IR
;7 o
21 EWIREVMNESE

WEEOT, HREAERE R & AR,
filhn, 7€ CSFARUMIET, ABFI tau [ HYIHKEILE
FEEEIRGN s Fihbh, AR A B ARk
F ARG T X . Dk, V2Rl BT A
Fer ) B A AR R B LA T P AR R S

G E AR — AR B R - B A B FH S8
BEFT . 2R 5 1 30 Rk 46 0 = S
AT A PEREER (immunomagnetic beads, IMB)
& H AR B e i o B A g K p 6. IMB

FrE, % FMRRBERBEIMSEAREAR *75¢
S — bR M o i T A N T R R

PRGN, RIB MRS BRI, HiHhE
SPUAMIBER R g UL ) R IR M (e LB A A
SMIMEEAHIER T & s, HEl, fsEmiskc s
CIRDYEER w1011 i 0P s - = D TN U
SR Y By e S dRat,

H A& 177 2 AD A SCAE Y bRl P kil
AR IMB X HARE F 247 5 45 . ADAMI0
JE APP [ o3I, REAZH 1T 2407 APPORFHLIE AB
R R TFFEERIH, ADAMIO TG EFEAL S AD R
HAHOC Y FEL SR I, Faria 55 ) W] T —Fp
FF CSF 1l 3% o ADAMI0 #4307 75 7 &2
(E13) o 5T B Sl R SR T A Y g2 1 R (S R
oAk, AR M AEA T ) ADAMI0, SR 5 {8 FH
I B S S ADAMIO 19 908 g 2R M I 3% A
AE Kk, AFELEARITAE., SE50ETK 2
P& W Bt 72 (enzyme-linked immune sorbent assays,
ELISA) AHLL, (i FIZA I ik Re s 1S AR i A
HBR (limit of detection, LOD).
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Fig. 3

platform

Immunomagnetic capture of ADAM10 in a plasma sample and the detection using disposable microfluidic

[55]
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Tao 5% ") fEME R AP M A2 Rtk &, WD R AR UIRUR N, Ag b 5 Ak

K0 11 2% HH Y ABAO A1 AB42 I, W fdi ] T IMB Xf
b Tl 5. RS Tk mr, fif
FHPUAR I BEAL A IMB 4R IR AE A A AB. %07
AR5 1 AB40 F1 AB42 (1) LOD 43 %) J& 1.99 ng/L il
3.14ng/L. AL, SsEiias ] Ly T B A
DRI . Lids 7 (il FH & T etk mi v g ok
SOURL TR A A8 A A AR A R AA 43 3l 4K CSF
) AB42 DL M tau S . R TG FAmid)E
FH A P B 59 5 38 0455 1) FEL 435 1 o far A8 B
(electron-multiplying charge-coupled device,
EMCCD) WM& R4 kL7, X CSFH
AB42 Fll tau 25 AT E B0 M. IMB RS S T
X Ap42 il tau £ H Y FUE SEFNZlAL, 820 T CSFH
oA B A XA IR BT, X RO T AR Y
R FNERG T
22 MREVMERBHESESSIERE

A W I S R A W B e AL A AT D i1
SHREE, RHEA D AL, B
RIS, O A R A4 40 R SRR R 12
W B T2 Y GREOR 1Y & AR i T A= W15 Ik
A A BCRPERESR GO RERI K F AR AN
AT DA A= W15 5 545 ] Lh s AR DG LR
1 LT LASERE B S A BRA I ORI 4R 2 A W A% K
AR, MR IR . KBRS
TR EAR MRS AD A=Y brR B W ke I AL 15 R
e, BORGE . SRR BRI
221 HFSHEE

AL A S T A A SR T — A 253
Ko HM 5 HLIA IR M 2 R A A A RO
AR AR Mz B A L A . BHBTRI L S
RIS AR S T A T A

MEF R 223 (cyclic voltammetry, CV) J&—
e PR LA 22 0 B 7 o 12071 Rt
WS W e A ) A IR i s g S 36T 43 A 40 T
W, 75 AD KL AE W0 bm 35 9 i A D v o A 58 H e
{E. BN, Costa-Garcia 5§ " 7E S KR (gold
nanoparticles, AuNPs) &1 (1 22 [ B[ il o FEL A
R R MR -AE Y R AB42, BEJS A AB
42 F1 ABR2 HURMIR AW . th THURMZ A0S
AR, B ABA2 FIHL LY AB42 2 554 X
Mo MRNGRBIEG, AR5 1eG
Pilk (Anti-IgG-AP) DA K 3-Mg| WLl iR 1 5 4R &5
TFHIRAY (3-IP/Ag ) o P il 12 it A4 16 1

Ag’o MM HEAT CV 14, W A S ARaE U
2G| EIEE R A AZ A, (R PR DR A iR B2 BT A Sz ik
T ABA2 VR . BIFRAE R, Ry fe Ik
AFTEN 0.5~500 pg/L 7 [l N AT LUK AB42 #4746 21
K, LOD k0.1 pg/L.

H 1k 2% BH $ 3% (electrochemical impedance
spectroscopy, EIS) J&J— -0 H LR iz iy HL Ak
ORI . Qin S Y S T MR TR R
AR AL AL AR AL AB SER IR (AB oligomer,
ABO) . L TAEFIH LR E W B, %
AFTESE N T 2 R i k. ABO BEGSRHAG
R B i ALk, B TR U B W
SEIGZERLEH , FE0. 001~5 nmol/L BUYE N, 227
FAL AR BT I 5 ABO M I 52 B R 4 i 2
XSG FR o

Jr W R % P (square-wave voltammetry,
SWV) J&—fblal | RE Ak B0 k.
SWV 1] LI T AD A= WphR i W) taudd 1 A 2 B50R00
Guo 55 i Al 27 3 88 1Y L2 OE IR SR A A AR
(reduced graphene oxide, rGO) & 1fi i) HL # 1T
tau &5 PRI RELL, BESS TR0 AD &8 2 1L 7
BT taudd . taudd] 55 AR SR IR S, & I
RELBT T 4% as, IV BE S tau 2 1R RSN,
SWV WA HL I B TR AR o 12 L AL 22 A5 AR TE 0. 08
~80 pmol/L FHE BV Fil N 5 taud4 1 AR E A R IFAY
e %, LOD 75 fmol/L.

2& 41 Bk owh AR % ¥ (differential pulse
voltammetry, DPV) 7E4) IR & & il 7 b v A &
FZRIRIH . HRESREIRT SR iifE S, R
P B A R O AR A R R . Guo 58 1 iF
TR T tau 2R A BTIARTIRE AL B B Y LR AR
G, TR AD S LG FEAS Y tau381. Oy
TSEIUE S OR, PR I A T b
T AuNPs A DI04, T e iR -2 1 o -2E
YHEIRAR ) = BIIG 454 . AuNPs 34 in 7 B AR = 1fi
ML TR AR, MR T DPV ML AR, it
A B A S R B % AR AR TE 0.5~
100 pmol/L i [l N BE A% 52 BN tau3 81 F4) 2% LRSI
LOD 7 0.42 pmol/L.
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FFARIEE 5T R AR E RS A Y . R
ST IE  (surface plasmon resonance, SPR)
SR E SRR, H AR R T
B (refractive index, RI) MZASAL Sk 2 B0 A= 9545
FIRIAHEAE R 0 br o AR o SPR AR R
SRS GIE, O R Y BT i NS RIS
b, HETT SPR MW K EA2 4L . A1 SPR A1 Y
BB ARI AT S A 53 TRIAR AR I B4R e A
“Fo SPREA AN, M RBUE . JOhRiCFISEm
ISR A1, DR e A AR A B Oy T R AT
N S 9K HER AR AR A2 il 25 SPR L
RGBSR AR, BT LLAMATA] WO Fl A
REAE 7 AL SR ZU A A BT SR 0 i T gk
R ARG 1Ak 27 Fa e PR AE W A2, DRI
SPRAZ AR EE g # DL
18 Bl 4 94 oK i B 5E IS 1Y SPR A% S

Homola {814 ") SZEL T X} CSF H tau-AB 2 S ¥1H0
REPAGI . E S, vindkSl COOH-HI OH- Y i i /)
TR PR RUR G A4 R T (self-
assembled monolayer, SAM), #RJ& i i 2 FL(H B

IR £

- KR TR

AB42

& RSSO IRRE RS

7 70 tau B8 FAHTIRIE A SAM . il £ SPR {4 Jgk
R AT RGBSR RS, IR ESIAT
AuNPs, SZIRZEIR 7R, AuNPsBERS B E AR
WP tau-ABFEAR MMF 5 22 57 AL IRAF XS CSF h
tau-AB & A YK LOD 247 0.1 pmol/L.

J TR R SRR R ERAD, g s
AR RS, AR R R T AR
4N, Yang BRAEAL S fff FIZERRGK 2B 0 3=
T 55 B ot e R i 4% (SPR imaging, SPRi) f%/&
PESZERE I3 AL AP B R AR R S EAG I
FA VNI TN IER T IE R S % HE
gk R 2 (F4), 90K R )2 e Bl bk iy
Uite, 9K ZERBEER, RrHGIERREE
5 ABRAFERESS G, ™ A SPR A N AF 5 .
SHUARTOIAELE, SERRGK A )2 AT 3 s s
AR AR, I FLAE X 434 B2 AD 20 1 R
AEf, ZHMESEFERRE ., LRERUEY],
AL RERAE X X IR . MCI 5 AD 4HAEA I B
RAFARCR, LODAIRZE B BE /R )

K5

Fig. 4 Schematic illustration of the detection of A342 in the serum or plasma by the loop—displaying peptoid nanosheets in

combination with surface plasmon resonance imaging

[68]

B4 IRERPKF EAREES FAHLIRAA ( SPRi ) 40 MiFS MR AR RERE

GUREAR Y K R A AR AR LAk 25 T 3
fito ITAER, 7ESPREGAMEAMIZ I, BWikSE T
I3 — B i R RN, Ry el T A
# ot 3L P& (localized surface plasmon resonance,
LSPR) #iK ', 5SPRIMIN, %Ik F T2
TR 4 AN oK S5 4 B R AG AR Ak 5 | A 4% 357 1) i
okl Ay 53 7. 5 SPROR[F], LSPRAZEE
RFRAANRSBEZ, MUEH N R aIKL
F, BN A ghokek Y gk R T A gk

1 SEGORES Y . T R AR SR LAY
2 [i) BT AR B R AE Al 23 51 3 R 397 1< B K i
# 7, I LSPR HAT B o i RABUEE

PAT 5 WO AuNPs HUZORSEE, Ly 55 7 4
T —F LSPRAZEF- 5, RIS AD A= My ik
Y ABA2. TEBERRMAR AT, LR
AE 1L /9 AB42 FA 50 [ BT 1A % 15 %E 7E AuNPs [
Langmuir-Blodgett (LB) B |-, ] T4 4k Ap42.
A% JRA BE % K6 2] CSF Hh i 1 AB42, (k2
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1 pg/L, E W R KR W B ¥R

B3 7 8 FH B — IR A AuNPs, AR 35 44 K kL
FTEARANTE], LSPR i 0] LUK AN ] 19 A b 7 )
FPRBIRIAGI . 72 I EERE b, Kim 55 7 & T —
FRIE IR G b ) LSPR AE AR IS, A A48 M
R AB40 . AP42 L M tauFE . 3 FhARRITEIRAY
AuNPs 43 5I%7 AB40. AB42 L) K tau 85 (1 I Hi 4R L)
Aefl, HTFHiRA AR AE R s . RS,
W5 UAS R B R S R T B0, e
PR AT AT LSPR 43T o 1A% B X 3 Tl A= b
BRI LOD &Ik 2] T REE /RGN .

5 LSPREML, i ikt & —Fhal LI T
AD A WIbR BRI (G AR B AR  hr 2 UK
MEAS B E AR, ARG T4 2L,
DR AR MR L E 2 . AW E A8, kSR
B % 1 HL e 1 43 1 I P2 6T (5 5 2 & 10~10°

A8 7803 Al Ak I B B Sk % T B o b 2 (surface-
enhanced Raman spectroscopy, SERS) % I/ .

SERS &% 70 FIFI S U E R, WHFRZ N “hi
Sie907 7, PrEdsgC” AL ARG HARE A,
$ir S5 B B AT DASEEL B AR SR I AT .

SERS J& —F AR A3 Fir ik 19 2E W) o A A% 8- &
W7 B 2245 SERS NI T AD F- WA= My S M iy
Rl Sk T HE—2E 4R SERS BRI PERE , i A
FHVRR B 900 K 45 1 o 185 0 =% TRDREDRS B2, 1 T 4
SERS {5 5 sk K 1 & — A 80E % . Kim 4§ 7™
i FH—Fh 4R 4 K B PR (silver nanogaps, AgNGs)
VE R AR BEES, 8 o SERS SR A 1ML % A9 Ap40
FAB42, TEHEAT AD A Ybn SRy, &5
HPERLER- B bR F-AgNGs B9 =35 4544, FIH
o e WG HRME HNIMTE FEA th oy B ok, i AT
SERS 73#r. WFFE4EREN], AgNGs B 1 JEA R
KR (silver nanoparticle, AgNPs) A9 3% 1 AH
BERE, fifi SERS 55 i M o =ik 7 M g, 1%
%A1 LOD A] LUK 0.25 pg/Ls

ILEE R IR WZE R X 43 IEH N . AD B3 LS H:
TR B3 1 SERS i BUR AN AT REMY . R JLAE, A
TR R TGE A JR hHE =y AD SRS I I IR
KT HMALE, B, Lednev s ™ R T —Fh
SERS 5 Z G it i tiss & ik, fEBh AN T 4f
22 M 4% (artificial neural network, ANN) X} AD
FIMIEHEA LT SERS 1 43 A f1 432, 12 R Al
JERTLAIE ] 98%.

A, Mk RO AR AT LISEEL AD A bR

(electrochemiluminescence, ECL) JE7EAfLIA %
N, ROCHEEAE i F A S ARG R
ECL 1% 8% v] LA3E 1o B8 A8 fbok s me Al b i
T ®% , DNITE f o A e R ) VR B . %1 (Ru)
L E e —Fh LR B R, 1L RS
A Z N H . DafE UK H T Ap42 B4R
RISkl , FF & T —Fh GRS W AR A WA Ik
o RIS, [Ru(phen),dppz > 5 AB42
SEREE R S D =T e & A B AR R R
SR RO, RARDUE S RAUESHE R AL
O OCKT I R Gk A Y, i 07 v AT R )
100 pmol/L AB42. £ s AWK K fi (graphitic
carbon nitride nanosheet, g-C,N,NSs) H. 45 K 4
ECL: BT, JFHBEAWREBAK, SR A
YA = WA 05, 7E ECLAR AR O A R A4F 1Y
N AT 5 . Deng &) DL AgNPs o 1 Y
g-C;N,NSs Fll Ru(bpy ) #5842 1) TiO, 44 K ki hy &
oot (B5), il 17— TR AB42 1Y 8L
KRR AOURIERRS . A R OGoe o BIHEAR
[F) K I R E 19 ECLAR 5, PS5 1
Lo AR ARG A A R THEBRSME R T4, ke
f R AT S L AR SR AR A ABA2 YL M
#1x10° 25200 pg/L, LOD % 2.6 ng/L.
23 WlRBENRS

WRAIKRBIRE, £ 5505 (graphene) . ik 4
K4 (carbon nanotubes, CNTs) . Mk 44 K £F 4
(carbon nanofibers, CNFs) 5%, HA RG24
LA T2 ERE, TERBYR . Al A2 )i 16 A4
WA SN HME . Hrh, A
W ELFZIA T AR, B R BRI HES S
FATE Bl R A 1) e KA R, B i
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Nanotechnology for In vitro Diagnosis of Alzheimer’s Disease’

SONG Shi-Jie"”, ZHU Ling", WANG Chen'?”, YANG Yan-Lian"?"
("National Center for Nanoscience and Technology, Beijing 100190, China;
ISino—Danish College, University of Chinese Academy of Sciences, Beijing 101400, China)

Abstract Alzheimer’s disease (AD) is one of the most common neurodegenerative diseases. The accurate
diagnosis of AD, especially the early diagnosis, is urgently needed in clinic. In recent years, the technology of non-
invasive in vitro diagnosis based on biomarkers has developed rapidly. In particular, taking advantage of the high
surface activity, unique optoelectronic properties, good biocompatibility, easy surface modification,
miniaturization and integration of nanomaterials and nanotechnology, a new nanotechnology for in vitro detection
and diagnosis of AD has been developed. This greatly improves the sensitivity and accuracy of AD detection, and
has the characteristics of simplicity and rapidness, so it plays an important role in early diagnosis, prognosis and
curative effect evaluation of AD. This paper reviews the research progress of detection nanotechnology for AD
protein biomarker. Here, we introduce the important role of nanomaterials in the enrichment of biomarkers,
describe the photoelectric signal transduction technology based on nanomaterials and the methods to enhance the
detection signal and improve the detection sensitivity. In addition, we also briefly introduced the application
prospect of AD nano-detection technology in clinical diagnosis, prognosis and curative effect evaluation,
summarized the advantages and challenges of AD in vitro diagnosis technology. It may provide reference

information for the research of precision diagnosis and treatment of AD.
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