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R

H #: B8 HE 4 (Apolipoprotein E £4, ApoE £4)Z: 47 2 R B[l /R 2573 BR )% (Alzheimer’s disease, AD)
KERERZ —. BEHAEKHEEH-43 (Growth-Associated Protein-43, GAP-43) BB AR R Al Th
BB EEMIZEY . KT EESITAPOE 4. GAP-43 5% i\ kBN A& (Mild Cognitive
Impairment, MCI)iA 1 RSB H A, HiE: IRIBRBIEWApOE =4, K/ RAEBRRHESEE
221+ (Alzheimer’s Disease Neuroimaging Initiative, ADNI){1644 MCI4 AHApoE 437 3& 1
ApoE 4B E . STApPOE 4377 % 5ApoE £43E# 1 # IGAP-43/KF, ApoE 4B MGAP-43
5ADE LAY EY . NREBXERZFEFRR. BB FGAP-43 5 A A& RIXAERIXR.
SR EELNEIME, SApoE s43dE B HEME, HHFERFERNGAP-43/KF(P < 0.01). 7EZE
LIKF, TR BENAPOE c¢43£H, GAP-435@§ER{ktau (phosphorylated tau, p-tau)fl & tau (total
tau, t-tau)KFPH P < 0.01). BEUBTEL, ApoE s43kifiiE 5B H GAP-43%4L R St-taufll
p-taufIZE LRI HF AR (P < 0.01). FELRGAP-43 51 24E )5 FHERES. INATHREBALE R(P <
0.05). Zit: 7EMCIF, ApoE £47] RESEIGAP-437KF, GAP-43 5Nk R RIT M EES
ApoE se4REFFH K. GAP-431EAN—Fh R AW br £ 7 H T B BEMCIFIBERE .
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Abstract

Objective: The apolipoprotein E €4 (Apolipoprotein E £4, ApoE £4) allele is one of the genetic risk
factors for Alzheimer’s disease (AD). Growth-Associated Protein-43 (GAP-43) has emerged as a
potential biomarker representing synaptic dysfunction. This study aims to analyze the correlation
between ApoE £4, GAP-43 and cognitive, neurodegeneration in Mild Cognitive Impairment (MCI).
Methods: We included 164 MCI in the Alzheimer’s Disease Neuroimaging Initiative (ADNI). Ac-
cording to whether the subjects carried ApoE ¢4, they were stratified into ApoE £4 non-carriers
(MCI £€4-) and ApoE €4 carriers (MCI £4+). The cerebrospinal fluid GAP-43 levels of MCI €4- and
MCI €4+ were analyzed, whether ApoE &4 affected the relationship between GAP-43 and AD core
biomarkers, cognition and brain area volume, and the relationship between GAP-43 and cognition
and the volume of each brain region during the follow-up stage. Results: At baseline and follow-up
phases, MCI €4+ had a higher GAP-43 level compared to MCI €4- (P < 0.01). At baseline levels, CSF
GAP-43 was associated with phosphorylated tau (p-tau) and total tau (t-tau) levels, whether or not
it carried the ApoE &4 (P < 0.01). During the follow-up phase, the rate of change of cerebrospinal
fluid GAP-43 in both the MCI €4+ group and the MCI £4- group correlated with the rate of change
of t-tau and p-tau (P < 0.01). GAP-43 in baseline cerebrospinal fluid was associated with middle
temporal volume atrophy and cognitive function deterioration after 2 years of follow-up (P < 0.05).
Conclusions: In MCI, ApoE €4 may affect cerebrospinal fluid GAP-43 levels. The correlation be-
tween cerebrospinal fluid GAP-43 and cognitive and neurodegenerative degeneration is related to
ApOE €4 status. Cerebrospinal fluid GAP-43 can be used as a synaptic biomarker to track the pro-
gression of MCI.
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4
1. e

BT 7R P BRI (Alzheimer’s disease, AD)s& — gt M SRR AT PRI , 19 A2 3R 22 4 A o) Hh dse i DL
FIJER . AD 1] e4, ApOE ed) 5 FE K& AD IIfERERIER 2 —[1]. ApoE &4 #5 & 1E N K IE FIFP £ 1B 1T
PEAS b B IR IH E[2] . APOE 4 TREIE B UM IR S Ak mT S0, s 28 70 A8 14 [3] [4].

H A I0E 5 fil A= 0 bs S0 VPR AR T bR, R IR VR AR KA DG B 1 -43 (Growth-associated
protein-43, GAP-43)7E ) FiciZ A7 iR EEAEH . GAP-43 & —FhaRflpT a1, FELEWG HIRFIAL
R RIAB], S ERMRAK. AT M DL S RACZ I RE IR [6]. A UEHE R, iE ) GAP-43
WREELE AD 1 FF (7], FELRAKF IS GAP-43 /K5 t-tau. p-tau LA KNI BE 115545 o R AH 9% 14 [8]
[9] [10], M5 GAP-43 CLHIESEA AT RERCH AD J ik ) BERRAS HGE A= VA% £ o

DOI: 10.12677/acm.2023.1371677 11976 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371677
http://creativecommons.org/licenses/by/4.0/

AET, FIKE A

HHETC A GAP-43 5 ApoE ¢4 fERZR/K-FRIWEFL, SR ST Wil GAP-43 I\ AE 4k 5 ApoE &4
R 7 H AT =, ISR TR R . DRI FRATT 20 AT 1 B 2R K i R o 22 A4 1K) (Alzheimer’s Disease
Neuroimaging Initiative ADNI)#%FEE A &[5 f5(Mild Cognitive Impairment MC1)3Z %% 4 ApoE ¢4. GAP-43
SN0 B AR AR VE R AR DG

2. MREFHE
2.1. ADNI 8RR

A FH ROk H ADNI Zdi 52 . ADNI - 2003 SEAE A A FAEEIKEE R R G 8, HE T
A Michael W. Weiner 1854105 %504 e A £ ] 58 AR W8 2 AR AN A4 TARRRIE FE BT« 8 S I 25 07 B )
FE 25 A R RIS RISV B9\ 1R 2 3 55 72 o B K& T R - R AR U R ER B8 AD (IR, it
WAL AVEAG AR . ADNI AN SR ERTIN K1) 50 2N Hb i 55 BTl 2 S IR B A A0 32 5%
S HRHLE 7 ADNI.

22. E5HMNR D BEIFE

7 ADNI EdiE ZErh, FRATAIN T 164 LZ4FRRAE 55 & 90 ¥ 2 Al 3T 58 ik 2 FERE VT i MCI 2 5%, MCI
SR E S IR

MNR TERRE

S 5% 58 /H A ApoE e SN YAL N ApoE e4 #5773, HI5¢ BUBME G R, G RAIA 20 FE
SEPEAG,  REILIR 1% (Magnetic Resonance Imaging MRI). MCI 2 ik NiCIZTh e %241, LBE W
I 5 135 IRIEAZ E R G AL N PR UE SEAFAE A2 T IIGR , 18] 55 FE PR S K 7 5 (Mini-Mental State
Examination, MMSE) 7 #7E 24 & 30 2 [a], Ilfs PR & ¥ 22 '3 (Clinical Dementia Rating, CDR)4r %4 0.5,
HH RS RE, AR,
2.3. BRI CIRNTTE

2.3.1. GAP-43

5 FH £ %0925 1 52 (enzyme-linked immunoassay ELISA)J5 %70 7 iki6 7 GAP-43. ELISA i/ 5w
WE GAP-43 Hiifk NM4 1 5l GAP-43 Hiifh 5 C-Aki R ALHE & JT K o 8 1 5K H 5 it M€olIndal Sahlgrenska
K EA P b 22 A 2 S 6 25 I PR IR B VRRE AR DAl ELISA TR RE o 73BT FHZR DR IR SEB S HR N
RAEEE T AT,
2.3.2. RERTREME RSN

1§ 1 Z 1~ XMAP-Luminex - £5 F1 Innogenetics inno-bia AlzBio3 4 I 2 71 H Tl B AB &
tau Al p-tau. 582 PE4HEE 7T UL https://adni.loni.usc.edu/data-samples/access-datal .

2.4, INAIES

{EICAZT7 T, K ADNI i 4Z &2 % (ADNI Memory, ADNI-MEM)FIR 7R 255 BR300 77 350 H 28 24 13- 1%
#1112 & 3 (Alzheimer’s Disease Sequencing Project Phenotypic Harmonization Alliance Memory,
ADSP-PHC-MEM). {E15 5 771, SR FH B 2R 2k it B3 I 7 1 H 26 2 Bl Bk BAE & 538 (Alzheimer’s Disease
Sequencing Project Phenotypic Harmonization Alliance Language, ADSP-PHC-LAN). £EWT 518, KB /R
DRUEERIE I T51 2 78 i R BB B PR AT T i B 2K (Allzheimer’s Disease Sequencing Project Phenotypic Harmo-
nization Alliance Executive Functioning, ADSP-PHC-EXF)#iI ADNI $47Zhfig & (ADNI Executive Func-
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tioning, ADNI-EF). B /K % i3 2R VP it B % - I\ %0 & % (Alzheimer Disease Assessment Scale-Cognitive
Subscale, ADAS-Cog) Ak % I HiE s HWr 315 5 % 21l (Rey Auditory Verbal Learning Test, RAVLT)
Fe i B SIFICAZ . [FIIN, FRATWCEE T 4 £0E5h T B & % (Functional Activities Questionnaire, FAQ).

2.5. GEHBALTR

FIEED . s 58 PR R PR LB AT VERS, G5 M G (F T 3.0-RE i e R AR FA 151,
i FreeSurfer 5.1 FRXT NiFTI A% T AL EG3HT XA R Al , I SR AR H5 A il Py 25 s dtb A7
W ZPE%E AT I https://adni.loni.usc.edu/data-samples/access-data/ .

26. GitAE

MFREENOGIAER, SRBERARTRR, S80S - BRI U KK, B k/RE2M
KIrHTREES: ApoE ed 5275 50 GAP-43 7KV 5K E UL OB EV SONFD . I IXARFZ AR &R e i
B GAP-43 AP HINHIK i XA A Z 8] I 7] 9% 25K 2R VR A RN A 2 DA o AT e i 5
GAP-43 7KV INFIERES . WX ARTRREAT Z F 45l i R A () 1R

BT R 3 ) A RGA R B, it 2 L E 9 P < 0.05. FFA 48t 2014 FH R 4.1.2 1 1IBM SPSS Statistics
26 P47 -

3. R
3.1. AOGHHHE

AWFRILIN T 164 452 &, b 78 4 ApoE ¢4 FEHEH %, 86 %4 ApOE ¢4 #iid . ZIRHMHE
W HH SRS B AR ACE A AR ERE R 1 R S5 RPN ER R E AKF R E0 . 1
LK, APOE &4 # 4 IIi6 t-tau. p-tau Fl1 GAP-43 /K F-14 i 2 & T ApoE &4 JE#E7 # (P < 0.05),
Ap B ZFEKT ApoE ¢4 FE#E ¥ (P < 0.05).

Table 1. Demographic information for each group
1 SHAOZHEER

ADOE &4 FEIEHrE ApOE ¢4 8% z P
N 78 86

ZR OGS 71.69+7.50 69.60 + 6.40 ~1.54 0.12

G 16.21 +2.76 16.27 + 2.54 -0.06 0.94
GAP-43 (pg/mL) 4750.73 + 2285.05 5952.11 + 3039. -2.80 0.005
t-tau (pg/mL) 256.36 + 122.62 324.02 +140.05 -3.68 <0.001
p-tau (pg/mL) 23.55 + 13.54 31.72 + 16.14 ~4.28 <0.001
AB (pg/mL) 1232.05 + 410.01 825.74 + 378.79 -6.11 <0.001

3.2. YEIMrENE R GAP-43 HIZEIL

FEREVN B, B bR ic Ak iz 2 Fion . PRI B GAP-43 #RFHES (A3 i1, ApoE &4
e N 15.94 pg/(mL « H), ApoE ¢4 #i5#% 7y 15.14 pg/(mL « ), (EZIFEE K I GAP-43 H K
BgiitEm L. BV 2 )5, ApoE 4 #5117 & FI A W GAP-43 & &40 B 5 T ApoE ¢4 JE#7 & (P =
0.002).
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Table 2. Biomarker comparison after 2 years of follow-up
= 2. BB 2 FRREYIRICILE R

ADOE &4 FEIEHrE
GAP-43 (pg/mL) 5133.27 + 2889.41
t-tau (pg/mL) 271.05 + 142.30
p-tau (pg/mL) 25.22 +15.39
AB (pg/mL) 1187.18 + 429.51

ApPOE &4 i
6315.60 £ 2978.06
340.27 + 142.60
33.18 £ 16.07
788.49 + 377.46

—-3.08
-3.70
-4.23
-5.97

0.002
<0.001
<0.001
<0.001

3.3. ER GAP-43 KPS E i LA MFR S MR X 14

I GAP-43 FEILL M [ KT 5% L AEDFR SRR RN 3 s, fEREEIKT, BRER
17 ApoE e4 2E[N, XAVl GAP-43 5 t-tau Al p-tau AT BERAUAHICTE, 115 AB AT AHICHE . 7ERE VI
[AlN GAP-43 (AL F 5 t-tau F1 p-tau FIARAL A EORAIHICHE, 5 AB AR R BAH HR M.

Table 3. Association of AD biomarkers with CSF GAP-43 baseline and longitudinal levels

= 3. MERZDEMRENSME R GAP-43 B LAY\ =17k F 1Y KB
FLKF RUER
ApOE &4 JEHEHH ApOE &4 M ApOE ¢4 eI E ApOE &4 M
t-tau (pg/mL) 0.80 (P < 0.001) 0.79 (P < 0.001) 0.56 (P < 0.001) 0.34 (P = 0.001)
p-tau (pg/mL) 0.76 (P < 0.001) 0.79 (P < 0.001) 0.61 (P < 0.001) 0.37 (P = 0.001)
Ap (pg/mL) 0.04 (P =0.73) —0.06 (P = 0.567) —0.03 (P = 0.798) 0.054 (P = 0.62)

3.4. [EE® GAP-43 I\ FER. BXEREYHEXM

I GAP-43 FEFLZL AN 7K T 5 IAFIT & R A MU 4 s . FEFEZR/K T, ApoE 4 #5773 1)
GAP-43 5 ADNI-MEM. ADNI-EF. ADAS-Cog13. PHC-MEM. FAQ “5i\Jl B RAFAM KN EREVT
i, X\ RIS SR I GAP-43 /KA EAH KA «

FEL AT A I GAP-43 15 & il X AR R LE AR S o T B 2R 7K IR IPA i GAP-43 55 2 AR5

(A R AE A DR (52 5)

Table 4. Correlation of cerebrospinal fluid GAP-43 with cognition at baseline and follow-up
& 4. NB R GAP-43 SIAMAEELBEIH M AR XM

HLKF

K& V7 3 1H)
ApoE &4 et ApOE ¢4 &% MCI
ADNI-MEM -0.12 (P = 0.28) —0.27 (P = 0.01) —0.26 (P = 0.01)
ADNI-EF —0.71 (P = 0.54) —0.21 (P = 0.05) —0.16 (P = 0.04)
ADAS-Cog13 0.03 (P = 0.80) 0.21 (P = 0.05) 0.27 (P = 0.01)
ADSP-PHC-MEM -0.10 (P = 0.38) -0.30 (P = 0.005) —0.27 (P = 0.01)
ADSP-PHC-LAN -0.14 (P = 0.21) -0.29 (P = 0.007) —0.28 (P = 0.01)
FAQ —0.08 (P = 0.46) 0.23 (P = 0.037) —0.26 (P = 0.01)
EcogSPtotal -0.10 (P = 0.37) 0.29 (P = 0.008) —0.11 (P = 0.08)
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Table 5. Correlation of cerebrospinal fluid GAP-43 with brain region volume at baseline and follow-up phases
= 5. lNBEK GAP-43 SRNX AFRAEELAPEY M LAV X 14

BT b4
ApOE ¢4 ##% ApOE &4 #EW# MCI
i 2 A4 AR -0.11 (P = 0.54) -0.25 (P =0.11) -0.17 (P =0.14)
HERS R UGN -0.12 (P = 0.51) -0.15 (P = 0.34) -0.12 (P =0.33)
AR -0.04 (P = 0.83) -0.19 (P =0.22) -0.24 (P =0.038)

4. g

WHICR I, TEHEZE LA R BE VM B, ApoE e4 #57 # (i ¥ GAP-43 7K1 ApoE 4 il # . 1
BT, TR EHEW ApoE 4 FEK, E W GAP-43 5 t-tau Al p-tau £3 #CHm AN . FELR K1Y
6 T GAP-43 545 2 (RN FNThREAT M MEIUAE ApOE ¢4 $H & R R B, 7EREVT IR N, GAP-43 (A8 1k
K5 ttau M p-tau ARLRIRG BEBRIAR S . [, JELRAGE T GAP-43 A LATRIA JIA 4 2258 47 1
Ak

R T B BRI A2 VF 22 AP AR AT PR T s L AT Al B i A8t 2 —, EEE AR R T2 u A, Rl
R T Fe PR L AD g B A (14 5 ZEAE F R EE 1 il 2 (A 00 73 Al s 2 [11] [12]. GAP-43 S S fihn] 48 14 A1l
R PR AR U T R, GAP-43 KV T 5 B R il i A 15 5, A 9T K BLBE U5 Bt ApoE 4 #5717 3% il ApoE &4
45 P GAP-43 F ¥ TR, Xt — DU R Al IR I #inE [13]. ARy,
ANIF) ApoE S5 A7 JE R 7E 1 15 Rk n] BB MRS B 7 I AEE 22 7%« ApOE o4 x4l b R B g, 45 £2 70
L2, M 7R TeAETI[14]. A BFFER ] ApoE e4 55 R A Th RE AT PR 5 2k Jk b 2 A ¢
[15]c AW R IMAEFELLFIBE VM B, ApOE &4 #5715 & M R GAP-43 /K-F3 T AR5 &, X 55807
WL —3, Ui ApoE 4 520 | R Al 1) e BV . (HZTERE VAN MCI 1) ApoE e4 #5478 5 45 7 5 10 fivi
B GAP-43 /KA L Ge v 22 57, X AT g BT 3RATT 0 B U I T B0 BTGB Vi GAP-43 A2 4k LL iR
A1, BLLIS E] Y ApPOE e4 it I GAP-43 [R5 M A 4k JF- AN BEAS I«

FEARTGRE 7T R I, FE2R KT IO A T GAP-43 5 p-tau. t-tau #H5%, BEVTH B GAP-43 (925 1k 5 t-tau
N p-tau BIBRWAFAEIEAR G . BRAEA I FURA, ANFEPREL2H N IiE I GAP-43 5 t-tau. p-tau ¥/A7EAH
RAE[9] [10] [16]. tau F& FAFAE T MCI A1 AD B [ S5 AR 1, B8 v Hh tau 2 1 3900 AT B 2 R ik i
-5 i J T B S B AF AR JR R 1 5 i 5 451473 [ 17] - GAP-43 5 t-tau 1 p-tau 2 [8] (A S 1 7T g Je Bt T GAP-43
5 tau Sl 2 (A SL R EUR ISR . (HR AR %A K GAP-43 5 AR AFAEAHGYE . IR IEM FEEE
H AR 13[18] [19], AB J& 3 tau i, 1 tau J 3 T B & oo D) Re b ig F4n pa a2k, AB il tau B 5]
RFEADIRERERT . IR A tau JRIEIIAAAE, A FECRMT) REREG . X n] DU 73 R GAP-43 it
WL ) SR fish T R R 1T e 5 tau o BRAE UIAH G, 17T -5 GV AB 3 BE TG BR SR AH G o

KR T bk 7] B T B LR 1T AR, SEONARIG[20] [21] [22]. fEFRATHF 5 H KL, 5 ApoE
e A HE H A L, ApOE e4 115 3 [ ik B GAP-43 5 ADNI-MEM.ADNI-EF,ADAS-Cog13.PHC-MEM.
PHC-LAN. FAQ ¥JfE(EAH K. JanlG W 5T 7 i B 27K 1) GAP-43 5L HI(MMSE) ARG, (HAHT
FUR F o 42 TH A K02 % (ADNI-MEM, ADNI-EF, ADAS-Cogl3, PHC-MEM, FAQ %5)it—Z4R Tt
W GAP-43 5\ HIFAsk G AH (8], 5 e BB VI I (R B ke, AW 9T & HRSE R B 5 AT R i B9
KL GAP-43 S5iAKIBIAH AEAUAEEBAR N FN Dh e, FEIC1Z AT 1B 5 T UM EEA M.
R T ReFEhG 2 AD FIT E50 R I B 2005 B, X5 T GAP-43 & # £8 J A% i A I fis m S8 1t o AN m] /D
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MCI & 5 GAP-43 Ft =i o] B2 S il Th R B g 5 35 1078 (23], BRI e AT AR Ak mT RE S T AN AT RE
TR IR R [24] [25]-

ARWFFETEAY T ICE R GAP-43 275 R 1B AT AR RESLR S AT 6. RGP IR K
U GAP-43 5 X ARFAEEAR S, Bl VT ] GAP-43 [ARL 55U 2545 (7 (ARG . W T8 3R
TEMEAZE L, B/KFRINE R GAP-43 S5 /NIME S A B R AR A ¢, 559 E A py s 44
FABERT [ PROEZE ARG [11]. AP —TUZEZE BT S T ApOE o4 #5415 & 234 T ™ B 1) %4, ApoE &4
S AITCER, HLELF IR TE DAL o R [26]. KAk, FRATAT AR K &5t
— B FRER R X AT S AR S Z OGN RURT AL H BT R ANTE 2, (4 BE PR 2 A 7
FW, HHGE A E ¢4 (Apolipoprotein E)EYs £EATE AD I PRI F0 AN S B A R 70 /R P FR AL 58 2 0E 48 .

KW FAFAELL TSP, BT ADNI PBAFI 3 2@ R [ W AN 56 [ i B3, DR G TE A e i it 2%
JEREASE B 22 o AHF ST MCL AT T W98,  FTSRAS IS S 55 it — D AE A~ AD BRI 7T

5. &

7E MCI AMEH, ApoE &4 AT RES S A W GAP-43 /K7, iAW GAP-43 XHAKNIThRE. #hZIB1T
PEAR FI 520 A BE 5 ApPOE ed IRASH 5. [EI NG GAP-43 1 A—Fh 5 fi 4= Wkr S vl FH 1B 5 MCI ()

R
& H

BT LU 2R 48 B AT R 0 H (2018GSF118235) 1 E 5 H SRR 7k 4 (3 81571234 %) Bl
SE ik
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