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Progress in patch-clamp studies of synaptic dysfunction in 5xFAD mice

ZHANG Min, SUN Wei, QIN Xinyao, QI Dongmei®!, CHENG Xiaorui*

(School of Traditional Chinese Medicine, Shandong University of Traditional Chinese Medicine, Jinan 250355, China)

Abstract  Synaptic dysfunction represents the core pathological basis of cognitive impairment during the progression of
Alzheimer's disease (AD). The five familial AD mutation (5xFAD) mouse is a widely used transgenic model for investigating
AD-related synaptic pathology because of its early amyloid-p (AB) deposition and rapid pathological progression. Patch-clamp
technique enable electrophysiological characterization of this model at multiple levels, including synaptic transmission, synaptic
plasticity, and intrinsic neuronal excitability. Current studies have shown that 5xFAD mice exhibit alterations in synaptic
transmission, long-term potentiation, and intrinsic excitability at different ages stages, with distinct phenotypes characterized
by marked age dependence, brain-region specificity, and cell-type differences. The underlying mechanisms potentially involve
AP deposition-induced presynaptic and postsynaptic dysfunction, impairment of inhibitory interneurons, disruption of the
excitatory/inhibitory balance, and abnormal ion channel regulation. Future studies should systematically compare the
electrophysiological features of 5xFAD mice of both sexes across different ages and brain regions under standardized
experimental conditions, and establish a standardized system for phenotypic evaluation. Such research will provide a valuable
reference for using 5xFAD mice as an AD model and elucidating the mechanisms underlying synaptic dysfunction.
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T IRNENT B-IEMFEEE H (amyloid-B, AB) FHICM Sl R, 457 5 K AD AR i i
[N (transgenic mice carrying five familial Alzheimer’s disease mutations, 5XFAD) 2.4 vz M H .
25 L A R e N\ Ve RERT IR S (3 Camyloid precursor protein, APP) K670N/M671L. 1716V, V7171
AFEZZ 1 (presenilin 1, PS1) M146L. L286V A1) 5 NME M AD R4S, RE R HIL AR BEik
DU AN TG A MR uii s DL R S d 2 g, R AR AH OC IS flufis BRI fh 48 I 2 S A
FE AL 2 — 03151 o Rt i 2218 (A AR AR L, SXFAD /N BRFE H 3% 52 5B B B AT 22 300 H B 4 ) X35
P B 5 P 2 T R S, DRI T R R P PR AR B R R R AD AH G 58 it oy B8 S B AR ASE U 123,260

ERAZE, A HEAR (patch-clamp technique) HE% 7E B4 I AN =) 5 OA 1% /K ST e 35 40 28 fih
Ji B (miniature postsynaptic currents, mPSCs) . H & R fih J5 HLJi ( spontaneous postsynaptic
currents, SPSCs) . % & 5¢fih )2 N (evoked postsynaptic currents, ePSCs) . #J1F i f7 Caction
potential, AP) KM ERF A, BT RAATRE . Al Z AR DI EE . 4R 0 N AE D% Ay PR T fi
AP YATE £ g AR B O VRO, GRSk, [lSE SXFAD /NRURED . RO R . AHE B RN AR SR R S
i DX () J P B TR A T R R, RN I R E AN R AR RS . PR M XA SR A R e AR R
RUAFAE S P22 (R, ASCH S8 5XFAD /R E SRR FE N IS A e 7t jg o A% 3
R IBE . PN AE DS A M OO RO R ML AT SRR, i A Y Y H AR T AR N I 4 LU RO T AR ik S
%,

1 SXFAD /MNRZEfINEEERHER HMRIHE

1.1 BB 5xFAD /MR EfME R R E

1 XA SXFAD /R A BT Fe e 2 I X . Neuman 252316k o) CAL X4 444 48 78 1 T
FRN, 1AW HENE SXFAD /N H & % B 1 5 il 5 A7 (spontaneous excitatory postsynaptic potential ,
SEPSP) I B2 5 BF AL BYAH LU R HE I 2 35 22 S, BRORAER RPN B, 1 5 R e M A 1 e A\ AT e 4 7 AH
PR RAS . Wb H 830, 5XFAD /NIRRT [X 9 fil 4 33 57 I H A o Li S5 47E 2.5 F S vE
5XFAD /)5 CAL X HER #2270 H W 2 B /I M a MRS fd 5 FE AL (miniature excitatory postsynaptic
current, mEPSC) #RillE S, 1M /N # il 14 9% fish J5 HE 9 Cminiature inhibitory postsynaptic current,
mIPSC) #RIBASR N, G v-2 3L T B (gamma-aminobutyric acid, GABA) HE 7 fill iy ¢ i ik &
FIRIERR AL, IR Z I BORE S 4 v SR Al AL 336 O R A S, R D 1 9 M 5 B ot T i B 2

FEAC AL S AP WX 25 35 S I 5 fih B & FH A, Chen 251K 3 3 & it 5XFAD /N R 25 ll CAL [X
H5 1435 3] 2 [ HOBE BB RS 11 (Ca®*/calmodulin-dependent protein kinase 11, CaMKIl) BHE# £ 6 H
KDL AFPE R Al 5 HL (spontaneous excitatory postsynaptic current, SEPSC) #ii# Tt [ & 4 1k 58
fil J5 FELIA (spontaneous inhibitory postsynaptic current, sIPSC) #iR &M%, FWIAEZARE, B9 R
TR B () 24 A ME S5 Pk MRS N © k42 B2 2k 1. Caccavano Z:PIF 7t R, #E 3 A #% 5xFAD /R
5 CAL X, JRIZHERAMI K] SIPSC A FEAK, IR ZHEAARTIARHE,; R, NMNEEA
(parvalbumin, PV) WRZ0MAE SR -3 W (sharp wave-ripple SWR) 544 3 17) Bt 122 52 () % 4 11 B 5 Al
H SRS SN 3 T B, SR o TR R 22 0 B ) e S R B 02 R i S R e It R AR . I R AT
$e7n, B 5XFAD /NS X R, AMUSIEHE RS o R s N T, B R S
5 0 28 7 A R 42 ) 0 ) o T 2 T T R S A

AT, X A B R A s Rl R R FI B B, Chen Z5ROME g &t 7 5 5 5 )2
et mr & o R, MRS 22~28 d 1) 5XFAD /) R mEPSC IR 1R A2 351 F %, mIPSC A IR FEAIK,
[ AP RIBUZRIES, 1RRERE FH, B B a2 o0 ORIt 5% fis B N AN T80 H B8 77 B U ER
H o Chen S5 22%E 4] 0N 58 B T 56 5 IR4EAR I U F s, AR )5 28~32 d 11 5XFAD /) i mEPSC
I mIPSC IR FEY R B, AR AR AGAN B B, BN 12 M [X 7 5 23 -5 30 040 1) 1 3% B M 58 ik J /K 7 1A T
2% . Buskila Z5PUE 2~3 H i 5XFAD /IR B 5 5 )2 HEPR 4 70 T ML 4% B mEPSC AR AN FE
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T, H AP B R IR ES, PR BERE 5 JE AN E SO AE N BRI B R AR AE S Al R N A D A
S

EABE TR, SXFAD /N B 531 58 fik 5 5 AT S AE 2 BTN DRI L e I (] AT RE T
WX X PR G ZMR AR o 2 B 5 A5 i Fe i SR 2 S A B e A — 508 (] 1) . EAR T
WS AR S RIF A B2 — B0 IO F— il DX S8 M S50 R 1 A 5% ik = T I R 40 32 40 JZ 0 F A A
[, $Et 5XFAD /) bl F- 01 i A2 B AR Y 10 U9 49 2 AR 4 FL B Bl s o, DX 4 i 28 2 4y 2
o

1531 2 3% 6% 9
1.5 months 2 months 6 months 9 months
Ay B iR APy APay BB APy
0.3~0.7 ng/mg 9~21 ng/mg 97~100 ng/mg 120~140 ng/mg
FEALE: R VAT E AT FTNE:
e RVEE AN BRI ABE BT Hr R R IETX BEREAK
APy, level: 0.3-0.7 ng/mg R X ABa level: 97~100 ng/mg HAE# 5DGIX & &1
Predominant depositionsite: APy, level: 9~21 ng/mg Predominant deposition site: AP level: 120~140 ng/mg
layer V cortical pyramidal Predominant deposition site:  Predominant deposition Predominant deposition site:
neurons primarily the cortex, with sites: the cortex and the cortex and
partial involvement of the hippocampus hippocampus, with a
hippocampus marked increase in DG

1 5xXFAD /Ui Y AR TR
Figure 1 AP deposition in the brain of 5XFAD mice
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WA EX 4~6 Hile 5XFAD /NI 80T 5T, FEAR D T S IE Bl . RANAT I R
ST . Sompol ZE28IfE AR 4 faf N ) 5XFAD /N RiE T CAL X AW e H WAL E], 6~8 H b Bt
SEPSC M Ft = e B G B B A8 4k, (R B FE R UE HL AL Cpopulation spike) BI{E 35 B&K, (H M aPESR
fih J5 B f7 &} % (excitatory postsynaptic potential slope, EPSP slope) 5 £ 4i J i@ ( fiber volley
amplitude) HJECAE 235 N R4 60%, FE7R 1% M B 7] BF A7 75 1 28 100 2 1 2% P4 AN Rt % Al 1% 388 380
B a5 AR, R EBA 42 I 28 3% B 1 38 9 T AN S5 [R) T B3 SR A% 6 A Re R 5 0t B2 T, R AE T RE S IR
TR T I R R AR A TR 00 P R 4 0 55 R S O B T A S DDA K

KIfFEIG 58 (long-term potentiation, LTP) & P4 A 1A SXFAD /)N B R i Dy B IR S 1) 53 — B Hi AR
B bR, Seo ZZ7IYE Schaffer % -CAL M@ R HL, S5xFAD /N 3 AR LTP 585 A& RIAH L 2 7 A
B, 6 WK RN, 11 HESE A = S AT R, Ul B R — X P ) S Ak mT 2 VR AR
BT AL R B, TR ARAE R R E A AL . Kimura 2528 e bt K B, 5XFAD /N 6 R LTP
B, FRH - Ginput-output, 1/0) HIZERI R FEE; H 5xFAD /N ERFE K 19012 RS i B
I, I S A D RE AR A5 AR B, $R7RAT R BRI 5 i 1 B A B SR 2 TR AE I ) B AT RE IR AN [F) 20

A1) P 52 S5 R 4T 0 AR BE K, Damborsky S8R F O 8 A% 25 45 4 R R B 5 VR AR 7T T T -0 B
#% 18 % (hippocamposeptal pathway, HS) . £ R EIx, Z@EBHK y-ZHE TR B M (gamma-
aminobutyric acid type B, GABAg) *Z &A™ T H A B B MR A R PE . 6 F R HEE 5XFAD /)N B
F 48 % 2% fh J5 FBLUR Cinhibitory postsynaptic currents, IPSCs) &3 FF: 9 HiSMErE/NE GABAB
AR GE, (212 AR HBLThAe e mkEME/N R 12 5 SR B IR 5R, 2R ] 5XFAD /)
B2 R A M 4 5 B T AL R 3 A AR AL, RN A E —E T 22 R

IEAk, A AD FERL /)N R A A 22 I 25 10 FE R, AR b (R e 28 T Th e 32 400 S I 2% 1 e
BN O P O B AE, BRI A 2% 5 B [ 5 A0 . J0RR BRI 2R DA K A G e e i e 50
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31,k 5SXFAD /NI &, IUA A BB 7t — D ENIE 7 LIRHFAE: 7F 4~6 AW K2 5, ¥ 5]
[i) Fsf 0L % 380) X 2% o e A 1 . AR R R B Ay LTP A2 412627290y - % 1 Wi A B A b i A 1) A B2 4
AR ZE R, NAENE LA 5 U 40y B — < 5% ik ) RE UGB B0 D4 PR I 5, 17 o2 467 2% Ml f 2 3 T i e AR
55 B AR B A R AR 34T 22 4 P R U AT

1.3 5XFAD /NR A AT N 7E TN

B 9 firh A% 35 5 5 41, SXFAD /N BR PN TE 2% A M 728 4b 1 2 AF 70 5 Ak Th e 1) E5 E2 4R A . Kaczorowski
SR AD BRI R AR DS SO AR H 22 ST SC R TR Atk A 78 4 7 1 1) 5038 T B DA Th RE = 1 B
T RIS, IR BE R AR T R R Eh AL . 7E 5XFAD /N T, Ghoweri ZBIRA S LR T 1.5,
4 F1 10 AWM. MR M CA1 XHEARM L ur A BARE, RILFEFEEEMKE (medium
afterhyperpolarization, mAHP) 12 5tk 1k (slow afterhyperpolarization, sAHP) #1454 2 £k
PEARAK, T 1/O 2R 0 A7 78 A 0 R0 M AR PR 22 S, SRR AR J0 AR 6 A 1 T A I B R 4 R e 2K
A5, T RIS R R

Berchulski BT 50 £ B, 1€ 14 &% SxFAD M. HME/NR T, ¥ 5 CAL XA 4 0 A1 IR 5]
(dentate gyrus, DG) FUkigi i il AP BRI T o A8 AR AL 3 s A A N BT T B 25 MK D4 4 T A DG
fF. Russo 2RI 4E R0, 7E 6 HISLLJS 1 SXFAD /IR A s S 45 M 45 5 50 85 50 A 3L R 9 51
AP (SN[, Ff15 5 fh a] X8 PR 35005 KA S AT R BB A B 1) 5 11 BE D A, 3RORAH R LN TE AT Y
% J2 1 55 1B W] B L BE SXFAD /N AP I B 5 4 48 0 2% Th B B A 1) 5% B rp [A) R

FZ J5R A0 22 TC IR A LE DL PR AR Ak 0 78 B FLE B . Chen 25120075 i 45 Bz S5 46 5 R A2 5T b R I,
HEJ5 22~28 d (1) 5XFAD /N AP R JEUIIE R B, 1 4 N BEL B0 R0 Eb 25 S5 4 s R 1 AR AL TR B 3
TEVIRAIE B JRER 5 )24 e, 5XFAD /MR FIAERBUN AP RIEE /19855, (HENFEPL. BEBEAE K
AP 5 {H 25 FE R R R AP BT S RO R [R5 B B AR 22, Buskila ZERPUTE MK R 5 Z & o
W22 3 i 5 E A 42 Ak . FE5RE (rheobase) HLIRTHEIFI AP £ 76 (AP half-width) %%, #R
B AR TR P LE XA M R BT RS Bl TE A R k.

SART S, BUAWEFEHEIR, SXFAD /NER N LE N A P 7 o B T 3R 30 i 5 o e 320 I 3 (1) 4 68 A4 it
PR, AR PN B R B B R RS 1 R B, AEEAS R X . H 8 g R 28 A T R 4 SR IR
Refai Ba 2k ], ATE oE 2B T 48— SEI Wit 1% ELF 9T .

1.4 ARMXMAE B 5xFAD /RS2t ThRE T4 B4 &

Wik 1. R 2 fion, S5XFAD /N H A BER A B AT IR B [0 & 2 57 . 5 CAL X1E 1 H B &6
SrEERE A R AL SRR R B IR, 2 2.5~3 AEY, mIPSC. sIPSC % PV 5 IR 41 B #H 5% 5% fih T
BECLRAE—EMAs; 6 AWLUG, MM tErEis., sk AmA LTP AR L E N H; 10 AR
F VLG, A DL EE B S ) P A D A T R O S AR

ARG X 2 (B AR R 28 5o AR R o . A5 2 BRIV B B R 56 5 SR AR &8 e ml 78 AR 5 5
JA % 2~3 H#sE Bl mEPSC/mIPSC 1 AP RIS &, /2 S AHSCHE 78, B8 DL B A2 S PR N
TFE. SWR FHICHNGI W2 S8 . LTP R B S W B P9 7E X% w38 o R 0l DR 3R A8 50 40 it 90 Rt o EE
35, 41 HS K E) GABAg B2 AR R AR Dy 7E D P AR Ak R RE B AR IS - AR, SRR T
FU 22 1) 1) R a0 200 B A /DS BRCPE 0 R AR e e & . [FI R, e R AR R EEEE .
MEPSC/mIPSC = 2 ) Bt 1 Bl 5 T i J 52 AR 3 . SEPSC/SIPSC WIZ N 7 AP A1 T I 46 175 1) ik
4%, LTP Al AP R JBUN B & 2 R A & e e, RS [ BIF 70 45 SR 0 07 W A e S Y s A RT3 R e
B



TR R AR RET 5T SXFAD /I B 2 fih T % B 5 (0 1F 90 33k R 5
1 5XFAD /I BB 5T X AN [R] s BRI B 14 4% 0 LA FRARFAE AR AT 2
Table 1 Summary of core electrophysiological feature changes in cortical regions of 5XFAD mice across different pathological stages
Y 2R g
. RIEE R fi vy A - o
i Fi ) I RIS oy gy et e
. . Cell type or sIPSC mEPSC mIPSC Synaptic R R
Brain region Age/sex R . AP and intrinsic excitability
recording plasticity
pathway
= i RE AP KU
HE B 22228 d20 WAL 4 s AMPA/NMDA R
Postatal _ Amplitude | Amplitude— thfE 4 AP ﬁeque{lcy [’
2228 d kg L R AMPA/NMDA AP 58—
A R R 8 fﬂ;ﬁiw'&m Frequency } Frequency | ratio | AP half-width —
Pyramidal
Prefrontal cortex
neurons
. MR W WEEE 4
5 F EAHE fER637) ..
: 55 R :tﬁ e | Amplitude | Amplitude | Amplitude | . e-AP RIIME% |
~5 months male or iR — i | L e-AP firing probability
female
Frequency— Frequency | Frequency |
ks AP RJSURZE |
5 Bk A AP fre u:ncz '
VISR ST 28~32 d22 2% . NN duency
Pri isual Postnatal L 5 _ WREE TERE 3 _ AP ¥:Fi—~
“marryt visua 2‘;5 ;‘;3 "‘yefd | Amplitude Amplitude AP half-width —
cortex ~ pyramida AP BIfti—
neurons AP threshold—
%5 B B )
TR R 2L < 175 K
S PR 2~3 A HReN s P Amplitude 4 _ SST?;P”? 732 LT(? AP35 |
omatosensory 23 months ayer Bk | -induce AP half-width )
cortex pyramidal LTD
Frequency
neurons
Ee P RoRNm, L R, ~RRTERER.
Note. t indicates an increase, | indicates a decrease, — indicates no significant change.
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Table 2 Summary of core electrophysiological feature changes in the hippocampus of SXFAD mice across different pathological stages

SRR Bid kil S % - ,
- %Wﬁﬁjﬂik SEPSC i R R SRTTIE B S
¢ sEPSC and evoked sIPSC mEPSC mIPSC Synaptic AP and intrinsic
Age/sex Cell type or . -
. responses plasticity excitability
recording pathway
2.5 A& , . MREE MR
X 4 “A
24 C/&Tiﬁ&l&ﬁ;}m i B Amplitude 1 Amplitude | _ }
2.5 months pyramica ARz —~ Az |
neurons
female Frequency— Frequency }
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6
dCA1 X CaMKII T&E — @R —~ AP JRHREE
3 HREHEMEDT PR I Amplitude — Amplitude— _ _ _ AP frequency |
3 months male  CAl CaMKII- LIk LIk AP BIfE t
positive neurons Frequency 1 Frequency AP threshold 1
MREE 1t (HERE)
45 F S I ¢EPSP FFEEF? IN(3) Amplitude 1 (male /.
B CAl KHEHHIZ T ¢EPSP amplitude and female) mBE'E [’ 1 AHP | (i)
4~5 months CA1 pyramidal (fenjale) a BRIE (i) Amp} finde\} a SAHP amplitude |
eEPSC MR /Z ¥ (M) Amplitude | G
male and neurons eEPSC amplitude | (female) Frequency | (female)
female (female) pge |
Frequency
IR —
cal itz AR
76, 5T Fre”;uer‘wy \
o-8 sttt " SomaTer MEC ooy gy op e
ol i b S 1 \ ) BEUEA A )
6~8 months neurons EPSP sl'ope/ﬁbe.r volley Frequency } LTP | Population spike
male and hippocampos’epta] amplitude ratio | threshold |
female fEPSP/FV 1/0 HiZkA}
pathway, Schaffer % |
collateral-CA1
fEPSP slope-fiber
pathway volley I/O curve slope
[’
CAL XHEARAIE, 8 AHP | (M)
DG X FFoki 4, SAHP amplitude |
10~14 ¥4 Schaffer fll-CA1 eEPSP Mg | (1) (female)
TEE3-34] e eEPSP amplitude AP [S{H t
10~14 months  CA1 pyramidal (female) - - - LTP AP threshold 1
male and cells, DG granule F1j5 AHP 1
female cells, Schaffer mAHP amplitude 1
collateral-CA 1 Sag Lk
pathway Sag ratio 1

Ee P BRI,V RRE, RN RERAN

Note. t indicates an increase, | indicates a decrease, — indicates no significant change.
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2.1 AR MRS RMAETEINEEZ IR

5XFAD /NRIEH ZANFKIGEME AD BURRAZ, AR HIL AR JUAL. MABITHSCERMEAITTE
0o, FEWFF AP HHOC SR fil 451407 ) EE B AR AU 1S SXFAD /N RLAETE MR R AR AH S0 Bk R, J2
AT AH S X B 5 kA i3 L % i T P R X 6% i ) S 11 L S A 12D,

W 2, ERAFTKT, AP B RN UL TR N 72 2018 it A7 AR, LR A LA IR e A ot 4 «
L B 2 R T A 0 B 6 7 R i AR PR R, KR 1) R R ) R R AR R T R, R
TN AP LAk S fid A% 3 () 50 I Al B AR AR 0L, 7R SR S K P, SXFAD /N BRAE LRI R B A A R
AR SR AL S S R AT IEVE 2, R AR S e I T BT R S Ak S 52 R 1 A TR 43 A K S i
i A Re Y, R, AR SRR @ 2 A Al 55 S OE B I R U I RE, W0 AR SRR 5 S Al S 4H
Wit A PrPC 4545 AT S Fyn G, JFiES NMDA 24k NR2B TWIEBERRAL, M504 o)
Rel2l, RRUAI A& R 32K 5 (metabotropic glutamate receptor 5, mGIUR5) A {E N AR 5 B 1&-PrP¢ 5 &
ML Z RS 5 RERMESES, HF5PrPCtF S5 A ek uT F240H] (long-term depression,
LTD) i fEiz44,

AR H R BEWUE NMDA 24k (R R S8 R R 3T M R B, o8 5XFAD /N R %75 1
SR 326 S AN LTP SZAR 3R AL T WL 2 1T ) fife A 145481,
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SR I
INER
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PSD-950/2
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Figure 2 AB deposition and pre- and postsynaptic dysfunction.
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