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Dysregulated neural firing has been proposed as an early-stage feature of Alzheimer’'s disease (AD) and is thought to negatively impact elements of stable
neuronal network function. However, the underlying cellular and synaptic processes involved in amyloid-related micro-circuit dysregulation remain unclear. Given
that synapses exhibit a highly heterogenous molecular composition, which is thought to support specialized functionality, it is possible that early-stage synaptic

pathophysiology does not similarly impact all synapses in the local amyloid micro-environment. Instead, it may be driven by a selective vulnerability of molecularly
and functionally related, or independent, cells or synapses. Here, we use the AppN-SF mouse model to investigate synaptic pathophysiology in early-stage
amyloidosis and test the degree to which it occurs globally or in specific subsets of cells and synapses.

a - b c a Excitatory b Inhibitory Cc c d b c
= _ M VIS RSC SS MO » ; . : = VSSLE)J;; \(/;CEQL c :22\/ mD:CZ::Z Gca'\,:,:fse Inh bouton density (3-4m)  Inh bouton density (6-8m) _.  Plaques vs inh denS|ty DEGs inbitory subclass PV pathway enrichment and associated genes ,
o | Appres E 525 ; g 1® . - & 107nptcstiictm) ;§1-°'@;’Tf’:;f‘8‘r;‘;-8m> %0'6 % 5 p<001 (3-4m) fff SABAersic synapic transmission * L?-(?d:;'p)
_ : Joal 5 e | I I L 05| G %7 % ST S
Wild-type £ >‘15 A a = g, EOS / %0'5. / . § § _ o omero @0 o e Log2Fe
2 3 g 10 £ 0o : . Z I : II g 00 © o0 M
Thy-1-GCaMP6s ? NG "5e 3836 36 Methoxy X4 Methoxy-X04 8 & & T vs App™ 80%0 05 o 3%%0 0.5 o 8°%0 05 10 15 . . ° ©0 * 1t )
App Time (m) y y & \ R 3m&6mV1 _ Density (bouton/um) Density (bouton/um) 10 plaques/um? e s & & R §35EiiEUIEIESIEEES -
AQXVE%?:?C?S:'\T; AppN;GSFr\;\S o f e ai”ty g i nesren acility d VGLUT1 PSD95 ? VGAT GEPH fA/-\V2/1-c-Fos-e "_> e Inh bouton activity (3-4m) Inh bouton activity (6-8m) g Distance vs activity (3-4m) d e 7 e E;d TeresT s :
-- o e o ey - 18 - 15 \ %1.0- fop'ser G4 %1.0- fopr s 05;’: DEGs |n23étc;3rr3]/1 )subclass I Common pathways and associated genes -
o M S gl Bt ld M |h 1 RIRE | [ TE ooni Ll a i Pl
- 3 ' & o & os YV AN 1) W — i Jasd o rherspensasennaEREYSNSERSIERITY e,
e’ ", S o é\sv"k &l\sv"g ss $$ eFos + VGAT eros - Agfi(\)/ity(:i?C) ol o0 Agfi(\)/ity(:L?C) i CYRFP  Methoxy-X04 Distance to plaque (um) £, e 'O: :308 oo Oo: :.'8038 UNEPYRERES 4 AND: "2088 s
4 4 % % W W W W . > A & G N T e EC O e e PR E YT R8Ny e e e NS YR 8YEDeE
h Distance vs activity (6-8m) ],\ AUC (3-8m) k Weakly coupled I Strongly coupled ¢ e ,3-§ <E>;‘:“gm§éggc‘;‘?Sfogﬂgg'ﬁﬁ@Gagaéiéggﬁﬁi&i%ﬁ%ﬁE‘%%m s
- 1. I _ g oFos VGAT Spine VGATdensity ' Spine density E ' 05 g . . . . .
Z:\gd 1inr|i)iziger3ur:2’her(i rl;istmg state activity at excitatory oo T R, gos : N Fig.4. Modmed gene expression relating to GABAergic
= = R DI S : o g % g § g i synaptic transmission
a) 1-_P 1 VIVO TESOSBOPIS IMAding dlagram. .Trace. sponta_neous o2 B b = g ?, Distance to plaque (um € pince o massE a) Spatial transcriptomics selected cortical regions of interest with
resting-state calcium-mediated neuronal activity. Scale bars: 0.2% N & T =3 sen o R pT pease b Pease b inset showing cells expressing a laminar cortical profile (top). UMAP
AF/F, and 10 s. b) Stande}rc_j deviation maps frqm Th¥-1- R S ¢-Fos intensity (Z-score) ¢-Fos intensity (Z-score) Fig.3. Functional signatures of dysregulated synaptic olot of identified GABAergic subclasses (PV, SST. LAMP5 and VIP:
GCaMP6s (WT, left) and App™©™ x Thy-1-GCaMP6s (right) mice. Fig.2. Cortical presynaptic GABAergic ivi bott Scale bar 300 b) Percentage of DEG ’
c) Average activity measured from broad parcellated regions (VIS: I. : T y activity G?A\g;\n)' | cag I ar . um.  b) .ercin a,\?fG_FO d W'IS' a.crossé
visual/parietal, RSC: retrosplenial, SS: somatosensory, and MO: vulnerability a) In vivo 2-P imaging of superticial GABAergic axon expressing 3-4m (e(;?lli?ssta(r:eadss’tgztw e<n g%r(r)]?)ancr:)g P\'/Dpinterneir;ons bigvz)ceiczl
motor cortlc_es) |n'W'!' (blacll<) ar.1d App"‘L.'G'F (blue) mice. d) a,b) Immunofluorescence (IF) labelling of presynaptic cyRFP (red, structure) and GCaMP6s (green, function); imaged (0CESSEs agd associatédp ene.s foIIc.)win athwav enrichment gt 3.
.E>.<ample region of in vivo 2-P imaging S_'hOWIHQ expression of co- (red) and postsynaptic (green) glutamatergic (GLUT, a) VIS cortex of WT and AppN-GF mice, with example trace. Scale Zm d) Percentage of DEGS ACTOSS g AF\)BAer ?é subclasses for
!nje_c’ged viral constructs to label excitatory (grgen only) an_d and GABAergic (b) markers in the vicinity of amyloid bars: 2 um, 50 AF/F and 2 s. b,c) Density of GABAergic boutons in A NL-G-F vs WT gt 6-8m (Chi-squared test =go 130). e) Subset
inhibitory (red and green) neurons, and amyloid plaques via plaques (magenta, methoxy-X04) in App"-©+ mice. 3-4m (b) and 6-8m (c) AppN-GF (red) and WT (black) mice. d) GpApBAer ic DEGs (dot plot) and ’?o associat,ez biological processes
methoxy-XO4 (magenta)_. Scale bar: 10 pm. g)_ExampIe of AF/F, Scale bar: 10 uym. Insets, colocalization between the Methoxy-X04 labelled plaque and bouton density per region. e,f) (qrid Io’?) 1t 6.8 DECFB) threshold'pabs(lo 2FC) > 025 anpd adi b <
Calc,num tra_CeS from exc?lt_atory (blue) and |nh|b|t0ry (red) neurons pre- and pOSt-SynaptiC markers (ye”OW) Scale: 1 Mm. Calcium aCtiVity (AUC) at GABAerglc boutons during reSting-State 0905 pBlOIO ical .rOCGSSGS' ORA BH_FDgR <0 05 Dot IOtSJ'. E)L
during resting-state act|V|ty..ScaIe bars: 100% AE/FO, 20 s. f,9) c-e) Normalized (to WT) colocalization (c) or density of at 3-4m (e) and 6-8m (f). g) Superficial GABAergic axons (IéDI§) o gsize' pLo o 1;or col,our s : |o't- bla(F;)k sﬁowg
Average AUC of AF/F, calcium traces measured in excitatory (f, GLUT (d) and GABAergic (e) pre- (left) and post- expressing cyRFP (red) and a methoxy-X04-labelled plaque ation of o I th biological or b -
blue) and inhibitory (g, red) neurons in AppN--G-F mice and age- (right) synaptic proteins. f) Cartoon depicting viral- (magenta). Dashed circles show plaque edge and 20 pm association of genes (x-axis) with biological processes (y-axis).
matChed WT (blaCk) animals. Error bars: mean + SEM (C), mediated c-Fos-based activity taggmg in WT and increments. Scale bar: 10 um. h,l) Difference (AppNL-G-F_WT) in the
median + IQR (f-g), *p<0.05, **p<0.01, ***p<0.001. AppN-GF mice. Image showing IF labelling of VGAT z-scored (to WT) average AUC, frequency (Freq), and amplitude _ _ _
(left) and c-Fos-eYFP positive dendritic spines (right). (Amp) values of GABAergic boutons located at increasing We propose that egrly-stage AD-related syn_aptlc pathophysiology is
UK Dementia Scale bars: 20 pm (left), 2 um (right). g) Plot of c-Fos distances from methoxy-X04 labelled plaques in 3-4m (h) and 6- focul_sec:_ at pgpulatloln COUP![_ed synapses, with m0|e|le|8;r mefaSL:res
I M P E R I A L < : intensity (green), VGAT (red) and dendritic spines 8m (i) AppN~GF mice. j) Difference (AppN-C-F-WT) in the z-scored 'mplicating abhormal syhaptic processing as an early-stage eature
Research Institute | piue) density from 3-8 m AppM-6F mice normalized to (to WT) AUC values of GABAergic boutons with increasing in parvalbumin-positive interneurons.
Principal funder: age-matched WT values (black). h,i) Normalised population-coupling values (y-axis) and distance from methoxy-
EDMOND J SAFRA . excitatory c-Fos expression versus VGAT (h) and X04 labelled plaques (x-axis). k,lI) Schematics of periplaque
PHILANTHROPIC FOUNDATION % a"eesde':f;h spine (i) density. Error bars: mean+SEM, *p<0.05, regions showing change in activity (AUC) of GABAergic boutons. ALZHEIME .
Council **p<0.01, **p<0.001. Error bars: mean + SEM, *p<0.05, **p<0.01, ***p<0.001. ASSOCIATION



mailto:c.radulescu@imperial.ac.uk

	Slide 1: From selective synaptic weakening to dysregulated activity in early-stage amyloidosis


  ±


  ±


  ±


  ±

