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Figure 1 The whole brain staining method for amyloid plaques. A: The procedures of the whole brain amyloid plaque staining using a DANIR-8c
probe; scale bar: 5 mm. B and C: The results of coronal staining in brains from wild-type mice (B) and 5XFAD mice (C); scale bar: | mm. D: Enlarged
views of the staining in brains from 5XFAD mice; scale bar: 100 um. (E) The two-photon imaging results of amyloid plaques in the cortex and
hippocampus of 5XFAD mice brains, 3D data blocks, 512 umx512 umx300 um; scale bar: 100 um. F: Enlarged views of the stained amyloid plaques
(yellow squares from E); the arrowheads in right subgraph indicate vascular deposits; scale bar: left 10 pm, right 20 um. Abbreviations: ACB, nucleus
accumbens; BLA, basolateral amygdala; DG, dentate gyrus; LS, lateral septal nucleus; MM, medial mammillary nucleus; SSp, primary somatosensory
area; SUB, subiculum; TH, thalamus
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Figure 2 Accuracy of the whole brain amyloid plaque staining method. A: Dual labeling with the MOAB-2 antibody and the DANIR-8c probe; scale
bar: 1 mm; the left column shows the results of the MOAB-2 antibody staining, the middle column shows the results of the DANIR-8¢ probe staining,
and the right column shows the merged results of the corresponding two channels. B-D: Enlarged views of the dual labeled ABs (white squares from
A); arrowheads show the colabeled amyloid plaques; scale bar: 100 um. E: The total numbers of MOAB-2 stained, DANIR-8c stained and colabeled
amyloid plaques in different diameters. F: The proportions of colabeled amyloid plaques using different diameter parameters. All data represent mean
+SEM
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oA S, (] B A SO pm B ()% SR el IR T s K E R S I 45 3R, A BE UM ABEHE, #7R: | mm; C: WAMUZI 5%, LUARF &
RTH 7 M B SR U0 R I 45 R (100 pm JE (i RAEARRE), AR 1 mm; D: ABBEHAEAS [F] i X (1) =423 8] 347, 2 53]
K H BB LM R EAE, RT18200 um>200 pmx200 um. 455 : ENTI, entorhinal area, lateral part, PR =

Figure 3 Acquisition of the 3D dataset of whole brain amyloid plaques. A: The workflow for labeling, imaging and quantifying whole brain amyloid
plaques. B: Maximum intensity projections of the representative coronal planes of amyloid plaque distribution in 50 pm thickness; red dots indicate
AB; scale bar: 1 mm. C: Maximum intensity projections of the representative sagittal planes of amyloid plaque distribution from the lateral side to the
middle side in 100 pm thickness; scale bar: 1 mm. D: The 3D rendering of the amyloid plaque data blocks from different brain regions (blue squares
from B); 3D data blocks, 200 pmx>200 pmx>200 um. Abbreviations: ENTI, entorhinal area, lateral part
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SLABTR AR H SR A I ARBEER, B EL /N A200 pmx200 pmx200 pm; B: 100 um ¥ KR K, 200808 H sh Bk 2 AL BT
Hedrty i, bR 40 pm; C: H shiHEUEF R ST 45 R (n=5), B OAIFE 4 0 R A B R ARG I ; 465 : MOp, primary motor

area, Y1 IZ 2

Figure 4 Accuracy of the NeuroGPS algorithm for the automated counting of Afs. A: Amyloid plaque counting within the data block using the
NeuroGPS algorithm; the blue arrows indicate the automatically counted As, and the yellow arrows indicate the undetected APs; 3D data blocks,
200 umx200 umx 200 um. B: The 100 pm thickness maximum intensity projection of this data block, as detected by the NeuroGPS algorithm; scale
bar, 40 um. C: The accuracy of amyloid plaque counting using the NeuroGPS algorithm; the cyan columns indicate the recall value, and the bisque
columns indicate the precision value (n=5 data blocks for each brain region). Abbreviations: MOp, primary motor area

4 i R RS HE 2 T FCAPBEER ) 40 A O T fE. B
SRAS TG R AR /N T 10 pum ) A BB Bl Ft 4 €0 v ff P A
7, B 5 G 9% 20 Ak bR 1) G 8 L A9 4750k £1185.54%
+0.81%, A SN EE. SEgMIEML, R0k
JE TR T PR R AT ZE 5 bRl A i YE
I APBELR.

O IR, ADEWZETEEARN, HAR
0 X PAY A BBRE e 1) 73 A AT = Sk 40 S A5 A7 A S 35 v 2
01 R BT VR A R T Y RE G 4L
geft, RIAS[R G A 7EAC B S FE 2 5 IRA R R TRAR, &
BRI NS B A R AN . TAREE RS
Il . AR SR, AR = 4 G HoR 45 A e R R ET
Fro1d B 4 N SR % 4H A R B T A BB B = 4E B

N (S PR aeE = n s €< 1o X /1y 2 O 1
Koo TR DX AN AR SE A L. IMOSTHIAR S E
SERERETE K 73 HE KXo /N BR A I P9 1R A 28 0 Rl
RHAT AR, RSB MOST R 772 8 T3¢
JEFRICABHI/N A MFEA, LL0.32 umx0.32 pm*2 pm
Y PRSI T /N A I ABBEHURE 415 BRI, FF4
A A AE WX 2 LA K B A T vk iE
T IRAE /N A i X/ A% ) = %8 56 K 43
TR XL X904 [X P [ ABBE H 50 & J % B g
17748

Zr b, RPN T BRI A = g
6] DA AROK 73 % 22 A1 o 7 1R A8 2= G ik ABBE
BRI 77925, A6 OB IR 25 BRORE S5 WL B RN 2 0t

147



Je R BUEARE R R BR (4 e 0 B A I =4 E AT AT

4 =
A B C D _ .
@
IS
£ 34
&
o
—
X5
>
=
N
g 1
811
o
<
=
0 T 1 1 1 1 17 T T 1 1 7
% O A OnSa R 2 Ay 43 A 4y O 2
S , P 0,
OOO(,(\ A%@‘?(’&/’O -8 %,
% %
E Brain region AB Density Brain region AB Density F G
g (x10%/mm?) 9 (x10%/mm?)
0_2 4 6 0_2 4 6 8 10 12 — p— L1
Frontal pole, cerebral cortex FRP = Globus pallidus P D Y 3 AL I L2/3
n'l?]gry motor area M%p ' < Substantia ﬁmominata %I : : . : FeRa o g » L * \ho - L4
Secondary motor area MOs O Bed nuclei of the stria terminalis BST 1 1 B h & I e
Primary somatosensory area ggp Ventral anterior-lateral complex of TH VAL 3 ‘ &% mm L5
Supplemental somatosensory area S Ventral medial nucleus of TH VM ! ! IR P L6
x Gu areas GU Ventral posterior complex of TH VP 1 v W % 0% 4
Q9 Visceral area VISC Subparafascicular nucleus SPF 1 * S [N} o
P Auditory areas AUD Medial geniculate complex MG 1 5 ‘ »
[} Visual areas V&S T Lateral geniculate complex LG 1 kg L2/3 .
Q Anterior cingulate area ACA = Lateral posterior nucleus of TH LP 1 . i
Q Medla(lj)refrontalconex mPFC Posterior complex of TH PO 1 A @ R
£ rbital area ORB Lateral dorsal nucleus of thalamus LD . 55 1
Agranular insular area Al Mediodorsal nucleus of thalamus MD ! *
etrosplenial area RSP entral medial nucleus CM 1
Posterior parietal association areas PTLp Reticular nucleus of the thalamus RT 1 "
Temporal association areas TEa MBO 1
rithinal area PERI > PH 1 5% -
Ectorhinal area T LHA 1
Main olfactory bulb MOB LPO 1
Accessory olfactory bulb AOB Zl
(T Anterior olfactory nucleus AON Superior colliculus, sensory related S(c‘s !
— Taenia tecta T erior colliculus | ! WO 4
[®) Piriform area &BR SNr I IS
Cortical amygdalar area A [an] Y 2 al area VTA 1
Piriform-amygdalar area PAA =S Midbrain reticular nucleus MRN 1
Postpiriform transition area TR Superior colliculus, motor related SCm 1
Field CA1 CA1 Periaqueductal gray PAG 1 S
Field CA2 A2 Pretectal region PRT H N
W Field CA3 A3 - Red nucleus RN |
Dentate gyrus DG Principal sensory nucleus of trigeminal PSV !
o Entorhinal area ENT Parabrachial nucleus PB !
T Parasubiculum PAR ontil PG 1
Postsubiculum POST O Pontine reficular nucleus, caudal  PRNc 1 C.P“-
Presubiculum PRE Tegmental reticular nucleus TRN 1 ™
o Subiculum sSuB Superior central nucleus raphe CS 1
] Endopiriform nucleus EP ontine reticular nucleus PRNr 1
X Lateral amygdalar nucleus LA Spinal nucleus of the trigeminal SPV
= Basolateral amygdalar nuleus BLA Gigantocellular reticular nucleus GRN ! %? .
() Basomedial amy%dalar nucleus BMA > Intermediate reticular nucleus IRN 1 X |
Caudoputamen CP. b= Magnocellular reticular nucleus MARN 1
x Nucleus accumbens ACB ledullary reticular nucleus MDRN 1
~ Olfactory tubercle o1 Parvicellular reticular nucleus PARN 1 0 7
n CeLa‘te.-lral sep(t!allnuc\etis C!_ESA 0 (\:lesllgull‘ar nu(r:llel %’E& 1 = 0 2 4 6
ntral a alar nucleus erebellar cortex = :
Med\alamyyggdalar nucleus MEA HE &} Cerebellar nuclei CBN | e VR AB DenSIty (X1 03 /mma)

Bl 5 2K N E SR TFABREHE B AE AL A ABBEHR 140 7% 18] 43 A0, 7 [F] B €0 r AR AN R X A Rl e P 3 e e
O B, C: T DX = 2= 8] 3 A, 41 s AR R BEHL A O 2, F5R: 1 mmy; D: 12406 X A ARBEBR I 43 A1 %5 FE; B: AN R WK X HH ABEE
Per) 3 A% B2, DIFIFIE RO R — ik DX 25 SRR T T AR 3T R, Fr ABBEIRAE 25— 2 RIS S Z M0 A0, bR
100 um; G: JZZAFEEZE NARBEER K0 A % . 45 : AUD, auditory areas, WT % % JZ; ACA, anterior cingulate area, A #1770
J% Jii; CTXsp, cortical subplate, 7 Jii ZE4% ; CB, cerebellum, /)Midi; HPF, hippocampal formation, #§ 2 4%&; HY, hypothalamus, T Fr:i);
MB, midbrain, " flii; MY, medulla, 2E#%; MOs, secondary motor area, {XRZ%I& 5] 7 JZ; OLF, olfactory areas, "R % ; PAL, pallidum, %
HEK; P, pons, fli#f; RSP, retrosplenial area, Ji 3177 [0 57 i ; STR, striatum, SUIRAE; SSs, supplemental somatosensory area, X 24X
R |7 )2, VIS, visual areas, #1357 /2

Figure 5 Quantitative analysis of the whole brain distribution of amyloid plaques. A: The 3D rendering of the whole brain dataset of amyloid plaques
in 10-month-old SXFAD mice. Dots in different colors represent the centers of APs in different regions. B, C: The anatomical localization and the Af
distribution in HPF, the red dots represent the centers of ABs; scale bar: 1 mm. D: Amyloid plaque densities in 12 major brain regions. The color
definitions are the same as those shown in A. E: Quantitative statistics of amyloid plaque densities in 90 subregions of the above-mentioned 12 major
brain regions. F: A representative image of the different amyloid plaque densities in different cortical layers; scale bar, 100 pm. G: Quantitative
statistics of amyloid plaque densities in different cortical layers of the neocortex. Abbreviations: AUD, auditory areas; ACA, anterior cingulate area;
CTXsp, cortical subplate; CB, cerebellum; HPF, hippocampal formation; HY, hypothalamus; MB, midbrain; MY, medulla; MOs, secondary motor area;
OLEF, olfactory areas; PAL, pallidum; P, pons; RSP, retrosplenial area; STR, striatum; SSs, supplemental somatosensory area; VIS, visual areas
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Three-dimensional quantitative analysis of amyloid plaques in the
whole brain with high voxel resolution

LONG Ben'?, LI XiangNing"*’, ZHANG JianPing”, CHEN SiQi'?, LI WenWei'”, ZHONG
QiuYuanl’z, LI AnAn"*’, GONG Hui"*’ & LUO QingMingl’2
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2 MoE Key Laboratory for Biomedical Photonics, School of Engineering Sciences, Huazhong University of Science and Technology,
Wuhan 430074, China,
3 HUST-Suzhou Institute for Brainsmatics, Suzhou 215125, China

Amyloidosis of the central nervous system is one of the main pathological hallmarks of Alzheimer’s disease (AD). Changes in the
number and the load of amyloid plaque (AP) deposition are important indicators of the progression of AD. However, the quantitative
analysis of amyloidosis at the subcellular level in the whole brain remains a substantial challenge. In this study, an automatic analysis
method was established for assessing amyloid plaques in the whole brain, including convenient whole brain labeling, imaging with a
fluorescence micro-optical sectioning tomography system (fMOST) and an automated three-dimensional (3D) analysis method.
Validation using immunostaining showed that the detection rate of amyloid plaques larger than 10 um was 97.71%+0.18%. We
achieved a 3D dataset of amyloid plaques in the whole brain of a SXFAD transgenic mouse at a resolution of 0.32 pm=0.32 pumx2 pm
and quantitatively analyzed the 3D distribution of amyloid plaques in different brain regions and nuclei through automated
registration, segmentation and counting. The results indicated that the combination of the fMOST system with a whole brain staining
method enables the acquisition and quantitative analysis of a brain-wide dataset of amyloid plaques, which may contribute to
elucidating the underlying pathogenesis of AD and therapeutic drug discovery.

Alzheimer’s disease, B-amyloid plaques, whole-brain, fluorescence micro-optical sectioning tomography
(fMOST), brainsmatics
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