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[ Abstract] Modern tissue clearing techniques have made it possible to have high-resolution imaging of cell
populations and three-dimensional reconstruction of tissue structures, and we are able to obtain more complete three-
dimensional brain structures and spatial connections between the various components of brain tissues through tissue
clearing techniques. Over the past decade, scientists have developed and improved a number of tissue clearing techniques
that are now widely used in neuroscience research, allowing us to extract important information from complex neural
networks. Moreover, tissue clearing technology also provides research tools for the stem cell therapy and neurogeneration
of neurodegenerative diseases. In this paper, we reviewed the major types of existing tissue clearing techniques and their
respective strengths and weaknesses. We summarized the application of these techniques in neurodegenerative disease
research and their unique merits. In addition, we explored the development requirements of tissue clearing technology,
improvements in the supporting equipment, and its potential to be used as research tools for stem cell therapy and
regenerative medicine in the future.
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Table 1 Strengths and weaknesses of major tissue clearing techniques

Method Resolution Permeabilization and delipidation Preservation of fluorescence Clteianl;ieng
Hydrophobic-based tissue clearing
BABB 0.5-2 pm EtOH (Ethanoal), DCM (Dichloromethane) Hours 7d
iDISCO 0.5-2 pm Methanol, DCM (Dichloromethane) Hours 7-14d
vDISCO 1-2 ym Tert-Butanol, THF (Tetrahydrofuran) Hours-days 5d
DCM (Dichloromethane)/Triton-X100
Hydrophilic tissue clearing
Scale 0.5-2 um Urea C, Sorbitol C, DMSO (Dimethyl Sulfoxide) Days-months 2-5d
ScaleS 0.5-2 pm Urea C, Sorbitol C, DMSO (Dimethyl Sulfoxide) Days-months 2-5d
CUBIC 0.5-2 um CUBIC-L (10% Triton-X100 C, 10% Aminoalcohol)  Days 7-14d
SeeNet (6.58+1.21) pum  SDC (Sodium deoxycholate) >6 weeks 1 week
Hydrogel-based tissue clearing
CLARITY 0.5-2 um 4% SDS (Sodium dodecylsulfate) Temperature-dependent: 1-3 weeks
preserved at 37 °C
PARS 1-30 pm 8% SDS (Sodium dodecylsulfate) 3 months 1-4d
PACT 0.5-12 um 8% SDS (Sodium dodecylsulfate) 3 months 1-4d

BABB: Benzyl alcohol/benzyl benzoate; iDISCO: Immunolabeling-enabled three-dimensional imaging of solvent-cleared organs; vDISCO: Ultimatethree-

dimensional imaging of solvent-cleared organs; Scale: Aqueous reagent that renders biological samples optically transparent; ScaleS: Sorbitol-based optical

clearing; CUBIC: Clear, unobstructed brain/body imaging cocktails and computational analysis; SeeNet: 3D visualization and molecular characterization of the

entire vascular network; CLARITY: Clear lipid-exchanged acrylamide-hybridized rigid imaging/immunostaining/in situ hybridization-compatible tissue

hydrogel; PARS: Perfusion-assisted agent release in situ; PACT: Passive clarity technique.

L1 BKIEHDERL

LL1 RFE-XFETE (BABB) SMH A [H4H
i WAL AR U R] AT LLSE ) 3120074, AIFFE & i IR
A4 H iR *R T (benzyl alcohol/benzyl benzoate, BABB)
VR G W35 WA/ INBRUOR B, I % T BABBIZE LR, 3715

1 BRI R I , JAE) B A Ak, WLER R T
Fric gk a2 68 H (green fluorescent protein, GFP) i fif
22NN, 5 Z T A i B AECR HL HEEHLITZ2 4
i (computed tomography, CT)Fl#%#E IR A5
(magnetic resonance imaging, MRI) f4 5 A e, 15 IR 5K



352 PNl (BE2E R

5 528

BT AN o3 BRSO A RO o e R A A, BF
FEEMEER] T ARICGFP I S 22 ST AR AR 1 K AR 9O
K, [ B 1 AR R S A . (HAEHOR Dy Tk
SEAFTEARZ 1Y IR ) — T USRI, B A 5E 42, IR
SRAFAEAR e 5, T ELIEEOAR i ] 5 i W A 2> 9t
PR 2k, PRI & 2 OS5
1.1.2 iDISCOA=vDISCO 41 ZUE R e bnic i) =4
A% Fi A (immunolabeling-enabled three-dimensional
imaging of solvent-cleared organs, iDISCO) J&—™fij i,
P, AT AT R AR S AR L I RRE . T SR B M 5
iDISCOTT LAHATIR 2 LH A S AR . WFFE A
R GFPARIET-BOIFA AR AN AT 9 T B, 3l i AR i)
PERRIC R IA I GFPTE SE LR I e 1 W] o] LAsEA T
T2 AR SRR, T L0 o A 10 35 7 A 8 e e i 1 B
A B RIEPRICHOR, ST e A5 MR L AR KT B2 1 fili
PG . WFIEE I IRE T AR R 2 A 5 i, e o
Ik e AR B S e bR ICHT AR X AR R
FiDISCOELAY B AF Y S e Y (i 2k

BARIBEWIA 7T LIz DAL IS i34k v sl
PRPEATE BIAL 31T, T LS A3t Sl 4k i sl g 1100 R A A
PR B, X H LN IRIO G R 5 1 U A B A 759K
SRR FEX L, BFRE TR T TR AR 4
B G REARCEOR (vDISCO) , —Fif 5 3R 5l 1442 B S e b
ICHAR, AT U SR A I 2OUE S Rk PN o . X
EFRATTREAS 25 5 8 13 W/ N B B B R PO A
B R 2 2 T A AT R A, X
PTG — R B T IRAE 2 B4 B R 22000 Al
FESE, VAl T2 5 i M2 R G R, 16 & B
TRYR T A A B2 AR R E . AT, vDISCO S A 1T LA
73 H T T DRSS R B 2 ) O 3 AR
[Fi Fof i 2 8 A e A AL AFLRE 7> AL, vDISCO 5 ¥ ik
0% SCRFRATTEE A T IS A A 28 R 8 R B AACHA B
PRI 2R o
12 SFEKMEHLDERL
1.2.1 Scale #= ScaleS 20114742 H (5L T IR 2 1935 B4
R (Scale) AJ LATE B 46 B4 I 8] 56 J802H 2R 4 375 B 4K, [R]IRE AR
FE T AR 78 B AR A ASCR B4, ] DU 85 By 1k 2%
SR, X AR 26518 T 205 R,
FARITET AR pHAE, HEUE PO B4, g s
[ NP i | AR S A Y B R €S
JINES

20154, 7EScale i 5Ll I, Ml A 125 & X 2 04 3% W
(CUBIC) FIPARSHAR, %fit 1 PHIE AT A 14 [F] 4 25

TEWACEEE, Wb T Scaled AR Ab BT 5 7= A 41 2 i
55 LA S 2H SUAFRIE R B [ 38T, T2 1 T AR AR IR Scale—
ScaleS™, TEiZ WAL i [F] I AT S ie i Ak e o, 45531 1
0 ) 4120355 WAk A BRAEURINZS Wb S e €2 B i) O K A e
Uity o A PR bR AR AT ARG B A 2 2, S 50 N
AR ENRR . ScaleS Ty idil o Jal /D AE AL ) I Sk Al
HERIZHL R E VUG . BEORFE T 44U SERE PR [
T 22 RO 2 43 WE R AR A 2SR, AT LA SE S SRS i 14 £
SEHH . AT AR E BT S A R RERR AL G
P A2 Gy, B2 A i UM A5 5 AR, 31X
P S F LR EE 0 2 i IR AL 3%, R e A2 pRic Fl =
YEf5 5 IR TR S M U AN A WA R e
TEADRIRIH, ScaleS Fui/F X6 24T FLERR 1Y R 44 7162
FAHE, FIRL I TE AR BEER | # 28 TT A NI T AR A ) — 4
W25 P, I HLAT DA 5 7% 2 ¢ 5 L b B0 X B~ B
P AT 2 R BREE . % AAD B S A A I R RE
ARFEAT T 2l SRR ) AR AL 1 43T

1.2.2 CUBIC 20144, HARMERIF R T —FfE B, &
B, YRR REE L R GRS T 1 CUBIC, #
PSP 4 M AS SR AT RERY . X R IR T LR
NI 1 A 4 I 0 A5 R R A 2 2 Ay e £ %
HFARFAIISE . CUBIC I 7K fii 1l 15 21 0 4 B 23540 1
G ANl 5 FIVRR 58 R A AR 4T 0 BUS RICR A A P
S T IHEATA RN F A, A58 T T & 4 i 20 M A 2 X
FRICIEMENR 071712 . CUBICEA BRER LN F5 10 fE
77, [RI s AT LIk 2] 20 Jf 04 3 B0, I R B B 40 BT &R
e, Y LLSEE T X USRI AL 53 BT LA B A S AR

1.2.3 SeeNet 20194F12H, W58 M T WLEEAMR i 1L
TR, FFR T IS M 453D L3 A (SeeNet ), SeeNet
K FHHE R Z D) REAC RN, IR R AR B K BRI 2R AT 1M A5
BRI A ZGEYIE, WL T WS4 1% 3 . SeeNetfi
0 S B4 A T A A BB A ST 4 B A A A
ILAb, SeeNetdfizn 17324 A 1k, 1 oA e 3R 242 42 K
i A7 £ 1 A, PRIk R SRy A M A 3 P )
FET H. SeeNet# B, A, 1Ml HARZE Z) i A= AU AN
FESLN/INRITEZ - SeeNethr S 43T G b KA ik
A5 3B B U5, DN TR B AT A M 657 D) 8% 1) 4 It i
i A AT

1.3 JKEgERALFERN

1.3.1 CLARITY 20134F, CHUNGIFREZH 45 A1) FH 7K
JEA Ay B L Sl A S ) Ao 8 P 8%, R VA R )
BYEH (CLARITY ) J&—Fh e a8 50 5 1) A Wy 4 LG4
R ZALKEERE - 2438 CGEAR RGP =2 M 45 )



E R

iR A HAE B B R S AR B AT PR 82 353

HHEAR, CLARITY 0] DASEERZ W S e Al e o, AN
3 AR, [ B B BERE AN 25 2, HAT T AT
R FHAEL, 2 T R U0 R AR, bk
MRS SR AL R AT RERS 0 (HX M E WA E—E
B I R S Ry s B — 1 H R AR A S 1], 25
DR, FERTC; TR, ik B Je N, 52 5 S (1%
£ AR, AR BRI 1 AR AR W B2 2 M il 28R
IR o
1.3.2 PARSAWPACT i ik P I8 e 2% B I SC KR B )
DI S IREF 0B B R SR B IR, (ER B 4544 1)
S FBALUF B ER, R T IR R, PF5
HIF R T CLARITY WY R (R BHLHL 3532 (PACT) B R .
PACTH AR A] DAZEA I H U5 5 B 00 g 4+
FRic, 1 R LB B M B IRIE, B 5 T FEARSER
R R A LUE B R . it BEATL RS i s 1 4
Tl gy~ (BN i . GoRbRISE G R AT LR F VK 9K 3 78 20
LG5 R HEATRENLY R, 38 5 Ay AT DA B AT
1L BB A BB b, 762 ~ 3 dINSEELI 51 B 1k
JESEBE N A B R e e, X F 2 AR R T 2
B BB WO AR I 1B Ik S e (e,
R TAEAKEEIE B AR ik — LS T 4 i
1t . GRADINARU R4 [F] =5 & 1 1 5l Bl 30 D o
GBI AR (PARS), W 14 34 B 142 1], DTG 3R A5
Hbrd B 0 S ph 2 F0 ] [ P2 ™, GRADINARU A
FLR 2R, 55 R 4 (A4S vf LLARZ %3 B 4K
FIVFERET | WA SEMREEXS TR IES B SO A= W ki
o RS B S, BT X R PARS L AT LA
THEE Bk, T3 4MA AT UTE - B 9 kR i[RI i
KA HEA T PR 5T

2 BALEBLERIERZR TR
5E B Kz

B — A AR AT 5 T 2 B W AR 1 R B [ i
ERAN ] B A TLAS S m] 5 2L AR BHARRAIE, (46 R
A RERNH BB 2R 5 . ADIIM R
2R VEM AR R R AR AR AL i tau 2 5 RS A 48
JHL A1 V€ A SREBR IO RRURI o 28 PR i 8 4 4R 45 (NFT) 5 a-
EMMAZ NS, RO S/ IMA, TEPD IR R B 5
AR AR A 1 (mHTT) RAEARAEHD B & 35 TAR-
DNAZS & # F143(TDP-43) (9 RV AE ALSHIFTD R i
RI, Forh— AR (ANyE MR RERTRR L [ ) /AR
TDP-43 RN AFAET Z Ry v, RN 6] 15wl
REA AR R A3 AL o E, ASTR] A b 23R AT PR

A5 HARR R A28 ] B RRAED, R R AT TR AR & £
AN DX A i RUBE B R RUBE b A RT3 7)Ao 22 [l
FIB5E

T HLUE WA Tk, AT DA R RUEE 1 3RA5 5
22 A ik DX 114 6 LA 20 X 2%, [R]IRETT LAk B T 21 it
T e e L K B hRic, SRS AH SC AR ) 1 TE
LA B oA, S T AE R A MR B9l T 24 K X
BB SR IRAE Y o B A SORE AL 203 WAL 5 TR R
JHFVPAG X St 5 22 R AR (8N A R A e B K]
N AR RS . U ANGA b ) [7) 25 FH 2 S Bt
XFARREMHIA 79 Y (0, Z5 RO ARCHEESE K L ) BABB
LB WL T TE S/ RO, R 1 Rl 1 9K
ILZ AR AD /N BT RY, JE Fy B TR B B 14 450 o R R
WY REARE . HAMAZE R F AT 6% )52 46 2 A CED
ScaleS), Jf-@i& AbScale- ] T APBELR AU IR 2 e e i -
it FH PG AN 2 B HT, 28 AD/IN RASERY v 22 BKHR 4r ABBE
B a3 A A8 TG F 2 e, i A b i XA R A BEE Bk
3. 5 HAN 25 B 46 775 W CUBIC, 3DISCO, Al
PACTHH L, ScaleSTRAF T RIS F4, AT LAGE FH ¥~ ik
TG I J 2 fih 1 %65 B8 RS B . 5 18— SR 5 A ]
TR YRR, 25 5 SR MICUBICH AL T
Xt/ IS BRI A B HH (A R TE TR S RS 40 2R

TKEE A1 2133 W AL H R B T A28 AD ki b Ak v
ABFINFTH A MLALAFFECY, PD /)N BRUAY S8 S5 SOIR A4 28 i
Jr BT VRITP DA Y N IS B S /IR 18 0 L 2 K i U
FEUO AT LAIEA T A T AR AR TSI 1 o 22 g B 2 WL A
P A IS ) Y (0 B A 2R Y e, O B SR A
X EIMER . T LA R IABIG T R A e =4k
5K, ARG TAE VL RR B TR, T HL R B tau i 11
FRR RN 2 R (0 JE B 2B A G, X Se ] DL 2L
0 T R 8 158 1) 5 7 Ok WSS . iDISCO4S &4t
TRARIE A WIFELT Y2 {5 /F APPswe/PSENTEY , 3xTg-AD#%
FEPR/IN BRI B Hh e FH 148 78 tau B PR R DL L AL
R, WFGE N BUE &R T SEF A0 [ sl L ot &
HBEB G A BT K R, AT DA — 25 R N
Sy AR A I RRAE, I AT LAPRGEH S Ak R AN () X35k g B B
iDISCO+"", iDISCORY LM, 7N IR 5T (EC) -taufk 5k
PRI/ IS B P 0 1 S BT 4 M B 28 A 1 T tau B 1 B 25 T
AR ) =2 AR T FE, AN AL P LR 3 A8 2 X ik
AR, 7R T AR M tau B U BARAE, IXAE
TRBE I LU Ty T TR A 21

T, i i PR3P (SHIELD) 21 8L WAL HoR kB
NS H B E)5XxFAD(AD) 2 B, 38 32 T o A0 o0 i R Rl LA



354 PRl (BE22 R

5 524

A BRI TE R R DTRBE R A AR B RN &S it (A BB iebic I
B0, a7 TRCE RO AR R IZ 6 2 BT IX, 3
) R TC AR

BE T R A I e R iE S 2L B AR R
(SWITCH )t 1 F 5xFAD & U SR SE My R DR (1) B
SEd R AOULEE, T AT LAk BA BAE I B 5 IX Y R4 L R
i 5 P A T 250 A R 1) XM R B, WFSE
N BT — BB (07538 AL AL 7 2/ MR T 1A
R BB L AbRiC £ R (SHANEL), AR ififi FH % HiLdi
A, I FH 6 00 3 oy A BRE R s SR 21407 A 0 R A A
TOAY K GO I B i AR PRtk H RTFRATTAT LAsd ik
HLUEWH ARG B M R S AL 1 AT DL 43 By
K JREZH ZUREA (B T, A ARAE Tk B AT g 5
RIS RGAT I T ORI LSS, o Fib Rt
HERTRE . JF H AT LASE IR 2 Al 2R A T B 19 & AR &
JEIBLEIHES TAIFSR, W KA T ZAmic RIS 55T, 52
BT AN 20 TR XL ) XU 3] 40 e ) 14 1442 L R
236 B RAEAE R . RARTE, WESE N B ik 2L fil
LB WA E AR IRA ST NFE G LH LR AR AL,
SRR AL, S 2RI TP T R R A S LE R 5T
AT RE 72 WG 2 JR LA e BT AT I SR A £140 3 B i
FARYT TSR

3 MARERLEARETHERETURE
EEFHRES

T ARAEIR A AD A I R A L A 35 AR e A iz
R, AT 1k — 20 RO BIF 5 A BE iR DR 22 T 1T ) S B )
FIEEIE IR BN, F AT AR AN 2 o 3k L 24 i )
KM AT . ADRYR 21, AP0 Y K R ad A Hh 35
A ZAJZR B BAE AL, S B0 DL A — 4R i 2 B Y
7, DLHEE A SRR T R o sk 2 ¥ 1 F) 200
SR 4 2 2 ekt 2 — o PSS, HRE T
M 22 AR RIS, A5 AT T AT B X IS, R A7
— AR X SERE ST AR i — SERR AR R [ A
A2 S A, kAT BETC % AT AE Y TE WA T I M T A
JR A BEREAT S N W T AR ORISR IOT K ok
DRI, 00 ok 2 2P I A AR FATT AT LA 38 5 2 18 i o
L2 AR W AR R, WA T T T AMLE S |
AR TR R

4 BEEREZE

XA WA R A T A 20 I A R 2 T 2 LR A
Py B ) EEBR Rz — . HEUEIEOREE B

PANEUG AL PR A, RE WK A i P bR 375 WA - 47 45
RN 20 23 M, DRy A A= fi B2 v B S ik D A R 3
e N EER AR SRR TR . HLUEM BT
ZIUVERN R AR AT A IR Z ke iy 2s ) . FRafT Y
—LEEER IR T H AU E T R A AL R AR D S LA
SN RS2 5200 SRR AR DL S 58 e e 1435 B A
PR, T ST R S A A i S DA R A S LR 14
R, A5 3 B s FER AR I RS B R, B iR X b
TERIENVE o [ A [ S A it WL e R v 2 A PR
AR 4 ) 231 O Ya R (B RS L B SE) | B (&
BEAL . B REAL . TR AT AL S5 ) F1AZ A i 7 (RZ IR 2 AR L
YERI. W BUE i B ARG 55, 53— 7, 7EAE Wi
BB R G 25 BG4 7 FH A R At = 4 A o A
(large scale facial model, LSEM) A% A Wl #s (F SRR A b =
2 T A 1T 240 0 ) P e 2 e B T P R SR 2 BRAS
PG 2 I s 2 R R AR T HA3 T L, SR 508l 19 70
GEit AL T A A B, I HL o8 38 M 20 B e A
AF R B ER I BT A LA &, AR e ) B i =X
DA R AL S e Ak 3 B DA R R E 4 43,
SERIGIHRE LA S AR AL 205 B . O T 455 oAt 454
L RE AR HAR I E TR S WZ R A (PET) | DifE
WEILAR AR (EMRI) | 26T ARBTG5 8 70 B3 L
8 Vo VR AL BRIV VR L W2 S5 AR A5 ) A S oy
AL A BRECAR DLW LA i o iy S B 5 B g ks
[F1) FRUBE 4 BUAS PR DA R 4 AR SC Z R, 759K 2 4 AU
SR R BRI AT 55 2 HETZHZUEMILEAR
LY AR B 288 1z BN H T 2B A T 1 F
FE, M HA AR 2 G Z AT o ARTETEARN ARH
RILATTAT LIRS B 2 p 2B AR B, TR Y
TRIT ARG SR A

% * *
HIZEWR  FTAEE LS AR 25 e

2 % X W

[1] MIYAWAKIT, MORIKAWA S, SUSAKIE A, et al. Visualization and
molecular characterization of whole-brain vascular networks with
capillary resolution. Nat Commun, 2020, 11 (1): 1104 [2021-03-29].
https://www.nature.com/articles/s41467-020-14786-z.pdf. doi:
10.1038/541467-020-14786-z.

(2] LICHTMAN J W, DENK W. The big and the small: Challenges of
imaging the brain’s circuits. Science, 2011, 334(6056): 618-623.

[3] KRAMER CK, SHAW L], CHANDRASHEKHAR Y. Progress in
cardiovascular imaging. Jacc-Cardiovasc Imag, 2018, 11(12): 1883-1914.

[4] GRABHER B J. Brain imaging quality assurance: how to acquire the best


https://www.nature.com/articles/s41467-020-14786-z.pdf
http://dx.doi.org/10.1038/s41467-020-14786-z
http://dx.doi.org/10.1126/science.1209168
http://dx.doi.org/10.1016/j.jcmg.2018.10.014
https://www.nature.com/articles/s41467-020-14786-z.pdf
http://dx.doi.org/10.1038/s41467-020-14786-z
http://dx.doi.org/10.1126/science.1209168
http://dx.doi.org/10.1016/j.jcmg.2018.10.014

E R

iR A HAE I EOR B R S AR B AT PR H 82

355

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

brain images possible. ] Nucl Med Technol, 2019, 47(1): 13-20.

ZHAO S, TODOROV M 1, CAIRY, et al. Cellular and molecular
probing of intact human organs. Cell, 2020, 180(4): 796-812.e19[2020-12-
20]. https://doi.org/10.1016/j.cell.2020.01.030.

LIEBMANN T, RENIER N, BETTAYEB K, et al. Three-dimensional
study of Alzheimer’s disease hallmarks using the iDISCO clearing
method. Cell Rep, 2016, 16(4): 1138-1152.

ALNUAMI A A, ZEEDI B, QADRIS M, et al. Oxyradical-induced GFP
damage and loss of fluorescence. Int ] Biol Macromol, 2008, 43(2):
182-186.

HOFMAN F M, TAYLOR C R. Immunohistochemistry. Curr Protoc
Immunol, 2013, 103: 21.4.1-21.4.26.

LAIHM, LIUAKL, NGHHM, etal. Next generation histology
methods for three-dimensional imaging of fresh and archival human
brain tissues. Nat Commun, 2018, 9: 1066[2021-03-29]. https://
www.nature.com/articles/s41467-018-03359-w. doi: 10.1038/s41467-018-
03359-w.

UEDA H R, ERTURK A, CHUNG K, et al. Tissue clearing and its
applications in neuroscience. Nat Rev Neurosci, 2020, 21: 61-79[2020-12-
20].https://doi.org/10.1038/s41583-019-0250-1.

RICHARDSON D S, LICHTMAN J W. Clarifying tissue clearing. Cell,
2015, 162(2): 246-257.

PORTER D D L, MORTON P D. Clearing techniques for visualizing the
nervous system in development, injury, and disease. ] Neurosci Meth,
2020, 334:108594[2021-03-29]. https://www.sciencedirect.com/science/
article/pii/S0165027020300169. doi: 10.1016/j.jneumeth.2020.108594.
DODT H U, LEISCHNER U, SCHIERLOH A, et al. Ultramicroscopy:
three-dimensional visualization of neuronal networks in the whole mouse
brain. Nat Methods, 2007, 4(4): 331-336.

RENIER N, WU Z, SIMON D, et al. iDISCO: a simple, rapidmethod to
immunolabel large tissue samples for volume imaging. Cell, 2014, 159(4):
896-910.

ERTUERK A, BECKER K, JAEHRLING N, et al. Three-dimensional
imaging of solvent-cleared organs using 3DISCO. Nat Protoc, 2012,
7(11): 1983-1995.

PANCC, CAIRY, QUACQUARELLI F P, et al. Shrinkage-mediated
imaging of entire organs and organisms using uDISCO. Nat Methods,
2016, 13(10): 859-867.

BELLE M, GODETROY D, DOMINICI C, et al. A simple method for
3D analysis of immunolabeled axonal tracts in a transparent nervous
system. Cell Rep, 2014, 9(4): 1191-1201.

ERTURK A, MAUCH C P, HELLAL F, et al. Three-dimensional
imaging of the unsectioned adult spinal cord to assess axon regeneration
and glial responses after injury. Nat Med, 2012, 18(1): 166-171.

SUSAKI E A, TAINAKA K, PERRIN D, et al. Whole-brain imaging
with single-cell resolution using chemical cocktails and computational
analysis. Cell, 2014, 157(3): 726-739.

TAINAKA K, KUBOTA SI, SUYAMA T Q, et al. Whole-body imaging
with single-cell resolution by tissue decolorization. Cell, 2014, 159(4):
911-924.

TREWEEK ] B, CHAN K'Y, FLYTZANIS N C, et al. Whole-body tissue

stabilization and selective extractions via tissue-hydrogel hybrids for high-

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

resolution intact circuit mapping and phenotyping. Nat Protoc, 2015,
10(11): 1860-1896.

HAMA H, KUROKAWA H, KAWANO H, et al. Scale: A chemical
approach for fluorescence imaging and reconstruction of transparent
mouse brain. Nat Neurosci, 2011, 14(11): 1481-1488.

HAMA H, HIOKO H, NAMIKIK, et al. ScaleS: An optical clearing
palette for biological imaging. Nat Neurosci, 2015, 18(10): 1518-1529.
SUASKI E A, TAINAKA K, PERRIN D, et al. Advanced CUBIC
protocols for whole-brain and whole-body clearing and imaging. Nat
Protoc, 2015, 10(11): 1709-1727.

MATSUMOTO K, MITANIT T, HORIGUCHI S A, et al. Advanced
CUBIC tissue clearing for whole-organ cell profiling. Nat Protoc, 2019,
14(12): 3506-3537.

KEM T, FUJIMOTO S, IMAI T. SeeDB: A simple and morphology-
preserving optical clearing agent for neuronal circuit reconstruction. Nat
Neurosci, 2013, 16(8): 1154-1161.

CHUNG K, WALLACE ], KIM SY, et al. Structural and molecular
interrogation of intact biological systems. Nature, 2013, 497(7449):
332-337.

ANDO K, LABORDE Q, LAZAR A, et al. Inside Alzheimer brain with
CLARITY: Senile plaques, neurofibrillary tangles and axons in 3-D. Acta
Neuropathol, 2014, 128(3): 457-459.

PHILLIPS J, LAUDE A, LIGHTOWLERS R, et al. Development of
passive CLARITY and immunofluorescent labelling of multiple proteins
in human cerebellum: Understanding mechanisms of neurodegeneration
in mitochondrial disease. Sci Rep, 2016, 6: 26031[2021-03-29].
https://www.nature.com/articles/srep26013. doi: 10.1038/srep26013.
TOMERR, YEL, HSUEH B, et al. Advanced CLARITY for rapid and
high-resolution imaging of intact tissues. Nat Protoc, 2014, 9(7):
1682-1697.

YANG B, TREWEEK J B, KULKARNI R P, et al. Single-cell
phenotyping within transparent intact tissue through whole-body
clearing. Cell, 2014, 158(4): 945-958.

HUNG PHUIC N, VAN BROECKHOVEN C, VAN DER ZEE J. ALS
genes in the genomic era and their Implications for FTD. Trends Genet,
2018, 34(6): 404-423.

GRADINARU V, TREWEEK ], OVERTON K, et al. Hydrogel-tissue
chemistry: principles and applications. Annu Rev Biophys, 2018, 47:
355-376.

BRETTSCHNERDER J, DEL TREDICIK, LEE V M, et al. Spreading of
pathology in neurodegenerative diseases: a focus on human studies. Nat
Rev Neurosci, 2015, 16(2): 109-120.

HUANG Y H, SKWAREK-MARUSZEWSKA A, HORRE K, et al. Loss
of GPR3 reduces the amyloid plaque burden and improves memory in
Alzheimer's disease mouse models. Sci Transl Med, 2015, 7(309):
309ral64.

VINTS K, VANDAEL D, BAATSEN P, et al. Modernization of Golgi
staining techniques for high-resolution, 3-dimensional imaging of
individual neurons. Sci Rep, 2019, 9 (1): 130[2021-03-29]. https://
www.nature.com/articles/s41598-018-37377-x. doi: 10.1038/s41598-018-
37377-x.

NORDSTROM U, BEAUVAIS G, GHOSH A, et al. Progressive


http://dx.doi.org/10.2967/jnmt.118.211771
http://dx.doi.org/10.1016/j.cell.2020.01.030
http://dx.doi.org/10.1016/j.celrep.2016.06.060
http://dx.doi.org/10.1016/j.ijbiomac.2008.05.002
http://dx.doi.org/10.1002/0471142735.im2104s103
http://dx.doi.org/10.1002/0471142735.im2104s103
https://www.nature.com/articles/s41467-018-03359-w
https://www.nature.com/articles/s41467-018-03359-w
http://dx.doi.org/10.1038/s41467-018-03359-w
http://dx.doi.org/10.1038/s41467-018-03359-w
http://dx.doi.org/10.1038/s41583-019-0250-1
http://dx.doi.org/10.1016/j.cell.2015.06.067
https://www.sciencedirect.com/science/article/pii/S0165027020300169
https://www.sciencedirect.com/science/article/pii/S0165027020300169
http://dx.doi.org/10.1016/j.jneumeth.2020.108594
http://dx.doi.org/10.1038/nmeth1036
http://dx.doi.org/10.1016/j.cell.2014.10.010
http://dx.doi.org/10.1038/nprot.2012.119
http://dx.doi.org/10.1038/nmeth.3964
http://dx.doi.org/10.1016/j.celrep.2014.10.037
http://dx.doi.org/10.1038/nm.2600
http://dx.doi.org/10.1016/j.cell.2014.03.042
http://dx.doi.org/10.1016/j.cell.2014.10.034
http://dx.doi.org/10.1038/nprot.2015.122
http://dx.doi.org/10.1038/nn.2928
http://dx.doi.org/10.1038/nn.4107
http://dx.doi.org/10.1038/nprot.2015.085
http://dx.doi.org/10.1038/nprot.2015.085
http://dx.doi.org/10.1038/s41596-019-0240-9
http://dx.doi.org/10.1038/nn.3447
http://dx.doi.org/10.1038/nn.3447
http://dx.doi.org/10.1038/nature12107
http://dx.doi.org/10.1007/s00401-014-1322-y
http://dx.doi.org/10.1007/s00401-014-1322-y
https://www.nature.com/articles/srep26013
http://dx.doi.org/10.1038/srep26013
http://dx.doi.org/10.1038/nprot.2014.123
http://dx.doi.org/10.1016/j.cell.2014.07.017
http://dx.doi.org/10.1016/j.tig.2018.03.001
http://dx.doi.org/10.1146/annurev-biophys-070317-032905
http://dx.doi.org/10.1038/nrn3887
http://dx.doi.org/10.1038/nrn3887
http://dx.doi.org/10.1126/scitranslmed.aab3492
https://www.nature.com/articles/s41598-018-37377-x
https://www.nature.com/articles/s41598-018-37377-x
http://dx.doi.org/10.1038/s41598-018-37377-x
http://dx.doi.org/10.1038/s41598-018-37377-x
http://dx.doi.org/10.2967/jnmt.118.211771
http://dx.doi.org/10.1016/j.cell.2020.01.030
http://dx.doi.org/10.1016/j.celrep.2016.06.060
http://dx.doi.org/10.1016/j.ijbiomac.2008.05.002
http://dx.doi.org/10.1002/0471142735.im2104s103
http://dx.doi.org/10.1002/0471142735.im2104s103
https://www.nature.com/articles/s41467-018-03359-w
https://www.nature.com/articles/s41467-018-03359-w
http://dx.doi.org/10.1038/s41467-018-03359-w
http://dx.doi.org/10.1038/s41467-018-03359-w
http://dx.doi.org/10.1038/s41583-019-0250-1
http://dx.doi.org/10.1016/j.cell.2015.06.067
https://www.sciencedirect.com/science/article/pii/S0165027020300169
https://www.sciencedirect.com/science/article/pii/S0165027020300169
http://dx.doi.org/10.1016/j.jneumeth.2020.108594
http://dx.doi.org/10.1038/nmeth1036
http://dx.doi.org/10.1016/j.cell.2014.10.010
http://dx.doi.org/10.1038/nprot.2012.119
http://dx.doi.org/10.1038/nmeth.3964
http://dx.doi.org/10.1016/j.celrep.2014.10.037
http://dx.doi.org/10.1038/nm.2600
http://dx.doi.org/10.1016/j.cell.2014.03.042
http://dx.doi.org/10.1016/j.cell.2014.10.034
http://dx.doi.org/10.1038/nprot.2015.122
http://dx.doi.org/10.1038/nn.2928
http://dx.doi.org/10.1038/nn.4107
http://dx.doi.org/10.1038/nprot.2015.085
http://dx.doi.org/10.1038/nprot.2015.085
http://dx.doi.org/10.1038/s41596-019-0240-9
http://dx.doi.org/10.1038/nn.3447
http://dx.doi.org/10.1038/nn.3447
http://dx.doi.org/10.1038/nature12107
http://dx.doi.org/10.1007/s00401-014-1322-y
http://dx.doi.org/10.1007/s00401-014-1322-y
https://www.nature.com/articles/srep26013
http://dx.doi.org/10.1038/srep26013
http://dx.doi.org/10.1038/nprot.2014.123
http://dx.doi.org/10.1016/j.cell.2014.07.017
http://dx.doi.org/10.1016/j.tig.2018.03.001
http://dx.doi.org/10.1146/annurev-biophys-070317-032905
http://dx.doi.org/10.1038/nrn3887
http://dx.doi.org/10.1038/nrn3887
http://dx.doi.org/10.1126/scitranslmed.aab3492
https://www.nature.com/articles/s41598-018-37377-x
https://www.nature.com/articles/s41598-018-37377-x
http://dx.doi.org/10.1038/s41598-018-37377-x
http://dx.doi.org/10.1038/s41598-018-37377-x

356 PNl (BE22 R 5 524

nigrostriatal terminal dysfunction and degeneration in the engrailed1 microscopy of cleared tissues with isotropic, subcellular resolution. Nat

heterozygous mouse model of Parkinson's disease. Neurobiol Dis, 2015, Methods, 2019, 16(11): 1109-1113.

73:70-82. [45] VOIGT F F, KIRSCHENBAUM D, PLATONOVA E, et al. The
[38] LIUAK, HURRY M E, NG O T, et al. Bringing CLARITY to the mesoSPIM initiative: Open-source light-sheet microscopes for imaging

human brain: visualization of Lewy pathology in three dimensions. cleared tissue. Nat Methods, 2019, 16(11): 1105-1108.

Neuropath Appl Neuro, 2016, 42(6): 573-587. [46] ALBERT-SMET I, MARCOS-VIDAL A, VAQUERO J J, ef al.

[39] RENIERN, ADAMSE L, KIRST C, et al. Mapping of brain activity by Applications of light-sheet microscopy in microdevices. Front

automated volume analysis of immediate early genes. Cell, 2016, 165(7): Neuroanat, 2019, 13:1[2021-03-29]. https://doaj.org/article/cd3ab5e
1789-1802.
76c6f4d57b0f0c438db9c02b5. doi: 10.3389/fnana.2019.00001.
[40] PARK Y G, SOHN C H, CHEN R, et al. Protection of tissue
[47] MATTHEW KT, KIANNA M, AHMED D, et al. Human hippocampal
physicochemical properties using polyfunctional crosslinkers. Nat
neurogenesis persists in aged adults and Alzheimer's disease patients. Cell
Biotechnol, 2019, 37(1): 73-83.
Stem Cell, 2019, 25(1): 7-8.

(48] RILEE, WKiNEE, BFHME, & HE-DNA R4 RS E &
SEF. B0 TR, 2019, 50(4): 359-365.

[41] MARTORELL A J, PAULSON A L, SUK HJ, et al. Multi-sensory
gamma stimulation ameliorates Alzheimer's-associated pathology and

improves cognition. Cell, 2019, 177(2): 256-271.

[42] MURRAYE, CHOJH, GOODWIN D, et al. Simple, scalable proteomic [49] HERICHEJ K, ALEXANDER S, ELLENBERG J. Integrating imaging

imaging for high-dimensional profiling of intact systems. Cell, 2015, and omics: Computational methods and challenges. Annu Rev Biomed

163(6): 1500-1514, Data Sci, 2019, 2(1): 175-197.

[43] CANTERR G, HUANG W C, CHOI H, ef al. 3D mapping reveals [50] KONINGRI, KOSTER A J, SHARP T H. Advances in cryo-electron
network-specific amyloid progression and subcortical susceptibility in tomography for biology and medicine. Ann Anat, 2018, 217: 82-96.
mice. Commun Biol, 2019, 2: 360. (2020 - 12 — 1045cFi, 2021 - 04 — 14f& 1))
[44] CHAKRABORTY T, DRISCOLL M K, JEFFERY E, et al. Light-sheet EEi S

A W E BB B F

U N RAF 2R (B2 ) YORCEETE BERFR 254 ) R B E TR EE . DU K I ER G PEBE 252522 R 119, LA
B B A A E R B BUR 320 TR G N FE B 2 A TARRRMIF A Bt S R 2 e A i AE . 20214F
B, AT ERER, THIN IGRIEH . BEEEE . RE . IR SRR a5 H

BITILAR, AT R 52 AR A5 G IR I BOR 7 EFR S . e ERFHRHIA T — 45 . IR FE Y
TR E R E ST HE T S AR SRR ) [ RS2 ST A AR ) L e [ A G i U R L TS R
BART), hE S A EREIN TS e ERGESCS 5 SO (CSTPCD) | ERRA5 | SC8E 4 (CSCD) |
SR AR (R SOZ IS H BT ) i 2E AR 42 SC8E PE (CNKT) | 2 E (R 2% 5] )(IM/Medline) . SE[E(
AW SCH Y(BA) | SRR (I 30 )(CA) | fap 22 3 55 1 SCEIE 4 )(Scopus) . H ABRZEBRIR A EE P2 (JST) 45
KR RGN~

NUE T EK B AP G AR A G LA R 4 B8 B A Sk Rl A SR AT . S8 HITE S5 00 R, dh i 04
R Se k. Vam R R !

AR AP http://ykxb.scu.edu.cn/

Hictik: DO 148 HCER TN R R % = B 175 (U1 R 2224 (B2 R )G &

R i f: 610041

Ik 22 HEL I (028)85501320

E-mail: scuxbyxb@scu.edu.cn

PR AE2AAR (BR2A ) DR


http://dx.doi.org/10.1016/j.nbd.2014.09.012
http://dx.doi.org/10.1111/nan.12293
http://dx.doi.org/10.1016/j.cell.2016.05.007
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1016/j.cell.2019.02.014
http://dx.doi.org/10.1016/j.cell.2015.11.025
http://dx.doi.org/10.1038/s42003-019-0599-8
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0554-0
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
http://dx.doi.org/10.3389/fnana.2019.00001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.11777/j.issn1000-3304.2018.18251
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1016/j.aanat.2018.02.004
http://dx.doi.org/10.1016/j.nbd.2014.09.012
http://dx.doi.org/10.1111/nan.12293
http://dx.doi.org/10.1016/j.cell.2016.05.007
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1016/j.cell.2019.02.014
http://dx.doi.org/10.1016/j.cell.2015.11.025
http://dx.doi.org/10.1038/s42003-019-0599-8
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0554-0
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
http://dx.doi.org/10.3389/fnana.2019.00001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.11777/j.issn1000-3304.2018.18251
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1016/j.aanat.2018.02.004
http://dx.doi.org/10.1016/j.nbd.2014.09.012
http://dx.doi.org/10.1111/nan.12293
http://dx.doi.org/10.1016/j.cell.2016.05.007
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1016/j.cell.2019.02.014
http://dx.doi.org/10.1016/j.cell.2015.11.025
http://dx.doi.org/10.1038/s42003-019-0599-8
http://dx.doi.org/10.1016/j.nbd.2014.09.012
http://dx.doi.org/10.1111/nan.12293
http://dx.doi.org/10.1016/j.cell.2016.05.007
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1038/nbt.4281
http://dx.doi.org/10.1016/j.cell.2019.02.014
http://dx.doi.org/10.1016/j.cell.2015.11.025
http://dx.doi.org/10.1038/s42003-019-0599-8
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0554-0
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
http://dx.doi.org/10.3389/fnana.2019.00001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.11777/j.issn1000-3304.2018.18251
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1016/j.aanat.2018.02.004
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0615-4
http://dx.doi.org/10.1038/s41592-019-0554-0
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
https://doaj.org/article/cd3ab5e76c6f4d57b0f0c438db9c02b5
http://dx.doi.org/10.3389/fnana.2019.00001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.1016/j.stem.2019.06.001
http://dx.doi.org/10.11777/j.issn1000-3304.2018.18251
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013328
http://dx.doi.org/10.1016/j.aanat.2018.02.004
http://ykxb.scu.edu.cn/

	1 脑组织透明化方法
	1.1 疏水性组织透明化
	1.1.1 苯甲醇-苯甲酸苄酯（BABB）透明技术
	1.1.2 iDISCO和vDISCO

	1.2 亲水性组织透明化
	1.2.1 Scale 和 ScaleS
	1.2.2 CUBIC
	1.2.3 SeeNet

	1.3 水凝胶组织透明化
	1.3.1 CLARITY
	1.3.2 PARS和PACT

	2 脑组织透明化技术在神经退行性疾病研究中的应用
	3 脑组织透明化技术在干细胞治疗以及再生医学中的潜力
	4 总结与展望

