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Application of CLARITY technique in a mouse model of acute kidney injury
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Abstract: Objective To explore the value of CLARITY in pathological diagnosis based on acute renal in-
jury in mice models. Methods Twenty-four mice from Kunming were randomly divided into the experimen-
tal group( n =12) and the control group(n =12). After the complete obstruction of the left ureter models
were established for each group, 3 mice were selected from the experimental group each time on the 0, 2nd,
4th, and 6th day and treated by CLARITY technique, and the mice in control group were treated by HE stai-
ning. The morphological changes of the kidney tissue were observed by naked eyes, confocal laser scanning mi-
croscopy and conventional microscope. The quantity of tubular epithelial cells and lumen area of the tubules in
the two-dimensional image of the confocal laser scanning microscopy were quantified by using the TissueFAX-
S™ Cytometry tissue quantitative analysis system.  Results As time went on, the naked eye observation
showed that the kidney in the obstructed side was enlarged, hyperemia and edema, the renal pelvis and ureter
were dilated, the renal parenchyma was atrophied gradually, the renal calyces were fused, and the renal cortex

became thinner. In the experimental group and the control group, it was found that the renal tubular epithelial
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cells were flattened and dilated after renal obstruction. As the obstruction time prolonged, renal tubular was

atrophied and tissues disappeared, the tissue structure was destroyed, the typical morphology disappeared, the

fibrotic connective tissues proliferated and the kidney appeared fibrosis. Laser confocal microscopy revealed sig-

nificant differences in the number of renal tubular epithelial cells and the distribution of renal tubular lumen in

different layers of the same tissue.

Conclusion CLARITY technique can observe the pathological changes of

different tissue depth of kidney after acute kidney injury, and it can present more data than the two-dimentional

layer of HE staining, and has high application value in the field of pathology and morphology.

Key words:

CLARITY J2 i1 4 ok 1l i & Ji 1) — il 52 % A= 4y
Y LU AR Ry KB - 20 2 2 3 A 9 7 ik R DA TS s Tk
Jiie hy TR B3 14 7K R T [ A 2 5 A L R TR P 4
i T DL KBRS L SRS T 0 B R A (sodium
dodecyl sulfate,SDS) by 3= Z i, 43 79 35 1 57 2= B fa 22
FEAKHE I A , DA SE B S8 R A 4L i W LB T
MW ZEE KK T B E, B PERRE R TS A,
YECHRICIFEAT I B (4 #0 53F, WOG 4 1 2L 3R 4R W B
TSR A A AN Y s R

S B #i45 Cacute kidney injury, AKD & /1 £ F
o DAL 32 1 DL T i A 8 Sy G R R AE Y — 4 25
BAE S I PR - B0 Ay PR A BH 5 8 DL . i AR AT R
AKT 7] S 3505 BE A 58 A8 2 18 M 980T 10 15 22 Ml
JRVEET YAk, e 0] T 2008 MY AR B AR R,
2013 4 ,CLARITY 1 Chung 2" ¥E(Nature) | B X
A IR RIPE R R A RN HTWE RS T
T AR FE 00 AR 5 8L LA A i DR A A LA R 4
BUL A5 122 Ak BSR4 48 08 CLARITY 3% W)
Al 3k AR 55 1 5 95 HL 20 2 4k T 7 8 AR 7 B2 W v i) 1 34
J v e v F 8
1 #MH5RHE
L1 ME 24 HS JHEEU/NRAEMOE 2) g,
WHTEERRELZRY O, TEIR 20C ~
25°C JBFE 50%~60% M SR =ML SR, B B E MK
K. S T R TR AR A P B R R A B e s B
HER 2 AL

40 Y6 TR T B L 2 6 Y SUOBLTA 445 Tk e ) - Bio-Rad
OS] 95 Yo A3 AT Al 22 T (96 0 4 BT 4l A AR Ak Ak i 3K
F R g b 2 0 A PR R 98 %60 B R Il VA-
044 )/ Wako 723 7] 3 SDS(98. 5%) Bl BR (99. 5%) .
Tritonx100,.DAPI 4§ [ Sigma 2\ @ ; Collagen IV #i 1k
4 F abcam 23 A) L I FEHL R 1gG(H+ L) BRI A Cell
Signaling Technolgy 7~ Al ; 3 % 3 5 £ & 7088 oy AR
EHr A ® FV3000 Y, TissueFAXS™ Cytometry ZH 41
2 M B 53 BT AR 0 UA G T A T OB A BR 2 ] B
A,
— 410 —

CLARITY; ureteral obstruction; three-dimensional imaging; acute renal injury

IRBE R Az A K & BERE. 1 L KB
(HGBC L an R - 40 % P9 4 Bk B 100 ml, VA-044 2.5
g, 2 % H U A M BEE 25 ml .10 X PBS 100 ml . #h XY
FAKETL RIEET—20 CIKFMHEAS . BB
W e S TR 1 LS BRI L 40 R . SDS
40 g PR 12.4 g 4bWZE/KZE 1 L, 10 M NaOH 4
47 pH %1 8.5,

1.2 S ¥y weEC 24 HE /N R R I BE
BB R P FL X 43 S SC 00 20 AR BRZH, B4 4% 12
S, 43 ) g ST A A0 o DR A e A A BELASE AR, S 6 20 el i
Ak AR A B, X6 BE 2R ] HE ek b B, i 85 4
H/ANFR B F R A H Bl od4dl.2d
M4 dd.6ddl BEAm 3 RahYidk et s,
1.3 BRI /N RO s TR S 10 907K A S (0. 004
ml/ @) S IR IR I 2 I A M [ 58 T84 5 3 1
THEEAR D, 7040 Ui B A2 M - B i PR A4S 5 ORH 4-0 22
L5l B E XY,

L4 SEHd/NEREETE KoK BER R 12X PBS % Wi
B VKGN /N BT S BRI IS HBCAD M [ 2 DY, 5
Gy 5w U JIE JE AT Sk A A 220 ==L I DI AE B L 4R
JE AE O BAR B — /LT . S5 LA 10 ml/min B 3R 4
A 50 ml PBS ¥ . 38 25 44 P9 0 B0 HE 25 /0 B 48 P i
W, FEVE T 25 ml KR BV VR . KA R O R R
T 10 ml KBRS, B F8 2 4°CUKAE 3 d, M fift
IKEERE HE— 2 B E B AL

1.5 SEmAlEmieaE O 1.4 T EEEAR T
37CUAR - 24 h e 30 23 B k& R s @ VT 1 mm
W AR A OSBRI 2 J8 @QPBST W Uk 24 h; @
IV AU i LR BT (1 + 200 PR 37°CHEIRIFE 24 h;
QPBST WiEBE 1 d, I FHT —Hi (1 = 500 FBH37°C
FERBEE 12 h; ©PBST WIS Uk 1 d. @A A
DAPI TAEW (10 pg/mD 7 T 1% ; D80 % H i £ p4
24 h; @ OB IL R £ WA PR B R B K 360 nm L
S E T AW A F R L HE T WM, 52 s U 25 o
J s PA 5 pm 2R Z R S E U0 R U
FEHR =g RRERE.,



2018 4

A T R I 27 g 2 4l

1.6 XTHRZH HE Jea  ORe A RELAN B I 25 2005 /K 42 3
il . HE e BAREAE T OV R 7fE 546 60°C At
1 h o A H R ES 3 U BEHE] 10 min/ WK O 8 B
CPEMRR L R, Lk EE N TR S B —95% &
Pl —85% L BE—75% & % — 65% £ I, Bf [ 5 min/
W OB AZEMBKT 10 mins @7 R F R 10 min, il
KM 3 min;®Z 1% MWK 434k, K BE 3 s;:©
AL IR 15 s, WK PE 3 min; QBT )5
(e N E i e 2T E €T A -3

1.7 '  FA TissueFAXS™ Cytometry H
SV 2 43 BT R G0 T S 6 2H WO S SR A B B
R B B /NG T R A S /N A I T AR AT
JE AT

2 H#R

2.1 RARGERGECAE A O R 48 56 4 45 BHL IS IR R
20 dORJE 0 b Wl 5 4R B JC S 8, 3% 10 TG 36 Ifi 7K
i 5 2 ol A EL A A BRI KL B 6 TR 21, o R R
TCHI Y 5K 4 d B R DR A DTSR I, B AR R 4k
BRI, FE U T K 5 6 d AR S T 45 A 3% T 2
B SRR G B R BT 4 A 5 X ) T PR IR U B e

L UL T,
Obstucted
kidneys

Contralateral
kidneys

0 day 2 days 4 days 6 days

|"|l"!|l,:|l!:lm"\V'“H“H'\“- Il || Ul -..l T \‘ mm
| I

oo
0 Ilem2 3 4 6 7 8 9 10 11

5 i
| il ,,II.III.:IIU,.L,:J\w"\\‘\‘L,‘1;I,AI!..,I|i'l|,,|||,,li,,l.H,HML\L ‘L,Lh!,,ll ul :!II.IIL.I:\JJH,,H

1 A kg AR e CNE R L
7 : Obstucted kidneys 48 ## [ Il ' J) , Contralateral kidneys 4
X RE

T ||..|| W UL
|

2.2 LA 2B WA EOR Ab PR = 2 B2 2 AR
it ERMEER B 0 d PO E I 45 i M. E D
PREGHSERE NVEEARIE N, Y K 2 d A RE
HUE ' /INER G5 AL JE A TR WL /N L B A0 b K R T
Bk L /N S5 R BL/INES 2 ZEL L I = 4EZE R R
PRAFAE 34 d 0] UL /NS b B 240 D o i 728 8 7 B /D
EMEGEY KU BN A K L dE L A
HA L PPN 56 d B RZECE /DT ZE 400
2 AT DL B 2R AR T AR S5 A L 1E S A R
ANETHE, LR 2 18 3,

B2 WAEEREDME THEMBMEE =44 200X)
FEAB.C.D AR %K 0d.2 do4 d.6 d 525 21 4F M E AR
1t

A3 HOotEREDBE TE BN E =45 B 442000
H:AB.C.D AR K O0d.2d4d.6d S 44 HNE R
fe

2.3 UYL HE Y G 3oR M2 s HE § 6 1
TR0 d B 2 R T AR BN ER A v B N AR AR T
B T2 A L U R A T
A B NVEE R4 o T UL AN T B 2 A B
/N AR 2 B S L B4 N S A 2 S b
PRI ;6 d 4 % 50 /INEE S 4 1 26 L 7T D03 42 F

— 411 —



2018 4 T R B 2 B 2 i) % 5 W
FRIRLF YR L5, WA 4, 2000+ 4000+
= 5
. 15004 §wnu-
%mm— El'zonn-
2';‘; 500+ %mm-
= ]
o T 1 o T f
[v] E F G H 1
M6 H£XEAHABEETHEILEEE
W4 HE Z6/EARF100X)
E:AB.CD A RE 0.2 d4 do6 d B AR E /R 3 itig

BAL,EF.GOH 281K % 0d.2 d.4 d.6 d x84 4 B 5 /N
& A

2.4 FEOWER TissueFAXS™ Cytometry ZH41
0 7 3 B 2R B8R S B 2 R FH O IE B AR W AUR 4
AR 4R & v r B NS T A R B N A
Jis T ARG AT A A A, A IR T] — A ALY A [ 2 T
/N b B 20 R R N A I AR o A B R AN TR
ULE 5. 6.

H5 &' EZRR00X)
HEABCAHABNAREEMEHER —LLH3INTRET
HE.D.EF 23R8 LR apEEgRE, G H.I 45
HENEEENETRE

— 412 —

CLARITY AR M 2013 1 R PR E 2 )5 - H B
40 358, 32 Sy g R At 22 45 0 | Ty R B A O 2 AL 1
L0 G S TR T R A i 2H 2 L i T R A A
Gy SDS Sk 2 B3 I 3 7 e B o DA 0 4 28
AAREW . HATA SCERHRE B 1000 pm B R B
CL L8 B R A R ) = e 2 4548, TR AT %
FNRENE 1 mm VIR HEAT0FSY . AW B 4iE 1k
ARFR R S PE BT DE EAR I B I LB IV A i B R
TR B XA SRR U R OB R A =
LG E .

AR T E LR AW B F KM L, 2
PR 50 A I /N b R A M AR K B
5 A BEL I [ 22, 20 ¥ 10 B NG SR 4 T Ok LSS A R
NV LTRSS AR B A B R IR AF Ak . R AR
SEAFFT AR FR IR e DR A AR i S Stk G L
WOE A FE RN B /NEE RS KOG W R
PR MR 5 NERUA 5230 K J5 A R BT 4k 21
ST W DL ANER (1 1A T R A B T RE o 4 3
Reo ARSI M IE WAL 7E OGS IR £ OB N AR L
K HE Y5 #L4 DS B aRE B L 4538

R 95 B2 7 BRI I 2 TR v 3 05 o B 2 4G A
M« A ARiE”, ML 58 HE Y 63502 41 55 00 1 80 AR b i
JE Yk 22—, il HE Je @ EROR M
Ban T S A e el 1 = M o PR = R S B
F o LA AT P T PRGSO W7 25 25 R A 20 BLSE 2454
5B . M7E 2500w B4 20, S [) 4 20 )22 T 1) s 2 ol
AN —F . AT P HOGIE R A R — 4 U [
TR J2 T A 25 IR S T X Fp 22 5, RIAE SOt B B 1Y
B L S N T S 25 6 A AN TR B A 2 R 3 —
iy, IR AR — 4 5 A0 AT AR B AN W B 15
BB R Al D) A T e HE Y@ B g SR e R



2018 4

AL R R B o

22 2,
Ju ¥

il 55 M

B IE R RS B U A b Fe . R R
A ARG I R B R B AT B B R B R

ARG AL 20 28 ) 375 B A B R b B S R A = 4
ARG B ARAEAE HVE RS 22 . Liu AK %0
W55 2B CLARITY 44 AR 1T 52 8] JUAS B 9 Rl .
T 58 A TR R DG 6T S 27 37 BH R N 58 AR - 1 O
FEAT A TE) B 5 i o A AT FH A0 350 B L T BR AT R B
FOWR AR BR e A R L R 2 R [ AR B 0
ST A 5 o T e S 2 1 KB B R Ak A
12 mm MVRIE ; 55 =, AR 015 38 B8 B 507 2 H i i
KRR UL, 75 2 1k — 25 5 S 6 AS TR B i e
A 2 375 11 52 o e BRI £ 2 580 (A 435 0 R 1 SO Rn 00 75
AF A LA 190 5 F 55 AN [) 2 21 25400 Y AR TR . AR R
RILZEL I 3 e B 2 T 4 R R R A 9 R
] S N [ 21 288 B s WL BRI 5 185 n T i — 2B F
FEEIATRE, CLARITY J&—F 1 Al 5 3 19 # AR
ARG 25 2 B R Sk HOR A 0] H T Bl 6 Bk 2 4 358 1)
5, W8 FH T H Al 4 220 A O] R A ik 26 4 21
BRI B AR b

g5 L IR T ERL 0 A bR A A BT 5 1R B 2k
PG5 B 5800 5 HE Y 68 00 52 14 02 — 4 7 1 45 1, 1
CLARITY #ARANLAT LLEL ) 5 HE Y&t 41 [A] 19 45
B, Hial it CLARITY $AR &35, #1346 R £ 5 1%
e AT LA [) J22 THI 1) 235 4 6 B, 480 40 5 0 e T 0 2%
FH LU s, CLARITY $5 AR AT L — 442
FHE =4, 5% — & MR CLARITY 4% A 76 95 BB 5% 45
W — 25 N AR T TR

B 3K

(1] BRI, 7609, % 57, CLARITY $ AR K H e A 4y =4 i
FEHP L A R L) DL v AR B 3R A A 2015, 7(2)
139-141.

[2] O’Connell W, Shah J, Mitchell J,et al. Obstruction of
the Biliary and Urinary System[]J]. Techniques in vascu-
lar and interventional radiology,2017,20(4):288-293.

[3] Coca SG,Singanamala S,Parikh CR. Chronic kidney dis-

ease after acute kidney injury:a systematic review and

meta-analysis [J]. Kidney Int,2012,81(5) :442-448.

[4] Chung K, Wallace J,Kim SY.et al. Structural and mo-

lecular interrogation of intact biological systems[]J]. Na-

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ture,2013,497(7449) .332-337.
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 dis-
ease[ J]. Scientific reports,2016,6(1):26013.
Liu AK, Hurry ME,Ng OT, et al. Bringing CLARITY
to the human brain: visualization of Lewy pathology in
three dimensions[ J]. Neuropathology and Applied Neu-
robiology,2016,42(6) :573-587.
Yang B, Treweek JB,Kulkarni RP,et al. Single-cell phe-
notyping within transparent intact tissue through whole-
body clearing[J]. Cell,2014,158(4) :945-958.
Willard AM, Gittis AH. Mapping neural circuits with
CLARITYL[J]. Elife,2015,9(4) :e11409.
Zheng H.Rinaman L. Simplified CLARITY for visuali-
zing immunofluorescence labeling in the developing rat
brain[J]. Brain structure &. function, 2016, 221 (4):
2375-2383.
Tomer R, Ye L,Deisseroth K, et al. Advanced CLARI-
TY for rapid and high-resolution imaging of intact tis-
sues[J]. Nature protocols,2014,9(7):1682-1697.
Yang J, Liu Y. Delayed administration of hepocyte
growth factor reduces renal fibrosis inobstructive ne-
phropathy[ J]. Am ] Physiol Renal Integr Physiol,
2003,284(2) :349-357.
Frazier KS, Paredes A,Dube P,et al. Connective tissue
growth factor expression in the rat remnant kidney mod-
el and association with tubular epithelial cells undergoing
transdifferentiation[ ] ]. Vet Pathol, 2000, 37 (4): 328-
335.
Klahr S. Nephrology forum: obstructive nephropathyl
[J]. Kidney Int,1998,54(1) :286-300.
FNILFEDS R A AF . BT E Uk B AR A KR
JEpRest i B e S AL [T ], b [ A AR 2R KL 2017, 37
(9):65-70.
Lee H.,Park JH,Seo I,et al. Improved application of the
electrophoretic tissue clearing technology, CLARITY , to
intact solid organs including brain, pancreas, liver, kid-
ney.lung.and intestine[ J]. BMC developmental biology.,
2014(14) .48.
Yo B #1:2018-09-23; 2 @ B HA:2018-10-18

— 413 —



