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Abstract Objective To explore the effects of transmembrane protein 16B(TMEM16B) on brain edema and
blood-brain barrier after cerebral ischemia-reperfusion injury in rats. Methods TMEM16B overexpression and
knockdown was performed by adeno-associated virus (AAV), and then adult male Sprague-Dawley rats were
subjected to middle cerebral artery occlusion (MCAO). Rats were randomly divided into Sham group, MCAO
group, AAV no-load group, TMEM16B overexpression group and TMEM16B knockdown group. Modified
neurological severity scores, adhesive removal test and cylinder test were used to evaluate neurologic function.
The ultrastructure of ischemic brain tissue was observed by transmission electron microscope. Brain water content
was reflected by dry wet weight ratio of brain tissue. The expressions of TMEM16B, aquaporin4(AQP4), Claudin5
and zonula occludens-1 (ZO-1) were investigated by immunofluorescence and Western blot. Results Compared
with the AAV no-load group, the sensory and motor functions of rats in TMEM16B overexpression group were
significantly impaired. Mitochondria were swollen; mitochondrial cristae and tight junctions  disappeared. The
brain water content was higher in overexpression group. The expression of TMEM16B and AQP4 increased while
the expression of Claudin5 and ZO-1 decreased. Compared with the AAV no-load group, the rats in TMEM16B
knockdown group showed some recovery in motor function. The mitochondrial cristae and structure were clear,
and the basement membrane was partially blurred. The brain water content was lower in knockdown group. The
protein levels of TMEM16B and AQP4 were lower while the levels of Claudin5 and ZO-1 were higher than that in
AAV no-load group. Conclusion An increase in TMEM16B aggravates brain edema and blood-brain barrier
damage in rats after cerebral ischemia-reperfusion injury, while a decrease in TMEM16B expression alleviates

brain edema and protects the blood-brain barrier.
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model; brain edema; blood-brain barrier; neuroprotection
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TMEM16B - Z XA T4 -, A4 7 TMEM16B 1A & B2 FIR K. EHERE T, XFb
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BT 0L A 0055 FOMR K PR L B I i o e 1) 2 AR BE S DA O . H TR T TMEMI6B 7R 1% A5 i k%5
AFEFRMERE. Bk, ZHR S EFER TMEML6B 76 kb 1 7 FE A 1545 o R B Hb tof Ao 7K Jie 7R 1t o J8 o
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1 MRS

1.1 Mk

111 SERFY) LRI E 230~250 g AORETERE, 0T A6 50 DR AE IR G IR A &) (B & RIS -
SYXK2023-0003) , THFR{EfEN i 1G] SPF R, R (224+2) C, WE (60+5) %, 12h
MEREERS, W K. AT S TR B0 S0 35 LSRG A TR — B B R B sh ) SRR B
AL IHEHE GitiE 5. A2023-233-01) .

1.1.2 EBERF KR keie. Rake (515 907-03118-90. R510-22, RN FiiRIE L fr Rt
HIRAF)D 5 TMEM16B it FRik. @URF =R <77 (adeno-associated virus, AAV) (_FiHPIE
PHEBR AR AT BEREER (5t5: G1102, WIZE4/REMREAIRAT) ; TMEM16B Hitfk (12
51 20647-1-AP, R = IEAMFHEAIRA D 5 AQPA Hifk (185 ab259318, FE[H Abcam A7) ; ZO-1
Pk (1895 ab221547, H:[E Abcam A H]; %5 : 61-7300, 3 ThermoFisher A ]) ; Claudinb Fifk (17
5: PA5-99415, 3£[H ThermoFisher /A7) ; B-actin ik ($25: TA-09, LRI HAZEMAEMEARAR AT
Epif — 4t (585 ab150077, H:[E Abcam A w]; 5%%5: RGAR00L, X =/EEMFEAMRAFRD .
113 FENE DRI (25 R500, RINTEREAEMRBERATD « S (5.
ZS-FD, dbmiARsciQIRHEAIRARD ¢ FEESR (85 QSI, %[ Stoelting 2 7)) K =y B AL
(5. 1-14k, [ Sigma A ; HEIKFE (B15. DYCZ-21, dbaiN—AEMBEERARD ; BobdtE
FERME (%5: STELLARIS-5, {E[ Leica A7) ; BH M TEME (5. JEMI200EX, 2 FEI 28
D s R ICHUR (B Tanon-2500, L RAEAEMEIAGRATD .

1.2 F¥E

1.2.1 SERAHE BEHE KR )y 5 H: @© Sham 4. KRBKEEE 7 B8 MERHATEMEIEN; @ B
H (MCAO #4H) . # 7 KExrh ke 22455 (middle cerebral artery occlusion, MCAO #5%) , #kifi 2 h 5

MARFEEE; @ A (MCAO+AAV-NC 41 : B i 744 8 Ak A AAV 253805 5295 51 5 H b



Xk, 14 d J5 IE# HEATER; @iERIA4 (MCAO+AAV-TMEML6B 41) : it i 4k & A vE S BARKS AAV
NRIEHFFES B AR X, 14 d JFIEWIHTIER; Omik4d (MCAO+AAV-TMEMI16B-RNAI 4) : [d]
PEIBIT I SL AR TE AR ST AAV B, 14 d J5 BTG R.

122 #RIGE  KRIEHATAE 12 h, EH 2.4%00 B RBCEAT RN IREE . 8K BRAMEM [ &, W3UE
it 0.5cm YIJT, BENESEHEAMVA, FFEAMBEK. SASIKFEENEIK. H3hikk b
BUSENIKIE Ooo, FFEEFLIAPBINK, LB B4 ) Bk Al AN SUA B, NS 28R sl ik, 1k
IR JEREE ik, BRI EAEON, [ E A R IT Bk R . AR R S A hr R E M, JFEREZE 2 h
Ja, BFREBRE, ST,

1.2.3 BSrEefryEst A RROIARE AAGEAT IR AAV . KRB TR AR S5, 4 L 8 T 7
HOEAAX L, BIIFkEE, RERAUE, FMUE SRR B R AL BALE UG, AR SCRR BRI B
A P e a2 BB A I o 50 P P L o) 32 X BEAT R BEVE S, AN PIUAL ORI X 55T 5 mm, A f5 X175 17 3 mm,

K35 mm (AeFr 45, -3, -35) o FREFESIEAN 0.2 pl/min, JEHHEEN 2 ul, FFEFE S 58S F i
RS EHT R 10 min, RIS RRR, GEGRRKE, TEHREEINEE S BONGE ThiE % .

1.2.4 M BWHZEHTIBEHARIES (modified neurological severity scores, mNSS) — FiE:5 24 h, Bl
K1 dJE, XPREMA TG IE SLEATIT ), 2P ORI 1280, FHETRI S 4 N8Iy PTA R
3o B MO PR DhRESR I B VE 2y, I Hr Boblim, FhZDhRES58™ 5 .

125 FRER (EEEU5E 3K, HREUBE TEW MM IER &S (20 cm>d0cm) , HLEE 3 min Py,
K BRI P 3t 7. T P [ F e 5000 o 3 53 A W G o ) VR 96 J 3 ek OO V8. AT
P ) 75 93BG (%) =7 i ik VR 0+0..5 >R N 7 3 K 50 7 e ik 80+ i e i K
+ XU iy PR (7422 Ak /R #0] ><100%

1.2.6 MERERRER EHEH 3R, 2R RIK A BTTCRUA AT IR — e if (3 mmse mm) , id
SRR SRR R 30 PR I P-4 Ak P B R0 25 e i BT I ), T AS K B A IR i D g o v A i TG R ) 2
(AR 5N

127 BE/KEER EHRES 3 K, WM S 2 RIEE B A2, F TR PBS Kbk B i e+
Ve FROK AR 2 2 A AA, BRSO A 4L ROIR . SRR AN A1SU7E 100 C R4 48 h, FRAHK
BEBATE. WARSKETEINEN: (BE-TH)/RE>100%.

1.2.8 FH BT BMEURE KRR 5 BB SKIUR ,  He R R A OB ML X 35 PR 52 5 2H 2 T8O F B [ 5
o AR E<Imm, EERFEGEE 1h, AEE4 CHMEEER. BT RHRIES

PR ZHR AT T, JFAEVK EERAE, LSRR BV o R [E i LU 1.5% M Ak S BT 291



Tk, RS ER IR, V)G, @i b7 S M E ot 20 25 A0 i i
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129 SEFOLGE EHRER 3R, ¥ RRALOMREE, RFEBORNAZBAT A5 Y) . (EH 5% BSA 1E
iR A 2 h, HEHALSHE, KR 55 TMEM6B $ifk (1:200) « AQP4 Hifk (1:200) . Claudins
Pifk (1:100) « ZO-1 Hitfk (1:100) £ 4 CUKFER AR 55 2 RIFWSE, KU1 R 5L EHU R — 5t (1:500)
1E 37 C/KIBFAFME 2h, SA/5H DAPI JSlbricgifieZ 3 min, ZJETEZ MR N FHMIR.

1.2.10 Western blot &5 /555 3 R, KRBT LEUI, BEATAHZI5I0, RIERH, BCA L& FIR A5 #:
o FRREAT BRE. Wik, IR, HHSEEAE, 7055 TMEM16B fifk (1:1000) . AQP4 #itfk (1:1000) .
Claudin5 $iif& (1:1 000) . ZO-1 Hifk (1:1 000) . B-actin Hifk (1:1 000D 7£4 C FHFHLR. 2 KRiF
Ve s, A WLEERT R Zht (150000 EEIRTHEE 2h, REHINML R IGRABH TG AR, &EE
FH Imaged A 52 #5257 2K A

1.3 Giit2ab3 {8 H Graphpad prism 8.0 AT HEATGu 120 Mo B S n B EAT IEASPEAS S0, D& 25040 AT
P £ AR AR ESEM)RIR . & IEA M0 (R I 2K 207 254007 (ANOVA) HEAT B EHERTS, T
JEIEZS AT $0dE i@ Brown-Forsythe 1538475047, %4 Dunnett T3 6% 8% Games-Howell 18364172 &
EE#. P <0.05 NERAHITE L.

28557

2.1 TMEM16B X} K BG5S 12 3 T B HI

2.1.1 TMEM16B S RIANHER G R RAH LIS M 5 Sham ALLEL, MCAO A KA mNSS
PP (P <0.001) 5 1 MCAO ZLAI 7S AL LLEL, W4 mNSS 17 2R gt~ = L (P>0.05) ; 5
IR, S FRIELL R mNSS PR R (P <0.001) , TERIRALT, P4l mNSS ¥/ % 7 L4
AR (P>0.05) ; SERIAAIE, MR KM mNSS 24U FFE (P<0.01) - WE 1A,

2.1.2 TMEM16B & AN GG KRB TIRe B RNT 55 Sham 4 ELEL, MCAO 4K B 25 BR B I 1]
W% (P<0.05) ; 1l MCAO 47 A 2 A1 2 R G5 X (P>0.05) ; HRANLR, dRE4KR
REBRH I A 2 (P <0.05) , EAURASSHAMERNFZERTLRITEE L (P>005 ; Hi
FORAE, MUARA R ERRICH I [R> (P <0.01) . KE 1B.

2.1.3 TMEM16B S FRIANEHE KRB TIReHM RN 5 Sham 41ELEL, MCAO J& oK B 22 Ul 1
P ERBE (P <0.05) 5 1 MCAO A 5 A 2 ER SR (P>0.05) ; HFEEAMILE, S&
BRI THER E 70 LR BE (P < 0.05) , TERRAH ETF (P <0.01) 5 SifFIAHIEL, ikl

KR A2 T B b i 4 bR RH B BT (P < 0.001) . WL 1C.



B 1 AR Sk B SEREE R

Fig.1 Results of behavioral tests and brain water content tests

A: MNSS HZTHRETE D45 R, B: FOERLILEE, C: FMELWBL R, D: WS /KELBLEE, a: Sham
H, b: MCAO A, c: M, d: THREH, e: FfK; 5 Sham HIt#E: "P<0.05, "P<0.01, ™P<

0.001; 5T #HALE: “P<0.05, *P<0.01," P <0.001; S5idFEALLE: %P <0.01,4%&P < 0.001

A: mNSS neurological function score results; B: Adhesive removal test results; C: Cylinder test results; D: Results
of brain water content; a: Sham group; b: MCAO group; ¢c: MCAO+AAV-NC group; d: MCAO+AAV-TMEM16B
group; e: MCAO+AAV-TMEM16B-RNAI group; P < 0.05, ™P < 0.01, P < 0.001 vs Sham group; *P < 0.05,

#P < 0.01, #¥P < 0.001 vs MCAO+AAV-NC group; &P < 0.01, 4&&P < 0.001 vs MCAO+AAV-TMEM16B

group.

2.2 TMEM16B I RESI KB EE GRS/ KENEM 5 Sham 41LLE, MCAO A& /KEEZ (P<

0.01) ; FHAM MCAO H2 AW E/KEZR LG I FE L (P > 0.05) ; S2fFdALE, dREH+m



TKEMZ, MBIKEMN &K BRI (33 P <0.05) ; SidRAHIE, MURHEN S KRR (P <0001 .
JKE 1D,

2.3 TMEM16B % K RS G A H SRS A RGN 76 Sham iy, (A A R R IR e 4 TR, 4%
FIARXUZ SR I, 7] WKL, I HA RE ISR, /£ MCAO HMZBHA , LRAmAK, LE
JREER, LRRARIS ORI B %, JERBERRI AN fEdREAd, LhRIIRMIK. Sk, Lokifkig
TR, BEHEBRMATAE: ERlRATh, ORI RIOUZ BT, SR B . IR 2.

S}

B 2 AR T e ML
Fig.2 Observation of ultrastructure of brain tissue under electron microscopy

red arrows point to mitochondria, basement membrane and tight junction.

2.4 AAVs EE B K RIBASA S TMEM16B #5284k 5 Sham 41Eb%:, MCAO 241 TMEM16B ik B & 1
% (P<0.01) ; Z#H45 MCAO 4 [, TMEMI16B HFEEZF LS %E L (P>0.05) ; 57584t
i, iRk TMEM16B #iA/K % (P<0.01) , Mkl TMEM16B ik FI% (P<0.01)

HidREHE, k4 TMEM16B RIEKFHE> (P<0.001) . WK 3. 4 fIk 1.



Bl 3 TMEM16B il AQP4 s 7% ettt 5
Fig3. Immunofluorescence staining results of TMEM16B and AQP4

A: Immunofluorescence staining of TMEM16B >400; B: Immunofluorescence staining of AQP4 >400; C:
Quantitative analysis of TMEM16B; D: Quantitative analysis of AQP4; a: Sham group; b: MCAO group; c:
MCAO+AAV-NC group; d: MCAO+AAV-TMEM16B group; e: MCAO+AAV-TMEM16B-RNAI group; “P <
0.01, ™P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs MCAO+AAV-NC group; &P < 0.001 vs

MCAO+AAV-TMEM16B group.



2.5 TMEM16B RIEN KRBT MAR B AQP4 RILHIFMI 5 Sham ZLELEL, MCAO 41 AQP4 ik
LT (P<0.01) ; 1 MCAO 4 55 MALEL, FOLREKTFERLESIHEEL (P>0.05) ; 53HH
Ebks, idRikdlid AQP4 IRtz (P <0.05) , FMRHFHRAEHRIEK TR (P<0.05) ; 5
FBALLE, MURA PR REE TR (P<0.001) . WK 3. £ 1.

i@3T Western blot &K, MCAO HA1Z 442 ] AQPA /K FER LS H#E N (P>0.05) ; 5%
B, TFRIEMHF AQPA EHAFIAKI (P<0.01) , MfRAF AQP4 EAXRL ST HAERLS T

BX (P>0.05 ; SidREHLE, @K+ AQP4 EHKF- R (P<0.001) . WK 4,

X+
# 1 TMEM16B 5 AQP4 BB IRELE R ( * "SEM, n=3)

it
Tab.1 Immunofluorescence intensity results of TMEM16B and AQP4 ( SEM, n=3)

Group TMEM16B (AU) AQP4 (AU)
Sham 3.19 £0.17 4.00 £0.25
MCAO 5.08 +£0.43™ 10.67 £0.55™"
MCAO+AAV-NC 4.68 £0.24 10.84 +0.42
MCAO+AAV-TMEM16B 6.62 +0.48% 12.73 +0.44%
MCAO+AAV-TMEM16B-RNAI 3.50 +0.20% &&& 9.17 +0.40% &&&
F value 15.49 64.94

P value <0.001 <0.001

P < 0.01, ™P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs MCAO+AAV-NC group; &&&P < 0.001 vs

MCAO+AAV-TMEM16B group.



& 4 Western blot SZEA& % TMEM16B. AQP4. Claudins. ZO-1 fIZ#ik354k

Fig.4 Western blot analysis of proteins expression of TMEM16B, AQP4, Claudin5, and ZO-1

A: Western blot results; B-E: Comparison of relative expression of TMEM16B, AQP4, Claudin5, ZO-1; a: Sham
group, b: MCAO group, c: MCAO+AAV-NC group, d: MCAO+AAV-TMEM16B group, e:
MCAO+AAV-TMEM16B-RNAI group; ™P < 0.01, ™P < 0.001 vs Sham group; P < 0.05, #P < 0.01, #P <

0.001 vs MCAO+AAV-NC group; &&&P < 0.001 vs MCAO+AAV-TMEM16B group.

2.6 TMEM16B 3 3RIA 5 X 5 i s B2 P 154 A 52 )

2.6.1 TMEM16B &A% A BB G BA LU Claudins FIEREM 1455 Sham 1AL, Claudins )
FikgPS (P<0.00D) , MEFHAZNERLH I E L (P>0.05) . 1E Western blot 240+, 3£
KAL) Clauding & EAHR T2 HRAS B> (P<0.01) , MAARAM AR A2 18 Clauding & 14 & % 7+
TG %m L (P>0.05) ; R AHE TiERAEH, SR Clauding &M (P<0.001) . MTERE

POGEEH, FHLELT Sham 246, MCAO 41 Claudinb %6/K P> (P <0.001) ; MCAO ZHAIZ* 44 2 [

Claudin5 76 /KF2 R BG4 R X (P >0.05) ; W RAA 54, Claudins %R IEKF R (P
<0.01) , MURAMTEALLE, Clauding 2R ZKFIHim (P <0.001) ; M5 REHMIL, KA

f] Claudin5 kK% (P<0.001) . WE 4. 5 f1% 2.

2.6.2 TMEM16B 3 FRiEN R BIRRGAE LS 20-1 Tk M Western blot 23645 R 5x: 5 Sham

AL, B 70-1 Lk (P <0.001); EHAMTIRA 20-1 LFEBEER LS T Hm X (P>0.05);



M T8, dRIEH 20-1 HARBERK (P<0.05) , MfR4NELRE EF (P<0.001) ; iS5t
RILAML, MRA 20-1 EA/KTFRE (P<0.001) o EARZETILELIEH, 5 Sham AHLL, MCAO 4
1) ZO-1 9 FRIE/KF N (P < 0. 05); MCAO 4 57 i 4H ZO-1 WL RIE/KFZE T LG+ (P > 0.05);
AL, W RIEH 20-1 RIARIEK PR (P<0.01) , MURAMZEA [ ZO-1 KI/KFER
MG 2R (P>0.05) ; fiid FIAHMFACHZIH, ZO-1 EERURAF TR PHELZ (P<0.001) .

WK 4, 5HFE 2,

5 Claudin5 il ZO-1 S e Y 25 51
Fig.5 Immunofluorescence staining results of Claudin5 and ZO-1

A: Immunofluorescence staining of Claudin5 >400; B: Immunofluorescence staining of ZO-1 >400; C:



Quantitative analysis of Claudin5; D: Quantitative analysis of ZO-1; a: Sham group, b: MCAQO group, c:
MCAO+AAV-NC group, d: MCAO+AAV-TMEM16B group, e: MCAO+AAV-TMEM16B-RNAI group; P <
0.05, ™P < 0.001 vs Sham group; #P < 0.01, #*P < 0.001 vs MCAO+AAV-NC group; ¥¥&P < 0.001 vs

MCAO+AAV-TMEM16B group.

X+
%% 2 Claudin5 il ZO-1 HIs B R LE L ( * "SEM, n=3)

(x+
Tab.2 Immunofluorescence intensity results of Claudin5 and ZO-1 SEM, n=3)

Group Claudin5 (AU) Z0-1 (AU)
Sham 3.54+0.34 11.43+0.89
MCAO 1.40+0.09"" 8.20+0.49"
MCAO+AAV-NC 1.37+0.15 7.87+0.53
MCAO+AAV-TMEM16B 0.69+0.06" 5.55+0.32%
MCAO+AAV-TMEM16B-RNAI 2.61+0.16" &&& 9.04+0.54%&&
F value 28.68 12.61

P value <0.001 <0.001

*P < 0.05, ™P < 0.001 vs Sham group; *#P < 0.01, #*P < 0.001 vs MCAO+AAV-NC group; &&&P < 0.001 vs
MCAO+AAV-TMEM16B group.
3R

I 70 2 L S 2 407 o kL P8 L A5 AT, FLA 0 R SRR P R R T MBS . AT AT
LT KRR MCAO #8Y, il AAV T-T H b5 X 35 TMEM16B [)3R1%, 3 4R 70 HAE K BRI Bl il 7 1 v 45
DR HIPER . TS R 7R, TMEM16B i RiA I K MCAO J5 HIMZ D REAR 17, 0 B 7K Ji A i
i B R )45 405 s TTRAIC TMEM6B 335, KRB E DI Re0A I, MKIsces, I o [ 52 451 )
B HAWHRH TMEM16B REf i i /Mikiasl, I AL TMEM16B Sk K/ S sh e L 14w,
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