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Mfat - 1 transgenic mice participate in the repair of hypoxic - ischemic brain injury by
promoting the proliferation of neural stem cells
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Nanjing 211166, China

[Abstract] Objective: To verify whether mfat- 1 transgenic mice participate in the repair of hypoxic - ischemic brain damage by
promoting the proliferation of adult neural stem cells. Methods: In vitro experiments, adult neural stem cells from wild-type and mfat-1
transgenic mice were isolated and cultured, subjected to oxygen - glucose deprivation/reoxygenation C(OGD/R) modeling, and the
proliferation of neural stem cells was assessed; in vivo experiments, mfat-1 transgenic mice and their littermates were subjected to
hypoxic-ischemic brain damage (HIBD) modeling, and the proliferation capacity of adult neural stem cells was evaluated. Results: The
mouse HIBD model and the neural stem cell in vitro culture system were established successfully. The proliferation ability of adult
neural stem cells derived from mfat-1 transgenic mice was higher than that from wild - type mice; mfat-1 transgenic mice showed
significantly enhanced proliferation capacity of neural stem cells compared to wild - type mice and displayed better behavioral
performance. Conclusion: mfat-1 transgenic mice participate in the repair of HIBD by promoting the proliferation of mouse neural stem
cells.
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B R I 1 X #5495 Chypoxic ischemic brain dam-
age, HIBD) J2& 48 i L 378 o8k 20> 545 1k, 5 S50 40 24350
srae e . T AR RR SR, KN & 52 B i
TR R F BT o M2 e A A AT AZ S i
250 AE I R LS ) L0 B A RDRT R AR
A LR RS A N PR i a8 S st o 43 £ ] 5 350 B )
ZIReREAF LT . HIBD £ RA 5™ B 1) A 4t
PAE Rz — o BEIRUTAE R HIBD (B 52 R Bk
BN ABIS A B %A H TR 97 HIBD M 259315 &
A X 250 R AL HES, R, H ATIE D) R R
BT A0 o

R n-3 2 AMEATAG T ER (n-3 polyunsaturat-
ed fatty acid, n-3 PUFA)TE B/j ¥6 HIBD H R 3£ A #i
YER AT IZ 850, B3 01 2 0E Je N AT 4 AL B
P B i AT A vk 2 4 O T DA B e AR Y
Sglosl, LEM LN, PR B DA B G S n-3
PUFA ZE MK T & & SRAEHEM X, IFH2
FI W S e 1 2, DR AR BF 5 ) P R 3R P TR
n-3 PUFA [ mfat-1 $2& [K/NOT REAH KW FT o fat-1
FEDRRIE T 75 W B AT 42 e, 9t n-3 23 HEAIE, AT LUK
n-6 PUFA ¥4y n-3 PUFA, $& 5 P U5 14 n-3 PUFA/
n-6 PUFA fJLUAE . mfat-1 %% 5L RN B2 4 fat- 1 22 4]
HYE D T2 AT 1Ak, A AR FLah Wi A AT DLt
ITEIMERURFRIL . n-3 PUFA 75K ) e 2k o0t
HIBD 53 (x40 00 HoAT — 5@ ORaP VR, T DL B0
X AR BRI A 22 TOIRBE R T A RES

FSCAF G 145 28 3 ) R T 9 AT R AR DX 3ERT B
FF 2230 AT B w22 AR < G 2 1) i 2T IX (sub-
ventricular zone, SVZ) 1 55 U5 IR [8] 7 kL 2 T X
(subgranular zone, SGZ)". EH W T TR, 75 i
12 )5, SVZ A SGZ [X I8 A7 £ 7 8 B 2 W] Bt 8
T4} (neural stem cell, NSC) 38 5, PL % [ [F] 0] ()
SZWEALTH BRI R. HEX AR
FRIEAS /& DB A Ji5 (R R i 4, R RHIE N 7
BT 5 B [ G ] R a3 P U A P 2 4 i S 5
o34 o AHIEFEE IR AL IE PR B A4 b 2 T4
0 358 L 1) A 52 SR AR T mifat- 1 % 6 IR /)N B HIBD (1)
L AE L D9 HIBD 67 3 BB i) BB A 7 il o

1 M#FAEE

1.1 ##

B 42 A (wild type, WT) C57BL/6J /N B8, B 7 58
EERKZ R AR s LAt . CSTBL/6) i 5t
(1) mfat- 1 %% 3 R/ B DA &% [R]85 B PR o /N B e

SRR F B S 596 o O 37, SIS FE o R
F R R RN S B A 3 2R 2 (R (fe 3 2R
Y45 : TACUC-2012032) ; Accutase 2 it V5 44 ¥
DMEM/F-12 ¥ 373 (B-27 ¥ 1075 b BB 62 8 22 b
W (DPBS) « L% DMEM (Gibco 23 &, S5 [ ) ; Bl % ik
2 e SN NP R N S 42 S s PR R N o= NN R NN
J& & HEPES 2% i 1 %) B 2 & ik (D 2,
LD L 5- 78R M SR 88 BE 1% HF (BrdU)D 4% % 58 FH S
47, 6- JpRFE-2- IR FE M| B (DAPD S Ak = R DU 4
W (2, 3, 5-triphenyl-2H-tetrazolium chloride, TTC) i\
7 (Sigma 2 7], 56 B 5 Ji & 22k A0 % 3 85 E (ITSS)
(Invitrogen A A, K [H) ; & W3 5 447K PI Staining Solu-
tion (Thermo Fisher Scientific A 5], Z£[E) ; BrdU Pk
(Abcam A ), EED; Z#1EHE 1 (Roche 2 7], K
1 s BRI O3 BT 3 R AE MR A IR A R
10% B[ FH AL 1E 8 = 138 GRPUH B A R]D ;s 73R
B PG R A T s oK LBE
(_E#PIR A F]) ; 2xTaq Master Mix (Fg 5o ME#E A
) 1% 1R Y B (I ABelonal 2 1) 5 5| % F 1| Fl
T 1R A ) B A% B IR T 1) FH P o 4 T il o W) A s
PBST ¥ ¥ « Triton X-100(AMRESCO, 35 ) ; £ i i
986 PU ATl . AR Tris EDTA. 8% B g
B CEg gL A F]D .
12 Fik
1.2.1 FRJEAB A Bk K 2 miat-1 #5 K R R a9 K
®A

W mfat-1 # FE /N5 C57BL/6] WT /N B AL
Pic S5 19 2 TN R R TN R G 10 0 Bk B
SN TC B EP & N, JIN 400 L 2R AN 2.5 pl
& B K (20 mg/ml) JG IR 2T, 55 CK i R ARt 14 .
] EP & PN S5 R AR (0 W/ 50475 5 W iE 10~15 s, =
L E 3 mine 12 000 r/min 250y, T EX _E 2T K
AR 200 WL FH I EP & o N 2 R5 AR BT
M TGK OB, IR eV 21 )5, 12 000 r/min &5 0> 5 min.
7L, ISEBEIN 0% LB E Ve, EE UL BB
B B EPE B0 T WKL B, T 4, I
65 CTRANITEH ddH,0 ¥ fif DNA, 73 Y66 FE T I
DNA [ FE 5 465 . R F NCBI M 35 Chttps: //www.
ncbi.nlm.nih.gov/) ¥ 11 ¥ 7] mfat-1 B 55 51 (1) 5147,
FPIR/N 438 bp, IR IV 511 85 -GGACCTT-
GGTGAAGAGCCG-3', ] A1 517 %128 5" -GCCGTC-
GCAGAAGCCAAAC-3' . ¥ PCR 7= ¥ #t 1T 1% 3%
s i 5k B2 HEL WK (120 V., 45 min) , 8 FH ¥ 12 A5
1CHE .
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1.2.2 HIBD AR Z 2

TR AR K FH 24 R 1 Rice-Vannucci 127
BT TV, A8 2% S e BRIRE /N B . A3 4B )
KRB B WM ERIEAT H G, 1
HFARTIAESNEFFEE ALk 1 em AE—KZ) 1 cm
IVIE . FEARALE AR T IR BB B M E 8 4y 55
B 2R S BET VR % B S T LS v 0 i 4B
FLA UYL ) R 43 55 0] WL 2e A 3 3 ik = A, e
AT L3 B 1 30 B K A HARAT B Rk A 2 .
AR ARHARE /0N o0 23 8 A A 30 5 5 Jk 2 s, 453 4% B 30T 1 K
FEME, LAz /N B IE 5 IR T R EUE T
Wi /b wIB I, BT RS R A Ak 10 s REAT ik ifi,
B HUS K IE F 6-0 48 & L A E L5 3L, FEM A4S
LR ] FH Y gh T BT BT LA . By R 2 RIS
2, RFFILE i 1. B E FRFET R 48 6 DI
HUNRFAR BB A HILE S min 7247 . BRFARANE
A4 B A SR Bk, BEASZE FLARAS BT WM 45

B RS 1 h, /N BRI S K HIBD 4173
NEPFRCEM T . (RS PR EEE A 92%H <,
SRR B I AE 2 Limin, (0886 9 4800 CR 7N
8% o %A I FE ¥ 42 50 min, R FFAEIAEE A
37 Co WA FE /N B2 IR B DT 4K, 0T AN
2, [A] BT 4 BT , B0 B PR e, e PRI | By kL
BHT . RFARANAfER A EE
1.2.3  TTC % &A48 0 K fute 4R AR

/N R RS P ORI i L T BT Sk E 4 i, I /K 4R T
i 2 TR , B T —40 CUKAE A% 10 min. K48
55 BRI 4L 27T 20 CA % & E, A 1)
JI R et AR AT IR 5 B A DR = 33K (75 IO 495 17 il
5~6 J JE T TR, B JEFEZ) 2 mme LA
TN — B ARFLHI 2% TTC ¥, LAIR B AN EL i
AN 37 CHRFEN, BECIFE 15 min 50K M F B9 TH , AH
[F4F FESEE E 15 mine WX ML 1) TTC I
MNE R 4% 2 EH R E e HR . i, g
Fii U R € COR i A5 B0 1 2H 23 P 5 ot S T 9 2k
ANEEFs TTC G ik R 2L, SR IS s T
AIE PR 25 i U, AT U TTC I8 SR R AL
o, W R . 8 Image J BT BATSEARFA
124 DFEATHF RS

Longa WF-7r EARERAE N /N AR TRAE HIAR |,
MENRATERE ST VR IR UESS RS AL 047,
1B, AR ThRES 5 143, XH0 HT TUR A8 58 42
J&, B EA A TR A ; 2 7, 47 B I /N B 1A RE g )
P, BEAR A D RE SR s 3 43, AT AR, /N B B A4

WA {5, =5 RE PP 2 D RE SR s 4 73, AR H KAT
i, ARk,

Bederson V7> H AR AR v /N R B R R
2, BAEHAR 07 1 m A, WA B . P4
PR UESY AN 0 9, TE B R I s 1 21, 1
5 2 25, P4 77 RO IR e A (3K 7 BRI T O
BIE: 3%, AT N5 2 MR, R .
1.2.5 D RARA T miesg i K -F4m

K AR B R KR I IR 1) Brd U ¥ v (BF
R FE9 15 mg/mL) o WisiAbFERHT 2 h %18 300 mg/kg
M (AR HE HEAT R s A 0 . VR A2 BT
A% %2 BE S T 58 24 h, Sl K GE B IR DL K A
PRI R ZH 2R B, 356 B/ BROK W ) SVZ X R SGZ
X AT B IRTH VD A 600 7 36475 BB, ddHLO 7
P2 K, BIR 3 mine KAV R NS A IURBE
WA, 121 C.3 min BEATHRIEE . E44E
M 2 mol/L #5182 37 “CHF & 30 min. 74525 1R, H
PBS & ¥ 3 YK, Bk 10 mine 00 RA R 7Y 1L 2 i =
T A1 b, B R P I BrdU Bifk, 4 CHg & ik
W BrZE—bi, HHPBSTIES) A 340 BHKS mine AN
PP, W E 1 he PBSTIEYE3 K, B S min, DAPI
#49% 3 min Hd A, TEFOL AT RO
1.2.6 mAKAZFmibikobish R mgd =

Y 8~12 Ji % 1) mfat-1 7 B2 K /N R A LA 5 WT
/NG 8 T T B AR AR /N BR S 48 3% IR Y 3 min,
75% W K5 BB TH B a5 2 PBS HHIR M Pk
13k . HUGTBY JI8Y s b 0B R Rk, BY I
s T4 3 ok Ao I A B 1 o 4 2 SH SRR G, FHAZ
i A~ 05 0 R P BRI o K 30 11 e R BRI RS
6 cm JC I [ EE IR LA, TV [ PBS IS ¥E 2 . 24
JE R B 6 em TR G FR LA, FH TG EA ) %
SR HEAT TR IR DD Fr o K BT 00 i 2 2 i S X
FE ) e R0 TG 1 B8 1 88 2238 1) 6 em TG 1A 1Y)
R, B N, D & 174 19 0.01 mol/L
DPBS. ¥ b — 345 1 5 el IR ) 7 #2440 B
T T F G A R R b At 2 2 0 i 2 = i S [X
I ZR o R b — 22 73 B AR AS 1 00 o 2 = o i
X [ Ao A 2R # 22 JE T 1 1.5 mL S50 A R I T
I 0.19% 11 JERE 200 WL, F TG B9 JIERF & B 7
Iy BT, RN LHR N 1.0 mm i fq o KBTI
(10 i 2 2 7 2 6 FLARCH , TN TIE T 0.19% 1) i
M 1 mL, 37 CEF 7= A 4L 30 mine &R 10 min HL
P B A R SRR T 1R, SR S W B A 4
RSl 5T AL LT FO i 4 2L ER R N TE TR FE 15 mL
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DEH, 350 g #5405 min, T FF EiE. A1 mL i
A4 7], 350 g BS540 5 min, 3 Ei& . IIATRHTE
MR 753 1 mL, ] 1 mL TG E S IS AN 5] v T
T MR . TERE IRV, B I 3R F G M3 5
77 3 (serum-free medium, SFM) , &g 2 d #E/7F &
Wi . 127 dAA, MET 4 AT Bk 2 3K,
P IREERS BT TC I 6 em B FR M b 4k B85 5% .
553 AR 2 BRI AL B B B, R R N 1 x
10° N/mL, #M 48 22 FR 2 (100 pwg/mL) Al JZ R
HF00.25 wg/mL)E LLFITR A W TTALEE ) 24 FLAR 1,
37 C5% CO, 85557 . 292 h J5#02 T- 20 T 45 G BE
2~3 d & , WEEER T 20 K B R LT Aa A A AR
1.2.7 Nestin %.9% 3¢ . 4= &AL M) s AR AY 22 T tm e T 14

WG % 2250 3R T 40 i, 1 4 4 e i 2% A
IX10°ANMmL « #MTHIA 2 R i E 7% &
P XUEL A 1100 1 B 16 24 LB R, AR 22159740 8 he
R AR 2T 2HBIC 5, Wk SEM 577 5. I pH
7.4 W TG PBS Z2 MR BEE: 31K, 5 min/iX. 4 CHi
A1) 2 IR I = IR N [ 52 30 min, o PBS B T
PR B VRS 3 W, BRI S min. 2 mol/L () HCL &
FE IR A 35 min, W HCL AW I pH 4 8.5 1)
0.1 mol/L B EREN AL, H A1 10 min. JCH PBS & T-#2
PR _E6#% 3 U K S mine I 0.5%0] Triton X-100
IE S mine WLRRIEIE, 0N 5% B 24 1 2 ifi.
BN, E TR L, MW h. BRrilEim
7, IO/ BT Nestin —H1(1:500 FiBE) , 267637 C
BFE 1 h, FEBN 4 CIEERIRF IR TE—,
FATG TR PBST & T3 K b ¥Ed 3 K, K 10 min. &
G Alexa Fluor 488 Fric i) 23t Bl — $1 (1:200
MR, K L=EIRMWE 1 he WER =P, HLH
PBST & T K F B 3 K, FEIR S5 min, B, A
DAPIE%ZE 2 min, B 2 HR 90 BB M S Al
1.2.8 Ay & F 4\ e & A& F) 4/ 2 & (oxygen-glucose
deprivation/reoxygenation, OGD/R) 5% 3&

WA KRS B IFIR R BRIE R 45 15 mL 5508
H1,200 g B0 5 mine WRBE EIEWL M 0.3 mL fii#k
(] Accutase V5 AL, B2 0T S BK, 18 3 5 TH AL I
IRA . B INNEER A0 B E T 37 CHI G
I, WAk 2~3 min, 500 g &0 5 min. R Accutase
AT, TN 1 mL SFM E B2 T4, A fE R
TR AR FT 60~80 T, 8 1 48 Bk 73 Hi Ay B 441 ff 2
o AN AT 37 CREFRAA P 30 min, 15775
A TORE R TRk . = AR A R I R AU T
—EBNE A&, A TR R R B R AR AR

b, BV BE 20 19% 0 FF AR TR, 2 h JE B 41 g, 36
HoR I H IR AL, dhaliE % .
1.2.9 RSl 22 T m B 7 fe 7 Ao i)

N4 10 wmol/L BrdU ] SFM £ 77 3, & T
37 °C.5% COJEFEAE 537 24 h, WA EEFREL, 500 wl
PBS ¥ 5 min 3 ¥K, 4% % % H [ [ % 20 min )5 ,
PBS FRJGEHES min 31K, AT 0.5%H1) Triton X-100
) PBS ¥ ¥ % 35 1 3% 10 min, W FREE W, N
PBSIZEHE 3 K. [ AEFLH I 2 mol/L 1 31 FR ¥ VL
T 37 CEFEA A 30 min 4T DNA A2 14 . PBS
S min 30 AL E ML, ZREMA 1R, N
A BrdU iR (1:1 000),4 CEH LR WFE—P,
F PBST ¥ T #E IR _FIEPES min 3R TR 644
NHIIANZE =P, EIRELFE 1 he W91, T
E ST T H PBST I T #2 K FZEBE S min 34K
PGB TS HARE, 115 BrdU PHAPE SR AL &5
S ) LA
13 “%itgik

T4 B8 2548 F GraphPad %4 70 #r . € B %
BEECHE L B bp R (3 + s0) o, P9ALEUE (1 B
% FH AR AEBE %T Student” s ¢ £ 56 04 2N BRIFIAT
NEEVE R EER AL B R . P < 0.05 N2 5
BN -9

2 % R

2.1 AT A miat-1 /0 B A R A K 52 543 HIBD
A

R HL Yk 4 SR TR, YikiE 6~10 H B 438 bp [ FH
PR F B (I 1A, 2 mfat- 1 %% 352 R BH 2 1R /D B
A g5 LA 350, B ik B 1B F 8% AR A sk 47
HIBD i A5 i, WT /N 5, B e (B 10) VB R 34 B
FE AR IR0 19T P 25 2R 0, 2 WA AR A 2 » BB /)N
BRI 0 L R AL X
22 mfat-1 /) FAT H F K E B AR RARAR B )

H 2 # 1¥] Longa ¥F 7 A1 Bederson ¥ 73 ¥F 4l
HIBD i 1555 24 h /)N BRI 48 Dy e SRA AT #2247 19
R W 2A Fiaw, 1B %) B R TR 41 0 i
B/NBREHEAT AW FRII NN, BonHs
IR I AR B4 . 1 7E HIBD 36 45 40 11, mfat-1 /) B
1) Longa W73 5% B A UK (2.05+0.69 vs. 3.35+0.75,
P <0.0D), mfat-1 HA FIF 14T RNF R, Bor B K
S5 B 2B H ) Bederson P4 th R T
FH A () 45 3 (WT+HIBD 41 2.55+0.60 vs. mfat-1+
HIBD #1.35+0.59, P < 0.01). LL 45 5% 8, mfat-1
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A: The result of gel electrophoresis of F1 progeny mouse genotype
identification showed that the mfat-1 transgenic fragment amplified by
PCR was 438 bp. The “+” lane was the positive control. The “~” lane is
the negative control. M stands for DNA marker. B: Ligation the left common
carotid artery of mice for HIBD modeling. C: Mice after successful modeling.
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Figure 1 Identification of mfat-1 transgenic mice geno-

types and the establishment of HIBD model
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T FEAR AR S 2 08/ (I 2C) o K REAE X s AR R 1
AR AR E 4y b HEAT S84t . WT+HIBD 21 & mfat-1+
HIBD ZHAH A X S AR A 5 L4331 9 (31.48+3.52) % Fll
(16.07+2.52)%(P < 0.01, E2D) . %45 RFK ] mfat-1
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A: Box plot of Longa scores for different groups ("P < 0.01,7=20). B: Box plot of Bederson score for different groups ("P < 0.01,2=20). C: Repre-

sentative images of TTC-stained cerebral coronal sections of WT sham group, WT HIBD group , mfat-1 sham group and mfat-1 HIBD group. D: Box

plot of quantitative assessment of cerebral infarction volume in each group("P < 0.01,n=7).
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Figure 2 Neurobehavioral performance of mice and TTC staining of adult mouse brain tissue post HIBD

side ZH [1) BrdU FH % 41 ff2 5 WT+injured side 2H B &
W% [(36.33+3.91) P ws. (28.78+3.19), P < 0.01,
Bl 3AB1. F2HH mfat-1 % FE PR /)N BRUAH 281 40 PR 1) 3
B RE 71955 , I AT mifat- 1 % 35 DR /DN B3R A0 4 46343 15
HRe Wik mm VIR .
24 WZTFmMPARIIER RGNS

B 8~10 Ji % /N ORI, SR AEs T 7 2 41 B AE
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BT 40 B A B e 2 A Bk (] 4B) , 785 97 2
R PR AR G A 2 T A PR ER AL 3 R BN A R N
% T TR AN 2 R B O T B () R L, s
T2 EE A, TE R E I (B 4C) . BL= 7
1) 4 P A FH Nestin 3X /> #8241 B (1) b5 12 266 (8] 3F
AT HRIEROG, 45 R IR 73 B 15 57 I 40 I K8 40 S 3

Nestin FHE, Ui BZ A0 M0 A0 28 T4 i (B 4D~F) .
2.5 ARINFmAR g IE Ak A 6948 M)

XA 5 55 PR B 2 U B A K ) i 2 T A AT
OGD/R &5, F| FH BrdU FuAR dEAT S 9% 92, 2t i
s S LS AR (B SA), 115 Brd U FHEZH A & 2
AHRR LL (BT SBY o a8 B0 AT R I, a5 s B A 2
/IN B 22 T 40 B 3 B e 00 BOR & AR AH A P 1Y 5
[(27.54+3.52)% vs. (73.00+4.82)%, P < 0.01], mfat-1
B JE DRI /IS BRI IR 1) 4 281 41 O T S A 5 1R L R 0 e
WT i B2 15[ (61.83+4.83)% vs. (73.00+4.82)%,
P <0.01], 5/NER AR P SEEE5 R — B0

3 4t it

A AW T8 B A T LA 00 30 = 0 i =
I R L (R BRI 5 3K A 7 I 7L 3 i A
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A': Immunohistochemical results of BrdU in SVZ region on injured and uninjured sides after HIBD modeling in WT and mfat-1 mice (Scale bar=

100 pm). B: Corresponding quantitative results("P < 0 .01, n=10).
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Figure 3 The proliferation ability of neural stem cells in mfat-1 transgenic mice is enhanced
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A: Diagram of the mouse subventricular region for isolation of adult neural stem cells (x10). B: Suspension cultured nerve balls. C: Adherent

monolayer neural stem cells. D: Nestin(green). E: DAPI(blue). F: Merge (B-F: Scale bar=20 pm).
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Figure 4 Immunofluorescence and morphological observation of neural stem cells cultured in vitro
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A: Immunofluorescence of BrdU before and after OGD/R modeling in cultured neural stem cells derived from the mfat-1 mice and WT mice(Scale

bar=20 pwm). B: Corresponding quantitative results("P < 0.01,n=6).
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Figure 5 Enhanced proliferation capacity of cultured neural stem cells from mfat-1 transgenic mice
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