IREYES#HE biomed.cnjournals.com Progressin Modern Biomedicine Vol19 NO.7 APR.2019 £ 1227 -

doi: 10.13241/j.cnki.pmb.2019.07.006

VA3 TREK1 X7 bife H e TS5 N BDNF Z&ik it *

xRS AR IwT RS
(BHELERERRFFH-WMEERCHSE ®E &% 710032)

BE BHRY:WRAF TWIK 4989 K@ id 1(TREKL) ¢y R L Ab 2 T am fo 38 78 F= i R M A 2 % Jf B F (brain derived neu-
rotrophic factor, BDNF) & ik ¢ % v, Fik: A F 10.5d C57bl/6] /s R ARG 5T o 5 & B A 2 T 4 jo 5F 355, A tm Bk 3] 70% ~
80% k& )5 , 3 4m JL AT IR 9% 2 T TR, 40 JL - sham 28, Ctrl 28.( 4% 3 5F Fs% 4 ), Plenti-TREK-1 28.( 4% 4 4% 4 TREK1 4 ik #i4k
S 7 )Fo sh-TREK-1 28 (% % 3% % TREK1-shRNA 5% 2 ), & | CCK-8 kAl G & T HUE 3 Rfe 7 R AW E T anf0ed s A1,
KA qRT-PCR # % & F g 7 X &-204h 2 F am it TREK-1 & B & k5 00, FF i@ i Elisa #0i & 2040 22 F 2w i, L% i BDNF &
KT, R 5 sham 24904k, (1)Plenti-TREK-1 28 TREK1 & B & ik Lif, 4 22 F dm i 09 4% 22 3RAR AR ), 0 78 ) A&, 2w
R ¥ sk v, 20 i k5 BDNF /K-F F FK; (2)sh-TREK-1 28 TREK1 £ B £k T, 40 2 F 40 fed 4h Bk RIE i  mnjoiE H 35,
om JL 38 3536 Fm , 2w i £ 7% BDNF K-F Lif;(3) Lk &5 4% Ctrl 15 sham 282 8 R%it 3 £ 7%, St A2 Fampmigmns
TREKI1 i#i8 %3948 %, 8 TREK-1 T vA%p #)4¥ 22 -F 4n 0.3 78 & £ BDNF 69 % ik KT 5 T8 TREK-1 R 5T A #E 40 22 F 4m 038
785 L83 BDNF 49 &k KF

ST AP 2 F 40 i ; 38 75 ; TREK-1; BDNF

FE 32 E:R-33;R331.2;R3382  X#fRIRAG:A XEHS:1673-6273(2019)07-1227-06
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ABSTRACT Objective: To investigate the effects of TREK-1 over-express or knock-down on the proliferation and brain derived
neurotrophic factor (BDNF) expression in neural stem cells from the mice hippocampus. Methods: Neural stem cells were isolated from
the embryonic hippocampus of 10.5 D C57bl/6] mice and cultured. After the cells reached 70% ~ 80% fusion, the cells were subjected to
lentiviral intervention and divided into sham group, Ctrl group, Plenti-TREK-1 group and sh-TREK-1 group. The cell viability in each
group was detected by CCK-8 method at 3 and 7 days after virus intervention. The expression of TREK-1 gene and BDNF in the super-
natant was detected by QRT-PCR or Elisa at 7 days after virus intervention respectively. Results: (1) Compared with sham group, the
mRNA level of TREK1 was up-regulated and the volume of neurospheres, cell activity and cell proliferation as well as the level of BDNF
in the supernatant were reduced in Plenti-TREK-1 group; (2) the mRNA level of TREK1 was down-regulated and the volume of neuro-
spheres, cell activity and cell proliferation as well as the level of BDNF in the supernatant were increased in sh-TREK-1 group when
compared with sham group; (3) There were no significant differences between sham and Ctrl group in the above parameters. Conclusion:
The proliferation of neural stem cells is mediated by the expression of TREK1 channel. Up-regulation of TREK-1 inhibits the prolifera-
tion of neural stem cells and the expression of BDNF, and down-regulation of TREK-1 promotes the proliferation of neural stem cells and
up-regulate the expression of BDNF.
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TWIK #H % K18 1 (TWIK-Related K* Channel 1,
TREK-1) /& —Fp XALES 83 K 3818 , 782 K h 2635, Fe 3l
JETE R BT NIRRT S R 2o MR TR I B A, S 5 40
G IRFEAA TR IR, DIFERFSY &30, TREK-1 7] LR
RO RSN IS, I8 25 T H P VT xR s &
BRI T A TS (EL A5 TREK-1 X6 251 40 At 189 2 4 52 0l S H:
AT BERI ML g A28 . IUAh  WFGT Z3, A 42°8 R H F
(brain derived neurotrophic factor , BDNF )¥E K fiiki Bz i A1 5 [X.
Ik, W LR T G A . BEIT TREK-1 WT LA 981
) CREB-BDNF {55 9, B0 Ji o 24t ifd = 3% 15 TREK-1
Ji ,BDNF [3RK7K P REAR, It N I TREK-1 )5 , A] Uil 55 96
ik TR Y IR B 4 il BDNF kel e ™, (Rt , A5
i 3 B A SR/ N LR 28 T 40l (Neural Stem Cells,NSCs) , 44
4 TREK-1 %5 % & RNA (short hairpin RNA, shRNA ) fl =5 3
KB AR (Plenti-TREK-1) {18955 8 , W2 T e i dvJm , HiMag
A TREK1 X /NG 28 T 40 ML 35 5 A BDNF 34 (1 20

1 MR 575

L1 #F#

(1)S253h4) . SCE 42 10.5 d C57bl/6] /B, HI 25 2245
[ R 2 S 6 By O R BE IR 3 . SER I BB il 2R E AT
FE R O T EL AN R TR A LS o (2) FEAULS
PCR {¥(Thermo Scientific); S 7€ & PCR {(Thermo Scientific
PikoReal); 4 BrltRil (Thermo 2] ); 1E RN MBS IR 46
(Thermo Scientif-ic), (3 )40M% 57157 : DMEM/F12(Hyclone ) ;
20 ng/mL 7 M B¢ £F 4k 40 My 2E K I F bFGF (Peprotech,
100-18B,USA),20 ng/mL _I- {7 4l ifg 4 4 K- EGF (Peprotech,
400-25,USA ),B27(Gibco, 17504-010) ,HBSS (Hank's Balanced
Salt Solution, Hyclone ), (4)31{4: mouse anti-nestin (1:500, Ab-
cam, UK),mouse anti-BrdU antibody (B8434, 1:500, Sigma
Aldrich), 76— #i (Alexa fluor 594 donkey anti-mouse IgG, 1:
800, Invitrogen, USA)),Alexa Fluor 488-conjugated secondary
antibody (A21202, 1:500, Invitrogen, USA); BlLfk. N I (PT; P4170
Sigma-Aldrich, USA ), (5)HAthix5]: Polybrene( Hexadimethrine
Bromide, _[ifFElIEHE L2545 AR FRAF] ), RNAiso Plus( To-
tal RNA 2 U], Hig sl R AL EHARGRA A,
Prime-Script RT i & ( i S EF AR AR BFRAF),
SYBR Premix Ex Taq ( 75 PR K LFEH ARG RAF ), Cell
Counting Kit-8 (CCK-8,C0037, £ 7z K A= ¥ £ A /8 ] ) ,BDNF
/B Elisa 38055 &5 (JL &0 Sunred A7) ). (6) 185K 5 : Rk EHXT
TREK-1 [ ¥ 51 i) 5 & J& RNA (sh-TREK-1) 185 75 B 1
St BB s 25 (Ctel ) T 5 2255 TREK-1 (1418 9% 7 ( Plenti-TREK-1)
¥ B i R AR AR R A
1.2 LW HE
1.2.1 MR NSCs I B R EF: Bisidbst22 10.5 d C57bl/6J
ANER, U AT B, 239 L BT S, B 14 1~2 mm® K/ 41
P R T & HBSS B0 32 )2 HBSS, i ] 0.5%
[l (7 EDTA)37 C 4k 5 min J5 A 7 10% i 4 135 89
DMEM 2 |74k, 800 r/min &5.0> 5 min J5 % F¥E . {#H 200 H
Do G AT AL U0, 90 J5 B IR TVE B8R T° DMEM £ {1

DMEM ¥ 3 Wi, IS A A1 B27 By 5535 H I 45 b
TS, BT 5% C0,37 CHaR4a ISR, 43 Kb E
i, EANMTRE A3k 80% E A TANMIAL IR, U EZL 1x 10°
A / mL (B BRI IR (4 mL /) b, JFESA 20
ng/mL bFGF TR R IR ALK 5557 7 KIa A2 0
2ok, THEE DA T

122 /NGR NSCs B E  IEMAIKRIFE4 CHRBTT
4%Z BPREFEE 2 /M, RIGHEACRETHBESSE
20%REAERY 0.1 M IR ER 22 v (PBS) i 7%, LA #EAT¥8 VR IR
1o FMRIRAEIREF VIR Y R (10 wm ) I-[E 58 FERER ALY 28
PR Lo PBSYEE3 IR, HEERFWSH 1%4miE AR
(BSA)F10.3%Triton [¥) PBS I A M3 PA] 30 23, &
F B , T AR B /N BRBT Nestin Hip A3
4 °C i1, S8 )5 A PBS iR 3 I, EIRAHETHE M ZOE —Hi It
B 2/ S IS DAPL AR IR FIFE 20 440 LI
Y%, PBS WUk 3 Wk, IF B2 7E PBS/ Hili i A L, BET
{5 2 5 i T gE

1.2.3 BrdU #&ill A1 10 pM BrdU Frid#ii 2 T 40 ek 5 K%,
SRJEHE B T B A PR B, JTAE 24 FLAR P AL 3% 10 vk
FEHFP RN -L- MER 338 o 5558 6 /RS Kl
MITE 4C 50T T 4% 2 R R EE 2 /N, 0 1.2.2 prik
AT R AL E g 6, /NPT BrdU Hi{Af Alexa Fluor
488 IR PO S (T 50 e/ mL BLLE P E (PD) X
MR TR YT e PBS/ HhB#at i [ (PG B
BETHEL BrdU FRic FO 4N, JFGeit 2L o c a4t MO 2 (PT 4 €4 () 40
i) B ]

124 FEFH  KBXBERBOAMLL 1x 10* 4200/ fL
e ) 96 FLAR AR 5% 105 A4 / FLIEFRNE] 6 LR, JfAE
37°C TWEE . T4y sham 41, Ctrl £H , Plenti-TREK-1 £ Fl
sh-TREK-1 £, RF4HMIIRE] 70% ~ 80%@L A J5 , AR ULIA 5, fiff
JH Polybrene 435} Ctrl 2H Plenti-TREK-1 ZH 11 sh-TREK-1 2
HEATHE YL BIBF 20 L Polybrene(5 mg/mL)A 50 wL %5 R 55
% 47 ¥ B :sh-TREK-1 4 5.0 x 10® TU/mL,Ctrl 4 4.5 x 10
TU/mL, Plenti-TREK-1 3k 4.9% 10° TU/mL)fif A & 20 mL §% 55
SRR A TR AR 55 . TRIRTRE YY) 24 /it
BRI R YR A Y JFAE 37 C R akEE R

12.5 CCK-8 ;R MLMARIE S MEETHl 3 Rel 7 KJ5, DA
100 L/ L1796 FLANMEAR A 10% CCK-8 ¥, 4k&ered
OB SR 4 ho 96 FLAT MM BRI e 4G 43, 72
450 nm P T RIS FLA I C A

1.2.6 LAEE PCR (RT-PCR) #&il] TREK-1 7K X4 Atk
TR0 7 KI5, W4, 3T RNAiso Plus MAAHAf 4 HL
mRNA , 3/ F§ Prime-Script RT 877 & 106 4% 5% i cDNA(37 C
15 5344 ,85 C 5 #H14 °C 10 434 ). FfiJ5 , Hl SYBR Premix Ex
Taq jf 3 qPCR & A6 I 3k B Fe 3k . IRy RT-PCR 5|4
Takara 2\ &4, PN 1 Frs. P2 qPCR F2F 40
T (DIAMERR 95 C R 30 b, SR 502 40 MEH Y 95 C
Fi8z 5 70,60 CHELL 30 55 (2)1 MEFRR 95 C Regk 15 #0,48
JERFETE 4 C o BliJ5 AT 2249 Jr kst TREK-1 AL Rk
HIAHRTAE L
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% 1 RT-PCR 5|¥/F 31

Table 1 Primer sequences of Real-time PCR

Gene Forward Reveres
TREK-1 TCAAGCACATAGAAGGCTGG ACGGATGTGGCAGCGTGG
GAPDH CCAATGTGTCCGTCGTGGATCT GTTGAAGTCGCAGGAGACAACC

1.2.7 ELISA #;ill BDNF 7K £ fff H JC TR 48 I 4 45 b B4 400
i, 5.0 20 min 2245 (2000-3000 r/min ) , 8 | 3 flch 725 0 RE
A, Z M8 Elisa Sl B 5 , 3 A5 K R ) 38 3 Al A SRS
A5 S b v Hh 28 LA SAH R A i 1) BDNF (1) 8 o
1.3 SEitE R

TIEE R RHBIEE frfE2z (SD) MIERFExR, R
SPSS19.0 BB GE AT o £ 4 22 B Y LA FH B R 22 247
BT, T P A0 L3R Pl e/ N dnb 3 228507 (Least significant differ-
ence, LSD )5 ;1% P < 0.05 A S22 X,

Nestin

DAPI

2 #R

2.1 NRWETHMEHEE

FETCHLAE SR HE P RG22 TR T A T %
(QHIEEESSS QISEE /TR S UN Ll L SV NSIB PuR b 22T AV o =
/1 Bl 5 e Bk 1 SR P AR 1R B0 (Nestin,, #2820 i A9
PRICHD) X HGATTITA %08 o SRR, M Bk iR 2 K
J Sk SR PR CIRE 1B ) , 2 B A S 36 B 55 A 614 200 e
SR AL, FT T RS SRl A

Merge

1 #ZFAAEAY Nestin S g(x 100)
Fig.1 Nestin staining for neural stem cells (NSCs)(x 100)

2.2 A3 TREKI X{/NRHE T 40 Bt A9 520

W 2 iR 8 T HUG 3 K, sham 410 Ctrl 4 2 ] #i 8
BRURTR N 20 3% 16 3% 25 5 (P>0.05) , Plenti-TREK-1 4{#1 22

B TR A0 i 15 3 4 5 /N T sham 20 F1 Curl 26 (P<0.01),
sh-TREK-1 215 sham 201 Ctrl 202 [b) G B 5245 R,

o

A B C
100 nl}.l--
3
P L — m DE T e
L g £ T
H] 8 0.4
£ an = -
Ezn-— -gu-
i 5.,
S 7L
& i

2 BFEETHE 3 XMHETHIEENZ M, (A)BRETHE 3 RIMESK(x 100), (BJHEKERMERE, (C)E8FRETFHE3

R 2T L ARE

Y80, 3E:5 sham F0 Ctrl 5Lk *P<0.05

Fig.2 The effects of lentiviral intervention on proliferation of neural stem cells 3 days after intervention. (A) Microphotographs of neurospheres (X 100) at
3 days after lentiviral intervention. (B) Histograms of sphere diameters. (C) The effect of lentiviral intervention for 3 days on neural stem cell viability.

Note: *P<0.05 vs. sham group and Ctrl group.

WK 3 prR, R dE T U5 7 K, sham 441 Ctrl 2 2 [] 28R

TR 2 M35 1 TC 2 2% 5, Plenti-TREK-1 2 #1 £8 BR AR

A0 R S35 /N T sham 241 F1 Ctrl 41 (P<0.01),sh-TREK-1

ZH BRI R S A BTG 7 3 = T sham 41 (P<0.05) .Curl 41
(P<0.05) }% Plenti-TREK-1 ZH(P<0.01),
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Fig.3 The effects of lentiviral intervention on proliferation of neural stem cells 7 days after intervention. (A) Microphotographs of neurospheres (X 100) at

7 days after lentiviral intervention. (B) Histograms of sphere diameters. (C) The effect of lentiviral intervention for 7 days on neural stem cell viability.

Note: **P<0.01, *P<0.05 vs. sham group and Ctrl group; #P<0.01 vs. Plenti-TREKI.

WE 4 prs, B EET ) 7 K BrdU Y@ bric 4 R W
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4 BRBFTHRE 7 XIWETHMIEAEMARN, (A)BrdU e, (B)BrdU PHIEMALL G155 iTE, i :5 sham #1 Ctrl #8EE **P<0.01,
*P<0.05; 55 Plenti-TREK1 #gLt #P<0.01
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Fig.4 Microphotographs (A) and histograms showing BrdU incorporations (B) of the NSCs following interventions with lentiviral for 7 days
Note: **P<0.01, *P<0.05 vs. sham group and Ctrl group; #P<0.01 vs. Plenti-TREKI.

23 mETFHX /MR HETHAE TREK] /K F R A EiER
BDNF 7Kk 3§ i

WE S frn, WS THE 7 K, sham 41 Cul 422 [7]
TREK-1 #:[H %55 J0 5. %25 5, Plenti-TREK-1 4] TREK-1 3[4
Fik B E S T sham 2H # Ctrl 40 (P<0.01),sh-TREK-1 41
TREK-1 X % ik K T sham 2H (P<0.01) .Ctrl £H(P<0.01)
1 Plenti-TREK-1 41(P<0.01), IHAh, %5 THiJ5 7 K, sham 41
A Ctrl 20 2 [a] |3 W BDNF 2 3k /K 7 JC 4 % 22 5 ,Plen-
ti-TREK-1 4H | 7% BDNF 23k /K 2 2K T sham 24 il Ctrl
2 (P<0.01),sh-TREK-1 41 |7 # BDNF FKik/KF 8 & T
sham 2H (P<0.01).Ctrl 1 (P<0.01)#l Plenti-TREK-1 £ (P<0.01),
ULHATREK-1 AT L5 /N BUP G i 26 1 40 s BDNF (1) 36387k
-, 1 7A TREK-1 F3k ] AR N BLUR 25 T-40 s BDNF fiy 3%
ik, [z, B TREK-1 AT3G /NG 22 T4 i BDNF 334

3 7tig

P2 T4 it (neural stem cells, NSCs ) J&—KFE7E T IR JIGFN
BAEZLY P X RGP g RN, B B R A2 1)
S aE, HIaE AT Moo A S HNTE SRR A i AR
T R4 S AR BRI ) AH EAE SRS ARG . Bl 28 TR
FHEIE T Z e AR NSCs, HATLL A R IH I =LA R h 28
T AR AN, W R T AR s R A s b 22T BR TR
JRHG & BLAG I 22 T A AT , &R AR RS B R ZUEE R A fhtk
AT HEAMALTHMA R, PR, ZEWYT s A
o MR R AT IR B W R R M e A 7E AR S DAV
BB R A, RG22 R R T8 T RIS K A 2 T fE i
AR EAZR, 25K st , 585 X812 A
MIELDIREA R0, FERAEFLP i) P Bl 2 R G, pl 2t
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5 BEETHE 7 X3 TREKI mRNA(A )Fn4ifE _E 5%k BDNF /K ER%E(B)HISME, i : 5 sham #1 Ctrl #8LEE **P<0.01,*P<0.05;
5 plenti-TREK1 48t #P<0.01
Fig.5 The effects of lentivirus intervention on the expression of TREK1 mRNA (A) and BDNF level (B) in cell supernatant at the day 7 after intervention.
Note: **P<0.01, *P<0.05 vs. sham group and Ctrl group; #P<0.01 vs. Plenti-TREK.

S BRAE A DX« ¥ B DX A I 3 T DORITEIR BT, A 2L,
SN P A 28T 2 L (N SCs) A= AR 70 MRG58 1N, i3 1)
3 U (RMS) i) MELER (48 15 357 19 i 26 78, T AE 1 S5 YUK T
2, 7 A 1 bR TR 5 4 s R R R A R H % NSCs /
M2 K RGN AR E , {H NSCs A4 Bt 25 45 I 1 184
B W80 , 3 AR PO B 2 0 B R R s>, A
S, NSCs FEERK/NAT 51 F & MR 18 8l 2 I 4 FR T
P26y CANBTImR 24 A g ha s 7)) ke o,

Bt b 25T AT A A 22 BRI ST LA S AR 8 )l 281 40 i
FIANWIER AR, AATTRE B0 ZE T AU AT BE 45l B R i
PRI FH 27 T2 . Pz T4 1 35 53T AR RA 5] A4 )
RE I R T 7R3 TR AYYT 2 vh N /vl R , o an A 12 o
rREZE LT 4H 2GR AR 2R AT PR BOIRYT . ST
AMAEAr Iz R AT R — RS A0 il A 2 A, RO T AR Lg% 4
BN BFACE IV S AN A I 3L TR A 1 B2 24 15 o 4% 019,
I, T B AR A S R AR 2 R A R AV AR ALK
RTFRAR GBI TRV TT W i 2 A U R AR HE R

FKNRIE L T s B TR O, AR AR T
ARSI OBk G Fal s N LR WA B T R HE AR L AR
PELE A4 Kl TE 2 o U T4 Kl T8 (Kv) L P i K
380 3 (Kr) FH R LIS, K 38 38 (K2P)™, oy, ALES M3, K i il
(K2P) G 1) ) 51 3 e A 3, I FLBR K i 22 b g DA 2067
2PN AE T , AN 2 R PR RIS W RTRYT T R P,
BT I FEZ A 2R T () 2 F 2R Fas i A
IHREA T B AR A0 A U B AR DL R R B AR T SRR
BUEHENRER T EMNS 5P A RS (CNS) BRI R,
TWIK AH 5 A9 K* 338 38 (TREK-1) J& WAL 45 #y 4a, K 38 3 (K2P)
TG A Z— , HoH AR R T B2, 2 5 401
FE IRTE RN TR IR T Y, AR A 2 T A M R — i i T e
PR HEETAEHD, H IR, TREK-1 3Kk 355,
FEBIRAE B2 /NI R I Y P ST 0 R 5 400 i v 3R,
IV B AL K i B AR 2 R G fa S h i AT T
SR AT FP A RIESE, 3 ELB L BLAGIE A 25 I A o
YRS Fi38 (40 TREK-1)A-F8{5 5% e Se Bl 28 IR

YA AN 220 22 (] O AA AR A AT 2 AL 3 A e SR,
Ab, TREK-1 $55 ¥5 B i 128 B i) JURD 32 224 2, JF HL A
R 2 S IDARAE , W L0 0L % s D) R e A 1 A S, IR 98
B, TREK-1 #1i 71] spadin 45 — & FIHTINABSER , 1M A& AT LA
PRI T P2 e A9, AT A AT HABFSE BUESE , TREK-1 21
PR ) S ok 5 | S A N R A 9 S8 FH 407, 1 TREK-1
B TR AN AT LA ) S5 JRU Bk BTSS0S 1, 38 1 LA A SR Tk BT
B Db & Z A4, R, TREK-1 AT X i 2
KA TRTVER, (R g T A A E R E R AR 2
N e T T VI (PO L0 s R T = W i B 20 R
Jfif) TREK-1 FikJ5 , v] LABEAR A0 1 , 98/ 3 BrdU BHH:
YRR A ECE, A ; [, TR TREK-1 DU AT DL AR b 28
TN AG A I b IR A0 FE 4 22 BrdU BHM: 200 500

R T - HET TREK-1 AT GERPE ML, ASBF 90— 20
A T 4% A FELE 41 i3 BDNF B97K A9 25 5 . BDNF 2414
TN LT RE R TE B R R 2, AR R B AN T X
ik, AT DS 2 T A MR A R AR S R B R E AN
Thh ] SRk R, 5 2R Rl 2R A TR 2 S A
G DIAR M2, T I, RS M SR T ik BT A Bl 48 7T
B4 B T BNDF, #1251 BDNF i ik pl 251 40 it 384 5
AT A A 2T A, AT RELIAT PR R P sk /b MR A4: ) BDNF 2471
0TV I I 5 5% B A e 20 A A DR AN FE AR L AR K
PEER SR R sh R op I 1) BDNF KB 8 F
R s & A A2 4 2590367 AT LUE & _F R K ik & BDNF
KFFRN G & AR iR, IR FE I, ks, EF
5T % B, BT TREK-1 AT ) _I 1% 5 o ) CREB-BDNF {5 %
o, FATREEM AR A B, RIS BT 4N = 2 35 TREK-1 )5,
BDNF (1) 3&35 K- FAK, 1t T 8 TREK-1 J& , BT LA 61 55 56 ok
SREUR I RSB BDNF FAu/ g, AuFsr s s,
198 TREK-1 1] LAREICHI 2T 40 il BDNF [ 3R35KF, R,
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