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BE, HR 229 730050)

(5] B % SLC6A4 JLH RNA T4 (RNAi) - & ¥ RNA(ShRNA) 1895 8 £ A H K, B B8R EF AN F UL
SLC6A4 H:[H ) PC12 AUEFRFE MM 5, Al SLC6A4 I FIVTB N BB S AR T- i . ik A Al 3 A%t x
SLC6A4 N H) shRNA THLFS, M T TR 8 R b GV248 H, 7 293T il b AL B e ATl TR tu st . By R lE
R TR SR AN AR PC12 A0, Ot BB AR GFP 5, ik it shRNA THRIF 1, 1 FH I 85 25 ik Hh ReUe e 1 4
Mutk. R RT-PCR J5 kAl SLC6A4 KL [N Y335, Western blot J7 ¥l 2 1 5-HTT A FR3% 484k, It =X 20 Jf A A I 9T 8K
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Establishment of SLLC6A4 gene silencing stable cell line in PC12 cells and the
effect of SLC6A4 gene silencing on apoptosis of hypoxia PC12 cells

ZHANG Dongmei, GAO Yingchun, HE Lei, CHEN Keming, LT Wenbin, WANG Rong, MA Huiping( Department of Pharmacy,
the 940th Hospital of Joint Logistics Support Force of the PLA, Lanzhou 730050, China)

[Abstract] Objective To construct SLC6A4-shRNA lentiviral vector, establish PC12 cells stable transformation cell
line, and detect the effect of SLC6A4 gene silencing on hypoxia induced PC12 cells apoptosis. Methods Three specific targets
sequence of SLC6A4 were designed and short hairpin RNA was synthesized, and then were recombined into shRNA expression
vector GV248 plasmid, with non-homology shRNA sequence as negative control. The connection products were switched to
competent cells. After dentification and sequencing, the vectors were co-transfected with the auxiliary vectors into 293T cells in
order to produce recombinant shRNA lentiviral particles. Then, PC12 cells were infected with the recombinant lentiviral and
screened by puromycin. The PC12 cells were divided into two groups: lentiviral negative control group (NC-shRNA) and SLC6A4-
silenced group (SLC6A4-shRNA). The expression of SLC6A4 mRNA was detected by real-time fluorescence quantitative and the
5-HTT protein level was assayed by Western blot, The effect of SLC6A4 gene silencing on hypoxia induced apoptosis was detected
by flow cytometry. Results The SLC6A4-shRNA lentiviral expression vector was constructed and the recombinant lentiviral
particles by packaging the 293T cells were obtained, the stably infected PC12 cells were established after filtering. Compared with
negative control group, the expression level of SLC6A4 gene and 5-HTT protein in SLC6A4-shRNA group was suppressed notably
(P<0.01). It was confirmed that lentiviral vector could effectively silence SLC6A4 gene in PC12 cells and SLC6A4 gene silencing
could decrease apoptosis rate of PC12 cells under hypoxia condition. Conclusion The SLC6A4 gene of PC12 cells could be
effectively silenced by shRNA lentivirus vector, which could reverse hypoxia induced apoptosis.

[Key words] lentivirus; SIRNA; RNA interference; SLC6A4; apoptosis
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TREARER . MIRTE AR SN G S SR A A
FEAE AN, LA DA A A ., BT R R
Ko MG /D | AR AR A, SR I A e R B
TSR, o SRR AU 2 20 B e H B R B AR
PR, S B 2 A A B AT, A TR
AR T B 2 AN MG R AL . SRR
IEAR(5-HTT) & H1 SLC6A4 Ft P J i i) — e Ak 4k
) B s R, AE R AR Z o | il 8l kT i L
YA /ISR A YA Rk, BT RR N
AN AR S-HT PR HCZE 41 P & 4 A B AU
5-HT VEAIEPEEALY) A 5 B gk, Wk
o D] A R B TR TR R A S B R Rk 1R
() A0 B R T, R E AT R, BT LLIE R
PCI2 B8 T 5-HTT RiLF+i&, 4h T—ER =
() S-HTT 0 il 570 5 B2 V5 VT J5 T LAREAIL PC12 4
L S-HTT FBMYE T, IR EL4E5E 519 PC12
YR 0 Y, AR R, R A S R U A
2 S-HTT £k Th s, HLsl-S A s T 565,
THSIE 5-HTT Y4878 T 75 B 480 b 22 20 it v (4 A
FH, F-ATHAIH RNA T3t (RNAI) A4 7 744 2§ i)
SLC6A4 KM 440 & ¢ RNA (shRNA) T 2H 189575
R IR AR, HE 57 PC12 4 SLC6A4 FEH T4k
() Fa e Fak 4Rk, 7 PC12 40 i SLC6A4 F:
R 63k LK S-HTT 85 g Rk, I S B il T
TUER SLCOA4 HE R A ML T A 52 M, LASYI A 5 [
P2 450405 FH D& B9 (A IF 9% 4 (AL BRI Ak 4, B 4
mr,

1 MR5REE

1.1 EEMHENE

RNA T (RNAI) S 1R 2 A GV248., K
T3 0055 5l B k7 (pHelper1.0 1 pHelper2.0 44 ) |
ANIRE I Bz 40 i & 293T 400 . KB AT 5 DHSa.,
DNA oligo, %559 (R&F) K DNA il 7 (| i
IR 2= R AR FRA R K ESI PC12 4l

R (EEBAREFRYEFE, ATCC); —H EE N
(DMSO) (3£ Sigma /AF]); DMEM Hig#3E, 0.25%
Trypsin-EDTA B (1) | G417 . BCA &k
JEE I i 6 0.25% MR A6 (35 [F Gibeo 24
A )5 CCK-8 i 7 & ( H A [F{~ A F] ) 5 FITC #ric
Annexin V/PI J# 11235 & (325 BD A H]); EST-10-
02 481k B =2 { (3 [E ESTESNROS /A ] ) ; 5] &
FH2E B (H 7 Olympus/A l); =S G546 (s
Memmert 23 7 ); SW-CJ-2FD i TAE & (b [E
FoM A TAE£5 ) ) ; SpectraMaxi3 4 H 876 )t
fifHR L (32 [E Molecular Devices 23 /] )5 i 240 A%
(EEZCHRAFD

1.2 E7ix

1.2.1 2SR

B PCI2 M35 T F12-K 55353k b, Hoh
B 15% S MiLE . 2.5% W16 4 13 DL & 1% WAL
(100 U/ml 5 8 2 Ml 100 ug/ml 5585 %) . 293T K
2T 10% G2 M3 . 100 U/ml 5 55 2 Fl 1% M
Ui DMEM K5 3% 56 H, 90 R 40 il 3 & F 37 C.
5%CO, TRLFIIE BE 55 FR A6 b b LS 5%, Bl Rk
F 1%0, BHPL IR 5T o
122 #EA7FIE5 SLC6A4-shRNA 189575 T 2 ik
0] pae:

H¥iE Genbank SLCO6A4FEFEFSEANM _013034),
FIRHAERZTT 3 44 %) SLC6A4 FE A T4 4B 41
(# 1), 3 %5 DNA oligo 7r & A 21 MHIEIE X
B 6 MEFTERIFFIHY) loop FRFTE AN 21 ASF8FEAY
B Xk, 78 5S40 N b BRI A% R T Age |
F1 EcoR 1 MRV 1, 78 3% A RNA poly I 5
BB LSS TTTTT, & X85 5 ALK -
SHANTS . R, P—BEICR P AIAE R B X R
(NC, Bp T Xt e ZH) . % DNA oligo & P J5 Be %t
7 A R 38 2 i T B ) A UOR Ty
i S5 BV 5 112 B R GV248 #E 16 C iEHEiT
T, K 3 B %) 3 D 174 B 201 18 5 7 TR Bt B

%1 SLC6A4-shRNA Fit/551

R

527l

SLC6A4-shRNA-GV248-1F 5-CCG GTA GCC AAA TAT CCA ATG GGT ACT CGA GTA CCC ATT GGA TAT TTG GCT ATT TTT G-3'
5'-AAT TCA AAA ATA GCC AAA TAT CCA ATG GGT ACT CGA GTA CCC ATT GGA TAT TTG GCT ATT

SLC6A4-shRNA-GV248-1R

TTT G-3'

SLC6A4-shRNA-GV248-2F 5-CCG GTG GCA ACT GCA CCA ACT ACT TCT CGA GAA GTA GTT GGT GCA GTT GCC ATT TTT G-3'
5'-AAT TCA AAA ATG GCA ACT GCA CCA ACT ACT TCT CGA GAA GTA GTT GGT GCA GTT GCC ATT

SLC6A4-shRNA-GV248-2R

TTT G-3'

SLC6A4-shRNA-GV248-3F 5'-CCG GAC CCA ACT GGC AGA AAC TCT TCT CGA GAA GAG TTT CTG CCA GTT GGG TTT TTT G-3'

SLC6A4-shRNA-GV248-3R  5'-CCG GAC CCA ACT GGC AGA AAC TCT TCT CGA GAA GAG TTT CTG CCA GTT GGG TTT TTT G-3'
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$i ( SLC6A4-shRNA-GV248-1, SLC6A4-shRNA-
GV248-2, SLC6A4-shRNA-GV248-3 HINC-shRNA-
GV248), e AMER& U2 5 KB DHSa 1,
PRI PH M e %, GV248 3 519347 PCR HL ik A&
WP %E . W B IR L= B ARG FRA wl A
e ifak
1.2.3 shControl, shSLC6A4 1 5 25 [ £, 25 15 77 |
W

21 18 95 7 5L (SLC6A4-shRNA-GV248-1,
SLC6A4-shRNA-GV248-2,  SLC6A4-shRNA-GV
248-3 Fl NC-shRNA-GV248) 5 % Bl Jfi ki ( pHelper
1.0 2R AR AL, pHelper 2.0 ZRAAK Uk ) B 2H 12 0 75 T
% ( SLC6A4-shRNA-GV248-1, SLC6A4-shRNA-
GV248-2, SLC6A4-shRNA-GV248-3 HINC-shRNA-
GV248) 5l Foki (pHelper 1.0 28R Fk: . pHelper
2.0 ZRAR KL ), 24 293T (Y 40 Jif 25 )i 3k 31 80% /2
A1, 3 AN EE A1 R TR AN A 1 R AR AR ) S
Bl 2 AR Bk 47 7% YL 525, B Lipofectamine
TM 2000 H:4% 4y 3% 5% 6 h, W40 58 4 45 55 HL 1
F&, D W UE T LSS LI A Il GFP %35, 48 h
Ja g W, 20 000 r /min 83 B0 3 h I e 4
TR, B JE AL AN BE, B & A 3 4% SLC6A4
3 9 B9 18 9% 7 EGFP-shSLC6A4-1, EGFP-
shSLC6A4-2, EGFP-shSLC6A4-3, 4 °C, 1500 r/min
B0 5 min, T IR, PR 0.45 nmiEERid g, 25
D4R, 15 B LIS RE, e R RETR L 5, 433 TE
—80 C VKFETR-AF o
1.2.4  EAMEHREEYE PC12 ARG Fa e s e an
Jpk

P B K 0 PC12 20 i TR UL B 24 h 4%
FlT 6 fLAk H, FERMAR 2 mUAL, 40Ha% H R
5x10* ~/mlo F 22 IR IRAS R 1 PC12 2
IS, S25E SLC6A4 THi4H(ShSLC6A4-1/ShSLC6A4S-
2/ShSLC6A4-3), 25 K20 (VECTOR ) , $4 Fil S 1
1 7 1B 52 2 (MOT) B L 4t i (MOI=100), fin A
5 pg/ml BFE YIS HOABER M. 12 h J5 EH 58 4
AR, 72 h e B B 9O I s SR 4 (0 G RD
S0P 1 (GFP) Rk 0L, F & 2 png/ml RS
B FR T B 1 R R O R . R WT 414
B NEERS R R B RAE)S, F SLCO6A4 TR A7
TORIMANMEFERE 2 6 FLAR, kel H &I 8 R 1 b
FILEE IR, HEAME LI 70% B, & e %
(B SR SRR IR, BEBUE KORAS RAT 14 FH M ek
LB KEEFE, R4 AH SLC6A4 JEP PC12 4
iR R AT R

1.2.5 RT-PCR LI H B9 KK SLC6A4 F: [H 1Y
Tk

A RNA A5 B CH: [T f I B 1 e % R
TaKaRa F PR $2 B 50 & e B A5 P2 BE R . i )
Biowave Il +£5 7MY 2 RNA B E . R
N7 s K B B RNA 5% 5 cDNA J5, LU
cDNA SRR S I 28 7 5t B i A—80 °C 7K
FAPRAE . RT WV AR ZR: (RT-PCR 51 &
B F, 5-ACTAGCTGCACGAACTCCTGGAA-3'F
R, 5-~AGACTGGTGGATCTGCAGGACA-3"), 15
A=A BR S w351 A K BU mRNA J7 31, Real-
time RT-PCR J W #i B 5| ), Wi il PCR S i, s
cDNA Fil PCR S N N A N 5, B T 9098
JeaE B PCR AL R, 2 h J v A543 i ik il
2k HIEEN K Ct{i . RT-PCR JZ I & A 55—
#:95°C.30s, 55 4: 95 °C. 55;60 °C. 31s;40
PEH . XF PCR B e & v Be ¥, JF#F GenBank
B e oI Y B 45 SR AT Blast FEXT .
1.2.6  Western Blot Kl P& 5 4 f5 H B9 H 5-
HTT BYEA

T %t IR ZH (35 4 NC-shRNA) . T4l 40 (s e
SLC6A4-shRNA) . X A4 K A KRS R 4
340, 15 3% 24 h, Y HE A 41 40 i, PBS Pk &
2K, B0, 77 LI, A 100 pl B4 Y RIPA 4
IR, Bk F 30 min, 4 °C | 12000% g B0 15 min,
B R WO TR M2 & (BCA ), in EFEZE v
TR 10 min, 2.0 5 HL 50 pg & FRESEFT 10%
SDS-2R P4 s 19 e B2 e FL UK (SDS-PAGE) 3 25, £ 1]
k555 & PVDF |, 50 o/L IR W3 k3 i) TBST
SR EIRE A 1 h, A K SLC6A4 1 1 $t,
4 °C R . MW H TBST & YA 3 Ik, A
MHT==WEIFH 1 h, TBST Pl 3 WK, B A ARG
FHEEIE KUGAL R R 8 534, SEIRdE A 3 IR
1.2.7 AR A S 40 A T

B PC12 41 T3 % IR 2H (5% ¢ NC-shRNA) |
TH2H (5% 4« SLC6A4-shRNA-2) 43R i, #4151
Az K3 B 4% 2L A0 B A I ) 10° F 3 RN T 6 FL
Merf, 24 h 5, B85 32 . B NC-shRNA 41 Fll
SLC6A4-shRNA ZH 4fi jfi 53 Ay 1F & S AF Rl S8 45 1
Rig®, IEH 4L BT 37 C. 5%CO, AR R 7248
R RS AR AR A B SR L E TN R TR
A S EFREL 94% NyHATR A5 5% CO,+HATR
0 1%0, ) B 2R, ZJE KR E A
37 C MR FEM TP A SR 24 h R 4 C TR
) PBS ¥k 2 ¥k, KR kigRit, HA{ EDTA 1
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JEBEE AL, I T 1 500xg B0 10 min, 7E 535
e, U SEAN M 4 °C Wi RS 1xPBS ¥k 41
2 YK, 150xg B0 5 min, 25 FIEWR, UKL A
Ix485 A 2%t W 300 pl 77 41, R VR E 4
1x10° /> 4 Jfd /ml; 55 100 pl 240 fE B m A 5 pl
Annexin V-FITC i&%], FiR#EOLIHFE 15 min; LAL
K ET 5 min, A 5 pl PT Y 2N 400 pl 1x4%
B G PR RIR ST F A i A=A v, R IR
AR .

2 #R

2.1 SLC6A4-shRNA % 5% 7 & ik £ Ak 84 # 7
GV248 5 & F# E RNAI ¥ %1 i DNA oligo
W) fE R, ARG AT IR DHS o, PRERER 21 FH M
TEREDEA TN S, A5 R BRI TR (] 1)
o8 A IE B 19 RNALSE JF 51, 3 ] shRNA
J BLEE W Ad AR RE A TR . 12 shRNA 12
I B AR5 18 0 AL R AR R IR A 5 IR 293T 4
Jitd, 293T A A KARAS R AT, 2FE, K/N525), HE
GRS, 9O AU T L E JRk e 4 it 2 B I
GFP Z{ a5, B T 90% (& 2) .
22 FRImAERI PCI2 AT HACR b #m)
25 TSI 6 O 0 15 B 45 4 ) B A MOT A, 24
NC-shRNA ) MOI {E} 100, SLC6A4-shRNA-1 [
MOI {f } 100, SLC6A4-shRNA-2 1) MOI 1 4 20

T h

B 1 FRIEHSFEHK SLC6A4-shRNA-GV248 N F
SLC6A4-shRNA-1: TAGCCAAATATCCAATGGGTASLC6A4-
ShRNA-2: TGGCAACTGCACCAACTACTTSLC6A4-shRNA-3:

ACCCAACTGGCAGAAACTCTT

SLC6A4 shRNA1

SLC6A4 shRNA2

SLC6A4 shRNA3

2 WRBMENEFABFIFEL 293T 408 GFP Rk
(x200)
A, C, B3l W BIES; B, D, FOOG BIMBIMES A, B
SLC6A4-shRNA-1; C. D.5444 SLC6A4-shRNA-2; E. F. #5
SLC6A4-shRNA-3

]

Ml SLC6A4-shRNA-3 ) MOI{H & 50 H 4% 44
PC12 20 {2 Yo 50 iy HLANMERAS R AF, 2% Wi
BE R A] L 4 41400 GFP PH I 60k, R R L4 N
80% LA Lo Wil 3 iz, I 2 A AR 4
1895 75 19 GFP £ (176 6, 5 SLC6A4-shRNA-1 Fl
SLC6A4-shRNA-3 ., SLC6A4-shRNA-2 JE YL )
PC12 4 AT LL R/ N 5], HEF SO 38 5%, 5¢
J R T WS B 4 Y GFP 4% (0058 ) T A B
i, AR R AT

i1 RT-PCR B UE45 41 4 I8 SLCO6A4 JE [H 3£
IRTEOL, WAL 4 7, 5 15 5 % B AT 400 B2
FL#R, 18 TERE YL 4] mRNA ik &1 B35 AR, H
1, SLC6A4-shRNA-1 #% YL 1 5 SLC6A4-shRNA-
3 #Yu4] SERT [ mRNA ik i i E R (P<0.05);
SLC6A4-shRNA-2 ¥4t 4l] SLC6A4 [) mRNA ik
P IR (P<0.01) . X1, SLC6A4-shRNA-
2 A TP SLC6A4 JEKH Ay FRIK, 78 3 > Tl
FEF v, TR ek, 78 )5 25856 1 F SLC6A4-
ShRNA-2 JE— 57 . A EE 2R Sk, 748
R E YL N i MR IS, Western blot #:01 H #9519 5-
HTT Kk WL 5, T4 (% 44 SLC6A4-shRNA-2)
YA 5-HTT & A 2% B W85 (P<0.01), ] 2%
TE 80% LA |, F W F2 28 % Y« SLC6A4-shRNA Fl
NC-shRNA ) PC12 2l s BT
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-
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B3 RAERMAUREHIER

-
-

FREE PC12 410 GFP 3Ri% (x200)

A. X IEZH (554 NC-shRNA ); B.JE Y% SLC6A4-shRNA-1; C.EYL SLC6A4-shRNA-2; DY SLC6A4-shRNA-3

—_ —_ —_
—_ w wn
Ly

0.9 1 T
0.7
0.5
0.3

SLC6A4-mRNAZE ik

0.1

o>
IRINS %\)
’&5‘14#

&r
5"

4 #%%H SLC6A4-mRNA HIFRIA
"P<0.05, " P<0.01, 5 1EH X R LA

2.3 WU SLC6A4 AR #E PC12 e —)%h

I FH 9 =24 AR ) SLC6A4 Tt R X it 41,
PC12 AT Hy52m, 25 R aE 6 R, THHEAH
(NC-shRNA £) 41 Jifg 8 - (6.30+0.51 ) AR, B4
24 h JE AN T3 (14.2420.55) B B 45 25 (P<0.05) .
SLC6A4-shRNA ZHHT-%(7.98+0.12) % PC12 4fifis
ZHTCHH 225+, SLC6A4-shRNA 48 2H 5 NC-shRNA
B AR AL 25 FI%(9.10+£0.22, P<0.05) ., BiAAIE
WA T T SLCOA FERXT AT ICM, S

5-HTT/p-actin H (&
S
B

R RO e Lsh-SLC6A44
5 3Bk SLC6A4 EFEXT PC12 4AH 5-HTT & B FIiA RIS
**k P<0.01, 5T HRZH (544 NC-shRNA) HL 5

JEUTER SLC6A4 JERI A PC12 2t A9 8 T Fiise #A
JHT-H E B4 2 R, B T4 SLC6A4 JEF AT LA
WHTBAEIA S PC12 4HIEIE T,

3 g

18R AR AE HIV-1 AYFERE [ & R R 1Y)
B PR AT, Sl S IR PR AN B S A R



Y SRS 20224E9 H25 H 5405 BSH
394 Journal of Pharmaceutical Practice and Service, Vol. 40, No. 5, September 25, 2022
A IEH A B BRI
1004 _Q2'] Q2'2 1004 | Q2-1 Q2‘2
0.84% 437% 0.84% 11.67%
10° 4 10° 4
=
RE: jan) - an) T
Eb{ 104 4— 2100 ).
i !
10° 10° | ,
Q24 L Q24
Lot 192.88% 557 ] 1.92% - ; - 2.57%
1024 10* 10° 10¢ 1024 10* 10° 1004
AnnexinV-FITC-H AnnexinV-FITC-H
C D
106.4 106.4
Q2-1 Q22 Q21 Q22
11.13% 4.03% 11.11% 7.68%
10 4 10° 1 ;.
¥z =
f = 104 ] z 10°
10° | 10° |
Q24 Q2-4
10° ) Ha 3.95% | 100 L 174%
1024 0 10° 104 102 104 10° 1004
AnnexinV-FITC-H AnnexinV-FITC-H
E 6 E SLC6A4 EFEFTERE PC12 AT AR

A, IEHEFRAAFF Y00 B2 (F5 % NC-shRNA ); B. AL R 00 IR
CIEH 2 F 04 (5% SLC6A4-shRNA ); DA S R FHi4H (7454 SLC6A4-shRNA)

THZ B KRR BETTA T 3 45 SLC6A4 1)
shRNA J351, 43 ¥ HE HE 7E F35 GFP FIERS 2
F I GV248 12 B EAK I, gk im0 5 115 2]
TR EE Y SLC6A4 shRNA S ] T4t 148955 75 4%
A, B UYL PC12 0, 1o FH I 5 2 R4 70 ok,
BLINEEST T SLC6A4 mf ik (1) PC12 4 g i 5 1 e
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