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Abstract

AlM

To observe the effect of fork head box tran-
scription factor O1 (FoxO1) gene silencing
on the expression of disulfide-bond A
oxidoreductase-like protein (DsbA-L) and high
molecular weight (HMW) adiponectin.

METHODS

Lentiviral vector carrying short hairpin RNAs
(shRNAs) targeting the FoxO1 gene was
constructed, and the sShRNA with the highest
inhibition of FoxO1 expression (ShRNA-FoxO1)
in 3T3-L1 fat cells was selected by real-time
quantitative PCR and Western blot and used
for subsequent experiments. The expression
of DsbA-L and HMW adiponectin in 3T3-L1
fat cells was determined by Western blot after
infection with lentiviral vector carrying shRNA-
FoxO1.
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RESULTS

The lentiviral vector carrying the shRNA-
FoxO1 had the most significant effect on
the expression of FoxO1 in 3T3-L1 cells.
The inhibition rate reached over 60%, and
the relative expression levels of FoxO1 gene
between the ShARNA-FoxO1 and control groups
were 0.37 £ 0.05 and 1.04 + 0.04, respectively
(P <0.001). Western blot analysis showed
that compared with the control group, the
expression of FoxO1 was significantly inhibited
(1.02 £ 0.08 vs 0.38 + 0.08, P < 0.001), but the
expression of DsbA-L and HMW adiponectin
was significantly increased (0.28 + 0.06 vs 0.53
+0.07, P = 0.009; 0.05 £ 0.02 vs 0.11 £ 0.03, P =
0.043) in the shRNA-FoxO1 group.

CONCLUSION

In 3T3-L1 cells, silencing FoxO1 gene
promotes the expression of DsbA-L and HMW
adiponectin.

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.
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#| 42 & = RNA(short hairpin RNA, shRNA)
218 A BAK, TBK3T3-L1 40 it 6d Lk
K # F B F0I1(fork head box transcription
factor Ol, FoxO/l) H, # 545 shRNA-
FoxO1#91% J% Z # , H qPCRF=»Western blot
ENAE AR G KRk b R AR T IRACR
#9shRNA-FoxO 12 m a8 k. B4 %%k
b 4] A FoxO1-shRNATE 5% & H R i %
3T3-L1 FoxOI# B, i@ it Western blot#inl
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ZR

AE3T3-L1%m e, ¥ % it s sShRNA-1£8 % FoxO!
HOE 9 A 09 Bk R R AR, ) Rk 3
60%A E(5 2t mEamAnrt, K RART KA E
1.04+0.04 vs 0.37+0.05, P<0.001); /5
4 ¥k FIshRNA-1-F3T3-L1sape, A
Western blotiei, 5+5 xR aibie, 4R
FoxO1&a&xAREM YV (5GAPDHA
5 AR 5 %) 21.02+£0.08420.38 £0.08,
P<0.001), mDsbA-LFA=HMW % iA B 2.3 /m
(DsbA-L5 GAPDH A % JE suAE 451 £0.28 =
0.06420.53+0.07, 2 = 0.009; HMW s B: & 5
GAPDH % JZ el 4 %) £0.05£0.02420.11
+0.03, P =0.043).

2270
FE3T3-L1&mp P, B FoxOl & W Jj& Tk
DsbA-LA=HMW fi§ B% 2 49 £34 .
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alcoholic fatty liver disease, NAFLD), HMW JI5
R ZRAE g ME— A 28 40 0 R A % L AR
HFoxOI/ENAFLD A s L EH. )
WFoxO1 3£ KX HM W IREE 2 (FI1EH, AT AEXS
NAFLD F R AR 2 ELTE O RVG T A — &
IR = XL

ARSI R FE K FERNA(short hairpin
RNA, shRNA)E F TR Fox O1 F H (1) 3R,
FE3T3-L14AAE H L% 1 X DsbA-LATHM Wi
WRERRIL AT 1520, 9 1% BIFoxO1/ENAFLD
FRAE SR R A .

1 MRRSA

1.1 A4

111 B A A BGRA) 18 % 75 3044 FORL (6
Fpl13.7, W E EEInvitrogenA &; DH5a
S A L(9057), TAZERERE(2011), BRI
YN YIEEHpa 1 (1064)RIXAo 1 (1094)H
W HTAKARAZXA ], Lipofectamine 2000
Transfection Reagent(11668-019) H 3 [H
Invitrogen/a &), 3T3-L141AI H m x BHA A
YA IR~ | (3582F); G4 IfliEFBS(C2027050)
MDMEM(C12430-062)%; 77 &l H§ 5 [H
invitrogen’A#]; Polybreneld HSIGMAA &)
(H9268); ¥ B RN AP F2 B 7 & W
B LAY TREAMRAA,; qPCRIX
7 #RealMasterMixJgJ A TIANGEN/A A ;
PrimeScript RT Master MixJJ H TAKARAA 7]
(RRO36A); FoxO14i4IE HCSTZ (2880S);
GAPDH¥ /A HBIOWORLD(AP0063);
DsbA-LFi A H % E Abcam /2 7] (ab92819);
HMW /BB §RIE B 3% E Bioworld 2 7 (bs-
0471R); P-FoxO1#lJ HCSTA ] (9461S); —#it
Goat anti-RabbitHi /£ H BAEHA 7 (GAR0072),
shRNA & 51 ¥1% H Invitrogen 2 7] & .

1.1.2 245 A 693k & MR SRS 5Lt
it (Nanodrop ND-2000, 3 [E ThermoA #);
E FEPCRIY(CFX Connect Real-Time System
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96L), BCEAEFH 73 B NBIO-RAD CFX
Manager; BEf#{(SPECTRA max Plus 384,
Molecular DevicesA 7)); Hi¥Kk & St (Mini-Proten
Tetra System, Bio-RADA F]); #i /B AR X
(ChemiDoc XRS+ System, Bio-RADA #]).

12 7%

1.2.1 FoxO1-shRN A2 %&£ A M RATH
pl13. 71895 B # A TR A @ Fox O1-shRN A2
AR, HRH#EFoxOlsequenceitiFshRNA,
1235 5| NXho 1 BEVILL &5, 5" 5| NHpa
FE )Lz s, Minvitrogen/A ® A HishRNA
B, AT AR, 435 FHddH,0 78 5 1 i
A RDNAF B 100 pmol/L. %H1 pLiE
S(F/R) A BP0 B, IINZ48 pLiB KBuffer
W, FE4rIR2T, 100 C/KIES min, HAREAZ
2EUR. BAMAp 3.7 HBRGIYE N VIEEX Ao T A
Hpa 137 CHEVIRE R, 1%35 5K Bk, YIEL
KFr B, S50 N0 vt 1 [ iz ik 791 & Tl i B
PR B BRLp 113, 786 U] [F1U A B S FOXO1-
shRN AR ‘K= F T4DN A % 42 iy 3 32 (1R
Pl m 1 W B AR, ¥R Y {kDHSa
BN R FAELB AR, 4 Pk 64 H
B A T4500 uL, 100 pg/mL Ampicillin
P LBES 72, 250 r/min, 37 CHEIGE#E
JREEFR4 h, BHATPCRYEE. PCRIIWITFFIN:
F: 5-TAGGCTTGGATTTCTATAAG-3', R:
5-GGAACCCTTAATATAACTTCGT-3". $kHL
S5 IE A P BHPE B, W 51 4 R U6-S:
5'-CAGTGCAGGGGAAAGAATAGTAGAC-3'.
1.2.2 FoxO1-shRNA®R % H 4k 605 K97
293THH ML, ¢ 40 A= K 22 70% % B B B A] FF
GREE Y. BEYLHT 1 hif SOTC IL 15 7R 2, 10 pg
FoxO1-shRN A JFi Hi f 34025 kL %5 ng
500 wL Jo Iy &5 77 M BE, RS, Hilk
DNA B, FFHX50 uL Lipofectamine 2000
IMANEIDNAMRBRH, iR, EHfFE
15 min)a ¥ 5 P2 A V&R M2 5 A 4
ARG FREEAF I, BRRRE. Ba i E T &
50 mL/L CO,1J37 CH: A E4-6 hj5#H
. FE Y48 hE MG G Il %, Uk
SR LI B0 PR AE MR R H A 2k o
0.22 pmt A uES T 38, 73 21180 # R A]
- J5 40 A k.

1.2.3 3T3-L1mA 8 7. 45K 5 4. o $d:
KIAM3T3-L148 M T-10 em¥g 7RI, BT
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Z&= 1 shRNA-FoxO1=5l

2R E5) FoxOrl; TR 5
NC F: 5'-TTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTTC-3' :;Zﬁl}f j’;\ j; g
NC R: 5'-TCGAGAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAA-3' — ANEH 9 BN
FoxO1-shRNA-1 F: 5'-TGACTTTGATAACTGGAGTATTCAAGAGATACTCCAGTTATCAAAGTCTTTTTTC-3' TR 2
FoxO1-shRNA-1 R: 5'-TCGAGAAAAAAGACTTTGATAACTGGAGTATCTCTTGAATACTCCAGTTATCAAAGTCA-3' ng;}j f i
FoxO1-shRNA-2 F: 5'-TGCCCTGGGTCTCACAGCAATTCAAGAGATTGCTGTGAGACCCAGGGCTTTTTTC-3'
FoxO1-shRNA-2 R: 5'-TCGAGAAAAAAGCCCTGGGTCTCACAGCAATCTCTTGAATTGCTGTGAGACCCAGGGCA-3'
FoxO1-shRNA-3 F: 5'-TGGAGAACCTTCTGGATAATTTCAAGAGAATTATCCAGAAGGTTCTCCTTTTTTC-3'
FoxO1-shRNA-3 R: 5'-TCGAGAAAAAAGGAGAACCTTCTGGATAATTCTCTTGAAATTATCCAGAAGGTTCTCCA-3'
FoxO1-shRNA-4 F: 5'-TGAGGATTGAACCAGTATAATTCAAGAGATTATACTGGTTCAATCCTCTTTTTTC-3'
FoxO1-shRNA-4 R: 5'-TCGAGAAAAAAGAGGATTGAACCAGTATAATCTCTTGAATTATACTGGTTCAATCCTCA-3'
F: D¥53140; R: 5314,
HRSR 3115l
Mus Actin 55 1%): GGCTGTATTCCCCTCCATCG
Mus Actin T35 1¥): CAGTTGGTAACAATGCCATGT
Mus FoxO1 55 1%): CTCATCACCAAGGCCATCGAG
Mus FoxO7 T35 1%): CCATGGACGCAGCTCTTCTC
RiFRMH37 Cy 50 mL/L COSEFRFENERTR, F74ll BRNA, VRAMR/E ™% 14 R U B BT, @il
JiAE K A8 2] HUZ A IR 90% I SE A4S,  Nanodrop ND-2000% 5E RN A F M B K 4l .
37 °C. 50 mL/L COB: 48 N4k B5 7, f74l #ZRNA 1 pg, 5XPrimeScript RT Master Mix
Mo A K 2 — e B T THEUS, W 4 ul, RNase-free H,O 15 uLECE J5IE2], 37 C
BN 422 X 107 cel/ALAN IR F64LA  TV815 min; 85 CHIRS s 1L M; cDNAE
H, B 37 'C. SO0mL/L COMFMANREFR24 0. T-20 CIAAE. 5IF K Primer 5.0%F
1.2.4 5420 ATk H R EFoxOITBAUER Wik (K2), T IMA96FLPCRIH, 1 HE
[JshRNA, 256 NCK(Z A3T3-L140fEd). 5494 mds. BT R, qPCRIRMNAK REHE: 2
NCQAT3-LUREFTHmEix i 4H). shRNA- X SuperReal PreMix Plus 10 uL. Forward
1(3T3-L1ESTH W #FHFoxOl-shRNA-1  Primer(10 pmol/L)0.5 pL. Reverse Primer
1), shRNA-2(3T3-LUEY T #FFox01- (10 umol/L)0.5 pL. RNase-free H,O0 4 pL. cDNA
shRNA-24). shRNA-3GT3-LUBZZFTHMEE  BURS pL. RPEEAE: 95 CHIALM:1S min; 95 C
FoxO1-shRNA-341). shRNA-4(3T3-LUEZT  10s, 60 'C 35 s, 401, CFX Connect Real-
Poi EEFoxO1-shRNA-441). Time SystemiH 47 7€ #PCR. K AACt 5%
1.2.5 FoxO1-shRNAM% & & & #3T3-L14mf:  HIERHIXTRILE.
DMEMS5E &35 77 3E+2K fE8 ng/ml Polybrene  1.2.7 Western blotff #£FoxO1-shRNA & 3
HEAT R B R ATV, WS ENCAl.  3T3-L1EFoxO1%& & 64 & A 3T3-L14H L
ShRNA-141. shRNA-241. shRNA-341. 48 hiGgitWM4IEEH, BCAEEATE, IR
shRNA-4HF A& B IIAS00 pLik#s BiEWR,  $Ebrdk il 2 v SR i 10 8 R BE. BR300 pgtl
FIRS], CKAAMgALHE, M aiuE T B T710%SDS-PAGE&LK Ik, HIK4 KRG
50 mL/L CO,137 CHIFFFEH AL H24 h BB E A EPVDF, KPVDFER A F 5%/t
JE R, 48 hjF A IRiC 3. RE Wk Bt PR, BIRIR LRI S), =i
1.2.6 qPCRJF£FoxO1-shRNAB £3T3-L1s  HMLREIMA—d, ZEBFF2 h; BF1X
FoxOIA W& £k TRIZoWERRET3-L140E  TBSTZ MR, THEIK E¥ik3kamA—
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AT RIS
o (o e
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GAPDH‘—--———‘

B 2 Western boltiil&4AFoxO1BEBRIK BT,

Pi, THEEEK LS h; BPVDERE T1X
TBSTZErPRH, THEIR B3 )a B T IR
JEE E, BU&E EECLEG & SR AR FIB
WIR G, TR 5 INAEE 3L TH, # AChemiDoc
XRS+System&Ei Sg s T, 5 a s
RPN, QUANTITY Oned.5.070 #r it &
BT % HFoxO1 X N2 E A GAPDHIOD
18, DA AL 6% O DB EAT LU, B4 5K
WEE3IR.
1.2.8 Western blot# | FoxO1-shRNA & $3T3-L1
JEDsbA-L. HMW 5B % 64 & ik« HR4fE 7k
R MIFoxO1-shRNATS i B, Y3 T3-L1411E,
Western blotf&JI3T3-L1 ZHf2 1 DsbA-LATHMW
NEBRZR RIS T L. BARERE R AT — IR

B it24b 3R FISPSS13.08E47 481170 4T, %
HE Llmean £ SDFE 7~, 410 Z 55 F A 16 43 #T,
P<O.0SIN BRI 2R,

2 BR

2.1 qQPCRA&M &-2aFoxO1 B & i& H L CK.
NC. shRNA-1. shRNA-2. shRNA-3A
shRN A-4 4 F R (1) A ] 221k & 539 9 0.79 £
0.07. 1.04%0.04. 0.37+0.05. 0.9240.08.
0.74+0.067/10.6240.05. shRNA-12[{IFoxO1
R DR 1R H OGS 202 A At % 28 B B IR, ke
FoxOI1Z N MR 60%, 15 Al 5% 41 AH EL
$#1P<0.001(E1).
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140}
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g{ 1.20
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20.80
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<
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% 0.20
0.00

ot
&
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3 Z4BFoxO1/GAPDHYBELLEMIRE. *P<0.01 vs
NCXH R,

NC  ShRNA-1
HMWIER

DsbA-L | p

B 4 shRNA-FoxOIXDsbA-LFIHMWESEXE IR0

2.2 Western blotix 4l &-20FoxO1%& & & ik H
M CK. NC. shRNA-1. shRNA-2. shRNA-3f/
shRNA-42H 5GAPDHI1 3 AR 73 1) 2 1.20
+0.06. 1.0240.08. 0.3840.08. 1.0740.05.
0.90+£0.09410.7240.07, HHSshRNA-1 5H &%
HARLL, ¥IP<0.01, AR A F60% A L,
MU FEshRNA-1 578 55 225250 (K12, 3).

2.3 shRNA-FoxO1 4 DsbA-LA=HMW fi§ B¢ % %
KW e DsbA-LTTHMW B & C A1 %
FoxOI'A¥EM N UiE AL R, A% Lo 18 i & il s h-
FoxO1 X DsbA-LFHHMW ik i& ML 520, K
B 2 SARNA-FoxO 1 [ AP435 . S FR AT T S
U6 )45 B, N NshRNA-1775 227548 hJm, ZLAR4H
fi, B _EE R DsbA-LFTHMW g Bk 2 (36 4.
45 R 5NCAL LA, DsbA-LATHMW % 5A /K T
B {2 T+, DsbA-L/GAPDHYG# LU, NC 5
shRNA-14%351/20.28 +0.06/10.53 +0.07(P =
0.009), HMW g Bt Z%/GAPDH Y% & LU, NC
ESshRNA-14148514£0.1140.03. 0.0520.02(2
=0.043)(4, 5).

3 11E

Bl & A IS KA =, FRIEINAFL D&
REZRE LTS, %, NAFLD&
FW T A R IR RE « BERRR . L.
O A r T R P N BRI B A i
SR, NAFLD A AL 25 447 A 56 4 ] .
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4m 0.80 b [JshRNA-1
fé( B NCH
060
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2040}
(=W
3
N | a
5020
1
#0.00
DsbA-L HMW SR

5 shRNA-FoxO1XDsbA-LAIHMWIEBX R RIA LR E
EEEAEIRE. 'P<0.05, "P<0.01 vs NCZH.

i Bk 2% A S T I 2H 42 43 e f — o = Tl
IR, 5 AR TRORE T i 0 JFE P A R Y
5% Z. Hom ke B AL A 41 i R S AMPK
I AN DL S B PPAR o) A i i 2 i, 48
T HE R R A A3 T, I LI 3 B 98 RE
DA - TN F-au 4 JFF T 98 ™1, 3 v 3 i 10 1)
KupfferdH i iy /b FiF B R 40 s Ak, S0 A 27
YR R B R AE LG 3 b LIS ARE
SV RGEE, BE=8Y. NEMMas
18-36 M AR FITHMWIE R, B9 1, &
FERRER R AR 2 AE I ATE T R I HR I 3R K
-, AE THMWIE T & S IR 1t ] 2
bR E I 2 AL 5 DsbA-L K R X SE 2 U)AH
K. DsbA-LAZ IRk K I — N 18
o F, TEARERHL R IH frakik, Wik
BAE. AR, O E, (ERLEARN A RIE
I (R B 2%t I ERL A A AR 43 i), 7
3T3-L1JENi 4 &, FHRNAHIDsbA-LJE, A
SR T BRI 0, k> T RIER, 4
iR HM W R IR 7R 4 M P4 1) 2202 5 1T FH AR
BRI RIADsbA-LIF N T AR K (40
PN KT Rt 1 43, 3K 8 BT LE i A0 e R
DsbA-L/&— MR R & & W44 o i 1) &
FAA A,

FoxO1)& TFox# &K 7Kk, HES R
5 5 I R T T T AL 3 - B/ 2R O (P 13K
Akt)fE S IEE M T . FoxOl 2Rk T
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