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Abstract

AIM: To investigate the impact of small inter-
fering RNA (siRNA)-mediated silencing of the
FoxO3a gene on palmitate-induced apoptosis of
HepG2.2.15 cells.

METHODS: Cultured HepG2.2.15 cells were
divided into five groups: mock group (cells
cultured in DMEM medium containing Lipo-
fectamine ™"2000), FoxO3a siRNA group, FoxO3a
siRNA+palmitate group, negative siRNA group,
and negative siRNA+palmitate group. The protein
expression of FoxO3a was detected by Western
blot. Cell viability was measured by MTT assay.
Apoptosis was evaluated by propidium iodide (PI)
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staining and flow cytometry. Caspase-3 activity
was measured by colorimetric assay. The mRNA
expression of Bim and p27kip was examined by
reverse transcription (RT)-PCR. The location of
fluorescent protein was examined by fluorescence
microscopy.

RESULTS: After transfection, the levels of to-
tal FoxO3a protein decreased in the FoxO3a
siRNA+PA group and FoxO3a siRNA group,
while the other groups showed no significant
difference. The survival rate was higher, and the
apoptosis rate, caspase-3 activity, and mRNA
levels of Bim and p27kip were lower in the
FoxO3a siRNA+PA group than in the negative
siRNA+PA group, while the survival rate was
lower, and the apoptosis rate, caspase3 activ-
ity, and mRNA levels of Bim and p27kip were
higher in the FoxO3a siRNA+PA group than in
the FoxOBa siRNA group (all P < 0.05). However,
these parameters showed no significant changes
among the negative siRNA group, FoxO3a siRNA
group and mock group (all P > 0.05). Stronger
green fluorescence was noted in the cytoplasm
than in the nucleus in the FoxO3a siRNA group,
whereas the nucleus had stronger green fluores-
cence in the FoxO3a siRNA+PA group.

CONCLUSION: FoxO3a siRNA itself does not in-
duce apoptosis of HepG2.2.15 cells. FoxO3a siR-
NA-mediated knockdown of the FoxO3a gene in-
hibits palmitate-induced apoptosis of HepG2.2.15
cells by decreasing caspase3 activity and down-
regulating Bim and p27Kip expression.
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Bim; p27Kip; Caspase-3
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;/‘ﬁ ﬁﬂﬁ % . HepG2.2.154a L8 =69 % 7). Wi FoxO3aft IR TR 1S I 40 M 0 T VR H,
# 3 Fox03a i
%ji] ﬁég);% Za; ‘ 4 K5 F ox O3affE g BTG 7 1R 75 S 11 JH- 40 i
b pmy s Hik: HepG2.2.15% i 28 mock 2R (A fig it VT 5 24 s Ll
*;iflﬂi ﬁi ’/T #K). FoxO3a siRNAZL. FoxO3a siRNA+# i
B, *AgF S 2, Mo . Msi g
e ¥ T a0 I BRZH. TAMESiRNAXT B, A MsiRNA+L G 1 MREDSE
2 T HFoxO3asy  BRZA; Western blotik 4l 4 L éFoxO3a%k & /

N

KA KT MTTikAm 28 f0 47 % Annexin
FITC/PIAR i X 2@ Ao, A A ) 21 L8 = & 4
M 2\ Lt caspase-37& 14 ; RT-PCRAEN 21 At
Bim. p27kip mRNA KA K-F; &Kk AN
BRIEZEOITEILE.

Z58: FoxO3a siRNA+# A5 B2 48 #»Fox03a
siRNAZLFox03 a4 @ ¥ 2% (P<0.05),
o Hp & 20K AR . 5 P siRN A+ Aig
iR 2848k, FoxO3a siRNA+2K g L 40 69 A 7
¥, B, Caspase3FHTH, Bim
mRNA. p27kip mRNAZ AR,V (P<0.05); 5
FoxO3a siRNA Zi48}t, FoxO3a siRNA+# fig
BRLLOYFE R Y, AR, caspase-37& 1.

Bim mRNA. p27kip mRNA¥4 #2(P<0.05); M
MESiRNAAT 4L, FoxO3a siRNAZEL. mock
Wy FE R AT F. caspase-37E . Bim
mRNA. p27kip mRNA £ jF L4 5 F & XL
(P>0.05); FoxO3a siRNAZA &0l fT 49 4k & % 5%
rbfm Atz % ; MmFoxO3a siRNA+#k g B2 B A48 R

Z5if: FoxO3a-siRNAE M R4k FHepG
2.2.15%8 iR =, 1247 H|FoxO3aky & ik JG #k il
i K Caspase3 & . 4 Bim. p27Kip#)
Fk, AR Y R i B 504 A T S L
FoxO3ak ifl it £ Bt 8 (& %) B A i 42
X —it A2,

R85 /NFIERNA; FoxO3a; A5, FT; Bim;
p27Kip; caspase-3

2B, W RS RNAIREMAIGIFox 03a N RISEIF S
HepG2.2.16BBTHNEIN. HREABHLRE 2011;
19(25): 2623-2628
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FoxO3afZirF KM AIFoxO(Forkhead box-con-
taining protein, class O)FK RN EH. —KELE
A, T8 et TR R R RIE, TS 2 A
MR T BERRALJE IEE 4 5T, 5 14-3-3
ghity, REFALATIEHD. H AT Fox03afs 3
T AORIF T 22 41 0 A TP R T Jl P S 752 1 7 45 40
1, % 2L [ o 40 B A TR A5 FoxO3a
Mz 5, ol BATEL PRNATHREAR,

1.1 A8 AR ai ik Hep G2.2.156 B 3£
Pl BT A O . AU RIS : Lipofectamine
2000, Opti-MEM I(3E H Invitrogen/A ] ); TRIzol,
RT-PCRI % 37 & (£ EInvitrogen A Al); &
Pt N\FoxO3afifk. #bi Ap-FoxO3a(Thr32)$i
k. HRPHRICH L 51 fIgG(E EHSanta Cruz
/A1]); 3110 Series 11 CO, 57544 (35 E Thermo
Forms/A &]); PowerPac3000% Hi3k{X . Transblot
SDVE# A (EEBio.Rad A #l); Y-208 i fa,
FEIRQL IR FH AR IR I H R AF); ABI
prism 7500 & EPCRAX (3 E ABIA ).

12 7%

1.2.1 44 (1)ymock4l (X FRZH): 5 g 44
Lipofectamine 200055576 h, 2R J5 & @ 55 77 4
157748 h. (2)NC4 (Negative control, $H:%f
2H): WIS JENC-siRNA JG B 3754 h. (3)NC+PA
41: BEATEEYENC-siRNA 48 hJF 1400 pmol/L4X
JEMR(PA)E; 76 h. (4)FoxO3a siRNAZH: BRI 4
YtFoxO3a siRNAJF157#54 h. (5)FoxO3a siRNA
+PAZ: BERTE Y Fox03a siRNA48 hJE Hn400
umol/L¥K IF 15 776 h.

1.2.2 mpb3E 544 HepG2.2.15 N T8

gL AL FIDMEM i 52 &1 7, B
37 C. A HCA50 mL/LIICO, M A
A NS, REAREREEN KA T
ARSIHG . FEYLHT24 h, KR A A R 6 FL IR
ek b, FFLASX10° 40, {45 7L 40 f b
TR A8 3 e i 75 ) 50%-70% LA B, 4B AR I AN
&P R IR IR, #Lipofectamine2000
B YR UL 1 7 VRS AT BRI B g ST 6 4L
B R 4E—4L, ¥ Fox03a siRNA(JF%Sense
5-ACUCCGGGUCCAGCUCCACTT-3', Anti-
sense 5'-GUGGAGCUGGACCCGGAGUTT-3"),

NC-siRNA(F%Sense 5-UUCUCCGAACGU-
GUCACGUTT-3', Antisense 5'-ACGUGACAC-
GUUCGGAGAATT-3")4} 7l HLipofectamine2000
44 1 100 mg/LILLBI, F250 nLiE 3% AW
Opti-MEMIF: R, B 5 min/5, KFFEHIsiRNA
FlLipofectamine20007%], FEIRIF H20 min, 2R
JE K500 L AN B4 s FR 3t oh, RRTR
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5], T37 CHEFR6 hia, ¥ H A s AR,
NBEEIRIGIRAE, 48R E . siRNAH BigHE
W IAAE A

1.2.3 A8 EE(MTT)%: HYR71£0.5%X 10
g Ma/L, FRELE96FLAR, F G54 hiE, LA
100 pL MTT(5 g/L), 4R &4 h, SRJFMA100
uL DMSO, EH%15 min, BEFRCEBUOLH EAE
A yo0, T4 DA UAFTE RN, IMIAETE 2R =
Ab R 2L AR/ HRZHA A X 100%.

1.2.4 Annexin FITC/#4L & 42 (PT) R F ik X 28
ReA: ¥ &4 40 e, FTA 700 mg/L Z L
5, 4 CitR, PI(50 ms/L)Jefa, 4047 F — A% 4k
Ve, I B N5 X 10°/mL, Bl mL40 &
¥, 1 000 r/min 4 °C 55010 min, EE R 2K, %41 g
R T200 pLEA M, L0 pnLBEEEH
V(Annexin V2 FITC)MS pLRALEEPI), B
HIL V15 min, 300 pL45 A2 M, Hik
0 LSRG 00 40 9 T 1

1.2.5 caspase-37& M FiA 7 S Ui B4, DA
6fLAR KT R HepG2.2. 1541 i, & FL40 Hu%£3-4 X
10° ™, 40 s BE TR 80% 22 41 5 43 41 SE 3. 40 i
B, B SRR IR T B 5 I EE 4 .(0.25%
JEREE I REAT I A), FFEE & T Lysis Buffer(f#
WO, UK EREE 10 min, BOIHHE HBRE
WHEHUR), A& DDTHReaction Buffer, FI
pNAVRILIE ARG 2 K37 CHFE2 h, 7ERF
FRAX405 nmAb A I 2 B . 45 R DL 4
B FEAE 50 BRI  BEARLIV E 43 LR,

1.2.6 RT-PCR%: WAEKA40HI, #TRIzolifkH
fr(Invitrogen &) ) Ui HH S IREN 40 U i) S RNA.
1M J5 R T-PCRIRF & 13 B3 5K A 20 pL/Lifi#
SN AR R ERAE AT 1 7 5%, SRS ATPCRY”
4 RT-PCR¥ #Bim. p27Kipl; Bim#zEE 5 1¥5F
5. By 514)5'-TAT GAG AAG ATC CTC CCT
GC-3', Fif5145'-ATA TCT GCA GGT TCA
GCC TG-3', ¥ 14 i Bt K430 bp; p27Kipl _LiiF5]
¥)5'-CGA GTG GCA AGA GGT GGA GA-3', F
W51 4)5-CATTGGGGAACCGTCTGAA-3, ¥
14 Fr Bri293 bp; WS B-actin5 [ MIFPF1: _Li5]
I5'-CTG GCA CCA CAC CTT CTA-3', 5!
Y5-GGGCAC AGT GTG GGT GAC-3', ¥ 14
JTBK368 bp. FME4 A 94 ‘CAEE4S s, 58 C
(Bim). 54 ‘C(p27Kipl). 62 C(B-actin)il k45 s,
72 “CHEAH1 min, 30MEIF, HJ572 “CIEMHT min.
PCR=W)Z2% 5 RE B BEAS FEIK (770.05 g/LiR4k
LE). BLH MK 54N B-actin mRNAKIScT
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B-actin --.’” 43 kD
08
0.6 -

0.4 -

0.2 ~

0.0
1 2 3 4 5

B 1 BHEFox03aBEBRIX. 1: mockl; 2: FoxO3a
sIRNA+PAZH; 3: NCZH; 4: NC+PAZH; 5: FoxO3a siRNAZH.

B LA RN B ARIE R AR 5 i
1.2.7 Western blotik: $2HUHN & 4040 s A,
SDS-PAGEHLVK 7 B 8 AFEA: 5% R, 10%
Iy, B ENERE FUK 4 8 BIPVDFE L
PLS% 5 e 43 /PB S T FE, AR KA RPT A
FoxO3a(l : 500)8kp-actin(1 : 700)—¥, FFH -
Jev, IMANHRPHRICHI WL FEHiIgG =il :
10 000), ¥ & . Ped, IAECL, HK. =5,
YRR . BB T RGERG AT,
Al 5 NS R E DGR FEA.

St AR A HdE Uimean £ SDEE R,
% IR R H B0 R 35 5 7% 73 T (one-way
ANOVA) X LSDIH, P<0.05H 2 540 il 2F i
. KHISPSS12.04c 13 k.

2 BR

2.1 FoxO3a siRNAJK&-4% fig B % 4@ i, A FoxO3a
FEKFFm mockdl. NC4. NC+PAA
WIIFoxO3atk A RILEEAMFEF = 0.013, P =
0.981), FoxO3a siRNA+PA#1 flFoxO3a siRNAZ]
Wb, 5H =4 A gt % & (P<0.05),
PRALTEAR LG SE 27 2 X = 0.16, P = 0.93). ¥
FoxO3a siRNAWF I # 4tHepG2.2.154H M i L)
(E1).

2.2 FoxO3a siRNABE &3k fig BR * dm fe A 7
-, caspase-37E 9% "% Fox03a siRNA
4. NCHMmockZ AN/ iE A . BT H M
caspase-33Gi 1, PIPMHLLZER TSI HEENE =
1.667, P =0.222; F=0.147, P = 0.864; F = 0.244,
P =0.787); WAEFRFII LLJ5, NC+PA4L. FoxO3a
siIRNA+PAA PR T =20 AH LL AR5 261 F(P<0.05),
8 7% M caspase-37% 4 _I- F+(P<0.05); {HFoxO3a
siRNA +PAZ L NC+PAZ M LLAZ I R In(e =

WA\ # & 5

A B AR AR IR
& A, 3 8 BT 2 e
fi B AR G
iR AR R R R %
HepG2.2.15% it
FFEAT, AR
PRI Tt
A2 P 4RI B cas-
pase-37& . Bim
mRNA. p27kipl
mRNA & 3§ Jn |
B caspase-3.
Bim. p27kipl%
55 T RS8R H
-9 B 4w REL R
B R .
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HZ2AZE As By _ Cy_
A X i B - - -
SRR . ) S
FoxO3a#y % ik, - - -
RE BRI N .
S mAT, &9 =g =g
KA F AT B i
TFox03a%k 5 7 S = - |
FF 2 B 04 g A T - - -
#14 )& ¥ FoxO3a 5| . > > I B
5 i RS s B

PERIEEE T 10 1 100 100 T10° 100 100 100 100 T10° 100 100 10 10°
W if 4 j;g] = Annexin V FITC Annexin V FITC Annexin V FITC
ISE RS T 9 Dy Ex .

i i

R R

=B =B

S | S |

i i

02 T ‘\ f 02 : T T B T

10° 10' 10®° 10° 10* "10° 10' 10 10°  10°

Annexin V FITC

B 2 Annexin FITC/(PNEMZLRETRIX. A: mock?H; B: NC4H; C: FoxO3a siRNA+PAZH; D: NC+PAZH; E: FoxO3a siRNA

Annexin V FITC

K1 SEMENER. BTZE, caspase-35FMEZMY (mean +5D, 7 = 6)

FEEK(%) BTER(%) caspase-3i& 1t
mockzH 97.440 + 0.990 5.010+0.720 99.330+0.810
NCZH 96.380+ 1.310 5.270 + 0.860 101.000 + 7.930
FoxO3a siRNA 28 96.700 +0.730 5.190 + 0.930 102.020 +8.780

FoxO3a siRNA +PAZ

85.460 + 1.760

12.310+0.920

NC+PAZH 80.140 £ 1.510 20.430 + 1.640
F 220.600 241.880
P <0.001 <0.001

150.850 + 1.450
202.000 + 3.820
390.400

<0.001

5.371, P<0.05), FIT=% . caspase-3iGTE TRt =
10.55, P<0.01; £=30.76, P<0.01, #1); TiAA%EYL
FoxO3a siRNAX 4 i i) A7 FE T 6 0 {2
AR ARIR IR 5 T )8 T Flcaspase-37%
PE(E2, F1).

2.3 FoxO3a siRNAFKA4 fi5 82 2+ 28 fLBim.
p27kipl &L 6% % Bim mRNA. p27kipl
mRNA7EMock#l. NC41MIFox03a siRNAZH#K
IEEAR, A AfEA R LG T B XE =1.804, P =
0.199; F = 0.208, P = 0.815); FoxO3a siRNA+PA
LRSI K, NC+PAL R IE &, PIAH
EEA givh 22 (e = 32.21, P<0.01; ¢ = 17.17,
P<0.01); A4 5] 5Fox03a siRNAZ A LL B 4t
PEER X (¢ = 7.05.21, P<0.01; ¢ = 3.53, P<0.01).
Ui IH I HIF ox O3a i) 21k AT G 3K A il 4K e R 75
ST ¥ BimFlp27kip1 A (E3).
2.4421Fox03asiRNA % K& 45 Yt Bisi B

A I.: FoxO3a siRNAZL 40 i i &t 6. 5 e 4 o,
AN RZ 56T, PN HA% W Fox O3asRia i
fiX, 401 NFOX03aRIEAHN £, MFoxO3a
siRNA+PAZ M k% 1A 4 (5 6 A T 3 m, 48 g
JIR 23 €5, 92 D6 AT P /b Ut B AR TR R e R 1k
FoxO3afE 4l it N 1)K 1A (El4).

3 111e
R BE TR B E I 0 TR 5 ST 4 e R T (R
) FE VPR M 0 JFE I R HE ™, SRR
K, BBEATFESST “HEXkITEH” EE,
BV Fp Al T 7 I ) R D P 28 R e, 9 L
L5 I IR) S0 S AT A R B AT 35 3 D) I DG R 17
FoxO3aE HE TFoxiBHEEFH “0” T
Fk, B ToSRaEKE X1, HmiEZ6731
RAIEIR, 7 FHEIT kD, & forkhead DNAZS &
4ERIE, NLS, NESFIAE RIS, y5 1 ml 52 3%
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A Marker 1 2 3 4 5 B Marker 1 2 3 4 5 W @) 7% 34

200 bp—

16
1.4
1.2 -
1.0
0.8 |
0.6 -
04 -

0.0
1 2 3 4 5

200 bp—

14 1
1.2 ¢
1o - 1

0.8

0.6 1

04 +

0.2 +

0.0 : :
1 2

3 4 5

B 3 BLAMEEBIM. p27kip] MRNABYZRIX. A: Bim mRNA; B: p27kipl mRNA. 1: mock4H; 2: NC4H; 3: NC+PAZH; 4:

FoxO3a siRNAZH; 5: FoxO3a siRNA+PAZH.

WA SBEA RN K AR S T Y, Hodp
PR A 2 e I 1 U7 L I RLAK TR #E 3
i R A o oy T ZEPY. AE TP IR R ORT AR K B
T, FoxO3akk 3 K 7 7E 40 Mo A% A IR R e sE 1,
A A A K R i PIBK-AK T(protein kinase
B, PKB)f5 5 id %, FoxO3aE AR, &4
14-3-31MHE A%, KRB HRIEHE, LR T,
PI3K-AKT-FOXO3af5 5 1 H 8 1 i i #EFE A
{IGADD45. Cdknla/p2. Cdknlb/p27. cyclin
BAIBim™ ", Al £ R A4 B2, 03540 M A7
i, AT, A

AT GRS A S S 1) JH- 2 i g 2 P
AU 3 R R I H e p G2.2. 1541 g
T, B RIER T R B
caspase-3iG . Bim mRNA. p27kipl mRNA
134, ¥t caspase-3. Bim. p27kipl&Z& 5
TR ST I Al M TR R A, (R R
kR TFoxO3ail#% | X LHL R, MANEHE;
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B 4 #EZFox03asiRNARYEE( x 200). A: FoxO3a
siIRNAZH; B: FoxO3a siRNA+PAZH.

ORI B LA K D RN AT AR 4l
FoxO3af)3ik, &R KM, KIRRIFEFHIHE T
Flcaspase-3[iE I W F %, Bim mRNAFI
p27kipl mRNAZIA W B, i BHFoxO3ail
S caspase-3. Bim. p27kipl%ES& L T4k
RRIRE S I RF 4l s T, R R EMEHRE
FEW 2 FIF ox O3a i) M BT AN ML AZ 1) 5 A, 33—
M2 FAESE T FoxO3aifl it 41 i FE AL (75
PER SR E T X —d fE; Hik, BEERES
JH-40 B ) T He v ) — AL 2l i Fox O3a
T 40 B A% Y OR R i s im vk, ATV 38 T UiF
Bim. p27kipl# caspase-31 K4, X5 EH4+
S R — B,

B, IR A R HIFox O3aff %
ik, BRI ERIRIR S S HIF A M T, I4rFK
PIGAE T Fox03aZ 5 T4 G AR 2. A4
J5 ¥4 F ox O3afE 2k BELIWT IR 1 R 175 5S4l JE 0 12 1)
I R B H A,

ABER LA #
X, &t A AL
19 4R otk it
15, A—R A%
MAA.
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