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Expression and role of forkhead box-containing protein O subfamily-1 in

patients with nonalcoholic fatty liver disease

XIONG Qing-fang » XIE Yu-tao, TAN De-ming , HOU Huan-rong (Xiangya Hospital , Cen-
tral South University ,Changsha 410008, China)

[Abstract] Objective To study the expression of forkhead box-containing protein O subfamily-1 (FOXO1) in pa-
tients with nonalcoholic fatty liver disease (NAFLD) and relationship with expression of phosphoenolpyruvate car-
boxykinase (PEPCK) and glucose-6-phosphatase catalytic subunit(G6PC), and to evaluate the effect of FOXO1 on
the pathogenesis of NAFLD. Methods NAFLD patients were confirmed by clinical and pathological methods. Lo-
calization of FOXO1 was observed by immunocytochemistry; FOXO1, PEPCK and G6PC mRNA levels were ob-
served by RT-PCR. Results The homeostasis model assessment of insulin resistance (HOMA-IR) were higher in
nonalcoholic steatohepatitis (NASH ) and simple steatosis (SS) group compared with control group (P<Z0. 001);
alanine transaminase (ALT) was higher in NASH group compared with SS and control group(both P<C0. 001, or
P<C0.05), but there was no significant difference between SS and control group (P>>0. 05); With the progress of
disease, there were a gradual increase of percentage of hepatocytes with FOXO1 and mRNA levels of FOXO1, PEP-
CK and G6PC in three groups. there was significant difference between each group (P<C0. 001). FOXO1 mRNA
levels were positive correlated with HOMA-IR, the degree of steatosis and necroinflammatory activity, the expres-
sion of both PEPCK mRNA and G6PC mRNA. Conclusion NAFLD patients with normal ALT should also undergo
liver biopsy. Expression and activity of FOXO1 are increased in hepatocytes in NASH. FOXO1 mediates the effect

of insulin on the gluconeogenic genes PEPCK and G6PC. Steatosis and inflammation are involved in FOXO1
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JHF 1B & 2R AR BT 2 AF TORS 1% i 05 14 AT 9 (nonal-
coholic fatty liver disease, NAFLD) i) —/~ g ZF ¥
FoEHE A R . o SOCRRE R R T 1
(forkhead box-containing protein O subfamily-1,
FOXO1) i — AR & 24 5 98 5 W5 R nid 2k DY e iR
I 2 T W R #2 1% B ( phosphoenolpyruvate car-
boxykinase, PEPCK) 1 #j 7 ¥5-6-1 2 i i 1k W %L
(glucose-6-phosphatase catalytic subunit, G6PC)
M1 . BRI, 56T NAFLD R 5 R (5
5 RV 5 RO B RS PR T 4 R G BIL 1R AT AN T A
AWFFEITAL NAFLD 3% [ & R ikt 5 FOXO1 %
AT K AR s FOXOT 78 1 & 0w Hh i £
3 NAFLD (¥ 5 B i 7 482 13 A 3%

1 XKRE5FE

1.1 AR % WdE 2007 4 3 H-—2008 4 10 H
T R R N R I B AT T 2 RS A A 39 e 451, H
o A K 1 18 B 2 BT 48 (nonalcoholic steatohepati-
tis, NASH) 2 13 ] A A% 1 5 204 Jig 5 BT ( Sim-
ple steatosis ,SS)ZH 14 i , f# FE XTI H (WF IR4H) 12
il o WG PR b SS I T 2 BE B 27 45 5 B A IE A
NASH £ 1fiL i N 28 B2 %% 2 B CALT) 5 F 15 % {H =
FR1.5 f50F R4 4 B DL 1 s I 4 NAFLD srfg e 2
SRFIERG 27 43 2 2 Wi AR v A 39 A & IR IIF &
I T IR L [l I HERR T 25 W0 P I 2% SRR PRI 6 e E
S G BEVERT 2 IR HERR 45 4% | Jivigg 55 4 B PR AH
e B RGN . AR T ABAC BEZE 0t 25 1Y
[F] &

1.2 HaARAFARSE TEATHFEK A8 &
BT ARPEIR2 ZHAZ 1 cm X4 cm K/)
JHREL G0 43 4 00 B TR V5 0 T o o) S R A s 1)
A HE Ju i 2 140 27 W58 5 38 43 it A7 7E WA
H TR BUE RNA,

1.3 & &H4K ¥ 354 (body mass index, BMD) & 4 &
AR WS AR, T BMILBMI = (K &
(kg) /B (m)? ] B WU H S b5 A 6] — K &
SR B T 25 ME R I ik i, 5 mL, ASJmdTEE R, 3 500 v/
min &0 15 min, i H 4% Olympus AU2700 4 H 3}
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AAL S Hr AR ALT 25 I8 1 B% (FBG) | H b = I
(TG Fe SRR BECTO) | i % B2 g 8 1 (HDL-O) ik
% B g 2 11 (LDL-C) /K- 55 8 R 5 R (FINS) K F
FHTSCST S e 2 5 . R AR A B S PE A 75 (HO-
MA) 8 i 5 £ P 38 % (insulin resistance in-
dex, IR) , HOMA-IR = FINS X FBG/22. 5%/,

L4 mBFHS AEOHEFHALSELY) 4
pm) , HE 3% 68 00 8¢ i 2H 21 3% 5 5 B S 4k, 95 1 TV
Yo G AL 2R Wi AL B2 i L Gordon-Sweet 5 W4k
LYY fn [ Massson = {8 Ju {0 AL LF e fL FR I, &
14 2005 4 NASH-CRN #i 72  NAFLD 41 4122
My SR AT i ot . BURU NI S Y 1
R A5 AL S AR B R A

1.5 fmat REHALEY RMIEPER - £
MR - A YR &Y (ABC ) # 17,
FOXO1 #i&g g Cell Signaling, Danvers /A ] ,
1.6  AF 4 % FOXO1 mRNA, PEPCK mRNA,
G6PC mRNA #m  F Trizol 7] (W [ 4t 5% 1# K
BN T — RSO IR & RNA, 33 5% 5% 3 4 il
/i (RT-PCR)Y X & B H A TaKaRa 23w,
HE NS A B WH LA TAY TERARS
. FOXO1 F 5' = TCATCACCAAGGCCATCG
-3,R 5 - TCATCATTGCTGTGGGAC - 3';
PEPCK F 5 = AGCCTCGACAGCCTGCCCCAGG
- 3,R 5 - CCAGTTGTTGACCAAAGGCTTT
-3 G6PC F 5 = AGACCAGTGAACTACGG-
GATG-3",R 5 = ATGAATAGGACTGCGTGCC
- 3';B-actin F 5" = AGAGGGAAATCGTGCGTG
-3, R5 - CTGGGTACATGGTGGTGCC - 3',
Fie PR 3 S B 07 i ) & R AR S L cDNAL, 94°C i 45
£ 5 min;94°C 30 $,59°C 40 s,72°C 41 40 s,k 35
MEI . 7Y 2 5 N6 W R RS R UK IR D K
fH, L5 Bactin A9 K BE LU AH R R AR XS Rk & .

1.7 it Fam AER IR, Mg, FBG,
BMI, HOMA-IR % K ¥ DL = £ s £ox, W H
Kruskal-Wallis ¥ ¢ b iR £5 41 48 br 19 41 18] 25 5%
A 4 R 25 S i 3 W A Mann-Whitney U £ 5
BE— AR LL L. A DG 2 B SR T L4 M G A #r .
N SPSS 8.0 e it 4 3547 43 H1
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2.1 NAFLD % % BMI, & s . HOMA-IR # % 4k

NASH 2 BMI,HOMA-IR,LDL-C.ALT {4 & %
=T SS 4 (P<C0. 001 8 P<C0.05); TC,TG,HDL-
CHE . MHAEF TR EE(P>0.05), 55X K4

FIE, NASH 41, SS 41y BMI, HOMA-IR, HDL-
C.TC.TG,LDL-C 2 5 ¥4 & 3% (P<<0. 0018 P
<<0.05); NASH 41y ALT {55 % B AH L. 22 7
A FEMEP<C0.001) 1 SS AL ALT {8 5% IE 41
ZRTLEEFE(P>0.05), 3 4la 7 AER 25T
BEME(P>0.05), BEWLE1,

xR BAXBEH/IFLE @

Table 1 Clinical characteristics in each group (x £ s)
i A BMI TG TC HDL-C LDL-C ALT
4 el H? o HOMA-IR ) ‘

(58 4 D) (%) (kg/m?) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (U/L)
NASH 41 9:4 46.5419.31 30,241,494 6455007 4L 3,39£3,05% 5. 211.00%  0.59£0,19%  3,59£0,05* AL 79,30£39,39 4
sS4 816 42,29£11.06  25,94£0.79 4,79£0,30 % 2125 1.21% 49751067 0.69+0.30%%  3.44£0.11" 36.62%23.30
popiEil 705 38.50£8.36  23.58%1.93 1.980.16 1.03£0.27  3.95£0.66  1.22%0.13 2,03£1.16 25.84%6.70
F 2,14 68. 41 12,54 4.81 6.34 31.38 21. 84 14.05
P 0.13 0. 00 0.00 0.01 0. 004 0.00 0.00 0. 00

PR A, « P<<0.05, xx P<<0.001;5 SS 4 4. /AP<0.05, AAP<0. 001

2.2 AL FOXO1 &%  NASH 4 FOXO1 [
PRI RS R A2 PE VY53 /N D RAE PE 5y L £ 4 A
i%ﬂﬁ SS 41 % MU R, 22 R A (P <

001);SS 20 FOXO1 B4 40 g K . i 15 22 1 3% 7

50 R LA, 22 /A W M (P<T0..001) , 1 /i
WRIEVE 73 AR e WAL 22 5% 0 & 1 (P>
0.05), W2,

R 2 41 FOXO1 FHM: 40 i % T E G 48 NASH-CRN 5 #1458 (x5

Table 2 Numbers of FOXO1 cells

s and NASH-CRN scores of liver histopathological changes in each group (x £ s)

205 1% FOXO1 FH 1 20 g %5 (4 g Wi 28 P (43 INIE N S (43 L A )
NASH 41 13 5.76+0, 2700 2.78£0. 125440 1.76 £0. 07 A4 1.92£0. 05448
SS 4 14 4.47£0.13"" 2.54+0.09* 0.16 £0. 06 0.12%0.05
Xf R 2 12 0.96%0.28 0.76%0.05 0.12%0.06 0.09£0.06
F 76. 46 51.95 40. 47 71.32
P 0. 00 .00 0.00 0. 00

¥R A, %% P<<0.001 ;5 SS 41 E# . A /A P<<0. 001

2.3 FOXO! mRNA 5 % R % s A B % &
FOXO1,PEPCK. G6PC iy mRNA ) 3 ik 7 %F 1o
ZH.SS 4 NASH 2H & 3 i 9w Le 48, 22 S 3
M (P<<0.001), FEILFE 3
2.4 FOXO1 mRNA 5 % A ey A &40 X K5
#  FOXO!1 mRNA /K F 5 HOMA-IR (R, =
0.96,P=0.00) IEAHK, 5/hit N RT3 (R, =
0.88, P=0.00) FAGH; P4 (R, = 0. 884, P=
)0) IEAH G, H 5 & 24 A I 5 A A G (R, =

0.08,P=10.59), FOXO1 mRNA /K3 5 PEPCK
mRNA (R, = 0. 93, P =0.00)# G6PC mRNA
(R, =0.97, 00) 35 *ﬁaéﬁaé

3 itig

3 %4 FOXOImRNA ,PEPCK mRNA,G6PC mRNA #j
Jik (T o H LI/ Bactin SR HO
Table 3 Expression of FOXO1mRNA, PEPCK mRNA, and
G6PC mRNA in each group(Z % s, target gene/(-
actin mRNA)

wul miNA
4 1
FOXO1 PEPCK G6PC
NASH# 13 5.73+0.17*%448 3,670,097 %40 2.25+(,07 00
SS 4 14 3.45+0.09* 1.66 %0, 08" 1.71+0.07%
Xt IR AL 12 1.47%0.07 1.27£0.07 1.06£0.08
F 54. 84 56.59 69.12
P 0.00 0. 00 0. 00
SXRBYL L, » xP<<0. 00135 SS 4 L #, /A /A P<<0. 001
NAFLD J2 4§ B SME RS A At B A 04 460 I =
TSR DASRIE MR AR R AR L £ SO 1 50

T 9 W PR TR 4 O €245 S NASH RF
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R PR R R AR R Y R ke A 18
P R (Y 28 3 | 55 At 0 1 s DG X Oo IfL A
T 2R A 1 R M AR A R I AR 38 3 DG 3 1 BF 5
PO, H I S 0 T A SR 1 B AT R B G
S FHEHT S LB VA G, I HL 2 L 5 2 o AR B
R Z—,

S AR TR 2 L R D P AT 4 15 kN R U B A
P R Z A5 5 5 Tl T AR X — o R R T AR
RS, MOk SRR FRIES S T 2/ A B 1
F55 200 e 1 3000 A% 3R L O T ORI R P IR B RS L A
i 55 2R HEHT A 2 UM PR & AL ) rboR] gk E AR
A, FOXO1 % &2 FOX & 3] 7 F kb i —
AN 33X — G T AR £ 2 e 05 1 JBE B /P K/ Akt
T 3 TR AR AR L A0 3 A R AR Ak R
HEAEHT . EIEHARE T, FOXO1 A F 40 i 1%
W, — B R S PLK/ Akt {5 538 #§, FOXO1
EE M2 24,95 2 R 256 F1 319 B R 1k . W 12
BBy FOXO 25 [ DA v R i o o i AL, A
T ol 22 R 9 1) B PR e SR A

H i FOXO1 78 N2 g 95 FF % 1 b ) 7 Ty
HMEEE HIE . ARG R 9B R NASH 41.SS 411
BMI,HOMA-IR, TC, TG, LDL-C %} I8 41 & . #i
B S 2352 5 7 NAFLD % & 9% Pl s NASH
g ALT B SS 41 X HRZH R {0 SS 4 5 %) B4 22
S AR UER] ALT AN GE VAL 9 s 7™ 1 72 S itk
JE AR HEBR G R 1 — A A e b, 5 E
HMIRIE™ —3,

ABFIE 4SS H B NASH £ % 19 FOXO1 [
Y B 3 £, NASH 4119 FOXO1 mRNA 5
PEPCK mRNA.G6PC mRNA fl HOMA-IR #% ¥k
S IEA S, R B FOXO1 155 5606 P34 i . 98 45 % 5t

JE B PEPCK Fil GOPC () %3k, I 5 B i Z 4L
HiA % H FOXO1 mRNA {4 7K S it <7 Hb [ Bg i A5
PEFNAAE 1 20 A2 R R 78— B2 . R0 3E g I 722 7k A
KPR 25T FOXO1 BT,
AW E WAES: T FOXO1 £ 5 7 NAFLD
TE B AR B ELAAR A g R 8 R il — B IR AT
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