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Abstract

AIM: To investigate the role of phosphatidylino-
sitol 3-kinase (PI-3K), acyl-CoA: diacylgycerol
acyltransferase 2 (DGAT2) and protein kinase
C-¢ (PKC-¢) in the pathogenesis of non-alcoholic
fatty liver disease (NAFLD) in rats.

METHODS: Forty-eight Sprague-Dawley rats
were randomly divided into normal control
group and high-fat diet group. Rats of the high-
fat diet group were fed a high-fat diet for 4, 8 or
12 weeks, while the normal control group was
fed a normal diet. Liver slices were prepared to
grade the degree of fatty change, inflammation
and fibrosis. The expression of PKC-¢ protein

was determined by immunohistochemistry (IHC),
while the mRNA levels of PI-3K (p85) and DGAT2
were measured by reverse transcription-poly-
merase chain reaction (RT-PCR).

RESULTS: Feeding a high-fat diet caused the
development of NAFLD in rats. The degree of
fatty change and inflammation was significantly
more severe in the high-fat die group than in the
normal control group. The degree of inflamma-
tion, fibrosis and ballooning degeneration was
significantly more severe in rats fed a high-fat
diet for 8 and 12 wk than for 4 wk. The expres-
sion of PKC-¢ in rats feeding a high-fat diet for
8 and 12 wk was significantly higher than that
in the normal control group (7.68 £ 1.32 vs 6.68
*2.16,8.46 +1.19 vs 5.52 £ 1.05, P < 0.05 or 0.01).
The expression of PI-3K (p85a) was significantly
lower in the high-fat diet group than in the nor-
mal control group and in rats fed a high-fat diet
for 8 and 12 wk than for 4 wk. In contrast, the
expression of DGAT2 was significantly higher
in the high-fat diet group than in the normal
control group and in rats fed a high-fat diet for 8
and 12 wk than for 4 wk.

CONCLUSION: PI-3K and its associated pro-
teins DGAT2 and PKC-¢ may be critically in-
volved in the pathogenesis of NAFLD.

Key Words: Non-alcoholic fatty liver disease; Phos-
phatidylinositol 3-kinase; Acyl-CoA: Diacylgycerol
acyltransferase 2; Protein kinase C-¢
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ik 48R K R MM A6 EF TN,  REY. BERELIIE3-# ¥ (phosphatidylinositol ~ W48 £ &

2088 RR IR 4 wk, N, 2238 4k PR I8
wk, N28-5-38 227 7712 wk); NAFLDASA! 28
(H, 285 i5 %704 wk. H,28 3 57 778 wk. H,
213 IERA12 wk); PRI &K RAT IR b T A2
B RmEEDfeF AR E,; SR MEAF
LM & 4APK C-e% & £ 35 &; RT-PCR%#
MPI-3K(p85a) mRNAFDGAT2 mRNA# &
iA,

LR NAFLDAER 205 5 TR R, 4 4eik
Fo K Fsh EiL Y BE S TEF AR,
H,. H, 2808 B & M 5 L B AT i o B b H 28
R E, AR LA LEY£F; Hyy H,
APKC-e& @ Rk 35 EF A RALE Y
3% %(7.68+1.32 vs 6.68+2.16, 8.46+1.19 vs
5.524+1.05, P<0.053,0.01); PI-3K mRNA(ACt)
5 Ew Rl 291 %, BH,. H,4A5
H 2000490 293, PI-3K mRNA K& B /4%
A28 o A g oy AT AZ 649 m & 2 B AT M KL
DGAT2 mRNA(ACt) 5 i s BB 20 Y45 B 5 4
1%, HH,. H,2A5H 28 k490 B 44K, DGAT2
mRNA % ik 3 /ENAFLDAE A 28 P [ fis 5 FF 42
JE W mE 2T .

i PI-3KA@R R L4 X & GPKC-efn
DGAT2 T 4% 5 NAFLD & Ja L] A .

RERA: AREAEPERE R P AT; B RE B LB 3 - A,
B H B R, O MEC—.

TH¢i6, TEW, {IF, BB PI-3K. DGAT2. PKC-¢fEX
SIAEBSMAS IR A RINGIPEWER. BRENBURE
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JE A T B i ¥ BF 5 (non-alcoholic fatty liver
disease, NAFLD) IR HLEIR A%, HoA LTS
Ji % Z AP (insulin resistance, IR)%5:4G . IR &
BLAR T B8 & 25 14 e N 9B0R , 1E 6 71 & 1) JBE 5 2=
FEAEAR T IR AR )2 N ) — FfofR A& B B & 3%
TR B (TN AN . L40 M IR o7 40 )
F i B 25 A 1R 3 R S S A R B, 1T
JB I FR A T Ak 38 52 FH i 55 72 3 BURIP) 32 2 i1
PR IR AENAFLD & AR O B8, i 3 1Y
T I B A8 A I 3 % i oo 28 A 7K - e 3 9 9
RRE, BEAN, i 25 MUE AT A A 0 ik )RR
A A R 53 i 2 5 AL 2R AE K R T (connective
tissue growth factor, CTGF), {¢ it T 41 4k fb & 4=
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3-kinase, PI-3K)Jl ¥ /& LR & #2455 1% 3
(1) Z0M %, PI-3KGHE BR AL AT — IR H B
HBAA O] BE T 20w P AC U B 1B R AG, F 3R
KA, TPL-3KAE Ay ok 5 350 5 e 3 v R G B g,
FEIR I R A R e rp ke 2 O, A szt oo ik
MR E IR S INAFLD K USRS, A0 2 A
W ife(protein kinase &, PKC-e)/ENTALZP I3
TR AT I FFFAEPT-3K mRNALL A — 19k H 3
T FE# #2 B (acyl-CoA: diacylgycerol acyltransfer-
ase 2, DGAT2)mRNAZRIE, NI~ bA1{E
NAFLDH R A .

1 SRIRSE

1.1 A4 iR 7 2 & Spague-Dawlay(SD)
K48, KR 150-180 g, T 5 K&
WHARG WA AL ENHEREIED wk. bk R
PKC-¢Z wilEdifk. —hiEhitklgG. SPHYE
AU G o) o U A AR ) BOR A
B A TW]), DEPC(HL 5176 | i AL I H ARG IR A
), WAL LEBE(EB, £ [EPromega ), MR
(KHESigmal), 5196 M AREHE (i
Y TG AT]), Taqg DNA PCRMARF &
(TaKaRa K% 5 fit5ck3501AA), TRIzol(JH
¥ [HInvitrogen, #t550563209), ANTP[I [ 3 [
W A2 K% (Promega) 2 ], #175:251230]. FTC2000
SN 5 58 BB D G A (IR 24 ),
& BLONLH ASanyo s /), /KK (E
[EBIO-RAD . H]), /KFELHLLDS-2A(E R
B ), Gel Doc 100041 1% R 48 (5 [
BIO-RADZA ), Maxi-Mix Il i 7% % #&(Barn-
stead/ThermolyneUSA).

12 7%

1.2.1 H2a &AL 48 FURRBEHL A 64l: 1EH
o] R (TR ARINZH ) (N 21 558 IR EE R4 wk, N4
IR SRS wk, N4 IE IR M FE12 wk);
NAF LD 20 (/i BREZH)[H, 28 & i vk SR
JIEL ] .2 o+ FIH FR A4 0. 5 Yo+ DA i 280 B T 0.2 Yo+ JRE Bl
5%+HHE I 10%+ LAl R 82.3%) M 774wk H,4l
IR R ES wky Hy 4l s IR R IE12 wk).
Bt Aok, AR, HTRRGME TG
PRk, LB TFRR R HIfE Q5 £2) C.
122 RBEARFHE: KRALIEET] d25 12 h,
HEOK, T2 KRR 5 LA20 g/L % 24
PR L mL/kg 8 A A SR BRI, BEAT OISR I, 4R
Je T A 0 P T A, DA E S 4R

b Al
A S A
(MES)#= # 1k 52,
(HS) % 1% 5 4%
5, B EPI-
3K/AKTH § i
%, i@ it 3 A AKT
B A, d i &
IR 5 H4% 3 fig By
R, TR
NAFLD.
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WA # A 5 B /AR 0T X 100%); B 0B 2R s HA TCE SN b g, A HA () Lh A3

AEIEE R R
Bk g
NAFLD X & 4
A A & G s
e(PKC-¢) £ AF 21
b ay Rk E AR,
B A ) I BEPT-3K
mRNA VLB =t
H b A A A B
(DGAT2)mRNA
Wk ik, Mg =
#A11 ENAFLD %
K IR AE R .

B%5 mmALEL1.0 cmX 0.5 cm X 0.5 cm K/MF
MR, BRI T 4% 2 KPR E €, VAT AR
KA )G, 1R N MR 21 2L g
AL RIEWG B LA R AT A L.

1.2.3 & 20 K R0 Mk R e )5 34T o 5 BT I 4E4E
s U 5 K BRI H [ B (total cholesterol,
TC). WHRZA L Mi(alanine aminotrans-
ferase, ALT). K[ XA MR I M (aspartate
aminotransferase, AST).

1.2.4 L 3 AR A (1) 5015 20 24k 2306 )
PK C-e7E lg i P 4L 3 i s, —Buide F S bt
KPKC-e2 w DK, 2 ISP H 24k
P G v B D BT EAE. RAWE
RSB N BERLIE B0 T4l i/ Fr, e BUT Al
e %) B 2 &0 e % 4 P £, PR C-e 7 T 40 M
(0 A TC L A IS P 440 0/ 4 B i 2 X 100%; (2)
SEIN %t € BEPCRAT I IEPI-3K (p85a) mRNA
JDGAT2 mRNAFRIEFZTRIzo 1 B 15 5 %
FEIA R EARNA, XRAFFIRNA Y dE4T HL
VKA AT L RIN A I 58 4800 B, R B AR
mRNAW 5 cDNA, WEERIE, e/
vl B R 2 1 R G I 38 R g RIS PR A
PEIREL(CHIE), HEAT bl — J N 1R 9 34
B )5 2k, MRS CHE 5 FrUE BRI 45 #5 DL
XTEEAE R, 19 2% W As it 2. GADPH
51¥): F: TGACATCAAGAAGGTGGTGA, R:
TCATACCAGGAAATGAGCTT WK JE N
177 bp; PI-3K5|#14: F: TTCTCTGATCCAT-
TAACCTT, R:TCTTTGACAACTTGATCCTG,
FEKBE A 143 bp; DGAT2514): F: GAGA-
CTACTTTCCCATCCAG, R: GGTATCCAAA-
GATATAGTTCCT, I JEA: 72 bp. BA XA
P IS ECh: (2)94 'C 2 min; (2)94 'C 20 s, 55 °C,
30's, 60 C 40 s, 45753F.

Gt AR A A HISPSS15.0%
WATG =08, T E PR mean = SD# IR, H
A1 SN LR FH P REAS A 50 LU A (e 36, B4
LN [a] ELACR H 5 2253 1T, P<0.0524 72 51 4t

TR

2 B8

2.1 AT peAedn g BHIE AL A GEK, HZLK R
JIg T Dy Re - AR br AT VTR, I ) S H
HALTHENAI LR, KHALN RIS 22
Ft(P<0.05), Hy4H 5H, 404 B 211 2 57 (P<0.05);

A ] 25 5 (BP<0.05); AST/KFHAL N ) 2
S P<0.01).

2.2 G2 B K KT M % 24 0L B WA 1k 3 B
AERAEAR /NI BRE 73 G S AT EAR 53 B B8 v
TNYL(P<0.05); HAINE WAL VE 53 B I 41 4 Ae 7y
WISH AA B 3E 125 P<0.01), SBERFEA A
2 12 5(P<0.05); Hy T4k 20 I 5H A
FGETE L(P<0.01).

2.3 %R M PK C-c & & f2 18 B I
o & ik HA 5NAUR R L, AN KL B
B9, Hyy HyAH SN W 2 7(7.68 £1.32 vs
6.68+2.16, P<0.05; 8.46+1.19 vs 5.52+1.05, ¥J
P<0.01, K1)

2.4 PI-3K(p85a) mRNAF*DGAT2 mRNA i 7
JF P 84 & ik PI-3K(p85a) mRNAFK A FAEHZL
B g I TR P 1 o B R HEATPE AR, H L Hs
H,41PI-3K(p85a) mRNAAHX #IA 44 i (KT
NZH(34)P<0.05), HHAL )2 8] LB A7 70 B 8 2%
5E(3IP<0.05). DGAT2 mRNA KA & EHA b
UG 7 P2 P I e S AT P T v, FLHAL I oA
WAFAE I S 22 5 (P<0.05, [K12-4).

317E

JHAEIRZNAFLD A& AL i BT, IRAMYIE
T 34N G 4y fifk B Ui 2 I i R (free fatty acid,
FFA)iz 2 38 02 SO 105 A2 vk 1 kA2, 3k
MW AT W AN . M FFARY
% N SRR D REAN A% 5 BUIE U S A 3 0, 4
EREEE S BTN AR A T N i
NAFLDHE Pk R, Jeile 1K 52 30T 504 W A
it (mild electrical stimulation, MES)FI#K 77 (heat
shock, HS)#Wi(E 514 5 IF H IS PI-3K/AK TfE
S, I INAK TRERR{L, 2 oGS TR HL
FEHERR AR, W AZEAENAFLD, 3k T
JB % A S Sl S PI-3K-AK T —Fh e 5 2%
VERI AT A5 5 A% T, JF HAER T A R0
PR = Bk H A Qs A R B
Pt JE AT 3R W 440 R0 1 R A2 g 7
JiF 4 (nonalcoholic steatohepatitis, NASH) H f%4H
5%, FLIF 40 By v ) R B 1 e A
HYIIRCFR. LI UE B, B A LA — S AR O
(38 DR 2% B 40 9 T FLE S PI-3K/AKT
ML IR IE T 40 Jf e 39 58, A 6 B PT-3K 1) 3
WMALEE LR RERH I T 4l se T A5 5, JF Hdk
— A AN AFL DM, A 538 A A i
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B 1 BAKREFLELLRPKC-cBBHIRIASP x 200). A: N,2H; B: H,2H; C: N,2H; D: H,2H; E: NLZH; F: H,ZH.

A 8 B 8
7 7
6 6
5 5

8 4 8 4

<3 <3
2 2
1 1
0 : : 0

Tia

B 2 PI-3K.
DGAT2 mRNATE
A8 5 BT BV R IX
(ACH). A: PI-3K; B:
DGAT?2.

NAHA NAHA NAHA

NAFLD#API-3KH [ %35 & K HmRNAK &
KK, MEEPI-3KANAFLD A H E . 7
AIF 5 Sk 7 7 R ) K B UL A R i o, B B 3R
SRR ) 2 AR 1. 2(insulin-stimulated in-
sulin receptor substrate 1, IRS-1. IRS-2)7% 5 Hl
TEPE R E PR, HPI3KIME Gsb, H1EPI-3K
TEPE AR, HPI-3K P p85ail HLAT (131K BH 2.9k
b ASEES FH e IR OB I AL, AR TP Al T D7
JH (R LAl - 4k 252 o Mg T B IR, R BT AS BAE
AR IS, SEAT 520 € EEPCR I3yl A0 I #4541
JHF B PI-3K (p85a) mRNA &L H 1, 45 5

www. wjgnet.com

NZH H4H

NAH HAH N2 HAH
NH 41 5NZIPI-3K (p85a) mRNAR L /KT i
F e, BHAR RN ) K L TR AR AR
JNEE, PI3KAR (KB &I T R, L8 hH,
H,. H,5N#L, PI-3K(p85a) mRNA %% 7K ]
B (P<0.05), H,ZHPI-3K(p85a) mRNA XL 5
HAAH L, FIEKFA BT FRK(P<0.05). 1] WLPI-
3K(p85a) mRNAZKIARH A NAFLD 1) 1% N,
HRIEEIR BB, PI-3K(p85a) mRNARKIL S
NAFLD PR i FeE B 5 AR K.
PKC-g AN B PR CW Kk, HAs b kE
A0 i S I H S BBUBR KT S e/ Thir B 1 .

785

mi:A2E
PI-3K:i# % & i
%% BPKC-¢
FaDGAT2 T4 5
NAFLD & 5% #L 4]
Ak
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W@ 530 Al 2 3 M B 1 2 3 MCl 23 M B 3 GAPDH. DGAT2FIPI-3K mRNAEREBVERAE

Wikt ere, AR
BAF ey B EMAE.

XIIELEER. A: GAPDH; B: PI-3K; C: DGAT2. 1: 4
wk; 2: 8 wk; 3: 12 wk.

bp

3@@

300
200

100

0 4 8 12 16 20 24 28 32 36 40 44
Ct

B 1.2

1.0 —
0.8
s 0.6
a 0.4+ |
0.2
0.0

0 4 8 12 16 20 24 28 32 36 40 44
Ct

4 PI-3K, DGAT2 mRNAKIGAPDHZE)DBEZE. A: GAP—
DH; B: PI-3K; C: DGAT2.

PK C-e7E 4 M A 1 DX 38l A v A B v 138 A5 A8
M—2e (55 E AR, REEARTFRAG-HE
EIH RS2 A L T S R WA I 52 1 R T 2, 12 T I £
R A2 AR 5. PR C-g 2 FH LRI AS[R] ) 5
TAGMEWIDAG. R VURE RN G W R B (1,
UG 75 T 2 Y AL /NS 2 A K PR - R 2% B8 A=
WOE T A ).
PKC-g'7BINAFLDIWHLHEIA i 3 24811
ARG R, A R B0 IR G 2 i
IR™, A Al T30 T IRS-1 TR S-2 [ Bk 44 IR o 12
I FLER S T R 5 bl B A e e 1. 3
Iy FHUHIATBE A : PKC-e BB & 25 52 il 2k
I, T2 T B ZR AR STAITR S2 1) Fi% 24
FRWEIR A k. B, 1X 2 S HUM R RIS PL-
SK/AKT-2[0998/0. 159 MAK T-2 (0% S50 T
B Vi T T 3 R F O X O FA Bl I A ) PR AT,
SR S 2 B AT TP B i SR gk 559 JHF 8 S5 2 1 41 1)

VAL AEAR S0 vp 3 58 FH o 2 204G
JINAFLDAR &2 AE AL 2L N IPK C-e 8 T
AN[R] R ) A5 ) BH P 208 f 2 — 2D SRR INAFLD
() I AL . AE AR S50 T HAL K U 4R
PKC-gfHPERIA R, BNAA W B2, I Hbt
HNAFLD/I AL FE R B I, PKC-effI R IE
EWH SN, £H,. Hy,. H 410 i &A1 )
BB VERR BT ) B0 BRI R R
H AT 7T & HPK C-e fEN AF LD & ik F v 1)
{E R PR C-eif fb A ik 4t i, 320 23k
THFFIR, MiPKC-gifi LA IA$E m S EUITIR K
HLO IR BT R BB B B BOEPI-3K/AK T-2
(YD, FESEG T, Bl A HALG 7 IR B f I
PK C-gPH PRk S A I W1 0, PI-3K K RIL &
A RIS, PKC-el R 5 PI-3K I Kk 5 FiAH
5, SRR AR S EAHC. W ILPK C-eRik
G S /ENAFLDI R A vp )it 21 1
TAEH.

DGAT2 & —F 5 HE 1T N J5T 9 2 i ok 44 g,
e AL = I A B B S 0 ROV I, A
J2 I A BRI R v — i DX Il R B T
UERG LA T —Rh RS E 2N, 2 AEH
MUHZAED AGIN TG 7 1 ok A iy A LA A7
A TE R, o =B A R R S
—ANLIR. DGAT2AE G B I 25 (1 212U i)
RIEACT B (e . B, Al 4120),
TR AR IR AR Py s T
fr o, X PhRIE T BRI A Wik
DGAT1 2 AR 2P b T 50% 0 = 19
H o, G N TR R 9 K AN IR 8 K g
HIHFE, MATRSEIS TS T Rk, MIDGAT2%
(142 B EH T 7 5 18 0 07 9k 2 RS2 451 1) B JER S
e E AT T, Har, kR XEAR TR
TERPR AL P (1) 22 AR N FLIEDGAT2 R IA:
SCSER% PR 2 (antisense oligonucleotides, ASOs)
VB FH T JE R0 T 15 428, ARASAE T4 3 (R DL
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L. 2k AR IR /N BRI IEFE [ o b/ob
N TFDGAT2 ASOs TilA, 45 R ILAENT
I L P T el R = A B D T
Ui B T AE I B — 2 B JG 07 1 RAT 1 1
M (f1FESREBP-1C, SCD1, ACC, ATPF B R Z 5
I, glycerol Icinase and HMG-CoAid J5 fi§) Fil—
% LIRMFFASAL R % R pT, R, AQ
TR, P R BURPER AR, B TR
JIEFHTDGAT2™. DGAT2 ASOsi¥i#: 7 ik & Al
5L UBURITR, J5 3 155 PKC
(1) A2 A7 5 FEL A AR IR 1. BP9 W, 43 DGAT2
ASOsiAI7 I, DAGH]Ed/>, ML FIE TR
A P, AR R AR i T B 1 e 4 A
-VCHR St 3 T 8 2 7 A I A i i A0 e T
LCCoAsX 8RR A IS, X ETEDGAT2
ASOF LA g A (i t32124 0 DL R ax 4 2 A
DAGHUEPK Call)fig /), MIFDAGH A AR5
S TR I 1 Hh [ A 214 DGAT2 MK IA
HIREWEXR, MIRENAFLDR KO FR
. A E S HIENAFLDE R, N IR T-
PCRZ3 59 KA MINZH FTHZH %] 1) 25 (I DGAT2
mRNA L, #— PRI DGAT2 5NAFLD K
IR, NG LUE HHDGAT2 mRNARIA
e 7EHAL B AR TR b0 S AT T e,
HHA 8] LA A7 A B I8 7 57(P<0.05).

S22, PI-3K(p85a) mRNAKILF#ENAFLD
(1) JFF G 7 AR 2 R n #, L3Rk 8 i I, PI-
3K (p85a) mRNA ik 5 NAFLDK T [ A8 Fi J5
ARG, BEAHAL RS N EPK C-¢.
DGAT2EIEHAB W] W RGN, PI-3K K1k AR Y.
FE{%, PKC-g. DGAT2(W&IE HPI-3KI#KIL E
SORADG, 55 T 07 ACFE F 52 AR A K.
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