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LBk PKCS R34 X+ L02 AT 4H A Ag By 2= M A0 1A BT I3 Iz 3850 B9 22 i)

Wik, T R E R, MHB LR F,.F F,.F ABEmIHK EHAK (400042 TP, 55 = FEPE A AF KPR B B
IRAMEHIFSE B AL N )

[(#ZE] H BIRELEE C 8 WA (protein kinase €3, PKCS) 5 T 40 M i 11y 7245 14 | 4 BT I B2 114 ¢ R, R 1T HAE
ARG B i AT 4% (non-alcoholic steatohepatitis, NASH) &AL FI91E R . Jiik  FITR G N85 iR AL A 1E & AT 40
LO2 B IS AR MLl O Yo FnH i =1 (TG ) 377 & A6 40 A BE AR RE B , 5L 26 %2 & PCR #:ill PKCS , Bip , XBP-1s
mRNA ik, Western blot Kl A (3834 . i1t siRNA BB 4L Ye B AR TTER PKCS 7 102 41 fif 19 238 J5 EE Lk dRAn 2R
KA, & TR FIAF IR 2: IR A b B RE 0% 18 20 75 5 T 40 B Ag 105 78 1, 5 % R 2 s> 20 g AR T R (14 47 =
9.28) F1 TG £ & (2.30 £0.62) pg/mg H Lk, JGIER 16 h AUl Hi AR (333. 06 £42.36) Fl TG & (30. 86 +6.24) pg/mg 1)
WERN(P <0.05) . JRIERLLAT4H)H PKCS \Bip XBP-1s mRNA FZE [ 3235 /K F-A00 IR AL B 3 TH s (P <0.05) , B A A
(R . FEAH R NG TR 5 S AL AN 45 1 T, PKCS siRNA 7% 4t 28 241 i i 28 A2 13 (30. 92 + 1. 29) % 35X BB ZH (55. 32 +
6.58) % Wl @Id 5% (P <0.05) , H PKCS siRNA %44 Bip XBP-1s [ 5 k5% HR siRNA FE YL B B A%, &5 PKCS 1E
NASH J¥ B % J v & #5 B SR T, DBk PKCS R0 1 490 il PRy 5 IO 0 S ek e JHF 40 LB 0 A8 PE R T

(o8I AR MERR W 48 ; 2R S C 5 JH- 4 M Aig Ji7 281 5 PR 5 D99 1 3

[hEESFES] R322.47; R329.25; R363.21 [STHtRER] A

PKCS silencing suppresses endoplasmic reticulum stress and attenuates fatty degene-

ration in steatotic L02 hepatocytes
Lai Shujie, Wang Jun, Wang Bin, Wei Yanling, Xiong Ji, Li Qing, Li Yan, Fan Lilin, Chen Dongfeng ( Department of
Gastroenterology, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqging, 400042, China)

[ Abstract | Objective  To investigate the relationship of the expression of protein kinase C§ ( PKC3)
with fatty degeneration and endoplasmic reticulum stress in the steatotic hepatocytes, and investigate the role of
PKC3 in pathogenesis of non-alcoholic steatohepatitis (NASH). Methods  The steatosis model of human 102
hepatocytes was established by induction with fatty acid mixture. Triglyceride ( TG) kit was used to measured
lipid accumulation in the hepatocytes with Oil Red O staining. The expression of PKC3, binding immunoglobulin
protein (Bip), and spliced X-box binding protein 1 (XBP-1) at mRNA and protein levels were analyzed by
real-time PCR and Western blotting respectively. After transient transfection of PKC§ siRNA was used to knock
down PKC3 expression in 102 cells, the above expression was detected again. Results  Fatty acid mixture
(oleate-to-palmitate at 2: 1) induced hepatic steatosis, the average LD area per cell of fatty acid 16 h group was
333.06 £42.36 pixels, which was apparently more than that of the control group (14.47 £9.28), and TG
content was significantly higher than in control group (30.86 £6.24 vs 2.30 £0.62 pg/mg, P <0.05). Fatty
acid mixture up-regulated the expression of PKC§, Bip and XBP-1 in a time-dependent manner ( P <0.05).
Knock-down of PKC§ gene expression led to a reduction in both lipid accumulation [ (30.92 +1.29)% uvs
(55.32+6.58)% , P <0.05] and the expression of Bip and XBP-1 during fatty acid mixture-induced hepatic
steatosis. Conclusion ~ PKC§ may play an important role in the prognosis of NASH. Silencing the gene
expression of PKC3 can reduce the degree of fatty degeneration and endoplasmic reticulum stress.

[ Key words ]  non-alcoholic steatohepatitis; protein kinase C§; steatotic hepatocyte ; endoplasmic

reticulum stress
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JEI RGP RE B 4 T 28 (non-alcoholic steatohepatitis,
NASH) &3R04 AR 5 P4 1T ( nonalcoholic fatty liver
disease , NAFLD) i Jf i:F 75 v fpe F 2 10 B B, vl ik — 20
R JFEREAL, | JH 3 v L 2 1440 L 9 S5 A B A
KT NASH By KA H A 2 852 i B 2 © ik
FIE 7 270, Mg 7 R AR = 15 e o JHF R AR s 1 5 —
UATHE”, 55 AT I3 3507 At i 4 4 L A 0
LFYiqk, B NASH fy & £ o 728 118 C (protein
kinase C,PKC) Z&75 1, % Hlh — g RS 5 A e SR
JIHYZ % PKC (novel PKCs,nPKC) , H:H1 7 % PKC3
AR IR AL B A JHF IO SR 05 R 1KLL i 4 A AN T 52 5
RFLEA MR+ 2 2 SSa sk &N
(binding immunoglobulin protein, Bip) , X % GRP78 &
HspAS ST PN 5T W B J 5800 1148, DA 2 N
W SEbR R e 1Y . e T (spliced X-box bind-
ing protein 1, XBP-1s) A< {3 AT 1 5 P4 5 ¥ 1 340 I 7
ff ( endoplasmic reticulum stress response element,
ERSE) 4545175 % Bip .CHOP K& [H () &% 5% 36 % , 17 HLfig
A5 5 N o PR AR R PR 1 o H RS AR A I (ER
degradation-enhancing-mannosidase-like protein, EDEM )
SEDR s 0 R b RN R P R I 9
PR —o TR AR AFHRERNE (2: 1) IRA I
B J A Ak 102 Jig 5 4% A A, K A RT-PCR Al
Western blot 55 /5 1 WL £ I R 8K (1 7E g 7 B2 5 5 I 4
JRLRE 7 725 1 3 R vp 8 Gk A8 Ak, A sIRNA B I %
Yexf PKCS BRI R IBFEAT T, WF9E PKCS X 4 J5x W iy
Wb 1 Bip XBP-1s 15200, 43 HT H 4T ERS 200
MIVERT, D108 PKCS 5 248 1t Al 177 742 1 . PN 5 9 o
PR G 28, A BEL Lk AR5 RS P IS 197 BT ( non-alcoholic fatty
liver, NAFL) [n] NASH ()35 2 8 U

1 HRSHE

1.1 &R A F=mip

DMEM FEFRIEFING A L35 W H HyClone 24 R {21 O iR
FAEHIBR S B Sigma /3 7], Lipofectamine ™ 2000 [ [ Invitro-
gen /AT, iR fk PKC3 PKCS Bip £ Fi BT 31 [ Cell
Signal Technology /A7), fafit XBP-1s £ sef&EHTIAN H Abcam 2
A, e PCR R & W) A TaKaRa A W], PCR 5|9 h F i
FARIRE A Al G R, sSIRNA H N B w65 i A IE AT 4
PR 102 fy R B e B A MR ST AT 4 41
1.2 mmsEii o

NIEH 4k 102 3555 F 5 10% Jif 4 M3 i) DMEM B
FIECEWHHRO. 1 /L EEHRO0.1 /L) BT 37 CF
5% CO, MR IETR, Sg /3 X A RIS T R 4H . X B 4H 25
F& 1% BSA () DMEM 532388535 | g HBR 41 45 F 0.5 mmol/L
K557 25 8 W R (long-chain fatty acids, LCFA ) , i FR/ A% Al iR
A, 2017

1.3 e O F&emameNigE4 %

H 14 mm x 14 mm KN 20D Fr BOSHCE T 12 fLRN,
BOHUE I 102 L1 x 10°/FL3 R 24 FLAR , 410 a0 B I 4
SER I HIT A T W, PBS iYL 2 1K, 10% £ 5 TR = I 1E 2
THEL O ufa,, R AR A M S g, AR T WL 40 M N 41 €4 A
oI RERG . WIRTHET 2 D E G R Gaa h
PR 20, 53 BAE B 7750 3 .6.9 12 {3 s B ML B 4 A~ X 3k
FTANMTFHOF B, A X502 300 A4S 40 i, 155 e (o
PR 200 B 50 S 2 M 4 b (PR
1.4 A& e e Ak =85 (TG) &%

1% 10°/mL 2 a2 Fh | 40 i 0% B 5 9 S 06 4021 OF s 1, 40
el SRS AR B R 1 9 BCA SR IN B Mk B, I R v i S A
4fifif, 12 000 r/min E5.0> 10 min, BB RN TG Y15 i, 45357
SV TR E A W E IR TG 5 i (pg/mg) .
1.5 PKC3 siRNA %53 102 #m i

FEYLRT 1 d 2 x 10° g AR T 12 LA (AR P R
PR W s %, R A M35 B 50% ~ 70% f@t & )5, #% I8 Lipo-
fectamine2000 L A5 A THRAE 4 ~ 6 h Ji5 B8 3 6 B T M Ak 2
Kigto 4R Y5 24 h 990 WU T AR 5 Y R0%, FIL
RT-PCR K Western blot §ifi it T-HLa F i K1 siRNA Bk AT
JEEESEEy . T PLSL 8 A X I siRNA %% 4L 4] (negative control
siRNA) , % i& siRNA gl 2 41 ( NC siRNA + FA) , PKC3 siRNA
YL (PKCS siRNA) , PKCS siRNA I8l 2 41 ( PKCS siRNA +
FA).

1.6 RT-PCR #m PKC3,Bip XBP-1 mRNA % ik

Trizol V4R B4 4N M RNA 28403556 B8 -0 o 4 i
I, HMRSUE SR G UL AT I R RN . WG
PCR R W& & Jy 20 L, 1 pL 2% 3 7 ¥, Maxima™ SYBR
Green/ROX qPCR Master Mix 10 pL, F #5414 0.5 pL, ¥
WK .95 °C 1 min—(95 C 55,55 °C 20 5,72 °C 15 s) , 9b47
40 MER
1.7 Western blot #- 48% & & £ &

JHTYS PBS VEHANMG 3 ¥k, RIPA 2L 0 224 i 40 At ( K B #2
), BCA IE R A B . 528 L3R IBURETT SDS-PAGE
WK, VKA BB G % PVDF B, 8% JBilg 4R 5EtE 1 h,
A3 B ABL PKCS .p-PKCS  Bip . B-actin Hi{4(1: 1 000) . XBP-1s
P4 (1:10 000) ,4 CHEE TR, TBST Pk 5 ¥, I AAHN HRP
FRICZH0(1:10 000) ,37 CHERE 1 h, TBST Bk 3 K, b=k
B ETRCON e €5
1.8 %t

BARLL x x5 FR , 2R SPSS 18. 0 S it (4, Z A HEA 5L
P LR R R 2 0 2250 AT, P REAS B LU ISR A« R

2 HR

2.1 HEBR/ASMBRES (20 1) RSNE SRS S 102 2
FELRG By AR A
L O Yoty Xk HA LA DL /05 BV A 20 2 BV 5 I s T 4
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FEET N P 3 2, HL R RG 55 0 (R A T o W &g, JF A
AFIFEEE NSRS G (B 1) o Image)2X BG40 47R 102
2T B T R A T B0 ) R X B 2H (14, 47 £9.28) IR R
2 h41(24.63 £15.57) 4 h41(50.76 £17.00) .8 h 41(131.07 =
32.85) .16 h £ (333.06 £42.36) , 5% FRZH L 2% B ¥ A 4i it
22 Y (P<0.01),

TG & IR SRR IR A S AL 35 , 102 #fl N TG &
AR IR ) A SE R T S . ST EREH (2,30 £0.62) pg/mg
ALE, BB TR 2.4 .8 .16 h LN N TG £ & X5 B &34, 43 1
F(5.29 £1.61) (10.03 £1.92) (21.56 +3.79) . (30. 86 =
6.24) pg/mg, ZFHFGIHFREL(P<0.05),

2.2 R4 MM BT ERS 47 & % @ Bip,XBP-1s &
PKC3 mRNA 7K-F % ik 45 %A
RT-PCR 455 B7R AH L XT BRAL, BRI BR 4L iy LO2 41 ifd Bl 2
{2t Bip XBP-1s f PKCS % K 1y 33k, H B4 B A 3300,
SR HRAEGITFEL(P<0.05), LK 2,
2.3 RABEH B AT Bip  XBP-1s & PKC§ & & K -F &
A

16 LO2 4R ARH R4 Bip \PKCS 5 H B 1R B4 6] RE 40
e, H RN . FIFH PKCS F8 00341 Tl 7 (B R 1k
o7 55 Thr-505 #i PKCS J#E AR, SxF FRAUAH L, TR A i il
102 T4 M I L, PKCS BRI FB W Tt , LA 4 h HiR
B3 WA B R Bkt . XBP-1s 3235t AR I 9 1 FH B 1)

1 2 3 4 5

PKCS(78X103)—> s s s s s—

p-PKC3(78x10)— I

Bip(78x10°)— we S s S S
XBP-1s(40x10°)—
(29x10°)— | e s Sy G S
B-actin(43x10°)— A . — S _—
1:xF P22 ~5: 407 4 2.4 8,16 h Iy aR 21
&3 Western blot 6 ill % 4578 & BERA B8 R L02 AT4H R AS[5) At iE) /5
PKC35 Bip . XBP-1s & [y Fi%

I PKCS # ik #F 102 4m e Bip XBP-1s 44 %4
RT-PCR A0 5 Y J5 4 PKCS i35, 45 SR B, LU
X BRZH IR BRZH 2 2H 2 B, PKCS siRNA % YL 2H 2l ffd PKCS
mRNA ik K50 IR siRNA 5 e 2 B AR (P <0.05)
Western blot £l 5% Y4 J5 PKC3 £ [ A9 K 5, 45 R B/~ , 54 B
ZH A b, PKCS siRNA REF 4 LO2 4iiffy+ PKCS SR IL, 1R
A REN TR FLANME 8 h J5 R 2 4140 ifg Bip XBP-1s [ 548
1k, K BAE PKCS siRNA 56 e 4 rh A NS BR 5595 8 h J5
Bip ik BRI THR (R B AR X IR 4, AR AR i R
21 XBP-1s £ mRNA 7K b [ 3k 50 B4 YA THa, (B AE
PKCS siRNA YL o] H. 7} = 7 B2 B 8 IR F X% i siRNA 5 4e4f |
TER K- I PKC3 siRNA §% YL 4 F2 3R I AILF X AL, mim A
NEMER R FE 8 h 5 RMNG i ERICH .25 5, vl 5 BR )5 918
MR JE A G, X BB 45 R 4R T A PKCS AN fE 15 I fI%
Bip XBP-1s FAiti ek /K, 1 HLAES WA & 30 1) HL A B 400 g s

2.4

ALICIIRE 4 8 b A IAEL T 2 5 LS. PGB 0k . L 4.5
| ind e T -~ o
% 22 Y oW fas Rty &
E £ 2ads K h's S8y < é_gv’gi\ %@% B A
AT Pt s 1T
RS Ly WY NS st e, o
e, B Yy & a, B, N A W
pro s - @
I %*‘%.§$A§ ‘&; E@«M i

A 5P RB4;B isrE: 8 h48;C. g 16 h 48

E1 mIOFRBEURSHL2 ARARBHIEENL (x200)

2.01 3.0
a
ﬁls a A 325 g Ez.s
= =20 =20
£ Zz z
= Z Z
%05 ERRY g
w 0.5F e =
S 2 0.5 &
~ >~

0
XHHEZH 2 h 4h 8h
Re AR L

0
XHHEZH 2 h 4h 8h
IHiLivEs

0
XFHRZ4L 2h 4h 8h 16h @
el

16h ®

16h ©

A:PKCS mRNA 483+ % i% ; B: Bip mRNA #82+ % i% ;C: XBP-1s mRNA A% & 34 ;a: P <0.05, 55 4 B 28 s dc
2 Real-time PCR #&iE & A8 BB %% L02 AT40 i < [E Bt 18] /§ PKCS Bip . XBP-1s mRNA 3%
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) 3.0} 8
oo
<20t ab
-
Z 15t
g
= 1.07
&5l
205
o= 2 3 4 ©
28511 2H 5 2151

A:PKCS mRNA A8 3¢ & ik ;1 35 B siRNA 4% ¢ 2052 . PKCS siRNA #& 3 203 . 2} B& siRNA J§ #5 B2 28; 4. PKCS siRNA A5 by 82 285
a:P <0.05, 5 2+ & siRNA 453 40 b %5 ;B Bip mRNA Ag b & ik ;1. %7 B siRNA 45 422852 . 34 % siRNA fi§ B 8% 2833 : PKCS siRNA 4% 3
41 ;4: PKCS siRNA Ay Bi 4 ;a: P <0.05, 5 4 B siRNA #5 400648, b: P <0.05, 5 % B siRNA g By B2 41 1L 4% ; C: XBP-1s mRNA #g
st A&k ;1 % P8 siRNA 452052 . 57 B2 siRNA g B B2 28 ;3 : PKCS siRNA #% 42 28 ;4. PKCS siRNA g B5 5 28 ;a: P <0. 05, 5 *J f& siRNA

3 2A b4 ;b: P <0.05, 5 xR siRNA Jig By BR 28 L 4%
B4 Real-time PCR #%

1 2 3 4
PKC3(78x10°)— el

p-PKC3(78x10")— [ M- = & &
Bip(78x10°)— e A —

XBP-1s(40x10°)— ;
(29x10°)—
B-actin(43x10°)— | Su——

1.5+ 88 siRNA 202 %+ B& siRNA A5 5 8% 8 h 20;3 . PKCS siRNA 41

4.PKC3 siRNA fig 782 8 h 41

5 Western blot #&i57 2% PKCS %f L02 BF4f i1+ Bip . XBP-1s
EBFRIEKEHZM

2.5 LO2 Ffsmheiksr O F & e am i %

LT O (a2 I o A 7 R b P43 102 41 i Xif HR siRNA #%
e 20 M PKC3 siRNA %5 Y 2 e ¢ %43 5118 0 h(10. 6 +
1.11)% . (4.57 £2.67)% ,2 h(23 £1.25)% , (13. 94 «
1.44)% ,4 h(26.6 +1.69)% .(18.94 +1.3)% ,8 h(43.51 =
7.85)% (24.42 £1.91)% ,16 h(55.32 +6.58)% . (30.92 =
1.29)% , 2 A G# R X (P <0.01) . WL 6,

T !.t-
. i

A PKCS X L02 AFZM A & Bip XBP-1s mRNA ik K F #

A xfaa siRNA i 5 82 16 h 41;B: PKC3 GRNA i o B 16 h 41
E6 i ORBIUEEA L2 FFEMAKEMETNE (x200)

3 itig
FFAmMe & A F & NN, BRE AR LT
B B HE ) E B P, Z2 R0 R R WA &

Eg un

IR A7 25 5 25 (0 PR I D s N R S e, B8R AT
B AR N0 s N R, DTS & P o I . ok
AHF I AERES, TF 8 S AR I & 8 O 1 PR AIG
AR R R I B 0 IR W R 5 LA K 3
AL 55 PO A S R A, DA D 2 oA B 78 2R 1 A PR O 9 s A
Mt 2 AR R A AT A Rt A 5 K A R A, )
St — R AT B R AR N 5 0 fls P A 3 R R
7 P I ) B SR S AT A, TR R R T3 4%, S BO6 I
QHEH@EI’JTJ LU BRAh A P R RS 38 A S AT A

A B [ B 75 G s N, 35 FAS S5 R lg A 56 3k
IE’J%?‘ {Eiﬁﬁ‘iﬁij@ﬁéﬁé‘ﬁiﬁﬁﬁfﬁﬂ%,ﬁﬁﬂ‘éﬂﬁ
PERFGAE E— 2 % J

AHFFEIER T’E@%ﬂﬂaﬂﬁ@a%ﬂ’f@%ﬂﬂaﬂﬁﬂa/ﬁ 7
5 102 JiT- 20 B g Mty A P R B ELAT B e AR o e A
MR i As P AR rp, PKCS K LB R Ak Bip\XBP-ls%%
IRIEHN, I siRNA B B 55 e 47 R T BR PKCS ik
A5 R RITR A I R 175 5 1A Jo 0 7 9 b 25 2 1 Blp
1 XBP-1s 3%k, — & BB T A ig i As . 14
22 VR ARG ot i 28 % A6 40 B 5 A8 M 1Y)
SERE 55 P9 I R VA O, AR AR 5 8
NASH &4z, PKC RS 5 0L 104 505 , 15
R B IV FIAS IR . PKCS 3 75 BT Ik 4 20 vh %% 4%
YEFT, 2 5 4nA TR, s 20 R s 208 a sh
AT E S0 KEBFIEIESE PKCS 5 S50
Wﬁ*ﬁ%fﬁkﬁﬂfﬂ%@ﬁﬁ% AL F5 PR IR ] 248 A
JT FFA 5 S0 R E . Ohoe L B, 4 4 i
PKCS 1) Prked ﬁélil AR B E R SRR L /DN R
JFFIE 2 5 R SRR PR A 2 S s ™ . S R BR R i
%%Eﬁ”ﬂﬁ'ﬁmd\ﬁ*ﬁ FLA, Prked ™7 /N BRUFFAIE A
L2 3 = T8 KT % B S8 0 7 4 AR TR
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BT FE 45 Rl B, 30 3 VR g 07 1 875 5 I 4
NEW AR PERE RS I3 PKCS By Rk FiG 1L, IR E IR &
JIE IV R ST 4 M A 77 72 P R T D e 2R i #2 v, PKCS
EE mEEMEM.

HRT2E ATy, PN 5T I 07 87 JHT 200 B 1 J 728
1 B B P T 8 B R A A T 2T (EU R 440 B B
A eI ERS g e S NASH, H N ZEHLHIATS A
B o TEASHIETE S A b, 0L i 105 R AAS TR A 17 R
BA HLBIREAS 5 T 102 20 LA 105 A8 P, F8ORIT &
B EAEN TR N E R, NTTE & ERS, 76 41 i
R AE b e Bt 275 & T PKCS (3% 1k, T BEAE
FH S [R] A S AR 24 T S B B, T B AR PKCS 1Y 353k
J& , 102 2 AR 78 B W R T B, AT PKCS 1A 3R
ISR A RS W AS VR EE o FRATTAYBIE T 45 -l
IRANRITIR 5T 102 41 M Ag 195 A2 VIS, 5T I Bz i
A Bip M HAHCH F XBP-1s Lk B 2 I &, 1M
PKC3 i#R 4] Bip ,XBP-1s 33k T [, BB BE Ik PKCS
I ZRIB BB AT RO N BT R . 25 BT IR, AT R
JHT- 40 g B i s A P 1) NASH 5 3F 1) A ZEBIL A S A —
ASB R  « RIR o ok 280 1Y PRCS AR ) B i i B —
{55300 VA5 O3 DAY B R o 8 A R, DAL 10 ) P BT
W AH % f% % ( ER-associated degradation, ERAD) ) 1E %
Ja 8, FECRr & E B RN BT N HERR, JE T i & ERS
AFFEEAAAE , I 28 S B0 NASH 1R

X SE R 2 B, AT A0 I s B & R 3
ERS KAz #e v, PKCS RE A% I 35 P4 Jox I bz A 7k 2
M Bip MAHSCHE H XBP-1s 1381k, A, PKCS 71 i
20 i 105 78 P P Jo P 7 JRaed R PR E AR
72 ST 20 05 72 4 K ) Jo ) I 35 A 2 o PR 3R s — 25
SCHf PKCS 72 NASH R4 R e ie EmZ/E . AT
y PKC3 7] s NASH J& A 5o A Fh Ik 28 JH- 4 g o it
A PA 5T IO IR G B AR AL T — s A AR L
B NASH K ALH — kAT A k4T
MR AR — 2B 5T, K — 2511 RIJT i PKCS
ST T AR 5 S ERS B SLAETE, A T 6
PKC3 75 NASH ity i P (B4 AR 52 30 1 4
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