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Abstract
AIM: To observe the change of the protein kinase

Beishideng®  WCJD | www.wjgnet.com

R-like endoplasmic reticulum kinase/eukaryotic
translation initiator factor-2a. (PERK/elF-2q.)
signaling pathway in nonalcoholic fatty liver
disease (NAFLD) and to discuss the possible
clinical significance.

METHODS: Thirty Wistar rats were randomly
and equally divided into two groups: a normal
control group (group 1) and an NAFLD group
(group 2). NAFLD was induced by feeding a
high-fat, high-glucose diet for 16 wk, and group
1 was given an ordinary diet at the same time.
Serum levels of total cholesterol (TC), triglyeride
(TG), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) were measured in
all rats. The mRNA expression of PERK, elF-2q,
C/EBP homology protein (CHOP) and glucose
regulated protein 78 kDa (GRP78) in the liver
was detected by real-time PCR, while Western
blot was used to detect the expression of
p-PERK, p-elF-2a, CHOP and GRP78 proteins.
Cell apoptosis was tested by flow cytometry.

RESULTS: Levels of TC, TG, and LDL in
group 1 were significantly higher than those
in group 2 (P < 0.05), but the level of HDL
was significantly lower in group 1 (P < 0.05).
Compared with group 1, the expression of
p-PERK, p-elF-20, CHOP and GRP78 protein in
group 2 was significantly increased (P < 0.05),
and the expression of PERK, elF-2a, CHOP and
GRP78 mRNAs was also significantly elevated
in group 2 (P < 0.05 or P < 0.01). Flow cytometry
analysis suggested that apoptosis in group 2 was
increased.

CONCLUSION: The PERK/elF-2¢ signaling
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pathway is involved in the development and
progression of NAFLD, which may cause
endoplasmic reticulum stress and induce
apoptosis.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BHY: L3 G BLEERAE A P 8B A 0%
#24& B -F-20(protein kinase R-like endoplasmic
reticulum kinase/eukaryotic translation initator
factor-20, PERK/eIF-20)1% 5 i #4512 K R, 5%
TPk 3E VB A B8 7 AT (nonalcoholic fatty liver
disease, NAFLD) W # AL 3R 1% 15 5 i85
AENAFLD 7T fig 69 1E .

Tk #REWistar K R30 %, e RIR, 458
MALE F R i 5 A 5 2 IR FNAFLDZA,
45152, NAFLDZL X FOR A & 5 3484k
B FH-FNAFLD# A &, w5 48K AN
2 F-Eid AR IS, BEELE G A 16 wk. A
An 7 P ¥ 2 [E Bi(total cholesterol, TC). Hik
ZB&(triglyceride, TG). & % EHg % & (high-
density lipoprotein, HDL)A={&.55 & f5 & & (low-
density lipoprotein, LDL)#4-%; %aF &K%
X ZPCREAAMAFIEFPERK, elF-2a.
CCAAT/} 3% T 446 % 8 FlkR%&a(C/EBP
homologous protein, CHOP) % #) %) 458 ¥ & &
78(glucose regulated protein 78, GRP78)%F 35 4%
FEMRNAK T8 XK T, &G R RPT
(Western blot)4 A -l A i 7P 55 82 {LPERK (p-
PERK). #i#itelF-20(p-elF-2a)s CHOPA
GRP785#5AFE R GK-F o9 E; AR A
TR n A A ) 4 R U T L.

ZEH: NAFLDZL K R 7% PTC. TG. LDL
A F R AT LA B3 5 (P<0.05), W
HDL R 8 A% T £ 5 5F BB 41 K R (P<0.05);
PCRZRE X I, NAFLDZA X R AF 2042

4156

PERK. elF-20.. CHOPAGRP784mRNA
RBKFHEEFFBARRAEFI S
(P<0.053.P<0.01); F]lABfWestern blotZ R 2
TFNAFLDX S IE #p-PERK. p-elF-2a..
CHOPAGRP78% #5479 % & /K-F A ik & JE
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B—actin 53 14): 5'~TCCTCCTGAGCGCAAGTACTCT-3'
T332 1¥): 5'~GCTCAGTAACAGTCCGCCTAGA-3

PERK _E5314): 5'~ATCCCCCATGGAACGACCTG-3
T3S 19): 5'~ACCCGCCAGGGACAAAAATG-3

elF-2a 53 14): 5'~-CTGCCGCTGTCTCCACTCCT-3'
TH531%): 5'~GCACTTGAGGTCATTCTAAA-3'

GRP78 E5314): 5'~-TGGAATCTTCACCTCAGAGTG-3
53 4): 5'~ATATCCAAGGTGAACACACAC-3

CHOP _E5314): 5'~CCTCGCTCTCCAGATTCCA-3

TH5351¥D: 5'~CTCATTCTCCTGCTCCTTCTCC-3'

PERK: ZEEBERIFEAFINAEE; elF-20: BZENFRBES-20; CHOP: CCAAT/ZR S

BEEEODRED; GRP78: BBEETESTS.

WX il LA B R EC UG [ F-2au(protein kinase
R-like endoplasmic reticulum kinase/eukaryotic
translation initator factor-2c,, PERK/eIF-2a)){5 5
T ZFRIRE1a-JNK X Caspasel 215 5 i& 2 4h
ERSHF 7 5 40 i 1201 3 — E 25 5 im k7,
MERSIH T i ZIB RS AEAE RS, " EPERKY
elF-20f5 5 iM% AT -S40 T R A, A
F 7818 i WL ZEPERK /elF-20(5 5 18 #% {ENAFLD
KA FE R R, BRITZAE S IB B {ENAFLD
RARALH A AT B AR H.

1 #RRTSE

1.1 A fEREE T S Wistar K R30H, MEHEAS
PR, )55 160-170 g(51 M BE R} K 22525301
Huty, YFAHIES SCXK-#42002-0001); ECLAL2:
KOG SPVDFIE H 3% EMillipore A 7,
p-PERK. p-eIF-20.. GRP78. CHOP—$illdH
BioworldA A]; ¢4 EISYBR Green A il 4% 5%
AN H R R A A AL R E e
H e 3w KA Ay =5 R U3 H o (Tris)
+ Tl R EREN(SDS) . MBI . H W
PEmE R . SRR s . HER. mhiE20H
FHSigmaA F]; N ZMiB-actin. PERK. elF-
20, CHOP K GRP785 ¥t KIEE AW A FH
R 1).

12 7k

1.2.1 #SNAFLDFh AR K RRIE B IR
1 wk/aBEHL A 240 1E 5 X B4 AINAFLD4,
FEHA 15 IR G IR B S T2 8 ol
7¢; NAFLDALRBCRH & 78% Al kL, 15%
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T 5% R R K2 2% H [ 2 1) v g v B 1 el
7216 wkifil % NAFLDaIE AL, TG KRB HE
HCH E RIK. 16 wioR R KRR K B, 1%
BRI AL FE 4 H S g 304, KB s M4
LR,

1.2.2 jA2eE: ARV RHBARE-FA
(hematoxylin-eosin, HE)Jtt Ji5 75 2% B il Bt
S 2 3 AR A

1.2.3 i A4 ik & fE E B (total
cholesterol, TC). H il =Hs(triglyceride, TG)-
1 % J& 5 &% [ (high-density lipoprotein, HDL)
I 2 5 fiE 25 (A (low-density lipoprotein, LDL)
o B K H Siemens 4 H 3l A A6 43 BT RN,

1.2.4 Western blot#&]: HX0.1 gt4l215) 5 J5 HL
FiEW, LRI E EER R S E A
FE. SR FH 10% 5% P I Tk Mg B JC HEL K 93 75 2 1L o
SRIG AR B S 2 A A p-PERK—$i(1
2 500). p-eIF-20—Pi(1 : 500). CHOP—Hi(1
: 1000). GRP78—¥i(1 : 600) 1 B-actin—Pi(1
1 1000), 7£25 C=i#MFH2 h. BB REIMA
P11 2000) 7625 CEIEFE 1 h, 700K
4R JE R HECLI KL W5, B UE R 5
KAAEEUG I AT 704, KA H & AR K
{E/B-actin® H K BEAEATE B H & A 1A
FIEIKF.

1.2.5 SEad % k2 FPCRA&M : HLO.1 gfF4
FEEUEARNA, Wi 54 Bic DN A J5 #E17 SLi 7%
JtE EPCRATI: cDNABIAR2 pL, 10 pmol/L
E3E514901.0 pL, 10 pmol/L Ri#5|41.0 pL, 2
X SYBR Green I 12.5 pL, DEPC H,O%h & &/
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1
AN

REBFFAFLR LRSS ONES(HE x 400). A: B4, B

25 L. M4 N95 C 30's, 95 °C 5 s,
60 C 1 min, I J5 70 R A0MEHE. KA H 1
R 5p-actinFERIEIMEM HLER K Z B M
F R AR R IR KT
1.2.6 fm a8 o HUHTEE R TR AR ¢,
BT WAMPBSH, HEI T, £ XPBSE
T PEUJE400 H JE M I g8, 73 30207 F 40 .
H£710-50775 21 I M4, 1000 /ming2.Cr5 min,
FF L3S, IMAN195 pL&s & i E 2. n
A5 uL Annexin V-FITC, #328%]; FIIA10 uL
ML PInE, RARIREA]. EEBEINE 15 minjg L
T A G AT ARSI

Bt 4038 FSPSS17.08E4T 4814347, it
R ECRHAmean+SDFR IR, W LLRER H A
5%, P<0.05% R A g2 e X

2 B8R

2.1 XA &F+FTC. TG. HDL. LDL¥]E
NAFLDA KR IMEHTC. TG LDLIKJE
BUER AR &8 W EHIN(3.95 mmol/L+
0.26 mmol/L vs 1.76 mmol/L £0.49 mmol/L+
4.08 mmol/L%0.51 mmol/L vs 1.54 mmol/L
£0.42 mmol/L. 3.51 mmol/L£0.69 mmol/L
vs 1.59 mmol/L+0.27 mmol/L, P<0.05), T
NAFLDZ K B L7 A HD LA B2 ) ¢ 1E % 4H
K E T F%(0.25 mmol/L £0.03 mmol/L vs
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0.68 mmol/L%0.15 mmol/L, P<0.05).

22 KA IBEALHEFHT IEFHHKRFH
LA E MY A HEY 5 £ 40065 B st
MELR I, FE/NI 25 e B2, JH- 2 B el e o e
FRK RS, T SEHES RS, L X 4
FAIT OT, A LAFF A AR 1 . RBE B 4 0 4 i 1)
ZiE(E1A). NAFLDZL K R AL A 75 B0
BE NSRRI, IR /N S R 1 BN, T
S 6 ik O, P e L R A A R = R IR, T
S R S AR AR M B B (B B).

2.3 AP P am B A A U 2 A i ASORs ok
B U P 40 e O TR B, R v I R AR
F16 wk, NAFLDZ K B4 2R rh At i T2 %
B IEH W 8 2.(0.58%+0.13% vs 0.23%+
0.09%, P<0.05)(2).

2.4 FFBE¥p-PERK. p-elF-2a. CHOPA
GRP78% & k& @il Western blotha il &4
Al WL, NAFLDZH K SR IE A p-PERK. p-elF-
20 FIE 5 IEHH KR IRE R EE T
B5(1.08+£0.19 vs 0.32+0.11. 1.15+0.32 vs
0.24+0.09)(P<0.05), p-PERK I KIEEL N
IEH A3 4%, p-elF-2aff) ik B4 N IEH 4
fI5f%. Ak, NAFLDZLK R AT CHOP &
GRP78%H [ 1R IA W HE IF 41 I 25 4% 1 (0.83
+0.25 vs 0.37+0.14, 3.51£0.95 vs 1.17+
0.37)(P<0.05), H: A1 CHOP KA & 1F 7 2 4
In24%, GRP78E [ (1) R IAHLIE H 3G 3 £ /e
£ (E3).

2.5 I B FPERK. elF-2a. CHOPZAGRP78
mRNA A PCREGIIZS BRI, 2 %G mb i
&% 516 wk)m, NAFLDZL K BT W PERK
elF-20.. CHOP J2GRP787E 3 K /K F ) ik
BOEH AR R T 5(519.8£59.9 vs 217.4
+46.6. 366.91+41.6 vs 173.5+19.2, 208.3+
29.5 vs 96.74+20.9. 657.3+129.6 vs 209.4+
65.1, P<0.05).

3 e

VA SR T AT B 5 0 A% 7 U A8 Ak,
NAFLDWBES & A M 118 PRI 2 1
HH DRI P 8 I i sk Bk 5 L AT AR 7E
KK EZZNAFLD TRy — i A 2R FE i)
FHEHRER, fE£RETEZXNAFLDR AR M
LIZE ETH# Y. NAFLDARYE R 28 iz 3
AR IR R Al s 7 AR TRORS P IR
JF 98 e g Fig P F B A, 5 3ELARR AIE -5 VA 1 i

2015-09-18 | Volume 23 | Issue 26 |



IR F. FEEEESIDEERPES AR RIS B EERIBR 5 - 208 BHE I REN

A
10° -
B1 B2
0.0% 0.0%
10% -
10" |E
10°F
10° 10* 10° 10°
B
10° -
B1 B2
0.0% 0.0%
10% -
10"
10°
10° 10* 10° 10°
2 ANARAAENREAFELNMIRET. A: X7

4; B: JREAEIEAR AL

T T T, L 6 5 T B3t B )

L 4E SR E R STE AR UAR 56 1k 05 v 11 16
BT I BT, BIFTA B X ER SIE 5
# 5NAFLDZ A6 RitHAT 7 KRB,
(ELFC L A FE LA o 5 4 8 . AR A 2 2
YD S R ) A2 8 1D 2 BRI R R
g5, Rt RE AR M Y. B A
EE M ANRR, FTAI 2 BB As, fo s
FRACH . AR BORA . B
AR BHEE I TE P T I _E AT,y R R
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A 1 2 kDa

p-PERK 120

p-elF-2a

CHOP

GRP78

B-actin 4

w
wu
=]

O xfegH
I NAFLD

EEERAE

p-PERK

p-elF-2a CHOP GRP78

3 Western blotfZ R#MAFAEARP-PERK, p-elf-
20, CHOPKGRP78FBEIFRIA. A: Western blothilll; B: &
EEX AR, 1: XTHE4H; 2: NAFLD. p—PERK: FER{l
FOEE IR AL N BTSN p—elF—2a: BARRILAYE A
PR —20; CHOP: CCAAT/$E5R 444 & H AR
&EH; GRP78: FZ M 78; NAFLD: R
JIHF.

KEHFIENGRP78 mRNA K & A £ ik
BEW 2, UL I R R R 4
ERS.

— E PR A ER S BE I 5 T P J5 I P oA
2RI S E O AR, K40
TRy B SR ER St T 95 24 5 #4210 [a]
A, BRI HLEIAS RS S B4 AR P, ERSHLAT
W 2 A5 5 B S T A i R AR T
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PERK/eIF-20(5 5 i # 2 ERSHf BRIREla- INK
M Caspasel 25 5l i 775 5 40 ML 98 T2 (1) 53
— B E(E 5. PERKJEelF-2a L EHA
PGSR, AR T P9 TR b T s i R
M, FEH# SERS(E 5. LERSH, PERK
5 FHIBGRPT84: A T LG MRS, K
AERSHF, PERK 5GRP78f# 5, fift & ik
MPERKIA L H B R, It — LRI T
HielF-20, MITTEE FERS M AE S, filtn
PERK/elF-205 5 18 B $ 80 o vl it — 20 g it
CHOPHJZi%, HPERK/elF20/2&CHOPZKILHT
WP CHOP MR A K A5 e DN A543 155
S H A, PrachasilchaiZ% "k I Fk R CHOPRE A
/NERBE B B IR ER SIE S 10 'E /NVE R4
PATT; BbAh, FHE A R B AR 4k fh i F2
H T P CHO P [R K B 1) 3 ¥ 35 I
KEREZER N, H 540 T g %, #
BEHENFF4E (I ER S PER K /e IF-20uf5 5 38 i 11
BoE T ReE % S FIECHOPE AR RIE K
TR T R A ARIE TR, &
PRI IE KR 16 wk, KRATAHZIHFPERK.
elF-2a mRNAMFR X B EEm TIEHAAR, H
FFIE N p-PERK . p-elF-20u) 3¢ 1 1 35 25 1 i,
VLA ENAFLDI) & 4 it fE P PERK/eIF-20f5
SHEEEPEE T 3P F KL, NAFLDA
K BRI P CHOPYTE S R J 28 (/K P [ R0
v, FL Qg B AR W A B 40 B R T8
TEH R R 3G, DR b B AT T 0 s A s b
BT SR R A B B I ER S ) B, ERS
i3 1 O PERK /eI F-2 o5 530 % F A2 10E R il
CHOP# A 315 MM J& ZIER SAH G -2
T A R A T, X AT REENAFLDE
B RN 2 —.
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