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(=] HM i+ PACS-2 ( phosphofurin acidic cluster sorting protein-2 ) K F ff i 4% 14 4 B 8 7 2 11 78 ( glucose
regulating protein, GRP78 ) N4l itd & T- 45 75 85 B Bax . Caspase-3 7EJEVH &G P I8 W5 1 BT 9% ( non-alcoholic fatty liver disease,
NAFLD) )Rk S 3o Jitk NIRRT HepG2 4R Mg 1722 e S7 AR RS VEAR W VET W (R SRR, 3142 0 4 |
8.12 .24 h Iy AH AR AN, 8l 21 O (Oil red ) e €45 W0 4 0 I 105 A8 R 2 o [) g 17 1T i AR A B I SD K B 37, NAFLD
B FFH A 50 481216 20 JEIZ, LAEH@ IR IR N4 I . 83T g-PCR }% Western blot £l PACS-2 J2 N J5i ) Jif
Wb 1 GRPT8 Fll Bax Caspase-3 (3R, 58 BIRRRMNINITES HepG2 AR 22 4E , W S AR A B IR SR SD KRR
Tty NAFLD K EUBERL, 5505 BRZEAR L, PACS-2 mRNA FHXS 5K 5 7E HepG2 AHARARII AL FIH (4 .8 h) T K, AR A8 A
FURE I (12 .24 h) T+ ; GRP78 £ 8 h 4 FF4A - TH)E ,24 h 43534 (P <0.01) ;Bax Caspase-3 fFRIKIIFE 12 24 h 415
2 F (P <0.01), 7E8 H /K I, PACS-2 GRP78 . Bax . Caspase-3 [ 75355 mRNA 7K iA AR —3 (P <0.01),
NAFLD K EUERIE 33k b, 55X B L, PACS-2 [RlAE7E R0 (4.8 J&) TR, e (16,20 J&) EJH(P <0.01) ; GRP78
TEFRIATE 4 JA FiRJG 20 JE3AEI & (P <0.01) . Bax Caspase-3 R IXMTEMIM B % FTH(P <0.01), &5 PACS2
FIRRIATTRES S T NAFLD 2 A5 rbv 1% P 5 190 1380, W3R 7o T 68 55 T 400 M 0 T B ) T 5 £ S D0 O o

(SRR AR PNV PEIF 5 BT 17 33 PACS-2 ; GRP78 5 Bax; Caspase-3
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Dynamic expression and significance of PACS-2 in non-alcoholic fatty liver disease
Mu Ge', Wang Xiaomin®, Xiong Ji', Feng Ji', Li Yan', Chen Xiaodi', Wang Bin', Wei Yanlin', Wang Jun', Chen
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[ Abstract | Objective  To clarify the expression change and significance of phosphofurin acidic
cluster sorting protein-2 ( PACS-2) in non-alcoholic fatty liver disease ( NAFLD). Methods  An in witro
NAFLD model was established by inducing the steatosis of HepG2 cells using palmitic acid. The cells were
collected at the time points of 0, 4, 8, 12, and 24 h after induction. The steatosis levels were measured by oil
red staining. Rat NAFLD model was established in SD rats by feeding high fat diet, while the rats fed with
normal food were set as control group. These rats were killed at 4, 8, 12, 16 and 20 weeks after feeding. The
expression of PACS-2, endoplasmic reticulum stress marker-glucose regulating protein 78 ( GRP78) , Bax and
Caspase-3 in the cell model and liver tissue samples were detected by q-PCR and Western blotting. Results
The steatosis of HepG2 cells was induced by fatty acid successfully. The rat NAFLD model was established in
SD rats successfully. The relative expression of PACS-2 at mRNA level was significantly decreased in the early
stages (4 and 8 h), but increased in the late stages (12 and 24 h after treatment). That of GRP78 was
up-regulated in 8 h, and then reached the highest level in 24 h after induction (P <0.01). That of Bax and
Caspase-3 was also significantly increased in 12 and 24 h (P <0.01). The expression of these proteins showed
similar trends as those at mRNA level (P <0.01). In the rat NAFLD model, the expression of PACS-2 protein
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was significantly decreased in the early stages (4 and 8 weeks), but then up-regulated in the late stages (16

and 20 weeks, P <0.01). The expression of GRP78 was up-regulated in 4 weeks, and reached the summit in

20 weeks (P <0.01). The expression of Bax and Caspase-3 were significantly up-regulated as compared the

control in the late stage of NAFLD( P <0.01). Conclusion

Mild expression of PACS-2 in the early stage of

NAFLD might be involved in endoplasmic reticulum stress during the NAFLD process, and its up-regulation in

the late stage may be associated with the apoptosis induced hepatocyte injury.
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ARV RS P g 1 14 BT ( non-alcoholic fatty liver dis-
ease, NAFLD ) j&—F i W08 M SRS , OF BS54
R BB IIAR X R LA N R e, E B
UL AT BS . H ETA AFFEIA N A o R )
1 (endoplasmic reticulum stress, ERS) & NAFLD % i
[ EZHLH 2 —, AR 55 8 78 (glucose regula-
ting pro-tein78, GRP78) J& ERS MtrEE A . JH5h
Z 5NN N R AR Z , HALHIF A, 78
NAFLD SRR v, JH-4 M 23 e A 0 T S0 2 AR P
B R AN 432 4%, PACS G EZ hRERE A,
f34f PACS-1 \PACS-2 %, B3 51Z5 T &R
SRS N, P 5T I 5 Lok 1A 2 T Y 4548 5 D) RE
Hor PACS-2 ST N J5 19 5 b (A A A2 Ak 1) 14 152 Y
JBE b, PACS-2 22 5 1 4 i A 1 1) aok A 6% 1t ) RE 114 1A
95 Mg B AR R e as VI G RS HE,
PACS-2 7£ NAFLD 3 #2 i (1) 2R 3k S HAE I IE A B ff
R, ARS8 0 FH AR IR BR 175 5 HepG2 4 i A s 7% 2 57
NAFLD {ARSME R LA K NAFLD K [RAEHY, kgl PACS-2
FTPA 5 I 38 5 2 11 GRPT8, 4l i T-hr 85 1
Bax Caspase-3 [ 35 , ¥R PACS-2 & AEP9KS 14 i 105
PRI v 8 28 A8 Ak R i S

1 #M#5FE

1.1 fkShom e 5 3

LLL FZEGHAA R a-MEM @b 3R 58 iR 28 i 3
(Hyclone A F]) , SRR GAEE . — FH L i — op 5L g Z0 M Y 5
Trizol ( Invitrogen 2y ] ) \JH£T (Oil red, 3¢ [F Sigma /&) . A&
H R f4 /N L35 13 (fatty acid free BSA, FBE B [RAH]) |
2 tE it PCR i85 & ( Fermentas /A 5] ) . %t GRP78 \PACS-2
Z i kEHUIAIE B 52 1E Abcam 23 W], S dt Bax £ 5 BESUIA (Satan
Gruz A w)) , St Caspase-3 Z 5g BEHUIAN B ( Cell Signaling 2
Al) o PACS2 51943 8T Invitrogen 23 H] . HepG2 4 fg #k Il
S [E ACC,

1.1.2 FRARER Y BT
TR .

##2 I8 Gomez-Lechon %[4] M7 R

1.1.3  NAFLD {A& Sh 5550 (1) 1) 2 4 HepG2 2 M 3% 37 F
6 fLER A, 44 MIIE A R A B 80% I, JC IfiL T 15 3% i 17 P B
FRALB T IMAYE FIR (500 wmol/L #ARRR, & 1% BSA) %
SANARNIZE, JFAE 0 4 8,12 24 h HEATHGK

1.1.4 Mg asiil HepG2 4UMINR AR AL  FH 100% 1Y
FENBEREIZL O Wi B S o/ L AW B F C W3k ¥ NAFLD
FEAVAMARINC F, PBS W5k, FHVHZL O TRk YL (8 10 min, %8
PBS G , LA TRAORS 10 min, 88 )5 PBS 3%, & v f5, A%
BN g

1.1.5 5248k i PCR AT 21 4S8 PACS-2 .GRP78 Bax
MR A% IR Trizol 3077 & ( TaKaRa 2% W] ) #1 RT-
PCR KIT ReverTraAce (Fermentas 2 ) ) Ui W] T35 E 2 08 5¢ i 40
M RNA $2 B f cDNA 4 . 7206 %E & PCR % ff] Maxima
SYBR Green/ROX q PCR MasterMix (2 x ) % 1J6 # -5 5¢ 1%, ( Fer-
mentas A H]) o FIYIFFAI IR 1o AT H 95 °C 10 min 1 4>
l§#4,95 C 15 s, 63 °C 30 s, 72 °C 30 s, 40 MG, XN
CFX96TM Real-time System PCR {47,

&1 PCR3[#F3I

GenBank b H- By
S Z R FIHFFI(5—3")
wRe K1 (bp)
iif: TGGGGAAGGTGAAGGTCG
GAPDH NM_014364 216

ii#: GGGGTCATTGATGGCAACAATA

_Ei#: GCTCCAAACGAATCCTGCG
PACS2  NM_001243127 236
TFiif: TTICAGACGGGTGTTGCATCAC

i : ATCACGCCGTCCTATGTCG
GRPTS  NM_OO4567 125
Fiff: CGTCAAAGACCGTGTTCTCG

_Liiff: CCCGAGAGGTCTTTTTCCGAG

Bax NM_138763 155
Fiif: CCAGCCCATGATGGTTCTGAT C
|3 : CAGACAGTGGAACTGACGAT
Caspase-3 CAC88866 212
Fii: TTTCAGCATGGCGCAAAGTG

1.1.6 Western blot f;llj PACS-2 GRP78 ,Bax, Caspase-3 {3
B RURANR T A0 R, R AR A, AR PR A IE
A BCA(ZE[H PIERCE /A A]) ¥, £ Loading Buffer & DTT jE %]
JE &k 5 min AR5 fEAFAE —20 CYKAH . SDS-PAGE [ HLiK
J5i  RLEE R 22 PVDF i 1 B (1178 5% £ 95H )4 h ),
AU, BT BE 53 501 0 - S BT GRPT8 £ 5 & Hit A (11300,
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Abcam) , GAPDH(1:1 000, cell signaling technology ), PACS-2
(1:100, Abcam ) ,Bax (1:100, Satan Gruz) ,Caspase-3(1:100,
Cell Signaling) ; 5 (— i 60) , AR S A AP bR I 1Y
FHR 16 (1:2500 , PAZEHF) T 2 ~4 h, iz AR
FIWEF 3 ~5 min J5 85 (Bio-Rad H L= A GA0) o KBS
HroRH] Tmage Lab B4, B 45 MEA RO E EE(HS GAPDH
HIFR G BEARAR L, A R AR B 0 LU L s
1.2 K& NAFLD A& sz 55
1.2.1 Y HEE Wistar KR 42 B, SPF 2% ,4 JR#, Ik
180 ~210 g, 1% AP R R BF B B B AT ST BT 52 56
Syrb AL, it SCXK (i) 2007-0005 , 3 15 4% 52 56 3 ) W
FEE NI, AT 12 h LSRR, %R (25 £ 1) C, M 4
AR L FE A R K S T S 5
1.2.2 Gk miRDRHEC S Rk 82. 5% il 10%
R L 2% , M 5% AR 0.5%
1.2.3 RIS 54 25T R BRI 7 R il ek M R
1 Ji)G  HeWE L3R5 40y 2 20 NAFLD #ERIZH (n =36) , 45
TR IR R IR, 3 B T 4.8.12.16.,20 Ji A I AH AL A
6 JURGEARA , XHRAL(n =6) , 45 T IR iRDE R S, TR Z %)
I A) RRAEARAS
1.2.4 bRACREE  ANE 12 h BRI S A BT B 4T
T MRHT R I, B I, TR IR SR, I AT BRI 4% 5 mm
ST em x 1 em x 1 em R/NFHLUH T A D) 7 HE
Pt RTIFIER IS B R At A7, T8 I, Western
blot £l ,
1.2.5 Western blot £l PACS-2 ,GRP78 ,Bax ,Caspase-3 [ 3
ko RBAEA,RPEN 116,
1.3 %itsFk

SR SPSS 13.0 Gt #ifh, it E B & + s 08, 24 I
BER NIRRT 2250

2 #X

2.1 BARER5 5 HepG2 s ir &

VZL O Juta J5 i S ™ WS, Mg TR Sy £1 €5, 1T B 5 1eF [1)
FASE 200 e 200 5 P g T B S 1 22, O 22 I T G s
(E 1), 0 h J5ASERUY (5.26 £0.47) 4 h Jy(40.23 £3.56) ,
8 h W (146.73 12.52) .12 h(314.44 +23.60) .24 h H (406. 55 +
34.81) 54 0 h Bl BT (P <0.01)

Ll

A:0 h;B.12 h
E1 g O f£ERNARNERIERE S HepG2 HAafsiHET
BE  (x400)

2.2 FHigtkE s NAFLD kX S AEA

HAY) R 7R BEA 1 BN R)HE 4, NAFLD K [RUTF 2 it
BN RSN, BT 2 HEFZE L, AT 40 H (AR O, 200 M0 o
R, 2005 A SR A T, AT R AN S 9 R T8 Y 4 i i s 2
P, RN AHCAT R A5 A R A0 =i (1 2) o

A xR ;B.4 F4;C.12 JA41;D:20 B
E 2 NAFLD kX RATAEALRREFEEWL (HE x 400)

2.3 PACS-2 GRP78, Bax ,Caspase-3 f£ NAFLD it #42
P g R T AL

1 mRNA 7K, LA 0 h Y2635 K 1, PACS-2 mRNA Xt
TR AR AR D AR LA (4.8 h) FF iR B R B (P <0.01,
P<0.05) 1M 7 J5 #4 (12,24 h) WA @ F 8 (P <0.01);
GRP78 [k 7E 12,24 h % 0 h B FiH (P <0.01) ;Bax £
12 .24 h |- F}, Caspase-3 [R|FEFE 12.24 h B EF T E (P <0.01),
W2, HHEHAKFE L, PACS2 /£ 4 h % 0 h 3 T
(P<0.01),1224 h 4 F7}+(P <0.01) ,GRP78 ({§FiA7E 12 h
% 0h % (P <0.01), Bax £ 24 h % F7H(P <0.01),
Caspase3 7£ 24 h WA B FE T H (P <0.01), WK 3 .%£3, 1
NAFLD K BRI, PACS-2 7€ 8 JAE 0 R4 T (P <0.01),
FESEI(16 .20 JH) F B3 L F+H(P <0.01) ,GRP78 [ FRIKLELE
THI(4 8 ) BB BE (P <0.01) , ZRHET A,
Bax 7ERI (16 .20 J&)) vt FRAH i 3 R (P <0.01) , Caspase-3
TEMHA (16 20 Ji ) A WETHE (P <0.01) . JLE 4 .34,

*2 AEBEZRIERIFS HepG2 AR A+ PACS-2 .GRP78,
Bax , Caspase-3 mRNA HERiE(n=6, x +s)

755} [a] PACS-2 GRP78 Bax Caspase-3
0h 1.00 +£0.00 1.00 +0.00 1.00 +0.00 1.00 +£0.00
4h 0.35+0.03*  0.74+0.13 1.78 +0.43 1.57 £0.35?
8h 0.80 +£0.12*  2.57£0.33*  3.38 £0.89*  3.47 £0.96*
12 h 1.65+0.20>  7.46+0.74> 4,58 +1.38%  5.12+1.27>
24 h 5.54+0.96" 8.87+1.24> 9.34+1.59> 8.57+1.78>

a:P<0.05, b:P<0.01,%50 h rtdg
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PACS-2(98x10%)—

Bax(21x10%)—

Caspase-3(32x10*)—
GAPDH(36x10°)—

1:0 h;2:4 h;3:8 h;4:12 h;5:24 h
B3 Western blot ¥4k fE 1% 5 HepG2 41" [E) Bt 8] /5 PACS-2
GRP78 .Bax , Caspase-3 {3 ix

#3 AEBEZRERFS HepG2 IEHE A+ PACS-2 GRP78,
Bax Caspase-3 EHRIRIE (n=6, x s)

75 St a] PACS-2 GRP78 Bax Caspase-3
0h 9.06+0.40  10.23 +1.21  10.84+1.05  8.57 +1.02
4h 3.64+0.85" 11.84£1.90 10.46+0.94 10.33 =1.21
8h 7.05+1.36  25.92 £3.42b 12.55+1.57 13.35+1.482
12 h 16.59 +1.51%  36.73 +4.63"> 25.38 +1.42> 26.24 +2.67"

24 h 44.43 +6.20>  40.55 +4.75> 33.58 +3.54> 38.36 +3.67"
a:P<0.05, b:P<0.01,50 h k&

PACS-2(98x10°)—
GRP78(78x10°)— s
Bax(21x10°)—
Caspase-3(32x10°)—
GAPDH(36x10%)—
15 ME4;2:4 J8;3.8 A ;4:12 JA;5:16 J8;6:20 J§

4 Western blot #& il = A5tk &= % SD X R A [E At iE /5 PACS-2 .
GRP78 Bax Caspase-3 {3 i%

#& 4 NAFLD X # PACS-2 .GRP78 Bax  Caspase-3
EAMRKRIE (n=6, x£s)

21 5 PACS-2 GRP78 Bax Caspase-3
X R 22.35+1.24  10.23 +1.21 11.52 £1.12 9.54 £1.27
4 JRH 18.56 £1.78 18.45+1.95> 12.46+1.35 10.35 +1.45

8 JHl4l 6.34+0.67> 20.34+£1.97> 15.87+1.44* 15.64+1.83"

12 41 18.34 £1.43  35.35+2.66" 20.38+1.42> 19.15 +2.13"
16 JH4H  35.67 £2.41> 37.54+1.78> 27.68 £1.47" 30.48 £3.15P
20 4l 57.68 +4.35> 41.67 £2.34> 36.78 +2.73> 35.34 +3.32P
a:P<0.05, b:P<0.01, 5 x40 b4
3 iTig
PR D) 2 200 L PR o 2 1) A s, S AE g 2 AR i A
s o v [ S S P ) S B N P A W S S e

LEFA AN RELE W A B SRR AR AR, — X — P A pidT
R, 9002 A PR R R IO 38, BT 522 T 40 4 g R D) i
SCHRL6 =9 T Uk 52 17 31 1y P Joe ) 2 98 ] S 391 — 7€ )
AR ORI T (ELIN SR PN 5 I R R S AR A, — 2R D)

A BB AR5 TR A AR AR S R
Jo A 7 38 A L O T B 43, MR 1) NAFLD 3o i
DA S5 1R b7 38555 200 RO RT3

PACS G 2T E [, 145 PACS-1 . PACS-2
850N S5 TR R R B S N BT, A 5T S ok
RZ IR 451 S5 HhRe. Hrp, PACS-2 J2& P T M 2 ki A
#H 2% B ( mitochondria associated membranes, MAM) |5
W) arF AR, AR S &K LAE NAFLD K AR Y
HepG2 AR5 28 A vpr , PACS-2 3R 30y 15 JHF 41 g
REWiAE R, IR TR, SR RALAH L 25 A Sei 2
HEX(P<0.01) , MAERGNT 22 5 ] PACS-2 1352 T
BT, BB AR A E A S R (P <0.01)

A TR 2 AR 4R TR AT G 7R B 5T B Tk AR AR b
HepG2 JHF 41 i I U 25 A543 Ko NAFLD R L™, & BLAE
HepG2 (iR 2 BRI FN NAFLD KA AL GRP78 1%
Wt BERTENG D78 A e i ask A v, PN JB I B E A
T B 7 72 R A ok A HCE 2 g Dy 2% o i
INEE o ATRE R P Sk T B0 20 M R 07 A8 Y35 R 4 S A
16, IR IRE , AR E AW E e, Xeesi ]y
BEAERFST " e — 2L

PACS-2 ZE 2 I 9 P 0T I 5 Lok i 2 [a] i R 2
(2250, PACS-2 ik = 25 T 301 e K A AR 8t 1)
BAP31 Z4fif , i 23155 1% 4% 85 11 ( Calnexin ) 43 Z5 L,
SN S G R 2, DT 35 S PN T P R K 1 5 |
& UPR'™, %€ PACS-2 5 GRP78 A (b L K 3L,
NAFLD H PACS-2 { F REFERT ] 1 JLF- 55 P 51 19 1z 3
A kA #2878 PACS-2 RATEES: 5 T NAFLD fiy i
S0 PR R RS B8 S A R AR A T B R T
0 B A 2 R 45 1R 2 VR TR 0 233l i ERS 455 N 1
AT AR AR AN AR E T o 2 40405 PR 3R R g A A
B, 02 5 | RS 200 B P — R 5 B A B A

SCHR[ 13 1 HitiE PACS-2 ik = [RlFE 2 R BUR W2
LEWE A JE R 4 (fatty acid-CoA ligase 4, FACLA) 5%
Nt 22 Z % & T ( phosphatidylserine synthase , PSS-1) [F]
LRRLIRAH DG (MAM) 45 5 KT T B AT 45
AR BTG R B N S I 5 R A i 1 i 1 O
WA B AAERT AN NG D522 i AE v, PACS-2 2 A 0id
AR S5 T NAFLD (9 % A (AR — 05T .

AR S IO WLEE 3 Bax | Caspase-3 75 T2 it ig 15 72
JaAZR A BT (IR AE R 12 .24 h, S HRiH 16,20
Jil) o AJTEHN, Caspase-3 Bax J& 2 M T- AR E 4,
1M Daugherity 25/ 10 % AL RS P JHF 48 1R TR 2k
JH 99 LA B ARG T 4k v, 3498 B 5 ) S 440 0
MG kA SCHR 13 iR W], PACS-2 A D 3d 4o o4
Caspase Z¢ Jié ‘T A0 MR 120 i AR WF 52t &k B, 7
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PACS-2 LT[ Caspase-3 A B3 ETF. Alfigkt
TERG 7S % st B b, LA GRPT8 gk iy i 74 i I 37
PARFEAAAE ,PACS2 FihFH iy, #EMIVE T Caspase ¢
Wi & AL T A2 HE T NAFLD gkt

25 b TR, AWFSE R BRAE NAFLD 3 v, PACS-2
WAL R AT RES S T N W A R e 3l S5 4%
SEAEAE , T W DUV °T A 5 1 200 M B s 2 L 5 0
R —EMEFR, RLE R PACS2 T fEJ27E
NAFLD 3 75 A 28 JHF-200 0 A J5i I 38 9 I 72 % o T
R SRS (EAFTRARTTE

SE 3k
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