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FLIR T BK PGPIP 2% fif if #5 14 A Fy BT B EL AL ) 8 35
HOUL I S S I

WmE HM URIAFERKER - &R - WEm - 5
SEEIR - T2 R (PGPIP) 2 fife /)N B P V00 e ke 40 403 B G
MM THLE . 3% 40 H CSTBL/6 /MR, BEHLE 20 K
Sof RAZH AEALZE 28 BEH K (GSH) 20 PGPIP #H, 2R 10 d
Lieber-Decarli RS 1RV 200 1 W St A HE 15 10 2k
S/ BB P A 14 i 7 A AR | il A 10 [R) e 45 T 24 4 T T
AR C A B FRIE 254 (GEO) S04 vh RNA I 5 54
SR PR 2SR BT X A JUE PN I P17 35 A G 5k PR 25 S 3R K 4 BT .
JRETRARZE — B (HE ) G 05387 25 Ab BRI BRIERG 1 I
PG TR AERZ M M LT O Yo (043 #1745 4b B8 20 %o /)N BRUHF ik
JRFF R AR, 25 T WA A IR R85 L R A
TR SRS A0 AR 5 48 B B2 e IR B8 IE PGPTP BFE FHASR
T 14 J5 Ho 28 I ( Western blot) #6300 P J52 19 137 B4R 5615 &
HSRARB, B8 PGPIP 4B A& B E %
X REZH /N BRI 40 W o el . SR /N BRUFF I v oA T
HIRETH AR R BN R/INAS W R 2 9 VR & U i % , PGPIP Ab
P B o 0/ R 5 1 I E AR W A 8B . PGPIP %} PERK-
elF2a-ATF4 38 FA 5K M, HLG 5% 5% 306 R F 6 (ATF6)
1 Cleaved Caspase 3 [ RIEH B EHMBR, &it
FLK PGPIP REZZ A /I U M T0AE 1 g 105 JHE A8 495, HEWL
AR 38 3 U JE AT P R B R AR BB S LIS/ P S I i 38
AR T N L FEVE .
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A PE T 2 R I RE B b HE 44 TS, AR 3
JFP RIS 475 5 5 2 57 RT Ay S P PG 0 A e 45
13, He kg i e B 458 B 00 A0 O s 105 A, A 4 A
R, — LB R A BE K R N R £ 4k A R0 T
F T IEOR PR S 4 DR 52 28, i U0 A A AL 415 A
A RO W BB SR T ok AR
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SEEIE  ER QRRIF IS (A0S 81472448 ) 5 LB AR B2 0K
4 (4% ;1908085 MH280)

VR AL TR R TR B 2 B AR b2 5 0 AR W2 BT =2
AHE 230032
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PEIRFIVF 220 A0 S e 30 R A B, 2 5
/N, oy T I B R R IR, RAR A LR TR Y
TR ER - H &R - &R - o8 - HE R
( prolin-glycine-proline-isoleucine-proline, PGPIP ) {if
T A2B-BREE 1Y 63 ~ 67 5% Ik I, &4 3 4 Pro, A
Dy WEE IR A 0T ELITAT B & SE PR A e AR A P i
IKVEEIERR . KRR AT B T 472 H B R
SR G ANINRE , Bk A EAF R Z Rl E A Z
25 A TR 00 A8 MRS R S5 2 i
FEHE T /N R TR 2 phy 5 [ 1) 7. TL AR 05 e T R A P
P9 P BT ST T (NTAAA ) #5710, B3 VR 97 It
] AR SE A AT 2 /N B K TRt 2R AL ST AS 1 T
(10 JEF I P ek 40952 T R T O 2 2R RS
FUHE ST NIAAA /N BUBERY, 5 1 T HAF 5 3L 0 K
PGPIP PR E i 5 4 D 44 B AL

1 R

1.1 #F#

1L1.1 %%zh4h 40 HI5IH, (R 8 J4 ik
C57BL/6 /NER, W A 4 BB BL R 2 S 56 3 ) v ot
[ VFAIES . SCXK (f56)2017 - 001 ], 4MEMFRET 12
h/12 h B AR IE 45% ~55% R 20 ~
25 CHYFRE T, AT A 0K,

1.1.2  F23XA XTI Lieber-DeCarli ¥4
Tk (VLR RIS FEA F] ) s PGPIP(4HJE >98% ) |
qRT-PCR 519 ( LI AEY) TRA BT s 27 bk H K
(' glutathione , GSH) IR ARG 4% 1Y Z2 & F I T o
BRI (LR = KA EAR RN ) s Tk Sl (il
Has AR 2 |l ) s C/EBP [R5 4 H 5 (C/EBP-
homologous protein, CHOP) | 2} it K 2¢ if§ 3 ( Caspase
3) .Cleaved Caspase 3, B-actin 14K ( £ [E Abcam
PIHAR ST BRI A RNA AR EE 1A P J5T
V¥ ( P-PERK ) | PERK | # i 1k LA B P32 1R A -
20 (P-elF2a) | elF2a, ¥4 5% 3 i P 1 4 (activating
transcription factor 4, ATF4) Fll ATF6 Hiik ( £ E Cell
Signaling ZEPHARNH]) .

1.2 Fik

1.2.1 NIAAA > RALARATRE A T W R A8 % 2k B
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£ FAHE  NIAAA /DA T RNA 40
Pk B 36 1E 5 AW HORAE B Pt (NCBI) iy
Tk (GEO) BURIE KR 5 GSE1634441
1.2.2 NIAAA D RBER G E S CSTBL/6 /NRIE
175 d BYIRE RDHE N, XoF REZE /)N BRI MR SR X R
LD W& ARTERL 5 d, S50 2 /) BRZS A3 I 0 4
1% W54 1Y) Lieber-Decarli #5 BY  AR 1R R A5 K M
FRATRE R BRI 1% , L RNK R 5% BITPTAE IR BE K
1k, FifJE /N ERBE AR A iR, X B A R 4k SRR
SR HEIAAR TR R, 256 21 MR R 5% THRS vk B g S 7Y
WARTERE, 2 BIHFE2 10 d, S fa) /N R A KRR R,
K BRI, FEf)S 1 R, 2B 4h /N EFT 1 IR
5 g WA/ kg PR BT R AOTRIRG HE 15, 0T HE A /) LD 1
[ AR ) 22 ZE R IRG . 9 h Je A sE/N B, W T
HE AL SR 3 25 FH

1.2.3 Z¥hamikst Fra/NEBENL R 4 4 5
10 FHUNEL 433000 6 3R LD GRDRHR SR (6 B4 ) |
FOREA AL LD fRDRHR SR (BN ) S PR A LD
TRl 5 | [RIINHEEKFH GSH #E B (GSH 4H) & ks
BLRY LD frpRHE SR | Rl 0) 45 K B PGPIP ¥ 1 ( PGPIP
) o I /N ERUPENE P TP VR T e R S I S
KEREE IS HAEE T ok, GSH 401 PGPIP 4 , 5 KR AE
Fe e 1 FPREHE B 220 30 min (19 [RIRE R[] | 43 50 9
B 4 x10° mol/kg & i & 1) GSH 11 PGPIP, X Ji§
HFBAIZE | B RHE Rl SRR 5 B 1K

1.2.4 AR F 54 BUNGBEHF IR E 4% £
RHEREE 24 h Db, BEESHREHA A
ZUBKHLH K, A AL £ 85 D) R R
5 wm, VIR HET 5 WS . 95 AOKS Y 40 MO A%, 8RR T
KAk BRFRAL S DT Ye A i, M st A

WL
1.2.5 b4 O & Epbima o Jeanfi 2 g

54k . BN BB F AT B T 49 2238 I v I 24
h DAE 5 [ 2 g 0 /S BRUFF 2 22 8 1 R AR Vs i
7K, PBS ¥ VR4 U3 1 1 RERA U, OCT A 34 5] fu 4
FFEHZ, VI FJEEREH 10 um, TUKE G, W1 & T
—80 CARAER I, ML O TAEWHRIE 3 = 2 il
B LHC30 ml ML O B fiti & i S 20 ml (192551
AKIRAT, #HE 10 min J5, 3308, BLECEUH . KU A
FMET O TAEWGE G 2 10 min, R EESME, 95
ARG G ANAAZ , R TR b, IRTR AR S i . H A
Je s R

1.2.6 &4 85, B ESMIERTTE 4 CUKAH
PR , BOBT fif /N UM AE, DTSR/ 1 mm® 247

SEEYIRN 1 mm® WK AIE G ALURA 2.5% 1%
TR T 4 °C VKA P T BEER 2% A TR
BEUE 1% HIR T 4 CUKAEN R €, BE i), Y]
FREE R 70 nm, F g R BT e £ 375 5 L B WL 5 4
HE

1.2.7 qRT-PCR %% £ AbHRZH /N BUHEZH 2159
AT F FH TRIzol 107 G 42 HUZH 2145 RNA SRS 3
3 cDNA, H 9 5E H 1) mRNA 3£ 87K F H
GAPDH fE NS il , A E 3 MR, H
5T A0 W3R 1, M4 529 45 SR 4R15 CofH, B
L mRNA KK H 2 -8 rike &

%1 qRT-PCR 3|17
FEF 2R SIYIFsI(5'3")
CHOP F:GACCAGGTTCTGCTTTCAGG
R:CAGCGACAGAGCCAGAATAA

Bip/GRP78 F:ATCTTTGGTTGCTTGTCGCT
R:ATGAAGGAGACTGCTGAGGC
GAPDH F:AGGTCGGTGTGAACGGATTTG

R:TGTAGACCATGTAGTTGAGGTCA

1.2.8 Western blot 5% HUHif /N R E, 8541
FAR/INERE R, F B 4F 20 mg 44UMA 200 pl RIPA
SRR, R s EARECRE, $E2N
(20 pg) mE] EAEFLH 1T SDS-PAGE #E i HL
VKo Western blot ¥ & J5 |, FH & 5% W) I Bg W5 85 1)
TBST ¥ W E ] 1 h,—Hi1 = 1 000 TBST Fike)m 4 °C
BEE ., TBST ¥k 3 W5, A B bR ic 1 — P
1: 1000 TBST FikéJm 37 CI5HE 1 h, B,

1.3 SitZ4IE R SPSS 13.0 Giitf bt AT
AL P 25 L) &+ s oK, B4 0] HE 35 R Al 57
FEA L K, Z2 41 18] 3R T 7 2253, P < 0.05
FRESAGIMFEX,

2 gR

2.1 NIAAA /NRARBIBFRE A R Bzt B E =
BRIESHT N TR NIAAA /) BUSERAT E Arim
AT P TS DO 7 54 1 55 i, 35 RO RS X 53 it 400 e
{62 PAS02E1 ( CYP2EL) FAEYT & 8 H i SV (un-
folded protein response, UPR) 25 HL3f % AH G L [A] | #R
JEEA B GEO 2 b RNA 34545 0 47 J 2 3k
PR AT, HL v kot R 2 RS 60 2 45 5 B 3 /N RRURF A
FEAEE 25 R WA 1 7R % B AR 2 AR AR 22
] A= Py o A PRSI, ATF4 . CHOP (ATF6 il PERK it
PRI 5% R A A v 3R 35 R X A1 T A ASE AU 2
FEA Tp ek AR G
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S A SERG A 4L
L5 o FEZH
ATF4 1 ]
0.5
CHOP 0
-0.5
-1
ATF6
| -1.5
PERK
elF2a
Caspase 3
CYP2El1

1 2 3 4 5 6

1 NIAAA /NRIEBIFFHE RNA M FEEZERRIEME
1 ~3. k54 ;4 ~ 6. % FEZH

2.2 BHREBAN/IMRIBERBEFRGOFEZZME

HE & BLY L an & 2 Frzs , 155 % gl /N B
SFR DK S BB 53 A1 2 R A 40, TR T A 2R
JHE /NS5 R T T, 40 B 2R HE S 3% 5%, AR /)N B
JHFA A ZHES ZE L, 200 A s B0 3 g Ak, e
Sy KRG A NG AR ] R A BUIR e A8 . 1
A, /NI B] AT LA )RR 1) 4 RE 40 B2 . GSH
21 /0N ST 40 B A 7 7 1 R RS A 2 2K 81, PGPTP
200N BUFFH i s s 728 2 B EL ASE AU 41 RN GSH 21/
BRBH S0, /N S5 R 5

C D

2 FBRBAXEEBERBIERFFERRFEZNTHZM x200
A XTHRA ;B ARTIZH ; C.GSH 4 ;D . PGPIP 41

2.3 HZABAN/NRITHEREFEREMNEM b
O Ye e anl&l 3 Frzm , 1F & X B 45 /)N B i o e 0, s
NG 5 Z AR R ZE /N BRI PR oA A ) G

AR Z R A RN A R B BE 1R A B 8 % , GSH
2H /)N BRI -5 A 7R 2 ARARL 1L B i 1) RS Tk 2>
PGPIP 2 /)N BRUFF I i ik 4% B S5 R 41 i1 GSH 4 AH

eI, 5550 IRZH AL
A B
c D

3 BABARMEBEBEEHITEREERENIME X200
AN IR B AL, C.GSH 4H ;D . PGPIP 41

2.4 ZRBAXNFARBRESHIEE N1t
— 2L ARG A DR 1 B TR R 3R X T 40 e e e 4
FIRRZ IR -3 UE PGPIP BAE IR , X 45 Ab B2 /)N
S AT 385 O i F i oty . 25 SR AN El 4 P
71, X L /I BP0 6 200 i 0 S B 8, 200 B A
PRI T, SR B | 8] B Rl 98 1 22 /NS S5 Y 2okt
P SRR JE R AT LY BT, A A A Y
NETEAEAE , LG i RO e/, RS 201 /)N B 240
2 L R0 SR T 440 i B 2 [R) g 2 B K I g
(KT S wm) , BWANEH — /N IR, AT
20 el 4 A% A B S R A el AR AT BB R R TR LR
NETE BT AT, SRR, GSH 41/ BUR-4H
b A BRI BETRE (KT 5 wm) . PGPIP ZH/IN R
JHF- 44 e A P 5 B R RS W s /b 4 A% R K
A R | 200 P T D 4 22 20 1R R 208 4 4% ] [
(RN BT

2.5 PGPIP 875 BFAE A A B M Bz i# 4 X B E Y &
B i qTR-PCR, S0 4% i B2 /N B 2 47
FITPY 5 90 37 J8ORH G i CHOP il Bip mRNA ik,
i3 Western blot 4347 PN 5 I 7 UFH 5 1Y P-PERK
PERK . P-elF2a , elF2a , ATF4  ATF6 . CHOP | Cleaved
Caspase 3 I Caspase 3 T H . 4R WK 5 Frs, 5XF
HRZH AR L, B4 Ff CHOP mRNA ik 7K i 2 1
Jn, PGPIP WK T R IAKF UL . S5x B A L,
R ZH Fh P-PERK ,P-elF2a \ATF4  ATF6 ,CHOP |
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A B C D

E4 FRIBAEMEERIEREHFEEFEEEHEHRZEME x1 600
A XTHRZ B AERIZH ; C. GSH 41 ;D PGPIP 44

A B XHIRAL T GSHZL PGPIPAL D s
4r Ea P-PERK ‘ L EE XL
i 7 i 7
B A PERK ol B A
3 ” E3 GSH#A 5 4+ E= GSH4AL
o3 PGPIPZL P-elf2a % o5l PGPIP4L
Q) Y
K elF2a o
% g
S 2 ATF4 “E 0.6
% ok S o
£ » ATF6 2 gl "
=1 CHOP =
Cleaved Caspase 3 02F
0 Caspase 3 0
CHOP Bip P-PERK/PERK P-elF2a/elF2a
B-actin
C _
1.2 B A
'~ R
E3 GSHZ#
1.0 F PGPIPZ.
#H yu # ##
08k ## it
=N ## - ## ##
% H#
)
#® L
o 0.6 ,
E k3
= ok ok
0.4
sk k% o sk
*x ok
02
0
1 2 3 4 5 6 7 8 9

B 5 PGPIP i35 AR M B 4E % mRNA RiAKFFEQRIEKE/ FiE
A /NEUFIEAL LR 4440 CHOP il Bip A%t mRNA (92357KF; B Western blot Rl /s BUIFIIE 447 rr 44 20 P 5 190 17 380k 56 2 T 635 €/l
ST A £ 0 P 4520 PN J5 90 IO 50k O B8 1 AR X 2 15 7K 5 D2 /N RUFIE 4L 20 45 41 P-PERK/PERK Fll P-elF2c/elF2ac 4 HH X B BR 1k 7K 5 1. P-
PERK 41 ;2: PERK 41 ;3 ; P-elF2 414 elF2 41;5; ATF4 £ ;6. ATF6 2,7 . CHOP 418 ; Cleaved Caspase 3 41 ;9 ; Caspase 3 41; SHEEIZH 4%, * P <
0.05," " P<0.01; 5X IR4L AL . P <0. 05, P <0. 01

Cleaved Caspase 3 Fll Caspase 3 £ H IR IA/KF- 12 3% H4m, {5 PERK | elF2a 188 18 K F I A7 1 3%
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PEMCAE . PGPIP IKAEAS 350k & WIS 175 51 LR R
A 7KE B 38 AN, 3 H PGPIP XF PERK Fl elF2a
(WER RO R, Ah, 2R s, 5
Xt HRZH A H, 5 R 4H v P-PERK/PERK Fi1 P-elF20/
elF2a IBERR ALK - f 2538 i, SR PGPIP R & T
R IL AKF el A8 R Ik, PGPIP %} PERK-ell2a-
ATF4 38 A B K m, H X ATF6 Fl Cleaved
Caspase 3 W FRIAA W ETERRCR

3 itig

JHFIE 2 AT A 0 F= 24 8, IR A i b 1
ORGSO A0 B2 A IR, & B A R
CYP2E1, CYP2EI =25 A T FTF 40 iy A 5 I, JiF
20 L1 PN S5 X A 4B 22 B AR ) T e LA
i A B AR B A S, T A B P IR S
GG, BTN A AR I TR P B 2 R i GSH
FALIR I L R B R0, 7018 1 1 R A 1
R B E RN, CYP2EL BRI K i T 3R , ik
R I T [A] N A OKR 2 17 1 4 (reactiveoxy-
genspecies, ROS) ', i A9 ROS BEWS S 1L P i ™
PN R 1 T RSB, e PN IR A 1) 4L I B
SEEE AR AR T M A R T S
AT S W A 1 SRR PN o R AT S AL e 2 TR A R AT
W, FEETRIT &/ AR & E A BURE, JIE N R
DR, A PS5 P R 8 % 2B B, GSHL S8 A3 5 7= )
LA | HE— 201 ROS 77 A BCAR Y T I Y
(IR R7Y/FEZS:

JH 240 v i T R SR TG P I A 1Y) R
fiEZ—  FLR BRI 322 AW IR 52 6 22 19 IR i
PTG AEAE BRI PO DU FR 2 =B i g K
P RR BT RN . 25 =BG B g
R IR, A B IE ), BRI 20 2R 280 R il Js R ik
A, LS 248 3 58 i I 1R s 48 A4 i
1, P 2 AR 2 B 105 41 208 f, I HLAR 3 -4
WA AR IR e S A b B i R A2 i 1) N
Jo G o8 = I 3l 4k T A P JB I AR R 18 98 =X
SEUEAAIML T w22 A R R E A PN ST Y
TR =mEH G R TR B AR 2
SN A PR T I /D BB R b A
A S P e 53 R T PN B P 1 Tl R
FEEERERE 1, — P = BEH A B PR A, 23 (2 I
TR D R 5 B, A2 ik 22 149 i 1 T 4 1T 75 74 5 )
I, T 3 ARG I JUE B 77 2 7K SF- R A8 41 i P J5T 9 iz
e,

VA ST PR 38 & A B e Bl UPR, 38 3ot 9870 B 1
J B, & A T &, DR R T B R T
B 185 A TR A, VK P DS, UPR A% 3 Fh
ZMAE 5 R I 9 3 FhiE H B UPR A2 28 1Y
PO B R 4R, B AR UL EE W OR B 1-a
(IREla) \PERK,ATF6, FEAEHAF T, UPR &%
I PN SR O fs T 4 A SR PN B N [ PR R LA
g4 BRI BiP/GRPTS B, MR IT S/ A%
PrEME AT RLEN TN, BT80S & I
1 Bip, sa 4+ PEfdi BiP )\ UPR J& 32 2% 1Y P9 J5 190 3 1
SEFSR A B, Ak T BUF H 5 RIS . PERK
P e, B I SRR AL UG elF2a, 3£ BEVE S T IS
ATF4, CAFFE) H 38 T RS P AT /0 BRURR 0 7
i H 0% PERK/ elF2o/ ATF4 {5 558 %, JE 5 SR
Ui By A & FE R i 263k, S BUFIERR W 1k, 487 19
Jo N S 2 SR TR G T R ) 5 B, e ST AT Al
ATF6 B0 5 e AR, 755 CHOP (33K 5)
FE R 5 I N 075 S R I A L R Tk B P, CHOP 3R
HAEAMMAZ N BN CHOP I AN A S T,
MM &G Caspase 3 ELRTETE " S
Y Caspase 3 U1 21 H A% R 40t S5 v B4 306 14 2 1 e
FEOFAMIE T, P AR iR S 43
TS — IR PTG 0 & R AT 25 R
7% PGPIP i /0 PERK/ elF2 o il B iR 1k 7K
SEFI ATF6 ik /KT, T8 CHOP 35 B 3 /b
/D) CHOP 33K 52 Caspase 3 BY¥IE /D, K I
Vel /b T P B O 7 38, DA T O i T A M B D T, 45 b
JITiR , PGPIP TE AF 14 - 19 B 3 2k 2 v ke 31 45 K
YER, H PGPIP B A BIE /N AR BR | 4 &
IN ARG5S AT 1 RS 2 Aoy A 25554
SRR PR ) S FALSIA 75— 25T
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Study on alleviating alcoholic fatty liver with Milk derived

pentapeptide PGPIP and its mechanism
Huang Jiujiu, Geng Qilong, Li Angi, Qin Yide, Qi Nan
(Dept of Biochemistry and Molecular Biology, School of Basic Medical Sciences ,
Anhui Medical University, Hefer 230032)

Abstract Objective

line (PGPIP) on chronic alcoholic liver injury in mice and its related molecular mechanism. Methods

To investigate the effects of milk derived pentapeptide prolin-glycine-proline-isoleucine-pro-
Forty
C57BL/6 mice were randomly divided into control group, model group, glutathione( GSH) group, PGPIPN group.
The mice model of chronic alcoholic fatty liver was established by 10 d ad libitum oral feeding with the Lieber-De-
Carli(LD) ethanol liquid diet plus one binge. Drug intervention was given at the same time. Based on the reported
RNA sequencing data in gene expression omnibus ( GEO) database, the differential expression of liver endoplasmic
reticulum stress-related genes was analyzed by cluster heat map. Liver hematoxylin-eosin (HE) staining was used
to analyze the pathological effects of each treatment group on alcoholic liver injury in mice. Oiled Red O staining
was used to analyze the effects of each treatment group on the accumulation of liver lipid droplets in mice. Trans-
mission electron microscopy was used to analyze the effect of lipid droplet accumulation caused by alcohol metabo-
lism on the microstructure of hepatocytes and verify the effect of PGPIP. Endoplasmic reticulum stress-related signal
transduction protein expression was detected by Western blot. Results The pathological examination of PGPIP
group was similar to that of Control group, and the liver injury of mice was significantly reduced. The accumulation
of lipid droplets in the liver of mice in the model group was manifested as mixed lipid droplets of different sizes, and
PGPIP treatment significantly reduced the accumulation of liver lipid droplets induced by alcohol. PGPIP had sig-
nificant effects on the PERK-elF2a-ATF4 pathway and the expression of transcriptional activator 6 ( ATF6) ,
Cleaved Caspase 3 protein. Conclusion Pentapeptide PGPIP can alleviate chronic alcoholic fatty liver and liver
injury in mice. The mechanism may be attributed to reducing the accumulation of lipid droplets in hepatocytes, en-
doplasmic reticulum stress, and hepatocyte apoptosis.

Key words PGPIP; alcoholic fatty liver; endoplasmic reticulum stress; ATF4; ATF6



