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Abstract: Objective To investigate the effect and possible mechanism of prolyl endopeptidase (PREP) on a mouse model of non-
alcoholic steatohepatitis (NASH) induced by high-fat diet. Methods A total of 18 healthy male C57BL/6] mice, aged 6—8
weeks, were randomly divided into normal control group, NASH group, and NASH+rosmarinic acid (RA) group, with 6 mice in
each group. The mice in the control group were fed with normal diet for 16 weeks, and those in the NASH group and the NASH+RA
group were fed with high-fat diet for 16 weeks; the mice in the NASH+RA group were given the PREP inhibitor RA by gavage since
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week 9 at a dose of 100 mg/kg, once a day for 8 weeks. The mice were sacrificed after modeling and intervention, and each group of
mice was observed in terms of serum inflammatory indicators, the concentration of triglyceride in the liver, and the changes in liver
lipids/inflammation/liver fibrosis; NAFLD activity score (NAS) was calculated. Western blot and quantitative real-time PCR were
used to measure the protein and mRNA expression levels of PREP, peroxisome proliferator-activated receptor-y (PPAR-v) ,
fibroblast growth factor 21 (FGF21), and silent information regulator 1 (SIRT1) in liver tissue. A one-way analysis of variance was
used for comparison of normally distributed continuous data between multiple groups, while the least significant difference i-test
and the Dunnett’s-T3 test were used for further comparison between two groups. The Kruskal-Wallis H test was used for comparison
of non-normally distributed continuous data between multiple groups and further comparison between two groups. Results Compared
with the NASH group, the NASH+RA group had significant reductions in the serum levels of interleukin-6, tumor necrosis factor-o,
and triglyceride (all P<0.05) , as well as significant improvements in hepatic steatosis, hepatocyte edema, inflammatory cell
infiltration, and liver tissue lesion. The NASH+RA group had a significant reduction in NAS compared with the NASH group (P<
0.05) , and the NASH group had an increase in perivascular collagen fiber with occasional fiber bridging, while the NASH+RA
group had a slight reduction in perivascular collagen fiber compared with the NASH group. Compared with the normal control group,
the NASH group had a significant increase in collagen area percentage in the liver (P<0.05), while the NASH+RA group had no
significant reduction in collagen area percentage compared with the NASH group. Compared with the NASH group, the NASH+RA
group had significant increases in the relative protein expression levels of PPAR-vy, FGF21, and SIRT1 (all P<0.05) and a
significant reduction in the relative protein expression level of PREP (P<0.05). Compared with the NASH group, the NASH+RA
group had significant increases in the relative mRNA expression levels of PPAR-vy, FGF21, and SIRT1 (P<0.05) and a significant
reduction in the relative mRNA expression level of PREP (P<0.05). Conclusion PREP reduces the level of inflammation and
improves NASH in mice by regulating the PPAR-y/FGF21/SIRT1 signaling pathway.
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J& , WA PPAR-y-FGF21-SIRT1 3 % , 23 /N L NASH
(7] BEAL I

1 MR5EFE
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/N FGF21 LA 1: 50000 [ iU f8 AR 4 TR PR
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/NEUSIRT11:500 (19—t (B0 A A6 5T B AR A W H R
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A TN TS B, PCR Y 45 [ W19 L& 1.

110 %it 57 f# ] SPSS 19.0 8 i+ 1 % K ik
118108 W GraphPad Prism 5.0 #5417 F% 21 .
IE 250 A B EORER JH o R, Z2 41 1] U #R FH B
PR Ty 22500 , 25 W 5 L AR F LSD-+ (7 25 5515 ) Al
Dunnett’s-T3 (7 22 AR F0F ) K56 o ANl 2 1E 254370 3
HERRH M (Pys ~ Pog) 53R, Z2 41 8] He 45 S itk — 25
Wi HL 4R ] Kruskal-Wallis H K65 . P<0.05 b 25 5345 48
IE- 38

2 #R

2.1 =R biF KEEFARFHE NASHAU/MR
(4 LY T1-6 \ TNF-a K-35 8 3 v 15 5 6 B4 (P A 8 <
0.05) ; NASH+RA £H /)N LI 1L-6 . TNF-a 7K *F- %8 NASH
N E T (P H1<0.05)(%2).

22 = RIFMLB P TG KT 4 NASH 4/ EUIT
ZH LU TG 7K (2.045+0.395) mmol/L %5 1E # %F 1R 4H (0.798+
0.049) mmol/L 2 T} (P<0.05) , NASH+RA ZH /ML TG 7K
F-(1.003+0.088) mmol/L %% NASH 2H 5 &4 (P<0.05) .

%1 PCR3|#F3
Table 1 PCR primer sequence

F [ LiE(57-37) TH(5-3")

PREP GAGCTGTACGACTACCCCAAG CCATCATCCGACAGTGTGTTG
PPAR-y CTCCAAGAATACCAAAGTGCGA GCCTGATGCTTTATCCCCACA
FGF21 CTGCTGGGGGTCTACCAAG CTGCGCCTACCACTGTTCC
SIRTI CAGCCGTCTCTGTGTCACAAA GCACCGAGGAACTACCTGAT

Fl GAPDH

AGGTCGGTGTGAACGGATTTG

TGTAGACCATGTAGTTGAGGTCA
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®2 ZHNRMFIL-6.TNF-aKFELLE
Table 2 Comparison of serum IL-6 and TNF-« levels in
three groups of mice

20531 Y ()  IL-6(pg/mL)  TNF-a(pg/mL)
1E 5 X 2l 6 8.489+3.368 14.259+2.658
NASH 21 6 41.466+7.507"  44.320+7.430"
NASH+RA ZH 6 14.748+3.5117  19.432+6.677%
FA4 69.005 43516
P8 <0.001 <0.001

TE 5 IE RO HRAL LA, 1) P<0.05; 5 NASH 4142, 2) P<0.05 .
23 ZRMERBEN SHEANASHY LI B
RS, IE X R ZH 20 21 4546 T i L T A R 2
R, 0 T 20 L A2 3 7K b s NASH 20 T 2 4R 45 F 25 L

EERA

NASHZE

JHF 240 B b 30 A i 0 25 06, 3 4 DX g U A P o
I A 22 R A LK AR R AT X AR EZH S A
5 NASH 41 . #5 , NASH+RA 21 JIF-2H 21 B8 17 728 1 B b ok
B2 TR A0 B A il 8 240 i T ek 2 2 00 AR W] W 4
(E 1), NASHAINAS By B & T, 4 RA THS,
BIVTAS TS B  NAS B 35 1 [ (P<0.05) (3R 3) .

24 ZWMOENFALHLORELRLE BTN AEK

WEL, 1EH X RECAH T 4 20 0N i 3% 10 B o K g A e R
B/ 5 5 1E # % B4 H g, NASH 4 iF 40 48 9 g T
o TR, o A T B S K NASHARA 41 5
NASH 41 L8, JF 20 2P B i 1 1t B o3 A 1 FR b 2
fR(E2).

NASH+RAZH
x40 X100 X200 X400
1 =ZAHNRIFELHERBER
Figure 1 HE staining results of liver tissues in three groups of mice
R3 ZHPMBENASTSILE
Table 3 Comparison of NAS scores in three groups of mice
215 S (H) NAS 4> (43) JEAMENE AR5y ) /NP RAE (4) A SERFEAS (43)
1EH X R 6 0.00(0.00 ~ 1.00) 0.00(0.00 ~ 0.00) 0.00(0.00 ~ 0.00) 0.00(0.00 ~ 1.00)
NASH 21 6 6.50(6.00~7.25)"  3.00(2.75~3.00)"  1.00(2.00 ~2.25)" 2.00(2.00 ~ 2.00)"
NASH-+RA 41 6 2.0000.75~2.25)"  0.00(0.00 ~ 0.00)? 1.00(0.00 ~ 1.25) 1.00(0.75 ~ 1.25)?
Y1 13.816 16.615 12.914 12.535
P 0.001 <0.001 0.002 0.002

0 5 IF X IR A, 1) P<0.05; 5 NASH 21 b4, 2) P<0.05
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JR I A, i A5 R I DR £ A 22 A LT iR i S
NASH 4 HL 55 , NASH+RA 4 AR PEAR BE i BBl i, oL
B e B T A A kD (J&] 3) o NASH ZHJFF I e Do iy AR

A 43 1 (19.89%+2.47% ) B¢ 1 5 % B2 (12.029%+1.79% )
A BT (P<0.05) , NASH+RA 21 JFF 1 e Ji 1 AR 7 43
e (17.32%+3.59% ) ¥ NASH 20 ¢ i % A (P>0.05) .

26 Z4RIFAREZZF G REKT  FENASH 4L
o1, PREP . PPAR-y Fll FGF21 45 A ¢ A% 1E 5 % 21 g 3%
FHiEs (PA<0.05) , SIRT1 2 [ A BOE 7 0 IR B & T

EEXRA

NASH#H  §

NASH+RAH

x40 X100

[ (P<0.05) ; 1T 75 NASH+RA £ ], PREP % % [ & 15 8¢
NASH 4 2 # F[%(P<0.05) ,SIRT1 .PPAR-y Fil FGF21 )&
FIRIAH NASH 2B 18 T (P 19<0.05) (324, 1514) .
2.7 Z#RAFL L F PREP.PPAR-y.SIRT1 #= FGF21
mRNA )€ 25 R ¥ NASH4L ', PREP ,PPAR-y Fl1 FGF21
mRNA FTE7K - 0F 5 0 B2 18 35 T & (P 41<0.05) ,
1M SIRT1 mRNA & ik 7K P48 1F X R4 1 2% °F j (P<
0.05) . 7E NASH+RA 411, PREP mRNA £ ik /K °F 5
NASH £ .2 FF#(P<0.05) ,PPAR-y .FGF21 .SIRT1 mRNA
FeXK - 5 T NASH 2H (P{E#4<0.05) (£ 5).,
3 itig

TEB AL 5 IEERE L, R g R

PR IRTEYE AR

X200 X400

2 ZHNRAFBEARMIORBLER

Figure 2 Oil red O staining results of liver tissues in three groups of mice

®4 ZH/NRIFEL PREP.PPAR-y.FGF21#1SIRT1 & B R iXKF LR
Table 4 Comparison of PREP, PPAR-y. FGF21 and SIRT1 protein expression in three groups of mice

215 SIYE(H) PREP PPAR-y FGF21 SIRTI
1EH X R4 6 0.401+0.057 0.419+0.057 0.161+0.043 0.580+0.006
NASH £ 6 0.686+0.029" 0.575+0.027" 0.359+0.034" 0.226+0.012"
NASH+RA 41 6 0.467+0.035> 0.674+0.034" 0.465+0.011"? 0.433+0.013"?
F1H 37.397 29.068 69.334 810.942
Pl <0.001 0.001 <0.001 <0.001

T SIE R IRAL AL, 1) P<0.05 5 5 NASH AL UL, 2) P<0.05.
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X200 X400

=H/NRIFAEA L Masson B 45 R

Figure 3 Masson staining results of liver tissues in three groups of mice

EESTERA
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4

Figure 4 Band diagrams of various proteins of the liver

ZH/NRITAHALE PREP.PPAR-y . FGF21 F1SIRT1 EH
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tissues in three groups of mice

DK BB DR 7 B A A Ry 38 PR I 8 ok Ak
B A5 R i 1 A 245 9 4 DR 38 L TR E A 3: 30 NAFLD 1)
“ZEAT G W R 32, (B NAFLD $ 52
NASH i BAR S AL A 75 T i — 00T

PREP >4 700 4™ 2 3 i 5% FE A B 85 11, /I BRUFF 240 i
Jig 10 7% i) PREP mRNA 235 7 5, {4 FH 73 150 R 49 97 1l
PREP mRNA 35 J5 , NAFLD /)N BRUFF IR 4 98 5E K IR 5 78
PEAFE] TR AT NASH/NRUIF AL
PREP mRNA } & 138K T , RA T NASH /N EUS
PREP mRNA } 25 1 3R3i5F# (1L, 2 W] PREP AT i£ 2 5 NASH
i % R R . Zhou 252 (R SMIFSY (i 7 , PREP A 5211
SRR VIAH DG Y PPAR-y 3635 . PPAR-y HA M
1R B B I E R, AT IR R TR & it T R T ity

x5 Z=H/NFRATALPREP.PPAR-y. FGF21 71 SIRT1 £ & &K iA 7K FE bL 1
Table 5 Comparison of PREP, PPAR-y. FGF21 and SIRT1 gene expression in three groups of mice

205 S (H) PREP PPAR-y FGF21 SIRTI
I R 6 1.008+0.159 1.0010.063 1.009+0.171 1.006+0.139
NASH 2 6 1.769+0.254" 1.641+0.195" 1.688+0.080" 0.411+0.078"
NASH+RA 41 6 1.098+0.097> 2.288+0.175"% 2.393+0.144"% 0.928+0.080
F{H 15.692 51.316 76.820 29.476
P 0.004 <0.001 <0.001 0.001

T SIER A IRAL AL, 1) P<0.05 5 5 NASH AL UL, 2) P<0.05.
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