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ABSTRACT OBIJECTIVE: To investigate the effects of gypenosides (GPs) on gene expression of major urinary proteins (Mups)
in liver tissue of hypercholesterolemia model mice. METHODS: C57BL/6J mice were divided into control (ND) group, model
(HFD) group and GPs therapy (GP) group according to body weight (BW), with 11 mice in each group. Except for ND group,
other groups were given high-lipid diet to induce hypercholesterolemia model. From the 17th week of feeding, ND group and HFD
group were given constant volume of 0.1% CMC-Na solution intragastrically; GP group were given GPs suspension (250 mg/kg)
intragastrically, once a day, for consecutive 22 weeks. BW, the levels of blood glucose (BG) and blood lipid (TC, LDL-C) were
detected in each group. Total RNA of liver tissue was extracted, and reverse transcription library was constructed and RNA-seq
sequencing was performed. The differentially expressed genes were screened by PCA, volcano map and scatter plot. RT-qPCR was
used for verification for differentially expressed genes. The correlation between the expression of differentially expressed genes and
the above pharmacodynamic indexes was analyzed by bivariate analysis. RESULTS: Compared with ND group, BW, the levels of
BG, TC and LDL-C in HFD group were increased significantly (P<<0.05). Compared with HFD group, above indexes of GP
group were decreased significantly except for BW (P<<0.05). PCA showed that the data of ND group and HFD group distributed in
different quadrants, and the data distribution of GP group was between above two groups. mRNA of Mup4, Mup5, Mupll, Mupl5
and Mup?21 in liver tissue of mice were increased significantly after treated with high-fat diet (P<<0.05). mRNA of Mup3, Mup4,
Mup5, Mup8, Mupl2 and Mup21 were decreased significantly after treated with GPs (P<<0.05). In ND group vs. HFD group and
HFD group vs. GP group, mRNA of Mup4, Mup5 and Mup?21 genes changed significantly and the trend was opposite. Results of
RT-qPCR verification showed that compared with ND group, relative mRNA expression of Mup4, Mup5 and Mup21 gene were
increased significantly in HFD group (P<<0.05). Correlation analysis revealed that mRNA expression of Mup5 was positively
correlated with the levels of TC and BG (»=0.727 1, 0.670 6, P<<0.05), mRNA expression of Mup4 and Mup21 were positively
correlated with the level of BG (#=0.737 8, 0.721 5, P<<0.05). CONCLUSIONS: GPs can regulate the expression of Mups genes
in liver tissue of hypercholesterolemia model mice, and reduce glucose and lipid level through regulating the mRNA
over-expression of Mup4, Mup5 and Mup?21.

KEYWORDS Gypenosides; Hypercholesterolemia; Major urinary proteins; Glucose and lipid metabolism; Transcriptome; Mice
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43966 3 (36 |8 Thermo Fisher Scientific 23 ] ) ;2100
RYA: )43 1R L 1260 7Y 5 RO AH €638 (HPLC ) X (32 [
Agilent 2] ) ; Y10 B AH S 3RAL ( E g AL A BR A
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R T LA % 6 ik i (L 22 FRKM R 47 4 i AL 1
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Bl 3% B ND  HFD 41/ B 45 4 2, O R4l 2108
i, % 92,47 7 PR U RNA JS , 4% B8 PrimeScpipt™ RT
Reagent Kit 1% 4% 55 1) G e B P 1 RNA 330 SRk
cDNA, %% 54547 : 25 C A 10 min, 37 Cli 5 5% 2
h, 85 CliE S WES 1% 5 min. LA iR cDNA AR , ik
TPy 38, SOW AR R (3510 uL) : cDNAREAR 2 pL, I T iiF
5191 (519 745 13 1)45 0.06 uL, 2xSYBR® Green Su-
per Mix 5 pL, DEPC /K 2.88 uL; 2 ¥ 542 : 95 CHiZs
3 min; 94 CAEM: 10 5,60 CHEM 45 s, 39 MEIR, LU
GAPDHEH NS, K 2744 %: ) Bio-Rad CFX Man-
ager v3.1 F /T4 HAR mRNA (AR A

#1 RT-qPCR 3|#1F 75|
Tab 1 RT-qPCR primer sequence

R HiiFglG'-3) TG -3)

Mup4 TTGACTTAACCAAAACCAATCGCTG TGTGAGACAGGATGGAAAGCAGATC
Mups ATGGAGCTCTTTGGTCGA TGTATGGAAGGGAAGGGATG

Mup21 AGCTGAGGAGTGGAGTGTAGGC ACACAGCAGCAGCAGCAACAG

GAPDH ~ TGTGTCCGTCGTGGATCTGA CCTGCTTCACCACCTTCTTGA
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5 ND 4t &, HED 41/ il BW DAL L5 BG . TC
LDL-C /K- 5 #7155 (P<<0.05) ; 55 HFD 41 He4 , GP 41
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P2,
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FM(xts,n=11)

Tab 2 Effects of GPs on BW, glucose and lipid me-

tabolism of hypercholesterolemia model mice

(xts,n=11)
A1 BW,g BG,mmol/L TC,mmol/L LDL-C,mmol/L
ND# 30.32£2.06 8.80+0.66 279+0.26 02610.15
HFD 4 44.024622° 1136+0.84” 6.13+1.77° 0.66031"
Gp4l 43.08+8.45 8.60+0.67 3604128 02340117

7 5 ND 4 H#, *P<<0.05; 15 HFD 44 HeA, "P<<0.05
Note:vs. ND group, *P<<0.05;vs. HFD group,’P<<0.05
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3.3.3 IR E Y GPs X} Mups K [R IR 52 A 22 5500
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(log.FC) Jy 1 Ak 47 . GP 2 5 HFD 4 1 log,FC g 2\ AL 47
2 IS T, X 214> Mups JE REAT 23007, 16 00 P A&
1, AF/RTEND 415 HFD 41 \HFD 41 5 GP 41 h £ iA78
fbFA S I H 22 5 8 28 1 mRNA (P<<0.05) , R /R 1Y
16 ND 241 55 HFD 21 %35 i # 75 /L i) mRNA (P<<0.05) ,
& 58 AUAE HFD 4 5 GP 4 % 35 i % 28 1k () mRNA
(P<<0.05) , @ F/R 4L T8 i 2 LY mRNA (P>
0.05)]. H1/& 4 7] WL, Mups BEDH 8554 T45 4 LR,
PR Re I m] i Mups K mRNA A9 3855 ; 28 GPs
TG , Mups 55 mRNA [R50 8 2 mH . [FAT,i%
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mRNA 1K, 1 GPs A 2% P13 _E A 2L mRNA 1Y
Fik. ILAh, DL mRNA ikt (R 2 FPKM #E1 7 hR AL
1) Reads i) JyFE AR I 50 BTt A5 7 A ] A 25 5% - S5 0 B
2 H L, HFD 2/ R EH 2P Mupd \Mup5 . Mup?2.1 Ji&
mRNA ()58 5% EIH(P<0.05) ;44T GPs T Hil)
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Fig 4

*x3 BEBIRES5 GPs 3 Mupsd . Mups5 . Mups21 &
mRNA RiZHEEIER (x £5,n=5)

Tab 3 Regulative effects of high-lipid diet and GPs on

Mups4, Mups5 , Mups21 gene expression (x * s,

n=>5)
A% Mup4 Mup3 Mup21
ND4 2771120 399+149 290.69£67.00
HFD 4] 507+149° 797+157° 368.55+27.32°

Gp4l 298+ 115" 467£220° 142.09+3341°
1 : 5 NDAIHAL, "P<0.05; 5 HFD A1 Az, "P<<0.05

Note:vs. ND group, *P<<0.05;vs. HFD group,"P<<0.05
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3.4 RT-qPCRIEIFLER
K F RT-qPCR 32 %} RNA-seq Ba 0 756 IE , 45 5 I
Fd, MFAN L, 5 ND A LA, HFD 41/ 4141
Mup4 Mup5 . Mup21 £ H mRNA FAHXS 0k 745 825 T
155 (P<<0.05) , FRISCE RIEA L
4 RT-qPCRIEWIELZR (x+5,n=4)
Tab 4 Verification results of RT-qPCR assay (x * s,

n=4)
a5 Muph Mups Mup2l
ND4 7331088 0.03£0.00 1242£0.62
HFD4 249+29)° 0.090.01" 16.18+1.26

S ND LA, " P<0.05
Note:vs. ND group, “P<<0.05

35 ERERSAYFIBIREXLESNER

M BT R W, 7 B Mupb FE R mRNA 24
it 5L TC.BG 7K (r 4351 24 0.727 1,0.670 6) LA J
Mup4 Mup21 J: K mRNA ik it 5 115 BG 7KF- (4351
40.737 8.,0.721 5) ¥ RLIE AL (P<<0.05) , UL 5.
4 g
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SR AR S RSN T, IS 5 AL
JEACH 0 WFFE R, N8 s 208 5K 51 Len2 76
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Fig5 Correlation analysis result between Mups differential genes and pharmacodynamic indexes(n=>5)
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