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Mannose aggravates lipoprotein metabolism disorder in apolipoprotein E-deficient mice
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[ Abstract ]| Objective To investigate the effect and mechanism of mannose exposure on the hyperlipidemia in
apolipoprotein (4po)E-deficient mice. Methods Ten ApoE-deficient mice (6 weeks old, male) were divided into control group
and mannose group (5 in each group). A hyperlipidemia model was established using high fat and high cholesterol purified feed.
The mice in the control group were fed with drinking water, while the mice in the mannose group were fed with drinking water
containing 2% mannose (w/v). Plasma total cholesterol and triglyceride concentrations were measured using their respective Kkits.
Plasma lipoproteins were separated by fast protein liquid chromatography, and the Apo and cholesterol levels were measured.
The mRNA and protein expression levels of lipoprotein metabolism-related genes in the liver and jejunum were detected by
quantitative polymerase chain reaction and Western blotting, respectively. Results Compared with the control group, the levels
of plasma triglyceride and total cholesterol of mice in the mannose group were significantly increased (P<<0.05, P<<0.01),
accompanied by significantly higher levels of cholesterol and ApoB100 protein in very low-density lipoprotein and lower levels
of ApoAl and ApoA4 in high-density lipoprotein. The expression of ApoAl protein in the liver and jejunum of mice in the
mannose group was downregulated compared to the control group, while the downregulation of ApoA4 protein expression was
only observed in the jejunum. Conclusion Mannose exposure affects lipoprotein metabolism and aggravates the hyperlipidemia
in ApoE-deficient mice.
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SR A EEAE YR U B . PR
9 JHF 0 v g AL 5 oA R B4 AR 27 B i B ks
PR AL 50 i LA (G B B ST SR I 2
Bl G LS 20T R SRR AR WG O N6 2, AREs
BRI KRR B TR . 0
IR H B K -5 R S 0 JR ) B RPN
JUEL [ P B IR 5 L SRR H BRI S R T
AEZ SRR AL H A E B R, e T
FPERFSE AN R B, 4 AR LT RLE /N
EaWEOK AT AR H I TR, AT E A,
XA e B S IR 5 A R DA T SR, AR
TEAE B Bet AT H 880 T 7 2R 00 22 313 Al A
PR o M, A H BB T
W UIAE B HAR AL FRR AW SR . IR E H
(apolipoprotein, Apo) E ZHRK%EIEEH (very
low-density lipoprotein, VLDL ) Fl & % J& Jig 2 11
( high-density lipoprotein, HDL ) A% 5 Z24H W47,
Z 5 JIF kX 2L EE fORE A1 VDL 58 3L 9 55 B . ApoE
SEBEA (ApoE™" ) /IN B I & i 3 %2 VLDL
T BRI, A e IR R IALAE o ARS8 H
ApoE™"/INEUBE R E H 58 Wi TR /K X 18 A INAE 14 5
e, FFERITHAHDCHLH]

1 #RFTE

1.1 S8 5XA 10 26 B ekt ApoE™~
C57BL/6J /MR (CFIRTE 17 g) W FILIREE A 24
A= BB ey A RS 7] [ sl A = T

SCXK (75 ) 2018-0008 ] . FrAy/INeI4 A HAAK

P, ARIFRAE R BB R A S S 20 B B e P 43
WF5T BT SPF 93256 sh#y vhoty, BRI 25 °C, A
XHEJE 40%~70%, 12 h EHR /12 h BB, A 58
55 sh Wik 5 430 2 KR RN F S s W e 2
Bowit. HE (185 G8370) T &3S
BHEA AR Hb—E5 (triglyceride, TG; 5%
100000220 ) . &L AH [# EE (total cholesterol, TC;

25 100000180 ) Al & 0A F P A dv iz A= Rl

A PR 75 Amplex™ Red JH [ G i) 2 75
& (185 A12216 ) T 35 E ThermoFisher 2 7 ;

WS NE R ( free fatty acid, FFA ) #6:iliz 5] & 0
F 35 [ Sigma 28 /] (525 MAKO044 ) ; &L RNA #2
Bl & ( TRIzol #2HUE ) . cDNA A pitial il &
qPCR I Tt &G AV H AR AR A A i
WIS AR A M i+ Roche 28 &) P2 i s W28
Sy g e IE R Ll AR AR (B85 MD12017, &
22.5% T, 45% /KA EW . 20% Ngi . 1.25%
JIFL T L 0.5% IHEREN ) W T VLI5R l gR A Y R 24
HBR AT,

12 PR SGRhEEAGEIS >4 10H
ApoE™"" /INERL B ML A3k xof WA LH AN H #3b T Ti4,
5 Ho WL/ INRIL T R v T EE Ak e s i
F%, o HEZH A R K, T A e
2% ( FRHARUME ) H BT, H2: 4 .
FERICR/NRIEE R AOK R, BRI SE/NRA R
H, SIS 1R A 2 JE A IR AR ) Fif
MLIMARE . 4 JEJG FH =98 SRR /N, FIR HEE 5 ik A
Kl HFEATHUEEAL FE, 10 000X g B5.0> 3 min B
W, W PIE A 4 A T I A

1.3 qPCR&MARX A B ey £k /NEIFIELLUR
FHS RNA $EHGAF S 2 HUE RNA, FHiH cDNA
A R B S B S cDNA 5% it B 454

37 °C 15 min, 65 C 10 min, 42 ‘C 60 min. /¥ i
PubMed Primer-BLAST %113 514, NSEAE N
36B4, HWHEF ARG WP LR 1, DL cDNA
R, I AKE R 11T QPCR P15 . gPCR X
I 95 °C 155, 60 C30s. 72 °C 30 s 40 M
W, FEAEAR B BeAs il 2 sz ; 72 °C 10 s, R H]
2T H B R R AR Bk

14 FeERamEZany a5 RAPEEARAH
{4, 7% ( fast protein liquid chromatography, FPLC )

245 (HARBHAR; HHIC: LC-20AT; #H
2%: SIL-20A; Kills: SPD-M20A; ZRGiixihiles.
CBM-20A; T./E%i: LCsolution Multi-PDA ) , fii
H 2 #2 Superose 6 ( #45 17-5172-01, 10/300 GL )

JETAE IR, Al R BUEE S B O ARAR K, K I
NS5 Gy il SF AR FR A B L FEAS, SEAE R R
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100 uL, PEMEZE Mk (50 mmol/L PBS. 150 mmol/L
F A4, pH 7.4) ¥k A 0.4 mL/min, L) 400 uL
R A5 R R, SR B ] B2 Oy o
31~90 min, FLUE 60 NHI, F—20 CIEAF .

( Dy ) FPULERRIAL > RE ST 3 Be, 5 31~46 41
430 VLDL. %5 48~63 24153 WK% FE R & 1 (low-
density lipoprotein, LDL ) . %% 68~83 ZH4; & HDL,
MISE Dy, BMIRE MRS . R Amplex™

MR I8 8 FORLAR AN [R], %% 280 nm AbOGEE FEMH Red JHREEEAG I G0 e & 4H 53 rh A AH B
%1 qPCR3|¥F7
Tab 1 Sequences of primers for gPCR
Gene Forward (5'-3") Reverse (5'-3")
SREBPIc GGAGCCATGGATTGCACATT GCTTCCAGAGAGGAGGCCAG
FAS TGGGTTCTAGCCAGCAGAGT ACCACCAGAGACCGTTATGC
ACC GGATGGGCGGAATGGTCTC AAATGCGGTCCTCCTCAAACTTA
SREBP2 GAACACCAAGCATGGAGAG GACAGGAAAGAGAGGGGAA
HMGCR CTCCCGTCGTGACCTCAAAGAAAG GAGCTGCCGGCGAATAGACACA
SOLE AGGCCTCTCAGAATGGTCGTC AAGGGCCCGTGGTTTTGTAG
ABCGS TGCCCTTTCTGAGTCCAGAG GTGCTCTTTCAATGTTCTCCAG
ABCGS ATGAGCTGGAAGACGGGCTG GCCAGTGAGAGCAAGGCTGA
CD36 AAAGTTGCCATAATTGAGTCCT TCCGAACACAGCGTAGATAG
LDLR AGGCTGTGGGCTCCATAGG TGCGGTCCAGGGTCATCT
ApoB TCACCATTTGCCCTCAACCTAA GAAGGCTCTTTGGAAGTGTAAAC
MTTP CCCTGCCTGTAGATAGCCTTTCAT CGCGAGTCTAAAACCCGAGTG
ApoAl GGCACGTATGGCAGCAAGATGA TTGGCCCAAGGAGGAGGATTCAA
ApoA4 GCTCCAGCTGACCCCATACATCC GCTCCTCCGCGTTCTTCTTCATCT
36B4 TGGTTGCTTTGGCGGGATTAGTCG AAGCGCGTCCTGGCATTGTCTGTG

qPCR: Quantitative polymerase chain reaction; SREBP1c: Sterol regulatory element-binding protein 1c; FAS: Fatty
acid synthase; ACC: Acetyl-CoA carboxylase; SREBP2: Sterol regulatory element-binding protein 2; HMGCR: 3-hydroxy-3-
methylglutaryl-CoA reductase; SQLE: Squalene epoxidase; ABCGS5: Adenosine triphosphate (ATP)-binding cassette subfamily G
member 5; ABCG8: ATP-binding cassette subfamily G member 8; LDLR: Low-density lipoprotein receptor; ApoB: Apolipoprotein B;
MTTP: Microsomal triglyceride transfer protein; ApoAl: Apolipoprotein Al; ApoA4: Apolipoprotein A4; 36B4: Ribosomal protein,
large, PO.

1.5 EaRpiExbniekEae ik ¥ FPLC
WA 4 0 1 IIRELEL I A B RRZE i,
1E 95 C 4 8 A8 M 10 min il 25 2 11 R FE e
Tk EBCNRIFE . BB A4, AR R 24
(25 mmol/L Tris-HCl, 8 mol/L J§ &, 1% SDS,
1 mmol/L EDTA, 0.7 mol/L —#i7iiEE, pH7.4) ,
FIRAIIE, 12 000X g B0 10 min, Y& BiEH. 8
it SDS-PAGE 73 & H i1, RJ5%4EN% PVDF Ji.
FH 5% BiBg 4 0 = 38 B 1 h, 23 5100 ApoB Hi 4k
(FRBELLAB] 1 = 1000) . ApoAl Hifd (Fifs L1
1 :1000) . ApoAd ik (FELLE 1 = 1000)
MB-Mah & btk (FRH 1 2 5000, 5
Proteintech A ] ) W¢E 7, FH TBST E3E 3 e,
JIA HRP ARiCH 40 (FBELEl 1 2 5000, %[E
Jackson A7) ), ZEiEIFHE 1 h, FH TBST EVE3 K.

A ECL R 7 (25 [ Pierce 23 6] ) W% 5,
MiniChemi 610 plus fb2% & YA TR

1.6 FIFRERE AR S A LETPK FFREL30 mg
/NEUFFIEZHEUE TAR 8N, BABHESER, 11500 pL
5% Triton X-100 A, HZMEIESIIRAL 65 Hz 210K
120 s, APRIGHURBIESER, F 515K 8 & TKIGH,
AN, NEIRTEZE 90 °C, JELE 90 C R HrLim
5 ming HARVREH, HEMIM 1K, 74 CHU
12 000X g #5.0> 3 min, WH FWEZHH 1.5 mL EP
Brh, e BTG AR IR & R TC A ) & 156 1
43 ARG /N BRI AL A TG TC K, %
HECFFA A6 D30 65 U B 54600 1l % rh FFA 7K

1.7 %it5 42 [ H GraphPad Prism 9.5.1( 5.28 )
BAFAC IR B . TR PERHIR A IE S0,
Phxts FoR, dE BRI FEA /5, K50
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KHE Ca) 4 0.05,
2 & B

2.1 HEMLAIE ApoE " & A5 fo gk DN R e g
S SR I v R [ R Al A R R SR ApoET /N
B ST i i IAE /N BRSSO H B b X R g
e/ NERARFCIE I sZm . 7 4 ISR, A
2 S B H @0 T T4/ ER A AR EE LT HR A 3 AIG
(P<0.05) , J& XIRE EXIRAKF (E1A)

s T A/ MRS E R (2.1940.19) g/d vs
(2.08+0.20) | g/d. Pkt [ (3.63+0.62) g/dvs
(4.224+1.26) | g/d FIBEALILKE (& 1B ) S5XFHRAL
ML TEI AR e (P#4>0.05) o 55 4 IR, HE
BT 4/ B2 TG [ (1.24£0.32) mmol/L vs
(0.784£0.22) mmol/L, P<<0.05] F1 TC [(31.96+
3.77) mmol/Lvs (21.67%3.95) mmol/L, P<<0.01]
IRV 5 X REZH AR LG R, Il 2R FRA 5 6 BE 20 A
25t X[ (10.71+4.20) mmol/L vs
(6.54%3.34) mmol/L, P>0.05] . i#fijd FPLC 4}
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Fig1 Effects of mannose drink on body weight or

Time/week

blood glucose in ApoE '~ mice fed with high fat and high
cholesterol purified feed

A: Body weight; B: Random blood glucose. "P<<0.05 vs control

group. n=5, x+s. ApoE: Apolipoprotein E.
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08 I 1T 1 I 1
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£ 0.6 M
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2 HERERUKMESEREEBALARREN ApoE MNRHMAERE
Fig2 Mannose drink aggravates hyperlipidemia in ApoE~'~ mice fed with high fat and high cholesterol purified feed

A: Protein of plasma fractions; B: Cholesterol of plasma fractions. ApoE: Apolipoprotein E; VLDL: Very low-density lipoprotein;

LDL: Low-density lipoprotein; HDL: High-density lipoprotein; mAu: Milli absorbance unit.

22 HEAEKRKR 0 ApoE ™ Z B8 fa gk s R
YRE e SRR L, HEERTOK 4 S I
A S ApoE™ /NRIFAETG [ (14.35+2.61 ) mg/g
vs (14.03+4.49) mg/g] fITC [(21.80+4.14) mg/g
vs (16.57+5.14) mg/g] KF- g E L (P>
0.05) . qPCRAGINZE R BoR, 55X A A b,
AT TR /)N BT U Bl 10 2 s A G 5 A] [] ee 31]
W45 A #E A (sterol regulatory element-binding
protein, SREBP) Ic. fg Wi M2 & W [ ( fatty acid
synthase, FAS) . M4 A R ILHE (acetyl-CoA
carboxylase, ACC) , R[EEEE AHIEHE R SREBP2

Fo I N TR IR I AL B ( 3-hydroxy-3-

methylglutaryl-CoA reductase, HMGCR ) Flffi & J&
4 (squalene epoxidase, SOLE ) , JH [& [ ~MHEAH
JeHE K ATP 45 & & %% 12 5 H ( ATP-binding cassette
transporter, ABC) G5. ABCGS, LA I JIH [&] i 45 H
IR CD36., K% P2 R 25 H 32 /K (low-density
lipoprotein receptor, LDLR) ) mRNA FiA/KF-H)A4
LR (P¥1>005, FE3) o XS5 R UR
FEMINEE ApoE™"™ [ IR MURE /)N BRUBR 1 RI8E 5 o mT i
Aseid i s AR A i, AMIE . SBOR SN
23 HEBEILAKIE ApoE " FRE fr g D R E
g R FEL EHEE AR ER, 5
X RRATAR e, H ST T2 /0N B g B 1 A X R
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F VLDL %5 35~37 4153+ ApoB100 & H /K-
WG (& 4A) |, Ti#E X B F HDL (45 73~77
20 43 ApoAl Fl ApoA4 # H 7K F B B Ik (1A
4B) . WFHEFIIAIE ZE Apo A UM 250, A5
HE— LK T ApoE™"/INEUIFIE VLDL 458 5 4125
FE[H ApoB Ffckr 4 H il — %12 2 1 ( microsomal
triglyceride transfer protein, MTTP ) [) mRNA F14
HAE, g5 Rz i g 25 (& 4C,

4D) o HEEHE T B /N U IE Apodl Fl ApoA4 1)

w

mRNA 7K 55 %} B0 AH G I .28 4k, {3 ApoAl
E K FFEAL (B 4C, 4D) ; [FII} 718 ApoB Fi
ApoA4 ) mRNA 7K-F-4 %t B4R (P $4<€0.05,
Kl 4E) , {H ApoB48 & [ /K -5 X} BE 2L AH He I B
255, T ApoAl Fil ApoAd T 7K 1448 %t RE 21
FEAE (I 4F) o BIRZSRER H v 2 8 5 8um
T ApoA 1 H 17K BRI AT Rl 2 A i 3 AT
FIRAKFE TP E5 5, W ApoAd 8 H K[
KT BES2 1% Apo 7EAIA Hh Rk KT TR S,

[ Control

Il Mannose

Goad o d aada

SREBPIc  FAS SREBP2 HMGCR  SQOLE ABCGS5 ABCGS CD36 LDLR

55

Relative mRNA level

Lipogenesis Cholesterol efflux ~ Cholesterol uptake

B3 HERBERKAZEEE
Fig3 Mannose drink did not affect liver lipid metabolism in ApoE "~

Cholesterol synthesis

B REE B AL A RIR IR ApoE ™ /INERATRERS B A 15

mice fed with high fat and high cholesterol purified feed
The mRNA expression levels in liver detected by quantitative polymerase chain reaction. n=35, x 5. ApoE: Apolipoprotein E;
SREBPIc: Sterol regulatory element-binding protein 1c; FAS: Fatty acid synthase; ACC: Acetyl-CoA carboxylase; SREBP2: Sterol
regulatory element-binding protein 2; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; SQLE: Squalene epoxidase; ABCGS:
Adenosine triphosphate (ATP)-binding cassette subfamily G member 5; ABCGS8: ATP-binding cassette subfamily G member &;
LDLR: Low-density lipoprotein receptor.

Control Mannose
Fraction 73 74 75 76 77 73 74 75 76 71 M:(X10°)
Control Mannose AvoAl _| FT IS - |_25
Fraction 343536 37 3839 343536373839 M;(X10%) po. s :
ApoB100— = ww— 250, Apors i R = = s |
T; 2.0f [ Control Control Mannose M (X 10°)
::0 st Hl Mannose APoB100— s e e mm o e e = 1250
2. MTTP-' T ———————— |_97
%10t
g ININEIT T - 25
E 0.5 ApoA4—|—'—--—“--ﬂ— 45
[} C -
£ 0 ApoB MTTP  ApoAl  ApoA4 B-actin — Fa2p
2.0p Control Mannose M (X 103)

[ Control
1.5+ HH Mannose

1.0 * *
0.5r
0 E

ApoAl ApoA4  ApoB

Ap0B48—| N S -

Y 50— ——— 1
ApoAl-| AR W W W & - o bos
|45
B-aCTin —| s————————— ——— 1) [
SRR EER AL A RIR IR ApoE NRAEE AR IFH I
mice fed with high fat and high cholesterol purified feed

ApoAd —| - —— -

Relative mRNA level

B4 HEBERKESHE
Fig4 Effect of mannose drink on lipoprotein metabolism in ApoE '~
A: The ApoB100 protein levels in plasma fractions detected by Western blotting; B: The ApoAl and ApoA4 protein levels in plasma
fractions detected by Western blotting; C: The mRNA levels of genes encoding Apos in liver detected by quantitative polymerase
chain reaction; D: The protein levels in liver detected by Western blotting; E: The mRNA levels of Apo genes in jejunum detected by
quantitative polymerase chain reaction; F: The protein levels in jejunum detected by Western blotting. "P<0.05 vs control group. n=35,

x=s. Apo: Apolipoprotein; MTTP: Microsomal triglyceride transfer protein.
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3 i XL PR H @ s QA s R R 2 4%, wT
AES LA A B R PR A BDIR S E R R 6. HEE

A 5E 45 5 3 H R W IR K AEAS 52 i 2 £ o
G, INEE ApoE ™" /NG i H-Iih = g L A
e AL [ LR, T A 9 = TR R I [ P K S
B W ARk, TR A I s 2 AR Y e 2
M A8, VLDL H' ApoB100 & 4 7K F- 34 Jiit, 1fif HDL
' ApoAl il ApoA4 /K V-8 /b, ApoE B[+
0 I o 2L B SOk AT VDL 5% 56 0 35 M, 5
K NG AE o H 58 B 2 88 1t — 2B FH ) ApoE™™ /)N
L VLDL H' TG, TC #1 ApoB 7K, #7~ H & i
# 7 VLDL iRt . 5T HFIE TG A AE & sk
SR B AR, TR T REE A LA SR Y
HAUINE ApoE™~ /N VLDL B, G045
SN EINT TG (K i FEERSE . 1T ApoE™ /N,
HDL JH [ B HE 5L, H ApoAl Fil ApoAd 7K
A P B M AN AR . X 2 PR AR AT
BEFI/ NG ARG, i AL, HH, ApoAl £E S5
IR [T 2 ) 2 Ty s, 44 5 DL 51 Pt DA A1 J ] 20 s 7
BINFIET, Wi ApoAd Z: 5% R R, HA
P ke RERE AL 5L PRI RE™ . ARTSE R BUH 52
R TR FE ApoE™ " /NFUIF I FIZIE 2L ApoAl
EHFRIKYI M, 1 ApoAd E A F R T
B, ARERNE, HERREIEA A iE
HH ApoAl ) mRNA 7K, T1fii ApoA4 mRNA 7K - [
TRALIL T HFRE, $27R3X 2 B Apo 78 IE Az 1 H )
FIRTTHLRIAR AR, vREAEEA LSRR, B
AL A FFRABIE . ApoE™" /N4 H #8b 2%
)G, ApoAl Fl ApoA4 #£ mRNA 7% A 75 4k u% 25 1k
ARER T, EHBKEIE T, 7T ReEs, %
Je B BRI MLAIVE 45 5, A48 miRNA s & M
TR A5

AR LR N H B2 ES SR ERLDY
S AL B AR AL T AR SR . T AR
LT R, B R A e AL P 1 Al
B BT, FE5 B ZT R AR,
AW 7T 455 o H BHRK TN ApoE™ /NI
IR IMAE, Xt Bk NRERFSE IR SR, SR, REAE
HYBFSEHRIE o, E R AR/ R 28 2% HEE R OK
BTG ARRIHE SR A TGN
AR BB W4 BUH BB ROK U s B X 5 S IE
PR AT B VE R, HHLR S ket il T A

R OK AN REZE AR B S TR BT 5 S 00 AT /N IS R 1 5
HO, HIINE ApoE /N B IS AT, $E7R T AE
TEAE B2 B 2R 1LY ApoE JEK IR 1S .
FETE# /N A, H BB 1 ApoE AR 14 g
B AR IR AR 1 R RS T ek ApoE iR A2 At s, i
TE ApoE ™~ /NP R AR S8 A B ke . HLA
DU A 155 SR AT .

BLIRIE B 3 i AR A 2 ANie A%, i
4 e L I R N B i /N I
FLEE OB A VRS, H SR T R @ IS 2 11 By
i T FL BRSOk T TG (/K At s AR AT BisE 1 7 T
JFRAIML RS b SR 5L B MO 0 2 A, 40 40 45
FUBE MOk, TR g™ o I PR b, 8
WAL R R SRR R LR AR R,
H B A D AT S 10 v I LR 1 P
AMEFRATIF R, % T 5 R AR 2 B KR
BEALE ST ER I, H R B R B SE
SRS RE R AL AR (AR — 2 R

H W R A8, B SE e OO Y
AL T R H B -6- BEIR, SKJGTE T SRR
SERIREAEAL T R AL W -6- BEIR, 5 SRS ;
D ERAY T BRI 2 Ak, B 5 E A
BRI, TAERFIY R I, H BT S
e T AN A R A TL-1B, S
BGPTSR AN, R
S 1 0 o [ > 9 20 S AN e 2
PE RIS HE B B 1 T B VB A (L
Y T JIETE SR REREAL g B, PR
AL T R S 5 S S S S A S I R AL
R

Bz, AR R T H ERR N ApoE™ /N
BRI 3 RIS oT BR22AE, SR T T S 5 1k
PESIT 0 0C R AR T TSI AR IR, (7]t Sy B R
H R T T Bh IR RERE AL ) B I 5 T SR

[Z % X #]
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