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Expression of ganglioside GM3 in the liver of mice with nonalcoholic steatohepatitis
HU Moran, WU Zhoulu,ZHAO Chenxi, GONG Yingyun,ZHOU Hongwen
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210029, China

[Abstract] Objective: This study aims to investigate the changes of glycosphingolipid, especially the ganglioside GM3, in the liver
of NASH model mice induced by high-fat and high-sugar diet . Methods: A total of 16 C57BL/6] mice aged 6-weeks old were
randomly allocated into control group and NASH group (control n=8; NASH n=8). Control mice were fed with a standard chow diet and
water as control group, while the other mice were fed high fat diet accompanied by ad libitum consumption of water with high fructose
and glucose content (23.1 ¢/L. d-fructose +18.9 g/L. d-glucose )to establish NASH models as model group. Serum levels of ALT and AST
were measured to evaluate the pathological changes of liver tissues. Liver histology was assessed using HE stains in paraffin-embedded
sections using standard commercially used methods. Liver lipidomics analysis was perfonned in an electrospray ionization mode using
Exion UPLC-QTRAP 6500 PLUS (Sciex) LC/MS. The student’ s ¢ test and Mann-Whitney U test were used for statistical analysis.
Results: D The levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in NASH mice were significantly
higher than that in control group(P < 0.05). @Compared with the control group,total GM3 and subtype species, including GM3 d18:1/
20:0(P=0.005) ,GM3 d18:1/22:0(P=0.004) , GM3 d18:1/24:0(P=0.004)and GM3 d18: 1/26:0(P=0.042)were significantly lower
in the model group, which were dignosed as NASH group based on the NAFLD activity score. Conversely, total ceramide and total
lactosylceramide (LacCer) were remarkably elevated in NASH group than control group (P < 0.05). Conclusion: The synthetic
pathway from LacCer to GM3 is dampened in NASH model mice, which are established by high-fat and high-fructose diet.
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TGRS P B8 W5 B (non-alcoholic fatty liver dis-
ease, NAFLD ) JE4 B3 ZMPAR FIHAD W6 -4 35 TR
JIT S5 LA HIE i 195 A8 P Ay S SRR A 11 DR P 25
B, HGE I T A 45 ORGP AR 7, DA By o
AR A AR RS PENR Wi P (non-alcoholic steato-
hepatitis , NASH) | Jig 5 V£ F£F 44k AT A A0 22 i
S Horp NASH BYRAESETE AR 5 48 1 1 L il
S BUEIESE WS RAE AT A A5 45 (A OBk
AR) I SUREA PR 4EAE ™ R4k, NAFLD
B RTEE AN R ETHEST, SR A
EEE IR 2R VERS KT, 2 H a2kt s
) E LR Bl B B2 2= AT BRI & e AT

B BT A i B AR | S S5 B S B vp i1 3l
AL TR HEN R B o e R 50 Ecdls B, B
A NAFLD 1 &4 & J& I IERR B 2k i & 72 Ak
IS HIMBEAR B IE AR IR 5. teAh, R T
Hh TR A A 5 4 40 L 20 R B A T 1 L 28 i UE S 5
NASH HY 5 E A JEAK o

DAFEXT NASH i BELE AR T IR 5 AR SCHIF T 32
FAE P IE M L WERE (ceramide, Cer) | 5 i 5 55 1Y A8
Al B, i 2 Xl 2 R SR DA AT
o MAETH AR R 2 Cer WEZ T UMY,
Cer 72— 25 ot g B 2 32 45 2 Tt 0 0 I T2 5 r I
TR A | B 107 1R SEE K it 71 3% A 017 1R B 1) T
TEAT, Cer & LT 1-6 AL AN [F]HS BE 19 i 1D R £ &
AN FEZE Cer, 25 Z R 4HMITE 30", Cer 78
UDP 7] %5 W P 25 15 Wi i 0 % %% [ (UDP-glucose
ceramide glucosyltransferase , UGCG) FIB-1,4-F
Bl BL 55 5 1§ 5 (beta- 1, 4- galactosyltransferase 5/6,
BAGALTS/6) HE 1k T 3 2% e 1k Dy i M #ir 28 It Ji
(glucosylceramide , GlcCer) Fll LB #2215k B (lacto-
sylceramide, LacCer) , J& & Bl Sy ##1 2275 4 lf GM3
( monosialodihexosylganglioside , GM3 ) %) Fif 14 # 4

g7 GM3 A Al (ST3 Beta-galactoside alpha-2,3-
sialyltransferase 5, ST3GALS ) i i:f 45 & I Y% 12 i/F —
A4 LacCer 74k ky GM31 ™, GM3 2 f fRj 24 1 4l
SRR Ll MR 2 LA A R 2 5
FHSS 5 MR, HeE5 HAT 2R

GM3 1Ry 2 2 v fie i UL 1 IR 285 5 B W IS A7 7
THA LS R A b, 5 Cer BIHENE IHTH
i 465 i o A [ g S0 20 P 1) B € (lipid raft) X,
Z S AR AR AR SR nIME s s sh e Bt
WF5E A BRALIHE 2 BOBE RS S NAFLD 455 A= 3 7 2
FH GBI 1 5 BB G S o ARG B R IR

AT DA A 3 AR ST A 7 (ARG A S R
MRS, 2 5N B S RGP RE
L1 A AL AN R S FEUERR (R U JE Y, A R GM3 4%
BN FI NASH IAHSCHERISE , HRTSSRA—

ST R IR, #h 7T R HHE AR 7T LA/l R NASH £
1 B B FR ARG SN N 4 i B BUKE =
22TV IR GM3 AT LR AR PN AP JAE 38 2 v 3 o 410 41
F1 210 B PN AR B AR Bk AR E AH G R A 3Rk
RIEPLRAER o SRIMAE S — TG, GleCer 1
FUEA LY LacCer £ GM3 25 8154 IR WA N J& 41 i
AR AT 5 R B0 &R | 85 {8 GleCer
B S AT T 700 9/ R R B BT AR AR DR IR
M3 18 JE175 S 1Y LDLR™ NASH #5750 /) BRUFFIIE 74 i
JoHE AR R g RS, O HLX — 1 A 3 2 ad ek b
GM2-Z —FE i dE GM3 /) & sk Se g >, % F
NASH #55 B BfF 5 35 455 7 2045 5%, il B K OR —
NASH ¥ B 2 A8 R 52 2% , B0 i 5 NASH A [ i
TR BRI AR SR 75 A R ATZ IR

AT 5T T2 AR GM3 A1 56 5 i 1% 7E NASH
AN EURFIE P 22 Ak, R e B v B IR R R 7 4 H
14 33 NASH /)y BRASE AU | 32055 8 45 - M ASE 4L 17 s IR
NASH #2505 E A2 S #AR AL, Ry B A 4% 1
FEWRASTE NASH &A= A& 8 rh i 43— HIL I 290 i

1 #MRFTE

1.1 A

C57BL/6) HEYE/INE 16 1, 6 J& i (b 35T 4 3 A
48)  TEh E 2GR RS S5 s rh e (SPF 9%) #E474m)
I MO o 38 %) FRARLRE(TP26352) , 51 g 1)
BE(TP26304 ) , DL K S ME R A Y W) 1 R 3 4 1 E
TERRH A BR A F] . o R R A 2 - B
7 42% , 85 51 14% , iKAL G ) 44% . B [ e £
0.2%. H2FEE B (Olympus 2 F], HA) ;4141
PIRHLC Rk RS A BR A H]) .
12 Fi#k
1.2.1 #h¥oiafeiAE s

SEEG /N BV 5% T SPF sh ¥ B, H R IRk
K, S B Hag sl KB H (IVC) R GE, =il
24 °C, MIXHEE 55%~65% , % FH 12 h/12 h ISR A5
JEHR . 16 H 6 Al C5TBL/6Y /N il 2 38 frl kb b Pk
WEFE G, BEHLA AR R R, B2 8 H, X
HEZH 37 DAE S AR, 1 AROK B 7R 2 MR 15 R 1
K, [ AT SRR OK (23.1 /L EERE+18.9 oL 14
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1.2.2 R A4 AR m)

HA$ 20 /0 B 2 I L3, 263200 6 v T A DU o
H A AL FE bR N 2R 24 2L 5% F2 il (alanine aminotrans-
ferase, ALT) . K14 R R B 4% L [ (aspartate ami-
notransferase , AST) 7K. B2 EEFRAY 450 nm )7 K
AW S FE AL, SR FERE 7 4 2 22 il b o i %, 15 31 4%
FE AL
1.2.3 DRI ELLRRE TS

IR AR S, LI A BRER K VR, T 4%
PP [ 2 24 h, A SGAEE U) R 517 HE 44, T
ST VPAR ARG 9 A8 PR R 9 5 3 S 1% . NASH
B 973 B2 Wb o SR FH I A b DX B RS 1 g i P
W12 W 56T IO T % 28 [F [F 37 DA B
NASH Ifffi PR A 58 W 45 55 B 2= 51 23 2005 4F iy & 458
w2, RS HL ] SE 9 NAFLD 3 3 )% #5143 (NAFLD
activity score , NAS) 1 T7FAl o
124 FHaz¥eeBRAs sk

fERED B ) LTS FEAS R B HRUE T,
¥ F Exion UPLC-QTRAP 6500 PLUS (Sciex ) ¥ 5t B¢
FSC, DL s 55 v 28 (ESD A A T T A 0t .
A BLE N AR #E 47 18 5t & 4L : Cer-d18: 1/17: 0,
GlcCer-d18:1/8:0, d3-LacCer-d18:1/16:0, d3-GM3
d18:1/18:0, fHFHIOHL ®ATBHEIL (QTOF micro) &
ACQUITY UPLC RZEHEA TR 7347 o
1.3 %itFsik

K SPSS 23.0 B 3 Bt R F AT 4814y
B, X 45 T A 4 7 I A A R 0 RNy 25 55k
Ki56 . GraphPad Prism 9 2K {FHl & . 1EZA 4040 11T
T PRI B bR UE S (x £ 5) 2R, A IB) FL R F
SEREA RIS o A A IR R R = -
FRRRR . P<0.05 HESAGIEE L,

2 # R

2.1 NASH /) RAER! 8 2 38 51

9T A g NASH /N BB B, R &5 B v Bk
MEIR/ANER 7N H o BFIE HE Qe (g5 1 s ik g
X HEZH /)N BT IR 200 L HE S 55, Af R 34 50 5 =i iR
IR BB 2 /N U /NS5 R Z5 8L, T KRS
BRAEAS S, JH I 240 B AL 5 PN 252 B R/ INAS — 1% i
2330, JRI R AT UL A A, F AR I 2 /) BRUFF AR A X
WEZH A 7™ S %) i Jo HE RRURN ARE e vy (J& 1) o $ic R
NAS P53 45 #EXT L HEA T2 W1 (NAS=5 43 7] BH i i2
Br NASH ; NAS<3 43 1] HEBR NASH ; 3~4 73 R nAb 7
NAFL~NASH 2 Z[0)) o #E—2L 450 17 /N UL T

T 40 45405 46 A AST ATALT A9 K -, 2559 oK,
NASH /N ELU I AST ALT 538 55 T 1E 4 20 /N B
(P=0.012,P=0.001) . FHICIER] NASH 21 /) ff i A5
I (E2) .

MRk IR (MBS 1) s R i Sk« RAEA; Ak . <
FREEAE ;AR 100 pm (x200)
El1 XJEBZEF0 NASH A/ R AFAEY] A HE £ (x200)

Figure 1 HE staining of liver sections in mice from con-

trol and NASH group
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Figure 2 Measurement of serum liver injury markers of
AST and ALT
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MR E R —E A Z I — O (globotriaosyl-
sphingosine, Gb3) A FFH#aH, GleCer £iL 2 T
B HEFBRA SR L A, NASH Z4H/) B
JFIE S GM3 (5] 3) B (K5 GM3 d18:1/20: 0 K %
GM3 d18:1/22:0.GM3 d18:1/24:0 FIGM3 d18:1/26:0
A5 GM3 MEB5 75 NASH /I BUIT JIE P9 35 & J 35 B A1

®1 WMRASNASHANRHETHEGM3 REIETE
FrRERH & E
Table 1 The expression of ganglioside GM3 and subtype

species in liver samples of control and NASH
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Figure 3  Glycosphingolipid expression of control and
NASH mice
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W GM3 i TR, N T R N
WEN 25 2SS IR R 3L R R, T & B GM3/LacCer
PO A 7E NASH 2 10 5 ReAIR , 275 B 0E A 1R 8 2% B
LacCer [1] GM3 W6 ALSZ 30 (B 4) o iff—20 gt
GM3 4 R () ST3GALS 3£ KA T, .45 GEO 54
JE HPOR TRl ARy 2075 S ) NASH /) USRI AT IE RNA
-seq B4l Y ST3GALS R R A 7K A8 1 (£ 2) ,
IR STIGALS Jt PRl 234 7K - 1 28 Ak 70 A [ A 750 vh
S, SAHIEFE 1 A5 7 M 3 1 150 A v
NASH A8 1 ST3GALS JE K i, 11 ik = 25 2 R IR
Bl PR A5 A T L B A

3o i

o AR B 2H 27 B R T4 NASH AE )27 m i)
TR O YT TS IR AR H iR
BRI B R SR/ INERL 7 D i NASH 57
INER, T F P 5 30 PR R T ROK MR SR BRABCA X R
2 3 P/ U RSO IV B (HE 3468 )5 3
TABUEZEFT NAS W0, ST G NASH ARifERY /L
FUF B /N BUFIEEAT TSRS A I . 45 5R R,
NASH 4 /)N B AE N B Cer M2 LacCer 2635 58 86 1A
B E T, SRR — 20 M L LacCer HEY)

mice (x10™, wmol/g)
GM3 S HOE R XFIBZ(n=8) NASH41(n=8) PfH
HBGM3 61.39 £ 8.73 49.26 + 8.97 0.016
GM3 d18:1/16:0 5.06 £ 1.75 4.93 £ 1.00 0.856
GM3 d18:0/16:0 2.57 £ 0.88 2.56 £ 0.50 0.988
GM3 d18:1/18:1 1.79 + 0.47 1.74 £ 0.52 0.863
GM3 d18:1/18:0 2.67 £0.32 2.35+0.74 0.290
GM3 d18:0/18:0 4.51 £0.68 4.07 £ 0.69 0.224
GM3 d18:1/20:1 240 +0.48 2.00 £ 0.43 0.104
GM3 d18:1/20:0 3.96 £ 0.77 2.73 £0.70 0.005
GM3 d18:0/20:0 2.77 £ 0.59 2.42 +0.37 0.174
GM3 d18:1/22:1 3.60 +0.72 3.02 +0.68 0.123
GM3 d18:1/22:0 7.38 +1.35 4.92 £ 1.50 0.004
GM3 d18:0/22:0 3.39+0.72 2.94 £ 1.04 0.337
GM3 d18:1/24:1 811244 6.30 £ 1.54 0.098
GM3 d18:1/24:0 7.79 £ 2.09 4.78 £ 1.01 0.004
GM3 d18:1/25:0 2.78 £ 0.54 244 +0.67 0.275
GM3 d18:1/26:0 2.63 +0.61 2.05 +£0.40 0.042
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Figure 4 The ratio of GM3 verus LacCer in liver samples

from control and NASH mice
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F B-HEWE i G il GM3 3 [ 32 BH, #E DU 2 5 GM3 &



a2 EH 2

WBRIR , 5% LB X R, 5. M2 H I CMB FEARAS PEAR DT T 28/ BRUFFIE P i 282 4k ) .

20224E2 H B ER KRR (A SRR ,2022,42(02) £ 153-159 < 157 -
K2 AEEEGRFSHNASH/NRER St3gals EFERIETW
Table 2 Changes of ST3GALS gene expression in different diet-induced NSAH mouse models
ST3GALS#R7ENASH &%
UNEREE R 2] b s . GEO
i - ANEUR ESECRE Sk
6~7 JEl s HEP-INTACT # CDA-7 Ji- R A R b g, Con v M) i [25] GSE162876
i SERRIR AR ST JE L Rk (60 NASH
(Albumin-Cre;R26-CAG- keal% ) , 0.1% & 2 ¥ , A v i gy Con o #0% TR
LSL-Sunl-sfGFP-myc)  (A06071302, Research Diets A ) NASH
TR vs. WS P,
NASH
8~12 JH% MCD-4 J# : ARG Z K& (Re-  Conus. i [25] GSE162863
C57BL/6 HERR search diets 2\ 7)) NASH
U . Con vs. i
12 JA% FIFCF-24 J]- 725 B 25 FEL o e A L 7 24 ;Z;’; T [26] GSE162276
Ppargfl/fl i il Ji : 40 keal% WG , 20 keal% Y95
2% 179 JH [E B (D16010101, Research
Diets AT )
. Con vs. .
6~8 JAS HFD16 J& + MCD4 J& - & BE T B R 7 16 NASH T [27] GSE158951
C57BL/6] HER, J& 8 60% 15 17,18.19%745 [ it , 20.3%H5%
7K(D12492, Research Diets Inc) , fizJ5 4 J&]
R R R/ AR i e 2 1) ek (S 2R R
YrEzy)
3 Hid HFCF-24 J& -5 g &0 B B s BRI AL Conws. T [28] GSE119340
C57BL/6] HER, 7% 24 J8 : 40 keal% HIBENT (1 18% &2  NASH

Fe A BET) , 20 keal% SRR 2911 IH
[# B (D09100301, Research Diets 2\ ] )

BT Y ST3GALS JE [ 2 3k 7K VA8 A0 7 i e o
BER .

FLA 58 R AWF9E & B GM3/LacCer HAH7E
NASH A f1 &g 2 P A%, #5275 1 LacCer [1] GM3 119
A B . ASSCELE T H AT GEO Bdig 1 oA
I) s A5y 205 i NASH A HS /N FRAFAIE RNA-seq
A GM3 & U Y ST3GALS AR B 5 1, ] 1%
FE R AR Ak 2 R [ R B RS i , 72 45 7 IR B
B = ) A IR TR A B B 1) FIEL B R i = TR
MR 5 TP L NASH B B ST3GALS JE A i
L A SR m IR A S R Y NASH
/NERFFAIEH ST3GALS JE A 5 3% I, 5 ARHESE
SR EA -k, XrTREEH TR SRR E S
R R BB Bl = TR s 4 (19 NASH A5 R0 AH 107 55
FHALHI A P 22 5 o A Bk FH 0 & BR ARDRHE &
WK K L35 T 75 S 8 NASH AR 0 45 2 S I H i e =
TRE BT A 14 N ASH B8 S RER LI PR I NASH £
HITA AR A A2 RN PR 28, e s 52 il

i & AR LD I 4 B AL R,
NAFLD B[R] & B Bt , B0 el PRZS A5 RUFHE
KA BRI R = B0 51 . NAFLD
HE—25 0] & J S R, KR a2 B, R GM3
ST R AU, b g kA kR, GM3 &
BRI M AZ P, GM3 3k B T % 1 24 CM3 &k
AT B S Rk S A I AR R R 2D
GERIN , 38 4 DR e S 0 vk R A M P R R
I A S5 P M VR PR 11 2 35 T BN R GM3 T B
1% LacCer RSG5 576, 2 g
B, DT A2 209 728 1) e & J AR ot P ARG
JIT SR FH B9 0K £ 375 S NAFLD 5 78 i 6% B 001 R |
NASH F 3 [ JFJes 0 JE2 0 2E A, DRI A D 722 1)
JHdE i BsF , NASH 28 /N BRUHFIE Y GM3 ik i i 2
T L7 LacCer i 3 B 4L, i — IR T AR5
SER PRSI R NASH B BRAR AL,

NAFLD 19 32 2295 FRRFAE 2 JHIIE 19 98 i S 21 4k
AR, T 21 IR GM3 5 5 0E K I ) AH 56
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P, HETHFR S RAF A —E . — R &
IAEAR P AMIESE T GM3 1] DL id AKT/IkB-o/NF-kB
T S I A1) 00 A6 P g A A R S A 0 T R R
I 40 MRS BRE 237~ 1 25 58 Pk PR -1 7 2, AT
Y 2 S0 SN 5 95— 7 T, GMI3 AT L i 1 ] NF-
kB AP-1 Fil MAPKs {55538 [ 2% fift LPS 1553 1) RAW
264.7 LGN A AE SN > o SR, BERTAH ST &
L GM3 Al3H T PI3K/AktigsfR et TNF-af) ik, IFH.
R 40 L PR 7~ TNF - H1 TLL- 18 7] LA 37 i 5 40 fit v
GM3 & N EERIZSA LA L GMB =AY A, 5 8FA:
RU/NFAH L, BEBR T GM3 A B3 K 1 /N R B
T g )R B ARV E T O nT IR R IR IR B A S
AIRERE IR RS

NAFLD WRAER W 4, B ALHE NG BRI &
iE LT A AL 55 R 2L, 3 U B 28 B ) DA TGS A
GM3 7K 7= A= 520 - B 2 30 4 Sk ol 248 it RS g
BRI el e L, R AT TR I b i R KA Rt
TRERERA | PR AR 2 2 R A /KO B 2 i
WG ERE T R AR W L . AR T
NAFLD f I i 28 151 Bl GM3 A8 4k, o fe 2
SCRHRAE T LR

BEAR , AR A ST AN A A A5 i 6 75
FIAE BR , 36 W A 4% GM2 FI1 Gh3 253K [ GM3 A= ¥4 hi,
WP AR G, IR X LEEIE &
FI7E NASH % A= % i A v A 738 Ak, Xoh T 58 4y B
fif NASH HT GM3 [y BEAE B2 SR b BT
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