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Effects of LSS function deficiency on intestinal function in NAFLD model mice
Bai Hongmeil, Yang Zhen!, Hu Weikang® , Wang Zihan', Zhou Wenjing?, He Qingya?,
Zhong Jian', Li Mingcong?, Liu Li% Zhang Chaoyang®, Zhang Sumei!, Zhang Shengquan®
[1Dept of Biochemistry and Molecular Biology, School of Basic Medicine, ®Research and
Experiment Center, Anhui Medical University, Hefei 230032; 2Dept of Pathology, Affiliated Hefei
Hospital of Anhui Medical University (The Second People's Hospital of Hefei), Hefei 230011]
Abstract Objective To investigate the effect of loss of function of lanosterol synthase(LSS) on
intestinal function in a mouse model of non-alcoholic fatty liver disease(NAFLD) induced by a
high-fat diet. Methods LSS heterozygous knockout C57 mice (LSS*") were established using the
CRISPR/CAS9 system. After being fed a high-fat diet with 60% fat content for 6 months, the fat
deposition in liver tissues was detected by HE and Qil red O staining, the morphological changes
of small intestine tissue were detected by HE staining. The changes in total cholesterol content in
intestinal tissue were detected by kits. The gastrointestinal motility function of mice was detected
by phenol red paste. The intestinal permeability was detected by Evans blue staining, and the
expression of lanosterol synthase (LSS), tight junction protein (Claudin)-1, Claudin-5, platelet
glycoprotein IV (CD36), and Niemann-Pick C1-like 1 (NPC1L1) proteins in small intestinal
tissues were detected by Western blot. Results  The results of HE and Qil red O staining of liver
tissues showed that liver fat deposition in LSS knockdown mice was lower than that in wild-type
mice in the high-fat diet group. The total cholesterol content in intestinal tissue of LSS gene
knockout mice decreased (P<0.01), but no morphological differences were observed between the
two groups of mice by HE staining of intestinal tissues. The gastrointestinal motility function of
LSS gene knockout mice did not show significant changes. The intestinal permeability of LSS
gene knockout mice in the high-fat diet group decreased as detected by Evans blue (P < 0.05). The
expression levels of Claudin-5 protein in the intestinal tissue of LSS gene knockout mice in the
high-fat diet group increased (P<0.05), while the expression of LSS in the intestinal tissues of LSS
knockout mice decreased (P<0.05). Conclusion In the NAFLD model induced by a high-fat diet,
LSS gene knockout reduces liver fat deposition induced by a high-fat diet and improves intestinal
barrier function by regulating cholesterol metabolism in intestinal tissues and up-regulating the

expression of tight junction protein-5.
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WA IR AE R R I IR AR, 175 c804618-25g) SIS (Evans blue, EB) (L
WE MR R ARAT, 85 314-13-6) . 10%% B HEEE . AR, .
+ IR EREN (sodium dodecyl sulfate, SDS) . Tris #h42m (Tris buffered saline tween,
TBST) . (LM R RAEMHEARG R A F], T85: PO147B. C0107. C0109. ST626. P0233) .
AL O Bebl (I ZRERHCAR AR, 185 G1260) . SHEEEN G (5 5t @A)
TRERFFCRT, 1% Al11-1-1) . E-E[EEE S HKEF (lanosterol synthase, LSS) #iifk (FEER K
HRBHE AR (RED , %5 PA5-28238) . If/MIKEE ATV (cluster of differentiation 36,
CD36) itk (LI RAEM A OAIRAR, 185: DF13262) | Je2-ILye C1 M3
# M 1 (Niemann-pick C1-like 1, NPC1L1) $ifAk (FEBR & /R [, 75 : PA1-16800) . B-actin
ik (GEEAMREAR, $85: 4970) . BEEREA (Claudin) -1. Claudin-5 fitfk (i

W= IE A FERERAT, $85: 37-4900. 29767-1-AP) .
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1.2.1 S S 20 X 8 kN SPF 4% C57BLI6 & /N, BENL K 2 41, —
KT @ AR E SR 6 N H, B4R 60%5 i EL i AR RE SR 6 N H, @57 NAFLD
N, 16 K 8 JEESHENEFIH CRISRP/Cas9 Hi RMJEEM LSS FE[K 4 B 24 ARt fa /N B
(LSS™) HBEHL oA 2 4, —Z4 R @IARIETE 6 NH, 53 —24R A 60%/81 Hh i =i s
T RESE 6 A~ H, @37 NAFLD /MRS,
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ST HEATIE E , AALVE AT S AR AT KB B L RS B, YD K. BT
JEONFIA Z F 2R R 12 15 min BEAT B0, SRS R IRIE TG K LB 1. TE/K LB 2. 90%
LW 80%ZEE. T0%ZBEH 243230 3 min,  FtJa R E/K B vE 1 min #a] LLF4A HE
Qeta 1o HE Pt B Jo¥s BTl i PN R AR T b 44 2 8~10 min, 7Kk L
PP G TN A Z8 B /K FPiR 8 min BEAT SOUE,  FRRE R TIRONRZLge Rl b 465 20 s, HIUAK
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F 4R EERENR 5~10 min. REHAEYI R BTN NG 1 A GRR) 1 il
WA 1 FROR=5:2) FIGLTH Hett 10~15 min, 37 °C/2 47 788Kk 5~20 s, k7 2 5 el
8 3~5 min, JK¥EZ 30~60 s, AAFFR MK T2 B TR0 3 ORPEETE D 3% Fe i ik
TE A, BOE TR TGN,
1.2.4 4l 2 S BEEE Ctotal cholesterol, TC) & &4 AR X5 B SR AR PR U 21
ZUnE, wiE (@« A (mL) =19 ByEbfl, A 9 RIS KAl Ci/K R
VKB A FHMAIR, 4 °Cy 2500 r/min 2.0 10 min, B EIEWAFN. FIH 96 FLAT,
ANPEAEL 2.5 uL #] 250 pL 1 TAEW IR AT, 37 °C R E 10 min Ji& , F FHEEAR I € 500 nm
PR AR T P AR, 5 R 3T B A [ L
(mmol/g HZ) = (A wx-A e 1A A e >XC el [W FEARTRE (@) 1V 4 (L) ].
125 /NR BB KM G SN RO AE 24 h, SRFEFRIUEE /N R4
i HU/NERVE R 1.5 mL SR CH B BRI 200 R (50 mg ZREY LT 100 mL 2 51Kk, #
REYLLIEOINAAE] 70 °CJa, M RIIN 1.5 g MR B LF4EE, WL 1BiHE 30 min 54 H1 %
D o S5FF 20 min AN R . SAJE BT TETR /N BRI, 4R BN R B RN,
FAANZE et /N TR T TR T T 4590, AR IGRECH B, B AR FA T AR E . B
% F PBS Mk B I A S, FIIEARR T 2 AR SV PBS, FRIRFRBOHC S B M E,
BHER=[1- GAEE-R HE) L8 EH E]}100%, [FRSRER N R NGALR, R
FE 1 sk A4, WA BN AL e [ AR OB IR AT TR () BE S, /Nt R = (ZL )
TR/ S =<100%.
1.2.6 Evans blue Kl /s U 18 8% 7 FARIUH /N2 i, FIAE ST PBS Mk
EHNEY, REJWRE ST, WL 10 cm K — BB, ek i — i
Rk, A 1 mL A& T2 —umdt HAAES 0.2 mL B 1.5% (15 g/L) [#) Evans
blue (F PBS %) , BRI XuRIF HRE, ERANTHALA 6 cm. EEHEEE T
PHEMIKMIAE, FoK EWE 30 mine A 3 AMEMAIZEAE 6 mmol/L 1) 4Bk =,
W98 2 AL BEHF, BURIEZ) 3 em KA —BESIIRKIKAE 3 MRt b v 3 min,
BeR BRI YEL KETRLFH 3 em EHBUSAEIEAR L, 37 CT 1 24 h 5/ E, 332
BRI KRS IR /NBEERON 1 mL H kI EP & b, SRS 50 °C UL E 24 h (X

B REN T UM EB) o 9 S5 AUS BN R R R (9 ImL B T 612 nm ATIE ROGRE
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1.2.7 Western blot ¥l & # LSS, CD36. NPC1L1. Claudin-1. Claudin-5 & fIZRiA M
FREL 100 mg 24 2 2, ¥ s i\ RIPA 24 (1 g A4UmL) , IS se1/f B 3|
BAEHEALGE, HHLERCE K Lk 30 min, 4RJ5 4 °C. 12 000 r/min &0 15 min,
B B . 4 BCA WEIIE AR . N 5x ¥ SDS & A _EAEZE M & W6 10 min #E47E A
bk, BT A 25 pug 43t 10%SDS-PAGE Hi ik, FiIFIRFE770K 2 (A FL vk G4 EN £ PVDF i
Fo %R EiRE I 2 h, TBST Bl 3 Ik, X 10 min. 85 —#i[p-actin (1:500) .
LSS (1:500) . CD36 (1:500) . NPC1L1 (1:500) . Claudin-1(1:500) . Claudin-5(1:1 000)]4 °C
VKAR I B L, TBST e 3 Yk, &% 10 min, JI A BAR id &1k ¥l b ic —H1 (HRP-conjugated
goat anti-rabbit IgG/HRP-conjugated goat anti-mouse IgG) = i N & (R L 1:20 00002 h,

i TBST BEfE 3 ¥k, £% 10 min, & J5iEid Immobilon ECL Ultra Western HRP JE#IM % &6

BRI Wi, WEROCHB RGN, &Ja Rl Imaged 7 Mk A4 70 A 44> 8 F ALk 2 H
IR PEAA -

128 GiitAbE ¥R A SPSS26.0 #1411 GraphPad Prism9.0 AT 4t i1, #F&
IESAAAE T EZFFEMIFERERILL (X+s) Fon, WAWEMIILECRHA t/5%, Z4mt
BCRAIUR =TT 25047, AHIEH 5 P ELBCR A Tukey f%, DL P<0.05 NZERASuit =

o

2 4R

2.1 LSS B R/ AT FE SR KR WIS HE VAL O Jeta i I, Hrad tapil 2 g
FEMI/INER, LSS JE KRR LU /N BRI AT 4L SR, 7E R i 15 T 1) NAFLD Bid v,
LSS H: PRI MK LA A SR IEZH 24 b i) g 7 OAR ] P A (I AAD ;I BAE milR TRk 4 b LSS
HE PR R/ S A LU B AR T B A/ BB (1=4.414, P=0.0006) (& 1B) o HIEHS
KN, LSS A Bk K eI/ NAFLD HIFF N IR UTAR, X NAFLD A #H R 47 H Fps 1 1 o
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Fig.1 Liver tissue damage of experimental mice in each group

A: The results of HE and oil red O staining of liver tissue of experimental mice in each group <10; B: The
statistical results of the liver to body weight ratio of each experimental group of mice; CON-WT: wild-type
mice on a normal diet; CON-KD: LSS* ‘mice on a normal diet; HF-WT: wild-type mice on a high-fat diet;
HF-KD: LSS* ‘mice on a high-fat diet; ##P<0.001 vs CON-WT group; "*P<0.001 vs HF-WT group.
2.2 LSS HERIEX MRAMGHELHSMALR P HERKEHE  HE REWHEZLALN
SN H GRS, KB MR TRIR IR A /N SR/ 2 2R 45 ey L5 S PR RR IR A /) B
LR, N BB LS LB R R IR R B A5 M K, (BAE LSS B A ik
/N A AR RN BN LA 18], N SOE S FRE LR W R E TSR, &

(B 2A) o I B T A 0 G A BUAE e IR IR T 4 b LSS 8 PRI BR /N 2
S R [ R B AT IR /N B (t=4.818, P=0.0085) o HiMLH] ., LSS JERifk LA 5 2>
A%/ 2H 23 IE [ RE I & 5, (EE N RN A SIS R E .

B 2 NRABALRY R HE Juf
Fig.2 Small intestinal tissue sections of mice were stained with HE

A: The HE staining results of the small intestinal tissue in each experimental group; B: The data analysis of



total cholesterol content in the small intestine in each experimental group; CON-WT: wild-type mice on a
normal diet, CON-KD: LSS* ‘mice on a normal diet; HF-WT: wild-type mice on a high-fat diet; HF-KD:
LSS* -mice on a high-fat diet; “"P<0.01 vs HF-WT group.
2.3 LSS HRmf/axs /B B sh 1 K m W50 71 D RE A2 T A0 ZR 4 HA B B ALk
oy, B Hsh I DIREMIE WIS VR 2 PRAETH L R SRR . P50 R SON 3 1 B 4 {1 55 B
PRIE o I S SN B s A B, R R A AT /N SRR N it T
(t=2.735, P=0.0256) , M LSS & [Alfr LA /N LA H HE2 5OR N HERE 3 20 2 2
M, G5 RIT 3 R

B3 AREESIIRIER

Fig. 3 Results of gastrointestinal motility assays in mice

A: The gastric emptying rate of experimental mice in each group; B: The small intestinal propulsion rate of

each experimental group of mice; CON-WT: wild-type mice on a normal diet, CON-KD: LSS* ‘mice on a

normal diet, HF-WT: wild-type mice on a high-fat diet, HF-KD: LSS* ‘mice on a high-fat diet; * P<0.05 vs

CON-WT group.

2.4 LSS BRI )5 Re M/ W miE AR 1 g @& % Evans blue AFZEE gL, 24
o 2t e e 32 450 7™ BN, Evans blue JeRt it REIE I R 2 18] 1) 18] A A\ B i 4143, Evans
blue JLRHEZ % bk 22 A3 18 R 52 B 32 bk ™ B . = IR 41 Evans blue JRt 7238 & ik
ey T IE TR R /N Bl (622,944, P=0.0073), {H 2 LSS J Pl i i i 1 £ /) BU ) Evans blue
QeptiiziE E M BT S IR IR /N (152,497, P=0.0187) (&1 4) . HISLW W, K
JHE MR TR /N U E R B A, HSE LSS JEDHRUIC UG 2 B/ BRI TE )
HENE, X ARG —E R
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Fig.4 Intestinal permeability of small intestinal tissues of mice
CON-WT: wild-type mice on a normal diet; CON-KD: LSS* ‘mice on a normal diet; HF-WT: wild-type mice
on a high-fat diet; HF-KD: LSS* ‘mice on a high-fat diet; #P<0.01 vs CON-WT group; * P<0.05 vs HF-WT
group.
25 LSS EEMEEHEMT BEREANRBELRPHEFTEREQNREKTPE
Claudin /2 i b 5 40 [6] S5 0 Be 2l (U B G 7, 2 54 Rp e 20 2B ot
W, BFlEAEYFEEARRN . @i Western blot SZEGA I T 4 2H 5256 /)N R iz 4L 23 i)
Claudin-1 # Claudin-5 [ FIZRIA B L. 455 57R Claudin-1 1 Claudin-5 1X 2 F %%
FHE AUE IR TR AR )N BRUZE ) Ak B T d A e B AR AN R (tetaudin1=4.259,
P=0.0131; tclaudin5=12.000, P=0.0003) . 7EEiEFAEIA A, Claudin-1 7EEF A= L/ AT LSS
BRI R Al A R IA B B3 % 5%, Claudin-5 MI7E LSS %R/ & iz i
PAYIPRIEE BT R AR/NR (1=3.278, P=0.0306) . IfiftERiARI4H, Claudin-5
£ LSS Ji PR R/ Bl i 20 23 30k v T AR L/ B (1=3.297, P=0.0300) (1 5) .
UER] LSS PRIk LA T BE i 1 5N R PiE 4148 Claudin-5 25 R IA &, MY 5
I T 1 20

Bl5 REFEZFRAESATLR/DRMEARFHREFIRL

Fig.5 The expression of tight junction proteins in small intestinal tissue of each experimental group of



mice

A: Western blot was used to detect the expression of Claudin-1 and Claudin-5 in the small intestine of mice in
each group; B: Comparison of the relative expression of Claudin-1 and Claudin-5 proteins; CON-WT:
wild-type mice on a normal diet; CON-KD: LSS* ‘mice on a normal diet; HF-WT: wild-type mice on a
high-fat diet; HF-KD: LSS* ‘mice on a high-fat diet; *P<0.05, #P<0.01 vs CON-WT group; *P<0.05 vs
HF-WT group.
2.6 LSS ZABUR/EHMERRVWERBRE SR EMERIELSA LSS HHREE
W EJF (1=3.729, P=0.0203) , {H LSS %[ fit/m S BUEHA 1 LSS HHAKILE
P& (1=7.257,P=0.0019) . CD36 & KAkil & lE ik iz & 1, 1 NPCILL 2 i iH [
BES I ARZ DR H o mIR RN/ NPCLLL A RIEE Ll (1=7.663,
P=0.0016) fEFIETARIALH, LSS MRS /) W/ NaZlgit CD36 A1 NPCLLL & H
RILETE (tepss=3.872, P=0.0180; txec11=4.178, P=0.0139) (& 6) . HuLifkil, 7£

PRI, LSS ik AR bR i 3 U AL 43 P B RE [ 5 Bl 0, T A 2 8 T /)
B, 7 0 L[] P R I 77 G R A
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Fig.6 The expression of LSS, CD36, and NPC1L1 proteins in the small intestine of mice
A:Western blot was used to detect the expression of LSS, CD36 and NPC1L1 proteins in the intestinal tract of
each group of experimental mice; B: Comparison of relative expression levels of LSS, CD36 and NPC1L1
proteins; CON-WT: wild-type mice on a normal diet; CON-KD: LSS* ‘mice on a normal diet; HF-WT:
wild-type mice on a high-fat diet; HF-KD: LSS* ‘mice on a high-fat diet; *"P<0.01 vs HF-WT group; *P<0.05,

#P<0.01 vs CON-WT group.
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