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Effect of nicotinamide mononucleotide on cholesterol metabolism in Huh7 cells
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[ ABSTRACT] Aim  To explore the regulatory effect of nicotinamide mononucleotide (NMN) on cholesterol in Huh7
cells and its molecular mechanism. Methods Huh7 cells were treated with different concentrations of NMN (0,
12.5, 25, 50, 100, 200 wmol/L) for 24 hours, and the cell viability was detected by cell counting kit-8 (CCK-8). The
lipid accumulation in cells was observed by oil red O staining.  The uptake ability of cells to Dil-LDL was observed by im-
munofluorescence microscope.  Quantitative real-time PCR (qRT-PCR) and Western blot were used to detect the expres-
sions of mRNA and protein of intracellular hepatocyte nuclear factor oo (HNFla) , proprotein convertase subtilisin kexin 9
(PCSK9) , and low density lipoprotein receptor ( LDLR). Results CCK-8 experiment showed that different concen-
trations of NMN had no significant effect on cell viability.  Oil red O staining showed that the number of orange-red lipid
droplets in the cells increased with the increase of NMN concentration after the addition of LDL.  Immunofluorescence mi-
croscope observation results showed that the red fluorescence around the nucleus increased with the increase of NMN con-
centration.  Western blot and qRT-PCR results showed that 100 and 200 pwmol/L NMN significantly reduced the expres-
sions of PCSK9 and HNF1a mRNA and protein, and significantly increased the expressions of LDLR mRNA and protein in
Huh7 cells (P<0.01). Conclusion NMN may be involved in regulating the cholesterol metabolism of Huh7 cells by
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mediating the HNF1ao/PCSK9/LDLR signaling pathway, and enhance the uptake capacity of LDL by liver cells.

JHF R A A AL ] A a5 1) = AT A% B, IV h
{IR%%8 B B 25 11 (low density lipoprotein, LDL ) #% T4l
it 2 T PR 2% B2 BB 25 11 32 44X (low density lipoprotein re-
ceptor, LDLR) 1R, 14E A 20 fitd 175 A4 I 7K fi Sk Ui 8
JIELFE B B RS AR . LDLR 2 i 2235 T 4 fse 1
) — TR A, BETH R ITLB I 709% A% B2 i
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fle BREEENEERALABRXAEEE E T
A2 N ] R RNA B Al & F B Omega
NE R FR Y K A & 1 £ B Toyobo /A
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BEMT 24 AN AL B TET 454 0055t
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LR F R GRS E B PBS %3 K, 4K 5 min,
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T m N 4% % T F B R 4 3L 500 L & E
30 min, % i X & K% 3 K, &K S min; i X DAPI
P AFFL 200 WL 22 4% 5 min, F 8 WK AL 3 K,
KSming TRABMETWE R, 20 &4 4
#7 Dil-LDL 9 48 BUE 0
1.6 Western blot #ill LDLR ,PCSK9 #1 HNFla &
AHFRIE

¥ rREKELR P AL EF, B
Western blot #-31] LDLR .PCSK9 #1 HNFla & & #y %
ik, AR TARMEECRRES, %A BCA K
BEERAEHNFREGRE, RIERXA L
Bl 4] & SDS-PAGE K, RIFE R ERERKREFE
EABEE ;AT IRAKENE AN REHATR
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LW (T 200 mA, 120 min) ,5% Ji f 4 45 H F
WEREH 3 ~4 h, A —3 LDLR(1 2 000) .
PCSK9(1 : 1 000) .HNFla (1 : 1 000) % GAPDH
(1:5000)4 CEHERBEE 2 h, TBST 3% 3 %,

B R 10 min; AN FFA =0 (1 2 8 000) F iR H
1.5 h,TBST % 3 %, 4k 10 min, % F % & & 5 %
AHTRN, GREEANEELLRE €5, R
HHIZIE , K Image | % AFHAT A E & K E N
507,
1.7 SEEEE PCR #il LDLR,PCSK9 #1 HNFla
mRNA HI%RIE

A 2 B % R B R P 52 B o 4 A0 FE JE R SR A
€ & PCR ( quantitative real-time PCR, qRT-PCR) £
Ml LDLR ,PCSK9 #1 HNFla mRNA 89 %% . %A O-
mega & RNA i 71| & #2 BUE RNA JF 0l & RNA 4 &
5k & , Toyobo ik 7| & R % % J& 7 2| cDNA, # DA
cDNA H W # 4T qRT-PCR A3 , K 5L 4 4 98 C
A M2 s,98 CE M 10 5,55 CHR K60 s, ¥ # W
40 ME I, & H qRT-PCR L% 4 # 0 % & 3 A
2N R MATE BN, RAERAANS S h A
THEHTIR(LE)RBAERARE, LK1,

% 1. LDLR.PCSKY HNF1« #1 GAPDH 5| 4155
Table 1. LDLR, PCSK9, HNFla and GAPDH primer sequences

HFR J¥51(5'-3") P EE/bp GenBank 5
e ’
o
e e .
GAPDH F-ATGCOGAAGGTCAAGLTCG 108 NM_001357943.2

R-GGGGTCATTGATGGCAACAATA

1.8 SitELH

%k Al GraphPad Prism 6.0 # 17 G 1t 247, FT &
S B3 DA vxs KR, 41 A 2 1 3 K F One-way
ANOVA ¥ [ #7724 #1,P<0.05 £~ FHFES
HEFEE L,

2 & R

2.1 MABERR B EEXT Huh7 H5E H 8980
K CCK-8 SZEG A6 I NMN J2& 75 % Huh7 41 ifg
R EEM, 4L 0, 125,25, 50, 100,
200 wmol/L, NMN 4b B2 fifd 24 h, 5 R ER, 5
0 wmol/L NMN Z{#H It ,12.5 .25 .50 .100 200 wmol/L
NMN A7 G 2 T0 W 22 5 (& 1) , Ui B NMN

TEA S50 30 ] A V) A A RN
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B 1. A[ERE NMN 3t Huh7 AA7EE RN (n=4)
Figure 1. Effect of different concentrations of NMN

on the survival rate of Huh7 cells (n=4)
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2.2 (RERR B E BT Huh7 fARERE RS R RS20 B8, 5 0 wmol/L. NMN ZHAH L, Bl NMN ¥ & 1Y
50 mg/L LDL 2B i) Huh7 20053 50MA 0, 3870, Huh7 4N 20 AR E B 2 (K 2) R

12.5.25 .50 100 #1200 wmol/L NMN 4b¥ 24 h 5% NMN fJ341 Huh7 4000 B & AR .

FHIRET O G €0 52 566 W0 40 A g o &5 ARG O, 45

';:,‘,_.; ‘ Y . . ”‘
A Dy e
’ w 2 | %m, =4 Fgml
o N O~
YRy e S ¥y 2
s o2 35
] %um !3'“- “_%‘_'um ;& 150 um

B 2. AEMRE NMN %t Huh7 20585 R &5 R 69 2200
A A0 pwmol/L NMN 41,B 4 12.5 wmol/L NMN 41,C 4 25 wmol/L NMN 41,
D 24 50 pwmol/L NMN 4 ,E >4 100 pmol/L NMN 41,F >4 200 pmol/L NMN 41,
Figure 2. Effect of different concentrations of NMN on the lipid

accumulation of Huh7 cells

2.3 (EABEBR BAZEEEXT Huh7 ZHBE Dil-LDL R EX gk I8 4 b, RADEC R AR 4R Dil-LDL F45 U
palinp-Al M. SGERER, 50 wmol/L NMN ZHAHIL, Ffizs NMN ¥k

S 0.12.5 .25 50,100 200 wmol/L NMN 4k BERGIE N, 40 Mo k% JH 20 (6,58 68 i i ot (18] 3) , Ui A
Fi Huh7 4008 24 h J& , B 20 mg/L Dil-LDL ZbFRZH NMN AJ 3458 Huh7 4% Dil-LDL AHEH,

[ ] Lo )
150 um 150 um 150 ym

(LMl i ]
150 um 150 uym 150 um

B 3. A[ERE NMN % Huh7 405008 BB BN A 22
A 70 pmol/L NMN 4H1,B 47 12.5 wmol/L NMN 41,C 4 25 wmol/L NMN 41,
D 4750 wmol/L NMN 41 ,E 4 100 wmol/L NMN £H,F >4 200 wmol/L NMN 4,
Figure 3. Effect of different concentrations of NMN on the lipid
uptake of Huh7 cells

2.4 EBEBREIZEEAXT Huh7 BB 1DLR FIAHIEN R0 40 i 322 LDL B2 HU3Z K LDLR mRNA A1
A 0.12.5.25.50,100.,200 wmol/L NMN  Fik1EM, S5R B/, 5 0 wmol/L NMN 4 L,
K-3E Huh7 40 24 h,qRT-PCR 1 Western blot 43~ 31| 100 pmol/L. NMN ZH . 200 pmol/L NMN £H LDLR
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mRNA FlIHE R BKFIRIAE (E4)
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WREAL (B 5) . e AL, NMN o] 68 38 1 1 il
PCSK9 FyZeik , #EM 1 LDLR ik , I i -4i

Ji X} LDLC AR,
2.6 MABIRREBEZEERYT Huh7 B HNFla RiX
A

HNFla /& PCSK9 ZEH W IE M sk H+HZ2 5
Ag AL 8 )8 %, H qRT-PCR #1 Western blot £
HNFla mRNA FIEE W RIBE O, SR ER, 5
0 wmol/L. NMN #H #H k., 100 wmol/L NMN £ . 200
pwmol/L NMN 41 HNFloo mRNA F17E [ (1) £ ik 7K F
B S FRAR (181 6) , 6] NMN ] A i 4 ] HNFla
(%35, /5 PCSK9 T, 117 4 LDLR ik,
T8 0 240 XTI ] 52 ) 5

151 15r
é ©
T s
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o= . - =
) 2
g¢ o RN
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23 o
3 GAPDH | ——— 3
[}
e o0 0.0
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E 4. RERE NMN 33 Huh?7 48ffich LDLR mRNA #1%& B Ri%
a A P<0.01,55 0 pmol/L NMN £{ [L#;
Figure 4. Effect of different concentrations of NMN on the expressions of LDLR mRNA and protein in Huh7 cells (n=3)

YR (n=3)

< 15 1.5

£ g

£ ks

5510 c 1.0f

%g a — 2 a a
X PCSK9 J::__..._. °

o 205 o 0.5+

=° X

g GAPDH | "——

g o

o
o

0 125 25 50 100 200 0
NMN/( u mol/L)

12.56 25 50 100 200 ’ 0
NMN/( u mol/L)

125 25 50 100 200
NMN/( u mol/L)

B 5. RERE NMN Xf Huh7 Z0ff15 PCSK9 mRNA #1%& B &%
a j P<0.01,5 0 pmol/L NMN #{ [L#;
Figure 5. Effect of different concentrations of NMN on the expressions of PCSK9 mRNA and protein in Huh7 cells (n=3)
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Figure 6. Effect of different concentrations of NMN on the expressions of HNF1a mRNA and protein in Huh7 cells (n=3)
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