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NDRG?2 inhibits tumorigenesis of hepatocellular carcinoma by regulating metabolism of

phospholipids and triglyceride: a metabonomic analysis
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Abstract: Objective To explore the role of the tumor suppressor gene NDRG?2 in regulating lipid metabolism in hepatoma cells.
Methods We analyzed the differential expression of NDRG2 gene between hepatocellular carcinoma tissues (7=809) and
normal liver tissues (17=379) based on data from TNMplot database, and investigated the correlation between NDRG2 mRNA
expression and the overall survival of the patients with hepatocellular carcinoma using THPA database, which was also used
for analysis of NDRG2 expression levels in tumor cell lines for screening hepatoma cell lines. Human hepatoma cell line
HepG2 was infected with a lentivirus containing NDRG2 cDNA, and the expression level of NDRG2 in the infected cells was
detected using qPCR and Western blotting. Lipid metabolomics analysis was performed to analyze the regulatory effect of
NDRG?2 overexpression on lipid metabolism in HepG2 cells, and ELISA and Oil Red O staining were used to examine the
changes in contents of phospholipids and triglyceride in NDRG2-overexpressing HepG2 cells. Results Analysis of the
TNMplot database showed that NDRG2 expression level was significantly lower in hepatocellular carcinoma tissues than in
normal liver tissues (P<0.001). Analysis of THPA database showed that the patients with high NDRG2 mRNA levels had a
longer survival time than those with low NDRG2 mRNA levels, and NDRG2 expression level was the highest in HepG2 cell
line among the tumor cell lines. Metabolomics analysis showed that in HepG2 cells, NDRG2 overexpression led to changes in
the contents of phospholipids, and among them lecithin PC, phosphatidyl glycerol PG, phosphatidyl ethanolamine PE,
sphinophosphatidyl serine SM, and ceramide Cer exhibited significant changes. The results of ELISA and Oil Red O staining
demonstrated that NDRG2 overexpression obviously reduced the contents of multiple phospholipids and significantly
lowered the contents of triglyceride in HepG2 cells. Conclusion NDRG2 regulates tumorigenesis of hepatocellular carcinoma
by modulating the metabolism of phospholipids and triglyceride.
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Fig.3 Expression of NDRG2 in different tumor cell lines.

2.4 @ LC/MS 57 BAEAR PCA 947

# QCHEAS UHPLC-Q-TOF MS WM& T Kl , # 17
Tl H S LA, 25 R I A (g P e Ly 5 AR R P s
(AT e, DA S R L SR 22 5 R A
FRUNEISA) o BT SEERREAS T QC HEA S5
A& , BRI fL 5 42 Pareto-scaling A B 14T PCA 434
(E15B) . WLEEFEA Z [A] (1Y) 43 AT a3, 28 7-fold cross-
validation(7 YRIEHAC HIGIE ) 15 2] PCA RIS EL 4K
HATREAAE BTSN (T 5C) o 43 ST SEIG4H S5 %) IR

ZH 1Y PLS-DA i1 (J&] 5D) 1l OPLS-DA #5 %1 (] 5E),
53 AT NDRG2 i 323k (1 52 550 21 HepG2 4 i 5 % RE 20
HepG2 AR B A IR 22 5%
2.5 BHFMEFIER

HR4E OPLS-DA RIS E AR A FE(E (VIP) Sfeflly
TS R T A IR O 45 2R AR A3 S 1) ) 5 v i
FHRERE ST A2 A A U 22 IR . ASSELS
LA VIP>1 M, FI2E e A 2 R ) 25 ) . oF
— R AR S 54T, Sk 2 AR P A A 3



http://www.j-smu.com J South Med Univ, 2022, 42(12): 1765-1773 + 1769 -

B POZ NDRG2
A NDRG2 | - - -
12 Hk .
_ B-actin | e em— e— —— —
;% 1.0
< 0.8
g 25
g 0.6
o ok ok
g 0.4 zE 2.0
ol g3
~ 0.2 2& 15
A
0! 2Q
POZ NDRG2 £ 10
S Z
K=0s
0.
POZ NDRG2
El4 1BRERAEHepG2 A NDRG2 2 E
Fig.4 NDRG2 expression in HepG2 cells infected with lentivirus containing NDRG2 or control
POZ. A: Real-time qPCR for detecting NDRG2 mRNA levels in the infected HepG2 cells. B:
Western blotting for detecting NDRG2 protein levels in the infected HepG2 cells. ***P<0.001.
A 1.7¢8: b B +HepG2-NDRG2
1.6¢8: +HepG2-POZ
1.5¢8: -QC
148 10
1.3¢8: |
128
3
Oes: =
29.0eT < 0
Z 8.0e7 Z
2 707 i 3,
= 6.0e7 A &
5.0¢7 J S, S .
4.0e7" 1 o
3.0¢7 ‘I ] -10
2.0¢7 ‘ bl Bl e .
1.0¢7 i %‘&‘ll l’,\’\
0.0e7 s JAV & 20 -10 0 10 20
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 PC1 (48.64%)
C Scores (PCA) D Scores (PLS-DA) E 60 Scores (OPLS-DA)
401 IM
20

HepG2|POZ 2

tol

HopG2|POZ 1

2 (27%)

/
/ pGHPO.
2P (R8P

2 (18%)
(=]

40 . : . T -60 ' ; I ;
T ———— -40 -20 0 20 40 40 20 0 _ 20 40
R2X -60 -40 -20 0 20 40 60 R2X R2Y Q2Y  RMSEEPre R2X R2Y Q2Y RMSEE Pre ort
0.785 tl (45%) 0.771 1 0.973 0012 3 0.888 1 0.998 0.001 1 3
t1 (35%) t1 (23%)

E5 R ARI RSt S GRS
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Tab.l1 Top 10 lipid metabolites that show
significant changes in NDRG2-overexpressing
HepG2 cells compared with the control cells
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Fig.7 ELISA analysis of phospholipids content in NDRG2-overexpressing HepG2. *P<0.05 vs control.
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Fig.8 PAS staining and Oil Red O staining for detecting intracellular glycogen and triglyceride in NDRG2-overexpressing
HepG2 cells and control cells (Scale bar=50 pm).
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