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Ceramide synthase 3 affects invasion and metastasis of
hepatocellular carcinoma via the SMADG6 gene
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ABSTRACT Objective: Patients with hepatocellular carcinoma (HCC) have poor prognosis due to lack
of early diagnosis and effective treatment. Therefore, there is an urgent need to better
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understand the molecular mechanisms associated with HCC and to identify effective targets
for early diagnosis and treatment. This study is to explore the expression and biological
role of ceramide synthase 3 (CerS3) in HCC.

Methods: A total of 159 pairs of HCC tissues and adjacent non-tumor tissues were
obtained from the patients underwent radical resection in Shenzhen People’s Hospital, and
the total RNA and proteins from HCC tissues and adjacent non-tumor tissues were
obtained. The expression of CerS3 protein and mRNA in HCC was detected by
immunohistochemistry, Western blotting and real-time PCR. In vitro experiments, Hep3B
cells were divided into a control vector group and a CerS3 vector group, and the cells were
transfected with retroviral vector containing control cDNA or CerS3 ¢cDNA, respectively.
HCCLM3 cells were divided into a normal control shRNA group and a CerS3 shRNA
group, and the cells were transfected with lentiviral vectors containing normal control
shRNA or CerS3 shRNA, respectively. MTT, EdU, Transwell and scratch method were
used to detect cell proliferation, migration and invasion. RNA sequencing was performed to
determine the downstream signal of CerS3.

Results: Compared with the corresponding adjacent tissues,the mRNA and protein levels
of CerS3 were elevated in the HCC tissues, with significant difference (both P<0.05). The
Univariate and multivariate analysis showed that the overall survival rate was significantly
correlated with the presence of venous invasion (95% CI 1.8-9.2, P<0.01), TNM stage
(95% CI 2.3-5.2, P<0.05), poor histological grade (95% CI 1.4-6.8, P<0.05), and CerS3
(95% CI 1.5-3.9, P<0.05). Furthermore, the high CerS3 expression levels in tumor tissues
were significantly associated with shorter overall survival rates compared with the low
CerS3 expression (P<0.05). Compared with the vector control group, the Hep3B cell
viability, EdU positive cells, and migration and invasion cell numbers in the CerS3 vector
group were significantly increased (all P<0.05). Compared with the shRNA normal control
group, the HCCLM3 cell viability, EdU positive cells, and numbers of migrating and
invasive cells in the CerS3 shRNA group were significantly lower (all P<0.05). The RNA
sequencing confirmed that the small mothers against decapentaplegic family member 6
(SMADG6) gene as an oncogenic gene could promote the HCC metastasis.

Conclusion: Clinically, the overexpression of CerS3 is closely related to poor clinical
features and poor prognosis. Functionally, CerS3 participates in the proliferation, invasion
and metastasis of liver cancer cells via activating SMADG6 gene.

ceramide synthase 3; small mothers against decapentaplegic family member 6;
hepatocellular carcinoma; invasion; metastasis
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Figure 1 Relative expression of CerS3 in liver cancer and its clinical significance

A: Expression of CerS3 protein in the hepatocellular carcinoma tissues (HCC#4, 7, 23, 36, 47, and 62 represent the number of
hepatocellular carcinoma tissues, respectively) and quantitative analysis by Western blotting. T: Tumor tissues; NT: Non-tumor tissues.
**%P<(.001. B: Relative expression of CerS3 mRNA in the hepatocellular carcinoma tissues and non-tumor tissues by real-time PCR.
**P<(0.01. C: Immunohistochemical analysis of the expression of CerS3 in the tumor tissues and non-tumor tissues. D: Kaplan-Meier
curve analysis of overall survival rate with low and high CerS3 expression in the HCC patients. E: Differential expression analysis of
CerS3 gene in the tumor tissues and non-tumor tissues in the TCGA database. ***P<0.001. F: Correlation of CerS3 gene expression in

TCGA database with overall survival rate in HCC patients.

R1 CerS3RIEKTESIHERE AR IaAREFHER X R

Table 1 Relationship between the expression level of CerS3 and different clinicopathological features in liver cancer patients

_— » CerS3 Fik/[#(%)]
PRI IR KA n=71) Ik (n=88) P
P 0.718
B 59(83.1) 75(85.2)
b’y 12(16.9) 13(14.8)
AR % 0.741
<50 35(49.3) 41(46.6)
>50 36(50.7) 47(53.4)
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R1(E)
. » CerS3 Fik/[#(%)]
S EIAE 3K G=T1) ) P
H R K (ug L) 0.068
<20 29(40.8) 24(27.3)
>20 42(59.2) 64(72.7)
IMLTE EAE EHAKF/(g L) 0.255
<34 62(87.3) 71(80.7)
>34 9(12.7) 17(19.3)
SRLTZR K/ (umol - L) 0.249
<20.5 66(93.0) 77(87.5)
>20.5 5(7.0) 11(12.5)
JHg4L 0.144
7 25(35.2) 41(46.6)
s 46(64.8) 47(53.4)
TP A I v g 0.817
5 8(11.3) 9(10.2)
= 63(88.7) 79(89.8)
R0 R <0.001
[ER58 12(16.9) 3(3.4)
SR 53(74.6) 54(61.4)
7= 6(8.5) 31(35.2)
Gidi el 0.004
i 61(85.9) 57(64.8)
Sk 10(14.1) 31(35.2)
TNM 4345 <0.001
I~11 35 45(63.4) 19(21.6)
I~V 31 26(36.6) 69(78.4)

TNM: JME A ZRSE; CerS3: ML U3,

R2 Cox A4 FHEANBTEMZTESMIGEKFEFESHEEEFEFTRNXR
Table 2 Univariate and multivariate analysis of the relationship between clinicopathological characteristics and survival in

patients with liver cancer by Cox regression survival model

P A ST EZ255 %
HR 95% CI P HR 95% CI P
53] 1.3 0.4~4.2 0.715
AR 4.7 0.6~34.8 0.133
JREE K 0.5 0.2~1.1 0.086 1.4 0.8~2.5 0.281
el 4.0 1.8~9.2 0.001 3.3 1.5~7.6 0.004
AL 1.8 0.9~3.7 0.116
IS v g 1.4 0.2~10.2 0.761
TNM 43+ 3.4 23~52 0.002 1.6 1.2~2.6 0.017
LI 128 K- 1.4 0.6~2.9 0.426
,uﬂﬂéﬁ%ﬂz 1.6 0.7~3.3 0.242
BUE 3.1 1.4~6.8 0.005 1.9 1.2~3.1 0.011
CerS3 2.4 1.5~3.9 0.023 1.7 1.1~2.7 0.030

TNM: M ZSs; CerS3: PHEMENA M3 .
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Figure 2 CerS3 promotes the proliferation of liver cancer cell lines

A: Expression of CerS3 level in the normal liver cell line (LO2) and the 4 kinds of HCC cell lines (Huh7, Hep3B, MHCC97H and
HCCLM3) by Western blotting. *P<0.05, ***P<0.001 vs the LO2. B: Detection of CerS3 protein expressionin the Hep3B of the
vector control group and the CerS3 vector group. ***P<0.001 vs the vector control group. C: Expressionof CerS3 in the HCCLM3
of the shRNA control group and the CerS3 shRNA group. **P<0.01 vs the shRNA control group. D: Changes in cell viability after
CerS3 overexpression in Hep3B cells by MTT method in the vector control group and the CerS3 vector group. *P<0.05 vs the vector
control group. E: Changes in cell viability after CerS3 knockdown in HCCLM3 cells by MTT method in the shRNA control group
and the CerS3 shRNA group. *P<0.05 vs the shRNA control group. F: Changes of cell proliferation after CerS3 overexpression in
Hep3B cells by EdU method (scale bar=100 um) in the vector control group and the CerS3 vector group (scale bar=100 pm).*P<
0.05 vs the vector control group. G: Changes of cell proliferation after CerS3 knockdown in HCCLM3 cells by EdU method in the
shRNA control group and the CerS3 shRNA group (scale bar=100 pum). *P<0.05 vs the shRNA control group.
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Figure 3 CerS3 promotes migration and invasion of liver cancer cell lines

A: Changes of cell migration and invasion after CerS3 overexpression in Hep3B cells in the vector control group and the CerS3
vector group by Transwell method. *P<0.05 vs the vector control group. B: Changes of cell migration and invasion after CerS3
knockdown in HCCLM3 cells in the shRNA control group and the CerS3 shRNA group by Transwell method. *P<0.05 vs the
shRNA control group. C: Scratch healing after CerS3 overexpression in Hep3B cells in the vector control group and the CerS3
vector group by scratch assay. *P<0.05 vs the vector control group. D: Scratch healing after CerS3 knockdown in HCCLM3 cells in
the shRNA control group and the CerS3 shRNA group by scratch assay. *P<0.05 vs the shRNA control group.
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Figure 4 CerS3 upregulates SMADG6 expression in liver cancer lines

A: Heat map of mRNA expression abundance in the HCCLM3 cells in the shRNA control group and the CerS3 shRNA group by
RNA sequencing. B: Heat map of the top 20 mRNA expression abundance down-regulated genes in the shRNA control group and
the CerS3 shRNA group. C: SMADG6 expression in Hep3B cells in the vector control group and the CerS3 vector group. ***P<0.001
vs the vector control group. D: SMADG6 expression in HCCLM3 cells in the shRNA control group and the CerS3 shRNA group. ***P<

0.001 vs the shRNA control group.

©Journal of Central South University (Medical Science). All rights reserved.



597

Iz I 3 W 3 SMADGS JERSZ R AR ) (R e ik, 45
L o g S , .
O F LSS Hm Vector control+siRNA control group — Vector control+siRNA control group
4 CerS3 vector+siRNA control group 4~ --- CerS3 vector+siRNA control group
Ag CerS3 vector+SMADG siRNA group .g +-++ CerS3 vector+SMADG6 siRNA group
[ G
S =)
2 g 2r
2 2
(5] o
2 & 1
CerS3 ‘— ..‘ £ 5
~ ~
0 . . . .
nron - TR
A Time/h C
- 60r
% *
3 40k
o
2z
2 i
2 20F
=]
a
m
X X
&‘Q\ og°& & %@"Q o@x %OQQ
AT W\ @
o‘oﬁoo&o e}c‘?) 0&0 &c"ﬁ) &QV’ B
Q& & O ?ﬂ (ﬁaob%
.i§§ 5§§ %§I\P’
mm Vector control+siRNA control group
CerS3 vector+siRNA control group
- B 100 - g CerS3 vector+SMADG siRNA group
Migratioin & i
experiment
o}
o
£
=
=
i
O
Invasion
experiment

Oh

Relative scratch area/%

24 h}

250 41m

E5 SMADG6EKIERE T CerS3 TEAFE R Atk h I BUEIE R

SMAD6 CerS3 E

Figure 5 SMAD6 knockdown abolished the oncogenic role of CerS3 in liver cancer cell lines
A: Expression of CerS3 and SMADG6 in Hep3B cells in the vector control+siRNA control group, the CerS3 vector + siRNA control
group and the CerS3 vector+SMADG6 siRNA group by Western blotting. B: Quantitative analysis of the expression of CerS3 and
SMADG in Hep3B cells in the vector control+siRNA control group, the CerS3 vector+siRNA control group and the CerS3 vector +
SMADG siRNA group. C—F: Proliferation, migration and invasion of Hep3B cells by MTT method (C), Edu method (D), Transwell (E),
and scrath (F) in the vector control+siRNA control group, the CerS3 vector+siRNA control group and the CerS3 vector + SMADG6
siRNA group. *P<0.05 vs the vector control+siRNA control group; 7P<0.05 vs the CerS3 vector+the siRNA control group.
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