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Abstract. Ceramide synthases (CerSs) have been shown to 
regulate numerous aspects of cancer development. CerS6 has 
been suggested to be involved in cancer etiology. However, 
little is known concerning the exact effect of CerS6 on the 
malignant behavior of melanoma, including glycolysis, 
proliferation and invasion. In the present study, we found that 
the expression of CerS6 was low in the melanoma cell lines, 
including WM35, WM451 and SK-28, and the expression level 
was related to the malignanct behavior of the melanoma cell 
lines. We constructed overexpression and silencing models of 
CerS6 in three melanoma cell lines and found that silencing 
of CerS6 promoted the ability of proliferation and invasion 
in the melanoma cell lines. Additionally, downregulation of 
CerS6 upregulated the activity of glycolysis-related enzyme, 
and enhanced the expression of glycolysis-related genes, 
including GLUT1 and MCT1. Furthermore, we identified the 
genes whose expression levels were changed after silencing 
of CerS6 by gene microarray. The expression of glycolysis-
related gene SLC2A1 (also known as GLUT1) was found to be 
upregulated, while notably WNT5A was downregulated. The 
altered expression of GLUT1 and WNT5A was verified by 
qPCR and western blotting. Furthermore, silencing of GLUT1 
in the melanoma cells resulted in the increased expression 
of WNT5A and the decreased ability of invasion and prolif-
eration in the melanoma cells. Collectively, silencing of CerS6 

induced the increased expression of GLUT1, which downregu-
lated the expression of WNT5A and enhanced the invasion 
and proliferation of melanoma cells. Thus, CerS6 may provide 
a novel therapeutic target for melanoma treatment.

Introduction

Melanoma, a malignancy that arises from melanocytes, 
accounts for ~10% of all skin tumors (1). It is the most aggres-
sive skin cancer and is characterized by abnormal proliferation 
of melanocytes (2). Due to its high metastatic potential and 
strong resistance to radiation, immunotherapy and chemo-
therapy, the search for novel anti-melanoma therapies is 
urgent  (2). Currently, it is widely accepted that metabolic 
changes are one of the hallmarks of cancer (3). Accordingly 
in recent years, cancer therapeutics are focused on two meta-
bolic fields: glycolytic metabolism and bioactive sphingolipid 
synthesis (4).

Increased glycolysis in tumor cells compared to normal 
tissues is observed in most types of cancers and supports the 
increased energy and biosynthetic demands of tumor cells (5). 
This is in accordance with the Warburg hypothesis which 
posits that aerobic glycolysis is a major source of energy in 
malignant cells (6). Therefore, the glycolytic metabolism is an 
important target for regulating tumor progression.

Ceramide, a backbone of the sphingolipid family, is 
not only a component of the membrane structure, but also 
is an essential mediator of cellular functions, such as 
growth, differentiation and apoptosis (7-10). Disturbances 
in ceramide synthesis and signaling have been implicated 
in many types of cancers (8,11,12). In human melanoma cell 
lines, resistance to stress-induced apoptosis has been associ-
ated with low ceramide levels (13). Additionally, an increased 
intracellular level of ceramide was found to inhibit the cell 
proliferation and promote the apoptosis of tumor cells (9). 
Thus, strategies targeting ceramide synthesis in cancer cells 
have been developed as novel approaches for anticancer 
chemotherapy (14,15).

Ceramide can be produced via two distinct pathways, one 
of which is de novo by a family of genes known as ceramide 
synthases (CerSs), which consists of six members, CerS1 to 
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CerS6 (16,17). In addition to regulating sphingolipid synthesis, 
CerS activity has also been shown to regulate numerous 
functions of cell biology, including cell growth, apoptosis, 
autophagy and particularly cancer development (18-21). As 
an important member of the CerS family, various studies 
have suggested that CerS6 is involved in cancer etiology. For 
example, knockdown of CerS6 resulted in a specific decrease in 
intracellular C16-ceramide, protected colon adenocarcinoma 
cells against TRAIL-mediated apoptosis and interfered with 
translocation of active caspase-3 into the nucleus. In contrast, 
increased CerS6 expression sensitized the cells to TRAIL (22). 
Senkal et al demonstrated the anti-apoptotic role of CerS6 
in head and neck squamous cell carcinoma (HNSCC) (23). 
Downregulation of CerS6 in HNSCC resulted in the induc-
tion of ER stress, while overexpression of CerS6 increased 
HNSCC tumor development and growth (24). However, little is 
known concerning the exact effect of CerS6 on the malignant 
behavior of melanoma.

In the present study, we found that the expression of CerS6 
in three melanoma cell lines, including WM35, WM451 and 
SK-MEL-28 (SK-28) was low. We further overexpressed and 
knocked down CerS6 in the three melanoma cell lines. The 
effect of CerS6 on the invasion, proliferation, and glycolysis 
in melanoma cells was evaluated, respectively. Furthermore, 
we detected the genes that had altered expression after CerS6 
silencing by human gene chip, and found that the expres-
sion levels of GLUT1 and WNT5A in the CerS6-silenced 
cells were greatly altered, which was confirmed by qPCR. 
Moreover, the role of human glucose transporter GLUT1 
in regulating the WNT5A expression and the invasion and 
proliferation of the melanoma cells was then analyzed. The 
present study may provide a novel therapeutic target for 
clinical melanoma treatment.

Materials and methods 

Cell culture. Human melanoma cell lines, including WM35 (25), 
WM451 (25) and SK28 (26), HaCaT (27) and Hm (25) cells were 
purchased from the Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; HyClone, UK) with 10% fetal bovine serum 
(FBS; Gibco, USA) in an 37˚C atmosphere of 5% CO2.

Real-time RT-PCR assay. Total RNA of the cells was extracted 
using TriPure reagent (Roche, Shanghai, China). A reverse 
transcription kit (Fermentas, USA) was used to convert RNA 
into cDNA, according to the manufacturer's instructions. 
For mRNA detection, real-time PCR was conducted using 
a qPCR detection kit on ABI 7500 thermocycler (both from 
Life Technologies). β-actin was used as an internal reference. 
The PCR reaction conditions were 95˚C for 5 min, followed by 
40 cycles of 95˚C for 15 sec and 60˚C for 30 sec. The primer 
sequences were as follows: human MCT1 (F, CCA ACC CTA 
AGA TTA CTT CAC A and R, TCT GCC ATG ATA GCA 
ACA A); human CerS6 (F, TGG TGC GGC TCA TCT TC 
and R, CAT CCC AGT CCA GTT GCT T); human WNT5A 
(F, ACC GCT TTG CCA AGG AGT TCG and R, GCC TCG 
TTG TTG TGC AGG TTC AT); human GLUT1 (F, GCA 
TCG TCG TCG GCA TCC T and R, GGT TCT CCT CGT 
TGC GGT TG).

ELISA. The activity of glycolysis-related enzymes was 
detected using an ELISA kit (Huamei, Wuhan, China) in 
accordance with the manufacturer's instructions.

Transfection. Melanoma cells were cultured as described 
above before transfection. To knock down the endogenous 
expression of CerS6, a CerS6 inhibitor (the recombinant 
CerS6-shRNA) was used, while to upregulate the expression 
of CerS6, a recombinant plasmid with overexpression of CerS6 
(both from GeneChem Co., Ltd., Shanghai, China) was used.

GLUT1-siRNA was used to regulate the expression of GLUT1. 
Transfection was performed using Lipofectamine™ 2000 
(Invitrogen, USA) according to the manufacturer's protocol. 
Briefly, the diluted Lipofectamine 2000 was added into the 
diluted plasmid. After incubation at room temperature for 
20 min, the above mixture was added into the cell suspen-
sion, which was then incubated at 37˚C, in 5% CO2 for 6 h. 
After that, the transfection mixture was replaced with DMEM 
with 10% FBS. Cells were then cultured for 48 h before the 
following assays.

Western blotting. Cells were lysed in cold RIPA buffer (Life 
Technologies). The protein concentration was determined 
using the BCA protein assay kit (Pierce Chemical, Rockford, 
IL, USA). Protein was separated with 10% SDS-PAGE, trans-
ferred to a polyvinylidene difluoride (PVDF) membrane (Life 
Technologies), and then blocked in 5% non-fat dried milk 
(Yili, Beijing, China) in Dulbecco's phosphate‑buffered saline 
(DPBS) (Life Technologies) for 4 h. The PVDF membrane was 
then incubated with a monoclonal antibody (1:100) or human 
anti-β-actin monoclonal antibody (1:100) (both from Abcam, 
Cambridge, MA, USA) as an internal reference for 3 h at room 
temperature, and then washed with DPBS for 10 min. After 
that, the PVDF membrane was incubated with a secondary 
antibody (1:20,000; Abcam) for 1 h at room temperature. After 
being washed with DPBS for 15 min, the immune complexes 
on the PVDF membrane were detected using the ECL western 
blotting kit (Pierce Chemical). Image-Pro Plus software 6.0 
(Media Cybernetics, Inc., Rockville, MD, USA) was used to 
analyze the relative protein expression, represented as the 
density ratio vs. β-actin.

GeneChip experiments. Total RNA was isolated from the 
human melanoma cell lines with TRIzol reagent (Invitrogen). 
A reverse transcription kit (Fermentas) was used to convert 
RNA into cDNA according to the manufacturer's instructions. 
The gene expression detection was performed by PrimeView™ 
Human Gene Expression Array (Affymetrix, Inc., Santa Clara, 
CA, USA).

Detection of cell proliferation. Cell proliferation was detected 
by MTT assay. Cells (10,000/group) were plated into 96-well 
plates and cultured at 37˚C in 5% CO2 for 24, 48 and 72 h. 
MTT (20 µl) (5 mg/ml; Life Technologies) was added into the 
plates and incubated at 37˚C for 4 h, followed by addition of 
150 µl of dimethyl sulfoxide (DMSO). After incubation at room 
temperature for 10 min, the optical density (OD) at 570 nm was 
detected to evaluate the formazan production using a Multiskan 
FC enzyme immunoassay analyzer (Thermo Fisher Scientific).
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Colony formation assay. Cells (200/well) were cultured in a 
6-well plate. Plates were incubated at 37˚C for 2 weeks. The 
cells were then gently washed, followed by staining with 
crystal violet. Viable colonies containing at least 50 cells 
were counted. Colony formation rate was determined as: the 
number of colonies/the seeded cell numbers.

Cell migration assay. Transwell chambers (BD, USA) 
were used for migration analysis. A total of 5x105 cells/ml 
suspended cells was prepared in serum-free media, and 300 µl 
of the cell suspension was added into the upper chamber. 
Meanwhile, 500 µl DMEM with 10% FBS was added into the 
lower chamber. After that, the cells were incubated at 37˚C for 
48 h. A cotton-tipped swab was used to carefully wipe off the 
cells that did not migrate through the pores. The filters were 
then fixed in 90% alcohol and stained by 0.1% crystal violet. 
The filters were then observed under an inverted microscope 
(Olympus, Japan).

Statistical analysis. Data are expressed as the mean ± SD. 
Data analysis was performed using GraphPad Prism 6.0 soft-
ware (GraphPad Software, San Diego, CA, USA). Student's 
t-test or one-way ANOVA was used to analyze the significance 
of differences among groups depending on the experimental 
conditions. Statistical significance was considered at P<0.05.

Results

Expression level of CerS6 is low in the melanoma cell lines. 
We detected the expression of CerS6 in human immortalized 
epidermal cell line HaCaT, human normal melanophore HM, 
and three melanoma cell lines with different grades of malig-
nancy, including WM35, WM451 and SK-28. The mRNA 
expression of CerS6 in the three melanoma cell lines was 
significantly reduced when compared with that in the HaCaT 
cells (P<0.05; Fig. 1A). Additionally, CerS6 was significantly 
highly expressed in the WM35 cell line when compared to its 
level in the WM451 (P<0.05) and SK-28 cells (P<0.05). This 
was further verified by western blotting at the protein level 
of CerS6 (Fig. 1B). This indicated that the expression level of 
CerS6 may be closely related to the malignancy of melanoma 
cells.

Decreased CerS6 expression promotes the ability of invasion 
and proliferation in melanoma cell lines. In order to detect 
the effects of CerS6 on melanoma, we carried out transfec-
tion in the WM35, WM451 and SK-28 cell lines. The mRNA 
expression of CerS6 was significantly upregulated after 
transfection with the CerS6-overexpressing plasmid (P<0.01), 
and was decreased when shRNA was transfected into the cell 
lines (P<0.05) (Fig. 2A). In the colony formation assay, the 
CerS6‑overexpressing cell lines formed fewer colonies (WM35, 
P<0.01; WM451, P<0.05; SK-28, P<0.05), and the number of 
colonies was increased after CerS6 silencing (WM35, P<0.05; 
WM451, P<0.05; SK-28, P<0.01) (Fig. 2B and C). Additionally, 
cell proliferation was measured by MTT assay in the WM35, 
WM451 and SK-28 cells. CerS6-overexpressing cells showed 
significantly reduced cell viability, which was increased in the 
CerS6-silenced WM35 (P<0.05) and WM451 cells (P<0.05), 
while no changes were observed in the SK-28 cells (Fig. 2D). 
Furthermore, we detected the invasive ability of the cell lines 
by Transwell assay (Fig. 2E). Overexpression of CerS6 reduced 
the invasion capability of the melanoma cells. In contrast, the 
silencing of CerS6 expression led to a significantly increased 
number of cells migrating through the Transwell membrane. 
These collectively indicated that silencing of CerS6 promoted 
the invasion and proliferation ability of the melanoma cell 
lines.

Decreased CerS6 expression upregulates glycolysis in 
the melanoma cell lines. To analyze the effect of CerS6 on 
the glycolysis of melanoma cell lines, we firstly detected 
the activity of several key enzymes involved in glycolysis 
(HK, M2-PK, PFK1 and LDHA). As depicted in Fig.  3A, 
overexpression of CerS6 significantly downregulated the 
enzyme activity of HK, M2-PK, PFK1 and LDHA in the 
WM35 cells (HK, P<0.01; M2-PK, P<0.05; PFK1, P<0.01; 
LDHA, P<0.05), in the WM451 cells (HK, P<0.01; M2-PK, 
P<0.01; PFK1, P<0.01; LDHA, P<0.05) and in the SK-28 cells 
(HK, P<0.01; M2-PK, P<0.05; PFK1, P<0.01; LDHA, P<0.05), 
which was significantly increased following knockdown of 
CerS6. Additionally, the expression levels of glycolysis-related 
genes, GLUT1 and MCT1, in melanoma cells after transfection, 
were assessed by qPCR and western blotting, respectively. The 
expression of GLUT1 and MCT1 at the mRNA and protein 

Figure 1. Expression of CerS6 is downregulated in melanoma cell lines compared with the level in the HaCaT cells. (A) The relative mRNA expression of 
CerS6 in different cell lines, including HaCaT, HM, WM35, WM451 and SK28. (B) Representative blot of CerS6 protein expression as measured by western 
blotting. Data are shown as mean ± SD, n=3. *P<0.05.
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levels was downregulated in the CerS6-overexpressing cells, 
and was increased after CerS6 silencing  (Fig. 3B and C). 
Collectively, silencing of CerS6 upregulated the glycolysis in 
the melanoma cell lines.

Silencing of CerS6 in melanoma cell lines leads to the 
upregulation of GLUT1 and downregulation of WNT5A. We 
detected the differences in the gene expression profile between 
CerS6 silenced and control cells using gene chip, and found 

Figure 2. Silencing of CerS6 promotes the ability of invasion and proliferation in the melanoma cell lines. (A) The relative mRNA expression of CerS6 fol-
lowing transfection-induced overexpression (ov-CerS6) or silencing (sh-CerS6). (B) The representative images of colonies formed by melanoma cells after 
transfection. (C) The statistical analysis of colony formation rate in the different treated melanoma cell lines. (D) Cell viability analysis measured by MTT 
assay. (E) The representative images of migration as assessed by Transwell assay. Data are shown as mean ± SD, n=3. *P<0.05, **P<0.01.
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that PDGFA, ARGHAP29, FOS, IRS1, ANGPTL4, EMP1 
and BCL2L1 were upregulated in the CerS6-silenced cells. 
The expression of SLC2A1, which encoded the important 
human glucose transporter GLUT1, was also upregulated 
after silencing of CerS6. The downregulated genes included 
8 genes, such as NKX3-1, TRAF1, NF-KB, PPAP2B, BIRC3, 
CXCL3, LAMC1 and WNT5A (Fig. 4A). In order to confirm 
the expression changes of these genes, we performed qPCR for 
all of these genes. As shown in Fig. 4B, no uniform change was 
found in three melanoma cell lines with CerS6 overexpres-
sion or silencing in 14 genes, except SLC2A1 (also known as 
GLUT1) and WNT5A. WNT5A was significantly downregu-
lated in the CerS6-silenced melanoma cells, including WM35 
(P<0.05), WM451 (P<0.05) and SK-28 cell lines (P<0.05), and 
the expression of WNT5A was increased when CerS6 was 
overexpressed in the WM35 (P<0.001), WM451 (P<0.05) and 
SK-28 cell lines (P<0.05). Additionally, in the melanoma cell 
lines without any treatment, the protein expression of GLUT1 
was higher compared with the Hm cells, while the expression 
of WNT5A was lower than that of the Hm cells (Fig. 4C). 
Collectively, in three CerS6-silenced melanoma cell lines, the 
expression of GLUT1 was upregulated while WNT5A was 
downregulated.

Silencing of GLUT1 promotes the expression of WNT5A and 
inhibits the proliferation and invasion in the melanoma cell 

lines. In order to confirm the role of GLUT1 in regulating the 
invasion and proliferation of melanoma cells, siRNA‑induced 
silencing of GLUT1 expression was carried out. The 
expression of GLUT1 was significantly downregulated 
after siRNA transfection (Fig. 5A). WNT5A signaling was 
found to increase aerobic glycolysis in the melanoma cells. 
Accordingly, we measured the expression of WNT5A after 
silencing of GLUT1. Our data showed that silencing of 
GLUT1 led to the upregulated expression of WNT5A at the 
mRNA and protein level (Fig. 5B and C). Cell proliferation 
was measured in the WM35, WM451 and SK-28 cells by MTT 
assay. GLUT1-silenced cells showed statistically reduced 
cell viability  (Fig. 5D). As shown in Fig. 5E, silencing of 
GLUT1 significantly decreased the number of cells that 
migrated through the Transwell membrane. In the colony 
formation assay, the number of colonies was also decreased 
in the GLUT1-silenced cells  (Fig. 5F). These collectively 
indicated that silencing of GLUT1 promoted the upregulation 
of expression of WNT5A and inhibited the invasion and 
proliferation of the melanoma cell lines.

Discussion

Melanomas are prone to invasion and metastasis, and are 
associated with a high mortality rate (28). Accordingly, further 
research on the treatment of melanoma is greatly needed. The 

Figure 3. CerS6 upregulates glycolysis in the melanoma cells. (A) The levels of glycolysis-related enzyme activity, including HK, LDHA, M2-PK and PFK1, 
were measured by ELISA. (B) The relative mRNA expression of the glycolysis-related gene GLUT1 in the different treated melanoma cells. (C) The relative 
mRNA expression of glycolysis-related gene MCT1 in the different treated melanoma cells. (D) The representative images of GLUT1 and MCT1 protein 
expression in the different treated melanoma cells measured by western blotting. Data are shown as mean ± SD, n=3. *P<0.05, **P<0.01. ov-CerS6 CerS6-
overexpressing cells; sh-CerS6, CerS6-silenced cells.
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Figure 4. WNT5A is downregulated in the CerS6-silenced melanoma cell lines. (A) The representative image of gene chip detection in the CerS6-silenced 
melanoma cell lines, including WM35, WM451 and SK-28. (B) The relative mRNA expression of genes that were determined to be upregulated/downregulated 
in the gene chip. qPCR was used to confirm the expression level of these genes. (C) The representative blots of GLUT1 and WNT5A protein expression in the 
melanoma cell lines without any treatment. Data are shown as mean ± SD, n=3. *P<0.05, ***P<0.001.
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ʻWarburg effect’ states that cancer cells take up increased 
glucose compared to their non-transformed counterparts and 
preferentially utilize glycolytic metabolism to produce ATP, 
even in the presence of oxygen, a phenomenon termed aerobic 
glycolysis (5). Accordingly, glycolysis is a potential target of 
cancer therapy. CerSs, which consists of six members, CerS1 
to CerS6, regulates sphingolipid synthesis and numerous 
aspects of cell biology, including cell growth, apoptosis, 
autophagy and particularly cancer development (18-21). In the 
present study, we analyzed the effect and mechanism of CerS6 
in the regulation of the invasion and glycolysis of melanoma. 
CerS6 was found to be lowly expressed in the melanoma cell 
lines when compared with the normal human epithelial cells. 
Silencing of CerS6 promoted the invasion and proliferation 
of the melanoma cell lines. Additionally, CerS6 upregulated 
the activity of glycolysis-related enzymes and the expression 

of glycolysis-related genes including GLUT1 and MCT1. 
Furthermore, using gene chip and qPCR confirmation, we 
found the expression of glycolysis-related gene SLC2A1 which 
encoded protein GLUT1 was upregulated in the CerS6-silenced 
melanoma cells, and notably WNT5A was downregulated. 
Silencing of GLUT1 resulted in the increased expression of 
WNT5A in the melanoma cells, and inhibited the invasion and 
proliferation capability of the melanoma cells.

Recent data revealed that CerSs play important roles 
in cancer regulation. CerS1-dependent generation of 
C18-ceramide plays important roles in the pathogenesis of 
head and neck squamous cell carcinoma (HNSCC) (29,30). 
Additionally, as an important member of the CerS family, 
various studies also suggest that CerS6 is involved in cancer 
etiology. Knockdown of CerS6 resulted in the decreased 
expression of C16-ceramide, and reduced TRAIL-induced 

Figure 5. Silencing of GLUT1 promotes the expression of WNT5A and inhibits the proliferation and invasion of the melanoma cell lines. (A) The relative 
mRNA expression of GLUT1 in the siRNA-induced GLUT1-silenced cell lines. (B) The relative mRNA expression of WNT5A in the siRNA-induced GLUT1-
silenced cell lines. (C) The representative blots of GLUT1 and WNT5A protein expression in the siRNA-induced GLUT1-silenced cells. (D) The proliferation 
analysis as measured by MTT assay. (E) The representative images of migration from the Transwell assay. (F) The representative images of colonies formed 
by cells following the different treatments. Data are shown as mean ± SD, n=3. *P<0.05, **P<0.01.
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apoptosis in colon adenocarcinoma cells, while upregulated 
expression of CerS6 sensitized the cells to TRAIL  (22). 
Moreover, downregulation of CerS6 in HNSCC induced 
ER stress, and increased HNSCC tumor development and 
growth were observed in CerS6-overexpressing cells  (24). 
Furthermore, a microarray study indicated CerS6 as an impor-
tant participant in cancer differentiation and early embryonic 
development (31). In the present study, we found that CerS6 
regulated the ability of proliferation, invasion and glycolysis 
in the melanoma cell lines. Its suppressed expression in 
melanoma cells may play essential roles in the development 
of melanoma, and further research on targeting CerS6 for 
melanoma treatment is warranted.

The role of CerS6 in cell apoptosis is distinctively reported 
in different tissues. Senkal et al showed the anti‑apoptotic role 
of CerS6 in HNSCC (23). However, developmentally regulated 
CerS6 was found to increase mitochondrial Ca2+ loading 
capacity and promote apoptosis (32). Similarly, CerS6 knock-
down inhibited TRAIL-induced apoptosis (22). In the present 
study, we detected the cell viability and colony formation capa-
bility of melanoma cell lines after CerS6 overexpression and 
silencing. We found that the decreased expression of CerS6 in 
melanoma cell lines led to the promotion of cell viability and 
colony formation capability.

After silencing of CerS6, we found that the activity of 
glycolysis-related enzymes was upregulated, as well as the 
expression of glycolysis-related genes GLUT1 and MCT1. The 
upregulated expression of GLUT1 decreased the expression 
of WNT5A, the signaling of which in malignant melanoma 
cells alters cellular energy metabolism and specifically 
increases aerobic glycolysis (33). In a recent study, WNT5A 
was suggested to promote melanoma cell migration/invasion 
via an FZD-4-β-catenin-dependent mechanism (34). This is 
not in accordance with our findings. In the present study, the 
upregulation of WNT5A induced by the silencing of GLUT1 
was accompanied by decreased invasion capability in the 
melanoma cells. The reason for the descrepant results between 
our results and the previous study may be associated with 
different signaling pathways, or the downregulated invasion in 
our study may not be directly regulated by WNT5A.

There is a limitation to our study. We investigated the 
role of CerS6 which relied on overexpression and silencing of 
single CerS6 protein as a gain-of-function model. However, 
little is known about the regulation and interregulation 
of other CerS proteins with regard to maintaining overall 
sphingolipid homeostasis. Mullen et al demonstrated that 
the ability of CerS knockdown to cause increases in sphin-
golipids was exemplified by their attempted simultaneous 
knockdown of CerS2/5/6 (35). Unlike individual knockdown 
of CerS2 and CerS6, the resulting increases in sphingolipids 
imply that there is a significant response of cells to the 
reduced CerS expression or activity that involves the accu-
mulation of these lipids. Accordingly, the regulatory role 
of a single CerS still needs further confirmation in a more 
systemic circumstance.

Collectively, CerS6 promoted the invasion and glycolysis 
in melanoma cells. This provides a new mechanism of CerS6 
action in melanoma cells and should further establish its future 
use as a valid chemopreventive and chemotherapeutic agent 
against melanoma.
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