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C6-ceramide Inhibits the Motility of Anaplastic Thyroid Carcinoma Cells
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ABSTRACT
Background  Anaplastic thyroid carcinoma (ATC) is 
an aggressive type of thyroid cancer, and its metastasis 
requires cell motility. Ceramide is involved in a variety 
of biological processes, including inflammation, cell 
signaling, cell motility, and induction of apoptosis, 
however has not previously been reported to inhibit the 
motility of ATC cells. We evaluated the effect of short 
chain C6-ceramide on motility of ATC cells.
Methods  Cell motility of 8305C thyroid carcinoma 
cell line treated with C6-ceramide was assessed using a 
transwell migration assay and a pseudopodia formation 
assay.
Results  Treatment with 10 µM C6-ceramide resulted 
in significantly fewer migratory cells than control 
treatment in a transwell migration assay (P < 0.002). In 
condition medium, 82.6% of C6-ceramide–treated cells 
formed lamellipodia. Importantly, treatment with 10 
µM C6-ceramide drastically decreased the number of 
cells forming lamellipodia by 17.6% (P < 0.01).
Conclusion  Our results suggest that treatment 
with a low concentration of ceramide may prevent 
metastasis and recurrence of ATC by inhibiting cell 
motility. Further studies are necessary to investigate the 
mechanism of inhibition of cell motility by ceramide. 
Ceramide shows promise as a therapeutic treatment for 
ATC.
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Anaplastic thyroid carcinoma (ATC) is a rare and ag-
gressive type of thyroid cancer that accounts for 2% 
of all thyroid carcinoma cases.1 It is associated with 
a median overall survival time of 3–10 months, with 
a median 1-year survival rate of 20%, and a median 
10-year overall survival rate of less than 2%, despite 

aggressive multimodal management.2, 3 Only 10% of 
patients present with local disease; 40% present with 
locoregional disease and 50% present with distant me-
tastasis.4 ATC arises from follicular thyroid cells, and 
is the most dedifferentiated subtype of thyroid cancer; 
ATC cells do not retain any of the biological features of 
follicular cells. ATC usually disseminates and metasta-
sizes widely, leading to increased mortality.

It was recently reported that the accumulation of 
multiple genetic alterations that can activate the PI3K/
Akt and MAPK pathways promotes thyroid carcinoma 
aggressiveness and progression to poorly differentiated 
and undifferentiated (anaplastic) thyroid carcinoma.5 
Establishment of cancer dissemination and metastasis 
requires cell motility.6, 7 Localized actin polymeriza-
tion at the leading edge of cells pushes the membrane 
forward in finger-like structures known as filopodia and 
sheet-like structures known as lamellipodia.8, 9 Cancer 
cell motility governed by formation of pseudopodia 
is a strong candidate as a therapeutic target for cancer 
metastasis. Molecular mechanisms of regulation of ATC 
migration and invasion remain unclear.

Sphingolipids are a class of lipids that have a long-
chain sphingoid base backbone. They exert a variety of 
biological functions such as mediating cell growth, dif-
ferentiation, and apoptosis.10–12 Ceramide, an important 
sphingolipid that forms in response to treatment with 
chemotherapeutic reagents and cell-death ligands such 
as Fas ligand and tumor necrosis factor alpha, has been 
implicated in mediating apoptosis in cancer cells.13–15 
Treatment with exogenous ceramides has been shown 
to induce apoptosis in human cells both in vitro and in 
vivo.14, 16 We reported that dietary glucosylceramides 
exhibit anti-tumor activity by inducing apoptosis of 
head and neck squamous cell carcinoma in vivo.17

Ceramide liposomes were shown to inhibit perito-
neal metastasis in a murine xenograft model of human 
ovarian cancer, and knockdown of phosphatidylinositol 
3-kinase C2β abrogates this effect.18 This suggests that 
ceramide may have potential as a therapy for metastatic 
disease, but its role in metastasis of other cancers re-
mains unclear. We investigated the effect of ceramide in 
thyroid cancer by evaluating the motility of anaplastic 
thyroid cancer cells after treatment with C6-ceramide.
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MATERIALS AND METHODS
Antibodies and reagents
Isothiocyanate-conjugated phalloidin and anti–β-actin 
antibody (A5441) were purchased from Sigma (St. 
Louis, MO). C6-ceramide was obtained from Matreya 
(Pleasant Gap, PA).

Cell culture
Undifferentiated thyroid carcinoma cell line 8305C was 
obtained from RIKEN (Saitama, Japan) and grown 
in RPMI 1640 medium supplemented with 10% fetal 
bovine serum. Cells were maintained at < 80% conflu-
ence under standard incubator conditions (humidified 
atmosphere, 95% air, 5% CO2, 37°C). No mycoplasma 
contamination was observed in any cell line.

Cell migration assay
8305C cells (1 × 105 / well) were plated onto transwell 
chambers and treated with 10 µM C6-ceramide for 3 
hours or PBS as a negative control. Migratory cells that 
passed through the membrane and attached to the lower 
surface were stained with 4’,6-diamidino-2-phenylindole 
(DAPI) and imaged using fluorescence microscopy. Cell 
migration was evaluated by counting the number of 
cells in 10 randomized visual fields.

Analysis of pseudopodium formation
8305C cells (2.5 × 105 / well) were incubated on BD 
Falcon culture slides and treated with 10 µM C6-
ceramide for 3 hours or PBS as a negative control, 
according to the method described by Kitatani et al. 
After incubation, cells were washed twice with PBS 
and fixed with 4% formaldehyde for 10 minutes. Fixed 
cells were treated with 0.1% Triton X-100 for 10 min-
utes, followed by staining with tetramethylrhodamine 
isothiocyanate (TRITC)-conjugated phalloidin and 
DAPI for 5 minutes. Cells were imaged using confocal 
microscopy. Pseudopodia include filopodia and lamel-
lipodia. Lamellipodia are thin and veil- like extensions 
at the edge of cells that contain a dynamic array of actin 
filaments. Cells were considered to have formed lamel-
lipodia if F-actin enrichment was observed at the edge 
of cells. The rate of lamellipodium formation per cell 
was assessed by blinded quantification of fluorescence 
microscopy. The lamellipodium formation was evalu-
ated by counting the rate of cells with lamellipodium in 
10 randomized visual fields.

Statistical analysis
Values are shown as the mean ± SE. Statistical com-
parisons between control and C6-ceramide–treated cells 
were performed using the Mann–Whitney U test.

RESULTS
C6-ceramide inhibits cell migration
We evaluated the effect of C6-ceramide on 8305C cell 
motility using a transwell migration assay. Treatment 
with C6-ceramide led to significantly fewer migratory 
cells adhered to the lower surface (19.7 ± 0.8 vs. 133.7 ± 
2.3 for the negative control; P = 0.002) (Fig. 1).

C6-ceramide inhibits lamellipodium formation
The effect of C6-ceramide on cell motility and migration 
was assessed by examining the formation of pseudopo-
dia. Pseudopodia, such as lamellipodia and filopodia, are 
enriched for F-actin; thus, we stained 8305C cells with 
TRITC-conjugated phalloidin to visualize F-actin and 
DAPI to visualize nuclei in order to count the number 
of cells with pseudopodia. Treatment with C6-ceramide 
significantly inhibited lamellipodium formation; 17.6% 
of cells treated with C6-ceramide formed lamellipodia, 
whereas 82.6% of control cells formed lamellipodia (Fig. 
2).

DISCUSSION
ATC typically disseminates and metastasizes widely, 
which significantly increases mortality. The develop-
ment of novel therapeutic drugs to prevent recurrence 
and metastasis would be very helpful for treating 
patients with a poor prognosis. Establishment of cancer 
recurrence and metastasis requires cell motility6, 7; 
therefore, inhibition of cell migration might prevent re-
currence and metastasis. Mechanisms of cell migration 
in ATC are not well understood.

Ceramide is known as an intracellular mediator of 
apoptosis and can also exert a variety of other biological 
functions, including mediating inflammatory reactions, 
cell signaling, and cell motility. Kitatani et al. reported 
that ceramide inhibited cell motility in ovarian cancer.18 
We evaluated the effect of ceramide on motility of ATC 
cells and observed that ceramide treatment significantly 
reduced the number of cells that could move across a 
membrane.

Cancer cells move within tissues during invasion 
and metastasis. In the course of metastasis, epithelial-
derived cancer cells undergo the epithelial–mesenchy-
mal transition, in which they obtain motility and lose 
epithelial characteristics. Intracellular adhesion is re-
duced and the actin cytoskeleton is remodeled, resulting 
in migration through the stroma. Ceramide is known 
to be involved in cell motility during the epithelial–
mesenchymal transition, and a decrease in C18 ceramide 
has been shown to increase lymph node metastasis.19

The PI3K–Akt pathway regulates cell proliferation 
and is also actively involved in cell motility.20 Ceramide 
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induces inactivation and dephosphorylation of Akt.21 
The PI3K–Akt pathway is reported to be involved in 
anaplastic transformation of papillary thyroid cancer.5 
C6-ceramide may inhibit the epithelial–mesenchymal 
transition in ATC.

Cancer cells migrate when their actin cytoskeleton 
is remodeled for promotion of cell motility. Actin po-
lymerization at the leading edge induces the formation 
of membrane protrusions known as pseudopodia. These 
protruded membranes contact the substrate and form 
novel integrin-dependent adhesions between the cell 
and the substrate, and the nucleus and cell body then 
translocate by actomyosin contractile forces.7 We found 
that treatment with a low concentration of C6-ceramide 
inhibited lamellipodium formation of ATC.

Cell migration involves multiple processes that are 
regulated by various signaling molecules. Recent stud-
ies in Dictyostelium cells, leukocytes, and fibroblasts 
indicate that phosphatidylinositol 3 kinase (PI3K) plays 
a central role in the amplification of internal signaling 
asymmetry and thus helps to establish cell polarity 
and define the leading edge of the cell. Concomitant 
treatment with C2-ceramide and sorafenib inhibits cell 
growth and proliferation via a mechanism involving the 
PI3K/AKT/mTOR and Erk signaling pathways, and was 
also shown to inhibit cell migration and the epithelial–
mesenchymal transition.22 In particular, the EGF protein 
family, which includes EGF, TGF-β, and a number of 
mitogens with similar amino acid sequences, can also 
modulate a number of integrin-dependent functions, 

Fig. 1.  Cell migration assay.
Undifferentiated thyroid cancer cells were permitted to migrate in a transwell chamber after control treatment (a) or treatment with C6-
ceramide (C6-Cer) (b). Migratory cells that adhered to the lower membrane surface were stained with DAPI and subsequently counted. 
Treatment with C6-ceramide (C6-Cer) resulted in significantly fewer migratory cells (19.7 ± 0.8) than the negative control (133.7 ± 2.3) (c); 
* indicates P = 0.002. Values are mean ± SE of an independent experiment.

Fig. 2.  C6-ceramide inhibits lamellipodium formation.
Undifferentiated thyroid cancer cells were treated with PBS (a) or C6-ceramide (C6-Cer) (b) and stained with phalloidin (red) and DAPI 
(blue). Lamellipodia are indicated with white arrows. Lamellipodia formed in 17.6% of cells treated with C6-ceramide (C6-Cer) and in 
82.6% of control cells. * indicates a significant difference, P = 0.01. Values are mean ± SE of an independent experiment.
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including cell adhesion, migration, and cytoskeletal 
organization. Ceramide was reported to impair actin 
polymerization through increased RhoA/Rho kinase 
signaling and regulate foam cell formation.23 We hy-
pothesize that ceramide inhibits cytoskeletal remodeling 
and regulates cell migration in ATC.

In our study, we found that 10 µM C6-ceramide 
inhibits cell motility of ATC. However, inhibitory effect 
of cell motility on normal cell have not been evaluated 
in this study. Influence of ceramide on cell growth 
has not been evaluated in this study. Furthermore, C6-
ceramide might inhibit cell motility for another cancers. 
Thus, further research is expected.

In conclusion, this study demonstrates the potential 
of low-concentration ceramide to prevent metastasis and 
recurrence of ATC. We found that ceramide inhibits 
formation of lamellipodia and inhibits motility of ATC 
cells. The relationship between ceramide and cell motil-
ity should be further investigated.
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