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            Abstract
The fact that the identity of the cells that initiate metastasis in most human cancers is unknown hampers the development of antimetastatic therapies. Here we describe a subpopulation of CD44bright cells in human oral carcinomas that do not overexpress mesenchymal genes, are slow-cycling, express high levels of the fatty acid receptor CD36 and lipid metabolism genes, and are unique in their ability to initiate metastasis. Palmitic acid or a high-fat diet specifically boosts the metastatic potential of CD36+ metastasis-initiating cells in a CD36-dependent manner. The use of neutralizing antibodies to block CD36 causes almost complete inhibition of metastasis in immunodeficient or immunocompetent orthotopic mouse models of human oral cancer, with no side effects. Clinically, the presence of CD36+ metastasis-initiating cells correlates with a poor prognosis for numerous types of carcinomas, and inhibition of CD36 also impairs metastasis, at least in human melanoma- and breast cancer-derived tumours. Together, our results indicate that metastasis-initiating cells particularly rely on dietary lipids to promote metastasis.
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                    Figure 1: CD44bright LRCs have lymphatic metastasis and lipid metabolism transcriptome signatures.[image: ]


Figure 2: Modulation of CD36 expression strongly affects metastatic penetrance and growth.[image: ]


Figure 3: CD36+ cells require fatty acid internalization to promote metastasis.[image: ]


Figure 4: CD36-positive cells initiate and promote OSCC metastasis.[image: ]


Figure 5: CD36-blocking antibodies therapeutically inhibit metastasis of OSCC tumours.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Orthotopically inoculated human oral squamous cell carcinomas contain a slow-cycling sub-population of CD44bright cells.
a, Overview of the tumorigenic and metastatic activities of the different OSCC cell lines injected into the tongues of NSG mice. b, Tumour development from mice injected with OSCC-pLuc-GFP cells (using the cell lines indicated). Tumour growth was monitored by bioluminescence imaging (BLI) over a four-week period. Data are given as the mean ± s.e.m. c, Frequency of metastases in the lymph nodes. a–c, Detroit-562 cells, two independent experiments: exp. 1 n = 10 mice; exp. 2 n = 11 mice; VDH-02, n = 20 mice; VDH-01, n = 20 mice; VDH-00, n = 8 mice; SCC-25, three independent experiments: exp. 1 n = 13 mice, exp. 2 n = 17 mice, exp. 3 n = 7 mice; JHU-029, three independent experiments, n = 12 mice per experiment; FaDu, two independent experiments, exp. 1 n = 14 mice, exp. 2 n = 5 mice. d, Immunofluorescence analysis of in vitro cultured OSCC-RFP cells pulsed with DID and grown in 2D culture for 16 days. e, f, Flow cytometry analysis of dye-pulsed OSCC cells in vitro showing the kinetics of dye dilution. Data are given as mean fluorescence intensity. g, FACS strategy to FACS-sort CD44bright dye+, CD44bright dye− and CD44dim cells from OSCC-pLucGFP oral tumours. Viable single cells were selected if GFP+ but negative for a lineage (Lin) cocktail of antibodies (H2KD, CD31 and CD45), to select human cells. GFP+ Lin− cells were gated for CD44 and dye. Percentages from the total GFP+ Lin− SCC-25 parental tumour are shown. h, Representative flow cytometry analyses to detect quiescent slow-cycling CSCs from OSCC cell lines. g, h, n = 8 animals per OSCC cell line. i, Global quantification of CD44bright dye+, CD44bright dye− and CD44dim cells from OSCC-pLucGFP tumours reported in g and h. j, Immunofluorescence analysis of SCC-25-pLucGFP and JHU-029-pLucGFP primary tumours, collected five weeks after OSCC inoculation, to detect dye+ quiescent slow-cycling cancer stem cells (CSCs). Insets show a magnification of dye+ cells that co-localized with the CD44 marker. SCC-25, n = 5 tumours; JHU-029, n = 5 tumours. k, Percentage of dividing cells by flow cytometry analysis in the dye+, dye− and CD44dim populations. Source data from mouse experiments are in Supplementary Information.
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Extended Data Figure 2 Oral SCC label-retaining cells are defined by a lipid metabolism and metastasis transcriptome signature.
a, Microarray analysis and heatmap of mRNA expression showing differentially expressed genes in dye+, dye− and CD44dim cells. n = 4 biological replicates and 8 mice per replicate. b, Gene ontology (GO) analysis showing the top categories for diseases, biological processes and signal transduction pathways that were upregulated in the proliferative active (DID−) as compared to LR-CSCs (DID+) populations. The resulting GO terms highlighted cell cycle–related categories. c, Over-represented genes in Dye+ and Dye− populations. d, Lipid metabolism genes over-represented in dye+ cells. e, Gene ontology (GO) analysis showing top diseases and biological processes categories upregulated in the DID+ (LR-CSCs) and DID− (proliferative) sorted populations from dye-pulsed Detroit-562 tumours analysed by microarrays. f, RT–qPCR validation by human-specific TaqMan gene expression assays of differentially expressed genes by microarray in the CD44+ DID+ and CD44+ DID− populations. Data are given as relative expression levels. Human β-2-microglobulin was used as internal control gene. n = 5, *P < 0.05, **P < 0.005, two-tailed t-test. g, Gene expression overlapping analysis of the LR-CSC signatures from SCC-25 and Detroit-562 tumours showing the top represented common diseases and biological processes. Metastatic processes and lipid metabolism-related categories are highlighted in red. P = 2.10 × 10−49, hypergeometric test. h, Correlation between CD36 expression and DiD content for orthotopic transplants of SCC-25, JHU-029, Detroit-562, FaDu, VDH-00, VDH-01 and VDH-02 cells (n = 8 animals per cell line). Numbers indicate percentages from the total GFP+Lin− OSCC parental tumour. Results are given as the mean ± s.e.m. (n = 7 OSCC orthotopic transplants; ***P = 0.0008, *P= 0.03, two-tailed t-test).


Extended Data Figure 3 LRCs correspond to CD36+ cells, and CD36 overexpression promotes metastatic initiation and progression.
a, CD36+ CD44bright OSCC cells detected by flow cytometry analysis of tumours from orthotopic transplants. Tumours were obtained from OSCC Detroit-562 (three independent experiments: exp. 1 n = 3, exp. 2 n = 3, exp. 3 n = 4 mice), JHU-029 (three independent experiments: exp. 1 n = 3, exp. 2 n = 3, exp. 3 n = 4 mice), SCC-25 (n = 8 mice), FaDu (n = 8 mice), VDH-00 (n = 8 mice), VDH-01 (n = 8 mice) and VDH-02 cells (n = 8 mice). Numbers indicate CD44bright CD36bright or CD44bright CD36low cells in the represented gate, expressed as percentages from the total GFP+ Lin− OSCC parental tumour. Histograms show the correlation between CD36 expression and the DID content. The average counted events as a function of dye fluorescence intensity is reported for each population CD44bright CD36bright and CD44bright CD36low. b, BLI monitoring of tumours generated by SCC-25 cells (empty vector (EV) n = 7 and Cd36 overexpression (OE) n = 17 mice), or JHU-029 cells (EV n = 19 and Cd36 OE n = 24 mice), transduced with PMSCV-EV (empty vector) or Cd36-overexpression vector. Graphs show the frequency of developed tumours (SCC-25 ***P = 0.05, JHU-029 ***P = 0.03, Fisher exact test) and BLI signal quantifications (primary tumour, *P = 0.01 and ****P < 0.0001; metastasis, **P = 0.007, *P = 0.01, two-tailed t-test). Data are given as the mean ± s.e.m. c, d, Haematoxylin and eosin staining (c) and anti-human CD44 immunostaining (d) of lymph nodes isolated from animals reported in a (n = 5 animals per group). e, RT–qPCR analysis of OSCC parental and CD36OE cells. Human β-2-microglobulin was used as internal control gene (n = 3 biological replicates, **P < 0.005, *P < 0.05, two-tailed t-test), data are given as the mean ± s.e.m. f, g, Flow cytometry analysis of OSCC tumours derived from PMSCV-EV or CD36OE cell transplants (n = 5 animals per group). Source data from mouse experiments are in Supplementary Information.
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Extended Data Figure 4 Depletion of CD36 inhibits metastatic initiation and progression.
a, BLI signal quantifications (*P = 0.01, two-tailed t-test) and frequency of developed tumours (*P = 0.04, two-tailed Fisher’s exact test) of PMSCV-EV and CD36–overexpressing tumours from VDH-00 primary cell line (PMSCV-EV, n = 7; CD36OE, n = 8). b, BLI monitoring of tumours from FaDu cell line transduced with either PLKO or shRNA CD36 (two independent experiments: exp1. and exp.2, n = 5 mice per group). Graphs show the frequency of developed tumours, and BLI signal quantification (metastasis lymph node, *P = 0.05; metastasis lung, **P = 0.002; two-tailed t-test). c, d, Flow cytometry analysis of tumours from OSCC cells transduced with PLKO or shRNA CD36#99. Numbers indicate the percentages of CD44bright CD36+, CD44bright CD36– or CD44dim cells in the represented gate (n = 6 animals per group). e, Relative RNA levels of CD36 in SCC-25 parental and shRNA CD36 cells, determined by RT–qPCR analysis using TaqMan gene expression assay. Human β-2-microglobulin was used as internal control gene (n = 3 biological replicates, ****P < 0.005, two-tailed t-test). Data in a, b, e, are given as the mean ± s.e.m. f, Representative images of lungs from mice transplanted with PLKO or shRNACD36 FaDu cells (PLKO, n = 5 mice; shRNA CD36#99, n = 5 mice). g, Haematoxylin and eosin staining of metastatic lymph nodes from cells transduced with PLKO or shRNA Cd36. h, Representative haematoxylin-eosin staining of primary tumours from transplanted SCC-25 cells transduced with PLKO or Cd36 shRNA (n = 5 mice per group). Source data from mouse experiments are in Supplementary Information.
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Extended Data Figure 5 CD36+ cells are defined by a lipid metabolism and metastatic signature, and require the fatty acid β-oxidation enzyme ACSL1 to promote metastasis.
a, b, Top categories for diseases (a) and biological process (b) upregulated in CD36+ CD44bright cells. c, Gene set enrichment analysis (GSEA) plot of CD36-associated signatures, highlighting strong enrichment for fatty acid metabolism. NES denotes normalized enrichment score. d, Comparative analysis of overlapping genes between CD36+ CD44bright and CD44bright DID+ upregulated signature, highlighting over-represented genes associated with lipid metabolism, cancer invasion and metastasis and transport and metabolism of nucleoside drugs. P = 1.359 × 10−16, hypergeometric test. e, Flow cytometry analysis of in vitro SCC-25 cells co-cultured with adipogenic OP-9 cells, showing the expression of three enzymes of fatty acid β-oxidation (ACADVL, ACADM and HADHA). Histograms show the average normalized number of events as a function of fluorescence intensity for the three enzymes (n = 2 biological replicates). f, BLI monitoring of tumours generated from OSCC cells transduced with either scrambled shRNA (SCR, n = 5 mice) or shRNA ACSL1#936 (n = 5 mice). Graphs show the frequency of developed tumours and the BLI signal quantification (**P = 0.001 and *P = 0.003, two-tailed t-test). g, Haematoxylin and eosin staining of metastatic lymph nodes from animals reported in f, showing the smaller metastases arising from Acsl1 shRNA transplants as compared to the control SCR (n = 5 animals per group). h, BLI monitoring of orthotopic transplants from CD36-overexpressing JHU-029 cells transduced with either control (SCR, n = 10 mice) or shRNA ACSL1#936 (n = 10 mice). Graphs show the BLI signal quantification (metastasis: *P = 0.03 and *P = 0.03, two-tailed t-test) and the frequency of developed tumours (CT vs OE-SCR *P = 0.03 and OE-SCR vs OE-shACSL1 *P = 0.04, Fisher exact test). i, Histogram shows the average normalized number of events as a function of CD36 fluorescence intensity. j, Relative RNA levels of OSCC cells reported in j, by RT–qPCR analysis. Human β-2-microglobulin was used as internal control gene (n = 3 biological replicates, P = 0.03, two-tailed t-test). Data in f, h, j, are given as the mean ± s.e.m. Source data from mouse experiments are in Supplementary Information.
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Extended Data Figure 6 CD36+ cells are stimulated by a high-fat diet or adipocyte-conditioned medium, and require the ability of CD36 to internalize fatty acids for their pro-metastatic potential.
a, Flow cytometry analysis of orthotopic transplants of Detroit-562 cells transduced with PLKO or shRNACD36#98 or #99, from mice fed with high-fat diet (HFD) or control diet (CD), analysed 4 weeks after OSCC injection. Numbers indicate CD44bright CD36+, CD44bright CD36– and CD44dim (differentiated) cells in the represented gate, expressed as percentages from the total GFP+ Lin– OSCC parental tumour. n = 5 animals per group. b, Flow cytometry analysis of co-cultured SCC-25/OP-9, SCC-25/adipogenic OP9 or SCC-25/HNCAFS (head and neck cancer–associated fibroblasts) cells. Numbers indicate CD36+ cells in the represented gate, expressed as percentage. c, FACS analysis of co-cultured Detroit-562 or SCC-25 with OP9 (control) or adipogenic OP9, showing an increase in the percentage of CD36-positive cells in the adipogenic co-cultures. Numbers indicate CD44bright CD36+ and CD44bright CD36– from the total GFP+CD29− OSCC cells. d, CD36 mRNA relative expression levels, measured by RT–qPCR, from SCC-25 CD36– sorted cells either co-cultured with adipogenic OP9 (Ad.OP9) cells or not, or from SCC-25 CD36+ sorted cells co-cultured with Ad.OP9 cells. In b–d, OSCC were co-cultured in vitro for 2 days. e, Flow cytometry analysis of OSCC cells co-cultured with adipogenic OP-9 cells or with 0.4 mM palmitic acid (PA). Histograms show the average normalized number of events as a function of CD36 and CD44 fluorescence intensity. f, cDNA and amino acid sequence of the CD36 receptor at the level of the point mutation introduced to generate the fatty acid-binding site mutant, CD36-K164A (left). Fatty acid uptake assay is shown for SCC-25 cells not transduced (as control, CT) or transduced with CD36wt (overexpressing wild-type CD36), shRNA Cd36 or CD36-K164A. g, BLI monitoring of transplants from SCC-25 cells overexpressing CD36wt (wild-type, n = 10) or CD36-K164A (n = 10). Frequency of developed tumours is expressed as percentage (*P = 0.02, Fisher exact test), and BLI signal quantification is expressed as the relative normalized photon flux (* P= 0.05, two-tailed t-test). Data are given as the mean ± s.e.m. h, FACS analysis of OSCC cells overexpressing either CD36 wild-type (wt) or mutant (Lys164mut). Histograms show the average normalized number of events as a function of CD36 and CD44 fluorescence intensity. Source data from mouse experiments are in Supplementary Information.
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Extended Data Figure 7 Inhibition of CD36 results in metastatic lipotoxicity, and CD36+ cells are the only cells capable of initiating metastasis.
a, Representative haematoxylin and eosin staining of metastatic lymph nodes from SCC-25-pLucGFP transplants with overexpressed wild-type CD36 or CD36-K164A. Dashed line denotes the areas surrounded by lipid droplets in the CD36-K164A-expressing cells. b, c, Caspase-3 immunostaining of the metastases reported in a and in Cd36 shRNA FaDu-pLucGFP metastatic lymph nodes, showing activated casp-3-positive apoptotic cells in the vicinity of droplets. d, Relative expression levels expressed as percentages of four populations, CD36+ CD44bright, CD36+ CD44dim, CD36− CD44bright and CD36− CD44dim, as determined by FACS analysis of the primary tumour and metastasis of the OSCC cell lines SCC-25, JHU-029, Detroit-562 and FaDu and the PDCs VDH-00, VDH-01 and VDH-02 (n = 4 biological replicates per cell line). e, Genes differentially expressed between CD36+ CD44bright and CD36+ CD44bright populations validated by RT–qPCR with human-specific TaqMan gene expression assays in SCC-25 EV (empty vector), SCC-25 CD36-overexpressing and SCC-25 Cd36 shRNA cells grown in vitro. Human β-2-microglobulin was used as internal control gene (n = 4 biological replicates, *P < 0.05, **P < 0.005, ***P < 0.0005, two-tailed t-test). f, OSSC cells were co-cultured with adipogenic OP9 cells, FACS-sorted and injected into the oral cavity of NSG mice. g, FACS strategy to isolate CD36+ CD44bright, CD36− CD44bright and CD44bright cells from in vitro SCC-25 cells co-cultured with adipogenic OP-9 cells. Serial limiting dilutions of the different populations were injected immediately after FACS sorting. h, i, BLI monitoring (h) and primary tumour quantification (i) of mice injected with CD44bright CD36+ or CD44bright CD36– cells. Yellow arrows denote increased affinity in injected OSCC for the metastatic place, observed in some animals. j, k, Metastasis-initiating cell (MIC) frequency (j) and tumour-initiating cell (TIC) frequency (k) of the three different populations in g, as determined by ELDA software statistical analysis. Source data from mouse experiments are in Supplementary Information.

                          Source data
                        


Extended Data Figure 8 CD36+ cells recapitulate the cellular and molecular heterogeneity of primary tumours and metastases when orthotopically transplanted.
a, Overview of experimental set-up. Detroit-562 cells co-cultured with adipogenic OP-9 cells were FACS-sorted to select the CD44bright and CD36+ CD44bright populations. Selected cells were then injected orthotopically into NSG mice. Tumours were collected after 4 weeks, and cells were isolated for gene expression analysis by microarray. b, CD36-associated signatures from lymph node metastases arising from CD36+ CD44bright or primary tumour CD44bright transplants, showing the top upregulated categories for diseases and biological processes. c, GSEA analysis of lymph node metastases from CD36+ CD44bright and primary tumours from CD44bright transplants. Ranked lists of primary tumour comparison versus top 300 genes of lymph node-Met sorted by fold change (FC) and ranked lists of lymph node-Met CD36+ comparison versus top 300 genes of primary tumour sorted by fold change (FC). Nominal P < 0.0001. All source data from mouse experiments are in Supplementary Information.


Extended Data Figure 9 Anti-CD36 neutralizing antibodies inhibit metastatic initiation, and cause metastatic regression of oral SCC.
a, BLI quantification of tumours from mice treated with anti-CD36 FA6.152 (anti-CD36 FA6.152, n = 3 mice; IgG1, n = 3 mice; **P = 0.004, two-tailed t-test). b, d, BLI monitoring of tumours from mice treated daily with anti-CD36 JC63.1 (anti-CD36: n = 5 mice; anti-IgA isotype control, n = 5 mice). Graphs show the BLI signal quantification (*P = 0.04, two-tailed t-test). c, Representative pictures of metastatic lymph nodes of animals treated daily with JC63.1 or IgA for 2.5 weeks. e, Activated caspase-3 immunostaining of metastatic lymph nodes of Detroit-562 transplants from mice treated with monoclonal anti-CD36 JC63.1 (10 μg per 100 μl), or with the IgA isotype control. f, BLI monitoring of immunocompetent C3H/HeJ mice treated daily with monoclonal JC63.1 or IgA. Graphs show BLI signals from tumours (*P = 0.05, two-tailed t-test). g, Fold change in metastasis BLI signal of the animals reported in d. h, Representative haematoxylin and eosin staining of liver, spleen, thymus and kidney of mice from f. No pathological differences related to anti-CD36 treatment were found (n = 10 animals per group). Data in a, d, f, g are given as the mean ± s.e.m.

                          Source data
                        


Extended Data Figure 10 Expression of CD36 correlates with poor prognosis in several human tumours, and inhibition of CD36 inhibits metastasis of human melanoma and luminal A breast carcinoma cell lines.
a, Correlation of CD36-associated signature expression or CD36 expression with overall and disease-free survival for patients. Red and green lines denote patients whose tumours expressed signatures or CD36 higher and lower than the median, respectively. b, BLI signals from metastasis developed in NSG mice injected with MCF-7 (PLKO, n = 10; Cd36 shRNA, n = 10 mice) and 501mel (PLKO, n = 10; Cd36 shRNA, n = 10 mice) cells (for breast MCF-7, *P = 0.04, two-tailed t-test and for melanoma 501mel, ***P = 0.0001 in liver metastasis and **P = 0.0003 in lung metastasis, two-tailed t-test). c, Relative proportion of developed metastases from mice in a (*P = 0.05, two-tailed Fisher’s exact test). d, BLI signals from primary tumours and relative blood and lung GFP RNA levels measured by qPCR analysis after intravenous injection of Detroit-562 and SCC-25 cells transduced with empty vector (control) or shRNA Cd36. Samples were collected immediately after injection (T-0h) and 12 and 48 h (T-12h and T-48h, respectively) after injection (n = 3 animals per time point in each of the groups; *P ≤ 0.05, two-tailed t-test). Data in b, d, are given as the mean ± s.e.m. e, GSEA of EMT genes in CD36+ and CD36− cells sorted from primary oral lesions (generated from CD44bright inoculated cells), or from lymph node metastases (generated from CD36+ CD44bright inoculated cells). CD36− cells express higher levels of EMT genes than CD36+ cells in both the primary lesion and lymph node metastases. Genes are ranked by t-statistic value. Enriched populations are indicated for each of the plots. Lower panels show the GSEA analysis of the same cohort of EMT genes compared between lymph node metastases and primary oral lesions within CD36+ cells or CD36− cells. Source data from mouse experiments are in Supplementary Information.

                          Source data
                        





Supplementary information
Supplementary Information
This file contains full legends for Supplementary Tables 1-8 and Supplementary Tables 9-11. (PDF 165 kb)


Supplementary Tables
This zipped file contains Supplementary Tables 1-8. (ZIP 21896 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4

PowerPoint slide for Fig. 5




Source data
Source data to Fig. 1

Source data to Fig. 2

Source data to Fig. 3

Source data to Fig. 4

Source data to Extended Data Fig. 5

Source data to Extended Data Fig. 6

Source data to Extended Data Fig. 7

Source data to Extended Data Fig. 8

Source data to Extended Data Fig. 9

Source data to Extended Data Fig. 10

Source data to Extended Data Fig. 11

Source data to Extended Data Fig. 12




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Pascual, G., Avgustinova, A., Mejetta, S. et al. Targeting metastasis-initiating cells through the fatty acid receptor CD36.
                    Nature 541, 41–45 (2017). https://doi.org/10.1038/nature20791
Download citation
	Received: 16 September 2015

	Accepted: 16 November 2016

	Published: 07 December 2016

	Issue Date: 05 January 2017

	DOI: https://doi.org/10.1038/nature20791


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Unraveling the complexity of STAT3 in cancer: molecular understanding and drug discovery
                                    
                                

                            
                                
                                    	Yamei Hu
	Zigang Dong
	Kangdong Liu


                                
                                Journal of Experimental & Clinical Cancer Research (2024)

                            
	
                            
                                
                                    
                                        Lipids as mediators of cancer progression and metastasis
                                    
                                

                            
                                
                                    	Felix C. E. Vogel
	Adriano B. Chaves-Filho
	Almut Schulze


                                
                                Nature Cancer (2024)

                            
	
                            
                                
                                    
                                        VAV2 orchestrates the interplay between regenerative proliferation and ribogenesis in both keratinocytes and oral squamous cell carcinoma
                                    
                                

                            
                                
                                    	Natalia Fernández-Parejo
	L. Francisco Lorenzo-Martín
	Xosé R. Bustelo


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Effects of dietary intervention on human diseases: molecular mechanisms and therapeutic potential
                                    
                                

                            
                                
                                    	Yu-Ling Xiao
	Yue Gong
	Yi-Zhou Jiang


                                
                                Signal Transduction and Targeted Therapy (2024)

                            
	
                            
                                
                                    
                                        Crosstalk between endothelial progenitor cells and HCC through periostin/CCL2/CD36 supports formation of the pro-metastatic microenvironment in HCC
                                    
                                

                            
                                
                                    	Tuo Deng
	Jungang Zhao
	Gang Chen


                                
                                Oncogene (2024)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Metastasis-initiating cells in oral carcinoma
The ability to identify cells with metastatic potential is of clinical importance for the development of anti-metastatic treatment. Salvador Aznar Benitah and colleagues have identified high metastatic potential in a population of cells expressing high levels of the fatty acid receptor CD36 in human oral carcinoma samples. The cells initiate metastasis in mouse models. Metastasis is increased by palmitic acid or a fatty diet, and decreased by CD36 blockade.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter — what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
