
Although extensive gene and protein 
expression profiling has been carried 
out in human cancers, the global 
metabolic changes associated with 
cancer progression have been less 
well characterized. A large-scale 
screen of metabolites in human pros-
tate cancer has shown that sarcosine 
is a marker for cancer progression.

Arul Chinnaiyan and colleagues 
used liquid and gas chromatography 
coupled with mass spectrometry to 
profile over 1,100 metabolites in 262 
clinical samples — including tissue, 
plasma and urine — from patients 
with prostate cancer. They identified 
six metabolites — sarcosine, uracil, 
kynurenine, glycerol 3-phosphate, 
leucine and proline — that signi-
ficantly increased as the disease 
progressed.

 Sarcosine is an N-methyl 
derivative of the amino acid glycine. 
Sarcosine levels are regulated by gly-
cine N-methyltransferase (GNMT), 
which converts glycine to sarcosine; 
sarcosine dehydrogenase (SARDH), 
which reverses this process; and 
dimethylglycine dehydrogenase 
(DMGDH), which generates sarco-
sine from dimethylglycine. Using 
RNA interference to knock down the 
levels of these enzymes in prostate 
cancer cell lines, the authors showed 
that enzymes involved in sarcosine 
metabolism are important for regu-
lating prostate cancer cell invasion. 
Knockdown of GNMT or DMGDH 
in prostate cancer cells decreased 
sarcosine levels and reduced cell 
invasion. By contrast, knockdown of 
SARDH in benign prostate epithelial 
cells increased sarcosine levels and 
increased invasion.

Fusions between genes involved 
in androgen signalling and the Ets 
family are known to have a key role 

in prostate cancer progression. To 
investigate whether these fusion 
proteins can affect the metabolism 
of sarcosine, the authors treated 
prostate cancer cells that were 
positive for the Ets family members 
ERG or ETV1 with androgen. This 
resulted in increased GNMT expres-
sion and decreased levels of SARDH. 
These observations were supported 
by chromatin immunoprecipitation 
sequencing (ChiP-Seq) experiments 
that showed direct binding of the 
androgen receptor or ERG to GNMT 
and SARDH promoters, indicating 
that androgen receptor and Ets gene 
fusions transcriptionally regulate the 
sarcosine pathway.

This study highlights sarcosine 
metabolism as a key process 
that modulates cell invasion and 
migration in prostate cancer, sug-
gesting that enzymes involved in 
this pathway could be therapeutic 
targets. In addition, the authors have 
developed an isotope dilution gas 
chromotography–mass spectrome-
try method that allows non-invasive 
quantification of sarcosine levels in 
urine, enabling sarcosine to be used 
as a biomarker of prostate cancer 
progression.
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