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Importance of amino acids in brain parenchyma invasion by 
cancer cells
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Metastases are the scariest manifestation of 
malignant tumors and in particular those developing in 
the brain are critical for patient’s survival, due to the 
delicacy of the organ and its connection to vital functions, 
which make therapeutic and surgery intervention 
particularly difficult.

Metastasis formation occurs in a multi-step 
process. The cells leave the primary tumor entering the 
bloodstream and are dispersed throughout the body, then 
extravasate invading the target organ and finally grow 
developing the actual metastasis. Specific tumor types 
such as lung, breast and melanoma have a propensity 
to form brain metastases even if the mechanism that 
determines this specific tropism has not yet been 
clarified. The cerebral microenvironment seems to play 
a fundamental role, as cancer cells are able to adapt their 
metabolism to exploit the available resources. The brain 
extracellular fluid is enriched in specific molecules such 
as amino acids and neurotransmitters which, together 
with other molecules, can be employed by tumor cells to 
support fundamental catabolic and anabolic reactions.

Extracellular amino acids are recently emerging 
as key players not only in supporting the growth of 
metastatic cells in the brain parenchyma, but also in 
the process of extravasation and invasion. The first 
amino acids identified to be involved in this aspect 
were asparagine and glutamate [1, 2]. We have recently 
shown that extracellular serine and glycine are able to 
stimulate the chemo-kinesis of lung cancer cells through 
a mechanism involving Serine hydroxymethyltransferase 
isoform 1 (SHMT1), the protein responsible for serine/
glycine interconversion in the cytoplasm [3]. Cytoplasmic 
serine availability controls the migratory ability of lung 
cancer cells increasing ATP production and reducing ROS 
formation and we hypothesize that this process is closely 
linked to the extravasation process and involved in the 
selection of the target organ. Our hypothesis is based on 
the concept of brain to blood efflux (BBE) (Figure 1). In 
the brain, the level of amino acids in the extracellular 

fluid must be kept low to avoid unwanted stimuli or 
the activation of toxic mechanisms for brain cells [4]. 
Neurotransmitters and amino acids are rapidly re-uptaken 
by the cells of the microenvironment through specific 
transporters. The endothelial cells in the brain display 
at the abluminal side the same transporters expressed 
on brain cells and participate in the BBE mechanism, 
by absorbing the excess of molecules from the brain 
extracellular fluid and releasing it into the bloodstream 
[4]. The sodium dependent transporters of the ASC family 
(SLC1A4 and SLC1A5), for example, are responsible for 
alanine, serine and cysteine efflux, while the excitatory 
amino acid transporter (EAAT) family is responsible 
of glutamate efflux and the sodium neutral amino acid 
transporter 3 (SNAT3) is involved in  alanine, proline, 
histidine, serine, asparagine efflux [5, 6]. It is known that 
cancer cells are able to reach the microvasculature of 
the brain and adhere to it, often forming micro clots [7]. 
We hypothesize that a local decrease of the blood flow 
due to a micro clot, together with the continuous release 
of amino acids through the BBE mechanism, leads to a 
local increase in the concentration of amino acids in the 
microvasculature; this enrichment may be sufficient to 
provide the metabolites required to initiate the invasion 
process by dramatically increasing the chemo-kinetic 
ability of cancer cells.

Our data clearly demonstrated that also a modest 
decrease in cytoplasmic serine content can induce the 
activation of AMP kinase that completely inhibits the 
migratory process [3]. From the clinical point of view, 
blocking the extravasation process through inhibitor(s) 
of amino acid importers would help limiting metastasis 
formation for example in those patients awaiting the 
surgical resection of the primary tumor. Considering the 
incidence of the metastatic phenomenon, this proof of 
concept could have a substantial impact on the survival 
of patients affected by melanoma, lung or breast cancer 
of which are currently the most widespread and with the 
highest mortality rate.
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Figure 1: (modified from [3]) Schematic representation of the brain to blood efflux- metastatic hypothesis. The 
chemo-kinetic ability of metastatic cancer cells is increased in the brain microvasculature in presence of increased amount of amino 
acids triggering the extravasation process.



Oncoscience49www.oncoscience.us

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

FUNDING

Funding from the Associazione Italiana Ricerca sul 
Cancro (AIRC) under IG 2019-ID. 23125 project-P.I. F.C. 
is gratefully acknowledged.

REFERENCES

1.	 Speyer CL, Smith JS, Banda M, DeVries JA, Mekani T, 
Gorski DH. Metabotropic glutamate receptor-1: a potential 
therapeutic target for the treatment of breast cancer. 
Breast Cancer Res Treat. 2012; 132:565–73. https://doi.
org/10.1007/s10549-011-1624-x. PMID:21681448

2.	 Knott SR, Wagenblast E, Khan S, Kim SY, Soto M, 
Wagner M, Turgeon MO, Fish L, Erard N, Gable AL, 
Maceli AR, Dickopf S, Papachristou EK, et al. Asparagine 
bioavailability governs metastasis in a model of breast 
cancer. Nature. 2018; 554:378–81. https://doi.org/10.1038/
nature25465. PMID:29414946

3.	 Bouzidi A, Magnifico MC, Paiardini A, Macone A, 
Boumis G, Giardina G, Rinaldo S, Liberati FR, Lauro C, 
Limatola C, Lanzillotta C, Tramutola A, Perluigi M, et al. 
Cytosolic serine hydroxymethyltransferase controls lung 
adenocarcinoma cells migratory ability by modulating AMP 
kinase activity. Cell Death Dis. 2020; 11:1012. https://doi.
org/10.1038/s41419-020-03215-0. PMID:33243973

4.	 Hladky SB, Barrand MA. Elimination of substances from 
the brain parenchyma: efflux via perivascular pathways 
and via the blood-brain barrier. Fluids Barriers CNS. 
2018; 15:30. https://doi.org/10.1186/s12987-018-0113-6 
PMID:30340614

5.	 Cohen-Kashi-Malina K, Cooper I, Teichberg VI. 
Mechanisms of glutamate efflux at the blood-brain barrier: 
involvement of glial cells. J Cereb Blood Flow Metab. 
2012; 32:177–89. https://doi.org/10.1038/jcbfm.2011.121. 
PMID:21915136

6.	 Zaragozá R. Transport of Amino Acids Across the Blood-
Brain Barrier. Front Physiol. 2020; 11:973. https://doi.
org/10.3389/fphys.2020.00973. PMID:33071801

7.	 Lucotti S, Muschel RJ. Platelets and Metastasis: New 
Implications of an Old Interplay. Front Oncol. 2020; 
10:1350. https://doi.org/10.3389/fonc.2020.01350. 
PMID:33042789

https://doi.org/10.1007/s10549-011-1624-x
https://doi.org/10.1007/s10549-011-1624-x
https://pubmed.ncbi.nlm.nih.gov/21681448
https://doi.org/10.1038/nature25465
https://doi.org/10.1038/nature25465
https://pubmed.ncbi.nlm.nih.gov/29414946
https://doi.org/10.1038/s41419-020-03215-0
https://doi.org/10.1038/s41419-020-03215-0
https://pubmed.ncbi.nlm.nih.gov/33243973
https://doi.org/10.1038/jcbfm.2011.121
https://pubmed.ncbi.nlm.nih.gov/21915136
https://doi.org/10.3389/fphys.2020.00973
https://doi.org/10.3389/fphys.2020.00973
https://pubmed.ncbi.nlm.nih.gov/33071801
https://doi.org/10.3389/fonc.2020.01350
https://pubmed.ncbi.nlm.nih.gov/33042789

