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Editorial on the Research

Topic Amino Acid Transport and Metabolism During Homeostasis and Inflammation

INTRODUCTION

The solute carrier (SLC) protein families mediating amino acid uptake in human cells are SLC1,
SLC3, SLC6, SLC7, SLC16, SLC17, SLC25, SLC32, SLC36, SLC38, and SLC43 (1). While SLC25 is a
family of mitochondrial transporters and SLC17 and SLC32 mediate vesicular amino acid transport,
the transporters of the other families are expressed in the plasma membrane (1). Besides their
essential role as building blocks during protein synthesis, amino acids are an important energy
source; they act as precursors for a variety of metabolites, and regulate important
signaling pathways.

Elevated amino acid uptake is a common feature of activated immune cells (2–4), and cancer
cells (5, 6), which sustain immune functions and malignancy, respectively. This Research Topic
includes three literature review articles that focus on amino acid transporters in NK cells, myeloid
cells and the gut epithelium. It also includes three original research articles describing the regulation
of amino acid transporters during inflammation. Their major findings are highlighted below.

The SLC3A2 protein (CD98hc, 4F2hc) forms disulfide-bound heterodimers with members of the
SLC7 family, including SLC7A5 (LAT1) (1, 7). The SLC7A5-SLC3A2 complex is responsible for the
delivery of most of L-Leu to malignant as well as immune cells, thereby playing a major role in
the regulation of the mTOR pathway (8). This complex works as an antiporter system mediating the
cellular uptake not only of L-Leu but also of L-Phe, L-Trp, L-His, L-Met, and L-Tyr, while removing
L-Gln from the cell. In addition, increased L-Gln transport by ASCT2 (SLC1A5) and SNAT1
(SLC38A1) is also a key feature of immune and malignant cells (9, 10). The expression of amino acid
transporters, including SLC7A5-SLC3A2 and SLC1A5, is increased in several tumors, correlating
with cancer progression (5). Cancer cells take up nutrients more efficiently than immune cells, thus
generating a hostile, nutrient-depleted tumor microenvironment that suppresses the proper
function of cytotoxic immune cells. This is a major hurdle to be overcome for the
implementation of adoptive transfer of genetically engineered T cells or NK cells expressing
chimeric antigen receptors (CARs) to treat cancer. The work of Nachef et al. suggests novel
strategies to strengthen immunotherapy against cancer, focusing on positive and negative regulators
org January 2022 | Volume 12 | Article 8332581
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of SLC7A5, SLC3A2 and SLC1A5 protein expression. Potential
strategies to enhance the expression of the aforementioned SLC
proteins in immune cells include overexpressing positive
regulators, increasing mRNA stabilization, and promoting their
surface localization or blocking their degradation (Nachef et al.).

Many cytokines upregulate the expression of amino acid
transporters in activated immune cells. IL-18 upregulates the
expression of the SLC7A5-SLC3A2 amino acid complex in NK
cells, in vitro (11) (Khan et al.). However, the work of Khan et al.
reveals that IL-18 signaling is dispensable for the upregulation of
nutrient transporters during murine cytomegalovirus (MCMV)
infection. This study demonstrates that the expression of the
SLC7A5-SLC3A2 complex in NK cells is regulated by Myd88
signaling, and enhanced by IL-33 as well as IL-12 cytokines. The
expression of this complex is higher in Ly49H+ NK subsets,
suggesting that recognition of the MCMV protein m157 by the
receptor Ly49H also enhances the expression of amino acid
transporters in vivo (Khan et al.).

Functional polarization of myeloid cells is closely associated
with the expression of enzymes metabolizing key amino acids,
such as L-Arg. Halaby and McGaha described how amino acid
availability and metabolism affect the function of two key
populations of myeloid cells, macrophages and myeloid-
derived suppressor cells. The work focuses on transport of
several amino acids such as L-Arg, which enters macrophages
through cationic amino acid transporters (CAT), L-Gln and L-
Ser, which are transported by ASCT2 or SNAT1/2 carriers, and
L-Trp and branched-chain amino acids, imported to the cells by
the SLC7A5-SLC3A2 complex (Halaby and McGaha).

Amino acids are required for the activation of the mTOR
signaling pathway (12). The work of Yang et al. showed that
Taraxasterol (TAS) suppressed mTORC1 and mTORC2
activation induced by LPS in macrophages. The incubation of
macrophages with TAS, as well as mTOR pathway inhibitors,
effectively impaired LPS-induced NLRP3 inflammasome
activation, highlighting its anti-inflammatory properties (Yang
et al.). However, whether TAS controls amino acid uptake at any
level remains unexplored.

ATB0,+ (SLC6A14) is an influx system for neutral and cationic
amino acids, including L-Arg. This transporter is mainly
expressed in the lung and the intestine (13–15). ATB0,+ activity
in bronchial epithelial cells is modulated by inflammatory
stimuli, such as LPS and TNFa, as well as by flagellin from
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Pseudomonas aeruginosa (FLA-PA) (16, 17). The study of Barilli
et al. further explored the effect of FLA-PA on additional L-Arg
transporters in human bronchial cells, including SLC7A1
(CAT1), SLC7A2 (CAT2A and CAT2B splice variants),
SLC7A7 (y+LAT1) and SLC7A6 (y+LAT2). Their results
suggest a clear specificity for ATB0,+ upregulation by FLA-PA,
and reveal that induction of the SLC6A14 gene by flagellin
directly depends on the activity of the TLR5/NF-kB signaling
pathway (Barilli et al.).

L-Trp is an important source of metabolites that exert main
functions in the gut, the skin, the nervous system, as well as the
immune system (18). Host cells and microbiota metabolize
dietary L-Trp into kynurenine (Kyn) and its derivatives 5-
hydroxytryptophan (5-HT, serotonin) and tryptamine. Some
Trp metabolites, both host- and microbe-derived, bind directly
to the host transcription factor aryl hydrocarbon receptor
(AHR), modulating its function (18). The work of Grifka-Walk
et al. provides an overview of the amino acid carrier systems
mediating uptake of dietary L-Trp in the intestine, as well as the
function of its metabolites in the gut and beyond.

This Research Topic provides novel insights into the
mechanisms regulating amino acid transporter expression and
function during inflammation. The development of novel
inhibitors for amino acid transporters represents a promising
approach to fight chronic inflammation and cancer.
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