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                                                                                 Chapter 1 

 

Characteristics of Alanine Serine 

Cysteine Transporter 2 

 

 

 
 
 
 
 
 
 
 
 
 
ABSTRACT 
Alanine Serine Cysteine Transporter 2 (ASCT2) is one of the members of 
the solute carrier family 1 (SLC1). The gene encoding was discovered more 
than two decades ago and since then, it has become evident that the 
protein plays a central role in the physiology of brain, placenta and bone 
tissues; it also stimulates immune activation of T-cells and their 
differentiation. ASCT2 is a Na+-dependent neutral amino acids exchanger, 
which is particularly important to supply cells with glutamine. In addition 
to the transport function, ASCT2 is also a chloride channel, similarly to its 
human and prokaryotic homologues, but the function of this channel 
activity is not clear. Besides these physiological roles, ASCT2 is an 
evolutionally conserved receptor for several types of retroviruses. The 
ability of ASCT2 to transport glutamine in cancer cells has made it an 
attractive target for design of small inhibiting molecules with a potential to 
stop cancer cells propagation and treat tumors. In this chapter, I provide an 
overview of the main features of ASCT2, and introduce the other chapters 
of this thesis, in which I present structural and biochemical 
characterization of the protein. 
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SLC1 FAMILY 
Human members of solute carrier family 1 (SLC1) can be classified in 

two groups. The first group includes glutamate transporters: excitatory 
amino acid transporters EAAT1-5. These proteins pump large amounts of 
extracellular glutamate from synaptic cleft and prevent neurotoxicity [1,2]. 
The second group consists of the neutral amino acid transporters ASCT1 
and ASCT2, which are obligate exchangers of neutral amino acids3. All 
these proteins are Na+-dependent transporters and share significant 
sequence similarities, but have differences in substrate specificity and 
mode of transport. Structures have revealed that members of SLC1 family 
are trimeric proteins (Figure 1), realizing their transport functions using 
elevator transport mechanism, which is well characterized for this family 
(see Chapter 2 for an overview of elevator-type transport mechanism, and 
Chapters 3-5 for structural insight in the elevator movements of ASCT2). 
 

 
Figure 1. ASCT2 structure. a, top view and b, side view. Transport domain in blue, scaffold 
domain in yellow. 

 
 

SODIUM DEPENDENCE OF GLUTAMATE TRANSPORTERS AND ASCT2 
Transport of substrates by glutamate transporters is coupled with ion 

translocation. EAATs import one glutamate molecule with co-transport of 
three Na+ ions and a proton, and antiport of one K+ ion [2,4,5]; ASCTs 
exchange one intracellular small neutral amino acid, such as alanine, 
serine, cysteine, threonine with one extracellular [6-10] with involvement 
of at least one Na+ ion [11]. Coupling of Na+ ions is well studied in 
prokaryotic homologues of glutamate transporters (GltTk 
from Thermococcus kodakarensis and GltPh from Pyrococcus horikoshii). It is 
proposed that two Na+ ions bind to their binding sites first (Na+1 and Na+3) 
increasing affinity for the substrate binding, followed by aspartate 
molecule and the last third Na+ ion (Na+2) [12-16]. Upon completion of 
binding the extracellular gate can close and molecules are transported 
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across the membrane. In a high-resolution crystal structure of GltTk all 
three Na+ ions positions in the binding site were identified [13] (Figure 2). 
Key amino acid residues involved in Na+ ion coordination are conserved 
through out the family. Na+1 is positioned between N405, D409 of 
transmembrane helix 8 (TM8), and N313, G309 of TM7 (Figure 2b, GltTk 
numbering). Na+2 is coordinated by the backbone carbonyl groups of S352, 
I353, T355 of helical hairpin 2 (HP2), and by T311 and sulphur of M314 in 
TM7 (Figure 2c). Methionine 314 residue was suggested to work as a 
switch in the binding-site rearrangements during the transport since it 
points in opposite directions in the occluded and apo states of GltTk and 
GltPh [12,13,17,18]. Na+3 is located between D315, N313 of TM7 and T94, 
Y61 of TM3 (Figure 2d).  

 

 
Figure 2. Na+ binding sites in GltTk. a, transport domain of GltTk with aspartate molecule 
and three sodium ions bound in the binding site. The black rectangles highlight Na+ binding 
sites, which are depicted in next panels. b, Na+1 is positioned between N405, D409 of TM8, 
and N313, G309 of TM7. c, Na+2 is coordinated by the backbone carbonyls of S352, I353, 
T355 of HP2, and by T311 and the sulphur of M314 of TM7. d, Na+3 is located between 
D315, N313 of TM7 and T94, Y61 of TM3. 

 
The same Na+ sites are probably used by EAATs. For example, in the 
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crystal structure of human chimeric EAAT1 one Na+ ion (Na+2) was 
observed in a similar site to the structures of prokaryotic homologues [19]. 
Recent molecular dynamics (MD) simulations hinted on possible K+ ion 
positions in EAAT1 [20], but the exact K+ and proton sites are still 
unknown. 

Some data are available on Na+ coupling in ASCT2. Based on the 
radioactive Na+ uptake measurements, from four to seven Na+ ions could 
be exchanged by ASCT2 with one amino acid [3]. Using MD simulations the 
positions of three Na+ ions were predicted in ASCT2 [11], which are 
coordinated similarly to GltTk and GltPh. Further analysis of binding and 
release events of Na+ ions and an amino acid suggested that one of the Na+ 
ions (Na+1) has very high affinity and most likely never dissociates from 
the transporter [3,11], which might explain why ASCT2 is an exchanger 
while other members of SLC1 family are symporters (see Chapter 5). 

 
CHLORIDE CONDUCTIVITY IN GLUTAMATE TRANSPORTERS AND 

ASCT2 
In addition to the transport of Na+ ions and amino acid substrate, 

members of glutamate transporter family have uncoupled chloride 
conductance [3,21-23]. A chloride channel opens after binding of the 
substrate and co-transported ions during the transition from outward to 
inward-oriented conformations and this opening event is transient [24]. 
The structure of GltPh in an intermediate-outward state [25], where the 
transport domain has moved a bit towards the cytoplasmic side, revealed 
the presence of an intracellular cavity, which was proposed to be a part of 
the channel [26]. Combined with MD simulations [24] this lead to a 
hypothesis that in the intermediate-inward state the channel would be 
entirely open [26]. A recent cryo-EM structure of a mutated GltPh variant in 
the intermediate-inward state revealed an open channel, likely 
representing a chloride conductive conformation [27]. Further movement 
of the transport domain from the intermediate-outward state to 
intermediate-inward state increased the size of the aqueous cavity 
between transport and scaffold domains with the formation of a pore with 
a diameter of at least 6 Å and the narrowest point near R276. This residue 
was predicted to be important in anion selectivity [24,28]. S65 in GltPh 
(S103 in EAAT1) was identified as another key residue for chloride channel 
functioning and its mutations led to a decrease in chloride flux [22,27,29]. 
The formation of anion conductance by each protomer of the trimer is 
independent of each other [30]. 

There are two possible explanations why glutamate transporters work 
as transporters and chloride channels. One of them is that chloride 
conductance might provide an inhibitory feedback mechanism for 
glutamate release from pre-synaptic cells by opposing depolarisation [31]. 
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Another potential function of chloride transport could be the maintenance 
of correct osmotic pressure. Glutamate transport is coupled with co-
transport of Na+ ions, which are osmolytes, and if there is active transport 
of glutamate, there is also large flux of these osmolytes. Based on 
experiments on EAATs, water can also permeate through the transporter, 
mostly through the chloride channel [24,32], which probably allows to 
counterbalance the flow of ions and maintain correct osmotic pressure.  

ASCT2 is an electroneutral exchanger, thus net flux of Na+ ions does not 
occur, and there is no need to control osmotic pressure. It could be that 
ASCT2 does not need the chloride channel activity, but it still has it as a 
result of evolution, as a rudimental legacy from its prokaryotic 
homologues. 

 
PHYSIOLOGICAL FUNCTIONS OF ASCT2 
The Alanine Serine Cysteine (ASC) transport system was discovered in 

1967, and these three amino acid substrates became an acronym of ASCT 
transporters [33]. The ASCT1 gene was cloned in 1993, and the expressed 
protein was described as a Na+-dependent amino acid transporter 
structurally similar to glutamate transporters [34]. ASCT1 is highly 
expressed in brain, muscle and pancreas and it catalyses transport of 
alanine, serine, cysteine, threonine and valine [34]. In 1996 another neutral 
amino acid transporter with 57% sequence identity to ASCT1 was 
described and named ASCT2 [9]. ASCT2 transports a range of small neutral 
amino acids such as alanine, serine, cysteine, threonine, glutamine, 
asparagine, methionine, valine, glycine, leucine [8-10]. A recent study 
showed that ASCT2 can also bind small basic amino acids, for example, L-
1,3-diaminopropionoc acid, but not larger ones (lysine and arginine) [35]. 
ASCT2 is mainly expressed in the kidney, large intestine, lung, skeletal 
muscle, testis, adipose tissue, brain, placenta [7,9], where it catalyses Na+-
dependent electroneutral exchange [3,10] of an extracellular amino acid 
with an intracellular one, thereby equilibrating their cellular 
concentrations. The differences in the substrate preferences of ASCT1 and 
ASCT2 could be explained by a substitution of T459 in ASCT1 to C467 in 
ASCT2 in the binding site, creating a larger pocket in ASCT2 and the ability 
to bind slightly larger amino acids like glutamine and asparagine. 

Since ASCT2 transports several different amino acids, it is involved in 
multiple physiological functions, many of which are linked with glutamine 
transport. In the brain, ASCT2 participates in the glutamate-glutamine 
cycle, where glutamate released in synapse is taken up by the cells, 
converted into glutamine and exported by ASCT2 [7]. ASCT2 is also 
proposed to play a role in L- and D-serine transport between astrocytes 
and neurons in brain, during which D-serine could be exported and serve 
as a neuromodulator [36]. A recent study showed that ASCT2 can bind and 
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possibly transport the neurotoxin β-N-methylamino-L-alanine [35]. These 
functions connect ASCT2 with development of neurological disorders, such 
as schizophrenia, depression and amyotrophic lateral sclerosis [37-39]. 

In other tissues, glutamine is involved in many cellular processes. For 
example, in the kidney, the process of ammonia production from glutamine 
and its removal with urine contributes to acid-base balance maintenance in 
the plasma [40,41]. In the intestine, glutamine participates in gut integrity, 
and this amino acid has been shown to have a positive effect on patients 
with gastro-intestinal tract disorders [42]. Glutamine influences insulin 
secretion in pancreatic β-cells [41,43]. In the liver, glutamine serves as 
nitrogen source for the urea cycle [41]. Glutamine, converted to glutamate, 
is involved in glutathione synthesis and in NADPH generation, stating its 
role in redox balance maintenance – an important process in all tissue 
types. Therefore, glutamine transporters are expected to be directly 
associated with these functions, and additional studies are required to 
explore the involvement of ASCT2 in these processes. 

Glutamine uptake by ASCT2 in connection with another amino acid 
transporter LAT1 is involved in activation of mammalian target of 
rapamycin complex (mTORC1) signalling [44], which regulates protein 
translation, cell growth and autophagy. This ASCT2-dependent stimulation 
of mTORC1 via rapid uptake of glutamine is important for immune 
activation of T-cells and their differentiation [45]. 

 
ASCT2 AS A RECEPTOR FOR RETROVIRUSES 
ASCT2 is a receptor for several types of retroviruses such as the baboon 

endogenous retrovirus, RD114 feline endogenous virus, primate type D 
retroviruses [46], the human endogenous retrovirus type W [47], simian 
retrovirus 4 [48] and 5 [49]. These and newly found retroviruses could 
serve as markers of evolutionary history, describe and predict potential 
hosts, discover conserved genes that have retroviral origin in the host 
organisms and compare their functions. For example, a gene of human 
endogenous retrovirus, syncytin, triggers a cell-cell fusion in specific 
tissues. It is especially interesting that several classes of retroviruses 
independently chose ASCT2 as their receptor in various host species, 
suggesting that the overall folding and shape of ASCT2 favour the viruses’ 
preference or that all these viruses are evolutionally related. 

Extracellular antennae, which were identified in the ASCT2 structure 
[10] (see Chapter 3) and which are glycosylated when protein is expressed 
in human cells [50], are likely interaction sites for the retroviruses. 
Interestingly, only glycosylated ASCT2 can be a docking platform for 
retroviruses as mutations of asparagine residues in the antennae, which 
are N-glycosylated, or treatment with inhibitor of protein N-linked 
glycosylation tunicamycin lead to inactivation of receptor functions of 
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ASCT2 [51]. Also variations in amino acid sequence of the antennae had 
consequences on the protein’s ability to be a receptor for different viruses, 
confirming that this part of the protein is a docking site [51]. 

Syncytin-1 is a protein encoded by a human endogenous retroviral 
envelope gene, that a human ancestor acquired millions of years ago 
during evolution [52]. Nowadays this protein is an important part of our 
physiology. It is expressed in the placenta and involved in placenta 
development during pregnancy in the event of trophoblast fusion [53,54]. 
Syncytin-1 is the main player in this process together with its receptor 
ASCT2. Activation of syncytin-1 induces the merging of plasma membranes 
through its binding with ASCT2 and this process is well studied. Syncytin-1 
is a trimeric protein (as ASCT2) and consists of a surface subunit with 
receptor binding domain and a transmembrane subunit with a fusion 
peptide [55,56]. The receptor binding domain recognizes ASCT2, which is 
located in the target membrane. This event leads to disruption of a 
disulfide bond leading to the separation of the surface and transmembrane 
subunit. As a consequence of these conformational changes, the fusion 
peptide moves towards the target membrane (in which ASCT2 is located) 
and inserts in the bilayer. When both membranes are connected other 
functional parts of syncytin-1 pull the membranes to each other until they 
meet and fuse. 

Syncytin-1 is also expressed in bone tissues and involved in generation 
of osteoclasts in the process of osteoclast fusion, which is an important 
process in bone physiology [57].   

 
ASCT2 AS CANCER TARGET 
Cancer cells require more energy for their fast growth than the healthy 

cells; therefore their metabolisms are different. Cancer cells take up large 
amounts of glucose and prefer to use it in glycolysis even in the presence of 
oxygen to produce energy (Warburg effect) [58]. During glycolysis glucose 
is converted to pyruvate, which instead of entering tricarboxylic acid (TCA) 
cycle, is further converted to lactate as a waste product. Thus cancer cells 
speed up ATP generation, but lose, for example, biosynthetic precursors 
and NADH, which are usually produced during TCA cycle. Additionally, 
proliferating cells export citrate to the cytoplasm, which is converted to 
acetyl-CoA and used for lipids biosynthesis [59]. To compensate for these 
deficiencies, cancer cells take up large amounts of glutamine, which is used 
during glutaminolysis [60] (Figure 3), where glutamine, transported inside 
the cell, is converted to glutamate, then to alpha-ketoglutarate (α-KG), 
which is used as a supply for TCA cycle. Glutamate converted from 
glutamine is also used as a precursor for synthesis of glutathione, thereby 
participating in redox balance of the cancer cells and helping to deal with 
large amount of reactive oxygen species produced by rapidly dividing cells 
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[59]. Therefore, increased expression of glutamine transporters is a 
hallmark of cancer cells. 

 

 
Figure 3. Scheme of glutaminolysis in cancer cells. Glucose is taken up by the cell and 
directed to pyruvate and lactate production. Citrate is actively exported to the cytoplasm for 
lipids synthesis. To continue TCA cycle glutamine is used as an alternative supply of the 
cycle. Transported inside the cell glutamine by ASCT2 is converted to glutamate, then to 
alpha-ketoglutarate (α-KG), which is used as a supply for TCA cycle. To supplement for 
acetyl-CoA, glutamate-derived malate is used to form pyruvate and acetyl-CoA, which enters 
TCA cycle. The figure is adopted from [60]. 

 
 

Four protein families organise transport of glutamine in the cell: SLC1, 
SLC6, SLC7 and SLC38 (reviewed in [61]). ASCT2 has become one of the 
most promising targets for anticancer therapy since it is overexpressed in 
many cancer types: melanoma [62], lung [63], prostate [64], liver [65], 
breast cancer [66,67], colorectal cancer [68], pancreatic cancer [69], gastric 
cancer [70]. Several independent studies show that knockout or 
knockdown of ASCT2 in different cancer cells leads to decrease of cell 
proliferation and tumor size [62,64,70,71]. Another hypothesis suggests 
that after inhibition of ASCT2, other glutamine transporters are 
overexpressed to replace ASCT2 and continue glutamine supply, therefore 
combined inhibition of several glutamine transporters would be a more 
efficient strategy for cancer treatment [72]. 
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INHIBITION OF ASCT2 AS POTENTIAL CANCER TREATMENT 
As a potential target for anti-cancer therapy, ASCT2 has become a focus 

protein for design of small molecules that would specifically bind to ASCT2 
and inhibit its transport activity, thereby supressing further growth of 
cancer cells. A general problem of drug design is inhibitor specificity to the 
target. The optimal inhibitor of ASCT2 should be specific only to ASCT2, 
which is difficult to achieve because ASCT2 is very similar in structure to 
other members of the SLC1 family. Therefore, many discovered inhibitors 
of ASCT2 fail to be used in pharmacology, because they also target ASCT1 
and EAATs. In addition to specificity, potential inhibitors should bind to 
ASCT2 with high affinity, so that low concentrations can be used to avoid 
additional side effects. 

 
Strategy 1: modification of the substrate 
One of the strategies to target ASCT2 is to modify its natural amino acid 

substrate. In this case, the amino acid part of the inhibitor will allow it to be 
bound in the binding site, but a bulky modifying group attached (like 
aromatic benzylether moiety) will be too big to fit in the binding pocket 
and will be exposed outside, preventing closure of the gate and blocking 
the transport (see Chapters 4 and 6). The bulky group of the potential 
inhibitor should not be too large, otherwise it may not fit in the pocket 
extending from the binding site. But as we show later, the gating element is 
flexible and may move to accommodate the inhibitor, something that is 
difficult to predict without available structures (see Chapter 6). For 
example, MD simulations of GltPh show that the gating loop can move even 
further than when an inhibitor is bound [73].  

Based on this strategy several inhibitors of ASCT2 have been developed 
(Figure 4). Benzylserine (Figure 4a) and benzylcysteine (Figure 4b) are 
two of the first reported competitive inhibitors of ASCT2, that inhibited 
anion conductance in ASCT2-expressing HEK293 cells, which is associated 
with substrate transport [74]. These compounds have low affinity (Ki of 
benzylserine is 900 μM, Ki of benzylcysteine is 780 μM), so high 
concentrations would be needed to efficiently inhibit ASCT2 transport. 
Later, a different study showed that addition of 3 mM benzylserine did not 
inhibit glutamine uptake in oocytes expressing human ASCT2 [72], which 
questions the potency of this molecule to block ASCT2. 

The same strategy of a bulky side chain was used to characterize γ-
glutamyl-p-nitroanilide (GPNA) (Figure 4c) as an inhibitor of ASCT2 [75]. 
In this case the strategy was combined with the hypothesis that a hydrogen 
bond (H-bond) donor in the side chain of the inhibitor, for example in the 
form of the amide N-H group, is important for ASCT2 selectivity over the 
other glutamine transporters and for high affinity. GPNA was found to be a 
competitive inhibitor with IC50 value of 250 μM measured in radioactive 
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glutamine uptake experiments in the C6 cell line [75]. Later, different 
groups showed that GPNA targets not only ASCT2, but also SNAT1, SNAT2, 
SNAT4, SNAT5 [72] and inhibits leucine uptake by LAT1 and LAT2 [76]. 
Therefore, the H-bond hypothesis was incorrect. 

To find more high-affinity binders of ASCT2, a series of Nγ-
glutamylanilide derivatives was synthetized and tested in glutamine 
uptake using HEK-293 cells, where three compounds were found to have a 
potency similar to GPNA with the best value of IC50 = 312 μM [77] (Figure 
4d). The same group continued optimization of the glutamylanilide 
scaffold, particularly the amide linker and came up with series of 2,4-
diaminobutanoic acids, where the most potent compound had IC50 = 1.3 μM 
[78] (Figure 4e). This compound is a parent of V-9302, a leader in the list of 
ASCT2 inhibitors. V-9302 (Figure 4f) was reported to selectively bind to 
ASCT2 with high affinity (IC50 = 9.6 μM), inhibit glutamine transport and 
contribute to antitumor responses [79]. Later it was shown that V-9302 
rather targets the other glutamine transporters SNAT2 and LAT1 than 
ASCT2, and the observed biological effects could be explained by combined 
inhibition of SNAP2 and LAT1 [80].  

 
Strategy 2: ligand-docking approach 
Using a ligand-docking approach large amounts of inhibitors were 

screened in silico and then a subset of best candidates tested 
experimentally. Since ASCT2 structures became available only recently 
[10,81,82], homology models of ASCT2 based on the structures of GltPh 
[83,84] or EAAT1 [85,86] were used in this approach. In one of these 
studies multiple serine derivatives were investigated [83] and based on 
electrophysiological measurements in ASCT2-expressing HEK293 cells, the 
best inhibitor was reported to be biphenyl serine ester (Figure 4g) with 
IC50 = 30 μM. This series of serine inhibitors lacks specificity to ASCT2 as 
these derivatives also inhibit the glutamate transporter EAAT3 [83].  

A homology model of ASCT2 identified two regions near the gating 
element (HP2 loop), which could be used for targeted inhibitor design [84]. 
One region, or pocket A is located near the N-terminal alpha helix of HP2 
(HP2a) and the HP2 loop (“below” the binding site), but only when the HP2 
gate is open. The second region, or pocket B is positioned near the C-
terminal alpha helix of HP2 (HP2b) and again the HP2 loop (“under” 
binding site) when HP2 is open or closed. In one of the studies, where the 
ligand-docking approach was used to target pocket B, cis-3-hydroxyproline 
was found to be an ASCT2 substrate even though it is a proline derivative 
and proline is not transported by ASCT2 [84]. When both pockets A and B 
were targeted, another proline derivative, γ-2-fluorobenzylproline (Figure 
4h) was found to be an inhibitor with Ki = 87 μM. Excited by their discovery 
the same group extended screening of benzylproline derivatives and found 
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γ-(4-biphenylmethyl)-L-proline (Figure 4i) as ASCT2 inhibitor with affinity 
of 3 μM [87].  

The recently solved structures of human excitatory amino acid 
transporter 1 (EAAT1) [19] served as template for the building of ASCT2 
models [85], which are supposed to be more accurate than models based 
on GltPh because ASCT2 shares higher sequence similarity with EAAT1 than 
with GltPh. Compound libraries were screened in silico to find inhibitors, 
which would target both pockets A and B simultaneously [85]. The best 
compound found (compound 10) (Figure 4j) has an IC50 value of 67 μM in 
electrophysiological assays, and it is unique, because it is not an amino acid 
derivative. The same model of ASCT2 was used to find ASCT2 inhibitors 
based on an amino acid scaffold with sulfonamide/sulfonic acid ester 
linker to a hydrophobic group [86]. The most potent compound (Figure 4k) 
had Ki = 8 μM in electrophysiological measurements. This approach is 
further elaborated on in Chapter 6. 

 
Strategy 3: targeting C467 in the binding site 
ASCT2 has Cys467 in the binding site, which is a key amino acid residue 

for substrate coordination. An alternative solution to inhibit ASCT2 is to 
target this Cys467 with an inhibitor, that would form a covalent bond with 
the thiol group of Cys467 thereby blocking substrate binding and 
preventing amino acid transport. Mercuric compounds (HgCl2, 
methylmercury, mersalyl) were tested in proteoliposomes with 
reconstituted rat ASCT2 and they were found to inhibit glutamine 
transport by forming covalent bonds with cysteine residues of ASCT2 [88]. 
A series of 1,2,3-dithiazole compounds  (Figure 4l) also inhibited glutamine 
transport by ASCT2 [89], which could be recovered if reducing agents were 
used. ASCT2 has eight cysteine residues per monomer and it is not clear, 
which cysteine residues are targeted by the compounds. Additionally, these 
compounds cannot be used in physiological conditions because they are 
very unspecific and would block cysteine residues of any proteins. 
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Figure 4. Known inhibitors of ASCT2. a, benzylserine; b, benzylcysteine; c, γ-glutamyl-p-
nitroanilide (GPNA); d, N-(2-(morpholinomethyl)phenyl)-L-glutamine; e, 2-amino-4-
bis(aryl-oxybenzyl)aminobutanoic acid; f, V-9302; g, O-(4-phenylbenzoyl)-L-serine; h, γ-2-
fluorobenzylproline; i, γ-(4-biphenylmethyl)-L-proline; j, compound 10; k, 
sulfonamide/sulfonic acid ester; l, 1,2,3-dithiazole. 
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Strategy 4: antibodies 
The problem of specific binding to ASCT2 may be overcome using 

monoclonal antibodies, which could block the transporter in a certain 
conformation and inhibit glutamine import. Monoclonal anti-ASCT2 
antibodies thus would be an alternative way for cancer therapy, and 
several antibodies have already been developed and characterized. For 
example, the antibodies KM4008, KM4012, KM4018 recognize a large 
extracellular loop of ASCT2 and lead to inhibition of colorectal cancer cells 
growth [90]. One of these antibodies (KM4012) was used to obtain 
outward-facing structures of ASCT2 [82]. Humanized anti-ASCT2 
monoclonal antibody KM8094 had a neutralizing activity against glutamine 
uptake, supressed cell division, increased apoptosis and could be used as 
therapeutic against gastric cancer [91,92]. A novel compound MEDI7247, 
consisting of an anti-ASCT2 human monoclonal antibody conjugated to 
pyrrolobenzodiazepine, can be delivered to cancer cells using ASCT2 as a 
specific marker and induce DNA damage and cells death [93]. 

Nanobodies are 10-15 kDa single domain antibodies, which – like 
normal antibodies - recognize specific targets and bind with high affinity 
[94]. Nanobody technology is popular in the field of structural biology, 
where nanobodies are used to conformationally stabilize the target 
protein, what often leads to the ability to solve the protein structure [95]. 
Nanobodies produced against ASCT2 also could be used in pharmacology.  

The main disadvantage of antibodies and nanobodies is the complicated 
way of their generation, which requires animal immunization and time 
consuming production. A method to generate synthetic nanobodies 
(sybodies) has increasingly gained attention over past years [96,97]. 
Selection of the sybodies is done exclusively in vitro, where the conditions 
of selection are under strict control, which could provide additional 
flexibility to get sybodies against certain protein conformation [98,99]. 
This new technology could be a future of target specific anti-cancer 
treatments.  

 
CONCLUSION 
ASCT2 is an example, where one macromolecule represents a 

complicated machine involved in many physiological processes of a living 
cell. On one hand, ASCT2 became an essential part of our functioning: it 
transports and balances amino acids, it is a glutamine supplier, it is 
involved in immune system activation, it participates in placenta and bone 
tissue formation, etc. On the other hand, ASCT2 has been recruited in 
cancer propagation and virus docking, which made this protein to be a 
target in medicine. Therefore, ASCT2 could be characterized from multiple 
directions, which would cover a plethora of important cell processes. The 
development of ASCT2-targeted anti-cancer therapeutics seems to be the 
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main focus of several pharmaceutical companies and research groups, as a 
perspective strategy to treat disease. 
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