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A B S T R A C T

L-type amino acid transporter 1 (LAT1) facilitates the transport of neutral amino acids with bulky side chains, 
including many essential amino acids that activate the mechanistic target of rapamycin (mTOR), thereby pro
moting cell proliferation. Inhibition of LAT1 suppresses abnormal cell growth, such as in cancer and polycystic 
kidney disease. Fluorescent probes are essential tools for monitoring transport activity and screening for novel 
inhibitors. We discovered that the fluorescent amino acid (S)-2-Amino-3-(9-oxo-9,10-dihydroacridin-2-yl) 
propanoic acid hydrochloride (H-Ala (2-Acd)-OH・HCl) is specifically transported by LAT1 in Ca9-22 cells and is 
effective for drug screening. The transport of H-Ala (2-Acd)-OH・HCl was inhibited by the LAT1-specific in
hibitor JPH203 and by excess leucine, a natural LAT1 substrate. In contrast, the structurally similar fluorescent 
amino acid (S)-2-Amino-3-(12-oxo-5,12-dihydrobenzo [b] acridin-2-yl) propanoic acid hydrochloride (H-Ala (2- 
Bacd)-OH・HCl) exhibited minimal cellular uptake. Using H-Ala (2-Acd)-OH・HCl and Ca9-22 cells, we screened 
over 10,000 compounds and identified several potent LAT1 inhibitors.

1. Introduction

L-type amino acid transporter 1 (LAT1) is a heterodimeric trans
porter that forms a functional complex with 4F2hc via a disulfide bond 
[1]. In healthy individuals, LAT1 mRNA expression is predominantly 
found at blood-organ barriers such as the brain, testis, and placenta, as 
well as in rapidly proliferating cells including bone marrow and em
bryonic cells [1,2]. LAT1 is upregulated in various cancer types, 
particularly those with high malignancy [3], and its expression corre
lates positively with cancer aggressiveness and negatively with patient 
survival [4,5]. As well as cancer cells, we have recently reported that 
LAT1 is highly expressed in the case of autosomal dominant polycystic 
kidney disease (ADPKD) [6]. According to expression pattern and 
function of LAT1, it seems to be a critical therapeutic target for these 
cancer and ADPKD diseases.

BCH (2-Aminobicyclo [2.2.1]heptane-2-carboxylic acid) is a known 
LAT1 inhibitor, although it also affects related transporters such as 
LAT2, LAT3, and LAT4, which are primarily expressed in normal tissues. 
JPH203 was developed as a LAT1-specific inhibitor for anticancer 
therapy and does not inhibit other LAT family transporters [7]. While 
JPH203 effectively inhibits leucine uptake, higher concentrations are 

required to suppress cell growth, indicating a need for the development 
of more potent LAT1 inhibitors.

LAT1 activity is commonly measured by the uptake of radiolabeled 
amino acids using Xenopus laevis oocyte expression systems or stably 
transfected cell lines. Although highly sensitive, these methods are not 
ideal for high-throughput screening. In this study, we aimed to establish 
a screening system for LAT1 inhibitors using a fluorescent amino acid 
probe and to identify novel LAT1 inhibitory compounds.

2. Materials and methods

2.1. Drugs

Fluorescent amino acids H-Ala (2-Acd)-OH・HCl and H-Ala (2- 
Bacd)-OH・HCl were obtained from Watanabe Chemical Industries, Ltd. 
(Hiroshima, Japan). An LAT1-specific inhibitor JPH203 ((S)- 2-amino-3- 
(4-((5-amino -2- phenylbenzo [d] oxazol-7-yl) methoxy) -3,5- dichlor
ophenyl) propanoic acid), was purchased from TargetMol (Wellesley 
Hills, MA). Chemical libraries were provided from Drug Discovery 
Initiative, The University of Tokyo.
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2.2. Plasmid construction

The constructs of transporters were cloned by PCR from human 
kidney or human placenta cDNA libraries with In-Fusion® HD Cloning 
Kit (Takara Bio) according to the manufacturer’s instructions. PCR 
primers were designed to share 15 bases of homology at PCR fragment 
and vector ends with the sequences encoding flag or HA epitope tags. 
These tags were fused to the N termini of transporters. The PCR frag
ments were subcloned into the EcoRV cleaved mammalian expression 
vector pcDNA 3.1 (− ). All PCR primer sequences are available on 
request.

2.3. Cell culture and transfection

Ca9-22 cells were purchased from Japanese Collection of Research 
Bioresources (Osaka, Japan). This cell line was cultured in Eagle’s 
Minimum essential medium (MEM) with 10 % fetal bovine serum (Life 
Technologies, Carlsbad, CA, USA), 100 units/mL penicillin, and 100 μg/ 
mL streptomycin in a humidified incubator with 5 % CO2 at 37 ◦C. Cells 
were transfected with 1 μg of cDNA3.1-transporters or pcDNA3.1 
(Mock) for 48 h using Lipofectamine 3000 (Thermo Fisher Scientific, 
MA, USA) according to the manufacturer’s instruction.

2.4. Fluorescent amino acid uptake

Cells were seeded on 96-well plates. The cells were washed three 
times with standard uptake solution (125 mM NaCl, 4.8 mM KCl, 1.3 
mM CaCl2, 1.2 mM MgSO4, 25 mM HEPES, 1.2 mM KH2PO4 and 5.6 mM 
glucose, pH 7.4). For Na+ f-free conditions, 125 mM choline chloride 
replaced NaCl. Cells were incubated with 100 μM fluorescent amino acid 
in uptake solution for 30 min. After washing three times with ice-cold 
uptake solution, the cells were solubilized with 0.1 M NaOH and fluo
rescence intensity was measured by a fluorescence microplate reader.

3. Results

3.1. LAT1-dependent uptake of fluorescent amino acids

Human head and neck squamous cell cancer lines, Ca9-22 was used 
because it is known that LAT1 is highly expressed and almost all of 
leucine uptake is taken through LAT1 [8]. We tried to use two kinds of 
fluorescent amino acids to monitor LAT1 transport activity. One was 
H-Ala (2-Acd)-OH (Fig. 1A) and the other was H-Ala (2-Bacd)-OH 
(Fig. 1B). Both compounds have amino acid structure which is amino 
group and carboxy group, and they have different side chain; tricyclic 
and tetracyclic. When H-Ala (2-Acd)-OH was used for uptake, a fluo
rescent amino acid was incorporated into cells and that was inhibited by 
LAT1 specific inhibitor; JPH203 or excess substrate; 2 mM leucine 
(Fig. 1C). This uptake exhibited sodium independence, consistent with 

Fig. 1. Structure of fluorescent amino acids and their uptake. Chemical struc
tures of H-Ala (2-Acd)-OH (A) and H-Ala (2-Bacd)-OH (B) are shown. Uptake of 
these fluorescent amino acids into Ca9-22 cells was measured using H-Ala (2- 
Acd)-OH (C) or H-Ala (2-Bacd)-OH (D). Cells were pre-incubated with 50 μM 
JPH203 or 2 mM leucine for 10 min followed by incubation with 100 μM H-Ala 
(2-Acd)-OH (C) or 50 μM H-Ala (2-Bacd)-OH (D) for 30 min. Intracellular 
fluorescence intensities were measured. Data are presented as mean ± SD (n 
= 4).

Fig. 2. Characteristics of fluorescent amino acid H-Ala (2-Acd)-OH uptake. The 
concentration dependence (A), time dependence (B), and leucine concentration 
dependence (C) of H-Ala (2-Acd)-OH uptake were measured. Data are presented 
as mean ± SD (n = 8).
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the known activity of LAT1. On the other hand, When H-Ala (2-Bac
d)-OH was used, no significant uptake was detected neither in the 
absence nor presence of sodium (Fig. 1D). The small amount of fluo
rescence uptake was observed, however it did not inhibit by both 
JPH203 and excess leucine. For the further study, H-Ala (2-Acd)-OH was 
used for screening.

3.2. Kinetics of fluorescent amino acid, H-Ala (2-Acd)-OH uptake

Dependency of concentration and time in fluorescence uptake was 
observed (Fig. 2A and B). Fluorescence amino acid uptake increased in a 
concentration-dependent and time-dependent manner. According to 
Lineweaver–Burk plot, Km and Vmax values for the fluorescence amino 
acid uptake were 11.4 μM and 714.3 (fluorescence intensity).

Inhibition of fluorescence amino acid uptake with leucine, which is 
one of the LAT1 substrate, was measured with concentration de
pendency (Fig. 2C). The uptake of fluorescence was inhibited in a 

manner dependent on leucine concentration.

3.3. Fluorescent amino acid uptake by other amino acid transporters

It was sure that LAT1 specifically transported H-Ala (2-Acd)-OH. 
Then, we tested whether other amino acid transporters, which transport 
neutral amino acid such as leucine, can transport H-Ala (2-Acd)-OH 
(Fig. S1). Each transporter was transfected into the cells and fluores
cence amino acid uptake was measured in the presence of JPH203 to 
exclude influence of endogenous LAT1. LAT2/4F2hc, y+LAT1/4F2hc, 
y+LAT1/4F2hc, LAT3, LAT4, BAT1/rBAT, ASC1/4F2hc, xCT/4F2hc and 
ATB0+ were tested. None of them incorporated the fluorescent amino 
acid, so uptake of H-Ala (2-Acd)-OH would be specific substrate of LAT1.

3.4. Screening of the LAT1 inhibitors

As H-Ala (2-Acd)-OH was specifically transported by LAT1, it was 

Fig. 3. Partial screening results for LAT1 inhibitors. After the initial screening, compounds that affected fluorescent amino acid uptake were re-evaluated at two to 
three different concentrations. The chemical structures labeled A to N are shown in Supplemental Fig. 4.
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used for screening of the LAT1 inhibitors. A screening of more than 
10,000 chemical compounds of validated library and core library from 
Drug Discovery Initiative, Graduate School of Pharmaceutical Sciences, 
The University of Tokyo was conducted. The results of the several 
compounds, which affected to LAT1 transport activity, were shown in 
Fig. 3 and their structure were listed in Fig. 4. Slight inhibited effects 
were seen in Fig. 3A–L. As showing in Fig. 3M, there was the chemical, 
which upregulated LAT1 activity. As shown in Fig. 3N, some compounds 
exhibiting fluorescence at the same wavelength as the fluorescent amino 
acid and capable of cellular uptake showed a marked increase in fluo
rescence, which was not suppressed by JPH203.

4. Discussion

Highly malignant cancers in general grow rapidly requiring energy 
(glucose) and biomolecular synthesis (amino acids and sugars for pro
tein and nucleic acids) [9]. It has been reported that LAT1 is expressed in 
brain, spleen, colon, testis and placenta tested by high stringency 

Northern analysis from rat normal tissues [1]. Notably, it is also 
expressed in various cancer cells, especially highly malignant ones [10]. 
This cancer cell specific expression pattern can be used for diagnostic 
PET scan, where probes are substrates for LAT1 [11–14].

The amino acid transporter LAT1 is selectively upregulated in tumors 
and plays a critical role in the activation of mTOR, making it a highly 
promising target for the development of novel anticancer agents. Thus, 
LAT1 seems to be a good target for cancer therapy and many researchers 
including us have actually demonstrated that inhibition of LAT1 leads 
suppression of many kinds of cancers [7,8,15–19]. We have also recently 
demonstrated that the role of LAT1 in tumor-related endothelial cells by 
tumor cells injecting into endothelial cell–specific LAT1 conditional 
knockout mice (Slc7a5fl/fl Cdh5-Cre-ERT2) [20]. We have found that the 
shape of the tumor vasculature was normalized, and the size and 
numbers of lung metastasis was reduced. In addition, we have shown 
that LAT1 was highly expressed at the kidney with ADPKD and admin
istration of excess BCAA to ADPKD model mouse have led exacerbation 
of cyst [6]. Therefore, it is considered that LAT1 is a very valuable target 

Fig. 4. The chemical structures that affected fluorescent amino acid uptake. The chemical structures labeled A to N in Fig. 3 are presented.
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for both cancer and ADPKD therapies. As its mechanism of action differs 
from that of currently available anticancer and ADPKD drugs, LAT1 
inhibitors also hold potential as combination therapy agents.

From early on the compound libraries enriched with amino acid 
backbone structures—potential LAT1 substrates—have been screened, 
and candidates with greater inhibitory potency have been selected based 
on structure–activity relationship (SAR) analysis. BCH (2-Amino-2- 
norbornanecarboxylic acid), which has amino acid structure, is an in
hibitor of LAT1, but it has a major limitation in that it non-selectively 
inhibits all LAT family transporters. LAT2, a transporter homologous 
to LAT1, is expressed in normal cells and shares similar transport sub
strates. However, unlike LAT1, which was efficiently and competitively 
inhibited by the thyroid hormone T3, LAT2 exhibits minimal inhibitory 
activity by T3 [21,22]. Based on the structure of T3, Oda et al. first have 
developed LAT1 inhibitor, JPH203 (KYT-0353) [7]. They have shown 
that JPH203 has significant growth inhibitory effect on tumor cell 
growth both in vitro and in vivo. Kongpracha et al. also have developed 
LAT1 inhibitors, SKN compounds, based on the structure of T3 [23]. It 
has been shown that both SKN-103 and -104 have higher inhibitory 
effects than T3 and are non-transportable blockers of LAT1 rather than 
its substrate. SKN-103 exhibited inhibition of p70S6K, a downstream 
effector of mTOR signaling, and effectively suppressed the proliferation 
of cancer cells in both PANC-1 and H520 cell lines. Several inhibitors 
that are not based on the structure of T3 have also been identified. 
Dithiazoles and dithiazines compounds are expected to interact with the 
proteins through formation of disulfide bonds. It has been reported that 
59 compounds based on dithiazoles and dithiazines scaffold are 
screened with the proteoliposomes system and several dithiazoles and 
dithiazines strongly inhibit LAT1 transport activity [24]. It has been also 
demonstrated that transport activity is recovered from inhibition after 
addition of disulfide reducing agent DTE. Furthermore, studies have also 
been conducted to search for inhibitors based on the structure of LAT1. 
Several LAT1 inhibitors have been discovered to date, and approaches 
such as antibody-based inhibition and nanoparticle-mediated delivery 
have also been explored [25]. Currently, only about two of these in
hibitors have entered phase I or phase II clinical trials. Therefore, there 
remains considerable potential for the development of novel LAT1 
inhibitors.

Conventional assays for evaluating LAT1 transport activity have 
relied on the use of radioisotope-labeled amino acids, which require 
complex handling procedures and are not suitable for large-scale 
screening of inhibitors. Here, we established a facile screening assay 
for LAT1 inhibitors employing fluorescent amino acids and cancer cell 
lines with elevated LAT1 expressions. Cancer cell lines, Ca9-22 exhib
iting high LAT1 expression showed increased uptake of fluorescent 
amino acids, which was inhibited by the known LAT1 inhibitor JPH203 
as well as by excess concentrations of the transport substrate leucine, 
thereby confirming that the fluorescent amino acid is specifically 
transported via LAT1. Using this system and a compound library, we 
conducted a screening and identified several compounds with inhibitory 
activity as well as others that conversely activated LAT1. Unfortunately, 
no compounds with inhibitory effects comparable to JPH203 were 
found. However, it is encouraging that compounds lacking an amino 
acid backbone have been identified, suggesting that further exploration 
based on these structures could lead to the discovery of more potent 
inhibitors.
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mechanistic target of rapamycin; PET, positron emission tomography; 
T3, triiodothyronine.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bbrc.2025.152768.

References

[1] Y. Kanai, H. Segawa, K. Miyamoto, H. Uchino, E. Takeda, H. Endou, Expression 
cloning and characterization of a transporter for large neutral amino acids 
activated by the heavy chain of 4F2 antigen (CD98), J. Biol. Chem. 273 (1998) 
23629–23632, https://doi.org/10.1074/jbc.273.37.23629.

[2] O. Yanagida, Y. Kanai, A. Chairoungdua, D.K. Kim, H. Segawa, T. Nii, S.H. Cha, 
H. Matsuo, J. Fukushima, Y. Fukasawa, Y. Tani, Y. Taketani, H. Uchino, J.Y. Kim, 
J. Inatomi, I. Okayasu, K. Miyamoto, E. Takeda, T. Goya, H. Endou, Human L-type 
amino acid transporter 1 (LAT1): characterization of function and expression in 
tumor cell lines, Biochim. Biophys. Acta 1514 (2001) 291–302, https://doi.org/ 
10.1016/s0005-2736(01)00384-4.

[3] K. Uno, H. Kuwabara, Y. Terado, K. Kojima, T. Kawakami, H. Kamma, H. Sakurai, 
A. Sakamoto, A. Kurata, Divergent expression of L-type amino acid transporter 1 
during uterine cervical carcinogenesis, Hum. Pathol. 42 (2011) 1660–1666, 
https://doi.org/10.1016/j.humpath.2011.01.013.

[4] M. Ichinoe, T. Mikami, T. Yoshida, I. Igawa, T. Tsuruta, N. Nakada, N. Anzai, 
Y. Suzuki, H. Endou, I. Okayasu, High expression of L-type amino-acid transporter 
1 (LAT1) in gastric carcinomas: comparison with non-cancerous lesions, Pathol. 
Int. 61 (2011) 281–289, https://doi.org/10.1111/j.1440-1827.2011.02650.x.

[5] K. Nakanishi, S. Ogata, H. Matsuo, Y. Kanai, H. Endou, S. Hiroi, S. Tominaga, 
S. Aida, H. Kasamatsu, T. Kawai, Expression of LAT1 predicts risk of progression of 
transitional cell carcinoma of the upper urinary tract, Virchows Arch. 451 (2007) 
681–690, https://doi.org/10.1007/s00428-007-0457-9.

[6] J. Yamamoto, S. Nishio, F. Hattanda, D. Nakazawa, T. Kimura, M. Sata, M. Makita, 
Y. Ishikawa, T. Atsumi, Branched-chain amino acids enhance cyst development in 
autosomal dominant polycystic kidney disease, Kidney Int. 92 (2017) 377–387, 
https://doi.org/10.1016/j.kint.2017.01.021.

[7] K. Oda, N. Hosoda, H. Endo, K. Saito, K. Tsujihara, M. Yamamura, T. Sakata, 
N. Anzai, M.F. Wempe, Y. Kanai, H. Endou, L-type amino acid transporter 1 
inhibitors inhibit tumor cell growth, Cancer Sci. 101 (2010) 173–179, https://doi. 
org/10.1111/j.1349-7006.2009.01386.x.

[8] S. Ueno, T. Kimura, T. Yamaga, A. Kawada, T. Ochiai, H. Endou, H. Sakurai, 
Metformin enhances anti-tumor effect of L-type amino acid transporter 1 (LAT1) 
inhibitor, J. Pharmacol. Sci. 131 (2016) 110–117, https://doi.org/10.1016/j. 
jphs.2016.04.021.

[9] E. Petroulakis, Y. Mamane, O. Le Bacquer, D. Shahbazian, N. Sonenberg, mTOR 
signaling: implications for cancer and anticancer therapy, Br. J. Cancer 94 (2006) 
195–199, https://doi.org/10.1038/sj.bjc.6602902.

[10] D.K. Kim, Y. Kanai, H.W. Choi, S. Tangtrongsup, A. Chairoungdua, E. Babu, 
K. Tachampa, N. Anzai, Y. Iribe, H. Endou, Characterization of the system L amino 
acid transporter in T24 human bladder carcinoma cells, Biochim. Biophys. Acta 
1565 (2002) 112–121, https://doi.org/10.1016/s0005-2736(02)00516-3.

[11] K. Kaira, N. Oriuchi, Y. Otani, K. Shimizu, S. Tanaka, H. Imai, N. Yanagitani, 
N. Sunaga, T. Hisada, T. Ishizuka, K. Dobashi, Y. Kanai, H. Endou, T. Nakajima, 

T. Kimura et al.                                                                                                                                                                                                                                 Biochemical and Biophysical Research Communications 787 (2025) 152768 

5 

https://doi.org/10.1016/j.bbrc.2025.152768
https://doi.org/10.1016/j.bbrc.2025.152768
https://doi.org/10.1074/jbc.273.37.23629
https://doi.org/10.1016/s0005-2736(01)00384-4
https://doi.org/10.1016/s0005-2736(01)00384-4
https://doi.org/10.1016/j.humpath.2011.01.013
https://doi.org/10.1111/j.1440-1827.2011.02650.x
https://doi.org/10.1007/s00428-007-0457-9
https://doi.org/10.1016/j.kint.2017.01.021
https://doi.org/10.1111/j.1349-7006.2009.01386.x
https://doi.org/10.1111/j.1349-7006.2009.01386.x
https://doi.org/10.1016/j.jphs.2016.04.021
https://doi.org/10.1016/j.jphs.2016.04.021
https://doi.org/10.1038/sj.bjc.6602902
https://doi.org/10.1016/s0005-2736(02)00516-3


K. Endo, M. Mori, Fluorine-18-alpha-methyltyrosine positron emission tomography 
for diagnosis and staging of lung cancer: a clinicopathologic study, Clin. Cancer 
Res. 13 (2007) 6369–6378, https://doi.org/10.1158/1078-0432.CCR-07-1294.

[12] K. Kaira, N. Oriuchi, K. Shimizu, T. Ishikita, T. Higuchi, H. Imai, N. Yanagitani, 
N. Sunaga, T. Hisada, T. Ishizuka, Y. Kanai, H. Endou, T. Nakajima, K. Endo, 
M. Mori, Evaluation of thoracic tumors with (18)F-FMT and (18)F-FDG PET-CT: a 
clinicopathological study, Int. J. Cancer 124 (2009) 1152–1160, https://doi.org/ 
10.1002/ijc.24034.

[13] G. Miyashita, T. Higuchi, N. Oriuchi, Y. Arisaka, H. Hanaoka, H. Tominaga, 
S. Morita, M. Miyakubo, T. Ishikita, Y. Nakasone, A. Negishi, S. Yokoo, K. Endo, (1) 
(8)F-FAMT uptake correlates with tumor proliferative activity in oral squamous 
cell carcinoma: comparative study with (1)(8)F-FDG PET and 
immunohistochemistry, Ann. Nucl. Med. 24 (2010) 579–584, https://doi.org/ 
10.1007/s12149-010-0398-2.

[14] Y. Ohshima, H. Hanaoka, H. Tominaga, Y. Kanai, K. Kaira, A. Yamaguchi, 
S. Nagamori, N. Oriuchi, Y. Tsushima, K. Endo, N.S. Ishioka, Biological evaluation 
of 3-[(18)F]fluoro-alpha-methyl-D-tyrosine (D-[(18)F]FAMT) as a novel amino 
acid tracer for positron emission tomography, Ann. Nucl. Med. 27 (2013) 314–324, 
https://doi.org/10.1007/s12149-013-0687-7.

[15] Y. Kanai, Amino acid transporter LAT1 (SLC7A5) as a molecular target for cancer 
diagnosis and therapeutics, Pharmacol. Ther. 230 (2022) 107964, https://doi.org/ 
10.1016/j.pharmthera.2021.107964.

[16] C.H. Kim, K.J. Park, J.R. Park, Y. Kanai, H. Endou, J.C. Park, D.K. Kim, The RNA 
interference of amino acid transporter LAT1 inhibits the growth of KB human oral 
cancer cells, Anticancer Res. 26 (2006) 2943–2948.

[17] Y. Ohshima, K. Kaira, A. Yamaguchi, N. Oriuchi, H. Tominaga, S. Nagamori, 
Y. Kanai, T. Yokobori, T. Miyazaki, T. Asao, Y. Tsushima, H. Kuwano, N.S. Ishioka, 
Efficacy of system l amino acid transporter 1 inhibition as a therapeutic target in 
esophageal squamous cell carcinoma, Cancer Sci. 107 (2016) 1499–1505, https:// 
doi.org/10.1111/cas.13021.

[18] C. Rosilio, M. Nebout, V. Imbert, E. Griessinger, Z. Neffati, J. Benadiba, 
T. Hagenbeek, H. Spits, J. Reverso, D. Ambrosetti, J.F. Michiels, B. Bailly-Maitre, 
H. Endou, M.F. Wempe, J.F. Peyron, L-type amino-acid transporter 1 (LAT1): a 
therapeutic target supporting growth and survival of T-cell lymphoblastic 

lymphoma/T-cell acute lymphoblastic leukemia, Leukemia 29 (2015) 1253–1266, 
https://doi.org/10.1038/leu.2014.338.

[19] S. Saito, K. Ando, S. Sakamoto, M. Xu, Y. Yamada, J. Rii, S. Kanaoka, J. Wei, 
X. Zhao, S. Pae, M. Kanesaka, Y. Goto, T. Sazuka, Y. Imamura, Y. Reien, 
N. Hamaguchi-Suzuki, S. Saito, Y. Hirayama, H. Hashimoto, Y. Kanai, T. Ichikawa, 
N. Anzai, The LAT1 inhibitor JPH203 suppresses the growth of castration-resistant 
prostate cancer through a CD24-mediated mechanism, Cancer Sci. 115 (2024) 
2461–2472, https://doi.org/10.1111/cas.16191.

[20] J.I. Suehiro, T. Kimura, T. Fukutomi, H. Naito, Y. Kanki, Y. Wada, Y. Kubota, 
N. Takakura, H. Sakurai, Endothelial cell-specific LAT1 ablation normalizes tumor 
vasculature, JCI Insight 9 (2024), https://doi.org/10.1172/jci.insight.171371.

[21] E. Morimoto, Y. Kanai, D.K. Kim, A. Chairoungdua, H.W. Choi, M.F. Wempe, 
N. Anzai, H. Endou, Establishment and characterization of mammalian cell lines 
stably expressing human L-type amino acid transporters, J. Pharmacol. Sci. 108 
(2008) 505–516, https://doi.org/10.1254/jphs.08232fp.

[22] H. Uchino, Y. Kanai, D.K. Kim, M.F. Wempe, A. Chairoungdua, E. Morimoto, M. 
W. Anders, H. Endou, Transport of amino acid-related compounds mediated by L- 
type amino acid transporter 1 (LAT1): insights into the mechanisms of substrate 
recognition, Mol. Pharmacol. 61 (2002) 729–737, https://doi.org/10.1124/ 
mol.61.4.729.

[23] P. Kongpracha, S. Nagamori, P. Wiriyasermkul, Y. Tanaka, K. Kaneda, S. Okuda, 
R. Ohgaki, Y. Kanai, Structure-activity relationship of a novel series of inhibitors 
for cancer type transporter L-type amino acid transporter 1 (LAT1), J. Pharmacol. 
Sci. 133 (2017) 96–102, https://doi.org/10.1016/j.jphs.2017.01.006.

[24] L. Napolitano, M. Scalise, M. Koyioni, P. Koutentis, M. Catto, I. Eberini, 
C. Parravicini, L. Palazzolo, L. Pisani, M. Galluccio, L. Console, A. Carotti, 
C. Indiveri, Potent inhibitors of human LAT1 (SLC7A5) transporter based on 
dithiazole and dithiazine compounds for development of anticancer drugs, 
Biochem. Pharmacol. 143 (2017) 39–52, https://doi.org/10.1016/j. 
bcp.2017.07.006.

[25] P. Hafliger, R.P. Charles, The L-Type amino acid transporter LAT1-An emerging 
target in cancer, Int. J. Mol. Sci. 20 (2019), https://doi.org/10.3390/ 
ijms20102428.

T. Kimura et al.                                                                                                                                                                                                                                 Biochemical and Biophysical Research Communications 787 (2025) 152768 

6 

https://doi.org/10.1158/1078-0432.CCR-07-1294
https://doi.org/10.1002/ijc.24034
https://doi.org/10.1002/ijc.24034
https://doi.org/10.1007/s12149-010-0398-2
https://doi.org/10.1007/s12149-010-0398-2
https://doi.org/10.1007/s12149-013-0687-7
https://doi.org/10.1016/j.pharmthera.2021.107964
https://doi.org/10.1016/j.pharmthera.2021.107964
http://refhub.elsevier.com/S0006-291X(25)01484-6/sref16
http://refhub.elsevier.com/S0006-291X(25)01484-6/sref16
http://refhub.elsevier.com/S0006-291X(25)01484-6/sref16
https://doi.org/10.1111/cas.13021
https://doi.org/10.1111/cas.13021
https://doi.org/10.1038/leu.2014.338
https://doi.org/10.1111/cas.16191
https://doi.org/10.1172/jci.insight.171371
https://doi.org/10.1254/jphs.08232fp
https://doi.org/10.1124/mol.61.4.729
https://doi.org/10.1124/mol.61.4.729
https://doi.org/10.1016/j.jphs.2017.01.006
https://doi.org/10.1016/j.bcp.2017.07.006
https://doi.org/10.1016/j.bcp.2017.07.006
https://doi.org/10.3390/ijms20102428
https://doi.org/10.3390/ijms20102428

	Screening for novel L-type amino acid transporter 1 (SLC7A5) inhibitors using a fluorescent amino acid
	1 Introduction
	2 Materials and methods
	2.1 Drugs
	2.2 Plasmid construction
	2.3 Cell culture and transfection
	2.4 Fluorescent amino acid uptake

	3 Results
	3.1 LAT1-dependent uptake of fluorescent amino acids
	3.2 Kinetics of fluorescent amino acid, H-Ala (2-Acd)-OH uptake
	3.3 Fluorescent amino acid uptake by other amino acid transporters
	3.4 Screening of the LAT1 inhibitors

	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgments
	Glossary
	Appendix B Supplementary data
	References


