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Expression of L-type amino acid transporter 1 as a molecular target for prognostic and

therapeutic indicators in bladder carcinoma

Abstract

L-type amino acid transporter 1 (LAT1) plays a role in transporting essential amino
acids including leucine, which regulates the mTOR signaling pathway. Here, we studied the
expression profile and functional role of LAT1 in bladder cancer. Furthermore, the
pharmacological activity of JPH203, a specific inhibitor of LAT1, was studied in bladder cancer.
LAT1 expression in bladder cancer cells was higher than that in normal cells. SiILAT1 and JPH203
suppressed cell proliferative and migratory and invasive abilities in bladder cancer cells. JPH203
inhibited leucine uptake by >90%. RNA-seq analysis identified insulin-like growth factor-binding
protein-5 (IGFBP-5) as a downstream target of JPH203. JPH203 inhibited phosphorylation of
MAPK / Erk, AKT, p70S6K and 4EBP-1. Multivariate analysis revealed that high LATI
expression was found as an independent prognostic factor for overall survival (HR3.46 P=0.0204).
Patients with high LAT1 and IGFBP-5 expression had significantly shorter overall survival
periods than those with low expression (P=0.0005). High LAT1 was related to the high Grade,
pathological T stage, LDH, and NLR. Collectively, LAT1 significantly contributed to bladder
cancer progression. Targeting LAT1 by JPH203 may represent a novel therapeutic option in

bladder cancer treatment.

Introduction

Bladder cancer (BC) is the ninth most common malignant tumour worldwide, with
430 000 patients newly diagnosed and 165 000 deaths annually.! The pathological type of BC is
mainly urothelial cancer (>90%) and approximately 70% of patients had non-muscle-invasive
BC at diagnosis.? These patients have a favorable prognosis with transurethral resection and
subsequent intravesical injection therapy, whereas the survival rate of patients with locally
advanced and metastatic BC is poor.® For metastatic BC patients, platinum-based systematic
chemotherapy is the classical treatment, while immunotherapy targeting programmed cell death
ligand 1 (PD-L1) blocking antibody was recently approved in Japan.* However, drug resistance
will occur, and the survival benefit of these agents is not adequate. Their limited efficacy is due
to side effects and challenges of drug resistance, leading to treatment failure and require
additional treatment options.’ Therefore, more effective and less toxic therapeutic strategies are

needed for the treatment of metastatic BC. Additionally, there are presently no useful diagnostic
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markers for BC. The urine cytology test is a non-invasive examination, but its sensitivity
remains low. Cystoscopy is an essential diagnostic tool but is invasive for patients.’ Thus, a
novel therapeutic approach and biomarker candidates for BC remain a major issue.
Mammalian cells need a large supply of nutrients to grow and reproduce, especially in

cancer cells that have lost normal reproductive function. Amino acids are indispensable for the
proliferation of cancer cells, and transported to the cell by a selective transporter on the plasma
membrane.® Several lines of evidence have shown that amino acid transporters are upregulated
in cancer cells while supporting large-scale growth and reproduction.” L-type amino acid
transporter 1 (LAT1) transports neutral amino acids into cells in a Na+-independent manner.'°
LAT1-mediated leucine uptake interactions with cell growth, transcription, and translation
through the mammalian Target of Rapamycin (mTOR) signaling pathway. ®°. Because many
reports have shown that LAT1 is highly expressed in cancer cells, LAT1 has become a novel
target for cancers.!'"!? Classically, it has been known that BCH [I- and d- amino acids, 2-
aminobicyclo(2,2,1)-heptane-2-carboxylic acid] inhibits both LAT1 and LAT2.'"* When
considered as a treatment for cancer, the inhibitory effect of BCH to LAT?2 is problematic
because LAT? is mainly expressed in normal cells and BCH may interfere with the function of
normal cells.'>7

Recently, a selective LAT1 inhibitor named JPH203 [(S)-2-amino-3-(4-((5-amino-2-
phenylbenzo [d]oxazol-7-yl) methoxy)-3, 5-dichlorophenyl) propanoic acid] has been created.'®
20 JPH203 inhibits the function of the LAT1 in many types of cancer cells, which functions
through the mTOR signaling pathway to block their migration/invasion activities and induce
apoptosis.'>*! Additionally, JPH203 shows significant growth inhibition effects against

22,23

xenografted human colon or biliary tract cancer cells**’, and its efficacy has been reported in a

clinical trial of several cancers. 4%

Based on the above-described findings, we hypothesized that LAT1 may be a
promising prognostic biomarker as well as a molecular target in BC. Here, we retrospectively
characterised LAT1 expression, along with its association with clinical factors in BC tissue.

Furthermore, we examined the anti-tumour potential of JPH203, a specific inhibitor of LAT1, in

BC cells.

Results
Evaluation of LAT1 Expression in BC Tissue and LATI Knockdown in BC Cell Lines

Significantly higher LAT1 expression was observed in cancer tissues compared with
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those of adjacent normal tissues (P=0.0051) (Fig. 1A). Among bladder cancer cell lines, the
highest LAT1 protein expression was observed in 5637 cells, followed by T24 cells and EJ-1 cells
(Fig. 1B). Based on the basal expression level, T24 and 5637 cells were used for subsequent
functional analyses. LAT1 mRNA expression was significantly lower (<90%) in siLAT1-
transfected than in Negative Control (Nega-transfected) T24 and 5637 cells (Fig. 1C, D) (C:
P=0.0029 and P=0.0074; D: P=0.0093 and P=0.0043; respectively). SiLAT1-transfected cells
showed a significant decrease in growth compared with negative control (Fig. 1E, F) (E: P=0.0070
and P=0.0080; F: P=0.0004 and P=0.0053; respectively). Furthermore, siLAT1-transfected cells
also demonstrated significant decreases in migration and invasion activities compared with

negative control (Fig. 1G-J).

Functional Role of LATI Inhibitor JPH203
JPH203 Suppresses Cell Growth, Migration, and Invasion

Effects of LAT1 selective inhibitor, JPH203, on the viability of T24 and 5637 cells
were studied. L-leucine uptake in T24 and 5637 cells was significantly lower than that in DMSO-
treated cells (<90%) (Fig. 2A, B) (A: P=0.0025 and P=0.0038; B: P=0.0011 and P=0.0010;
respectively). To investigate the mechanistic basis of JPH203-induced inhibition on cell
proliferation, we evaluated apoptosis by Annexin V-FITC/PI staining and flow cytometry (Fig.
2C, D). The cell apoptosis rate weakly increased by JPH203 treatment (up to 4.2%) compared
with DMSO control (0.8%). JPH203 significantly inhibited the proliferation of T24 and 5637
cells in a concentration-dependent manner (Fig. 2E, F) (E: P=0.0111 and P=0.0047; F: P=0.0180
and P=0.0079; respectively). Furthermore, JPH203 suppressed the migration and invasion

activities of these cells compared with the negative control (Fig. 2G-J).

Identification of IGFBP-5 by RNA-Seq Analysis

To further elucidate the mechanism underlying inhibition by JPH203, we investigated
the gene target of JPH203. RNA-seq analysis was performed in two experimental groups
cultured with JPH203 (10 and 20 uM) and compared with a control group. Fig. 3A shows the
heat map generated based on up- and downregulated genes following JPH203 treatment in
RNA-seq analysis. The top downregulated target genes were confirmed by real-time PCR
analysis (Fig. 3B). Finally, IGFBP-5 was identified as a target gene of JPH203 with
reproducible concentration dependency (5-20 uM) (Fig. 3C).



Regulation of IGFBP-5 and the mTOR Pathway by JPH203

To investigate the proliferative effect of IGFBP-5, the growth of silGFBP-5-transfected
cells was monitored for 5 days. silGFBP-5-transfected cells showed a significant decrease in
growth compared with negative control (Fig. 3D, E) (D: P=0.0080 and P=0.0212; E: P=0.0042
and P=0.0039; respectively). Because IGFBP-5 modulates IGF-1 signaling, we next
investigated potential regulation of IGF-1 signaling, together with mTOR-related signals (Fig.
3F). Western blot analysis indicated marked downregulation of IGFBP-5 and phosphorylated
MAPK and AKT, which are related to IGF-1 signals. Additionally, JPH203 treatment
downregulated the phosphorylation of ribosomal protein S6K1 and eukaryotic translation
initiation factor 4EBP1. Furthermore, JPH203 depletion significantly blocked AKT activation in
response to IGF-1 (100 ng/mL) treatment in T24 and 5637 cells (Fig. 3G, H). These results
show that JPH203 regulates IGF-1 signals through IGFBP-5.

Regulation of downstream target gene IGFBP-5 and the mTOR Pathway by LATI

In order to study the association between LAT1 and IGFBP-5 expression, we studied
the effect of SiLAT1 on IGFBP-5 expression and the effect of silGFBP-5 on LAT1 expression.
IGFBP-5 mRNA expression was significantly lower in siLAT1-transfected than in Negative
Control (Nega-transfected) T24 and 5637 cells (Fig. 4A, B) (A: P=0.0011 and P=0.0060; B:
P=0.0082 and P=0.0210; respectively). Western blot analysis indicated marked downregulation
of IGFBP-5, phosphorylated AKT, ribosomal protein S6K1 and eukaryotic translation initiation
factor 4EBP1 by siLAT1 (Fig. 4C, D). IGFBP-5 mRNA expression was significantly lower in
silGFBP-5 transfected than in Negative Control (Nega-transfected) T24 and 5637 cells (Fig. 4E,
F) (E: P=0.0049 and P=0.0049; F: P=0.0078 and P=0.0021; respectively). However, silGFBP-5
did not affect the expression of LAT1 in mRNA levels (Fig. 4G, H) (G: P=0.7413 and P=0.1189;
H: P=0.7451 and P=0.6110; respectively) and in protein levels (Fig. 4l, J).

LATI and IGFBP-5 Expression in BC Tissue and Association with Clinical Variables

To investigate the clinical significance of LAT1, we investigated LAT1 and IGFBP-5
expression in BC specimens by IHC. Positive immunostaining for LAT1 and IGFBP-5 was
detected in the cell membrane and cytoplasm. Strong LAT1 and IGFBP-5 immunostaining were
detected in cancerous lesions, while noncancerous lesions showed negative or weak
immunostaining. We found that, by IHC score, LAT1 and IGFBP-5 were highly expressed in

high-grade cancer lesions (26 of 68 specimens, 38.24%). In contrast, low-grade cancers had low
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LAT1 and IGFBP-5 expression (27 of 68 specimens, 39.71%) (Fig. 5A-D). Overall, 26 of 68
(38.24%) patients had high LAT1 and IGFBP-5 expression, while 27 of 68 (39.71%) patients
had low LAT1 and IGFBP-5 expression. Furthermore, 15 of 68 (22.06%) patients had either

high LAT1 or IGFBP-5 expression (Fig. 5E).

Next, we evaluated the prognostic significance of LAT1 and IGFBP-5 expression in
BC patients. Patient characteristics are listed in Table S2. Specimens were divided into two
groups based on LAT1 and IGFBP-5 IHC score (median intensity score of 1.14 and 1.62,
respectively). The high LAT1 expression group showed a significantly shorter time to
progression-free survival (PFS) and overall survival (OS) than the low LAT1 expression group
(P=0.0002 and P<0.0001, respectively) (Fig. 5F, H). The high IGFBP-5 expression group also
showed a significantly shorter OS (P=0.0422), but not PFS (P=0.2965) (Fig. 6A, B). When
combining LAT1 and IGFBP-5 expression, the high LAT1/high IGFBP-5 expression group
showed the worst PFS and OS (P=0.0075 and P=0.0005, respectively), followed by the high
LAT1/low IGFBP-5 or low LAT1/high IGFBP-5 expression group (others) (P=0.4212 and
P=0.6262, respectively). In contrast, the low LAT1/low IGFBP-5 expression group showed
favourable PFS and OS (Fig. 5G, I).

Next, we investigated associations between clinicopathological BC patient
characteristics and LAT1 protein expression. LAT1 expression was a prognostic factor for PFS
on univariate analysis (HR 3.14, P=0.0002). On multivariate analysis, ALP expression was an
independent prognostic factor for PFS (HR 2.97, P=0.0081) (Table 1). LAT1 expression was an
independent prognostic factor for OS (HR 3.46, P=0.0204) (Table 2).

To understand the clinical characteristics, the relationship between LAT1/IGFBP-5
expression and various clinical factors was determined. High LAT1 expression was associated
with advanced pT stage (P=0.0001), tumour grade (P=0.0001), high neutrophil-to-lymphocyte
ratio (NLR) (P=0.0007), high LDH (P=0.0017), and high IGFBP-5 score (P=0.0001) among BC
patients (Table 3). Conversely, high IGFBP-5 expression was associated with the advanced pT
stage (P=0.0003), high LDH (P=0.0204), high NLR (P=0.0212), and high LAT1 score
(P=0.0001) (Table S3). When combining LAT1 and IGFBP-5 expression, high LAT1/high
IGFBP-5 score correlated with the advanced pT stage (P=0.0001), advanced tumour grade
(P=0.0026), high LDH (P=0.0064), and high NLR (P=0.0070) (Table 4).
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Discussion

This study proves two novel findings. Firstly, to our knowledge, this is the first study
to prove the role of LAT1 in BC. Inhibition of LAT1 suppressed cell proliferation, migration, and
invasion in vitro. Furthermore, LAT1 expression was associated with OS in BC patients who
received total cystectomy. These data indicated a significant contribution of LATI1 in BC
progression. Secondly, we identified IGFBP-5 as a novel downstream target of LAT1 inhibition
by JPH203. JPH203 inhibited IGF-mediated expression of IGFBP5 and phosphorylation of AKT.
IGFBPS5 expression was also associated with OS in invasive BC patients.

In previous studies, the selective inhibition of LAT1 by JPH203 has been
demonstrated. Several groups reported that JPH203 inhibits the proliferation of cancer cells by
inhibiting L-leucine uptake,'*'*2® LAT1 has been shown to affect cancer cell proliferation
through the mTOR signalling pathway in pancreatic cancer?’, lung cancer®®, and prostate
cancer.®?’ Leucine is an essential amino acid that must be taken from outside the cells and
activates mTOR signals. Increased LAT1 expression in BC could potentially trigger mTOR
signaling and further contribute to BC progression and treatment resistance.

The IGF signalling pathway is a complex network that promotes intracellular energy
metabolism and protein synthesis. There are two cell surface receptors IGF1R and IGF2R, and
two ligands IGF1 and IGF2. The intro is a carrier protein for IGF1. These proteins bind IGF1
with higher affinity and are thus in a key position to regulate IGF signalling. This signalling
pathway is essential for normal physiological function, including regulating cell differentiation,
proliferation, and apoptosis®® Previous data suggested aberrant IGF signalling has been

3132 and human colon cancer® and infinite

implicated in various cancers, including breast cancer
proliferation and division of cancer cells were accomplished by activating IGF1R via the AKT
signalling pathway.**In addition, IGFBP-5 overexpression indicates a poor prognosis in
urothelial carcinoma.* In the area of urological cancer, it was reported that IGFBP-5 enhances
the anti-apoptotic and mitogenic effects of IGF-I, and accelerates the androgen-independence of
PC by the PI3K-AKT protein kinase B signalling pathway.*® In addition, IGFBP-5 is not
expressed in castration sensitive PC cells, but overexpression of IGFBP-5 contributes to
androgen-independent PC.*%37 Our previous report showed that LAT1 expression was low in
castration sensitive PC, but it was also highly expressed in androgen-independent PC.? These

data suggested a similar expression pattern of LAT1 and IGFBP-5 in PC. In this study, both
LAT1 and IGFBP-5 were highly expressed in T24 bladder cancer cells. Synchronous expression
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of two proteins may indicate the active contribution of the LAT1 mediated IGFBP-5 pathway in
cancer cells. The mechanism by which the LAT1 blockade targets IGFBP-5 remains to be
investigated. Because JPH203 is a LAT1 selective inhibitor. In this report, we are currently
considering the presence of the LAT1 binding site within the IGFBP-5 promoter region, which
makes it possible for LAT1 to control IGFBP-5 expression. IGF-1 binds to IGFBP in the distal
region of the IGFBP-5 promoter. Direct or indirect regulation of IGF-1 through LAT1
blockades, such as cross-talk, maybe another potential underlying mechanism of IGFBP-5 and

LAT]1 interaction.

A phase I clinical trial of JPH203 in solid cancer was recently completed in Japan.
Okano et al. presented the results of the phase I study at ASCO 2018 (abstract #2519).2>%8 The
study enrolled 17 patients with colon, biliary tract, pancreas, oesophagus, and breast cancers.
Only a moderate grade 3 adverse event was observed with increased levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) in
12%, 6%, and 12% of patients, respectively. One patient with biliary tract cancer had good
disease control for >25 months, even at the lowest dosage of JPH203 (12 mg/m?). The data
showed not only a manageable adverse event but also the clinical significance of JPH203 in
human patients. We are currently preparing a phase I clinical trial of JPH203 in patients with

urological cancer, including BC.

There are several limitations to the present study. Firstly, in vivo studies were not
carried out. The primary reason is that JPH203 is currently commercially unavailable. We are
preparing a material transfer agreement with J-Pharma and will investigate the effect of JPH203
using an in vivo BC model. However, as supportive evidence, we have intensively studied the
clinical significance of LAT1 in BC patients. Secondly, the number of patients included in this
study was rather small. Because this is a pilot study, we are currently conducting a multi-
institutional study to verify the prognostic value of LAT1 in BC patients. Thirdly, we have only
studied the expression of LAT1 in advanced BC patients who received total cystectomy. The
role of LAT1 in the early stage of BC must be investigated. We are presently conducting a

prospective study and enrolling patients with early and late-stage BC.

In conclusion, LAT1 was overexpressed in BC, which correlated with poor prognosis.

Blockade of LAT1 through JPH 203 inhibited both mTOR and IGFBP-5 related pathways.
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Current data highlights the potential of LAT1 as a prognostic biomarker and a molecular
therapeutic target. To demonstrate clinical benefit, we are currently preparing a phase II clinical

trial of JPH203 in patients with BC.

Materials and Methods
Ethical Approval and Consent to Participate

The present study was conducted in accordance with ethical standards that promote
and ensure respect and integrity for all human subjects and the Declaration of Helsinki. This
study was approved by the institutional review board of Chiba University Hospital (approval

number 484) and written informed consent was obtained from all patients.

Reagents and Antibodies

Lipofectamine™ RNAiIMAX Transfection Reagent, siRNAs siLAT1 (Stealth
siRNAs: HSS112004 and HSS188571), siRNAs Insulin-like growth factor-binding protein-5
(silGFBP-5) (Stealth siRNAs: HSS179821 and HSS105273), and Stealth RNAi™ siRNA
Negative Control Med GC Duplex #3 were obtained from Thermo Fisher Scientific (Waltham,
MA, USA). Anti-LAT1 (KE023) was obtained from Trans Genic Inc. (Kobe, Japan). Anti-
IGFBP-5 (258-270) and insulin-like growth factor 1 (human IGF-1, [3769-50UG) were
obtained from Sigma-Aldrich Inc. (St. Louis, MO, USA). Anti-AKT, anti-phosphorylated AKT
(Ser473), anti-p44/42 MAPK, anti-phosphorylated p42/44 MAPK, anti-phosphorylated 4EBP-1,
and anti-phosphorylated p70s6k were obtained from Cell Signalling Technology Inc. (Danvers,
MA, USA). Anti- Glyceraldehyde 3-phosphate dehydrogenase (Anti- GAPDH) was obtained
from Ambion Inc. (Carlsbad, CA, USA). LAT1-specific inhibitor, JPH203, was provided by J-
Pharma (Yokohama, Japan).

BC Tissue Specimens

BC tissue samples were obtained from 68 patients who received radical cystectomy at
Chiba University Hospital between 2000 and 2015 and from whom pretreatment information
was available. The pathological assessment of these tissues was confirmed. The pathology
department of Chiba University Hospital and the tumour pathology department of Chiba
University conducted histopathological analyses according to the World Health Organization
standard. The clinical and pathological stages were determined by the TNM classification of the

International Union Against Cancer. All patients had histologically confirmed BC and tumour
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samples were examined to ensure that tumour tissue was present in the specimen.

Cell Culture and Transfection

T24, EJ-1, and 5637 cell lines derived from human BC were obtained from the Cell
Resource Center for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku
University (Sendai, Japan). BC cell lines were cultured in RPMI 1640 medium supplemented
with 10% foetal bovine serum (FBS) and were maintained in an incubator with a humidified
atmosphere of 95% air and 5% CO; at 37°C. For steroid-free conditions, phenol red-free RPMI
1640 medium was used with charcoal-stripped FBS. BC cells were transfected with siRNA
using Lipofectamine™ RNAiIMAX reagent (Invitrogen), according to the manufacturer’s

instructions.

mRNA Expression Evaluation

Total RNA was isolated using the RNeasy® Mini Kit according to the manufacturer’s
instructions. Experiments were performed according to a protocol reported previously.*First
strand cDNA was synthesized with the ImProm-II™ Reverse Transcription System using
random primers (Promega, Madison, WI, USA). Real-time reverse transcriptase-PCR was
performed with an ABI™ 7300 Real-Time PCR System (Applied Biosystems, Foster, CA,
USA). PCR reactions were performed in a final volume of 20 pL of a reaction mixture of
SYBR® Green PCR Master Mix (QPS-201, Toyobo, Japan). Relative mRNA expression levels
were determined by comparison with GAPDH internal control and plotted as a ratio to GAPDH

expression. PCR primers used in this study are listed in Table S1.

Western Blot Analysis

Experiments were performed according to a protocol reported previously.?’Cells were
harvested at 72 h after transfection. Protein content was quantified using the bicinchoninic acid
protein assay kit (Thermo Fisher Scientific, Waltham, MA, USA), and protein samples (24 mg)
were subjected to SDS-PAGE and transferred to Hybond-C membranes (GE Healthcare,
Chicago, IL, USA) to manufacturer’s protocol. Following overnight incubation with the
respective primary antibody at 4°C, membranes were exposed to species-specific horseradish
peroxidase-labelled secondary antibodies. Signals were detected using the ECL Plus Western
Blotting Detection System (GE Healthcare) and visualised using LAS-4000 mini (Fujifilm,
Tokyo, Japan).

10



Immunohistochemistry (IHC)

I IHC was performed on 4-pm-thick sections of paraffin-embedded specimens using
anti-LAT1 and anti-IGFBP-5. Anti-LAT1 antibody (1:200 dilution) and anti-IGFBP-5 antibody
(1:200 dilution) at 4°C in a moist chamber overnight. Then treated with the secondary antibody
(biotin-labelled antibody) from the SAB-PO (MULTI) kit (Nichirei, Tokyo, Japan), followed by
colour development with 3,3'-iaminobenzidine tetrahydrochloride of the DAB Substrate Kit
(Nichirei, Tokyo, Japan). Detailed experimental methods have been previously reported.*”

To quantify LAT1 and IGFBP-5 protein expression in these components, we accord a
previously described IHC scoring.***! The mean percentages of LAT1- and IGFBP-5-positive
tumour cells were determined in at least five random fields per section at 400x magnification.
As a negative control, triplicate sections were immunostained without exposure to primary
antibodies or secondary antibodies, thus confirming the staining specificity (Fig. S1A). The
intensity of the LAT1 and IGFBP-5 immunoreaction was scored to produce respective [HC
scores as follows: 0, no staining; 1+, very weak; 2+, moderate; and 3+, strong staining (Fig.
S1B, C). IHC scores were calculated as follows: IHC score =1x(mean percentage of weakly
stained cells in the field)+2x(mean percentage of moderately stained cells in the field)+3x(mean
percentage of intensely stained cells in the field). Median LAT1 and IGFBP-5 IHC scores were
defined as positive (1.14 and 1.62, respectively). Two independent investigators (SS and MM)

blinded to patient clinical status scored each specimen.

Growth Assay

All sets of cells were transfected with siRNA using Lipofectamine™ RNAiMAX
Transfection Reagent according to the manufacturer’s instructions and then maintained for 5
days. To study the effect of JPH203 treatment, T24 or 5637 cells were seeded onto wells of 96-
well plates. After 24 h, the medium was changed to the indicated concentrations of JPH203 for
5 days. Two sets of independent experiments were performed for each indicated time point, at

which cells were trypsinized and counted.

Cell Migration and Invasion Assay
Falcon® Permeable Support for 24-well Plate with 8.0 um (353097, Corning,
Corning, NY, USA) was used for the migration assay, and Matrigel™ invasion chamber 24-well

8 um (354480, Corning) was used for the invasion assay. The essential parts of the experiments
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have been described previously.?’ T24 and 5647 cells (5 x 10*) were seeded in the upper
chamber and incubated for 48 hours with serum-free RPMI1640 medium. Then, stained using
the Diff-Quik kit (16920, Funakoshi Co, Tokyo, Japan). The cell numbers in five different fields

were calculated under a microscope for each well.

["C] L-Leucine Uptake Assay

To examine the inhibition of amino acid transport by JPH203 in T24 and 5637 cells,
uptake experiments were performed using ['*C] L-leucine, which is a prototypical LAT1
substrate. Cells were seeded into wells of 24-well plates and incubated at 37°C for 2 days. After
removal of the medium, cells were washed twice with Hanks’ Balanced Salt Solution.
Thereafter, cells were incubated with uptake medium containing 1 pmol/L ['*C] L-leucine at
37°C for 1 min. ["*C] L-leucine uptake was terminated by washing cells twice with ice-cold
Hanks’ Balanced Salt Solution and solubilisation with 0.1 N NaOH. Cell lysates were mixed
using a scintillator and substrate accumulation was measured by counting radioactivity by liquid

scintillation counting. The experiment was performed as previously reported.*

Annexin V-FITC Apoptosis Assay

Apoptosis was evaluated in T24 cells using JPH203 and dimethyl sulfoxide (DMSO) as
control for 5 days. The Annexin V-FITC Apoptosis Detection Kit (Abcam, Carlsbad, CA, USA)
was used according to the manufacturer’s protocol. Briefly, transfected cells were incubated
with Annexin V-FITC and propidium iodide (PI; Wako Pure Chemical, Tokyo, Japan) for 5 min

in the dark. Thereafter, apoptotic cells were detected by flow cytometry.

RNA sequencing

According to previously described RNA sequencing with minor modification.*? Total
RNA was extracted from BC cells using the RNeasy Mini Kit (Qiagen, German), and cDNA
was synthesized using the SMART-Seq v4 Ultra Low Input RNA Kit for Sequencing (Clontech,
Palo Alto, CA, USA). ds-cDNA was fragmented using the S220 Focused-ultrasonicator
(Covaris, Woburn, MA, USA), then cDNA libraries were generated using the NEBNext®
Ultra™ DNA Library Prep Kit (New England Biolabs, Beverly, MA, USA). Sequencing was
performed using the HiSeq 1500 system (Illumina, Santiago, CA, USA) with a single-read
sequencing length of 60 bp. TopHat (version 2.0.13; with default parameters) was used to map

to the reference genome (UCSC/mm10 or UCSC/hg19) with annotation data from iGenomes
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(Illumina). Then, gene expression levels were quantified using Cuffdiff (Cufflinks version 2.2.1;

with default parameters).

Statistical Analysis

Univariate and multivariate Cox proportional models were used for statistical analyses.
Survival curves were obtained using the Kaplan—Meier method and differences in survival rates
between LAT1-positive and -negative cases, and between IGFBP-5-positive and -negative cases,
were compared using the log-rank test. Statistical calculations were performed using JMP® Pro

13, version 13.0.0 (SAS institute, Cary, NC, USA). Significance was considered to exist at P<0.05.

Reference

1 Antoni, S. et al. Bladder Cancer Incidence and Mortality: A Global Overview and
Recent Trends. Eur Urol 71, 96-108, doi:10.1016/j.eururo.2016.06.010 (2017).

2 Dobruch, J. et al. Gender and Bladder Cancer: A Collaborative Review of Etiology,
Biology, and Outcomes. Fur Urol 69, 300-310, doi:10.1016/j.eururo.2015.08.037
(2016).

3 DeGeorge, K. C., Holt, H. R. & Hodges, S. C. Bladder Cancer: Diagnosis and
Treatment. Ame Fam Phy 96, 507-514 (2017).

4 Butt, S. U. & Malik, L. Role of immunotherapy in bladder cancer: past, present and
future. Cancer Chemother Pharmacol 81, 629-645, doi:10.1007/s00280-018-3518-7
(2018).

5 Leiblich, A. Recent Developments in the Search for Urinary Biomarkers in Bladder
Cancer. Curr Urol Rep 18, 100, doi:10.1007/s11934-017-0748-x (2017).

6 Wang, Q. et al. Monoterpene glycoside ESK246 from Pittosporum targets LAT3
amino acid transport and prostate cancer cell growth. ACS Chem Biol 9, 1369-1376,
doi:10.1021/cb500120x (2014).

7 Kaira, K. et al. Prognostic significance of L-type amino-acid transporter 1 expression
in surgically resected pancreatic cancer. Br J Cancer 107, 632-638,
doi:10.1038/bjc.2012.310 (2012).

8 Hayase, S. et al. L-type amino acid transporter 1 expression is upregulated and
associated with cellular proliferation in colorectal cancer. Oncol Lett 14, 7410-7416,

d0i:10.3892/01.2017.7148 (2017).
13



10

11

12

13

14

15

16

17

18

19

20

Cormerais, Y. et al The glutamine transporter ASCT2 (SLC1A5) promotes tumor
growth independently of the amino acid transporter LAT1 (SLC7A5). J Biol Chem
293, 2877-2887, doi:10.1074/jbc.RA117.001342 (2018).

Kanai, Y. et al. Expression cloning and characterization of a transporter for large
neutral amino acids activated by the heavy chain of 4F2 antigen (CD98). J Biol Chem
2738, 23629-23632, doi:10.1074/jbc.273.37.23629 (1998).

Ichinoe, M. et al. High expression of L-type amino-acid transporter 1 (LAT1) in
gastric carcinomas: comparison with non-cancerous lesions. Pathol Int 61, 281-289,
doi:10.1111/1.1440-1827.2011.02650.x (2011).

Kaira, K. et al. Expression of amino acid transporter (LAT1 and 4F2hc) in pulmonary
pleomorphic carcinoma. Hum Pathol, doi:10.1016/j. humpath.2018.09.020 (2018).
Cormerais, Y. et al. Genetic Disruption of the Multifunctional CD98/LAT1 Complex
Demonstrates the Key Role of Essential Amino Acid Transport in the Control of
mTORC1 and Tumor Growth. Cancer Res 76, 4481-4492, doi:10.1158/0008-
5472.CAN-15-3376 (2016).

Segawa, H. et al Identification and functional characterization of a Na+-independent
neutral amino acid transporter with broad substrate selectivity. o/ Biol Chem 274,
19745-19751, doi:10.1074/jbc.274.28.19745 (1999).

Kim, C. S. et al. BCH, an inhibitor of system L amino acid transporters, induces
apoptosis in cancer cells. Biol Pharm Bull 31, 1096-1100, doi:10.1248/bpb.31.1096
(2008).

Kim, C. S. et al. Inhibition of L-type amino acid transporter modulates the expression
of cell cycle regulatory factors in KB oral cancer cells. Biol Pharm Bull 33, 1117-1121,
doi:10.1248/bpb.33.1117 (2010).

Rossier, G. et al LAT2, a new basolateral 4F2hc/CD98-associated amino acid
transporter of kidney and intestine. J Biol Chem 274, 34948-34954,
doi:10.1074/jbc.274.49.34948 (1999).

Yun, D. W. et al. JPH203, an L-Type Amino Acid Transporter 1-Selective Compound,
Induces Apoptosis of YD-38 Human Oral Cancer Cells. J Pharmacol Sci 124, 208-217,
doi:10.1254/jphs.13154FP (2014).

Oda, K. et al. L-type amino acid transporter 1 inhibitors inhibit tumor cell growth.
Cancer Sci 101, 173-179, doi:10.1111/.1349-7006.2009.01386.x (2010).

Ohshima, Y. et al. Efficacy of system 1 amino acid transporter 1 inhibition as a

14



21

22

23

24

25

26

27

28

29

30

31

therapeutic target in esophageal squamous cell carcinoma. Cancer Sci 107, 1499-
1505, doi:10.1111/cas.13021 (2016).

Hafliger, P. et al. The LAT1 inhibitor JPH203 reduces growth of thyroid carcinoma in
a fully immunocompetent mouse model. J FExp Clin Canc Res : CR 37, 234,
doi:10.1186/513046-018-0907-z (2018).

Muto, Y. et al. Different Response Profiles of Gastrointestinal Cancer Cells to an L-
Type Amino Acid Transporter Inhibitor, JPH203. Anticancer research 39, 159-165,
doi:10.21873/anticanres.13092 (2019).

Yothaisong, S. et al Inhibition of I-type amino acid transporter 1 activity as a new
therapeutic target for cholangiocarcinoma treatment. ZTumour Biol 39,
1010428317694545, doi:10.1177/1010428317694545 (2017).

Kaira, K. et al Prognostic significance of L-type amino acid transporter 1 (LAT1)
expression in patients with ovarian tumors. Ame J Trans! Res 7, 1161-1171 (2015).
Gasinska, A. et al Biomarkers of epithelial-mesenchymal transition in localized,
surgically treated clear-cell renal cell carcinoma. Folia Histochem Cytobiol 56, 195-
206, doi*10.5603/FHC.a2018.0023 (2018).

Choi, D. W. et al. JPH203, a selective L-type amino acid transporter 1 inhibitor,
induces mitochondria-dependent apoptosis in Saos2 human osteosarcoma cells.
Korean J Physiol Pharmacol 21, 599-607, doi:10.4196/kjpp.2017.21.6.599 (2017).
Kaira, K. et al Relationship between CD147 and expression of amino acid
transporters (LAT1 and ASCT2) in patients with pancreatic cancer. Ame J Transl Res
7, 356-363 (2015).

Rajasinghe, L. D., Hutchings, M. & Gupta, S. V. Delta-Tocotrienol Modulates
Glutamine Dependence by Inhibiting ASCT2 and LAT1 Transporters in Non-Small
Cell Lung Cancer (NSCLC) Cells: A Metabolomic Approach. Metabolites 9,
doi:10.3390/metabo9030050 (2019).

Xu, M. et al. Up-Regulation of LAT1 during Antiandrogen Therapy Contributes to
Progression in Prostate Cancer Cells. J U 195, 1588-1597,
doi:10.1016/j.juro.2015.11.071 (2016).

Gluckman, P. et al. A role for IGF-1 in the rescue of CNS neurons following hypoxic-
ischemic injury. Biochem Biophys Res Commun 182, 593-599 (1992).

Akkiprik, M. et al. Multifunctional roles of insulin-like growth factor binding protein
5 in breast cancer. Breast Cancer Res 10, 212, doi:10.1186/bcr2116 (2008).

15



32

33

34

35

36

37

38

39

40

41

42

Akkiprik, M. et al. Identification of Differentially Expressed IGFBP5-Related Genes
in Breast Cancer Tumor Tissues Using cDNA Microarray Experiments. Genes (Basel)
6, 1201-1214, doi:10.3390/genes6041201 (2015).

Wu, K. et al. The role of IGFBP-5 in mediating the anti-proliferation effect of
tetrandrine in human colon cancer cells. Int Oncol 46, 1205-1213,
doi:10.3892/ij0.2014.2800 (2015).

Du, J. et al Inhibition of the IGF signaling pathway reverses cisplatin resistance in
ovarian cancer cells. BMC cancer 17, 851, doi:10.1186/s12885-017-3840-1 (2017).
Liang, P. 1. et al IGFBP-5 overexpression as a poor prognostic factor in patients with
urothelial carcinomas of upper urinary tracts and urinary bladder. o/ Clin Pathol 66,
573-582, doi:10.1136/jclinpath-2012-201278 (2013).

Miyake, H., Nelson, C., Rennie, P. S. & Gleave, M. E. Overexpression of insulin-like
growth factor binding protein-5 helps accelerate progression to androgen-
independence in the human prostate LNCaP tumor model through activation of
phosphatidylinositol  3'-kinase pathway. Endocrinology 141, 2257-2265,
doi10.1210/endo.141.6.7520 (2000).

Miyake, H., Pollak, M. & Gleave, M. E. Castration-induced up-regulation of insulin-
like growth factor binding protein-5 potentiates insulin-like growth factor-I activity
and accelerates progression to androgen independence in prostate cancer models.
Cancer Res 60, 3058-3064 (2000).

Okano, N. et al First-in-human phase I study of JPH203, L-type amino acids
transporter 1 inhibitor, in patients with advanced solid tumors.  Clin Oncol 36,
doi:DOI 10.1200/JC0.2018.36.15_suppl.2519 (2018).

Imamura, Y. et al. FOXA1 promotes tumor progression in prostate cancer via the
insulin-like growth factor binding protein 3 pathway. PloS one T, e42456,
doi:10.1371/journal.pone.0042456 (2012).

Iyoda, M. et al. Epithelial cell transforming sequence 2 in human oral cancer. PloS
one 5, 14082, doi:10.1371/journal.pone.0014082 (2010).

Yamatoji, M. et al. State of homeobox A10 expression as a putative prognostic marker
for oral squamous cell carcinoma. Oncol Rep 23, 61-67 (2010).

Rizk, M. et al Akt inhibition synergizes with polycomb repressive complex 2
inhibition in the treatment of multiple myeloma. Cancer Scie 110, 3695-3707,
doi10.1111/cas.14207 (2019).

16



17



Acknowledgements
The authors thank Karahi H (Experimental assistant, Chiba University) for their support
of this study. The present work was supported by a Grant-in-Aid for Scientific Research(C)

(grant #25462469) to S. Sakamoto. The authors declare no conflict of interest.

Author Contributions

MM and SS conceived and designed the experiments. MM, YY, MS, TF, KA, KH and MX
performed the experiments. MM, SS, YY and YI analyzed the data. NT, YI, TS and KN
contributed reagents/materials/analysis tools. MM, SS, YY, JR, YI, NA and TI wrote the paper.
AK, YK, NK, YI, NA and TI supervised the study.

Additional Information
Competing Interests

The authors declare no conflict of interest.

Figure legends

Figure 1. Expression of LAT1 in BC tissue and cells and functional significance of LAT1 in
T24 and 5637 cells. LAT1 expression was detected in normal bladder tissue and bladder cancer
tissue (A). LAT1 protein and mRNA levels were examined in T24, EJ-1, and 5637 cells (B).
siLAT1 significantly knocked down LAT1 expression in T24 and 5637 cells (C and D). SiLAT1
inhibited T24 and 5637 cell proliferation (E and F), migration (G and H), and invasion (I and J).
Nega indicates negative siRNA control. Data represent three independent experiments with
similar results. P-values were calculated by the Mann—Whitney U-test. *P<0.05, **P<0.01,
**%P<0.001.

Figure 2. Determination of leucine uptake activities and their sensitivities against JPH203 in
bladder cancer cells. Leucine uptake activities in T24 and 5637 cells were determined by
transport assays using ['*C]-leucine (1 uM) in the presence or absence of JPH203 (10 uM and
20 uM). The transport assays were conducted in the presence of Na*. JPH203 (10 and 20 uM)
inhibited ['*C] L-leucine uptake (A and B). Cell apoptosis analysis by Annexin V-FITC/PI
staining and flow cytometry. The cell apoptosis rate of T24 cells was slightly increased after
JPH203 treatment (10 and 20 uM) (C and D). JPH203 inhibited T24 and 5637 cell proliferation
(E and F), migration (G and H), and invasion (I and J). In all panels, Cont indicates DMSO only.
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Data represent three independent experiments with similar results. P-values were calculated by

the Mann—Whitney U-test. *P<0.05, **P<0.01.

Figure 3. Identification of IGFBP-5 as a target of JPH203 by RNA-seq analysis. The heat map
was generated based on genes changed by JPH203 treatment (10 and 20 uM) (A). JPH203
concentration-dependent effect on candidate genes was assessed by real-time PCR (B). JPH203
concentration-dependent suppression of /GFBP-5 was confirmed by real-time PCR (C).
silGFBP-5 inhibited BC cell proliferation (D and E). After 72 h, JPH203 treatment (5, 10, and
20 uM) inhibited phosphorylation of AKT, MAPK, 4EBP-1 and p70s6k (F). The addition of
insulin-like growth factor 1 (IGF-1) increased phosphorylated AKT expression, while JPH203
inhibited AKT phosphorylation (G and H). In all panels, Cont indicates DMSO only, and nega
indicates negative siRNA control only. Data represent three independent experiments with

similar results. P-values were calculated by the Mann—Whitney U-test. ¥*P<0.05, **P <0.01.

Figure 4. Association between LAT1 and IGFBP-5 expression. The expression of IGFBP-5 in
T24 and 5637 cells were inhibited by siLAT1(A and B). Knocked down the expression of LAT1
inhibited expression of IGFBP-5, phosphorylation of AKT, 4EBP-1 and p70s6k (C and D).
Knocked down the expression of IGFBP-5 in T24 and 5637 cells using silGFBP-5(E and F), did
not affect the expression of LAT1 in mRNA levels (G and H) and protein levels (I and J). Nega
indicates negative siRNA control. Data represent three independent experiments with similar
results. P-values were calculated by the Mann—Whitney U-test. N.S., no significant difference.

*P<0.05, **P<0.01, ***P<0.001.

Figure 5. LAT1 and IGFBP-5 immunostaining and score distribution map of BC tissue
immunostained for LAT1 and IGFBP-5. Representative images of LAT1 (A and C) and IGFBP-
5 (B and D) IHC expression. Solid boxes indicate high magnification images of a high-grade
cancer lesion (A and B). Dotted boxes indicate high magnification images of a low-grade cancer
lesion (C and D). Distribution of the number of patients with LAT1 and IGFBP-5 expression
(high/low) is indicated inside and outside the circle (E). The curve represents the progression-
free survival of patients based on LAT1 expression (F) and LAT1 and IGFBP-5 expression (G).
The curve represents the overall survival of patients based on LAT1 expression (H) and LAT1
and IGFBP-5 expression (I). P-values of the Kaplan—Meier survival analysis were calculated by

the log-rank test. N.S., no significant difference. *P<0.05, **P <0.01, ***P <0.001.
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Figure 6. Prognostic significance of IGFBP-5 expression for progression-free survival (PFS)
and overall survival (OS). Kaplan—Meier curves demonstrate the prognosis of patients with high

and low IGFBP-5 expression for PFS (a) and OS (b). *P<0.05. ***P <0.001.
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Table 1. Predictive factors of PFS

Univariate Analysis

Multivariate Analysis

Cutoff HR 95% ClI P HR 95% ClI P

Age 69 1.07  0.58-1.96  0.8327

Grade 3 6.03 2.19-24.96 0.0001 3.67 0.57-30.73 0.1719
pT stage 3 286  1.30-7.54 0.0073 081 0.21-3.80 0.7735
CRP (mg/dL) 0.60 119 0.64-2.26 0.5854

LDH (U/L) 201.00 245 1.23-496 0.0109 190 0.89-421  0.0965
ALT (IU/L) 9.00 1.01  0.55-1.91 0.9684

AST (1U/L) 1700 094  151-1.75 0.8489

ALP (IU/L) 119.00 224  1.20-431  0.0109 297 132-6.89 0.0081 *
Hb (g/dL) 9.90 1.08  0.58-2.04 0.8043

Alb (g/dL) 3.05 183 0.88-410 0.1093

NLR (ng/ml) 3.53 250 1.27-520 0.0079 116  0.48-3.06 0.7464
LAT1 score 1.14 3.14 1.70-598  0.0002 1.71  0.66-4.75  0.2702
IGFBPS score 1.62 138 0.75-255 0.2966

PFS = progression-free survival, HR = Cox proportional hazard ratio, 95% CI = 95% confidence

interval, pT stage = pathological tumour stage, CRP = C-reactive protein, LDH = lactate

dehydrogenase, ALT = alanine transaminase, AST = aminotransferase, ALP = alkaline

phosphatase, Hb = haemoglobin, Alb = albumin, NLR = neutrophil-to-lymphocyte ratio.
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Table 2. Predictive factors of OS

Univariate Analysis Multivariate Analysis
Cut
HR 95% ClI P HR 95% ClI P
off
Age 69 1.04 0.51-2.17  0.9090
Grade 3 2.47 0.96-8.38  0.0621
pT stage 3 1.29 0.58-3.26  0.5455

CRP (mg/dL) 0.60 0.92 0.43-1.96  0.8168
LDH (U/L) 201.00 2.95 1.27-7.36  0.0114 2.12 0.90-5.42  0.0876

ALT (1U/L) 900 099  047-2.14 0.9836
AST (1U/L) 1700 086  0.41-1.82  0.6945
ALP (1U/L) 119.00 2.34 111513  0.0248 220  0.89-580 0.0864
Hb (g/dL) 990 112 053237 0.7616
Alb (g/dL) 305 126  053-3.08 0.6046
NLR (ng/ml) 353 196  0.88-4.65  0.0989
LAT1 score 114 448 2081046 <.0001 346  1.20-11.23 0.0204

IGFBPS5 score 1.62 2.23 1.02-4.63  0.0424 1.10 0.42-3.10  0.8526

OS = overall survival, HR = Cox proportional hazard ratio, 95% CI = 95% confidence interval, pT
stage = pathological tumour stage, CRP = C-reactive protein, LDH = lactate dehydrogenase, ALT =
alanine transaminase, AST = aminotransferase, ALP = alkaline phosphatase, Hb = haemoglobin, Alb

= albumin, NLR = neutrophil-to-lymphocyte ratio.
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Table 3. Comparison of clinical factors between LAT1 Low and LAT1 High groups

LATI1 Low LAT1 High
Age (years) 67.11+8.31 69.70 £ 7.56 0.1850
Grade 3 or greater (%0) 57.14 96.67 <0.0001
pT stage 3 or greater (%0) 47.06 96.97 <0.0001
CRP (mg/dL) 1.39+£2.55 1.72+£2.95 0.6328
LDH (U/L) 177.71 £51.99 218.58 + 36.89 0.0017
ALT (IU/L) 12.47+7.45 15.03 + 32.14 0.6529
AST (IU/L) 17.76 + 8.66 19.23+15.24 0.6325
ALP (IU/L) 137.44 £ 113.93  133.48 + 53.57 0.8606
Hb (g/dL) 9.74+1.71 10.04+1.70 0.4939
Alb (U/L) 3.65+1.30 3.27+1.29 0.3102
NLR (ng/mL) 2.81+1.46 444 +1.85 0.0007 *
IGFBP-5 staining score 1.02 +0.86 2.04 £ 0.85 <0.0001 *

Data are expressed as mean + standard deviation unless otherwise indicated. LAT1 Low =
low intensity of the LAT1 immunoreaction, LAT1 high = high intensity of the LAT1
immunoreaction, pT stage = pathological tumour stage, CRP = C-reactive protein, LDH =
lactate dehydrogenase, ALT = alanine transaminase, AST = aminotransferase, ALP =
alkaline phosphatase, Hb = haemoglobin, Alb = albumin, NLR = neutrophil-to-lymphocyte

ratio.
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Table 4. Comparison of clinical factors between other and LAT1/IGFBP-5 high

Other LAT1/IGFBP-5 High P
Age (years) 67.95 + 8.13 69.04 + 7.88 0.5899
Grade 3 or greater (%) 64.29 96.15 0.0026 *
pT stage 3 or greater (%0) 53.66 100.00 <0.0001 *
CRP (mg/dL) 1.35+2.38 188 + 3.26 0.4584
LDH (U/L) 183.06 + 50.23 219.91 + 39.60 0.0064 *
ALT (IU/L) 15.88 + 27.45 9.41 +5.65 0.2796
AST (IU/L) 18.95+14.21 17.50 £ 6.78 0.6523
ALP (IU/L) 134.93 £ 105.49 136.77 + 47.43 0.9383
Hb (g/dL) 9.75+1.72 10.10 + 1.69 0.4259
Alb (U/L) 357128 331+135 0.5007
NLR (ng/mL) 3.10+1.49 4.43 +2.06 0.0070 *
LAT1 staining score 0.66 + 0.68 2.22+0.40 <0.0001 *
IGFBP-5 staining score 0.98 +0.82 2.40 £ 0.50 <0.0001 *

Data are expressed as mean * standard deviation unless otherwise indicated. Other = low intensity of
the LAT1 and IGFBP-5 immunoreaction and only low intensity of the LAT1 or IGFBP-5
immunoreaction, LAT1/IGFBP-5 High = high intensity of the LAT1 and IGFBP-5 immunoreaction,
pT stage = pathological tumour stage, CRP = C-reactive protein, LDH = lactate dehydrogenase,
ALT = alanine transaminase, AST = aminotransferase, ALP = alkaline phosphatase, Hb =

haemoglobin, Alb = albumin, NLR = neutrophil-to-lymphocyte ratio.
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Figure 2
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Figure 4
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Figure 6
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Table S1. Primer sequences for real-time PCR

Primer

Gene Type Sequence (5' to 3)

LAT1 Forward AGGAGCCTTCCTTTCTCCTG
Reverse CTGCAAACCCTAAGGCAGAG
IGFBP-5 Forward GGAGGAGCCGAGAACACTG
Reverse GCGAAGCCTCCATGTGTC
TSPAN1 Forward CGTTGTGGTCTTTGCTCTTG
Reverse TTCTTGATGGCAGGCACTAC
MGP Forward AGTCCAAGAGAGGATCCGAG
Reverse ATAAACCATGGCGTAGCGTT
LINC00704 Forward TGCGTTCAGTAAAACGGGCA
Reverse TGTGGGAAATGCAGGGTTCT
CA9 Forward GCCTTTGAATGGGCGAGTG
Reverse CCTTCTGTGCTGCCTTCTCATC
CYSLTR2 Forward TCATAAGCACGCTTCCCTTC
Reverse CACTCCTGATGCTGGTGACA
VIRNA2-1-5p  Forward CGGGTCGGAGTTAGCTCA
Reverse TGCGAATACCTCGGACCCTG
GPRS87 Forward GATAAGCATTGATGCCTATCTGAAGGTG
Reverse CACCTTCAG ATA G GCATCAATGCTTATC
QPRT Forward ATGGACTTCTGCTCTCGCTGGTAG
Reverse TCATTCCTTTGTTGCCACCG
CDH5 Forward CCTACCAGCCCAAAGTGTGT
Reverse GACTTGGCATCCCATTGTCT
GAPDH Forward CCACCCATGGCAAATTCC
Reverse TGATGGGATTTCCATTGATGAC
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Table S2. Patient characteristics

Clinical factors (n=68)

Median (range) or n (%)

Age (years)/Median (range)

Age (years)
Grade
2
3
pT stage
0
1
2
3
4

CRP (mg/dL)
LDH (U/L)
ALT (IU/L)
AST (1U/L)
ALP (IU/L)
Hb (g/dL)

Alb (g/dL)
NLR (ng/mL)
LAT1 score
IGFBP-5 score

69 (42-83)

16 (23.53%)
52 (76.47%)

2 (3.00%)
4 (5.97%)
13 (19.04%)
37 (55.22%)
11 (16.42%)
0.6 (0-15.40)
201 (82-298)
9 (3-186)
17 (7-94)
119 (26-646)
9.90 (6.20-14)
3.20 (1.30-7.10)
3.53 (1.08-9.18)
1.14 (0-2.80)
1.62 (0-3)

68.5 (48-76)
69 (42-83)

68.5 (68-69)
59.5 (48-69)
71 (63-77)
69 (42-83)
68 (46-74)

pT stage = pathological tumour stage, CRP = C-reactive protein,

LDH = lactate dehydrogenase, ALT

= alanine transaminase, AST = aminotransferase, ALP = alkaline phosphatase, Hb = haemoglobin, Alb

=albumin, NLR = neutrophil-to-lymphocyte ratio
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Table S3. Comparison of clinical factors between IGFBP-5 Low and IGFBP-5 High

groups
IGFBP-5 Low IGFBP-5 High

Age (years) 69.09 + 7.01 67.65+8.91 0.4613
Grade 3 or greater (%) 67.65 85.29 0.0833

pT stage 3 or greater (%) 52.94 90.91 0.0003 *
CRP (mg/dL) 1.52 +2.59 1.60£2.93 0.9015

LDH (U/L) 181.39 + 49.96 212.25 + 44.83 0.0204 *
ALT (1U/L) 17.09 + 30.90 10.19 +7.19 0.2227

AST (1U/L) 19.70 + 15.73 17.19 +6.86 0.4102

ALP (1U/L) 144.36 + 115.03 126.47 + 52.68 0.4255

Hb (g/dL) 9.72 +1.62 10.06 + 1.79 0.4231

Alb (U/L) 3.36+1.23 3.58+1.38 0.5699

NLR (ng/mL) 3.03+£1.42 417+ 2.05 0.0212 *
LAT1 staining score 0.72+0.74 1.80+0.85 <0.0001 *

Data are expressed as mean + standard deviation unless otherwise indicated. IGFBP-5 Low =
the IGFBP-5 immunoreaction, IGFBP-5 high =

pathological Tumor stage, CRP = C-reactive protein,

High intensity of the IGFBP-5 immunoreaction, pT stage =

LDH = lactate dehydrogenase, ALT = alanine

Low intensity of

transaminase, AST = aminotransferase, ALP = alkaline phosphatase, Hb = haemoglobin, Alb = albumin, NLR =

neutrophil-to-lymphocyte ratio
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Figure S1. LAT1 and IGFBP-5 IHC-positive and -negative control of BC tissue immunostained
for LAT1 and IGFBP-5. A comparative trial with no primary antibody and no secondary
antibody was performed (A). The IHC scoring criteria for LAT1 and IGFBP-5 are presented in

B and C, respectively.
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