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Abstract

Purpose L-type amino acid transporter 1 (LAT1) is
essential for the transport of large neutral amino acids.
However, its role in breast cancer growth remains largely
unknown. The purpose of the study is to investigate
whether LAT1 is a potential biomarker for the diagnosis
and treatment of breast cancer.

Methods LAT1 mRNA and protein levels in breast cancer
cell lines and tissues were analyzed. In addition, the effects
of targeting LATI1 for the inhibition of breast cancer cell
tumorigenesis were assessed with soft agar assay. The
imaging of xenograft with anti-1-amino-3-['*F]fluorocyclo-
butane-1-carboxylic acid (anti-['*FJFACBC) PET was
assessed for its diagnostic biomarker potential.

Results Normal breast tissue or low malignant cell lines
expressed low levels of LAT1 mRNA and protein, while
highly malignant cancer cell lines and high-grade breast
cancer tissue expressed high levels of LAT1. In addition,
higher expression levels of LAT1 in breast cancer tissues
were consistent with advanced-stage breast cancer. Further-
more, the blockade of LAT1 with its inhibitor, 2-amino-
bicyclo[2.2.1]heptane-2-carboxylic acid (BCH), or the
knockdown of LAT1 with siRNA, inhibited proliferation
and tumorigenesis of breast cancer cells. A leucine analog,
anti-["*FIFACBC, has been demonstrated to be an excellent
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PET tracer for the non-invasive imaging of malignant breast
cancer using an orthotopic animal model.

Conclusions The overexpression of LATI1 is required for
the progression of breast cancer. LAT1 represents a
potential biomarker for therapy and diagnosis of breast
cancer. Anti-["*F]JFACBC that correlates with LAT1 func-
tion is a potential PET tracer for malignant breast tumor
imaging.
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Abbreviations
LAT1 L-type amino acid transporter 1
BCH 2-amino-bicyclo[2.2.1]heptane-2-

carboxylic acid
anti-1-amino-3-['*F]fluorocyclobutane-
1-carboxylic acid

the 2-F-fluoro-2-deoxygluose-positron
emission tomography

Anti-["*F]FACBC

["*F]IFDG-PET

Introduction

Breast cancer is the most common malignancy and a
leading cause of cancer mortality in women in the USA [1].
Worldwide, more than 1 million women are diagnosed with
breast cancer every year, and approximately 14% of deaths
due to cancer in women are attributed to this disease [2, 3].
Moreover, breast cancer incidence rates have been reported
to be increasing by up to 5% each year in many populations
in developing countries [2]. Similarly, over the past decade,
China's and India’s urban cancer registries have docu-
mented increased incidence rates for breast cancer [4, 5].
These data clearly show that breast cancer, once called ‘a
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disease of the western world,” has become more pervasive
throughout the world. Though many molecules have been
implicated in breast cancer growth and progression, the
detailed mechanisms that maintain the malignant growth
and progression of breast cancer cells are still not
completely understood. Therefore, novel, powerful bio-
markers need to be explored for insights into breast cancer
diagnosis and therapy.

Amino acid transporters mediate amino acid transport
across the plasma membrane. L-type amino acid trans-
porter 1 (LAT1) is a neutral amino acid transporter and is
essential for the transport of large neutral amino acids [6,
71]. It has been shown that LAT1 is overexpressed in some
malignant tumor cells such as KB human oral epidermoid
carcinoma cells [8], esophageal carcinoma [9], Barrett's
adenocarcinoma [10], astrocytic tumors [11, 12], lung
adenocarcinoma [13], oral cancer [14] and osteogenic
sarcoma cells [15]. Amino acids are essential for protein
synthesis, which is required for critical cell growth and
proliferation [16]. Actively proliferating cancer cells
require more nutrients, such as amino acids and glucose,
than quiescent cells. With regard to the relationship
between LAT1 and breast cancer, there have been only
four publications so far reporting the role of LAT1 in two
cultured breast cancer cell lines, from Shennan and his
colleagues [17-20].

We have previously developed a new PET tracer, 1-amino-
3-fluorocyclobutane-1-carboxylic acid (FACBC), labeled
with fluorine-18 for nuclear medicine imaging. Anti-1-
amino-3-['®F]-fluorocyclobutane-1-carboxylic acid (anti-
['®FJFACBC) is a synthetic L-leucine analog that exhibited
excellent uptake within prostate carcinoma cells and brain
tumor cells [21, 22]. L-type large-neutral amino acid
transport system (LAT) likely mediated the uptake of anti-
['"®FJFACBC [23]. Anti-['"*F]JFACBC has little renal excre-
tion compared with ['*F]FDG [21].

In the present study, in an effort to identify the role of
LAT1 in breast cancer growth and progression and explore
the mechanism of new anti-['*FJFACBC tracer action, we
examined LAT1 expression in breast cancer cell lines and
tissues. Furthermore, we tested whether anti-['*F]JFACBC-
PET, a sensitive imaging modality to detect LAT1 function,
can detect tumors in an orthotopic breast cancer animal
model.

Materials and Methods
Cell Lines and Cell Culture
In this study, we selected three types of cell lines, highly

malignant (MDA-MB-231, MDA-MB-361, MDA-MB-435
and SKBR3), low malignant (HCC1395, and HCC1143)
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and non-tumorigenic (A1N4, MCF-10A). Highly malignant
cell lines were derived from stage 3 or stage 4 cancers,
indicating that the tumors had metastasized to local lymph
nodes as well as other body organs (lung, liver, bone, etc.).
Low malignant cell lines were derived from stage 1 or stage
2 cancers, indicating that the tumors were more localized
and were quantitatively smaller. MDA-MB-231, MDA-
MB-361, MDA-MB-435, HCC1395 and HCC1143 [24, 25]
were cultured in 5% CO, at 37°C in RPMI 1600 (Sigma,
St. Louis, MO), supplemented with 10% fetal bovine serum
(Atlanta Biologicals, Lawrenceville, GA), 50 units/ml
penicillin and 50 pg/ml streptomycin (Invitrogen, Carlsbad,
CA). SKBR3 grew in DMEM (Sigma, St. Louis, MO),
AIN4 in improved minimal essential medium (IMEM)[26]
and MCF-10A in DMEM/F12 (Lonza, Walkersville, MD)
[27, 28].

RNA Isolation and Quantitative RT-PCR Analysis

Total RNA was extracted from tumor cells by using Trizol
Reagent (Invitrogen) following the previous procedure [24,
29]. The procedures for RT-PCR and the sequence of
[-actin primers were described previously [24, 29]. The
primers for LATI are 5-AGGAGCCTTCCTTTCTCCTG
and 5'- CTGCAAACCCTAAGGCAGAG (GenBank acces-
sion no. AB018009). Five hundred nanograms of total
RNA was transcribed into ¢cDNA in a 20-ul reaction
volume at 42°C for 45 min. The cycle conditions for
cDNA PCR were 95°C for 10 min followed by 35 cycles of
95°C for 30 s, 54°C for 20 s and 72°C for 30 s. For SYBR
Green quantitative PCR amplifications, reactions were
performed in a 20-ul reaction volume containing 10 ul of
2x SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA). The fold-difference for LATI expression
level was calculated. Each assay condition was performed
in triplicate; the experiment was repeated once.

Western Blotting Analyses

Twenty-five micrograms of protein was resolved in an SDS/
PAGE gel and subjected to immunoblot analysis using a
monoclonal antibody against LAT1 (1:1,000) (TransGenic
Inc, Kumamoto, Japan) or B-actin (1:5,000) (Sigma-Aldrich,
St. Louis, MO). Detection by enzyme-linked chemilumines-
cence was performed according to the manufacturer’s
protocol (ECL; Pierce Biotechnology Inc., Rockford, IL).
Quantification of protein bands was performed using ImageJ
software (NIH, Bethesda, MD).

Tissue Samples

A human breast cancer tissue array was purchased
(Imgenex, San Diego, CA), which contained 40 primary
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breast cancer and 10 normal breast tissue samples adjacent
to the tumor sites. The source and characteristics of the
tissue samples are summarized in Table 1.

Immunohistochemical Staining

For immunohistochemical staining of formalin-fixed and
paraffin-embedded tissue sections for LAT1, a monoclo-
nal antibody was used at 1:500 against LAT1 (Trans-
Genic). The immunohistochemical staining procedure
was described previously [30]. The staining intensity with
brown color was scored semi-quantitatively as follows: 4+,
very strong; 3+, strong; 2+, medium; 1+, weak. Additionally,
another immunostaining score was calculated by multiplica-
tion of the percentage of positive tumor cells (0—-100) by the
staining intensity (grade 1-4), producing a total range of
0-400 [31]. Staining intensity >100 was considered LAT1
positive.

LAT1 Inhibition and Proliferation of Cells

MDA-MB-231 cells were seeded in 96-well plates. After
the addition of 10 mM of LAT1 inhibitor, 2-amino-
bicyclo[2.2.1]heptane-2-carboxylic acid (BCH) (Sigma-
Aldrich, St. Louis, MO), cell proliferation was measured
at 24 h and 48 h by the CellTiter 96 AQ (Promega,
Madison, WI) [24].

Transfection of LAT1 siRNA and Proliferation Assay

The target sequence of small interfering RNA (siRNA)
against LAT1 is 5'-AAGAAUUUCGUCACAGAGGAA-
3") (Genbank accession no. AF104032) and these duplexes
were purchased from Dharmacon (Lafayette, CO). The
nonspecific control siRNA duplexes were used as controls
from Dhamacon with the same GC content as LATI
siRNAs (42%). The siRNAs were transfected into MDA-
MB-231 cells at a final concentration of 120 nmol/l using
LipofectAMINE 2000 (Invitrogen). The transfected cells were
collected to measure the mRNA levels of LAT at 24 h post-
transfection. In addition, cell proliferation was measured at
48 h post-transfection by the CellTiter 96 AQ (Promega)
following a previous procedure [24]. The experiments were
repeated once more.

Soft Agar Colony Formation Assay

Colony formation in soft agar was evaluated in 0.35%
agar and 10% FBS in RPMI1640 medium overlaying a
0.6% agar layer. In total, there were four groups,
consisting of one control group and three BCH-treated
groups (0.1, 1 and 10 mM). Each well of the six-well
plates containing 2500 MDA-MB-231 cells in agar was
incubated at 37°C in 5% CO, for 30 days and fed twice
a week. Colonies were counted under the microscope
at 30 days. Each assay treatment was performed in
triplicate.

Cell Uptake Assays

The amino acid uptake assays were performed with eight
cultured breast cancer cell lines as described previously [23]. In
this study, approximately 2x 10° cells were exposed to 5 puCi
of anti-1-amino-3-['*F]fluorocyclobutane-1-carboxylic acid
(anti-["*FIFACBC) in amino acid free HBSS and incubated
at 37°C for 60 min. Each assay condition was performed in
triplicate. After incubation, cells were centrifuged twice and
rinsed with ice-cold amino-acid/serum-free HBSS to remove
residual activity in the supernatant. The activity in the tubes
was counted in an automated y-counter (AccuFLEXy7001,
Aloka, Co., Ltd., Japan). The data from these studies were
normalized as percent uptake relative to standard per 2x 10°
cells.

Preparation of Anti-['*FJFACBC and microPET Imaging

The preparation of anti-|'*FJFACBC has been previously
reported [32]. One hour after tail vein injections of 150 uCi
["®FJFACBC in a volume of 150 pl, the animals were
anesthetized and secured on an extended scanning bed
before being moved into the interior of the Inveon
Preclinical CT scanner (Siemens Medical Solutions Inc,
Malvern, PA). The purpose of using the microCT is to
acquire a CT-based attenuation scan for later re-
construction of the microPET scan data. The mouse
microCT images were acquired at settings so that the
number of bed positions and overlap are calculated to
match the axial microPET FOV of 12.7 cm. After microCT
imaging, the scanning bed is moved forward into the

Table 1 Source and character-

istics of tissue specimens Total T stage Sex Age
T1 and T2 T3 and T4 Male Female <50 >50
Tumor tissues 40 19 21 38 24 16
Normal tissues 10 - - 0 10 9 1
Total 50 19 21 48 33 17
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microPET. Mouse microPET images were acquired on an
Inveon Preclinical PET/CT scanner (Siemens Medical
Solutions Inc.) that has a 12-cm transaxial and 12.7-cm
axial field of view. A total of 30-min imaging was
acquired, first using the Inveon Preclinical CT and then
using the Inveon Preclinical PET with the long axis of
the mouse parallel to the long axis of the scanner.
Images of the two scans were aligned using a
Transformation Matrix. Quality control scans were done
before scanning any animals, and the microPET scanner
was calibrated by analyzing a uniform phantom of
activity. The resulting images were quantitatively cali-
brated and had a 2-mm isotropic resolution. Data
acquisition and processing, including image reconstruc-
tion, image display and analyses, were performed with
the ASIPro program provided by Siemens Medical
Solutions Inc.

Statistical Analysis
All significance of the difference was determined with a

two-sided Student’s r-test or x-test. P values<0.05 are
considered statistically significant.

Results

Overexpression of LAT1 in Highly Malignant Tumor Cell
Lines

LAT1 has been shown to be highly expressed in human
fetal liver, bone marrow, placenta and testis, but not in
normal breast tissues [33]. To assess whether LAT1 is
overexpressed in highly malignant breast cancer cell lines
and further elucidate the role of LATI in breast cancer
progression, we analyzed and compared expression levels
of LAT1 mRNA and protein in four highly malignant and
four low malignant and non-tumorigenic breast tumor cell
lines. After qRT-PCR analysis, overexpression of LATI
mRNA was observed in all four highly malignant breast
cancer cell lines: MDA-MB-231, SKBR3, MDA-MB-435
and MDA-MB-361. Lower levels of LATI were expressed
in all four non-tumorigenic and low malignant tumor cell
lines: AIN4, MCF-10A, HCC1143 and HCC1395
(Fig. 1a). Expression levels of LAT! mRNA in highly
malignant cell lines were 4.8-fold higher than in low
malignant cell lines (Fig. la) with qRT-PCR analysis.
Similarly, Western blotting analysis (Fig. 1b) showed that
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Fig. 1 Expression of LAT1 in breast cancer cell lines. (a) Expression
of LATI mRNA. The left panel shows expression levels of LATI
mRNA determined by RT-PCR in highly malignant breast cancer cell
lines, MDA-MB-231, SK-BR-3, MDA-MB-435 and MDA-MB-361,
and non-tumorigenic and low malignant breast cancer cell lines,
AIN4, MCF-10A, HCC1143 and HCC1395. The right panel is a
comparison of LAT] mRNA levels in highly and low malignant breast
cancer cell lines determined by quantitative RT-PCR analysis. 5-Actin
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was used to normalize. (b) Expression of LAT1 protein. The left panel
shows the protein expression of LAT1 in highly, and non-tumorigenic
and low malignant breast cancer cell lines determined by Western
blotting analysis. The right panel is a comparison of average LAT1
protein levels in highly and low malignant breast cancer cell lines with
Western blotting analysis. Protein bands were measured quantitatively
using the ImageJ software, and [3-actin was used as a loading control
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highly malignant tumor cells expressed high levels of LAT1
protein, whereas non-tumorigenic and low malignant tumor
cells expressed significantly lower levels of LAT1 protein.
Expression levels of the LAT1 protein in highly malignant
breast cancer cells were 2.8-fold higher than in non-
tumorigenic and low malignant tumor cells (Fig. 1b).

Overexpression of LAT1 in Malignant Tumor Tissues
Compared to Normal Tissues

To examine whether LAT1 is overexpressed in malignant
breast cancer tissues, we analyzed 40 primary and 10 normal

a Breast tumors

Normal tissues

breast tissue samples with immunohistochemistry. We iden-
tified the majority of breast cancer samples as overexpressing
LAT1, whereas normal breast tissues expressed little to no
LAT1 (Fig. 2a). Ninety-five percent of breast carcinoma
samples were positive for immunostaining with LATI
(>100). Conversely, only three out of ten normal breast
tissue samples from the adjacent area of the tumor
demonstrated positive staining (Table 2). Although these
tissues were LAT1-positive after staining, their intensities
were generally lower than those in tumor tissues (all
three<200). Furthermore, the average score (241) of staining
intensity of the tumor samples with LAT1 was significantly
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Fig. 2 Overexpression of LAT1 in breast cancer tissues. (a)
Representative micrographs of immunohistochemical staining of
LAT1 protein on paraffin-embedded breast cancer and normal breast
tissues. LAT1 protein is shown in brown color (DAB), whereas blue
color represents nuclei counterstaining. (b) A box-and-whisker plot
diagram showing the expression levels (immunostaining scores) of
LAT1 from breast cancer and normal breast tissues by immunostain-
ing. The scores were calculated by multiplying the percentage of
positive tumor cells (1-100) by staining intensity (1-4), producing a
score range of 0—400. Horizontal lines in the boxes represent the

=100

=200

=150 2250 =300

median value of LAT1 immunostaining scores of each group. Top and
bottom edges of the boxes indicate the score values of the 75th and the
25th percentile, respectively. Whiskers represent the highest and
lowest values. The range is shown as a vertical line. (¢) Comparison of
the expression levels (immunostaining score mean) of LAT1 between
T1 and T2 and T3 and T4. (d) Correlation of LAT1 protein expression
levels with tumor T stage. Stage 3 and stage 4 tumors expressed high
levels of LAT1, whereas stage 1 and 2 tumors showed low levels of
LAT1. This difference was more profound when >250 or >300 was
used as a threshold
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Table 2 Sensitivity and speci-
ficity for tumor progression

Sensitivity Specificity

with LAT1
Tumor prediction (>100)

Prediction of lymph node positive (>150)

95% (38/40)
92% (23/25)

70% (7/10)
60% (9/15)

greater than the score (90) of normal tissues (P=0.000064)
(Fig. 2b).

Correlation of LAT1 Expression Levels to Progression
of Breast Cancer

Further analysis showed that stage 3 or 4 breast tumors
expressed higher levels (mean score: 276) of LAT1, whereas
stage 1 or 2 breast tumors exhibited significantly lower levels
(mean score: 181) of LAT1 (Fig. 2c). When >100, >150 or
even >200 was used as the threshold, there was no
observable difference between T1&2 and T3&4, whereas
drastic differences were observed between these two groups
with LAT1 staining when >250 or >300 was used as the
threshold level (Fig. 2d). Twenty-nine percent of the stage 3
or 4 tumors exhibited >300 IHC score with LAT1, whereas
only 4% of stage 1 or 2 tumors resulted in >300 staining
grade (Fig. 2d). In addition, we found that 92% of the tumor
samples from node-positive patients were >150, whereas
only 60% of the tumor samples from node-negative patients
were >150 for LAT1 staining (Table 2). These results
demonstrate that LAT1 expression levels are correlated to
breast cancer progression.

Blockade and Downregulation of LAT1 Inhibits
the Proliferation and the Tumorigenesis
of Breast Cancer Cells

LAT1 is a major nutrient transporter responsible for the
transport of large neutral essential amino acids. It has been
shown that LAT1 is overexpressed in some tumor tissues [34,
35] and is actively involved in the proliferation of vascular
smooth muscle cells [36]. In order to investigate whether or
not LATI is involved in the proliferation of breast cancer
cells, we employed BCH, a selective inhibitor of LAT1 [37,
38], to inhibit the proliferation of malignant MDA-MB-231
cells. In the presence of 10 mM BCH, the proliferation of
MDA-MB-231 cells was significantly reduced in comparison
with control cells grown in the absence of BCH at either 24
h or 48 h post-cell treatment (Fig. 3a). Moreover, LATI
expression was downregulated efficiently with a LAT1 siRNA
(Fig. 3b) to determine the effects of the knockdown of LAT1
on the proliferation of MDA-MB-231 cells. Figure 3¢ shows
that the knockdown of LAT1 significantly reduced the
proliferation of MDA-MB-231 cells at 72 h post-transfection.

To determine whether the blockade of LAT1 affects the
tumorigenesis of breast tumor cells, we performed a soft
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agar colony-formation assay. MDA-MB-231 cells were
implanted in semisolid medium and treated with increasing
concentrations of BCH. After 30 days, results showed that
the blockade of LAT1 with BCH efficiently inhibited
colony formation of MDA-MB-231 cells in a dose-
dependent manner (Fig. 4).

LAT1 Function Correlates with Breast Cancer Malignancy
in Vitro

We performed in vitro uptake studies in all eight breast
cancer cell lines described above to evaluate LAT1 function.
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Fig. 3 Impact of blockade or knockdown of LAT1 on proliferation of
MDA-MB-231 cells. (a) Impact of blockade of LAT! with an
inhibitor on proliferation of breast cancer cells. MDA-MB-231 cells
were treated with/without 10 mM of a LATI inhibitor, BCH.
Proliferation of these cells was measured at either 24 h or 48 h post-
treatment. *P<0.05, **P<0.01. (b) Knockdown of LAT1 mRNA at
24 h post-siRNA transfection in MDA-MB-231 cells. (3-Actin was
used as a loading control. (¢) Impact of LAT1 knockdown via siRNA
on proliferation of MDA-MB-231 cells. Relative growth at 72 h post-
transfection of LAT1 siRNA on MDA-MB-231 cells compared to the
control. ¥*P<0.05
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Fig. 4 Effect of LAT1 blockade on tumorigenesis of MDA-MB-231
cells determined by soft agar colony formation assay. MDA-MB-231
cells were treated with increasing concentrations of BCH (0.1 mM-
10 mM) for 24 h and plated onto semisolid medium. The
representatives of colonies from control and 10 mM BCH treatment
groups are shown in the left panel. The colonies were quantified by
light microscopy (right) after 1 month. Five fields were quantified and
compared per condition (right). *Versus control P<0.01

Fig. 5 Uptake of anti-['®F]

Anti-["SFJFACBC revealed high levels of intracellular accu-
mulation in all four highly malignant cell lines. In contrast,
lower uptake levels were detected with anti-['*FJFACBC in all
four non-tumorigenic and low malignant cell lines (Fig. 5a).

Efficient Detection of Breast Tumors
by anti-["*FJFACBC-PET

We determined whether LAT1 overexpression could be a
diagnostic marker for breast tumor detection by using non-
invasive anti-['"SFJFACBC-PET in an orthotopic breast
cancer animal model. MDA-MB-231 breast cancer cells
were injected into the mammary fat pads of the nude mice.
When the average tumor size reached 700 mm?, animals
were injected with anti-['"®*FJFACBC intravenously and
scanned in microPET/CT at 1 h post-injection. CT scan
showed anatomical information (Fig. 5b left), and anti-['*F]
FACBC-PET images showed that tumors are bright (Fig. 5b
middle), especially the rings. The corresponding PET/CT
fused images are shown in Fig. 5b right. Our study provides
the mechanism that allows anti-['*FJFACBC-PET, which
correlates with LAT1 function, to be a potential non-invasive
diagnostic tool for malignant breast tumor detection.

FACBC, a PET tracer and sub- a
strate of LAT1, in vitro and in
vivo. (a) Uptake of anti-['*F]
FACBC into highly, and non-
tumorgenic and low malignant
breast cancer cell lines. “Highly
malignant” represents the aver-
age of anti—[lgF]FACBC uptake
in four highly malignant breast
cancer cell lines. “Non-tumori-
genic and low malignant” is the
average of anti-['"*FJFACBC
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Discussion

The present study investigated the potential of LAT1 as a
biomarker for immunohistochemistry and non-invasive
PET imaging. Our study revealed, for the first time, that
LAT1 is overexpressed in highly malignant breast cancer
cell lines and tissues compared to low malignant breast
cancer cell lines and tissues. Previous studies have shown
that LAT1 is expressed at different levels in primary brain
tumors vs. normal brain tissues [39], in human normal
osteoblast cells vs. osteogenic sarcoma cells [15], in normal
lung vs. adenocarcinoma of the lung [13] and in human
normal oral keratinocytes vs. human oral cancer cells [14].
Furthermore, we demonstrated for the first time that breast
cancer tissues overexpressed LAT1 compared to normal
breast tissues. Our study found that higher staining scores
were exhibited in highly malignant tumor (T3 and T4)
tissues compared to those in low malignant tumor (T1 and
T2) tissues. In addition, we have shown that the blockade
or knockdown of LATI inhibited the proliferation and
colony formation of breast cancer cells. Our findings,
coupled with previous studies, suggest that overexpression
of LAT1 may be required for the growth and the
progression of breast cancer.

Our results suggest that LATI may be a potential
biomarker for the diagnosis of breast cancer. ['*F]JFDG-
PET has been widely accepted as a clinical imaging tool in
the evaluation of patients with various carcinomas [40—42].
["®F]JFDG-PET relies on increased glucose metabolism to
determine the location of malignant lesions [43]. However,
the major limitation of ['®*F]FDG-PET is that many active
inflammatory diseases and some benign tumors have high
['FIFDG uptake [44—46]. Our previous studies have
shown that anti-["*FJFACBC, a substrate of LAT1, has an
excellent uptake rate within primary and metastatic prostate
carcinoma, brain and renal tumors with little renal excretion
compared to ['*F]JFDG [47-49]. In this study, we showed
for the first time that uptake of anti-['"*F]FACBC is
correlated with breast tumor cell malignancy. Furthermore,
anti-['"®FIFACBC has an excellent uptake rate in a breast
cancer xenograft. Therefore, our data suggest that using
anti-['*FIJFACBC-PET may be a potential strategy for non-
invasively assessing LAT1 function, which correlates well
with breast cancer malignancy.

LAT1 has great potential to be an efficient target for the
treatment of metastatic breast cancer. Metastasis is the
leading cause of breast cancer death. Traditional surgery
and radiotherapy are not efficient in decreasing morbidity
and mortality associated with metastatic breast cancer,
whereas chemotherapy and targeted therapy are critical to
treat this class of breast cancer. Currently, the HER2-
targeting antibody trastuzumab and anti-estrogen drugs
such as tamoxifen are the only molecularly targeted drugs
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for advanced breast cancer treatment. However, the utility
of these treatments is limited. Approximately 25% of
patients with breast cancer have tumors that overexpress
HER2/neu[50]. Administration of trastuzumab as a single
agent resulted in a response rate of only 21%. [51]. There is
about a 55% estrogen receptor-positive ratio in breast
cancer tumors [52], but normal and benign breast tissues
possess a high positive ratio of estrogen receptors as well.
In our study, we observed that 94% of breast tumor tissues
are LAT1 positive. Previous investigations have shown that
LAT1 is not detectable in normal breast tissues [17]. Our
results demonstrated that the normal breast tissues adjacent
to the tumor site expressed a low intensity of LAT1.

In conclusion, we demonstrated that LAT1 promotes the
proliferation, tumorigenesis and progression of breast
cancer cells. Taken together, these combined data suggest
that LAT1 may be a potential biomarker for treatment and
diagnosis of breast cancer, and in particular, for treatment of
advanced and metastatic breast cancer.
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