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Abstract The aim of this study is to evaluate the clinicopath-
ological significance of L-type amino acid transporter 1
(LATT1) expression in patients with advanced laryngeal squa-
mous cell carcinoma (LSCC). A total of 73 patients with ad-
vanced LSCC were retrospectively reviewed. Tumor sections
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were stained by immunohistochemistry for LAT1, 4F2hc, sys-
tem ASC amino acid transporter-2 (ASCT2), cell proliferation
by Ki-67, microvessel density (MVD) determined by CD34
and p53. A positive LAT1, 4F2hc and ASCT2 expression
(staining more than a quarter) in the primary sites were recog-
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nized in 85, 80 and 45 %, respectively, and a high LATI1,
4F2hc and ASCT2 expression (staining more than a half)
yielded 48, 31 and 18 %, respectively. High expression of
LAT1 was significantly associated with lymph node metasta-
sis, 4F2hc, ASCT2, Ki-67 and p53. The expression of LAT1
was significantly correlated with ASCT2, 4F2hc, cell prolif-
eration, and MVD. By univariate analysis, there was no sta-
tistically significant relationship between LAT1 expression
and prognosis in advanced LSCC. LAT1, 4F2hc and ASCT2
were highly expressed in patients with advanced laryngeal
cancer. Our study suggests that the expression of LAT1 plays
a crucial role in the metastasis and tumor progression in ad-
vanced LSCC.

Keywords Larynx - LAT1 - CD98 - Imunohistochemistry -
ASCT?2 - Prognostic factor

Introduction

Head and neck cancer is a malignant tumor arising from a
different site in the upper aerodigestive tract, and the most
common sites include the larynx, the oropharynx, the hypo-
pharynx, and the oral cavity [1]. Surgery plus sequential che-
moradiotherapy is generally considered as an appropriate
treatment for patients with locally advanced diseases [2]. La-
ryngeal squamous cell carcinoma (LSCC) is the second most
common malignant tumor of the head and neck cancers, and
the occurrence of LSCC is believed to be associated with
tobacco use, alcohol consumption, sex, air pollution and oc-
cupational factors [1, 2]. But, LSCC is an aggressive malig-
nant disease with dismal prognosis, and the patients with
LSCC need a promising therapeutic strategy for improving
their outcome. The prognostic factors to improve the progno-
sis after treatment are currently still controversial. Therefore, a
reliable biomarker should be established for improving the
therapeutic efficacy.

Amino acid transporters play an essential role in the
growth, proliferation and survival of both normal cells and
transformed cells [3]. Of these transporters, L-type amino acid
transporter 1 (LAT1) and system ASC amino acid transporter-
2 (ASCT?2) are shown to be significantly linked to the patho-
genesis of cancer cells [4, 5]. LAT1 is an L-type amino acid
transporter that transports large neutral amino acids, such as
leucine, isoleucine, valine, phenylalanine, tyrosine, trypto-
phan, methionine and histidine, and requires a covalent asso-
ciation with the heavy chain of 4 F2 cell surface antigen
(4F2hc) for its functional expression in the plasma membrane
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[5, 6]. LAT1 has been closely related to cancerous or prolifer-
ative cells and is highly expressed in the proliferating tissues
[4—6]. Several in vitro studies have implicated that a LAT1
inhibitor could be an effective therapeutic option for patients
with human neoplasms [7-9]. ASCT2 is a Na'-dependent
transporter responsible for the transport of neutral amino
acids, including glutamine, leucine and isoleucine [10].
ASCT2 is a major glutamine transporter and is associated with
tumor growth and proliferation in cancer cells [4, 11]. By
several studies, both LAT1 and ASCT2 are shown to play
crucial roles in the development and progression of various
human neoplasms and are significant biomarkers for
predicting worse outcome [7, 12-23]. But, the clinicopatho-
logical significance of amino acid transporters such as LAT1
and ASCT2 expression remains unknown in patients with
LSCC. In the present study, we focused on the protein expres-
sion of LAT1 in the resected tissue specimens, and the expres-
sion of LAT1 and ASCT2 were correlated with cell prolifera-
tion and angiogenesis.

Material and Methods
Patients

We analyzed 80 consecutive patients with pathologically con-
firmed LSCC who underwent surgical resection at Gunma
University Hospital and Gunma Prefectural Cancer Center
between 2001 and 2012. Five patients had pathological stage
I or II disease. The specimens of two patients were not avail-
able. Patients who had received primary chemotherapy and/or
radiotherapy were excluded from the study. Therefore, a total
of 73 patients with stage III/IV disease were analyzed. Forma-
lin-fixed, paraffin-embedded tumor samples from 73 patients
for the primary manifestation of LSCC were examined. All
surgical specimens were reviewed and classified according to
the WHO classification by the two experienced pathologists
who were unaware of clinical or imaging findings. Pathologic
tumour-node-metastasis (TNM) stages were established using
the Classification of Malignant Tumours by the International
Union against Cancer (UICC) and American Joint Committee
on Cancer (AJCC) system. The study protocol was approved
by the institutional review board.

Immunohistochemical Staining

LAT1 expression was determined by immunohistochemical
staining with an anti-human LAT1 antibody (1.6 mg/mL,
anti-human monoclonal mouse IgG;, KM3149, provided by
Kyowa Hakko Co., Ltd.; dilution of 1:800). The specificity of
the antibody was confirmed by Western blotting as shown in
Supplemental Fig. S1. A specific single band was detected
with the antibody in HEK293 cells stably expressing human
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Table 1  Patient’s demographics according to LAT1 expression
Total LATI
Variable High Low p-value
(n=73)  (n=35) (n=38)

Age

<65 years / >65 years 19/54 11/24 8730 0.424
Sex

Male / Female 69/4 34/1 35/3 0.615
Differentiation

WD or MD / PD 25/48 11/24 14/24  0.805
Stage

/v 22/51 10/25 12/26  0.804
Primary tumor status

T1-3/T4 37/36 19/16 18/20  0.641
Lymph node status

NO /N1-3 32/41 20/15 12/26  0.035
Primary site

Supraglottic / Glottic 40/33 19/16  21/17  >0.999
Lymphatic permeation

Positive / Negative 55/18  26/9 29/9 >0.999
Vascular invasion

Positive / Negative 48 /25 26/9 22/16 0216
Resected status

Negative / Positive 68/5 31/4 37/1 0.187
Adjuvant chemotherapy

Yes / No 44/29 25/10 19/19  0.093
4F2hc

High / Low 23/50 16/19  7/31 0.022
ASCT2

Positive / Negative 33/40 21/14 12/26  0.019
Ki-67

High / Low 21/52 15/20 6/32 0.018
CD34

High / Low 36/37 18/17 18/20 0816
p53

Positive / Negative 30/43 21/14 9/29 0.002

Abbreviation: LAT! L-type amino acid transporter 1, WD well differen-
tiated, MD moderate differentiated, PD poorly differentiated, 4SCT2
ASC-amino acid transporter 2

LAT1 but not in cells stably expressing human LAT2 (Sup-
plemental Fig. S1). An oligopeptide (RDSKGLAAAEPTAN)
corresponding to amino acid residues 7-20 of a rabbit poly-
clonal antibody against ASCT2 (1:300 dilution) was synthe-
sized. The N-terminal cysteine residue was used for conjuga-
tion with keyhole limpet hemocyanin. An anti-peptide anti-
body was produced as described elsewhere [20]. The anti-
CD98 antibody used is an affinity-purified rabbit polyclonal
antibody (Santa Cruz Biotechnology, Inc.; 1:100 dilution)
raised against a peptide mapping to the carboxy terminus of

human CD98. The detailed protocol for immunostaining has
been published elsewhere [18-20]. The LAT1 and CD98 ex-
pression scores were defined by the extent of staining as fol-
lows: 1, <10 % of tumor area stained; 2, 11-25 % stained; 3,
26-50 % stained; 4, 51-75 % stained; and 5, >76 %. The
tumors in which the stained tumor cells were scored as 3, 4,
or 5 were defined as positive; tumors scoring 4 or 5 were
defined as having high expression. The immunohistochemical
staining for CD34, Ki-67, and p53 was performed according
to the procedures described in the previous reports [18-20].
The following antibodies were used: mouse monoclonal anti-
bodies against CD34 (Nichirei, Tokyo, Japan; 1:800 dilution),
Ki-67 (Dako, Glostrup, Denmark; 1:40 dilution), and p53
(D07; Dako; 1:50 dilution). The number of CD34-positive
vessels was counted in four selected hot spots in a 400x field
(field area of 0.26 mm?). MVD was defined as the mean count
of microvessels per 0.26 mm? field area. The median numbers
of CD34-positive vessels were evaluated, and the tumors in
which the stained tumor cells comprised more than each me-
dian value were defined as positive.

For p53, a microscopic examination of the nuclear reaction
product was performed and scored. Based on previous reports
[18-20], p53 expression greater than 10 % of the tumor cells
was defined as positive expression. A highly cellular area of
the immunostained sections was evaluated for Ki-67, and the
epithelial cells with nuclear staining of any intensity were

Fig. 1 Representative immunohistochemical staining of patient with
tongue squamous cell carcinoma. Both LAT1 (a) and ASCT2 (b)
immunostaining displays a membranous staining pattern
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Table2  Correlation between LAT1 and ASCT?2, and other biomarkers

Biomarkers Spearman y 95 % CI p-value
LATI
ASCT2 0.309 0.079 to 0.507 0.007
4F2hc 0.441 0.229 t0 0.613 <0.001
CD34 0.056 —0.181 to 0.287 0.632
Ki-67 0.326 0.098 to 0.521 0.005
ASCT2
4F2hc 0.279 0.047 to 0.482 0.016
CD34 —0.179 —0.397 t0 0.058 0.127
Ki-67 0.007 —0.228 t0 0.242 0.949

Abbreviation: LAT! L-type amino acid transporter 1, ASCT2 ASC-amino
acid transporter 2, 95% CI 95 % confidence interval

Table 3 Univariate analysis in
overall survival and progression-
free survival

@ Springer

defined as positive. Approximately 1000 nuclei were counted
on each slide, and the proliferative activity was assessed as the
percentage of Ki-67-stained nuclei (Ki-67 labeling index) in
the sample. The median Ki-67 labeling index value was de-
termined, and high expression in the tumor cells was defined
as a value greater than the median. The sections were assessed
using light microscopy in a blinded fashion by two experi-
enced authors.

Statistical Analysis

Probability values of <0.05 indicated a statistically significant
difference. Fisher’s exact test was used to examine the asso-
ciation of two categorical variables. The correlation between
different variables was analyzed using the nonparametric
Spearman’s rank test. Follow-up for these 143 patients was
conducted using the patient medical records. The Kaplan-
Meier method was used to estimate survival as a function of

Variables Overall survival Progression-free survival
S-years survival rate (%) p-value S-years survival rate (%) p-value

Age

<65 years / >65 years 42 /43 0.686 67/44 0.237
Sex

Male / Female 47737 0.697 49 /50 0.665
Disease stage

/v 68 /32 0.031 62 /41 0.189
Differentiation

WD or MD / PD 32/51 0214 38/53 0.375
Lymphatic permeation

Positive/Negative 35/80 0.021 45/62 0.150
Vascular invasion

Positive/Negative 48 /39 0.399 52/42 0.559
Lymph node metastasis

Yes / No 31/62 0.067 35/65 0.155
Resected status

RO /R1 48/0 0.097 53/37 0.411
LAT1

High / Low 56/36 0.173 58/41 0.408
ASCT2

Positive/Negative 44 /43 0.309 61/39 0.113
4F2hc

High / Low 29 /45 0.718 39/47 0.588
Ki-67

High / Low 14 /48 0.713 0/53 0.266
CD34

High / Low 49/39 0.745 55/43 0.650
pS3

Positive/Negative 57137 0.607 55745 0.901

Abbreviation: LAT1 L-type amino acid transporter], 4SCT2 ASC-amino acid transporter 2
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time, and survival differences were analyzed by the log-rank
test. Overall survival (OS) was determined as the time from
tumour resection to death from any cause. Progression-free
survival (PFS) was defined as the time between tumour
resection and the first disease progression or death. Mul-
tivariate analyses were performed using stepwise Cox
proportional hazards model to identify independent prog-
nostic factors. Statistical analysis was performed using
GraphPad Prism 4 software (Graph Pad Software, San
Diego, CA, USA) and JMP 8 (SAS, Institute Inc., Cary,
NC, USA) for Windows.

Results

Patient’s Demographics and Immunohistochemical
Analysis

Table 1 shows a patient’s characteristics according to the
LAT1 expression. Age of the patients ranged from 50 to
88 years, and the median age was 69 years. Twenty-two pa-
tients (30 %) had stage III and fifty-one patients (70 %) stage
IV. Forty-four patients (60 %) received postoperative adjuvant
chemotherapy with cisplatin, 5-FU (fluorouracil), docetaxel,
or S-1 (Taiho Pharmaceutical Co., Ltd, Tokyo, Japan), oral
administration of tegafur (a fluorouracil derivative drug),
and/or radiotherapy. High expression of LAT1 was signifi-
cantly associated with lymph node status, 4F2hc, ASCT2,
Ki-67 and p53.

We performed an immunohistochemical staining on the
73 primary sites. Figure 1 shows the representative images
of the immunohistochemical staining. Expression of LAT1
and ASCT2was predominantly localized at the plasma
membrane of the carcinoma cells in the tumor tissues.
Positive LAT1, 4F2hc and ASCT2 expression were found
in 85 % (62/73), 80 % (59/73) and 45 % (33/73), respec-
tively. Moreover, high LAT1, 4F2hc and ASCT2 expres-
sion were found in 48 % (35/73), 31 % (23/73) and 18 %
(12/73), respectively. The positive expression rate of LAT1
was significantly higher than that of ASCT2 (p<0.001),
but there was no significant difference between LAT1 and
4F2hc (p=0.66). The average scores of LAT1, 4F2hc and
ASCT2 was 3.4+0.9, 3.1£0.9, and 2.3+1.0, respectively,
and the score of LATI1 was higher than that of ASCT2
(»<0.001). However, no statistically significant difference
was observed between the average scores of LAT1 and
4F2hc (p=0.103). The median number of CD34-positive
vessels was 13 (range, 2 to 30), and this value was chosen
as a cutoff point. The median value of the Ki-67 labeling
index was 28 (range, 2 to 81), and the value of 28 % was
chosen as a cutoff point. Positive p53 expression was
found in 41 % (30/73) (Table 2).

Correlation Between LAT1 / ASCT2 Expression
and Different Variables

We analyzed any correlation between amino acid transporters
(LAT1 and ASCT2) and the other biomarkers. The expression
of LAT1 was significantly correlated with ASCT2, 4F2hc, cell
proliferation and MVD determined by CD34. ASCT2 expres-
sion yielded a statistically significant correlation with 4F2hc
(Table 2)

Univariate and Multivariate Survival Analysis

All patients revealed a median survival time (MST) and
5-year survival rate for OS of 917 days and 42 %,
respectively, and the MST and 5-year survival rate for
PFS were 840 days and 43 %, respectively. Table 3
shows results of the univariate and multivariate analysis
in all patients with laryngeal cancer. By the univariate
analysis, only the disease stage was significantly asso-
ciated with poor OS, but we could not find any factors
predicting poor PFS (Fig. 2). Multivariate analysis
demonstrated that disease stage was an independent
and significant factor for predicting poor outcome.

Y]

100+ p=0.173
90

80+
704 High LAT1 expression (n=35)
60
50
404
30+
20+

Percent survival

L
Low LAT1 expression (n=38)

0 1000 2000 3000 4000 5000
Time (days)

o
-
o
S

p=0.309

ASCT2 (+) (n=31)

Percent survival
[4,]
o
1

20+ ASCT2 (-) (n=42)

0 1000 2000 3000 4000 5000
Time (days)

Fig. 2 Prognosis of patients after surgical resection of advanced
laryngeal cancer shown by Kaplan-Meier analysis of overall survival
(OS) according to the LAT1 and ASCT?2 expression. A statistically sig-
nificant difference was observed between the patients with high and low
LAT1 expression (a) and also between the patients with high and low
ASCT?2 expression
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Discussion

We had recently reported that the LAT1 expression of was
correlated with malignant features such as vascular invasion
and lymph node metastases in a variety of human neoplasms
[7, 12-19]. Although the expression status was significantly
different according to the histological types of cancer, its
mechanism was remained to be detailed [7, 12—19]. In patients
with lung cancer, positive LAT1 expression was significantly
higher in squamous cell carcinoma (SQC) (91 %) than in
adenocarcinoma (AC) (29 %). The patients with SQC of
esophagus or oral cavity also yielded a positive LAT1 expres-
sion rate of approximately 70-90 %, whereas, a positive LAT1
expression was observed in approximately 30-60 % of pa-
tients with AC such as pancreatic cancer, biliary tract cancer
and breast cancer [7, 12—19, 24]. LAT1 requires a corporative
expression of 4F2hc to function as an amino acid transporter
[13, 19]. In a variety of human neoplasms, LAT1 plays a
crucial role in the development and progression of tumor cells,
and the previous clinicopathological data indicated that LAT1
expression was closely associated with cell proliferation and
angiogenesis [13, 19]. Clinical significance of LAT1 has been
described to be an independent and significant marker for
predicting poor survival after treatment [7, 12—19, 24]. In
the present study, we found that LAT1 was highly expressed
in patients with advanced laryngeal cancer and yielded a sig-
nificant correlation with 4F2hc, ASCT?2, cell proliferation and
angiogenesis. But, no statistically significant difference in the
prognosis was recognized between high and low LAT1 ex-
pression. The results of our study suggest that LAT1 has a
significant malignant feature associated with tumor cell pro-
gression and metastasis for patients with advanced laryngeal
SQC.

In the present study, LAT1 and 4F2hc were positively
expressed in 85 and 80 % of laryngeal SQC, respectively.
These expressions were closely correlated, although the pos-
itive expression of ASCT2 (45 %) was significantly lower
than that of LAT1. By the recent research, both LAT1 and
ASCT2 are cooperatively expressed in primary human can-
cers and several cell lines, and these amino acid transporters
are shown to play essential role in the cell growth and survival
[19-21]. Additionally, the recent studies had documented that
the protein expression of LAT1 and ASCT2 could be an inde-
pendent and negative prognostic biomarker in various human
neoplasms [19-21]. Both LAT1 and ASCT?2 expressions have
a prognostic significance in cancer patients with a histology of
adenocarcinoma [13, 19-21], although these amino acid trans-
porters yielded a higher expression in SQC compared to AC.
The prognosis may not be predicted according to the expres-
sion level of these transporters in patients with SQC. Our
study also indicates that the expression level of LAT1 and
ASCT2 may not exactly predict a survival after surgery in
the advanced laryngeal SQC. Moreover, the previous studies

@ Springer

showed that the expression level of LAT1 was closely corre-
lated with the outcome after surgery in patients with early-
stage disease, but was not correlated with the outcome in the
advanced-stage disease [24, 25]. These findings were corre-
sponding to the results of the present study. However, little is
known about the detailed mechanisms of different relationship
of the expression and prognosis between SQC and AC, and
between early- and advanced-stage. Further study is needed to
examine the prognostic role of the amino acid transporters
such as LAT1 and ASCT2 according to histological types
and disease stage.

LAT1 imports essential amino acids in exchange for the
glutamine that has been imported by ASCT2. LATI and
ASCT?2 are cooperatively provides amino acids for protein
synthesis through glutamine exchange. The present results
disclosed the correlation of 4F2hc expression with the expres-
sion of both LAT1 and ASCT2. The covalent association of
4F2hc was required for LAT1 function in the plasma mem-
brane. Amino acid such as leucine regulates cell signaling via
mammalian target of rapamycin (mTOR). LAT1 and ASCT2
are closely associated with the mTOR pathway in the human
tumors [4, 26, 27]. The inhibition of amino acid transporters
has been shown to reduce phosphorylation of mTOR and
downstream proteins by several in vitro studies [28].

In conclusion, LAT1, 4F2hc and ASCT2 were highly
expressed in patients with advanced laryngeal cancer. The
expression of LAT1 was closely associated with the metastasis
and tumor progression, although LAT1 expression was not
predictive as a prognostic factor. Further study is warranted
to evaluate the prognostic significance of these amino acid
transporters in the with early-stage laryngeal cancer.
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