
 

 

Introduction 
 
Tumor cells have an increased demand for nu-
trients such as glucose, amino acids, fatty ac-
ids, vitamins and micronutrients. This demand 
is increased by availability of nutrients through 
vascular formation and enhanced by cellular 
entry of nutrients through upregulation of spe-
cific transporters. Cancer cells enhance glucose 
uptake via induction of glucose transporter 1 
(Glut1) and Glut3, and meet their amino acid 
demands by inducting L-type amino acid trans-
porter 1 (LAT1) / 4F2hc (CD98) [1, 2]. As tumor 
cells selectively regulate these nutrient trans-
porter to support their progression and metasta-
ses, these nutrient transporters have potential 
as therapeutic targets for cancer treatment. 
 
Amino acids are essential not only for protein 

synthesis but also as carbon and nitrogen 
source in the synthesis of purine and pyrimidine 
nucleotides, amino sugars, and glutathione. 
LAT1 is one of the transporters that is responsi-
ble for system L amino acid transporter activity 
[2, 3]. A light chain (LAT1) constitutes the actual 
transporter, and a heavy chain (4F2hc, also 
known as CD98) serves as a chaperone for 
proper recruitment of the light chain to the 
plasma membrane [4]. LAT1 is known to be 
highly expressed in various human neoplasms 
[2, 5-6]. Previous studies have documented that 
LAT1 plays an essential role not only for protein 
synthesis but also the stimulation of growth of 
cancer cells via mammalian target of rapamycin 
(mTOR) [6, 7]. Recently, we described that the 
expression of LAT1/4F2hc correlate with cell 
proliferation and angiogenesis, and 
LAT1/4F2hc could be a significant prognostic 
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Abstract: Aim: L-type amino acid transporter 1 (LAT1) is known to be highly expressed in various human neoplasms. 
However, little is known about how LAT1 is associated with glucose metabolism, hypoxia and mammalian target of 
rapamycin (mTOR) signaling pathway in non-small cell lung cancer (NSCLC). The aim of this study is to evaluate the 
relationship between LAT1 expression, and hypoxic marker and mTOR pathway in resected NSCLC. Methods: One 
hundred and sixty patients were included in this study. Tumors sections were stained by immunohistochemistry for 
LAT1, glucose transporter 1 (Glut1), hypoxia inducible factor-1α (HIF-1α), hexokinase I, vascular endothelial growth 
factor (VEGF), microvessel density (MVD) by determinate by CD34, epidermal growth factor receptor (EGFR), Phos-
phatase and tensin analog (PTEN), phosph-Akt, phosph-mTOR and phosph-S6K. Results: A positive LAT1 and CD98 
expression were recognized in 36.8% (59/160) and 33.7% (54/160), respectively (p=0.640). LAT1 expression was 
significantly associated with CD98, hypoxic markers (Glut1, HIF-1α, hexokinase I, VEGF and CD34) and mTOR path-
way (EGFR, a loss of PTEN, p-mTOR and p-S6K), especially in lung adenocarcinoma (AC). The expression profile of 
these biomarkers was significantly higher in non-AC than in AC, but almost these biomarkers were equally expressed 
between AC (n=16) and non-AC (n=43) patients with a positive LAT1 expression. Overexpression of LAT1 was closely 
associated with poor outcome in patient with AC. Conclusion: LAT1 expression is closely correlated with hypoxic mark-
ers and mTOR pathway in patients with resected NSCLC.  
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factor for predicting poor outcome in non-small 
cell lung cancer (NSCLC) [2, 8-11]. However, 
little is known about how LAT1 is associated 
with glucose metabolism and mTOR signaling 
pathway in human neoplasms. 
 
Glut 1(and also Glut3) is thought to be a possi-
ble intrinsic marker of hypoxia, and the expres-
sion of Glut 1 has been found to be regulated by 
hypoxia in a hypoxia-inducible factor-1 (HIF-1)-
dependent way [12, 13]. One of the factors re-
sponsible for the upregulation of Glut1 in tumor 
cells is HIF-1α, which is considered to support 
tumor growth by the induction of angiogenesis 
via the expression of the vascular endothelial 
growth factor (VEGF) and also by high and an-
aerobic metabolic mechanisms [14]. In addi-
tion, mTOR is a downstream component of the 
PI3K/Akt pathway involved in the regulation of 
cell proliferation, angiogenesis, and metabo-
lism. Epidermal growth factor receptor (EGFR) is 
an upstream component of the phosphatidy-
linositol-3-kinase (PI3K)/Akt/mTOR signaling 
pathway in human neoplasms and is overex-
pressed in many cancers. One in vitro study 
demonstrated that LAT1, like the Glut1 glucose 
transporter, is subject to regulation in hypoxia, 
although hypoxia causes divergent changes in 
the levels of the mRNA for LAT1 and Glut1 [15]. 
Ohno et al described that overexpression of 
4F2hc increased the amount of Glut1 protein 
with increased glucose uptake in vitro, whereas, 
siRNA-mediated 4F2hc gene suppression mark-
edly reduced Glut1 protein [16]. Their results 
suggest that 4F2hc stabilizes Glut1 protein and 
contributes to the regulation of not only amino 
acid but also glucose metabolism. In vivo levels, 
however, there is still no data about the rela-
tionship between LAT1, and Glut1, hypoxia and 
mTOR in tumor cells. Based on these back-
grounds, we conducted an immunohistochemi-
cal study to examine how LAT1 expression is 
correlated with hypoxic markers [Glut1, Glut3, 
Hexokinase I, HIF-1α, VEGF and microvessel 
density (MVD) determinate by CD34] and EGFR 
pathway [EGFR, Phosphatase and tensin analog 
(PTEN), phospho-Akt, phospho-mTOR and phos-
pho-S6K] in patients with resected NSCLC.  
 
Materials and methods 
 
Patients 
 
Between September 2002 and October 2004, 
168 consecutive patients with resectable 

NSCLC underwent curative resection at Shizu-
oka Cancer Center. Of these patients, 8 patients 
were excluded for further studies because the 
tissue specimens were not available. Thus, a 
total of 160 patients (97 men, 63 women) were 
eligible in the study. The study protocol was ap-
proved by the institutional review board. 
 
The age of the patients ranged from 39 to 89 
years, and the mean age was 67 years. None of 
the patients had received neo-adjuvant or adju-
vant chemotherapy. The tumor stage was deter-
mined by diagnostic imaging including com-
puted tomography and 2-[18F]-fluoro-2-deoxy-D-
glucose positron emission tomography (18F-FDG 
PET). All surgical specimens were reviewed and 
classified according to the WHO classification by 
an experienced lung pathologist who was un-
aware of clinical or imaging findings. Pathologic 
tumor-node-metastasis (TNM) stages were es-
tablished using the International System for 
Staging Lung Cancer adopted by the American 
Joint Committee on Cancer and the Union Inter-
nationale Centre le Cancer [17]. Histologically, 
106 patients had adenocarcinoma (AC), 50 had 
squamous cell carcinoma (SQC), and 4 had 
large cell carcinoma (LCC). Of the total patients, 
106, 25 and 29 had stage I, II and III tumors, 
respectively. As postoperative adjuvant thera-
pies, platinum-based chemotherapy, radiation, 
and oral administration of tegafur (a fluorouracil 
derivative drug) were administered to 2, 1 and 6 
patients, respectively. Intraoperative therapy 
was not performed on any patient. The day of 
surgery was considered the starting day for 
counting postoperative survival. The follow-up 
duration ranged from 6 to 97 months (median, 
73 months). 
 
Immunohistochemical staining 
 
Immunohistochemical staining was performed 
according to the procedure described in the 
previous reports [1, 2, 11]. The following anti-
bodies were used: a rabbit polyclonal antibody 
against GLUT1 (AB15309, Abcam, Tokyo, Japan, 
1:200 dilution); a rabbit polyclonal antibody 
against GLUT3 (AB15311, Abcam, Tokyo, Japan, 
1:100 dilution); a rabbit monoclonal antibody 
against Hexokinase I (AB55144, Abcam, Tokyo, 
Japan, 1:200 dilution); a mouse monoclonal 
antibody against HIF-1α (NB100-123, Novus 
Biologicals, Inc., Littleton, 1:50 dilution); a 
monoclonal antibody against VEGF (Immuno-
Biological Laboratories Co.,Ltd., Japan, 1:300 
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dilution); a mouse monoclonal antibody against 
CD34 (Nichirei, Tokyo, Japan,1:800 dilution); a 
mouse monoclonal antibody against EGFR 
(Novovastra laboratories Ltd., Newcastle, UK, 
1:100 dilution); a rabbit monoclonal antibody 
against PTEN (Cell signaling, 50 dilution); a ra-
bitt polyclonal antibody against phosph-Akt 
(Abcam, Tokyo, Japan, 1:200 dilution); a rabbit 
monoclonal antibody against phosph-mTOR 
(Cell signaling, 80 dilution); a rabbit monoclonal 
antibody against phosph-S6K (Cell signaling, 
100 dilution). LAT1 expression was determined 
by immunohistochemical staining with an affin-
ity-purified rabbit polyclonal anti-human LAT1 
antibody (1.2 mg/mL; 1:3200) [18, 19]. 4F2hc 
(CD98) is an affinity purified goat polyclonal 
antibody (Santa Cruz Biotechnology, Inc. 1:200 
dilution) raised against a peptide mapping at 
the carboxy terminus of CD98 of human origin. 
 
The expression of Glut1, Glut3 and EGFR was 
considered positive if distinct membrane stain-
ing was present. Five fields (X400) were ana-
lyzed to determine the frequency of the HIF-1α 
stained nuclei and hexokinase I stained cyto-
plasm. For Glut1, Glut3, EGFR, HIF-1α and 
hexokinase I, a semi-quantitative scoring 
method was used: 1=<10%, 2=10-25%, 3=25-
50%, 4=51-75% and 5=>75% of cells positive. 
The tumors in which stained tumor cells made 
up more than 25% of the tumor were graded as 
positive. The detailed protocol for immunostain-
ing was published elsewhere [1, 2].  LAT1 and 
CD98 expression was considered positive only if 
distinct membrane staining was present. Stain-
ing intensity was scored as follows: 1, ≤10% of 
tumor area stained; 2, 11-25% stained; 3, 26-
50% stained; and 4, ≥51% stained. The tumors 
in which stained tumor cells made up more than 
10% of the tumor were graded as positive. 
 
The expression of VEGF was quantitatively as-
sessed according to the percentage of immuno-
reactive cells in the total of 1000 neoplastic 
cells. The number of CD34-positive vessels was 
counted in four selected hot spots in a X 400 
field (0.26 mm2 field area). MVD was defined as 
the mean count of microvessels per 0.26 mm2 
field area.  p-Akt, p-mTOR and p-S6K were con-
sidered positive if membranous and/or cyto-
plasmic staining was present, and PTEN was 
positive if nuclear staining. For p-Akt, p-mTOR, p-
S6K and PTEN, a semi-quantitative scoring 
method was used: 1=<10%, 2=10-25%, 3=25-
50%, 4=51-75% and 5=>75% of cells positive. 

The tumors in which stained tumor cells made 
up more than 25% of the tumor were graded as 
positive.  Sections were assessed using a light 
microscopic in a blinded fashion by at least two 
of the authors. 
 
Statistical analysis 
 
Probability values of <0.05 indicated a statisti-
cally significant difference. Fisher’s exact test 
was used to examine the association of two 
categorical variables. Correlation of different 
variables was analyzed using the nonparametric 
Spearman’s rank test. The Kaplan-Meier 
method was used to estimate survival as a func-
tion of time, and survival difference were ana-
lyzed by the log-rank test. Multivariate analyses 
were performed using stepwise Cox proportional 
hazards model to identify independent prognos-
tic factors. Statistical analysis was performed 
using JMP 8 (SAS, Institute Inc., Cary, NC, USA) 
for Windows. 
 
Results 
 
Immunohistochemical analysis 
 
The immunohistochemical staining of these 
biomarkers was evaluated for the 160 primary 
lesions (Figure 1). A positive LAT1 and CD98 
expression were recognized in 36.8% (59/160) 
and 33.7% (54/160), respectively (p=0.640). 
Rate of positive LAT1 expression was signifi-
cantly higher in non-adenocarcinoma (AC) 
(15.1%; 16/106) than in AC (79.6%; 43/54) 
(p<0.001). Positive rate of CD98 expression 
was also significantly higher in non-AC (79.6%; 
43/54) than in AC (19.8%; 21/106) (p<0.001). 
A positive rate of Glut1 and Glut3 expression 
was recognized in 55.6% (89/160) and 6.8% 
(11/160), respectively. A positive expression of 
HIF-1α was predominantly recognized in the 
cytoplasm with some nuclear staining, and was 
recognized in 76.2% (122/160). A positive ex-
pression of hexokinase I was recognized in the 
cytoplasm and/or membrane of neoplastic, and 
was recognized in 53.7% (86/160). The median 
rate of VEGF positivity was 33% (range, 3–86%), 
and the value of 33% was chosen as a cutoff 
point. Positive expression was recognized in 
50.0% (80/160). The median numbers of CD34 
was 25 (3–53), and the value of 25% was cho-
sen as a cutoff point. Positive expression was 
recognized in 49.3% (79/126). A positive ex-
pression of EGFR, PTEN, p-AKT, p-mTOR and p-
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S6K 3 was 55.0% (88/160), 21.8% (35/160), 
48.1% (77/160), 60.0% (96/160) and 65.0% 
(104/160), respectively. 
 
Demographics of patients according to LAT1 
expression 
 
Different variables according to LAT1 expression 

are listed in Table 1. A statistically significant 
difference between LAT1 positive and negative 
expression was observed in the gender, histol-
ogy, pleural involvement, vascular invasion, lym-
phatic permeation, CD98, Glut1, HIF-1α, 
hexokinase I, VEGF, CD34, EGFR, PTEN, p-mTOR 
and p-S6K. Table A1 shows the different vari-
ables according to LAT1 expression in AC and 

Figure 1. The score of LAT1 (A) and CD98 (B) immu-
nostaining was grade 4 and grade 4, respectively, and 
their immunostaining pattern was membranous. The 
immunostaining pattern of p-mTOR (C) and p-S6K (D) 
was membranous and/or cytoplasmic staining, demon-
strating positive staining in almost same areas. But, the 
positive immunostaining area of p-Akt (E) was not corre-
sponding to that of p-mTOR and p-S6K. 
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non-AC. In AC patients, the frequency of pleural 
involvement, lymphatic permeation, CD98, 
Glut1, HIF-1α, hexokinase I, VEGF, CD34, PTEN, 
p-mTOR and p-S6K was significantly higher in 

patients with a positive LAT1 expression than 
those with a negative LAT1 expression. In non-
AC patients, CD98, Glut1 and p-mTOR yielded a 
statistically significant difference between LAT1 

Table 1. Different variables according to LAT1 expression 

Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; LN meta; lymph node metastases; Pl., 
pleural involvement; Vas., vascular invasion; Ly., lymphatic permeation; Glut, glucose transporter; HIF-1α, hypoxia 
inducible factor-1 alpha; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; PTEN, 
phosphatase and tensin analog; mTOR, mammalian target of rapamycin. 
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positive and negative expression. 
 
Table A2 shows comparison of different bio-
markers between AC and non-AC patients ac-
cording to LAT1 expression. The expression of 
all molecular biomarkers except for Glut3 and p-
S6K was significantly higher in patients with non
-AC than those with AC. In 59 patients with a 
positive LAT1 expression, only Glut1 expression 
was significantly higher in non-AC than in AC, 
whereas, p-Akt expression was higher in AC as 
compared with non-AC. In 101 patients with a 
negative LAT1 expression, the frequency of 
Glu1, HIF-1α, VEGF, CD34 and EGFR was signifi-
cantly higher in non-AC than in AC.  
 
Correlation between LAT1 expression and 
different biomarkers 
 
Using Spearman’s rank correlation, a significant 
correlation was found between LAT1, and CD98, 
Glut1, HIF-1α, hexokinase I, VEGF, CD34, EGFR, 
a loss of PTEN, p-mTOR and p-S6K expression 
(Table 2). In AC patients, CD98, Glut1, HIF-1α, 
hexokinase I, VEGF, CD34, a loss of PTEN, p-
mTOR and p-S6K expression yielded a statisti-
cally significant correlation. In non-AC patients, 
CD98, Glut1, a loss of PTEN, p-mTOR and p-S6K 
expression yielded a statistically significant cor-
relation. 
 
Next, we also evaluated the correlation between 
Glut1 expression and different biomarkers 
(Table A3). For all patients, a significant correla-
tion was found between Glut1, and CD98, LAT1, 
HIF-1α, hexokinase I, VEGF, CD34, EGFR, a loss 
of PTEN, p-mTOR and p-S6K expression. 
 
Relationship between different variables and 
overall survival 
 
The 5-year survival rate was 77.5% for all pa-
tients. Table 3 shows the survival analysis in all 
patients. In the univariate analysis, gender, dis-
ease stage, histology and the expression of 
LAT1, CD98, Glut1, HIF-1α, hexokinase I, CD34, 
EGFR and a loss of PTEN were significantly as-
sociated with poor overall survival. Figure 2 
shows the Kaplan-Meier survival curves in pa-
tients with positive and negative for LAT1 and 
CD98 expression. In AC patients, gender, dis-
ease stage, and the expression of LAT1, CD98, 
Glut1, HIF-1α, hexokinase I, CD34, EGFR and a 
loss of PTEN were significantly associated with 
poor overall survival. In non-AC patients, dis-

ease stage only yielded a statistically significant 
difference in overall survival. According to the 
results of univariate log-rank test, we screened 
prognostic factors with cut-off of p<0.05; gen-
der, disease stage, histology, LAT1, CD98, 
Glut1, HIF-1α, hexokinase I, CD34, EGFR and a 
loss of PTEN. Multivariate analysis demon-
strated that disease stage was an independent 
prognostic factor for predicting poor outcome.  
 
Discussion 
 
This is a clinicopathological study to investigate 
whether LAT1 expression is correlated with hy-
poxic markers and EGFR/Akt/mTOR pathway in 
NSCLC. LAT1 expression was significantly asso-
ciated with CD98, hypoxic markers and mTOR 
pathway. Although the expression profile of 
these biomarkers was significantly higher in non
-AC than in AC, almost these biomarkers were 
equally expressed between AC and non-AC pa-
tients with a positive LAT1 expression. In AC 
patients with LAT1 expression, CD98 and hy-
poxic markers are markedly overexpressed with 
the activation of EGFR pathway. However, only 
three biomarkers of Glut1, CD98 and p-mTOR 
were overexpressed in non-AC patients with 
LAT1 expression. Moreover, our survival analy-
sis indicated that LAT1 expression was closely 
associated with poor outcome in patient with 
AC. Although it remains unknown whether LAT1 
actually regulate the overexpression of CD98 
and hypoxic markers, and the activation of 
mTOR pathway or not, our results suggest that 
these molecular markers are closely related to 
the overexpression of LAT1 as a prognostic fac-
tor for predicting poor outcome in NSCLC, espe-
cially lung adenocarcinoma.  
 
Amino acid nutrition in mammalian cells is cou-
ple to cell signaling via mTOR and coordinates 
the signal with cell growth [20]. If tumor cells 
have excess amounts of amino acids, the 
kinase activity of mTOR is stimulated, initiating 
a signaling cascade and regulating protein syn-
thesis and cell proliferation. One of the proteins 
whose synthesis is regulated by the mTOR path-
way is HIF-1α, which is closely linked to tumor 
growth. In various cancer cell lines, inhibition of 
LAT1 has been documented to reduce the level 
of phosphorylation of mTOR and p70S6K, and 
these reports indicate the close relationship 
between LAT1 and mTOR pathway in the level of 
in vitro [6, 7, 20]. Our report is the first report to 
evaluate whether LAT1 is closely associated 
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with mTOR pathway in the level of human neo-
plasms.  Our results suggest that the phos-
phorylation of mTOR has a regulatory role for 
the overexpression of LAT1 regardless of the 
histological type of NSCLC. In the level of cell 
lines, LAT1 expression was also correlated with 

the phosphorylation of mTOR and p70S6K in 
both squamous cell carcinoma and adenocarci-
noma cell lines [6, 7, 20]. Among various onco-
genic signaling pathway, PI3K/Akt is the most 
important as the upstream effectors of mTOR. 
However, LAT1 expression was not correlated 

Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; Glut, glucose transporter; HIF-1α, hypoxia 
inducible factor-1 alpha; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; PTEN, 
phosphatase and tensin analog; mTOR, mammalian target of rapamycin; 95CI, 95% confidence interval. 

Table 2. Correlation between LAT1 and other biomarkers 
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with the phosphorylation of Akt. Considering the 
results of our study and previous in vitro data, 
LAT1 seems to regulate multiple cellular activi-
ties including tumor cell proliferation and me-
tastases through mTOR pathway. Recently, the 
inhibition of mTOR signaling pathway is believed 

to be a promising therapeutic option in various 
neoplasms. Therefore, LAT1 may have potential 
as drug targets for cancer therapy. 
 
Malignant cells demonstrated increased glu-
cose uptake in vitro and in vivo [21], and this 

Table 3. Univariate analysis in overall survival 

Abbreviation: Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; Glut, glucose transporter; HIF
-1α, hypoxia inducible factor-1 alpha; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor recep-
tor; PTEN, phosphatase and tensin analog; mTOR, mammalian target of rapamycin; 95CI, 95% confidence interval; P/
N, Positive / Negative; NA, not applicable; 5-yr rate, 5-year survival rate. 
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process is thought to be mediated by glucose 
transporters. Our results indicated that LAT1 
was closely correlated with Glut1 expression but 
not Glut3. HIF-1α is known to stimulate the tran-
scription of glycolytic enzymes and angiogene-
sis, and is a downstream component of mTOR 
pathway. In the present study, Glut1 expression 
was significantly correlated with CD98, HIF-1α 
and the phosphorylation of mTOR. Although in 
vitro data also indicated that CD98 stabilizes 
Glut1 and increase glucose uptake, our results 

suggest that CD98 plays a crucial role on the 
regulation of not only amino acid metabolism by 
LAT1 but also glucose metabolism by Glut1 in 
patients with NSCLC. In vitro study demon-
strated that hypoxia regulate the activity of 
LAT1, thus HIF-1α may be necessary for the 
expression of LAT1-mediated amino acid trans-
port. Amino acid and glucose metabolism in 
tumor cells are regulated by HIF-1 or CD98, and 
HIF-1α is upregulated by hypoxia and induces 
Glut1 and LAT1 expression. Therefore, LAT1 
may have a positive correlation with Glut1 ex-
pression. Since it remains unclear whether HIF-
1α is closely associated with the regulation of 
LAT1 expression in cancer cells, further study is 
warranted. 
 
We have previously described the difference of 
LAT1 expression profile between AC and non-AC 
in human neoplasms [2, 8]. LAT1 expression 
was significantly higher in SQC or LCC than in 
AC. Our results indicated that the expression of 
hypoxic markers and the activation of mTOR 
pathway are markedly increasing in AC with a 
positive LAT1 expression as compared to non-
AC. In addition, LAT1 expression has a prognos-
tic significance in patients with AC, which is sup-
ported by previous study [9]. The role as a prog-
nostic factor of LAT1 may be associated with 
the difference of hypoxic markers or mTOR 
pathway between AC and non-AC.  
 
Previous in vitro studies suggest that the inhibi-
tion of LAT1 has potential as new option for can-
cer therapy. However, further investigation is 
warranted for confirming the therapeutic poten-
tial by in vivo data. In our study, LAT1 expres-
sion is correlated with hypoxia and Glut1 ex-
pression, 18F-FDG PET has been investigated for 
monitoring tumor response to treatment [22, 
23]. The amount of 18F-FDG uptake in human 
neoplasm is determined by the presence of glu-
cose metabolism, hypoxia and angiogenesis [1]. 
Thus, 18F-FDG PET may be useful for monitoring 
the response of NSCLC treated by LAT1-targeted 
therapy. 
 
In conclusion, LAT1 expression is closely corre-
lated with hypoxic markers and mTOR pathway. 
These molecular markers are markedly increas-
ing in AC with a positive LAT1 expression, and 
this may be closely related to the overexpres-
sion of LAT1 as a prognostic factor for predict-
ing poor outcome in AC. It is necessary to inves-
tigate whether these hypoxic markers is associ-

Figure 2. Kaplan-Meier survival analysis for LAT1 
expression in all patients (A), adenocarcinoma pa-
tients (B) and non-adenocarcinoma (C). Difference in 
overall survival between subgroups was analyzed 
using log-rank test. 
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ated with the regulation of LAT1 expression in 
human neoplasms. If the relationship between 
these hypoxic markers and LAT1 expression is 
clearly elucidated, the radiological modalities 
such as 18F-FDG PET will be useful for the thera-
peutic monitoring of LAT1 inhibitor in future.  
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Table A1.   
Different variables according to LAT1 expression in AC and non-AC 
 

 
 

Different 
variables 

 
Adenocarcinoma 

 
Non-adenocarcinoma 

Total 
 

(n=106) 

LAT1 
(+) 

(n=16) 

LAT1 
(-) 

(n=90) 

 

p-value 

Total 
 

(n=54) 

LAT1 
(+) 

(n=43) 

LAT1 
(-) 

(n=11) 

 

p-value 

Age ≤65 / >65 51 / 55 10 / 6 41 / 49 0.279 20 / 34 14 / 29 6 / 5 0.293 

Gender M / F 54 / 52 11 / 5 43 / 47 0.175 43 / 11 34 / 9 9 / 2 1.000 

Stage I+II / III 86 / 20 12 / 4 74 / 16 0.497 46 / 8 36 / 7 10 / 1 1.000 

LN meta Yes / No 23 / 83 3 / 13 20 / 70 1.000 20 / 34 14 / 29 6 / 5 0.293 

Pl. Yes / No 27 / 79 11 / 5 16 / 74 <0.001 12 / 42 11 / 32 1 / 10 0.421 

Vas.  Yes / No 34 / 72 8 / 8 26 / 64 0.143 29 / 25 23 / 20 6 / 5 1.000 

Ly. Yes / No 34 / 72 10 / 6 24 / 66 0.007 27 / 27 23 / 20 4 / 7 0.500 

CD98 P / N 21 / 85 12 / 4 9 / 81 <0.001 43 / 11 41 / 2 2 / 9 <0.001 

Glut1 P / N 39 / 67 11 / 5 28 / 62 0.009 50 / 4 42 / 1 8 / 3 0.023 

Glut3 P / N 7 / 99 2 / 14 5 / 85 0.284 4 / 50 4 / 39 0 / 11 0.570 

HIF-1α P / N 69 / 37 16 / 0 53 / 37 0.001 52 / 2 42 / 1 10 / 1 0.369 

Hexo I P / N 60 / 46 14 / 2 46 / 44 0.006 48 / 6 39 / 4 9 / 2 0.590 

VEGF P / N 36 / 70 11 / 5 25 / 65 0.003 43 / 11 35 / 8 8 / 3 0.676 

CD34 P / N 38 / 68 10 / 6 28 / 62 0.023 41 / 13 34 / 9 7 / 4 0.429 

EGFR P / N 44 / 62 9 / 7 35 / 55 0.271 44 / 10 35 / 8 9 / 2 1.000 

PTEN P / N 31 / 75 1 / 15 30 / 60 0.035 4 / 50 2 / 41 2 / 9 0.180 

p-Akt P / N 61 / 45 13 / 3 49 / 41 0.055 15 / 39 11 / 32 4 / 7 0.475 

p-mTOR P / N 56 / 50 15 / 1 41 / 49 <0.001 40 / 14 36 / 7 4 / 7 0.003 

p-S6K P / N 69 / 37 15 / 1 54 / 36 0.009 35 / 19 30 / 13 5 / 6 0.166 

Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; LN meta; lymph node metastases; Pl., pleural involvement; 

Vas., vascular invasion; Ly., lymphatic permeation; Glut, glucose transporter; HIF-1α, hypoxia inducible factor-1 alpha; Hexo I, 

Hexokinase I; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; PTEN, phosphatase and tensin analog; 

mTOR, mammalian target of rapamycin; M / F, Male / Female; P/N, Positive / Negative. 



Table A2.   
Comparison of biomarkers between adenocarcinoma and non-adenocarcinoma according to LAT1 expression 
 

 
 

Different variables 

Total patients 
(n=160) 

 
AC     Non-AC    p-value 

  (n=106)    (n=54) 

LAT1 expression (+) 
(n=59) 

 
AC     Non-AC    p-value 

  (n=16)     (n=43) 

LAT1 expression (-) 
(n=101) 

 

AC     Non-AC   p-value 
(n=90)      (n=11) 

CD98 Positive / Negative 21 / 85 43 / 11 <0.001 12 / 4 41 / 2 0.537 9 / 81 2 / 9 0.342 

Glut1 Positive / Negative 39 / 67 50 / 4 <0.001 11 / 5 42 / 1 0.004 28 / 62 8 / 3 0.015 

Glut3 Positive / Negative 7 / 99 4 / 50 1.000 2 / 14 4 / 39 0.658 5 / 85 0 / 11 1.000 

HIF-1α Positive / Negative 69 / 37 52 / 2 <0.001 16 / 0 42 / 1 1.000 53 / 37 10 / 1 0.048 

Hexokinase I Positive / Negative 60 / 46 48 / 7 <0.001 14 / 2 39 / 4 0.658 46 / 44 9 / 3 0.137 

VEGF Positive / Negative 36 / 70 43 / 11 <0.001 11 / 5 35 / 8 0.486 25 / 65 8 / 3 0.004 

CD34 Positive / Negative 38 / 68 41 / 13 <0.001 10 / 6 34 / 9 0.312 28 / 62 7 / 4 0.045 

EGFR Positive / Negative 44 / 62 44 / 10 <0.001 9 / 7 35 / 8 0.089 35 / 55 9 / 2 0.009 

PTEN Positive / Negative 31 / 75 4 / 50 0.001 1 / 15 2 / 41 1.000 30 / 60 2 / 9 0.494 

p-Akt Positive / Negative 63 / 43 15 / 39 <0.001 14 / 2 11 / 32 <0.001 49 / 41 4/ 7 0.342 

p-mTOR Positive / Negative 56 / 50 40 / 14 0.010 15 / 1 36 / 7 0.426 41 / 49 4 / 7 0.750 

p-S6K Positive / Negative 58 / 38 35 / 19 0.726 15 / 1 30 / 13 0.084 43 / 37 5 / 6 0.740 

Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; Glut, glucose transporter; HIF-1α, hypoxia inducible factor-1 alpha; VEGF, vascular endothelial growth factor; EGFR, epidermal 

growth factor receptor; PTEN, phosphatase and tensin analog; mTOR, mammalian target of rapamycin.  



Table A3.   
Correlation between Glut1 and other biomarkers  
 

 
 

Biomarkers 

 
Total  

(n=160) 
 

Spearman γ    p-value   

(95% CI)  

 
AC 

(n=106) 
 

Spearman γ    p-value   

(95% CI) 

 
Non-AC  

(n=54) 
 

Spearman γ    p-value   

(95% CI) 

CD98 0.552 

(0.430 – 0.654) 

<0.001 0.367 

(0.183 – 0.526) 

<0.001 0.301 

(0.031 – 0.530) 

0.025 

LAT1 0.563 

(0.441 – 0.663) 

<0.001 0.296 

(0.105 – 0.466) 

0.002 0.337 

(0.071 – 0.558) 

0.018 

Glut3 0.132 

(-0.027 – 0.286) 

0.094 0.219 

(0.023 – 0.399) 

0.024 -0.116 

(-0.377 – 0.161) 

0.398 

HIF-1α 0.654 

(0.552 – 0.737) 

<0.001 0.615 

(0.475 – 0.724) 

<0.001 0.436 

(0.185 – 0.633) 

<0.001 

Hexokinase I 0.678 

(0.581 – 0.756) 

<0.001 0.706 

(0.591 – 0.793) 

<0.001 0.219 

(-0.056 – 0.464) 

0.107 

VEGF 0.725 

(0.639 – 0.793) 

<0.001 0.739 

(0.635 – 0.817) 

<0.001 0.289 

(-0.017 – 0.520) 

0.032 

CD34 0.680 

(0.584 – 0.757) 

<0.001 0.698 

(0.581 – 0.787) 

<0.001 0.263 

(-0.014 – 0.500) 

0.052 

EGFR 0.478 

(0.345 – 0.592) 

<0.001 0.356 

(0.171 – 0.517) 

<0.001 0.296 

(0.025 – 0.526) 

0.027 

PTEN -0.417 

(-0.541 – -0.276) 

<0.001 -0.350 

(-0.512 – 0.164) 

<0.001 -0.133 

(-0.394 – 0.144) 

0.329 

p-Akt 0.094 

(-0.064 – 0.250) 

0.235 0.442 

(0.268 – 0.588) 

<0.001 0.082 

(-0.194 – 0.347) 

0.547 

p-mTOR 0.356 

(0.209 – 0.488) 

<0.001 0.368 

(0.184 – 0.527) 

<0.001 0.106 

(-0.171 – 0.368) 

0.439 

p-S6K 0.172 

(0.013 – 0.323) 

0.028 0.257 

(0.063 – 0.432) 

0.008 0.161 

(-0.116 – 0.416) 

0.237 

Abbreviation: AC, adenocarcinoma; LAT1, L-type amino acid transporter 1; Glut, glucose transporter; HIF-1α, hypoxia inducible 

factor-1 alpha; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; PTEN, phosphatase and 

tensin analog; mTOR, mammalian target of rapamycin; 95CI, 95% confidence interval. 
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