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Abstract: Aim: Amino acid transporters are essential for the growth, progression and the pathogenesis of various 
cancers. However, it remains obscure about the clinicopathological significance of L-type amino acid transporter 1 
(LAT1) and system ASC amino acid transporter 2 (ASCT2) for patients with human ovarian tumors. The aim of this 
study is to elucidate the prognostic role of these amino acid transporters in ovarian tumor. Methods: One-hundred 
forty-two patients with surgically resected ovarian tumors were analyzed by immunohistochemistry. Expression of 
LAT1, ASCT2, CD98, Ki-67 and microvessel density (MVD) determined by CD34 were evaluated using specimens of 
the resected tumors. Results: LAT1 and ASCT2 were positively expressed in 39% and 53%, respectively, of ovarian 
tumors (n=142) and 50% and 57%, respectively, of epidermal ovarian cancers (n=107). A positive LAT1 expression 
was closely correlated with the expression for ASCT2 and CD98, and cell proliferation (Ki-67) in ovarian cancer. By 
multivariate analysis, LAT1 was clarified as a significant independent marker for predicting a poor overall survival 
(OS). The expression of LAT1 could clearly discriminate between epidermal ovarian cancer and borderline malig-
nancy. The expression level of LAT1 within ovarian cancer cells varied among serous adenocarcinoma, endometrioid 
adenocarcinoma, clear cell adenocarcinoma and mucinous adenocarcinoma and we found LAT1 expression was 
higher in clear cell adenocarcinoma than other histological types. Conclusions: LAT1 is highly expressed in various 
ovarian tumors and a positive LAT1 expression can serve as a significant independent factor for predicting a poor 
OS in patients with epidermal ovarian cancer.
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Introduction

Ovarian cancer is the leading cause of cancer 
death among women in the worldwide. It is dif-
ficult to characterize ovarian cancer at an early-
stage due to a lack of specific symptoms. 
Therefore, most ovarian cancer patients are 
diagnosed at advanced stage, spreading the 
abdomen with ascites [1]. To improve the out-
come of patients with ovarian cancer, it is 
important to assess the potential of estab-
lished molecular markers for predicting progno-
sis and the efficacy to specific therapeutics. 
But, there were no established clinical markers 

which have correlated with prognosis and ther-
apeutic efficacy in patients with human ovarian 
neoplasms.

Amino acid transporters are essential for the 
tumor growth and progression, and the overex-
pression of them has been clarified to play an 
important role in the survival and metastasis of 
cancer cells [2-4]. L-type amino acid transporter 
1 (LAT1) is an L-type amino acid transporter that 
transports large neutral amino acids and 
requires covalent association with the heavy 
chain of 4F2 cell surface antigen (4F2hc/CD98) 
for its functional expression in plasma mem-
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brane [2, 3]. It has been already proven to be 
highly expressed in proliferating tissues, vari-
ous tumor cell lines and primary human can-
cers [3, 4]. System ASC amino acid transport-
er-2 (ASCT2) is a Na+-dependent transporter 
responsible for transport of neutral amino acids 
including glutamine, leucine and isoleucine, 
and is a major glutamine transporter in human 
hepatoma cells [5-7]. Recent experimental 
studies disclosed that LAT1 and ASCT2 were 
linked to the carcinogenesis and tumor patho-
genesis [5-7]. The protein expression level of 
these transporters has been identified as a sig-
nificant marker for predicting a poor prognosis 
and malignant aggressiveness with various 
human cancers [4, 8-14].

However, it remains obscure whether LAT1 and 
ASCT2 have a close relationship with the tumor 
development and aggressiveness in human 
ovarian tumors. Here, we conducted the clinico-
pathological study to examine the prognostic 
significance of LAT1 and ASCT2 in patients with 
ovarian tumors. In the present study, we focus 
on the clinicopathological significance of LAT1 
expression for patients with ovarian cancer. In 
addition, the expression of Ki-67 labelling index 
and angiogenic markers such as microvessel 
density (MVD) determined by CD34 were also 
investigated by immunohistochemistry.

Materials and methods

Patients

Between February 2000 and January 2008, we 
analyzed 146 consecutive patients with ovari-
an tumors who underwent surgical resection at 
Gunma University Hospital. Four patients were 
excluded because no adequate specimen was 
available for the immunohistochemical study. 
Therefore, 142 patients were analyzed in this 
study. The study protocol was approved by the 
institutional review board.

Pathological stage and histological subtype 
were determined for each surgical specimen 
according to 2002 International Federation of 
Gynecology and Obstetrics (FIGO) criteria, and 
Pathology and Genetics Tumors of the Breast 
and Female Genital Organs (World Health 
Organization, WHO 2003). None of the patients 
were treated with preoperative chemotherapy 
or radiation therapy. As postoperative adjuvant 

chemotherapy, 97 patients received any regi-
mens. Out of these 97 patients, 84 patients 
were treated with carboplatin plus paclitaxel,  
7 patients with irinotecan plus mitomycin C, 2 
patients with cisplatin plus doxorubicin, 2 
patients with cisplatin and 2 patients with  
combination of cisplatin, etoposide and peplo- 
mycin.

Immunohistochemical staining

The LAT1 expression was determined using 
immunohistochemical staining with an anti-
human LAT1 antibody (1.6 mg/mL, anti-human 
monoclonal mouse IgG1, KM3149, provided by 
Kyowa Hakko Co., Ltd.; dilution of 1:800). The 
production and characterization of the LAT1 
antibody have been previously described [8, 9, 
12]. The anti-CD98 antibody is an affinity  
purified rabbit polyclonal antibody (Santa  
Cruz Biotechnology, Inc., 1:100 dilution) raised 
against a peptide mapping at the carboxy-ter-
minus of CD98 of human origin. The anti-CD98 
antibody clearly detects 4F2hc, and the antigen 
is SLC3A2/4F2hc/CD98hc. The anti-ASCT2 
antibody is an affinity-purified rabbit polyclonal 
antibody (1:300 dilution). The detailed protocol 
for immunostaining has been published else-
where [14]. The expression levels of LAT1, 
CD98 and ASCT2 were assessed based on the 
degree of staining, as follows: score 1, ≤10% of 
tumor area stained; score 2, 11-25% stained; 
score 3, 26-50% stained; and score 4, ≥51% 
stained. Tumors in which the stained tumor 
cells were scored as 1 were defined as nega-
tive, whereas those with scores of 2, 3 or 4 
were defined as positive.

Immunohistochemical staining for CD34 and 
Ki-67 was performed according to procedures 
described in previous reports [12, 14]. The fol-
lowing antibodies were used: mouse mono- 
clonal antibodies against CD34 (Nichirei, Tokyo, 
Japan, 1:800 dilution) and Ki-67 (Dako, 
Glostrup, Denmark, 1:40 dilution). The number 
of CD34-positive vessels was counted in four 
selected hot spots in a x400 field (0.26 mm2 
field area). The microvessel density (MVD) was 
defined as the mean number of microvessels 
per 0.26 mm2 field area. The median number of 
CD34-positive vessels was determined, and 
tumors in which the number of stained tumor 
cells was greater than the median value were 
defined as having a high expression. For Ki-67, 
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highly cellular areas on the immunostained 
sections were evaluated. All tumor cells with 
nuclear staining of any intensity were defined 
as exhibiting a high expression. Approximately 
1,000 nuclei were counted on each slide. The 
proliferative activity was assessed as the per-
centage of Ki-67-stained nuclei (Ki-67 labelling 
index) in the sample. The median Ki-67 label-
ling index was calculated, and tumors in which 
the number of stained tumor cells was greater 
than the median value were defined as having a 
high expression. The sections were assessed 
using light microscopy 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. The correlation between 
different variables was analyzed using the non-
parametric Spearman’s rank test. The Kaplan-
Meier method was used to estimate survival as 
a function of time, and survival differences 
were analyzed by the log-rank test. Overall sur-
vival (OS) was determined as the time from 
tumor resection to death from any cause. 
Progression-free survival (PFS) was defined as 
the time between tumor resection and the first 
disease progression or death. Multivariate 
analyses were performed using stepwise Cox 
proportional hazards model to identify indepen-
dent prognostic factors. Statistical analysis 
was performed using JMP 8 (SAS, Institute Inc., 
Cary, NC, USA) for Windows.

Results

Patient demographics

We analyzed one hundred and forty-two 
patients with ovarian tumors including ovarian 
borderline malignancy. The median age of the 
patients was 55 years, ranging from 17 to 83 
years. The histology of all patients (n=142)  
consists of 107 surface epithelial-stromal can-
cers, 27 borderline malignancies and 8 others. 
Out of 107 surface epithelial-stromal cancers, 
there were 30 patients (28%) with serous ade-
nocarcinoma (SA), 13 patients (12%) mucinous 
adenocarcinoma (MA), 26 patients (24%) endo-
metrioid adenocarcinoma (EA), 32 patients 
(30%) clear cell adenocarcinoma (CCA), 5 
patients (8%) undifferentiated carcinoma and 1 
patient malignant Brenner tumor (1%).

Out of 26 borderline malignancies, there were 
9 patients with serous cystic tumor, 13 patients 
mucinous cystic tumor, 2 patients mixed epi-
thelial tumor including endometrioid and clear 
cell tumor and 2 patients Brenner tumor. In the 
remaining 9 tumors, there were 3 sex cord/
stromal tumors and 5 germ cell tumors and 1 
masodermal mixed tumor. The day of surgery 
was considered as the start day for measuring 
postoperative survival. The median follow-up 
duration for all patients was 2173 days (range, 
101 to 5290 days).

Immunohistochemical analysis

Immunohistochemical analyses were done 
using 142 primary sites of ovarian tumors. 
Figure 1 shows the representative pictures of 
LAT1, ASCT2 and CD98. LAT1 immunostaining 
was detected in the ovarian cancer cells, local-
ized predominantly on the plasma membrane. 
All positive cells exhibited strong membranous 
immunostaining, and cytoplasmic staining was 
rarely evident. The rates of a positive expres-
sion and average scores for LAT1, ASCT2 and 
CD98 were 39% (56/142), 53% (75/142) and 
39% (56/142) and 1.8±1.1, 2.1±1.1 and 
1.7±0.9, respectively, in all patients. The rate of 
a positive expression was significantly higher 
for ASCT2 than for LAT1 and CD98 (P=0.032). 
In 107 patients with epidermal ovarian cancer, 
the rates of a positive expression and average 
scores for LAT1, ASCT2 and CD98 were 50% 
(53/107), 57% (61/107) and 46% (49/107) and 
2.0±1.2, 2.1±1.1 and 1.8±1.0, respectively. 
There was no statistically significant difference 
in the frequency of a positive expression among 
LAT1, ASCT2 and CD98. In 27 patients with bor-
derline malignancies, whereas, LAT1, CD98 
and ASCT2 yielded a positive rate of 0% (0/27), 
11% (3/27) and 52% (14/27), respectively, and 
an average score of 1.0±0.0, 1.1±0.3 and 
2.1±1.1, respectively. The rate of a positive 
expression for ASCT2 achieved a significantly 
higher compared to that for LAT1 (P<0.001) 
and CD98 (P=0.003). The cut-off points for a 
high CD34 expression and high Ki-67 labelling 
index were determined based on the results of 
the analysis of the ovarian tumor tissues. The 
median number of CD34-positive vessels was 
11 (range, 1-30), and a value of eleven was cho-
sen as the cut-off point. The median Ki-67 
labelling index was 16% (range, 1-88), and a 
value of 16% was chosen as the cut-off point. A 
high Ki67 expression and high CD34 expres-
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sion were identified in 50% (71/142) and 44% 
(62/142) of the samples, respectively.

Next, we analyzed the clinicopathological fea-
tures of ovarian tumors according to the expres-
sion of LAT1 (Table 1). A positive LAT1 expres-
sion was significantly associated with age,  
epidermal ovarian cancer, the positive expres-
sion of ASCT1 and CD98, cell proliferation (Ki-
67 labelling index), angiogenesis (MVD deter-
mined by CD34) and adjuvant chemotherapy. In 

patients with epidermal ovarian cancer, howev-
er, the positive expression of LAT1 was closely 
related to a positive CD98 expression alone 
(Table 1, online only). We compared the expres-
sion level of LAT1 among patients with epider-
mal ovarian cancers (n=107) (Figure 2). The 
rates of a positive expression and average 
scores for LAT1 were 37% (11/30) and 1.4±0.5, 
respectively, in SA, 75% (24/32) and 2.8±1.2, 
respectively, in CCA, 15% (2/13) and 1.4±0.9, 
respectively, in MA, 54% (14/26) and 2.1±1.2, 

Figure 1. Representative immunohistochemical 
staining of LAT1, ASCT2 and CD98 in epidermal 
ovarian cancer. Immunostaining of LAT1 (A), 
ASCT2 (B) and CD98 (C) displays a membranous 
immunostaining pattern in patients with endo-
metrioid adenocarcinoma. There is no evidence 
of LAT1 immunostaining in serous papillary cystic 
tumor borderline (D) and endometrioid adenocar-
cinoma (E).
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respectively, in EA and 33% (2/6) and 1.7±1.2, 
respectively, in the other tumors. The rate of a 

positive LAT1 expression was significantly high-
er in CCA than in SA, MA and others, demon-

Table 1. Patient’s demographics according to LAT1 expression in ovarian tumors (N=142)

Variables Total (n=142)
LAT1

Positive 
(n=56)

Negative 
(n=86) p-value

Age ≤50/>50 yr 57/95 16/40 41/45 0.03
FIGO stage I or II/III or IV 91/51 36/20 55/31 >0.99
Tumor type epidermal/others 107/35 53/3 54/32 <0.01
Ascites Yes/No 79/63 30/26 49/37 0.73
Residal tumor Yes/No 36/106 13/43 23/63 0.69
Adjuvant chemotherapy Yes/No 97/45 46/10 51/35 <0.01
ASCT2 Positive/Negative 75/67 36/20 39/47 0.04
CD98 Positive/Negative 56/86 43/13 13/73 <0.01
Ki-67 High/Low 71/71 35/21 36/50 0.03
CD34 High/Low 62/80 31/25 31/55 0.03
Abbreviation: LAT1, L-type amino acid transportere 1; ASCT2, ASC-amino acid transporter 2; epidermal, epidermal ovarian. 
others; borderline malignancy, sex cord/stromal tumor, germ cell tumor and masodermal mixed tumor. FIGO, The International 
Federation.

Figure 2. Comparison of the expression level of LAT1 among patients with epidermal ovarian cancers (n=107). Posi-
tive rate of LAT1 expression was observed in 50% of all cases (n=107), 37% of serous adenocarcinoma (n=30), 54% 
of endometrioid adenocarcinoma (n=26), 15% of mucinous adenocarcinoma (n=13), 75% of clear cell adenocarci-
noma (n=32) and 33% of the other cancers (n=6). A statistically significant difference in the positive rate of LAT1 ex-
pression was recognized between clear cell adenocarcinoma and serous adenocarcinoma (P=0.004), and between 
serous adenocarcinoma and mucinous adenocarcinoma (P=0.037), but no statistically significant difference was 
observed between clear cell adenocarcinoma and endometrioid adenocarcinoma (P=0.105), and between serous 
adenocarcinoma and endometrioid adenocarcinoma (P=0.281).
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strating no significant difference between CCA 
and EA. The expression of LAT1 yielded a higher 
positive rate in SA and EA than in MA.

In addition, we investigated whether the bio-
markers such as LAT1, ASCT2 and CD98 could 
differentiate epidermal ovarian cancer from 
borderline malignancy. The positive rate (57% 
vs. 52%; P=0.668) and average score (2.1± 
1.1 vs. 2.1±1.1; P=0.993) for ASCT2 expres-
sion was not significantly different between 
ovarian cancer and borderline malignancy. 
However, the expression level of LAT1 and 
CD98 was identified as being significantly  
higher in ovarian cancer than borderline malig-
nancy regarding both a positive rate (LAT1:  
50% vs. 0%, P<0.001; CD98: 46% vs. 11%, 
P<0.001) and average scoring (LAT1: 2.0±1.2 
vs. 1.0±0.0, P=0.004; CD98: 1.8±1.0 vs. 1.1± 
0.3, P<0.001). Especially, there was no evi-
dence of LAT1 immunostaining in any patients 
with borderline malignancies. No residual 
tumor was defined as complete resection or no 
dissemination.

Correlations between the LAT1 expression and 
the different variables

In all patients (n=142), Spearman’s rank test 
revealed that the LAT1 expression was signifi-
cantly correlated with the ASCT2 (r=0.223, 
P=0.008), CD98 (r=0.701, P<0.001), Ki-67 
(r=0.169, P=0.047) and CD34 (r=0.234, 
P=0.006). In 107 patients with epithelial ovari-
an cancer, LAT1 showed also a significant cor-
relation with ASCT2 (r=0.222, P=0.019), CD98 
(r=0.695, P<0.001), Ki-67 (r=0.041, P=0.998) 
and CD34 (r=0.231, P=0.015).

Univariate and multivariate survival analyses

The five-year survival rates of PFS and OS for all 
patients (n=147) and patients with epidermal 
ovarian cancer (n=107) were 71% and 78%, 
respectively, and 64% and 74%, respectively. 
Out of the 107 patients with epidermal ovarian 
cancer, 30 died and 42 developed recurrence 
after the initial surgery. We performed the uni-
variate and multivariate analyses for all patients 
(Table 2). By univariate analysis, we found that 
FIGO stage, tumor type, ascites, residual tumor, 
LAT1 expression and Ki-67 labelling index were 
identified to be significant variables for OS. 
Significant prognostic factors for PFS in the uni-
variate analysis were almost the same as those 
for OS, identifying LAT1 expression to be not 
significant marker for PFS. The multivariate 
analysis confirmed that FIGO stage and a posi-
tive LAT1 expression were independent prog-
nostic factors for predicting a negative OS, and 
a significant prognostic variable for PFS was 
only FIGO stage. Next, we performed the uni-
variate and multivariate analyses for patients 
with epidermal ovarian cancer (Table 3). The 
univariate analysis indicated that FIGO stage, 
histology, ascites, residual tumor, LAT1 expres-
sion and Ki-67 labelling index were significant 
negative prognostic markers for OS and signifi-
cant prognostic factors for PFS were almost the 
same as those for OS except for LAT1 expres-
sion. By the multivariate analysis, FIGO stage 
and a positive LAT1 expression were identified 
as significant independent prognostic factors 
to predict a poor OS, corresponding to the 
results of OS and PFS in all patients. Figure 3 
shows the Kaplan-Meier survival curves for 
patients with a positive and negative expres-
sion of LAT1, ASCT2 and CD98.

Table 2. Univariate and multivariate survival analysis in all patients (n=142)

Variables

Overall survival Disease-free survival
Univariate Multivariate Univariate Multivariate

5-yrs 
rate (%) p-value HR 95% CI p-value 5-yrs 

rate (%) p-value HR 95% CI p-value

Age ≤50/>50 yr 86/73 0.051 80/64 0.031

FIGO stage I or II/III or IV 94/44 <0.001 4.84 2.14-20.66 <0.001 85/38 <0.001 2.43 1.51-4.16 <0.001

Tumor type Ovarian cancers/Others 74/94 0.01 1.16 0.62-2.96 0.672 64/91 0.012 1.26 0.81-2.18 0.334

Ascites Yes/No 66/93 <0.001 1.54 0.62-6.76 0.387 57/87 <0.001 0.956 0.58-1.65 0.864

Residal tumor Yes/No 45/86 <0.001 0.85 0.56-1.27 0.434 38/78 <0.001 1.03 0.71-1.47 0.868

LAT1 Positive/Negative 64/87 <0.001 2.13 1.45-3.22 <0.001 63/76 0.122

ASCT2 Positive/Negative 78/77 0.92 66/76 0.115

CD98 Positive/Negative 70/83 0.02 65/74 0.205

Ki-67 High/Low 65/91 <0.001 57/85 <0.001

CD34 High/Low 76/81 0.132 64/76 0.121
Abbreviation: LAT1, L-type amino acid transporter 1; HR, hazard ratio; 95% CI, 95% confidence interval.
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Finally, we performed a survival analysis with 
respect to the expression of LAT1 in epidermal 
ovarian cancer (n=107) according to FIGO stag-
ing (stage I/II or stage III/IV) (Table 4). A posi-
tive LAT1 expression was proven to be a signifi-
cant prognostic factor for predicting a poor OS 
in stage I/II (Figure 3D) and stage III/IV (Figure 
3E).

Discussion

This is a first clinicopathological study to exam-
ine the clinical significance of amino acid trans-
porters (LAT1 and ASCT2) in patients with ovar-

ian tumors. LAT1 and ASCT2 were highly 
expressed in ovarian tumors, especially epider-
mal ovarian cancer. A positive LAT1 expression 
was closely correlated with the expression for 
ASCT2 and CD98, and cell proliferation (Ki-67) 
in ovarian cancer. Our study disclosed that 
LAT1 was clarified as a significant independent 
marker for predicting a poor OS and could 
clearly discriminate between epidermal ovarian 
cancer and borderline malignancy. The expres-
sion level of LAT1 within ovarian cancer cells 
varied among SA, EA, CCA and MA, and we 
found LAT1 expression was higher in CCA than 
other histological types. Our study suggests 

Table 3. Univariate and multivariate survival analysis in patients with epithelial ovarian cancer 
(n=107)

Variables

Overall survival Disease-free survival
Univariate Multivariate Univariate Multivariate

5-yrs 
rate (%) p-value HR 95% CI p-value 5-yrs 

rate (%) p-value HR 95% CI p-value

Age ≤50/>50 yr 75/72 0.42 67/63 0.54

FIGO stage I or II/III or IV 91/45 <0.001 5.2 2.23-22.29 <0.001 79/35 <0.001 2.2 1.32-3.59 0

Histology Serous/Other 50/81 0.01 1.6 0.96-2.61 0.0 38/72 0.01 1.2 0.82-1.85 0.3

Ascites Yes/No 65/89 0.01 1.7 0.67-7.36 0.3 54/81 0 0.9 0.53-1.58 0.7

Residal tumor Yes/No 43/83 <0.001 1.6 0.98-2.83 0.06 35/73 <0.001 0.9 0.57-1.33 0.6

LAT1 Positive/Negative 66/82 0.02 5 2.21-12.26 <0.001 63/65 0.6

ASCT2 Positive/Negative 73/71 0.95 58/72 0.15

CD98 Positive/Negative 69/76 0.13 63/66 0.49

Ki-67 High/Low 65/86 0.02 53/79 0.01

CD34 High/Low 74/73 0.44 59/66 0.42
Abbreviation: LAT1, L-type amino acid transporter 1; HR, hazard ratio; 95% CI, 95% confidence interval.

Table 4. Patient’s demographics according to LAT1 expression in epithelial ovarian cancer (N=107)

Variables Total (n=107)
LAT1

Positive 
(n=53)

Negative 
(n=54) p-value

Age ≤50/>50 yr 36/71 14/39 22/32 0.15
FIGO stage I or II/III or IV 59/48 34/19 25/29 0.08
Histology Serous/Other 30/77 11/42 19/35 0.13
Ascites Yes/No 70/37 29/24 41/13 0.03
Residal tumor Yes/No 34/73 13/40 21/33 0.15
Grade 1 or 2/3 28/30 13/10 15/20 0.42

NA 51 30 19 -
Adjuvant chemotherapy Yes/No 87/20 44/9 43/10 >0.99
ASCT2 Positive/Negative 61/46 34/19 27/27 0.17
CD98 Positive/Negative 49/51 40/13 9/45 <0.01
Ki-67 High/Low 61/46 32/21 29/25 0.56
CD34 High/Low 51/57 29/24 22/33 0.17
Abbreviation: LAT1, L-type amino acid transportere 1; ASCT2, ASC-amino acid transporter 2; serous, serous adenocarcinoma; 
cancers including mucinous adenocarcinoma, endometrioid adenocarcinoma, clear cell adenocarcinoma, undifferentiated 
malignant Brenner tumor; FIGO, The International Federation of Gynecology and Obstetrics. Others, ovarian carcinoma.
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that LAT1 expression plays a crucial role in the 
malignant formation and tumor progression in 
ovarian cancer.

Recent studies have clarified that LAT1 is highly 
expressed in various human cancers and 
proves to be closely associated with tumor  
progression and metastases [4, 5, 8-14]. Based 
on a broad spectrum of data From recent, we 
have known data about the frequency of LAT1 
expression among human cancers. LAT1 
expression in adenocarcinoma has been 
described to be closely associated with progno-
sis [4, 5, 8-15]. LAT1 expression is identified as 
a significant independent predictor relating 

with poor outcome for patients such as pulmo-
nary adenocarcinoma, breast cancer, pancre-
atic cancer, hepatobiliary cancer, gastric can-
cer and prostatic cancer [4-14]. In these neo-
plasms, LAT1 also has been proven to be close-
ly related to tumor cell proliferation, angiogen-
esis and metastases, having a covalent asso-
ciation with the heavy chain of 4F2hc/CD98 [3, 
16]. In the present study, LAT1 seemed to play 
an important role in the tumor growth and sur-
vival of ovarian cancer. Interestingly, LAT1 
might be helpful in differentiating borderline 
malignancyand ovarian cancer. Of 107 patients 
with epidermal ovarian cancer, the expression 
level of LAT1 in clear cell adenocarcinoma was 

Figure 3. Outcome after surgical resection given by 
Kaplan-Meier analysis of overall survival (OS) ac-
cording to LAT1, ASCT2 and CD98 expression. A sta-
tistically significant difference in OS was observed 
between patients with positive and negative LAT1 
expression (A). There was not statistically different 
between patients with positive and negative ASCT2 
expression (B), and between patients with positive 
and negative CD98 expression (C). Survival analysis 
according to FIGO staging (early or advanced stage) 
showed that patients with a positive LAT1 expression 
achieved worse prognosis in stage I/II (D) and stage 
III/IV (E) than those with negative LAT1 expression.
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prominently higher compared to the other his-
tological types. Recently, Kaji et al have 
described that LAT1 plays a significant role in 
nutrition, proliferation and migration of ovarian 
cancer and is significantly up-regulated in vari-
ous human epithelial ovarian cancers [17]. 
Large-scale study is warranted to confirm the 
results of our investigation according to the 
detailed analyses of each histological type in 
epithelial ovarian cancer.

In in vitro studies, it has been reported that 
LAT1 expression is increased in human ovarian 
cancer cell lines and the inhibition of LAT1 sup-
pressed the proliferation and migration of ovar-
ian cancer cells [18]. 2-aminobicyclo-(2,2,1)-
heptane-2-carboxylic acid (BCH) was used as 
an inhibitor of LAT1 in those studies [18]. We 
also had investigated the targeting therapy for 
LAT1 in lung cancer and cholangiocarcinoma 
cells using BCH, and the in vitro and in vivo pre-
liminary experiments disclosed that the inhibi-
tion of LAT1 by BCH significantly suppressed 
growth of the tumor and achieved an additive 
therapeutic efficacy [13]. LAT1 may be a prom-
ising molecular target for the treatment of epi-
thelial ovarian cancer.

In our study, the expression of ASCT2 was not 
identified as a significant prognostic variable 
for predicting a worse outcome in human ovar-
ian tumors. Although ASCT2 is highly expressed 
in ovarian tumors, it was not useful to differen-
tiate between borderline and malignant tumors. 
In previous studies, ASCT2 is highly expressed 
in various types of cancer cells that require glu-
tamine for their survival and growth [6, 7, 14, 
15, 19]. LAT1 provides the essential amino 
acids that signal to enhance tumor cell growth 
via the mammalian target of rapamycin (mTOR) 
signaling pathway, and ASCT2 keeps the cyto-
plasmic amino acid pool necessary to drive 
LAT1 function and fuel energy via delivery of 
glutamine [5]. Thus, the expression levels of 
LAT1 and ASCT2 are coordinately rose in human 
cancer and these two obligate amino acid 
exchangers are closely associated with the cell 
growth and survival linked to the mTOR signal-
ing pathway [5]. Recent review has described 
that the mTOR pathway is frequently activated 
in ovarian cancer, especially clear cell carcino-
ma and endometrioid adenocarcinoma, and 
has a potential of therapeutic target for treat-
ment of ovarian cancer [11, 19]. In several 

human cancers, both the expression of LAT1 
and ASCT2 showed a significant relationship 
with the phosphorylation of mTOR signaling 
pathway [11, 20]. In the present study, we 
couldn’t elucidate the coordinate role of LAT1 
and ASCT2 and the relationship between these 
amino acid transporters and mTOR signaling 
pathway in ovarian cancer, but, future investi-
gation is to disclose the clinicopathological sig-
nificance of relationship between AKT/mTOR 
signaling pathway and the expression of amino 
acid transport complex consisting of LAT1, 
ASCT2, CD98 and CD147 in patients with ovar-
ian cancer.

Limitation of our study must be addressed. One 
limitation is that the sample size of our study 
was small and the subgroup analysis may bias 
our results. Another limitation is that we ana-
lyzed the heterogeneity of ovarian tumors con-
sisting of epidermal ovarian cancer, borderline 
malignancy, sex/cord stromal tumor and germ 
cell tumor. LAT1 expression was proven to be 
variable according to histological type of can-
cers. Future study must focus on the individual 
population using immunohistochemistry.

In conclusion, we found that LAT1 is highly 
expressed in various ovarian tumors and a pos-
itive LAT1 expression can serve as a significant 
independent factor for predicting a poor OS in 
patients with ovarian cancer. As a differentiat-
ed diagnosis, the immunostaining of LAT1 suc-
cessfully could distinguish between borderline 
and malignant tumors. LAT1 is closely correlat-
ed with the expression of CD98 and ASCT2, 
and cell proliferation by Ki-67 labelling index. 
Inhibition of LAT1 has a potential of attractive 
molecular target for epidermal ovarian cancer 
in the future.
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