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Abstract. Alanine serine cysteine‑preferring transporter 2 
(ASCT2; also known as SLC1A5) is an important glutamine 
transporter, and it serves a crucial role in tumor growth and 
progression. ASCT2 is highly expressed in numerous types of 
cancer, but the pathological significance of its expression in 
epithelial ovarian cancer (EOC) remains unclear. The mecha-
nistic target of rapamycin (mTOR) level is hyperelevated in a 
number of tumor types, including ovarian cancer. The aim of 
the present study was to elucidate the prognostic role of ASCT2 
and phosphorylated (p)‑mTOR in EOC. The levels of ASCT2 
and p‑mTOR/mTOR were detected in normal ovarian tissues, 
benign ovarian tumors, borderline ovarian tumors and EOC 
tissues by reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) and western blot assays. The protein levels 
of ASCT2 and p‑mTOR in EOC patients were then detected 
by immunohistochemistry (IHC). Furthermore, EOC tumor 
sections were stained for Ki‑67 and cluster of differentia-
tion 34 (CD34) to assess proliferation and microvessel density 
by IHC. The results of RT‑qPCR and western blot analysis 
demonstrated that ASCT2 and p‑mTOR protein levels were 
significantly higher in EOC tissues compared with those in 

other groups. IHC analysis of 104 EOC tissues suggested that 
ASCT2 expression was associated with clinicopathological 
parameters, including International Federation of Gynecology 
and Obstetrics stage, pathological grade, serum cancer antigen 
125 level, Ki‑67 status and CD34 status. Kaplan‑Meier 
survival curve analysis indicated that high expression of 
ASCT2 and p‑mTOR were important factors predicting a 
poor prognosis for patients with EOC. The expression levels 
of ASCT2 and p‑mTOR in EOC were positively correlated 
(r=0.385, P<0.001). This positive correlation between ASCT2 
and p‑mTOR indicates that they have a synergistic effect on the 
growth and development of early EOC. The combined detec-
tion of ASCT2 and p‑mTOR may serve as a potential marker 
to inform diagnosis, postoperative follow‑up requirements and 
targeted therapy options for patients with early‑stage EOC, but 
not for terminal‑stage patients.

Introduction

Ovarian cancer is one of the most common gynecological 
malignancies and has numerous histological types; epithelial 
ovarian cancer (EOC) accounts for 85‑90% of ovarian cancer 
cases (1). Due to the anatomical location of the ovary, early 
lesions are not easy to detect, which results in the diagnosis 
of the majority of ovarian cancer patients at a late stage (2). 
Ovarian cancer has the characteristics of early metastasis, 
recurrence and drug resistance; the 5‑year survival rate of 
ovarian cancer is only 30‑40%, and the mortality rate is the 
highest among the gynecological malignancies (3). Therefore, 
it is of great importance to actively search for novel biomarkers 
to improve EOC diagnosis and prognosis.

Glutamine is an abundant non‑essential amino acid in 
the human body, and a number of tumor cells consume much 
glutamine and show the ‘glutamine dependence’ phenom-
enon (4). Glutamine is transported by cellular transporters 
and is regarded as a precursor for the synthesis of numerous 
nucleotides, amino acids, proteins and other biologically 
important molecules; glutamine also provides glutathione 
and nicotinamide adenine dinucleotide phosphate to maintain 
redox homeostasis (5). Therefore, glutamine serves a crucial 
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role in cell metabolism and proliferation. Aberrant bioen-
ergetics is one of the markers of cancer cells (6). To satisfy 
rapid growth, cancer cells have to use another energy source, 
e.g., glutamine (7). A greater amount of glutamine is used for 
anabolic metabolism in cancer cells than is used in normal 
cells  (8). Glutamine metabolism restriction can suppress 
cancer cell proliferation (9).

Glutamine must cross the plasma membrane to be used 
by cells, and this process requires specific transporters (10). 
There are a number of types of transporters used for transport 
across the plasma membrane, including Na+‑dependent system 
N, Na+‑dependent system A, Na+‑independent system L and 
Na+‑dependent system Alanine serine cysteine (ASC) (11). 
Moreover, the transporter differs between normal cells and 
tumor cells (12). The ASC system is commonly expressed in 
human cancer cells (13,14). Alanine serine cysteine‑preferring 
transporter 2 (ASCT2; also known as SLC1A5), belongs to the 
ASC system And acts as a high‑affinity glutamine transporter 
in cancer cells (11). ASCT2 regulates the uptake of amino 
acids, including glutamine (15,16). Numerous studies have 
reported that ASCT2 is closely associated with various cancer 
types, including breast cancer (17), clear‑cell renal cell (18) and 
hepatocellular carcinoma (19), prostate (20), colorectal (21) 
and gastric cancer (22). In addition, downregulation of ASCT2 
inhibits glutamine uptake, which successfully prevents 
tumor cell proliferation in prostate cancer  (20), non‑small 
cell lung cancer (23,24), melanoma (25) and acute myeloid 
leukemia (26). However, studies involved in determining the 
expression and clinical significance of ASCT2 in EOC remain 
few in number.

Mechanistic target of rapamycin (mTOR) can be activated 
by the increased consumption of glutamine in cancer, which 
then promotes cell proliferation (27). In mammalian cells, 
mTOR has two complexes, mTORC1 and mTORC2 (28,29). 
The mTOR pathway serves an important role in the progres-
sion of ovarian cancer (30). Blockade of ASCT2 decreases 
glutamine uptake through downregulation of the mTORC1 
pathway in lymph node carcinoma in prostate cancer (20). 
However, the clinical significance of mTOR expression in 
EOC remains unclear.

The present study investigated the association between 
ASCT2 and p‑mTOR expression and clinicopathological 
features in EOC, and the impact of the proteins ASCT2 and 
p‑mTOR on the clinical factors, pathogenesis and prognosis 
of EOC. Moreover, the association between these proteins and 
the expression of Ki‑67 and CD34 in EOC was also evaluated.

Materials and methods

Patients. All methods were approved by the Research Medical 
Ethics Committee of Kunming Medical University (Kunming, 
Yunnan, China) and were performed in accordance with the 
approved guidelines. Patients were retrospectively analyzed 
from between April 18, 2007 and January 1, 2017, and these 
times were regarded as the start and end points for measuring 
survival. The inclusion criteria included the following: i) Patients 
with epithelial ovarian cancer who were diagnosed according 
to clinical manifestations and pathology, and for whom the 
clinicopathological data were complete; and ii) patients who 
did not receive radiotherapy and chemotherapy prior to surgery 

and who received combined chemotherapy consisting of Taxol 
and cisplatin (TP chemotherapy) following surgery. The exclu-
sion criteria included the following: i) Patients pathologically 
diagnosed with reproductive cell tumors; ii) patients receiving 
neoadjuvant chemotherapy or radiotherapy prior to surgery; 
and iii) patients who received non‑TP chemotherapy following 
surgery, or who did not receive regular chemotherapy. A total of 
104 eligible tissues were collected from the patients at the First 
Affiliated Hospital of Kunming Medical University. Another 
17 normal ovarian tissues, 14 benign ovarian tumor tissues, 
19 borderline ovarian tumor tissues and 19 EOC tissues were 
used to obtain RNA and protein, and also were obtained from 
the First Affiliated Hospital of Kunming Medical University. 
The median age of these patients was 49  years, ranging 
from 16 to 71 years. For immunohistochemical, tissues were 
fixed with 10% formaldehyde, followed by dehydration and 
paraffin embedding, and storage at room temperature. For the 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and western blotting, tissues were kept at ‑80˚C 
in a refrigerator. The clinical data of the patients, including 
age, International Federation of Gynecology and Obstetrics 
(FIGO) stage, tumor type, pathological grade and preopera-
tive serum tumor marker values were collected. Tumor stages 
were histologically classified according to the 2010 American 
Joint Committee on Cancer Tumor‑Node‑Metastasis (TNM) 
classification (31).

RT‑qPCR. The 17 normal ovarian tissues, 14 benign ovarian 
tumor tissues, 19  borderline ovarian tumor tissues and 
19 EOC tissues were used to obtain RNA. RNA extraction 
was performed using an RNAprep Pure Tissue kit (Tiangen 
Biotech, Co., Ltd., Beijing, China) according to the manufac-
turer's protocols. RNA (1 µg) was used for cDNA synthesis 
with a cDNA synthesis kit (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) following the manufacturer's protocols. 
qPCR was performed using TaqMan Fast Advanced Master 
mix (Thermo Fisher Scientific, Inc.) on an ABI 7500 thermal 
cycler (Applied Biosystems). The PCR content was as follows: 
10 µl 2X PCR Master mix, 1 µl primers and probe, 1 µl cDNA 
and ddH2O up to a total reaction volume of 20 µl. The thermal 
cycling protocol was as follows: Initial denaturation at 95˚C 
for 5 min, and 20 cycles of denaturation at 95˚C for 10 min and 
annealing and extension at 60˚C for 60 sec. The β‑actin gene 
was used as a house‑keeping gene. The relative mRNA expres-
sion was calculated by the 2‑ΔΔCq method (32). The primers 
and TaqMan probe sequences for ASCT2 and β‑actin were as 
follows: ASCT2 forward, CTC​CTT​GAT​CCT​GGC​TGT​GG, 
reverse, GGG​CAG​CTC​ACT​CTT​CAC​TT and probe, CCG​
TCC​TCA​ATG​TAG​AAG​GTG​ACG​C; β‑actin forward GCC​
AAC​ACA​GTG​CTG​TCT, reverse, GGA​GCA​ATG​ATC​TTG​
ATC​TT and probe, TCA​CCA​ACT​GGG​ACG​ACA​TGG​AGA​
AA. The primer sequences for mTOR were as follows: mTOR 
forward, CCA​ACA​GTT​CAC​CCT​CAG​GT and reverse, GCT​
GCC​ACT​CTC​CAA​GTT​TC.

Western blot assay. Total protein was extracted by radioim-
munoprecipitation assay lysis buffer (Beyotime Institute 
of Biotechnology, Shanghai, China). The concentrations of 
protein were determined using a bicinchoninic acid protein 
assay kit (Beyotime Institute of Biotechnology). A total of 
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30 µg protein per lane was loaded on 10% SDS‑PAGE gels and 
then transferred to a polyvinylidene fluoride membrane and 
blocked with 10% skimmed milk in Tris‑buffered saline plus 
Tween-20 for 2 h at room temperature. Subsequent to blocking, 
membranes were immunoblotted with rabbit anti‑ASCT2 
antibody (1:1,000 dilution; cat. no. bs‑0473R), anti‑p‑mTOR 
antibody (Ser2481) (1:1,000 dilution; cat.  no.  bs‑3495R), 
anti‑mTOR antibody (1:1,000 dilution; cat. no. bs‑1992R) and 
anti‑GAPDH antibody (1:5,000 dilution; cat. no. bs‑10900R) 
(all Bioss, Beijing, China), as appropriate, at 4˚C overnight, 
and were then incubated with HRP‑labeled goat anti‑rabbit 
secondary antibodies (1:2,000 dilution; cat. no. bs‑0295G; 
Bioss) for 1  h at room temperature. The blotted protein 
bands were visualized using Pierce™ ECL Western Blotting 
Substrate (Thermo Fisher Scientific, Inc.). The optical density 
of the resulting bands was determined by Image J2x software 
(Rawak Software, Inc., Dresden, Germany) (33), with normal-
ization of the densitometry measures to GAPDH.

Immunohistochemistry (IHC). Sections (5‑µm thick) 
were cut from paraffin samples. Sections were dewaxed 
with ethanol and xylene, and were then washed 3  times 
in phosphate‑buffered saline (PBS). Next, antigen repair 
was performed on the sections with 0.01  M citric acid 
buffer (pH 6.0) at 100˚C temperature and 80 kpa pressure. 
Sections were blocked by incubation with 5% goat serum 
in PBS for 15 min at room temperature. The sections were 
then incubated with anti‑ASCT2 antibody (1:100 dilution; 
cat. no. bs‑0473R), anti‑p‑mTOR antibody (Ser2481) (1:100 
dilution; cat. no. bs‑3495R), anti‑CD34 antibody (1:100 dilu-
tion; catalog no. bs‑0646R) and anti‑Ki‑67 antibody (1:100 
dilution; cat. no. bs‑23102R) (all Bioss), as appropriate, and 
then with horseradish peroxidase‑conjugated goat anti‑rabbit 
antibody (1:200 dilution; cat. no. bs‑0295G; Bioss). Staining 
was detected in the sections using a DAB kit (MXB 
Biotechnologies, Fuzhou, China) at room temperature for 
3‑10 min, and the sections were then observed under a micro-
scope (Nikon Corporation, Tokyo, Japan). The percentage 
of positive cells was scored as follows: 0, no positive cells; 
1, 1‑25% positive cells; 2, 26‑50% positive cells; 3, 51‑75% 
positive cells; and 4, 76‑100% positive cells. The intensity was 
estimated as follows: 0, negative; 1, weak; 2, moderate; and 
3, strong. The percentage and intensity scores were multiplied; 
a total score of <6 was considered as low expression, while a 
score of ≥7 was considered as high expression.

Statistics. Differences in mRNA and protein expression 
were calculated by one‑way analysis of variance, followed 
by Tukey's post hoc test. The survival curve was generated 
using the Kaplan‑Meier technique and differences between 
these curves were analyzed by the log‑rank test. Factors that 
had prognostic significance in the univariate analysis were 
further analyzed using a multivariate Cox regression model. 
Associations between ASCT2/p‑mTOR expression and clini-
copathological characteristics were analyzed by the χ2 test. 
Correlations between the expression of ASCT2 and p‑mTOR 
were analyzed by Spearman's correlation analysis. For all tests, 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical data were analyzed using SPSS 13.11 
software (SPSS. Inc., Chicago, IL, USA).

Results

mRNA and protein expression of ASCT2 in normal ovarian 
tissues and EOC tissues. The mRNA and protein expres-
sion of ASCT2 was analyzed by qPCR and western blotting, 
respectively, in normal ovarian tissues, benign ovarian tumors, 
borderline ovarian tumors and EOC tissues. ASCT2 mRNA and 
protein levels were markedly higher in ovarian tumor tissues 
than in normal ovarian tissues, and were highest in EOC tissues 
compared with that in benign ovarian tumor and borderline 
ovarian tumor tissues (Fig. 1A and B). p‑mTOR protein level 
was markedly higher in EOC tissues compared with that in 
normal ovarian tissues, benign ovarian tumors and borderline 
ovarian tumor tissues (Fig. 1C). These results suggested that the 
ASCT2 and p‑mTOR levels in EOC are the highest compared 
with that in other tissues. Thus, EOCs were used for subsequent 
analysis of the association between ASCT2/p‑mTOR and EOC.

Clinicopathological characteristics of patients with EOC. 
A total of 104 patients with EOC were analyzed. The clini-
copathological characteristics of the 104 EOC patients are 
summarized in Table I. The median age of the patients was 

Table  I. Clinical characteristics of patients with epithelial 
ovarian cancer.

Characteristics	 Value

Total patients, n (%)	 104 (100.00)
Age at surgery, years
  Mean	 49.39
FIGO stage, n (%)
  Stage I	 32 (30.77) 
  Stage II	 18 (17.31)
  Stage III	 45 (43.27)
  Stage IV	 9 (8.65)
Tumor type, n (%)
  Serous	 45 (43.27)
  Mucinous	 19 (18.27)
  Endometrioid	 25 (24.04)
  Clear cell	 12 (11.54)
  Others	 3 (2.88)
Pathological grade, n (%)
  I	 41 (39.42)
  II	 43 (41.35)
  III	 18 (17.31)
  IV	 2 (1.92)
Ki‑67, n (%)
  Low	 68 (65.38)
  High	 36 (34.62)
CD34, n (%)
  Positive	 13 (12.50)
  Negative	 91 (87.50)

CD34, cluster of differentiation; FIGO, International Federation of 
Gynecology and Obstetrics.
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49 years, ranging from 14 to 80 years. The tumor types of the 
patients included 45 serous adenocarcinoma, 19 mucinous 
adenocarcinoma, 25 endometrioid adenocarcinoma, 12 clear 
cell adenocarcinoma and 3 other histological types (Table I). 
The day of surgery was considered as the start day for 
measuring postoperative survival.

ASCT2/p‑mTOR protein expression and the association with 
the clinicopathological characteristics of patients with EOC. 
ASCT2 and p‑mTOR levels were detected in 104 epithe-
lial ovarian tumor tissues by IHC assay. The 104 patients 
with EOC were divided into the low‑expression group and 
high‑expression group according to the level of ASCT2 and 
p‑mTOR expression. As shown in Fig. 2A, the ASCT2 protein 
was localized mainly on the plasma membrane. The p‑mTOR 
protein was localized mainly in the cytoplasm  (Fig.  2). 
The ASCT2 percentage scores in the high‑expression and 
low‑expression patient groups were 59.62%  (62/104) and 
40.38% (42/104), respectively. The p‑mTOR percentage scores 
in the high‑expression and low‑expression patient groups were 

75.00% (78/104) and 25.00% (26/104), respectively (Table II). 
The association between ASCT2 or p‑mTOR status and 
clinicopathological characteristics, respectively, was also 
analyzed (Table II). As shown in Table II, the expression of 
ASCT2 and p‑mTOR was significantly associated with high 
FIGO stage (P<0.001), and the presence and concentration 
of serum cancer antigen 125 (P<0.01), Ki‑67 status (P<0.01) 
and CD34 status (P<0.01). However, neither ASCT2 expres-
sion nor p‑mTOR expression was significantly associated with 
age. It was also found that the expression of p‑mTOR was 
significantly associated with tumor type (P=0.006) and that 
the expression of ASCT2 was significantly associated with 
pathological grade (P=0.026) (Table II).

Furthermore, the correlation analysis of ASCT2 
expression and p‑mTOR expression suggested a positive corre-
lation between these two proteins in EOC patients (r=0.385, 
P<0.001) (Table III).

Prognostic value of ASCT2/p‑mTOR expression in EOC. 
Univariate analysis was used to evaluate ASCT2/p‑mTOR 

Table II. Association between ASCT2/p‑mTOR expression and clinicopathological parameters.

	 ASCT2	 p‑mTOR
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Characteristics	 n	 Low	 High	 P‑valuea	 Low	 High	 P‑valuea

Age at surgery, years							       0.072
  Mean	 49.39	 50.11	 48.33	 0.265	 50.72	 45.42
FIGO stage, n							       <0.001
  Stage I	 32	 26	   6	 <0.001	 29	   3
  Stage II	 18	 12	   6		  15	   3
  Stage III	 45	 23	 22		  32	 13
  Stage IV	   9	   1	   8		    2	   7
Tumor type, n							       0.006
  Serous	 45	 24	 21	 0.190	 29	 16
  Mucinous	 19	 10	   9		  13	   6
  Endometrioid	 25	 18	   7		  22	   3
  Clear cell	 12	 10	   2		  11	   1
  Others	   3	   0	   3		    3	   0
Pathological grade, n							       0.426
  I	 41	 19	 22	 0.026	 29	 12
  II	 43	 28	 15		  33	 10
  III	 18	 15	   3		    3	   3
  IV	   2	   0	   2		    1	   1
Serum CA125, n							       0.001
Mean	 129.98	 89.17	 334.83	 <0.001	 98.24	 319.75
Ki‑67, n							       0.004
  Low	 68	 48	 20	 0.002	 57	 11
  High	 36	 14	 22		  21	 15
CD34, n							       0.001
  Positive	 13	   3	 10	 0.004	   5	   8
  Negative	 91	 59	 32		  73	 18

aχ2 test. ASCT2, alanine serine cysteine‑preferring transporter 2; p‑mTOR, phosphorylated‑mechanistic target of rapamycin; CA125, cancer 
antigen 125; FIGO, International Federation of Gynecology and Obstetrics.
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protein expression and other clinicopathological parameters 
for their prognostic value in EOC. High expression of ASCT2, 
high expression of p‑mTOR, high FIGO stage, high serum 
CA125 level, high Ki‑67 level and high CD34 status were 
significantly associated with poor overall survival. These 
parameters were unfavorable predictors for overall survival 
of EOC patients (Table IV). Subsequently, these prognostic 
factors were further analyzed by multivariate Cox proportional 

hazards regression model analysis. This analysis revealed 
that high expression of ASCT2 [hazard ratio  (HR), 2.062; 
P=0.036], high expression of p‑mTOR (HR, 0.377; P=0.015), 
FIGO stage (HR, 2.329; P<0.001) and Ki‑67 status (HR, 2.111; 
P=0.018) were prognostic markers of overall survival of EOC 
patients (Table IV).

Kaplan‑Meier survival curves of patients with positive 
and negative ASCT2/p‑mTOR expression were generated. 
These curves indicated that the patient survival rate was 
significantly associated with ASCT2/p‑mTOR expression. 
The association between ASCT2 protein expression and 
overall survival was analyzed and it was found that patients 
with low ASCT2 (P<0.001) or p‑mTOR (P=0.046) expres-
sion experienced a significantly longer overall survival time 
compared with that of patients with high ASCT2 or p‑mTOR 
expression (Fig. 3A and B). In addition, patients with high 
Ki‑67 expression had a poorer overall survival rate (P<0.001) 
than patients with low Ki‑67 expression (Fig. 3C), and patients 
in FIGO stage IV had a lower overall survival rate (P<0.001) 
than patients in TNM stages I‑III (Fig. 3D).

As shown in Fig. 4A, the overall survival rate of patients with 
low expression of ASCT2 and p‑mTOR was longer than patients 
with high expression of either ASCT2 or p‑mTOR (P=0.036) 
in early EOC patients. Importantly, it was also found that the 

Figure 1. ASCT2 and p-mTOR expression levels were detected by reverse transcription‑quantitative polymerase chain reaction and/or western blot assay in 
normal ovarian tissues and EOC tissues. (A) The ASCT2 mRNA expression levels in EOC tissues and normal tissues. (B) The ASCT2 protein expression 
levels and quantitative analysis in EOC tissues and normal tissues. (C) The p‑mTOR protein expression levels and quantitative analysis in EOC tissues and 
normal tissues. mRNA data was normalized to β‑actin and protein data was normalized to GAPDH. Data are presented as the mean ± standard deviation of 
3 independent experiments. *P<0.05, **P<0.01 and ***P<0.001; ##P<0.01 and ###P<0.001. ASCT2, alanine serine cysteine‑preferring transporter 2; p‑mTOR, 
phosphorylated‑mechanistic target of rapamycin; EOC, epithelial ovarian cancer.

Table III. Correlation between the expression of ASCT2 and 
p‑mTOR.

	 ASCT2
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
p‑mTOR	 Low	 High	 Total	 r	 P‑valuea

Low	 55	   7	   62	 0.385	 <0.001
High	 23	 19	   42
Total	 78	 26	 104

aSpearman's correlation analysis. ASCT2, alanine serine 
cysteine‑preferring transporter  2; p‑mTOR, phosphorylated‑mecha-
nistic target of rapamycin.
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Figure 3. Survival analysis of EOC patients by Kaplan‑Meier analysis. (A) The overall survival rate of EOC patients with high expression of ASCT2 (green 
line) was significantly lower than that in EOC patients with low ASCT2 expression (blue line). (B) The overall survival rate of EOC patients with high expres-
sion of p‑mTOR (green line) was statistically lower than that of EOC patients with low p‑mTOR expression (blue line). (C) The overall survival rate of EOC 
patients with high expression of Ki‑67 (green line) was statistically lower than that of EOC patients with low Ki‑67 expression (blue line). (D) The overall 
survival rate of EOC patients with advanced TNM stage IV (purple line) was significantly lower than that in EOC patients with TNM stage I‑III (blue, green 
and yellow lines). EOC, epithelial ovarian cancer; ASCT2, alanine serine cysteine‑preferring transporter 2; p‑mTOR, phosphorylated‑mechanistic target of 
rapamycin; TNM, Tumor‑Node‑Metastasis; FIGO, International Federation of Gynecology and Obstetrics. 

Figure 2. Immunohistochemical staining of tumor tissue from epithelial ovarian cancer. Representative images with x20 magnification are shown. ASCT2 
exhibited a membranous immunostaining pattern. p‑mTOR exhibited a cytoplasmic immunostaining pattern. Scale bar, 100 µm. ASCT2, alanine serine 
cysteine‑preferring transporter 2; p‑mTOR, phosphorylated‑mechanistic target of rapamycin.
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overall survival rate of patients with high expression of ASCT2 
and p‑mTOR was shorter than patients with low expression 
of ASCT2 and p‑mTOR (P<0.001) and patients with high 
expression of either ASCT2 or p‑mTOR (P=0.024) in patients 
with early‑stage EOC. However, as shown in Fig. 4B, there 
was no significant difference between the groups with high 
expression of ASCT2 and p‑mTOR or with high expression 
of either ASCT2 or p‑mTOR (P=0.599) in the patients with 
terminal‑stage EOC. These results indicated that the combined 
detection of ASCT2 and p‑mTOR may serve as a potential 
marker to inform diagnosis and targeted therapy options for 
early EOC patients but not for terminal EOC patients.

Discussion

Amino acid metabolism and the involved transporters are 
crucial for the proliferation and growth of cancer cells (34). 
ASCT2, an important glutamine transporter has been 
reported to be upregulated in numerous cancer types, 
including breast cancer, clear cell renal cell carcinoma and 

lung cancer (17,18,35,36). ASCT2 levels are correspondingly 
increased in cancer (11). It was reported that the activation 
of mTOR was associated with adverse prognostic factors 
in EOC  (37,38). Elevated ASCT2 expression promoted 
cell growth and survival through mTOR signaling in lung 
cancer (23). However, the association between ASCT2 and 
p‑mTOR proteins, and the clinical significance of this associa-
tion in patients with EOC remains unknown. To the best of our 
knowledge, the present clinicopathological study is the first to 
investigate the clinical significance of ASCT2 and p‑mTOR, 
and the association between them, in patients with EOC.

The present results showed that ASCT2 was highly 
expressed in EOC tissues compared with that in normal, 
benign and borderline ovarian cancer tissues. However, a 
previous study reported that ASCT2 expression was upregu-
lated in the majority of EOC cases, and that there was no 
significant difference between EOC tissue and borderline 
malignancy  (39). One important cause for this difference 
between the present study and the previous study may be that 
the southwest of China is contains more areas with ethnic 

Table IV. Univariate and multivariate analysis of overall survival in patients with epithelial ovarian cancer.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 P‑valuea	 HR	 95% CI	 P‑valueb

Age at surgery, years	 ns
FIGO stage	 <0.001	 2.329	 1.536‑3.529	 <0.001
Tumor type	 ns
Pathological grade	 ns
Serum ca125	 <0.001			   ns
Ki‑67	 <0.001	 2.111	 1.136‑3.924	 0.018
CD34	 <0.001			   ns
ASCT2	 <0.001	 2.062	 1.050‑4.048	 0.036
p‑mTOR	 0.046	 0.377	 0.172‑0.827	 0.015

aLog‑rank test; bCox proportional hazard regression model. CI, confidence interval; ns, not significant.

Figure 4. Kaplan‑Meier survival curves for EOC patients by ASCT2/p‑mTOR expression level. (A) The overall survival rate of early EOC patients with high 
expression of ASCT2 and p‑mTOR (brown line) was significantly lower than that of early EOC patients with low expression of ASCT2 and p‑mTOR (blue 
line) or high expression of either ASCT2 or p‑mTOR (green line). (B) There were no significant differences with regard to the overall survival rates among the 
patients with high expression of ASCT2 and p‑mTOR (brown line), low expression of ASCT2 and p‑mTOR (blue line) and high expression of either ASCT2 
or p‑mTOR (green line) in the terminal‑stage patients with EOC. EOC, epithelial ovarian cancer; ASCT2, alanine serine cysteine‑preferring transporter 2; 
p‑mTOR, phosphorylated‑mechanistic target of rapamycin.
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minorities, thus there are certain differences in ethnicity. Our 
future research will focus on the influence of differences in 
ethnicity in EOC patients.

In the present study, the expression of ASCT2 was 
associated with pathological variables, including cell 
proliferation (Ki‑67), angiogenesis (angiogenic markers, 
microvessel density as determined by CD34 expression) and 
the activation of the mTOR signaling pathway. It was found 
that the expression levels of ASCT2 and p‑mTOR were signifi-
cantly associated with FIGO stage (P<0.001), serum CA125 
concentration (P<0.01), Ki‑67 status (P<0.01) and CD34 status 
(P<0.01). However, neither ASCT2 expression nor p‑mTOR 
expression were significantly associated with age.

These findings suggest that ASCT2 and the mTOR 
signaling pathway are activated and probably serve an impor-
tant role in the development of EOC. Although Kaira et al (39) 
reported that ASCT2 was highly expressed in ovarian tumors, 
indicating that ASCT2 is associated with the prognosis of 
ovarian tumors, the present study focused on the prognostic 
significance of ASCT2 in EOC and evaluated the associations 
between ASCT2 and p‑mTOR in EOC.

In a previous report, glutamine promoted ovarian cancer 
cell proliferation through the mTOR/S6 pathway, suggesting 
a close association between amino acid metabolism and the 
mTOR signaling pathway (40). ASCT2 mediates the uptake 
of glutamine in tumors. In the present study, it was found that 
ASCT2 expression was positively associated with p‑mTOR 
expression. Using Kaplan‑Meier survival curve analysis, 
either high expression of ASCT2 or high expression of 
p‑mTOR was significant associated with poor overall survival. 
Furthermore, it was found that there was a positive correla-
tion between ASCT2 expression and p‑mTOR expression in 
EOC patients. The Kaplan‑Meier survival curves for EOC 
patients by ASCT2/p‑mTOR expression showed that patients 
with higher co‑expression of ASCT2/p‑mTOR experienced 
shorter survival times than patients with low co‑expression 
and patients with high expression of either ASCT2 or p‑mTOR 
in the early‑stage patients, but this association was not true 
for terminal‑stage patients with EOC. This finding indicated 
that ASCT2 and p‑mTOR may play a mutual role in EOC, as 
demonstrated by the marked correlation between ASCT2 and 
p‑mTOR expression levels in early‑stage patients with EOC.

In summary, the present study demonstrated the asso-
ciation between ASCT2/p‑mTOR expression levels and the 
prognosis of patients with EOC. Although the high expression 
of ASCT2 or p‑mTOR alone was identified as a significant 
prognostic predictor, the coexpression of ASCT2 and p‑mTOR 
was a more powerful indicator for predicting worse outcome 
in early‑stage patients with EOC. This study suggests that 
ASCT2 and p‑mTOR expression may be promising prognostic 
biomarkers and therapeutic targets in early‑stage EOC.
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