
Am J Transl Res 2015;7(2):356-363
www.ajtr.org /ISSN:1943-8141/AJTR0003635

Original Article
Relationship between CD147 and expression of amino 
acid transporters (LAT1 and ASCT2) in patients  
with pancreatic cancer

Kyoichi Kaira1, Kazuhisa Arakawa3, Kimihiro Shimizu2, Noboru Oriuchi4, Shushi Nagamori5, Yoshikatsu 
Kanai5, Tetsunari Oyama6, Izumi Takeyoshi2

1Department of Oncology Clinical Development, 2Department of Thoracic and Visceral Surgery, 4Department of 
Diagnostic Radiology and Nuclear Medicine, 6Department of Diagnostic Pathology, Gunma University Graduate 
School of Medicine, Showa-machi, Maebashi, Gunma, Japan; 3Department of Surgery, Maebashi Red Cross 
Hospital, Asahi-cho, Maebashi, Gunma, Japan; 5Division of Bio-system Pharmacology, Graduate School of 
Medicine, Osaka University, Osaka, Japan

Received November 5, 2014; Accepted January 9, 2015; Epub February 15, 2015; Published February 28, 2015

Abstract: CD147 functions as an induction of matrix metalloproteinases and tumor angiogenesis, and is highly ex-
pressed in various malignant neoplasms. Recently, CD147 is shown to form a complex with amino acid transporters 
such as L-type amino acid transporter (LAT1), system ASC amino acid transporter-2 (ASCT2) and 4F2hc as a heavy 
chain of LAT1. It remains unknown about the existence of these complexes in patients with pancreatic cancer. The 
aim of this study is to investigate the relationship between CD147 and these amino acid transporters. Ninety-seven 
patients with pancreatic cancer were evaluated. Tumor sections were stained by immunohistochemistry for LAT1, 
ASCT2, Ki-67, microvessel density (MVD) determined by CD34, p-AKT, and p-mTOR. CD147 was highly expressed in 
23% (22/97) of patients. A high expression of CD147 is significantly associated with N factor, LAT1, ASCT2, Ki-67, 
VEGF and p-mTOR. A high CD147 expression was identified as a significant prognostic predictor by univariate surviv-
al analysis. The coexpression of CD147 and LAT1, and that of CD147 and 4F2hc yielded a significantly worse prog-
nosis than the single expression of LAT1, and that of 4F2hc, respectively. CD147 revealed a significant relationship 
with the expression level of LAT1 and ASCT2, correlated with tumor proliferation, angiogenesis and mTOR signaling. 
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Introduction

Pancreatic cancer is a dismal disease regard-
less of appropriate treatment, having a short 
survival time. Surgical resection is a standard 
therapy in patients with early-stage disease, 
but, some systemic chemotherapies are rec-
ommended as a best practice in advanced dis-
ease [1]. However, it is critical to explore the 
established biomarkers to improve a therapeu-
tic response and patient survival, and further 
study is warranted to conduct the translational 
research to investigate a new marker for pre-
dicting outcome in patients with pancreatic 
cancer. 

Recently, we had reported that the amino acid 
transporters such as L-type amino acid trans-
porter 1 (LAT1) and System ASC amino acid 

transporter-2 (ASCT2) are highly expressed in 
pancreatic cancer and these transporters play 
an essential role in the progression and metas-
tases, having a close association with poor out-
come [2, 3]. As a heavy chain of LAT1, 4F2hc 
(CD98) is requiring for its functional expression 
in the plasma membrane [4]. It has been also 
reported that 4F2hc expression is significantly 
related to the invasiveness and tumor cell pro-
liferation in several human neoplasms and the 
role of 4F2hc in cancer is closely associated 
with the functions of amino acid transporter 
and integrin signaling, promoting tumor growth 
and metastases [5-7]. These amino acid trans-
porters are essential for the tumor growth and 
proliferation, and the expression level of LAT1 
and ASCT2 are coordinately increased in can-
cers [8]. LAT1 provides the essential amino 
acids to promote tumor cell progression via the 
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mammalian target of rapamycin (mTOR) signal-
ing pathway, and ASCT2 maintains the cyto-
plasmic amino acid pool necessary to drive the 
function of LAT1, providing the necessary ener-
gy via glutamine delivery [8]. 

CD147 is a highly glycosylated transmembrane 
protein of the immunoglobulin superfamily [9]. 
Previous reports showed that CD147 works as 
an induction of matrix metalloproteinases and 
tumor angiogenesis, and is highly expressed in 
various malignant tumor cells [9]. CD147 is 
thought to be closely related to worse prog- 
nosis [9]. Recently, CD147 form a complex wi- 
th 4F2hc and monocarboxylate transporters 
(MCT) on the plasma membrane of malignant 
neoplasms, and the CD147-4F2hc complex has 
been reported to significantly contribute to 
worse outcome of cancer patients through pro-
moting cell proliferation via the PI3K/Akt signal-
ing pathway [7, 9]. In the previous reports, 
CD147 is described to induce tumor cell inva-
sion by stimulating the production of matrix 
metalloproteinases (MMPs), resulting in tumor 
invasiveness and widespread [9]. 

Tsai et al had reported that higher CD147 was 
associated with shorter survival and correlated 
with more advanced clinical markers in Chinese 
patients with pancreatobiliary adenocarcino-
mas [10]. But, the previous studies including 
their report [9, 10] didn’t focus on the relation-
ship with the expression of amino acid trans-
porters in human cancers. It remains unclear 
about the clinical significance of CD147 corre-
lated with amino acid transporters such as 
LAT1, ASCT2 and 4F2hc in various human ma- 
lignancies. The aim of this study is to investi-
gate the clinicopathological significance of 
CD147 expression in pancreatic adenocarcino-
ma, correlated with these amino acid transport-
ers, using the previously reported specimens 
[2, 3]. 

Materials and methods

Patients

One hundred thirteen consecutive patients 
with pancreatic ductal adenocarcinoma under-
went surgical resection at our institutions, 
between July 1995 and March 2011. Because 
of inadequate tissue specimens and induction 
therapy, 16 patients were not met for inclusion 
criteria. Thus, 97 patients were eligible for the 
present study. The authors’ approach to the 

evaluation and resection of these tumors has 
been described previously [2, 3]. The study pro-
tocol was approved by the institutional review 
board. 

All surgical specimens were reviewed and clas-
sified according to the WHO classification, and 
pathologic tumor-node-metastasis (TNM) stag-
es were established using the International 
System for Staging Pancreatic Cancer adopted 
by the American Joint Committee on Cancer 
and the Union Internationale Centre le Cancer 
[11]. The median age was 67 years (range, 25 
to 86 years). Of all patients, 18, 40, 32 and 7 
had stage I, II, III and IV tumors, respectively. As 
postoperative adjuvant chemotherapy, gem-
citabine, S-1 (Taiho Pharmaceutical Co., Ltd, 
Tokyo, Japan) and oral administration of tegafur 
(a fluorouracil derivative drug) were adminis-
tered to 31, 15 and 1 patients, respectively. 
The day of surgery was considered the starting 
day for measuring postoperative survival. The 
follow-up duration ranged from 6 to 164 months 
(median, 14 months).

Immunohistochemical staining

The detailed protocol for immunostaining has 
been published elsewhere [12-15]. CD147 anti-
body is an affinity-purified rabbit polyclonal 
antibody (Santa Cruz Biotechnology, Inc., 1:100 
dilution). Immunohistochemical staining was 
performed on paraffin sections using a polymer 
peroxidase method [Histofine Simple Stain 
MAX PO (MULTI) kit (Nichirei Corporation, Tokyo, 
Japan)]. Briefly, deparaffinized and rehydrated 
sections were treated with 0.3% hydrogen per-
oxide in methanol for 30 min to block endoge-
nous peroxidase activity. To expose antigens, 
sections were autoclaved in citrate buffer (pH 
8.0) for 5 min and cooled for 30 min. After rins-
ing in phosphate-buffered saline (PBS), sec-
tions were incubated with affinity-purified anti-
CD147 antibody overnight. Thereafter, they 
were incubated with Histofine Simple Stain 
MAX PO (MULTI) kit (Nichirei Corporation, Tokyo, 
Japan). The peroxidase reaction was performed 
using 0.02% 3,3’-diaminobenzidine tetrahydro-
chloride and 0.01% hydrogen peroxide in 0.05 
M tris-HCl buffer, pH 7.4. Negative control tis-
sue sections were prepared by omitting the pri-
mary antibody. LAT1 expression was deter-
mined by immunohistochemical staining with a 
LAT1 antibody (2 mg/mL, anti-human monoclo-
nal mouse antibody, 4A2, provided by Dr H. 
Endou [J-Pharma, Tokyo, Japan], dilution; 
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1:3200). The production and characterisation 
of the LAT1 antibody has previously been 
described [12]. The 4F2hc antibody is an affini-
ty-purified rabbit polyclonal antibody (Santa 
Cruz Biotechnology, Inc., 1:100 dilution) raised 
against a peptide mapping to the carboxy termi-
nus of 4F2hc of human origin. The detailed pro-
tocol for immunostaining has been published 
elsewhere [13]. Immunohistochemical staining 
of ASCT2 was done using a rabbit anti-ASCT2 
polyclonal antibody (1:300 dilution) according 
to the procedure described previously [14].

CD147, LAT1, 4F2hc, and ASCT2 expression 
was considered positive only if distinct mem-
brane staining was present. 

The expression scores of CD147, LAT1, 4F2hc 
and ASCT2 were assessed by the extent of 
staining as follows: 1, ≤10% of tumor area 
stained; 2, 11-25% stained; 3, 26-50% stained; 
and 4, ≥51% stained. The staining intensity was 
not considered when staining was assessed. 
The tumors in which stained tumor cells were 
scored as 3 or 4 were defined as high ex- 
pression.

In order to determine MVD, cellular prolifera-
tion, and mTOR signal pathway, immunohisto-
chemical staining was done using the antibod-
ies as follows: mouse monoclonal antibodies 
against CD34 (Nichirei, Tokyo, Japan; 1:800 
dilution) and Ki-67 (Dako, Glostrup, Denmark; 
1:40 dilution); a rabbit polyclonal antibody ag- 
ainst phosph-Akt (Abcam, Tokyo, Japan; 1:200 
dilution); and a rabbit monoclonal antibody 
against phosph-mTOR (Cell Signaling; 1:80 dilu-
tion). The number of CD34-positive vessels was 

counted in four selected hot spots in a 400x 
field (0.26 mm2 field area). MVD was defined as 
the mean count of microvessels per 0.26 mm2 
field area, and the tumors in which stained 
tumor cells represented more than each medi-
an value were defined as having high expres-
sion. Regarding Ki-67 expression, a highly cel-
lular area of the immunostained sections was 
evaluated. All epithelial cells with nuclear stain-
ing of any intensity were defined as having high 
expression. Approximately 1000 nuclei were 
counted on each slide. Proliferative activity was 
assessed as the percentage of positive Ki-67-
stained nuclei (Ki-67 labeling index) in the sam-
ple. The median value for the Ki-67 labeling 
index was evaluated, and the tumor cells with a 
Ki-67 labeling index greater than the median 
value were defined as having high expression. 
Concerning p-AKT and p-mTOR, a semi-quanti-
tative scoring method was used: 1≤10%, 2=10-
25%, 3=25-50% and 4≥51% of positive cells. 
The tumors with staining scores greater than 3 
were defined as having high expression [15]. 
The sections were assessed using a light micro-
scope in a blinded fashion by at least two of the 
authors.

Statistical analysis

Probability values less than 0.05 indicated a 
statistically significant difference. Fisher’s ex- 
act test was used to examine the association 
between two categorical variables. The correla-
tion between different variables was analyzed 
using the nonparametric Spearman’s rank cor-
relation 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 survival (OS) was deter-
mined as the time from tumor resection to de- 
ath 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 a stepwise Cox proportional hazards mo- 
del to identify independent prognostic factors. 
Statistical analyses were performed using JMP 
8 software (SAS, Institute Inc., Cary, NC, USA) 
for Windows.

Results

Immunohistochemical finding and patient’s 
demographics

Ninety-seven primary sites were immunohisto-
chemically analyzed using various biomarkers 

Figure 1. Immunohistochemical staining of CD147 in 
pancreatic ductal carcinoma. The score of CD147 im-
munostaining was grade 4 and its immunostaining 
pattern was membranous. 
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above described. The expression site of CD147 
was predominantly localized on the plasma 
membrane of the cancer cells (Figure 1). The 
frequency of CD147 staining was 23% (22/97) 
of all patients. In the analysis of the other bio-
markers, we have previously reported the 

the present study. The five-year survival rate 
and median survival time for all patients were 
33% and 19 months, respectively. 

In the present study, the high expression of 
CD147 was significantly associated with poor 

Table 1. Patient’s demographics according to CD147 expression

Variables
Total

CD147
High Low

p-value
(n=97) (n=22) (n=75)

Age ≤65/>65 yr 43/54 11/11 32/43 0.628
Sex Male/female 48/49 10/12 38/37 0.809
Differentiation WD or MD/PD 84/13 17/5 67/8 0.162
T factor T1-2/T3-4 24/73 3/19 21/54 0.261
N factor No/N1-2 40/57 17/5 23/52 <0.001
Disease stage I or II/III or IV 58/39 11/11 47/28 0.328
Lymphatic permeation yes/No 81/16 20/2 61/14 0.513
Vascular invasion yes/No 67/30 17/5 50/25 0.436
LAT1 High/Low 51/46 16/6 35/40 0.05
CD98 High/Low 55/42 15/7 40/35 0.234
ASCT2 Positive/Negative 52/45 17/5 35/40 0.014
Ki-67 High/Low 48/49 17/5 31/44 0.004
CD34 High/Low 48/49 14/8 34/41 0.151
VEGF High/Low 42/55 16/6 26/49 0.002
p-AKT High/Low 49/48 15/7 34/41 0.088
p-mTOR High/Low 41/56 16/6 25/50 0.001
High expression of CD147 was defined as scores >2 as shown in the text. 

Figure 2. Percentage of high/positive expression of different markers was ana-
lyzed according to scoring of CD147 expression. The expression rate of these 
markers is increasing according to high score of CD147 expression.

results of immunohistoch- 
emical staining of LAT1, AS- 
CT2, CD98, Ki-67, CD34, 
p-Akt and p-mTOR [2, 3]. 

Table 1 shows patient’s de- 
mographics according to the 
expression of CD147. A high 
expression of CD147 is sig-
nificantly associated with N 
factor, LAT1, ASCT2, Ki-67, 
VEGF and p-mTOR. Figure 2 
shows the percentage of 
high/positive expression of 
different markers according 
to scoring of CD147 expres-
sion. The expression rate of 
these markers is increasing 
according to high score of 
CD147 expression. A statis-
tically significant differen- 
ce of the ASCT2 expression 
was recognized between 
scoring of 1 and 2. 

Correlation between CD147 
and different variables

Spearman’s rank test sho- 
wed that CD147 was signifi-
cantly correlated with LAT1 
(r=0.205, p=0.043), ASCT2 
(r=0.353, p<0.001), Ki-67 
(r=0.352, p<0.001), VEGF 
(r=0.290, p=0.004), p-AKT 
(r=0.290, p=0.004), and p- 
mTOR (r=0.411, p<0.001) 
(Table 2). 

Survival analysis according 
to CD147 expression

We had already reported 
detailed results of the sur-
vival analysis on clinicopath-
ological variables, LAT1, AS- 
CT2, 4F2hc, Ki-67, CD34, p- 
AKT and p-mTOR in the pre-
vious articles [2, 3]. The sur-
vival data was updated in 
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OS and PFS by univariate analysis (Figure 3A, 
3B). A statistically significant difference in the 
OS was observed between high and low expres-
sion of LAT1, 4F2hc and ASCT2 [2, 3]. Based on 
the results of univariate log-rank test of these 
amino acid transporters (LAT1, 4F2hc, ASCT2 
and CD147), we investigated the prognostic 
significance of these amino acid transporters 
using multivariate analysis. Multivariate analy-
sis confirmed that LAT1 (p<0.001) and ASCT2 
(p=0.012) were independent prognostic mark-
ers for predicting negative outcome, but CD147 
(p=0.238) and 4F2hc (p=0.863) were not iden-
tified as independent predictors. Moreover, we 
examined the same analysis of PFS using these 
markers. By univariate analysis, LAT1 and AS- 
CT2 yielded significant worse predictors with 
p-value of <0.001 and <0.001, respectively, 
but, there was no significant difference in the 
PFS between high and low expression of 4F2hc. 
Multivariate analysis also identified LAT1 and 
ASCT2 as independent worse predictors in PFS 
after surgery. 

Next, we examined the prognostic significance 
according to the coexpression of CD147 and 
other amino acid transporters. We found that 
the coexpression of CD147 and LAT1 (Figure 
3C), and that of CD147 and 4F2hc (Figure 3D) 
yielded significantly worse prognosis than the 
single expression of LAT1, and that of 4F2hc, 
respectively. But, no significant difference was 
observed between ASCT2 plus CD147 and 
ASCT2 alone (Figure 3E). 

Discussion

This is a clinicopathological study to evaluate 
the prognostic significance of CD147 expres-
sion and amino acid transporters (LAT1, ASCT2 
and 4F2hc), and the relationship between 

them. The expression of CD147 was correlated 
with pathological variables such as cellular pro-
liferation, angiogenesis, and mTOR signaling. In 
the present study, the expression of CD147 
was closely associated with LAT1 and ASCT2, 
and plays a significant role in the tumor cell pro-
liferation, angiogenesis, metastases and the 
activation of mTOR signaling pathway. Although 
the high expression of CD147 was identified as 
a significant prognostic predictor, the coexpres-
sion of CD147 and LAT1 as well as CD147 and 
4F2hc was more powerful marker for predicting 
worse outcome than the single expression of 
LAT1 or ASCT2. These results suggest that 
CD147 plays a supportive role for tumor inva-
siveness and progression to strengthen the 
function of amino acid transporters in human 
neoplasms. To our knowledge, this is a first 
study to investigate the clinical significance of 
CD147 expression and the amino acid trans-
porters related to malignancies. 

Recently, it has been reported that the expres-
sion of CD147 is markedly increased in pancre-
atic cancer cells [16] and the inhibition of 
CD147 reduces the potential of tumor invasion 
and metastasis [17]. These experimental stud-
ies also indicated that the expression of CD147 
plays a crucial role in the tumor progression 
and survival, suggesting the therapeutic poten-
tial as a new target for pancreatic cancer. By 
experimental research, it was found that the 
inhibition of CD147 expression significantly 
reduced angiogenesis and CD147 regulates 
angiogenesis by possible mechanisms such as 
cell proliferation, MMP secretion and the acti-
vation of PI3K/Akt [9]. 

The CD147 stimulated the production of VEGF, 
and inhibition of CD147 reduced the expres-
sion of VEGF in vitro, therefore, CD147 was 
thought to be related to the induction of VEGF 
[18]. In the present study, we found that there 
was a significant relationship between CD147 
and VEGF in human tissue specimen, but not 
between CD147 and MVD. To our knowledge, 
little is known whether CD147 could be associ-
ated with the angiogenetic markers such as 
VEGF or MVD in human pancreatic cancer. 
Further investigation is required to identify the 
angiogenic role of CD147 expression in various 
human neoplasms. 

Recently, it was reported that there is a novel 
monocarboxylate transporter (MCT)-CD147-

Table 2. Correlation with CD147 expression
Spearman r 95% CI p-value

LAT1 0.205 0.004 to 0.394 0.043
ASCT2 0.353 0.159 to 0.520 <0.001
CD98 0.17 0.036 to 0.363 0.096
Ki-67 0.352 0.158 to 0.519 <0.001
CD34 0.139 0.069 to 0.356 0.176
VEGF 0.343 0.148 to 0.512 <0.001
p-AKT 0.29 0.091 to 0.468 0.004
p-mTOR 0.411 0.225 to 0.568 <0.001
Abbreviation: 95% CI, 95% confidence interval.
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4F2hc-LAT1 transporter complex, including 
ASCT2 and EpCAM in three human tumor cell 
lines using mass spectrometry [19]. Figure 4 
shows the modified model of the CD147-4F2hc-
LAT1-ASCT2 complexes [19]. There was a direct 
association between CD147 and 4F2hc, be- 
tween CD147 and MCT, between EpCAM and 
4F2hc, and between LAT1 and 4F2hc. However, 
no direct cross-linking was observed between 

CD147 and LAT1, and between CD147 and 
ASCT2. The complexes of these transporters 
are thought to play their joint role in cellular 
energy metabolism, and the presence of ASCT2 
and EpCAM is required to transform a trans-
membrane protein supercomplex. But, it remai- 
ns unclear whether the existence of these 
CD147-4F2hc-LAT1-ASCT2 complexes strongly 
contributes to play an essential role in the 
development and pathogenesis of human neo-
plasms. To the best of our knowledge, this is 
the first investigation to evaluate the clinico-
pathological significance of the relationship 
between CD147, and LAT1, ASCT2 and 4F2hc 
in human tumor specimen. Fei et al identified 
that the elevated CD147-4F2hc complex was 
significantly related to an unfavorable progno-
sis in patients with lung cancer [7]. This is cor-
responding to the results of our study, suggest-
ing that the coexpression of CD147 and 4F2hc 
significantly contributed to worse outcome and 
could be more powerful predictor in both lung 
cancer and pancreatic cancer. In the previous 
studies, we found that LAT1, ASCT2 and 4F2hc 
were identified as a significant predictor for 
patients with pancreatic cancer [3, 13]. Little is 
known whether the coexpression of CD147 and 
these amino acid transporters could be a pow-
erful worse predictor compared to the single 
expression of them. The results of our study 

Figure 3. Kaplan-Meier analysis of progression-free survival (PFS) and overall survival (OS) according to CD147 
expression. A statistically significant difference in OS (A) and PFS (B) was observed between the patients with high 
CD147 and those with low CD147 tumor expression. Survival analysis was performed according to the coexpression 
of CD147 and LAT1 (C), CD147 and 4F2hc (D), and CD147 and ASCT2 (E). Coexpression of CD147 and LAT1 (C), and 
that of CD147 and 4F2hc (D) yielded a significantly worse prognosis than the single expression of LAT1, and that 
of 4F2hc, respectively. No significant difference was observed between ASCT2 plus CD147 and ASCT2 alone (E). 

Figure 4. CD147-4F2hc-LAT1-ASCT2 complex. This 
figure was modified from the figure of reference 19. 
CD147 directly associated with 4F2hc and MCT, 
4F2hc directly associated with LAT1 and EpCAM.
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suggest that these amino acid transporters 
need the addition of CD147 expression to 
accelerate the progression and metastases of 
cancer cells. Moreover, the overexpression of 
CD147 caused the activation of mTOR signal-
ing, resulting the tumor cell proliferation and 
angiogenesis. 

There are several limitations about the present 
study. We couldn’t evaluate the expression of 
MCT and EpCAM in the tumor tissues, thus, it 
remains unclear about the relationship between 
MCT and CD147, and between EpCAM and 
4F2hc in pancreatic cancer. Further study is 
warranted to add the immunohistochemical 
staining of MCT and EpCAM expression within 
tumor tissues. 

In conclusion, CD147 showed a significant rela-
tionship with the expression level of LAT1 and 
ASCT2, correlated with tumor proliferation, an- 
giogenesis and mTOR signaling. CD147 was 
identified as a negative prognostic predictor in 
pancreatic cancer. Especially, the coexpression 
of CD147 and LAT1 or CD147 and 4F2hc could 
be a more powerful marker for predicting poor 
prognosis after surgery. The inhibition of both 
CD147 and these amino acid transporters may 
strongly suppress the tumor growth, and CD147 
could be an attractive therapeutic target for 
pancreatic cancer. 
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