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Abstract: Mechanistic (or mammalian) target of rapamycin (mTOR) plays important roles in cell growth and prolifera-
tion. In esophageal squamous cell carcinoma (SCC), high expression of phosphorylated (activated) mTOR (p-mTOR) 
has been reported as an adverse prognostic factor in some but not all studies. The signals of mTOR pathway 
and mitogen-activated protein kinase (MAPK) pathway converge on 4E-binding protein 1 (4EBP1), which drives the 
downstream proliferative signals. We previously found that high expression of phosphorylated 4EBP1 (p-4EBP1) is 
an adverse prognostic factor in esophageal SCC. Podoplanin is a type-1 transmembrane glycoprotein expressed in 
various normal human tissues, including lymphatic endothelium. Our previous study showed that high podoplanin 
expression correlates with clinical nodal metastasis, which is associated with short survival in esophageal SCC. 
In current study, we investigated p-mTOR expression by immunohistochemistry in 75 cases of surgically resected 
esophageal SCC. The result was correlated with p-4EBP1 expression, podoplanin expression, clinicopathologic fea-
tures and patient survival. We found that high p-mTOR expression was significantly associated with high podoplanin 
expression (P = 0.0030) and high tumor grade (P = 0.0014). No correlation with p-4EBP1 expression, patient sur-
vival or other clinicopathologic features was found. Recently, podoplanin expression in astrocytic brain tumors was 
found to be regulated by the phosphatidylinositol 3-kinase (PI3K)/AKT/activator protein-1 (AP-1) pathway. Similarly, 
mTOR is activated by a PI3K/AKT/mTOR pathway. The association of p-mTOR and podoplanin expression in our 
study could be due to a common upstream pathway. Since both mTOR and podoplanin are potential therapeutic 
targets, the possible benefit of combined targeted therapy warrants further investigation.
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Introduction

Esophageal squamous cell carcinoma (SCC) is 
a highly aggressive cancer [1]. More than 50% 
of the patients present with unresectable or 
metastatic disease. Despite the development 
of multimodality treatment including surgery, 
chemotherapy and radiotherapy, the overall 
five year survival rate remains to be 10-20% [1]. 
Further understanding of molecular pathways 
is needed to identify therapeutic targets and 
improve patient survival. 

Mechanistic (or mammalian) target of rapamy-
cin (mTOR) is a serine/threonine kinase which 
regulates cell growth, proliferation and metabo-
lism [2-5]. It is activated by phosphorylation of 
Ser2448 through the phosphatidylinositol 
3-kinase (PI3K)/AKT pathway. High expression 
of phosphorylated (activated) mTOR (p-mTOR) 
has been reported to be an adverse prognostic 
factor in a number of cancers, such as non-
small cell lung carcinoma [6], gastric carcinoma 
[7], breast carcinoma [8] and oral SCC [9]. In 
esophageal SCC patients, p-mTOR expression 
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has been reported to influence survival in two 
studies [10, 11] but does not in one [12].

The signals of mTOR pathway and mitogen-acti-
vated protein kinase (MAPK) pathway converge 
on 4E-binding protein 1 (4EBP1), which drives 
the downstream proliferative signals [13]. 
Previously, we found that high expression of 
phosphorylated 4EBP1 (p-4EBP1) was an inde-
pendent adverse prognostic factor in esopha-
geal SCC patients [14, 15]. 

Podoplanin is a type 1 transmembrane mucin-
like glycoprotein. It is expressed by a variety of 
normal human tissues, including lymphatic 
endothelial cells, glomerular podocytes, heart, 
lung, placenta, skeletal muscle, myofibroblasts, 
myoepithelial cells, mesothelial cells, osteo-
blasts, follicular dendritic cells, Schwann cells, 
and the basal layer of epidermis and esopha-
geal mucosa [16-24]. The physiological func-
tions and pathways of podoplanin are largely 
unknown and probably involved in regulation of 

lymphangiogenesis and renal glomerular filtra-
tion [25, 26].

Podoplanin is variably expressed in SCC of 
esophagus, oral cavity, larynx, uterine cervix 
and skin [23, 27-29]. It has been demonstrated 
to play a role in lymphangiogenesis, nodal 
metastasis [30], carcinogenesis [31, 32], cell 
motility, tumor invasiveness [27], platelet 
aggregation and hematogenous metastasis 
[33]. High podoplanin expression in tumor cells 
has been found to correlate with nodal metas-
tasis and poor prognosis in esophageal SCC by 
our group and later by others [23, 34-36].

Podoplanin expression in astrocytic brain 
tumors was found to be regulated by the PI3K/
AKT/activator protein-1 (AP-1) pathway [37], 
thus it shares a common upstream pathway 
with mTOR. In addition, the activated mTOR sig-
nal through PI3K/AKT/mTOR pathway converg-
es on 4EBP1 [13]. It would be of interest to see 
whether there is any correlation between mTOR 

Figure 1. Immunohistochemical study for p-mTOR. The intensity scores were graded as 3 (strong; A), 2 (intermedi-
ate; B), 1 (weak; C) and 0 (negative; D).
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expression and the expression of podoplanin 
and p-4EBP1. Therefore, we investigated 
p-mTOR expression in 75 surgically resected 
esophageal SCC by immunohistochemistry. 
The result was correlated with p-4EBP1 expres-
sion, podoplanin expression, clinicopathologic 
features and patient survival.

Materials and methods

Patients 

A total of 75 cases of surgically resected esoph-
ageal SCC were recruited for this study. Fifty-
four of the patients received pre-operative con-
current chemoradiotherapy (CCRT). Pathologic 
and pre-operative clinical staging was per-
formed according to the 7th edition AJCC Cancer 
Staging Manual [38]. 

Immunohistochemistry

Resected esophageal SCC and adjacent nor-
mal tissue were fixed in 10% buffered neutral 
formalin, dehydrated and embedded in paraf-
fin. Tissue sections were routinely stained for 
hematoxylin and eosin for morphologic evalua-
tion. Additional 4-µm-thick sections were taken, 
deparaffinized and rehydrated for immunohis-
tochemical study. We used a monoclonal rabbit 
anti-p-mTOR antibody (clone EPR426 (2), 
Epitomics, Burlingame, CA, USA, 1:100) as the 
primary antibody. Antigen retrieval was per-
formed with EDTA pH 9.0 buffer (Leica). 
Sections were incubated with primary antibody 
at 4°C overnight, followed with poly-horserad-
ish peroxidase (HRP) antimouse/rabbit IgG 
reagent (Zymed) to localize the primary anti-
body, and diaminobenzidine (DAB) was used to 

visualize the complex. Then the sections were 
counterstained with hematoxylin, dehydrated, 
cleared, and mounted.

The immunostained slides were evaluated by 
two pathologists (W-Y. C. and C-J. Y.) under a 
dual-head microscope without knowing the 
clinicopathologic information. A Histo-score 
(H-score; range = 0-300) was calculated by 
multiplying the intensity score (0 = negative; 1 
= weak; 2 = intermediate; 3 = strong; Figure 1) 
and the fraction score (percentage of positive 
tumor cells; range = 0-100). When areas of dif-
ferent intensity were present in one sample, 
the H-score of each intensity area was calcu-
lated separately and the sum of all H-scores 
was regarded as the final H-score.

These cases were also investigated for tumor 
cell expression of p-4EBP1 and podoplanin as 
previously described [14, 23]. Some of these 
results have been reported in our previous 
studies [14, 23].

Statistical analysis

Differences in categorical data were assessed 
by a chi-square test, and Yates’ correction was 
performed if expected frequencies less than 5 
were encountered. Difference in age or H-score 
between groups was assessed by Mann-
Whitney U-test. Overall survival was analyzed 
by Kaplan-Meier method and compared by log-
rank tests. P value < 0.05 was considered sta-
tistically significant. All statistical analyses 
were done using the WinSTAT® for Excel (R. 
Fitch Software, Bad Krozingen, Germany).

Results

P-mTOR expression and clinicopathologic 
characteristics

The H-scores of p-mTOR immunostaining 
ranged from 1 to 165, with a median of 80. An 
H-score of 80 or more was considered high 
p-mTOR expression (n = 39), whereas an 
H-score of 79 or lower was considered low 
expression (n = 36). Expression of p-mTOR had 
no significant influence on patient survival (P = 
0.45; Figure 2). The clinicopathologic charac-
teristics grouped by p-mTOR expression were 
listed in Table 1. Of note, high p-mTOR expres-
sion was strongly associated with high tumor 
grade (grade 3; P = 0.0014). We found no cor-

Figure 2. The expression of p-mTOR had no signifi-
cant influence on survival of patients (P = 0.45).
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tion, pN, pM, pathologic 
stage, cT, cN, cM or clinical 
stage.

Correlation of p-mTOR ex-
pression with podoplanin 
and p-4EBP1

The H-scores of p-mTOR 
immunostaining grouped 
by podoplanin or p-4EBP1 
expression were shown in 
Figure 3. The H-scores of 
podoplanin-high tumors 
were significantly higher 
than those of podoplanin-
low tumors (P = 0.0031), 
whereas p-4EBP1 expres-
sion had no significant 
influence on H-scores of 
p-mTOR (P = 0.34). Using 
the median H-score as 
cutoff, high p-mTOR ex- 
pression was also signifi-
cantly associated with 
high podoplanin expres-
sion (P = 0.0030; Table 1), 
whereas p-mTOR expres-
sion was not correlated 
with p-4EBP1 expression 
(P = 0.73; Table 1). Ex- 
amples of tumors with 
concordant (both high or 
both low) expression of 
p-mTOR and podoplanin 
were shown in Figure 4.

Discussion

Our study showed for the 
first time that p-mTOR 
expression correlates with 
podoplanin expression in 
esophageal SCC. We also 
found an association be- 
tween p-mTOR expression 
and high tumor grade, sim-
ilar to a previous study on 
Dutch patients of esopha-
geal SCC [39].

Table 1. Clinicopathologic characteristics of cases grouped by p-mTOR 
expression

Characteristic
p-mTOR expression

Total (n = 75) P value
Low (n = 36) High (n = 39)

Age at diagnosis
    Mean ± SD 59 ± 13 56 ± 11 57 ± 12 0.49
    Median (min; max) 58 (38; 100) 58 (32; 85) 58 (32; 100)
Gender (%)
    Female 2 (6) 1 (3) 3 (4) 0.94
    Male 34 (94) 38 (97) 72 (96)
Pre-operative CCRT (%)
    Yes 22 (61) 29 (74) 51 (68) 0.22
    No 14 (39) 10 (26) 24 (32)
Tumor grade (%)
    Grade 1-2 34 (94) 25 (64)  59 (79) 0.0014*

    Grade 3 2 (6) 14 (36) 16 (21)
pT (%)
    pT1-2 10 (28) 15 (38) 25 (33) 0.33
    pT3-4 26 (72) 24 (62) 50 (67)
pN (%)
    pN0 21 (58) 24 (62) 45 (60) 0.78
    pN1-3 15 (42) 15 (38) 30 (40)
pM (%)
    pM0 35 (97) 35 (90) 70 (93) 0.40
    pM1 1  (3) 4 (10) 5   (7)
Pathologic stage (%)
    I/II 20 (56) 24 (62) 44 (59) 0.60
    III/IV 16 (44) 15 (38) 31 (41)
cT (%)a

    cT1-2 10 (34) 15 (41) 25 (38) 0.62
    cT3-4 19 (66) 22 (59) 41 (62)
cN (%)a

    cN0 11 (41) 11 (31) 22 (35) 0.40
    cN1-3 25 (59) 25 (69) 41 (65)
cM (%)a

    cM0 24 (96) 31 (97) 55 (96) 1.0
    cM1 1 (4) 1 (3) 2  (4)
Clinical stage (%)a

    I/II 10 (45) 11 (42) 21 (44) 0.83
    III/IV 12 (55) 15 (58) 27 (56)
Podoplanin expression (%)
    High 9 (25) 23 (59) 32 (43) 0.0030*

    Low 27 (75) 16 (41) 43 (57)
p-4EBP1 expression (%)
    High 17 (47) 20 (51) 37 (49) 0.73
    Low 19 (53) 19 (49) 38 (51)
*P < 0.05. SD: standard deviation; CCRT: concurrent chemoradiotherapy. aSome cases 
were excluded due to incomplete pre-treatment clinical staging.

relation of p-mTOR expression with age at diag-
nosis, gender, preoperative CCRT, pT classifica-

The PI3K/AKT/mTOR signaling pathway is 
important in regulating essential cellular func-



p-mTOR in esophageal cancer

12761	 Int J Clin Exp Pathol 2015;8(10):12757-12765

tions, including cell growth, proliferation and 
metabolism [2-5]. Dysregulation of this path-
way is also known to play important roles in car-
cinogenesis and tumor progression. However, 
the influence of p-mTOR expression on survival 

of esophageal SCC patients remains controver-
sial. In a Japanese study, high expression of 
p-mTOR correlated with short survival in esoph-
ageal SCC patients [10]. In a Korean study, the 
ratio of p-mTOR/total mTOR was associated 

Figure 3. The H-scores of p-mTOR immunostaining were grouped by podoplanin or p-4EBP1 expression. High p-
mTOR expression was significantly associated with high podoplanin expression (P = 0.0031), whereas no associa-
tion between p-mTOR and p-4EBP1 expression was observed.

Figure 4. A tumor showed high p-mTOR expression (A) and high podoplanin expression (B). Another tumor showed 
low p-mTOR expression (C) and low podoplanin expression (D). Lymphatic endothelial cells (arrows) served as inter-
nal positive control for podoplanin immunostaining.
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with poor prognosis, but the p-mTOR expres-
sion per se had no significant influence on 
patient survival [11]. In another Japanese 
study, high p-AKT expression correlated with 
short survival, but p-mTOR expression had no 
prognostic significance [12]. We found no sig-
nificant influence of p-mTOR expression on sur-
vival in our cohort of esophageal SCC patients. 
Of note, a previous study on Dutch patients 
showed that p-mTOR expression correlated 
with higher grade tumor [39]. We also found a 
significant correlation between high p-mTOR 
expression and high tumor grade (P = 0.0014; 
Table 1).

The signals of PI3K/AKT/mTOR pathway and 
mitogen-activated protein kinase (MAPK) path-
way converge on 4EBP1, which drives the 
downstream signals of cellular proliferation 
[13]. Previously, we found that high p-4EBP1 
expression was an independent adverse prog-
nostic factor in esophageal SCC, especially in 
patients with relatively early stage disease [14, 
15]. In the present study, the lack of significant 
association of p-mTOR expression with 
p-4EBP1 expression (Figure 3; Table 1) and 
patient survival (Figure 2) was most likely due 
to the influence of signals from the MAPK 
pathway.

Podoplanin is a type 1 transmembrane mucin-
like glycoprotein which was originally named 
due to its expression in renal podocytes of rats 
[40]. It is variously expressed in a variety of 
human tumors, including SCC of different 
organs. Podoplanin expression in cancer cells 
has been found to play multiple roles, most 
importantly lymphangiogenesis and lymph 
node metastasis [30]. There is also growing evi-
dence that podoplanin is also involved in carci-
nogenesis, cell motility and cell invasiveness 
[27, 31, 32]. Since podoplanin is an endoge-
nous ligand of C-type lectin-like receptor-2 
(CLEC-2), a signaling receptor expressed on the 
surface of platelets [41], expression of podo-
planin can promote platelet aggregation and 
hematogenous metastasis [33]. We previously 
found that high podoplanin expression corre-
lates with clinical nodal metastasis and poor 
prognosis in esophageal SCC [23, 34]. However, 
the regulatory mechanism of podoplanin 
expression in esophageal SCC remains largely 
unknown.

In a mouse model of skin carcinogenesis, PDPN 
(podoplanin) was found to be a direct target 

gene of fos, a member of AP-1 family [32]. In 
addition, podoplanin expression in osteosarco-
ma was found to be regulated by AP-1 [42]. 
Podoplanin is also variably expressed in astro-
cytic tumors of the brain, and the frequency of 
expression increases along with the tumor 
grade, suggesting a role of podoplanin in malig-
nant progression [43]. Podoplanin expression 
was also found to correlate with poor prognosis 
in glioblastoma, a high grade glial tumor with 
the highest frequency of podoplanin expression 
[44]. Recently, it has been found that podo-
planin expression in astrocytic tumors is con-
trolled by a PI3K/AKT/AP-1 pathway [37]. Since 
mTOR is activated by a PI3K/AKT/mTOR path-
way, the association of podoplanin and p-mTOR 
expression in our study could be due to a com-
mon upstream pathway PI3K/AKT. Further 
study is needed to clarify the exact regulatory 
mechanism of podoplanin expression in esoph-
ageal SCC.

The PI3K/AKT/mTOR signaling pathway has 
long been considered as a therapeutic target. 
Multiple clinical trials targeting different parts 
of this pathway are ongoing for oral SCC [45], 
which is similar to esophageal SCC in tumor 
biology. Recently, inhibition of mTOR in esopha-
geal SCC cells was found to increase the sensi-
tivity to the chemotherapeutic agent cisplatin 
[46, 47]. Podoplanin is also a potential thera-
peutic target. An anti-podoplanin antibody NZ-1 
has been found to inhibit podoplanin-induced 
platelet aggregation and pulmonary metastasis 
of podoplanin-overexpressing CHO cells in 
nude mice [48]. Since we found an association 
between p-mTOR and podoplanin expression, 
further preclinical and clinical studies are need-
ed to clarify the possible benefit of combined 
targeted therapy.

In conclusion, our study showed for the first 
time that p-mTOR expression correlates with 
podoplanin expression in esophageal SCC. We 
also found an association between p-mTOR 
expression and high tumor grade. The correla-
tion between p-mTOR and podoplanin expres-
sion could be due to a common upstream path-
way PI3K/AKT. Since both mTOR and podoplanin 
are potential therapeutic targets, the possible 
benefit of combined targeted therapy warrants 
further investigation.
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