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Abstract: Backgroud and aim: Podoplanin (D2-40) is a specific marker for lymphatic endothelium. The vast major-
ity of previous studies on podoplanin immunostaining in esophageal squamous cell carcinoma (ESCC) focused 
on identifying lymphatic vessel invasion (LVI) and counting lymphatic vessel density (LVD) and had contradictory 
results. Recent studies show podoplanin expression on cancer cells or tumor stroma in several cancers, which 
have specific significance; but the status in ESCC remains unclear. Therefore, the aim of this study was to further 
study and summarize the clinicopathological significance of podoplanin immunoreactivity in ESCC. Materials and 
methods: We examined podoplanin expression in tissue specimens from 107 patients with ESCC by immunohisto-
chemistry. Podoplanin positive lymphatic vessels in intratumoral and peritumoral tissues and podoplanin positive 
expression in cancer cells and tumor stroma were analyzed, and correlated with clinicopathologic parameters and 
three-year overall and free-disease survival. Results: 34 (31.8%) and 28 (26.2%) of 107 specimens had podoplanin 
positive expression in cancer cells and tumor stroma, respectively. Logistic regression analysis showed high intratu-
moral lymphatic vessel density (I-LVD) and podoplanin positivity in cancer cells were increased risks of lymph node 
metastasis (LNM) (OR = 2.45, P = 0.03; OR = 0.35, P = 0.01, respectively). Survival analysis showed that I-LVD was 
a significant factor related to poor three-year overall and free-disease survival (P = 0.04, P = 0.03, respectively). 
Conclusions: Previous data and our results show that podoplanin seems to be a useful marker to predict LNM, 
recurrence, and worse prognosis in ESCC; in particular, LVI, high I-LVD, and podoplanin positivity in cancer cells are 
associated with LNM, recurrence and overall survival.
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Introduction

In China, esophageal cancer ranks 4th in terms 
of incidence and mortality among all cancers, 
with an estimated 259,235 new cases and 
211,084 deaths in 2008 [1]. While esophageal 
adenocarcinom (EAC) has emerged as the 
major type in some western countries, esopha-
geal squamous cell carcinoma (ESCC) is the 
predominant type in China [2]. Compared with 
other gastrointestinal tract cancers, ESCC is 
characterized by early lymphatic metastasis. 
The presence of lymph node metastasis (LNM) 
is a poor prognostic indicator for patients with 

ESCC [3]. After surgery, the five-year survival 
rate is less than 30% with positive lymph nodes 
(LNs), whereas it is greater than 60% in patients 
without LNM [4].

Podoplanin (D2-40) is a specific marker for lym-
phatic endothelium, allowing for the identifica-
tion of lymphatic vessels (LVs) and assessment 
of lymphatic vessel density (LVD) [5, 6]. Recent 
studies also found podoplanin expression in 
cancer cells and tumor stroma and demonstrat-
ed it to be involved in tumor progression and 
poor outcome [7-12]. In ESCC, most previous 
studies on D2-40 immunostaining investigated 
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lymphatic status including lymphatic vessel 
invasion (LVI) and LVD [13-18], and few studies 
concerned about podoplanin expression in can-
cer cells or tumor stroma [19-21] (Table 1). 
Moreover, they had contradictory results. Thus, 
the clinicopathologic significance of podoplanin 
immunoreactivity in ESCC needs to be further 
investigated and summarized.

In the present study, we examined 107 ESCC 
tissue specimens by immunohistochemistry 
(IHC) with podoplanin monocolonal antibody. 
Podoplanin positive LVs in intratumoral and 
peritumoral tissues; podoplanin positive 
expression in cancer cells and tumor stroma 
were analyzed, and correlated with clinicopath-
ologic parameters and three-year overall and 
free-disease survival.

Materials and methods

Patients and specimens

The subjects included 107 patients with tho-
racic ESCC who underwent radical surgical dis-
section and lymph node dissection without any 
preoperative therapy at the Department of 
Thoracic Surgery, QiLu Hospital of ShanDong 
University, from 1st January to 31th December 
2010. The cases with other organ metastasis 
were excluded from this study. The cancer tis-
sue specimens were collected from them. They 
all provided their informed consent regarding 
this study, and the protocol was approved by 
the Ethics Committee of QiLu Hospital of 

Shandong University. Patient, tumor, and treat-
ment characteristics were retrieved from the 
Medical Records Room, which are summarized 
and shown in Table 2 (according to 7th edition 
UICC TNM stage).

IHC staining

Formalin-fixed, paraffin-embedded tissue blo- 
cks were retrieved, cut into 5 µm-thick sec-
tions, and mounted on glass slides. These sec-
tions were deparaffinized in xylene, dehydrated 
in graded ethanol, microwaved in 10 mM citrate 
buffer (pH 6.0) for 20 min to unmask the epit-
opes and treated with 3% hydrogen peroxide 
for 10 min. They were then incubated with the 
ready-to-use anti-human D2-40 monoclonal 
antibody (Dako, Carpinteria, CA) at 4°C for 12 
h. After washing, horseradish peroxidase/Fab 
polymer conjugate (EnVision Plus/HRP peroxi-
dase kit; Dako, Carpinteria, CA) was applied to 
the sections at 37°C for 30 min. Finally, the 
sections were incubated with diaminobenzidine 
(DAB) for 1 min to develop the signals. Each 
series included negative control sections incu-
bated without the primary antibody. Positive 
controls were paraffin-embedded sections of 
squamous cell carcinoma in cervix previously 
shown to react with the primary antibody.

Evaluation of podoplanin immunostaining

Intratumoral LVs were defined as the vessels 
within the main tumor mass, surrounded by 
tumor cells. Peritumoral LVs were defined as 

Table 1. Previous studies on podoplanin immunostaining in esophageal squamous cell carcinoma
Assessment

LVI LVD Cancer cells 
expression

Stroma  
expression

Refs. Sample size pT LNM Progno-
sis LNM Progno-

sis LNM Progno-
sis LNM Progno-

sis
Tomita et al. [13] 115 T1 √ — — — — — — —
Gockel et al. [14] 21 T1 √ — — — — — — —
Our previous study. [15] 107 T1-4 √ — — — — — — —
Mori et al. [16] 46 T1-3 √ — √ — — — — —
Inoue et al. [17] 81 T1-3 — — √ √ — — — —
Imamura et al. [18] 159 Tis-T3 √ √ √ √ — — — —
Rahadiani et al. [19] 61 T1-3 — — — — √ √ — —
Chuang WY et al. [20] 59 T1-4 √ — — — √ √ — —
Tong L. et al. [21] 56 T1-4 — — √ √ √ √ — —
Current study 107 T1-4 — — √ √ √ √ √ √
Note: LVI, lymphatic vessel invasion; LVD, lymphatic vessel density; LNM, lymph node metastasis.
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the vessels within 2 mm of the tumor margin 
which was bordered along tumor cells under 
microscopic observation. Only the vessels 
exhibiting a typical morphology (lumen) were 
considered LVs (Figure 1A and 1B). LVD was 
assessed as described previously [22]. Briefly, 
the most vascularized intratumoral and peritu-
moral areas (hot spot areas) were identified 
under low magnification (40× or 100×). The 
number of immunostained LVs found in 5 hot 
spot areas was counted at 200× magnification. 
The LVD in each case was expressed as means 
(total number of vessels in 5 hot spot areas/5).

Cellular immunoreaction was considered to be 
negative if it involved less than 5% of cancer 
cells and positive if it involved greater than 5%; 
stromal immunoreaction was considered to be 
negative if it involved less than 10% of stroma 
and positive if it involved greater than 10% [8].

Stained histologic sections were analyzed using 
standard light microscopy (Olympus, BS51). 
Evaluation of podoplanin immunostaining was 
performed independently by two pathologists 
(Drs. Tingguo Zhang and Xiaoqing Yang) without 
knowledge of any of the patients’ clinicopatho-
logical features.

Statistical analysis

Statistical analysis was performed by using the 
Kolmogorov-Smirnov normality test for all 
parameters considered.

The Student test and chi-square test (χ2 test) 
were used as appropriate. Logistic regression 
analysis was used for the relationship between 
considered risk factors and LNM. The Kaplan-
Meier method was applied in the survival analy-
sis and its statistical significance was calculat-
ed by using the log-rank test. Univariate and 
multivariate analyses were performed by using 
a Cox proportional hazards model. Variables 
with a probability value of less than 0.05 in the 
univariate analysis were introduced in a multi-
variate stepwise proportional-hazards analysis 
(Cox model) to identify which variable had an 
independent effect on prognosis. The results 
are given as hazard ratios with their corre-
sponding 95% confidence interval. P values < 
0.05 (two-sided) were considered statistically 
significant. All analyses were performed using 
SPSS 16 (SPSS Inc., Chicago, IL).

The effect of intratumoral LVD (I-LVD) and peri-
tumoral LVD (P-LVD) on the survival rate was 
determined using the median (4.39 and 5.40) 
as the cutoff value. For the analysis of three-
year overall survival, events were defined as 
death from any cause. For the analysis of three-
year disease-free survival, events were defined 
as first loco-regional or distant tumor relapse or 
death from any cause.

Results

Lymph node status and clinicopathologic 
parameters

Postoperative follow-up data were obtained 
from all patients until death or March 2013. 
The median follow-up time was 40 months 
(range, 4 months to 50 months); the median 
age of the patients was 60 years (range 42-77 
years). The clinicopathologic parameters of 
tumors are shown in Table 2.

Table 2. Clinicopathologic parameters in 107 
patients with esophageal squamous cell 
carcinoma
Parameters Total NO. (%)
Gender Male 85 (79.4)

Female 22 (20.6)
Age < 60 57 (53.3)

≥ 60 50 (46.7)
Location Upper 1/3 11 (10.3)

Middle 1/3 60 (56.1)
Lower 1/3 36 (33.6)

Length < 30 mm 36 (33.6)
≥ 30 mm 71 (66.4)

Differentiation Well (G1) 25 (23.4)
Moderate (G2) 53 (49.5)
Poor (G3) 29 (27.1)

Radicality R0 88 (92.6)
R1 5 (5.3)
R2 2 (2.1)

pT T1 14 (13.1)
T2 23 (21.5)
T3 62 (57.9)
T4 8 (7.5)

LNM N0 69 (64.5)
N1 38 (35.5)

TNM stage I 17 (15.9)
II 53 (49.5)
III 37 (34.6)

Note: LNM, lymph node metastasis; TNM, tumor node 
metastasis classification.
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There were 69 patients without LNM (N0) and 
38 patients with LNM (N+).

Mean three-year overall survival rate was 
53.3%, with significant difference between N0 
and N+ patients (63.8% vs. 34.2%; P = 0.003, 
log-rank test); mean three-year disease-free 
survival rate was 54.2%, with significant differ-
ence between N0 and N+ patients (62.3% vs. 
39.5%; P = 0.003, log-rank test).

Podoplanin expression

Podoplanin immunopositive expression was 
observed in LV endothelia, cancer cells, and 
tumor stroma (Figure 1).

LVD and clinicopathologic parameters

Lymphatic endothelium staining was strong 
and distinct when present in tumor tissue. We 
found that most intratumoral lymphatics were 

small and flattened, in contrast with the widely 
open lymphatics in peritumoral regions. Also, 
intratumoral lymphatics were not accompanied 
by preexisting structures such as smooth mus-
cles, fibres, or large blood vessels (Figure 1A 
and 1B).

Podoplanin positive LVs were seen in peritu-
moral tissue from all specimens and intratu-
moral tissue from 93 (90.7%) specimens. The 
number of intratumoral and peritumoral LVs 
ranged respectively from 0 to 19 (median, 4.39; 
mean ± SD, 5.09 ± 4.13), 2 to 23 (median, 
5.40; mean ± SD, 7.65 ± 6.16). Mean P-LVD 
was significantly higher than I-LVD (P = 0.00, 
Student t test) (Figure 2A).

High I-LVD (> 4.39) was correlated significantly 
with depth of invasion (P = 0.00, χ2 test), LNM 
(P = 0.02, χ2 test) and clinical stage (P = 0.01, 
χ2 test), whereas P-LVD had no significant  

Figure 1. Podoplanin positive expression in esophageal squamous cell carcinoma. Strong podoplanin staining for 
lymphatics in intratumoral (A) and peritumoral (B) locations; the blood vessels in peritumoral tissue are negative for 
D2-40 indicating its specificity for lymphatic vessels. D2-40 positivity is seen in membrane and cytoplasm of cancer 
cells, and positive cells are mainly located in the periphery of cancer nests (C). (D) Shows stromal podoplanin stain-
ing with high amount of podoplanin expressing cancer-associated fibroblasts. Original magnification, ×200.
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association with any clinicopathological para- 
meters.

I-LVD was higher in N+ patients (mean ± SD, 
6.09 ± 4.06) than in N0 patients (mean ± SD, 
4.15 ± 3.92) (P = 0.01, Student t test) (Figure 
2B). Logistic regression analysis showed high 
I-LVD was an increased risk of LNM (OR = 2.45, 
P = 0.03). On the other hand, tumor differentia-
tion and depth of invasion were related with 
LNM (OR = 0.38, P = 0.04; OR = 3.31, P = 0.02, 
respectively).

Podoplanin expression in cancer cells and 
clinicopathologic parameters

34 (31.8%) of 107 specimens had podoplanin 
positive expression in tumor cells. IHC results 
showed strong membrane and cytoplasmatic 
podoplanin staining, and the positive cells were 
mainly located in the periphery of cancer nests 
(Figure 1C).

Podoplanin positivity in cancer cells was found 
in 47.4% and 23.2% of patients with LNM and 

Figure 2. Comparison of lymphatic vessel density (LVD) in different groups. A: Peritumoral LVD (P-LVD) was greater 
than intratumoral LVD (I-LVD). B: Intratumoral LVD was higher in patients with LNM (N+) than in patients without 
LNM (N0).

Figure 3. Kaplan-Meier analysis of three-year survival according to intratumoral lymphatic vessel density (I-LVD). For 
three-year overall (A) and free-disease (B) survival, high I-LVD was significantly associated with poor outcomes (P = 
0.042, P = 0.035, respectively).
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without LNM, respectively (P = 0.01, χ2 test). No 
significant correlation was observed between it 
and any other parameters. Logistic regression 
analysis showed podoplanin positivity in cancer 
cells was also an increased risk of LNM (OR = 
0.35, P = 0.01).

Podoplanin expression in tumor stroma and 
clinicopathologic parameters

Stromal podoplanin immunostaining was main-
ly in tumor-associated fibroblasts (Figure 1D). 
28 (26.2%) of 107 specimens had podoplanin 
positive expression in tumor stroma; 26.3% 
and 26.1% of patients with LNM and without 
LNM had podoplanin positivity, respectively (P 
= 0.097, χ2 test). It had no significant associa-
tion with any other parameters.

Survival analysis

The three-year overall and free-disease survival 
rate were 59.1% and 60.6% in the low I-LVD 
group (< 4.39); 43.9% and 43.9% in the high 
I-LVD group, respectively. Both three-year over-

all and free-disease survival rate in the low 
I-LVD group were significantly better than those 
in the high I-LVD group (P = 0.04, P = 0.03, 
respectively) (Figure 3). There were no statisti-
cally difference between low and high P-LVD (P 
= 0.60, P = 0.40, respectively).

In the univariate analysis, I-LVD, radicality, 
depth of invasion, LNM and TNM stage were all 
found to be significantly related to worse prog-
nosis (all P < 0.05, log-rank test). The multivari-
ate analysis showed that radicality (P = 0.01), 
depth of invasion (P = 0.03), LNM (P = 0.00) 
and TNM stage (P = 0.00) were the significant 
independent prognostic factors for three-year 
overall survival rate; the significant indepen-
dent prognostic factors for three-year free-dis-
ease survival rate were only radicality, depth of 
invasion and LNM (P = 0.01, P = 0.04 and P = 
0.01, respectively) (Table 3).

Discussion

The lymphatic system is the primary pathway of 
metastasis for most human cancers, and the 

Table 3. Cox analysis for three-year survival in 107 patients with esophageal squamous cell carci-
noma

Univariate analysis Multivariate analysis
3-Yr OS 3-Yr DFS 3-Yr OS 3-Yr DFS

Parameters P Value P Value HR 95% CI P Value HR 95% CI P Value
Length (mm) 0.68 0.89 — —
    < 30 vs. ≥ 30
Differentiation 0.71 0.77 — —
    Well vs. Moderate, Poor
Radicality 0.00* 0.00* 0.29 0.11-0.73 0.01* 0.33 0.140-0.78 0.01*

    R0 vs. R1, R2
Depth of invasion 0.01* 0.01* 0.39 0.16-0.94 0.03* 2.09 0.95-4.05 0.04*

    T1, 2 vs. T3, 4
LNM 0.00* 0.00* 2.73 1.08-5.04 0.00* 2.34 1.09-3.30 0.01*

    N0 vs. N+
TNM stage 0.00* 0.01 2.63 1.50-4.06 0.00* 1.41 0.34-5.81 0.63
    I, II vs. III, IV
I-LVD 0.04* 0.04* 0.63 0.33-1.20 0.16 0.87 0.48-1.26 0.69
    Low vs. High
P-LVD 0.60 0.40 — —
    Low vs. High
Cancer cells 0.58 0.60 — —
    (+) vs. (-)
Stroma 0.44 0.09 — —
    (+) vs. (-)
Note: OS, overall survival; DFS, disease-free survival; LVD, lymphatic vessel density; LNM, lymph node metastasis; TNM, tumor 
node metastasis classification; HR, hazard ratio; CI, confidence interval. *Statistically significant.
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extent of LN involvement is a crucial factor for 
clinical treatments and patient prognosis. 
Especially, monocolonal antibody D2-40 (podo-
planin) specific for lymphatic endothelium has 
provided important new insights into metasta-
sis of cancer cells in lymphatic system [23]. In 
addition, the high expression of podoplanin 
itself in cancer cells and tumor stroma also 
attract attention [24]. Therefore, we further 
investigated and summarized the clinicopatho-
logical significance of podoplanin immunos-
taining in surgical specimens from 107 patients 
with ESCC.

Clinical and pathological data show that the 
presence of tumor cells in LVs and regional LNs 
is an important early event in the metastasis of 
carcinoma [25]. However, there were contradic-
tory results regarding the channels through 
which tumor cells enter into the lymphatic sys-
tem, the preexisting lymphatics or the newly 
formed tumor-associated lymphatics in various 
malignant neoplasia [26-29]. More and more 
studies have indicated that cancer metastasis 
and tumor lymphangiogenesis have complex 
mechanisms that can differ significantly in 
tumors of different types or anatomic locations 
[30-34]. Regarding to ESCC, it seems that 
I-LVD, not P-LVD, is associated with LNM and 
worse prognosis according to the existing litera-
tures including this study [16-18, 21]. These 
results demonstrate that I-LVD would be useful 
in daily pathological or clinical practice. We rec-
ommend that the ESCC patients with LNM or 
without LNM, but with high I-LVD (the data 
should be further unified) should be followed up 
carefully. And earlier and longer treatments 
might need to be seriously considered. 
Contrasting with the widely open peritumoral 
lymphatics, most intratumoral lymphatics were 
smaller, flattened, and more difficult to see 
owing to high interstitial pressure in tumors 
[35]. We hold the view that the increase of per-
meability in newly formed lymphatics lead to 
tumor cells into microvessels, which is resulted 
from structural defects such as incomplete 
basement membrane and loose cell links com-
pared to complete peritumoral lymphatics.

Podoplanin has been suggested to play a role 
in lymphangiogenesis, since podoplanin defi-
cient mice were found to have dilated malfunc-
tioning lymphatic vessels and lymphedema 
[36, 37]. High podoplanin expression in tumor 
cells was found to correlate with LNM in 

patients with cutaneous squamous cell carci-
noma [11]. The more significant finding of this 
study was D2-40 cellular positivity in 31.8% 
ESCC specimens and it was an increased risk 
of LNM, which was in accordance with previous 
results [19-21]. But there is no consensus 
about podoplanin cellular expression in differ-
ent cancers. High podoplanin expression in 
cancer cells predicts lower incidence of LN 
metastasis in patients with lung squamous cell 
carcinoma [38]. Schoppmann et al [8] observed 
podoplanin expression in eight (5.6%) gastroin-
testinal stromal tumors and it was not associ-
ated with clinical risk factors or patient survival. 
In addition, the association between podo-
planin cellular positivity and patient survival 
was negative in our study, but positive in former 
researches [19-21]. Although they had positive 
results, their sample size was smaller and divid-
ed into more subgroups (+, ++, +++ and ++++), 
which might lead to various conclusions.

The significance of podoplanin expression in 
tumor stromal remains also controversial. 
Some researchers described the stromal 
expression of podoplanin as an adverse prog-
nostic factor in lung carcinomas [39] and inva-
sive ductal breast carcinoma [8], while other 
investigators found podoplanin expression to 
be associated with a better prognosis in 
patients with colorectal carcinomas [40]. In our 
study, the percentage of podoplanin positivity 
in stroma was 26.2% and it did not correlate 
with any parameters or survival, which raised 
doubts on the above results. Podoplanin posi-
tive expression rate in stroma from 1350 cases 
of 14 common cancer types was an average of 
43% [41]. A lower percentage of Podoplanin 
positive expression in ESCC stroma might 
cause these negative results. To the best of our 
knowledge, this is the first study on stromal 
D2-40 expression in ESCC.

Many studies including our former report have 
indicated that podoplanin is useful in identify-
ing the presense of LVI in various malignant 
neoplasms [15, 42]. Podoplanin staining 
increased the detection rate of LV by 15% and 
16% over hematoxylin-eosin (HE) staining in 
EAC and melanoma, respectively [43, 44]. 
Furthermore, two recent meta-analyses sug-
gest that LV is a predictor of LNM and/or poorer 
outcome in primary melanoma and non-small 
cell lung cancer [45, 46]. As the relationship 
between LVI and prognosis/LNM has become 
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evident in various cancers, it seems that podo-
planin immunostaining, LVI, should be first 
used in guiding clinical treatments and assess-
ing prognosis.

Podoplanin immunostaining cells were located 
in the periphery of cancer nests in the present 
study (Figure 1C). A similar pattern of expres-
sion has been reported in squamous cell carci-
noma of the head and neck, esophagus and 
uterine cervix [19, 47, 48]. The exclusive expres-
sion of podoplanin suggests that some growth 
factors may influence podoplanin expression. 
In fact, podoplanin expression is induced by 
epidermal growth factor, basic fibroblast growth 
factor, and tumor necrosis factor α in MCF7 
breast cancer cells, and by bradykinin in 3T3 
fibroblasts [49, 50].

D2-40 is a monoclonal antibody that was ini-
tially developed against the M2A antigen, which 
is a fetal testis-related antigen, and is now bet-
ter known as podoplanin [37, 51]. Previous 
studies support the concept that podoplanin is 
a cancer stem cell marker for squamous cell 
carcinoma [50, 52, 53]. The findings of our 
study, systematic description for the podo-
planin expression in ESCC, may be related to 
the biological and functional complexity of 
podoplanin, especially to its role in enhancing 
cell migration and lymphatic spread to regional 
lymph nodes.

Our data suggested podoplanin was frequently 
expressed in ESCC; high I-LVD, not high P-LVD; 
and podoplanin positivity in cancer cells, not in 
tumor stroma were increased risks of LNM; and 
only increased I-LVD was negatively related 
with recurrence and overall survival. To sum up, 
podoplanin seems to be a useful marker to pre-
dict LNM, recurrence, and worse prognosis in 
ESCC; in particular, high I-LVD, LVI and podo-
planin positivity in cancer cells were associated 
with LNM, recurrence and overall survival.
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