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Abstract: Sex determining region Y-box 2 (SOX2) is a transcription factor involved in self-renewal and pluripotency. 
Dysregulation of SOX2 expression has been found in squamous cell carcinoma (SCC), including esophageal SCC. 
Recently, high SOX2 expression was found to be a negative predictor of occult lymph node metastasis in early oral 
SCC, but the clinical significance of SOX2 expression in esophageal SCC remains controversial. Here we investigated 
SOX2 expression by immunohistochemistry in 75 cases of surgically resected esophageal SCC. Similar to oral SCC, 
we found for the first time that high SOX2 expression correlates with absence of clinical nodal metastasis (P = 
0.011). Podoplanin is a glycoprotein which is variably expressed by esophageal SCC. Since we previously found that 
podoplanin expression correlates with nodal metastasis in esophageal SCC, we also assessed podoplanin expres-
sion in these cases. Interestingly, SOX2 expression correlates negatively with podoplanin expression (P = 0.018). It 
is in contrast with a recent finding that SOX2 can up-regulate podoplanin expression in SCC of the skin. Our result 
suggests that SOX2 might suppress nodal metastasis through down-regulation of podoplanin in esophageal SCC. 
Further studies are needed to clarify the exact mechanism of regulation.

Keywords: Sex determining region Y-box 2 (SOX2), esophagus, squamous cell carcinoma, podoplanin, nodal me-
tastasis

Introduction

Sex determining region Y (SRY)-box 2 (SOX2) is 
a member of the SRY-related high-mobility 
group (HMG)-box transcription factors [1]. It is 
an important key transcription factor involved 
in self-renewal and pluripotency of embryonic 
stem cells [2]. Dysregulation of SOX2 expres-
sion has been found in different human malig-
nancies. Of note, expression of SOX2 was 
recently found to be associated with progres-
sion and invasiveness of esophageal squa-
mous cell carcinoma (SCC) [3]. In accord with 
this, SOX2 has been found to be a commonly 
amplified lineage-specific oncogene in esopha-
geal SCC [4]. Recently, high SOX2 expression 
was found to be a negative predictor of occult 
lymph node metastasis in early oral SCC [5]. 
Oral SCC and esophageal SCC are known to 

share common risk factors such as consump-
tion of alcohol, tobacco and betel quid [6]. 
Synchronous or metachronous SCC involving 
both oral cavity and esophagus is also frequent-
ly seen [7]. These findings suggest that the 
pathogenesis and tumor biology in SCCs of 
these two sites may be similar. Since the clini-
cal significance of SOX2 expression in esopha-
geal SCC remains controversial [8-10], it would 
be interesting to check whether high SOX2 
expression also prevents nodal metastasis in 
our esophageal SCC patients.

Podoplanin is a type 1 transmembrane mucin-
like glycoprotein which was originally named 
due to its expression in renal glomerular podo-
cytes of rats [11]. It is expressed in various nor-
mal human tissues and is involved in different 
physiologic functions, such as lymphangiogen-
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esis [12], platelet aggregation [13], and regula-
tion of glomerular filtration [14]. It is also vari-
ably expressed by SCC in different organs, and 
there is growing evidence that podoplanin is 
involved in lymph node metastasis, carcinogen-
esis, cell motility, tumor invasiveness, and 
hematogenous metastasis [15]. Previously, we 
found that tumor cell expression of podoplanin 
correlates with lymph node metastasis in 
esophageal SCC [16]. A recent study showed 
that SOX2 expression can up-regulate podo-
planin expression in SCC of the skin [17]. To 
date, only a small cohort (n = 20) of esophageal 
SCC has been studied for both SOX2 and podo-
planin expression, and the correlation between 
SOX2 and podoplanin has not been assessed 
[10]. It would also be interesting to know if the 
transcription factor SOX2 could regulate podo-
planin expression in esophageal SCC.

In this study, we investigated tumor cell expres-
sion of SOX2 and podoplanin by immunohisto-

chemistry in 75 cases of surgically resected 
esophageal SCC. The result was correlated with 
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. Some 
of these cases had been previously studied for 
tumor cell expression of podoplanin [16]. Fifty-
one of the patients received pre-operative con-
current chemoradiotherapy (CCRT). Pathologic 
and pre-operative clinical staging was per-
formed according to the 7th edition of AJCC 
Cancer Staging Manual [18].

Immunohistochemistry

Resected esophageal SCC and adjacent nor-
mal tissue were fixed in 10% buffered neutral 
formalin, dehydrated and embedded in paraf-

Figure 1. Immunohistochemistry for SOX2 showed positive nuclear staining in basal cells of normal esophageal 
mucosa (A. × 400). The intensity scores of tumor cells were graded as 1 (weak, B. × 400), 2 (intermediate, C. × 
400), or 3 (strong, D. × 400).
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fin. Sections were stained with hematoxylin and 
eosin for morphologic evaluation. Additional 
4-µm-thick sections were taken, deparaffinized 
and rehydrated for immunohistochemical 
study. We used a mouse anti-human SOX2 
monoclonal antibody (Clone GT1352, Abcam, 
1:250) as the primary antibody. Immuno- 
histochemistry for SOX2 was performed using a 
fully automated machine Bond-Max (Leica). 
Heat-induced epitope retrieval was achieved 
using a pH 9.0 EDTA-based solution (ER2, 
Leica) at 121°C for 20 minutes. The staining 
pattern for SOX2 was nuclear in all cases. 
Positive staining for basal cells of normal 
esophageal mucosa served as internal control. 
For podoplanin, we used a mouse anti-human 
podoplanin monoclonal antibody (Clone D2-40, 
Dako, 1:100) as the primary antibody and fol-
lowed a previously published protocol for immu-
nohistochemical study [16]. The staining pat-
tern for podoplanin was cytoplasmic in all 
cases. Positive staining for lymphatic endothe-
lial cells served as internal control.

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. For SOX2 expres-
sion, a Histo-score (H-score; range = 0~300) 
was calculated by multiplying the intensity 
score (0 = negative; 1 = weak; 2 = intermedi-
ate; 3 = strong; Figure 1) and the fraction score 
(percentage of positive tumor cells; range = 

0.05 was considered statistically significant. All 
statistical analyses were performed using the 
WinSTAT® for Excel (R. Fitch Software, Bad 
Krozingen, Germany). 

Results

SOX2 expression and clinicopathologic charac-
teristics

For SOX2, the H-scores of the tumors ranged 
from 0 to 195, with a median of 15. Therefore, 
an H-score of 15 or higher was considered high 
SOX2 expression (n = 40), whereas an H-score 
of 14 or lower was considered low expression 
(n = 35). Tumor cell expression of SOX2 was not 
correlated with patient survival (P = 0.92; 
Figure 2). The clinicopathologic characteristics 
of patients grouped by SOX2 expression were 
listed in Table 1. High SOX2 expression was sig-
nificantly associated with absence of clinical 
nodal metastasis (cN0; P = 0.011). The result is 
similar to the previous study on oral SCC [5]. We 
found no correlation of SOX2 expression with 
age at diagnosis, gender, preoperative CCRT, 
tumor grade, pT classification, pN, pM, patho-
logic stage, cT, cM or clinical stage.

Correlation between SOX2 expression and 
podoplanin expression

Podoplanin expression was evaluated as previ-
ously described [16]. Thirty-two cases had high 
podoplanin expression, whereas the other 43 

Figure 2. SOX2 expression was not correlated with patient survival (P = 
0.92).

0~100). The tumor cell expres-
sion of podoplanin was evalu-
ated as previously described 
[16].

Statistical analysis

Differences in categorical data 
were assessed by a chi-square 
test, and Yates’ correction was 
performed if expected frequen-
cies less than 5 were encoun-
tered. Difference in age be- 
tween groups was assessed  
by the Mann-Whitney U-test. 
Overall survival was analyzed 
by the Kaplan-Meier method 
and compared by log-rank 
tests. The influence of param-
eters on survival was analyzed 
using Cox regression. P value < 
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Table 1. Clinicopathologic characteristics of cases grouped by SOX2 expression

Characteristic
SOX2 expression

Total (n = 75) P value
Low (n = 35) High (n = 40)

Age at diagnosis
Mean ± SD 57 ± 12 58 ± 12 57 ± 12 0.33

Median (min; max) 59 (37; 100) 60 (32; 85) 58 (32; 100)
Gender (%)

Female 2 (6) 1 (3) 3 (4) 0.91
Male 33 (94) 39 (97) 72 (96)

Pre-operative CCRT (%)
Yes 27 (77) 24 (60) 51 (68) 0.11
No 8 (23) 16 (40) 24 (32)

Tumor grade (%)
Grade 1 4 (11) 1 (3) 5 (7) 0.51
Grade 2 25 (72) 29 (72) 54 (72)
Grade 3 6 (17) 10 (25) 16 (21)

pT (%)
pT1-2 12 (34) 13 (33) 25 (33) 0.87
pT3-4 23 (66) 27 (67) 50 (67)

pN (%)
pN0 20 (57) 25 (63) 45 (60) 0.64

pN1-3 15 (43) 15 (37) 30 (40)
pM (%)

pM0 32 (91) 38 (95) 70 (93) 0.88
pM1 3 (9) 2 (5) 5 (7)

Pathologic stage (%)
I/II 20 (57) 24 (60) 44 (59) 0.80

III/IV 15 (43) 16 (40) 31 (41)
cT (%)a

cT1-2 10 (32) 15 (43) 25 (38) 0.38
cT3-4 21 (68) 20 (57) 41 (62)

cN (%)a

cN0 6 (19) 16 (50) 22 (35) 0.011
cN1-3 25 (81) 16 (50) 41 (65)

cM (%)a

cM0 29 (97) 26 (96) 55 (96) 1.0
cM1 1 (3) 1 (4) 2 (4)

Clinical stage (%)a

I/II 8 (35) 13 (52) 21 (44) 0.23
III/IV 15 (65) 12 (48) 27 (56)

Podoplanin expression (%)
High 20 (57) 12 (30) 32 (43) 0.018
Low 15 (43) 28 (70) 43 (57)

SD: standard deviation; CCRT: concurrent chemoradiotherapy. aSome cases were excluded due to incomplete pre-treatment 
clinical staging.

cases had low podoplanin expression. In con-
trast to the previously found up-regulation of 
podoplanin by SOX2 in SCC of the skin [17], we 

found that high SOX2 expression was signifi-
cantly associated with low podoplanin expres-
sion (P = 0.018; Table 1; Figure 3).
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Discussion

Our study showed that SOX2 expression corre-
lates negatively with clinical lymph node metas-
tasis and podoplanin expression in esophageal 
SCC.

SOX2 is an SRY-related HMG-box transcription 
factor which has a critical role in self-renewal 
and pluripotency of embryonic stem cells [2]. It 
was found to be critical in the development of 
multiple organs including esophagus in mice. 
Developmental fate mapping showed that 
SOX2 (+) adult stem cells at the basal layer of 
esophageal mucosa originate from fetal SOX2 
(+) tissue progenitors [19]. SOX2 gene is com-
monly amplified and functions as an oncogene 
in lung and esophageal SCC [4]. Conditional 
overexpression of SOX2 in basal cells expands 
the progenitor population in esophagus of 
mice, and co-overexpression of SOX2 and acti-
vated STAT3 drives malignant transformation of 
esophageal basal cells [20].

The clinical significance of SOX2 expression in 
esophageal SCC is controversial. A previous 
study on Chinese esophageal SCC patients 
showed that high SOX2 expression correlates 
with poor prognosis and high tumor grade [9], 
but a later study on another large cohort of 
Chinese esophageal SCC patients showed no 
influence of SOX2 expression on survival [8]. 
Another study on a small group (n = 20) of 
Japanese esophageal SCC patients after 
chemoradiotherapy showed correlation of 
SOX2 expression with high tumor grade, lym-
phatic invasion, and vascular invasion [10]. 
Regarding SCC of other organs, SOX2 gene 
amplification and protein overexpression were 
associated with better prognosis in SCC of the 
lung [21, 22]. A study on hypopharyngeal, laryn-
geal and sinonasal SCC found no correlation 
between SOX2 expression and survival [23].

The controversial results regarding clinical sig-
nificance of SOX2 expression in SCCs of differ-

Figure 3. A tumor with high SOX2 expression (A. × 100) showed low podoplanin expression (B. × 100). Another 
tumor with low SOX2 expression (C. × 100) showed high podoplanin expression (D. × 100). Lymphatic endothelial 
cells (arrows) served as internal positive control for podoplanin immunostaining.
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ent organs and different cohorts of patients 
might reflect different tumor biology. In addi-
tion, in SCCs of both lung and skin, SOX2 was 
found to regulate dozens of different down-
stream genes, reflecting its pleiotropic onco-
genic role [17, 24]. Moreover, different co-fac-
tors could act as either a co-activator or a co-
repressor depending on different microenviron-
ment and complex interactions among signal-
ing networks regulated by SOX2 [24]. The differ-
ent results of clinical significance most likely 
reflect the complexity of gene regulation by 
SOX2 in SCC.

Of note, a previous study showed that high 
SOX2 expression is a negative predictor of 
occult lymph node metastasis in early SCC of 
the oral cavity [5]. Oral SCC and esophageal 
SCC are known to share common risk factors 
[6], and synchronous or metachronous SCC 
involving both oral cavity and esophagus is also 
frequently seen [7]. Since the pathogenesis 
and tumor biology in SCCs of these two sites is 
likely similar, it is not surprising that we also 
found that high SOX2 expression correlated 
with absence of nodal metastasis in esopha-
geal SCC.

Esophageal cancer is a highly lethal disease, 
and most patients who present with symptoms 
have either locally advanced or metastatic dis-
ease [25]. Radiotherapy and chemotherapy 
could improve disease control by downstaging 
cancer to increase respectability [26]. There- 
fore, preoperative CCRT is widely used in poten-
tially resectable esophageal cancer [25]. Since 
a large proportion (68%) of our patients 
received CCRT before surgery, the pN classifi-
cation might have been underestimated due to 
eradication of metastatic tumor cells in lymph 
nodes. Thus the cN classification could reflect 
better the pre-treatment nodal status. This 
might explain our result that SOX2 expression 
negatively correlates with clinical but not patho-
logic nodal metastasis.

Podoplanin is a 38 kDa type 1 transmembrane 
mucin-like glycoprotein [27]. In normal human 
tissue, it is expressed in lymphatic endothelial 
cells, renal podocytes, skeletal muscle, lung, 
heart, placenta, myoepithelial cells of glands, 
osteoblasts, mesothelial cells, follicular den-
dritic cells, Schwann cells, and occasionally in 
basal layer of epidermis and esophageal muco-
sa [15]. Variable podoplanin expression is also 

found in different tumors, including esophageal 
and oral SCC. Podoplanin has been found to 
play important roles in lymph node metastasis, 
carcinogenesis, cell motility, tumor invasive-
ness, platelet aggregation and hematogenous 
metastasis of these tumors [15]. We also found 
that high tumor cell expression of podoplanin 
correlates with clinical nodal metastasis in 
esophageal SCC [16]. We later found that con-
cordant podoplanin expression in tumor cells 
and cancer-associated fibroblasts is an adverse 
prognostic factor in esophageal SCC [28]. 

Our result showed that high SOX2 expression of 
esophageal SCC correlated with low podoplanin 
expression and less clinical nodal metastasis. 
It suggests that the transcription factor SOX2 
could down-regulate podoplanin and thus inhib-
it nodal metastasis. This is in contrast to the 
recent finding that SOX2 can up-regulate podo-
planin expression in SCC of the skin [17]. 
Previously, there was a study which worked on 
the expression of SOX2 and podoplanin in a 
small cohort (n = 20) of esophageal SCC 
patients after neoadjuvant chemoradiotherapy 
[10]. However, the correlation between SOX2 
and podoplanin expression was not analyzed, 
and the number of patients was considerably 
small. It is noteworthy that a Swiss group found 
podoplanin expression correlated with sentinel 
lymph node metastasis in early SCC of the oral 
cavity and oropharynx [29]. Later on, the same 
group also found that high SOX2 expression is 
a negative predictor of occult lymph node 
metastasis in early SCC of the oral cavity [5]. 
But the correlation between SOX2 and podo-
planin expression was again not performed. It 
would be of interest to see whether similar neg-
ative correlation between SOX2 and podoplanin 
expression is also present in oral SCC.

In conclusion, we demonstrated for the first 
time that high SOX2 expression in esophageal 
SCC correlates with low podoplanin expression 
and absence of clinical lymph node metastasis. 
It suggests that SOX2 might suppress nodal 
metastasis through down-regulation of podo-
planin in tumor cells. Further studies are war-
ranted to elucidate their exact regulatory mech-
anism in esophageal SCC.
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