Int J Clin Exp Pathol 2016;9(9):9569-9574
www.ijcep.com /ISSN:1936-2625/1JCEPO027666

Original Article
Clinical significance of SOX2 and shail expression in
esophageal squamous cell carcinoma

Na Miao®*, Zhigiang Wang?", Liping Su?, Jinlian Ge3, Wenmei Ma?, Junzhi Li*, Ming Liu*

Departments of Pathology, *Clinical Laboratory, The First Affiliated Hospital of Xinjiang Medical University,
Xinjiang 830054, Urumgqi, China; 2Armed Police Hospital of Xinjiang, Xinjiang 830054, Urumgqi, China. “Equal con-
tributors and co-first authors.

Received March 7, 2016; Accepted July 22, 2016; Epub September 1, 2016; Published September 15, 2016

Abstract: Objective: To study the SOX2 and Snail expression in esophageal cancer and their relationships with tumor
biological behavior. Methods: Immunohistochemical method was used to study the SOX2 and Snaill expression in
60 cases of esophageal squamous cell carcinoma patients with lymph node metastasis. Statistical analysis was
done based on the immunohistochemistry data and the disease profile. Results: SOX2 expression level is positively
correlated with Snail expression level in esophageal squamous cell carcinoma patients with lymph node metastasis
(r=0.583, P < 0.05). However, SOX2 or Snail expression levels are not correlated with the patients’ age, tumor dif-
ferentiation grade, TNM stage, or clinical pathology data (P > 0.05), in the same patient cohort. SOX2 expression
level alone is not correlated with the patients’ age, tumor differentiation grade or TNM stage (P > 0.05); However,
SOX2 and Snail are both positively expressed in one case of esophageal squamous cell carcinoma with lymph node
metastasis. Conclusion: Our study demonstrates SOX2 and Snail levels are upregulated in esophageal squamous
cell carcinoma tissue with lymph node metastasis, and their expression levels are positively correlated. Our data

suggests SOX2 and Snail are playing a role in carcinogenesis of esophageal squamous cell carcinomas.
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Introduction

Esophageal carcinoma is a type of malignant
tumor originated from esophageal squamous
epithelium and columnar epithelial malignan-
cies. It is one of the six fatal cancer types in the
world, and also China’s fourth lethal malignan-
cies [1, 2]. Histology wise, esophageal carcino-
ma has two major types: squamous cell carci-
noma of the esophagus (or esophageal squa-
mous cell carcinoma, ESCC) and esophageal
adenocarcinoma (EAC). In western countries,
esophageal adenocarcinoma (EAC) is the major
histological type, but in China, Japan and other
Asian countries, ESCC is the major pathological
type of esophageal cancer [3]. Esophageal dis-
ease research is related to environment, diet,
nutrition, viruses, drinking water and food nitro-
samines, mycotoxins. In recent years, more
and more publications are related to pro-
teomics and genetics. But there is still no clear
tumorigenesis mechanism of esophageal can-
cer. Although in recent years, there has been

progresses in the treatment of esophageal can-
cer including novel drugs and surgery, the post-
operative survival rate has not been greatly
improved, which only showed 10-20% increase
of survival rate [4]. Therefore, it is of great prac-
tical significance to explore the pathogenesis,
and search for potential prognostic indicators
and effective drug targets for esophageal
carcinoma.

SOX2 is a transcription factor that is located on
chromosome 3. It is characterized by a highly
conserved group of high-mobility group (HMGQG).
SOX2 family proteins (including SOX2) could
activate or inhibit the target gene expression
through their HMG domain binding to the spe-
cific DNA sequence [5]. SOX2 is playing a key
role in stem cell research, early embryonic
development, organ formation, neural differen-
tiation, and other important events which has
drawn increasing attentions in the field. Studies
have shown SOX2 is involved in the tumor devel-
opment of esophageal cancer [6], gastric can-
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cer [7], colon cancer [8], lung cancer [9] breast
cancer [10] and other tumor types. Currently,
the role of SOX2 in esophageal cancer is still
unclear. In recent years, it has become a hot
spot to research the regulation and expression
of esophageal cancer related genes. Infor-
mation statistics analysis has shown there are
multiple Snail binding sites in the SOX2 promot-
er region. Therefore, we hypothesized that
SOX2 can promote the occurrence and devel-
opment of esophageal squamous cell carcino-
ma through its interaction with Snail.

Material and methods
Patients and tissue samples

60 cases of esophageal samples of esopha-
geal squamous cell carcinoma patients under-
went transthoracicsubtotal esophagectomy
and 40 lymph node samples from patients with
metastasis were collected from the First
Affiliated Hospital of Xinjiang Medical University
(2011 to 2014) and First People’s Hospital of
Aksu Prefecture (2004 to 2014). Clinical data
were collected by reviewing medical records
and pathologic data. All patients enrolled in the
study have consent forms signed and the study
was approved by the medical ethics committee
of Xinjiang Medical University. All the surgical
specimens resected were fixed in 10% formalin
and embedded in paraffin. Tissue sections (3
um) were prepared in serials and stained for
SOX2 and Snail.

Immunohistochemistry

Tissue sections were processed with xylene
(3x10 min) and alcohol gradient for deparaf-
finization and hydration, after which sections
were heated in 0.01 M citrate buffer solution
(pH 9.0) for 20 minutes for antigen retrieval.
The sections were cooled to room temperature
(RT) before being treated with 3% H,0, in meth-
anol for 15 minutes to block endogenous per-
oxidase activities. After incubation overnight at
4°C with the primary antibodies against SOX2
(1:1200, rabbit monoclonal antibody, Cell
Signaling) or Snail (1:200, rabbit monoclonal
antibody, Bioworld), the sections went through
incubation one more time for 30 minutes with
the secondary antibodies (ZSGB, China) at
37°C and stained with DAB solution. After
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counterstaining with hematoxylin, the sections
were sealed after passing through ethanol
gradient.

The results of immunohistochemical process-
ing for SOX2 (nucleic staining) and Snail
(nucleocytoplasmic staining) were analyzed by
two independent experienced pathologists
blindly. Ten areas were selected randomly and
the rating was done according to the methods
reported previously.

Staining density was graded as follow: 1 (£ 25%
staining); 2 (26%-75% staining) and 3 (> 76%
staining). Staining intensity evaluated: 1 for no
positive staining; 2 for mild staining; and 3 for
intense staining. The two grades of each speci-
men were then multiplied and categorized into
negative (-) for scores < 3 and positive (+) > 3.

Statistical analysis

Using SPSS 17.0 statistical software for statisti-
cal analysis results, respectively using Wilcoxon
Signed Ranks, Test method to compare SOX2
in esophageal squamous carcinoma and its
corresponding adjacent tissues, SOX2 and
Snail in esophageal squamous carcinoma and
its corresponding lymph node metastasis carci-
noma expression difference. compare SOX2
and Snail expression level of grading and the
relationship between clinical pathological para-
meters between the two groups with Mann-
Whitney U test, use Kruskal - between multiple
sets of Wallis test. SOX2 and Snail in esopha-
geal squamous carcinoma and its correspond-
ing lymph node metastasis in the organization
express correlation with Pearson correlation
analysis test. Differences were considered to
be statistically significant when P value < 0.05,
and all P values are two-tailed in all analyses.
The TNM staging was following esophageal
squamous cell carcinoma TNM staging criteria
(UICC, 2009 specific staging criteria for phase
0: Tis NO MO; phase I: T2 NO MO; phase II: T2
NO MO; phase Ill: T3 NO MO; T4 N1, MO; T2 N1,
MO; T3, N1, MO; phase IV: T4; for any N, MO;
any T, N, M1.

Results

60 cases of esophageal squamous cell carci-
noma and 40 cases which have lymph node
metastasis corresponding to primary tumor tis-
sue were IHC stained for SOX2 and Snail.
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Table 1. SOX2 expression in esophageal squamous
cell carcinoma and its corresponding tumor adjacent

tissues
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Figure 1. A. SOX2 expression in esophageal squamous carcinoma tissues (x200). B. SOX2 expression in tumor ad-
jacent tissues (x200). C. SOX2 expression in esophageal squamous carcinoma tissues (x200). D. SOX2 expression
in lymph node metastasis carcinoma tissues(x200). E. The expression of Snail in esophageal squamous carcinoma
tissues (x200). F. Snail expression in lymph node metastasis carcinoma tissues (x200). G. Positive control of SOX2
in lung squamous cell carcinoma (x200). H. Negative control of esophageal squamous cell carcinoma.

rate was 51% (29/57), while the positive
expression rate in tumor adjacent tissue
was only 16% (9/57). The results showed

Cases Positive Negative

Histological type number number number

P Value

that SOX2 expression in esophageal
squamous cell carcinoma was higher

Esophageal carcinoma 57 29 28
Peritumoral tissue 57 9 48

0.0001 than that in the tumor adjacent tissues (P

< 0.05), suggesting that SOX2 expres-

The expression of SOX2 in esophageal squa-
mous cell carcinoma, tumor adjacent tissue
and metastatic lymph nodes

The expression of SOX2 in esophageal squa-
mous cell carcinoma tissue was localized in the
nucleus (Figure 1). The positive expression in
esophageal squamous cell carcinoma (ESCC)
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sion was upregulated in esophageal
squamous cell carcinoma (Figure 1,
Table 1). Combined with clinical and pathologi-
cal data, analysis showed that the expression
of SOX2 was irrelevant with age, tumor differen-
tiation, or TNM stage (P > 0.05) (Table 2). In the
40 cases of esophageal squamous cell carci-
noma with lymph node metastasis cohort, the
expression of SOX2 was detected, and the posi-
tive expression rate of SOX2 was 45% in esoph-
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Table 2. The correlation of SOX2 expression and clini-
cal/pathological data of esophageal squamous cell

localized in the cytoplasm (6/31). There-
fore, there was no significant difference

carcinoma

in the expression of Snail in esophageal

squamous cell carcinoma and its corre-

Clinicopathological Cases  Staining i i
paranzgferso g number intensity P Value (s)pggdlng lymph node metastasis (P >
n=57 | I I I .09).
Age . .
> 60 o3 103 2 8 0360 The expression of SOX2 and Sr_1a|l in
esophageal squamous cell carcinoma
<60 34 186 2 8 and its corresponding lymph node metas-
Gender tasis was not significantly correlated with
Male 40 23 7 1 9 0.057 clinical pathological data (age, tumor dif-
Female 17 5 2 3 7 ferentiation, TNM staging) (P > 0.05)
Degree of differentiation (Tables 4, 6). But, the expressions of
Well 6 2 30 1 0247 SOX2 and Snail in esophageal squamous
Moderately 26 10 3 3 10 cell carcinoma and_its cgrrespor]ding
Poorly o5 16 3 1 5 lymph nogg metastasis carcinoma tissue
TNM stage were positively correlated, r = 0.583, P <
0.05 (Table 7).
| 2 0 1 0 1 0.563
I 49 24 7 4 14 Discussion
] 6 4 1 0 1
\Y 0 0 00 O SOX2 is a transcription factor located on

Table 3. SOX2 expression in esophageal squamous cell
carcinoma and its corresponding lymph node metasta-

sis

chromosome 3. Itis in the SOX gene fam-
ily that is associated with the SRY gene,
mainly involved in the regulation of
embryonic development and cell fate.
SOX2 is involved in the development and

Histological type

Cases Positive Negative
number number number

progression of multiple tumors, such as

Value esophageal cancer, gastric cancer, colon

Esophageal carcinoma 40 18 22
Lymph node metastasis 40 11 29

0038 cancer, lung cancer and breast cancer.

The transcription factor Snail is the first

ageal squamous cell carcinoma (18/40), which
was significantly higher than that in metastatic
lymph node tissues (28%, 11/40) (Figure 1,
Table 3), (P < 0.05). This data suggested that
SOX2 was highly expressed in esophageal
squamous cell carcinoma.

The expression of snail in esophageal squa-
mous cell carcinoma and its corresponding
lymph node metastasis

The expression of Snail in esophageal squa-
mous cell carcinoma was located in cytoplasm
and nucleus, with a major distribution in the
nucleus (Figure 1). The positive rate in squa-
mous cell carcinoma was 68% (27/40), while
the positive rate was 65% in the corresponding
lymph node metastasis (26/40) (Figure 1; Table
5). 80.6% of Snail positive expression (25/31)
was located in the nucleus, and 19.4% was
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member found in Snail super family. Snail
is highly expressed in a variety of epithe-
lial tumors, such as stomach cancer, colon can-
cer, breast cancer, cervical cancer and ovarian
cancer. Snail is reported to participate in the
epithelial-interstitial transformation, and is
closely related to the invasion and metastasis
of tumor cells. Sox2 expression level is corre-
lated to the tumor pathological types, with high-
er expression level in squamous cell carcino-
ma compared to adenocarcinoma. SOX2 also
showed increased expression in a variety of
squamous cell carcinoma including esophagus,
lung, mouth, skin, cervix, and penis [11]. Eso-
phageal carcinoma is a common malignant
tumor which showed a feature of regional distri-
bution in China. It has higher incidence and
mortality rate in Henan, Hebei, Jiangsu, Shanxi,
Xinjiang and etc. Surgery and postoperative
radiotherapy and chemotherapy are major ther-
apeutic approaches in esophageal cancer
therapy.
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Table 4. The correlation between SOX2 expression in
esophageal squamous cell carcinoma and its correspond-
ing lymph node metastasis and clinicopathological data

Clinicopathological Cases Staining
parameters number ___intensity P Value
n=40 | I wv
Age
>60 17 8 2 2 7 0410
<60 23 11 3 2 7
Gender
Male 21 13 4 1 3 0.063
Female 19 6 35 5
Degree of differentiation
Well 4 1 2 0 1 0.187
Moderately 17 3 7 3 4
Poorly 19 11 2 3 3
TNM stage
' 1 0 10 0 0436
I 25 14 3 3 5
I 14 4 655
v 0 0O 000

Table 5. Snail expression in esophageal squamous cell
carcinoma and its corresponding lymph node metastasis

Cases Positive Negative

P Value
number number number

Histological type

Esophageal carcinoma 40 27 13 0.966
Lymph node metastasis 40 26 14

Table 6. The correlation between Snail expression in
esophageal squamous cell carcinoma and its correspond-
ing lymph node metastasis and clinicopathological data

Clinicopathological Cases Stainipg
parameters numbern __intensity P Value
=57 [ | I 1T AV}
Age
>60 23 6 7 6 4 0.640
<60 17 7 235
Gender
Male 20 9 3 9 8 0541
Female 11 4 6 0 1
Degree of differentiation
Well 6 2 3 1 0 0477
Moderately 16 3 4 4 5
Poorly 18 8 2 4 4
TNM stage
! 0 0 00 0 0164
I 10 3 2 4 1
I 30 10 7 5 8
v 0 0 000
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The incidence of esophageal cancer is
associated with risk factors including:
human papillomavirus (HPV), chemical
carcinogens susceptibility genes, ac-
tivation of Kkeratin and oncogenes
or inactivation of tumor suppressor
genes, cell cycle regulation abnormali-
ty and etc. It is a complicated process
that involved multiple gene interac-
tions [12]. Therefore, treatments tar-
geting a single gene usually could not
achieve efficient tumor growth inhibi-
tion. There are many regulations of
gene expression control points in gene
activation, transcription, transcription-
al processing, translation, post-transla-
tional process since gene expression
regulation is a multi-stage process.

Transcription factors are playing a cru-
cial role in maintaining tumor differen-
tiation, proliferation, metastasis and
response to treatment. Therefore,
more focus should be paid to the tran-
scription factors SOX2 and Snail in
esophageal squamous cell carcinoma.
In this study, immunohistochemical
analysis suggested the positive expres-
sion of SOX2 in esophageal squamous
cell carcinoma rate was 51% (29/57),
higher than the corresponding non-
tumor adjacent tissue (16%, 9/57).
Sox2 was positively expressed in 45%
(18/40) esophageal squamous cell
carcinoma and 28% (11/40) paired
lymph node metastasis samples. The
IHC positive rate for Snail was 68%
(27/40) and 65% (26/40).

The expressions of SOX2 and Snail
were positively correlated (r = 0.583, P
< 0.05). SOX2 expression was localized
in the esophagus squamous cell nucle-
us while most of Snail expression was
in the nucleus.

The underlying mechanism remains to
be further investigated. The tumor
occurrence is a multi-step process,
involving activation of a variety of
genes and inactivation of tumor sup-
pressor genes. Since the genetic mate-
rial of eukaryotes was located in nucle-
us, MRNA transcription has to be trans-
located from the nucleus into cyto-
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Table 7. The correlation between the expres-
sion of SOX2 and Snail in esophageal squa-
mous cell carcinoma and its corresponding

lymph node metastasis

Snail

SOX2 - — r P value
Negative Positive

Negative 27 24 0.538 0.0001

Positive 0 29

plasm. Thus, transcription and translation pro-
cess are not coupled together which may be
the result of biological evolution. The sites of
transcription and translation are not isolated,
primary transcripts will be directly translated
into protein, memory cells who have a large
number of non functional proteins will affect
the normal physiological activities.

There are many functional proteins which are
synthesized by ribosomes in the cytoplasm:
such as histones, DNA polymerase, RNA poly-
merase, gene regulatory proteins and etc.
However, they enter into the nucleus through
the pores of the nuclear membrane under the
guidance of the nuclear localization signal. The
expression of transcription factor is localized in
the nucleus and plays a role of transcriptional
regulation. The experiment results proved that
SOX2 and Snail may be involved in the occur-
rence and development of esophageal squa-
mous cell carcinoma. Along with the discovery
of more specific markers, signaling pathways,
and tumor stem cells with deeper understand-
ings, it is of great significance to elucidate the
pathogenesis of esophageal cancer, and to pre-
vent tumor metastasis, recurrence, as well as
provide new therapeutic targets for clinical
treatment.

Acknowledgements

This study was supported by the grant from
“Xinjiang Health Department Youth scientific
talents” Recruitment at technology program of
Xinjiang Uygur Autonomous Region (2013Y01)
and “Project of the Foundation and Application
of Xinjiang Uygur and Han glioma miR-9 gene
regulation in the Wnt/beta-catenin signaling
pathway mechanism research” Recruitment at
The first affiliated hospital of Xinjiang Uygur
medical university natural science fund project
(2014ZRQN10).

Disclosure of conflict of interest

None.

9574

Address correspondence to: Drs. Junzhi Li and Ming
Liu, Department of Pathology, The First Affiliated
Hospital of Xinjiang Medical University, Urumqi
830054, Xinjiang, China. E-mail: 1242738181@qq.
com (JZL); zisuzi89757@163.com (ML)

References

[1] Vallbohmer D, Brabender J, Metzger R,
Holscher AH. Genetics in the pathogenesis of
esophageal cancer: possible predictive and
prognostic factors. J Gastrointest Surg 2010;
14: S75-80.

[2] Klein CA, Stoecklein NH. Lessons from an ag-
gressive cancer: evolutionary dynamics in
esophageal carcinoma. Cancer Res 2009; 69:
5285-8.

[3] Vizcaino AP, Moreno V, Lambert R. Time trends
incidence of both major histologic types of
esophageal carcinomas in selected countries,
1973-1995. Int J Cancer 2002; 99: 860-868.

[4] Kim T, Grobmyer SR, Smith R, Ben-David K,
Ang D, Vogel SB, Hochwald SN. Esophageal
cancer-the five year survivors. J Surg Oncol
2011; 103: 179-183.

[5] Kamachi Y, Uchikawa M, Kondoh H. Pairing.
SOX off: with partners in the regulation of em-
bryonic development. Trends Genet 2000; 16:
182-187.

[6] WangQ, He W, Lu C. Oct3/4 and SOX2 are sig-
nificantly associated with an unfavorable clini-
cal outcome in human esophageal squamous
cell carcinoma. Anticancer Res 2009; 29:
1233-1241.

[7] Otsubo T, Akiyama Y, Yanagihara K. SOX2 is
frequently down regulated in gastric cancers
and inhibits cell growth through cell-cycle ar-
rest and apoptosis. J Cancer 2008; 98: 824-
831.

[8] Saigusa S, Tanaka K, Toiyama Y. Correlation of
CD133, OCT4, and SOX2 in Rectal Cancer and
Their Association with Distant Recurrence
After Chemoradiotherapy. Ann Surg Oncol
2009; 16: 3488-98.

[9] HussenetT, Dali S, Exinger J. SOX2 is an onco-
gene activated by recurrent 3q26.3 amplifica-
tions in human lung squamous cell carcino-
mas. PLoS One 2010; 5: e8960.

[10] ChenY, Shi L, Zhang L. The molecular mecha-
nism governing the oncogenic potential of
SOX2 in breast cancer. J Biol Chem 2008; 283:
17969-17978.

[11] Zhang F, Ren G, Lu Y. Identification of TRAK1
(Trafficking  protein,kinesin-binding 1) as
MGb2-Ag: a novel cancer biomarker. Cancer
Lett 2009; 274: 250-258.

[12] Lam AK. Molecular biology of esophageal
squamous cell carcinoma. Crit Rev Oncol
Hematol 2000; 33: 71-90.

Int J Clin Exp Pathol 2016;9(9):9569-9574


mailto:1242738181@qq.com
mailto:1242738181@qq.com
mailto:zisuzi89757@163.com

