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Abstract. Oral squamous cell carcinomas (OSCCs) are a
growing problem in the world. The various existing treatments
have not markedly improved the survival rate of patients with
OSCC during the past three decades. Novel treatment strategies
are required. Sex determining region Y-box 2 (SOX2) is a tran-
scription factor that is involved in the maintenance of embryonic
stem cell pluripotency and in multiple developmental processes.
SOX2 expression was indicated to act as a prognostic factor in
various types of tumors, including breast, colorectal, gastric and
lung cancer and glioblastoma, and as a link between malignancy
and stemness. Cancer stem cells (CSCs) may be responsible for
the genesis, growth and metastatic spread of tumors. The poor
survival outcomes for OSCC patients may be attributable to a
poor selection of target cells for treatment, as current oral cancer
therapies are generally aimed at the global mass of tumor.
Therefore, the consideration that novel approaches to oral cancer
may be targeted using SOX2 and CSCs appears reasonable. In
order to better understand the oncogenic roles and the corre-
sponding signal transduction pathways of the SOX2 protein, the
present study emphasizes the role of SOX2 in OSCC, including
the proteins associated with OSCC, and reviews the literature
regarding the role of SOX2 in lymph node metastasis. The aim
of the present study is to provide a reference for future studies
that engage in research on the aforementioned subject.
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1. Introduction

Sex determining region Y-box 2 (SOX?2)is atranscription factor
that is involved in the maintenance of embryonic stem cell
pluripotency and in multiple developmental processes (1,2).
Increasing numbers of studies regarding the association
between SOX2 and malignant tumors have been reported.
Numerous studies have indicated that SOX2 is involved in
in tumorigenesis, including in skin squamous cell carci-
noma, gastric cancer, glioblastoma, colorectal cancer, lung
cancer and breast cancer (3-8). SOX2 has demonstrated a
pro-oncogenic function in the majority of the various types
of malignant tumor, including breast, colorectal and lung
cancer and glioblastoma, but not gastric cancer. The expres-
sion of SOX2 in oral squamous cell carcinomas (OSCC) has
also been reported, and SOX?2 nuclear expression is closely
associated with a poor prognosis in oral tongue squamous
cell carcinoma (OTSCC) (9). In addition, the increased
expression of SOX2 in OSCC is associated with lymph node
metastasis (10).

Oral cancer is a growing problem in the world and demon-
strates a high prevalence among men in Asia, particularly
in India, as oral cancer is the most prevalent type of cancer
in Indian men (11-13). The overall 5-year survival rate of
patients following a surgical resection or other treatment has
not markedly improved during the past three decades, and
remains at ~50% (14). The presence of lymph node metastasis
is considered to be an important indicator of predicting an
adverse outcome (15,16). However, certain OSCC patients that
do not possess node metastasis continue to suffer from tumor
relapses subsequent to complete surgical resections, and then
poor prognoses (9,17). Novel treatment strategies are required.
In previous studies, SOX2 has been indicated to act as a prog-
nostic factor in various types of tumors and as a link between
malignancy and stemness (3,18,19). Novel studies indicate that
cancer stem cells (CSCs) may be responsible for the genesis,
growth and metastatic spread of the tumor (20,21). The poor
survival outcomes for OSCC patients may be attributable to
a poor selection of target cells for treatment, as current oral
cancer therapies are generally aimed at the overall mass of the
tumor. Therefore, the consideration that novel approaches to
oral cancer may be targeted using SOX2 and CSCs appears
reasonable.
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In order to better understand the oncogenic roles and
corresponding signal transduction pathways of the SOX2
protein, the present study emphasizes the role of SOX?2 and the
associated proteins in OSCC, and reviews the literature on the
role of SOX2 in lymph node metastasis. The aim of the present
study is to provide a reference for future studies that engage in
research on the aforementioned subject.

2. Expression of SOX2 in OSCC

SOX2 is an amplified gene in OSCC, which is established as
one of the hallmark participants throughout the developmental
process in cancer. SOX2 is mainly expressed in CSCs. In order
to study the role of SOX2 in OSCC, the concept and identifica-
tion of CSC must be understood.

Concept and identification of CSCs. The major characteristic
that defines stem cells is self-renewal, whereby stem cells result
in numerous types of mature cells and lead to organogen-
esis (22). Similar cells that exist in cancer, termed CSCs, have
been previously documented (22). In addition to the ability to
self-renew, CSCs may result in phenotypically varied tumor
cell populations through a process of aberrant differentiation.
CSCs may, therefore, be responsible for driving tumorigenesis
and tumor growth. The theory that tumorigenesis is based
exclusively on the aberrant activity of CSCs derives from the
heterogeneous nature of OSCCs and other tumors (23). The
structural similarity of well-differentiated tumors with the
epithelium of origin may also confirm the existence of CSCs.
In particular, a well-differentiated OSCC may reproduce the
proliferation pattern and histological appearance of the oral
epithelium. Due to the lack of reliable specific markers of
CSCs (24), there are numerous unresolved issues regarding
OSCCs (295).

Numerous distinct models attempt to explain the origin
of CSCs. The most important hypothesis regarding the origin
of CSCs is that they develop from the transformation of stem
cells (SCs). This hypothesis is compelling for several reasons.
The malignant transformation of a normal cell requires 3-6
oncogenic events, and the long life of SCs increases the risk
of accumulating the multiple mutations (26). SCs and CSCs
possessing the capacity for self-renewal is an additional
reason to consider that the origin of CSCs is normal SCs, as
the dysregulation of the self-renewal process is an early and
important event in carcinogenesis. Although the hypothesis
that CSCs derive from normal adult SCs appears to be the
most plausible, other origins may also be possible. A CSC may
originate from the fusion of a hemopoietic stem cell (HSC)
with a mutated epithelial somatic cell. In 2004, Wagers and
Weissman and Houghton et al demonstrated that the fusion of
HSCs with epithelial cells has been shown in vitro and in vivo
in animal models of stomach cancer (27,28). At present, the
fusion of HSCs with epithelial cells has not been demonstrated
in OSCC. A CSC may also result from the de-differentiation
of a mature cell (29). Previous studies demonstrate that differ-
entiated cancer cells may achieve a CSC-like state through
epithelial mesenchymal transition (EMT). EMT is involved
in the acquisition by differentiated cells of the properties of
SCs, including in nasopharyngeal (30), breast (31) and head
and neck squamous cell carcinomas (HNSCC) (32). A sparsely
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proliferative basal layer with highly proliferative parabasal
cell layers in premalignant epithelia is another frequently
observed proliferation pattern. The aforementioned observa-
tion may indicate that the tumor did not originate exclusively
from a normal basal SC, but also from an amplifying transi-
tory cell (33).

The scarcity of markers for identifying CSCs restricts the
knowledge that studies may gain regarding the role of CSCs in
carcinogenesis; therefore, the perfect identification technique
does not yet exist. The most frequently applied method for
identifying CSCs is flow cytometry, which detects cells with the
ability to excrete the vital DNA dye Hoechst 33342 (34-38). A
distinctive small non-dyed population of cells, termed the side
population (SP), has been detected in numerous tumors, and
is highly tumorigenic (39-44). SP cells express SCs markers,
including cluster of differentiation (CD)44 (45), ATP-binding
cassette sub-family G member 2 (44), octamer-binding
transcription factor (Oct)4 (35) and B cell-specific Moloney
murine leukemia virus integration site 1 proto-oncogene (45).
The SP population ranges between 0.2-10.0% of the cancer
cell population (35). Flow cytometry does not permit CSCs
to be topographically localized in healthy or tumorous tissues
for the assessment of proliferative activity or spatial asso-
ciations with progeny. The transcription factors SOX2 (46,47),
Oct3/4 (45), -1 integrin (48), CD133 (49) and CD44 (50)
demonstrate promise for the topographical localization of
CSCs. The transcription factors SOX2 and Oct3/4 are essential
for maintaining the self-renewal capacity and pluripotency of
embryonic and adult SCs. CD133* cells in OSCC form holo-
clones and possess self-renewal capacity (51), and CD44* cells
in HNSCC possess the capacity for self-renewal and differen-
tiation (52). However, the usefulness of CD44 as a marker of
CSCs in OSCC is questionable as CD44 is expressed by normal
oral epithelial cells (53,54). The value of CD44 as a marker of
OSCC progression and prognosis is also controversial. Certain
studies in HNSCC have reported aldehyde dehydrogenase
(ALDH)" cells with typical CSC behavior, in particular the
tumorigenic ability (55-58). The specificity of CD44 as a
marker of CSCs in HNSCC is reported to be increased in
combination with ALDH (55,56). Although a small number
of ALDH*/CD44- CSCs exist (56). In addition, E-cadherin,
CD97, CD117, CD147, CK19 and epithelial-specific antigen
have been used in attempts to identify oral SCs/CSCs; however
the antigens were not adequately specific (59-62). Notably,
Miranda-Lorenzoan et al identified an intrinsic autoflorescent
phenotype in CSCs from diverse epithelial cancers, and used
the marker to isolate and characterize the CSCs (63).

SOX2 in OSCC. SOX2 is an important stem cell marker that
is crucial for embryonic development and to maintain the
differentiation potential of stem cells. SOX2 is one of the key
transcription factors involved in inducing pluripotent stem
cells. In the past decade, SOX2 has been established as one
of the hallmark participants of the developmental process in
cancer, including in skin squamous cell carcinoma, gastric
cancer, glioblastoma, colorectal cancer, lung cancer, breast
cancer and OSCC (3-9).

SOX2 is an amplified gene in OSCC, and the key role of
SOX2 is to maintain the stemness of the cells. Nadja et al
demonstrated that SOX?2 amplifications are common in OSCC
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and the detection of SOX2 amplifications in the early stages of
disease may be crucial for early disease detection and a more
accurate prognosis (64). He et al revealed that the expression of
SOX2 was amplified in OSCC and was significantly associated
with the pathological grade (65). In addition, a significant differ-
ence in SOX2 staining was demonstrated between OSCC, oral
epithelial dysplasia and normal oral mucosa. Previous studies
showed that SOX2 was overexpressed in OSCCs, the expres-
sion of SOX2 was decreased in the CAL27 and UMSCC74A
cell lines that were treated with cationic lipid nanoparticles to
deliver pre-miR-107, and the tumorsphere formation efficiency
and size were decreased (66-68). However, the mechanism
by which miR-107 regulates SOX?2 expression in HNSCC is
unclear. Studies indicate that SOX2 is amplified in numerous
types of tumors, which is associated with the indicators of
a favorable prognosis (69). SOX2 overexpression has been
demonstrated to deregulate genes in malignant processes,
cellular migration and anchorage-independent growth (70).

SOX?2 performs a similar role in CSCs to that in embry-
onic stem cells. In a previous study, SOX2 was preferentially
expressed in cancer cells with a basal-like phenotype, and is,
therefore, likely to contribute to defining the characteristics
of less differentiated stem cell phenotypes (71). A similar
phenomenon existed in studies on OSCCs and HNSCCs, as
SOX2 was mainly expressed in the stratum basale, co-local-
izing with the region that contained stem cells (68,72). In
addition to the application of SOX2 in identifying various
subsets of tumor cells, SOX2 also maintains the stemness of
tumor-initiating cells (TICs) and CSCs.

In a previous study, SOX2 knockdown in CSCs led to
the inhibition of proliferation and loss of tumorigenicity in
immunodeficient mice, indicating that SOX2 was crucial
for maintaining the self-renewal capacity of CSCs (73). The
role of SOX2 in maintaining the self-renewal capacity of
CSCs in HNSCC and breast cancer has been previously
confirmed (74,75). The findings of these studies indicate that
SOX2 expression promotes and maintains the stemness of
CSCs. Other important roles of SOX2 in cancer progression
include the contribution to the physiological or pathophysiolog-
ical process of cancer cells. The proliferation of HNSC CSCs
was inhibited in vitro and in vivo, as SOX2 was suppressed by
all-trans-retinoic acid (76). SOX2 expression has been demon-
strated to improve the ability of invasion and migration of
tumor cells in tongue squamous cell carcinoma (TSCC) (77).
Other properties of cancer cells in OSCC or HNSCC that
involve the SOX2 protein include apoptosis (74,78), chemore-
sistance (79), metastasis and tumorigenesis (10,79).

SOX?2 is a key regulator of development and carci-
nogenesis and exhibited close associations with several
microRNAs. In a previous study, the activities of SOX2 were
indicated to be controlled by numerous microRNAs; there-
fore, certain microRNAs may also be regulated by SOX2,
including microRNA-145 (80,81), microRNA-107 (67) and
microRNA-302 (74). Bourguignon et al demonstrated that the
stimulation of miR-302 expression by hyaluronan-CD44 is
Oct4-SOX?2-Nanog-dependent in HNSCC-specific CSCs, and
that microRNA-302 expression was the underlying mecha-
nism of self-renewal, clonal formation and cisplatin resistance
in CSCs in HNSCC (74). The roles of SOX2 in cancers are
summarized in Fig. 1.
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Figure 1. The SOX2 protein affects numerous processes of cancer cells.
SOX2, Sex determining region Y-box 2.

At present, several studies have revealed that SOX2 over-
expression in cancer cells exhibited a deleterious outcome,
and resulted in lower survival rates of patients. Several studies
have revealed that the SOX2 proteins were overexpressed
in the TSCC, and demonstrated that SOX2, recurrence and
distant metastasis were independent prognostic factors of
overall survival in patients with TSCC. Therefore the studies
concluded that the expression of SOX2 may be used as a
prognostic indicator of TSCC (82). SOX2 was exclusively
expressed in the CSCs of OSCC patients and the expression
of SOX2 was significantly associated with a poor prognosis
of OSCC and lymph node status, which indicates the poten-
tial prognostic value of SOX2 in OSCC. SOX2 may also act
as a promising marker for directing OSCC diagnosis and
therapy (65). The evidence that SOX2 overexpression was
oncogenic was also demonstrated in HNSCC patients, and
SOX2 was indicated to be associated with a worse prognosis.
These findings are valuable in providing useful information for
developing a novel classification system and therapeutic strate-
gies for HNSCC (64). However, the opposite viewpoint from
certain studies supported that increased levels of SOX2 was
significantly associated with better prognosis in the patients of
OSCC and squamous cell lung cancer (69,79).

SOX?2 was amplified in numerous types of cancer, including
OSCC. However, the role of SOX2 in cancer is controversial.
The vast majority of studies show that SOX2 overexpression
may promote cancer progression, hypothesizing that SOX2
may act as a potential target for cancer therapy. However,
certain studies hypothesized that SOX2 may suppress tumors
and that SOX2 overexpression inhibits the cell proliferation. In
addition, the opposite views of the association between SOX2
and the survival rate of patient were stated in other studies.
The vast majority of studies showed that the survival rate of
OSCC patients possessing low levels of SOX2 is increased
compared with those with high levels of SOX2. However, the
opposite view was indicated by Ziillig er al, who supported
that low level SOX2 expression was significantly associated
with worse survival (79). Additional studies are required in
order to understand the conflicting opinions. In conclusion, the
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overexpression of SOX2 derived from amplification promotes
cancer progression and tumor formation. SOX2 may provide
a novel diagnostic marker for OSCC, be used as a therapeutic
stratification marker, or target molecules for therapeutic
interference; however, the underlying molecular mechanism
remains unclear (83).

3. Association between SOX2 and lymph node metastasis

Tumor metastasis is the key factor that compromises the
prognosis of tumor patients, which accounts for 90% of
tumor-associated mortalities (84,85). Metastasis is a multistep
process by which a percentage of primary tumor cells acquire
the ability to spread between the initial site and secondary
tissues or organs, or the surrounding normal tissues (86-88).
Failure at any stage may restrict the entire metastatic process.
Since metastasis is responsible for the majority of mortalities
of cancer patients, an improved understanding of the molecular
mechanism involved in the tumor spreading process is crucial
for preventing tumor metastasis and improving the prognosis
of patients.

SOX2 has recently been shown to be a putative CSC
marker in several malignancies, including glioblastoma (5)
and gastric (3), colorectal (6), breast (8), oral (9) and
lung (7,89) cancers. In addition, the importance of SOX2 in
cancer metastasis has also been addressed. Previously, several
studies demonstrated that SOX2 expression was closely
associated with lymph node metastasis, distant spread and
poor prognosis in colorectal carcinoma patients (6,90,91).
Certain data suggested that SOX2 knockdown may induce
mesenchymal-epithelial transition (MET). MET is the reverse
process of EMT. Epithelial cells gain polarity and motility
during EMT, which are necessary for tumor invasion and
metastasis in various types of epithelial carcinomas. Notably,
studies have identified that knocking down SOX2 promoted
MET and resulted in the translocation of 3-catenin, which is
critical in the WNT pathway (92). Studies indicated that all
SOX2-positive primary tumors retained a SOX2-expressing
phenotype during lymph node metastasis. This finding may
indicate that SOX2-bearing cancer cells have an increased
probability and ability to metastasize to the lymph node and
supports the notion that SOX?2 is crucial for breast cancer inva-
siveness and spread. Notably, a significantly increased SOX2
expression in lymph node metastasis compared with respec-
tive primary tumors was indicated (93). A similar finding was
also reported in the study conducted by Lengerke er al, in
which the data suggest that SOX2 is important in early breast
carcinogenesis and that increased expression may promote
metastatic potential (8). Downregulation of SOX2 signifi-
cantly decreased angiogenesis and lymphomagenesis of breast
cancer. Additionally, the promotion effect of SOX2 on tumor
cell metastasis was observed in vitro and in the tumor bearing
mice in vivo. SOX2 also promoted the EMT process in the
tumor cells in breast cancer by regulating the WNT/f-catenin
signal pathway (94,95). A previous study on lung cancer
indicated that the overexpression of SOX2 was also positively
associated with the tumor-node-metastasis stage and lymph
node metastasis (96).

SOX2 protein expression was indicated to be significantly
associated with lymph node metastasis and recurrence in
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HNSCC patients (97). However, in numerous HNSCC patients,
SOX2 expression was not associated with disease stage, lymph
node metastasis or distant metastasis (98,99). The contradic-
tory results may be associated with methodological variations
in the SOX2 immunopositivity scoring (99). Therefore, addi-
tional studies on the oncogenic function of SOX2 in HNSCC
and the underlying molecular mechanisms accounting for the
association of SOX2 with progression remain to be elucidated.

Similarly to HNSCC, the studies on the association
between SOX2 and lymph node metastasis in OSCC are inad-
equate. Certain data showed that the SOX2 may be classified
into diffuse staining patterns and peripheral staining patterns,
and that the SOX2 diffuse staining pattern was associated
with lymph node metastasis of OSCC (10). Even in OTSCCs
without lymph node metastasis, SOX2 expression has been
demonstrated to be involved in tumor progression (9). An addi-
tional study indicated that the poor prognosis associated with
lymph node metastasis was significantly associated with the
high expression of SOX2 in the primary sites of OSCCs (10).
Qiao et al supported the finding that SOX?2 expression was
significantly associated with lymph node metastasis (100).
However, the study conducted by Ziillig et al showed that
increased expression levels of SOX2 were significantly asso-
ciated with a lack of lymph node metastasis, which implies
a good prognosis in OSCC patients, and indicated that the
heterogeneity of primary tumors may be one of the reasons for
controversial results (79). This result is consistent with certain
findings in lung cancer (101). According to the data in the
study by Ziillig et al, SOX2 is a potential predictive marker for
the lack of metastasis to the sentinel lymph nodes of the neck
in early SCC of the oral cavity (79).

Overall, based on the phenomenon of overexpression
of SOX2 in several types of cancer and the role of SOX2 in
promoting cancer progression, the application of SOX2 is
hypothesized to aid decisions on cancer diagnosis and therapy,
and may even predict the prognosis of patients. However,
underlying molecular mechanisms of SOX2 in OSCC remain
to be elucidated. The association between the expression of
SOX2 in OSCC and lymph node metastasis is remains unclear.
The molecular mechanisms underlying the association between
SOX2 and lymph node metastasis require additional studies.
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