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Abstract

SOX4 is a member of the SOX family of transcription regulators. In recent years,

SOX4 was shown to be overexpressed in cancers of various organs and related

to epithelial-mesenchymal transition (EMT), which is a metastatic factor. This

study was the first to investigate correlations between SOX4 expression levels

and the clinicopathologic factors of oral squamous cell carcinoma (OSCC). We

analyzed SOX4 expression levels in 50 patients with OSCC using

immunohistochemistry. All samples expressed the SOX4 protein and elevated

SOX4 expression was significantly correlated with gender, T status, and stage

levels. The expression level of SOX4 in primary foci of poorly differentiated

OSCC was higher than that of well differentiated OSCC, which indicated that

SOX4 expression is associated with the differentiation of OSCC. However,

regardless of the differentiation level in the primary focus, SOX4 expression

levels were found to be very high in the metastatic focus. Furthermore, SOX4

expression in metastatic foci was significantly suppressed by neoadjuvant

therapy. These results indicate that undifferentiated OSCC cells expressing

SOX4 are more likely to metastasize and neoadjuvant therapy including

chemoradiation therapy may have some effect in metastatic prevention.



Introduction

Oral squamous cell carcinoma (OSCC) is one of the most malignant tumors and

is generally associated with poor prognosis [1, 2]. About 50% of patients die of

this disease or complications within 5 years, in spite of the important therapeutic

advances introduced in recent years [3, 4], because OSCC is highly aggressive

with rapid local tumor growth and quickly metastasizes to the regional lymph

nodes [5].

SOX4 belongs to the sex-determining region Y (SRY) box family that decides

embryonic sex in a male [6] and was shown to have a characteristic

DNA-binding HMG domain [7] that plays important roles in progenitor cell

development and Wnt signaling [8, 9]. A previous study showed that SOX4 was

specifically expressed in various organs of the mouse [10]. SOX4 is also

expressed in the developing breast and osteoblasts of humans and high levels

have been detected in response to progestins [11].

Several studies have recently reported that high levels of SOX4 expression were

detected in the tumors of various organs, including the prostate [12, 13], colon

[14], bladder [15], and lung [16]. Moreover, SOX4 activated the TGF-f3 pathway,



which induced epithelial-mesenchymal transition (EMT), a key step toward
cancer metastasis [17-20]. However, the role of SOX4 in these tumors has not
yet been clarified and previous studies have shown certain contradictions
[21-23]. For example, results obtained from immunohistochemistry showed that
SOX4 overexpression was significantly correlated with a better prognosis in
patients with bladder carcinoma [15], medulloblastomas [24], and
hepatocellular carcinoma [25], whereas SOX4 overexpression in gastric cancer
was associated with a worse prognosis [26]. In addition, the prognostic
significance of SOX4 expression in OSCC has not yet been reported.
In this study, we analyzed the expression of SOX4 in OSCC specimens using
immunohistochemistry. Furthermore, we evaluated the relationship between the

differentiation and metastatic potency of OSCC and neoadjuvant therapy.

Materials and methods

Patients

Fifty patients with operable oral cancer underwent surgery at the Department of



Oral and Maxillofacial Surgery, Osaka Dental University Hospital between 2001
and 2011 (Table 1). This study followed the tenets of the Declaration of Helsinki,
and was approved by the Ethics Committee of the above Osaka Dental
University (approval No0.110723). None of the primary focus received
neoadjuvant therapy and, among 19 metastatic samples, 9 samples received
neoadjuvant therapy. The concrete contents of neoadjuvant therapy are shown
in Table 2. The histologic classification of tumors was based on the UICC

classification [27].

Immunohistochemistry

Tissue samples from patients with different stages of oral cancer were fixed in
10% neutral buffered formalin solution immediately after resection and
embedded in paraffin. Four micrometer-thick sections were cut and mounted on
silane-coated glass slides. These sections were deparaffinized in L-limonene
and dehydrated through a graded ethanol series. Antigen retrieval was
performed by autoclaving at 121°C for 15 min in Histo VT One® (pH 7.0) (Nacalai

Tesque, Kyoto, Japan). Endogenous peroxidase activity was blocked with 3%



H,O, for 10 min and nonspecific reactions were blocked with blocking solution

(Nacalai Tesque, Kyoto, Japan) for 10 min. Tissue sections were incubated with

a rabbit anti-SOX4 polyclonal antibody (1:3000; Abcam, Cambridge, UK)

overnight at 4°C. Tissue slides were then incubated with an anti-rabbit 1gG

peroxidase-conjugated micropolymer (Vector Laboratories, Burlingame, CA) at

room temperature for 30 min and visualized by incubation with the

3,3'-diaminobenzidine tetrahydrochloride liquid system (Dako, Tokyo, Japan) at

room temperature for 5 min. Sections were then counterstained with hematoxylin

and observed using light microscopy (Olympus Corporation, Tokyo, Japan).

Evaluation of slides

The immunoreactivity of the SOX4 protein was evaluated by two independent

pathologists who had no knowledge of the patients’ clinicopathologic factors and

outcomes. Nuclear expression of the SOX4 protein was scored

semiquantitatively by the combination of intensity (scored as 1, weak staining; 2,

moderate staining; 3, strong staining) and proportion of positively stained tumor

cells in 1000 tumor cells in high power fields (scored as 1, <40%; 2, 40-60%; 3,



61-80%; 4, >80%). The sum of staining intensity scores and percentage of

positive tumor cell scores was graded as follows: +, 2—3; ++, 4-5, and +++, 6-7.

No discrepancy was observed in the overall interpretation of

immunohistochemistry results between the two pathologists.

Statistical analysis

A Mann-Whitney U test was performed using the SPSS software package

(versions 13.0, SPSS Inc., Chicago, IL) to assess significant differences

between samples. P-values <0.05 were considered significant.

Results

The SOX4 protein was expressed in OSCC patients

The SOX4 protein was clearly stained at various levels in the nuclei of cells in

OSCC specimens. Among 50 paraffin-embedded OSCC tissues of the primary

focus, all cases showed positive, 3 cases (6%) showed weak (+), 22 cases



(44%) showed moderate (++), and 25 cases (50%) showed strong (+++)

expression. Representative cases of different expression levels of the SOX4

protein are shown in Fig. 1a—c.

Expression of the SOX4 protein was positively associated with clinicopathologic

factors in OSCC

High expression levels of SOX4 were detected in males (P <0.05, Table 3) and

the expression of SOX4 was significantly correlated with a large tumor size (P

<0.05, Table 3) and advanced stages (P <0.05, Table 3). However, SOX4

expression was not associated with region or the presence or absence of

metastasis (P >0.05, Table 3).

Overexpression of the SOX4 protein in poorly differentiated OSCC and

metastatic foci of OSCC

Expression levels of the SOX4 protein in the primary foci of poorly differentiated

OSCC was higher than that of well differentiated OSCC (P <0.05, Table 3, Fig.



1d). Furthermore, in well differentiated OSCC, SOX4 expression in metastatic

foci was higher than that in primary foci (P <0.05, Table 3, Fig. 2c).

Representative cases are shown in Fig. 2a-b.

Downregulation of SOX4 in metastatic foci with neoadjuvant therapy

To investigate the relationship between SOX4 expression and neoadjuvant

therapy in OSCC, SOX4 expression levels in metastatic lymph nodes were

evaluated between patients who received neoadjuvant therapy and those who

did not. SOX4 expression levels in metastatic foci were lower in patients who

received neoadjuvant therapy than in those who did not (P <0.01, Table 3, Fig.

3c). This result was not affected by differentiation level of OSCC. Representative

cases of primary and metastatic foci in the same patient receiving neoadjuvant

therapy are shown in Fig. 3a-b.

Discussion

In this study, our results showed that the nuclei of cancer cells in all OSCC



samples were SOX4 positive and the elevated expression of SOX4 was

positively correlated with gender, T status, and stage progression of OSCC. On

the other hand, expression levels of the SOX4 protein in the primary foci of

poorly differentiated OSCC was higher than that in the primary foci of well

differentiated.

SOX4 has been studied in several types of human cancers and its expression

was shown to vary according to cancer type. The expression level of SOX4 in

many human cancers, including that of the prostate [12], bladder [15],

endometrium [28], and liver [25], was shown to be elevated in vitro and in vivo,

whereas it was decreased in gallbladder carcinoma [29] and melanoma [30].

Furthermore, to the best of our knowledge, no study has investigated SOX4

expression in OSCC.

Our study demonstrated that SOX4 overexpression was correlated with T status

and stage level, which is consistent with the results obtained from patients with

gallbladder carcinoma [29]. On the other hand, well differentiated OSCC in our

study consisted of many differentiated tumor cells in the central region of the

focus, and the majority of undifferentiated tumor cells expressing SOX4 existed

in the fringe of the focus. Therefore, well differentiated OSCC may not contain
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many undifferentiated OSCC cells expressing SOX4, and the expression level of

SOX4 was lower than that in poorly differentiated OSCC. Although studies on

the relationship between SOX4 expression and differentiation in several tumors

are limited, a previous report showed that the prolonged expression of SOX4

inhibited correct neuronal differentiation [31] and SOX4 correlated with SOX2,

which is critical for maintaining stem cells [32]. In addition, our results suggest

that a high level of SOX4 expression in OSCC may be correlated with tumor

proliferation and metastasis.

Metastasis is a multistep process, during which primary cancer cells invade

adjacent tissues, intravasate, translocate through the vasculature, arrest in

distant capillaries, extravasate into the surrounding tissue, and finally proliferate

into second tumors [33]. Metastatic cancer cells need anoikis (apoptosis

resulting from the loss of cell-matrix interactions) resistance and growth ability in

single cells and small cell clusters that are anchorage-independent.

Previous reports demonstrated that miR-335 suppressed metastasis through the

downregulation of SOX4 [23, 34, 35]. Moreover, SOX4 was shown to induce

EMT [18] and anchorage-independent growth [36].

Thus, in patients with well differentiated OSCC, undifferentiated OSCC cells
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expressing SOX4 in early stage primary foci metastasize and form a second

tumor. The proliferative ability of undifferentiated tumor cells expressing SOX4 in

metastatic foci is maintained and SOX4 positive tumor cells disappear or

differentiate by some factors in the primary focus.

Our findings also showed that neoadjuvant therapy significantly suppressed

SOX4 expression levels in the metastatic focus. There have been no previous

reports on the influence of neoadjuvant therapy, including chemoradiation

therapy, on SOX4 expression. Though the regimen and cycles of neoadjuvant

therapy were not similar, the expression level of SOX4 significantly decreased in

all cases in this study. It is thought that the majority of OSCC cells died due to

neoadjuvant therapy. However, we confirmed that the expression of Ki-67, which

is a cell cycle marker, was not significantly affected (data not shown).

Furthermore, our study confirmed cancer cells overexpressing SOX4 in

metastatic foci were strongly positive for Vimentin, one of the EMT markers, and

neoadjuvant therapy suppressed Vimentin levels (data not shown).

Therefore, neoadjuvant therapy has the possibility to effectively inhibit EMT by

suppressing SOX4 expression levels.

The outcome of the present study demonstrated the clinical significance of the
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overexpression of SOX4 in OSCC. Therefore, we propose that a new therapy

targeting SOX4 may be a useful approach for the treatment of OSCC

metastasis.
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Table 1 Clinicopathologic factors in 50 patients with OSCC

Variable Well differentiated  Poorly differentiated
Gender

Male 12 18
Female 15 5
Age

Mean 65 64.7
Range 39-84 47-81
Region

Tongue 16 5
Gingiva 6 11
Floor of the Oral Cavity 0 6
Buccal Mucosa 4 1
Palate 1 0

T status

T1 9 5

T2 15 11

T3 3 4



T4

N status

NO

N1

N2a

N2b

N3

Neoadjuvant therapy

Yes

No

16

15
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Table 2 Neoadjuvant therapy regimen

Patient Differentiation level =~ Regimen

No.

1 Poorly differentiated PEP+CDDP+RT

2 Well differentiated PEP+CDDP+TS-1%+RT
3 Poorly differentiated  TS-1®+RT

4 Poorly differentiated PEP+RT

5 Poorly differentiated CDDP+5-FU

6 Poorly differentiated ~ TS-1®+RT

7 Poorly differentiated PEP+RT

8 Poorly differentiated CDDP+5-FU+RT

9 Well differentiated PEP+CDDP+RT

PEP=Pepleomycin, CDDP=Cisplatin, 5-FU=5-fluorouracil,

TS-1®=Tegafurs Gimeracil* Oteracil potassium, RT=Radiation therapy
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Table 3 Correlation between SOX4 expression and

clinicopathologic factors in 50 patients with OSCC

Expression

Variable

+ ++ +++

P<0.05

Gender
11 18

e

Ma

Female
Region NS
Tongue
Gingiva
Floor of the Oral Cavity

Buccal Mucosa

Palate
P<0.05

T status

T1-T2

13-T4
NS
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N>0

Clinical stage

Metastasis

(Non-adj))

Well

Adjuvant therapy

(Metastasis)

Well

Poorly

Well

Poorly

Primary

Metastasis

Yes

No

14

18

18

25

12

P<0.05

17

6 P<0.05

19

6 P<0.05

0 P<0.01



Figure captions

Fig. 1 Various expression levels of SOX4 were shown in representative sections

(a-c). (a) Weak expression of SOX4 in well differentiated OSCC tissues (+). (b)

Moderate expression of SOX4 in well differentiated OSCC tissues (++). (c)

Strong expression of SOX4 in poorly differentiated OSCC tissues (+++). Bars

indicate 100um. (d) Difference in the expression levels of SOX4 between well

and poorly differentiated OSCC in primary foci. *P <0.05

Fig. 2 Expression of the SOX4 protein in the primary and metastatic focus in the

same patient of well differentiated OSCC. (a) SOX4 expression in primary focus

is weak (+). (b) SOX4 expression in metastatic focus is Strong (+++). Bars

indicate 100um. (c) Difference in expression level of SOX4 between primary and

metastatic foci of well differentiated OSCC. *P <0.05

Fig. 3 Expression of SOX4 in the primary and metastatic focus in the same

OSCC patient who received neoadjuvant therapy. (a) SOX4 expression in the

primary focus of patient before receiving neoadjuvant therapy was strong (+++).
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(b) SOX4 expression in the metastatic focus of patient after receiving

neoadjuvant therapy was weak (+). Bars indicate 100um. (c) Difference in the

expression levels of SOX4 in the metastatic foci between patients who received

neoadjuvant therapy (Adj) and those who did not (Non-adj). *P <0.01
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