Clinical and Prognostic Association of Transcription Factor SOX4 in Gastric Cancer

Abstract
Gastric cancer (GC) is one of the most common malignant cancers worldwide. However, little is known about the molecular process by which this disease develops and progresses. This study investigated correlations between the expression of nuclear transcription factor SOX4 and various clinicopathologic parameters as well as patients’ survival. Expression levels of nuclear SOX4 were analyzed by immunohistochemistry; the data comprised gastric tissues from 168 patients with GC. Paired t tests were used to analyze the differences in nuclear SOX4 expression between tumor and non-tumor tissues from
each patient. Two-tailed X2 tests were performed to determine whether the differences in nuclear SOX4 expression and clinicopathologic parameters were significant. Time-to-event endpoints for clinicopathologic parameters were plotted using the Kaplan-Meier method, and statistical significance was determined using univariate log-rank tests. Cox proportional hazard model was used for multivariate analysis to determine the independence of prognostic effects of nuclear SOX4 expression. Overexpression of nuclear SOX4 was significantly correlated with depth of invasion (P,0.0001), nodal status (P = 0.0055), distant metastasis (P = 0.0195), stage (P = 0.0003), and vascular invasion (P = 0.0383). Patients who displayed high expression levels of nuclear SOX4 achieved a significantly poorer disease-free survival rate, compared with patients with low SOX4 expression levels (P = 0.003). Univariate Cox regression analysis showed that overexpression of nuclear SOX4 was a clear prognostic marker for GC (P = 0.004). Overexpression of nuclear SOX4 can be used as a marker to predict the  outcome of patients with GC.

Introduction
The incidence of gastric cancer (GC) declined between the 1940 s and the 1980 s in the Western world, but GC remains extremely widespread throughout the world. It affects approximately one million people annually and is the second most frequent cause of cancer death [1,2]. A wide variation in incidence is evident across the continents [1]. In Asia and parts of South America, GC is the most common epithelial malignancy and is a leading cause of cancer-related deaths. In Taiwan, government
statistics issued in 2011 ranked GC as the sixth most frequently diagnosed malignant disease, resulting in more than 2000 deaths annually (http://www.doh.gov.tw/statistic/index.htm). Substantial advances have been made in surgical techniques and chemotherapy, which have improved the treatment of GC, but the cure rate for advanced cases remains low and the morbidity remains high [3,4]. A fuller understanding of the pathogenesis and biological features of the disease is necessary to further enhance treatment methods. Among the prognostic markers now available for GC, the most important is the American Joint Committee on Cancer (AJCC) stage determined by the depth of invasion, the involvement of the
lymph nodes, and distant metastasis. However, the prognosis varies even among patients at the same stage. Thus, the search for specific biological markers to identify subgroups of patients who are likely to experience a particularly aggressive course of disease is ongoing [5]. In recent decades, several studies have suggested that genetic alterations may play a role in the development and progression of GC [6]. Studies in molecular pathology may help in understanding the disease pathogenesis s and might also reveal useful prognostic molecular markers. Some suggested biological
prognostic markers include overexpression of protein kinase CK2, Vav3, mesothelin, and epidermal growth factor receptor [7–11]. In humans, the sex-determining region Y (SRY) transcription factors that play important roles in development. These transcription factors are defined by a conserved signature sequence in the high-mobility group (HMG) DNA-binding domain (DBD) [12,13]. SOX4 is a 47-kDa protein that is encoded by a single exon gene, which is highly conserved in vertebrates. In mice, SOX4 is specifically expressed in the ovary, testis, mammary
gland, and thymus and in mouse T and pre-B lymphocytic cell lines [14]. In addition, SOX4 is essential for the development of the heart, lymphocytes, and thymocytes, and SOX4-null mice die from cardiac defects [15]. The proliferative capacity of B-cell
progenitors is severely decreased in cells from SOX4 knockout mice [16].
The clinical importance of SOX4 has gained increasing attention in recent years, with numerous reports suggesting that SOX4 may contribute to tumor progression. Three independent  studies screening for important oncogenes showed that SOX4 is frequently altered through retroviral insertions [17–19]. The murine leukemia virus typically targeted SOX4, and stabilized the SOX4 message to produce B-cell lymphomas that displayed increased SOX4 message levels [19]. Increased SOX4 expression is associated with tumors of the bladder, prostate, and colon, and with non-small-cell lung tumors [20–23]. However, the role of SOX4 in such tumors is not fully understood and the reported data have shown certain contradictions. Whereas SOX4 knockdown resulted in apoptosis of ACC3 adenoid cystic carcinoma cells, SOX4 overexpression promoted cell cycle arrest and apoptosis of HCT116 colon carcinoma cells [24,25]. The microRNA (miRNA) miR-335 inhibited metastatic cell invasion
and acted, at least in part, through targeting sox4 and its putative target TNC, which encodes an extracellular matrix component implicated in cell migration [26]. By contrast, the higher the level of SOX4 expression, the better the prognosis for patients with medulloblastomas and other tumor types [27]. Thus, SOX4 might
exert different effects on tumor cells depending on the context and primary transformation mechanism; further studies are warranted to clarify this issue.
To date, the prognostic significance of nuclear SOX4 expression levels in human GC has not been established. This study investigated the correlations between nuclear SOX4 expression and clinicopathologic parameters, and evaluated the significance
of nuclear SOX4 in predicting the prognosis for patients with GC. 
Materials and Methods
Ethics Statement
The institutional review board at Chi Mei Medical Center approved the tissue acquisition protocol for the immunohistochemical and immunoblotting study. Written informed consent was obtained from each participant before tissue acquisition.
Participants and Specimens
The patient cohort comprised 168 consecutive GC cases from 1997 through 2004 documenting pathologic and clinical factors and clinical outcome. All cases in this study received radical total or subtotal gastrectomy with D2 or D3 lymph node dissection. Completeness of surgical resection was achieved in all cases, and pathological examination revealed no tumor involvement of the resection margins in surgical specimens (classified as R0: no residual tumor based on R category in AJCC classification). None of our study patients had received preoperative chemotherapy
[bookmark: _GoBack]and/or radiotherapy. The non-tumor portion was obtained from grossly normal gastric mucosa, separate from the tumor, in resected gastric specimen. Clinicopathologic parameters of GCs Table 1. Demographic data and survival in different stages of GC according to the AJCC classification. Figure 1. Expression of SOX4 in gastric tissues and cell lines. Panels A to C. GC specimens analyzed by immunohistochemistry with an antibody against SOX4. The staining of SOX4 is observed in the nucleus and is very weak in the cytoplasm. Panel A shows a non-tumor sample without nuclear SOX4 expression; Panel B shows a tumor sample with low expression level of nuclear SOX4; Panel C shows a tumor sample with high expression level of nuclear SOX4. Panel D: Nuclear SOX4 protein expression was examined in 3 gastric cells and 5 non-tumor/tumor pairs of gastric tissues. family, also referred to as the SOX family, comprises 20 highly conserved were determined according to the AJCC classification. The followup duration for disease-free survival was defined as the period between the operation date and the day of relapse, according to the patient’s chart. For each patient, we analyzed a pair of tumor and non-tumor gastric tissues to determine the nuclear SOX4 expression.
Immunohistochemical Analysis Nuclear SOX4 expression was analyzed by immunohistochemistry. Paraffin-embedded tissue blocks were sectioned at 5 mm and transferred to microscope slides (Muto Pure Chemicals Co. Ltd., Tokyo, Japan). Breast tissue was used a positive control for SOX4. The negative control entailed omission of the primary antibody and incubation with phosphate buffer saline. Sections were
dewaxed with xylene, followed by rehydration in graded alcohols. Deparaffinized sections were incubated in pH 6.0 citrate buffer for 40 min at 95uC on a hotplate to retrieve antigens. Further antigen blocking was performed using Dako REAL Peroxidase-Blocking Solution (Dako North America Inc., Carpinteria, CA) for 5 min.
The slides were subsequently incubated with primary antibody: polyclonal anti-SOX4 (Life-Span, Victoria, Canada) for 1 hour at room temperature, at a dilution of 1:400. Detection of the immunoreactive staining was conducted using the avidin-biotinperoxidase complex method according to the manufacturer’s
instructions. A sensitive Dako REAL EnVision Detection System (Dako North America Inc., Carpinteria, CA) was used. After incubation with diaminobenzidine for 5 minutes, the sections were counterstained with hematoxylin and mounted in Dako Faramount
Aqueous Mounting Medium (Dako North America Inc., Carpinteria, CA) for microscopic interpretation. As a transcription factor, only nuclear SOX4 was scored. Semiquantitative scoring of intensity (0, no staining; 1, weak staining; 2, strong staining) and fraction of positive cancer cells (0, no staining; 1, less than half; 2, more than half) was undertaken [22]. The final score was calculated for each sample by multiplying the intensity and the percentage of immunostaining: 0, no staining; 1, weak staining; 2, moderate staining; 4, strong staining. Sections with a score of 0 or
1 displayed low expression of SOX4, whereas those that scored 2 or 4 were defined as having high expression or overexpression of SOX4. Clinical data collection and immunohistochemical analysis were performed independently of each other, in an investigatorblinded
study.
