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Abstract
BACKGROUND
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK7]Aberrant expression of stanniocalcin 2 (STC2) is implicated in colon adenocarcinoma (COAD). Previous A previous study identified that STC2 functions as a tumor promoter to drive development of some cancers development, but. However, the role of its overexpression in the development of COAD remains unclear. 

AIM
To evaluate the regulation mechanism in theof STC2 overexpression of STC2 in COAD.

METHODS
The expression of STC2 in COAD was assessed by TCGA COAD database and GEO (GSE50760). And the promoter mMethylation level of the STC2 promoter was evaluated with beta value in UALCAN platform, and the correlation between STC2 expression and survival rate was investigated with TCGA COAD. The tTranscription binding site prediction was conducted by TRANSFAC and LASAGNA, and a luciferase reporter system was used to identify the STC2 promoter activity in several cell lines, including HEK293T, NCM460, HT29, SW480, and HCT116. Western blotting was subjected performed to evaluate the role of Sp1 on the expression of STC2.

RESULTS
The central finding of this work is that STC2 is overexpressed in the COAD tissues and positively correlated with the poor prognosis. And iImportantly, the binding site of the transcription factor Sp1 is widely located in the promoter region of STC2. AThen successfully constructed the luciferase reporter system was successfully constructed to analyze the transcription activity of STC2, and knocking down the expression of Sp1 significantly inhibited the, the transcription activity of STC2 could be significantly inhibited. Furthermore, inhibition of Sp1 remarkably decreasedthe  protein levels of STC2 could be remarkably decreased once inhibition of Sp1.

CONCLUSION
Our data provide evidence that the transcription factor Sp1 is essential for the overexpression of STC2 in COAD through activation of the promoter activity. Taken together, our finding provides new insights into the mechanism of oncogenic function of COAD by STC2.
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[bookmark: _Hlk5627428][bookmark: OLE_LINK82][bookmark: OLE_LINK96]Core tip: This study demonstrated that stanniocalcin 2 (STC2) was is overexpressed in colon adenocarcinoma (COAD), and thatbesides the high expression of STC2 predictsed poor prognosis. The promoter of STC2 in COAD was hyper-methylatedion, and the transcription factor Sp1 was essential forto STC2the expression of STC2. These findings provide new insights into the mechanism of oncogenic function of STC2 in COAD.

Li JB, Liu ZX, Zhang R, Ma SP, Lin T, Li YX, Yang SH, Zhang WC, Wang YP. Sp1 contributes to overexpression of stanniocalcin 2 through regulation of promoter activity in colon adenocarcinoma. World J Gastroenterol 2019; In press



INTRODUCTION
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Colon cancer is the third most common cancer and the third most common cause of tumor-related death[1]. As one ofA digestive system tumors, colon cancer is also a highly aggressive and, high malignant and hascy with incident onset, highly mortality and recurrence rates[2,3]. The rResearch onabout the pathogenesis of colon cancer has identifiedfound that not only the genetic factors, such as gene mutations in the APC/KRAS/p53 pathways gene mutation and the familial adenomatous polyposis (FAP), but also the lifestyle factorss, such as the a high-fat diet and excessivety or harmful  alcohol use eating habits[4,5]. And Ccurrent therapy forto colon cancer is mainly surgery, chemotherapy, and targeting therapy. If cancer diagnosis isBut because of the duringlate diagnosis at the end-stage, the drug therapy becomes the most important therapy in the clinical practice. And dDrug resistance has become a restriction factor during the chemotherapy and targeting drug therapy[6,7], suggesting revealing that the importance of searching for novel drug targets in the colon cancer.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK32][bookmark: OLE_LINK43][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Stanniocalcin 2 (STC2) was is a glycoprotein that was, first which is firstly identified in the bony fish[8], and it has been reported. As reported that STC2 is widely expressed in human tissues. The oOrgans with the high levels of the transcript are muscle, kidney, brain, bone, and lung[9,10]. A recentCurrent study implicated a role ofshowed STC2 was implicated in the phosphorus and calcium homeostasis[11]. Several reports have shownshowed  that STC2 iswas involved in the growth of bone and adult height[12,13]. In addition, More evidence has identified that the expression of STC2 plays an important role in the development of some cancers, including hepatocellular carcinoma (HCC), head and neck squamous cell carcinoma, lung cancer, laryngeal squamous cell cancer, breast cancer, nasopharyngeal carcinomas, cervical cancer, and so on[14-18]. Besides, tThe expression of STC2 correlateswas correlated with the clinical and pathological parameters in nasopharyngeal carcinomas, laryngeal squamous cell cancer, lung cancer, and other cancers[18-21]. The founding of the overexpression of STC2 is overexpressed in some cancers, indicating that it maye that STC2 might be a potential cancer biomarker for diagnosis and prognosis analysis[15,21-23]. Also, it was shown that, and the serum STC2 combined with TIMP metallopeptidase inhibitor 1 (TIMP1) and kinesin II-associated protein KAP1 could be poor prognostic factors for recurrence of gastric cancer[20]. Furthermore, tThe mechanistic investigation demonstrated that the expression of STC2 could regulate the PI3K/AKT/ERK signaling in head and neck squamous cell carcinoma and HCC[16,24]. In the progression of colorectal cancer (CRC), ovarian cancer, and HCC, STC2 contributed to the metastasis through promoting epithelial-mesenchymal transition (EMT)[22,25,26]. Also, STC2 was also identified as a target gene of hypoxia inducible factor 1 alphaHIF-1α in hypoxia and aryl hydrocarbon receptor (AhR)[27,28]. It was And rrecently shown  research founding that STC2 was closely related with the chemotherapeutic drug resistance in cervical cancer and other cancers[17,29-31], suggesting that STC2 plays an important role in the regulation of proliferation and apoptosis of cancer cells.
However, the significance of STC2 in colon adenocarcinoma (COAD) remains unclear, especially regarding the mechanism of STC2for the overexpression of STC2 in some cancers has little known. And iIn this study, we showed that STC2 was overexpressed in the COAD, and that its expression was closely related with the progression of COAD. We have revealed that  STC2 is a tumor promoter by analyzingwith analysis the survival rate of COAD patients. More importantly, we identified the core region promoter of STC2, and showed that the promoter of STC2 in colon cancer tissues was hyper-methylatedion. T, andhe transcription factor Sp1 contributed to the promoter activity and expression of STC2. Therefore, oOur findings provided the evidence of the mechanism for the overexpression of STC2 in COAD, revealing STC2 as a feasible therapeutic target for the colon cancer therapy.

MATERIALS AND METHODS
Reagents
Dulbecco’s Modified Eagle’s Medium (DMEM), RMPI1640, fetal bovine serum (FBS), and penicillin-streptomycin were purchased from Gibco (Gaithersburg, MDMA, United States); RNA extraction reagent , 1st Strand cDNA Synthesis mixture, quantitative qPCR SYBR Green kit, lentivirus concentration solution kit, and enhanced ECL chemiluminescent substrate kit were obtained from Yesen Biotechnology (Shanghai, China); Anti-GAPDH (5174S) was purchased from Cell Signaling Technology (Beverly, MA, United States); Aanti-STC2 antibody was obtained from Santa Cruze (Dallas, TX, United States; horseradish peroxidase (HRP)-conjugated Ggoat Aanti-mMouse immunoglobulin GIgG, HRP-conjugated Ggoat aAnti-Rrabbit immunoglobulin IgG were from ProteinTech (Chicago, IL, United States); Dual luciferase reporter kit (Cat. RG028) were was obtained from Beyotime Biotechnology (Shanghai, China).

Cell culture
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Human colon cancer cell lines HT29, SW480, and HCT116 and normal colonic epithelial cells NCM460 were obtained from America Type Culture Collection (Manassas, VA, United States) (ATCC). Human embryonic kidney cells HEK293T was were purchased from Shanghai Institute of Biochemistry and Cell biology, Chinese Academy of Sciences (Shanghai, China) (CAS). HEK293T cells were cultured in high-glucose Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS). , the HT29, SW480, HCT116, and NCM460 cell lines were maintained in Roswell Park Memorial Institute (RPMI) 1640 medium with added 10% FBS. All cell lines in this project were cultured with 100 U/mL penicillin, and 100 µg/mL streptomycin in a humidified 5% CO2 cell incubator at 37 °C. The cell passage was achieved with trypsin with 0.25% EDTA, and the maximum of the cell passage was controlled with 10 times.

Plasmid construction and transfection
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]The full length of Sp1 was cloned into pCMV-Myc vector to produce overexpression in cells. And tThe pSuper-neo system was used to knockdown Sp1 expression. And tThe oligo sequences for Sp1 lentiviral shRNA clones was were as followsed: 5’- CCG GGC TGG TGG TGA TGG AAT ACA TCT CGA GAT GTA TTC CAT CAC CAC CAG CTT TTT-3’[32]. All plasmids were verified by sequencing.
Before transfection, the cells culture medium was replaced with fresh medium. And tTransfections were carried out by using Lipofectamine 2000, andthen the cells were incubated with transfection solution for 6 h. T, the total medium was replaced with fresh medium with 10% FBS. The subsequent steps were conducted after additionalfurther 24 h in culture.

TCGA and UALCAN platform analysis
The expression of STC2 between in adjacent normal colonic tissues and colon tumor tissues were was analyzed using the TCGA COAD database (https://cancergenome.nih.gov/). Briefly, the expression and clinical information of COAD were downloaded with the GDC Data Portal (https://portal.gdc.cancer.gov/). The 41 normal colonic tissue samples and 286 colon tumor tissue samples were included in the analysis of the differentSTC2 expression of STC2.
[bookmark: OLE_LINK95][bookmark: OLE_LINK16]The promoter methylation level of STC2 was evaluated with beta value in UALCAN platform (http://ualcan.path.uab.edu/analysis.html), indicating the levels of DNA methylation ranging from 0 (unmethylated) to 1 (fully methylated). Different beta value cut-off has been considered as hyper-methylation (Beta calue:0.7-0.5) or hypo-methylation (Beta value:0.3-0.25).
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]The cumulative survival rate of TCGA COAD was is shown as a Kaplan-Meier plot. The top 50% expression of STC2 was considered the high expression group, and the bottom 50% expression of STC2 was considered the low expression group. These groups , which were compared by the log-rank test.

Promoter activity analysis
The potential promoter sequence of STC2 was analyzed by the GeneCopoeia promoter reporter clone platform (https://www.genecopoeia.com). The promoter sequence was obtained from the total genomic DNA of HT29 cells by polymerase chain reaction (PCR) method. The full length of 1530 nt of promoter was cloned to the Nhe Ⅰ/Xho Ⅰ of pGL3-basic vector, and the sequences of the primer were as follows: fForward primer, 5’-CTA GCT AGC AGG CTG GGC AAA GCA GG-3’, reverse primer, 5’-CCG CTC GAG GCG GAG CAT CGC GTG-3’. And tThe full length of the luciferase reporter plasmid was used as a template to clone other truncated reporter plasmids with the same method.

Luciferase reporter assay
The cells were seeded at 80000 cells/well in 24-well plates and transfected with different pGL3-STC2 reporter plasmids and the pRL-Rellina vector. Cells were cultured for For further an additional 24 h culture in complete medium, and . Tthe activity of reporter activity was measured with Dual-luciferase assay kit (Beyotime, Wuhan, China).

Western blotting assay
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]The cells were washed twice with by cold phosphate buffer saline (PBS) solution for twice and harvested with radioimmunoprecipitation assayRIPA lysis buffer containing 150 mmol/L NaCl, 50 mmol/L Tris (pH 7.4), 1 mmol/L EDTA, sodium deoxycholate, 1% (v/v) Triton X-100, 0.1% (w/v) SDS. The eEqual protein was electrophoresed separated on 10% sodium dodecyl sulfate polyacrylamide gel electrophoresisSDS-PAGE and transferred to polyvinylidene difluoridePVDF membrane (Roche, Rotkreuz, Switzerland). Subsequently, membranes were blocked in, followed by 5% non-fatty milk and blocking washed. And after washing with Tris-buffered saline (TBS, 10 mmol/L Tris, 150 mmol/L NaCl) containing 0.05% Tween-20 (TBST) for three times. The membranes were incubated with the indicatedindicating antibody at 4 °C overnight, rinsed, and then. The blots were incubated with HRP-conjugated anti-mouse or anti-rabbit antibody for another 1 h at room temperature. , and tThe blots were detected usingby an electrochemiluminescence (ECL) system.	Comment by author: How much?

RNA extraction and mRNA level analysis
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Total RNAs were isolated by TRIeasy total RNA extraction reagent (Yesen Biotech, Shanghai, China) and reverse transcribed by Hifair 1st strand cDNA synthesis kit (Yesen Biotech, Shanghai, China). , quantitative qPCR analysis was carried out using SYBR Green reverse transcriptionRT-PCR kits (TaKaRa, Tokyo, Japan). Relative mRNA levels of the target genes were normalized to β-actin levels. The primers were synthesized by Invitrogen (Shanghai Branch), which included: STC2 (forward: 5'-TTG AAA TGT AAG GCC CAC GC -3'; reverse: 5’-CAG GTC AGC AGC AAG TTC AC-3'), and β-actin (forward: 5'- CAT CCG CAA AGA CCT GTA CG-3'; reverse: 5’-CCT GCT TGC TGA TCC ACA TC -3'). The data wasere calculated by the 2- △△CT method.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]
Statistical analysis
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]All experiments were performed three times or more. The data were are presented as mean ± standard deviationSD. Statistics analysis was performed by Graphpad 7.0 software (La Jolla, CA, United States) using a two-tailed student's t tests. And P value less than 0.05 was considered statically significant.

RESULTS
STC2 is overexpressed in human COAD tissues
To determine the role of STC2 in COAD, the TCGA COAD database was used to analyze the transcript levels of STC2 in 286 cases COAD tissues and 41 cases normal colonic tissues. The results revealed that tThe transcript levels of STC2 was were significantly higher in COAD tissues than those from compared with the normal colonic tissues (Figure 1A). To analyzeFor further analysis the potential role of STC2 in the development of COAD, the expression of STC2 in different stages was determined. Ifurther conducted, and the data showed that even in the early stage (tumor stage Ⅰ), the expression of STC2 was higher in COAD tissues upregulated than inthe normal colonic tissues. Besides, tThe expression of STC2 was higher in the more advanced stages than in higher stage compared with the stage Ⅰ (Figure 1B). STC2 levels inFurthermore, with analysis of STC2 between primary colon tumor and colon tumor with liver metastasis were compared, and the expression of STC2 inand the results of Figure 1C showed, corresponding to the 18 cases of colon cancer with liver metastasis was increased 6-fold compared to 19 cases of primary COAD patients, the expression of STC2 was increased to 6-fold in 18 cases colon cancer patients with liver metastasis(Figure 1C). These results suggest that STC2 might play an important role in the COAD progression.

[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: _Hlk3816752][bookmark: _Hlk2345690]STC2 is hyper-methylated in colon cancer tissues and high expression shows lower survival rate
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK106]Considering STC2 was overexpressed in COAD, and its expression was positively correlated with the disease progression. Since many studies have showned that aberrant DNA methylation has a significant impact on the gene expression and prognosis in some cancers[33,34], and a previous study reported that reductingon the expression of DNA methyltransferase 1 (DNMT1) could stimulate STC2 expression[35], thus we hypothesized that the methylation might contribute to the overexpression of STC2. To verify this, the promoter DNA methylation data from TCGA Infinium HumanMethylation450K BeadChip arrays for COAD[36] was were subjected to analyze the methylation analysis of the STC2 promoter. A, and as shown in the Figure 2A, showed that the promoter methylation levels of STC2 in colon tumors wereas remarkably upregulated compared with the normal colonic tissues. This result, and the result suggests that the hypermethylation of the STC2 promoter might contribute to the overexpression of STC2 in colon tumor through regulating its transcriptional activity. 
Since STC2 is overexpressedthe overexpression of STC2 in COAD, weto determined the role of STC2 on the tumorigenesis of COAD and, the survival rate curve of TCGA COAD was performed. Compared with the group of low expression group of STC2 patients, the high expression group showed a notabley reduction inof survival rate. As shown inAnd in the Figure 1, we showed that STC2 was highly overexpressed in colon cancer tissues, and its expression was closely related to the development of the disease. Thus, these results indicate that increased expression of the STC2 might promotebe a prompting factor in the development of colon cancer, and that STC2 ishas the a potential as a prognostic biomarker and therapeutic target for colon cancer.

Identification of the human STC2 promoter core region
[bookmark: _Hlk2362048][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: _Hlk2431357][bookmark: OLE_LINK41][bookmark: OLE_LINK42]To study the mechanism of STC2 overexpression of STC2 in colon cancer, we cloned the constructs of the STC2 promoter region, including -1243/+286 (pGL3-STC2-p5), --985/+286 (pGL3-STC2-p4), -358/+286 (pGL3-STC2-p3), -61/+286 (pGL3-STC2-p2), and +100/+286 (pGL3-STC2-p1). Then,A dual luciferase reporter assay was performedsubjected to identify the promoter core region of STC2. AAnd as shown in the Figure 3A,  indicated that the pGL3-STC2-p3 inserted with inserting the -358/+286 promoter fragment exhibitedassessed the maximum luciferase reporter activity, indicating that the -358/+286 fragment is the core region of the STC2 promoter. Then, we examined the core region promoter activity in some cell lines, including HEK293T cells, normal colonic epithelial cells NCM460, SW480 cancer cells, HT29 cancer cells line, and HCT116 cancer cells. And wWe found that the promoter activity of STC2 in colon cells was significantly higher than that inthe the normal colonic cells NCM460 and HEK293T cells. In additionBesides, the HT29 exhibited the higher luciferase promoter activity than SW480 cancer cells and HCT116 cells (Figure 3B). Some evidence indicated that the HT29 cells was were the most aggressive with high-grade differentiated, and SW480 cells were was moderately differentiated, and the HCT116 cells werewas poorly differentiated[37,38]. Then tThe promoter activity of STC2 was positively correlated with the progression of colon cancer disease. And tThe mRNA levels of STC2 were measured in these cells, and the results showed that the order of mRNA expression levels in the three colon cancer cell lines was HT29, SW480, and HCT116 (Figure 3C). In additionBesides, the protein levels were assessed by western blotting, and the protein levels of STC2 in HEK293T, NCM460, HT29, SW480, and HCT116 cells were consistent with the mRNA levels (Figure 3D and E). Based on analysis ofWith analysis of the  promoter activity and, mRNA and protein levels, our results indicate that STC2 expression is increasedwas higher expressed  in colon cancer cells and this increase, which was related to the malignant levels.

Transcription factor binding sites prediction
[bookmark: _Hlk2437384]Our results showed the STC2 was highly expressed in colon cancer, and the promoter activity of STC2 was closely related with the mRNA and protein levels. Furthermore, theSince transcription factors plays important roles in the gene regulation, . Thus, we postulated that some transcription factors might be required for the overexpression of STC2 through binding its promoter region. To test this, the promoter core region of STC2 was analyzed usingby the TRANSFAC and LASAGNA tools. The STC2 promoter core region, along with some putative binding sites for transcriptional regulator, were used. As shown in the Figure 4 showed, the core region was GC rich (GC box) of GC box, which has beenwas reported to be a potential binding site for theof Sp1 transcription factor.

[bookmark: _Hlk3816893][bookmark: OLE_LINK49][bookmark: _Hlk2439981]Sp1 transcription factor is required for the promoter activity of STC2
Due to the potentialrich location of Sp1 binding sites in the core region of the STC2 promoter, we hypothesized that Sp1 has an important role in the regulation of STC2 promoter activity. To evaluate the contribution of Sp1, we constructed an overexpressing Sp1 plasmid, and transfected it into HCT116 and NCM460 cells. As shown in Figure 5A, overexpression of Sp1 could remarkably increased the promoter reporter activity in both HCT116 cancer cells and normal colonic NCM460 cells. To further confirm this result, SW480 colon cancer cells were similarly treatedsubjected, and the data showed that overexpression of Sp1 in SW480 could upregulate the promoter activity of STC2 in a dose dependent manner (Figure 5B). Moreover, knockdown of Sp1 in HT29 and SW480 cells also revealed that silencing of Sp1 could significantly downregulate the promoter activity (Figure 5C and D). These results confirmed that Sp1 transcription factor contributes to the promoter regulation of STC2.

Sp1 transcription factor is required for the expression of STC2
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]As Since transcription factor Sp1 contributes to the promoter activity of STC2, then we further confirmed the role of Sp1 in the expression of STC2. In STC2 low expressing HEK293T and NCM460 cells, overexpression of Sp1 could enhance the protein expression of STC2 (Figure 6A and B). And iIn STC2 high expressing HT29 and SW480 cells, knocking down the expression of Sp1 also decreased the expression of STC2 (Figure 6C and D). These results were are consistent with results on the promoter regulation shown in Figure 5.

DISSCUSION
Previous studies have shown that STC2 was closely associated with some cancers. On the one hand, some reports showed STC2 was an oncogene in gastric, esophageal, liver, colon cancers, and so on[20,22,24,29], . Bbut on, in the other hand, STC2 was reported as a tumor suppressor in breast cancer[39]. Thus, STC2 might play different regulatory functions in different diseases due to the heterogeneity of tumors. In order to fully study the expression of STC2 in colon cancer, the TCGA cancer database was searchedsubjected to identify the overexpression of STC2 in tumor tissues. T, and the data forof the survival rate, indicateding that high expression of STC2 predicted poor prognosis. Importantly, More important in this study, we fully evaluated the regulatory manner for the overexpression of STC2 in colon cancer. The mMethylation regulation plays an important role in the expression of genes[40], and wethen we found that in the colon cancer tissues that the promoter of STC2 was hyper-methylated compared  corresponding to the normal colonic tissues. Thus, the regulation of the methylation of thein  promoter might contribute to the overexpression of STC2 in colon cancer.
[bookmark: OLE_LINK115]Because ofConsidering the hyper-methylated of STC2 promoter, we analyzed the promoter region of STC2, and identified that the core region of the STC2 promoter waswas the  -358/+286 fragment. Remarkably, It is quite remarkable noting that the activity of the STC2 promoter was correlated with the protein and mRNA expression levels of STC2, suggesting that the transcriptional regulation is essential to the expression of STC2. And with aUpon analysis of the core region of STC2 promoter, a GC-rich region was identified. Previously,  box was distributed in a large number, and GC box was reported to be a potential binding site of the transcription factor Sp1[41,42]. , tThus, we hypothesized that Sp1 might be involved in the regulation of STC2 expression. The overexpression of Sp1 could upregulate the promoter activity of STC2 and enhance its expression levels. To confirm the role of Sp1 in the overexpression of STC2 in colon tumor tissues, knockdown of Sp1 was performed. subjected, and tThe results showed that silence of Sp1 expression also decreased the expression and promoter activity of STC2. Based onAnd with  these results, we concluded that thefirstly present that transcription factor Sp1 played an important role in the overexpression of STC2 in COAD.
[bookmark: _Hlk4071814]In this study, we reported that STC2 expression was high expressed in the COAD, and that the expression levels of STC2 was closely associated with the development of cancer. In additionBesides, the high expression of STC2 is linked torepresented low survival rate, suggesting that STC2 might be a novel biomarker for prognosis of COAD. Furthermore, oOur study is the first to report that the Sp1 transcription factor can regulate the expression of STC2 atin the transcription level. Thus, our findings provides new insights into the overexpression of STC2 in the COAD.

[bookmark: _Hlk5627588]ARTICLE HIGHLIGHTS
Research background
Up tTo date, growingmore and more evidence has showned that stanniocalcin 2 (STC2) might be a cancer-promoter in several cancer types. S, some reports demonstrated that the expression of STC2 was higher expressed in colon adenocarcinoma (COAD), but its significance needs further study as the effect of, especially the overexpression of STC2 in COAD remains unclear.

Research motivation
COAD is an aggressive cancer and is linked and with with high mortality rate. A pPrevious study has demonstrated that STC2 might beplay an oncogenic factor in the COAD. This study confirmed that STC2 iswas overexpressed in COAD, and, for the first time, showed that transcription factor Sp1 was essential to the expression of STC2. And tThese findings provide new insight intofor the oncogenic function of STC2	 in COAD.

Research objectives
We confirmed the expression of STC2 and its clinical significance in the COAD and, further evaluated the potential regulation mechanism for the overexpression of STC2.

Research methods
The expression of STC2 in COAD was confirmed with the TCGA database, and expression of STC2 in COAD with liver metastasis or not was confirmed by the GEO database. Further tThe methylation levels of the STC2 promoter was analyzed with the UALCAN tool. The sSurvival ofbetween the high expression of STC2 group and the low expression of STC2 group was determined using theconducted with Kaplan Meier methods. And the promoter of STC2 was conducted Theinto pGL3 luciferase reporter system to analyze the activity of STC2 promoter. Western blotting was performedsubjected to identify the expression of STC2 in several cell lines and evaluate the effect of Sp1 on the STC2 expression.

Research results
We confirmed that STC2 was overexpressed in the COAD, and that the expression of STC2 was positively correlated with the stage of COAD patients and liver metastasis, whereand high expression of STC2 predicted low survival. Interestingly, the promoter of STC2 was hyper-methylated. Through construction of several luciferase reporter systems of STC2 to evaluate its promoter activity, and we confirmed the core region of the STC2 promoter. Also, we firstly evaluated ifthat Sp1 was involved in the overexpression of STC2 in COAD.

Research conclusions
Our findings revealed  evaluated for the first time that transcription factor Sp1 was essential to the overexpression of STC2 in the COAD. , and Sp1 mediated the expression of STC2 through regulation of its promoter activity. Furthermore, the promoter of STC2 was hyper-methylation in COAD tumor tissues, suggesting that the hypermethylation of the STC2 promoter might be another factor contributing to the overexpression of STC2. These datafounding might provide a novel insight intofor the tumor-promoter function of STC2 in the COAD.

Research perspectives
In this study, we showed that Sp1 contributed to the overexpression of STC2 in the COAD, and that the promoter of STC2 was hyper-methylated. In the futureollowing, efforts should focus on the interaction between Sp1 and STC2 and the methylation of the promoter for the regulation of STC2 need further study.
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[bookmark: OLE_LINK104][bookmark: OLE_LINK113][bookmark: _Hlk6582828]Figure 1 STC2 was overexpressed in colon tumor tissues and contributed to the cancer development. A: The relative transcript expression of STC2 was conducted with normal (adjacent colorectal tissues, 41 cases) and colon tumor tissues (286 cases). b), cP < 0.001 vs normal;. B: The relative transcript expression of STC2 was evaluated in 274 cases colon tumor tissues with different disease condition, aP < 0.05 vs normal group, cP < 0.001 vs normal group;. C: With RNA-seq analysis of STC2 expression in primary colon cancer and liver metastatic colon cancer tissues of stage IV Ⅳ  patients (GSE50760). Subset 1: Primary colon cancer; Subset 2: Colon cancer with liver metastasis.; STC2: Stanniocalcin 2; FPKM: Fragments per kilobase million.
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[bookmark: _Hlk2246091][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK94][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Figure 2 STC2 was hyper-methylated in colon cancer tissues and the high expression of STC2 indicated the poor prognosis. A: Comparison of the promoter methylation level of STC2 inbetween 37 cases normal colon and 313 cases tumor tissues;. B: The cumulative survival rate was conducted between high and low expression of STC2. cP < 0.001 vs normal. STC2: Stanniocalcin 2.


c[image: ]
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 3 The core region of the STC2 promoter was -358/+286 nt and correlated with the protein levels. A: The relative promoter activity of different regions of the STC2 promoter were was evaluated by luciferase reporter assay in HT29 cells, cP < 0.001 vs pGL3-Basic;. B: The relative promoter activity of core region -358/+286 nt and (C: mRNA expression levels were examined in different cell lines, aP < 0.05, bP < 0.01, cP < 0.001 vs HEK293T;. D: Western blotting was subjected performed to examine the protein expression of STC2 in different cell lines;. E: The relative protein density of panel D was conducted by Quantity One software. bP < 0.01, cP < 0.001 vs HEK293T. STC2: Stanniocalcin 2.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: _Hlk2436513][bookmark: OLE_LINK150]Figure 4 The potential transcription factor Sp1 binding site in core region of STC2 promoter. The prediction of transcription factor binding sites by conducting matrices on the fly from TRANSFAC 4.0 and LASAGNA 2.0 sites. The Min mat conservation was set at 80% (high) and the Sim. of seq to mat. was set at 100% (matrix = seq). STC2: Stanniocalcin 2.
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[bookmark: OLE_LINK105]Figure 5 The transcription factor Sp1 was involved in the promoter activity of STC2. A: Overexpression of Sp1 and control vector in HCT116 and NCM460 cells, and the promoter activity were tested by luciferase reporter assay, cP < 0.001 vs Myc-Vector of individual cell group;. B: The dDifferent of Sp1 overexpression plasmids wereas transfected in SW480 cells, the promoter activity was examined after 24 h after transfection, cP < 0.001 vs Myc-Vector group;. C: Knockdown the of expression of Sp1 in HT29 and D: SW480 cell lines with different dose, and reporter activity was conducted after 48 h transfection, cP < 0.001 vs sh-Vector. STC2: Stanniocalcin 2.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 6 The transcription factor Sp1 contributed to the overexpression of STC2 in colon cancer cells. A: Overexpression of Sp1 in HEK293T and NCM460 cells. W, and western blotting was used to evaluate the protein expression of STC2;. B: The quantity of panel A protein density with Quantity One software, cP < 0.001 vs Myc-Vector of individual cell group;. C: Knocking down the expression of Sp1 with pSuper knockdown system in HT29 and SW480 cell lines. T, and the protein levels of STC2 was were evaluated with western blotting assay;. D: The quantity of panel C protein density with Quantity One software. cP < 0.001 vs sh-Vector of individual cell group. STC2: Stanniocalcin 2.
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(-358/-297) CCGCGTCGCCTGGGCAGTGGGTGATGAAACTTCCCAGGCGCATTACCGCAGAGGGCGCGGGC

(-235/-176) GGAGGGTGGGGACGGGGGGAGGGGCGAGTGCGCGCCAACGCCGGGTGCGTGCCCTGGGGL
::::Spl Sp]_
(-175/-114) GCTTGGGCGCGGCGCTCGTGTCCCCGCCCTCCCCCAGCCCTGCGAGCCCCCCGAGCTGCGCC

(-113/-53) GTGGGGTGACGGGACCGAGAGCAGTTCCTGTCCCCGGCCCCGGCGCGGGGGAGACGTGAGC
Spl

(-52/+10) GTGCACACGTACACACACAGCAGGGGAAGAGGCGCTCCAAGCGGCGCCCAACTTTCTCCTTCC

(+11/+72) CTCCACGGGCCGGGTGAGAAAGTAGCCGGGGGCTATCCCGACCCGGCGGTTCTTGGGGAGGG
:::Spl:::

(+73/+137) GGCCGAACAAGAAAAGGGAGGAGATGGAGATAACTTCCCCGGATTTAGCTTTTTTGTCTTTGTTT
(+138/+200) TTGTTCTCACCACTTCCATCGGATGACTGGAGAGTAAAAGGGAACCCGGAGCGGGGTGGCGAG
(+201/+264) CAGCGCTTTGAGAAAATGCAGGAGTGTGTTTGGAGACGCGTAAAGTTGCCTTTCAAGCTCTGGC

(+265/+286) CTCCGGGCACGCGATGCTCCGC
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