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The primary problem associated with fibrosarcoma is its high potential to metastasize to the lung. Aberrant expression of SAPCD2 has been widely reported to be implicated in the progression and metastasis in multiple cancer types. However, the clinical significance and biological roles of SAPCD2 in fibrosarcoma remain unknown. Here, we reported that SAPCD2 expression was markedly elevated in fibrosarcoma tissues, and its expression was differentially upregulated in fibrosarcoma cell lines compared with that in several primary fibroblast cell lines. Kaplan-Meier survival analysis revealed that SAPCD2 overexpression was significantly correlated with early progression and metastasis, and poor prognosis in fibrosarcoma patients. Our results further showed that silencing SAPCD2 inhibited the proliferation and increased the apoptosis of fibrosarcoma cells in vitro. Importantly, silencing SAPCD2 repressed lung metastasis of fibrosarcoma cells in vivo. Mechanistic investigation further demonstrated that silencing SAPCD2 inhibited the proliferation and lung metastasis of fibrosarcoma cells by activating the Hippo signaling pathway, as evidenced by the finding that constitutively active YAP1, YAP1-S127A, significantly reversed the inhibitory effect of SAPCD2 downregulation on the colony formation and anchorage-independent growth capabilities of fibrosarcoma cells, as well as the stimulatory effect on the apoptotic ratio of fibrosarcoma cells. In conclusion, SAPCD2 promotes the proliferation and lung metastasis of fibrosarcoma cells by regulating the activity of Hippo signaling, and this mechanism represents a potential therapeutic target for the treatment of lung metastatic fibrosarcoma.
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Introduction

Fibrosarcoma is a rare, highly malignant tumor of mesenchymal cell origin, and it is thought to be the most common malignant soft-tissue sarcoma in adults (1), accounting for approximately 3.6% of all malignant sarcomas in adults with a peak age ranging from 30 to 60 years old (2). Pathologically, fibrosarcoma is mainly derived from transformed spindle shaped fibroblasts characterized by an excessively high rate of division. The response rate of fibrosarcoma to radiation and chemotherapy has been reported to be low, although these treatments are broadly used as neoadjuvant and/or adjuvant therapeutic strategies (3). In this context, identification of novel gene candidates implicated in the development and progression of fibrosarcoma may facilitate accurate diagnosis and appropriate treatment plans.

Recently, the metastatic behavior of cancer, which contributes to the vast majority of cancer-related deaths (4), has increasing been a primary area of interest. Tumor metastasis is a progressive and dynamic process, which begins with escape from the primary tumor through epithelial-mesenchymal transition (EMT), continues to degradation of the extracellular matrix, intravasation into the blood/lymph vessel system, survival through anoikis resistance, extravasation from the blood/lymph vessel system, and colonization of and metastasis to distant organs, and ultimately results in the of new tumors in secondary organs through cell proliferation (5, 6). Fibrosarcoma is a type of cancer with high metastatic potential, and the most frequently observed metastatic sites of fibrosarcoma include the lung and lymph nodes. Among these metastasis, pulmonary metastases are a well-known complication of fibrosarcomatous tumors, which is common for these lesions to occur bilaterally (7–10). After metastasis to the lung, the formation of metastatic pulmonary tumors results in significant morbidity and poor survival due to late detection and diagnosis of fibrosarcoma at an advanced stage. Therefore, further identification of the lung metastasis-associated markers is of great importance for the early detection of lung metastasis and the development of novel anti-lung metastasis therapeutic strategies for the treatment of fibrosarcoma.

Since it was first identified in gastric cancer (11), suppressor anaphase-promoting complex domain containing 2 (SAPCD2), also referred to as C9orf140 or p42.3, has been shown to play an important role in controlling spindle orientation and divisions as a cell cycle-dependent factor (12). SAPCD2 located on human chromosome 9q42.3 encodes a 389-amino acid protein (42.3 kDa) with EF-Hand domain at the N-terminal and functional CC-domains at the C-terminus (13). Accumulating studies have reported that SAPCD2 is overexpressed in several types of human cancer, and that SAPCD2 overexpression promotes the proliferation, migration, and invasion of cancer cells by various mechanisms (11, 14–20). However, little is known about the clinical significance and functional role of SAPCD2 in fibrosarcoma, especially metastatic fibrosarcoma.

In the current study, our results demonstrated that SAPCD2 was upregulated in fibrosarcoma tissues and cell lines, and SAPCD2 overexpression predicted early progression and metastasis, and poor prognosis in fibrosarcoma patients. Loss-of-function experiments showed that silencing SAPCD2 inhibited the proliferation and increased the apoptosis of fibrosarcoma cells in vitro, and repressed the lung metastasis of fibrosarcoma cells in vivo. Our results further revealed that silencing SAPCD2 inhibited the proliferation and lung metastasis of fibrosarcoma cells by activating the Hippo signaling pathway. Therefore, our results reveal a novel mechanism by which SAPCD2 promotes the proliferation and lung metastasis of fibrosarcoma cells.



Materials and Methods


Cell Lines and Cell Culture

The normal fibroblast cells human dermal fibroblast primary cell (hDFPC), human lung fibroblasts primary cell (hLFPC), human mammary fibroblasts primary cell (hMFPC), human embryonic lung fibroblast (HFL1), and one fibrosarcoma cell HT-1080 were obtained from Procell (Wuhan, China). Another fibrosarcoma cell SW684 was obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). All cells cultured at 37°C in a humidified atmosphere with 5% CO2, and in different complete medium. hDFPC(CM-H103), hLFPC(CM-H011), hMFPC(CM-H172), HFL1(CM-H159), HT-1080(CM-0117), and SW684 was routinely cultured in Dulbecco’s Modified Eagle Medium (DMEM) medium supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine and penicillin/streptomycin (i.e., complete medium).



Patients and Tumor Tissues

All individual paraffin-embedded, archived samples, 54 benign fibroma tissues (Table 1), 48 dermatofibrosarcoma protuberans tissues without fibrosarcomatous change (Table 2), and 59 fibrosarcoma tissues (Table 3), were obtained during surgery at The First Affiliated Hospital of Sun Yat-sen University (Guangzhou, China) and Fuda Cancer Hospital, Jinan University School of Medicine (Guangzhou, China) between Between January 2008 and December 2013. Patients were diagnosed based on clinical and pathological evidence, and the specimens were immediately snap-frozen and stored in liquid nitrogen tanks. All sample tissues used in the current study were determined by two independent experienced pathologists. For the use of these clinical materials for research purposes, prior patients’ consents and approval from the Institutional Research Ethics Committee were obtained.


Table 1 | The basic information of 54 patients with fibroma for SAPCD2 immunohistochemical staining analysis.




Table 2 | The basic information of 48 patients with dermatofibrosarcoma protuberans for SAPCD2 immunohistochemical staining analysis.




Table 3 | The basic information of 59 patients with fibrosarcoma for SAPCD2 immunohistochemical staining analysis.





RNA Extraction, Reverse Transcription, and Real-Time PCR

Total RNA from tissues or cells was extracted using TRIzol (Life Technologies) according to the manufacturer’s instructions. Messenger RNA (mRNA) were polyadenylated using a poly-A polymerase-based First-Strand Synthesis kit (TaKaRa, DaLian, China) and reverse transcription (RT) of total mRNA was performed using a PrimeScript RT Reagent kit (TaKaRa) according to the manufacturer’s protocol. Complementary DNA (cDNA) was amplified and quantified on ABI 7500HT system (Applied Biosystems, Foster City, CA, USA) using SYBR Green I (Applied Biosystems). The primers used in the reactions were listed in Table 4. Real-time PCR was performed as described previously (21). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as endogenous controls. Relative fold expressions were calculated with the comparative threshold cycle (2−ΔΔCt) method according to the previous study (22).


Table 4 | A list of primers used in the reactions for real-time RT-PCR.





Plasmid and Transfection

Knockdown of endogenous SAPCD2 was performed by cloning two short hairpin RNA (shRNA) oligonucleotides into the pSUPER-puro-retro vector (OligoEngine, Seattle, WA, USA). Two separate shRNA fragments of SAPCD2 are listed in Table 5. Transfection of plasmids was performed using Lipofectamine 3000 (Life Technologies) according to the manufacturer’s instructions.


Table 5 | A list of primers used in the reactions for clone PCR.





Western Blotting Analysis

Nuclear/cytoplasmic fractionation was separated by using Cell Fractionation Kit (Cell Signaling Technology, USA) according to the manufacturer’s instructions, and the whole cell lysates were extracted using RIPA Buffer (Cell Signaling Technology). Western blot was performed according to a standard method, as described previously (23). Antibodies against p-MST1/2, MST1, p-LATS1, LATS1, p-YAP1, and YAP1 were purchased from Cell Signaling Technology, TAZ from Abcam, and SAPCD2 from ThermoFisher. The membranes were stripped and reprobed with an anti–α-tubulin antibody (Cell Signaling Technology) as the loading control.



Anchorage-Independent Growth Assay

A total of 500 cells were trypsinized and suspended in 2 ml of complete medium containing 0.3% agar (Sigma). This experiment was performed as previously described (24) and carried out three times independently for each cell line.



Flow Cytometric Analysis

Flow cytometric analyzed of apoptosis were used the Annexin V-FITC/PI Apoptosis Detection Kit (KeyGEN, China), and was presented as protocol described (25). The cell’s inner mitochondrial membrane potential (Δψm) was detected by flow cytometric using MitoScreen JC-1 staining kit (BD) (26). Briefly, cells were dissociated with trypsin and resuspended at 1 × 106 cells/ml in Assay Buffer, and then incubated at 37°C for 15 min with 10 μl/ml JC-1. Before analyzed by flow cytometer, cells were washed twice by Assay Buffer. Flow cytometry data were analyzed using FlowJo 7.6 software (TreeStar Inc., USA) as previously described (27).



Cell Counting Kit-8 Analysis

For cell counting kit-8 analysis, cells (2 × 103) were seeded into 96-well plates and the specific staining process and methods were performed according to the previous study (28).



Colony Formation Assay

The cells were trypsinized as single cell and suspended in the media with 10% FBS. The indicated cells (300 cells per well) were seeded into of 6-well plate for ~10–14 days. Colonies were stained with 1% crystal violet for 10 min after fixation with 10% formaldehyde for 5 min. Plating efficiency was calculated as previously described (29). Different colony morphologies were captured under a light microscope (Olympus).



Invasion Assay

The invasion assay was performed using Transwell chamber consisting of 8-mm membrane filter inserts (Corning) with coated Matrigel (BD Biosciences) as described previously (30). Briefly, the cells were trypsinized and suspended in serum-free medium. Then, 1.5 × 105 cells were added to the upper chamber, and lower chamber was filled with the culture medium supplemented with 10% FBS. After incubation for 24–48 h, cells passed through the coated membrane to the lower surface, where cells were fixed with 4% paraformaldehyde and stained with haematoxylin. The cell count was performed under a microscope (×100).



Gene Set Enrichment Analysis

Gene set enrichment analysis (GSEA) was performed using GSEA 2.2.1 (http://www.broadinstitute.org/gsea) as previously described (24). Briefly, we first downloaded the mRNA sequencing dataset of Fibrosarcoma from TCGA and procure the expression value of the corresponding genes from the Level 3 data of each sample (The unit was RNA-Seq by Expectation Maximization, RSEM); analyze the log2 value of each sample using Excel 2010 and GraphPad 5, as well as statistically analyze the RNA expression level of all Fibrosarcoma tissues using paired t-test or unpaired t-test performed by SPSS version 19.0 (SPSS Inc., Chicago, IL, USA); GSEA was performed with RNA sequencing dataset of Fibrosarcoma from TCGA as Expression dataset. The high and low expression level of SAPCD2 was stratified by the medium expression level of SAPCD2 in all Fibrosarcoma tissues. Gene set was performed by Molecular Signatures Database v5.2 (http://software.broadinstitute.org/gsea/msigdb) (all processing parameters as the default).



Animal Study

Four-week-old BALB/c-nu female mice weighing 15–20 g were maintained in a standard pathogen-free environment where the animals were housed in sterile cages under laminar flow hoods in a 20–26°C temperature controlled room with a 12-h light/12-h dark cycle and fed autoclaved chow and water. BALB/c-nu mice at 4–6 weeks of age were randomly divided into three groups (n = 6 per group) and the indicated HT-1080 cells (1 × 106) were injected into the lateral tail vein of the nude mice. The mice were sacrificed by inhaling CO2 on 36 days after inoculation. Lungs of each group of mice were dissected and fixed with 4% paraformaldehyde. Limbs were decalcified by gentle shaking in TE decalcifying solution (pH 7.4) for 4 weeks. All the tissues were finally paraffin embedded and subjected to hematoxylin and eosin (H&E). The number of tumor cell per mm2 was calculated as the previous study (31).



Immunohistochemistry

The immunohistochemistry procedure and scoring of SAPCD2 expression levels were performed as previously described (29). Scores given by two independent investigators were averaged for further comparative evaluation of SAPCD2 expression. The proportion of tumor cells was scored as follows: 0 (no positive tumor cells); 1 (<10% positive tumor cells); 2 (10–35% positive tumor cells); 3 (35–70% positive tumor cells); and 4 (>70% positive tumor cells). The staining intensity (SI) was graded according to the following criteria: 0 (no staining); 1 (weak staining, light yellow); 2 (moderate staining, yellow brown); and 3 (strong staining, brown). The staining index (SI) was calculated as the product of the SI score and the proportion of positive tumor cells. Using this method of assessment, we evaluated SAPCD2 expression in Fibrosarcoma samples by determining SI, with scores of 0, 1, 2, 3, 4, 6, 8, 9, or 12.



Luciferase Assay

Cells (4 × 104) were seeded in triplicate in 24-well plates and cultured for 24 h, and the luciferase reporter assay was performed as previously described (32). Cells were transfected with 100 ng HOP-Flash (Catalog # 83467, Addgene) or HIP-Flash luciferase reporter plasmid (Catalog # 83466, Addgene), plus 5 ng pRL-TK Renilla plasmid (Promega) using Lipofectamine 3000 (Invitrogen) according to the manufacturer’s recommendation. Luciferase and Renilla signals were measured 36 h after transfection using a Dual Luciferase Reporter Assay Kit (Promega) according to the manufacturer’s protocol.



Statistical Analysis

All values are presented as means ± standard deviation (SD). Significant differences were determined using GraphPad 5.0 software (USA). Student’s t-test was used to determine statistical differences between two groups. One-way ANOVA was used to determine statistical differences between multiple testing. The chi-square test was used to analyze the relationship between SAPCD2 expression and clinicopathological characteristics. Survival curves were plotted using the Kaplan Meier method and compared by log-rank test. P < 0.05 was considered significant. All the experiments were repeated three times.




Results


SAPCD2 Expression Is Increased in Fibrosarcoma Tissues and Cell Lines

First, the expression of SAPCD2 in hDFPCs, human lung fibroblast primary cells (hLFPCs), human mammary fibroblast primary cells (hMFPCs), human embryonic lung fibroblasts (HFL1), and two fibrosarcoma cell lines, HT-1080 and SW 684, was examined by real-time PCR and western blot. As shown in Figure 1A, the mRNA and protein expression levels of SAPCD2 were dramatically upregulated in the HT-1080 cells and SW 684 cells compared with those in the four noncancerous fibroblast cell lines. We further measured SAPCD2 expression in 54 benign fibroma samples, 48 low-level malignant dermatofibrosarcoma protuberans without fibrosarcomatous change (DFSP) samples and 59 highly malignant fibrosarcoma samples by immunohistochemical staining (IHC), and found that SAPCD2 expression was significantly elevated in the fibrosarcoma tissues compared with that in the benign fibroma tissues and DFSP tissues (Figures 1B–D). These findings demonstrated that SAPCD2 is upregulated in clinical fibrosarcoma tissues and cell lines.




Figure 1 | SAPCD2 is upregulated in fibrosarcoma tissues and cells. (A) Real-time PCR and Western blotting analysis of SAPCD2 expression in 4 normal fibroblast cell lines, including human dermal fibroblast primary cell (hDFPC), human lung fibroblasts primary cell (hLFPC), human mammary fibroblasts primary cell (hMFPC), Human embryonic lung fibroblast (HFL1), and 2 fibrosarcoma cell lines HT-1080 and SW684. GAPDH was used as endogenous controls in RT-PCR and α-Tubulin was detected as a loading control in the Western blot. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (B) Representative images of SAPCD2 expression in benign fibroma, dermatofibrosarcoma protuberans (DFSP), and fibrosarcoma tissues. (C) The number of fibroma, DFSP, and fibrosarcoma tissues stratified by staining index of IHC. (D) Immunohistochemical staining index of SAPCD2 in fibroma, DFSP, and fibrosarcoma tissues. n.s. indicates no significance.





Overexpression of SAPCD2 Is Correlated With Early Progression and Metastasis, and Poor Prognosis

The clinical significance of SAPCD2 in fibrosarcoma was further investigated. Based on the SI of the 66 fibrosarcoma samples examined above by IHC, low and high SAPCD2 expression was stratified by the following criteria: SI ≤ 3 was used to define fibrosarcoma tissues with low SAPCD2 expression, and SI ≥ 4 was used to define fibrosarcomatissues with high SAPCD2 expression. Kaplan-Meier survival analysis further showed that fibrosarcoma patients with high SAPCD2 expression had poorer overall survival than those with low SAPCD2 expression (Figure 2A). Furthermore, compared with downexpression of SAPCD2, overexpression of SAPCD2 predicted shortened progression-free and distant metastasis-free survival in fibrosarcoma patients (Figures 2B, C). Statistical analysis revealed that overexpression of SAPCD2 was significantly and positively correlated with metastatic status in fibrosarcoma patients (P = 0.028, Table 6). Consistently, our results were further supported by the findings from the fibrosarcoma datasets from TCGA that fibrosarcoma patients with high SAPCD2 expression exhibited poor overall survival and early progression-free survival compared with those with low SAPCD2 expression (Figures 2D, E). Therefore, our results indicated that overexpression of SAPCD2 is significantly correlated with early progression and metastasis, and poor overall prognosis in fibrosarcoma patients.




Figure 2 |  Overexpression of SAPCD2 correlates with advanced clinicopathological features and poor prognosis in fibrosarcoma patients. (A–C) Kaplan-Meier analysis of overall survival (OS) (A), progression-free survivals (PFS) (B), and distant metastasis-free survival (DMFS) (C) in fibrosarcoma patients with low SAPCD2 expression versus high SAPCD2 expression. (D–E) Kaplan-Meier analysis of overall survival (OS) (D) and progression-free survivals (PFS) (E) in fibrosarcoma patients with low SAPCD2 expression versus high SAPCD2 expression from TCGA.




Table 6 | The relationship between SAPCD2 protein level and clinical pathological characteristics in 59 patients with fibrosarcoma.





Silencing SAPCD2 Inhibits Lung Colonization and Primary Growth of Fibrosarcoma Cells In Vivo

As a type of cancer with high metastatic potential, fibrosarcoma exhibits high avidity to metastasize to the lung (7–10). Hence, the effect of SAPCD2 on the local lung colonization of fibrosarcoma cells was further evaluated in vivo. We first knocked down the endogenous expression of SAPCD2 in HT-1080 and SW684 cells (Figures 3A, B), both of which express high levels of SAPCD2 (Figure 1A). A mouse model involving injection of HT-1080 cells via the tail vein was used to evaluate the effect of SAPCD2 on the lung metastasis of fibrosarcoma cells in vivo, and a schematic of the model is shown in Figure 3C. Mice were randomly divided into three groups (n = 6/group). Then, vector control HT-1080 cells and SAPCD2-silenced HT-1080 cells were injected into the tail veins of the mice. As shown in Figures 3D–F, compared with the vector control, silencing SAPCD2 not only reduced the formation of lung nodules and the number of cancer cells per mm2 but also extended the cumulative survival time of the mice. In subcutaneous xenografts, silencing SAPCD2 dramatically attenuated the primary growth and tumorigenic abilities of fibrosarcoma cells in vivo, as demonstrated by the reduced tumor volume and tumor weight in the mice inoculated with SAPCD2-silenced fibrosarcoma cells (Figures 3G–I). These findings demonstrated that silencing SAPCD2 inhibits the lung colonization and primary growth abilities of fibrosarcoma cells in vivo.




Figure 3 | Silencing SAPCD2 inhibits lung metastasis of fibrosarcoma cells in vivo. (A, B) Real-time PCR and Western blotting analysis of SAPCD2 expression in the indicated fibrosarcoma cells. GAPDH was used as endogenous controls in RT-PCR and α-Tubulin was detected as a loading control in the Western blot. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (C) Schematic model illustrating the time and route of HT-1080 cell (vec. or SAPCD2-sh#1/2 stable cell lines) administration in a mouse model of lung metastasis. (D) Representative images of the lung metastases formed and hematoxylin-eosin staining from the indicated cells in the mice. The numbers of lung tumor nests in each group was counted under a low power field and are presented as the median values ± quartile values (right panel). *P < 0.05. (E) The quantification of the number of fibrosarcoma cells (per mm3) in the indicated tumor tissues. Error bars represent the mean ± SD values. *P < 0.05. (F) Kaplan-Meier survival curves from the indicated mice groups. (G) Images of excised tumors from the mice at 30 days after injection with the indicated cells. (H) Tumor volumes were measured every 5 days. Each bar represents the median values ± quartile values. (I) Average weight of excised tumors from the indicated mice. Each bar represents the median values ± quartile values. *P < 0.05.





Silencing SAPCD2 Inhibits Proliferation and Promotes Apoptosis

A CCK-8 assay was first carried out to examine the effect of SAPCD2 downregulation on fibrosarcoma cells. The results showed that silencing SAPCD2 reduced the cell proliferation ability of HT-1080 and SW684 cells (Figures 4A, B). Moreover, silencing SAPCD2 decreased the colony-formation capability of HT-1080 and SW684 cells, as determined by colony formation assay (Figure 4C). An anchorage-independent growth assay was further carried out, and the results showed that silencing SAPCD2 inhibited the anchorage-independent growth ability of HT-1080 and SW684 cells (Figure 4D). Conversely, silencing SAPCD2 enhanced the apoptotic ratio of HT-1080 and SW684 cells (Figure 4E). In addition, silencing SAPCD2 had no significant effect on invasion ability of HT-1080 and SW684 cells (Figure 4F). Therefore, our results revealed that silencing SAPCD2 inhibits the proliferation and promotes the apoptosis of fibrosarcoma cells in vitro.




Figure 4 | Downregulation of SAPCD2 retards the proliferation and anoikis resistance of fibrosarcoma cells in vitro. (A, B) The effect of silencing SAPCD2 on the proliferation rate in HT-1080 and SW684 cells by CCK-8 assay. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (C) The effect of silencing SAPCD2 on the colony-forming ability in HT-1080 and SW684 cells by colony formation assay. (D) The effect of silencing SAPCD2 on the anchorage-independent growth ability in HT-1080 and SW684 cells by anchorage-independent growth assays. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (E) The effects of SAPCD2 on apoptotic ratio in the indicated fibrosarcoma cells via annexin V-FITC/PI staining. Error bars represent the mean ± S.D. of three independent experiments. *P < 0.05. (F) The effect of SAPCD2 on the invasion ability in the indicated fibrosarcoma cells. Error bars represent the mean ± S.D. of three independent experiments.





Silencing SAPCD2 Activates the Hippo Signaling Pathway

To further elucidate the underlying mechanism by which SAPCD2 regulates the lung colonization and cell proliferation of fibrosarcoma cells, GSEA was performed. As shown in Figure 5A, the expression of SAPCD2 was highly correlated with the signatures of Hippo signaling, supporting the notion that Hippo signaling may mediate the inhibitory effect of silencing SAPCD2 on the lung colonization and cell proliferation of fibrosarcoma cells. Luciferase reporter analysis showed that silencing SAPCD2 reduced the luciferase reporter activity of HOP-Flash, but not that of HIP-Flash, suggesting that silencing SAPCD2 inhibited TEAD-dependent luciferase activity in fibrosarcoma cells (Figure 5B). Western blotting analysis revealed that SAPCD2 downregulation increased the expression levels of phosphorylated MST1/2 (p-MST1/2), phosphorylated LATS1 (p-LATS1), and phosphorylated YAP1 (p-YAP1), and decreased the nuclear translocation of YAP and TAZ, which are downstream effectors of Hippo signaling; however, SAPCD2 downregulation had no effect on the total levels of MST1 and LATS1 in fibrosarcoma cells (Figure 5C). Real-time PCR analysis showed that silencing SAPCD2 decreased expression levels of multiple downstream genes of the Hippo pathway, including CTGF, CYR61, SOX9, HOXA1, RPL13A, and PPIA in fibrosarcoma cells (Figure 5D). Importantly, western blot analysis further revealed that the nuclear expression levels of YAP1 and TAZ were robustly upregulated in HT-1080 and SW 684 cells compared with four noncancerous fibroblast cell lines, including hDFPC, hLFPC, hMFPC, and HFL1 (Figure 5E). Taken together, these findings indicated that silencing SAPCD2 activates the Hippo signaling pathway in fibrosarcoma cells.




Figure 5 | SAPCD2 inactivates Hippo signaling pathway. (A) GSEA analysis showed that SAPCD2 expression level was associated with the Hippo signaling. (B) TEAD transcriptional activity was assessed by HOP-Flash luciferase reporter in the indicated cells. Error bars represent the mean ± S.D. of three independent experiments. *P < 0.05. (C) Western blot analysis of total p-MST1/2, MST1, p-LATS1, LATS1, p-YAP1, YAP1 expression and nuclear YAP, TAZ expression in the indicated cells. α-Tubulin was detected as a loading control and nuclear protein p84 was used as the nuclear protein marker. (D) Real-time PCR analysis of CTGF, CYR61, SOX9, HOXA1, RPL13A, and PPIA in the indicated cells. Error bars represent the mean ± S.D. of three independent experiments. *P < 0.05. (E) Western blotting analysis of SAPCD2 expression in 4 normal fibroblast cell lines, including human dermal fibroblast primary cell (hDFPC), human lung fibroblasts primary cell (hLFPC), human mammary fibroblasts primary cell (hMFPC), Human embryonic lung fibroblast (HFL1), and 2 fibrosarcoma cell lines HT-1080 and SW684. α-Tubulin was detected as a loading control.





Activation of the Hippo Signaling Pathway Mediates the Inhibitory Role of SAPCD2 Downregulation in the Proliferation of Fibrosarcoma Cells

To determine the functional role of Hippo signaling in SAPCD2 downregulation-mediated inhibition of fibrosarcoma cell proliferation, constitutively active YAP1, YAP1-S127A (33), was added in SAPCD2-silenced HT-1080 and SW684 cells. First, YAP1-S127A dramatically increased the luciferase reporter activity of HOP-Flash in SAPCD2-silenced HT-1080 and SW684 cells (Figure 6A). Importantly, YAP1-S127A significantly reversed the inhibitory effect of SAPCD2 downregulation on the colony formation and anchorage-independent growth capabilities of HT-1080 and SW684 cells (Figures 6B, C). In contrast, YAP1-S127A markedly reduced the apoptotic ratio of SAPCD2-silenced HT-1080 and SW684 cells (Figure 6D). Collectively, these results indicated that silencing SAPCD2 inhibits proliferation and promotes apoptosis by activating the Hippo signaling pathway in fibrosarcoma cells.




Figure 6 | SAPCD2 promotes proliferation and anoikis resistance via inactivates Hippo signaling pathway in fibrosarcoma cells. (A) YAP1-S127A reversed the TEAD transcriptional activity repressed by downregulation of SAPCD2 assessed by HOP-Flash luciferase reporter. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (B, C) YAP1-S127A reversed the inhibitory effects of SAPCD2 downregulation on colony-forming ability (B) and anchorage-independent growth capability (C) in fibrosarcoma cells. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05. (D) YAP1-S127A reversed the pro-apoptotic role of SAPCD2 downregulation on in fibrosarcoma cells. Each bar represents the mean values ± SD of three independent experiments. *P < 0.05.






Discussion

The primary findings of the current study shed light on the critical role of SAPCD2 in the lung metastasis of fibrosarcoma. In the current study, our results demonstrated that overexpression of SAPCD2 was observed in fibrosarcoma tissues, and was associated with early progression and metastasis, and poor prognosis in fibrosarcoma patients. Silencing SAPCD2 inhibited the proliferation and increased the apoptosis of fibrosarcoma cells in vitro, and repressed the lung metastasis of fibrosarcoma cells in vivo. Mechanistic investigation further demonstrated that silencing SAPCD2 inhibited the proliferation and lung metastasis of fibrosarcoma cells by activating the Hippo signaling pathway. Therefore, our results determine an oncogenic role of SAPCD2 in the lung metastasis of fibrosarcoma.

Since its discovery, SAPCD2 has attracted great interest regarding its role in the context of cancer studies. SAPCD2 has been reported to be upregulated in various kinds of tumors, including breast cancer (34), gastric cancer (11), hepatocellular carcinoma (17), colorectal carcinoma (14), glioblastoma (19), nasopharyngeal carcinoma (15), lung adenocarcinoma (16), melanoma (18), and renal cell cancer (20). SAPCD2 further promotes progression and metastasis in different human types of cancer by activating the Wnt/β-catenin, JAK/STAT, TGF-β, MAPK, and NF-κB signaling pathways, all of which have been reported to play crucial roles in cancer progression and metastasis (35–40). However, the clinical significance and biological function of SAPCD2 in fibrosarcoma remain poorly known. In this study, our results showed that SAPCD2 is dramatically upregulated in clinical fibrosarcoma tissues, and this upregulation is significantly correlated with early progression and metastasis, and poor overall prognosis in fibrosarcoma patients. Loss-of-function assays showed that silencing SAPCD2 not only attenuated the proliferation and promoted the apoptosis of fibrosarcoma cells in vitro, but also inhibited the lung metastasis of fibrosarcoma cells in vivo. Mechanistically, our results further demonstrated that silencing SAPCD2 inhibited cell proliferation by the activating Hippo signaling pathway. Therefore, our findings in the current study reveal a novel mechanism by which SAPCD2 promotes the lung metastasis of fibrosarcoma, and identify a critical role of SAPCD2 in the lung metastasis of fibrosarcoma.

Several lines of evidence have reported that SAPCD2 may serve as a valuable prognostic marker in different types of cancer. A recent study by Jia and colleagues have reported that the PXN-AS1-L-induced increased expression of SAPCD2 by disrupting the binding of the microRNAs-mediated silencing complex to SAPCD2 predicted a worse prognosis in nasopharyngeal carcinoma patients (15). Moreover, SAPCD2 expression was reported to be significantly upregulated in breast cancer tissues, and its expression was further increased with advanced tumor stage. Importantly, breast cancer patients with high SAPCD2 expression had poorer overall survival rates than those with low SAPCD2 expression (34). However, the clinical significance of SAPCD2 in the progression and metastasis of fibrosarcoma is largely unknown. In the current study, our results showed that SAPCD2 expression was elevated in clinical fibrosarcoma tissues and was significantly correlated with early progression, distant metastasis, and poor overall survival in fibrosarcoma patients. Importantly, our results further demonstrated that silencing SAPCD2 inhibited the lung metastasis of fibrosarcoma cells in lung colonization models in vivo. Taken together, our findings suggest that SAPCD2 may have favorable prospects as a potential prognostic marker in fibrosarcoma. However, larger sample sizes in prospective studies are warranted in order to draw a more solid conclusion

As a tumor-suppressive pathway, inactivation of Hippo signaling has been extensively reported to be involved in the progression and metastasis of numerous types of cancer (41, 42), including fibrosarcoma (43–45). On the one hand, core components of the Hippo pathway MST1/2 and LATS1/2 were downregulated, and this downregulation was involved in the inactivation of Hippo signaling (46, 47); on the other hand, upregulation of the Hippo pathway transcription coactivators YAP and TAZ further exacerbated inactivation of the Hippo signaling, promoting the development and progression of cancers (48). To the best of our knowledge, in this study, we demonstrated for the first time that, silencing SAPCD2 activated the Hippo signaling in fibrosarcoma cells, as indicated by the reduced luciferase reporter activity of HOP-Flash, decreased nuclear expression of YAP and TAZ, decreased expression levels of multiple downstream genes of the Hippo pathway, and increased expression levels of p-MST1 and p-LATS1 in fibrosarcoma cells. Importantly, constitutively active YAP1, YAP1-S127A (33), significantly reversed the inhibitory effect of SAPCD2 downregulation on the colony formation and anchorage-independent growth capabilities of HT-1080 and SW684 cells, and markedly reduced the apoptotic ratio of SAPCD2-silenced HT-1080 and SW684 cells. Notably, a study by Zhang et al. has reported that inactivation of Hippo signaling mediated the role of SAPCD2 overexpression in promoting the viability, and invasion ability of breast cancer cells (34). Collectively, our findings in combination with existing reports indicate that the activation of the Hippo signaling pathway plays an important role in mediating the functional role of SAPCD2 in tumor growth and metastasis, at least in the context of of fibrosarcoma and breast cancer. However, the specific mechanism by which SAPCD2 inactivates Hippo signaling, which is a major shortcoming of the current study deserving further clarification in the future work.

In summary, our findings demonstrated that SAPCD2 functions as an oncogenic regulator to promote the proliferation and lung metastasis of fibrosarcoma cells by inactivating the Hippo signaling pathway. A better understanding of the underlying mechanism and the functional role of SAPCD2 in the pathogenesis of lung metastatic fibrosarcoma will facilitate the development of an anti-metastatic therapeutic strategy for the treatment of fibrosarcoma.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary materials. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Clinical ethics committee of Sun Yat-sen University. The patients/participants provided their written informed consent to participate in this study. The animal study was reviewed and approved by Animal ethics committee of Sun Yat-sen University.



Author Contributions

WF and JL conceived the project and drafted the manuscript. BZ and Mingjun Bai conducted the experiments and contributed to the analysis of data. YW, LN, and WY analyzed the informatics data. MX and HW performed IHC and the analysis of data. JY edited and revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was granted by the National Natural Science Foundation of China (grant number 81701799) and Natural Science Foundation of Guangdong Province (grant number 2017A030310196).



Acknowledgments

We thank Mingjun Bai for advice on the experiments and the analysis of data.



References

1. Folpe, AL. Fibrosarcoma: a review and update. Histopathology (2014) 64:12–25. doi: 10.1111/his.12282

2. Toro, JR, Travis, LB, Wu, HJ, Zhu, K, Fletcher, CD, and Devesa, SS. Incidence patterns of soft tissue sarcomas, regardless of primary site, in the surveillance, epidemiology and end results program, 1978-2001: An analysis of 26,758 cases. Int J Cancer J Int Du Cancer (2006) 119:2922–30. doi: 10.1002/ijc.22239

3. Augsburger, D, Nelson, PJ, Kalinski, T, Udelnow, A, Knosel, T, Hofstetter, M, et al. Current diagnostics and treatment of fibrosarcoma -perspectives for future therapeutic targets and strategies. Oncotarget (2017) 8:104638–53. doi: 10.18632/oncotarget.20136

4. Pantel, K, and Brakenhoff, RH. Dissecting the metastatic cascade. Nat Rev Cancer (2004) 4:448–56. doi: 10.1038/nrc1370

5. Baranwal, S, and Alahari, SK. miRNA control of tumor cell invasion and metastasis. Int J Cancer J Int Du Cancer (2010) 126:1283–90. doi: 10.1002/ijc.25014

6. Murphy, G, and Nagase, H. Progress in matrix metalloproteinase research. Mol Aspects Med (2008) 29:290–308. doi: 10.1016/j.mam.2008.05.002

7. Turnage, WS, Gill-Murdoch, C, McKeown, PP, and Conant, P. Bilateral thoracoscopy and limited thoracotomy. A combined approach for the resection of metastatic fibrosarcoma. Chest (1994) 106:935–6. doi: 10.1378/chest.106.3.935

8. Dey, S, Sayers, CM, Verginadis, II, S.L. Lehman, Y, Cerniglia, GJ, Tuttle, SW, et al. ATF4-dependent induction of heme oxygenase 1 prevents anoikis and promotes metastasis. J Clin Invest (2015) 125:2592–608. doi: 10.1172/JCI78031

9. Luo, H, Lu, L, Yang, F, Wang, L, Yang, X, Luo, Q, et al. Nasopharyngeal cancer-specific therapy based on fusion peptide-functionalized lipid nanoparticles. ACS Nano (2014) 8:4334–47. doi: 10.1021/nn405989n

10. Chand, HS, Du, X, Ma, D, Inzunza, HD, Kamei, S, Foster, D, et al. The effect of human tissue factor pathway inhibitor-2 on the growth and metastasis of fibrosarcoma tumors in athymic mice. Blood (2004) 103:1069–77. doi: 10.1182/blood-2003-06-1930

11. Xu, X, Li, W, Fan, X, Liang, Y, Zhao, M, Zhang, J, et al. Identification and characterization of a novel p42.3 gene as tumor-specific and mitosis phase-dependent expression in gastric cancer. Oncogene (2007) 26:7371–9. doi: 10.1038/sj.onc.1210538

12. Chiu, CWN, Monat, C, Robitaille, M, Lacomme, M, Daulat, AM, Macleod, G, et al. SAPCD2 Controls Spindle Orientation and Asymmetric Divisions by Negatively Regulating the Galphai-LGN-NuMA Ternary Complex. Dev Cell (2016) 36:50–62. doi: 10.1016/j.devcel.2015.12.016

13. Zhang, J, Lu, C, Shang, Z, Xing, R, Shi, L, and Lv, Y. p42.3 gene expression in gastric cancer cell and its protein regulatory network analysis. Theor Biol Med Model (2012) 9:53. doi: 10.1186/1742-4682-9-53

14. Luo, Y, Wang, L, Ran, W, Li, G, Xiao, Y, Wang, X, et al. Overexpression of SAPCD2 correlates with proliferation and invasion of colorectal carcinoma cells. Cancer Cell Int (2020) 20:43. doi: 10.1186/s12935-020-1121-6

15. Jia, X, Niu, P, Xie, C, and Liu, H. Long noncoding RNA PXN-AS1-L promotes the malignancy of nasopharyngeal carcinoma cells via upregulation of SAPCD2. Cancer Med (2019) 8:4278–91. doi: 10.1002/cam4.2227

16. Kim, YI, Lee, J, Choi, YJ, Seo, J, Park, J, Lee, SY, et al. Proteogenomic Study beyond Chromosome 9: New Insight into Expressed Variant Proteome and Transcriptome in Human Lung Adenocarcinoma Tissues. J Proteome Res (2015) 14:5007–16. doi: 10.1021/acs.jproteome.5b00544

17. Sun, W, Dong, WW, Mao, LL, Li, WM, Cui, JT, Xing, R, et al. Overexpression of p42.3 promotes cell growth and tumorigenicity in hepatocellular carcinoma. World J Gastroenterol WJG (2013) 19:2913–20. doi: 10.3748/wjg.v19.i19.2913

18. Liu, H, Zhu, M, Li, Z, Wang, Y, Xing, R, Lu, Y, et al. Depletion of p42.3 gene inhibits proliferation and invasion in melanoma cells. J Cancer Res Clin Oncol (2017) 143:639–48. doi: 10.1007/s00432-016-2328-8

19. Wan, W, Xu, X, Jia, G, Li, W, Wang, J, Ren, T, et al. Differential expression of p42.3 in low- and high-grade gliomas. World J Surg Oncol (2014) 12:185. doi: 10.1186/1477-7819-12-185

20. Li, PH, Cao, WJ, Mao, LL, Huang, H, Zheng, JN, and Pei, DS. p42.3 promotes cell proliferation and invasion in human Renal-Cell Carcinoma. Int J Clin Exp Med (2014) 7:4959–66.

21. Miller, N, Feng, Z, Edens, BM, Yang, B, Shi, H, Sze, CC, et al. Non-aggregating tau phosphorylation by cyclin-dependent kinase 5 contributes to motor neuron degeneration in spinal muscular atrophy. J Neurosci Off J Soc Neurosci (2015) 35:6038–50. doi: 10.1523/JNEUROSCI.3716-14.2015

22. Dai, Y, Ren, D, Yang, Q, Cui, Y, Guo, W, Lai, Y, et al. The TGF-beta signalling negative regulator PICK1 represses prostate cancer metastasis to bone. Br J Cancer (2017) 117(5):685–94. doi: 10.1038/bjc.2017.212

23. Shi, H, Deng, HX, Gius, D, Schumacker, PT, Surmeier, DJ, and Ma, YC. Sirt3 protects dopaminergic neurons from mitochondrial oxidative stress. Hum Mol Genet (2017) 26:1915–26. doi: 10.1093/hmg/ddx100

24. Zhang, X, Ren, D, Guo, L, Wang, L, Wu, S, Lin, C, et al. Thymosin beta 10 is a key regulator of tumorigenesis and metastasis and a novel serum marker in breast cancer. Breast Cancer Res BCR (2017) 19:15. doi: 10.1186/s13058-016-0785-2

25. Ren, D, Lin, B, Zhang, X, Peng, Y, Ye, Z, Ma, Y, et al. Maintenance of cancer stemness by miR-196b-5p contributes to chemoresistance of colorectal cancer cells via activating STAT3 signaling pathway. Oncotarget (2017) 8(30):49807–23. doi: 10.18632/oncotarget.17971

26. Miller, N, Shi, H, Zelikovich, AS, and Ma, YC. Motor neuron mitochondrial dysfunction in spinal muscular atrophy. Hum Mol Genet (2016) 25:3395–406. doi: 10.1093/hmg/ddw262

27. Edens, BM, Vissers, C, Su, J, Arumugam, S, Xu, Z, Shi, H, et al. FMRP Modulates Neural Differentiation through m(6)A-Dependent mRNA Nuclear Export. Cell Rep (2019) 28:845–54 e5. doi: 10.1016/j.celrep.2019.06.072

28. Li, X, Liu, F, Lin, B, Luo, H, Liu, M, Wu, J, et al. miR150 inhibits proliferation and tumorigenicity via retarding G1/S phase transition in nasopharyngeal carcinoma. Int J Oncol (2017) 50(4):1097–108. doi: 10.3892/ijo.2017.3909

29. Chen, J, Liu, A, Wang, Z, Wang, B, Chai, X, Lu, W, et al. LINC00173.v1 promotes angiogenesis and progression of lung squamous cell carcinoma by sponging miR-511-5p to regulate VEGFA expression. Mol Cancer (2020) 19:98. doi: 10.1186/s12943-020-01217-2

30. Wa, Q, Li, L, Lin, H, Peng, X, Ren, D, Huang, Y, et al. Downregulation of miR19a3p promotes invasion, migration and bone metastasis via activating TGFbeta signaling in prostate cancer. Oncol Rep (2017) 39(1):81–90. doi: 10.3892/or.2017.6096

31. Chen, J, Liu, A, Lin, Z, Wang, B, Chai, X, Chen, S, et al. Downregulation of the circadian rhythm regulator HLF promotes multiple-organ distant metastases in non-small cell lung cancer through PPAR/NF-kappab signaling. Cancer Lett (2020) 482:56–71. doi: 10.1016/j.canlet.2020.04.007

32. Zhang, X, Zhang, L, Lin, B, Chai, X, Li, R, Liao, Y, et al. Phospholipid Phosphatase 4 promotes proliferation and tumorigenesis, and activates Ca2+-permeable Cationic Channel in lung carcinoma cells. Mol Cancer (2017) 16:147. doi: 10.1186/s12943-017-0717-5

33. Liu, J, Ye, L, Li, Q, Wu, X, Wang, B, Ouyang, Y, et al. Synaptopodin-2 suppresses metastasis of triple-negative breast cancer via inhibition of YAP/TAZ activity. J Pathol (2018) 244:71–83. doi: 10.1002/path.4995

34. Zhang, Y, Liu, JL, and Wang, J. SAPCD2 promotes invasiveness and migration ability of breast cancer cells via YAP/TAZ. Eur Rev Med Pharmacol Sci (2020) 24:3786–94.35. doi: 10.26355/eurrev_202004_20844

35. Ren, D, Dai, Y, Yang, Q, Zhang, X, Guo, W, Ye, L, et al. Wnt5a induces and maintains prostate cancer cells dormancy in bone. J Exp Med (2019) 216:428–49. doi: 10.1084/jem.20180661

36. Zhang, X, Ren, D, Wu, X, Lin, X, Ye, L, Lin, C, et al. miR-1266 Contributes to Pancreatic Cancer Progression and Chemoresistance by the STAT3 and NF-kappaB Signaling Pathways. Mol Ther Nucleic Acids (2018) 11:142–58. doi: 10.1016/j.omtn.2018.01.004

37. Dai, Y, Wu, Z, Lang, C, Zhang, X, He, S, Yang, Q, et al. Copy number gain of ZEB1 mediates a double-negative feedback loop with miR-33a-5p that regulates EMT and bone metastasis of prostate cancer dependent on TGF-beta signaling. Theranostics (2019) 9:6063–79. doi: 10.7150/thno.36735

38. Lang, C, Dai, Y, Wu, Z, Yang, Q, He, S, Zhang, X, et al. SMAD3/SP1 complex-mediated constitutive active loop between lncRNA PCAT7 and TGF-beta signaling promotes prostate cancer bone metastasis. Mol Oncol (2020) 14(4):808–28. doi: 10.1002/1878-0261.12634

39. Tang, Y, Pan, J, Huang, S, Peng, X, Zou, X, Luo, Y, et al. Downregulation of miR-133a-3p promotes prostate cancer bone metastasis via activating PI3K/AKT signaling. J Exp Clin Cancer Res CR (2018) 37:160. doi: 10.1186/s13046-018-0813-4

40. Ren, D, Yang, Q, Dai, Y, Guo, W, Du, H, Song, L, et al. Oncogenic miR-210-3p promotes prostate cancer cell EMT and bone metastasis via NF-kappaB signaling pathway. Mol Cancer (2017) 16:117. doi: 10.1186/s12943-017-0688-6

41. Wang, X, Sun, D, Tai, J, Chen, S, Yu, M, Ren, D, et al. TFAP2C promotes stemness and chemotherapeutic resistance in colorectal cancer via inactivating hippo signaling pathway. J Exp Clin Cancer Res CR (2018) 37:27. doi: 10.1186/s13046-018-0683-9

42. Harvey, KF, Zhang, X, and Thomas, DM. The Hippo pathway and human cancer. Nat Rev Cancer (2013) 13:246–57. doi: 10.1038/nrc3458

43. Wasinski, B, Sohail, A, Bonfil, RD, Kim, S, Saliganan, A, Polin, L, et al. DDR1b and DDR2, Promote Tumour Growth within Collagen but DDR1b Suppresses Experimental Lung Metastasis in HT1080 Xenografts. Sci Rep (2020) 10:2309. doi: 10.1038/s41598-020-59028-w

44. Kelleher, FC, and O’Sullivan, H. FOXM1 in sarcoma: role in cell cycle, pluripotency genes and stem cell pathways. Oncotarget (2016) 7:42792–804. doi: 10.18632/oncotarget.8669

45. Gadd, S, Beezhold, P, Jennings, L, George, D, Leuer, K, Huang, CC, et al. Mediators of receptor tyrosine kinase activation in infantile fibrosarcoma: a Children’s Oncology Group study. J Pathol (2012) 228:119–30. doi: 10.1002/path.4010

46. Ren, A, Yan, G, You, B, and Sun, J. Down-regulation of mammalian sterile 20-like kinase 1 by heat shock protein 70 mediates cisplatin resistance in prostate cancer cells. Cancer Res (2008) 68:2266–74. doi: 10.1158/0008-5472.CAN-07-6248

47. Hong, L, Li, Y, Liu, Q, Chen, Q, Chen, L, and Zhou, D. The Hippo Signaling Pathway in Regenerative Medicine. Methods Mol Biol (2019) 1893:353–70. doi: 10.1007/978-1-4939-8910-2_26

48. Fang, L, Teng, H, Wang, Y, Liao, G, Weng, L, Li, Y, et al. SET1A-Mediated Mono-Methylation at K342 Regulates YAP Activation by Blocking Its Nuclear Export and Promotes Tumorigenesis. Cancer Cell (2018) 34:103–18 e9. doi: 10.1016/j.ccell.2018.06.002



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Zhu, Wu, Niu, Yao, Xue, Wang, Yang, Li and Fan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-10-574383-g004.jpg
mm““ T ,,.m""m

iv::: ,.,.v‘,.‘w,“ x






OEBPS/Images/fonc-10-574383-g002.jpg
g . g .
io i=
£ §
1ol ix i=
I B = e
L T T S T TOur SR S W T
JRE T JE T s o
o .
e—— [———

1

R -

s e

L) L )
PO JT . 1Y i






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Silencing SAPCD2 Represses Proliferation and Lung Metastasis of Fibrosarcoma by Activating Hippo Signaling Pathway

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Cell Lines and Cell Culture

          



          		

            Patients and Tumor Tissues

          



          		

            RNA Extraction, Reverse Transcription, and Real-Time PCR

          



          		

            Plasmid and Transfection

          



          		

            Western Blotting Analysis

          



          		

            Anchorage-Independent Growth Assay

          



          		

            Flow Cytometric Analysis

          



          		

            Cell Counting Kit-8 Analysis

          



          		

            Colony Formation Assay

          



          		

            Invasion Assay

          



          		

            Gene Set Enrichment Analysis

          



          		

            Animal Study

          



          		

            Immunohistochemistry

          



          		

            Luciferase Assay

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            SAPCD2 Expression Is Increased in Fibrosarcoma Tissues and Cell Lines

          



          		

            Overexpression of SAPCD2 Is Correlated With Early Progression and Metastasis, and Poor Prognosis

          



          		

            Silencing SAPCD2 Inhibits Lung Colonization and Primary Growth of Fibrosarcoma Cells In Vivo

          



          		

            Silencing SAPCD2 Inhibits Proliferation and Promotes Apoptosis

          



          		

            Silencing SAPCD2 Activates the Hippo Signaling Pathway

          



          		

            Activation of the Hippo Signaling Pathway Mediates the Inhibitory Role of SAPCD2 Downregulation in the Proliferation of Fibrosarcoma Cells

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Paramoters

Gonder
Fomale

M

Age

<60

260

Margin status
Positve
Negalive
Metastatc status
Positve.
Negative.

Number of cases.

25

a4

15

7
a2

2
a7

SAPCD2 IHC-SI
Low  High
1" 14
16 18
21 2
6 9
6 11
21 21
2 10
2 2

P values

0816

0604

0305

0.028"





OEBPS/Images/fonc.2020.574383_cover.jpg
’ frontiers
in Oncology

Silencing SAPCD2 Represses
Proliferation and Lung Metastasis of
Fibrosarcoma by Activating Hippo
Signaling Pathway





OEBPS/Images/fonc-10-574383-g001.jpg
Ben
Malgrant

ooy
@ -
=
“““““ -
i
{ =






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-10-574383-g005.jpg





OEBPS/Images/table2.jpg
Gender

Pathological

Location

Fomale
Male

<60

260

Dematofibrosarcoma protuberans
Other

Body

s and logs

Head

Cases
)

16
@
a4
14
a8
)
2
8
7

Percentage
)

%3
667
708
292
1000
00
479
a75
146





OEBPS/Images/table4.jpg
Gene

SAPCD2-p
SAPCD2-0n
GAPDH-up
GAPDH-dn
CTGF-up
CTGF-dn
CYRS1-up
CYRS1-dn
HOXAT-p
HOXAT 0
SOX9-up
SOX9-c
APLIGAUD
APLISA-Y
PPIAUD
PPIA-dn

Sequence (5'-3)

TGCOCAAGGTACAAGAGGTG
CTGGGTGAGGAGTCGGTTCT
“TCCTCTGACTICAACAGCGACAC
CACCCTGTTGCTGTAGOCAAATTC
TGGAGATTTTGGGAGTACGG
CAGGCTAGAGAAGCAGAGCC
GGTCAAAGTTACCGGGCAGT
GGAGGCATCGAATCCCAGC
TCCTGGAATACCCCATACTTAGC
GCACGACTGGAMGTTGTAATCC
AGOGAACGCACATCAAGAC
CTGTAGGCGATCTGTIGGGG
GOCATCGTGGCTAACAGGTA
GTTGGTGTTICATCCGCTTGE
GGCAAATGCTGGACCCAACACA
TGCTGGTCTTGCCATICCTGGA





OEBPS/Images/table3.jpg
Pathological type

Location

Margi status

Metastatc status

Female
<60

Forosarcoma
Other

Ams and legs

Deep soft tissue
Postve

Postive

Cases (o)

2
sa
a4
15
50
0
14
1
2
19
7
a2
2
ar

Percentage (%)

424
576
746
254
1000
00
237
237
203
22
288
72
203
97





OEBPS/Images/fonc-10-574383-g003.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-10-574383-g006.jpg
0P it W s HOF it i

U

=) o A

SIS

SR

H

e —

i e
z
i'uljl
* HT1080  SWEss





OEBPS/Images/table1.jpg
Gonder
Age
Pathoogical type

Location

Fomalo

<60
260

Fbroma

Other

Breast

Ovary

Other skin

Other deep soft tissue

cases (n)

288¢

gm0

Parcentage (%)

630
370
796
204
1000
00
03
130
611
167





OEBPS/Images/table5.jpg
HSAPCD2- 1h-up
nSAPCD2- 10
HSAPCD2.24-up.
rSAPCD2.21-d0

Sequence (53]

COGGACCTCTGGATTCCACCTICATCTCGAGATGAAGGTGGAMTCCAGAGGTTTTTTTG
ANTTCAMAMCCTCTGGATICOACCTTCATCTOGAGATGAAGGTGGAATOCAGAGGTT

COGGGCAGCAGCAGACCATCCTCATCTCRAGATGAGGATGGTCTGCTGCTGCTITITIG
ANTTCAMAAGCAGCAGCAGACCATOCTCATCTOBAGATGAGGATGRTCTGCTGOTGCT





