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RASAL2 acts as a tumor suppressor in cervical cancer cells
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Abstract: Background: This study was designed to investigate the roles of RASAL2 in cervical cancer (CC). Methods: Fifty-four CC tissues and 33 adjacent tissues were obtained from CC patients admitted to our hospital between March 2012 and June 2014. Real-time polymerase chain reaction and western blotting were performed to analyze the expression of RASAL2 mRNA and protein in these tissues, CC cell lines, and normal cervical cells. Over-expression and silencing of RASAL2 were induced after transfection, and the migration, invasion, and proliferation of the CC cell lines were examined. Results: RASAL2 mRNA and protein expressions were significantly down-regulated in CC tissues and cell lines than in adjacent tissues and normal cervical cells, respectively. While low RASAL2 expression correlated with advanced stage and metastasis of CC, its over-expression significantly inhibited proliferation and metastasis of CC cells and induced apoptosis. Under in vitro conditions, silencing of RASAL2 expression could significantly increase the proliferation, invasion, and migration of CC cells. Conclusion: RASAL2 functioned as a tumor suppressor in CC, and was down-regulated in CC tissue samples and cell lines.
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Introduction

Cervical cancer (CC) is the most common type of gynecological malignancy worldwide, serving as one of the leading causes of cancer-related death in females (Zhang et al., 2020). In developing countries, the 5-year survival rate of CC is reported to be less than 50%, while in economically advanced regions, the 5-year survival is about 66% (Wassie et al., 2019). Currently, the treatment of CC mainly relies on surgery, chemotherapy, radiotherapy, and targeted therapy, but the overall survival time is still not high for patients with advanced CC despite great improvements in the treatment (Wipperman et al., 2018). The failure in treatment is mainly due to local recurrence or distant metastasis (Delli Carpini et al., 2010; Zagouri et al., 2012). Therefore, there is an urgent need to further explore novel biomarkers for early diagnosis and better prognosis.

Most mutations affect the tumor suppressor genes associated with CC pathogenesis and treating CC with an aim to restore the normal function of these tumor suppressor genes may be a novel strategy. Therefore, extensive studies have focused on understanding the mechanisms of these tumor suppressors in the pathogenesis and progression of CC (Cheng et al., 2016; Han et al., 2018; Áyen et al., 2020). The Ras pathway is one of the most studied and frequently dysregulated pathways in human cancers (Downward, 2003). Mutations in RAS genes contribute to 20%–30% of all human cancers (Maertens and Cichowski, 2014). Ras is negatively regulated by Ras GTPase-activating proteins (RasGAPs), which catalyze the hydrolysis of Ras-GTP to Ras-GDP (Bernards, 2003). RasGAP, the disabled homolog 2-interacting protein, has been reported to act as an efficient tumor suppressor in prostate cancer (Min et al., 2010). Moreover, the RasGAP, RASA4, could inhibit the proliferation of cervical cancer cells by inactivating the HIFα signaling pathway (Chen et al., 2021). Therefore, RasGAPs are poised to function as potential tumor suppressors.

RAS protein activator like 2 (RASAL2) is a member of the RasGAP family. In most cancers, RASAL2 is inhibited and downregulated so that the cancer cells escape from its preventative effects. In a Luminal-B mammary tumor mouse model, the loss of RASAL2 enhanced metastasis (Sears and Gray, 2017). Downregulation of RASAL2 promotes the proliferation, epithelial-mesenchymal transition, and metastasis of colorectal cancer cells (Jia et al., 2017). In lung adenocarcinoma, downregulation of RASAL2 promotes migration capability due to epithelial-mesenchymal transition via extracellular signal-regulated kinase (ERK) regulation (Li and Li, 2014). RASAL2 was downregulated in ovarian cancer, especially in patients with advanced stages and grades (Huang et al., 2014). These studies highlight that RASAL2 plays a crucial role in suppressing cancer progression. In contrast, RASAL2 also functions as an oncogene in many malignancies such as triple-negative breast cancer (Feng et al., 2014) and liver cancer (Bellazzo and Collavin, 2020). However, the roles of RASAL2 in CC development are still unclear.

This study was designed to investigate the roles of RASAL2 in the pathogenesis of CC using tissue samples from patients with CC and cultured cell lines. Additionally, the bioinformatic data were utilized to predict the potential association between RASAL2 and the other molecules and markers that have been considered to be highly involved in cancer pathogenesis.

Materials and Methods

Bioinformatic analysis

The RASAL2 expression in the tumor tissues was searched in the Oncomine database. The gene expression profiling interactive analysis (GEPIA) database was utilized to validate the expression of RASAL2 in the CC tissues. For the survival analysis, the Kaplan–Meier Plotter database was utilized. The patients were categorized as high and low RASAL2 expression groups based on the quartile, followed by subgroup survival analysis.

Patients

Patients with CC admitted to our hospital between March 2012 and June 2014 were included in this study. The diagnosis of CC was based on the guidelines proposed by the World Health Organization for the screening and treatment of patients with CC (Sawaya and Huchko, 2017). In total, 54 CC tissues and 33 adjacent tissues were obtained after obtaining the signed informed consent. Patients who had received radiotherapy or chemotherapy were excluded from this study. The research related to the use of human tissues complied with all relevant national regulations and institutional policies in accordance with the tenets of the Helsinki Declaration, and has been approved by the Ethics Committee of Qilu Hospital (Approval No. KYLL-2017-550).

Cell culture and transfection

CC cell lines (i.e., SiHa, HeLa, CaSki, and C-33Acells) and normal human cervix epithelial cell line (i.e., Ect1/E6E7), purchased from Cell Bank of Chinese Science Academy (Shanghai, China), were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Thermo Fisher, Shanghai, China) with 10% fetal bovine serum (FBS, Thermo Fisher, Shanghai, China).

SiHa and HeLa cells were transfected with the pcDNA3.1-RASAL2 plasmid to induce over-expression of RASAL2. Cells transfected with blank pcDNA3.1 vector served as the control. To induce RASAL2 silencing, the cells were transfected with the RASAL2 siRNA (sequence: 5′-TTTGCTCGTACAACCAGCA-3′). Cells transfected with scrambled sequences were utilized as the control. All the transfection procedures were conducted using Lipofectamine 2000 (Thermo Fisher, Shanghai, China), according to the manufacturer’s instructions.

Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted from the tissues and cell lines (i.e., HeLa and SiHa cells) using TRIzol Reagent (Thermo Fisher, Shanghai, China). The first cDNA was synthesized using Takara-PrimeScript RT reagent Kit (TaKaRa, Dalian, China) according to the manufacturer’s instructions. PCR amplification was conducted with One-Step qRT-PCR Kit (Thermo Fisher, Shanghai, China), using the specific primers: forward primer, 5′-AGCAGAAAGGTCCCCTCGTAG-3′; reverse primer, 5′-AGGGTGAGGTATTTGCAGTGT-3′. The amplification conditions were as follows: 95°C for 3 min, followed by 40 cycles of 95°C for 15 s, 58°C for 15 s, and 72°C for 15 s, as well as 72°C for 5 min. GAPDH was used as an internal reference. Finally, the amplification results were analyzed using the 2−ΔΔCt method according to the previous description (Livak and Schmittgen, 2001).

Western blotting

Total protein was extracted from the tissues and cell lines after lysis using RIPA lysate solution (Solarbio, Beijing, China). The protein concentration was determined using the conventional BCA method. Then 50 µg protein was separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, followed by transfer onto a polyvinylidene fluoride (PVDF) membrane. The membranes were blocked with 5% skim milk at room temperature for 3 h and then were incubated with primary antibodies against RASAL2 (ab121578, Abcam, Shanghai, China), BCL-associated X (Bax; ab32503, Abcam, Shanghai, China), B-cell lymphoma 2 (Bcl-2; ab32124, Abcam, Shanghai, China), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH; ab8245, Abcam, Shanghai, China) for 4 h at room temperature. Afterwards, the mixture was incubated with horseradish peroxidase-conjugated secondary antibodies (Abcam, Shanghai, China) for 1 h at room temperature. Chemiluminescence was detected using an enhanced chemiluminescence kit (Thermo Fisher, Shanghai, China). Image-J software was utilized for determining the protein expression levels. All the tests were performed at least in triplicate.

Cell proliferation assay

The transfected cells (3 × 103 cells) were incubated in a 96-well plate at 37°C. The cellular proliferation was determined using Cell Counting kit-8 (CCK-8, Dojindo, Kumamoto, Japan), with strict adhesion to the manufacturer’s instructions. The cellular mixture was incubated at 37°C for 2 h, and the cellular viability was determined at a wavelength of 450 nm using a microplate reader.

Flow cytometry

The cellular apoptosis was determined as previously described (Rieger et al., 2011). Briefly, the Annexin V-FITC Apoptosis Detection Kit (Thermo Fisher, Shanghai, China) was used for cell apoptosis assays in accordance with the manufacturer’s protocols. Following re-suspending in PBS buffer, the transfected cells were added with propidium iodide (PI) and Annexin V-FITC solution. Eventually, the apoptosis was measured using the flow cytometry upon incubation at 4°C for 30 min.

Wound healing assays

Transfected cells were seeded in a 24-well plate and scratched by a 200 μL tip perpendicular to the horizontal line. Each well was washed with Dulbecco’ phosphate-buffered saline to remove scratched cells, and images were captured under a light microscope. Then, DMEM was added to the cells. After incubation at 37°C for 24 h, images were captured under a light microscope.

Transwell assay

Transwell assay was utilized to analyze the cell invasion and migration in different treatments. In brief, the chambers (BD Biosciences, San Diego, USA) were pre-coated with commercial Matrigel at room temperature for 1 h. Specifically, serum-free DMEM was added to the upper chamber with transfected cells (1 × 106 cells/mL), while to the lower chamber, DMEM with 10% FBS was added. Afterwards, all the Transwell chambers were incubated at 37°C for 24 h. The cells with no invasion to the upper Transwell were wiped using a cotton-tipped swab. The cells on the other side were stained and photographed with a light microscope under a magnification of 200×.

Statistical analysis

SPSS 21.0 software was used for the statistical analysis. All data were expressed as mean ± standard deviation (SD). The comparison between the two groups was performed by Student’s t-test. Comparison among groups was conducted by one-way ANOVA. A p-value of < 0.05 was considered to be statistically significant.

Results

Expression of RAS protein activator like 2 in the cervical cancer tissues according to the bioinformatic analysis

Based on the Oncomine database, we searched studies on RASAL2, this was further validated using the GEPIA database, which revealed that the expression of RASAL2 in the CC tissues was significantly lower compared to the adjacent tissues (p < 0.01, Fig. 1A). In contrast to our expectation, patients with low expression of RASAL2 showed a higher overall survival compared with the counterparts with high expression of RASAL2 (p = 0.041, Fig. 1B).
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Figure 1: Bioinformatic analysis for the RASAL2 expression in the Oncomine database. (A) The GEPIA database was utilized to validate the expression of RASAL2 in the CC tissues. (B) Kaplan–Meier plotter database was utilized for the survival analysis (CC, cervical cancer; RASAL2, RAS protein activator like 2; GEPIA, gene expression profiling interactive analysis).

Patient characteristics

The patient characteristics are shown in Table 1. The included 54 patients were divided into the low RASAL2 group (n = 29) and the high RASAL2 group (n = 25). No statistical differences were noticed in age, tumor size, and differentiation of the tissues (p > 0.05). Significant differences were noticed in the clinical stage (p = 0.024), lymph node metastasis (p = 0.039), and distal metastasis (p = 0.025). Patients with high expression of RASAL2 showed a significantly lower incidence of advanced-stage, lymph node metastasis, and distal metastasis.
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RAS protein activator like 2 is downregulated in CC tissues and cell lines

A significant decrease in the expression of RASAL2 mRNA and protein was seen in the CC tissues than in the adjacent normal tissues (p < 0.05, Figs. 2A and 2B). Patients with a high RASAL2 expression showed a higher survival rate compared with their counterparts with low expression of RASAL2 (p < 0.05, Fig. 2E). Then we determined the expression of RASAL2 mRNA and protein in the CC cell lines, including HeLa, C-33A, SiHa, and CaSki cells, with Ect1/E6E7 as the control. As shown in Figs. 2C and 2D, the expressions of RASAL2 mRNA and protein in the CC lines were significantly lower than that in the normal control (all p < 0.05). These findings indicate that low RASAL2 expression is closely associated with the pathogenesis of CC.
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Figure 2: Downregulation of RASAL2 in cervical cancer tissues and cell lines was associated with poor survival among patients with CC. (A, B) RASAL2 mRNA and protein in cervical cancer tissues and adjacent tissues. **p < 0.01 vs. adjacent tissues. (C, D) The mRNA and protein expression of RASAL2 in CC cell lines and Ect1/E6E7 cells. #p < 0.05 and ##p < 0.01 vs. Ect1/E6E7. (E) CC patients with low RASAL2 expression showed a shorter survival time than those with high expression (CC, cervical cancer; RASAL2, RAS protein activator like 2; GEPIA, gene expression profiling interactive analysis).

RAS protein activator like 2 triggers CC cell proliferation inhibition and CC cell apoptosis

To induce the over-expression of RASAL2, the cells were transfected with pcDNA3.1-RASAL2 plasmid. The RASAL2 mRNA and protein expressions were significantly upregulated in the RASAL2 group than in the blank group (Figs. 3A and 3B). RASAL2 over-expression could significantly inhibit the proliferation of SiHa and HeLa cells compared to the blank group in a time-dependent manner (Figs. 3C and 3D). In addition, RASAL2 could induce significant apoptosis compared with that in the blank group (p < 0.05, Fig. 3E). Then we determined the expression of Bax and Bcl-2 as pro-apoptotic and anti-apoptotic factors in these cells, respectively. Our data showed significant down-regulation of Bcl-2 and significant upregulation of Bax in RASAL2 over-expressing CC cells (Fig. 3F). Thus, RASAL2 over-expression triggered the inhibition of cell proliferation and induced cell apoptosis in HeLa and SiHa cells.
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Figure 3: High RASAL2 expression triggered the inhibition of CC cell proliferation and induction of cell apoptosis. (A, B) RASAL2 mRNA and protein expression in SiHa and HeLa cells transfected with blank vector or RASAL2 plasmid. (C, D) High RASAL2 expression triggered the inhibition of cell proliferation in CC cell lines. (E) High RASAL2 expression induced a significant increase in cell apoptosis compared with that in the blank control. (F) RASAL2 expression induced the upregulation of Bax and the down-regulation of Bcl-2. ## or **p < 0.01 vs. blank control (Bax, BCL-associated X; Bcl2, B-cell lymphoma 2; CC, cervical cancer; RASAL2, RAS protein activator like 2).

Inhibition of CC cell invasion and migration in vitro by RAS protein activator like 2 over-expression

Wound healing analysis showed that RASAL2 over-expression induced significant inhibition of the CC cell line migration (Figs. 4A and 4B). Transwell assay indicated that RASAL2 could significantly decrease the number of invaded CC cells compared with the control (Figs. 4C and 4D). Therefore, RASAL2 over-expression inhibited the invasion and migration of CC cell lines under in vitro conditions.
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Figure 4: RASAL2 over-expression inhibited the migration and invasion of CC cell lines. (A, B) Wound healing analysis indicated that the transfection of RASAL2 using RASAL2 plasmid could significantly decrease the cell migration at 0 and 24 h, respectively. **p < 0.01 vs. blank control. (C, D) Transwell assay indicated a significant decrease in the invasion of SiHa and HeLa cells transfected with RASAL2 plasmid compared with the blank control. **p < 0.01 vs. blank control (CC, cervical cancer; RASAL2, RAS protein activator like 2).

Knockdown of RAS protein activator like 2 contributed to the proliferation of CC cell lines

The roles of RASAL2 in these above-mentioned experiments were then validated. We silenced the RASAL2 and determined the effects of RASAL2 inhibition on the proliferation and apoptosis of CC cell lines. In the si-RASAL2 group, the expression of RASAL2 was significantly lowered compared with that of the control group (Figs. 5A and 5B). RASAL2 knockdown contributed to the proliferation of SiHa and HeLa cells compared with that of the control (Figs. 5C and 5D).
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Figure 5: RASAL2 knockdown contributed to CC cell proliferation. (A, B) RASAL2 mRNA and protein expression in SiHa and HeLa cells that had been transfected with RASAL2 siRNA or NC siRNA. (C, D) RASAL2 knockdown contributed to SiHa and HeLa cell proliferation. **p < 0.01 vs. NC siRNA (CC, cervical cancer; NC, negative control; RASAL2, RAS protein activator like 2).

Silencing of RAS protein activator like 2 contributed to the invasion and migration of CC cell lines

The wound healing assay indicated that the cell migration was significantly upregulated in the si-RASAL2 group compared with that in the si-NC group (Figs. 6A and 6B). Similarly, the invasive capacity of CC cells also increased significantly in the si-RASAL2 group compared to the si-NC group (Figs. 6C and 6D). Thus, silencing of RASAL2 expression promoted the invasion and migration of CC cell lines under in vitro condition.
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Figure 6: RASAL2 silencing triggered the increase of migration and invasion of CC cells. (A, B) Wound healing indicated that RASAL2 silencing contributed to the cell migration of SiHa cells and HeLa cells. (C, D) Transwell assay indicated that RASAL2 silencing contributed to SiHa and HeLa cell invasion. **p < 0.01 vs. NC siRNA (CC, cervical cancer; NC, negative control; RASAL2, RAS protein activator like 2).

Discussion

CC is a gynecological cancer and causes cancer-related deaths worldwide. Human papillomavirus (HPV) is implicated in the etiology of cervical malignancy. However, much evidence indicates that HPV infection is necessary but not sufficient to cause cervical carcinogenesis (Sung et al., 2021). Additional factors may contribute to the pathogenesis of CC (Reshmi and Pillai, 2008; Łaniewski et al., 2019). Therefore, the pathogenesis of CC remains worthy of study.

Ras protein, a molecular switch regulating cellular biological functions, is negatively regulated by RasGAPs (Xu et al., 2014). RAS gene mutation has been reported in many types of malignancies but occurs at a low frequency in CC (Qiu et al., 2022). However, studies have also confirmed significantly higher levels of K-RAS and H-RAS genes in CC tissues than those in normal cervical tissues, and they were found to be involved in the occurrence and metastasis of tumors (Tatli and Dinler Doganay, 2021). These suggested that the RAS gene may be activated by mechanisms other than acquired mutations in CC. As a RasGAP, RASAL2 can catalyze the hydrolysis of Ras-GTP to Ras-GDP, thereby inhibiting the RAS gene activity (Mosaddeghzadeh and Ahmadian, 2021). RASAL2 was found to act as a tumor suppressor in breast cancer (McLaughlin et al., 2013), and the phosphorylated RASAL2 promoted tumor progression in ER+ and ER-breast cancers (Wang et al., 2019), although it played an oncogenic role in some triple-negative breast cancers (Kreider-Letterman et al., 2022). The promoter region of the RASAL2 gene was generally in an ultra-low methylation state in hepatocellular carcinoma tissues, and the downregulation of this gene could significantly inhibit the growth and invasion of hepatocellular carcinoma cells (Harrell Stewart and Clark, 2020). These controversial results suggested different roles of RASAL2 in the development of human cancers (Zhou et al., 2019). To our best knowledge, only a few studies have investigated the expression of RASAL2 in CC.

In this study, we investigated the potential roles of RASAL2 in the pathogenesis of CC using tissue samples from patients with CC and cultured cell lines. Our findings indicated a significant decrease in the expression of RASAL2 mRNA and protein in CC tissues than in the adjacent normal tissues, and the low expression of RASAL2 was correlated with advanced cancer stage and metastasis. In addition, the expression of RASAL2 mRNA and protein in the CC cell lines (i.e., SiHa, HeLa, CaSki, and C-33A cells) was significantly lower than in the human cervix epithelial cells (i.e., Ect1/E6E7). Thus, our data showed that RASAL2 contributed to the pathogenesis and development of CC under in vitro and in vivo conditions.

Upon determining the expression of RASAL2 in CC samples and cell lines, we investigated the potential roles of RASAL2 in CC. Our data showed that over-expression of RASAL2 inhibited the proliferation, migration, and invasion of CC cell lines, together with inducing significant cellular apoptosis. The knockdown of RASAL2 was performed to validate its pro-oncogenic role, and all the above-mentioned phenomena were reversed after RASAL2 silencing, which indicated the function of RASAL2 as a tumor suppressor in CC. Accordingly, the pro-oncogenic role of RASAL2 has been reported in several human malignancies such as luminal B breast cancer (McLaughlin et al., 2013; Shen et al., 2013; Sears and Gray, 2017), renal cancer (Hui et al., 2018b), bladder cancer (Hui et al., 2017, 2018a), astrocytoma (Weeks et al., 2012), nasopharyngeal cancer (Wang et al., 2015), pancreatic cancer (Yin et al., 2019), ovarian cancer (Huang et al., 2014), and lung cancer (Li and Li, 2014).

To further illustrate the effects of RASAL2 expression on cell apoptosis, we determined Bax and Bcl-2 expressions in the presence of RASAL2 over-expression or silencing. Bax is well-known to serve as an apoptotic activator by forming a heterodimer with Bcl-2 and plays important roles in the pathogenesis of cancer (Liu et al., 2016), while Bcl2, an integral outer mitochondrial membrane protein, is also crucial for the pathogenesis of cancer as it can block cell apoptosis (Frenzel et al., 2009). In this study, in the cells with over-expressing RASAL2, Bax was significantly upregulated, and Bcl-2 was significantly downregulated compared with their levels in the normal control. On this basis, it is reasonable to assume that RASAL2 may promote CC cell apoptosis by modulating the expression of Bax and Bcl2. However, the related mechanisms are still not well defined.

Cancer cell migration and invasion are essential for metastasis (van Zijl et al., 2011). RASAL2 functions as a tumor and metastasis suppressor (McLaughlin et al., 2013). The knockdown of RASAL2 could reduce the invasion of HCC cells, while the downregulation of RASAL2 enhanced the migration and invasion of colorectal cancer cells (Zhou et al., 2019) in the data from this study indicated that RASAL2 over-expression inhibited cellular migration and invasion, while RASAL2 silencing contributed to the migration and invasion of SiHa and HeLa cells. Zhao et al. (2016) reported that overexpression of RASAL2 inhibited the migration of the SNU-1 gastric cancer cell line (Zhao et al., 2016). Hui et al. (2017) also found that overexpression of RASAL2 inhibited migration and invasion of the T24 bladder cancer cell line (Hui et al., 2017). Therefore, we assumed that RASAL2 acted as a suppressor gene in CC cell migration and invasion and metastasis of CC tissues.

As the information on the expression of RASAL2 in the CC tissues is rare, we then utilized bioinformatic data to predict the potential association between RASAL2 and the other molecules and markers that have been considered to be highly involved in the pathogenesis of cancer. Our data showed a positive correlation of RASAL2 with the cell division cycle 42 (CDC42), ribosomal protein S6 kinase beta-1 (RPS6KB1), Janus kinase 1 (JAK1), mothers against decapentaplegic homolog 1 (SMAD1), SMAD4, SMAD5, tuberous sclerosis complex subunit 1 (TSC1), signal transducer and activator of transcription 6 (STAT6), and STAT3, respectively (Fig. 7). Thus, RASAL2 downregulation in CC tissues may be accompanied by silencing of these molecules. Consistently, SMAD4 inactivation was best recognized in pancreatic cancer (McCarthy and Chetty, 2018), and TSC1 loss of heterozygosity was seen in 54% of bladder cancers (Guo et al., 2013). Likewise, low STAT6 expression was associated with worse survival (Wang et al., 2020). However, recent studies have found that CDC42 (Ye et al., 2015), RPS6KB1 (Wang et al., 2021), SMAD1 (Xu et al., 2021), JAK1 and STAT3 (Liu et al., 2022), and SMAD5 (Ke et al., 2021) are highly expressed in many malignant tumors, and closely related to tumorigenesis, invasion, and metastasis. Compared with the database, our data showed a non-consistent trend of the relationship between overall survival and RASAL2 expression. These may lead to ambiguity in understanding the roles of RASAL2 in metastasis. Indeed, the roles of RASAL2 in the pathogenesis of malignancies are still controversial. The biological function of RASAL2 is influenced by cellular context to affect its pro or anti-oncogenic activity in human cancers (Hui et al., 2018b). Mechanistically, previous studies have shown that different signaling pathways (as well as cross-talk) of RAS, including the RAS-ERK pathway, phosphoinositide-3-kinase (PI3K)/AKT/mechanistic target of rapamycin (mTOR) signaling pathway, and nuclear factor (NF)-κB pathway may account for different biological outcomes of activity (Zhou et al., 2019). In the future, more studies are required to illustrate the potential roles of RASAL2 in the metastasis of CC.
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Figure 7: Potential markers associated with the RASAL2 expression. The screened makers and molecules were SMAD1 (A), SMAD4 (B), SMAD5 (C), STAT3 (D), STAT6 (E), TSC1 (F), RPS6KB1 (G), JAK1 (H) and CDC42 (I) (RASAL2, RAS protein activator like 2; SMAD, mothers against decapentaplegic homolog 1; STAT, signal transducer and activator of transcription 6; TSC1, tuberous sclerosis complex subunit 1; RPS6KB1, ribosomal protein S6 kinase beta-1; JAK1, Janus kinase 1; CDC42, cell division cycle 42).

Indeed, there are some limitations to this study. First, the included sample size is not large, and in the subsequent analysis, more studies involving a large sample size are required. Second, our data showed that RASAL2 could act as a suppressor for CC pathogenesis, but the exact mechanisms are still not well defined. In addition, the tissues from patients were not selected according to the degree of malignancy and cell passage information. More studies are needed in the future to clarify the potential association between clinical stage and RASAL2, which will benefit the formulation of individualized clinical strategies.

In summary, RASAL2 acted as a tumor suppressor for CC, which was featured by down-regulation in the CC tissue samples and cell lines. Its over-expression could inhibit the invasion, migration, and metastasis of cancer cells under in vitro and in vivo conditions. The inhibitory effect of RASAL2 on CC development may be related to the expression of Bax, Bcl2, CDC42, RPS6KB1, JAK1, SMAD1, SMAD4, SMAD5, TSC1, STAT6, and STAT3. This study provides a reference for the research on targeted therapy of CC and enriches the knowledge of the function of RASAL2 in different tissues and genetic backgrounds.
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OEBPS/Images/table-1.png
TABLE 1

Association between RASAL2 expression and clinicopathological
characteristics of patients with cervical cancer (RASAL2, RAS

protein activator like 2)

Variables Cases Low High p-value
(n=54) RASAL2 RASAL2
(n =29) (n = 25)
Age (years)
<55 21 10 11 0.579
=55 33 19 14
Tumor size
<4 cm 34 17 17 0.576
>4 cm 20 12 8
Differentiation
Well-moderate 42 21 21 0.347
Poor 12 8 4
Clinical stage
I-1I 34 14 20 0.024%
III-1vV 20 15 5
Lymph node metastasis
No 37 16 21 0.039*
Yes 17 13 4
Distant
metastasis
No 48 23 25 0.025*
Yes 6 6 0

Note: ¥ means p-value < 0.05.
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