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FAM83A as a Potential Biological Marker Is Regulated by miR-206 to Promote Cervical Cancer Progression Through PI3K/AKT/mTOR Pathway
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Background and Objective: Chemotherapy and radiotherapy are effective treatment options for cervical cancer (CC), but their efficacy is limited by short survival rate of about 5 years particularly for advance stage CC. Bioinformatics analysis combined with experimental in vivo and in vitro data can identify potential markers of tumorigenesis and cancer progression to improve CC prognosis and survival rate of the patients. This study aims to investigate the prognostic value of family with sequence similarity 83, member A (FAM83A) gene and miR-206 in promoting CC progression and the involved genetic signaling pathways.

Method: This was a bioinformatic analysis study based on RNA sequencing data of The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases and verification by in vivo and in vitro experimental data. It was designed to evaluate whether the aberrantly expressed gene signatures could serve as new potential biomarker to improve prognosis prediction in CC. The TCGA RNA sequencing data [306 cervical squamous cell carcinoma (SCC) and endocervical adenocarcinoma samples and 13 adjacent samples] and GEO data (GSE9750 and GSE52903 datasets) were integrated and performed a bioinformatics analysis.

Results: The results showed that CC-associated FAM83A gene serves as a key regulator of CC development and progression. Functionally, we observed that FAM83A is significantly overexpressed in CC, which is linked to poor overall survival as well as disease-free survival in CC patients. The in-vitro and in-vivo assessments performed after silencing FAM83A revealed that cell proliferation was significantly inhibited and the S-phase cell cycle arrest was induced. Mechanistically, FAM83A plays a role in PI3K/AKT signaling, and its downstream molecules could promote CC cell proliferation. Furthermore, functionality assessments by in-vitro luciferase reporter system and immunoblot analysis showed that miR-206 was the upstream of FAM83A and negatively correlated with FAM83A.

Conclusion: The miR-206/FAM83A/PI3K/AKT signaling pathway possibly serves as a critical effector in CC progression indicating the potential prognostic value of FAM83A gene as a novel biomarker for CC progression.
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BACKGROUND

Cervical cancer (CC) is the fourth most common female cancer and the second most prevalent cancer among young women (age group: 15–44 years old) worldwide accounting for approximately 570,000 new cases each year (1–5). Although great efforts on human papilloma virus (HPV) vaccines have been made to protect women from CC, it is still the second leading cause of tumors specific to women, next only to breast cancer (6–8). Developing countries account for 80% of the world's breast cancer cases. Squamous cell carcinoma (SCC) is the most prevalent histological type of CC accounts for approximately 80% of all CCs. Despite the relatively high mortality of CCs, little is known on definitive diagnosis and prognosis markers of these cancers (9).

Prognostic and diagnostic biomarkers play crucial roles in predicting the treatment response, prognosis and disease progression in cancer, developing new therapies, and elucidating tumorigenesis mechanisms (10, 11). High throughput profiling methods including next-generation sequencing and gene microarray have shown great potentials for identifying reliable prognostic biomarkers for different cancers (12, 13). The use of bioinformatics for analysis of gene sequencing and expression data can help developing prognostic and diagnostic biomarkers for cancers including CCs. Genotype-Tissue Expression (GTEx) and The Cancer Genome Atlas (TCGA) projects consisting of excellent databases of a very large RNA sequence data of cancerous and normal samples, provide good opportunities for high throughput modeling and bioinformatics analysis to determine diagnostic and prognostic biomarkers of cancer (9, 14, 15). TCGA database covers changes in 33 key cancer genomes and contains more than two petabytes of genomic data that are publicly available to help improve cancer prevention, diagnosis, and treatment (16–21). Different bioinformatics studies using the datasets of TCGA and Gene Expression Omnibus (GEO) gene microarrays have analyzed the gene sequencing and expression profiles of different tumors and demonstrated that abnormal overexpression or genes are key factors involved in the cancer progression (22, 23).

Family with sequence similarity 83, member A (FAM83A) that was first identified as a potential tumor-specific gene a bioinformatics approach is located on chromosome 8q24 (24). Previous studies have shown that FAM83A is aberrantly expressed in several human cancers including pancreatic, lung, breast, testis and bladder cancers (23, 25–29) indicating that FAM83A could possibly play an oncogenic role during the development and progression cancer. It has been shown that FAM83A is significantly overexpressed and associated with poorer overall survival (OS) and disease-free survival (DFS) in specific cancers including lung, breast, and pancreatic cancer. For instance, overexpression of FAM83A markedly facilitated, whereas inhibition of FAM83A decreased, cancer stem cell (CSC)-like features and chemoresistance both in vitro and in an in vivo mouse model of pancreatic cancer (23).

Different high-throughput modeling studies have analyzed the gene sequencing and expression profiles of CC and reported that aberrantly expressed genes are key factors involved in the cancer progression (22, 23). However, reviewing the literature shows that the differentially expressed genes (DEGs) associated with CC were rarely reported. In this regard, TCGA sequencing and GEO gene microarrays along with bioinformatics analysis can be employed to identify the DEGs affecting the biological functions of CC at the genetic level.

In the present study, we integrated the TCGA RNA sequencing data (306 cervical SCC and endocervical adenocarcinoma samples and 13 adjacent samples) and GEO data comprising the GSE9750 and GSE52903 datasets and performed a bioinformatics analysis. We identified the FAM83A gene is closely related to CC and further studied its biological function on CC and potential molecular regulatory mechanism.



MATERIALS AND METHODS


RNA Sequencing and Microarray Data Analysis

The cervical SCC data and GTEx RNA sequencing data and a CC gene expression microarray comprising the GSE9750 and GSE52903 datasets were downloaded from the TCGA (https://cancergenome.nih.gov/abouttcga) and GEO (https://www.ncbi.nlm.nih.gov/geo/) datasets, respectively. The Limma package of R/bioconductor (bioconductor, USA) was used to screen the DEGs (settings: q < 0.05, |log2(fold change)|≥4). Hierarchical clustering and visualization were performed by the heatmap package of R.



Immunohistochemistry Analysis

The surgical specimens examined in this study included 31 cervical SCC tissues and 31 corresponding para-carcinoma tissues obtained from the First Affiliated Hospital of Changde Vocational and Technical College between July 2013 and June 2015. Immunohistochemistry (IHC) analysis was carried out by initially dewaxing and rehydrating slides. This was followed by subjection to heat-induced epitope retrieval in citrate buffer. Incubation of slides with a rabbit anti-FAM83A polyclonal antibody (bs-16014R, BIOSS) at 4°C overnight was then carried out. This was followed by staining of sections with DAB (Maixin Bio, China) for 5 min. The specific FAM83A in situ hybridization (ISH) signal was judged as brown spots, and Image-Pro Plus 6.0 software was used to evaluate the expression level (30, 31).



Cell Culture

Human cervical epithelial cells (CerEpiC), Human CC cell lines HeLa, SiHa, and CaSki (purchased from the Shanghai cell bank, Chinese Academy of Sciences) were cultured in Dulbecco's Modified Eagle Medium (HyClone, USA) containing 10% fetal bovine serum (HyClone, USA), 100 U/mL penicillin, 100 mg/mL streptomycin at 37°C in an environment containing 5% CO2.



RNA Interference

The sequences of the small interfering RNAs of FAM83A (GenePharma, China), control siRNA sequences (GenePharma, China), short hairpin RNA (GenePharma, China) were listed, respectively as follows:

Sense: 5′-GGGCUGACUUUAGUGACAA-3′

Antisense: 5′-UUGUCACUAAAGUCAGCCC-3′

Sense: 5′-UUCUCCGAACGUGUCACGUTT-3′

Antisense: 5′-ACGUGACACGUUCGGAGAATT-3′

Sense: 5′-CACCGGGCTGACTTTAGTGACAACGAATTGTCACTAAAGTCAGCCC-3′

Antisense: 5′-AAAAGGGCTGACTTTAGTGACAATTCGTTGTCACTAAAGTCAGCCC-3′

The siRNA underwent transfection using Lipofectamine RNAiMAX Reagent (Invitrogen) according to the instructions. The Lentviral3-GFP-shRNA was used for infection of CaSki cells for 24 h, then culturing of cells in DMEN medium containing puromycin (3 μg/mL) was carried out, in order to form a stable cell line knocking down FAM83A.



In vitro Cell Proliferation and Cell Cycle Assays

Cell activity was examined by CCK-8 Kits (Dojindo Laboratories, Japan) following transient transfection of siRNA for 24, 48, and 72 h. Treated cells were collected and underwent washing with phosphate-buffered saline. This was followed by fixation with 70% ethanol for 30 min. Next, it was incubated with 100 μL of RNase A for 30 min, followed by staining with propidium iodide (PI) for a duration of 30 min in the dark. Then, cycle distribution was analyzed by flow cytometry (FCM; BD, Influx).



In vivo Tumor Growth Assay

All procedures of this study were approved by local ethics committee “Animal Care and Use Committee” of Chongqing Medical University, Chongqing, China which were in complete accordance with the regulations of “Guide for the Care and Use of Laboratory Animals.” The BALB/c female nude mice (n = 6), 4–6 weeks of age, were obtained from the “Experimental Animal Center” of Chongqing Medical University, Chongqing, China. The nude mice were randomized into control and experimental groups. In total, subcutaneous injection of 1 × 106 shCtrl and shFAM83A CaSki cells were administered into the back of nude mice. Tumor growth was observed weekly for 5 weeks. This was followed by measurement and calculation of the tumor volume. After 5 weeks, mice were sacrificed, then tumors were excised and weighed. All of the data were represented as mean ± standard deviation (SD).



Luciferase Reporter Assay

With reference to our previous experimental methods (32), synthesis of the wild-type and mutant fragment sequences of the 3'-untranslated region (UTR) of FAM83A were carried out followed by cloning into the pmirGLO vector (Promega, Madison). Cells inoculation in 24-well plates was carried out followed by co-transfection with pmirGLO-FAM83A-wild-type (WT), pmirGLO-FAM83A-mut, and miR-206 mimics or a control by Lipofectamine 2000. After a period of 48 h, luciferase assays were done with a Dual Luciferase Reporter Assay System (Promega). Examination of Luciferase activity was then determined with the Dual Luciferase Assay Kit (Promega) as per protocol.



Statistical Analysis

The data were presented as Mean ± SD for all statistical analyses and data presentation unless otherwise is expressed. Student's t-test was used to investigate the differences between the two groups; the association between FAM83A expression and clinicopathological factors was investigated by Chi-square test. P < 0.05 was taken as statistically significant difference.




RESULTS


Identification of FAM83A as a Cervical Cancer-Specific Gene

To determine critical genes involved in the development of CC, the TCGA cervical SCC and GTEx RNA sequencing data and a CC gene expression microarray comprising the GSE9750 and GSE52903 datasets were analyzed. As seen in Figure 1A, we identified 252 misregulated genes in the TCGA database, 144 in the GSE9750 dataset, and 170 in the GSE52903 dataset (fold change > 4.0, q < 0.05). It was then discovered that, in all datasets, five genes were consistently overexpressed and three genes consistently under-expressed (Figure 1B). In the preliminary experiments, we detected the expression of these five up-regulated genes in CC tissues and cells by PCR, and found that FAM83A was most consistent and significant both in tissues and cells. Therefore, FAM83A was selected for further experimental validation and analyzed its biological behaviors in CC.


[image: Figure 1]
FIGURE 1. Identification of FAM83A as a cervical cancer-specific gene. (A) Hierarchical clustering analysis of genes that were differentially expressed (fold change > 4; q < 0.05) in cervical cancer and normal tissues. (B) Overlap of aberrantly expressed genes in the TCGA CESC data and GEO datasets.




FAM83A Is Overexpressed in Cervical Cancer and Correlates With Patient Survival

We explored the potential role of FAM83A in CC tumorigenesis using different analyses. We analyzed the expression of FAM83A in six cancers (cervical SCC and endocervical adenocarcinoma, cholangiocarcinoma, kidney chromophore, kidney renal clear cell carcinoma, rectal adenocarcinoma, and liver hepatocellular carcinoma) using TCGA sequencing datasets. The result showed that FAM83A is upregulated in CC tissues (Figure 2A). Low FAM83A expression was predictive of better OS (log-rank P = 0.05) and better DFS (log-rank P = 0.0004) (Figure 2B). To further verify the expression of FAM83A in CC, then we used qRT-PCR and IHC assays for examination of the level of FAM83A in CC tissues and adjacent ones. It was found that FAM83A was highly upregulated in 80.6% (25/31) of CC tissues compared to adjacent tissues (Figures 2C,D). To study the relation between FAM83A and CC clinical characteristics, the patients were split in two groups based on FAM83A levels. To do so, immunohistochemical staining was used to statistically score the expression level of FAM83A in CC tissues, which was higher than the mean as the high expression group and lower than the mean as the low expression group. Statistical results showed no correlation between FAM83A expression and age, number of lymph nodes, size of tumors or clinical stage (P > 0.05). On the other hand, FAM83A expression was significantly correlated with the histopathological type (P < 0.05) as well as lymph node status (P < 0.05) (Table 1).


[image: Figure 2]
FIGURE 2. FAM83A is overexpressed in cervical cancer. (A) Analyses of FAM83A expression levels in cervical SCC and endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL), kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), liver hepatocellular carcinoma (LIHC), and rectal adenocarcinoma (READ) samples using TCGA sequencing data. (B) Kaplan–Meier analysis of overall survival and disease-free survival in patients with cervical cancer (P < 0.001 for both overall survival and disease-free survival) based on FAM83A expression. (C) qRT-PCR was performed to detect FAM83A expression in cervical cancer and matched normal tissues (n = 31). (D) IHC was performed to detect FAM83A expression in cervical cancer and matched normal tissues (n = 31).



Table 1. Relationship between FAM83A expression and clinicopathological factors.
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FAM83A Inhibits Cell Viability and Induces Cell Cycle Arrest

We used qRT-PCR and immunoblot analysis to detect the expression of FAM83A in HCerEpiC, highly metastatic cells (CaSki), as well as low metastatic cells (HeLa and SiHa). It was found that FAM83A expression was more in CC cell lines when compared to cervical epithelial cells. The CaSKi cells (high metastatic) the expression was the highest (Figure 3A). To further understand the biological role of FAM83A in regulation of CC cells, FAM83A was knocked down in CaSki cells (with high FAM83A expression) by siRNA/shRNA-mediated silencing. The qRT-PCR and immunoblot analysis confirmed that FAM83A expression levels were markedly reduced in CaSki cells (Figure 3B). As shown in Figure 3C, FCM was performed to determine whether FAM83A plays a role in regulating the cell cycle. FCM showed that the knockdown of FAM83A in CaSki cells resulted in a remarkable rise in the percentage of cells in G1 phase while reduced the proportion of cells in S-phase. These above results indicated that silence of FAM83A blocked the cell cycle from progressing and inhibited CC cells activity. Moreover, CCK-8 assays demonstrated that silencing FAM83A markedly inhibited the proliferation of CC cells in vitro (Figure 3D). For further confirmation of FAM83A role in the tumorigenesis of CC, nude mice were injected with FAM83A stable knockdown CaSki cells as well as control cells. FAM83A knockdown significantly restrained tumor growth in nude mice (Figure 3E). The IHC analysis showed that the FAM83A knockdown group had less Ki67-positive cells when compared with those from the control group (Figure 3F).


[image: Figure 3]
FIGURE 3. Knockdown of FAM83A expression inhibits cervical cancer cell proliferation in vitro and in vivo. (A) qRT-PCR and western blot analysis were performed to detect the expression of FAM83A in cervical cancer cell lines, normal human cervical epithelial cells (HCerEpiC), two low metastatic cervical cancer cell lines (HeLa and SiHa) and one highly metastatic cell line (CaSki). (B) qRT-PCR and immunoblot analysis confirmed that the FAM83A expression levels were significantly knocked down in CaSki cells. (C) FCM analysis of the effect of FAM83A knockdown on cell cycle distribution. (D) A CCK-8 assay was performed to detect cell proliferation of the control or siFAM83A-transfected CaSki cells. (E) Knockdown of FAM83A inhibits CaSki cell tumor growth in vivo. (F) Ki67 immunostaining of tumor samples from the FAM83A knockdown and control CaSki groups. Error bars represent the means of three independent experiments. *P < 0.05, **P < 0.01.




PI3K/Akt Signaling Is Essential for FAM83A-Promoted CC Proliferation

For further elucidation of molecular mechanisms of proliferation inhibition as well as cell cycle arrest by FAM83A depletion in CC, a gene set enrichment analysis (GSEA) of publicly available TCGA cervical SCC data was performed. We were excited to find that FAM83A expression was correlated with the activation of phosphatidylinositol 3 kinase (PI3K)/protein kinase B (AKT) signaling (Figure 4A). Therefore, we hypothesized that FAM83A affects the activity of PI3K/Akt/mTOR signal path in CC cells. Subsequently, our western blot analysis demonstrated that FAM83A knockdown lead to significant dephosphorylation of PI3K, Akt, and mTOR in CaSki cells (Figure 4B).


[image: Figure 4]
FIGURE 4. miR-206/FAM83A/PI3K/AKT signaling pathway molecules serve as critical effectors in cervical cancer progression. (A) GSEA plot showing that FAM83A expression was correlated with PI3K/AKT signaling-related gene signatures. (B) Protein levels of PI3K, p-PI3K, AKT, p-AKT, mTOR, and p-mTOR in CaSki cells are shown, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a loading control. (C) Schematic of binding sites in the FAM83A 3'-UTR complementary to the “seed region” of miR-206. Correlation analysis of FAM83A expression and miR-206. (D) The overexpression of miR-206 dramatically decreased the protein expression of FAM83A in CaSki cells. (E) The complementary sequences or the mutant (underlined) binding site of FAM83A or the miR-206 binding site in the 3'-UTR of FAM83A from different mammalian species. (F) Summary of the mechanism of FAM83A in cervical cancer. Error bars represent the means of three independent experiments. *P < 0.05, **P < 0.01.




Loss of miR-206 Expression Induces FAM83A Overexpression in CC

To identify whether microRNAs (miRNAs) are involved in regulation of FAM83A in CC cells, we performed a bioinformatics analysis using the PicTar, miRanda (miRBase), and TargetScan in order to predict the potential microRNA regulating FAM83A. The miR-206 was selected to target FAM83A utilizing these above programs. Correlation analysis of FAM83A expression and miR-206 revealed that FAM83A has a significant negative correlation with miR-206 in the TCGA dataset (Figure 4C). Immunoblot analysis indicated that the overexpression of miR-206 dramatically decreased FAM83A protein expression in CaSki cells (Figure 4D). Subsequently, we constructed luciferase reporters including the putative miR-206 binding sites, which contain WT or mutated miR-206 binding sites. Experimental data indicated that overexpression of miR-206 weakened the luciferase activity of the WT reporter vector without effecting the mutant reporter vector (Figure 4E). In a word, these above experiments consistently indicated that loss of miR-206 expression increases the expression of FAM83A, which promotes cell proliferation via the PI3K/AKT/mTOR pathway and imposes an additional posttranscriptional modulation (Figure 4F).




DISCUSSION

In this present study, TCGA RNA sequencing data including cervical SCC and endocervical adenocarcinoma samples and paracancer samples and GEO data comprising the GSE9750 and GSE52903 datasets were analyzed using bioinformatics analysis. Five genes (KRT17, FXYD3, KRT5, FAM83A, and CLDN4) were consistently overexpressed and three genes (CDKN2A, MCM5, and RFC4) were under-expressed in these above three datasets.

We found that FAM83A is specifically overexpressed in CC tissue but not in cholangiocarcinoma, kidney chromophobe, kidney renal clear cell carcinoma, rectal adenocarcinoma, or liver hepatocellular carcinoma. From TCGA database, we predicted that FAM83A expression in cancerous tissue and paracancer tissue in cervical SCC and endometrial adenocarcinoma (CESC) was significantly different. We did not mention the difference of FAM83A expression between cervical SCC and endometrial adenocarcinoma. At this time, we aimed to explore the role of FAM83A in CC cancer and its prognostic value.

Some studies have investigated the roles of FAM83A in PI3K/AKT signaling pathways in cancer. Lee et al. reported that in the breast cancer FAM83A possibly contributes in exerting resistance to tyrosine kinase inhibitors via activating epidermal growth factor receptor (EGFR)/PI3K/AKT signaling pathway via interacting with c-RAF and phosphatidylinositol 3 kinase p85. These findings indicate that FAM83A overexpression might result in chemoresistance (33, 34). Similarly, both in vitro and in vivo models silencing FAM83A significantly reduces proliferation, anchorage-independent growth and metastatic capacities of breast cancer cells.

PI3K/AKT signaling pathway is an intracellular signal transduction pathway that plays roles in proliferation, metabolism, cell survival and growth, and angiogenesis in response to extracellular signals. This signaling pathway is mediated through serine and/or threonine phosphorylation of different types of downstream compounds, of them PI3K and AKT are the main proteins. The effects of FAM83A on PI3K/AKT pathway have been investigated in few cancers (22, 35–37). Liu et al. analyzed TCGA database and reported that FAM83A is overexpressed in hepatocellular carcinoma (HCC) cells and plays a cancer-promoting and treatment-resistance role. Their functional bioinformatics analyses indicated that FAM83A promoted the PI3K/AKT signaling pathway, its downstream c-JUN protein, and epithelial-to-mesenchymal transition (EMT)-related protein levels, including downregulation of E-cadherin and upregulation of Vimentin and N-cadherin. They reported that c-JUN induced FAM83A expression through direct binding to its promoter region, which forms a positive-feedback loop for FAM83A/PI3K/AKT/c-JUN. Liu et al. concluded that FAM83A serves as a tumorigenesis of HCC and promotes migration, invasion and metastasis through triggering a FAM83A/PI3K/AKT/c-JUN positive-feedback loop (38).

Hu et al. examined the roles and possible mechanism of FAM83A in non-small cell lung cancer (NSCLC) progression through bioinformatics analysis of GEO and TCGA databases and RT-PCR and reported high FAM83A expression in NSCLC that was associated with the poor prognosis (35). In vitro model showed that silencing FAM83A by siRNA/shRNA markedly reduced cell proliferation, induced cell apoptosis, and inhibited cell motility. In vivo experiments showed that silencing FAM83A in A549 cells reduced subcutaneous tumor growth and lung metastasis as well as phosphorylation of ERK and PI3K/AKT/mTOR (35). Contrary, FAM83A overexpression promoted cell proliferation and metastasis invasion in vitro that was suppressed by PI3K inhibitor and ERK inhibitor respectively. Their findings demonstrated that FAM83A promotes oncogenesis of NSCLC partly through ERK and PI3K/AKT/mTOR pathways (35).

Based on the expression level of FAM83A, we divided the patients into high and low-risk groups based on the median risk score in the TCGA dataset as a cut-off value, and the median OS and DFS in the low-risk group was pronounced higher of the one in the high-risk group. PCR and IHC results confirmed the expression characteristic of FAM83A in CC clinical samples. It was seen that the expression quantity of FAM83A was markedly correlated with histopathological type and lymph node status. Furthermore, our results demonstrated that silencing FAM83A markedly inhibited CC cell proliferation both in in-vitro as well as in-vivo experiments, meanwhile induced cell cycle arrest in vitro. FAM83A is a probable protooncogene that regulates the EGF/EGFR signaling pathway (39, 40) and seems vital for activating RAS/MAPK signaling cascade under the stimulation of EGFR. This gene also activates signaling cascades independent of EGFR regulation.

We performed a GSEA analysis on the cervical SCC samples of the TCGA database and found a regulatory relationship between FAM83A and PI3K/AKT pathway. The experiments demonstrated that FAM83A alters the activity of PI3K/Akt/mTOR signaling in CC.

MiRNAs have attracted considerable and wide attention in the regulation of gene expression because of their important status in cellular differentiation and embryonic stem cell growth. We performed a bioinformatics analysis using three different types of prediction software including PicTar, TargetScan, and miRanda (miRBase). We found that miR-206 directly suppresses FAM83A expression in CC. Subsequently, our western blot analysis and luciferase reporter assay consistently indicated that loss of miR-206 expression upregulated the expression of FAM83A. One interesting question is that overexpression of FAM83A or inhibition of miR-206 in cell lines such as HCerEpiC is enough to drive the cancer progression? And how do PI3K or AKT inhibitors influence such effects? We hypothesized that overexpression of FAM83A or miR206 in normal HCerEpiC might affect normal cell physiological function, which may be a driver for malignant transformation of normal cells. If extrapolated from our results, the addition of PI3K or AKT inhibitors may partially reverse the previously assumed effect. However, conducting further well-designed studies investigating such hypotheses is recommended.



CONCLUSION

In conclusion, our current experimental research reveal that molecules involved in the miR-206/FAM83A/PI3K/AKT signaling pathway serve as critical effectors in CC progression, meanwhile, FAM83A, as a potential protooncogene is closely related to the survival and prognosis of CC, may serve as potential therapeutic targets in CC.
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