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Objective

A systematic evaluation of the diagnostic value of Ring finger protein 180 (RNF180) gene methylation as a novel tumor marker for gastric cancer (GC) is required to improve the early diagnosis of gastric cancer patients.



Methods

Computer searches of PubMed, Web of Science, Embase, The Cochrane Library, CNKI, CBM, WanFang Data, National Research Register, Cclinical Controlled Trials, Opengrey and VIP databases were conducted from the database’s inception to September 1, 2022. Two researchers independently screened the literature, extracted information, and assessed the risk of bias in studies that were included. The meta-analysis was carried out using RevMan 5.3 and Stata 16.0 software.



Results

A total of 9 studies with a total of 1531 subjects were included. A random-effects meta-analysis revealed that the combined sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) of plasma RNF180 gene methylation for the diagnosis of GC were: 0.54 [95% CI (0.45, 0.62)], 0.80 [95% CI (0.72, 0.87)], 2.73 [95% CI (2.09, 3.57)], 0.58 [95% CI (0.51, 0.65)], 4.74 [95% CI (3.59, 6.62)], respectively.



Conclusion

The detection of RNF180 gene methylation in plasma has a high diagnostic value for GC and is expected to be a potential biomarker for the diagnosis of gastric cancer, according to current evidence. 



Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=370903, identifier CRD42022370903.
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1 Introduction

Gastric cancer (GC) is a common type of digestive system malignant tumor. In 2020, the number of new cases surpassed 1 million, and the number of deaths surpassed 760,000, placing it fifth and fourth among global cancers in terms of incidence and mortality rates, respectively (1). Due to the lack of obvious clinical manifestations in the early stage, most gastric cancer patients are diagnosed at an advanced stage and miss the best time for surgical treatment, and have a poor prognosis (2). Therefore, the key to raising the survival rate and improving the prognosis of stomach cancer patients is early screening and detection. Currently, endoscopy is the most reliable screening and diagnostic tool, and gastroscopy in conjunction with a histopathological examination is the gold standard for detecting stomach cancer. However, because of the pain of the patient and problems like bleeding and perforation during the inspection, its clinical application is currently limited (3). Hematologic tumor markers, in contrast, have broad application potential, strong practicability, are less invasive, and offer significant economic benefits. Carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), carbohydrate antigen 724 (CA724), alpha-fetoprotein (AFP), and carbohydrate antigen 125 are currently accessible tumor markers for the screening or early identification of gastric cancer. However, the tumor markers have low sensitivity and specificity, which limits their utility in diagnosing gastric cancer (4, 5). Therefore, finding new and more effective tumor markers is essential for making an early diagnosis of stomach cancer.

DNA methylation is an epigenetic mechanism that occurs through the covalent addition of methyl groups to DNA (6). DNA methylation alters the conformation of genes, preventing them from binding to transcription factors and instead binding to methylated CPG-binding domain proteins. The latter in turn recruits other proteins and eventually forms dense and inactive abnormal chromatin, which can inactivate tumor suppressor genes and promote cancer progression (7, 8). One potential biomarker for the early identification of cancer is the methylation of the cancer-related gene (9).

Ring finger protein 180 (RNF180) is a tumor suppressor gene located on the long arm of chromosome 5. RINES is an E3 ring finger protein with ubiquitin ligase activity, produced by the gene encoding RNF180 (10). By mediating protein degradation via the ubiquitin-proteasome system (UPS), RNF180 participates in several biological processes including apoptosis, gene transcription, and DNA repair (2, 11, 12). When RNF180 was methylated, it led to structural and functional alterations in the gene that made it less effective at promoting apoptosis and failed to stop the growth, differentiation, and metastasis of the tumor (2, 13–17). Recent clinical studies have demonstrated a strong correlation between the prognosis, overall postoperative survival, lymph node metastases in patients with gastric cancer, and the RNF180 gene methylation status (18–21). RNF180 methylation was demonstrated by Cheung et al. to be detectable in plasma samples from 56.25 (18/32) gastric cancer patients, but not in plasma from 64 healthy controls (11). Similar results were discovered in the Zhang et al. investigation. According to their findings, RNF180 methylation was found in 57.89% (33/57) of plasma samples from patients with gastric cancer, but only in 23.81% (10/42) of the people in the control group (22). Accordingly, it can be inferred that RNF180 methylation may be an important marker for the diagnosis of gastric cancer.

There is a paucity of evidence-based medical evidence about the diagnostic effectiveness of RNF180 gene methylation in the diagnosis of gastric cancer. To establish a reference basis for early clinical screening of gastric cancer, this study aims to comprehensively compile the current studies investigating the relationship between RNF180 gene methylation and gastric cancer diagnosis. This will allow for a systematic evaluation of the feasibility of the plasma RNF180 gene methylation test as a diagnostic biomarker for gastric cancer.



2 Materials and methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses on Diagnostic Test Accuracy (PRISMA-DTA) were used to conduct this systematic review and meta-analysis. Our study has been registered with PROSPERO (registration number: CRD42022370903).


2.1 Inclusion and exclusion criteria

The following were the inclusion criteria: 1) Diagnostic accuracy studies. 2) Patients diagnosed with GC by the gold standard, regardless of age, gender or race. 3) Studies analyzing the relationship between RNF180 gene methylation status and gastric cancer. 4) Studies providing sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and area under the summary receiver operating characteristic curve (SROC) (AUC).

The following were the exclusion criteria: 1) Repeatedly published research. 2) Unable to obtain the full text or extract the data of the four-cell Table 3) Reviews, case reports, and conference abstracts.



2.2 Data sources and searches

Computer searches of PubMed, Embase, The Cochrane Library, Web of Science, CNKI, WanFang Data, VIP, National Research Register, Clinical Controlled Trials, Opengrey and CBM databases were searched to collect clinical studies on plasma RNF180 gene methylation for the diagnosis of gastric cancer. The search time frames ranged from the database’s inception to September 1, 2022. In addition, to supplement access to relevant literature, a combination of Google Scholar and references from the included literature was used. The searches used a combination of subject terms and free terms. Using PubMed as an example, the search strategy is as follows: (Stomach Neoplasms OR gastric cancer OR gastric carcinoma OR stomach cancer OR Stomach Neoplasm OR stomach carcinoma OR gastric adenocarcinoma) OR ((gastric OR stomach) AND (cancer OR carcinoma OR tumor OR malignancy OR neoplasm OR adenocarcinoma))) AND (rnf180 OR rines OR ring finger protein 180)) AND (methylation).



2.3 Literature screening and data extraction

Two researchers independently screened the literature, and extracted and cross-checked the data based on the inclusion/exclusion criteria. Disagreements were settled through discussion or consultation with a third party. The title and abstract of the text were read first, and after excluding irrelevant literature, the full text was read again to determine inclusion. If information is missing from the study and data cannot be extracted, we contact the author by email to obtain the relevant information based on the email address of the corresponding author indicated in the included literature. The following data were extracted: 1) basic characteristics of the study: first author, year of publication, country, study type, sample size, and methylation detection method; 2) subject characteristics: gender, age, race, the amount of RNF180 methylation occurring in case and control groups, and source of the control group; 3) diagnostic information: sensitivity, specificity, and area under the curve (AUC).



2.4 Methodological quality assessment

Two investigators independently assessed the risk of bias in the included studies, and the results were cross-checked. The Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool was used to assess the risk of bias (23). Each bias risk item was graded as “yes,” “no,” or “unclear,” while applicability concerns were graded as “high,” “low,” or “unclear.”



2.5 Statistical analysis

The combined sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) were calculated using RevMan 5.3 and Stata 16.0 software, and the hierarchical summary receive operating characteristic was plotted (HSROC). The Fagan nomogram was used to calculate the positive post-test probability (PPP) and negative post-test probability (NPP). The χ2 test (α=0.05) was used to assess heterogeneity between the results of each study, and the magnitude of heterogeneity was quantified by combining I2. If there was no significant heterogeneity among the results, Meta-analysis was performed using a fixed-effects model. If the study results were heterogeneous, the sources of heterogeneity were investigated further using meta-regression and subgroup analysis. After excluding the effects of significant heterogeneity, Meta-analysis was performed using a random-effects model. Publication bias between the included studies was evaluated by drawing Deek’s funnel plot (with P > 0.05 indicating no publication bias).




3 Results


3.1 Search results

For the initial review, 95 relevant pieces of literature were obtained. Following the layer-by-layer screening, 9 studies on diagnostic accuracy with 1531 subjects were finally included (2, 11, 22, 24–29). Figure 1 depicts the screening process and results of the literature.




Figure 1 | Literature screening process and results.





3.2 Study characteristics

Table 1 shows the basic characteristics of the included studies. The number of gastric cancer patients included in the study ranged from 32 to 151. All gastric cancer patients were diagnosed using the gold standard of gastroscopy combined with histopathology, and no radiotherapy or chemotherapy had been administered before surgery.


Table 1 | Main characteristics of 9 studies included in the meta-analysis.





3.3 Risk of bias and applicability concerns within studies

None of the included studies met all domain criteria of the QUADAS-2 methodological quality tool. On average, each study met two of the four risks of bias domains. The case-control design and inappropriate exclusions (for specific diagnoses) explain why almost no studies had low risk in the domains of patient selection and index testing. One study was rated as high risk in the area of patient selection because the exact time frame and continuity were not mentioned. All articles met the applicability criteria for all three domains of concern (Figure 2).




Figure 2 | Quality assessment results (A): Summary of methodological quality; (B): Methodological quality map.





3.4 Meta-analysis

The included studies showed relatively high heterogeneity in terms of sensitivity and specificity (I²=82.48 and I²=89.83) using a random effects model, and Meta-analysis showed that SEN=0. 54 [95% CI (0.45, 0.62)], SPE=0.80 [95% CI (0.72, 0.87)], PLR=2.73 [95% CI (2.09, 3.57)], NLR=0.58 [95% CI (0.51, 0.65)], DOR=4.74 [95% CI (3.59, 6.62)] (Figure 3). The HSROC model gave a β estimate with a 95% confidence interval of 0.31 (-0.16, 0.78) and a Z-statistic of 1.30, corresponding to P=0.194. The Lambda estimate with a 95% confidence interval was 1.38 (1.01, 1.75) (Figure 3F).




Figure 3 | Meta-analysis results of RNF180 methylation for the diagnosis of gastric cancer (A) sensitivity; (B) specificity; (C) PLR; (D) NLR; (E) DOR; (F) HSROC; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds. ratio; HSROC, hierarchical summary receives operating characteristic.



When defining a pretest probability of 0.50 for RNF180 methylation to diagnose gastric cancer, the PPP and NPP were 73% and 37%, respectively (Figure 4A). The likelihood ratio dot plot of RNF180 gene methylation for the diagnosis of gastric cancer is shown in Figure 4B.




Figure 4 | (A) Fagan nomogram plot; (B) Likelihood ratio coordinate plot.



Thus, the findings suggest that the methylation status of the RNF180 gene has good diagnostic accuracy for gastric cancer and can be used as an effective biomarker for the disease.



3.5 Meta-regression and subgroup analysis

To investigate the sources of heterogeneity, we performed a meta-regression analysis based on the study design, methods of detecting methylation, sample size, and source of the control group (Table 2). The four covariates had no significant effect on the study’s diagnostic accuracy (P>0.05), according to meta-regression analysis. Table 3 shows subgroup analyses to determine the source of the heterogeneity.


Table 2 | Potential sources of heterogeneity detected by Meta-Regression.




Table 3 | Results of subgroup analysis of RNF180 gene methylation were reported from nine studies in a diagnostic meta-analysis.





3.6 Sensitivity analysis

Sensitivity analysis was conducted by excluding individual studies one by one, and the results showed no significant changes in SEN, SPE, and DOR, indicating that the results were robust (Figure 5).




Figure 5 | (A) Sensitivity analysis (one-by-one elimination method). (B) Sensitivity analysis. (A, B) show different presentations of the sensitivity analysis results. In (B), the data in (a, b) are evenly distributed in a straight line, (d) no yellow literature appears, representing stable results, and the 9th literature in Figure (c) is marked yellow, suggesting that this literature affects the stability of the results of this study.





3.7 Publication bias

Deeks funnel plot was drawn to test publication bias, and the results showed that the distribution around each research point was symmetric (P=0.41), suggesting a small possibility of publication bias (Figure 6).




Figure 6 | Deeks funnel plot of RNF180 gene methylation for GC diagnosis.






4 Discussion

Due to a lack of timely physical examinations and/or limitations in the level of early diagnosis, gastric cancer remains one of the major threats to human health. Although gastroscopic biopsy is currently an effective method for the early detection of gastric cancer, endoscopic clinicians must have a high level of operational and pathological experience to perform the test. Furthermore, the biopsy is difficult to detect subtle lesions, and there is a risk of internal bleeding and perforation due to irregular surgical procedures. To address these issues, an increasing number of diagnostic studies are focusing on the discovery of tumor biomarkers and the development of molecular biology instrumentation (30). Because blood biomarkers are noninvasive, inexpensive, and clinically feasible, they may be considered the screening method of choice for gastric cancer. Several studies are currently being conducted to investigate the diagnostic utility of various biomarkers for gastric cancer. An earlier meta-analysis of tumor markers in GC discovered that overall positivity rates for all these markers were low (CEA 24.0%, CA-199 27.0%, CA724 29.9%), and even lower in stage I GC (CEA 13.7%, CA199 9.0%, CA724 12.0%) (31). Although Yang et al. study’s found that the combined sensitivity of CA72-4, CEA, CA125, and CA19-9 could reach 66.0%, the sensitivity of individual biomarkers was lower, 33.0%, 25.5%, 31.1%, and 38.7%, respectively (32). The degree of methylation of specific genetic regions has been found to be directly related to lymph node metastasis, TNM stage, tumor pathological classification, and prognosis (33, 34). Given the ease of sample collection, the detection of DNA methylation in peripheral blood can be used as a molecular biological test for diagnosing disease and predicting patient prognosis, opening a new avenue for noninvasive cancer detection (35, 36). There is growing evidence that plasma RNF180 methylation is linked to gastric cancer, and RNF180 methylation has great potential as a diagnostic and prognostic tumor marker, with promising research prospects (16, 37). Due to the vulnerability of a single individual clinical study to small sample size, experimental technique, and experimental design (38). Therefore, this study investigated the diagnostic value of RNF180 methylation assay for gastric cancer by systematically evaluating all relevant clinical studies in the current field, and provided a reference for the application of tumor markers for the early diagnosis of gastric cancer.

The RNF180 methylation test had a specificity of 0.80 (95% CI: 0.72 - 0.87) in distinguishing gastric cancer patients from controls in our meta-analysis of 1531 participants from 9 research. However, its sensitivity was only 0.54 (95% CI: 0.45 - 0.62), which could be attributed to the confinement of lesions to localized areas and the insufficient amount of circulating free DNA that undergoes methylation in plasma, limiting its diagnostic value in the screening of gastric cancer (39). Despite its modest sensitivity, it has greater specificity than most plasma tumor markers. In fact, when compared to the sensitivity of various other tumor indicators, the RNF180 gene methylation assay performs admirably. That is, RNF180 gene methylation assays have the same sensitivity as other biomarkers but much higher specificity. Rutter et al. proposed the HSROC model as an extension of the fixed-effects comprehensive receiver operating characteristic curve model for the combined evaluation of sensitivity and specificity of several diagnostic studies (40). The results of the HSROC model showed a β of 0.31 (95% CI: -0.16, 0.78), P=0.194, indicating that the SROC was symmetric. In this study, Lambda, an effect index representing diagnostic test discriminatory capacity, was 1.38 (1.01, 1.75), indicating that the RNF180 gene methylation test has a relatively high diagnostic accuracy in gastric cancer diagnosis. For clinical decision-making, likelihood ratios and posterior probability are preferable. Because of the heterogeneity among studies, we conducted Meta-regression and subgroup analysis to explore the sources of heterogeneity. When subgroup analysis was performed on study design, method of detecting methylation, sample size, and source of control group, the within-group heterogeneity was still large, and the above factors could not explain the heterogeneity among studies well. Combined with the full text, the possible sources of heterogeneity were considered to be the different RNF180 methylation cutoff values among the included studies. However, some studies did not report the selection method of cutoff values and explain its rationality, resulting in the inability to further identify the sources of heterogeneity. Although the funnel plot showed a low likelihood of publication bias, the accuracy of the study results may have been compromised because the gray literature was not retrieved.

In conclusion, the results of this study showed that the plasma RNF180 gene methylation test is more realistic and reliable in assisting gastric cancer diagnosis, which fully demonstrated its important role in gastric cancer diagnosis. Therefore, the RNF180 gene methylation test is an effective predictive biomarker for gastric cancer. It can be used as a screening tool for gastric cancer, especially for subjects with poor physical conditions and unable to tolerate gastroscopy. This is the first systematic review and meta-analysis of plasma RNF180 gene methylation in gastric cancer diagnosis. The findings show that RNF180 gene methylation has a high specificity but a low sensitivity, which can lead to missed diagnoses and has limitations in clinical application and practice. To provide a better reference for clinical decision-making, clinical attention should be paid to the comprehensive analysis and judgment of plasma tumor markers, traditional imaging detection, and histopathological findings. Furthermore, the current clinical studies have a high quality of evidence, according to QUADAS-2, and thus the results of this study are reliable. Meanwhile, the consistency of the sensitivity analysis results, fully supported the reliability of our findings.

Several shortcomings of this study are worth considering: 1) All samples and related statistics are from China, and regional bias may exist, so the influence of ethnic and geographical factors on the selection bias of the study population cannot be excluded; 2) gray literature and conference abstracts were not retrieved, which may be led to publication bias; 3) The number of included studies was small and their quality was average, which to some extent reduced the credibility of the Meta-analysis results.



5 Conclusion

The discovery of promising biomarkers is critical for early detection and diagnosis of gastric cancer. The methylation status of RNF180 gene has diagnostic value for gastric cancer and has the potential to be used as a new tumor marker for the diagnosis of gastric cancer in clinical practice, according to our meta-analysis results based on nine studies. However, due to the current studies’ quality and quantity limitations, the conclusions drawn from a systematic review should therefore be interpreted cautiously, more high-quality studies are required in the future to further investigate the relationship between RNF180 gene methylation and gastric cancer.
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