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Background and Aims: The extent of surgical treatment for most patients with thyroid cancer (TC) remains controversial and varies widely. As an emerging technology, genetic testing facilitates tumor typing and disease progression monitoring and is expected to influence the choice of surgical approach for patients with TC. Recent genome-wide association studies (GWASs) have identified that rs2439302 (8p12) variants near NRG1 are associated with TC risk; however, the results remain inconclusive. Therefore, we aimed to perform a meta-analysis to clarify the association between rs2439302 variants and the risk of TC.

Methods: We search eligible studies using Pubmed, Scopus, Embase, Web of Science, and Cochrane library by July 2021. We analyzed the pooled OR and the corresponding 95% confidence interval (95% CI) of the included studies and then conducted subgroup analysis according to the ethnicity. We also performed a sensitivity analysis to validate the findings.

Results: This meta-analysis finally included 7 studies involving 6,090 cases and 14,461 controls. Results showed that the G allele of the rs2439302 polymorphism was a significant risk factor of TC in Allele (G/C), Dominant (GG+GC/CC), Recessive (GG/GC+CC), Homozygote (GG/CC), Heterozygote (GC/CC) models, with pooled ORs of 1.38 (95%CI, 1.31–1.45), 1.51 (95%CI, 1.41–1.62), 1.52 (95%CI, 1.40–1.66), 1.90 (95%CI, 1.71–2.10), and 1.40 (95%CI, 1.30–1.51), respectively. The subgroup analysis showed that rs2439302 polymorphism was associated with higher TC risk in different ethnicities with OR > 1. The sensitivity analysis exhibited that the results were stable by omitting any included studies.

Conclusions: The study revealed that rs2439302 variants were associated with higher TC risk and may have a major influence on the choice of operative approach for patients with TC.
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INTRODUCTION

Being the most prevalent malignancy in the endocrine system, thyroid cancer (TC) has become a serious disease threatening the health of the human being. Nearly 52,890 cases of TC were predicted to be diagnosed in the United States in 2020 (1). Moreover, the incidence of TC was among the top ten of the malignant tumor spectrums in China, accounting for 7.7% and 5.12% of the total cases in 2018 and 2015, respectively (2–4). The first line treatment for TC is surgery, except for certain cases of anaplastic TC (ATC). However, the extent of thyroidectomy and lymph node dissection especially for papillary TC remains controversial and varied (5). In the emerging era of genomic and precision medicine, genomic analysis relies on the patient's tumor tissue as a component of the diagnosis and treatment (6, 7), but our understanding of this genetic characteristic of TC is limited.

With the sharing of the single nucleotide polymorphism (SNPs) database represented by the International HapMap Project and the establishment and improvement of high-throughput genotyping technology, Genome-Wide Association Studies (GWASs) have become an important strategy for studying genetic mechanisms of complex diseases such as TC (8–10). Some TC risk alleles, such as 2q35 (rs966423), 9q22 (rs965513), 8p12 (rs2439302), 8q24 (rs6983267), and 14q13 (rs944289 and rs116909374), have been found based on several GWASs and candidate studies on Europeans (8, 9, 11, 12). Multiple studies of these variants in the British, United States, Japanese, and Chinese populations confirmed the association between these variants and the TC risk (11, 13, 14).

The SNP rs2439302 was within the first intron of NRG1 (gene encoding neuregulin 1) on 8p12. Julius Gudmundsson first demonstrated that rs2439302 was significantly correlated with TC (OR = 1.36; P combined = 2.0 × 10−9) in 2011. Subsequently, associations between the rs2439302 polymorphism with TC risk and clinical parameters in different populations have been investigated (11, 14–22); however, the published results are inconsistent. Positive associations between rs2439302 polymorphisms and TC were found in Asian (14, 16, 17, 22) and Caucasian (8, 11, 18) populations. However, one study reported a marginal association between rs2439302 and TC in Columbia's population. To our knowledge, this article is the first meta-analysis carried out to clarify whether rs2439302 variants are correlated with TC risk.



MATERIALS AND METHODS


Data Source and Keyword Selection

According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), we conducted the systematic literature search for relevant articles from databases including Pubmed, Scopus, Embase, Web of Science, and Cochrane library, by the end of July 2021. Since the study only extracted data from published studies, ethical approval was not required. The review was not registered.

The search terms we used in this study were as follows: “rs2439302,” “8p12,” “polymorphism,” “variation,” “variant,” “thyroid cancer,” “carcinoma of thyroid,” “thyroid carcinoma,” “thyroid neoplasm,” and “thyroid malignancy.” All the search records were limited to human studies and the language was restricted to English. The inclusion criteria were as follows: (1) used a case-control design; (2) evaluated the association between rs2439302 polymorphism and TC; (3) provided the number of rs2439302 genotypes or provided sufficient data to calculate the number of rs2439302 genotypes; (4) provided the odds ratios (OR) estimates and their 95% CIs or provided sufficient data to calculate the OR and 95% CI; (5) published in English or Chinese. We excluded the following studies: (1) duplicated publications; (2) irrelevant studies; (3) meta-analysis or review; (4) no access for full text; (5) case reports; (6) no associated data for extraction. As for the articles in which no relevant data are available, we contacted the corresponding authors to achieve the original data.



Data Extraction

An independent review of the included studies by 2 scientists was performed. The following parameters were extracted from the studies: the family name of the first author, the year of publication, the country of the population, ethnicity of the population, detailed number of the population, and specific genotype frequency of the population.



Statistical Analysis

We used the odds ratios (OR) and 95% confidence interval (95% CI) for the assessment of the association between the rs2439302 variants and TC. Five different models used were as follows: (1) G vs. C (allele model), (2) GG plus CG vs. CC (dominant model), (3) GG vs. CC plus CG (recessive model), (4) GG vs. CC (homozygous model), and (5) GC vs. CC (heterozygous model). The Chi-square test was used to analyze the Hardy-Weinberg equilibrium (HWE) for the control. Chi-square-based Q statistic and I2 test were used for assessing the heterogeneity between studies. Higher I2 values indicated higher levels of heterogeneity (low, moderate, large, and extreme heterogeneity corresponded to 0–25%, 25–50%, 50–75%, and 75–100%, respectively). The fixed-effects model was used when the p-value was >0.05, while the random-effects model was used when the p-value was <0.05. The Egger's test and Begg's funnel plot were used to analyze the publication bias. A sensitivity assessment was performed to reveal whether the ethnicity exerted an effect on the findings. All p-values were two-sided, p < 0.05 were considered statistically significant. The statistical analysis was conducted using R software.




RESULTS


Study Characteristics

This meta-analysis included 78 articles from Pubmed, Scopus, Embase, Web of Science, and Cochrane library, obtained by using different combinations of key terms. Overall, 49 records were excluded as they were duplicates; 11 records were irrelevant excluded after reviewing titles and abstracts; 11 records were removed based on the following defect: meta-analysis (n = 2), no full text (n = 3), review (n = 1), no associated data (n = 4), and case report (n = 1). Finally, 7 studies involving 6,090 cases and 14,461 controls met our inclusion criteria (8, 11, 14, 16–18, 23), and 1 of them has insufficient data, the original data were obtained by contacting the corresponding authors (17). All studies had case-control study designs. We made a flow diagram to show the detailed process of the study (Figure 1).


[image: Figure 1]
FIGURE 1. The flow gram of the study was shown.


The characteristics of the eligible studies are shown in Table 1. Among all these 7 studies, 4 studies were from Asia, and 3 studies were from Western countries. Moreover, in all these 5 studies, the genotype distribution in the controls was consistent with the Hardy–Weinberg equilibrium.


Table 1. Characteristics of included studies in the meta-analysis.
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Correlation Between rs2439302 Polymorphism and TC Risk

The fixed effect model was used to assess the overall ORs in all populations as well as in different countries, based on heterogeneity analysis. The heterogeneity analysis showed no significant heterogeneity in all the models including Allele, Dominant, Recessive, Homozygote, and Heterozygote models (P > 0.05). The TC risk correlated with the G allele was 1.38 times higher than that associated with the C allele (Figure 2A, OR = 1.38, 95% CI 1.31–1.45). In addition, the analysis based on the Dominant mode also indicated the significance of the correlation between rs2439302 and TC (Figure 2B, GG+GC/CC, OR = 1.51, 95% CI 1.41–1.62), Recessive model (Figure 2C, GG/CG+CC, OR = 1.52, 95% CI 1.40–1.66), Homozygote model (Figure 2D, GG/CC, OR = 1.90, 95% CI 1.71–2.10), and Heterozygote model (Figure 2E, GC/CC, OR = 1.40, 95% CI 1.30–1.51).


[image: Figure 2]
FIGURE 2. Forest plots for the meta-analysis of rs2439302 polymorphism and the risk of TC. (A) G vs. C (allele model). (B) GG plus CG vs. CC (dominant model). (C) GG vs. CC plus CG (recessive model). (D) GG vs. CC (homozygous model). (E) GC vs. CC (heterozygous model). OR, odds ratios; CI, confidence interval.




Subgroup Analysis and Sensitivity Analysis

To further validate our findings, we conducted a subgroup analysis based on ethnicity. It was shown that the TC risk was significantly associated with the G allele compared with the C allele with an OR of 1.34 (95% CI 1.19–1.51) in other ethnicities and an OR of 1.42 (95% CI 1.31–1.54) in Asians (Figure 3A). The remarkable correlation between rs2439302 polymorphism and TC was also identified in the subgroup analysis in the Dominant model (Figure 3B, OR = 1.54, 95% CI 1.39–1.69 in other ethnicities, and OR = 1.48, 95% CI 1.33–1.64 in Asians), Recessive model (Figure 3C, OR = 1.41, 95% CI 1.15–1.74 in other ethnicities, and OR = 1.79, 95% CI 1.46–2.18 in Asians), Homozygote model (Figure 3D, OR = 1.85, 95% CI 1.64–2.08 in other ethnicities, and OR = 2.09, 95% CI 1.69–2.57 in Asians), and Heterozygote model (Figure 3E, OR = 1.40, 95% CI 1.26–1.55 in other ethnicities, and OR = 1.40, 95% CI 1.25–1.56 in Asians). These findings from the sub-group analysis revealed that Asiana and other populations with rs2439302 polymorphism showed a comparable high risk for TC.


[image: Figure 3]
FIGURE 3. Forest plots for the subgroup-analysis of rs9929218 polymorphism and the risk of thyroid cancer based on ethnicity. (A) G vs. C (allele model). (B) GG plus CG vs. CC (dominant model). (C) GG vs. CC plus CG (recessive model). (D) GG vs. CC (homozygous model). (E) GC vs. CC (heterozygous model). OR, odds ratios; CI, confidence interval.


We also conducted sensitivity analysis by omitting one of the included studies. The results indicated the significant association between rs2439302 polymorphism and TC, which was existed in all the five models in the sensitivity analysis (Supplementary Figure S1, OR > 1).



Publication Bias Analysis and Sensitivity

We then carried out Begg's funnel plot and Egger's test to assess the publication bias of the studies. The funnel plots of the Allele, Dominant, Recessive, Heterozygote, and Homozygous models are symmetrical inverted funnels (Figure 4A, Supplementary Figures S2–S5), which suggest no significant publication bias. The results of both Begg's test and Egger's test were not significant (Figures 4B–D, p > 0.05). These findings revealed the stability and credibility of our conclusions of the meta-analysis.


[image: Figure 4]
FIGURE 4. Publication bias analysis for rs2439302 polymorphism and the TC risk for G vs. C (allele model). (A) A funnel plot of publication bias analysis was performed to explore the correlation between rs2439302 polymorphism and TC risk. The methods based on linear regression proposed by (B) Begg plot and (C) Egger test were used to evaluate the asymmetry of the funnel plot. (D) The method based on linear regression proposed by the Egger test based on arcsine difference was utilized to analyze the asymmetry of the funnel plot.





DISCUSSION

Thyroid cancer is a multifactorial disease that involves genetic mutation and environmental changes (24). Currently, the 8p12 SNP rs2439302 has shown the strongest evidence of association with TC (11, 14–22). However, we noticed that no meta-analysis has been reported to analyze. The present study is the first comprehensive assessment of the literature focused on the correlation between rs2439302 polymorphism and TC.

Rs2439302 is located in the first intron of NRG1, a ligand for the ERBB protooncogene. It encodes a signal membrane protein which effects as a key regulator in the progression of various systems such as the nervous system, circulation system, and so on (25, 26). Additionally, NRG1 polymorphisms have been shown to be associated with schizophrenia, Alzheimer's disease, Hirschsprung's disease, TC, and other carcinoma development and metastasis (27–29). rs2439302 has been reported to influence NRG1 gene expression in the GTEx data, and Huiling et al. reported that the risk allele [G] is associated with the upregulation of NRG1; further, a DNA silencing of 32 kb containing the risk [G] allele of rs2439302 was revealed to harbor multiple candidate functional variants (21). However, Rogounovitch et al. determined the correlation between allele [G] of rs2439302 and the downregulation of NRG1; this could be because rs2439302 is located in the CTCF (CCCTC-binding factor, a transcription factor, and a highly conserved zinc-finger factor and DNA binding protein) binding region, and CTCF expression is decreased in TC tissues, which may result in the downregulation of NRG1 (14, 17). Nevertheless, the common ground for these studies is that rs2439302 has a role in the predisposition to TC. Jendrzejewski et al. showed that rs2439302 is correlated with lymph node metastasis (OR = 1.24, p = 0.016), and multifocality status of the tumor (OR = 1.24, p = 0.012) (20); Further, Estrada-Florez et al. indicated a higher association between rs2439302 and large tumors (OR = 1.50 P = 0.038) (11). The abovementioned study findings demonstrate that rs2439302 may be used effectively to identify patients with TC who are at the greatest risk.

In order to determine the TC risk under different genotypes, this meta-analysis analyzed the TC risk with rs2439302 based on different genetic models such as Allele (G/C), Heterozygote (GC/CC), Homozygote (GG/CC), Dominant (GG+GC/CC), and Recessive (GG/CG+CC). Results showed that the risk of TC associated with the G allele was 1.38 times higher than that of the C allele (OR = 1.38, 95% CI 1.31–1.45). In addition, this significant correlation between rs2439302 and TC also exists in the Dominant model (GG+GC/CC, OR = 1.51, 95% CI 1.41–1.62), Recessive model (GG/CG+CC, OR = 1.52, 95% CI 1.40–1.66), Homozygote model (GG/CC, OR = 1.90, 95% CI 1.71–2.10), and Heterozygote model (GC/CC, OR = 1.40, 95% CI 1.30–1.51). Subgroup analysis in different ethnicities was then carried out to investigate rs2439302 polymorphism in TC. The TC risk was significantly associated with the G allele compared with the C allele with an OR of 1.34 (95% CI 1.19–1.51) in other ethnicities and OR of 1.42 (95% CI 1.31–1.54) in Asians. It was also found that the rs2439302 polymorphism and TC were also significantly correlated based on subgroup analysis in the Dominant model, Recessive model, Homozygote model, and Heterozygote model. These findings from the sub-group analysis revealed that Asiana and other populations with rs2439302 polymorphism showed a comparable high risk for TC. Finally, the publication bias and sensitivity analysis indicated the stability of this meta-analysis.

Here, we found the vital association between rs2439302 and TC risk. However, some limitations still exist. First, owing to the lack of detailed information, the number of studies involved in this subject is small, which may lead to a lack of statistical capacity and hinder meaningful analysis of the results. Second, the effect of heterogeneity on the results could not be avoided even if a random-effects model was used. This heterogeneity may have been caused by factors such as a source of control, genotyping method, gene-environment interactions, and sample size. Third, although we found no publication bias via the Begg's and Egger's tests, the funnel plots of the Dominant and Recessive models were asymmetrical inverted funnels. Thus, publication bias may have been inevitable. Therefore, further analysis using larger sample size, a standardized unbiased method, and better-matched controls are required to obtain a more convincing conclusion.

Taken together, the present study indicated a significant association between rs2439302 and TC risk. Furthermore, we show that the Chinese populations have a higher risk than the Japanese and USA populations.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

MG and JX conceived and designed the experiments. YG and WZ performed the search and collected the data. YG and RH analyzed the data. YG and CZ interpreted the results and drafted the manuscript. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.



FUNDING

This work was supported by grants from the National Natural Science Foundation of China (81802674), Natural Science Foundation of Zhejiang Province (LY21H160049), Medical Health Science and Technology Project of Zhejiang Provincial Health Commission (2021KY482, 2020KY008), and Zhejiang Province Postdoctoral Research Excellence Funding Project (ZJ2021167). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.877206/full#supplementary-material



REFERENCES

 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clinic. (2020) 70:7–30. doi: 10.3322/caac.21590

 2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in China, 2015. CA Cancer J Clinic. (2016) 66:115–32. doi: 10.3322/caac.21338

 3. Zeng H, Chen W, Zheng R, Zhang S, Ji JS, Zou X, et al. Changing cancer survival in China during 2003–15: a pooled analysis of 17 population-based cancer registries. Lancet Glob Health. (2018) 6:e555–67. doi: 10.1016/S2214-109X(18)30127-X

 4. Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in China: good or bad news from the 2018 Global Cancer Statistics? Cancer Commun. (2019) 39:22. doi: 10.1186/s40880-019-0368-6

 5. Zhao J, Zhao Y, Ling Y, Kang H. Risk factors of central lymph node metastasis in papillary thyroid microcarcinoma and the value of sentinel lymph node biopsy. Front Surg. (2021) 8:680493. doi: 10.3389/fsurg.2021.680493

 6. O'Reilly EM, Lee JW, Zalupski M, Capanu M, Park J, Golan T, et al. Randomized, multicenter, phase II trial of gemcitabine and cisplatin with or without veliparib in patients with pancreas adenocarcinoma and a germline BRCA/PALB2 mutation. J Clin Oncol. (2020) 38:1378–88. doi: 10.1200/JCO.2020.38.4_suppl.639

 7. Ott J, Kamatani Y, Lathrop M. Family-based designs for genome-wide association studies. Nat Rev Genet. (2011) 12:465–74. doi: 10.1038/nrg2989

 8. Gudmundsson J, Sulem P, Gudbjartsson DF, Jonasson JG, Masson G, He H, et al. Discovery of common variants associated with low TSH levels and thyroid cancer risk. Nat Genet. (2012) 44:319–22. doi: 10.1038/ng.1046

 9. Gudmundsson J, Thorleifsson G, Sigurdsson JK, Stefansdottir L, Jonasson JG, Gudjonsson SA, et al. A genome-wide association study yields five novel thyroid cancer risk loci. Nat Commun. (2017) 8:14517. doi: 10.1038/ncomms14517

 10. Speed D, Balding DJ. Relatedness in the post-genomic era: is it still useful? Nat Rev Genet. (2015) 16:33–44. doi: 10.1038/nrg3821

 11. Estrada-Florez AP, Bohorquez ME, Sahasrabudhe R, Prieto R, Lott P, Duque CS, et al. Clinical features of Hispanic thyroid cancer cases and the role of known genetic variants on disease risk. Medicine. (2016) 95:e4148. doi: 10.1097/MD.0000000000004148

 12. Takahashi M, Saenko VA, Rogounovitch TI, Kawaguchi T, Drozd VM, Takigawa-Imamura H, et al. The FOXE1 locus is a major genetic determinant for radiation-related thyroid carcinoma in Chernobyl. Hum Mol Genet. (2010) 19:2516–23. doi: 10.1093/hmg/ddq123

 13. Jones AM, Howarth KM, Martin L, Gorman M, Mihai R, Moss L, et al. Thyroid cancer susceptibility polymorphisms: confirmation of loci on chromosomes 9q22 and 14q13, validation of a recessive 8q24 locus and failure to replicate a locus on 5q24. J Med Genet. (2012) 49:158–63. doi: 10.1136/jmedgenet-2011-100586

 14. Wang YL, Feng SH, Guo SC, Wei WJ, Li DS, Wang Y, et al. Confirmation of papillary thyroid cancer susceptibility loci identified by genome-wide association studies of chromosomes 14q13, 9q22, 2q35 and 8p12 in a Chinese population. J Med Genet. (2013) 50:689–95. doi: 10.1136/jmedgenet-2013-101687

 15. Swierniak M, Wojcicka A, Czetwertynska M, Dlugosinska J, Stachlewska E, Gierlikowski W, et al. Association between GWAS-derived rs966423 genetic variant and overall mortality in patients with differentiated thyroid cancer. Clin Cancer Res. (2016) 22:1111–9. doi: 10.1158/1078-0432.CCR-15-1746

 16. Wei WJ, Lu ZW, Wang Y, Zhu YX, Wang YL, Ji QH. Clinical significance of papillary thyroid cancer risk loci identified by genome-wide association studies. Cancer Genet. (2015) 208:68–75. doi: 10.1016/j.cancergen.2015.01.004

 17. Rogounovitch TI, Bychkov A, Takahashi M, Mitsutake N, Nakashima M, Nikitski AV, et al. The common genetic variant rs944289 on chromosome 14q13.3 associates with risk of both malignant and benign thyroid tumors in the Japanese population. Thyroid. (2015) 25:333–40. doi: 10.1089/thy.2014.0431

 18. Liyanarachchi S, Wojcicka A, Li W, Czetwertynska M, Stachlewska E, Nagy R, et al. Cumulative risk impact of five genetic variants associated with papillary thyroid carcinoma. Thyroid. (2013) 23:1532–40. doi: 10.1089/thy.2013.0102

 19. Liao S, Song W, Liu Y, Deng S, Liang Y, Tang Z, et al. Familial multinodular goiter syndrome with papillary thyroid carcinomas: mutational analysis of the associated genes in 5 cases from 1 Chinese family. BMC Endocr Disord. (2013) 13:48. doi: 10.1186/1472-6823-13-48

 20. Jendrzejewski J, Liyanarachchi S, Nagy R, Senter L, Wakely PE, Thomas A, et al. Papillary thyroid carcinoma: association between germline DNA variant markers and clinical parameters. Thyroid. (2016) 26:1276–84. doi: 10.1089/thy.2015.0665

 21. He H, Li W, Liyanarachchi S, Wang Y, Yu L, Genutis LK, et al. The role of NRG1 in the predisposition to papillary thyroid carcinoma. J Clin Endocrinol Metab. (2018) 103:1369–79. doi: 10.1210/jc.2017-01798

 22. Guo S, Wang YL, Li Y, Jin L, Xiong M, Ji QH, et al. Significant SNPs have limited prediction ability for thyroid cancer. Cancer Med. (2014) 3:731–5. doi: 10.1002/cam4.211

 23. Mussazhanova Z, Rogounovitch TI, Saenko VA, Krykpayeva A, Espenbetova M, Azizov B, et al. The contribution of genetic variants to the risk of papillary thyroid carcinoma in the Kazakh population: study of common single nucleotide polymorphisms and their clinicopathological correlations. Front Endocrinol. (2021) 11:543500. doi: 10.3389/fendo.2020.543500

 24. Czene K, Lichtenstein P, Hemminki K. Environmental and heritable causes of cancer among 9.6 million individuals in the Swedish Family-Cancer Database. Int J Cancer J Int Cancer. (2002) 99:260–6. doi: 10.1002/ijc.10332

 25. Gardner M, Gonzalez-Neira A, Lao O, Calafell F, Bertranpetit J, Comas D. Extreme population differences across Neuregulin 1 gene, with implications for association studies. Mol Psychiatry. (2006) 11:66–75. doi: 10.1038/sj.mp.4001749

 26. Talmage DA. Mechanisms of neuregulin action. Novartis Found Symp. (2008) 289:74–84. doi: 10.1002/9780470751251.ch6

 27. Hosseini-Jangjou SH, Dastgheib SA, Aflatoonian M, Amooee A, Bahrami R, Salehi E, et al. Association of neuregulin 1 rs7835688 G > C, rs16879552 T > C and rs2439302 G > C polymorphisms with susceptibility to non-syndromic Hirschsprung's disease. Fetal Pediatr Pathol. (2019) 40:198–205. doi: 10.1080/15513815.2019.1692113

 28. Yang D, Yang J, Li S, Jiang M, Cao G, Yang L, et al. Effects of RET, NRG1 and NRG3 polymorphisms in a Chinese population with hirschsprung disease. Sci Rep. (2017) 7:43222. doi: 10.1038/srep43222

 29. Ocana A, Diez-Gonzalez L, Esparis-Ogando A, Montero JC, Amir E, Pandiella A. Neuregulin expression in solid tumors: prognostic value and predictive role to anti-HER3 therapies. Oncotarget. (2016) 7:45042–51. doi: 10.18632/oncotarget.8648

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.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Guo, Zhang, He, Zheng, Liu, Ge and Xu. 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.



OPS/images/fsurg-09-877206-t001.jpg
Author

Gudmundsson
Liyanarachchi
Wang

Wei
Rogounovitch
Estrada-Florez
Mussazhanova

Year

2011
2013
2013
2015
2015
2016
2021

Group

Case control
Case control
Case control
Case control
Case control
Case control
Case control

Country

Mixed
Mixed
China
China
Japan
USA

Japan

GG

317
584
49
49
31
74

Thyroid cancer

CG

563
978
296
291
196
152
238

cc

254
410
501
498
308
56

157

GG

1,051
565
34
15
104
285
110

Control

CG

2,734
1,226
289
143
855
550
446

cc

1,840
666
682
343

1,765
306
452

HWE

< << << <<

Ethnicity

Other
Other
Asian
Asian
Asian
Other
Asian





OPS/images/fsurg-09-877206-g003.gif
T
x mom !

_,.,_“
+ ]

z;






OPS/images/fsurg-09-877206-g004.gif
b b

ggertunnel ltbasedan 43

Eogertometplo






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Investigating the Association Between rs2439302 Polymorphism and Thyroid Cancer: A Systematic Review and Meta-Analysis



		Introduction



		Materials and Methods



		Data Source and Keyword Selection



		Data Extraction



		Statistical Analysis







		Results



		Study Characteristics



		Correlation Between rs2439302 Polymorphism and TC Risk



		Subgroup Analysis and Sensitivity Analysis



		Publication Bias Analysis and Sensitivity







		Discussion



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in surgery

Investigating the Association
Between rs2439302 Polymorphism
and Thyroid Cancer: A Systematic

Review and Meta-Analysis





OPS/images/fsurg-09-877206-g001.gif
78 records identified
from database search

49 duplicated records

>
removed

Y

29 records screened

11 irrelevant records
>

removed
Y
18 records assessed for
eligibility
Exclude 11 studies:
2 Meta-analysis
3 No full-text
] *1Review

*4 No associated data
1 Case report

7 records included in meta-

analysis






OPS/images/fsurg-09-877206-g002.gif
ESRE R
2OEERATT e
N Gt
EER T ES
B2 2@ [S=mEAE
mmmmm, e T HEHETT e
- R
e EE S EIEA R R
S I8 SR
oo O I

swecuit |
& astsant 4l










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





