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Editorial on the Research Topic 
Small non-coding RNAs in diseases


SMALL NON-CODING RNAS IN DISEASES
Non-coding RNAs (ncRNAs) are RNA molecules that are not translated into proteins. They show great potential to serve as novel biomarkers and prophylactic/therapeutic targets of human diseases, including cancer, neurodegenerative disease, viral infection, and inflammatory diseases (Skalsky and Cullen, 2010; Carpenter et al., 2013; Maoz et al., 2017; Damas et al., 2019; Wang et al., 2019). Based on their size, ncRNAs are generally grouped into long ncRNAs (lncRNAs, >200 nt) and small ncRNAs (sncRNAs, <200 nt). Major sncRNA classes include microRNAs (miRNAs), small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs), piwi-interacting RNA (piRNA), and tRNA-derived RNA Fragment (tRFs) (Liao et al., 2010; Fu et al., 2015; Hombach and Kretz, 2016; Haack et al., 2019). This special issue focused on the sncRNAs and their essential roles in physiological and pathological conditions to explore the mechanisms of sncRNA-mediated human diseases.
MIRNAS-REGULATED GASTROINTESTINAL INFLAMMATION
In addition to the roles of lncRNAs and circular RNAs in human inflammatory bowel diseases (Lin et al., 2020), miRNAs were also reported to regulate intestinal epithelial integrity in mice recently (Wang et al., 2017). In this Research Topic, an original research paper from Dr. Haque’s group found increased expression of miR-122 and miR-21 in stool in children with increased intestinal permeability (IIP) (Rashid et al.). The finding was from a large sample (n = 442) and through integrative analysis of miRNA profiling, mucosal inflammation, and intestinal permeability. The association of enhanced miR-122 and miR-21 expression with international permeability suggests that assessing these miRNAs may serve as a new diagnosis method of IIP in children who suffer diseases associated with intestinal barrier dysfunction.
This topic also reviewed miRNA-regulated primary biliary cholangitis (PBC) (Zhang et al.), with highlighted functions of miRNAs participating in PBC inflammation and related pathogenesis pathways, supporting ncRNAs being potential diagnostic biomarkers and/or therapeutic targets.
SNCRNAS AND INFECTIOUS DISEASES
This Research Topic includes three original research manuscripts about ncRNAs in viral infections. Two are related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection with high volumes of views (Zhang et al.; Wu et al.). The results from Dr. Bao’s group demonstrated that tRFs are the most impacted sncRNAs in the nasopharyngeal swab specimens of SARS-CoV-2-positive patients and SARS-CoV-2-infected airway epithelial cells. The group also revealed several SARS-CoV-2-derived sncRNAs with a predicted structure similar to tRFs (Wu et al.). The study also established physiologically relevant cell models for tRF functional studies and a new sequencing (seq) method, called T4 PNK (polynucleotide kinase)-RNA-seq, to accurately quantify the tRFs. These tools will benefit future sncRNA studies. Changes in a tRF profile have been demonstrated in other viral infections, with some being virus-specific and functionally crucial in viral replication (Wang et al., 2013; Ruggero et al., 2014; Selitsky et al., 2015). Therefore, rather than simply serving as biomarkers, any mechanisms associated with tRF biogenesis and function would also reveal potential targets to control viral replication. In addition to tRFs, four SARS-CoV-2-impacted lncRNAs were discovered by applying microarrays to peripheral blood mononuclear cells from healthy donors and COVID-19 patients (Zhang et al.). Although the lncRNA research is a bit off the topic scope, the urgent need to configure disease mechanisms of SARS-CoV-2 and the finding on the correlation between lncRNA expression in T cells and monocytes and the disease severity made us include this into the topic.
Respiratory syncytial virus (RSV) is the leading cause of acute lower respiratory tract infections in children worldwide. For the first time, Dr. Casola’s group showed a time-dependent increase in piRNAs in RSV-infected small airway epithelial (SAE) cells (Corsello et al.). Her group also identified genes related to cytoskeletal or Golgi organization and nucleic acid/nucleotide binding to be the most significantly altered by RSV-induced piRNAs, increasing the knowledge of the piRNA in viral infection and the potential of novel therapeutic targets for viral-mediated lung diseases.
We also included an original manuscript studying the roles of nematode miRNAs in T cell differentiation and cytokine production in macrophages (Soichot et al.), providing a new mechanism on how parasite miRNAs shape host gene expression.
MIRNA AND INTERVERTEBRAL DISC DEGENERATION (IDD)
IDD is one of the main causes of lower back pain, but its pathogenesis mechanism remains unclear. An original research manuscript from Dr. Zhang’s group highlighted the importance of let-7b-5p plays a critical role in the maintenance of intervertebral disc structure and function (Zhuang et al.). The group showed that let-7b-5p in the exosome, secreted by nucleus pulposus stem cells derived from the degenerative intervertebral disc, can exacerbate annulus firbosus cell degeneration via inhibiting IGF1R expression and subsequently blocking the activation of the PI3K-Akt pathway.
SNCRNAS AND THEIR FUTURE DIRECTIONS
A review from Dr. Dutta’s group reviewed the functions and therapeutic implications of tRNA-derived small RNAs (Wilson and Dutta), which were found to be a dominant sncRNA group using Thermostable Group II Intron Reverse Transcriptase (TGIRT)-seq in bladder cancer samples (Su et al.). Their biogenesis mechanisms and functions in posttranscriptional gene silencing, regulating nascent RNA expression, altering protein translation, and affecting protein function were comprehensively discussed (Wilson and Dutta). The group also discussed the challenge when using tRFs as therapeutic targets, which is applicable to all sncRNA-based therapeutic development. Among them, the effectiveness of oligonucleotide delivery is a major issue. To overcome this, several tissue-specific delivery methods, including using lipid nanoparticles, N-acetylgalactosamine conjugation, and encapsulation of oligonucleotide in extracellular vesicles, were recently developed and showed the promise. In addition to the delivery issue, the oligonucleotide stability in circulation is another concern. tRFs/tRNAs are full of modifications, which may be functionally important including stabilizing sncRNAs. How to determine the modification location and their functions is challenging and raising difficulties of therapeutic oligo design. Overall, sncRNA-based therapeutic development is a challenging task. However, with more accumulating data revealing their biogenesis and function mechanisms, we may have the chance to target the pathways involved in biogenesis and functions, not necessarily direct oligo-based therapy, to prevent and treat the diseases.
AUTHOR CONTRIBUTIONS
KZ and XB drafted the editorial. IL and YSL commended and revised the editorial.
FUNDING
This work was supported by NIH grants R21 AG069226 and R21 AI166543 to XB; grants from the National Cancer Center, Korea (NCC- 2210320 and NCC-2110191) to YL.
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.
REFERENCES
 Carpenter, S., Aiello, D., Atianand, M. K., Ricci, E. P., Gandhi, P., Hall, L. L., et al. (2013). A long noncoding RNA mediates both activation and repression of immune response genes. Science 341 (6147), 789–792. doi:10.1126/science.1240925
 Damas, N. D., Fossat, N., and Scheel, T. K. H. (2019). Functional interplay between RNA viruses and non-coding RNA in mammals. Noncoding. RNA 5 (1), 7. doi:10.3390/ncrna5010007
 Fu, Y., Lee, I., Lee, Y. S., and Bao, X. (2015). Small non-coding transfer RNA-derived RNA fragments (tRFs): Their biogenesis, function and implication in human diseases. Genomics Inf. 13 (4), 94–101. doi:10.5808/GI.2015.13.4.94
 Haack, F., Trakooljul, N., Gley, K., Murani, E., Hadlich, F., Wimmers, K., et al. (2019). Deep sequencing of small non-coding RNA highlights brain-specific expression patterns and RNA cleavage. RNA Biol. 16, 1764–1774. doi:10.1080/15476286.2019.1657743
 Hombach, S., and Kretz, M. (2016). Non-coding RNAs: Classification, biology and functioning. Adv. Exp. Med. Biol. 937, 3–17. doi:10.1007/978-3-319-42059-2_1
 Liao, J. Y., Ma, L. M., Guo, Y. H., Zhang, Y. C., Zhou, H., Shao, P., et al. (2010). Deep sequencing of human nuclear and cytoplasmic small RNAs reveals an unexpectedly complex subcellular distribution of miRNAs and tRNA 3' trailers. PLoS ONE 5 (5), e10563. doi:10.1371/journal.pone.0010563
 Lin, L., Zhou, G., Chen, P., Wang, Y., Han, J., Chen, M., et al. (2020). Which long noncoding RNAs and circular RNAs contribute to inflammatory bowel disease?Cell Death Dis. 11 (6), 456. doi:10.1038/s41419-020-2657-z
 Maoz, R., Garfinkel, B. P., and Soreq, H. (2017). Alzheimer's Disease and ncRNAs. Adv. Exp. Med. Biol. 978, 337–361. doi:10.1007/978-3-319-53889-1_18
 Ruggero, K., Guffanti, A., Corradin, A., Sharma, V. K., De Bellis, G., Corti, G., et al. (2014). Small noncoding RNAs in cells transformed by human T-cell leukemia virus type 1: A role for a tRNA fragment as a primer for reverse transcriptase. J. Virol. 88 (7), 3612–3622. doi:10.1128/JVI.02823-13
 Selitsky, S. R., Baran-Gale, J., Honda, M., Yamane, D., Masaki, T., Fannin, E. E., et al. (2015). Small tRNA-derived RNAs are increased and more abundant than microRNAs in chronic Hepatitis B and C. Sci. Rep. 5, 7675. doi:10.1038/srep07675
 Skalsky, R. L., and Cullen, B. R. (2010). Viruses, microRNAs, and host interactions. Annu. Rev. Microbiol. 64, 123–141. doi:10.1146/annurev.micro.112408.134243
 Wang, J. Y., Xiao, L., and Wang, J. Y. (2017). Posttranscriptional regulation of intestinal epithelial integrity by noncoding RNAs. WIREs. RNA 8 (2), e1399. doi:10.1002/wrna.1399
 Wang, Q., Lee, I., Ren, J., Ajay, S. S., Lee, Y. S., and Bao, X. (2013). Identification and functional characterization of tRNA-derived RNA fragments (tRFs) in respiratory syncytial virus infection. Mol. Ther. 21 (2), 368–379. doi:10.1038/mt.2012.237
 Wang, W. T., Han, C., Sun, Y. M., Chen, T. Q., and Chen, Y. Q. (2019). Noncoding RNAs in cancer therapy resistance and targeted drug development. J. Hematol. Oncol. 12 (1), 55. doi:10.1186/s13045-019-0748-z
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Zhang, Lee, Lee and Bao. 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/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Small non-coding RNAs in diseases		Small non-coding RNAs in diseases

		miRNAs-regulated gastrointestinal inflammation

		sncRNAs and infectious diseases

		miRNA and intervertebral disc degeneration (IDD)

		sncRNAs and their future directions

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Molecular Biosciences






OPS/images/logo.jpg
P frontiers | Frontiers in Molecular Biosciences





