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INTRODUCTION

A hallmark of pathological characteristics in Parkinson's disease (PD) is the presence of eosinophilic inclusion bodies, such as Lewy bodies (LBs), in the substantia nigra (SN). The major component of LBs is an aggregated α-synuclein (α-Syn) that leads to neurotoxicity (Bu et al., 2020a; Wang et al., 2020). Although it has been well-documented that misfolding and abnormal aggregation of α-synuclein (α-Syn) are closely associated with the progressive loss dopaminergic neurons (Bu et al., 2020a; Wang et al., 2020), underlying molecular mechanisms remain unclear. Increasing evidence suggests that the abnormal expression of long non-coding RNAs (lncRNA) is closely related to the pathogenesis of PD (Ni et al., 2017; Lin et al., 2018). In the in vivo and in vitro models of PD, it has been observed that lncRNAs regulate the expression and aggregation of α-Syn (Lu et al., 2018; Zhang et al., 2019; Sun et al., 2020). Notably, they were reported to have altered expression in the SN of the patients diagnosed with PD (Ni et al., 2017). Although the identification of this altered expression is essential in the patients for a better understanding of the underlying molecular mechanisms, there is little knowledge about the role of lncRNAs in the pathogenesis of PD.



OVEREXPRESSION OF LNCRNA-T199678 ALLEVIATES α-SYN-INDUCED INJURY IN CELLULAR MODEL OF PD BY TARGETING MIR-101-3P

Previously, gene microarray analysis performed by Tao et al. revealed decreased expression of lncRNA-T199678 in an exogenous α-Syn-induced SH-SY5Y cellular model of PD suggesting that it may be involved in dopaminergic neuron loss (Lin et al., 2018). In this study (Bu et al., 2020b), the function of lncRNA-T199678 in α-Syn-induced dopaminergic neuron injury was further investigated. Given that the localization of lncRNA in the cell is associated with its function, Tao et al. first verified the presence of lncRNA-T199678 in the cytoplasm and a small amount in the nucleus of SH-SY5Y cells (Figure 1) (Bu et al., 2020b). In order to examine the effect of lncRNA-T199678 on the α-Syn-mediated dopaminergic neuron injury, LncRNA-T199678 overexpression or silencing cell lines was constructed in the α-Syn-induced SH-SY5Y cellular model of PD. Although the level of reactive oxygen species (ROS), the number of dividing cells, and the percentage of apoptotic cells, were significantly higher in the α-Syn-treated group and lncRNA-T199678 silencing groups, an overexpressed lncRNA-T199678 reversed intracellular oxidative stress, apoptosis, and abnormal cell cycle regulation indicating that it alleviated the damage from exogenous α-Syn (Bu et al., 2020b).


[image: Figure 1]
FIGURE 1. Overexpressed lncRNA-T199678 ameliorates α-Syn-induced neural damage via regulating intracellular oxidative stress, cell cycle dysfunction, and apoptosis by targeting miR-101-3p in the α-Syn-induced cellular model of PD (Bu et al., 2020b).


The striatum of patients with multiple system atrophy was observed to have an overexpressed miR-101 that was associated with α-Syn deposits, autophagy (Valera et al., 2017), inflammation (Han et al., 2019), oxidative stress, and apoptosis (Yi et al., 2019). In this study, the result indicated that miR-101-3p was a potential downstream molecular target of lncRNA-T199678 (Bu et al., 2020b). Further investigation revealed that an overexpressed lncRNA-T199678 inhibited α-Syn-induced neuronal damage via regulating intracellular oxidative stress, cell cycle dysfunction, and apoptosis that was reversed by the miR-101-3p mimic (Figure 1) (Bu et al., 2020b). Therefore, an overexpressed lncRNA-T199678 ameliorated α-Syn-induced dopaminergic neuron injury by targeting miR-101-3p. This study highlighted the role of lncRNA-T199678 in cellular models of PD and suggested new potential molecular targets for PD.



DISCUSSION

Mounting evidence has shown that lncRNAs are involved in regulating neuroinflammation, oxidative stress (Cai et al., 2020), apoptosis (Zhang et al., 2020), and autophagy (Yan et al., 2018) that are related to the pathogenesis of PD. Differentially expressed lncRNAs were identified in the circulating leukocytes of patients with PD as well as healthy subjects (Fan et al., 2019). Additionally, the expression of lncRNA MEG3, that is involved in the aggravation of non-motor symptoms, cognitive decline, and PD stage, was downregulated in the plasma of PD patients as compared to healthy controls (Quan et al., 2020), whereas lncRNA NEAT1 was observed to be upregulated in peripheral blood cells of PD patients (Boros et al., 2020). Therefore, investigations into the altered expression of lncRNAs is beneficial for better understanding as well as developing new therapeutic targets and diagnostic markers for PD. In this study, a novel lncRNA-T199678 (Lin et al., 2018) suppressed α-Syn-induced neuronal damage by targeting miR-101-3p in the α-Syn-induced SH-SY5Y cell lines (Bu et al., 2020b), thereby providing novel potential targets for PD treatment.

Taken together, this is the first report about the function of the α-Syn/lncRNA-T199678/miR-101-3p axis in PD, which provided new potential targets for the PD treatment. Although an overexpressed lncRNA-T199678 suppressed α-Syn-induced neuronal damage, intracellular oxidative stress, cell cycle dysfunction, and apoptosis only in cellular models of PD (Bu et al., 2020b), it remains unclear whether the decreased expression of lncRNA-T199678 leads to α-Syn induced dopaminergic neuron injury in animal models before clinical applications. In addition, further studies will be needed to investigate how the expression of lncRNA-T199678 is decreased in α-Syn-induced SH-SY5Y cell lines, and to clarify the downstream factors and pathways targeted by miR-101-3p.



AUTHOR CONTRIBUTIONS

YW and JX conceived the article. YW and XZ wrote the first draft. FC designed the figure. LC, YW, and JX reviewed and revised the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by grants from the National Natural Science Foundation of China (31900745, 31771124, and 81430024), Shandong Provincial Natural Science Foundation (ZR2017BC031), and Special Fund for Youth of Applied Foundational Research Program of Qingdao (No. 18-2-2-44-jch).



REFERENCES

 Boros, F. A., Maszlag-Török, R., Vécsei, L., and Klivényi, P. (2020). Increased level of NEAT1 long non-coding RNA is detectable in peripheral blood cells of patients with Parkinson's disease. Brain Res. 1730:146672. doi: 10.1016/j.brainres.2020.146672

 Bu, L. L., Huang, K. X., Zheng, D. Z., Lin, D. Y., Chen, Y., Jing, X. N., et al. (2020a). Alpha-synuclein accumulation and its phosphorylation in the enteric nervous system of patients without neurodegeneration: an explorative study. Front. Aging Neurosci. 12:575481. doi: 10.3389/fnagi.2020.575481

 Bu, L. L., Xie, Y. Y., Lin, D. Y., Chen, Y., Jing, X. N., Liang, Y. R., et al. (2020b). LncRNA-T199678 mitigates α-Synuclein-induced dopaminergic neuron injury via miR-101-3p. Front. Aging Neurosci. 12:599246. doi: 10.3389/fnagi.2020.599246

 Cai, L. J., Tu, L., Huang, X. M., Huang, J., Qiu, N., Xie, G. H., et al. (2020). LncRNA MALAT1 facilitates inflammasome activation via epigenetic suppression of Nrf2 in Parkinson's disease. Mol. Brain 13:130. doi: 10.1186/s13041-020-00656-8

 Fan, Y., Li, J., Yang, Q., Gong, C., Gao, H., Mao, Z., et al. (2019). Dysregulated long non-coding RNAs in Parkinson's disease contribute to the apoptosis of human neuroblastoma cells. Front. Neurosci. 13:1320. doi: 10.3389/fnins.2019.01320

 Han, Y., Kang, C., Kang, M., Quan, W., Gao, H., and Zhong, Z. (2019). Long non-coding RNA Mirt2 prevents TNF-alpha-triggered inflammation via the repression of microRNA-101. Int. Immunopharmacol. 76:105878. doi: 10.1016/j.intimp.2019.105878

 Lin, D., Liang, Y., Jing, X., Chen, Y., Lei, M., Zeng, Z., et al. (2018). Microarray analysis of an synthetic alpha-synuclein induced cellular model reveals the expression profile of long non-coding RNA in Parkinson's disease. Brain Res. 1678, 384–396. doi: 10.1016/j.brainres.2017.11.007

 Lu, M., Sun, W. L., Shen, J., Wei, M., Chen, B., Qi, Y. J., et al. (2018). LncRNA-UCA1 promotes PD development by upregulating SNCA. Eur. Rev. Med. Pharmacol. Sci. 22, 7908–7915. doi: 10.26355/eurrev_201811_16417

 Ni, Y., Huang, H., Chen, Y., Cao, M., Zhou, H., and Zhang, Y. (2017). Investigation of long non-coding RNA expression profiles in the substantia nigra of parkinson's Disease. Cell. Mol. Neurobiol. 37, 329–338. doi: 10.1007/s10571-016-0373-0

 Quan, Y., Wang, J., Wang, S., and Zhao, J. (2020). Association of the plasma long non-coding RNA MEG3 with Parkinson's disease. Front. Neurol. 11:532891. doi: 10.3389/fneur.2020.532891

 Sun, Q., Zhang, Y., Wang, S., Yang, F., Cai, H., Xing, Y., et al. (2020). NEAT1 decreasing suppresses Parkinson's disease progression via acting as miR-1301-3p sponge. J. Mol. Neurosci. 71, 369–378. doi: 10.1007/s12031-020-01660-2

 Valera, E., Spencer, B., Mott, J., Trejo, M., Adame, A., Mante, M., et al. (2017). MicroRNA-101 modulates autophagy and oligodendroglial alpha-synuclein accumulation in multiple system atrophy. Front. Mol. Neurosci. 10:329. doi: 10.3389/fnmol.2017.00329

 Wang, R., Sun, H., Ren, H., and Wang, G. (2020). α-Synuclein aggregation and transmission in Parkinson's disease: a link to mitochondria and lysosome. Sci. China Life Sci. 63, 1850–1859. doi: 10.1007/s11427-020-1756-9

 Yan, W., Chen, Z. Y., Chen, J. Q., and Chen, H. M. (2018). LncRNA NEAT1 promotes autophagy in MPTP-induced Parkinson's disease through stabilizing PINK1 protein. Biochem. Biophys. Res. Commun. 496, 1019–1024. doi: 10.1016/j.bbrc.2017.12.149

 Yi, J., Huang, W. Z., Wen, Y. Q., and Yi, Y. C. (2019). Effect of miR-101 on proliferation and oxidative stress-induced apoptosis of breast cancer cells via Nrf2 signaling pathway. Eur. Rev. Med. Pharmacol. Sci. 23, 8931–8939. doi: 10.26355/eurrev_201910_19291

 Zhang, L., Wang, J., Liu, Q., Xiao, Z., and Dai, Q. (2020). Knockdown of long non-coding RNA AL049437 mitigates MPP+ -induced neuronal injury in SH-SY5Y cells via the microRNA-205-5p/MAPK1 axis. Neurotoxicology 78, 29–35. doi: 10.1016/j.neuro.2020.02.004

 Zhang, L. M., Wang, M. H., Yang, H. C., Tian, T., Sun, G. F., Ji, Y. F., et al. (2019). Dopaminergic neuron injury in Parkinson's disease is mitigated by interfering lncRNA SNHG14 expression to regulate the miR-133b/ α-synuclein pathway. Aging 11, 9264–9279. doi: 10.18632/aging.102330

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 © 2021 Wang, Zhang, Chen, Chen and Xie. 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/xhtml/Nav.xhtml




Contents





		Cover



		Commentary: LncRNA-T199678 Mitigates α-Synuclein-Induced Dopaminergic Neuron Injury via miR-101-3p



		Introduction



		Overexpression of lncRNA-T199678 Alleviates α-Syn-Induced Injury in Cellular Model of PD by Targeting miR-101-3p



		Discussion



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Commentary: LncRNA-T199678
Mitigates a-Synuclein-Induced
Dopaminergic Neuron Injury via
miR-101-3p





OPS/images/fnagi-13-650840-g001.gif
L —
A

n mﬁ%//

mitochondrial dystonction









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





