
Accepted Manuscript

Title: Inhibition of NRF2 signaling and increased reactive
oxygen species during embryogenesis in a rat model of
retinoic acid-induced neural tube defects

Authors: Dan Liu, Jia Xue, Yusi Liu, Hui Gu, Xiaowei Wei,
Wei Ma, Wenting Luo, Ling Ma, Shanshan Jia, Naixuan
Dong, Jieting Huang, Yanfu Wang, Zhengwei Yuan

PII: S0161-813X(18)30396-6
DOI: https://doi.org/10.1016/j.neuro.2018.09.005
Reference: NEUTOX 2397

To appear in: NEUTOX

Received date: 23-10-2017
Revised date: 31-8-2018
Accepted date: 20-9-2018

Please cite this article as: Liu D, Xue J, Liu Y, Gu H, Wei X, Ma W, Luo W, Ma L, Jia S,
Dong N, Huang J, Wang Y, Yuan Z, Inhibition of NRF2 signaling and increased reactive
oxygen species during embryogenesis in a rat model of retinoic acid-induced neural
tube defects, Neurotoxicology (2018), https://doi.org/10.1016/j.neuro.2018.09.005

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.neuro.2018.09.005
https://doi.org/10.1016/j.neuro.2018.09.005


Inhibition of NRF2 signaling and increased reactive oxygen species 

during embryogenesis in a rat model of retinoic acid-induced neural tube 

defects 

Dan Liu, Jia Xue, Yusi Liu, Hui Gu, Xiaowei Wei, Wei Ma, Wenting Luo, Ling Ma, 

Shanshan Jia, Naixuan Dong, Jieting Huang, Yanfu Wang, and Zhengwei Yuan† 

Key Laboratory of Health Ministry for Congenital Malformation, Shengjing Hospital, 

China Medical University, Shenyang, PR China 

Correspondence should be addressed to Zhengwei Yuan (†), Prof., Ph.D. 

Key Laboratory of Health Ministry for Congenital Malformation, Shengjing Hospital, 

China Medical University. No. 36, Sanhao Street, Heping District, Shenyang, 110004, 

PR China. 

Tel./fax: +86 24 23929903; E-mail: (yuanzw@hotmail.com). 

Key Laboratory of Health Ministry for Congenital Malformation, Shengjing Hospital, 

China Medical University, Shenyang, PR China 

Correspondence should be addressed to Zhengwei Yuan (†), Prof., Ph.D. 

Highlights 

 Oxidative stress is induced and NRF2 signaling is inhibited in atRA-induced 

NTDs. 

 NRF2 inhibition weakens cellular defenses against atRA-induced oxidative 

stress. 

 NRF2 signaling plays an important role in the occurrence of atRA-induced 

NTDs. 

 NRF2 activation should be considered for NTD prevention and treatment. 

ABSTRACT 

Exposure to retinoic acid (RA) during pregnancy increases the risk of serious 

neural tube defects (NTDs) in the developing fetus. The precise molecular 

mechanism for this process is unclear; however, RA is associated with oxidative 

stress mediated by reactive oxygen species. Nuclear factor erythroid 2-related factor 

2 (NRF2) is a master regulator of oxidative stress that directs the expression of 

antioxidant genes and detoxifying proteins to maintain redox homeostasis. We 

established a rat model of NTDs in which pregnant dams were administered all-
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