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Abstract

Background: Farnesoid X receptor (FXR) is a nuclear receptor that plays a critical role in controlling cell apoptosis
in diverse diseases. Previous studies have shown that knocking out FXR improved cardiac function by reducing
cardiomyocyte apoptosis in myocardial ischemic mice. However, the role of FXR after cerebral ischemia remains
unknown. In this study, we explored the effects and mechanisms of FXR knockout (KO) on the functional recovery
of mice post cerebral ischemia-reperfusion.

Methods: Adult male C57BL/6 wild type and FXR KO mice were subjected to 90-min transient middle cerebral
artery occlusion (tMCAO). The mice were divided into five groups: sham, wild-type tMCAO, FXR KO tMCAO, wild-
type tMCAO treated with calcium agonist Bayk8644, and FXR KO tMCAO treated with Bayk8644. FXR expression was
examined using immunohistochemistry and Western blot. Brain infarct and brain atrophy volume were examined at
3 and 14 days after stroke respectively. Neurobehavioral tests were conducted up to 14 days after stroke. The
protein levels of apoptotic factors (Bcl-2, Bax, and Cleaved caspase-3) and mRNA levels of pro-inflammatory factors
(TNF-α, IL-6, IL-1β, IL-17, and IL-18) were examined using Western blot and RT-PCR. TUNEL staining and calcium
imaging were obtained using confocal and two-photon microscopy.

Results: The expression of FXR was upregulated after ischemic stroke, which is located in the nucleus of the
neurons. FXR KO was found to reduce infarct volume and promote neurobehavioral recovery following tMCAO
compared to the vehicle. The expression of apoptotic and pro-inflammatory factors decreased in FXR KO mice
compared to the control. The number of NeuN+/TUNEL+ cells declined in the peri-infarct area of FXR KO mice
compared to the vehicle. We further demonstrated that inhibition of FXR reduced calcium overload and addition of
ionomycin could reverse this neuroprotective effect in vitro. What is more, in vivo results showed that
enhancement of intracellular calcium concentrations could aggravate ischemic injury and reverse the
neuroprotective effect of FXR KO in mice.

(Continued on next page)

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: yaohuitang@sjtu.edu.cn; pujun310@hotmail.com;
ytwang@sjtu.edu.cn
†Hui-Min Shan and Minhua Zang contributed equally to this work.
1School of Biomedical Engineering and Med-X Research Institute, Shanghai
Jiao Tong University, 1954 Hua-Shan Road, Shanghai 200030, China
2Department of Cardiology, Renji Hospital, School of Medicine, Shanghai Jiao
Tong University, 160 PuJian Road, Shanghai 200127, China

Shan et al. Journal of Neuroinflammation          (2020) 17:164 
https://doi.org/10.1186/s12974-020-01838-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s12974-020-01838-w&domain=pdf
http://orcid.org/0000-0002-9603-2650
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yaohuitang@sjtu.edu.cn
mailto:pujun310@hotmail.com
mailto:ytwang@sjtu.edu.cn
Administrator
高亮

Administrator
矩形

Administrator
新图章

Administrator
新图章


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Animals
	Transient middle cerebral artery occlusion surgery
	Drug administration
	Neurobehavioral assessment
	Infarct volume and atrophy measurement
	Immunostaining and quantification
	Western blotting analysis
	Reverse transcription-polymerase chain reaction analysis
	Cell culture and viability assessment
	Two-photon calcium imaging
	Statistical analysis

	Results
	The expression of FXR was upregulated in neurons after cerebral ischemia
	FXR knockout reduced brain infarct volume and promoted neurobehavioral recovery after stroke
	Knockout of FXR reduced inflammation after ischemic injury
	FXR knockout prevented apoptosis after cerebral-ischemia
	Inhibition of FXR by Z-GS attenuated neuronal apoptosis through reducing OGD-induced calcium influx
	Bayk8644 treatment reversed the protective effects of FXR knockout after stroke in mice

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

