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Hyodeoxycholic acid ameliorates
nonalcoholic fatty liver disease by inhibiting
RAN-mediated PPARα nucleus-cytoplasm
shuttling

Jing Zhong 1,2,9, Xiaofang He1,9, Xinxin Gao1, Qiaohong Liu3, Yu Zhao 3,
YingHong1,Weize Zhu1, JuanYan1, Yifan Li1, Yan Li1, NingningZheng1, YiyangBao1,
Hao Wang1, Junli Ma1, Wenjin Huang1, Zekun Liu1, Yuanzhi Lyu 4, Xisong Ke5,
Wei Jia 6,7, Cen Xie 8 , Yiyang Hu 3 , Lili Sheng 1 & Houkai Li 1

Nonalcoholic fatty liver disease (NAFLD) is usually characterized with dis-
rupted bile acid (BA) homeostasis. However, the exact role of certain BA in
NAFLD is poorly understood. Here we show levels of serum hyodeoxycholic
acid (HDCA) decrease in both NAFLD patients and mice, as well as in liver and
intestinal contents of NAFLD mice compared to their healthy counterparts.
Serum HDCA is also inversely correlated with NAFLD severity. Dietary HDCA
supplementation ameliorates diet-induced NAFLD in male wild type mice by
activating fatty acid oxidation in hepatic peroxisome proliferator-activated
receptor α (PPARα)-dependent way because the anti-NAFLD effect of HDCA is
abolished in hepatocyte-specific Pparα knockoutmice. Mechanistically, HDCA
facilitates nuclear localization of PPARα by directly interacting with RAN
protein. This interaction disrupts the formation of RAN/CRM1/PPARα nucleus-
cytoplasm shuttling heterotrimer. Our results demonstrate the therapeutic
potential of HDCA for NAFLD and provide new insights of BAs on regulating
fatty acid metabolism.

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic
liver disease in clinic with a spectrumof disorders ranging from simple
fatty liver, nonalcoholic steatohepatitis, and fibrosis/cirrhosis. Cur-
rently, NAFLD affects nearly a quarter of the global population, and its
prevalence is surging1–3. Emerging evidence has indicated the dynamic

alterations in bile acid (BA) profiles throughout NAFLD progression4,5.
Besides as digestive detergents, BAs are important signalingmolecules
to regulate lipid metabolism, glucose homeostasis, and immune
response through acting on their receptors such as G protein-coupled
bile acid receptor 1 (GBPAR1 or TGR5) and farnesoid X receptor

Received: 15 December 2022

Accepted: 22 August 2023

Check for updates

1School of Pharmacy, Shanghai University of Traditional ChineseMedicine, Shanghai 201203, China. 2Huzhou Key Laboratory of PrecisionMedicine Research
and Translation for Infectious Diseases, Affiliated Huzhou Hospital, Zhejiang University School of Medicine, Huzhou 313000, China. 3Key Laboratory of Liver
and Kidney Diseases (Ministry of Education), Institute of Liver Diseases, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,
Shanghai 201203,China. 4Department of Dermatology, School ofMedicine, University ofCalifornia, Davis, Sacramento, CA,USA. 5Institute of Interdisciplinary
Integrative Medicine Research, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China. 6Center for Translational Medicine, Shanghai
Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200233, China. 7School of Chinese Medicine, Hong Kong
Baptist University, Kowloon TongHongKong999077,China. 8State Key Laboratory of DrugResearch, Shanghai Institute ofMateriaMedica, ChineseAcademy
of Sciences, Shanghai 201203, China. 9These authors contributed equally: Jing Zhong, Xiaofang He. e-mail: xiecen@simm.ac.cn; yyhuliver@163.com;
llsheng@shutcm.edu.cn; hk_li@shutcm.edu.cn

Nature Communications |         (2023) 14:5451 1

12
34

56
78

9
0
()
:,;

12
34

56
78

9
0
()
:,;

http://orcid.org/0000-0002-7916-9348
http://orcid.org/0000-0002-7916-9348
http://orcid.org/0000-0002-7916-9348
http://orcid.org/0000-0002-7916-9348
http://orcid.org/0000-0002-7916-9348
http://orcid.org/0000-0002-2208-2882
http://orcid.org/0000-0002-2208-2882
http://orcid.org/0000-0002-2208-2882
http://orcid.org/0000-0002-2208-2882
http://orcid.org/0000-0002-2208-2882
http://orcid.org/0000-0002-3717-4931
http://orcid.org/0000-0002-3717-4931
http://orcid.org/0000-0002-3717-4931
http://orcid.org/0000-0002-3717-4931
http://orcid.org/0000-0002-3717-4931
http://orcid.org/0000-0002-3739-8994
http://orcid.org/0000-0002-3739-8994
http://orcid.org/0000-0002-3739-8994
http://orcid.org/0000-0002-3739-8994
http://orcid.org/0000-0002-3739-8994
http://orcid.org/0000-0002-4574-8456
http://orcid.org/0000-0002-4574-8456
http://orcid.org/0000-0002-4574-8456
http://orcid.org/0000-0002-4574-8456
http://orcid.org/0000-0002-4574-8456
http://orcid.org/0000-0001-9127-7002
http://orcid.org/0000-0001-9127-7002
http://orcid.org/0000-0001-9127-7002
http://orcid.org/0000-0001-9127-7002
http://orcid.org/0000-0001-9127-7002
http://orcid.org/0000-0002-1142-6512
http://orcid.org/0000-0002-1142-6512
http://orcid.org/0000-0002-1142-6512
http://orcid.org/0000-0002-1142-6512
http://orcid.org/0000-0002-1142-6512
http://orcid.org/0000-0003-2846-7895
http://orcid.org/0000-0003-2846-7895
http://orcid.org/0000-0003-2846-7895
http://orcid.org/0000-0003-2846-7895
http://orcid.org/0000-0003-2846-7895
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-023-41061-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-023-41061-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-023-41061-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-023-41061-8&domain=pdf
mailto:xiecen@simm.ac.cn
mailto:yyhuliver@163.com
mailto:llsheng@shutcm.edu.cn
mailto:hk_li@shutcm.edu.cn
Administrator
高亮

Administrator
新图章

Administrator
矩形

Administrator
新图章


	Hyodeoxycholic acid ameliorates nonalcoholic fatty liver disease by inhibiting RAN-mediated PPARα nucleus-cytoplasm shuttling
	Results
	Serum HDCA is reduced in patients with NAFLD
	HDCA supplementation ameliorates NAFLD in mice
	HDCA activates fatty acid oxidation pathway in hepatocytes
	The anti-NAFLD effect of HDCA is hepatic PPARα-dependent
	HDCA inhibits nuclear export of PPARα in an FXR-independent manner
	HDCA directly binds with RAN protein to inhibit the formation of nucleus-cytoplasm shuttling heterotrimer, RAN/CRM1/PPARα

	Discussion
	Methods
	Clinical sample collection
	Animal studies
	Animal experiment 1: NAFLD mice model after 24-week HFHS diet feeding
	Animal experiment 2: the effect of HDCA in HFHS-fed C57BL/6 J mice
	Animal experiment 3: the effect of HDCA in HFD-fed ob/ob mice
	Animal experiment 4: the effect of HDCA in HFHS-fed Pparα−/− mice
	Animal experiment 5: the effect of HDCA in HFHS-fed Pparαhep−/− mice
	ipGTT and ipITT
	Serum biochemical assay, hepatic and fecal lipids, and inflammatory cytokines assay
	Histopathological evaluation
	Oil Red O staining
	BODIPY gavage
	TUNEL staining
	Quantitative analysis of BAs
	RNA sequencing analysis
	Proteomics analysis
	Cell culture and treatment
	Protein isolation and western bolting
	Real-time quantitative PCR
	Immunofluorescence
	Luciferase reporter gene assays
	Human proteome microarray
	Cellular thermal shift assay (CETSA)
	Co-immunoprecipitation (Co-IP)
	Duolink PLA
	Molecular docking
	Statistical analysis
	Reporting summary

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information


