
EDITORIAL
Curing Fatty Liver with Oxysterols?
onalcoholic fatty liver disease (NAFLD) affects a
Nquarter of the global population and is one of the
most common causes of liver transplantation in the United
States.1 NAFLD encompasses a spectrum of liver pathol-
ogies, including nonalcoholic fatty liver and nonalcoholic
steatohepatitis (NASH). In addition to liver failure, alter-
ations in hepatic lipid metabolism in NAFLD drive the
development of atherogenesis and increases the risk of
cardiovascular disease.2,3 As such, identifying effective
treatment modalities for NAFLD will not only improve liver
function but are likely to be beneficial for cardiovascular
outcomes as well.

Although the molecular pathogenesis of NAFLD remains
incompletely understood, therapeutic targeting of hepatic
lipid metabolism has become a popular strategy for its
treatment. Bile acid signaling remains a priority given its
important role as a nexus for cholesterol and lipid homeo-
stasis. As such, several pharmaceutical companies are tar-
geting bile acid metabolism for the potential treatment of
NAFLD. For example, the bile acid activated Farnesoid X
receptor (FXR) agonist, obeticholic acid, completed a phase
3 clinical trial, which demonstrated modest improvements
in fibrosis in patients with NASH.4 However, obeticholic acid
did not gain Food and Drug Administration approval
because of safety concerns and overall modest efficacy.4

Despite this, there are several active late-stage clinical
studies evaluating the effectiveness of either mono or
combination therapies of FXR agonists for the treatment of
NASH.

Cytochrome P-450 7A1 (CYP7A1) is a liver-specific
enzyme that is critical for bile acid synthesis from choles-
terol.5 A homeostatic negative feedback loop exists to con-
trol bile acid production, because excess bile acids suppress
CYP7A1 expression.5 Disruption of cholesterol homeostasis
is documented in NAFLD, suggesting cholesterol levels and
its conversion to bile acids in the liver are key in the pro-
gression of NAFLD.6,7 Cholesterol 25-Hydroxylase (Ch25h)
is a key enzyme required in the synthesis of bile acids from
cholesterol. Ch25h catalyzes the production of 25-
hydroxycholesterol (25-HC), which acts as an endogenous
ligand of the Liver X receptor (LXR). The activated LXR in
turn promotes bile acid synthesis from cholesterol, in part,
via CYP7A1. Thus, 25-HC and Ch25h may serve as thera-
peutic opportunity to promote cholesterol conversion to
bile acids in the liver.7

In this issue of Cellular and Molecular Gastroenterology
and Hepatology, Dong et al8 test the hypothesis that Ch25h
and its product, 25-HC, are protective against fat accumu-
lation in the murine liver. The authors show Ch25h
expression is decreased under obesogenic conditions and
whole-body Ch25h deficiency exacerbates hepatic steatosis
in high-fat diet fed mice. Using RNA sequencing, expression
Cellular a
of genes involved in bile acid synthesis, including CYP7A1,
was reduced in Ch25h-deficient mice, correlating with
elevated liver fat. Moreover, Dong et al8 performed gain-of-
function experiments to determine if Ch25h overexpression
or daily administration of 25-HC is sufficient to prevent
steatosis and inflammatory gene expression under high-fat
diet fed conditions in mice. Strikingly, both Ch25h over-
expression or administration of 25-HC led to improvements
in fatty liver that correlated with upregulation of bile acid
production.

Mechanistically, 25-HC is known to activate LXR, which
in turn induces the expression of CYP7A1 to promote
cholesterol conversion to bile acids.9 Consistently, Dong
et al8 showed that treatment with 25-HC or overexpression
of Ch25h increased the expression of CYP7A1. These find-
ings are congruent with results from transgenic over-
expression CYP7A1, which protected mice from diet-
induced obesity.10 Therefore, the efficacy of Ch25h and
25-HC in mice may be dependent on the LXR-CYP7A1 axis
leading to the activation bile acid synthesis from cholesterol.
Collectively, the present report supports a protective role of
cholesterol conversion to 25-HC in NAFLD.

In addition to bile acid metabolism, the present study
also revealed that very-low-density lipoprotein (VLDL)
secretion was enhanced following Ch25h overexpression or
administration of 25-HC.8 Here, the authors documented an
increase in the expression of ApoB100 in the VLDL serum
fraction of 25-HC-treated mice, suggesting increased hepatic
VLDL-triglyceride section. These beneficial effects of
increased cholesterol conversion to bile acids and increased
VLDL secretion are consistent with the higher free choles-
terol/phosphatidylcholine ratio previously detected by a
lipidomic analysis in NASH livers by Puri et al.11 Collec-
tively, these data indicate an involvement of an elevated free
cholesterol/phosphatidylcholine ratio in the pathogenesis of
NASH. Further experimentation is needed to elucidate the
precise mechanisms underlying the beneficial effects of 25-
HC administration on neutral lipid deposition, increased
VLDL-triglyceride secretion, and bile acid production. As a
result, future studies that evaluate the efficacy of Ch25h
overexpression and 25-HC administration in fibrotic and
inflammatory associated mouse models of NASH are
warranted.
KAHEALANI UEHARA, BS
PAUL M. TITCHENELL, PhD
Institute of Diabetes, Obesity, and Metabolism
Department of Physiology
Perelman School of Medicine
University of Pennsylvania
Philadelphia, Pennsylvania
nd Molecular Gastroenterology and Hepatology 2022;13:1265–1266

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcmgh.2022.01.020&domain=pdf


1266 Uehara and Titchenell Cellular and Molecular Gastroenterology and Hepatology Vol. 13, No. 4
References
1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L,

Wymer M. Global epidemiology of nonalcoholic fatty liver
disease—Meta-analytic assessment of prevalence, inci-
dence, and outcomes. Hepatology 2016;64(1):73–84.

2. Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD,
Targher G. Complications, morbidity and mortality of
nonalcoholic fatty liver disease. Metabolism: Clinical and
Experimental 2020;111:154170.

3. Deprince A, Haas JT, Staels B. Dysregulated lipid
metabolism links NAFLD to cardiovascular disease.
Molecular Metabolism 2020;42:101092.

4. Younossi ZM, Ratziu V, Loomba R, Rinella M,
Anstee QM, Goodman Z, Bedossa P, Geier A,
Beckebaum S, Newsome PN, Sheridan D, Sheikh MY,
Trotter J, Knapple W, Lawitz E, Abdelmalek MF,
Kowdley KV, Montano-Loza AJ, Boursier J, Mathurin P,
Bugianesi E, Mazzella G, Olveira A, Cortez-Pinto H,
Graupera I, Orr D, Gluud LL, Dufour JF, Shapiro D,
Campagna J, Zaru L, MacConell L, Shringarpure R,
Harrison S, Sanyal AJ, Abdelmalek M, Abrams G,
Aguilar H, Ahmed A, Aigner E, Aithal G, Ala A, Alazawi W,
Albillos A, Allison M, Al-Shamma S, Andrade R,
Andreone P, Angelico M, Ankoma-Sey V, Anstee Q,
Anty R, Araya V, Arenas Ruiz JI, Arkkila P, Arora M,
Asselah T, Au J, Ayonrinde O, Bailey RJ, Balakrishnan M,
Bambha K, Bansal M, Barritt S, Bate J, Beato J, Behari J,
Bellot P, Ben Ari Z, Bennett M, Berenguer M, Beretta-
Piccoli BT, Berg T, Bonacini M, Bonet L, Borg B,
Bourliere M, Bowman W, Bradley D, Brankovic M,
Braun M, Bronowicki JP, Bruno S, Cai C, Calleja
Panero JL, Carey E, Carmiel M, Carrión JA, Cave M,
Chagas C, Chami T, Chang A, Coates A, Cobbold J,
Corey K, Corless L, Crespo J, Cruz Pereira O, et al.
Obeticholic acid for the treatment of non-alcoholic
steatohepatitis: interim analysis from a multicentre,
randomised, placebo-controlled phase 3 trial. The Lan-
cet 2019;394(10215):2184–2196.

5. Kim I, Ahn SH, Inagaki T, Choi M, Ito S, Guo GL,
Kliewer SA, Gonzalez FJ. Differential regulation of bile
acid homeostasis by the farnesoid X receptor in liver and
intestine. Journal of Lipid Research 2007;48(12):
2664–2672.
6. Min HK, Kapoor A, Fuchs M, Mirshahi F, Zhou H,
Maher J, Kellum J, Warnick R, Contos MJ, Sanyal AJ.
Increased hepatic synthesis and dysregulation of
cholesterol metabolism is associated with the severity of
nonalcoholic fatty liver disease. Cell Metabolism 2012;
15(5):665–674.

7. Ioannou GN. The Role of Cholesterol in the Pathogenesis
of NASH. Trends in Endocrinology and Metabolism
2016;27(2):84–95.

8. Dong Z, He F, Yan X, Xing Y, Lei Y, Gao J, He M, Li D,
Bai L, Yuan Z, Shyy JY-J. Hepatic Reduction in
Cholesterol 25-Hydroxylase Aggravates Diet-Induced
Steatosis. Cell Mol Gastroenterol Hepatol 2022;
13:1161–1179.

9. Wang B, Tontonoz P. Liver X receptors in lipid signalling
and membrane homeostasis. Nature Reviews Endocri-
nology 2018;14(8):452–463.

10. Li T, Owsley E, Matozel M, Hsu P, Novak CM,
Chiang JYL. Transgenic expression of cholesterol 7a-
hydroxylase in the liver prevents high-fat diet-induced
obesity and insulin resistance in mice. Hepatology 2010;
52(2):678–690.

11. Puri P, Baillie RA, Wiest MM, Mirshahi F, Choudhury J,
Cheung O, Sargeant C, Contos MJ, Sanyal AJ. A lip-
idomic analysis of nonalcoholic fatty liver disease. Hep-
atology 2007;46(4):1081–1090.
Correspondence
Address correspondence to: Paul M. Titchenell, PhD, 3400 Civic Center
Boulevard, Philadelphia, Pennsylvania 19104. e-mail:
ptitc@pennmedicine.upenn.edu.

Conflicts of interest
The authors disclose no conflicts.

Funding
This work is supported by National Institutes of Health grants R01-DK125497
(PMT) and NRSA F31-DK128876 (KU).

Most current article

© 2022 The Authors. Published by Elsevier Inc. on behalf of the AGA
Institute. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
2352-345X

https://doi.org/10.1016/j.jcmgh.2022.01.020

http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref1
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref2
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref2
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref2
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref2
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref3
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref3
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref3
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref4
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref5
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref6
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref7
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref7
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref7
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref7
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref8
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref9
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref9
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref9
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref9
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref10
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref11
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref11
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref11
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref11
http://refhub.elsevier.com/S2352-345X(22)00020-0/sref11
mailto:ptitc@pennmedicine.upenn.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2022.01.020

	Curing Fatty Liver with Oxysterols?
	References


