
EDITORIAL
Gender and Age Differences in the Hepatic Consequences
of “Humanized” Bile Acid Compositions in Mice
ile acids (BA) are increasingly being appreciated
Bbeyond their lipid solubilizing properties as com-
plex signaling molecules that are intricately involved in the
regulation of metabolic homeostasis. Accumulation of BAs is
also known to be a driving force behind cholestatic liver
injuries.1,2 Although mouse models have long been used to
study important aspects of BA metabolism, there are sub-
stantial differences between humans and mice in terms of
BA pool composition and signaling potential, highlighting
the difficulties in directly extrapolating mice findings to BA-
related liver diseases in humans.3 For example, compared
with humans, rodents possess a significantly more hydro-
philic BA pool because of the abundant presence of mur-
icholic acids, a set of primary BAs hydroxylated at the 6-b
position, making them much more water-soluble and less
injurious. This, along with other species differences in BA
composition, may explain why murine models of cholestasis
fail to recapitulate the totality or severity of human diseases,
and points to the urgent need to develop mouse models
with “humanized” BA pool.

A recent landmark study published in the Journal of Lipid
Research using Cyp2c-cluster null (Cyp2c null) mice followed
by cellular recombinant analyses identified CYP2C70 as the
enzyme necessary for the formation muricholic acids.4

These Cyp2c null mice possessed a more human-like and
hydrophobic BA profile. Two subsequent studies using
CRISPR/Cas9-generated Cyp2c70 knockout mice further
confirmed the importance of this enzyme in the synthesis of
6-hydroxylated BAs and provided some surprising insights
into how “a more humanized” BA composition impacts BA
homeostasis and signaling. For example, increased levels of
chenodeoxycholic acid observed in Cyp2c70-deficient mice
as a result of blocking its conversion to muricholic acid did
not lead to stronger farnesoid X receptor activation as ex-
pected because chenodeoxycholic acid is the most potent
endogenous farnesoid X receptor activator5; instead, the
cytokine and c-Jun N-terminal kinase signaling pathway was
activated, potentially leading to the transaminitis and he-
patic inflammation observed in these animals.6,7

In the current issue of Cellular and Molecular Gastroen-
terology and Hepatology, de Boer et al8 further interrogated
the pathophysiological consequences of global Cyp2c70 dele-
tion in mice from age- and gender-specific perspectives. Their
comprehensive analyses showed that although male and fe-
male CYP2C70-deficient mice expectedly possessed more
hydrophobic BA pools than their wild-type littermates, they
displayed marked gender differences in the development of
liver diseases. Although young Cy2c70-/- mice of both sexes
exhibited several features of “neonatal cholestasis,” as
Cellular a
evidenced by elevated plasma BA levels, transaminitis, chol-
angiocyte proliferation, and increased hepatic expression of
inflammatory markers, those abnormalities spontaneously
improved in the males. Female mice, however, had persistent
and progressively worsening hepatic dysfunctions with
eventual progression of liver pathology to bridging fibrosis at
advanced age. In addition to the hepatic aberrations, the au-
thors also found impaired intestinal barrier function in female
mice lacking CYP2C70 without any increase in endotoxin
concentration in the portal plasma.

Given the complex interplay between the gut micro-
biome and BA signaling, the authors also examined the
impact of CYP2C70 deficiency on bacterial colonization of
the gut by 16S DNA sequencing. Specifically, they found in a
cohort of male mice that the more hydrophobic BA
composition is associated with distinct alterations in the
cecal bacterial species that resemble those observed in pa-
tients with primary biliary cholangitis, including strong
reduction in the genera of Akkermansia, which has been
shown to promote intestinal barrier integrity.9 It would also
be interesting to characterize the microbial signature of the
female Cyp2c70-/- mice in the future because primary biliary
cholangitis predominately affects females.

To examine if the more hydrophobic BA profile in
Cyp2c70-/- mice was responsible for the hepatic dysfunction
and compromised intestinal barrier, the authors supple-
mented the mice chow to a cohort of female mice with
ursodeoxycholic acid for 8 weeks. They found that the hy-
drophilic ursodeoxycholic acid normalized the aberrations,
in part via amelioration of endoplasmic reticulum stress,
suggesting that BA hydrophobicity indeed plays a contrib-
utory role in the development of liver diseases and further
supporting the role of ursodeoxycholic acid as a chemical
chaperone.10

Overall, this comprehensive and detailed study shows
that the impact of Cyp2c70 deficiency is significantly more
pronounced in female mice compared with males, and the
liver pathology progresses with age. It is also clear from
this study, along with other recently published findings,
that the effects of a more human-like BA profile on BA
homeostasis and signaling in mice are complex and can be
unexpected, especially in its effect on farnesoid X receptor
signaling.6–8 Although these mutant mice, in crossing
breeding with other genetic mouse models, may serve as a
valuable tool to study BA-related human liver diseases,
such as neonatal cholestasis and primary biliary chol-
angitis, their role in modeling metabolic diseases remains
to be seen given the baseline liver abnormalities. What also
remains to be determined is the mechanism driving these
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sex differences and if there is any gender difference in the
intestinal microbiome that contributes to the phenotypical
variations.

XIAO ZHAO, MD
Division of Digestive Diseases
Department of Medicine
Columbia University
New York, New York
References
1. Fickert P, Wagner M. Biliary bile acids in hepatobiliary

injury-What is the link? J Hepatol 2017;67:619–631.
2. Chiang J. Bile acid metabolism and signaling in liver

disease and therapy. Liver Res 2017;1:3–9.
3. Li J, Dawson PA. Animal models to study bile acid

metabolism. Bioch Biophys Acta Mol Basis Dis 2019;
1865:895–911.

4. Takahashi S, Fukami T, Masuo Y, et al. Cyp2c70 is
responsible for the species difference in bile acid meta-
bolism between mice and humans. J Lipid Res 2016;
57:2130–2137.

5. Makishima M, Okamoto AY, Repa JJ, et al. Identification
of a nuclear receptor for bile acids. Science 1999;
284:1362–1365.

6. de Boer JF, Verkade E, Mulder NL, et al. A human-like
bile acid pool induced by deletion of hepatic Cyp2c70
modulates effects of farnesoid X receptor activation in
mice. J Lipid Res 2020;61:291–305.
7. Honda A, Miyazaki T, Iwamoto J, et al. Regulation of bile
acid metabolism in mouse models with hydrophobic bile
acid composition. J Lipid Res 2020;61:54–69.

8. de Boer JF, de Vries HD, Palmiotti A, et al. Cholangiop-
athy and biliary fibrosis in Cyp2c70-deficient mice are
fully reversed by ursodeoxycholic acid. Cell Mol Gas-
troenterol Hepatol 2021;11:1045–1069.

9. Chen W, Wei Y, Xiong A, et al. Comprehensive analysis
of serum and fecal bile acid profiles and interaction with
gut microbiota in primary biliary cholangitis. Clin Rev
Allergy Immunol 2020;58:25–38.

10. Özcan U, Yilmaz E, Özcan L, et al. Chemical chaperones
reduce ER stress and restore glucose homeostasis in a
mouse model of type 2 diabetes. Science 2006;
313:1137–1140.
Correspondence
Address correspondence to: Xiao Zhao, MD, Columbia University, Department
of Medicine, 650 West 168th Street, Room 8-801H, New York, New York
10032. e-mail: xz2929@cumc.columbia.edu.

Conflicts of interest
The authors disclose no conflicts.

Funding
Supported by the National Institutes of Health, National Institutes of Diabetes
and Digestive and Kidney Diseases Awards K08 DK107910.

Most current article

© 2021 The Author. 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.2021.01.005

http://refhub.elsevier.com/S2352-345X(21)00011-4/sref1
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref1
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref1
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref2
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref2
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref2
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref3
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref3
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref3
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref3
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref4
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref4
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref4
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref4
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref4
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref5
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref5
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref5
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref5
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref6
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref6
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref6
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref6
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref6
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref7
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref7
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref7
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref7
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref8
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref8
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref8
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref8
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref8
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref9
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref9
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref9
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref9
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref9
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref10
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref10
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref10
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref10
http://refhub.elsevier.com/S2352-345X(21)00011-4/sref10
mailto:xz2929@cumc.columbia.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2021.01.005

	Gender and Age Differences in the Hepatic Consequences of “Humanized” Bile Acid Compositions in Mice
	References


