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Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease characterized by hepatic steatosis in
the absence of other causes, such as chronic alcohol consumption, that cause secondary hepatic fat
accumulation. NAFLD has become the most common liver disease worldwide over the past two decades,
and the prevalence of NAFLD is 20—30% in Western countries. However, the mechanism of NAFLD re-
mains unclear. The gut microbiota plays an important role in the metabolism of the host; in fact, it has
been implicated in inflammatory diseases, metabolic syndrome and cardiovascular disease. Accumu-
lating evidence has indicated that gut microbiota component changes are linked to human obesity, in-
sulin resistance (IR), type 2 diabetes and NAFLD. Here, we provide insight into the role of gut microbiota,
especially bile salt hydrolase (BSH) in modulating the bile acid pool and farnesoid X receptor (FXR),
which promotes the synthesis of ceramide and contributes to the development of NAFLD.

© 2019 The Third Affiliated Hospital of Sun Yat-sen University. Publishing Services by Elsevier B. V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license

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

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) has become the most
common liver disease worldwide over the past two decades. The
mechanisms of NAFLD remain largely unknown. Previous studies
have reported that alterations of the gut microbiota are related to
obesity, insulin resistance (IR), type 2 diabetes and NAFLD.' ™ The
gut microbiota derives nutrients from fermenting indigestible host
dietary components and generates metabolites, including short-
chain fatty acids (SCFAs), trimethylamine (TMA) and bile acids,
which play a vital role in host metabolism after they are reabsorbed
into the blood.

Bile acids, synthesized mainly from cholesterol in hepatocytes,
are a class of important endogenous metabolites that are metabo-
lized by the gut microbiota. Bile acids regulate lipid and glucose
metabolism and energy expenditure via endogenous receptors,
which include farnesoid X receptor (FXR) and G-protein-coupled
bile acid receptor 1 (GPBAR], also known as TGR5). Studies have
demonstrated that upon high-fat diet (HFD) feeding, intestinal-
specific FXR inhibition substantially reduced hepatic triglyceride
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accumulation by suppressing ceramide biosynthesis.>” In this re-
view, we will discuss the relationship between the gut microbiota
and NAFLD as well as potential therapeutic targets for NAFLD.

2. NAFLD

NAFLD is a chronic liver disease characterized by hepatic stea-
tosis in the absence of other causes of secondary hepatic fat accu-
mulation. NAFLD includes the stages of non-alcoholic fatty liver
(NAFL) and non-alcoholic steatohepatitis (NASH).® NAFLD may lead
to fibrosis, cirrhosis and hepatocellular carcinoma (HCC) and is a
risk factor for cardiovascular disease and type 2 diabetes mellitus.’

Studies have reported that the prevalence of NAFLD is 20—30%
in Western countries, and approximately 2—3% of NAFLD cases
develop into NASH, which is associated with hepatic inflammation
and is more severe than NAFL.'® Research has suggested that the
global prevalence of NAFLD has increased to 24%. The Middle East,
South America, Asia, USA and Europe are the top five areas where
NAFLD was most commonly reported, with prevalence rates of 32%,
31%, 27%, 24% and 23%, respectively.'!

To date, the mechanism of NAFLD remains unclear. Previous
studies have shown that NAFLD begins with lipid accumulation in
the liver. Under normal conditions, the lipid accumulated in he-
patocytes comes from fatty acids (FAs) that are released by

2542-5684/© 2019 The Third Affiliated Hospital of Sun Yat-sen University. Publishing Services by Elsevier B. V. on behalf of KeAi Communications Co., Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jiangchangtao@bjmu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.livres.2019.01.006&domain=pdf
www.sciencedirect.com/science/journal/25425684
http://www.keaipublishing.com/en/journals/liver-research
https://doi.org/10.1016/j.livres.2019.01.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.livres.2019.01.006
https://doi.org/10.1016/j.livres.2019.01.006

26 X. Wang et al. / Liver Research 3 (2019) 25—-30

peripheral adipose tissue, absorbed from the diet and synthesized
via de novo lipogenesis in the liver. Lipids are eliminated by FA
oxidation and triacylglycerol (TG) secretion.'” When this balance is
deregulated and accumulation exceeds elimination, NAFLD occurs.

It has been shown that patatin-like phospholipase domain
containing 3 (PNPLA3) is related by circulating TGs."> PNPLA3 can
increase the size of lipid droplets by co-expression with the TG
lipase patatin-like phospholipase domain containing 2 (PNPLA2)
activator abhydrolase domain containing 5 (ABHD5/CGI-58)./4
Members of the family with sequence similarity 3 (FAM3) gene
family are also important regulators of glucose and lipid meta-
bolism. FAM3A represses hepatic gluconeogenesis and lipogenesis
by inhibiting the expression of gluconeogenic and lipogenic genes,
including phosphoenolpyruvate carboxykinase (PEPCK), glucose-6-
phosphatase (G6Pase) and fatty acid synthase (FAS), and increasing
the expression of genes involved in lipid oxidation, such as adipo-
nectin receptor 1 (AdipoR1), uncoupling protein 2 (UCP2) and
peroxisome proliferator-activated receptor-o. (PPAR-2). FAM3B
overexpression reduces phosphorylated RAC-a serine/threonine-
protein kinase (Akt), phosphorylated AMP-activated protein ki-
nase (AMPK) and phosphorylated Forkhead box protein O1
(FOXO01) protein levels but increases FOXO1, PPAR-y, sterol regu-
latory element-binding protein-1 (SREBP-1) and FAS protein levels.
FAM3C induces the activation of the calmodulin (CaM)-phospha-
tidylinositol 3-kinase (PI3K)-Akt pathway. Imbalance among he-
patic FAM3A, FAM3B and FAM3C expression levels and signaling
networks contributes to the progression of steatosis."” The activa-
tion of transcription factors, such as SREBP-1, carbohydrate
response element-binding protein (ChREBP) and PPAR-y, can in-
crease hepatic de novo lipogenesis.'® An isoform of SREBP-1, SREBP-
1c, significantly regulates the activation of de novo lipogenesis.'”
Moreover, SREBP-2 is involved in cellular cholesterol homeostasis.
The dysregulation of these two genes is involved in hepatic fat
accumulation.'®

Decreased lipid elimination contributes to NAFLD. Lipids as
energy are utilized by mitochondria. The inhibition of free fatty acid
(FFA) B-oxidation further promotes hepatic lipid accumulation.
Excess TGs are secreted into the circulation as very low-density
lipoprotein (VLDL) particles with the help of apolipoproteins.'
Liver-specific apolipoprotein A5 (ApoA5) might influence lipid
accumulation mediated by the PPAR-y pathway.?® ApoA5 is also
downregulated by liver X receptor (LXR)'s target gene SREBP-1c.”!

In addition to liver lipid metabolism imbalance, adipose tissue
dysfunction is also crucial for NAFLD. Adipose tissue depots in-
crease FFA flux, leading to greater long-chain fatty acyl-coenzyme A
(CoA) availability. Adipose tissue dysfunction results in an imbal-
ance of adipokines that may profoundly affect not only the adipose
tissue itself but also the liver.>

The gut has complex crosstalk with liver, especially in lipid
metabolism. Intestine-specific FXR disruption reduces hepatic TG
accumulation. The inhibition of intestinal FXR signaling suppresses
ceramide synthesis, resulting in decreased serum ceramide levels.
Decreased circulating ceramides downregulate hepatic SREBP-1c
expression, resulting in decreased hepatic steatosis.° The gut
microbiota plays an important role in lipid metabolism through
mediating the gut-liver axis.

3. Effect of gut microbiota on metabolites

In the adult intestine, there are 1013—101* microorganisms that
are collectively called the gut microbiota.>> A healthy gut micro-
biota consists mainly of Phylum Bacteroidetes and Phylum
Firmicutes.”* Accumulating evidence has shown the role of the gut
microbiota in inflammatory disease and metabolic syndrome,
including obesity, IR, fatty liver, dyslipidemia, hypertension and

diabetes.*?>~2° Some studies have indicated that the gut micro-
biota plays an important role in the development of atherosclerotic
cardiovascular disease and other related diseases.*"!

In intestinal microbiota studies, we have to consider the dif-
ference between human and mice. Because of the difference of
dietary habits between the human and mice, it is no surprise that
the intestinal microbiota varies.>? It was reported that while some
genera was found in both mouse and human, the abundance was
quite different.

Furthermore, only 4% of the bacteria were the shared genera
between mouse and human, about 80 genera.>>>* For instance,
the murine intestinal tract harbors a specific Firmicutes, called
Candidatus arthromitus, which is not found in human and plays an
important role in the innate immune system.>>—>’

It seems clear that changes in the quantity and variety of or-
ganisms within the gut microbiota are correlated to the host
physiology, but the mechanism underlying how the gut microbiota
influences the host remains largely unknown. The gut microbiota
derives nutrients from fermenting indigestible host dietary com-
ponents and generates metabolites, including SCFAs, TMA and bile
acids, which play a vital role in host metabolism after they are
absorbed into the blood. In addition, organisms from the gut
microbiota enter the blood and affect the host metabolism
directly.>®

3.1. SCFAs

SCFAs are an essential energy source for the gut microbiota and
host, and are composed of butyrate, propionate and acetate>*4%;
the gut microbiota uses indigestible carbohydrates to generate
SCFAs mainly in the caecum and proximal colon, and these are
absorbed into the bloodstream from the colon.**? In the intestine,
most bacteria participate in the production of SCFAs; these types of
bacteria include Bacteroides, Bifidobacterium, Eubacterium, Rumi-
nococcus, Lactobacillus, Clostridium, and Streptococcus.

SCFAs are produced by the gut microbiota and absorbed by the
colon, where the concentration of SCFAs reaches 100 mM**; the
SCFA concentration in the blood is 0.1—-10 mM.** It is well estab-
lished that G-protein-coupled receptors (GPCRs) are the receptors
of SCFAs in the host, and they sense signals from the microbes.*
The well-studied SCFA receptors include GPR43, GPR41, GPR109a
and olfactory receptor 78 (OLFR78); through these receptors, SCFAs
affect glucagon-like peptide-1 (GLP-1) and peptide tyrosine tyro-
sine (PYY) release, fat accumulation, energy homeostasis, insulin
sensitivity and inflammatory responses.*6~48

32. TMA

TMA is formed from dietary choline, L-carnitine and betaine;
this process is mediated by the two-component Rieske-type oxy-
genase/reductase (CntAB) from human microbiotas,* which can be
oxidized to trimethylamine N-oxide (TMAO) by hepatic flavin-
containing monooxygenase 3 (FM03).°° It is reported that FMO3
is up-regulated by bile acids that activate FXR, but the basal levels
of FMO3 are not controlled by FXR.>' TMAO is well known as a risk
factor for atherosclerosis because it reduces reverse cholesterol
transport, changes bile acid metabolism and activates the inflam-
matory response to promote macrophage foam cell formation.’?
3,3-dimethyl-1-butanol (DMB), an analogue of choline, has been
reported to suppress TMAO formation by inhibiting microbial TMA
lyases, thus alleviating the progression of atherosclerosis and
related cardiovascular disease.”> An epidemiological study has
shown that circulating TMA levels are an independent risk factor
for NAFLD in Chinese adults.’*
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3.3. Bile acids

Bile acids, synthesized from cholesterol in the liver, are an
important class of endogenous metabolites that are metabolized by
the gut microbiota. Primary bile acids include cholic acid (CA) and
chenodeoxy-cholic acid (CDCA) in humans, while mice also pro-
duce muricholic acid (MCA); these bile acids are conjugated with
glycine or taurine and stored in the gallbladder.

Food intake stimulates the release of bile acids into the duo-
denum to facilitate the absorption of dietary lipids. In the gastro-
intestinal tract, primary bile acids are modified into secondary bile
acids by the gut microbiota, are reabsorbed through the ileum and
travel back to the liver via the portal blood; this pathway is called
the enterohepatic circulation. In addition, unconjugated bile acids
are excreted in the feces; these excreted bile acids account for 5% of
the bile acid pool.>®

In the liver, there are 17 enzymes that participate in bile acid
biosynthesis via two different pathways. The classic pathway pro-
duces CA and CDCA and accounts for 75% of bile acid generation.
Cholesterol 7a-hydroxylase (CYP7A1) is the rate-limiting enzyme
of this classic pathway.’® The alternative pathway generates pri-
marily CDCA, and CDCA is converted to MCA in mice. There are
some differences in the composition of bile acids between humans
and mice. Ursodeoxycholic acid (UDCA) is the secondary bile acid in
human but the primary bile acid in mice. In addition, CA and CDCA
are the most abundant bile acids in human, but in mice, CA and
MCA are the primary bile acids. What's more, glycine-conjugated
bile acids are the major form and the ratio of glycine and taurine
is about 3:1 in human, but in mice, taurine-conjugated bile acids
are the most abundant. What's more, UDCA is the secondary bile
acid in human and the primary bile acid in mice.

In bile acid metabolism, the gut microbiota takes part in
deconjugating primary bile acids via bile salt hydrolase (BSH) ac-
tivity. BSH is produced by Lactobacilli, Bifidobacterium, Clostridium
and Bacteroides and is associated with bile toxicity resistance.’’

Bile acids regulate lipid and glucose metabolism and energy
expenditure via endogenous receptors, mainly FXR and TGR5.
Many studies have demonstrated that FXR plays an important role
in bile acid synthesis by inhibiting the transcription of the CYP7A1
and sterol 12a-hydroxylase (CYP8B1) genes via inducing small
heterodimer partner (SHP), which represses the trans-activation of
hepatic nuclear factor 4o (HNF4¢,) and liver receptor homologue 1
(LRH1).>® In the intestine, bile acids activate FXR to induce fibro-
blast growth factor 15 (FGF15, FGF19 in humans), thus activating
hepatic FGF receptor 4 (FGFR4) and downstream signaling mole-
cules to inhibit the transcription of CYP7A1 and CYP8B1 via the c-
Jun N-terminal kinases (JNK)/extracellular signal-regulated kinase
(ERK) pathway.>®

4. Interaction of the gut microbiota and NAFLD

The composition of the gut microbiota is affected by many fac-
tors, including diet.° Undoubtedly, diet is an important regulator of
the gut microbiota that impacts gut microbiota metabolites, which
modulate host metabolism. Accumulating evidence has indicated
that alterations to gut microbiota components are linked to human
obesity, IR, type 2 diabetes and NAFLD.' Metagenomic studies
showed that the gut microbiota in obese mice had a high capacity
for harvesting energy, and this ability was reversed when the gut
microbiota from obese mice was transplanted into germ-free mice,
which then accumulated more fat.’! The amount of abundant
Bacteroides species was decreased in obese people, particularly
B. thetaiotaomicron, which is positively associated with resistance
to adiposity.®> When mice were exposed to 12 °C for 4 weeks, the
gut microbiota composition was characterized by increased

Adlercreutzia, Mogibacteriaceae, Ruminococcaceae, and Desulfovibrio
and reduced Bacilli and Erysipelotrichaceae; these changes
contributed to reduced diet-induced obesity.>> A study of obese
humans administered antibiotics (amoxicillin or vancomycin) for 7
days indicated that vancomycin decreased the gut microbiota di-
versity and the abundance of Firmicutes, which is related to SCFA
and bile acid generation.®® Calorie-restriction (CR) is the most
common strategy for weight loss. Intermittent fasting, one form of
CR, shifts the gut microbiota composition and results in higher SCFA
production, which promotes white adipose browning and allevi-
ates obesity.%> The antidiabetic medication acarbose increased
Lactobacillus and Bifidobacterium and the ratio of primary bile acids
to secondary bile acids, which contributed to improving the
metabolic states of type 2 diabetes patients.®®

Evidence has shown that mice treated with antibiotics or tempol
are resistant to HFD-induced NAFLD due to alterations to the bile
acid pool; tauro-p-muricholic acid (T-B-MCA), which inhibits in-
testinal FXR signaling, was increased. The same phenomenon was
also observed with reductions to the genus Lactobacillus.' Increased
levels of T-B-MCA resulted from reduced BSH with decreases to the
genus Lactobacillus.® Treating mice with a BSH inhibitor, caffeic acid
phenethyl ester (CAPE), increased the T-B-MCA levels in the in-
testine and inhibited intestinal FXR signaling.” A high-affinity FXR
antagonist, glycine-pf-muricholic acid (Gly-MCA), which could not
be hydrolyzed by BSH was also designed. Gly-MCA reversed diet-
induced obesity and IR by inhibiting intestinal FXR signaling.®’
The suppression of intestinal FXR reduced FGF15 levels, conse-
quently increasing CYP7A1 transcription and bile acid biosynthesis
in the liver. Furthermore, HFD feeding and intestinal FXR disruption
specifically reduced hepatic triglyceride levels by suppressing cer-
amide biosynthesis.>” Moreover, colesevelam, a bile acid binding
resin, could improve cholestatic liver injury in multidrug
resistance-2 (Mdr2)~/~ mice via inhibiting intestinal FXR.5%%°

Abundant studies have reported that gut microbiota dysbiosis
might contribute to the development of NAFLD due to impaired
intestinal barrier function, which meanwhile leads to the excess
production of gut-derived endotoxin, such as lipopolysaccharide
(LPS).”° The portal circulation delivers the blood from gut directly
to the liver, which makes the liver become the first to be affected by
the gut-derived endotoxin.”' LPS is responsible for several liver
diseases. The activation of toll-like receptor (TLR) by LPS mediated
innate immunity, which is considered one factor of NAFLD. In
particular the activation of TLR4 in Kupffer cells and stellate cells
stimulates pro-inflammatory and accelerates the progression of
NASH.”? Moreover, the TLR4 and TLR9 can activate the nucleotide-
binding oligomerization domain-, leucine-rich repeat- and pyrin
domain-containing 3 (NLRP3) inflammasomes, contributing to the
fibrosis process.”>

5. FXR as new therapeutic target for NAFLD

Currently, there are few effective treatments for NAFLD. Some
studies have demonstrated that calorie restriction and exercise
have beneficial effects on weight loss. It is recognized that lifestyle
modifications combined with target therapy are more effective.

Due to its distinct glucose-lowering effects, metformin has been
the most widely prescribed oral antidiabetic drug in Europe since
1957 and in the USA since 1995.”* Accumulating evidence indicates
that metformin can positively ameliorate NAFLD in obese
mice.”>~”7 Furthermore, other studies suggest that metformin
treatment improves glucose homeostasis in diet-induced obese
mice by modulating the gut microbiota.”®~8! Metformin altered the
composition and significantly reduced the diversity of the gut
microbiota, but the SCFA-producing bacteria were increased.”” This
finding indicated that SCFAs may play a beneficial role in host
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metabolism. Evidence indicated that Akkermansia muciniphila and
Clostridium cocleatum abundance was increased when obese mice
were treated with metformin,’® and the administration of Akker-
mansia muciniphila prevented diet-induced obesity in mice.’>%>
Amuc_1100, a protein of Akkermansia muciniphila, partly caused
the beneficial effect of reducing fat mass accumulation and IR.*

It was reported that the serum concentration of the FXR agonist
CDCA was reduced and that FXR signaling was suppressed in pa-
tients with NAFLD.®> Obeticholic acid (OCA), a semisynthetic CDCA
derivative and FXR agonist, have been approved to treat primary
biliary cirrhosis (PBC) by the USA food and drug administration
(FDA). Moreover, OCA improved the histological features of NASH in
clinical trials.*® Treatment with 25 or 50mg OCA for 6 weeks
improved insulin sensitivity and reduced liver inflammation in
NAFLD patients.®”

Since the activation of intestinal FXR signaling mediates HFD-
induced hepatic lipid accumulation, it is considered a potential
drug target for the treatment of NAFLD (Fig. 1). Results indicate that
inhibition of intestinal FXR signaling is a protective strategy for the
development of NAFLD. In the intestine, T--MCA and Gly-MCA
inhibited FXR to reduce plasma ceramide levels, thus alleviating
NAFLD. T-B-MCA is rapidly hydrolyzed by BSH, which is expressed
by the gut microbiota. Gly-MCA is more stable in the intestine
where it is resistant to BSH. The beneficial effects of T-B-MCA and
Gly-MCA were reversed by the administration of the FXR agonist
GW4064.7%7

A study has reported that the intestinal FXR agonist fexeramine
promoted adipose tissue browning to improve IR and hepatic
steatosis.®® The reasons for the different results are as follows. In
that study, the fexeramine dose (100 mg/kg) was ten-fold higher
than that of Gly-MCA (10 mg/kg). Furthermore, fexeramine
increased the proportion of lithocholic acid (LCA), an endogenous
ligand of TGR5, which may be different from the effect of FXR. A
recent mechanistic study showed that fexeramine metabolic im-
provements resulted from the higher abundance of the genus
Acetatifactor, and Bacteroides increased taurolithocholic acid (TLCA)
levels, which produced CDCA and UDCA, to activate TGR5/GLP-1
signaling.®°

In addition, the administration of UDCA was found to inhibit
intestinal FXR activation and decrease circulating FGF19 levels, thus
resulting in TG accumulation in the liver.>® Gly-MCA appears to be
the best intestinal FXR antagonist for treating NAFLD, but its safety
should be evaluated. More studies should be carried out to identify
the side effects of Gly-MCA.

Ceramides are important lipids for maintaining skin and cell
functions. However, in HFD-induced obese mice, serum ceramide
levels are increased and are associated with hepatic inflammation,
lipotoxicity, IR, ER stress and mitochondrial dysfunction. It has re-
ported that ceramide induces IR by inhibiting mediators of the
insulin signaling pathway, including insulin receptor substrate 1
(IRS1), PI3K and Akt/protein kinase B (PKB).°! Ceramide treatment
enhanced the expression of mRNA involved in ER stress.” Ceramide
has three synthesis pathways: de novo pathway from palmitate;
sphingomyelin pathway, and salvage pathway.’> Sphingomyelinase
(SMase) is one synthesis pathway of ceramide and the activation of
SMase response to stress and pro-inflammatory by JNK signaling
induces apoptosis in liver and aggravates the process of NASH.”*

Study has revealed that decreased ceramide levels decreased
hepatic mitochondrial acetyl-CoA levels and pyruvate carboxylase
(PC) activity, thus reducing hepatic gluconeogenesis.” Fibroblast
growth factor 21 (FGF21) improves the IR by reducing cellular
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Fig. 1. Role of intestinal FXR in the development of NAFLD. On chow diet, intestinal
FXR signaling is inhibited by T-B-MCA, which is generated in the liver and secreted into
intestine. Gly-MCA, the analogue of T-B-MCA has the same effect. Inhibited FXR
downregulated ceramide level by suppressing expression of genes involved in cer-
amide synthesis. Decreased circulated ceramide level repressed hepatic SREBP-1c
pathway, reduced the FA level and alleviated hepatic steatosis. HFD remodeled the
gut microbiota, characterized by increased Bacteroides and Lactobacillus genus, which
can generate BSH. BSH is a bacterial enzyme that hydrolyzes T-B-MCA to MCA. The
reducing of T-B-MCA released suppression of intestinal FXR signaling, increased serum
ceramide level and aggravated hepatic steatosis, IR, ER stress and inflammatory. Cer-
amide induces IR by inhibiting mediators of the insulin signaling pathway, including
IRS1, PI3K and Akt/PKB. Inhibiting the BSH by CAPE can increase the level of T-p-MCA
and improve metabolic disorder. Abbreviations: Akt, threonine-protein kinase; BSH,
bile salt hydrolase; CAPE, caffeic acid phenethyl ester; ER, endoplasmic reticulum; FA,
fatty acid; FXR, farnesoid X receptor; Gly-MCA, glycine-B-muricholic acid; HFD, high-
fat diet; IR, insulin resistance; IRS1, insulin receptor substrate 1; MCA, muricholic
acid; PI3K, phosphatidylinositol 3-kinase; PKB, protein kinase B; SCFAs, short-chain
fatty acids; SREBP-1c, sterol regulatory element-binding protein-1c; TMA, trimethyl-
amine; T-B-MCA, tauro-p-muricholic acid.
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ceramide.’ Some studies have reported that inhibition of intestinal
FXR signaling by CAPE could downregulate ceramide levels and
ceramide synthesis-related genes were reduced.’

6. Conclusions

Several lines of evidence have indicated that the gut microbiota
participates in diverse metabolic diseases, including IR, obesity and
metabolism-related cardiovascular disease, of which NAFLD has
attracted considerable attention in recent years because of its
increasing prevalence. A consensus has been reached that food
restriction and exercise have good effects on NAFLD. However, the
lack of efficacious drugs has increased the risk of complications in
patients. Here, we propose that inhibiting intestinal FXR signaling
alleviates NAFLD by decreasing the intestinal production of cer-
amide. The FXR agonists T-B-MCA and Gly-MCA caused significant
improvements in NAFLD.
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