
EDITORIAL
Stress-induced Regulators of Intestinal Fat Absorption
he global prevalence of metabolic syndrome has led
Tto intensive research efforts on the regulation of fat
homeostasis. Intestinal lipid absorption and transport are
crucial for maintaining lipid homeostasis. More than 90% of
dietary lipids are hydrolyzed in the small intestine and the
products are taken up by enterocytes. Lipid absorption by
enterocytes begins with emulsification and solubilization of
cholesterol in the intestinal lumen by biliary lipids and salts.
Enterocytes resynthesize lipids and package them into
chylomicrons for transport. Although significant research
progress in dissecting the processes of intestinal absorption
and delivery of dietary and biliary lipids has been made, the
understanding of the regulatory network that controls these
processes is incomplete.

CREBH (cAMP-responsive element-binding protein,
hepatic-specific), an endoplasmic reticulum resident, basic
leucine zipper (bZIP)-containing protein, is known as a
stress-inducible transcription factor that is primarily
expressed in the liver and small intestine.1–4 It has been
established that CREBH functions as an important regu-
lator of lipid and glucose homeostasis, and the defect of
CREBH is associated with hyperlipidemia, nonalcoholic
steatohepatitis, and atherosclerosis.5–8 In response to en-
ergy fluctuations triggered by nutrient starvation, circa-
dian cues, or inflammatory challenges, CREBH transits
from the endoplasmic reticulum to the Golgi where it goes
through “regulated intramembrane proteolysis” to release
a cleaved, functional CREB transcription factor.3,7 Acti-
vated CREBH drives expression of the genes encoding the
key hepatic metabolic regulators or enzymes involved in
lipolysis,5,6 fatty acid oxidation,5,9 gluconeogenesis,10

glycogenolysis,11 and hepatic autophagy.12 Although the
functions and mechanisms of hepatic CREBH have been
well studied, the intestinal CREBH functions are incom-
pletely understood.

In the current issue of Cellular and Molecular Gastroen-
terology and Hepatology, Cheng et al13 contribute to the
understanding of intestinal lipid homeostasis by identifying
FACI, a novel fasting- and CREBH-regulated protein factor
that inhibits intestinal lipid absorption and reverses high-fat
diet-induced obesity. Like CREBH, FACI is primarily
expressed by the liver and small intestine. Expression of
FACI is regulated by nutrient-sensing transcription factors,
including CREBH, HNF4a, CREB, PGC1a, and SREBP1, in
mouse livers. FACI localizes to plasma membrane and
recycling endosomes but lacks any known enzymatic
domain. Genetic deletion of Faci in mice leads to an increase
in intestinal fat absorption, and promotes complex meta-
bolic phenotypes, including obesity, insulin resistance, he-
patic steatosis, and dyslipidemia, under a high-fat diet.
Together, this work implicates that CREBH and FACI form a
stress-induced regulatory axis that modulates intestinal
Cellular a
lipid homeostasis in response to nutritional signals. How-
ever, because FACI is expressed in both the liver and small
intestine, it is important to determine whether the pheno-
types observed in FACI-knockout (KO) mice, such as body
weight difference, hepatic steatosis, and insulin resistance,
are partially attributed to the functional defect of hepatic
FACI.

The metabolic phenotypes of FACI-KO mice are
partially overlapped with those of CREBH-KO mice. In the
small intestine, is FACI a major target of CREBH in regu-
lating lipid absorption? In an early work, Kikuchi et al14

reported that intestinal CREBH prevents hypercholester-
olemia by reducing expression of Niemann-Pick C1-like 1
(Npc1l1), a rate-limiting transporter mediating intestinal
cholesterol absorption, in CREBH-transgenic mice under a
high-cholesterol diet. Intestinal CREBH overexpression
leads to decreased plasma cholesterols, reduced hepatic
supply, and increased excretion, caused by suppression of
intestinal cholesterol absorption. CREBH suppresses
expression of Npc1l1, by directly binding to the Npc1l1
gene promoter, and several other intestinal transporters,
including Abca1, Abcg5/8, and Srb1. Conversely, CREBH-
KO mice display increased intestinal Npc1l1 expression,
elevated plasma and hepatic cholesterols, and reduced
excretion. Both Cheng’s and Kikuchi’s works suggest that
CREBH is a suppressor of intestinal lipid absorption under
high-fat diets. Whether CREBH simultaneously or differ-
entially regulates 2 targets, namely FACI and Npc1l1, to
prevent intestinal lipid absorption is an interesting ques-
tion to be investigated.

Collectively, the study by Cheng et al13 sheds a new
light on the multifaceted mode of action of CREBH in
regulating energy metabolism. Particularly, identification
of FACI as a functional target of CREBH in intestinal fat
absorption adds an important insight into the regulatory
network of intestinal lipid homeostasis under metabolic
stress conditions. For future studies, it is important to
delineate the specific targets and mechanistic basis by
which the CREBH-FACI axis regulates intestinal lipid ab-
sorption and transport under overnutrition. The work of
Cheng et al13 has raised many intriguing questions.
Although much work remains, the regulatory mechanisms
of intestinal lipid homeostasis and their relevance to
the development of metabolic syndrome are rapidly
unfolding.

KEZHONG ZHANG, PhD
Center for Molecular Medicine and Genetics
Department of Biochemistry, Microbiology, and
Immunology
Wayne State University School of Medicine
Detroit, Michigan
nd Molecular Gastroenterology and Hepatology 2022;13:1469–1470

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcmgh.2022.01.024&domain=pdf


1470 Kezhong Zhang Cellular and Molecular Gastroenterology and Hepatology Vol. 13, No. 5
References
1. Omori Y, Imai J, Watanabe M, Komatsu T, Suzuki Y,

Kataoka K, Watanabe S, Tanigami A, Sugano S. CREB-
H: a novel mammalian transcription factor belonging to
the CREB/ATF family and functioning via the box-B
element with a liver-specific expression. Nucleic Acids
Res 2001;29:2154–2162.

2. Shen X, Ellis RE, Sakaki K, Kaufman RJ. Genetic in-
teractions due to constitutive and inducible gene regu-
lation mediated by the unfolded protein response in C.
elegans. PLoS Genet 2005;1:e37.

3. Zhang K, Shen X, Wu J, Sakaki K, Saunders T,
Rutkowski DT, Back SH, Kaufman RJ. Endoplasmic re-
ticulum stress activates cleavage of CREBH to induce a
systemic inflammatory response. Cell 2006;
124:587–599.

4. Luebke-Wheeler J, Zhang K, Battle M, Si-Tayeb K,
Garrison W, Chhinder S, Li J, Kaufman RJ, Duncan SA.
Hepatocyte nuclear factor 4alpha is implicated in endo-
plasmic reticulum stress-induced acute phase response
by regulating expression of cyclic adenosine mono-
phosphate responsive element binding protein H. Hep-
atology 2008;48:1242–1250.

5. Zhang C, Wang G, Zheng Z, Maddipati KR, Zhang X,
Dyson G, Williams P, Duncan SA, Kaufman RJ, Zhang K.
Endoplasmic reticulum-tethered transcription factor
cAMP responsive element-binding protein, hepatocyte
specific, regulates hepatic lipogenesis, fatty acid oxida-
tion, and lipolysis upon metabolic stress in mice. Hep-
atology 2012;55:1070–1082.

6. Lee JH, Giannikopoulos P, Duncan SA, Wang J,
Johansen CT, Brown JD, Plutzky J, Hegele RA,
Glimcher LH, Lee AH. The transcription factor cyclic
AMP-responsive element-binding protein H regulates
triglyceride metabolism. Nat Med 2011;17:812–815.

7. Zheng Z, Kim H, Qiu Y, Chen X, Mendez R, Dandekar A,
Zhang X, Zhang C, Liu AC, Yin L, Lin JD, Walker PD,
Kapatos G, Zhang K. CREBH couples circadian clock
with hepatic lipid metabolism. Diabetes 2016;
65:3369–3383.

8. Park JG, Xu X, Cho S, Lee AH. Loss of transcription
factor CREBH accelerates diet-induced atherosclerosis
in Ldlr-/- mice. Arterioscler Thromb Vasc Biol 2016;
36:1772–1781.

9. Kim H, Mendez R, Zheng Z, Chang L, Cai J, Zhang R,
Zhang K. Liver-enriched transcription factor CREBH in-
teracts with peroxisome proliferator-activated receptor
alpha to regulate metabolic hormone FGF21. Endocri-
nology 2014;155:769–782.

10. Lee MW, Chanda D, Yang J, Oh H, Kim SS, Yoon YS,
Hong S, Park KG, Lee IK, Choi CS, Hanson RW,
Choi HS, Koo SH. Regulation of hepatic gluconeogen-
esis by an ER-bound transcription factor, CREBH. Cell
Metab 2010;11:331–339.

11. Kim H, Zheng Z, Walker PD, Kapatos G, Zhang K.
CREBH maintains circadian glucose homeostasis by
regulating hepatic glycogenolysis and gluconeogenesis.
Mol Cell Biol 2017;37:e00048-17.

12. Kim H, Williams D, Qiu Y, Song Z, Yang Z, Kimler V,
Goldberg A, Zhang R, Yang Z, Chen X, Wang L, Fang D,
Lin JD, Zhang K. Regulation of hepatic autophagy by
stress-sensing transcription factor CREBH. FASEB J
2019;33:7896–7914.

13. Cheng Y, Kang X-Z, Cheng T, Ye Z-W, Tipoe GL,
Yu C-H, Wong C-M, Liu B, Chan C-P, Jin D-Y. FACI
is a novel CREB-H-induced protein that inhibits intes-
tinal lipid absorption and reverses diet-induced obesity.
Cell Mol Gastroenterol Hepatol 2022;13:1365–1391.

14. Kikuchi T, Orihara K, Oikawa F, Han SI, Kuba M,
Okuda K, Satoh A, Osaki Y, Takeuchi Y, Aita Y,
Matsuzaka T, Iwasaki H, Yatoh S, Sekiya M, Yahagi N,
Suzuki H, Sone H, Nakagawa Y, Yamada N, Shimano H.
Intestinal CREBH overexpression prevents high-
cholesterol diet-induced hypercholesterolemia by
reducing Npc1l1 expression. Mol Metab 2016;
5:1092–1102.
Correspondence
Address correspondence to: Kezhong Zhang, PhD, Department of
Biochemistry, Microbiology, and Immunology, Wayne State University School
of Medicine, 540 East Canfield, Detroit, Michigan 48201. e-mail:
kzhang@med.wayne.edu.

Conflicts of interest
The author discloses no conflicts.

Funding
Portions of Kezhong Zhang’s work were supported by National Institutes of
Health grants DK090313 and DK126908.
Most current article

© 2022 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.2022.01.024

http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref1
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref2
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref2
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref2
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref2
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref3
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref4
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref5
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref6
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref7
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref8
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref8
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref8
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref8
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref8
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref9
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref10
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref11
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref11
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref11
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref11
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref12
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref13
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
http://refhub.elsevier.com/S2352-345X(22)00027-3/sref14
mailto:kzhang@med.wayne.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2022.01.024

	Stress-induced Regulators of Intestinal Fat Absorption
	References


