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New Findings on Regulation of Lipid Metabolism by HuR
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rAbstract

Lipid metabolism is a vital physiological process that includes the biosynthesis, absorption, transport, and
elimination of lipids, playing an essential role in maintaining health and preventing obesity-related diseases. Recent
findings highlighted the significance of Human antigen R (HuR), an RNA-binding protein, in regulating intestinal fat
absorption and lipid homeostasis. The absence of HuR could lead to decreased expression of these enzymes,
resulting in impaired dietary fat absorption and reduced risk of high-fat diet-induced Non-Alcoholic Fatty Liver
Disease (NAFLD) and obesity. Additionally, HuR influenced the expression of other lipid metabolism-related genes,
suggesting its broader role in lipid regulation. In this review, we discussed the mechanisms by which HuR modulates
the expression of key enzymes involved in Triacylglycerol (TAG) synthesis, specifically MGAT2 and DGAT2, in the
intestinal epithelium, and emphasized the potential of HUR as a therapeutic target for obesity and related metabolic

L

disorders, as well as its dual role in atherosclerosis progression.
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Introduction

Lipid metabolism is a complex physiological and biochemical
process that encompasses lipid biosynthesis, absorption, transport, and
elimination, proper lipid metabolism is essential for maintaining
overall health and well-being. Among these processes, intestinal lipid
absorption plays an important role in maintaining lipid homeostasis
[1]. The regulation of intestinal lipid absorption and its subsequent
redistribution to peripheral tissues is a key defense mechanism against
obesity and related pathologies [2]. The absorption process of
Triacylglycerols (TAGs), the major dietary lipids, involves hydrolysis
to fatty acids and Monoacylglycerols (MAGs) in the intestinal lumen,
lipid uptake by intestinal cells, and re-synthesis of TAGs. In the
intestine, MAG is the preferred receptor for FFAs, and TAG
resynthesis occurs mainly through the MAG pathway [3]. In the MAG
pathway, the high intestinal expression of MGAT2 and DGAT2
isoforms, which correspond to Monoacylglycerol Acyltransferases
(MGATS) and Diacylglycerol Acyltransferases (DGATS), is important
for regulating dietary fat absorption and related processes. Alterations
in the expression or regulation of these TAG synthases can disrupt
dietary fat absorption and increase susceptibility to lipid metabolism-
related diseases [4,5]. Previous studies on MGAT2 and DGAT2 have
focused on the transcriptional level, with key transcription factors
including Sterol Regulatory Element Binding Protein 1C (SREBP-1c)
and Peroxisome Proliferator-Activated Receptor-g (PPARg) [3].
Integration of transcriptional and post-transcriptional data indicates that
many essential genes are highly regulated at the post-transcriptional
level. However, the post-transcriptional regulation of TAG synthases

remains largely unexplored. RNA-Binding Proteins (RBPs), a key
class of post-transcriptional gene regulators, primarily function by
binding to and modulating target transcripts, forming what are known as
‘regulatory’ functional units [6]. ‘Human antigen R’ (HuR), also
known as Embryonic Lethal Anomalous Visual-Like 1 (ELAVLI),
is a key member of the HWELAV RNA-Binding Protein (RBP)
family. It binds to Adenosine-Uridine (AU)-rich regions of target
RNAs and regulates various aspects of RNA metabolism,
including nuclear mRNA export, mRNA stabilization, and translation.
Through these mechanisms, HuR influences critical cellular functions
such as proliferation, survival, apoptosis, and senescence. Notably,
HuR has been implicated in the regulation of lipid metabolic processes
such as hepatic lipid homeostasis and adipose triglyceride storage.
However, its role in intestinal fat absorption and the underlying
mechanisms remain to be fully elucidated. Recent findings from this
study suggest that HuR influences intestinal fat absorption and lipid
homeostasis by modulating key enzymes involved in intestinal TAG
synthesis, specifically MGAT2 and DGAT2, in mice. In this review, we
will provide an overview of HuR's role in the regulation of lipid
metabolism.

Literature Review

This study investigated the role of HuR in intestinal fat absorption
by creating intestinal epithelium-specific HuR Knockout mice (cKO).
It was found that HuR interacts with intron 1 of mouse MGAT2 pre-
mRNA and the 3' UTR of DGAT2 mRNA, regulating MGAT2 pre-
mRNA processing and DGAT2 mRNA conversion. Knockdown of
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cKO mice significantly decreases intestinal fat absorption.
Additionally, these regulatory processes may influence the impact of
Caloric Restriction Diets (CRD) on lipid metabolism. Specifically,
CRD reduces the protein levels of HuR, DGAT2, and MGAT?2 in the
proximal jejunum, which may further contribute to improvements in
lipid metabolism. Additionally, RNA-seq analysis revealed that HuR
knockdown also decreased the mRNA levels of APOA4, AGPAT2,
APOAIl, ABCGS5, ABCGS8, DGATI, and NPCILI genes encoding
factors involved in fat digestion and absorption. For instance, APOA4
is an apolipoprotein secreted by the small intestine during lipid
absorption and chylomicron formation. It plays a role in regulating
chylomicron composition and metabolism and is closely associated
with obesity in both mice and humans [7,8]. ABCG5/GS8 transporter
proteins, located in the apical membrane of enterocytes, are essential
for the intestinal absorption of phytosterols and cholesterol [9].
Additionally, selective inhibition of the intestinal cholesterol
transporter NPC1-L1 reduces the production of cholesteryl esters in
the intestine and their release into the lymphatic system [10]. Since
HuR targets a range of lipid metabolism-related RNAs, it is important
to explore whether HuR can also regulate fat absorption by
modulating genes beyond DGAT2 and MGAT?2.

Discussion

Several studies have found the importance of RNA-Binding Protein
(RBP) in regulating the expression of genes related to lipid
metabolism at the post-transcriptional level. Research from various
groups has demonstrated that HuR is pivotal in controlling lipid
metabolic processes beyond fat absorption, including fat formation,
lipid transport, and cholesterol homeostasis. For instance, Diana et al.,
discovered that HuR enhances RNA stability by binding to Insulin-
induced gene 1 (INSIGI), an insulin-inducible gene that negatively
regulates adipogenesis, thereby impairing adipogenesis [11]. HuR
promotes the expression of Ndufb6, Uqcrb and Apob by binding to
Ndufb6 and Uqerb mrna as well as Apob precursor mRNAs, thereby
regulating hepatic lipid transport and ATP synthesis [12]. Additionally,
HuR plays a significant role in managing macrophage lipid
homeostasis in vivo by directly binding to and modulating the
expression of ABCAI mRNA, a key regulator of cellular cholesterol
efflux and plasma HDL biosynthesis [13]. HuR also plays a role in
regulating lipid metabolism in skeletal muscle. Deficiency of HuR in
skeletal muscle results in reduced metabolic flexibility and decreased
lipid oxidation [14]. Interestingly, lipids themselves can interact with
HuR to influence lipid metabolism. For instance, butyric acid can
inhibit AMPK activation during chronic intermittent hypoxia, leading
to increased cytoplasmic accumulation of HuR. This interaction
regulates the expression of downstream genes, promoting apoptosis,
inhibiting adipocyte production, and contributing to anti-inflammatory
effects [15].

Understanding the regulatory role of HuR in different lipid
metabolism is important for studying pathological changes associated
with abnormal lipid metabolism. Multiple studies have found that in
Non-Alcoholic Fatty Liver Disease (NAFLD), characterized primarily
by hepatic steatosis (excessive fat accumulation), HuR can prevent the
onset of NAFLD by influencing hepatic lipid metabolism through the
regulation of various RNA targets, including the adenylate-uridylate-
rich elements of Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) [16,17]. Multi-omics studies, including
lipidomics, transcriptomics, and RNA immunoprecipitation
sequencing, suggest that HuR orchestrates a protective network for

maintaining hepatic metabolic and lipid homeostasis. Consistent with
this, HuR-deficient livers exhibit triglyceride accumulation at steady
state similar to the triglyceride profile observed in NAFLD livers [18].
Obesity is characterized by Excessive Triglyceride (TG) storage in
adipose tissue. HuR regulates adipogenesis and lipid accumulation by
modulating RNA stability. Adipose-specific HuR deficiency
exacerbates high-fat diet-induced obesity, impairs adipose function,
and worsens glucose intolerance and insulin resistance. Consequently,
HuR may serve as a promising therapeutic target for alleviating
obesity and related metabolic disorders [19]. Dyslipidemia resulting
from abnormal lipid metabolism can contribute to the development of
Atherosclerosis (AS). Evidence suggests that HuR plays a dual role in
AS. On one hand, HuR accelerates AS progression by promoting
endothelial activation, smooth muscle proliferation, and inflammation.
On the other hand, it has protective effects by reducing macrophage
apoptosis, modulating lipid efflux, and enhancing autophagy [20].
Additionally, both HuR and abnormal lipid metabolism are closely
linked to aging and cancer, with HuR-mediated regulation of lipid
metabolism potentially influencing the processes of aging and
carcinogenesis.

Conclusion

HuR plays an essential role in various lipid metabolic processes by
mediating the post-transcriptional regulation of lipid metabolism-
related target mRNAs. A key finding of this study is that HuR affects
intestinal fat absorption and lipid homeostasis by regulating the
stability of DGAT2 mRNA and the splicing of MGAT2 mRNA,
providing new insights into HuR's role in lipid metabolism regulation.
This discovery also provides insights for future research on the
regulatory role of HuR in DGAT2 and MGAT?2 outside the intestine
and their related functions.

Reference

1. Islam SU, Ahmed MB, Ahsan H, Lee YS (2021) Recent
molecular mechanisms and beneficial effects of phytochemicals
and plant-based whole foods in reducing LDL-C and preventing
cardiovascular disease. Antioxidants 10:784.

2. Luo H, Jiang M, Lian G, Liu Q, Shi M, et al. (2018) AIDA
selectively mediates downregulation of fat synthesis enzymes by
ERAD to retard intestinal fat absorption and prevent obesity.
Cell Metab 27:843-853.

3. Yen CL, Nelson DW, Yen MI (2015) Intestinal triacylglycerol
synthesis in fat absorption and systemic energy metabolism. J
Lipid Res 56:489-501.

4. Banh T, Nelson DW, Gao Y, Huang TN, Yen M1, et al. (2015)
Adult-onset deficiency of acyl CoA: Monoacylglycerol
acyltransferase 2 protects mice from diet-induced obesity and
glucose intolerance [S]. J Lipid Res 56:379-389.

5. Bowman TA, O'Keeffe KR, D'Aquila T, Yan QW, Griffin JD, et
al. (2016) Acyl CoA Synthetase 5 (ACSLS5) ablation in mice
increases energy expenditure and insulin sensitivity and delays
fat absorption. Mol Metab 5:210-220.

6.  Chatterji P, Rustgi AK (2018) RNA binding proteins in intestinal
epithelial biology and colorectal cancer. Trends Mol Med
24:490-506.

7. QinW, Li X, Xie L, Li S, Liu J, et al. (2016) A long non-coding
RNA, APOA4-AS, regulates APOA4 expression depending on
HuR in mice. Nucleic Acids Res 44:6423-6433.

J Obes Weight Loss Ther, an open access journal
ISSN: 2165-7904

Volume S8 ¢ Issue 001 * S8-001


https://www.mdpi.com/2076-3921/10/5/784
https://www.mdpi.com/2076-3921/10/5/784
https://www.mdpi.com/2076-3921/10/5/784
https://www.mdpi.com/2076-3921/10/5/784
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(18)30132-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413118301323%3Fshowall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(18)30132-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413118301323%3Fshowall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(18)30132-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413118301323%3Fshowall%3Dtrue
https://www.jlr.org/article/S0022-2275(20)35579-6/fulltext
https://www.jlr.org/article/S0022-2275(20)35579-6/fulltext
https://www.jlr.org/article/S0022-2275(20)35622-4/fulltext
https://www.jlr.org/article/S0022-2275(20)35622-4/fulltext
https://www.jlr.org/article/S0022-2275(20)35622-4/fulltext
https://www.sciencedirect.com/science/article/pii/S2212877816000028?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2212877816000028?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2212877816000028?via%3Dihub
https://www.cell.com/trends/molecular-medicine/abstract/S1471-4914(18)30054-6
https://www.cell.com/trends/molecular-medicine/abstract/S1471-4914(18)30054-6
https://academic.oup.com/nar/article/44/13/6423/2457574
https://academic.oup.com/nar/article/44/13/6423/2457574
https://academic.oup.com/nar/article/44/13/6423/2457574

Citation:

Liu C, Wang W, Gu X, Xia T (2024) New Findings on Regulation of Lipid Metabolism by HuR. J Obes Weight Loss Ther S8:001.

Page 3 of 3

10.

11.

12.

13.

14.

Kohan AB, Wang F, Li X, Bradshaw S, Yang Q, et al. (2012)

Apolipoprotein  A-IV  regulates chylomicron metabolism-
mechanism and function. Am J Physiol Gastrointest Liver
Physiol 302:628-636.

Kerr ID, Haider AJ, Gelissen IC (2011) The ABCG family of
membrane-associated transporters: You don't have to be big to be
mighty. Br J Pharmacol 164:1767-1779.

Soayfane Z, Tercé F, Cantiello M, Robenek H, Nauze M, et al.
(2016) Exposure to dietary lipid leads to rapid production of
cytosolic lipid droplets near the brush border membrane. Nutr
Metab 13:1-5.

Siang DT, Lim YC, Kyaw AM, Win KN, Chia SY, et al. (2020)

The RNA-binding protein HuR is a negative regulator in
adipogenesis. Nat Commun 11:213.

Zhang Z, Zong C, Jiang M, Hu H, Cheng X, et al. (2020) Hepatic
HuR modulates lipid homeostasis in response to high-fat diet.
Nat Commun 11:3067.

Ramirez CM, Lin CS, Abdelmohsen K, Goedeke L, Yoon JH, et
al. (2014) RNA binding protein HuR regulates the expression of
ABCAI (S).J Lipid Res 55:1066-1076.

Mynatt RL, Noland RC, Elks CM, Vandanmagsar B, Bayless
DS, et al. (2019) The RNA binding protein HuR influences

15.

16.

17.

18.

19.

20.

skeletal muscle metabolic flexibility in rodents and humans.
Metabolism 97:40-49.

Su M, He Y, Xue S, Yu J, Ren X, et al. (2021) Butyric acid
alleviated chronic intermittent hypoxia-induced lipid formation
and inflammation through up-regulating HuR expression and
inactivating AMPK pathways. Biosci Rep 41:20203639.

Wang Y, Tai YL, Way G, Zeng J, Zhao D, et al. (2022) RNA
binding protein HuR protects against NAFLD by suppressing
long noncoding RNA H19 expression. Cell Biosci 12:172.

Tian M, Wang J, Liu S, Li X, Li J, et al. (2021) Hepatic HuR
protects against the pathogenesis of non-alcoholic fatty liver
disease by targeting PTEN. Cell Death Dis 12:236.

Subramanian P, Gargani S, Palladini A, Chatzimike M, Grzybek
M, et al. (2022) The RNA binding protein human antigen R is a
gatekeeper of liver homeostasis. Hepatology 75:881-897.

Li J, Gong L, Liu S, Zhang Y, Zhang C, et al. (2019) Adipose
HuR protects against diet-induced obesity and insulin resistance.
Nat Commun 10:2375.

Wang YX, Zheng HY, Zhou K, Xie HL, Ren Z, et al. (2024)
Multifaceted nature of HuR in atherosclerosis development. Curr
Med Chem.

J Obes Weight Loss Ther, an open access journal
ISSN: 2165-7904

Volume S8 ¢ Issue 001 * S8-001


https://journals.physiology.org/doi/full/10.1152/ajpgi.00225.2011
https://journals.physiology.org/doi/full/10.1152/ajpgi.00225.2011
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1476-5381.2010.01177.x
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1476-5381.2010.01177.x
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1476-5381.2010.01177.x
https://link.springer.com/article/10.1186/s12986-016-0107-9
https://link.springer.com/article/10.1186/s12986-016-0107-9
https://www.nature.com/articles/s41467-019-14001-8
https://www.nature.com/articles/s41467-019-14001-8
https://www.nature.com/articles/s41467-020-16918-x
https://www.nature.com/articles/s41467-020-16918-x
https://www.jlr.org/article/S0022-2275(20)35270-6/fulltext
https://www.jlr.org/article/S0022-2275(20)35270-6/fulltext
https://www.metabolismjournal.com/article/S0026-0495(19)30098-8/abstract
https://www.metabolismjournal.com/article/S0026-0495(19)30098-8/abstract
https://portlandpress.com/bioscirep/article/41/6/BSR20203639/228420/Butyric-acid-alleviated-chronic-intermittent
https://portlandpress.com/bioscirep/article/41/6/BSR20203639/228420/Butyric-acid-alleviated-chronic-intermittent
https://portlandpress.com/bioscirep/article/41/6/BSR20203639/228420/Butyric-acid-alleviated-chronic-intermittent
https://portlandpress.com/bioscirep/article/41/6/BSR20203639/228420/Butyric-acid-alleviated-chronic-intermittent
https://cellandbioscience.biomedcentral.com/articles/10.1186/s13578-022-00910-7
https://cellandbioscience.biomedcentral.com/articles/10.1186/s13578-022-00910-7
https://cellandbioscience.biomedcentral.com/articles/10.1186/s13578-022-00910-7
https://www.nature.com/articles/s41419-021-03514-0
https://www.nature.com/articles/s41419-021-03514-0
https://www.nature.com/articles/s41419-021-03514-0
https://journals.lww.com/hep/fulltext/2022/04000/the_rna_binding_protein_human_antigen_r_is_a.11.aspx
https://journals.lww.com/hep/fulltext/2022/04000/the_rna_binding_protein_human_antigen_r_is_a.11.aspx
https://www.nature.com/articles/s41467-019-10348-0
https://www.nature.com/articles/s41467-019-10348-0
https://www.eurekaselect.com/article/137375

	Contents
	New Findings on Regulation of Lipid Metabolism by HuR
	Abstract
	Introduction
	Literature Review
	Discussion
	Conclusion
	Reference

	JOWT-24S-144467_Q2R1.pdf
	Contents
	New Findings on Regulation of Lipid Metabolism by HuR
	Abstract
	Introduction
	Literature Review
	Discussion
	Conclusion
	Reference





