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Long-chain noncoding RNAs (lncRNAs) are RNAs that do not code for proteins, widely present in eukaryotes. They

regulate gene expression at multiple levels through different mechanisms at epigenetic, transcription, translation, and the

maturation of mRNA transcripts or regulation of the chromatin structure, and compete with microRNAs for binding to

endogenous RNA. 
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1. Introduction

About only 1–2% of human DNA is transcribed into mRNAs that code for proteins, whereas the rest is coded into

noncoding RNAs (ncRNAs) . The noncoding RNAs include snRNA (small nuclear RNA), siRNA (small interfering RNA),

miRNA (microRNA), lncRNA (long noncoding RNAs), and circRNA (circular RNA), among others . lncRNAs are

noncoding RNAs present in numerous eukaryotes, first reported in 1990. Since a few lncRNAs can code for proteins, the

naming and definition of long noncoding RNAs are still controversial . For a long time, lncRNAs have been considered

redundant transcripts, commonly called “noise sequences” . However, emerging evidence shows that lncRNAs have

strong temporal and spatial expression specificity and tissue specificity , are poorly conserved among species , and

regulate numerous biological processes . lncRNAs regulate gene expression at multiple levels . Advances in high-

throughput sequencing and other biotechnology have revealed the molecular mechanisms by which lncRNA regulates

biological functions . At present, the functions of lncRNAs are yet to be exhausted, and much remains to be discovered.

Obesity is currently a public health concern globally. According to the World Health Organization (WHO), 1.9 billion adults

(39%) are overweight (BMI > 25) and 600 million people (13%) are obese (BMI > 30). Obesity metabolic syndrome is

caused by excessive energy intake, in which the triglycerides that accumulate in the body are transformed into fat 

. Obesity is a chronic recurrent disease characterized by excessive accumulation of fats in the body. The pathogenesis

of obesity is quite complex, and many factors, including genetics, viral infections, insulin resistance, inflammation, gut

microorganisms, and abnormal hormone secretion are implicated in obesity development. Chronic obesity causes

systemic metabolic diseases, high blood pressure, hip cartilage, and other bone and joint diseases. Accumulation of large

amounts of visceral fat can cause insulin resistance, fatty liver disease, type 2 diabetes, liver fibrosis, liver cancer, and

other diseases. Similarly, high body fat can cause hypertriglyceridemia and irreversible chronic diseases such as

atherosclerosis. At the same time, obesity predisposes childbearing age women to polycystic ovary syndrome or

gestational diabetes mellitus, increases the maternal metabolic burden, and has irreversible effects on methylation of

maternally imprinted genes in offspring. In addition, obesity appears to increase the severity of Corona Virus Disease

2019, (COVID-19) . Obesity and vitamin deficiency are major risk factors for poor prognosis after COVID-19

infection. In addition, obesity, diabetes, and hypertension increase the risk of COVID-19 infection and severe COVID-19

.

2. LncRNA

lncRNAs are small RNA transcripts greater than 200 nt. lncRNAs can be divided into seven types based on the

transcription position from the genome (Figure 1). Intergenic lncRNAs (intergenic lncRNA), also called lincRNAs, are

intergenic region lncRNAs, transcribed from the middle region of two coding genes and at least 1 kb away from the coding

gene. They mainly regulate cellular activities. Intron lncRNAs (intronic lncRNAs), mainly produced in the intron region of

the coding gene, have corresponding coding genes and the same expression pattern, and they primarily regulate the

expression of genes. Antisense lncRNA (antisense lncRNA), mainly produced in the antisense strand of the coding strand,
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binds and regulates mRNAs’ expression. Sense lncRNAs (sense-overlapping lncRNA) are transcribed in a direction

similar to that of adjacent mRNA and partial or complete overlap exons. They contain an open reading frame (ORF) for

protein translation but do not code for protein, restricting the mRNA translation process by mediating the stop codon;

promoter-associated lncRNA and untranslated-region overlapping lncRNA (untranslated-region overlapping lncRNA) bind

to the promoter and untranslated region of the regulated mRNA. Enhancer sub-type lncRNA (enhancer lncRNA) mainly

regulates the expression of neighboring genes through binding cis-regulatory sites or enhancers .

Figure 1. Similarities and differences between lncRNA and mRNA structure and function. Classification of lncRNAs

according to the transcription position of the genome.

Like mRNA-encoding protein, lncRNA has a 5’cap and a 3’poly A tail. lncRNAs use the same gene as a transcription

template to form different lncRNA transcripts by variable shearing. Unlike mRNA, lncRNA has strong tissue specificity, and

its abundance is lower than that of mRNA. lncRNA exists in the nucleus, cytoplasm, and organelles, but they are more

abundant in the nucleus than in the cytoplasm and organelles . lncRNA regulates proliferation, differentiation,

apoptosis of cells, and the development of tissues and organs. For example, lncLSTR (liver-specific triglyceride regulator

RNA) is an lncRNA specifically expressed in mouse liver and regulates energy metabolism and lipid metabolism in the

liver by directly regulating one of the rate-limiting enzymes responsible for bile acid synthesis, Cyp8b1 .

3. LncRNA and Adipose Tissue

High-throughput sequencing technology has revealed many adipogenesis and development-related lncRNAs. However,

many regulatory pathways related to obesity and lipid deposition have not been fully uncovered. Studies have shown that

excessive lipid accumulation in adipose tissue is associated with dysregulated lncRNA expression. The amount of fats

also affects the quality of livestock and poultry meat products . Therefore, clarifying how lncRNA participates in fat

development can further research in fat development-related diseases and the production of quality meat products. The

biological functions of white, brown, and beige fats and lncRNAs related to this process are discussed (Figure 2, Figure
3 and Figure 4). As shown in Figure 2, Figure 3 and Figure 4, lncRNAs are regulated in a variety of ways in adipocytes

to regulate lipid deposition or to regulate white fat browning. The most commonly reported mode of regulation is that of

ceRNA regulation, where lncRNAs regulate the transcription or translation of target genes by competitively binding

miRNAs or proteins, such as lncGAS5 . lncRNAs also regulate lipogenic differentiation by acting as decoy molecules,

RNA-RNA dimers, histone modifications, regulation of target-gene-promoter transcriptional activity and signaling pathway

activity, and white fat browning, among other processes. In addition, it is worth noting that adipose-derived MSCs, as a

class of pluripotent stem cells, are an excellent cell model for studying the biological processes of lipogenic differentiation,

but most studies have been conducted on mature adipocytes. However, most of the studies are based on mature

adipocytes. There are very few studies on adipose-derived MSCs and adipose-progenitor-cell-related lncRNAs and the
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regulatory mechanisms are not well studied, such as how lncRNAs are involved in the transduction of signaling pathways

and the regulatory relationship with the host gene.

Figure 2. Schematic diagram of the biological function of lncRNA that promotes lipid deposition of white fat.

Figure 3. Schematic diagram of the biological function of lncRNA that inhibits or participates in the deposition of white fat

lipids.

Figure 4. Schematic diagram of the biological function of lncRNA involved in the differentiation of brown adipocytes.

4. LncRNA-Mediated Adipogenesis Dysregulation and Disease

There is no doubt that lncRNAs are an important source of potential targets against obesity and other related metabolic

diseases. However, the molecular mechanisms underlying the cooperative regulation of lncRNAs with some nutrients and



with classical signaling pathways are still unclear. In addition, most studies have used mouse 3T3-L1 preadipocytes or

human-derived, adipose-derived mesenchymal stem cells as models for in vitro experiments, and many of the

experimental effects of lncRNAs in vivo have not been validated. Therefore, it is important to investigate the regulatory

mechanisms of lncRNAs and the regulation of lipogenic differentiation under pathophysiological conditions, or to explore

the association between lncRNAs and certain disease models of lipid metabolism imbalance, which could better facilitate

the development of lncRNA-targeted drugs and other related research.

Metabolism-related lipid disorders include atherosclerosis, obesity, Alzheimer’s disease, type II diabetes, tumors, and

other diseases . Numerous studies have shown that lncRNAs are involved in biological processes such as metabolic

regulation, inflammation, immunity, and vascular function .

Lipid metabolism in cancer stem cells is important for drug sensitivity and maintenance of stemness in cancer cells. Liu 

et al. showed that lncROPM enhances the stability of PLA2G16 mRNA by directly binding to the 3’-UTR of PLA2G16,

thereby activating active PI3K/AKT, Wnt/β-catenin, and Hippo/YAP signaling, ultimately involved in the maintenance of

stemness and the enhancement in chemoresistance in BCSCs. In a mechanistically similar fashion, Hilnc promotes

PPARγ expression through the formation of an RNA-RNA stable dimer with IGFBP2 and promotes lipid deposition in the

liver . In atherosclerosis, kcnq1ot1 enhances HDAC3 expression by competitively binding to miR-452-3p, thereby

inhibiting ABCA1 expression as well as cholesterol efflux. kcnq1ot1 promotes macrophage lipid accumulation and

accelerates the development of atherosclerosis via the miR-452-3p/HDAC3/ABCA1 pathway . In addition, as

mentioned above, lncRNA is also a good potential biomarker. lnc-P3134 was significantly upregulated in the blood

exosomes of patients with type 2 diabetes  and, in addition, lncH19 was upregulated in the serum of patients .

lncRNAs have a very important impact on lipid metabolism homeostasis, but the specific regulatory mechanisms and

biological processes such as lncRNA regulation of lipid production, β-oxidation, and lipid catabolism need to be further

investigated. In-depth investigation of the regulatory functions of lncRNAs in lipid metabolism homeostasis has important

biological implications for lncRNAs to become biomarkers for certain diseases.
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