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Abstract

Non-coding genes occupy the majority of the human genome and have recently 
garnered increased attention for their implications in a range of diseases. This review 
illustrates the current scientific landscape concerning long non-coding RNA biogenesis, 
regulation, and degradation, as well as their functional roles in lung pathogenesis. 
LncRNAs share many similar biogenesis and regulatory processes with mRNA, such 
as capping, polyadenylation, post-transcriptional modifications, and exonuclease 
degradation. Evidence suggests that these lncRNAs become dysregulated in lung 
diseases such as Acute Lung Injury, Idiopathic Pulmonary Fibrosis, COPD, Lung Cancer, 
and Pulmonary Arterial Hypertension. Some lncRNAs have known functions, but the 
overwhelming majority requires further research to completely understand.

ABBREVIATIONS 
LncRNA: Long Non-Coding RNA; mRNA: Messenger RNA; 

miRNA: MicroRNA; m6A:N6-methyl-Adenosine; RBP: RNA 
Binding Proteins; ARDS: Acute Respiratory Distress Syndrome; 
ALI: Acute Lung Injury; IPF: Idiopathic Pulmonary Fibrosis; 
COPD: Chronic Obstructive Pulmonary Disease; NSCLC: Non-
small Cell Lung Cancer; PAH: Pulmonary Arterial Hypertension; 
PASMC: Pulmonary Artery Smooth Muscle Cells; PA: Pulmonary 
Arteries

INTRODUCTION
Discoveries made by the Encyclopedia of DNA Elements 

(ENCODE) have indicated that protein-coding genes occupy 
less than 3% of the human genome [1]. These findings suggest 
that over 97% of the human genomes composed of non-coding 
RNA (ncRNA). Non-coding RNAs are divided into several broad 
categories based on size and include miRNA, piRNA, snoRNA, 
and lncRNAs [2]. This review will primarily discuss long non-
coding RNA (lncRNA), which are defined as transcripts longer 
than 200 bp in length [2]. Currently, one of the main constraints 
on studying lncRNAs is the low degree of sequence conservation 
between mammalian species, presenting challenges for studying 
lncRNAs in animal models [3]. However, more recent research 
proposes that promoters and splice sites of lncRNAs display more 
signs of conservation than previously thought [4,5]. Additionally, 
while sequence conservation throughout the complete transcript 
is generally required to retain function in protein-coding 
genes, lncRNAs can maintain function by only conserving short 
functional domains [6]. These findings have given credence to the 
concept that lncRNAs do have endogenous function, which grants 

the new challenge of uncovering their involvement in disease and 
pathogenesis.

Computational approaches have been employed to categorize 
lncRNAs and predict their function in disease. Models such as 
GENSCAN have been developed to predict exon locations within 
the genome, while models such as DFA7 can sort between intron-
containing or intronless genes [7,8]. These models help define gene 
sequences, but other models have been developed to understand 
the underlying mechanisms. Advances in computational genetics 
have fostered the ability to predict lncRNA-protein, lncRNA-RNA, 
and lncRNA-DNA interactions [9]. In the case of lncRNA-protein 
interactions, genome maps of RNA binding proteins (RBPs) have 
been used to predict their binding locations on various lncRNA 
transcripts [10]. While predicting these interactions provides 
valuable information when lncRNA-disease associations are 
known, the majority of lncRNAs have unknown implications 
in disease. To discover new associations, other computational 
models, such as those summarized by Chen and colleagues, can 
predict novel lncRNA-disease associations and direct future 
research to that area [11]. The present review will attempt to 
summarize some of these associations in lung diseases such as 
Acute Lung Injury, Idiopathic Pulmonary Fibrosis, COPD, lung 
cancer, and Pulmonary Arterial Hypertension. In addition, it will 
outline the current knowledge on biogenesis, regulation, and 
degradation of lncRNAs.

Expressional control

Biogenesis of lncRNAs: Long non-coding RNAs and 
messenger RNAs (mRNA) share related biogenesis pathways, 
and both of them are transcribed by RNA polymerase II (Figure 
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1) [6,12]. To promote stability and prevent degradation, 
both a5’ cap and poly-A tail are added to lncRNAs during the 
transcriptional process [13]. Once synthesized, 98% of lncRNAs 
will undergo splicing [5]. Interestingly, more than 25% of 
lncRNAs demonstrate alternative splicing by having at least two 
transcripts per gene locus [5].This is possible because lncRNA 
introns are bordered by AG and GU nucleotides, which guide the 
spliceosome to cleave at this location [5]. Additionally, lncRNAs 
contain longer introns and exons than protein-coding genes, 
but usually contain a smaller number of exons [5]. Given the 
fewer number of exons, splicing produces a shorter transcript 
compared to mRNA.

While these processes control the lncRNA form and sequence, 
Dicer1 is implicated in controlling the relative amount present 
within the cell [14]. Dicer1, which is an RNase that cleaves 
pre-miRNA transcripts into mature miRNA, also appears to 
mediate some regulation of lncRNA expression [15]. Knockouts 
of DICER1 decrease lncRNA amount in murine embryonic stem 
cells, suggesting that the WT Dicer1 is partly responsible for the 
biogenesis of mature lncRNAs [9].

Regulation of lncRNAs: Through tissue-specific regulation, 
lncRNAs demonstrate a relatively high level of tissue specificity. 
While 65% of protein-coding genes are identified in all body 
tissues, only 11% of lncRNAs are present in all body tissues 
[16]. This indicates that a much larger subset of lncRNAs are 
only expressed in certain tissues. Additional data suggests that 
as many as 78% of lncRNAs are tissue-specific compared to only 
19% of coding genes being tissue-specific [16]. This cell or tissue-
specific expression pattern of lncRNAs is tightly regulated by 
promoter sequences [17,18].

Post-transcriptional modifications have been identified to 
play a role in the regulation of lncRNAs. N6-methyl-Adenosine 

(m6A), discovered in the 1970s [19], is the most abundant 
modification of lncRNAs in mammalian cells (Figure 1) [20]. 
The modification of m6A is a dynamic process controlled by 
numerous enzymes, including methyltransferase (MTA70) and 
demethylases (FTO and AlkBH5) [21-23]. The m6Amodification 
may cause the alteration of lncRNA structure or recruitment of 
specific m6A binding proteins [20].

Degradation of lncRNAs: The turnover rate of genetic 
material dictates the amount available within the cell for protein 
synthesis and other cellular functions. This process has been 
well studied in mRNA, which is synthesized in the nucleus and 
degraded by mechanisms in the cytoplasm. In eukaryotes, the 
Dcp1 and Dcp2 proteins have both been implicated in removing 
the 5’ cap from mRNA [24]. Recently, Dcp2 has been shown to 
also perform 5’ decapping on lncRNA, preparing the transcript for 
degradation (Figure 1) [25]. After the decapping signal, lncRNAs 
scan be cleaved by RAT1, a prominent mRNA 5’ to 3’ exonuclease 
located within the nucleus [26].

In addition to decapping and exonuclease cleavage, RBPs 
and microRNAs (miRNAs) are also involved in the lncRNA 
degradation process (Figure 1) [27]. RBP can recognize specific 
nucleotide sequences and either increase or decrease the ability of 
degradative machinery to operate on lncRNAs. Specifically, RNA 
binding proteins HuR and AUF1 enhance lncRNA degradation, but 
PABPN1 and IGF2BP1 promote stability [27]. In a similar fashion, 
miRNAs have the ability to bind various types of RNA and cause 
interactions between degradative machinery. While the ability 
of miRNAs to degrade mRNAs has been studied extensively, 
increasing evidence indicates their additional role in lncRNAs 
degradation [6]. Specifically, research illustrates that miR let-7b, 
miR-9, miR-34a, miR-211, miR-574-5p, and miR-124 have the 
ability to decrease lncRNA stability [28-33].

Figure 1 Representation of sequential biogenesis, regulation, and degradation of lncRNA. LncRNA introns and exons are collectively transcribed 
with RNA Polymerase II. Alternative splicing then removes introns while 5’ capping and polyadenylation are occurring. Methyl groups are added to 
Adenosine at the N6 position for further regulation, producing the mature lncRNA transcript ready for biological function. LncRNAs are decapped 
by Dcp2, destabilized by various miRNAs, and ultimately degraded by RAT1 exonuclease.
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LncRNAs in lung diseases

Acute lung injury: Acute lung injury (ALI) and its most 
severe form acute respiratory distress syndrome (ARDS) have 
high mortality and morbidity [34].Recently, the work from Zhang 
and his colleagues showed that FOXD3-AS1 promoted oxidative 
stress-induced lung epithelial cell death during hyperoxia-
induced acute lung injury (Table 1). Further experiments 
indicated that FOXD3-AS1 serves as a sponge or as a competing 
endogenous noncoding RNA for miR-150, leading growth 
inhibition and lung epithelial cell death [35]. Similarly, a study 
using lipopolysaccharide (LPS)-induced ALI murine model has 
shown lncRNA CASC2functions as a miR-144-3p decoy and plays 
a critical role in LPS-induced lung epithelial cell apoptosis [36]. 
Long non-coding RNA NANCI has been reported to be involved 
in the development of hyperoxia-induced lung injury in neonatal 
mice [37]. These findings indicate the dysregulation of lncRNAs 
in the pathogenesis of ALI/ARDS and potentially will help to 
identify novel mechanisms and/or therapeutic strategies in the 
future.

Idiopathic pulmonary fibrosis: Experimental findings 
have revealed that lncRNAs are involved in lung diseases such 
as Idiopathic Pulmonary Fibrosis (IPF). IPF is categorized by 
excessive inflammation and fibrosis [38]. Rat models of fibrosis 
showed 568 differentially expressed lncRNAs between the model 
and normal groups [39]. Similar findings have been illustrated 
in human IPF patients with 9 lncRNAs showing differential 
expression [40]. Of these differentially regulated genes, the 
lncRNAH19 is highly upregulated in fibroblasts both in vitro 
and in vivo in bleomycin-induced fibrosis [41]. Upon inhibiting 
H19 expression in NIH3T3 cells, a mouse fibroblast cell line, cell 
proliferation decreased (Table 1) [42]. These findings suggest 
that H19 assists fibroblast proliferation, allowing for more 
collagen deposition in lung tissue and progression of IPF.

Chronic obstructive pulmonary disease (COPD): LncRNAs 
have also been shown to induce pathogenesis in COPD, which 
is a common airway disease,causingrestricted airflow and 

inflammation [43].Oxidative stress generated by cigarette smoke 
is a known risk factor for COPD, and cigarette smoke is the cause 
of death in 90% of COPD cases [44,45]. Certain lncRNA transcripts 
are upregulated while others are downregulated in response to 
cigarette smoke [46,47]. Smoke and cancer associated lncRNA-1 
(SCAL1) becomes upregulated upon exposure to cigarette 
smoke extract in Human Bronchial Epithelium (HBE1) cells 
[48]. Furthermore, knockdown of SCAL1 decreases cell viability, 
suggesting that it might serve as a protective mechanism against 
cigarette smoke-induced toxicity (Table 1) [48]. As the name 
suggests, SCAL1 is also implicated in lung cancer. Specifically, 
the lncRNA becomes upregulated in lung cancer, suggesting a 
connection between cigarette smoke, COPD, and lung cancer 
development.

Lung Cancer: Certain other lncRNAs induce the formation 
of lung cancer and accelerate its progression. MALAT1and UCA1 
are both upregulated lncRNA in metastasizing non-small cell 
lung cancer (Table 1) [49,50]. Higher levels of MALAT1 were 
predictive of poor prognosis compared to lower expression 
[49], and elevated UCA1 levels were correlated with histological 
grade of the NSCLC and poorer prognosis [50]. HOTAIR is 
another lncRNA oncogene that is overexpressed in non-small 
cell lung cancer [51,52]. Interestingly, HOTAIR is predictive 
of breast cancer prognosis, attracting attention for its use as a 
potential biomarker and indicator of non-small cell lung cancer 
progression (Table 1) [53,54]. More research must be conducted 
to determine the roles of these lncRNAs in small cell lung 
cancers as well as different types of NSCLC such as squamous 
cell carcinomas or adenocarcinomas. Looking forward, these 
lncRNAs and others could prove promising for cancer staging and 
determine prognosis in various lung cancer types.

Pulmonary arterial hypertension: Pulmonary Arterial 
Hypertension (PAH) is a disease defined by mean pulmonary 
arterial blood pressure ≥ 25 mmHg when measured at rest 
[55,56]. Arterial smooth muscle cell proliferation induces 
thickening of pulmonary arteries (PA), contributing to the 

Table 1: Long non-coding RNAs implicated in lung diseases.
Lung Disease lncRNA Mechanism of Action Reference

ALI

FOXD3-AS1 FOXD3-AS1 serves as sponge for miR-150, inhibiting lung epithelial cell 
growth [28]

CASC2 Serves as miR-144-3p decoy and plays a role in LPS-induced lung 
epithelial cell apoptosis [29]

NANCI Involved in the development of hyperoxia-induced lung injury [30]

IPF H19 Upregulated in fibroblasts, promoting proliferation and collagen 
deposition [34,35]

COPD SCAL1 Upregulated in response to cigarette smoke to serve as protective 
mechanism [41]

Lung Cancer

MALAT1 Upregulated in NSCLC and predictor of prognosis [42]

UCA1 Upregulated in NSCLC and predictor of prognosis [43]

HOTAIR Upregulated in NSCLC and promotes metastatic breast cancer progression [44-46]

PAH TCONS_00034812 Downregulated in PAH patients, promoting proliferation of PASMCs and 
pulmonary artery thickening [50,51]

Abbreviations: ALI: Acute Lung Injury; IPF: Idiopathic Pulmonary Fibrosis; COPD: Chronic Obstructive Pulmonary Disease; PAH: Pulmonary Arterial 
Hypertension; lncRNA: Long Non-Coding Rna; NSCLC: Non-Small Cell Lung Cancer; PASMCs: Pulmonary Artery Smooth Muscle Cells
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increased pressure [57]. Hypoxia-induced PAH rat models 
showed pulmonary artery thickening and demonstrated 
upregulation of 36 lncRNAs and downregulation of 111 lncRNAs 
when compared to non-hypoxia groups [57]. This research 
examined one downregulated lncRNA, TCONS_00034812, and 
discovered that inhibiting this transcript with siRNAs increased 
proliferation of rat pulmonary artery smooth muscle cells 
(PASMC). This suggests a role of TCONS_00034812 dysregulation 
in PA thickening (Table 1). Similar results have been shown in 
humans where the lncRNAMEG3 is downregulated in tissue 
samples from PAH patients [58]. Additionally, knockdown of 
MEG3 increased proliferation of PASMC [58]. Collectively, these 
findings demonstrate an involvement of lncRNAs in PASMC 
proliferation, leading to medial thickening of PAs and increased 
arterial pressure.

CONCLUSION
Increasing evidence demonstrates that lncRNA have larger 

roles within the cell than previously believed. Much can be 
learned about the biogenesis, regulation, and degradation of 
lncRNA by studying it in comparison to other more well-known 
processes in mRNA or miRNA. Many endogenous processes are 
shared because the composition of lncRNA is similar to mRNA 
and miRNA. With knowledge of these regulatory processes 
coming to light, increasing amounts of research has been 
published demonstrating the role of lncRNAs in lung disease and 
pathogenesis. While many differentially expressed lncRNAs have 
been identified in a range of diseases including ALI, IPF, COPD, 
lung cancer, and PAH, the next challenge remains to determine 
their specific function in pathogenesis. Computational approaches 
can be employed to predict these functions and guide research 
towards specific areas. Once functions have been identified, 
the future looks towards manipulating lncRNA expression for 
therapeutic purposes and expanding upon the potential of using 
lncRNAs as biomarkers in lung disease progression.
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