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Abstract 

Compared to their protein-coding counterparts, almost nothing is known about the role of long 
noncoding RNAs (lncRNAs) in cardiac fibrosis. In the current report, Liang and Pan et al. 
characterized the pro-fibrotic lncRNA PFL in respect to cardiac fibrosis in mice. PFL was 
upregulated in the hearts of mice after myocardial infarction and in fibrotic cardiac fibroblasts. 
Moreover, PFL competitively sponged the cardio-protective miRNA let-7d in cardiac fibroblasts. 
Knockdown of platelet activating factor receptor (PTAFR) was shown to affect the pro-fibrotic 
collagen production mediated by PFL. PTAFR overexpression also led to collagen production and 
RNA abundance of PTAFR was also regulated by miRNA let-7d. Therefore, the 
PFL/PTAFR/let-7d-dependent gene regulatory mechanism proposed by the authors manifests the 
hypothesis of competing endogenous RNAs to cardiac fibrosis. 
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Heart failure is often a consequence of a 
stress-triggered cardiac remodelling process. Cardiac 
fibrosis can occur during pathological cardiac 
remodelling and is characterized by enhanced 
fibroblast activity and extracellular matrix production 
within the myocardium. This affects the structure and 
function of cardiomyocytes, endothelial cells, and 
interstitial cells [1].  

With technical advances in molecular biology 
and bioinformatics, numerous new RNA transcripts 
have been identified; many classes of which have 
different functions, sizes and structures [2]. This is 
especially true for non-coding RNAs (ncRNAs) 
which, by definition, do not encode for proteins. 
NcRNAs are broadly classified as small (<200 
nucleotides, such as microRNAs (miRNA), small 
interfering RNAs, Piwi-interacting RNAs, small 
nucleolar RNAs or transfer RNAs) or long (>200 
nucleotides) ncRNAs, both of which are highly 
dynamic and diverse RNA molecules [2,3]. They offer 
great potential in biomarker research and disease 

treatment and already several studies exist in which 
ncRNAs have been shown to improve our 
understanding of cardiovascular diseases [4,1,5].  

Liang and Pan et al. [6] have reported in this 
issue the pro-fibrotic lncRNA (PFL, also known as 
NONMMUT022555) to be involved in mouse cardiac 
fibrosis. Like collagen, fibronectin, α-smooth muscle 
actin and connective tissue growth factor, PFL was 
identified as being upregulated in the hearts of mice 
after myocardial infarction (MI) as well as in cardiac 
fibroblasts exposed to transforming growth factor-ß1, 
angiotensin II and 20% serum. Knockdown of PFL 
reduced collagen deposition, improved cardiac 
function and decreased fibrotic protein expression in 
MI mice [6].  

To mechanistically explain the function of PFL, 
the authors made use of former investigations 
regarding lncRNAs as competing endogenous RNAs 
(ceRNA). The ceRNA hypothesis is a proposed 
explanation for target competition by RNAs with 
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shared miRNA-binding sites (Fig. 1A). This 
mechanism adds a novel layer of gene regulation [7]. 
The authors identified two active binding sites for the 
miRNA let-7d within PFL, which are crucial for the 
interaction of the lncRNA with the miRNA [6]. As a 
consequence of the interaction, PFL abundance 
decreased. Moreover, the expression of genes 
previously upregulated by PFL, such as the collagens, 
could be reduced by addition of let-7d (Fig. 1B&C). 
One has to note that miRNA let-7d was itself reduced 
up to 28 days post-infarction and its overexpression 
resulted in a cardioprotective phenotype in cardiac 
fibrosis and MI [6].  

Several studies have already reported the 
importance of the let-7 family members for cardiac 
fibrosis. Examples include let-7i, which negatively 
regulates Angiotensin II-induced cardiac inflamm-
ation and fibrosis [8], and let-7c, whose inhibition 
reduced cardiac fibrosis and improved cardiac 
function in MI mice [9].  

As in the present study, lncRNA-miRNA 

interactions during cardiac fibrosis have been shown 
to be very important. LncRNA Gas5 (growth 
arrest-specific 5) inhibits the activation of cardiac 
fibroblasts and regulates miR-21 [10]. An opposite 
effect was shown for lncRNA H19, which increased 
cardiac fibroblast proliferation [11]. Inhibition of 
lncRNA Meg3 (maternally expressed gene 3) 
prevented cardiac fibrosis [12] and lncRNA Wisper 
(Wisp2 super-enhancer-associated RNA) had a 
regulatory impact on cardiac fibrosis gene programs 
and was associated with severe cardiac fibrosis [13]. 
Furthermore, several ceRNA-mediated mechanisms 
in cardiac fibrosis or the involvement of let-7 miRNAs 
with ceRNAs have been shown. The messenger RNA 
of the proto-oncogene MYCN and lncRNAs H19 and 
CCAT1 (colon cancer associated transcript 1) sponged 
let-7 [14–16], and the pro-fibrotic lncRNA myocardial 
infarction associated transcript (MIAT) sponged 
miR-21 in cardiac fibroblasts [17]. The present study 
combines miRNA let-7d, ceRNA PFL and cardiac 
fibrosis. 

 

 
Figure 1: How PFL promotes miRNA let-7d abundance. A. A miRNA could have more than one target, thereby opening the possibility that other RNAs 
compete for miRNA binding. B. Under normal conditions the main target of let-7d is Ptafr, which promotes cell homeostasis. C. Under stress conditions, PFL is 
upregulated and binds to let-7d, which leads to an upregulation of Ptafr and collagen and increased cardiac remodelling. D. The different aspects of conservation are 
shown for a typical RNA locus, with the sequence conservation level shown in detail. One should take into account additional sequence elements, potential RNA 
domains, processing sites and basic conditions, which are required for functional gene expression. 
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As in the case of the ceRNAs, PFL also required a 
transcript for competition to miRNA let-7d. Liang and 
Pan et al. validated two binding sites for let-7d within 
the platelet-activating factor receptor Ptafr. Both 
binding sites were conserved from human to mouse 
and were required for let-7d action. Interestingly, the 
pro-fibrotic action of PFL was inhibited by Ptafr 
knockdown [6]. This could qualify Ptafr as a central 
factor of PFL signaling for the fibrotic process. 

Nevertheless, the understanding and 
interpretation of RNA sequence, function, 
metabolism, conservation, classification and structure 
remains challenging due to the extreme fragility of 
these definitions [18–20]. Recent investigations found 
that over a thousand long intervening RNAs have 
conserved functions across mammals, but only 
several hundred were found beyond mammals. More 
importantly, major changes to gene architecture are 
tolerated. This offers the possibility that only short 
specific parts of the transcript are enough for 
functional consequences [21]. Assuming these short 
specific parts are relevant RNA domains, they 
challenge on the one hand secondary structure 
conservation for interaction and on the other hand 
sequence-based alignments with RNAs or DNAs.  

Transposable elements, a group of repetitive, 
mobile sequence elements, are often found in lncRNA 
exons. It has been proposed that transposable 
elements are candidates for functional elements of 
lncRNAs [22]. Among others, MANTIS and ANRIL 
(antisense noncoding RNA in the INK4 locus) are 
examples of lncRNAs containing such transposable 
elements. A small part of MANTIS Exon3 contained a 
conserved Alu element, which was sufficient for its 
biological effects [4]. Alu elements were also 
functionally relevant for ANRIL [23]. The increasingly 
important class of such small sequence parts justifies 
the development of novel strategies for a comparative 
analysis of genes across species and should lead to 
various strategies for the identification of lncRNA 
homologues [20] (Fig. 1D). Additionally, the basic 
conditions for establishing gene expression in the area 
require extensive research on transcription factor 
binding motifs, DNA sequence, promoter 
conservation or RNA processing sites. The impact of 
RNA modifications is also totally unclear. More than 
100 different RNA modifications are known and the 
number is growing continuously [24]. Initially 
thought to be important for RNA maturation, it has 
been shown that RNA modifications are able to 
change the fate of RNAs. Poly(A)+ RNA N6 
methylation (m6A) occurred in response to UV, 
reflecting an RNA-mediated response to DNA 
damage by recruiting DNA polymerase K to DNA 
damage sites [25]. Therefore, it is even more 

important to add RNA modification conservation to 
the list of suitable elements used for strategies to find 
RNA homologues. Together with transposable 
elements, RNA modifications are also potential 
disease-relevant elements.  

It remains unclear to what extent PFL is 
modified, and how well its structure and sequence are 
conserved. However, the finding that lncRNA PFL 
acts as a ceRNA for miRNA let-7d binding offers an 
interesting option for therapeutic and biomarker 
development in the field of cardiac fibrosis.  
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