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Introduction
Many non-coding transcripts are generated alongside the 
protein-coding ones during mammalian genome tran-
scription. Non-coding transcripts, including long non-
coding RNAs (lncRNAs), circular RNAs (circRNAs) and 
microRNAs, account for approximately 98% of the total 
transcripts in the human transcriptome [1]. LncRNAs 
are commonly defined as long RNA molecules (> 200 
nucleotides[nt]) that do not encode proteins. MicroR-
NAs are small non-coding RNAs typically 18–22 nt long, 
while circRNAs are characterized by a covalently closed, 
uninterrupted loop [2–4]. In the traditional perspec-
tive, these non-coding RNAs (ncRNAs) do not translate 
into proteins, they significantly regulate gene expression 
during physiological and developmental processes by 
influencing gene transcription, RNA stability, and pro-
tein function [5–8]. However, recent advancements have 
challenged this view.

Recently, a significant number of peptides or pro-
teins encoded by ncRNAs have been validated. Deep 
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Abstract
Non-coding RNAs (ncRNAs), including circular RNAs (circRNAs) and long non-coding RNAs (lncRNAs), are unique 
RNA molecules widely identified in the eukaryotic genome. Their dysregulation has been discovered and played 
key roles in the pathogenesis of numerous diseases, including various cancers. Previously considered devoid of 
protein-coding ability, recent research has revealed that a small number of open reading frames (ORFs) within 
these ncRNAs endow them with the potential for protein coding. These ncRNAs-derived peptides or proteins have 
been proven to regulate various physiological and pathological processes through diverse mechanisms. Their 
emerging roles in disease diagnosis and targeted therapy underscore their potential utility in clinical settings. This 
comprehensive review aims to provide a systematic overview of proteins or peptides encoded by lncRNAs and 
circRNAs, elucidate their production and functional mechanisms, and explore their promising applications in cancer 
diagnosis, disease prediction, and targeted therapy.
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sequencing has revealed that lncRNAs harbor translat-
able short open reading frames (sORFs) that facilitate 
lncRNA translation. Extensive identification and analy-
sis reveal that these translatable lncRNAs possess richer 
protein-coding related sequence features and more 
stable secondary structures compared to untranslatable 
lncRNAs [9]. It has also been proven that the pervasive 
translation of circular RNAs can be driven by short inter-
nal ribosome entry site (IRES)-like elements [10]. Despite 
using various bioinformatics tools and mass spectrom-
etry to predict the coding potential of ncRNAs and 
detect their peptides, only a fraction has been extensively 
studied.

Significantly, these peptides have been shown to play 
important roles in various biological and pathological 
processes, including neuronal maturation, muscle regen-
eration, and tumorigenesis [11–13]. For example, a novel 
113-amino acid protein encoded by circ-CUX1 enhances 
lipid metabolic reprogramming, mitochondrial activity, 
and the proliferation, invasion, and metastasis of neuro-
blastoma cells [14]. Moreover, recent research highlights 
the potential of circRNA- or lncRNA-encoded peptides 
in disease diagnosis and targeted therapies [15, 16]. Sajib 
et al. revealed a substantial upregulation of five lncRNA-
encoded polypeptides in tumor tissues, emphasizing 
their potential as valuable cancer biomarkers [17]. Fur-
thermore, Humberto et al. identified 54 unique circRNA-
derived peptides in the immunopeptidome of melanoma 
and lung cancer samples, indicating their potential in 
immunotherapy [18].

This review summarizes the current research on 
ncRNAs-encoded peptides involved in tumorigenesis 
and other diseases. It further discussed their production, 
functions, underlying mechanisms, and potential values 
in cancer diagnosis, disease prediction, vaccine develop-
ment, and targeted therapies. The review also addressed 
existing challenges and gaps in identifying and applying 
these peptides.

Biogenesis of lncRNAs and circRNAs
Like typical RNA molecules, lncRNAs possess a 5′ 
methyl-cytosine cap and a 3′ poly(A) tail and are tran-
scribed by RNA polymerase II through a canonical path-
way [19]. Some other RNA polymerases have also been 
reported to be involved in the biogenesis of lncRNAs 
[20]. In non-canonical pathways, lncRNAs may be 
cleaved by ribonuclease P, or recognized by snoRNA-pro-
tein complexes and other enzymes, to produce mature 3′ 
ends, or capping structures, or circular structures [21]. 
lncRNAs can be divided into sense, antisense, bidirec-
tional, intronic, and intergenic classes according to their 
distinct genomic origins [22]. Sequence motifs in cis and 
factors in trans coordinately, RNA binding proteins con-
tribute to the splicing or nuclear localization of lncRNAs, 

leading to their categorization into nuclear, cytoplasmic, 
and mitochondrial lncRNAs [20, 23].

Circular RNAs are another significant class of ncRNAs, 
characterized by their covalently closed loop structures 
with neither 5’ to 3’ polarity nor polyadenylated tail and 
produced by precursor mRNA back-splicing of genes in 
eukaryotes [24]. The biogenesis of circRNAs involves two 
main steps: first, the transcription of circRNA-producing 
pre-mRNA by RNA polymerase II. Second, the back-
splicing of this pre-mRNA by the spliceosome to form 
circRNAs. During back-splicing step, cis regulatory ele-
ments such as intronic complementary sequences around 
exons, and trans-regulatory factors, including core spli-
ceosomal components, and other regulatory RNA bind-
ing proteins cooperated to influence the biogenesis 
of circRNAs [25, 26]. According to their origins, cir-
cRNAs can be divided into three types: exonic circRNAs 
(EcRNAs), exon-intron circRNA (ElciRNAs), and circular 
intronic RNAs (CiRNAs). There are two widely accepted 
models of circRNAs formations: lariat-driven circulariza-
tion and intron-pairing-driven circularization [27]. In the 
lariat-driven model, a splicing donor covalently binds to 
a splicing acceptor, creating an exon-containing lariat, 
then spliced to form a circRNA. This process can result 
in circRNAs composed of a signal, or multiple exons, or 
multiple exons and introns [28, 29]. In the intron-pair-
ing-driven model, complementary base pairing between 
introns mediated circularization [30, 31]. These mod-
els primarily account for the formation of EcRNAs and 
ElciRNAs. Moreover, the interconnections of introns 
cause the formation of CiRNAs after the lariat structure 
undergoes internal reverse splicing. Furthermore, CiRNA 
formation is also influenced by specific sequence ele-
ments, including a 7nt GU-rich motif near the 5′ splice 
site, and the 11 nt C-rich component close to the branch-
point site [32].

The human genome is estimated to encode approxi-
mately 100,000 LncRNAs [33, 34]. Recent studies have 
identified more than 180,000 circRNAs in human tran-
scriptomes [35, 36]. These ncRNAs are involved in both 
normal cellular functions and disease processes via act-
ing as sponges of other RNAs or proteins, or encoding 
functional peptides.

Mechanisms regulating ncRNA translation
ORFs are continuous nt sequences that begin with an 
initiation codon and end with one of the termination 
codons [37]. In conventional protein translation process, 
mRNA transcripts with a start codon and a classic ORF 
can be translated into functional proteins. The regula-
tory elements upstream of these ORFs are instrumental 
in controlling the translation [38, 39]. On such regulatory 
element is the internal ribosome entry site (IRES), which 
recruits ribosomes, assembles them, and directly initiates 
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protein translation independently of the 5′ cap [40, 41]. 
Another critical regulatory mechanism is N6-methyl-
adenosine (m6A) modification, where m6A readers such 
as YTHDF3, recognize m6A sites on RNA molecules and 
promote translation of m6A-enriched gene transcripts 
[42]. The mechanisms governing ncRNAs translation are 
illustrated in Fig. 1.

IRES-dependent ncRNAs translation
Typically, IRES elements are located in the 5′ -UTRs of 
their corresponding ORFs. However, recent advances in 
next-generation sequencing have revealed the presence 
of certain IRESs located between or within ORFs [43, 44]. 
Consequently, endogenous ncRNAs containing IRES ele-
ments can facilitate the translation of long polypeptide 
chains along a continuous ORF [45, 46].

The circ-EPS15 was identified as containing a spanning 
junction ORF driven by an IRES, leading to the produc-
tion of a novel protein that modulates tumor metastasis 
in hepatocellular carcinoma (HCC) [47]. Similarly, circ-
SHPRH contains an IRES-driven ORF that translates a 
functional peptide, which protects the full-length SHPRH 
from degradation and inhibits glioma tumorigenesis [48]. 
Yang et al. reported that circ-EIF6 contains a 675nt ORF 
with a 150-bp IRES sequence, mediating the translation 
of circ-EIF6 into the EIF6-224-amino acid(aa) protein 
[49]. Moreover, an IRES within circ-HGF, mediates the 
translation of its cross-junctional ORF into C-HGF, an 

HGF protein variant with 119amino acids in length [50]. 
The spanning junction ORF in circGSPT1, driven by an 
IRES, encodes a functional peptide named GSPT1-238aa 
[51]. Shan et al. reported that circ_0036176 contains an 
IRES element, and a 627 nt ORF, translating into a 208-
aa protein [52]. In clear cell renal cell carcinoma, CircP-
DHK1 contains a functional IRES, encoding the novel 
peptide PDHK1-241aa [53]. Furthermore, circATRNL1 
contains an IRES and an ORF encoding a 131 aa protein 
in ovarian cancer [54].

IRES-dependent translation is not limited to circRNAs. 
Li et al. discovered that DNA damage provokes the asso-
ciation of ribosomes with the IRES region in lncRNA 
CTBP1-DT, eliciting the translation of a novel micro-
protein [55]. And hnRNPA1 promotes the IRES-depen-
dent translation of the long noncoding RNA-meloe in 
melanoma cells [56, 57]. But the current reports about 
IRES-dependent translation of lncRNAs are few, more 
studies were needed to explore their existence.

m6A-dependent ncRNAs translation
N6-methyladenosine (m6A) methylation, is a revers-
ible and dynamic post-transcriptional modification 
involving adding a methyl group to the N6 position of 
adenosine in mRNA [58]. This modification is regulated 
by three primary classes of enzymes and proteins: writ-
ers, erasers, and readers. Among these, m6A readers are 
RNA-binding proteins that specifically recognize and 

Fig. 1  Translation mechanism of lncRNAs and circRNAs. (A) Certain non-coding RNAs possess open reading frames and internal ribosome entry site 
sequences that recruit ribosomes, induce ribosomal assembly, and directly initiate protein translation; (B) Some non-coding RNAs undergo m6A modifi-
cation, where m6A readers recognize the site. These readers recruit eukaryotic translation initiation factors, thereby promoting peptide translation

 



Page 4 of 17Yi et al. Molecular Cancer          (2024) 23:214 

bind to m6A-modified sites on RNA. Critical m6A read-
ers include YT521-B homology domain family proteins, 
heterogeneous nuclear ribonucleoproteins, insulin-like 
growth factor 2 mRNA-binding proteins, and ELAVL1. 
As one of the most prevalent modifications of mRNA and 
lncRNA in mammals, m6A is integral to various aspects 
of RNA metabolism, including splicing, transport, local-
ization, and degradation [59, 60]. Recent research has 
also highlighted the significant role of m6A in influenc-
ing the translation of ncRNAs [61]. It has been shown 
that m6A readers recognize m6A sites on ncRNA, recruit 
eukaryotic translation initiation factors, and facilitate the 
assembly of the initiation complex, thereby promoting 
the translation of ncRNAs [62, 63].

It has been discovered that circ-YAP encodes a novel 
truncated protein, termed YAP-220aa, relies on m6A 
modification, involving the m6A reader YTHDF3 and 
the eIF4G2 translation initiation complex [64]. Similarly, 
circ-MIB2 harbors m6A sites that recruit YTHDF1 and 
YTHDF3, facilitating its translation into the MIB2-134aa 
peptide [65]. In a related case, YTHDF1 and YTHDF3 
bind to the m6A sites of circ-Ythdc2, promoting its trans-
lation into Ythdc2-170aa [66]. Furthermore, the m6A 
modification on circ-MAP3K4 is recognized by IGF2BP1, 
enhancing its translation into circMAP3K4-455aa [67]. 
Similarly, circ-MET encodes a 404-aa MET variant facili-
tated by the m6A reader YTHDF2 [68]. Tang et al. dem-
onstrated that several male germ cell circ-RNAs possess 
large ORFs with m6A-modified start codons in their 
junctions, a feature recently associated with protein-cod-
ing potential [69].

The m6A modification also contributes to the transla-
tion of lncRNAs. For instance, YTHDF1 recognizes m6A 
modification sites on lncRNA-METTL4-2 and facilitates 
the translation of METTL4-2 [70]. The m6A methyla-
tion at the 1313 adenine locus of lncRNA-AFAP1-AS1 
regulates the translation of the 90-aa functional peptide, 
ATMLP [71]. Wu et al. identified a novel micro-peptide 
encoded by Y-Linked LINC00278, with reduced m6A 
modification leading to decreased translation of YY1BM 
[72]. Due to the development of m6A sequencing, various 
lncRNAs were reported undergone m6A modification, 
indicating there may exist amount lncRNAs-encoded 
proteins.

Other non-coding RNAs translation mechanisms
Recently, Gunter et al. found that some circ-RNAs con-
tain ORFs that could be translated. However, the trans-
lation of circ-ZNF609 occurs independently of m6A 
modification or IRESs [73]. Moreover, some lncRNAs 
feature capping or polyadenylated tail structures similar 
to traditional mRNAs [62], which may enable them to 
encode proteins. For instance, the Kaposi’s sarcoma-asso-
ciated herpesvirus produces a noncoding polyadenylated 

nuclear RNA that, associates with translating ribosomes 
to generate viral peptides [74]. Meng et al. reported that 
LINC00493 is recognized by the RNA-binding protein 
PABPC4 and subsequently transported to ribosomes for 
the translation of a 95-aa protein, SMIM26 [75]. Further-
more, Kyung-Won Min et al. discovered that phosphory-
lation of eIF4E inhibits its binding to 5′-cap, leading to a 
closer association of active polyribosomes with lncRNAs, 
such as LINC00689 and enhances their translation [76].

Ribosomal profiling has recently revealed that many 
lncRNAs contain small ORFs (smORFs). Patraquim et 
al. found that approximately 30% of lncRNAs harbor 
smORFs engaged by ribosomes, resulting in the regulated 
translation of micro-peptides [77]. Yang et al. identified 
three novel lincRNAs with ORFs that produce peptides 
conserved across mice, rats, and human [78]. Notably, 
LINC01013 has been reported to harbor an ORF that 
encodes a fibroblast-activating micro-peptide [79]. Wang 
et al. revealed that the ORF in lncRNA-HCP5 encodes 
a 132aa protein, termed HCP5-132aa, which is associ-
ated with triple-negative breast cancer [80]. Ahmed et al. 
described how LincRNA-2099 could be translated into a 
24-aa micro-peptide featuring a non-canonical leucine 
start codon [81]. Moreover, Leopold Eckhart et al. identi-
fied an evolutionarily conserved ORF within the terminal 
differentiation-induced non-coding RNA (TINCR) and 
characterized peptides derived from this ORF [82].

LncRNA-encoded peptides and diseases
The lncRNA refers to RNA sequences longer than 200-
nt that do not code for proteins [2]. However, their role 
in pathological conditions including cancer has been 
documented [83, 84]. Historically, lncRNAs were con-
sidered incapable of encoding proteins and were pri-
marily thought to function by acting as RNA sponges 
[85]. However, recent studies have revealed that some 
lncRNAs can encode peptides, including sense, anti-
sense, intergenic, and overlapping lncRNAs. For exam-
ple, a peptide encoded by lncRNA-MIR7-3HG alleviates 
dexamethasone-induced pancreatic β-cells dysfunction 
by activating the PI3K/AKT pathway [86]. The micro-
peptide SMIM30, derived from LINC00998, facili-
tates the G1/S transition of the cell cycle by enhancing 
SERCA activity and reducing cytosolic calcium levels 
[87]. Moreover, LncRNA-PSR regulates vascular remod-
eling by encoding a novel protein that, directly interacts 
with YBX1 and influencing its nuclear translocation [88]. 
Bernardo et al. identified 35 smORFs within 15 lncRNAs 
that likely encode functional microproteins in human 
adipose-derived stem cells [89]. Furthermore, TP53-
regulated lncRNAs, TP53LC02 and TP53LC04 produce 
peptides that inhibit cell proliferation [90]. Conversely, 
a peptide encoded by lncRNA DLX6-AS1 promotes 
tumorigenesis by activating the Wnt/β-Catenin signaling 
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[91]. Additionally, lnc-NDRG1-OT1 encoded peptide 
enhances the malignancy of breast cancer cells [92]. 
These findings collectively underscore the diverse roles 
of lncRNAs in cancer biology, highlighting their poten-
tial as both oncogenic and tumor-suppressive factors. As 
research continues to uncover the functional significance 
of lncRNA-encoded peptides, they may emerge as valu-
able targets for therapeutic intervention.

LncRNA-encoded peptides and cancer
Several lncRNAs encode peptides or proteins with 
oncogenic functions. For instance, a 51-aa peptide 
encoded by HNF4A-AS1 promotes the self-renewal and 
malignancy of neuroblastoma stem cells by repressing 
SMAD4 transactivation through eEF1A1, illustrating 
how lncRNA-encoded peptides can influence critical 
signaling pathways in cancer [93]. Similarly, LINC00511-
133aa, a 133aa peptide encoded by LINC00511, regulates 
breast cancer cell invasion and stemness by facilitat-
ing the nuclear entry of β-catenin protein [94]. Zhang 
et al. identified RASON, a novel protein encoded by 
LINC00673, as a positive regulator of oncogenic RAS sig-
naling. Deprivation of RASON sensitizes KRAS mutant 
pancreatic cancer cells and patient-derived organoids 
to EGFR inhibitors, highlighting its potential as a thera-
peutic target [95]. Furthermore, lncRNA AFAP1-AS1 
encodes a conserved 90-aa peptide located in the mito-
chondria, facilitating the tumorigenesis of non-small cell 
lung cancer (NSCLC) [71]. In gastric cancer, LncAKR1C2 
encodes a microprotein in lymphatic endothelial cells 
that enhances CPT1A expression by regulating YAP 
phosphorylation and contributes to gastric cancer lymph 
node metastasis [96]. In colorectal cancer, lncRNA 
BVES-AS1 encodes a 50-aa micro-peptide that enhances 
cell viability and promotes the migratory and invasive 
capacities of cancer cells by activating the SRC/mTOR 

signaling pathway [97]. These findings underscore the 
oncogenic roles of lncRNAs-derived peptides.

Conversely, some of these novel peptides have dem-
onstrated significant tumor-suppressive effects. Li et al. 
reported that RNF217-AS1 translates into a short pep-
tide in stomach cancer that inhibits THP-1 cell migra-
tion, reduces pro-inflammatory responses, inactivates 
the TLR4/NF-κB/STAT1 signaling pathways, and inhib-
its tumorigenesis [98]. In breast cancer, the polypep-
tide encoded by the lncRNA MAGI2-AS3 restrained 
the proliferation and migration of cancer cells by bind-
ing to extracellular matrix-related proteins [99]. More-
over, lncRNA AF127577.4 encodes an endogenous 
micro-peptide that downregulates p-ERK levels, thereby 
suppressing glioblastoma cell proliferation [100]. Addi-
tionally, in pulmonary adenocarcinoma, LINC00954 was 
confirmed to encode a novel polypeptide that enhances 
pemetrexed sensitivity and suppresses cancer cell growth 
[101]. Moreover, in esophageal squamous cell carcinoma, 
a peptide encoded by KDM4A-AS1 inhibits the expres-
sion of stearoyl-CoA desaturase and fatty acid synthase, 
increases ROS levels, and weakens cell viability and 
migration [102]. In renal cell carcinoma and head and 
neck squamous cell, lncRNA AC025154.2 encodes the 
micro-peptide MIAC, which inhibits tumor progression 
[103, 104].

Current research indicates that lncRNA-encoded pep-
tides can exhibit either promoting or inhibiting effects on 
tumorigenesis. These contrasting effects may be attrib-
uted to variations in tumor types or the cellular sources 
of ncRNAs. Further research is needed to clarify this 
phenomenon, with additional reports summarized in 
Table 1.

LncRNA-encoded peptides and other diseases
Endometrial receptivity (ER) is a pivotal event for suc-
cessful embryo implantation. Song et al. revealed that 

Table 1  LncRNA-encoded peptide in tumorigenesis
Cancer LncRNAs Peptides Functions Mechanisms Reference
HCC LINC-PINT PINT87aa Tumor suppressor Induced growth inhibition, cellular senescence, and 

decreased mitophagy
[105]

HCC lncRNA- HB-
VPTPAP

- Tumor suppressor Modulated JAK/STAT signaling pathways [106]

Breast cancer LINC00908 ASRPS Tumor suppressor Down-regulated p-STAT3, reduced expression of VEGF [107]
Epithelial cancer lncRNA- TINCR pTINCR Tumor suppressor Promoted epithelial differentiation and CDC42 

SUMOylation
[108]

Neuroblastoma FAM201A NBASP Tumor suppressor Suppresses the MAPK pathway [103]
Osteosarcoma LINC00665 LINC00665_18aa Tumor suppressor Suppressed the proliferation and migration [109]
Colorectal cancer LINC00467 ASAP Tumor promotor Directly modulate ATP synthase activity [110]
OSCC HOXB-AS3 - Tumor promotor Directly bind with IGF2BP2 to stabilize c-Myc [111]
HCC LINC00998 SMIM30 Tumor promotor Induced SRC/YES1 membrane anchoring and MAPK 

pathway activation
[112]

colorectal cancer lncRNA 
LOC90024

SRSP Tumor promotor Regulated mRNA splicing [113]
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LINC00339 exhibits substantial ribosomal binding and 
encodes a 49-aa peptide, that regulates ER by promoting 
the attachment of trophoblasts to endometrial cells via 
the MAPK and PI3K-Akt signaling pathways [114]. Addi-
tionally, a short peptide encoded by lncRNA SNHG6 
promotes cell migration and epithelial-mesenchymal 
transition by activating the TGF-b/SMAD signaling path-
way in human endometrial cells. This peptide plays an 
important role in the development of endometrial stro-
mal and epithelial cells and in various related gynecologi-
cal disorders [115]. Furthermore, Helen et al. identified 
a micro-peptide encoded by LINC00961 that modulates 
endothelial cell function [116].

Retinal ischemia/reperfusion (IR) triggers inflam-
mation and microglia activation that led to irrevers-
ible retinal damage. LncRNA 1810058I24Rik encodes a 
mitochondrially localized micro-peptide, Stmp1, which 
activates Nlrp3 inflammasome, exacerbating microglia-
mediated neuroinflammation in retinal IR injury [117]. 
The function of Stmp1 in Nlrp3 inflammation activa-
tion has also been demonstrated in mouse macrophages 
[118]. Furthermore, Stmp1 is reported to promote retinal 
cell differentiation [119]. Another mitochondrially local-
ized micro-peptide, encoded by LINC01013, has been 
identified as a novel fibroblast-activating micro-peptide 
that supports the activation of human cardiac atrial fibro-
blasts [79]. Furthermore, LINC00116 encodes a highly 
conserved 56-aa micro-protein, known as mitoregulin. 
This protein localizes to the inner mitochondrial mem-
brane, supporting mitochondrial super-complexes and 
enhancing respiratory efficiency [120].

The differentiation of bone marrow mesenchymal stem 
cells (BMSCs) affects the progression of steroid-induced 
osteonecrosis of the femoral head (SONFH). Zhang et 
al. discovered that RIP, a 102-aa polypeptide encoded 
by the lncRNA DGCR5, aggravates SONFH by repress-
ing the nuclear localization of β-catenin in BMSCs [121]. 
The peptide RPS4XL, encoded by lncRPS4L, regulates 
RPS6 phosphorylation and inhibits the proliferation of 
pulmonary artery smooth muscle cells under hypoxic 
conditions [122]. Moreover, lncRNA-MyolncR4 encodes 
a 56-aa micro-peptide, which fosters muscle formation 
and regeneration [123]. LncRNA-MFRL encodes a novel 
micro-peptide, MFRLP, which regulates the phenotypic 
transitions of vascular smooth muscle cells to attenu-
ate arterial remodeling [124]. Sabikunnahar et al. dem-
onstrated that activated myeloid cells release a protein 
encoded by lnc-U90926, which protects against endo-
toxic shock [125].

Moreover, lncRNA-TUNAR encodes a micro-protein 
that regulates neural differentiation and neurite forma-
tion by modulating calcium dynamics [126]. Similarly, 
Linc-mipep and Linc-wrb encode micro-peptides that 
regulate chromatin accessibility in vertebrate-specific 

neural cells, which has significant implications for neu-
rodevelopmental disorders and diseases [127]. Excessive 
immune responses to self-antigens characterize auto-
immune diseases. A 17-aa micro-peptide encoded by 
lncRNA Dleu2 alleviates autoimmunity and maintains 
immune homeostasis by facilitating Smad3-mediated 
regulatory T cell (Treg) induction [128]. Furthermore, 
lncRNA-LOUP contains three smORFs capable of being 
translated into peptides, which regulate macrophage dif-
ferentiation and inflammatory signaling by suppressing 
the TLR4/NF-κB signaling pathway [129].

Mechanisms of lncRNA-encoded peptides
In mRNA metabolism, lncRNAs and circRNAs play criti-
cal roles as sponges for miRNAs and in modulating pro-
cesses such as splicing, mRNA stability, and translation. 
They also interact with various proteins, facilitating the 
assembly of protein complexes, or disrupting protein-
protein interactions [4, 130]. The discovery of lncRNA-
encoded peptides has expanded this regulatory scope, 
introducing a novel layer of complexity and expanding 
our understanding of how mRNA and protein metabo-
lism are regulated.

Firstly, a micro-peptide encoded by HOXB-AS3 has 
been shown to promote the proliferation and viability 
of oral squamous cell carcinoma cell lines by binding to 
IGF2BP2 and stabilizing c-Myc mRNA [111]. Secondly, 
this peptide antagonizes hnRNPA1-mediated regulation 
of pyruvate kinase M splicing, thereby suppressing glu-
cose metabolism reprogramming and favoring the forma-
tion of lower PKM2 via interaction with hnRNPA1 [131]. 
Thirdly, lncRNA-encoded peptides have emerged as 
modulators of gene transcription. LncRNA-PSR encodes 
a protein called arteridin, which interacts with the tran-
scription factor YBX1 and modulates its nuclear translo-
cation, thereby affecting gene transcription [132].

Moreover, these peptides could regulate protein phos-
phorylation or degradation through various mechanisms. 
For instance, LINC00908 encodes a 60-aa polypeptide, 
which directly interacts with STAT3 through its coiled 
coil domain, downregulating its phosphorylation [107]. 
Similarly, lncRNA DGCR5 encodes a polypeptide, which 
binds to the N-terminal motif of RAC1, inactivating the 
RAC1/PAK1 signaling cascade and reducing Ser675 
phosphorylation of b-catenin [121]. LINC00998 encodes 
a small peptide, termed SMIM30, involved in membrane 
anchoring and phosphorylation of the non-receptor tyro-
sine kinases SRC/YES1 [112]. Furthermore, the peptide 
SP0495, encoded by lncRNA KIAA0495, inhibits AKT 
phosphorylation/activation [133]. The peptide derived 
from lncRNA BVES-AS1 activates the Src/mTOR sig-
naling pathway [97]. The Linc-PINT-encoded peptide 
obstructs FOXM1-mediated transcription of PHB2, lead-
ing to reduced PHB2-mediated mitophagy [105].
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Moreover, specifics lncRNA-encoded peptides are 
localized to mitochondria and crucial for mitochondrial 
function. For instance, LINC00467 encodes the 94-aa 
micro-peptide, which enhances ATP synthase assembly 
by interacting with ATP5A/P5C, thereby increasing ATP 
synthase activity and mitochondrial oxygen consumption 
[110]. Additionally, the mitochondrial peptide Stmp1, 
encoded by lncRNA-1810058I24Rik, exacerbates microg-
lia-mediated neuroinflammation in retinal ischemia/
reperfusion injury [117].

Current research highlights the diverse and significant 
role of lncRNA-encoded peptides in biological processes, 
including mRNA stability regulation, alternative splicing, 
gene transcription modulation, and influencing protein 
phosphorylation or degradation. These highlights are 
illustrated in Fig. 2.

CircRNA-encoded peptides and diseases
CircRNAs are a class of ncRNA characterized by their 
covalently closed, uninterrupted loops [4]. These RNAs 
have been confirmed to play diverse roles in biological 

processes by functioning as sponges for RNAs or pro-
teins, thereby influencing gene expression, transcription, 
and alternative splicing [134, 135]. Beyond their known 
RNA-based regulatory functions, circRNAs have also 
been identified as capable of encoding proteins or pep-
tides, expanding their functional repertoire. For instance, 
Jiang et al. identified circPPP1R12A-73aa, a novel protein 
encoded by circPPP1R12A, which enhances promoted 
tumor pathogenesis and metastasis in colon cancer [136]. 
This finding highlights the potential of circRNAs to con-
tribute directly to cancer progression through peptide 
production. Furthermore, Zhang et al. discovered an 
87-aa peptide encoded by the circular form of LINC-
PINT and demonstrated its role as a tumor suppres-
sor in GBM [137]. This underscores the importance of 
circRNA-derived peptides in regulating tumorigenesis. 
Furthermore, Zhang et al. reported that circ-FBXW7 
could encode FBXW7-185aa, which shortens the half-
life of c-Myc by antagonizing USP28-induced stabiliza-
tion of c-Myc, illustrating how circRNAs can modulate 
key oncogenic pathways [138]. Moreover, Juergen et al. 

Fig. 2  Mechanisms and functions of lncRNA-encoded peptides. (A) The lncRNA-encoded peptides interact with RNA binding proteins, stabilizing their 
target mRNA molecules; (B) lncRNA-encoded peptides bind target mRNAs, recruit splicing factors, and facilitate the splicing of target genes; (C) lncRNA-
encoded peptides bind to transcription factors, promoting their nuclear translocation and regulating the RNA transcription; D, E. lncRNA-encoded pep-
tides influence protein interactions, thereby modulating phosphorylation, ubiquitination, and degradation; F. The lncRNA-encoded peptides localize to 
mitochondria, impacting mitochondrial function
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demonstrated that circAb-a is translated into a novel 
Ab-containing polypeptide, Ab175, in cultured cells and 
human brain tissue, further emphasizing the functional 
diversity of circRNAs [139]. Moreover, circRNA-vSP27 
encodes a viral peptide, vSP27, which induces the genera-
tion of ROS, activates the NF-κB signaling pathway, and 
promotes the expression of antimicrobial proteins [140]. 
Zhu et al. revealed that circFAM188B encodes a peptide, 
circFAM188B-103aa, which regulates the proliferation 
and differentiation of skeletal muscle satellite cells, high-
lighting the involvement of circRNAs in muscle biology 
[141]. These findings collectively illustrate the multifac-
eted roles of circRNAs, not only as regulators of gene 
expression but also as sources of functional peptides that 
can influence various biological processes.

CircRNA-encoded peptides and cancer
The circRNA-encoded peptides or proteins contribute 
to tumorigenesis. Xiao et al. identified a novel peptide, 
PDHK1-241aa, from circPDHK1, which enhances cancer 
cell proliferation, migration, and invasion by interacting 
with PPP1CA. This interaction inhibits AKT dephos-
phorylation and activates the AKT-mTOR signaling path-
way in clear cell renal cell carcinoma [53]. Jacquelyn et al. 
found that circHGF encodes an HGF protein, secreted by 
GBM cells, which promotes GBM growth by stimulating 
c-MET [50]. Furthermore, circTRIM1 encodes a 269aa 
peptide, TRIM1, contributing to chemoresistance and 
metastasis in TNBC [142]. Similarly, circCOL6A3_030 
encodes a small peptide that promotes metastasis aiding 
distant lymph node metastasis in gastric cancer [143]. 
Circ-E-Cad encodes a protein that promotes prolifera-
tion and migration in gastric cancer through the TGF-β/
Smad/C-E-Cad/PI3K/AKT pathway [144]. Furthermore, 
cGGNBP2 encodes a protein that enhances cell growth 
and metastasis in intrahepatic cholangiocarcinoma by 
inducing Stat3 phosphorylation [145].

Some circRNA-encoded peptides or proteins have 
demonstrated potential in tumor suppression. For 
instance, Tian et al. identified a 188-aa peptide encoded 
by hsa_circRNA_103820, which reduced cell viability, 
facilitated apoptosis, and inhibited cell migration and 
invasion by deactivating the AKT pathway in lung can-
cer [146]. Similarly, the peptide KEAP1-259aa, encoded 
by circKEAP1, was found to decrease cell proliferation, 
invasion, and tumorsphere formation in osteosarcoma 
cells [147]. The CM-248aa peptide, derived from circ-
MTHFD2L, also suppressed cancer cell proliferation 
and metastasis, thereby inhibiting gastric cancer pro-
gression [148]. Furthermore, the SHPRH-146aa, pep-
tide encoded by the circular form of the SHPRH gene, 
inhibited migration and invasion while inducing apop-
tosis in neuroblastoma cells [149]. Huang et al. found 
that circCCDC7-180aa, encoded by circCCDC7, inhibits 

prostate cancer progression by upregulating FLRT3 
[150]. Moreover, circNFIB encodes a 56-aa protein that 
reduces arachidonic acid synthesis, inhibiting breast 
tumor growth and metastasis [151]. Another peptide, 
CORO1C-47aa, encoded by circ-0000437, was reported 
to reduce VEGF expression and act as a negative regula-
tor of endometrial tumor angiogenesis [152].

Table 2 summarizes other circRNAs-encoded peptides 
involved in tumorigenesis, including tumor promoters 
and suppressors. These findings collectively illustrate the 
dual roles of circRNA-encoded peptides in cancer biol-
ogy, emphasizing their potential as therapeutic targets.

CircRNA-encoded peptides and other diseases
Chronic obstructive pulmonary disease (COPD) is a 
prevalent respiratory disorder. Ding et al. identified that 
circ-0008833 contains an ORF encoding a functional 
protein, circ-0008833-57aa. This peptide has been impli-
cated in advancing COPD by triggering pyroptosis in 
bronchial epithelial cells [166]. Moreover, the circRNA-
encoded peptide, CDC42-165aa, also induces pyrop-
tosis by hyperactivating pyrin inflammasomes, thereby 
worsening pyroptosis in Klebsiella pneumoniae-infected 
alveolar macrophages [167]. Furthermore, circ-NEB, a 
circular RNA derived from Nebulin, encodes a 907-aa 
muscle-specific peptide, which enhances myoblast pro-
liferation through its role in ubiquitination and activa-
tion of the PI3K-AKTpathway, thereby regulating cell 
differentiation [168]. Sun et al. identified a novel protein 
encoded by circ-KANSL1L that modulates skeletal myo-
genesis via the Akt-FoxO3 signaling axis [169]. Moreover, 
circ-LARP1B encodes the circ-LARP1B-243aa protein, 
which promotes the proliferation and migration of vascu-
lar smooth muscle cells by suppressing cAMP signaling 
[170]. Furthermore, circ-Tmeff1 encodes the TMEFF1-
339aa protein, which contributes to the progression of 
muscle atrophy [171].

Xu et al. discovered a novel circRNA, circ-Ythdc2, 
which translates into a 170-aa polypeptide that under-
mines the host’s antiviral innate immunity by pro-
moting the degradation of STING [66]. Moreover, 
circRNA-000010 encodes a 39aa viral peptide, vSP39, 
which facilitates viral replication [172]. Another newly 
identified circular RNA-encoded protein, BIRC6-236aa, 
mitigates mitochondrial dysfunction induced by the 
transmissible gastroenteritis virus [173]. Wang et al. 
reported that circMORC3 encodes a novel protein, 
MORC3-84aa, which suppresses antiviral immunity by 
interacting with the host gene MORC3 [174].

It has been reported that circGlis3 contributes to 
b-cell dysfunction by binding to hnRNPF and encod-
ing a protein, Glis3-348aa, which interacts with GLIS3 
to inhibit its transcriptional activity [175]. Moreover, 
circZNF609 plays a crucial role in fibroblast activation 
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through peptide encoding [70]. Furthermore, circRsrc1 
encodes a novel protein, Rsrc1-161aa, which is involved 
in mitochondrial ribosome assembly and translation 
during spermatogenesis [176]. Furthermore, the protein 
encoded by circ-ZNF609, ZNF609-250aa, induces acute 
kidney injury via activation of the AKT/mTOR-autoph-
agy pathway [177].

Mechanism of circRNA-encoded peptides
Firstly, circRNA-encoded peptides have been reported 
to play roles in regulating gene transcription and mRNA 
stability. For instance, Hsa_circ_0006401 encodes a novel 
198-aa peptide that regulates the stability of the host 
gene col6a3 mRNA, thereby promoting colorectal can-
cer proliferation and metastasis [178]. This peptide also 
enhances the metastasis of gastric cancer [143]. Huang 
et al. discovered that circ-ARHGAP35 encodes a pep-
tide that interacts with the TFII-I protein, facilitating its 
nuclear translocation and subsequent regulation of gene 
transcription [179]. Moreover, the peptide derived from 
Circ-GGNBP2, cGGNBP2-184aa, directly interacts with 
STAT3, leading to STAT3 phosphorylation and nuclear 
translocation, which in turn regulates target gene tran-
scription [145]. The PINT-87aa peptide directly binds to 
the PAF1c, enhancing its binding to gene promoters and 
influencing the transcriptional process [137]. Moreover, 
the peptide encoded by circPPP1R12A, circPPP1R12A-
73aa, inhibits MST1/2-LATS1/2-induced phosphory-
lation and nuclear translocation of YAP, and thereby 
promoting the transcription of downstream oncogenes 
[180].

Secondly, various studies highlight the significant role 
of circRNA-encoded peptides in regulating protein ubiq-
uitination and degradation. In osteosarcoma, the tumor 
suppressor circ-KEAP1 encodes a truncated protein, 
KEAP1-259aa, which binds to vimentin in the cytoplasm, 
promotes the proteasomal degradation of vimentin by 
engaging with the E3 ligase ARIH1 [147]. The peptide, 
CAPG-171aa, facilitates tumor growth by disrupting the 
interaction between serine/threonine 38 and SMAD-
specific E3 ubiquitin protein ligase 1, thereby prevent-
ing MEKK2 ubiquitination and subsequent degradation 
[153]. The circ-EIF6 encodes a novel peptide, EIF6-224aa, 
which directly interacts with MYH9, reducing MYH9 
degradation by inhibiting the ubiquitin-proteasome 
pathway [49]. Furthermore, circ-FBXW7 produces short 
polypeptides, circFBXW7-185aa, which interact with 
β-catenin, decreasing its stability of β-catenin through 
induced ubiquitination [181]. The circMYBL2-encoded 
p185 protein counteracts UCH3-mediated deubiquiti-
nation of phosphoglycerate dehydrogenase (PHGDH) 
by competitively binding to the C1 domain of UCHL3, 
leading to PHGDH degradation [182]. Lastly, PDE5A-
500aa, encoded by circPDE5A, interacts with PIK3IP1 
and promotes USP14-mediated deubiquitination of the 
K48-linked polyubiqu chain at its K198 residue, thereby 
attenuating the PI3K/AKT pathway [183].

Thirdly, some circRNA-encoded peptides inter-
act with proteins or receptors on the cell membrane, 
thereby activating downstream pathways. For instance, 
TRIMI-269aa, encoded by circ-TRIMI, enhances the 
interaction between MARCKS and CALM2, leading 

Table 2  CircRNA-encoded peptide in tumorigenesis
Cancer circRNAs Peptides Functions Mechanisms Reference
TNBC circCAPG CAPG-171aa Tumor promotor Activating MEKK2-MEK1/2-ERK1/2 pathway [153]
colorectal cancer circINSIG1 circINSIG1-121aa Tumor promotor Promoted proliferation and metastasis [154]
breast cancer circ-β-TrCP β-TrCP-343aa Tumor promotor Conferred trastuzumab resistance [155]
esophageal 
squamous cell 
carcinoma

circUBE4B circUBE4B-173aa Tumor promotor Promoted phosphorylation of MAPK1, activated 
MAPK/ERK signaling pathway

[156]

HCC circMRCKα circMRCKα-227aa Tumor promotor Promotes glycolysis and progression [150]
GBM circ-SHPRH SHPRH-146aa Tumor suppressor Suppresses tumorigenesis [141]
neuroblastoma circ-SHPRH SHPRH-146aa Tumor suppressor Upregulated P21, inhibited CDKs [157]
colon cancer circFNDC3B circFNDC3B-218aa Tumor suppressor Inhibits the proliferation, invasion and migration [158]
HCC circZKSCAN1 circZKSaa Tumor suppressor Inhibiting the PI3K/AKT/mTOR pathway [159]
NSCLC cIGF1R C-IGF1R Tumor suppressor Restricted mitophagy of drug-tolerant persister 

tumour cells
[160]

gastric cancer circ0003692 FNDC3B-267aa Tumor suppressor Inhibits metastasis via promoting proteasomal 
degradation of c-Myc

[161]

gastric cancer circAXIN1 AXIN1-295aa Tumor suppressor Activates the Wnt/β-catenin signaling pathway [162]
gastric cancer CircDIDO1 DIDO1-529aa Tumor suppressor Interacte with poly ADP-ribose polymerase 1 and 

inhibited its activity
[163]

glioblastoma circHEATR5B HEATR5B-881aa Tumor suppressor Suppressed aerobic glycolysis [164]
endometrial 
cancer

hsa-circ-0000437 CORO1C-47aa Tumor suppressor Anti-angiogenic activity [165]
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to MARCKS release from PIP2 on the cell membrane, 
thereby initiating the activation of the PI3K/AKT/mTOR 
pathway [142]. C-E-Cad, a circ-E-cadherin encoded 
functional peptide, binds to the EGFR CR2 domain via a 
unique14-aa carboxy terminus, activating EGFR signal-
ing independently of EGF and promotes glioma stem cell 
tumorigenicity [184]. Additionally, circ-MET encodes a 
404-aa MET variant, MET404, which interacts directly 
with the MET β-subunit to form a constitutively acti-
vated MET receptor, bypassing the need for HGF stimu-
lation [68].

Notably, circRNA-encoded peptides can regulate the 
activity of proteins from their parent genes. Zhang et 
al. reported that a novel protein encoded by circ-SMO, 
SMO-193aa, interacts with SMO to enhance SMO cho-
lesterol modification. This modification releases SMO 

from inhibition by patched transmembrane receptors, 
leading to SMO activation, hedgehog signaling acti-
vation, and GBM tumorigenicity [185]. Furthermore, 
circ-β-catenin identified as encoding a novel peptide, 
Circβ-catenin-370aa, which binds to GSK3β. This inter-
action inhibits the phosphorylation and subsequent deg-
radation of β-catenin by GSK3β, thereby activating the 
β-catenin signaling pathway in NSCLC [186]. Similarly, 
circINSIG1 encodes a 121-aa protein, circINSIG1-121, 
which binds to INSIG1 and promotes its K48-linked 
ubiquitination [154]. Furthermore, MAPK1-109aa, 
encoded by circMAPK1, which competitively binds to 
MERK1 to inhibit the MAPK1 phosphorylation, thereby 
suppressing the activation of MAPK pathway [187]. The 
mechanisms by which circRNA-encoded peptides regu-
late RNA or protein metabolism are illustrated in Fig. 3.

Fig. 3  Mechanisms and functions of circRNA-encoded peptides. (A) The circRNA-encoded peptides regulate transcription factors activation, thereby 
controlling the transcription of target genes; (B) These circRNA-encoded peptides bind directly at or competitively inhibit target proteins, affecting their 
phosphorylation, ubiquitination, and degradation; (C) The circRNA-encoded peptides influence the function of membrane proteins (such as cytokine 
receptors), thereby modulating downstream signaling pathways
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Prediction and detection of ncRNA‑encoded 
peptides
Advancements in technology have enabled several meth-
ods for predicting and validating the peptide-coding 
potential of ncRNAs with small ORFs. Bioinformatics 
tools such as RNAsamba, Small Open Reading Frame 
Prediction (sORFPred), and Phylogenetic Codon Substi-
tution Frequencies (PhyloCSF) are designed to predict 
the coding potential of sORFs systematically [188]. Fur-
thermore, tools such as CircCode, CircPro and Circular 
RNA Database (CircRNADb) compile information on 
IRES and ORFs of circRNAs, aiding in the prediction of 
their coding potential [189–191]. Moreover, tools such 
as IRESite (University of California, Berkeley, California, 
USA), DeepM6ASeq (University of California, Los Ange-
les, California, USA), and M6APred‑EL (National Insti-
tute of Biological Sciences, Beijing, China) can predict 
the IRES and m6A modifications, which contribute to the 
IRES/m6A dependent translations of ncRNAs [192, 193]. 
These resources have significantly expanded our under-
standing of the coding potential of ncRNAs, while it’s just 
prediction and need be proven by experimental methods.

Compared to bioinformatic tools for prediction, exper-
imental techniques are used to detect the translation 
of ncRNAs. Ribosome profiling sequencing, ribosome 
immunoprecipitation, and ribosome affinity purifica-
tion can identify ncRNAs with encoding functions [194, 
195]. However, these techniques face challenges, includ-
ing tissue specificity of sORFs, potential sequencing 
false positive, and the required massive material for 
sequencing. Furthermore, the coding potential of sORFs 
derived from ncRNAs can be evaluated by fusing them 
with reporter tags or incorporating recognizable epitope 
tags and subsequently detecting the expression levels of 
these tags by western blotting, fluorescence microscopy 
or immunofluorescence [72, 107, 196, 197]. These meth-
ods have some drawbacks, internal tag insertion may dis-
rupt the native structure and function of micro-peptides, 
and the efficiency of tag insertion also requires careful 
consideration.

Mass spectrometry provides direct evidence of the 
translation of ncRNAs contain sORFs into sORF-
encoded polypeptides (SEPs) [198, 199]. Combined with 
high-resolution liquid chromatography, it has revealed 
peptides encoded by ncRNAs [78, 200]. However, it 
struggles with identifying short-length micro-peptides 
and low-abundance samples [201]. Future efforts should 
enhance peptide separation and concentration, and inte-
grate large-scale bioinformatics with mass spectrometry 
to improve the detection and validation of small peptides 
translated by ncRNAs.

Future perspectives and discussions
With the unique expression patterns of these novel non-
coding RNA-encoded peptides and proteins, they offer 
considerable potential for molecular diagnostics. For 
instance, Circ-MRPS35 encodes a novel 168-aa peptide 
significantly induced by chemotherapeutic drugs, con-
tributing to cisplatin resistance. This peptide has the 
potential as a novel biomarker for diagnosing and pre-
dicting the prognosis of HCC [202]. Similarly, CM-248aa, 
encoded by circ-MTHFD2L, is notably downregulated in 
GC tissues, with its reduced expression associated with 
advanced tumor-node-metastasis stages and higher his-
topathological grades [148]. Francesca et al. identified 
183 circRNAs encoding proteins with differential expres-
sion in cancer, with eight linked explicitly to prognosis 
in acute myeloid leukemia [203]. Moreover, the expres-
sion of the onco-peptide MBOP, encoded by LINC01234, 
is significantly upregulated in colorectal cancer tissues 
[204]. A small 130-aa protein encoded by LOC90024 
is upregulated and correlates positively with malig-
nant phenotypes and poor prognosis in patients with 
colorectal cancer [113]. Furthermore, the downregula-
tion of CIP2A-BP, a peptide encoded by LINC00665, is 
significantly associated with metastasis and poor overall 
survival in TNBC [205]. However, the use of ncRNAs 
encoded peptides for disease diagnosis is limited by chal-
lenges such as the difficulty of tissue acquisition and 
the rapid degradation of these peptides [10]. Interest-
ingly, Yang et al. observed that the expression profile of 
lncRNA-encoded microproteins in extracellular vesicles 
from patients with glioma differs from that in healthy 
donors [206]. Therefore, future research should explore 
the ncRNAs-encoded peptides in various biofluids, such 
as urine and blood.

Furthermore, recent studies highlighted the therapeutic 
potential of ncRNA-derived peptides or proteins. While 
mRNA therapy is already established for various diseases, 
emerging research indicates that circRNAs with stable 
RNA structures can encode proteins, thereby expanding 
the scope of mRNA therapy [207]. A novel circ-MIB2-
encoded peptide significantly reduced the degradation 
of TRAF6 by its host gene MIB2, thereby inducing the 
innate immune response [65]. Peptides derived from 
lncRNAs have demonstrated the ability to provoke a 
potent antigen-specific CD8 T lymphocyte response, 
leading to significant delays in tumor growth and holding 
potential as cancer vaccines [208]. Specifically, a peptide 
encoded by the lncRNA-PVT1 was found to be highly 
enriched in multiple colorectal cancer tissues. It could 
be recognized by CD8 + tumor-infiltrating lymphocytes 
and peripheral blood mononuclear cells from patients, 
suggesting its potential for immune therapy [209]. Fur-
thermore, a short peptide, pep-AP, encoded by lnc-AP, 
sensitizes colorectal cancer cells to Oxaliplatin [210]. 



Page 12 of 17Yi et al. Molecular Cancer          (2024) 23:214 

Therefore, developing precise tools that specifically over-
express tumor-suppressing ncRNAs holds great promise 
for gene therapy applications.

Antisense oligonucleotides (ASOs) are short nucleic 
acids designed to bind to specific RNA sequences, such 
as the back-splice junctions of circRNAs, leading to their 
degradation through RNase H-mediated cleavage. Simi-
lar outcomes can be achieved using RNA interference 
(RNAi) strategies [211, 212]. Significantly, ASOs can 
target disease-associated transcripts transcribed by host 
genes if the circRNA-coded peptides prove beneficial, as 
reported by Zhang et al. [137]. Besides RNAi strategies 
and ASOs, Li et al. demonstrated that the RNA-directed 
CRISPR-Cas13 system exhibits exceptional efficiency and 
specificity in targeting circRNAs and lncRNAs [213, 214]. 
For instance, by using guide RNAs that target sequences 
spanning distinctive back-splicing junction sites, the 
CRISPR-Cas13 system can effectively discriminates cir-
cRNAs from mRNAs and degrade circRNAs [213]. The 
advancement of such innovative tools is vital for develop-
ing effective treatments for diseases-associated with pep-
tides or RNAs though further research is needed.

Some findings present conflicting results. For instance, 
Xu et al. reported that the peptide CIP2A-BP, encoded 
by LINC00665, markedly increased the proliferation, 
invasion, and migration of HCC cells [215]. Conversely, 
Zhou et al. found that the same micro-peptide reduced 
lung metastases and inhibited the progression of TNBC 
[205]. Moreover, a short 18-aa peptide derived from 
LINC00665 was reported to suppress the proliferation 
and migration of osteosarcoma cells [109]. Further-
more, the micro-peptide encoded by HOXB-AS3 acts 
as a tumor promoter in oral squamous cell carcinoma 
[111], it functions as a tumor suppressor in colon cancer 
[131]. Although many ncRNA-encoded peptides have 
demonstrated tumor-suppressing properties, numer-
ous questions remain unresolved before clinical applica-
tions can be realized. Whether these cancer-suppressive 
micro-peptides can be easily mass-produced in vitro, or 
effectively target tumor cells following injection remains 
uncertain. Future research should focus on understand-
ing the mechanisms governing their expression and elu-
cidating how they suppress tumors.

In addition, research on peptides encoded by ncRNAs 
is still in its early stages and presents several challenges. 
Firstly, while many ncRNAs are predicted to encode 
short peptides, only a few have been experimentally vali-
dated. Moreover, the mechanisms ncRNA translation are 
still insufficient and not been well illustrated and require 
further investigation. It is essential to clarify how these 
ncRNA-encoded peptides function and are internalized 
by the cells. Extracellular vesicles may serve as an effec-
tive delivery system for these peptides due to their low 
immunogenicity and ease of cellular absorption [216]. 

Lastly, some studies report contrasting results regarding 
the tissue- or disease-specific effects of these peptides, 
necessitating further research.

Conclusion
In summary, this review provides a thorough overview 
of the current knowledge regarding proteins encoded by 
lncRNAs and circRNAs in tumorigenesis and other dis-
eases. It examines their production mechanisms, focus-
ing on IRES-ORFs and m6A-ORFs dependent manner, 
and introduces the prediction and identification of pep-
tides derived from these ncRNAs. This study discusses 
their varied functions in tumorigenesis, summarizes 
their roles in regulating RNA and protein metabolism, 
and highlights their potential for cancer diagnosis, dis-
ease prediction, and targeted therapy. This review aims to 
offer new insights and perspectives to advance research 
in this field.
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