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Abstract
Oral squamous cell carcinoma (OSCC) remains a major global health challenge due to late diagnosis, high recurrence, and 
limited therapeutic success. This review focuses on circulating long non-coding RNAs (lncRNAs) as emerging biomarkers 
and therapeutic targets that can transform the clinical management of OSCC. Unlike earlier studies restricted to tissue-
based analyses, this work emphasizes circulating lncRNAs detectable in saliva, plasma, and serum, highlighting their 
non-invasive diagnostic potential and mechanistic relevance in tumor progression, metastasis, and therapy resistance. Rel-
evant studies published up to 2025 were systematically reviewed from PubMed and Google Scholar to synthesize current 
knowledge on their biogenesis, secretion through extracellular vesicles and RNA-binding proteins, detection technologies, 
and clinical applicability. Several circulating lncRNAs, including HOTAIR, MALAT1, MEG3, ANRIL, and LINC00657, 
show strong associations with tumor stage, prognosis, and therapeutic outcomes. The review also discusses emerging 
RNA-based therapeutic approaches such as antisense oligonucleotides, RNA interference, and CRISPR-based gene edit-
ing. Overall, the analysis underscores the diagnostic precision, prognostic power, and therapeutic promise of circulating 
lncRNAs, proposing them as key components in the future of liquid biopsy-driven, personalized oncology for OSCC.
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CTCs �circulating tumour cells
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Introduction

Oral cancer or Oral squamous cell carcinoma (OSCC), a 
major subtype of head and neck squamous cell carcinoma 
(HNSCC), remains a serious global health concern char-
acterized by high morbidity and mortality, particularly in 
low- and middle-income countries [5, 6]. Tobacco and alco-
hol use, areca nut or betel quid chewing, viral infections, 
poor oral hygiene, and genetic predisposition are among the 
leading etiological factors [7]. According to GLOBOCAN 
2025, oral cancer accounts for approximately 4,15,000 new 
cases and 2,01,000 deaths annually worldwide, highlight-
ing the need for improved strategies for early detection and 
precision therapy (Cancer Tomorrow, WHO, 2025).The 
estimated number of new cases of cancers of the oral cavity 
and pharynx in the USA in 2025 is 59,660, with approxi-
mately 12,770 deaths reported across both genders [9]. 
Consequently, studies focusing on early detection strategies, 
genetic testing for disease aggressiveness, and more conser-
vative treatment approaches have rapidly emerged.

Conventional treatment strategies, including surgery, 
chemotherapy, and radiotherapy, remain the mainstay 
for OSCC, while targeted agents such as cetuximab and 
immune checkpoint inhibitors (pembrolizumab, nivolumab) 
have shown clinical benefits in advanced cases [10]. Nev-
ertheless, the five-year survival rate remains around 50%, 
dropping significantly in metastatic disease [11]. Delayed 
diagnosis and tumour heterogeneity are major contributors 
to poor outcomes, emphasizing the need for minimally inva-
sive diagnostic modalities and molecularly informed treat-
ment approaches [12].

Advances in omics technologies, genomics, transcrip-
tomics, and proteomics have facilitated a shift from the 

traditional “one-size-fits-all” model toward personalized 
oncology [12, 13]. However, tissue biopsy and imaging, 
although standard for OSCC diagnosis, are invasive, spa-
tially limited, and unable to capture tumour heterogeneity 
or detect micro-metastases [14]. These shortcomings have 
accelerated interest in liquid biopsy, a minimally inva-
sive approach that enables real-time molecular profiling 
through the analysis of circulating tumour cells (CTCs), 
circulating tumour DNA (ctDNA), extracellular vesicles, 
and noncoding RNAs (ncRNAs) in body fluids such as 
blood and saliva.

Liquid biopsy has already demonstrated clinical value 
across cancers, with ctDNA and CTC-based assays incor-
porated into several international oncology guidelines 
[15]. Among circulating biomarkers, noncoding RNAs 
(ncRNAs), including microRNAs, circular RNAs, and long 
noncoding RNAs (lncRNAs), have shown high stability 
and specificity, making them promising candidates for early 
diagnosis, prognosis, and therapeutic monitoring [6, 16].

LncRNAs, a subclass of ncRNAs longer than 200 
nucleotides, are transcribed by RNA polymerase II and 
exhibit diverse regulatory roles in gene expression, chro-
matin remodeling, and signal transduction [1, 2, 3, 4] (Box 
1). Their dysregulation has been linked to various malig-
nancies, including head and neck, lung, ovarian, pros-
tate, breast, and liver cancers [17]. The LncRNADisease 
database lists nearly 3,000 disease-associated lncRNAs, 
with emerging evidence supporting their potential as cir-
culating biomarkers. For instance, elevated plasma levels 
of lncRNA H19 have been associated with lung cancer 
diagnosis, while HOTAIR and MALAT1 upregulation 
and MEG3 downregulation are observed across multiple 
tumour types [15].
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Recent studies have developed lncRNA-based diagnostic 
and prognostic models, including m6A immune-associated 
risk models in bladder cancer and cuproptosis-related sig-
natures predictive of immune checkpoint blockade (ICB) 
therapy response in hepatocellular carcinoma [15]. Large-
scale initiatives such as The Cancer Genome Atlas (TCGA) 
and International Cancer Genome Consortium (ICGC) have 
further validated RNA-based markers, as exemplified by the 
PAM50 gene panel used for breast cancer classification [18].

Collectively, these findings underscore the potential of 
circulating lncRNAs as noninvasive and dynamic biomark-
ers for OSCC detection, prognosis, and therapeutic deci-
sion-making. Their roles in OSCC and other cancers have 
been extensively reviewed in previously [2, 6, 19]. The pres-
ent review offers an updated and comprehensive synthesis 
of current knowledge on circulating lncRNAs in OSCC, 

highlighting their novelty as stable, specific, and clinically 
meaningful biomarkers within liquid biopsy platforms. It 
further emphasizes their diagnostic precision, prognostic 
significance, and therapeutic potential, positioning circulat-
ing lncRNAs as pivotal elements in the advancement of liq-
uid biopsy–based personalized oncology for OSCC.

Biogenesis and characteristics of circulating 
lncRNAs

The molecular mechanisms governing the secretion and 
transport of circulating lncRNA to the extracellular envi-
ronment are unclear and have been investigated in only a 
few studies. Some researchers believe that the secretion of 
lncRNAs may be similar to miRNAs [8]. As per the recent 
studies, the secretion of lncRNA is via three routes (Fig. 1):

Fig. 1  Release of circulating lncRNAs in OSCC. LncRNAs are actively 
secreted via exosomes, microvesicles, or RNA-binding proteins, 
or passively released from dying cells. These circulating lncRNAs, 

detectable in plasma, serum, or saliva through liquid biopsy, serve as 
minimally invasive biomarkers for OSCC diagnosis and monitoring. 
(Created using BioRender.com)
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Active release

Tumour cells actively release lncRNAs encapsulated within 
extracellular vesicles (EVs), including exosomes (30–
100  nm) and microvesicles (100  nm–1 μm). This vesicu-
lar packaging safeguards lncRNAs from degradation in 
the bloodstream, allowing their stable transport to distant 
target cells. Exosomes derived from various tumour types 
are abundant in the tumour microenvironment (TME) and 
detectable in blood and body fluids of cancer patients.Exo-
somes play crucial roles in metastasis, angiogenesis, and 
epithelial-to-mesenchymal transition (EMT) during cancer 
progression [20]. However, the precise molecular mecha-
nisms regulating their release remain complex, involving 
multiple signalling pathways such as ceramide synthesis 
and Ca²⁺ signalling [20].

Exosomes and other extracellular vesicles carry a diverse 
range of lncRNAs [20], which participate in key steps of 
tumour progression, including cell proliferation, angio-
genesis, invasion, metastasis, drug resistance, and immune 
modulation [21]. For instance, exosomal APCDD1L-AS1 
transfers 5-fluorouracil (5-FU) resistance to sensitive OSCC 
cells [22]. Similarly, exosomal ZFAS1 suppresses miR-124 
expression, upregulates STAT3, and promotes prolifera-
tion and migration in esophageal squamous cell carcinoma 
[23]. In colorectal cancer, exosomal MALAT1 is upregu-
lated in metastatic cells and enhances invasion and metas-
tasis via the FUT4/PI3K/AKT/mTOR signalling pathway 
[24].Collectively, lncRNAs packaged within exosomes and 
microvesicles act as key mediators of intercellular commu-
nication, influencing both neighbouring and distant cells to 
remodel the tumour microenvironment and promote metas-
tasis [25, 26].

Passive release: during cell death

LncRNAs can enter the circulation through passive release 
during cellular apoptosis or necrosis. When the plasma 
membrane integrity is compromised, intracellular compo-
nents, including lncRNAs, leak into the extracellular envi-
ronment. Dying cells generate membrane-bound apoptotic 
bodies (ApoBDs) ranging from 500 nm to 2 μm in diameter. 
During apoptosis, portions of the nucleus and cytoplasm 
are enclosed within these tightly membrane-bound vesicles, 
which are then released into the extracellular space.

Unlike microvesicles and exosomes, which are actively 
secreted and serve as regulated vehicles for intercellular 
communication, apoptotic bodies arise from the fragmenta-
tion of dying cells [27]. Although this release mechanism is 
non-specific and less controlled, it reflects cellular turnover 
and can provide valuable insights into disease progression 
and tissue injury [25].

Apoptotic bodies can encapsulate various biomolecules, 
including proteins, DNA, and noncoding RNAs, that may 
modulate intercellular communication and influence the 
tumour microenvironment [27]. Studies have shown that 
the number of ApoBDs correlates with tumour malignancy, 
as observed in prostate cancer, where higher ApoBD lev-
els were detected in more advanced cases. Similarly, glio-
blastoma-derived ApoBDs have been reported to promote 
tumour growth, while phosphatidylserine (PS)-containing 
ApoBDs enhance tumour cell migration via the PS–GAS6–
AXL signalling axis [28].

Collectively, these findings suggest that cancer cell, 
derived apoptotic bodies are not merely by-products of cell 
death but actively participate in cancer pathophysiology, 
contributing to tumour progression, metastasis, and inter-
cellular signalling.

Through RNA-binding proteins

RNA-binding proteins (RBPs) play a crucial role in enhanc-
ing the stability, secretion, and selective packaging of 
lncRNAs into extracellular vesicles (EVs), including exo-
somes released during or after cell death. While the involve-
ment of RBPs in RNA sorting has been more extensively 
studied for microRNAs (miRNAs), emerging evidence sug-
gests similar mechanisms may regulate lncRNA loading 
into EVs.

Several RBPs, such as hnRNPA2B1, hnRNPA1, and 
hnRNPC, interact with specific EV-enriched miRNAs, 
influencing their selective incorporation into vesicles [29]. 
Although the mechanisms of long RNA loading are less 
defined, studies indicate that hnRNPA2B1 binds to con-
served sequence motifs within long RNAs (both mRNAs 
and lncRNAs) to facilitate their sorting into EVs [29]. 
These recognition motifs, enriched in GGAG, UAG, or 
GC sequences, are characteristic binding sites for classical 
RBPs such as RBM5, LIN28A, RBM28, and hnRNPA2B1 
[29].

RBPs may promote EV RNA loading through two pos-
sible mechanisms: Indirect loading, where RBPs localize 
RNA transcripts to EV biogenesis sites and facilitate their 
packaging. Direct loading, where RBPs bridge target RNAs 
with EV membrane-associated proteins, such as tetraspan-
ins, to mediate their inclusion into vesicles [29, 30].

A notable example is the exosomal lncRNA LNMAT2, 
which promotes human lymphatic endothelial cell (HLEC) 
tube formation and migration in vitro, and enhances tumour 
lymphangiogenesis and lymph node metastasis in vivo. 
Mechanistically, LNMAT2 is selectively loaded into blad-
der cancer cell–derived exosomes through direct interaction 
with hnRNPA2B1 [31].
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These findings highlight the pivotal role of RBPs in regu-
lating the selective export of functional lncRNAs, thereby 
influencing intercellular communication and cancer pro-
gression through EV-mediated signalling.

Circulating lncRNAs as diagnostic and prognostic 
biomarkers in oral cancer

Early detection remains the cornerstone of improving sur-
vival outcomes in oral cancer, yet the lack of reliable and 
specific biomarkers continues to hinder timely diagnosis 
and disease monitoring. Traditional protein-based assays, 
though widely used, often fall short in distinguishing malig-
nant from benign conditions with sufficient accuracy [32]. 
For instance, plasma alpha-fetoprotein (AFP), a classical 
biomarker for hepatocellular carcinoma (HCC), suffers 
from low sensitivity and specificity [32]. Similarly, conven-
tional serological markers such as carbohydrate antigen 153 
(CA153), cancer antigen 125 (CA125), CA27.29, and car-
cinoembryonic antigen (CEA) yield inconsistent diagnos-
tic results due to poor reliability and non-specific elevation 
across multiple cancer types [32].

In OSCC, molecular and epigenetic alterations are 
increasingly being explored as more precise diagnostic indi-
cators. Promoter methylation of genes such as p16, MGMT, 
KIF1A, and EDNRB in saliva differentiates OSCC patients 
from healthy individuals, while methylation of SHOX2 
and SEPT9 in serum-derived cell-free DNA from HNSCC 
patients demonstrates strong diagnostic potential [33].

Proteomic analyses have identified a variety of salivary 
biomarkers, including actin, myosin, resistin (RETN), 
angiogenic factors, matrix metalloproteinases (MMPs), 
and transferrin, associated with OSCC development [34]. 
Moreover, combinatorial panels such as MMP1–KNG1–
ANXA2–HSPA5; interleukins IL-1β, IL-6, and IL-8; 
AHSG–KRT6C–AZGP1; and a five-protein set compris-
ing M2BP, MRP14, CD59, catalase, and profilin have been 
evaluated to enhance diagnostic precision. Nonetheless, 
their limited sensitivity and specificity constrain their clini-
cal applicability [34].

Amid these limitations, lncRNAs have emerged as 
promising non-invasive biomarkers with greater molecu-
lar specificity. For example, dysregulated lncRNAs such 
as BLACAT1, AC104041.1, ADAMTS9-AS2, ANRIL, 
and BANCR are implicated in OSCC progression through 
their regulatory roles in proliferation, migration, invasion, 
and metastasis [33]. Detectable in accessible biofluids like 
saliva, serum, and plasma, these molecules show expression 
patterns that correlate with tumor stage, metastasis, recur-
rence risk, and therapeutic outcomes [32, 35].

Circulating lncRNAs exhibit remarkable structural sta-
bility, protected from RNase-mediated degradation by 

encapsulation within exosomes, microvesicles, or ribonu-
cleoprotein complexes, and by association with lipopro-
teins such as HDL [35]. Their persistence in circulation and 
tumor-specific dysregulation make them attractive candi-
dates for liquid biopsy–based diagnostics and prognostics.

Several landmark studies in different cancer types have 
underscored the clinical utility of circulating lncRNAs. 
MALAT1 (metastasis-associated lung adenocarcinoma 
transcript 1) is elevated in both lung and prostate cancer 
patients, with levels correlating directly with tumor bur-
den and decreasing post-surgery [32]. Similarly, elevated 
plasma levels of HULC, H19, HOTAIR, and GACAT2 have 
been reported in HCC and gastric cancers, while GIHCG 
and ARSR effectively differentiate renal cell carcinoma 
(RCC) patients from healthy controls with high specificity. 
Postoperative declines in circulating lncRNA levels further 
reinforce their tumor-derived origin [32].

Importantly, some circulating lncRNAs outperform 
conventional protein biomarkers. For example, H19 and 
RP11-445H22.4 exhibit superior diagnostic accuracy com-
pared with CEA and CA153 in breast cancer, while a three-
lncRNA serum signature (PTENP1, LSINCT-5, and UCA1) 
surpasses traditional markers such as CEA and CA19-9 for 
gastric cancer detection [32].

Although no circulating lncRNA has yet entered clinical 
use for OSCC, accumulating evidence supports their poten-
tial as sensitive and specific biomarkers. Their differential 
expression between normal and malignant tissues, coupled 
with high reproducibility through RT-qPCR and next-gen-
eration sequencing (NGS), underscores their promise for 
integration into future molecular diagnostic workflows [32].
The following section highlights the diagnostic and prog-
nostic relevance of circulating lncRNAs identified in differ-
ent body fluids. Table 1 provides a detailed summary of the 
lncRNAs dysregulated in OSCC, their biological roles, and 
corresponding molecular targets.

Salivary lncRNA biomarkers in OSCC

Saliva, being one of the most non-invasive, easily collect-
able, and cost-effective body fluids, offers a promising alter-
native to blood-based diagnostics. Despite its potential, it 
remains relatively underexplored in biomarker research. 
Only a few studies have profiled healthy saliva at the molec-
ular level, encompassing proteins, RNAs, and DNA. The 
concept of “Salivaomics,” introduced in 2008, has since 
emerged as a rapidly developing field that integrates genom-
ics, transcriptomics, proteomics, metabolomics, and micro-
biomics of saliva [54].

Saliva is composed mainly of histatins, amylase, lac-
toferrin, peroxidases, mucins, statherins, and proline-rich 
proteins, which contribute to antibacterial activity and 
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mineralization. Other constituents such as lysozyme, secre-
tory IgA (sIgA), and lipase perform defense and diges-
tive functions [54]. Several cancer-associated biomarkers, 
including EGFR, haptoglobin, calprotectin, HOXA9, 
valine, leucine, isoleucine, phenylalanine, porphyrin, 
miRNAs, lncRNAs, and circRNAs, have been identified 
in saliva [54]. Over time, many studies have standardized 
saliva collection, storage, and transport protocols, leading 
to the establishment of the Salivaomics Knowledge Base, 
which serves as an important platform for salivary diagnos-
tic research.

Although the quantity and stability of coding and non-
coding RNAs in saliva have been questioned due to their 
susceptibility to degradation, research has demonstrated that 
endogenous salivary RNAs degrade more slowly than exog-
enous RNA species [54]. This relative stability provides a 
basis for developing salivary RNA-based diagnostic assays.

One study suggested that saliva may be a more suitable liq-
uid biopsy medium than blood (plasma) for cfRNA analy-
sis in detecting OSCC [55]. The expression of CLEC2B, 
DAZL, F9, and AC008735.2 in saliva could serve as poten-
tial diagnostic biomarkers for OSCC, warranting further 
investigation [55].

In a pioneering study, Tang et al. reported significant 
upregulation of HOTAIR and MALAT1 in the saliva of 
OSCC patients (n = 9) [56]. Interestingly, while MALAT1 
expression remained unaffected by lymph node metastasis, 
HOTAIR expression was elevated in metastatic samples 
compared to non-metastatic ones. Although this pilot study 
lacked comprehensive validation, sensitivity, and specificity 
analyses, both lncRNAs have been independently reported 
as oncogenic regulators in OSCC tissues and cell lines, 
where they promote cell proliferation, invasion, and metas-
tasis through multiple signaling pathways [6].

Table 1  Overview of upregulated and downregulated circulating lncRNAs in Oral Squamous Cell Carcinoma (OSCC)
Name Study Model Target Function Reference
Upregulated
HOTAIR Plasma from OSCC 

patients
EZH2/H3K27me3 Correlates with tumor aggressiveness, 

and promotes invasion/metastasis
 [36–38]

ANRIL Serum and tissues from 
OSCC patients

TGF-β/Smad activation Promotes proliferation  [39]

MALAT1 Saliva/ Salivary extracel-
lular vesicles in OSCC 
cohorts

miR-124/STAT3 Promotes proliferation/ invasion  [34]

UCA1 Tissue and plasma from 
OSCC patients

miR-184 Promotes proliferation and 
chemoresistance

 [40, 41]

LINC00657 
(NORAD)

Saliva (unstimulated) 
from OSCC patients

Sequestration of PUMILIO, Inverse 
association with miR-106a

Good diagnostic marker; linked to 
OSCC progression

 [42]

OIP5-AS1 Tissue and plasma from 
OSCC patients

miR-27b-3p Promotes radiotherapy resistance, 
proliferation, stemness and drug 
resistance

 [40]

AC007271.3 Tissue and Serum from 
OSCC patients

NF-κB/miR-125b-2-3p/Slug Good diagnostic marker; promotes 
proliferation/ invasion

 [43, 44]

NCK1-AS1 Plasma from OSCC 
patients

Inverse correlation with miR-100 Early-stage diagnostic discrimination  [45]

NEAT1 Plasma from OSCC 
patients

miR-365/RGS20, VEGF-A/Notch Linked to OSCC progression, 
promotes proliferation, invasion, 
migration

 [46, 47]

PAPAS Plasma from OSCC 
patients

TGF-β1 pathway Promotes invasion and migration  [48]

CCAT1 Tissue and plasma from 
OSCC patients

miR-181a, Wnt/β-catenin pathway Promotes radiotherapy resistance, 
proliferation/ invasion, and OSCC 
progression

 [40, 49]

Downregulated
MEG3 Plasma from OSCC 

patients
Sponges oncogenic miR-21 and miR-
548d-3p, influences JAK/STAT and 
Wnt/β-catenin pathways

Suppresses proliferation, migration 
and invasion

 [36, 50]

CASC2 Plasma from OSCC 
patients

miR-21 / PDCD4 axis; cell-cycle control 
involving CDK1

Suppresses proliferation, migration, 
and invasion; lower levels predict 
local recurrence

 [51]

ENST00000412740 Plasma from OSCC 
patients

- Good diagnostic marker, linked to 
malignant progression.

• [46]

XIST Saliva from OSCC 
patients

miR-455-3p/BTG2,miR-133a/VEGFB Good diagnostic marker, associated 
with increased OSCC risk

 [52, 53]
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Similarly, another study demonstrated that LINC00657 
was highly expressed in saliva samples from OSCC patients 
(n = 12) as measured by qRT- PCR [42]. Receiver Operating 
Characteristic (ROC) curve analysis revealed a diagnostic 
accuracy (DA) of 83.3%, suggesting its potential use in dis-
tinguishing OSCC patients from healthy controls as well as 
in differentiating between OSCC grades II and III [42]. Fur-
thermore, the loss of salivary XIST expression is associated 
with an increased risk of OSCC, particularly among female 
patients, indicating a possible role of XIST in sex-linked 
susceptibility to oral carcinogenesis [52].

In summary, salivary lncRNA profiling represents a 
promising yet still developing approach for non-invasive 
OSCC diagnostics. Preliminary findings on biomarkers such 
as HOTAIR, MALAT1, LINC00657, and XIST are encour-
aging. However, large-scale validation across diverse popu-
lations, standardized methodologies, and integration with 
multi-omics platforms are crucial to establish their clinical 
reliability and diagnostic potential.

Plasma and serum lncRNA biomarkers in OSCC

Blood serves as a major carrier of physiological and patho-
logical information, containing immune cells, clotting fac-
tors, proteins, EVs, and circulating nucleic acids, including 
cfRNA [57]. In circulation, cfRNA exists either encapsu-
lated within EVs or as ribonucleoprotein complexes. To 
minimize contamination from blood cells, plasma or serum 
is typically preferred over whole blood [57]. Both biofluids 
have shown diagnostic potential, although plasma gener-
ally yields higher cfRNA concentrations than serum [57]. 
Proper sample processing, avoiding cellular contamination, 
repeated freeze–thaw cycles, and long-term storage, is criti-
cal for ensuring RNA integrity and reproducibility [57].

Despite these advantages, cfRNA-based liquid biop-
sies face significant challenges, primarily due to a lack of 
standardized protocols, high interpersonal variability, and 
confounding factors such as age and sex [57]. The reliance 
on small retrospective cohorts further limits early diagnos-
tic translation. Therefore, standardized workflows, rigor-
ous validation, and integrative bioinformatics pipelines are 
essential to establish reproducible and clinically actionable 
cfRNA biomarkers [57].

Blood-based circulating lncRNAs have emerged as 
promising non-invasive biomarkers for OSCC. CASC2 was 
reported to be significantly downregulated in early-stage 
OSCC, with an AUC of 0.845 for early detection and a 
strong association with recurrence and proliferation inhibi-
tion via miR-21 suppression [51]. Microarray profiling in 67 
OSCC patients identified 6,606 dysregulated lncRNAs, with 
ENST00000412740, NR_131012, ENST00000588803, and 
NR_038323 showing consistent stage-specific alterations; 

combined lncRNA panels demonstrated superior diagnostic 
accuracy compared to single markers [46].

A case-control study involving 80 OSCC patients 
revealed significant upregulation of HOTAIR (3.91-
fold) and ANRIL (5.86-fold), alongside downregulation 
of MEG3 (0.12-fold), correlating with advanced stage, 
poor differentiation, and invasive features [36]. The three-
lncRNA panel (HOTAIR + ANRIL + MEG3) achieved an 
AUC of 0.95, with 91.25% sensitivity and 92.50% specific-
ity, while MEG3 alone exhibited superior performance in 
early-stage detection [36]. Similarly, PAPAS and NCK1-
AS1 were significantly upregulated in OSCC, showing high 
diagnostic accuracy (AUCs 0.93 and 0.88) and associations 
with tumor aggressiveness [45, 48]. GAS5, a tumor-sup-
pressive lncRNA, was linked to chemoradiation resistance, 
with higher plasma levels observed in poor responders 
[58]. Additionally, AC007271.3 and LOC284454 in serum 
showed high specificity in distinguishing OSCC from 
healthy controls, especially when combined with conven-
tional tumor markers [35].

In a multi-cohort profiling study [46], identified four 
plasma lncRNAs whose expression progressively increased 
with OSCC advancement. Their combined ROC analysis 
achieved AUCs of 0.901–0.924, with 93.8% sensitivity and 
91.0% specificity for OSCC/OPL discrimination, and effec-
tively differentiated early- from late-stage tumors.

Thus, circulating lncRNAs in plasma and serum offer a 
novel, minimally invasive avenue for OSCC diagnosis, stag-
ing, and prognosis. Their ability to reflect tumor dynamics 
and treatment response underscores their potential as next-
generation liquid biopsy biomarkers. However, large-scale 
prospective validation and methodological standardization 
are imperative for clinical translation. The integration of 
multi-lncRNA panels represents a novel and powerful strat-
egy to enhance diagnostic precision and capture disease het-
erogeneity in OSCC.

In summary, both saliva and plasma/serum show strong 
potential for circulating lncRNA-based detection of OSCC, 
with some plasma panels achieving high diagnostic accuracy 
(AUC > 0.90). However, saliva offers a distinct translational 
advantage due to its non-invasive collection and suitability 
for large-scale screening. Supporting this, recent evidence 
suggests saliva may be a more suitable cfRNA medium 
than plasma. Validating key salivary lncRNAs, HOTAIR, 
MALAT1, LINC00657, and XIST, in large cohorts could 
therefore yield a practical and accurate diagnostic test. 
For blood-based assays, multi-lncRNA panels combining 
HOTAIR, ANRIL, MEG3, GAS5, and lncRNAs from Jia et 
al. (2021) could improve detection, staging, and treatment 
prediction [46]. Future work should focus on multi-center 
validation, standardized collection protocols, and integra-
tion of multi-omics and AI-driven analytics to enhance 
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reproducibility and precision. Such approaches will acceler-
ate translation of lncRNA liquid biopsies into personalized 
diagnostic and prognostic tools for OSCC.

Detection Technologies for circulating lncRNAsand 
Methodological Challenges.

lncRNA in biofluids

The extraction of lncRNAs from different biofluids presents 
both advantages and limitations. Plasma and serum are the 
most commonly used sources of tumor-derived cell-free 
nucleic acids. Plasma, collected with anticoagulants, bet-
ter preserves the integrity of circulating RNA, maintain-
ing a more authentic molecular profile. In contrast, serum, 
obtained after coagulation, may contain additional RNAs 
released from platelet activation or hemolysis, potentially 
distorting tumor-specific lncRNA signatures [11]. Con-
sequently, many protocols favor double-spun plasma to 
effectively remove residual blood cells and improve repro-
ducibility of results.

Saliva represents another attractive biofluid because it 
can be collected non-invasively and directly interfaces with 
oral tumor tissues. Salivary lncRNAs may reflect both sys-
temic circulation and local tumor shedding, making saliva 
particularly suitable for the early detection of oral cancer 
[59]. However, its diagnostic utility is limited by pre-analyt-
ical variability, including the time of collection, food intake, 
and oral hygiene, as well as enzymatic degradation of RNA 
within the oral cavity. Standardized saliva collection, han-
dling, and stabilization protocols are therefore essential.

Technologies for detecting circulating lncRNAs

Multiple analytical platforms are available for detecting and 
quantifying circulating lncRNAs, each with specific advan-
tages and constraints. qRT-PCR remains the gold standard 
due to its high sensitivity and specificity for target transcripts 
and is widely used for validation in patient-derived samples 
[60]. Despite its precision, qRT-PCR typically measures 
only a few targets per assay and requires careful normaliza-
tion, limiting its scalability for large biomarker panels.

Droplet digital PCR (ddPCR) has recently gained promi-
nence in liquid biopsy applications. By partitioning samples 
into thousands of nanodroplets, ddPCR enables absolute 
quantification of lncRNAs without the need for a standard 
curve, offering superior precision and tolerance to PCR 
inhibitors. This technology is particularly useful for detect-
ing low-abundance transcripts and monitoring minimal 
residual disease (MRD) [11, 61]. However, ddPCR requires 
specialized instrumentation and is relatively cost-intensive 
per assay.

High-throughput approaches, including RNA sequencing 
(RNA-seq) and microarrays, are invaluable for discover-
ing novel lncRNA biomarkers. Next-generation RNA-seq 
allows unbiased profiling of the circulating transcriptome, 
detecting hundreds of lncRNAs simultaneously [60]. None-
theless, standard RNA-seq protocols typically require rela-
tively large RNA inputs (> 1 µg), which are challenging to 
obtain from plasma or serum. Optimized library preparation 
protocols and exosomal RNA extraction kits can now facili-
tate sequencing from smaller inputs, although low-abun-
dance lncRNAs may still be overlooked due to background 
noise [60].

In practice, a tiered strategy, broad profiling with RNA-
seq or microarrays followed by targeted validation with 
qPCR or ddPCR in larger cohorts, maximizes both discov-
ery and quantitation accuracy.

Normalization, standardization, and reproducibility

Normalization is a critical challenge in circulating lncRNA 
studies. Unlike tissue-based assays, no universal housekeep-
ing lncRNA maintains stable expression across extracellu-
lar fluids [62]. Reference genes such as ACTB, GAPDH, 
U6, or 18 S rRNA exhibit variable expression in cell-free 
RNA. Some studies employ the mean of multiple moder-
ately abundant lncRNAs, while others use exogenous spike-
ins from plants or C. elegans [35]. Despite these strategies, 
fold-change inconsistencies remain across studies. Quanti-
tative methods like ddPCR, incorporating endogenous and 
exogenous controls alongside precise RNA input measure-
ment (e.g., Qubit), currently represent best practices for 
improving reliability.

Reproducibility is further affected by both biological 
and technical variability. Individual baseline circulating 
RNA levels vary, and factors such as inflammation, infec-
tion, or comorbidities can alter lncRNA concentrations 
independently of cancer [35]. Pre-analytical issues, includ-
ing delayed processing, hemolysis, and inconsistent RNA 
yields, also introduce bias. Plasma or serum should there-
fore be processed swiftly using standardized protocols, 
and saliva should be collected under controlled conditions. 
Technical variability in RNA extraction, enzymes, and 
qPCR reagents further underscores the need for harmonized 
workflows across laboratories.

Recommended approaches

Circulating lncRNAs hold significant promise as non-inva-
sive diagnostic and prognostic biomarkers for oral cancer. 
For biofluid choice, plasma is preferred for robust systemic 
detection, whereas saliva is ideal for local tumor monitoring 
due to its non-invasive nature and proximity to oral lesions. 
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For detection, a tiered strategy combining high-throughput 
discovery (RNA-seq/microarrays) with targeted validation 
(qRT-PCR/ ddPCR) is recommended to ensure both sensi-
tivity and reproducibility.

Standardization is critical: pre-analytical variables such 
as sample collection time, handling, storage, RNA extrac-
tion, and use of spike-in or endogenous controls must be 
rigorously controlled. ddPCR currently offers the most 
reliable quantitative readout for low-abundance lncRNAs, 
while RNA-seq remains indispensable for novel biomarker 
discovery. Integrating these approaches with multi-center 
validation studies will establish reproducible protocols, 
enabling circulating lncRNAs to serve as reliable tools for 
early detection, disease monitoring, and personalized thera-
peutic decision-making in oral cancer.

Therapeutic potential of lncRNAs

Beyond their diagnostic and prognostic value, lncRNAs 
have emerged as promising therapeutic targets and agents 
in oral squamous cell carcinoma (OSCC). Aberrant lncRNA 
expression contributes to tumor initiation, progression, 
metastasis, and therapy resistance, positioning these mol-
ecules as attractive candidates for targeted intervention. 
Therapeutic strategies may involve silencing oncogenic 
lncRNAs or restoring tumor-suppressive lncRNAs to modu-
late cancer cell behavior and improve treatment response.

Silencing oncogenic lncRNAs as a therapeutic 
strategy

Antisense oligonucleotides (ASOs) are short, synthetic DNA 
or RNA sequences (12–25 nucleotides) that hybridize with 
target RNA, promoting degradation or blocking its function 
[63] (Fig. 2). Chemical modifications, such as locked nucleic 
acids (LNA), enhance ASO stability and affinity, improv-
ing RNase H-mediated cleavage. Although early applica-
tions were limited by poor stability and inefficient delivery, 
advances in nucleoside analog synthesis, chemical modifica-
tions, and nanocarrier systems have significantly improved 
their clinical potential. Currently, twelve ASO-based drugs 
have been approved by the FDA and/or EMA [63].

ASOs act through multiple mechanisms—blocking 
translation initiation, altering splicing, inhibiting miRNA 
binding, or inducing RNase H-mediated RNA degrada-
tion. Delivery methods, including intravenous injection and 
nanoparticle encapsulation, enhance bioavailability and tis-
sue uptake [63]. Preclinical studies in HNSCC and OSCC 
have demonstrated that ASO-mediated knockdown of onco-
genic lncRNAs, such as FOXD2-AS1, suppresses tumor 
growth [64]. Targeting AC104041.1 with LNA-modified 
ASOs disrupts its ceRNA interaction with miR-6817-3p, 
reactivating Wnt2B suppression and inhibiting tumor prolif-
eration and metastasis [65]. Similarly, silencing lnc-POP1-1 
via cholesterol-conjugated ASO reduced cisplatin-resistant 
tumor growth and Ki-67 expression in vivo [66]. Knock-
down of PHACTR2-AS1 suppressed metastasis and pro-
longed survival in tongue squamous cell carcinoma [67]. 
Additionally, targeting ZEB1-AS1 using a nucleus-target-
ing nanoparticle–ASO/siRNA system effectively decreased 
tumor progression and cisplatin resistance in HNSCC [68]. 
Collectively, these findings underscore the therapeutic 
promise of ASO-mediated lncRNA silencing in OSCC.

RNA Interference (RNAi)-Based Silencing  RNA interference 
(RNAi) utilizes small interfering RNAs (siRNAs) or short 
hairpin RNAs (shRNAs) to degrade complementary RNA 
sequences through the RNA-induced silencing complex 
(RISC) (Fig. 2) [69]. siRNAs (20–25 bp) are powerful tools for 
silencing cytoplasmic lncRNAs, although their clinical transla-
tion faces challenges related to delivery, tissue specificity, and 
off-target toxicity. Delivery systems include lipid nanoparticles 
(LNPs), liposomes, micelles, polymer-based carriers, and exo-
somes [69]. Currently, rintatolimod (Ampligen) is the only 
FDA-approved RNAi drug, while multiple RNAi-based anti-
cancer therapies are under clinical evaluation [69].

In OSCC, cholesterol-conjugated siRNA target-
ing LINC00460 significantly reduced tumor growth 
and Ki-67 expression in CAL-27 xenografts [70]. 

Fig. 2  LncRNA-targeted therapeutic strategies in OSCC. Schematic 
diagram summarizes emerging therapeutic approaches targeting onco-
genic lncRNAs in OSCC. Antisense oligonucleotides (ASOs) induce 
RNase H1–mediated degradation of lncRNAs such as FOXD2-AS1 
or disrupt functional interactions, as illustrated for AC10401.1. RNA 
interference–based strategies (siRNA/shRNA) delivered via liposomes 
lead to RISC-mediated degradation of target lncRNAs, exemplified by 
silencing of ELDR. Genome-editing approaches, such as CRISPR-
Cas9 (CRISPRi), repress lncRNA transcription at specific genomic 
loci, as demonstrated by targeting the PANDAR locus. Collectively, 
these strategies contribute to inhibition of oncogenic lncRNA activity 
and potential shrinkage of OSCC tumors
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Liposome-conjugated siRNAs targeting the oncogenic 
lncRNAs ELDR and PCAT1, when administered via intra-
tumoral injection, effectively suppressed OSCC xenograft 
tumor growth without inducing observable toxicity [71, 72]. 
Both lncRNAs function as oncogenic drivers that promote 
tumor cell proliferation and growth. Furthermore, shRNA-
mediated KCNQ1OT1 knockdown enhanced cisplatin sen-
sitivity and reduced tumor burden in OSCC models [37]. 
These results confirm that RNAi-based silencing of onco-
genic lncRNAs can effectively inhibit tumor progression 
and overcome chemoresistance.

CRISPR-Based Gene Editing of lncRNAs  The CRISPR/Cas 
system has revolutionized cancer research through its abil-
ity to precisely edit genetic and epigenetic elements (Fig. 2). 
Cas9 nucleases, guided by short RNAs, enable targeted 
DNA cleavage, modification, or deletion, providing a means 
to permanently inactivate oncogenic lncRNAs or restore 
tumor-suppressor functions [73]. While over 800 CRISPR-
based programs are under development, only a few have 
progressed beyond preclinical stages due to safety concerns, 
including off-target effects and immune activation.

In OSCC, CRISPR-dCas9-mediated silencing of PANDAR 
disrupted its interaction with the splicing factor SRSF7, 
reduced PIM1 expression, inhibited proliferation, and 
induced apoptosis, suggesting therapeutic potential [74]. 
Similarly, CRISPR interference (CRISPRi) and CRISPR 
activation (CRISPRa) platforms allow transcriptional mod-
ulation of lncRNA loci with high specificity [75].

Other genome-editing platforms, including TALENs 
and ZFNs, have shown clinical promise [73]. TALENs 
employ bacterial FokI nucleases to introduce double-
strand breaks, as demonstrated in clinical trials for acute 
lymphoblastic leukemia using UCART19 (NCT02808442, 
NCT02746952). ZFNs, similarly fused with FokI, have 
been applied to introduce HIV-resistant mutations in CD34⁺ 
hematopoietic stem cells (NCT02500849). These precision 
tools, while primarily targeting protein-coding genes, hold 
strong potential for future lncRNA-directed genome editing 
and personalized cancer therapy [73].

Exosomal lncRNAs as therapeutic targets and 
delivery vehicles

Circulating lncRNAs are frequently encapsulated within 
extracellular vesicles (EVs), particularly exosomes, which 
can be isolated from various biofluids such as blood, saliva, 
plasma, and serum [76]. While numerous studies have inves-
tigated blood-derived exosomes [32, 76, 77], there remains a 
significant gap in primary research characterizing lncRNAs 
contained within salivary exosomes from patients with OSCC.

Cancer cells actively release exosomes that mediate 
communication with surrounding cancer cells, stromal 
cells, immune cells, vascular endothelial cells, and cancer-
associated fibroblasts (CAFs). This intercellular signaling 
promotes the formation of a tumor-supportive microenvi-
ronment that facilitates immune evasion, invasion, metasta-
sis, and the establishment of pre-metastatic niches in distant 
organs [78–81]. Among the molecular cargo carried by 
these vesicles, lncRNAs have emerged as key regulators of 
tumor-microenvironment interactions, contributing to can-
cer initiation, progression, and therapeutic resistance.

Exosomal lncRNAs can be internalized by recipient cells 
through endocytosis, where they modulate gene expression 
and cellular function. Elevated levels of specific exosomal 
lncRNAs have been associated with poor chemotherapeutic 
response, implying their potential role as biomarkers and 
therapeutic targets in drug-resistant tumors. LncRNA-based 
therapeutic approaches may involve silencing oncogenic 
lncRNAs using antisense oligonucleotides or restoring 
tumor-suppressive lncRNAs via synthetic mimics [81]. 
Despite these advances, challenges remain regarding tar-
geted delivery, off-target effects, and the safety of lncRNA-
based therapeutics. Nonetheless, the ongoing development 
of small RNA therapeutics in preclinical and clinical set-
tings supports the feasibility of using non-coding RNAs as 
potent anticancer agents [81].

In OSCC, tumor-derived exosomes enriched in pro-
angiogenic lncRNAs promote angiogenesis, facilitating 
tumor growth and progression [82]. The exosomal lncRNA 
MALAT1 enhances cancer cell proliferation and metasta-
sis in lung cancer through the transfer of oncogenic signals 
to recipient cells [79]. Similarly, exosomes carrying H19 
from CAFs confer cisplatin resistance to oral cancer cells, 
whereas inhibition of H19 transfer restores chemosensitiv-
ity [37].

Li et al. demonstrated that exosomes derived from 
podoplanin-positive CAFs (PDPN⁺ CAFs) are enriched in 
the lncRNA FTX [83]. In a cohort of 131 OSCC patients, 
elevated stromal PDPN and FTX expression independently 
predicted shorter overall and disease-free survival. Mecha-
nistically, exosomal FTX interacts with FEN1, recruits 
TET2 to demethylate the FEN1 promoter, and activates the 
FEN1/ACSL4 axis, thereby suppressing ferroptosis and 
promoting migration and invasion. Similarly, RORA-AS1 
is highly expressed in CAFs, CAF-derived exosomes, and 
OSCC tissues, where it enhances radioresistance by activat-
ing the IFITM1/STAT signaling pathway; knockdown of 
RORA-AS1 mitigates exosome-induced radioresistance in 
OSCC cells [84]. Moreover, tumor-associated macrophage 
(TAM)-derived exosomes have been shown to promote epi-
thelial–mesenchymal transition (EMT) in head and neck 
squamous cell carcinoma (HNSCC), primarily via elevated 
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MIR4435-2HG expression, which is associated with EMT-
promoting molecular pathways [85].

Beyond their pathogenic roles, exosomes also serve as 
promising natural delivery vehicles for therapeutic RNAs. 
Their nanoscale size, intrinsic biocompatibility, and capac-
ity to encapsulate RNA molecules make them ideal for 
targeted gene therapy. Exosomes derived from non-tumor-
igenic donor cells, such as mesenchymal stem cells, can 
be engineered to carry small interfering RNAs (siRNAs) 
or antisense oligonucleotides (ASOs) targeting oncogenic 
lncRNAs, enabling site-specific gene silencing within 
tumors [86]. Preclinical models have demonstrated that 
exosomes loaded with tumor-suppressor microRNAs can 
effectively inhibit tumor growth, suggesting that exosome-
mediated delivery of tumor-suppressor lncRNAs or siRNAs 
targeting oncogenic lncRNAs may represent a promising 
therapeutic approach for OSCC [87].

In conclusion, exosomal lncRNAs play multifaceted roles 
in OSCC progression, influencing angiogenesis, metastasis, 
therapeutic resistance, and intercellular signaling within the 
tumor microenvironment. While their diagnostic and prog-
nostic value is increasingly recognized, their therapeutic 
potential remains largely untapped. Harnessing exosomes 
as delivery vehicles for RNA-based therapeutics offers an 
innovative and biologically compatible strategy for targeted 
cancer therapy.

Chemo- /Radio-sensitization of oral tumors by 
targeting lncRNA

Therapy resistance represents one of the most formidable 
challenges in the management of OSCC, often leading to 
therapeutic failure and poor clinical outcomes. Despite 
advances in surgery, chemotherapy, and radiotherapy, the 
recurrence and survival rates of OSCC patients remain 
unsatisfactory, largely due to intrinsic and acquired mecha-
nisms of resistance. Understanding and overcoming these 
molecular barriers is therefore essential to improving treat-
ment efficacy and patient prognosis.

Cancer drug resistance is a multifactorial process driven 
by several molecular and cellular mechanisms. These 
include enhanced drug efflux mediated by ATP-binding cas-
sette (ABC) transporters such as P-gp, BCRP, and MRP1, 
which actively remove chemotherapeutic agents from tumor 
cells; and the suppression of apoptosis via anti-apoptotic 
proteins such as Survivin that activate the PI3K/AKT sig-
naling pathway [88]. Additional resistance mechanisms 
involve increased DNA damage repair through upregulation 
of ERCC1, mutations or alternative activation of therapeu-
tic targets like EGFR and RET, and phenotypic reprogram-
ming through epithelial–mesenchymal transition (EMT) 

and enrichment of cancer stem cells (CSCs), both of which 
confer high adaptability and drug tolerance [88].

Since its approval by the U.S. Food and Drug Adminis-
tration in 1978, cisplatin (CDDP) has remained a corner-
stone of chemotherapy for various solid tumors, including 
head and neck cancers [88]. Cisplatin exerts its cytotoxic 
effect by forming DNA adducts that block replication and 
transcription, ultimately inducing cell-cycle arrest in the G 
phase and triggering apoptosis [88]. However, the develop-
ment of cisplatin resistance severely limits its clinical utility 
in HNSCC and OSCC. In recent years, accumulating evi-
dence has highlighted the pivotal role of lncRNAs in medi-
ating cisplatin resistance in oral and head and neck cancers 
[88].

Several lncRNAs have been implicated in the modula-
tion of chemoresistance in OSCC. HOXA11-AS is mark-
edly upregulated in cisplatin-resistant OSCC cells, where it 
enhances DNA repair and promotes cell survival under drug 
stress; silencing HOXA11-AS restores cisplatin sensitivity 
and induces apoptosis [37]. Similarly, UCA1 contributes to 
cisplatin resistance by acting as a molecular sponge for miR-
184, leading to upregulation of SF1 expression. Knockdown 
of UCA1 reverses this resistance and resensitizes tumor 
cells to cisplatin [37]. Another well-characterized oncogenic 
lncRNA, HOTAIR, promotes autophagy-mediated survival 
under chemotherapy; its inhibition not only suppresses 
tumor growth but also enhances cisplatin cytotoxicity [37]. 
Furthermore, ANRIL expression is induced by midkine 
secreted from cancer-associated fibroblasts (CAFs), con-
tributing to cisplatin resistance; targeting ANRIL disrupts 
this tumor–stroma interaction and mitigates resistance [37].

In addition to chemotherapy, radioresistance remains a 
major obstacle in OSCC treatment. Several lncRNAs have 
been identified as critical regulators of radiation response. 
Knockdown of BLACAT1 enhances radiosensitivity by 
promoting DNA damage and apoptosis in irradiated OSCC 
cells, while LINC00473 mediates radioresistance through 
activation of the Wnt/β-catenin signaling pathway; silenc-
ing LINC00473 significantly improves radiation efficacy 
in preclinical models [37]. Similarly, LINC00662 is over-
expressed in OSCC and its inhibition alleviates radioresis-
tance by impairing survival signaling [89].

The identification of these lncRNAs provides not only 
mechanistic insight into therapy resistance but also unveils 
novel therapeutic targets for sensitization strategies. Com-
bining lncRNA-targeted interventions, such as ASOs or 
siRNAs with standard chemo- or radiotherapy offers a prom-
ising synergistic approach. For instance, co-administration 
of ASOs targeting HOTAIR or HOXA11-AS alongside 
cisplatin may prevent tumor cells from activating lncRNA-
driven resistance mechanisms, thereby preserving drug 
efficacy. Similarly, inhibiting radioresistance-associated 
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lncRNAs prior to radiotherapy could prime tumor cells for 
enhanced DNA damage and apoptotic response.

In conclusion, targeting lncRNAs represents a novel and 
mechanistically grounded approach to overcome chemo- 
and radioresistance in OSCC. By disrupting the lncRNA-
mediated signaling networks that enable tumor survival 
under therapeutic stress, such strategies hold great potential 
to restore drug sensitivity, enhance treatment response, and 
ultimately improve clinical outcomes in oral cancer patients.

Integration into clinical practice

As discussed above, circulating lncRNAs, due to their high 
stability, disease specificity, and non-invasive accessibility, 
hold strong potential as diagnostic, prognostic, and thera-
peutic biomarkers in OSCC. Standardized sample process-
ing and analytical methods are essential for reproducibility 
and clinical translation. Plasma or salivary lncRNA panels 
enhance early detection compared to conventional markers, 

Table 2  Overview of ClinicalTrials.gov–listed studies investigating lncRNAs in oral and various other cancers
Name of the 
lncRNA

Cancer 
model

Study type Num-
ber of 
Subjects

Phase Diagnostic/ 
Therapeutic

Status Outcome Ref ID

MALAT1 Oral Cancer Observational 
(Case-control)

40 - Diagnostic and 
prognostic

Completed Not 
published

NCT05708209

EGFR-AS1 Interventional 24 Phase 2 Therapeutic Ongoing 
(2027-05)

Not 
published

NCT04946968

DQ786243 Observational 45 - Diagnostic Completed Not 
published

NCT05730855

H19 Acute Lym-
phoblastic 
Leukemia

Observational 
(Case-control)

96 - Diagnostic and 
Prognosis

Ongoing Not 
published

NCT05943093

Hepato-
cellular 
carcinoma

Observational 
(Case-control)

101 - Diagnostic and 
Prognosis

Completed Not 
published

NCT04767750

HOTAIR Thyroid 
cancer

Observational 
(Case-control)

90 - Diagnostic and 
Prognosis

Completed Not 
published

NCT03469544

CCAT1 Colorectal 
Cancer

Observational 
(Case-Crossover)

100 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT04269746

SNHG3 Observational 
(Case-Control)

96 - Diagnostic and 
Prognosis

Completed Not 
published

NCT06432413

LUNAR1 Observational 
(Case-Control)

96 - Diagnostic and 
Prognosis

Completed Not 
published

NCT06432413

NNT-AS1 Observational 
(Case-Control)

88 - Diagnostic and 
Prognosis

Completed Not 
published

NCT06531902

HOTTIP Observational 
(Case-Control)

60 - Diagnostic and 
Prognosis

Completed Not 
published

NCT04729855

GC1 Gastric 
cancer

Observational(Cohort) 700 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT05647941

Exosomal 
lncRNA-GC1

Observational(Cohort) 700 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT05397548

Exosomal 
lncRNA-GC1

Observational 80 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT05334849

THRIL Observational 50 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT03057171

PACER Observational 50 - Diagnostic and 
Therapeutic

Completed Not 
published

NCT03057172

MFI2-AS1 Kidney 
Cancer

Observational 260 - Diagnostic Completed Not 
published

NCT04946266

ELNAT1 Bladder 
Cancer

Observational 74 - Diagnostic and 
Prognosis

Completed Not 
published

NCT05270174

Serum exo-
somal lncRNA

Lung Cancer Observational 1000 - Diagnostic Completed Not 
published

NCT03830619

miRNA and 
lncRNA

High grade 
serous ovar-
ian cancer

Observational 160 - Diagnostic Completed Not 
published

NCT03738319

lncRNA Prostate 
Cancer

Interventional 80 Not 
Applicable

Prognosis and 
therapeutic

Completed Not 
published

NCT05141383
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while salivary assays enable non-invasive screening and 
monitoring. Profiling resistance-associated lncRNAs can 
predict cisplatin or chemoradiation response and guide 
personalized therapy. Moreover, ddPCR-based lncRNA 
quantification facilitates sensitive surveillance of treat-
ment response and minimal residual disease. Clinical stud-
ies across various malignancies are now translating these 
molecular insights into potential clinical applications, rang-
ing from non-invasive cancer diagnostics to companion bio-
markers and targeted therapeutic strategies. An overview of 
the clinical trials investigating lncRNAs in oral and other 
cancers, as registered on ClinicalTrials.gov, is summarized 
in Table 2.

In OSCC, the lncRNA MALAT1 has been the subject 
of a completed observational clinical trial (ClinicalTrials.
gov Identifier: NCT05708209) involving 40 participants 
aged 20–65 years. The study aimed to evaluate circulat-
ing MALAT1 as a diagnostic biomarker as well as assess-
ment of the salivary expression level of miRNA 124 which 
is targeted by MALAT1 in OSCC. MALAT1 is known to 
influence cancer cell proliferation, migration, and therapy 
resistance, and its elevated expression has been correlated 
with poor prognosis and enhanced metastatic potential in 
oral cancers. Low EGFR-AS1 lncRNA expression has 
recently been identified as a potential companion diagnos-
tic biomarker in oral cancer, and a Phase II clinical study 
(ClinicalTrials.gov Identifier: NCT04946968) is currently 
ongoing to evaluate the therapeutic efficacy of an EGFR-
associated drug in patients with advanced oral cancer char-
acterized by low EGFR-AS1 expression. The outcome of 
this study may establish EGFR-AS1 as both a diagnostic 
and therapeutic biomarker, underscoring its dual clinical sig-
nificance in oral cancer management. Another observational 
study involving 45 enrolled participants was conducted to 
evaluate the salivary expression of lncRNA DQ786243 as 
a potential diagnostic marker for oral potentially malig-
nant lesions compared to normal controls, and to assess its 
correlation with the salivary expression of miRNA-146a 
(NCT05730855). However, the results have not yet been 
posted.

Beyond OSCC, numerous clinical trials have explored 
the clinical applicability of lncRNAs in other cancer 
types, offering valuable translational insights for oral can-
cer research. For example, H19, one of the most studied 
oncogenic lncRNAs, is under clinical evaluation in leu-
kemia (NCT05943093) and HCC (NCT04767750) for its 
diagnostic and prognostic value. Similarly, HOTAIR, a 
well-known metastasis-promoting lncRNA, has been clini-
cally investigated as a diagnostic marker in thyroid cancer 
(NCT03469544), reflecting its consistent association with 
tumor aggressiveness and poor outcomes across cancer 
types. Studies on circulating lncRNAs in ovarian cancer 

(NCT03738319) and prostate cancer (NCT05141383) dem-
onstrate their potential as non-invasive “liquid biopsy” 
biomarkers capable of monitoring disease progression and 
therapeutic response.

In colorectal cancer, several lncRNAs, including CCAT1 
(NCT04269746), SNHG3 and LUNAR1 (NCT06432413), 
NNT-AS1 (NCT06531902), and HOTTIP (NCT04729855), 
are being explored for their diagnostic potential, highlight-
ing the expanding role of lncRNAs in early detection and 
patient stratification. Similarly, GC1, THRIL, and PACER 
have been evaluated in gastric cancer (NCT05647941, 
NCT05397548, NCT05334849, NCT03057171) for diag-
nostic and therapeutic applications, while MFI2-AS1 in 
kidney cancer (NCT04946266) and ELNAT1 in bladder 
cancer (NCT05270174) are being assessed for their roles in 
tumor detection. In lung cancer, serum exosomal lncRNAs 
(NCT03830619) are being tested for diagnostic and thera-
peutic relevance, providing mechanistic insights applicable 
to oral cancer due to shared molecular pathways involving 
EGFR signaling. Drawing from extensive lncRNA research 
in other malignancies, it is anticipated that incorporating 
lncRNA profiling into clinical practice will revolution-
ize oral cancer management by enabling earlier diagnosis, 
more accurate risk assessment, and personalized therapeutic 
interventions.

Collectively, these studies emphasize the translational 
potential of lncRNAs as robust, stable, and disease-specific 
molecular indicators that can be detected in both tissue and 
biofluids. Their integration into clinical workflows could 
significantly improve early detection, patient stratification, 
and treatment personalization.

Future perspectives

Circulating lncRNAs hold substantial promise as trans-
formative tools for the diagnosis, prognosis, and therapy 
of OSCC. Future research should focus on elucidating the 
mechanisms underlying lncRNA secretion, stabilization, 
and transport via extracellular vesicles, apoptotic bodies, 
and RNA-binding proteins, which will help distinguish 
tumor-derived circulating lncRNAs from background noise 
and enhance biomarker specificity.

Standardization of pre-analytical and analytical work-
flows, including biofluid selection (plasma vs. saliva), RNA 
extraction, normalization strategies, and sensitive quan-
tification platforms such as ddPCR, is critical to achieve 
reproducibility and cross-study comparability. Integrating 
multi-omics approaches, including transcriptomics, pro-
teomics, and metabolomics, with AI-based predictive model-
ing will facilitate robust identification of clinically actionable 
lncRNA signatures. Tools like IntaRNA, CopraRNA, catR-
APID, RPI-seq, CentroidAlifold, RNAalifold, RNAfold, 
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and CentroidFold can enhance prediction of RNA-RNA and 
RNA-protein interactions, conserved motifs, and secondary 
structures, improving annotation of circulating lncRNAs 
[90, 91].

From a translational perspective, validated lncRNA-
based liquid biopsy assays could revolutionize early OSCC 
detection and real-time treatment monitoring. Saliva-based 
diagnostics, being non-invasive and patient-friendly, are 
promising for large-scale screening, whereas plasma-
derived multi-lncRNA panels may support tumor staging, 
recurrence prediction, and therapy response assessment. 
Combining circulating lncRNAs, miRNAs, ctDNA and/ or 
protein biomarkers with imaging characteristics could fur-
ther enhance diagnostic and prognostic accuracy [92].

Therapeutically, advances in ASOs, RNA interference, 
and CRISPR-based technologies hold potential for targeting 
oncogenic lncRNAs or restoring tumor-suppressive ones. 
Exosome-mediated lncRNA delivery represents an innova-
tive avenue for precision drug delivery and gene modulation. 
Ongoing or proposed clinical trials evaluating lncRNAs will 
provide crucial insights into the diagnostic and therapeutic 
viability of lncRNA-based interventions.

Developing robust bioinformatics tools and cost-effective 
platforms is essential to overcome challenges such as vari-
ability in lncRNA expression due to tumor stage or patient 
heterogeneity, and the lack of standardized protocols. Cir-
culating lncRNA panels tailored for high-risk populations, 
particularly tobacco users, could enable early detection, 
risk stratification, and non-invasive monitoring of treat-
ment responses, marking a significant step toward precision 
oncology in resource-limited settings.

Conclusion

Circulating lncRNAs have emerged as pivotal regulators 
and potential clinical tools in OSCC. By bridging diagnos-
tics and therapeutics, they embody a new era of molecu-
lar oncology characterized by non-invasive precision and 
dynamic disease monitoring. Their stability in biofluids, 
tumor-specific expression, and functional involvement in 
tumorigenesis, metastasis, and therapy resistance highlight 
their multifaceted clinical potential.

This review successfully consolidates and critically 
analyzes the most recent advances in circulating lncRNA 
research in OSCC, offering an integrated perspective on 
their biological roles, detection technologies, and transla-
tional opportunities. By mapping out both the promise and 
the persisting challenges, it provides a valuable reference 
point for researchers and clinicians seeking to transform 
these molecular insights into tangible clinical applications. 
The comprehensive synthesis of diagnostic, prognostic, and 

therapeutic dimensions underscores the importance of cir-
culating lncRNAs as next-generation biomarkers for per-
sonalized oral cancer management.

The success of circulating lncRNAs in clinical practice 
will depend on rigorous validation, methodological stan-
dardization, and multi-omics integration. Composite bio-
marker panels combining lncRNAs with miRNAs, ctDNA, 
or proteins may enhance diagnostic accuracy and enable 
individualized treatment monitoring. With concerted global 
efforts and translational research, circulating lncRNAs hold 
the potential to revolutionize OSCC management, enabling 
earlier detection, targeted therapy selection, and real-time 
disease surveillance.

Ultimately, this review underscores the significance 
of continued interdisciplinary collaboration in advancing 
lncRNA research, positioning these silent molecular players 
as central to the future of precision oncology in oral cancer.
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