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	 Oral squamous cell carcinoma (OSCC) remains a major global health burden with 
limited therapeutic success. Advances in transcriptomic profiling have identified long non-
coding RNAs (lncRNAs) as key regulators of OSCC progression and therapy resistance. This 
short communication summarizes recent developments in lncRNA-based therapeutic strategies 
identified through focused literature analysis using PubMed, Google Scholar, and ClinicalTrials.
gov. Preclinical evidence from xenograft and patient-derived xenograft models demonstrates the 
potential of antisense oligonucleotides, RNA interference, CRISPR-based genome modulation, 
and exosome-mediated delivery to silence oncogenic lncRNAs or restore tumor-suppressive 
lncRNAs. Although clinical translation remains early, these findings highlight emerging precision 
therapeutic opportunities in OSCC.
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	 Oral squamous cell carcinoma (OSCC) 
is the most common subtype of head and neck 
squamous cell carcinoma (HNSCC) and represents 
a significant global health challenge. According 
to the GLOBOCAN 2022 report, approximately 
389,485 new cases of lip and oral cavity cancer 
are diagnosed each year, resulting in 188,230 
deaths worldwide.1 The burden is particularly 
high in developing regions. Major risk factors 
include tobacco use, alcohol consumption, betel 
quid chewing, viral infections, and inadequate oral 
hygiene.2,3 Despite therapeutic advances, including 
targeted agents and immune checkpoint inhibitors, 
the five-year survival rate for OSCC remains close 
to 50%, with metastatic disease associated with 
even poorer outcomes.2,3 Challenges such as late-

stage diagnosis, intratumoral heterogeneity, and 
resistance to therapy necessitate the development 
of novel, more effective treatment strategies.
	 Recent advances in omics technologies 
have facilitated the identification of molecular 
regulators critical to OSCC pathogenesis. Among 
these, long non-coding RNAs (lncRNAs), 
transcripts longer than 200 nucleotides that 
do not encode proteins, have emerged as key 
modulators of gene expression.3-5 Their high tissue 
specificity, stability, and regulatory versatility 
render them promising diagnostic biomarkers and 
therapeutic targets. Dysregulation of lncRNAs 
is commonly observed in OSCC, with distinct 
lncRNAs functioning either as oncogenes or 
tumor suppressors.3-5 Therapeutic approaches aim 
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to inhibit oncogenic lncRNAs or restore tumor-
suppressive lncRNAs using advanced molecular 
tools. This short communication highlights 
lncRNA-mediated therapeutic applications 
in OSCC animal models, summarizes current 
therapeutic strategies and recent advances, 
discusses associated challenges, and outlines future 
perspectives, thereby providing readers with an 
updated overview of this rapidly evolving field.
	 Therapeutic strategies using lncRNAs are 
broadly categorized: (i) transcript-level silencing 
using antisense oligonucleotides (ASOs) or RNA 
interference (RNAi) approaches, (ii) genomic or 
transcriptional modulation using genome-editing 
tools, and (iii) intercellular delivery and tumor 
microenvironmental modulation using exosome-
based systems. Importantly, these strategies not 
only suppress oncogenic lncRNAs but also directly 
address lncRNA-mediated therapy resistance, a 
major barrier to effective OSCC management. By 
targeting lncRNAs involved in drug efflux, DNA 
damage repair, epithelial- mesenchymal transition, 
autophagy, and cancer stemness, these approaches 
collectively aim to restore therapeutic sensitivity 
and enhance treatment efficacy.
	 ASO-Based Targeting: ASOs represent 
one of the most developed modalities for lncRNA 
targeting. ASOs are short, synthetic nucleotide 
sequences designed to hybridize selectively with 
target lncRNAs, leading to transcript degradation 
or functional inhibition.6 Chemical modifications 
such as locked nucleic acid (LNA) incorporation 
enhance ASO stability and specificity while 
reducing off-target effects.7 Several ASO drugs 
have achieved clinical approval from FDA or 
EMA for various indications, demonstrating 
translational feasibility.8 In head and neck cancers, 
overexpression of lncRNAs like AC104041.1, 
ZEB1-AS1 and ZEB2-AS1 correlates with poor 
prognosis.7,9, 10 Targeted silencing of these lncRNAs 
using ASOs or LNA-ASOs or nanoparticle-
mediated delivery of ASOs/siRNAs has shown 
significant tumor-suppressive effects in vitro 
and in patient-derived xenograft (PDX) models, 
underscoring their therapeutic potential. 7,9, 10 

	 RNAi Mediated Silencing Strategies: 
These strategies, including siRNA and shRNA, 
constitute another potent approach for cytoplasmic 
lncRNA knockdown. Delivery vehicles such 
as lipid nanoparticles, liposomes, micelles, and 

exosomes improve RNA molecule stability 
and tumor-specific uptake. Preclinical studies 
demonstrate effective suppression of oncogenic 
lncRNAs like LINC00460, ELDR, and PCAT1 
with siRNA-mediated knockdown, resulting 
in inhibited tumor growth in xenograft models 
without systemic toxicity.11-13

	 Among RNAi modalities, shRNA-
mediated knockdown is the most widely used 
approach for in vivo functional validation of 
lncRNAs. For example, shRNA mediated silencing 
of KCNQ1OT1 restores cisplatin sensitivity, 
highlighting RNAi’s potential to overcome 
chemoresistance in OSCC.14 Multiple other 
oncogenic lncRNAs have been validated in OSCC 
using shRNA-based knockdown. HOXA10-AS, 
LINC01929, SLC7A11-AS1, MIR4713HG, 
LINC01296, and CCAT1 are overexpressed in oral 
cancer tissues and cell lines, and their silencing 
significantly reduces tumor growth, tumor burden, 
and/or lung metastasis in xenograft models through 
diverse mechanisms, including miRNA sponging 
and protein stabilization.15-20

	 Restoration of tumor suppressor 
lncRNAs via overexpression has also been 
evaluated. For example, MEG3, CASC2 and 
NKILA overexpression in xenograft models 
significantly reduced tumor volume and growth 
rates, highlighting the translational relevance 
of gene restoration strategies for therapeutic 
intervention.21-23

	 Genome Editing and Transcriptional 
Modulation: Genome editing technologies, 
especially CRISPR/Cas systems, provide a 
versatile platform for precise lncRNA locus 
modulation. CRISPR-dCas9-mediated silencing 
of oncogenic lncRNAs such as PANDAR has 
demonstrated inhibition of proliferation and 
induction of apoptosis in OSCC cell lines.24 

Furthermore, Tao et al. demonstrated that 
CRISPR/Cas9-mediated genomic deletion of 
XIST significantly reduced tumor formation in 
tongue squamous cell carcinoma xenografts in 
nude mice.25 Similarly, Chang et al. reported that 
CRISPR/Cas9 targeting of MIR31HG markedly 
attenuated OSCC oncogenicity, highlighting its 
therapeutic potential.26  While obstacles related to 
off-target activity and efficient delivery persist, 
genome editing approaches hold promise for 
durable and specific tumor control. Alternative 
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Fig. 1. Schematic representation of lncRNA-based therapeutic targeting in oral squamous cell carcinoma, 
highlighting oncogenic lncRNAs that drive tumor growth, metastasis, and chemoresistance, and tumor-

suppressive lncRNAs that promote apoptosis and therapy sensitization. The central panel illustrates major 
therapeutic strategies, including antisense oligonucleotides, RNAi, CRISPR/Cas-based approaches, and exosome-

mediated delivery, leading to reduced tumor growth, inhibited metastasis, reversal of resistance, and enhanced 
apoptosis. (Created using BioRender.com)

methods like TALENs and zinc finger nucleases 
(ZFNs) have shown feasibility for lncRNA 
targeting in other malignancies, supporting their 
potential applicability in OSCC.27

	 Exosome-Media ted  Approaches : 
Exosomal lncRNAs have emerged as important 
mediators of intercellular communication within the 
tumor microenvironment. Exosomes, extracellular 
vesicles secreted by tumor and stromal cells, carry 
lncRNAs that modulate tumor progression and 
therapeutic resistance.4 Notable examples include 
cancer-associated fibroblast-derived FLJ22447 and 
macrophage-derived LBX1-AS1, both implicated 
in OSCC pathobiology.4 Engineering exosomes to 
deliver tumor-suppressive lncRNAs or siRNAs 
targeting oncogenic lncRNAs represents a 
promising, minimally invasive therapeutic strategy. 
Exosome-mediated overexpression of lncRNA 
PART1 reduced OSCC cell viability, migration, 
and invasion while enhancing apoptosis.28 HOTTIP 
was found to be upregulated in M1 macrophage- 

derived exosomes.29 In Balb/c nude mice, HNSCC 
tumors treated with M1 macrophage- derived 
exosomes showed reduced growth, smaller tumor 
volumes, and increased apoptosis.29

	 Implications in therapy resistance: Beyond 
their direct roles in tumor growth and metastasis, 
accumulating evidence indicates that dysregulated 
lncRNAs critically contribute to therapeutic 
resistance in OSCC, thereby limiting the efficacy 
of conventional treatments. Multiple lncRNAs 
implicated in mechanisms such as enhanced 
drug efflux, DNA damage repair, epithelial-
mesenchymal transition, anti-apoptotic signaling, 
and cancer stem cell maintenance.30 For instance, 
HOXA11-AS and UCA1 contribute to cisplatin 
resistance in OSCC by promoting proliferation 
and reducing apoptosis.30 ANRIL enhances 
drug efflux via MRP1 and ABCC2 transporters, 
while HOTAIR facilitates resistance by inducing 
autophagy through ATG3/7 upregulation.30 
Targeting these lncRNAs could sensitize tumors 



2039 Sur, Biomed. & Pharmacol. J,  Vol. 19(2), 2036-2042 (2026)

Ta
bl

e 
1.

 R
ep

re
se

nt
at

iv
e 

ta
bl

e 
of

 ln
cR

N
A

s t
ar

ge
te

d 
in

 O
SC

C
 w

ith
 th

er
ap

eu
tic

 a
pp

ro
ac

he
s a

nd
 o

ut
co

m
es

Ln
cR

N
A

 N
am

e	
Fu

nc
tio

na
l 	

Th
er

ap
eu

tic
 M

od
al

ity
	

M
ea

su
ra

bl
e 

O
ut

co
m

es
	

C
la

ss
ifi

ca
tio

n

A
C

10
40

41
.1

	
O

nc
og

en
ic

	
A

SO
 (L

N
A

-m
od

ifi
ed

)	
R

ed
uc

es
 c

el
l v

ia
bi

lit
y,

 m
ig

ra
tio

n;
 d

ec
re

as
ed

 tu
m

or
 g

ro
w

th
 in

 P
D

X
 m

od
el

s 7

ZE
B

1-
A

S1
	

O
nc

og
en

ic
	

A
SO

 (n
an

op
ar

tic
le

 d
el

iv
er

y)
	

Tu
m

or
 g

ro
w

th
 in

hi
bi

tio
n;

 o
ve

rc
om

in
g 

ci
sp

la
tin

 re
si

st
an

ce
 9

ZE
B

2-
A

S1
	

O
nc

og
en

ic
	

A
SO

 	
ZE

B
2-

A
S1

 k
no

ck
do

w
n 

si
gn

ifi
ca

nt
ly

 re
du

ce
d 

tu
m

or
 v

ol
um

e 
an

d 
w

ei
gh

t 
			




re
la

tiv
e 

to
 c

on
tro

ls
 10

LI
N

C
00

46
0	

O
nc

og
en

ic
	

C
ho

le
st

er
ol

-c
on

ju
ga

te
d 

si
R

N
A

	
In

tra
 tu

m
or

 in
je

ct
io

n 
re

du
ce

d 
xe

no
gr

af
t t

um
or

 g
ro

w
th

 11

EL
D

R
	

O
nc

og
en

ic
	

si
R

N
A

	
In

tra
 tu

m
or

 in
je

ct
io

n 
re

du
ce

d 
or

al
 c

an
ce

r P
D

X
 tu

m
or

 g
ro

w
th

 12

PC
AT

1	
O

nc
og

en
ic

	
si

R
N

A
	

In
tra

 tu
m

or
 in

je
ct

io
n 

in
hi

bi
te

d 
xe

no
gr

af
t t

um
or

 g
ro

w
th

 13

A
N

R
IL

	
O

nc
og

en
ic

	
si

R
N

A
	

D
ec

re
as

ed
 c

el
l p

ro
lif

er
at

io
n;

 e
nh

an
ce

d 
ap

op
to

si
s a

nd
 c

is
pl

at
in

 se
ns

iti
vi

ty
 30

H
O

X
A

11
-A

S	
O

nc
og

en
ic

	
sh

R
N

A
	

D
ec

re
as

ed
 p

ro
lif

er
at

io
n;

 in
cr

ea
se

d 
ap

op
to

si
s i

n 
re

si
st

an
t t

um
or

 g
ro

w
th

 30

U
C

A
1	

O
nc

og
en

ic
	

sh
R

N
A

	
R

ed
uc

ed
 tu

m
or

 g
ro

w
th

 a
nd

 c
is

pl
at

in
 se

ns
iti

vi
ty

 30

K
C

N
Q

1O
T1

	
C

is
pl

at
in

 	
sh

R
N

A
	

K
C

N
Q

1O
T1

 d
ep

le
tio

n 
in

hi
bi

ts
 T

SC
C

 tu
m

or
 g

ro
w

th
 a

nd
 c

he
m

o-
re

si
st

an
ce

 in
 v

iv
o 

14

	
re

si
st

an
t 

H
O

X
A

10
-A

S	
O

nc
og

en
ic

	
sh

R
N

A
	

Si
gn

ifi
ca

nt
ly

 re
du

ce
s o

f i
n-

vi
vo

 tu
m

or
 g

ro
w

th
 15

LI
N

C
01

92
9	

O
nc

og
en

ic
	

sh
R

N
A

	
R

ed
uc

es
 tu

m
or

 g
ro

w
th

 a
nd

  t
um

or
 w

ei
gh

t 16

SL
C

7A
11

-A
S1

	
O

nc
og

en
ic

	
sh

R
N

A
	

R
ed

uc
es

 tu
m

or
 g

ro
w

th
 a

nd
 lu

ng
 m

et
as

ta
si

s 17

M
IR

47
13

H
G

	
O

nc
og

en
ic

	
sh

R
N

A
	

R
ed

uc
es

 tu
m

or
 g

ro
w

th
 a

nd
 lu

ng
 m

et
as

ta
si

s 18

LI
N

C
01

29
6	

O
nc

og
en

ic
	

sh
R

N
A

	
Si

gn
ifi

ca
nt

ly
 re

du
ce

s x
en

og
ra

ft 
tu

m
or

 g
ro

w
th

 19

C
C

AT
1	

O
nc

og
en

ic
	

sh
R

N
A

	
Si

gn
ifi

ca
nt

ly
 re

du
ce

s x
en

og
ra

ft 
tu

m
or

 g
ro

w
th

 20

M
EG

3	
Tu

m
or

 su
pp

re
ss

or
	

O
ve

re
xp

re
ss

io
n	

R
ed

uc
ed

 tu
m

or
 si

ze
 a

nd
 g

ro
w

th
 in

 x
en

og
ra

fts
 21

C
A

SC
2	

Tu
m

or
 su

pp
re

ss
or

	
O

ve
re

xp
re

ss
io

n	
In

hi
bi

te
d 

tu
m

or
 g

ro
w

th
 in

 x
en

og
ra

ft 
m

od
el

s 22

N
K

IL
A

	
Tu

m
or

 su
pp

re
ss

iv
e	

sh
R

N
A

	
O

ve
r e

xp
re

ss
io

n 
re

du
ce

s t
um

or
 g

ro
w

th
 a

nd
 k

no
ck

ed
 d

ow
n 

in
cr

ea
se

s t
um

or
 g

ro
w

th
 23

PA
N

D
A

R
	

O
nc

og
en

ic
	

C
R

IS
PR

-d
C

as
9	

Su
pp

re
ss

ed
 p

ro
lif

er
at

io
n;

 in
du

ce
d 

ap
op

to
si

s 24

X
IS

T	
O

nc
og

en
ic

	
C

R
IS

PR
-d

C
as

9	
R

ed
uc

es
 tu

m
or

 fo
rm

at
io

n 
in

 n
ud

e 
m

ic
e 

25

M
IR

31
H

G
	

O
nc

og
en

ic
	

C
R

IS
PR

-d
C

as
9	

R
ed

uc
es

 th
e 

on
co

ge
ni

ci
ty

 o
f O

SC
C

 26

PA
RT

1	
Ex

os
om

al
	

Ex
os

om
al

 d
el

iv
er

y	
R

ed
uc

ed
 c

el
l v

ia
bi

lit
y,

 m
ig

ra
tio

n,
 a

nd
 in

va
si

on
 w

hi
le

 e
nh

an
ci

ng
 a

po
pt

os
is

 28

H
O

TT
IP

	
M

1 
m

ac
ro

ph
ag

e–
	

Ex
os

om
al

 d
el

iv
er

y	
In

hi
bi

te
d 

tu
m

or
 g

ro
w

th
 a

nd
 in

du
ce

d 
ap

op
to

si
s i

n 
xe

no
gr

af
t m

od
el

s 29

	
de

riv
ed

 e
xo

so
m

es



2040Sur, Biomed. & Pharmacol. J,  Vol. 19(2), 2036-2042 (2026)

to chemotherapy and improve patient outcomes.30

	 Thus, advances in ASO-, RNAi-, 
CRISPR-, and exosome-based strategies highlight 
lncRNAs as versatile and actionable therapeutic 
targets in OSCC (Figure 1 and Table 1), providing 
a strong preclinical foundation for their future 
integration into precision oncology frameworks.

DISCUSSION

	 OSCC remains a highly aggressive 
malignancy with limited improvements in long-
term survival, highlighting the need for innovative 
molecularly targeted therapeutic strategies. Across 
multiple preclinical models, targeting oncogenic 
lncRNAs using ASOs, RNAi, CRISPR-based 
genome modulation, and exosome-mediated 
delivery consistently resulted in significant 
reductions in tumor volume, tumor weight, 
metastatic potential, and therapy resistance. 
Notably, lncRNAs such as ZEB2-AS1, ZEB1-AS1, 
HOXA11-AS, LINC00460, ELDR, PCAT1 etc. 
demonstrated robust tumor-suppressive responses 
upon targeted inhibition, directly linking lncRNA 
dysregulation to aggressive clinicopathological 
features of OSCC. Conversely, restoration of 
tumor-suppressive lncRNAs, including MEG3, 
CASC2, and NKILA, further supports the 
therapeutic relevance of both silencing and 
replacement strategies.
	 Importantly, Table 1 highlights the 
versatility and complementarity of different 
lncRNA-targeting modalities. ASO-based 
approaches offer translational promise due to 
their clinical maturity, RNAi strategies enable 
efficient in vivo functional validation, and 
CRISPR-dCas9 platforms provide locus-specific 
and potentially durable repression of oncogenic 
lncRNAs. Moreover, exosome-based delivery 
systems address TME- mediated signaling and 
therapeutic resistance, thereby expanding the scope 
of lncRNA-directed interventions.
	 Despite significant preclinical progress, 
clinical translation of lncRNA-directed therapies 
remains limited. Although lncRNAs such as 
MALAT1, EGFR-AS1, and DQ786243 have 
been examined in clinical trials for diagnostic and 
prognostic value,3 no lncRNA-targeted therapeutics 
have yet been approved for clinical use in OSCC. 

Moving toward clinical application requires rigorous 
validation, detailed toxicological evaluation, and 
development of optimized delivery systems to 
ensure specificity, bioavailability, and molecular 
stability. Additionally, combination therapies 
integrating lncRNA modulation with established 
treatment modalities warrant extensive clinical 
investigation to maximize therapeutic efficacy. 
To overcome these challenges, the integration of 
chemical modifications, ligand-directed targeting, 
and next-generation nanoparticle or engineered 
exosome delivery systems may substantially 
enhance molecular stability, tumor selectivity, and 
safety profiles. Furthermore, patient stratification 
based on lncRNA expression signatures and 
molecular subtypes may facilitate precision-
guided treatment selection. Continued efforts 
in systematic validation, delivery optimization, 
and biomarker-driven clinical trial design will be 
pivotal to translating these experimental advances 
into clinically effective and safe therapeutic 
interventions.

CONCLUSION

	 In conclusion, accumulating preclinical 
evidence supports the pivotal role of lncRNAs 
in regulating OSCC progression and therapeutic 
resistance. Studies employing ASO-, RNAi-, 
CRISPR-based, and exosome-mediated approaches 
consistently demonstrate that targeted inhibition 
of oncogenic lncRNAs or restoration of tumor-
suppressive lncRNAs leads to reduced tumor 
growth, enhanced apoptosis, and improved 
therapeutic sensitivity in experimental models. 
Although these findings are largely limited 
to preclinical settings, they provide a strong 
mechanistic and translational rationale for further 
development of lncRNA-directed therapies. Future 
efforts focusing on optimized delivery systems, 
safety evaluation, and biomarker-driven patient 
stratification will be essential to advance these 
strategies toward clinical application. Collectively, 
lncRNA-targeted interventions represent a 
promising, yet still evolving, avenue for improving 
therapeutic outcomes in OSCC.
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