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Long non-coding RNA LINC01296 promotes progression 
of oral squamous cell carcinoma through activating the 
MAPK/ERK signaling pathway via the miR-485-5p/PAK4 
axis

Shuangyue Zhang1, Xiaowei Wang2, Dazhao Wang1

A b s t r a c t

Introduction: Long intergenic non-protein-coding RNA 1296 (LINC01296), 
a newly identified lncRNA, can function as an oncogenic driver to promote 
the development of multiple carcinomas. However, the effect of LINC01296 
on oral squamous cell carcinoma (OSCC) is still unclear. 
Material and methods: We determined the expression and role of LINC01296 
in OSCC tissues and cell lines. The cell viability, migration and invasion were 
determined by MTT, wound healing assay and transwell assay, respectively. 
Flow cytometry was used for detecting cell cycle and apoptosis. The inter-
action and association between LINC01296, microRNA-485-5p (miR-485-5p) 
and p21 (RAC1) activated kinase 4 (PAK4) were analyzed by RNA immunopre-
cipitation (RIP) and luciferase reporter assays. The xenograft mouse model 
was established to detect the effect of LINC01296 on OSCC tumor growth. 
Results: Our study showed that LINC01296 was over-expressed in OSCC tis-
sues and cell lines. The level of LINC01296 was positively correlated with the 
patient’s tumor node metastasis (TNM) stage and nodal invasion. Knock-
down of LINC01296 effectively inhibits cell viability, migration and invasion 
but promotes cell apoptosis in vitro. The in vivo experiment showed that 
LINC01296 knockdown inhibited OSCC tumor growth. The following analysis 
indicated that LINC01296 acted as a ceRNA for miR-485-5p, and PAK4 was 
identified as a direct target of miR-485-5p. Furthermore, we found that the 
effects of LINC01296 on OSCC progression were through regulating the ex-
pression of PAK4/p-MEK/p-ERK via sponging miR-485-5p. 
Conclusions: LINC01296 promote the cell cycle, proliferation, migration and 
invasion, and inhibit apoptosis of OSCC cells through activating the MAPK/
ERK signaling pathway via sponging miR-485-5p to regulate PAK4 expres-
sion. These results suggested that the LINC01296/miR-485-5p/PAK4 axis 
was closely associated with OSCC progression. Our study provides a  new 
insight into the molecular pathogenesis of OSCC, and may supply novel bio-
markers for diagnosis and therapy of OSCC.

Key words: oral squamous cell carcinoma, LINC01296, miR-485-5p, PAK4, 
MAPK/ERK signaling pathway.
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Introduction

Oral squamous cell carcinoma (OSCC), a type of 
head and neck squamous cell carcinoma, is one of 
the most frequent malignant tumors globally [1, 
2]. Oral squamous cell carcinoma has been report-
ed to be affected by the context of alcohol abuse, 
smoking and human papillomavirus [3]. Despite 
the constant progress in diagnostic and treatment 
methods, the 5-year overall survival (OS) rate has 
remained unchanged for a  40-years period, at 
nearly 50% [4]. The histological grading including 
tumor, node and metastasis (TNM) classification 
is a routine standard for predicting the prognosis 
of OSCC, but the results are still unsatisfactory [5]. 
Hence, it is necessary to understand the molecu-
lar mechanisms of OSCC progression and identify 
novel biomarkers for OSCC prognosis, diagnosis 
and treatment.

Long non-coding RNAs (lncRNAs), as tran-
scripts of longer than 200 nucleotides, have no 
protein-coding function [6]. It is now recognized 
that lncRNAs are involved in transcriptional con-
trol, chromatin remodeling, and protein or RNA 
molecule regulation [7]. Thus, lncRNAs are critical 
for diverse fundamental cellular processes (e.g. 
cell proliferation, invasion and differentiation) 
[8]. The specific expression of lncRNAs has been 
found in differentiated tissues or various cancers 
[9]. Furthermore, lncRNAs are closely implicated 
in the progression of different malignancies [10]. 
Particularly, long intergenic non-protein-coding 
RNA 1296 (LINC01296), a newly identified lncRNA, 
can function as an oncogenic driver to promote 
the development of multiple carcinomas such as 
colorectal cancer [11], bladder cancer [12] and 
esophageal squamous cell carcinoma [13] through 
complex molecular mechanisms. Thus, LINC01296 
has been considered as a potential biomarker for 
the prognosis, diagnosis and treatment of cancers. 
Nonetheless, the effect of LINC01296 on OSCC re-
mains unclear. Thus, the present study firstly mea-
sured the expression level of LINC01296 in OSCC 
tissues and cell lines, and determined the effect of 
LINC01296 on OSCC cell proliferation, migration, 
invasion, cycle and apoptosis.

LncRNAs compete with their target miRNAs by 
complementary sequences, which is the most im-
portant regulatory mechanism of lncRNAs [14]. Our 
primary results showed the potential binding sites 
between LINC01296 and miR-485-5p. Indeed, mi-
croRNA-485-5p (miR-485-5p) has been reported to 
function as a tumor suppressor in multiple cancers 
such as breast cancer [15], glioma [16] and gas-
tric cancer [17]. Especially, Lin et al. indicated that 
miR-485-5p could inhibit the growth and survival 
of OSCC cells [18]. These results indicated that 
LINC01296 may be involved in OSCC progression 
and development through regulating miR-485-5p.

Furthermore, miRNAs mediate protein expres-
sion through binding with the 3′ untranslated re-
gions (UTR) of the protein-coding genes, thereby 
regulating different cellular functions [19]. Our pri-
mary results also predicted the potential binding 
sites between miR-485-5p and p21 (RAC1) activat-
ed kinase 4 (PAK4). PAK4 belongs to the group-II 
p21 protein (Cdc42/Rac)-activated kinase (PAK) 
family of serine/threonine kinases, and is critical 
for the progression of many cancers including OSCC 
[20]. Based on our primary results and previous in-
vestigations, we thus speculated that LINC01296 
might play significant roles in the progression of 
OSCC through regulating miR-485-5p and PAK4. 

To test this hypotheses, we determined the ex-
pression and role of LINC01296 in OSCC tissues 
and cell lines. The cell viability, migration and in-
vasion were determined by MTT, wound healing 
assay and transwell assay, respectively. Flow cy-
tometry was used for detecting the cell cycle and 
apoptosis. Our study showed that LINC01296 acts 
as an oncogenic gene in OSCC progression and 
development. The underlying mechanism was 
then explored in the following analysis.

Material and methods

Clinical samples

Forty cases of OSCC tissues and adjacent nor-
mal tissues were collected from patients after sur-
gery at the Affiliated Huaian No. 1 People’s Hospi-
tal of Nanjing Medical University. Before surgery, 
the patients received no treatment. The approval 
for the use of the samples was obtained from The 
Affiliated Huaian No. 1 People’s Hospital of Nan-
jing Medical University Ethical Committee. This 
study performed the processes following the ap-
proved guidelines and regulations. Informed writ-
ten consent was obtained from all participants.

Cell lines and culture

Human oral mucosal epithelial cell line (NHOK) 
and OSCC cell lines (SCC-15, CAL-27, HSC-2, 
Tca8113 and SCC-9) were purchased from Shang-
hai Guandao Bioengineering Co., Ltd. (Shanghai, 
China). These cell lines were incubated in DMEM 
(Gibco, Grand Island, NY) containing 10% fetal bo-
vine serum (FBS), and grown in a humidity incuba-
tor at 37°C with 5% CO

2.

Cell transfections

siRNAs of LINC01296 (si-LINC01296-#1 and si-
LINC01296-#2) and si-control (si-NC) were obtained 
from Invitrogen (Carlsbad, CA, USA). LINC01296 
overexpression plasmid (pcDNA LINC01296) and 
plasmid control (pcDNA3.1) were synthesized by 
CoBioer (Nanjing, Jiangsu, China). MiR-485-5p 
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mimics, mimic control (miR-NC), miR-485-5p inhib-
itor (miR-485-5p-inh) and inhibitor control (NC-inh) 
were purchased from GenePharma Co., Ltd. (Shang-
hai, China). For transfection, Lipofectamine 3000 
(Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, 
CA, USA) was used. After transfection for 48 h, cells 
were collected for the following analysis.

Real-time quantitative reverse transcription 
PCR (RT-qPCR)

Total RNA was obtained from tissues and cells 
using the RNeasy Mini Kit (Qiagen, Valencia, CA). 
RNA was used to synthesize cDNA by reverse tran-
scription using the QuantiTect Reverse Transcrip-
tion Kit (Qiagen, Valencia, CA). The procedures 
were performed using the Applied Biosystems 
ViiA 7 Real-Time PCR System (Life Technologies, 
Carlsbad, CA, USA) with the SYBR Green PCR Kit 
(Life Technologies). Primer sequences are listed in 
Table I. Relative expression levels were evaluated 
by the comparative CT method (2–ΔΔCT) and the 
data were normalized to GAPDH. 

MTT (3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide) assay

Briefly, 48 h after transfection, OSCC cells were 
plated in 96-well plates (1 × 104 cells per well, 
Corning Life Science, Tewksbury, MA, USA), and 
cultured for 24, 48, 72, 96 and 120 h, respectively. 
Next, we added MTT solution (5 mg/ml, 20 μl) into 
each well followed by incubating for 4 h, and then 
added DMSO to dissolve formazan crystals. The 
sample optical density was detected with a micro-
plate reader (BioTek, Richmond, USA) at 490 nm. 

Wound healing assay

After transfection for 48 h, the cells were seed-
ed onto six-well plates and incubated to 90% con-
fluence. After discarding the culture solution, the 
cell monolayer was scratched with a 200 μl sterile 
pipette tip, washed twice with PBS and then incu-

bated in DMEM medium for another 24 h. Next, the 
samples were recorded under a TH4-200 inverted 
microscope (Olympus Corporation, Tokyo, Japan).

Transwell invasion assay

The cell invasion assay was performed in 8-μm 
transwell filters (EMD Millipore, Billerica, MA, 
USA) with Matrigel matrix gel. Briefly, 48 h after 
transfection, the cells were collected, re-suspend-
ed in serum-free medium and added to the upper 
chamber. DMEM medium with 10% FBS was add-
ed to the lower chamber. Following 24 h of incu-
bation, the cells remaining in the upper chamber 
were cleaned up. We fixed the invading cells using 
4% paraformaldehyde, and stained the cells with 
0.05% crystal violet. Finally, the sample was re-
corded by a TH4-200 inverted microscope (Olym-
pus Corporation, Tokyo, Japan).

Cell cycle and apoptosis detection

For cell cycle detection, OSCC cells were collect-
ed after transfection for 48 h, washed twice using 
PBS and fixed in ethanol overnight at 4°C. Next, 
the cells were lysed with 0.2% Triton X-100, cen-
trifuged at 1200×g, and resuspended in PBS with 
RNase (10 mg/ml). Subsequently, the cells were 
stained with propidium iodide (PI) at 37°C for  
30 min and determined by FACSCalibur (BD Biosci-
ences, San Jose, CA, USA), followed by evaluating 
the ratio of cells in the G0/G1, S or G2/M phases. 

For cell apoptosis detection, 48 h after trans-
fection, the cells were harvested, resuspended in 
binding buffer (100 μl) and stained with Annexin 
V and PI (BD, Franklin Lakes, NJ, USA) in binding 
buffer (500 μl) avoiding light at room temperature 
for 10 min. Then, FACSCalibur (BD Biosciences, 
San Jose, CA, USA) was used to assess the sample. 

Tumor xenograft formation assay

Twenty-four male BALB/c nude mice aged  
6 weeks were obtained from the Experimental 

Table I. Primer sequences

Primer Sequence 

LINC01296 forward 5′-AAGTGGCACCAGCCTCACT-3′

LINC01296 reverse 5′-CGGCCAAGT TCTTTACCATC-3′

miR-485-5p forward 5′-CCAAGCTTCACCCATTCCTAACAGGAC-3′

miR-485-5p reverse 5′-CGGGATCCGTAGGTCAGTTACATGCATC-3′

PAK4 forward 5′-CGGATATTGTCACCCACACCAG-3′

PAK4 reverse 5′-CTAACAGGGACAGGAGCT-3′

GAPDH forward 5′-ACTGTGCCGACTTGACGTTT-3′

GAPDH reverse 5′-ATCGTAGTGAACGGTCGATTGT-3′
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Animal Center of The Affiliated Huaian No. 1 Peo-
ple’s Hospital of Nanjing Medical University and 
maintained under pathogen-free conditions at 
25°C with relative humidity of 45–55%. The ap-
proval for this animal experiment was obtained 
from the Committee of The Affiliated Huaian  
No. 1 People’s Hospital of Nanjing Medical Univer-
sity. shRNA LINC01296 and shRNA control (sh-ctrl) 
were synthesized by CoBioer (Nanjing, Jiangsu, 
China). HSC-2 cells and CAL-27 cells were stably 
transfected with control shRNA or sh-LINC01296 
plasmid for 48 h. Subsequently, the cells were 
collected, suspended in serum-free DMEM medi-
um (200 μl) and subcutaneously injected into the 
posterior flank of the mice. We randomly divid-
ed the mice into four groups (6 mice per group): 
HSC-2 cells transfected with sh-LINC01296, HSC-2 
cells transfected with control shRNA, CAL-27 cells 
transfected with sh-LINC01296 and CAL-27 cells 
transfected with control shRNA. Tumor diameter 
was measured using a Vernier caliper every week. 
The following formula was applied to calculate 
the volume of the tumors: tumor volume (mm3) 
= (length × width2)/2. After 5 weeks of feeding, 
the mice were sacrificed using the cervical dislo-
cation method, and the weight of the tumor was 
evaluated. 

Luciferase activity assay

The sequences of LINC01296 or PAK4 contain-
ing the predicted miR-485-5p binding sites and 
mutated sequences were amplified by qRT-PCR. 
The PCR fragment was cloned into the pmirGLO 
vector (Promega, Madison, WI) to construct lucif-
erase reporter vectors, designated as LINC01296 
WT, LINC01296 Mut, PAK4 WT and PAK4 Mut. 
These luciferase reporter vectors were respec-
tively co-transfected with miR-485-5p mimics or 
controls into OSCC cells with Lipofectamine 3000 
(Invitrogen, California, USA) according to the man-
ufacturer’s protocol. After transfection, the cells 
were incubated for 48 h, and collected for detec-
tion of luciferase activity by the Dual-Luciferase 
Reporter Assay System (Promega, CA, USA). Renil-
la luciferase was applied to normalize the lucifer-
ase intensity. 

Western blot

Total protein from OSCC cells was extracted 
using RIPA lysis buffer (KeyGEN, Nanjing, China), 
centrifuged at 2.0 × 104 g for 10 min and quanti-
fied by a BCA protein kit (Thermo, Waltham, MA, 
USA). Next, we equally separated the protein ly-
sates on 10% SDS-PAGE gels, and then transferred 
the protein into PVDF membranes. After blocking 
with 5% skim milk powder, the membranes were 
incubated with primary antibodies against PAK4, 

cyclin D1, CDK2, CDK4, CDK6, cyclin E1, cleaved 
caspase 3, cleaved caspase 9, E-cadherin, N-cad-
herin, p-MEK, MEK, p-ERK, ERK and GAPDH over-
night at 4°C. After washing twice with PBS, the 
membranes were cultured for 1 h with HRP-la-
beled IgG goat anti-rabbit secondary antibody at 
37°C, and determined using an ECL Western blot 
kit (Thermo Fisher Scientific, USA). GAPDH was 
used as an internal reference. 

RNA immunoprecipitation (RIP) assay

OSCC cell lysates were incubated with RIP buf-
fer with magnetic beads conjugated with normal 
rabbit IgG (negative control) or human Ago2 anti-
body (Millipore, Bedford, MA). To isolate the im-
munoprecipitated RNA, the protein was digested 
by proteinase K. Finally, purified RNAs were ana-
lyzed by qRT-PCR. 

Statistical analysis

Each experiment was carried out at least three 
times. All data were defined as means ± standard 
deviation (SD) and analyzed by SPSS 17.0 software. 
Student’s t-test was used to assess the significant 
difference between two groups, and the one-way 
analysis of variance (ANOVA) with Bonferroni post 
hoc test was used to evaluate the significant dif-
ference among multiple groups. Statistical signifi-
cance was determined by a p-value less than 0.05.

Results

LINC01296 is up-regulated in OSCC tissues 
and cell lines

In this study, qRT-PCR was performed to de-
tect the mRNA expression of LINC01296 in OSCC 
tissues and the adjacent normal tissues. As com-
pared to the normal tissues, LINC01296 was highly 
expressed in OSCC tissues (Figure 1 A). Further in-
vestigation suggested that the level of LINC01296 
was positively correlated with the patient’s tumor 
node metastasis (TNM) stage and nodal invasion 
(Figures 1 B, C). Additionally, LINC01296 was over-
expressed in OSCC cell lines (SCC-9, SCC-15, CAL-
27, HSC-2 and Tca8113) in comparison to human 
oral mucosal epithelial cell line NHOK (Figure 1 D). 
Given the ranking of the significant difference, typ-
ical cell lines HSC-2 and CAL-27 were selected for 
the following experiments. Collectively, LINC01296 
was over-expressed in OSCC tissues and cell lines.

LINC01296 knockdown inhibits OSCC cell via-
bility, migration and invasion but promotes OSCC 
cell apoptosis To explore the role of LINC01296 in 
OSCC cells, we examined the cell proliferation, mi-
gration, invasion, cycle and apoptosis, respectively. 
After HSC-2 and CAL-27 cell lines were transfect-
ed with siRNAs of LINC01296 (si-LINC01296-#1 
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and si-LINC01296-#2), si-control (si-NC) or blank 
for 48 h, LINC01296 siRNAs effectively inhibit-
ed the expression of LINC01296, especially si-
LINC01296-#2 (Figure 2 A), which was chosen 
for the further experiments. MTT assay suggest-
ed that knockdown of LINC01296 considerably 
inhibited the viability of OSCC cells (Figure 2 B).  
Next, the effects of LINC01296 on OSCC cell mi-
gration and invasion, which are critical for cancer 
progression and metastasis, were examined using 
the wound healing assay and transwell invasion 
assay, respectively. Our study showed that knock-
down of LINC01296 obviously suppressed OSCC 
cell migration and invasion (Figures 2 C, D). Fur-
thermore, the cell cycle and apoptosis were de-
termined using flow cytometry. As shown in Fig- 

ure 2 E, the number of cells in G1 phase was mark-
edly enhanced, whereas the number in S and G2 
phases was obviously reduced in OSCC cells trans-
fected with si-LINC01296 in comparison to the 
control group. Annexin V/PI double staining sug-
gested that LINC01296 knockdown remarkably 
promoted the apoptosis of OSCC cells (Figure 2 F).  
Taken together, down-regulation of LINC01296 
greatly inhibited OSCC cell proliferation, migration 
and invasion, and induced apoptosis.

LINC01296 knockdown inhibits tumor 
growth in OSCC mice

To examine the effect of LINC01296 on the 
growth of OSCC, HSC-2 and CAL-27 cell lines 

Figure 1. Expression level of LINC01296 in oral squamous cell carcinoma (OSCC). A – qRT-PCR was performed to 
determine the level of LINC01296 in OSCC tissues. The level of LINC01296 was positively correlated with the pa-
tient’s tumor node metastasis (TNM) stage (B) and nodal invasion (C). D – Expression of LINC01296 in OSCC cell 
lines was detected by qRT-PCR

***p < 0.001, **p < 0.01, *p < 0.05 versus control groups.
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Figure 2. The role of LINC01296 in OSCC cells. After HSC-2 and CAL-27 were transfected with siRNAs of LINC01296 (si-LINC01296-#1 and 
si-LINC01296-#2), si-control (si-NC) or blank, (A) the expression of LINC01296 was assessed by qRT-PCR; (B) cell viability was examined by 
MTT assay; (C) migration and (D) invasion of the cell lines were detected by wound healing assay and transwell assay, respectively; (E) cell 
cycle progression and (F) apoptosis were separately determined by flow cytometry

***p < 0.001, **p < 0.01 versus control group.
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transfected with shRNA LINC01296 or shRNA con-
trol (sh-ctrl) were subcutaneously injected into the 
posterior flank of the mice. As shown in Figure 3 A,  
LINC01296 knockdown greatly decreased the 
expression of LINC01296, proving the effective 
transfection of shRNA LINC01296. After 5 weeks, 
a smaller size of the tumor was observed in shRNA 
LINC01296 group in comparison to the shRNA con-
trol group (Figure 3 B). Also, the tumor volume and 
weight in the shRNA LINC01296 group were consid-
erably decreased as compared to the control group 
(Figures 3 C, D). Therefore, knockdown of LINC01296 
inhibited the tumor growth in OSCC mice.

lncRNA LINC01296 acts as a competing 
endogenous RNA (ceRNA) for miR-485-5p

lncRNAs have been reported to act as ceRNAs 
for miRNAs to regulate the progression of various 
cancers [14]. To investigate whether LINC01296 
can competitively sponge miRNAs to mediate 
OSCC progression, we used the miRDB website 
(http://mirdb.org/) to identify potential binding 
sites of LINC01296. Figure 4 A revealed the bind-
ing sites between miR-485-5p and LINC01296. 
To verify it, the luciferase reporter assay was per-
formed. Figure 4 B shows that miR-485-5p mim-
ics decreased the luciferase activity of the report-

er with LINC01296 wild type (Wt), but showed 
no effect on the reporter containing LINC01296 
mutant type (Mut). Further, the RIP assay was 
performed to confirm the relationship between 
LINC01296 and miR-485-5p. As Ago2 antibody 
could bind lncRNA and miRNA, the enrichment 
values of LINC01296 and miR-485-5p in the Ago2 
antibody group were higher than those in the 
normal input antibody group (Figure 4 C). Subse-
quently, correlation analysis between LINC01296 
and miR-485-5p was performed. Compared with 
the control plasmid (pcDNA3.1), the transfection 
of pcDNA LINC01296 significantly increased the 
level of LINC01296 in HSC-2 and CAL-27 cell lines 
(Figure 4 D). Then, qRT-PCR revealed that miR-
485-5p level was remarkably decreased in OSCC 
cells transfected with pcDNA LINC01296 com-
pared with pcDNA3.1, whereas the miR-485-5p 
level was obviously enhanced by the transfection 
of si-LINC01296 in comparison to si-control (Fig- 
ure 4 E). Additionally, the expression of miR-485-
5p was down-regulated in OSCC tissues in com-
parison with the normal tissues (Figure 4 F). The 
Pearson correlation analysis confirmed the nega-
tive correlation between LINC01296 and miR-485-
5p (Figure 4 G). Therefore, LINC01296 could func-
tion as a ceRNA for miR-485-5p.

Figure 3. The effect of LINC01296 on tumor growth in OSCC mice. A  – Relative expression of LINC01296 in HSC-2  
and CAL-27 cell lines transfected with shRNA LINC01296 or shRNA control (sh-ctrl) was detected by qRT-PCR. B – Images of tumors 
obtaining from xenograft mice. C – Changes of tumor volume were recorded during the feeding period. D – Weight of OSCC tumors 
after treatment with shRNA LINC01296 or sh-ctrl

***p < 0.001, **p < 0.01 versus control group.
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PAK4 is identified to be a target  
of miR-485-5p

TargetScan was performed to predict the po-
tential targets of miR-485-5p and PAK4 was pre-

dicted to be a candidate (Figure 5 A), and the lu-

ciferase reporter assay was first determined. The 

luciferase activity was greatly reduced after the 

transfection of miR-485-5p mimics in the PAK4 
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miR-485-5P was assessed by Pearson correlation analysis

***p < 0.001, **p < 0.01 versus control group.
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Wt group, whereas the transfection of miR-485-5p 
mimics in OSCC cells had no significant effect in 
PAK4 Mut and control groups (Figure 5 B). Hence, 
miR-485-5p could directly target PAK4.

The correlation between miR-485-5p and PAK4 
was further validated by qRT-PCR and western 
blot. Figure 5 C shows the effective transfection 
of miR-485-5p mimics or miR-485-5p inhibitor. Af-
ter transfection, PAK4 expression was decreased 
by miR-485-5p mimic transfection, and increased 
by the transfection of miR-485-5p inhibitor (Fig- 
ure 5 D). The western blot produced consistent 
results, as shown in Figure 5 E. Indeed, PAK4 was 
over-expressed in OSCC tissues in comparison to 

the normal tissues (Figure 5 F). Moreover, the neg-
ative correlation between PAK4 and miR-485-5p 
and the positive correlation between LINC01296 
and PAK4 were confirmed by the Pearson correla-
tion analysis, respectively (Figures 5 G, H).

The oncogenic effect of LINC01296 on 
OSCC cells was through mediating  
the miR-485-5p/ PAK4 axis

To validate whether miR-485-5p and PAK4 
were involved in the oncogenic role of LINC01296 
in the progression of OSCC, HSC-2 and CAL-27 cell 
lines were separately transfected with inhibitor 
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Figure 5. PAK4 is identified as a target of miR-485-5p. A – Images of the potential binding sites between miR-485-
5p and PAK4. B – The interaction between PAK4 and miR-485-5p was firstly determined via luciferase reporter 
assay. C – Transfection efficiency of miR-485-5p mimics or miR-485-5p inhibitor was evaluated by qRT-PCR. PAK4 
expression level was measured by (D) qRT-PCR and (E) western blot, respectively. F – The level of PAK4 in OSCC 
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control (NC-inh) + siRNA control (si-NC), NC-inh 
+ si-LINC01296, miR-485-5p inhibitor + si-NC, or 
si-LINC01296 + miR-485-5p inhibitor, respective-
ly. MTT assay revealed that the inhibitive cell vi-
ability induced by si-LINC01296 was obviously 
reversed by miR-485-5p inhibitor (Figure 6 A). 
Similarly, the suppressed migration and invasion 
capacity observed in OSCC cells transfected with 
si-LINC01296 were significantly up-regulated 
by miR-485-5p inhibitor co-transfection (HSC-
2 cells, ANOVA, Figure 6 B, F(3,8) = 148.041, p < 
0.001, and Figure 6 C, F(3,8) = 70.855, p < 0.001;  
CAL-27 cells, ANOVA, Figure 6 B, F(3,8) = 51.984,  
p < 0.001, and Figure 6 C, F(3,8) = 66.853, p < 0.001). 
In addition, cells transfected with si-LINC01296 
showed a  greater number of cells in G1 than 
the cells co-transfected with si-LINC01296 and  
miR-485-5p inhibitor (Figure 6 D). Moreover, the 
promotion of OSCC cell apoptosis by si-LINC01296 
was also changed by miR-485-5p inhibitor (Fig- 
ure 6 E, HSC-2 cells, ANOVA, F(3,8) = 45.595, p < 
0.001; CAL-27 cells, ANOVA, F(3,8) = 38.486, p < 
0.001). E-cadherin is known as a tumor suppres-
sor and N-cadherin is known as a tumor promoter, 
which are critical for cancer metastasis [21]. High-
er expression of E-cadherin and lower expression 
of N-cadherin were found in the si-LINC01296 
group, which were considerably changed by  
miR-485-5p inhibitor (Figure 6 F, E-cadherin,  
ANOVA, HSC-2 cells, F(3,8) = 255.811, p < 0.001, 
and CAL-27 cells, F(3,8) = 38.503, p < 0.001; N-cad-
herin, ANOVA, HSC-2 cells, F(3,8) = 20.725, p < 
0.001, and CAL-27 cells, F(3,8) = 18.821, p = 0.001).

The activities of cyclin D1, CDK2, CDK4, CDK6 
and cyclin E1 are required for cell cycle G1/S 
transition [22, 23]. Lower expression of these 
proteins was observed in OSCC cells transfected 
with si-LINC01296, which were up-regulated after 
co-transfecting with si-LINC01296 and miR-485-
5p inhibitor (Figure 6 F, cyclin D1, ANOVA, HSC-2 
cells, F(3,8) = 86.306, p < 0.001, and CAL-27 cells, 
F(3,8) = 140.917, p < 0.001; CDK2, ANOVA, HSC-2 
cells, F(3,8) = 48.771, p < 0.001, and CAL-27 cells, 
F(3,8) = 19.618, p < 0.001; CDK4, ANOVA, HSC-2  
cells, F(3,8) = 25.293, p < 0.001, and CAL-27 
cells, F(3,8) = 62.073, p < 0.001; CDK6, ANOVA, 
HSC-2 cells, F(3,8) = 43.158, p < 0.001, and CAL-
27 cells, F(3,8) = 129.898, p < 0.001; cyclin E1,  
ANOVA, HSC-2 cells, F(3,8) = 45.395, p < 0.001, 
and CAL-27 cells, F(3,8) = 24.025, p < 0.001). 
Also, the expression of the pro-apoptotic proteins 
caspase 3 and caspase 9 was enhanced by si-
LINC01296 transfection, whereas the expression 
level was decreased by the introduction of miR-
485-5p inhibitor (caspase 3, ANOVA, HSC-2 cells, 
F(3,8) = 16.855, p = 0.001, and CAL-27 cells, F(3,8) 
= 34.716, p < 0.001; caspase 9, ANOVA, HSC-2 
cells, F(3,8) = 33.442, p < 0.001, and CAL-27 cells, 
F(3,8) = 85.583, p < 0.001).

The MAPK/ERK (mitogen-activated protein ki-
nases/extracellular signal regulated kinase) sig-
naling pathway is critical for cell proliferation, 
migration, invasion and apoptosis [24]. Thus, the 
expression levels of key proteins MEK and ERK 
in the MAPK/ERK signaling pathway were deter-
mined by western blot. Figure 6 F shows that the 
phosphorylation of MEK and ERK was decreased 
by si-LINC01296, whereas the introduction of 
miR-485-5p inhibitor increased the expression 
of p-MEK and p-ERK (p-ERK, ANOVA, HSC-2 cells, 
F(3,8) = 11.081, p < 0.001, and CAL-27 cells, F(3,8) 
= 17.481, p = 0.001; p-MEK, ANOVA, HSC-2 cells, 
F(3,8) = 71.856, p < 0.001, and CAL-27 cells, F(3,8) 
= 39.991, p < 0.001). 

Additionally, PAK4 expression was down-regu-
lated by si-LINC01296, but up-regulated by miR-
485-5p inhibitor. However, this alteration was re-
versed by si-LINC01296 and miR-485-5p inhibitor 
co-transfection (Figure 6 F, PAK4, ANOVA, HSC-2 
cells, F(3,8) = 46.929, p < 0.001, and CAL-27 cells, 
F(3,8) = 56.659, p < 0.001).

Discussion

Owing to the lack of effective diagnostic and 
treatment methods, the overall survival in patients 
with OSCC has not been improved significant-
ly [4]. Identifying novel biomarkers has become 
a  major research direction in OSCC prognosis, 
diagnosis and treatment [1]. As lncRNAs are key 
regulators for various cellular processes, lncRNAs 
have been regarded as potential biomarkers for 
cancer treatment [9]. lncRNA LINC01296 has been 
reported to be associated with diverse cancers. 
LINC01296 overexpression promoted the prolifer-
ation, metastasis and cycle progression of bladder 
cancer cells [25]. High expression of LINC01296 
was also observed in gastric cancer, which pro-
moted the progression of gastric cancer through 
sponging miR-122 to mediate MMP-9 expression 
[26]. In agreement with the previous studies, we 
found that LINC01296 was highly expressed in 
OSCC tissues and cells. LINC01296 level was pos-
itively correlated with the patient’s TNM stage 
and nodal invasion. Additionally, knockdown of 
LINC01296 effectively inhibited the OSCC cell cy-
cle progression, proliferation and metastasis, and 
induced cell apoptosis. Moreover, knockdown of 
LINC01296 significantly suppressed the growth of 
OSCC tumor. Therefore, our study indicated that 
LINC01296 might be a potential biomarker for the 
diagnosis and therapy of OSCC.

Based on the ceRNA hypothesis, lncRNAs can 
function as sponges of miRNAs through compet-
ing with mRNAs [14], and thereby affect the de-
velopment and progression of many diseases [27]. 
For instance, lncRNA GAS5 inhibits the growth 
and metastasis of OSCC through sponging miR-
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Figure 6. The oncogenic effect of LINC01296 on OSCC cells was through mediating the miR-485-5p/PAK4 axis. After HSC-2 and CAL-27 cell lines were 
separately transfected with inhibitor control (NC-inh) + siRNA control (si-NC), NC-inh + si-LINC01296, miR-485-5p inhibitor + si-NC, or si-LINC01296 + 
miR-485-5p inhibitor, (A) cell viability, (B) migration and (C) invasion were determined by MTT, wound healing assay and transwell assay, respectively. 
Flow cytometry detected the (D) cell cycle and (E) apoptosis

***p < 0.001, **p < 0.01 versus control group.
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21 to regulate PTEN expression [28]. Our study 
suggested that LINC01296 could bind to miR-485-
5p by using luciferase reporter and RIP assays. 
A  negative correlation between miR-485-5p and 
LINC01296 was also observed. Thus, LINC01296 
could be considered as a  ceRNA for miR-485-5p 
in OSCC. Importantly, the effects of LINC01296 
knockdown on OSCC cell viability, migration, inva-
sion and cell apoptosis were significantly reversed 
by miR-485-5p inhibitor. These results indicated 
the involvement of miR-485-5p in the oncogenic 
role of LINC01296 in OSCC progression and devel-
opment.

miRNAs mediate the progression of tumors 
through regulating the expression of target genes 
[29]. Duan et al. suggested that miR-485-5p can 
negatively mediate its target molecule NUDT1 to 
regulate cell proliferation and metastasis in gas-
tric cancer [18]. In the present study, the results 
indicated that PAK4 was identified as a target of 
miR-485-5p in OSCC. Consistently, PAK4 is highly 
expressed in diverse cancers and promotes can-
cer cell growth [30, 31]. Moreover, an immunohis-
tochemical analysis of primary tumors from 105 
cases of head and neck SCC including 50 cases 
of OSCC demonstrated the overexpression of 
PAK4 to be significantly associated with a  poor-
er prognosis [20]. These findings suggested that 
LINC01296 participated in OSCC progression and 
development through regulating PAK4 expression 
via LINC01296. The MAPK/ERK signaling pathway 
communicates extracellular signals to the DNA 
in the cell nucleus, and regulates many cellular 
processes such as cell cycle, progression, metas-
tasis, differentiation and apoptosis [24, 32]. Dys-
regulation of the MAPK/ERK signaling pathway 
is observed in many types of cancers including 
OSCC [33–36]. In the present work, the expres-
sion levels of the key proteins p-MEK and p-ERK 
in the MAPK/ERK signaling pathway and PAK4 
were increased by miR-485-5p inhibitor, and were 
decreased by the introduction of si-LINC01296. 
Thus, LINC01296 could medicate the expression 
of p-MEK and p-ERK via sponging miR-485-5p to 
regulate PAK4 expression. 

Overall, these findings indicated that 
LINC01296 promotes the cell cycle, proliferation, 
migration and invasion, and inhibit cell apopto-
sis in OSCC cells through activating the MAPK/
ERK signaling pathway via sponging miR-485-5p 
to regulate PAK4 expression. This is the first evi-
dence demonstrating the role of the LINC01296/
miR-485-5p/PAK4 axis in the progression of OSCC, 
which provides new insight for understanding 
the pathogenesis of OSCC. Of course, this is just 
a  preliminary study about the functional role of 
LINC01296 in OSCC, and these findings need to 
be further validated and elucidated by animal ex-
periments in vivo and clinical trials.

In conclusion, our study revealed that LINC01296 
promotes cell proliferation, migration, invasion 
and cycle progression, and inhibits cell apoptosis 
through mediating the miR-485-5p/ PAK4 axis. 
Our study provides new insight into the molecular 
pathogenesis of OSCC, and may supply novel bio-
markers for diagnosis and therapy of OSCC. 

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1. Rivera C, Oliveira AK, Costa RAP, De Rossi T, Paes  

Leme AF. Prognostic biomarkers in oral squamous cell 
carcinoma: a  systematic review. Oral Oncol 2017; 72: 
38-47.

2. Yang Y, Chen D, Liu H, Yang K. Increased expression of 
lncRNA CASC9 promotes tumor progression by sup-
pressing autophagy-mediated cell apoptosis via the 
AKT/mTOR pathway in oral squamous cell carcinoma. 
Cell Death Dis 2019; 10: 41.

3. Feng L, Houck JR, Lohavanichbutr P, Chen C. Transcrip-
tome analysis reveals differentially expressed lncRNAs 
between oral squamous cell carcinoma and healthy oral 
mucosa. Oncotarget 2017; 8: 31521-31.

4. Ishida K, Tomita H, Nakashima T, et al. Current mouse 
models of oral squamous cell carcinoma: genetic and 
chemically induced models. Oral Oncol 2017; 73: 16-20.

5. Eckert AW, Wickenhauser C, Salins PC, et al. Correction 
to: Clinical relevance of the tumor microenvironment 
and immune escape of oral squamous cell carcinoma.  
J Transl Med 2018; 16: 40.

6. Kopp F, Mendell JT. Functional classification and exper-
imental dissection of long noncoding RNAs. Cell 2018; 
172: 393-407.

7. Liang H, Pan Z, Zhao X, et al. LncRNA PFL contributes to 
cardiac fibrosis by acting as a competing endogenous 
RNA of let-7d. Theranostics 2018; 8: 1180-94.

8. Chen DL, Lu YX, Zhang JX, et al. Long non-coding RNA 
UICLM promotes colorectal cancer liver metastasis by 
acting as a ceRNA for microRNA-215 to regulate ZEB2 
expression. Theranostics 2017; 7: 4836-49.

9. Schmitt A, Chang H. Long noncoding RNAs in cancer 
pathways. Cancer Cell 2016; 29: 452-63.

10. Wu XS, Wang F, Li HF, et al. LncRNA-PAGBC acts as a mi-
croRNA sponge and promotes gallbladder tumorigene-
sis. Embo Reports 2017; 18: e201744147.

11. Liu B, Pan S, Xiao Y, et al. LINC01296/miR-26a/GALNT3 
axis contributes to colorectal cancer progression by 
regulating O-glycosylated MUC1 via PI3K/AKT pathway.  
J Exp Clin Cancer Res CR 2018; 37: 316.

12. Seitz AK, Christensen LL, Christensen E, et al. Profiling 
of long non-coding RNAs identifies LINC00958 and 
LINC01296 as candidate oncogenes in bladder cancer. 
Sci Rep 2017; 7: 395.

13. Wang L, Meng D, Wang Y, Hu J. Long non-coding RNA 
LINC01296 promotes esophageal squamous cell carci-
noma cell proliferation and invasion by epigenetic sup-
pression of KLF2. Am J Cancer Res 2018; 8: 2020-9.

14. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA  
hypothesis: the Rosetta Stone of a  hidden RNA lan-
guage? Cell 2011; 146: 353-8.

15. Wang M, Cai WR, Meng R, et al. miR-485-5p suppress-
es breast cancer progression and chemosensitivity by 



Long non-coding RNA LINC01296 promotes progression of oral squamous cell carcinoma through activating the MAPK/ERK  
signaling pathway via the miR-485-5p/PAK4 axis

Arch Med Sci 3, 1st May / 2022 799

targeting survivin. Biochem Biophys Res Commun 2018; 
501: 48-54.

16. Wang R, Zuo X, Wang K, et al. MicroRNA-485-5p atten-
uates cell proliferation in glioma by directly targeting 
paired box 3. Am J Cancer Res 2018; 8: 2507-17.

17. Duan J, Zhang H, Li S, et al. The role of miR-485-5p/
NUDT1 axis in gastric cancer. Cancer Cell Int 2017; 17: 92.

18. Lin XJ, He CL, Sun T, et al. hsa-miR-485-5p reverses epi-
thelial to mesenchymal transition and promotes cispla-
tin-induced cell death by targeting PAK1 in oral tongue 
squamous cell carcinoma. Int J Mol Med 2017; 40: 83-9.

19. Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards 
a new era for the management of cancer and other dis-
eases. Nat Rev Drug Discov 2017; 16: 203-22.

20. Begum A, Imoto I, Kozaki K, et al. Identification of 
PAK4 as a putative target gene for amplification within 
19q13.12-q13.2 in oral squamous-cell carcinoma. Can-
cer Sci 2009; 100: 1908-16.

21. Labernadie A, Kato T, Brugues A, et al. A mechanically 
active heterotypic E-cadherin/N-cadherin adhesion en-
ables fibroblasts to drive cancer cell invasion. Nat Cell 
Biol 2017; 19: 224-37.

22. Shi Y, Qian ZR, Zhang S, et al. Cell cycle protein expression 
in neuroendocrine tumors: association of CDK4/CDK6, 
CCND1, and phosphorylated retinoblastoma protein with 
proliferative index. Pancreas 2017; 46: 1347-53.

23. Sandhu C, Donovan J, Bhattacharya N, et al. Reduction 
of Cdc25A contributes to cyclin E1-Cdk2 inhibition at 
senescence in human mammary epithelial cells. Onco-
gene 2000; 19: 5314-23.

24. Sun Y, Liu WZ, Liu T, et al. Signaling pathway of MAPK/
ERK in cell proliferation, differentiation, migration, se-
nescence and apoptosis. J Recept Signal Transduct Res 
2015; 35: 600-4.

25. Wang X, Wang L, Gong Y, et al. Long noncoding RNA 
LINC01296 promotes cancer-cell proliferation and me-
tastasis in urothelial carcinoma of the bladder. Onco 
Targets Ther 2019; 12: 75-85.

26. Qin QH, Yin ZQ, Li Y, Wang BG, Zhang MF. Long intergen-
ic noncoding RNA 01296 aggravates gastric cancer cells 
progress through miR-122/MMP-9. Biomed Pharmaco-
ther 2018; 97: 450-7.

27. Denzler R, Agarwal V, Stefano J, Bartel DP, Stoffel M. As-
sessing the ceRNA hypothesis with quantitative mea-
surements of miRNA and target abundance. Mol Cell 
2014; 54: 766-76.

28. Zeng B, Li Y, Jiang F, et al. LncRNA GAS5 suppresses 
proliferation, migration, invasion, and epithelial-mes-
enchymal transition in oral squamous cell carcinoma 
by regulating the miR-21/PTEN axis. Exp Cell Res 2019; 
374: 365-73.

29. Gandellini P, Doldi V, Zaffaroni N. microRNAs as players 
and signals in the metastatic cascade: implications for 
the development of novel anti-metastatic therapies. Se-
min Cancer Biol 2017; 44: 132-40.

30. Zhang X, Zhang X, Li Y, et al. PAK4 regulates G6PD ac-
tivity by p53 degradation involving colon cancer cell 
growth. Cell Death Dis 2017; 8: e2820.

31. He LF, Xu HW, Chen M, et al. Activated-PAK4 predicts 
worse prognosis in breast cancer and promotes tumori-
genesis through activation of PI3K/AKT signaling. Onco-
target 2017; 8: 17573-85.

32. Marchetti P, Trinh A, Khamari R, Kluza J. Melanoma me-
tabolism contributes to the cellular responses to MAPK/
ERK pathway inhibitors. Biochim Biophys Acta Gen Subj 
2018; 1862: 999-1005.

33. Chakraborty C, Sharma AR, Patra BC, et al. MicroRNAs me-
diated regulation of MAPK signaling pathways in chronic 
myeloid leukemia. Oncotarget 2016; 7: 42683-97.

34. Burotto M, Chiou VL, Lee JM, Kohn EC. The MAPK path-
way across different malignancies: a new perspective. 
Cancer 2014; 120: 3446-56.

35. Fu X, Feng Y. QKI-5 suppresses cyclin D1 expression and 
proliferation of oral squamous cell carcinoma cells via 
MAPK signalling pathway. Int J Oral Maxillofac Surg 
2015; 44: 562-7.

36. Gao L, Wang X, Wang X, et al. IGF-1R, a target of let-7b, 
mediates crosstalk between IRS-2/Akt and MAPK path-
ways to promote proliferation of oral squamous cell car-
cinoma. Oncotarget 2014; 5: 2562-74.


	_Hlk3982180
	_Hlk7287779
	OLE_LINK1
	OLE_LINK2
	OLE_LINK14
	OLE_LINK15
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK10
	OLE_LINK11
	_Hlk536648220
	OLE_LINK12
	OLE_LINK13
	OLE_LINK8

