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1. Introduction
OSCC is a heterogeneous cancer that occurs in the mu-

cosal lining of the oral cavity [1-3]. Lifestyle habits such 
as alcohol intake and smoking are responsible for OSCC 
tumorigenesis [4]. OSCC correlates with a high morta-
lity rate and is prevalent worldwide, with over 300, 000 
patients diagnosed annually [5, 6]. Current treatments for 
patients with OSCC include biologic therapy, chemothe-
rapy, surgery, and radiotherapy [6]. However, the treat-
ment outcomes of OSCC patients are largely unfavorable 
[7]. There is a clear need to make an early and accurate 
diagnosis. Understanding the molecular mechanism un-
derlying OSCC is of great significance in improving the 
prognosis of patients.

Long noncoding RNAs (lncRNAs) are crucial fac-
tors for the initiation and development of OSCC [8-10]. 
LncRNAs are consisted of over 200 nucleotides and have 
limited protein-coding capability [11], which participate 
in the initiation and metastasis of tumors by regulating va-
rious biological behaviors [12]. For instance, knockdown 
of lncRNA CASC9 facilitates cell autophagy while inhi-
biting cell proliferation [13]. Moreover, silencing of ln-

cRC3H2 inhibits OSCC cell growth and metastasis in vitro 
[14]. LINC00657, remarkably upregulated in OSCC tis-
sues, shows a close association with the poor prognosis of 
OSCC patients [15].

Based on bioinformatics databases, PCBP1-AS1 level 
is lessened in head and neck squamous cell carcinoma 
(HNSC) samples, which is correlated to poor prognosis of 
patients. In addition, the aberrant expression of PCBP1-
AS1 in OSCC has also been mentioned in previous studies 
[16]. However, the underpinning mechanism of PCBP1-
AS1 in OSCC has not been reported yet. Previously, 
PCBP1-AS1 level was reported to be reduced in lung ade-
nocarcinoma, and its knockdown facilitates cancer cell in-
vasion and migration [17]. PCBP1-AS1 is high-expressed 
in hepatocellular carcinoma and promotes proliferation 
and metastasis via regulation of PCBP1 and downstream 
signaling [18]. Moreover, PCBP1-AS1 was reported to 
be involved in the competing endogenous RNA (ceRNA) 
network in Hodgkin lymphoma [19].

According to the ceRNA hypothesis, lncRNAs can in-
teract with microRNAs (miRNAs) in a competitive man-
ner to regulate expression levels of protein-coding genes 
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[20]. The ceRNA role of lncRNAs in OSCC has been 
widely investigated. For example, JPX/miR-944/CDH2 
network, LHFPL3-AS1/miR-362-5p/CHSY1 network, 
and LINC01929/miR-137-3p/FOXC1 network are newly 
reported ceRNA hypothesis in OSCC [21-23]. We suspec-
ted that PCBP1-AS1 may serve as a ceRNA in OSCC to 
regulate downstream genes.

The functions and mechanisms of PCBP1-AS1 in 
OSCC were explored in the study. The study may lay a 
therapeutical basis for OSCC diagnosis and prognosis.

2. Materials and methods
2.1. Cell lines

OSCC cell lines (CAL-27, SCC-15, and SCC-9) 
and oral normal epithelial cell line (NHOK) purchased 
from Chinese Academy of Sciences (Shanghai, China) 
were maintained in culture medium (RPMI 1640, Sig-
ma-Aldrich, USA) containing fetal bovine serum (10%), 
streptomycin (100 μg/mL), and penicillin (100 U/mL) at 
37°C with 5% CO2.

2.2. Transfections
miR-34c-5p inhibitor/mimics, small interfering (si) 

RNA against PCBP1-AS1 (si-PCBP1-AS1#1/2) or 
ZFP36 (si-ZFP36), pCDH vector containing PCBP1-AS1 
sequence and related negative control (NC) inhibitor/mi-
mics, si-NC, and empty pCDH vector were obtained from 
GenePharma (Shanghai, China). Lipofectamine 3000 
reagent (Invitrogen, USA) was used for 48 h cell trans-
fection.

2.3. RT-qPCR
TRIzol Reagent (Invitrogen, USA) and PrimeScriptTM 

RT reagent (Takara Bio, China) were adopted for RNA ex-
traction and cDNA synthesis. qPCR was performed using 
SYBR Green PCR Master Mix (MedChem Express, USA) 
on the ABI 7900 thermocycler (Thermo Fisher, USA). 
GAPDH and U6 acted as endogenous controls for lncR-
NA/mRNAs and miRNAs, respectively. The 2−ΔΔCt method 
was adopted to calculate relative gene expression.

2.4. Subcellular fractionation assay
PARIS kit (Life Technologies, USA) as well as Am-

bion’s RNA isolation system (Life Technologies, USA) 
were utilized for isolation and purification of cytoplasmic 
and nuclear RNA from OSCC cells. PCBP1-AS1 levels in 
cytoplasmic and nuclear parts were determined utilizing 
qPCR analysis and normalized to U6 and GAPDH, res-
pectively.

2.5. CCK-8 assay
After plated on 96-well plates (5000 cells/well), OSCC 

cells were cultured for 24, 48, 72 and 96 h. At these time 
points, Cell Counting Kit-8 kit was added into each well. 
Values of optical density (OD) were recorded adopting a 
microplate reader (BioTek, USA) at 450 nm wavelength.

2.6. Colony forming assay
Transfected CAL-27 and SCC-9 cells were plated to 

6-well plates (500 cells/well) for 14 days of incubation. 
The medium was changed each three days. Next, formed 
colonies were treated with paraformaldehyde (4%, 30 min) 
and crystal violet solution (0.5%, 5 min), respectively, for 
fixing and staining. At last, number of cell colonies was 

calculated manually.

2.7. TUNEL assay
After washed with phosphate buffered saline twice, 

transfected CAL-27 and SCC-9 cells were fixed with 4% 
paraformaldehyde and permeabilized utilizing Triton-X 
100 (0.25%, 25 min). Next, TUNEL assay reagent (Merck 
KGaA, Germany) was added to cells for incubation 
conforming to the manufacturer’s protocols. After added 
with DAPI solution, nuclei were stained in blue. An opti-
cal microscopy (Olympus) was used to capture images.

2.8. Flow cytometry analysis
Annexin V-PI double staining kit (BD Biosciences, 

USA) was adopted to measure CAL-27 and SCC-9 cell 
apoptosis. Briefly, transfected cells were treated with cen-
trifugation followed by staining with binding buffer. Cell 
apoptotic rate was analyzed using a FACScan flow cyto-
metry (BD Biosciences, USA) and CellQuest software 
(BD Biosciences).

2.9. Western blotting
Radio-immunoprecipitation assay lysis buffer (Santa 

Cruz Biotechnology, China) and a bicinchoninic acid kit 
(Qiagen, Germany) were adopted for protein extraction 
and concentration determination, respectively. Then, after 
separated by SDS-PAGE, protein samples were trans-
ferred onto a PVDF membrane (Millipore, USA). The 
membrane first sealed with 5% skim milk powder for 1 
h at 25°C followed by incubation with primary antibo-
dies (Abcam, USA) against ZFP36 (ab119779, 1/2000), 
PCNA (ab18197, 1/1000), Ki67 (ab16667, 1/1000), Bax 
(ab32503, 1/2000), Bcl-2 (ab182858, 1/2000) and loading 
control β-actin (ab8226, 1/1000) overnight at 4°C and cor-
responding secondary antibodies for 1 h at 25°C. Efficient 
chemiluminescence detection kit (Proandy, China) and 
ImageJ software (NIH, USA) were respectively adopted 
to visualize the signals and analyze the intensity of signals.

2.10. Bioinformatics analysis
ENCORI website was adopted to predict PCBP1-AS1 

or ZFP36 level in HNSC tissue samples or normal samples 
[24], downstream miRNAs that share binding area with 
PCBP1-AS1, and targets of miR-34c-5p.

2.11. RNA immunoprecipitation (RIP) assay
The Magna RIP™ RNA-Binding Protein Immunopre-

cipitation Kit (Millipore, USA) was used for this assay. 
After OSCC cells were lysed using RIP lysis buffer (Ther-
mo Fisher Scientifc, USA), the lysate was incubated with 
the magnetic beads (Invitrogen, USA) conjugated with 
anti-Ago2 antibody or anti-IgG antibody for 8 h at 4°C. 
Next, the complex was purified conforming to the manu-
facturer’s protocol. The enrichment of RNAs was exami-
ned via RT-qPCR.

2.12. Luciferase reporter assay
Wild-type or mutated ZFP36 3’UTR containing miR-

34c-5p binding area was respectively subcloned into 
pmirGLO luciferase reporter vectors (Promega, USA) to 
generate pmirGLO-ZFP36-Wt/Mut. Similarly, miR-34c-
5p-Wt/Mut sequence was subcloned to pmirGLO vector 
to generate pmirGLO-miR-34c-5p-Wt/Mut. Afterwards, 
pmirGLO-miR-34c-5p-Wt/Mut was cotransfected with 
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(Fig. 1B). Moreover, low PCBP1-AS1 level was related 
to poor prognosis in patients with HNSC according to the 
analysis from ENCORI website (Fig. 1C).

3.2. PCBP1-AS1 overexpression inhibits OSCC cell 
proliferation and enhances cell apoptosis

Gain-of-function experiments were carried out to 
investigate the functions of PCBP1-AS1 in OSCC cells. 
PCBP1-AS1 was overexpressed in SCC-9 and CAL-27 
cells transfected with pCDH-PCBP1-AS1 as shown by 
Fig. 2A. In the context of PCBP1-AS1 overexpression, 
OSCC cell viability was greatly suppressed according 
to CCK-8 assays (Fig. 2B). In addition, colony forming 
assays verified that the proliferative capability of OSCC 
cells in pCDH-PCBP1-AS1 group was also inhibited (Fig. 
2C). As evidenced by TUNEL assays and flow cytometry 
analyses, the number of apoptotic cells was markedly ele-
vated after PCBP1-AS1 overexpression (Fig. 2D-F). Wes-
tern blotting was conducted to quantify protein expression 
of proliferative markers (PCNA and Ki67) and apoptotic 
markers (Bax and Bcl-2). In OSCC cells overexpressing 

pCDH-PCBP1-AS1 vector or control pCDH vector into 
OSCC cells, and pmirGLO-ZFP36-Wt/Mut was cotrans-
fected with NC inhibitor, miR-34c-5p inhibitor, or si-
PCBP1-AS1#1 into OSCC cells utilizing Lipofectamine 
3000 reagent (Invitrogen, USA). Luciferase activities was 
examined utilizing a Dual-luciferase reporter assay system 
after 48 h.

2.13. RNA pulldown assay
Biotinylated miR-34c-5p WT/MUT and the negative 

control (Bio-NC) purchased from Sangon (Shanghai, 
China) were transfected into OSCC cells for 24 h. Then, 
cells were lysed, and the lysate was incubated with Dyna-
beads M-280 Streptavidin (Invitrogen, USA) for 15 min. 
After RNA was eluted from beads, PCR analysis was per-
formed to examine RNA level.

2.14. Statistical analysis
Data are expressed as the mean ± standard deviation 

(SD) and were analyzed utilizing SPSS 19.0 (IBM, USA). 
Significance between two or more groups was analyzed 
using two-tailed unpaired Student’s t-test or ANOVA fol-
lowed by Tukey’s post hoc analysis. Values of p less than 
0.05 were regarded to be statistically significant.

3. Results
3.1. PCBP1-AS1 is downregulated in OSCC cells

According to the bioinformatics analysis from ENCO-
RI, PCBP1-AS1 displayed low expression in HNSC tis-
sues (n=502) compared to that in healthy samples (n=44) 
(Fig. 1A). Then, PCR was conducted to detect PCBP1-
AS1 expression in OSCC cell lines (SCC-9, CAL-27, 
SCC-15) and healthy oral epithelial cell line NHOK. 
Consistent with the bioinformatics analysis, qPCR analy-
sis exhibited low PCBP1-AS1 level in OSCC cell lines 

Fig. 1. PCBP1-AS1 is downregulated in OSCC cells. (A) PCBP1-
AS1 level in HNSC samples (n=502) and normal samples (n=44) was 
predicted with ENCORI. (B) Expression of PCBP1-AS1 in OSCC cell 
lines (SCC-15, CAL-27, and SCC-9) was detected by qPCR. (C) The 
correlation of PCBP1-AS1 expression and the outcome of patients 
with HNSC was analyzed with ENCORI website. **p<0.01, *p<0.05.

Fig. 2. PCBP1-AS1 overexpression obstructs OSCC cell growth. 
(A) RT-qPCR analysis of PCBP1-AS1 level in OSCC cells transfected 
with pCDH vector or pCDH-PCBP1-AS1 vector. (B-C) OSCC cell 
viability and proliferation in pCDH-PCBP1-AS1 group and control 
vector group were evaluated utilizing CCK-8 and colony forming 
assays. (D-F) OSCC cell apoptosis in pCDH-PCBP1-AS1 group and 
control vector group was measured using TUNEL assays and flow 
cytometry analyses. (G) Western blotting was conducted to detect 
protein levels of PCNA and Ki67 (proliferative markers) as well as 
Bax and Bcl-2 (apoptotic markers) in OSCC cells with pCDH vector 
transfection. ***p<0.001, **p<0.01, *p<0.05.
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PCBP1-AS1, reduced PCNA, Ki67 and Bcl-2 levels and 
increased Bax protein level were discovered (Fig. 2G).

3.3. PCBP1-AS1 interacts with miR-34c-5p in OSCC
Subsequent experiments were carried out to vali-

date the ceRNA hypothesis mediated by PCBP1-AS1 in 
OSCC. First, subcellular fractionation assay was conduc-
ted to identify the dislocation of PCBP1-AS1 in OSCC 
cells. Fig. 3A showed that PCBP1-AS1 majorly localized 
in the cytoplasm, validating the post-transcriptional role of 
PCBP1-AS1 in OSCC. ENCORI website was adopted to 
seek miRNAs that have binding areas with PCBP1-AS1, 
and the first five miRNAs were selected and subjected to 
RT-PCR analysis. As shown by Fig. 3B, miR-34c-5p level 
was greatly inhibited by overexpressed PCBP1-AS1 in 
OSCC cells. Additionally, the expression of other miR-
NAs was not significantly affected by the alternation of 
PCBP1-AS1 expression (Fig. 3B). Afterwards, the binding 
ability of PCBP1-AS1 to miR-34c-5p was investigated. 
The binding area of PCBP1-AS1 and miR-34c-5p was 
obtained using the bioinformatics tool ENCORI, and the 
mutant sequence of miR-34c-5p was provided in Fig. 3C. 
It was indicated that overexpressed PCBP1-AS1 reduced 

the luciferase activity of pmirGLO vectors containing 
miR-34c-5p-Wt while PCBP1-AS1 amplification could 
not significantly influence the luciferase activity of vec-
tors containing miR-34c-5p-Mut (Fig. 3D). The results de-
monstrated the binding relation of PCBP1-AS1 and miR-
34c-5p in OSCC cells. In addition, PCBP1-AS1 was pul-
led down by biotinylated miR-34c-5p in cancer cells (Fig. 
3E), which further confirmed the binding between the two 
players. Moreover, PCR analysis revealed that overex-
pressed PCBP1-AS1 decreased miR-34c-5p expression in 
OSCC cells (Fig. 3F). Additionally, miR-34c-5p level was 
increased in SCC-9, SCC-15, and CAL-27 cells compared 
to that in NHOK cells (Fig. 3G).

3.4. miR-34c-5p targets ZFP36 3’UTR in OSCC cells
The starBase website was used to seek targets of miR-

34c-5p, and the top five genes with high Prediction Score 
were identified. To investigate the impact of miR-34c-5p 
on these genes, miR-34c-5p inhibitors were used to knock 
down its expression. PCR analysis showed that miR-34c-
5p level was successfully reduced in SCC-9 and CAL-
27 cells (Fig. 4A). Among target genes, only ZFP36 was 

Fig. 3. PCBP1-AS1 bound to miR-34c-5p in OSCC. (A) PCBP1-
AS1 location in OSCC cells was determined using a cellular RNA 
fractionation assay. (B) The impact of PCBP1-AS1 overexpression 
on expression levels of candidate miRNAs was explored using PCR 
analysis. (C) The binding area of PBP1-AS1 and miR-34c-5p was 
obtained at the ENCORI website. (D-E) Luciferase reporter assays 
and RNA pulldown assays were performed to investigate the binding 
capacity of PCBP1-AS1 and miR-34c-5p. (F) PCR analysis of miR-
34c-5p level in OSCC cells amplifying PCBP1-AS1. (G) miR-34c-5p 
expression in OSCC cell lines and the control NHOK cell line were 
subjected to PCR. **p<0.01, *p<0.05.

Fig. 4. miR-34c-5p targets ZFP36 3’UTR in OSCC cells. ENCO-
RI website was used to seek the targets of miR-34c-5p, and the top 
five genes with high binding score were identified. (A) Knockdown 
efficiency of miR-34c-5p inhibitor was probed using PCR. (B) After 
miR-34c-5p depletion, the expression of targets was measured utili-
zing PCR. (C) The binding site of hsa-34c-5p on ZFP36 was predicted 
with ENCORI. (D) The knockdown efficacy of PCBP1-AS1 in OSCC 
cells was evaluated through PCR analysis. (E-F) Luciferase repor-
ter and RNA immunoprecipitation assays were carried out to identify 
the regulatory relationship of PCBP1-AS1, miR-34c-5p and ZFP36. 
***p<0.001, **p<0.01.
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upregulated in OSCC cells silencing miR-34c-5p (Fig. 
4B). The binding area for hsa-miR-34c-5p and ZFP36 was 
identified using starBase and shown in Fig. 4C. In addition, 
PCBP1-AS1 was knocked down through transfection of si-
PCBP1-AS1 into OSCC cells (Fig. 4D). The luciferase ac-
tivity of ZFP36 3’UTR-Wt was upregulated in OSCC cells 
in the context of miR-34c-5p depletion, and the increase in 
luciferase activity mediated by miR-34c-5p inhibitor was 
countervailed by PCBP1-AS1 knockdown (Fig. 4E). The 
regulatory relationship of PCBP1-AS1, miR-34c-5p, and 
ZFP36 was also verified using RIP assays. We discovered 
that PCBP1-AS1, miR-34c-5p and ZFP36 were markedly 
enriched in the antibody Ago2 group compared to those in 
antibody IgG group of cancer cells (Fig. 4F).

3.5. ZFP36 was upregulated in OSCC cells and correla-
ted with PCBP1-AS1 and miR-34c-5p expression

miR-34c-5p expression was effectively amplified in 
OSCC cells after miR-34c-5p mimics transfection (Fig. 
5A). In the context of miR-34c-5p overexpression, ZFP36 
mRNA level was markedly decreased (Fig. 5B). Additio-
nally, the decrease in ZFP36 expression mediated by miR-
34c-5p overexpression was elevated by amplified PCBP1-
AS1 (Fig. 5B, left panel). In contrast, ZFP36 mRNA level 
was elevated in the context of miR-34c-5p silencing and 
then offset by PCBP1-AS1 knockdown (Fig. 5B, right 
panel). Similarly, ZFP36 protein level was also decreased 
by miR-34c-5p amplification and then rescued by PCBP1-

AS1 upregulation, while ZFP36 protein level was upregu-
lated after miR-34c-5p inhibition and then countervailed 
by PCBP1-AS1 deficiency (Fig. 5C). According to the 
bioinformatics tool starBase, ZFP36 was downregulated 
in HNSC tissue samples (Fig. 5D). The PCR analysis de-
monstrated that ZFP36 was downregulated in OSCC cells 
relative to that in oral epithelial cells (Fig. 5E).

3.6. ZFP36 silencing abrogates the impacts of PCBP1-
AS1 overexpression on OSCC cell growth

ZFP36 protein and mRNA levels were reduced in 
OSCC cells after si-ZFP36 transfection according to wes-
tern blotting and PCR (Fig. 6A-B). The repressive impact 
of PCBP1-AS1 upregulation on the number of viable and 
proliferative cells could be countervailed by ZFP36 defi-
ciency (Fig. 6C-D). TUNEL assays and flow cytometry 
analyses indicated that PCBP1-AS1 enhanced the apop-
tosis of OSCC cells while si-ZFP36 abolished the promo-
ting effect (Fig. 6E-G). As suggested by western blotting, 
PCNA, Ki67 and Bcl-2 protein level reduced by PCBP1-
AS1 overexpression was rescued after the silencing of 
ZFP36 while Bax protein level was enhanced by PCBP1-
AS1 and then partially reversed by ZFP36 deficiency (Fig. 
6H).

4. Discussion
Accumulating data indicated that lncRNA exerts criti-

cal functions in OSCC tumorigenesis and progression and 
have potential clinical values [25]. Herein, overexpressed 
PCBP1-AS1 was discovered to inhibit OSCC cell growth 
and enhance cell apoptosis. In addition, PCBP1-AS1 was 
validated to interact with miR-34c-5p and thereby upregu-
late mRNA ZFP36.

miRNAs are regarded as useful disease biomarkers 
because of their robust presence in tissues and fluids and 
their impact on gene expression [26]. Typically, miRNAs 
affect mRNA stability by binding to 3’UTR of mRNAs 
[26, 27]. In the ceRNA hypothesis, lncRNAs serve as ceR-
NAs to interact with miRNAs, thereby protecting mRNAs 
from degradation [25]. miR-34c-5p exerts tumor-sup-
pressive or oncogenic role in cancer progression. For ins-
tance, miR-34c-5p contributes to the eradication of acute 
myeloid leukemia stem cells via selectively targeting 
RAB27B [28]. miR-34c-5p facilitates cell proliferation in 
colon cancer by targeting SIRT6 to activate JAK2/STAT3 
signaling pathway [29]. Moreover, miR-34c-5p promotes 
OSCC malignant behaviors by targeting TRIM29 [30]. In 
our work, miR-34c-5p was upregulated in OSCC cells, 
and PCBP1-AS1 bound to miR-34c-5p and suppress miR-
34c-5p expression. miR-34c-5p targeted ZFP36 3’UTR to 
reduce ZFP36 expression.

The functions of ZFP36 in suppressing tumorigenesis 
and cellular behaviors have been increasingly reported. 
For example, miR-423 targets ZFP36 to trigger the acti-
vation of Wnt and beta-catenin signaling in breast cancer, 
thus promoting cell growth and migration [31]. ZFP36 is 
implicated in the ceRNA network mediated by circular 
RNA 000554, and the circRNA_00554/miR-182/ZFP36 
axis inhibits epithelial-mesenchymal transition in breast 
cancer [32]. Consistent with previous reports, ZFP36 was 
downregulated in OSCC cells in the present work, and 
ZFP36 level was positively regulated by PCBP1-AS1. 
miR-34c-5p targeted ZFP36 3’UTR and repress ZFP36 
expression. Silencing ZFP36 offset the impacts of PCBP1-

Fig. 5. High ZFP36 expression in OSCC cells and its correlation 
with PCBP1-AS1 and miR-34c-5p expression. (A) Overexpressing 
efficacy of miR-34c-5p mimics in SCC-9 and CAL-27 cells was eva-
luated using qPCR. (B) ZFP36 expression in SCC-9 and CAL-27 cells 
in response to miR-34c-5p and PCBP1-AS1 overexpression (left pa-
nel) or knockdown (right panel) were subjected to qPCR. (C) Western 
blotting of ZFP36 protein level in OSCC cells in the context of miR-
34c-5p and PCBP1-AS1 overexpression (left panel) or silencing (right 
panel). (D) ZFP36 expression in HNSC samples and normal samples 
were analyzed using ENCORI. (E) ZFP36 expression in OSCC cells 
and control NHOK cells were subjected to qPCR. **p<0.01.
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AS1 on OSCC cell growth.
In conclusion, PCBP1-AS1 inhibits OSCC cell growth 

by serving as a ceRNA against miR-34c-5p to regulate 
ZFP36 expression. The study helps to understand the 
cellular biological basis of OSCC progression and might 
provide novel therapeutic targets for OSCC patients in the 
future.

Informed Consent
The authors report no conflict of interest.

Availability of data and material
We declared that we embedded all data in the manuscript.

Funding
None.

References 

1. Bugshan A, Farooq I (2020) Oral squamous cell carcinoma: 
metastasis, potentially associated malignant disorders, etiology 
and recent advancements in diagnosis. F1000Res 9: 229. doi: 
10.12688/f1000research.22941.1

2. Li X, Bu W, Meng L, Liu X, Wang S, Jiang L, Ren M, Fan Y, Sun 
H (2019) CXCL12/CXCR4 pathway orchestrates CSC-like pro-
perties by CAF recruited tumor associated macrophage in OSCC. 
Exp Cell Res 378 (2): 131-138. doi: 10.1016/j.yexcr.2019.03.013

3. Qi Y, Song C, Zhang J, Guo C, Yuan C (2021) Oncogenic LncR-
NA CASC9 in Cancer Progression. Curr Pharm Des 27 (4): 575-
582. doi: 10.2174/1381612826666200917150130

4. Jiang Y, Li T, Wu Y, Xu H, Xie C, Dong Y, Zhong L, Wang Z, 
Zhao H, Zhou Y, Li J, Ji N, Zeng X, Feng X, Chen Q (2020) 
GPR39 Overexpression in OSCC Promotes YAP-Sustai-
ned Malignant Progression. J Dent Res 99 (8): 949-958. doi: 
10.1177/0022034520915877

5. Chai AWY, Lim KP, Cheong SC (2020) Translational genomics 
and recent advances in oral squamous cell carcinoma. Semin Can-
cer Biol 61: 71-83. doi: 10.1016/j.semcancer.2019.09.011

6. Lindemann A, Takahashi H, Patel AA, Osman AA, Myers 
JN (2018) Targeting the DNA Damage Response in OSCC 
with TP53 Mutations. J Dent Res 97 (6): 635-644. doi: 
10.1177/0022034518759068

7. Luo X, Jiang Y, Chen F, Wei Z, Qiu Y, Xu H, Tian G, Gong 
W, Yuan Y, Feng H, Zhong L, Ji N, Xu X, Sun C, Li T, Li J, 
Feng X, Deng P, Zeng X, Zhou M, Zhou Y, Dan H, Jiang L, 
Chen Q (2021) ORAOV1-B Promotes OSCC Metastasis via 
the NF-κB-TNFα Loop. J Dent Res 100 (8): 858-867. doi: 
10.1177/0022034521996339

8. Zhang X, Nie X, Yuan S, Li H, Fan J, Li C, Sun Y, Zhao Y, Hou 
H, Wang DW, Chen C (2019) Circulating Long Non-coding RNA 
ENST00000507296 Is a Prognostic Indicator in Patients with 
Dilated Cardiomyopathy. Mol Ther Nucleic Acids 16: 82-90. doi: 
10.1016/j.omtn.2019.02.004

9. Liu Z, Li H, Fan S, Lin H, Lian W (2019) STAT3-induced 
upregulation of long noncoding RNA HNF1A-AS1 promotes 
the progression of oral squamous cell carcinoma via activating 
Notch signaling pathway. Cancer Biol Ther 20 (4): 444-453. doi: 
10.1080/15384047.2018.1529119

10. Lu T, Liu H, You G (2018) Long non-coding RNA C5orf66-AS1 
prevents oral squamous cell carcinoma through inhibiting cell 
growth and metastasis. Int J Mol Med 42 (6): 3291-3299. doi: 
10.3892/ijmm.2018.3913

11. Joshi M, Rajender S (2020) Long non-coding RNAs (lncRNAs) 
in spermatogenesis and male infertility. Reprod Biol Endocrinol 
18 (1): 103. doi: 10.1186/s12958-020-00660-6

12. Shao M, Yang Q, Zhu W, Jin H, Wang J, Song J, Kong Y, Lv X 
(2018) LncHOXA10 drives liver TICs self-renewal and tumorige-
nesis via HOXA10 transcription activation. Mol Cancer 17 (1): 
173. doi: 10.1186/s12943-018-0921-y

13. Yang Y, Chen D, Liu H, Yang K (2019) Increased expression 
of lncRNA CASC9 promotes tumor progression by suppressing 
autophagy-mediated cell apoptosis via the AKT/mTOR pathway 
in oral squamous cell carcinoma. Cell Death Dis 10 (2): 41. doi: 
10.1038/s41419-018-1280-8

14. Wu K, Jiang Y, Zhou W, Zhang B, Li Y, Xie F, Zhang J, Wang X, 

Fig. 6. ZFP36 silencing abrogates the impacts of PCBP1-AS1 
overexpression on OSCC cell growth. (A-B) Western blotting and 
PCR for quantifying ZFP36 levels in cancer cells after transfection 
of si-ZFP36. (C-D) OSCC cell viability and proliferation in control 
vector group, pCDH-PCBP1-AS1 vector group, and pCDH-PCBP1-
AS1 + si-ZFP36 group were examined through CCK-8 and colony 
forming assays. (E-G) TUNEL assay and flow cytometry analysis 
were performed to probe OSCC cell apoptosis in above three groups. 
(H) Western blotting of protein levels of PCNA and Ki67 (prolifera-
tive markers) and apoptosis markers (Bax and Bcl-2) in OSCC cells. 
*p<0.05, **p<0.01.



105

Role of PCBP1-AS1 in oral cancer.            Cell. Mol. Biol. 2024, 70(9): 99-105

Yan M, Xu Q, Ren Z, Chen W, Cao W (2020) Long Noncoding 
RNA RC3H2 Facilitates Cell Proliferation and Invasion by Targe-
ting MicroRNA-101-3p/EZH2 Axis in OSCC. Mol Ther Nucleic 
Acids 20: 97-110. doi: 10.1016/j.omtn.2020.02.006

15. Xu FY, Xu X, Hu XD (2020) LINC00657 promotes malignant 
progression of oral squamous cell carcinoma via regulating mi-
croRNA-150. Eur Rev Med Pharmacol Sci 24 (5): 2482-2490. 
doi: 10.26355/eurrev_202003_20516

16. Feng L, Houck JR, Lohavanichbutr P, Chen C (2017) Transcrip-
tome analysis reveals differentially expressed lncRNAs between 
oral squamous cell carcinoma and healthy oral mucosa. Oncotar-
get 8 (19): 31521-31531. doi: 10.18632/oncotarget.16358

17. Li Z, Pan C, Wang Z, Deng X, Zhu Q, Wu W, Chen L (2021) Ln-
cRNA PCBP1-AS1 correlated with the functional states of cancer 
cells and inhibited lung adenocarcinoma metastasis by suppres-
sing the EMT progression. Carcinogenesis 42 (7): 931-939. doi: 
10.1093/carcin/bgab047

18. Luo T, Gao Y, Zhangyuan G, Xu X, Xue C, Jin L, Zhang W, Zhu 
C, Sun B, Qin X (2020) lncRNA PCBP1-AS1 Aggravates the 
Progression of Hepatocellular Carcinoma via Regulating PCBP1/
PRL-3/AKT Pathway. Cancer Manag Res 12: 5395-5408. doi: 
10.2147/cmar.S249657

19. Liang Y, Zhu H, Chen J, Lin W, Li B, Guo Y (2020) Construction 
of relapse-related lncRNA-mediated ceRNA networks in Hodg-
kin lymphoma. Arch Med Sci 16 (6): 1411-1418. doi: 10.5114/
aoms.2020.98839

20. Qi X, Zhang DH, Wu N, Xiao JH, Wang X, Ma W (2015) ceRNA 
in cancer: possible functions and clinical implications. J Med Ge-
net 52 (10): 710-718. doi: 10.1136/jmedgenet-2015-103334

21. Yao Y, Chen S, Lu N, Yin Y, Liu Z (2021) LncRNA JPX ove-
rexpressed in oral squamous cell carcinoma drives malignancy 
via miR-944/CDH2 axis. Oral Dis 27 (4): 924-933. doi: 10.1111/
odi.13626

22. Li J, Xu X, Zhang D, Lv H, Lei X (2021) LncRNA LHFPL3-AS1 
Promotes Oral Squamous Cell Carcinoma Growth and Cisplatin 
Resistance Through Targeting miR-362-5p/CHSY1 Pathway. 
Onco Targets Ther 14: 2293-2300. doi: 10.2147/ott.S298679

23. Che H, Che Y, Zhang Z, Lu Q (2021) Long Non-Coding RNA 
LINC01929 Accelerates Progression of Oral Squamous Cell Car-
cinoma by Targeting the miR-137-3p/FOXC1 Axis. Front Oncol 

11: 657876. doi: 10.3389/fonc.2021.657876
24. Li JH, Liu S, Zhou H, Qu LH, Yang JH (2014) starBase v2.0: 

decoding miRNA-ceRNA, miRNA-ncRNA and protein-RNA in-
teraction networks from large-scale CLIP-Seq data. Nucleic Acids 
Res 42 (Database issue): D92-97. doi: 10.1093/nar/gkt1248

25. Tang J, Fang X, Chen J, Zhang H, Tang Z (2021) Long Non-Co-
ding RNA (lncRNA) in Oral Squamous Cell Carcinoma: Biolo-
gical Function and Clinical Application. Cancers 13 (23). doi: 
10.3390/cancers13235944

26. Hill M, Tran N (2021) miRNA interplay: mechanisms and 
consequences in cancer. Dis Model Mech 14 (4). doi: 10.1242/
dmm.047662

27. Lee RC, Feinbaum RL, Ambros V (1993) The C. elegans hete-
rochronic gene lin-4 encodes small RNAs with antisense com-
plementarity to lin-14. Cell 75 (5): 843-854. doi: 10.1016/0092-
8674(93)90529-y

28. Peng D, Wang H, Li L, Ma X, Chen Y, Zhou H, Luo Y, Xiao Y, 
Liu L (2018) miR-34c-5p promotes eradication of acute myeloid 
leukemia stem cells by inducing senescence through selective 
RAB27B targeting to inhibit exosome shedding. Leukemia 32 (5): 
1180-1188. doi: 10.1038/s41375-018-0015-2

29. Li N, Mao D, Cao Y, Li H, Ren F, Li K (2018) Downregulation 
of SIRT6 by miR-34c-5p is associated with poor prognosis and 
promotes colon cancer proliferation through inhibiting apoptosis 
via the JAK2/STAT3 signaling pathway. Int J Oncol 52 (5): 1515-
1527. doi: 10.3892/ijo.2018.4304

30. Shen Y, Sun C, Zhao B, Guo H, Li J, Xia Y, Liu M, Piao S, Saiyin 
W (2021) miR-34c-5p mediates the cellular malignant behaviors 
of oral squamous cell carcinoma through targeted binding of 
TRIM29. Ann Transl Med 9 (20): 1537. doi: 10.21037/atm-21-
4679

31. Xia W, Liu Y, Du Y, Cheng T, Hu X, Li X (2020) MicroRNA-423 
Drug Resistance and Proliferation of Breast Cancer Cells by Tar-
geting ZFP36. Onco Targets Ther 13: 769-782. doi: 10.2147/ott.
S217745

32. Mao Y, Lv M, Cao W, Liu X, Cui J, Wang Y, Wang Y, Nie G, 
Liu X, Wang H (2020) Circular RNA 000554 represses epithelial-
mesenchymal transition in breast cancer by regulating microR-
NA-182/ZFP36 axis. Faseb j 34 (9): 11405-11420. doi: 10.1096/
fj.201903047R


