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Background: Oral squamous cell carcinoma (OSCC) is a common oral cancer. The current 
study aims to elucidate the potential roles of long noncoding RNA (lncRNA) LHFPL3-AS1 
in OSCC development.
Methods: Gene expression was measured by qRT-PCR in tumor tissues and cell lines. Loss- 
of-function assays were performed to analyze the effects of LHFPL3-AS1 on malignant 
behaviors. Bioinformatics analysis was conducted to explore the downstream signaling 
pathway of LHFPL3-AS1 in OSCC.
Results: LHFPL3-AS1 was highly expressed in OSCC tissues and cell lines. LHFPL3-AS1 
was upregulated in cisplatin-resistant tumor cell lines. LHFPL3-AS1 level was correlated 
with survival rate. LHFPL3-AS1 knockdown suppressed OSCC proliferation, migration and 
invasion. LHFPL3-AS1 downregulation reduced cisplatin resistance of OSCC cells. 
LHFPL3-AS1 was the competing endogenous RNA (ceRNA) for miR-194-5p to enhance 
CHSY1 expression.
Conclusion: LHFPL3-AS1/miR-362-5p/CHSY1 signaling pathway plays essential roles in 
regulating OSCC development and cisplatin resistance.
Keywords: oral squamous cell carcinoma, LHFPL3-AS1, miR-362-5p, CHSY1

Introduction
Oral squamous cell carcinoma (OSCC) is the 19th most common cancer in men in 
the world.1 There were over 300,000 new cases diagnosed with OSCC and 170,00 
mortalities worldwide in 2018.2 This cancer is characterized by high mortality.1 

Although some progress made in recent years, the prognosis of OSCC patients still 
remains unfavorable.3 Its five-year overall survival rate remains less than 50%.4 

Chemo-resistance decreases the curative effect of OSCC patients.5 Cisplatin is one 
of the most commonly used chemotherapy drugs for oral cancer.6,7 However, some 
patients are resistant to Cisplatin treatment.8,9 Therefore, it is pivot to explore the 
molecular basis underlying OSCC development and chemo-resistance.

Long noncoding RNA (lncRNA) is a kind of noncoding RNAs that have over 200 
nucleotides in length and lack protein-coding ability.10 Recently, lncRNA has been 
verified to work was oncogene or cancer suppressor through modulating biological 
behaviors of tumor cells.11 Dysregulation of lncRNA may affect apoptosis, growth, 
metabolism or metastasis in cancer.12 For example, lncRNA ELFN1-AS1 promotes 
growth and metastasis of ovarian cancer through targeting miR-497/CLDN4 
pathway.13 LncRNA H19 affects breast cancer proliferation through regulating 
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PARP1 expression.14 In addition, upregulation of lncRNA 
HOXA-AS2 contributes to prostate cancer development by 
regulating miR-509-3p/PBX3 signaling.15 Nevertheless, 
how lncRNA regulates OSCC development requires in- 
depth investigation. The molecular mechanism of lncRNA 
involved in cancer is also largely unclear.

LHFPL3-AS1 is an undefined lncRNA. A recent study 
reports that LHFPL3-AS1 promotes melanoma 
development.16 However, the detailed roles of LHFPL3- 
AS1 in OSCC is unclear. Thus, our study was conducted to 
illustrate the physiological roles of LHFPL3-AS1 in 
OSCC development and elucidate its functional mechan-
ism. We confirmed that LHFPL3-AS1 was highly 
expressed in OSCC tissues by qRT-PCR. LHFPL3-AS1 
knockdown suppressed proliferation, migration and inva-
sion according to CCK8, colony formation and transwell 
assays. LHFPL3-AS1 silencing also increase the sensitiv-
ity to Cisplatin in OSCC cells. Our study suggests 
a critical role of LHFPL3-AS1 in OSCC progression.

Materials and Methods
Human Samples
Fifty-one pairs of OSCC tissues and adjacent normal tis-
sues (within 3 cm around tumors) were collected from 
Shenzhen Longhua District Central Hospital. All tissues 
were stored in liquid nitrogen. Tissues were not treated 
with chemotherapy or radiotherapy before collection. 
Cancer tissues and adjacent normal tissues were confirmed 
by at least two pathologists. All patients provided written 
informed consents. This study was approved by the Ethics 
Committee of Shenzhen Longhua District Central Hospital 
(No. 20180921031). All experiments were conducted in 
accordance with the Declaration of Helsinki.

Cell Culture and Transfection
OSCC cell lines (SSC9, CAL27, SSC25 and HSC3) were 
purchased from the Chinese Academy of Sciences Cell 
Bank (Shanghai, China) and culture using DMEM medium 
containing 10% FBS. Stable cisplatin-resistant cell lines 
were obtained by treatment with gradually increasing con-
centrations of cisplatin and maintained at the concentration 
of 5 μM for SCC9-R and 7.5 μM for CAL27-R. miR-362- 
5p mimics, miR-362-5p inhibitors, siRNAs and negative 
controls were purchased from GenePharma (GenePharma, 
Shanghai, China) and transfected into cells at the concen-
tration of 50 nM using Lipofectamine 2000.

RT-qPCR
Total RNA was extracted from tissues and cells through 
Trizol reagent. Complementary DNA (cDNA) was 
obtained through the PrimeScript RT reagent kit 
(TaKaRa, Dalian, China). qPCR was performed through 
a SYBR Green PCR Kit (TaKaRa). Relative expression 
was calculated based on the 2−ΔΔCt method. GAPDH or 
U6 was the normalized control.

Cell Viability Analysis
Cells were plated into the 96-well plates and cultured for 
indicated hours. Then, 20 μL CCK8 solution (Dojindo, 
Kyushu, Japan) was added and incubated for 2 h. The 
absorbance at 450 nm was determined using a microplate 
reader (Biotek, Winooski, VT, USA).

Colony Formation Assay
Five hundred cells per well was seeded into 6-well plates 
and cultured for 14 days. Then the colonies were fixed 
with methanol and stained with 0.1% crystal violet. Total 
visible colonies were counted.

Transwell Assay
Cells were seeded into the uncoated (for migration) or 
Matrigel-coated (for invasion) upper chamber (8 μm pore 
size; Corning Inc., Corning, NY, USA) with 200 μL serum- 
free medium. The lower chamber was fixed with 600 μL 
serum-containing medium. After cultured for 24 h, the cells 
on the lower membrane was fixed with methanol and stained 
with 0.1% crystal violet. Cell number was finally counted.

Bioinformatics Analysis
The prediction between LHFPL3-AS1 and miR-362-5p 
was carried out using miRDB tool. The prediction between 
miR-362-5p and CHSY1 was performed through 
TargetScan tool.

Dual-Luciferase Reporter Assay
The sequence of LHFPL3-AS1 or CHSY1 containing pre-
dicted binding sites for miR-362-5p was inserted into 
pMIR-REPORT vector (Promega, Madison, WI, USA). 
For luciferase reporter assay, the luciferase reporter and 
miR-362-5p mimics or control were transfected into cells. 
Forty-eight-hour later, the relative luciferase activity was 
measured through a dual luciferase assay kit (Promega).
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Statistical Analysis
Data were analyzed using SPSS 22.0 software (IBM 
Corp., Armonk, NY, USA) and displayed as the mean ±  
standard deviation. Student’s t-test or one-way ANOVA 
was used for comparison. Survival curves were analyzed 
via Kaplan–Meier analysis and compared using log-rank 
test. P < 0.05 was considered as statistically significant.

Results
LHFPL3-AS1 is Upregulated in OSCC and 
Associated with Cisplatin Resistance
Through qRT-PCR analysis, we found that LHFPL3- 
AS1 was upregulated in OSCC cell lines, including 
SSC9, CAL27, SSC25 and HSC3 cells (Figure 1A). 
Besides, LHFPL3-AS1 level was remarkably increased 
in OSCC tissues compared to adjacent normal tissues 
(Figure 1B). Next, 51 OSCC tissues were divided into 
two groups based on LHFPL3-AS1 level (LHFPL3- 
AS1 median value as the cut-off). It is found that 
LHFPL3-AS1 high expression was associated with 
low survival rate (Figure 1C). To explore whether 
LHFPL3-AS1 regulates cisplatin resistance, we con-
structed cisplatin-resistant SSC9 and CAL27 cells. 
Through CCK8 assay, we verified the cisplatin- 
resistance in SSC9-R and CAL27-R cells (Figure 1D 
and E). Interestingly, we observed that LHFPL3-AS1 
expression was higher in SSC9-R and CAL27-R cells 
than that in control cells (Figure 1F).

LHFPL3-AS1 Knockdown Inhibits OSCC 
Development and Cisplatin Resistance
To explore the function of LHFPL3-AS1, its expression was 
knocked down in SSC9 and CAL27 cells by siRNA 
(Figure 2A). Via CCK8 assay, it is obvious that LHFPL3- 
AS1 knockdown suppressed cell proliferation (Figure 2B). 
The effect of LHFPL3-AS1 knockdown on proliferation was 
further validated by colony formation assay (Figure 2C). 
Importantly, we observed that LHFPL3-AS1 knockdown 
caused more cells arrested in G0/G1 phase (Figure 2D), 
suggesting that LHFPL3-AS1 knockdown inhibits cell 
cycle progression. Transwell assay results indicated that 
LHFPL3-AS1 knockdown repressed migration and invasion 
(Figure 2E and F). We then knocked down LHFPL3-AS1 in 
SSC9-R and CAL27-R cells (Figure 2G). LHFPL3-AS1 
silencing significantly enhanced susceptibility to cisplatin 
in SCC9-R and CAL27-R cells (Figure 2H).

LHFPL3-AS1 Works as the ceRNA for 
miR-362-5p
Through bioinformatics analysis, we predicted the potential 
targets of LHFPL3-AS1. MiR-362-5p achieved the highest 
score and luciferase reporter vectors were constructed 
(Figure 3A). The luciferase reporter assay showed that 
miR-362-5p mimics significantly inhibited the activity of 
LHFPL3-AS1-WT vector in SSC9 and CAL27 cells 
(Figure 3B). We observed that miR-362-5p level was down-
regulated in OSCC tissues (Figure 3C). Interestingly, miR- 

Figure 1 LHFPL3-AS1 is upregulated in OSCC and associated with cisplatin resistance. (A) Levels of LHFPL3-AS1 in OSCC cell lines. (B) LHFPL3-AS1 expression in OSCC 
tissues by qRT-PCR. (C) Overall and disease-free survival rates based on LHFPL3-AS1 median value in OSCC tissues. (D) Analysis of cisplatin-resistance in SSC9 and SCC9-R 
cells by CCK8 assay. (E) Analysis of cisplatin-resistance in CAL27 and CAL27-R cells by CCK8 assay. (F) Relative expression of LHFPL3-AS1 in indicated cell lines. *P<0.05.
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362-5p level was negatively correlated with LHFPL3-AS1 
in OSCC tissues (Figure 3D). Moreover, miR-362-5p level 
was increased in SSC9 and CAL27 cells after LHFPL3-AS1 
silencing (Figure 3E), confirming that LHFPL3-AS1 was the 
ceRNA for miR-362-5p.

MiR-362-5p Targets CHSY1
By bioinformatics analysis, we further predicted CHSY1 
as the most potential target of miR-362-5p because it 

achieved the highest score. Similarly, the luciferase repor-
ter vectors were constructed (Figure 4A). Luciferase repor-
ter assay proved that miR-362-5p mimics only inhibited 
the activity of CHSY1-WT vector (Figure 4B). We found 
that CHSY1 expression was raised in OSCC tissues com-
pared to normal tissues (Figure 4C). And CHSY1 level 
was inversely correlated with miR-362-5p in OSCC tis-
sues (Figure 4D). Moreover, miR-362-5p mimics remark-
ably reduced the levels of CHSY1 (Figure 4E). Notably, 

Figure 2 LHFPL3-AS1 knockdown inhibits OSCC development and cisplatin resistance. (A) Relative expression of LHFPL3-AS1 after transfection with siRNAs. (B) CCK8 
assay for cell proliferation analysis. (C) Relative colony formation was determined to analyze cell proliferation. (D) Cell cycle distribution was analyzed. (E and F) Cell 
migration and invasion analyses by Transwell assay. (G) Relative expression of LHFPL3-AS1 in cisplatin-resistant cell lines after transfection of siRNAs. (H) Cell proliferation 
potential of SCC9-R and CAL27-R cells was assessed in the presence of cisplatin after transfection with siRNAs. *P<0.05.
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Figure 3 LHFPL3-AS1 works as the ceRNA for miR-362-5p. (A) Predicted binding site between LHFPL3-AS1 and miR-362-5p by miRDB software. (B) Luciferase reporter 
assay. (C) Relative expression of miR-362-5p in OSCC tissues. (D) Expression correlation between LHFPL3-AS1 and miR-362-5p in OSCC tissues. (E) RT-qPCR analysis of 
miR-362-5p levels after siRNA transfection. *P<0.05.

Figure 4 miR-362-5p targets CHSY1. (A) Predicted binding site between miR-362-5p and CHSY1 by TargetScan software. (B) Luciferase reporter assay. (C) Relative 
expression of CHSY1 in OSCC tissues. (D) Expression correlation between miR-362-5p and CHSY1 in OSCC tissues. (E) RT-qPCR analysis of CHSY1 after miR-362-5p 
mimic transfection. (F) CCK8 assay for proliferation analysis. (G and H) Transwell assay for analysis of migration and invasion. *P<0.05.
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miR-362-5p mimics inhibited the proliferation, migration 
and invasion of OSCC cells while ectopic expression of 
CHSY1 abolished this trend (Figure 4F–H).

LHFPL3-AS1/miR-362-5p/CHSY1 
Cascade Promotes OSCC Development
It was observed that LHFPL3-AS1 knockdown suppressed the 
expression of CHSY1 by restraining miR-362-5p (Figure 5A). 
To explore the roles of LHFPL3-AS1/miR-362-5p/CHSY1 
cascade, CCK8 and Transwell assays were performed. 
LHFPL3-AS1 knockdown suppressed proliferation, migration 
and invasion of OSCC cells (Figure 5B–D). The ability of 
proliferation, migration and invasion was recovered in si- 
LHFPL3-AS1+miR-inhibitor group and suppressed again in 
si-LHFPL3-AS1+miR-inhibitor+si- CHSY1 group 
(Figure 5B–D). Moreover, CHSY1 overexpression rescued 
the cisplatin-resistance in si-LHFPL3-AS-transfected SSC9- 
R and CAL27-R cells (Figure 5E). Therefore, LHFPL3-AS1 
promotes OSCC development and chemo-resistance through 
miR-362-5p/CHSY1 axis.

Discussion
OSCC pathogenesis remains undiscovered. In this study, we 
explored the correlation between LHFPL3-AS1 expression 
and OSCC development. We found that LHFPL3-AS1 was 
upregulated in OSCC tissues and correlated with cisplatin 

resistance. LHFPL3-AS1 knockdown suppressed prolifera-
tion, migration, invasion and cisplatin resistance in OSCC 
cells. Mechanistically, LHFPL3-AS1 was the sponge for 
miR-362-5p to facilitate CHSY1 expression.

LncRNA has been reported to play essential roles in 
cancer and regulate OSCC development.17 For example, 
lncRNA RBM5-AS1 contributes to proliferation, migration 
and invasion of OSCC through regulating miR-1285-3p/ 
YAP1 cascade.18 LINC01234 promotes tumor growth and 
invasion in OSCC by targeting miR-647/NUPR1 axis.19 

LncRNA CCAT1 acts as the biomarker for OSCC prognosis 
and promotes tumor development through activation of Wnt/ 
β-catenin pathway.20 LHFPL3-AS1 was only demonstrated 
to promote melanoma progression.16 In our study, we first 
observed that LHFPL3-AS1 was upregulated in OSCC tis-
sues and correlated with advanced stages and chemo- 
resistance. Next, we carried out CCK8, colony formation 
and transwell assays and validated that LHFPL3-AS1 pro-
moted OSCC proliferation, migration, invasion and chemo- 
resistance. In this study, we for the first time demonstrated 
the oncogenic roles of LHFPL3-AS1 in OSCC.

LncRNA may exert roles through acting as ceRNA for 
miRNAs in cancer.21 For instance, lncRNA NEAT1 
sponges miR-129 to enhance nasopharyngeal cancer 
development.22 LncRNA PVT1 targets miRNAs to pro-
mote prostate cancer growth and invasion.23 LHFPL3- 
AS1 is the sponge for miR-580-3p in melanoma.16 

Figure 5 LHFPL3-AS1/miR-362-5p/CHSY1 cascade promotes OSCC development. (A) qRT-PCR analysis of CHSY1 expression. (B) CCK8 assay for cell proliferation 
analysis. (C and D) Transwell assay for migration and invasion assessment. (E) Cell proliferation assay by CCK8 using SCC9-R and CAL27-R cells. *P<0.05.
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However, we did not observe that LHFPL3-AS1 regulates 
miR-580-3p in OSCC (data not shown). Otherwise, we 
found that LHFPL3-AS1 sponges miR-362-5p through 
bioinformatics analysis. The interaction between 
LHFPL3-AS1 and miR-362-5p was validated by lucifer-
ase reporter assay. Moreover, LHFPL3-AS1 expression 
was negatively correlated with miR-362-5p in OSCC 
tissues. MiR-362-5p level was also increased after 
LHFPL3-AS1 silencing. MiR-362-5p has important func-
tions in various cancers, such as bladder cancer, acute 
myeloid leukemia and hepatocellular carcinoma.24–26 

MiR-362-5p may serve as an oncogene or tumor 
suppressor.24–26 However, the role of miR-362-5p in 
OSCC is unknown. In our study, we showed that miR- 
362-5p expression was downregulated in OSCC tissues. 
Moreover, miR-362-5p inhibited OSCC proliferation, 
migration and invasion.

Afterwards, we performed bioinformatics analysis to 
search the target of miR-362-5p. We identified CHSY1 
and demonstrated the interaction between miR-362-5p 
and CHSY1 via luciferase reporter assay. Besides, we 
validated that LHFPL3-AS1 facilitates CHSY1 expression 
through restraining miR-362-5p. CHSY1 contributes to 
hepatocellular carcinoma progression.27 CHSY1 also pro-
motes colorectal cancer development.28 Recently, CHSY1 
was reported to participate in clear cell renal cell carci-
noma aggravation.29 Obviously, the current study, for the 
first time, discovered that CHSY1 promotes OSCC devel-
opment and cisplatin resistance, indicating CHSY1 is also 
an oncogene in OSCC.

In summary, our data elucidated that LHFPL3-AS1 
works as on oncogene to promote OSCC cell proliferation, 
migration and invasion through regulating miR-362-5p/ 
CHSY1 axis at least partially. Our study has some limita-
tions. It is better to analyze the correlation between 
LHFPL3-AS1 and clinicopathological characteristics in 
the future. And the upstream regulator of LHFPL3-AS1 
expression in OSCC is also required to be explored.
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