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Introduction: Oral squamous cell carcinoma (OSCC) is the most prevalent malignancy 
affecting the oral cavity and is associated with severe morbidity and high mortality. 1, 6-O, 
O-Diacetylbritannilactone (OODBL) isolated from the medicinal herb of Inula britannica 
has various biological activities such as anti-inflammation and anti-cancer. However, the 
effect of OODBL on OSCC progression remains unclear. Here, we were interested in the 
function of OODBL in the development of OSCC.
Methods: The effect of OODBL on OSCC progression was analyzed by MTT assays, 
colony formation assays, transwell assays, apoptosis analysis, cell cycle analysis, and 
in vivo tumorigenicity analysis. The mechanism investigation was performed by qPCR 
assays, Western blot analysis, and luciferase reporter gene assays.
Results: We found that OODBL inhibits the proliferation of OSCC cells in vitro. Moreover, 
the migration and invasion were attenuated by OODBL treatment in the OSCC cells. 
OODBL arrested cells at the G0/G1 phase and induced cell apoptosis. OODBL was able 
to up-regulate the expression of LXRα, ABCA1, and ABCG1 in the system. In addition, 
OODBL activated LXRα/ABCA1 signaling by targeting miR-1247-3p. Furthermore, the 
expression levels of cytochrome c in the cytoplasm, cleaved caspase-9, and cleaved cas
pase-3 were dose-dependently reduced by OODBL. Besides, OODBL increased the expres
sion ratio of Bax to Bcl-2. Moreover, OODBL repressed tumor growth of OSCC cells 
in vivo.
Discussion: Thus, we conclude that OODBL inhibits OSCC progression by modulating 
miR-1247-3p/LXRα/ABCA1 signaling. Our finding provides new insights into the mechan
ism by which OODBL exerts potent anti-tumor activity against OSCC. OODBL may be 
a potential anti-tumor candidate, providing a novel clinical treatment strategy of OSCC.
Keywords: OSCC, OODBL, anti-tumor, LXRα/ABCA1 signaling, miR-1247-3p

Introduction
Head and neck cancer (HNC) contains a collection of malignancies that influence 
the pharynx, larynx, and oral cavity,1 with about 600, 000 newly diagnosed patients 
and around 300, 000 mortalities annually.2 Oral squamous cell carcinoma (OSCC) 
is the most prevalent lethal tumor of HNCs and the sixth most common cancer 
globally and estimates approximately 90% of all the oral carcinomas.3,4 OSCC is 
a destructive illness that first manifests as a painless lump in the mouth that might 
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influence oral functions, including speech and swallowing, 
if displayed at superior stages.5,6 The occurrence frequen
cies of OSCC in both males and females in all public 
cancer registries are huge worldwide.7 OSCC can stem 
from various subsites, including the floor of the mouth, 
alveolar ridge, lips, buccal mucosa, retromolar trigone, 
hard palate, and oral tongue.8,9 The traditional treatment 
of advanced-grade OSCC can always have harmful 
impacts on patients’ physiologic capacities and appear
ance, and even leads to fatality.10,11 Hence, the new anti- 
OSCC candidates are urgently needed. However, the 
investigation in this filed is poorly advanced.

Medicinal plants are applied for the treatment of var
ious diseases in Japan, Korea, China, and other Asian 
regions such as Vietnam and Malaysia, and now all over 
the world.12 Inula britannica is a useful therapeutic herb 
traditionally employed in back pain and arthritis in popu
lace medication.13,14 Inula britannica is a sort of plant in 
the species Inula in the Asteraceae genus with the meadow 
fleabane or British yellowhead.15 Herbs belonging to the 
Inula are recognized for their distinct biological activities, 
including anti-inflammatory, cytotoxic, hepatoprotective, 
antimicrobial, and anti-cancer properties.16,17 Many che
mical compounds have been extracted from Inula britan
nica, including flavonoids, phenolics, steroids, and 1, 6-O, 
O-Diacetylbritannilactone (OODBL).18 OODBL is 
a recognized sesquiterpene lactone (STL) with a motif of 
α-methylene-γ-lactone separated from the Inula britannica 
flower heads.19 It has been reported that OODBL represses 
mast cell activation and displays several biological effects 
such as anti-cancer and anti-inflammatory activities.20,21 

OODBL induces an anti-tumor effect on leukemia cells by 
modulating MAPK pathway.22 However, the effect of 
OODBL on OSCC progression is still unreported.

Liver X receptor α (LXRα) serves as a nuclear hor
mone receptor, contributing to transcriptional activity by 
binding with lipophilic hormones such as thyroid and 
steroid hormones.23 ATP-binding cassette transporter G1 
and A1 (ABCG1 and ABCA1) is the lipid regulator that 
pumps phospholipid and cholesterol out of cells.24 

Inducement of ABCA1 and ABCG1 can cause cholesterol 
efflux acknowledged as lipid floats.25 Furthermore, the 
transcription of ABCA1 and ABCG1 is regulated by 
LXRα.26 The LXRα/ABCA1 signaling pathway plays 
a crucial role in multiple pathological processes, such as 
anti-inflammatory and anti-tumor reactions.27–29 It has 
been reported that LXRα/ABCA1 signaling reduces the 
cell proliferation of OSCC.30 But whether LXRα/ABCA1 

signaling is involved in the anti-tumor effect of OODBL 
remains unclear.

MicroRNAs (miRNAs) are identified as the small 
RNAs that typically modulate mRNAs’ stability and trans
lation, regulating genes referred to physiological and 
pathological processes such as cell cycle regulation, stress 
response, differentiation, inflammation, and cancer 
development.31,32 MiR-375 is involved in the invasion 
and proliferation regulation of OSCC.33 It has been 
reported that miR-1247-3p provokes cancer-related activa
tion of fibroblast to promote liver cancer lung metastasis.34 

Meanwhile, cytochrome c, cleaved caspase-9, cleaved cas
pase-3, Bcl-2, and Bax are involved in the modulation of 
apoptosis and can be served as apoptosis markers.35–40 

However, whether OODBL targets these critical factors 
in cancer development remain elusive.

In this study, we aimed to explore the anti-tumor effect 
of OODBL on OSCC. We uncovered that OODBL inhib
ited the development of OSCC by modulating miR-1247- 
3p/LXRα/ABCA1 signaling in vitro and in vivo. Our 
finding provides new insights into the mechanism by 
which OODBL represses OSCC progression, providing 
valuable evidence of the OODBL function and novel ther
apeutic strategy of OSCC.

Materials and Methods
Cell Culture and Treatment
Normal oral cells (HOK cells) and Human oral squamous 
cell carcinoma cells, including CAL27 and SCC15 cell 
lines, were obtained in American Type Tissue Culture 
Collection. The cells were cultured in the medium of 
RPMI-1640 (Solarbio, China) containing 10% fetal bovine 
serum (Gibco, USA), 0.1 mg/mL streptomycin, and 100 
units/mL penicillin at a condition of 37°C with 5% CO2. 
The cells were treated with OODBL of indicated dose for 
48 hours before further analysis. The OODBL (purity 
>98%) was obtained in Chuntest Biotechnology Co. Ltd 
(Shanghai, China).

MTT Assays
MTT assays measured the effects of the OODBL on cell 
proliferation of OSCC. Briefly, about 2×104 CAL27 and 
SCC15 cells were put into 96 wells and cultured for 12 
hours. The cells were then added with various doses of 
OODBL for 24 h, 36 h, and 48 h. After treatment, the cells 
were added with a 10 μL MTT solution (5 mg/mL) and 
cultured for an extra 4 h. Discarded medium and 150 μL 
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DMSO was used to treat the wells. An ELISA browser 
was applied to analyze the absorbance at 570nm (Bio-Tek 
EL 800, USA).

Colony Formation Assays
About 1×103 CAL27 and SCC15 cells were layered in 6 
wells and incubated in RPMI-1640 at 37°C. After two 
weeks, cells were cleaned with PBS Buffer, made in 
methanol about thirty minutes, and dyed with crystal violet 
dye at the dose of 1%, after which the number of colonies 
was calculated.

Transwell Assays
Transwell assays analyzed the impacts of the OODBL on 
cell invasion and migration of OSCC using a Transwell 
plate (Corning, NY) according to the manufacturer’s 
instruction. Briefly, the upper chambers were plated with 
around 1 × 105 cells. Then, solidified through 4% paraf
ormaldehyde and dyed with crystal violet. The invaded 
cells were recorded and calculated.

Analysis of Cell Apoptosis
Around 1×105 CAL27 and SCC15 cells were cultured on 
6-well dishes and were employed with different concen
trations of OODBL. Apoptosis-mediated cell death of 
tumor cells was measured by using an Annexin V-FITC/ 
PI apoptosis detection kit (Keygen Biot Solasodine, 
China). Briefly, about 1×106 cells were washed and col
lected by binding buffer and were dyed with Annexin 
V-FITC and PI at 25°C, followed by the Flow cytometry 
analysis.

Cell Cycle Analysis
About 1× 105 CAL27 and SCC15 cells were layered in 
6-well dishes and employed with various doses of 
OODBL. The cells were gathered and solidified in paraf
ormaldehyde at 4°C. The RNaseA (100 μg/mL) was used 
to treat the cells for about thirty minutes at 37°C, followed 
by the staining with PI (50 μg/mL) for about thirty min
utes. And then, the flow cytometry was carried out, and the 
population of the cell cycle was examined by using the 
software of Multi-cycle.

Quantitative Reverse Transcription-PCR 
(qRT-PCR)
The total RNAs were extracted by TRIzol (Invitrogen, 
USA). The first-strand cDNA was synthesized as the 

manufacturer’s instruction (Invitrogen, USA). The qRT- 
PCR was conducted by employing the SYBR Premix Ex 
Taq II kit (Takara, Japan). The standard control for 
miRNA and mRNA was U6 and GAPDH, respectively. 
Quantitative determination of the RNA levels was per
formed in triplicate in three independent experiments. 
The primer sequences are as follows:

miR-1247-3p: forward: 5′- CTGGTGGTTTAGAG 
GATGT-3′,

miR-1247-3p: reverse: 5′-GTCCTTGAACATCC 
GGGGCG-3′

LXRα: forward: 5′-CCACCGAATGCGCGAACCT-3′,
LXRα: reverse: 5′-GAGTCCATTACAGCGGTG 

CC-3′.
U6: forward: 5′-GACAGATTCGGTCTGTGGCAC-3′
U6: reverse: 5′-GATTACCCGTCGGCCATCGATC-3′

Western Blot Analysis
Total proteins were extracted from the cells or mice tissues 
with RIPA buffer (Beyotime, China). Protein concentra
tions were measured using the BCA Protein Quantification 
Kit (YEASEN, China). Identical quantities of protein were 
divided by SDS-PAGE, followed by the transfer to PVDF 
membranes (Millipore, USA). The membranes were hin
dered with 5% milk and hatched with first antibodies for 
LXRα (Abcam, Cambridge, MA) (1:1000), ABCA1 
(Abcam, Cambridge, MA) (1:1000), ABCG1 (Abcam, 
Cambridge, MA) (1:1000), and β-actin (Abcam, 
Cambridge, MA)(1:1000) at 4°C overnight. Afterward, 
we exposed the membranes to related second antibodies 
for 1 hour, followed by the visualization using an imaging 
system of Bio-Rad. The results of Western blot analysis 
were quantified by ImageJ software.

Luciferase Reporter Gene Assay
The luciferase reporter gene assays were performed by 
using the Dual-luciferase Reporter Assay System 
(Promega, USA) was used to carry out the luciferase 
reporter gene assays. Briefly, the samples were treated 
with the inhibitor of miR-1247-3p, mimics, or miR- 
control, the vector containing LXRα fragment, using 
Lipofectamine 2000 (Invitrogen, USA), followed by the 
analysis of luciferase activities, in which Renilla was 
applied as a normalized control.

Analysis of Tumorigenicity in Nude Mice
The effect of OODBL on neoplasm extension in vivo was 
analyzed in nude mice of Balb/c. To establish an in vivo 
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tumor model, about 1×107 cells were subcutaneously 
injected in the mice. We randomly separated the mice into 
two groups (n=3), including mock and OODBL treatment 
groups. The mice were intragastrically furnished with 
OODBL (0.1 mL/10g) or normal saline in the corresponding 
group daily. After ten days of injection, we measured tumor 
growth every five days. We sacrificed the mice after thirty 
days of injection, and tumors were scaled. Tumor volume (V) 
was observed by estimating the length and width with cali
pers and measured with the method × 0.5. The expression 
levels of Ki-67 of the tumor tissues were tested by immuno
histochemical staining with the Ki-67 antibody (Santa Cruz 
Biotechnology, USA). The protein expression levels of 
LXRα, ABCA1, and ABCG1 were analyzed by Western 
blot analysis in tumor tissues. Animal care and method 
procedure were authorized by the Animal Ethics 
Committee of Jinan Stomatological Hospital. All animal 
procedures were performed in accordance with the 
Guidelines for Care and Use of Laboratory Animals of 
“The First Affiliated Hospital of Xi’an Jiaotong University” 
and approved by the Animal Ethics Committee of “Animal 
Ethical and Welfare Committee (AEWC)”.

Statistical Analysis
Data were expressed as means ± SEM, and all experiments 
were replicated at least three times. Statistical analysis was 
conducted using SPSS software. The significance was 
examined by one-way analysis followed by t-test. P<0.05 
were judged statistically significant.

Results
OODBL Inhibits the Proliferation of 
OSCC Cells
To assess the effect of OODBL on the progression of 
OSCC, we synthesized OODBL, and the structural for
mula is shown in Figure 1. Then, we analyzed the function 
of OODBL in modulating the proliferation of OSCC cells, 
including CAL27 and SCC15 cells. MTT assays revealed 
that OODBL significantly suppressed the cell viability in 
a dose-dependent and time-dependent manner in the 
CAL27 (P < 0.01) (Figure 2A) and SCC15 cells (P < 
0.01) (Figure 2B), suggesting that OODBL induces an 
inhibitory influence on the proliferation of OSCC cells. 
Similarly, OODBL dose-dependently reduced the colony 
formation of OSCC cells, such as CAL27 (P < 0.01) 
(Figure 2C) and SCC15 cells (P < 0.01) (Figure 2D), 

confirming that OODBL inhibits the OSCC cell prolifera
tion in vitro.

OODBL Impairs the OSCC Cell 
Migration and Invasion
Next, we further explored the role of OODBL in the 
invasion and migration of OSCC cells. The OSCC cells 
were treated with OODBL at the indicated dose for 48 
hours. Transwell assays demonstrated that the OODBL 
treatment remarkably repressed the migration of CAL27 
and SCC15 cells in a dose-dependent manner (P < 0.01) 
(Figure 3A). We also observed that the invasion of CAL27 
and SCC15 cells was dose-dependently reduced by 
OODBL (P < 0.01) (Figure 3B), indicating that OODBL 
restrains the migration and invasion of OSCC cells.

OODBL Modulates Cell Cycle and 
Apoptosis in OSCC Cells
We were then concerned about the effect of OODBL on 
cell cycle and apoptosis in OSCC cells, such as CAL27 
and SCC15 cells. Significantly, with the increase of 
OODBL concentration, the cell distribution of the G0/G1 
phase was enhanced, whereas cell distribution in S phase 
cells and G2/M phase was decreased, implying that 
OODBL arrests OSCC cells at G0/G1 phase (P < 0.01) 
(Figure 4A). Furthermore, the quantitative analysis of flow 
cytometry with PI staining showed that OODBL promoted 
the apoptosis of CAL27 and SCC15 cells in a dose- 
dependent way (P < 0.01) (Figure 4B), suggesting that 
OODBL affects cell apoptosis of OSCC.

Figure 1 The structural formula of OODBL.
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OODBL Activates LXRα/ABCA1 
Signaling by Targeting miR-1247-3p
Next, we further investigated the underlying mechanism 
of OODBL inhibiting OSCC development. Western blot 
analysis (Figure 5A) with the quantification (Figure 5B) 

exhibited that OODBL significantly activated the 
expression of LXRα, ABCA1, and ABCG1 in the 
CAL27 cells (P < 0.01), implying that OODBL may 
exert its anti-OSCC role by modulating LXRα/ABCA1 
signaling.

Figure 2 OODBL inhibits the proliferation of OSCC cells. (A and B) The effect of OODBL on cell viability was measured by MTT assays in the CAL27 and SCC15 cells 
treated with OODBL of indicated dose, respectively. (C and D) The effect of OODBL on cell proliferation was analyzed by colony formation assays in the CAL27 and 
SCC15 cells treated with OODBL of indicated dose, respectively. 
Notes: n=3, means ± SD, compared with the control group, *p < 0. 05, **p < 0.01.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
11101

Dovepress                                                                                                                                                           Zheng et al

http://www.dovepress.com
http://www.dovepress.com


Then, we tried to explore the specific mechanism of 
OODBL mediating LXRα/ABCA1 signaling. 
Fundamentally, we identified that miR-1247-3p was able 
to potentially target to LXRα in a bioinformatic analysis 
by Targetscan (http://www.targetscan.org/vert_72/) (Figure 
6A). Luciferase reporter gene assays revealed that miR- 
1247-3p mimic attenuated the luciferase activity of wild 
type LXRα (P < 0.01) but failed to affect LXRα with miR- 
1247-3p binding site mutant in the CAL27 cells (Figure 
6B), verifying that miR-1247-3p may specifically target to 
LXRα. Meanwhile, the intuitive expression of miR-1247- 
3p was analyzed in the OSCC cells (P < 0.01) (Figure 6C). 
The expression levels of LXRα were remarkably 
decreased by miR-1247-3p mimic (P < 0.01), while the 
mRNA (Figure 6D) and protein (Figure 6E) expression 
levels of LXRα were significantly increased by the inhi
bitor of miR-1247-3p in the CAL27 cells (P < 0.01), 
suggesting that miR-1247-3p is able to inhibit the expres
sion of LXRα. Furthermore, OODBL could down-regulate 
the expression levels of the miR-1247-3p in a dose- 

dependent manner in the cells (P < 0.01) (Figure 6F). 
Together these data indicate that OODBL activates 
LXRα/ABCA1 signaling by targeting miR-1247-3p.

OODBL Affects Cytochrome C and 
Caspases Activities in OSCC Cells
Next, we were interested in how the OODBL affected 
the apoptosis of OSCC cells. The expression levels of 
cytochrome c in the cytoplasm, cleaved caspase-9 
(c-caspase-9) and cleaved caspase-3 (c-caspase-3) were 
dose-dependently reduced by OODBL in CAL27 cells 
(P < 0.01) (Figure 7A), implying that the inhibition of 
cytochrome c release from the mitochondria to cyto
plasm and the expression of c-caspase-9 and c-caspase- 
3 were involved in the apoptosis of OSCC cells 
mediated by OODBL. Besides, OODBL reduced the 
expression of Bcl-2, but increased the expression of 
Bax in the CAL27 cells (P < 0.01) (Figure 7B), indicat
ing that the Bcl-2 and Bax are involved in OODBL- 
induced OSCC cell apoptosis.

Figure 3 OODBL impairs the migration and invasion of OSCC cells. (A) The effect of OODBL on cell migration was tested by Transwell assays in the CAL27 and SCC15 
cells treated with OODBL of indicated dose. (B) The effect of OODBL on cell invasion was assessed by Transwell assays in the CAL27 and SCC15 cells treated with 
OODBL of indicated dose. 
Notes: n=3, means ± SD, compared with the control group, *p < 0. 05, **p < 0.01.
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Figure 4 OODBL modulates cell cycle and apoptosis in OSCC cells. (A) The effect of OODBL on cell cycle was measured by flow cytometry in the CAL27 and SCC15 
cells treated with OODBL of indicated dose. The percentages of cells in the G1, S, and G2/M phases were calculated using the Multi-cycle software, respectively. (B) The 
effect of OODBL on cell apoptosis was analyzed by flow cytometry in the CAL27 and SCC15 cells treated with OODBL of indicated dose. 
Notes: n=3, means ± SD, compared with the control group, *p < 0. 05, **p < 0.01.

Figure 5 OODBL activates LXRα/ABCA1 signaling. (A) The expression levels of LXRα, ABCA1, and ABCG1 were evaluated by Western blot analysis in the CAL27 cells 
treated with OODBL of indicated dose, in which β-actin was used as an equal loading control. (B) The results of Western blot analysis were quantified by ImageJ software. 
Notes: n=3, means ± SD, compared with the control group, **p < 0.01.
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OODBL Represses Tumor Growth of 
OSCC Cells in vivo
To better understand the role of OODBL in the inhibition 
of OSCC progression in vivo, we performed the tumori
genicity analysis by injecting the CAL27 cells into 
4-week-old nude mice. OODBL treatment significantly 
inhibited tumor growth of CAL27 cells in a dose- 
dependent manner in vivo, as demonstrated by the signifi
cantly decreased tumor size (Figure 8A), tumor weight 
(P < 0.01) (Figure 8B) and tumor volume (P < 0.01) 
(Figure 8C). In addition, immunohistochemical staining 
further revealed that the expression level of Ki-67 was 
reduced in the OODBL group (Figure 8D). Moreover, we 
validated that the protein levels of LXRα, ABCA1, and 
ABCG1 (P<0.01) were remarkably up-regulated by 

OODBL (Figure 8E). Together these data indicate that 
OODBL represses tumor growth of OSCC cells in vivo.

Discussion
Oral squamous cell carcinoma (OSCC) stands amid the 
most prevalent cancer globally and is correlated with hard 
morbidity and enormous mortality.41 OSCC is a dangerous 
latent disease because of the approximation of the smooth 
tissues to the underlying bone, leading to severe skeletal 
damage and consequent mortality or morbidity in many 
cases.42,43 The oral cavity is continuously endangered to 
carcinogens such as betel nut, alcohol, and tobacco, caus
ing it is the most usual position for the spring of epithelial 
malignancy in the neck and head.44–46 Although therapeu
tic improvements, the clinical outcome of this cancer con
tinues stagnant, and the five-year survival frequency is 

Figure 6 OODBL activates LXRα/ABCA1 signaling by targeting miR-1247-3p. (A) The putative targeting sites for LXRα and miR-1247-3p were shown. (B) The luciferase 
activity of wild type LXRα (LXRα-WT) and LXRα with miR-1247-3p binding site mutant (LXRα-Mut) were analyzed by luciferase reporter gene assays in cells treated with 
control miRNA (miR-NC) or miR-1247-3p mimic. (C) The intuitive expression of mir-1247-3p was analyzed by qPCR assays in the cells. (D) The protein expression levels of 
LXRα were measured by Western blot analysis in the CAL27 cells treated with miR-1247-3p mimic or miR-1247-3p inhibitor. The results were quantified by ImageJ 
software. (E) The mRNA expression levels of LXRα were assessed by RT-qPCR in the CAL27 cells treated with miR-1247-3p mimic or miR-1247-3p inhibitor. (F) The 
expression levels of miR-1247-3p was tested by qPCR in the CAL27 cells treated with OODBL of indicated dose. 
Notes: n=3, means ± SD, compared with the control group, **p < 0.01.
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approximately 60% throughout the latest decades.47–49 

Besides, a medical herb of Inula britannica has a wide 
variety of activities such as anti-cancer, antioxidant, anti- 
inflammatory, and neuroprotective function.50 Multiple 
active compounds from Inula britannica have exhibited 
a practical anti-tumor effect.16,51,52 Moreover, it has been 
reported that OODBL from Inula britannica represses the 
expression of ALOX15 and eotaxin-1 by the STAT6 
inactivation.53 In this study, we identified that OODBL 
was able to inhibit the progression of OSCC in vitro and 
in vivo. Our study firstly uncovered the anti-tumor effect 
of OODBL on OSCC, providing new evidence of the 
cancer inhibitory function of OODBL.

It has been reported that analog ABL-L detached from 
Inula britannica provokes apoptosis of human larynx 

carcinoma cells by regulating the p53 pathway.54 Two 
known sesquiterpene lactones, including O, 
O-diacetylbritannilactone (OODABL) and 
O-acetylbritaanilactone (OABL), activate anti-tumor out
comes rely on the phosphorylation of Bcl-2.55 HED isolated 
from Inula britannica advances apoptosis in diffuse large 
B-cell lymphoma cells.56 Furthermore, OODBL causes 
apoptosis in human leukemia cells by modulating caspases, 
cytochrome c, Bcl-2, and MAPK.22 Our data demonstrated 
that OODBL arrested cells to the G0/G1 phase and promoted 
cell apoptosis in the CAL27 and SCC15 cells. Bcl-2 family, 
as a crucial antiapoptotic member in carcinogenesis, is cor
related to the anti-tumor treatment resistance such as 
cisplatin.57 Stimulation of Bax leads to mitochondrial outer 
membrane permeabilization (MOMP) and the deliverance of 

Figure 7 OODBL affects cytochrome C and caspases activities in OSCC cells. (A) The expression levels of cytochrome c in the cytoplasm, cleaved caspase-9 (c-caspase-9), 
and cleaved caspase-3 (c-caspase-3) were analyzed by Western blot analysis in the CAL27 cells treated with OODBL of indicated dose, in which β-actin was used as an equal 
loading control. The results were quantified by ImageJ software. (B) The expression levels of Bcl-2 and Bax were measured by Western blot analysis in the CAL27 cells 
treated with OODBL of indicated dose, in which β-actin was used as an equal loading control. The results were quantified by ImageJ software. 
Notes: n=3, means ± SD, compared with the control group, *p < 0. 05, **p < 0.01.
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cytochrome c from the inter-membrane space to the cytosol. 
Cytochrome c can form the apoptosome and cleave the 
caspase-9 and caspase-3, contributing to the apoptosis in 
cancer cells.37 We found that OODBL dose-dependently 
inhibited the expression levels of cytochrome c in the cyto
plasm, cleaved caspase-9 (c-caspase-9), and cleaved caspase- 

3 (c-caspase-3) in CAL27 cells. And the protein levels of 
Bcl-2 were reduced, but the Bax levels were enhanced by 
OODBL in the cells. These data indicate that cytochrome c, 
c-caspase-9, c-caspase-3, Bcl-2, and Bax may be involved in 
OODBL-induced OSCC cell apoptosis, providing new evi
dence of the OODBL function.

Figure 8 OODBL represses tumor growth of OSCC cells in vivo. (A–E) The effect of OODBL in tumor growth of OSCC cells in vivo was analyzed by nude mice 
tumorigenicity assay. (A) Images of dissected tumors from nude mice of the model group and OODBL treatment group (0.1mL/10g). (B) The average tumor weight was 
calculated are shown. (C) The average tumor volume was calculated are shown. (D) The expression levels of Ki-67 of the tumor tissues were measured by 
immunohistochemical staining. (E) The protein expression levels of LXRα, ABCA1, and ABCG1 were examined by Western blot analysis in the tumor tissues, in which β- 
actin was used as an equal loading control. The results were quantified by ImageJ software. 
Notes: n=3, means ± SD, compared with the control group, **p < 0.01.
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It has been revealed that lycopene represses the pro
gression of androgen-dependent human prostate cancer 
cells by modulating LXRα/ABCA1 signaling.58 

Doxorubicin reduced the ABCA1 expression through the 
downregulation of transcriptional factor LXRα in cancer 
cells.59 Systemic inflammation, TNF-α, and IL-1β influ
enced by casein injection restrained the expression of 
ABCA1 and LXRα in hepatic cells.60 ABCA1 and 
ABCG1 are involved in the modulation of prostate cancer 
epithelial cells.61 Our data showed that OODBL signifi
cantly activated LXRα, ABCA1, and ABCG1 in the 
CAL27 cells. Besides, it has been reported that miR- 
1247-3p aggravates cancer-related activation of fibroblasts 
to promote liver cancer lung metastasis.34 CircRNA 
UBXN7 blocks cell invasion and growth through sponging 
miR-1247-3p to improve the expression of B4GALT3 in 
bladder cancer.62 Multiple miRNAs are also reported to 
participate in the development of OSCC. MiR-137 is 
down-regulated in the oral squamous cell carcinoma 
patients and may be served as a diagnostic marker of 
oral squamous cell carcinoma.63 MiR-34a-5p is correlated 
with OSCC cell proliferation and invasion.64 MiR-196a-5p 
is involved in DOCK1/BRIC3 signaling-modulated cell 
apoptosis of OSCC.65 MiR-133a-3p reduces oral squa
mous cell carcinoma by targeting COL1A1.66 MiR-10a 
promotes OSCC cell proliferation by enhancing GLUT1- 
related glucose metabolism.67 MiR-184 plays a crucial 
role in lncRNA UCA1-mediated OSCC proliferation and 
cisplatin resistance.68 Remarkably, we identified that miR- 
1247-3p had an LXRα-targeted sequence and decreased 
the luciferase activity of wild type LXRα but not LXRα 
with miR-1247-3p binding site mutant in the CAL27 cells. 
We further verified that the expression levels of LXRα 
were notably decreased by miR-1247-3p mimic and were 
remarkably increased by miR-1247-3p inhibitor in the 
cells. Moreover, OODBL could reduce the expression of 
the miR-1247-3p in the system. These data suggest that 
OODBL is able to activate LXRα/ABCA1 signaling by 
targeting miR-1247-3p. The more profound significance of 
miR-1247-3p/LXR/ABCA1 in the OODBL-mediated 
OSCC progression is needed to explore further.

In conclusion, we discovered that OODBL inhibited the 
progression of OSCC by modulating miR-1247-3p/LXRα/ 
ABCA1 signaling in vitro and in vivo. Our finding provides 
a new scenario that OODBL represses OSCC development. 
Therapeutically, OODBL may be applied as a potential anti- 
tumor candidate of OSCC in clinical treatment strategy.
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