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lncRNAs are related to the progression of various diseases, including oral squamous cell carcinoma (OSCC), which is a common
squamous cell carcinoma of the head and neck. Tumor-associated macrophages and tumor cells are significant components of
tumor microenvironment. M2 polarization of tumor-associated macrophages is a crucial actor in tumor malignancy and
metastasis. In this study, we studied the molecular mechanism of lncRNA DCST1-AS1 in OSCC. Here, we reported that
DCST1-AS1 was significantly increased in OSCC cells. We found that loss of DCST1-AS1 obviously inhibited the proliferation,
migration, and invasion of OSCC cells and xenograft tumor growth. Meanwhile, silencing of DCST1-AS1 also repressed the
percentage of macrophages expressing M2 markers CD206 and CD11b. DCST1-AS1 shRNA enhanced the percentage of
macrophages expressing M1 markers CD80 and CD11c. Then, we observed that loss of DCST1-AS1 suppressed OSCC
progression via inactivating NF-κB signaling. As well established, NF-κB signaling exerts critical roles in tumor progression, and
our study proved that DCST1-AS1 could regulate NF-κB signaling. We proved that blocking the NF-κB pathway using
antagonists greatly downregulated OSCC progression and M2 macrophage polarization induced by the overexpression of
DCST1-AS1. To sum up, we reported that DCST1-AS1 plays an important role in modulating OSCC tumorigenicity and M2
macrophage polarization through regulating the NF-κB pathway.

1. Introduction

Head and neck cancer is a sixth most frequent malignant
tumor worldwide [1]. OSCC is the most common type of
head and neck cancer [2]. Almost 300000 new cases are
reported each year, and over 140000 patients die due to
OSCC [3]. Currently, surgery, radiation, and chemoradiation
are the primary treatment for OSCC. Great progress is made,
but the overall 5-year survival of OSCC patients still
remained low [4]. Hence, the molecular mechanisms of
OSCC progression and development are in urgent need to
identify more treatment.

Macrophages are significant players in both the innate
and adaptive immune systems. Recently, macrophages are
classified as M1 macrophages with proinflammatory activity

and M2 macrophages with anti-inflammatory effects [5]. In
addition, growing evidence has reported that M2 macro-
phages accelerate tumor progression and metastasis [6].
Tumor-associated macrophages are termed as a macrophage
population educated by cancer cells. They exert important
roles in tumor microenvironment [7]. The accelerating effect
of M2 macrophages on tumor progression is regulated
through complex cross-talk mechanisms. However, the
underlying mechanisms by which OSCC reeducate these
macrophages to elicit this polarization program remain
uninvestigated.

lncRNAs is noncoding RNAwith a length over 200 nt [8–
10]. lncRNAs can modulate the expression of genes involving
multiple physiological and pathological processes [11–13].
Current studies report that abnormal lncRNAs are closely
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associated with many diseases, including tumors [14, 15]. For
example, lncRNA-RMRP can promote bladder cancer pro-
gression through miR-206 [16]. lncRNA-ATB can promote
apoptosis of lung cancer cells by regulating miR-200a [17].
In addition, lncRNA B3GALT5-AS1 represses colon cancer
metastasis through sponging miR-203 [18].

Moreover, lncRNAs are shown to be related to the pro-
gression of OSCC. For instance, HOXA11-AS can promote
OSCC development through sponging miR-98-5p and
upregulating YBX2 [19]. Silencing of lncRNA LEF1-AS1
represses OSCC progression via modulating Hippo signaling
[20]. Additionally, lncRNA SNHG5 can induce OSCC cell
growth by sponging miR-655-3p and regulating FZD4 [21].
lncRNA DCST1-AS1 has been reported in many cancers.
DCST1-AS1 induces the TGF-β-induced EMT process and
chemoresistance in breast cancer [22]. lncRNA DCST1-AS1
can contribute to hepatocellular carcinoma progression via
regulating AKT/mTOR signaling [23]. However, the func-
tion and detailed mechanism of DCST1-AS1 in OSCC pro-
gression are barely known.

In our present study, we found that DCST1-AS1 was
aberrantly increased in OSCC and contributed to OSCC
growth in vitro and in vivo. In addition, silencing of
DCST1-AS1 significantly inhibited M2-like polarization of
macrophages. In addition, DCST1-AS1 induced OSCC
development by enhancing the NF-κB signaling pathway.

2. Methods and Materials

2.1. Cell Culture. A normal human oral epithelial cell line
(NHOK) and oral squamous cell lines (SCC-9, FADU, Cal-
27, SCC-25, and HN4) were acquired from the American
Type Culture Collection (ATCC, Rockville, MD, USA). Cells
were incubated in DEME (Invitrogen, Carlsbad, CA, USA)
medium added with 10% FBS with 5% CO2 at 37

°C.

2.2. Cell Transfection. The pcDNA-DCST1-AS1 overexpres-
sion vector and the NC vector were constructed by Gene-
Pharma (Shanghai, China). A shRNA plasmid against
lncRNA DCST1-AS1 (sh-DCST1-AS1) or sh-NC was
ordered from GenePharma (Shanghai, China). A Lipofecta-
mine 3000 transfection reagent (Invitrogen, USA) was used
based on the manufacturer’s instruction.

2.3. CCK-8 Assay. Cells were grown into 96-well plates added
with 200μL DMEM culture medium (2 × 103 cells per well).
Then, the CCK-8 kit (TransDetect, China) was used to assess
cell viability at days 1, 2, and 3, respectively, after treatment.
Absorbance was tested at 570nm on a microplate reader
(Bio-Rad, USA).

2.4. EdU Assay. After transfection, cells (1 × 104) were grown
into 96-well plates each well. The EdU assay kit (RiboBio,
China) was utilized to detect cell proliferation. To obtain
the images, a fluorescence microscope (Nikon, Japan) was
used.

2.5. Transwell Assay. Cell migration and cell invasion were
evaluated using 24-well Biocoat cell culture inserts (Corning,
NY, USA) with a polyethylene terephthalate membrane

(8μm pores) coated without or with the Matrigel Basement
Membrane Matrix. After transfection, cells were seeded at a
density of 5 × 104 cells in 100μL serum-free DMEM. Cells
were plated onto the upper chambers. Lower chambers were
added using 600μL medium with 20% FBS. 48 hours later,
the membranes were fixed with 4% methanol and stained
with 0.1% crystal violet.

2.6. RNA Sequencing and Analysis. Total RNA was extracted
using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to standard protocols. Cell RNA-seq (3 replicates
each group) was carried out in RiboBio (Guangzhou, China).
Briefly, intact RNA was fragmented, end repaired, adapter
ligated, and PCR amplified. Libraries were sequenced by Illu-
mina HiSeq 2000 (Illumina, San Diego, USA). The sequenced
reads were aligned to the human reference genome (H19)
using TopHat v1.4.1. Differential gene expression (DEG)
analysis was done with DEseq and DEGseq (cell RNA-seq).

2.7. Quantitative Real-Time PCR. RNA extraction was car-
ried out using the TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). cDNA was synthesized by using a PrimeScript
RT reagent kit (TaKaRa, Japan). Quantitative detection was
performed on the ABI StepOne Real-Time PCR System
(San Diego, CA, USA). The primers were synthesized by San-
gon Biotech (Shanghai, China) and are shown in Table 1.
Gene expression was calculated based on the 2−ΔΔCT method.

2.8. Western Blotting Analysis. In brief, 40μg protein was
loaded to SDS-PAGE, and then, the PVDF membrane was
used to transfer the protein. Membranes were blocked in
5% skim milk for 1 h. Antibodies against p65 (1 : 1000, Cell
Signaling Technology, Beverly, USA), lamin B (1 : 1000, Cell
Signaling Technology, Beverly, USA), and GAPDH
(1 : 1000, Beyotime Biotechnology, Shanghai, China) were
used to incubate the membranes for a whole night. Next
day, the membrane was incubated with a HRP-conjugated
secondary antibody for 1 h. The blots were visualized using
the chemiluminescent detection kit (Pierce, Thermo Scien-
tific, Waltham, USA).

2.9. Tumor Xenograft Model. SCC-9 cells (1 × 107 cells)
transfected with or without DCST1-AS1 shRNA were sus-
pended in 200μL PBS and then subcutaneously injected into
the flank of 6-week-old BALB/c nude female mice. After 5
weeks, the mice were sacrificed and the tumor tissues were
collected for further research. The animal experiments were
approved by the Animal Care and Use Committee of Foshan
Stomatological Hospital, School of Stomatology and Medi-
cine, Foshan University.

2.10. Immunofluorescence Assay. After culture on the micro-
scope cover glass, cells were transfected. 48 h later, cells were
fixed using 4% formaldehyde and blocked using 10% BSA for
half an hour. A rabbit monoclonal anti-human CD206 and
CD80 (1 : 100; Proteintech) were used to incubate the slides
for a whole night at 4°C. Then, an Alexa Flour 555-
conjugated anti-rabbit IgG secondary antibody (1 : 750;
CST) was used. Cells were stained with DAPI (Merck, Darm-
stadt, Germany). A fluorescence microscope (OLYMPUS
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FV10-MCPSU) was used to acquire the images. ImageJ was
used to quantify IHC data.

2.11. IHC Staining. The paraffin-embedded sections were
dewaxed and rehydrated. 3% H2O2 was used to block endog-
enous peroxidase. Microwave heating was conducted for
antigen retrieval. Then, 5% BSA was used to block nonspe-
cific antigen at 37°C for 1 hour. The sections were incubated
using a specific primary antibody against Ki-67 at 4°C. Next
day, the sections were incubated with the corresponding
secondary antibodies at 37°C. An Olympus light microscope
was utilized to take the representative images. Image-Pro
Plus was used to quantify IHC data.

2.12. Flow Cytometry. To assess the frequencies of
CD206/CD11b and CD80/CD11c, cells were stained with
anti-CD80-APC, anti-CD11c-PE, anti-CD206-FITC, or
anti-CD11b-APC (BD Biosciences, San Jose, California,
USA). Staining with fluorophore-conjugated secondary anti-
bodies was carried out for flow cytometry analysis.

2.13. Statistical Analysis. Data were analyzed by the SPSS
software program (version 19.0). Student’s t-test was carried
out for two-group comparisons. Multiple comparisons were
analyzed using one-way ANOVA. P < 0:05 was considered
to be statistically significant.

3. Results

3.1. Downregulation of DCST1-AS1 Inhibited OSCC Cell
Proliferation, Migration, and Invasion In Vitro. The expres-
sion of DCST1-AS1 in OSCC cells was compared. We found
that the expression level of DCST1-AS1 in OSCC cell lines
(SCC-9, FaDu, Cal27, SCC-25, and HN4 cells) was upregu-
lated than that in NHOK cells (Figure 1(a)). Then, SCC-9
and Cal27 cells were transfected with DCST1-AS1 shRNA
or sh-NC. qRT-PCR analysis displayed that DCST1-AS1
expression was significantly decreased by DCST1-AS1
shRNA in OSCC cells as shown in Figure 1(b). Then, the
CCK-8 assay was carried out, and we found that OSCC cell
viability was greatly decreased by loss of DCST1-AS1 as
exhibited in Figures 1(c) and 1(d). Meanwhile, the EdU assay

was used to assess OSCC cell proliferation, and OSCC cell
proliferation was reduced due to lack of DCST1-AS1 in
Figure 1(e). In addition, we observed that OSCC cell migra-
tion and invasion capacity were obviously repressed by
DCST1-AS1 shRNA (Figures 1(f) and 1(g)).

3.2. Decrease in DCST1-AS1 Inhibited OSCC Tumor Growth
In Vivo. Then, we confirmed the effects of DCST1-AS1 on
OSCC in vivo. Dorsal flanks of nude mice were injected with
1 × 107 sh-DCST1-AS1- or sh-NC-transfected SCC-9 cells.
Tumor volume in sh-DCST1-AS1 was repressed by
DCST1-AS1 shRNA in a time-dependent manner
(Figure 2(a)). Tumor weight in the sh-DCST1-AS1 group
was greatly reduced (Figure 2(b)). In Figures 2(c) and 2(d),
the Ki-67-positive cell ratio was significantly repressed by
sh-DCST1-AS1 in the tumor tissues.

3.3. Silencing of DCST1-AS1 Repressed M2-Like Polarization
of Macrophages. Tumor-associated macrophages are consid-
ered to exhibit an M2-like phenotype in the tumor microen-
vironment. Then, to investigate whether DCST1-AS1
induced M2 polarization, unpolarized macrophages,
LPS/INF-γ-induced M1 macrophages, and IL-4/IL-13-
induced M2 macrophages were obtained. Then, we tested
the expression of DCST1-AS1, M1 markers, and M2
markers. The expression levels of M1-associated genes
(CD80 and CD11c) were elevated in M1 macrophages;
meanwhile, M2-associated genes, including CD206 and
CD11b, were also enhanced in M2 macrophages as con-
firmed in Figure 3(a). In addition, in Figure 3(b), lncRNA
DCST1-AS1 expression was greatly increased in M2 macro-
phages compared to M1 macrophages. After PMA incuba-
tion for 24 h, THP-1 cells were transfected with sh-NC or
DCST1-AS1 shRNA. The results indicated that M1 markers
were significantly enhanced (Figure 3(c)), while M2 markers
were downregulated in the DCST1-AS1 shRNA group
(Figure 3(d)). Additionally, as shown in Figure 3(e), immu-
nofluorescence of CD80 was increased while CD206 was
decreased in THP-1-differentiated macrophages transfected
with sh-DCST1-AS1.

Table 1: Primers for real-time PCR.

Genes Forward (5′-3′) Reverse (5′-3′)
GAPDH ATGGGTGTGAACCATGAGAA GTGCTAAGCAGTTGGTGGTG

DCST1-AS1 CCACTCACCAGCTTCTTC CTTCTGCTATGTCTCACCC

p21 ATGTAAGCTTATGTCAGAACCGGCTGGG AAGEGAATTCTTAGGGCTTCCTCTTGGAG

XIAP GCGAATTCGCCACCATGACTTTTAACAGTTTTGAAG GCAGCCTCGAGGCAGACATAAAAATTTTTTGCTTG

CD80 ACGTCAAAGCAGTAGTCAAGG GGAGGCCCTATGGAAAGTTAC

CD206 ATCCACTCTATCCACCTTCA TGCTTGTTCATATCTGTCTTCA

CD11c CAGGCATCATCCGCTAT GGTCTCCGTACCCTCAAT

CD11b ACTGGTGAAGCCAATAACGCA TCCGTGATGACAACTAGGATCTT

Cyclin D1 CCCTCGGTGGGTCCTACTTCAA TGGCATTTTGGAGAGGAAGT

uPA AAATGCTGTGTGCTGCTGAC AGGCCATTCTCTTCCTTGGT

CDK2 GCGAATTCCCCAGCCCTAATCTCA GCCTCGAGAACCCTCTTCAGCAATAA

MMP2 CAAGTGGGACAAGAACCAGA CCAAAGTTGATCATGTC
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Figure 1: Downregulation of DCST1-AS1 reduced the progression of OSCC cells. (a) The expression of DCST1-AS1 in different types of
OSCC cells (SCC-9, FaDu, Cal27, SCC-25, and HN4) and NHOK cells using qRT-PCR analysis. (b) qRT-PCR analysis of DCST1-AS1
expression in SCC-9 and Cal27 cells transfected with DCST1-AS1 shRNA or sh-NC. (c, d) CCK-8 assay was carried out to test OSCC cell
viability. (e) EdU assay was performed to evaluate OSCC proliferation. (f, g) Transwell assay was utilized to test cell migration and
invasion capacity. ∗P < 0:05.
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Figure 2: Loss of DCST1-AS1 repressed OSCC tumor growth in vivo. Dorsal flanks of nude mice were injected using 1 × 107 sh-DCST1-AS1-
or sh-NC-transfected SCC-9 cells. (a) Tumor volume in the sh-DCST1-AS1 and sh-NC group. (b) Tumor weight in the sh-DCST1-AS1 and
sh-NC group. (c, d) Ki-67 staining in the tumor tissues. ∗P < 0:05.
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Figure 3: Silencing of DCST1-AS1 inhibited M2-like polarization of macrophages. (a) qRT-PCR was used to detect the expression of M1
markers and M2 markers. (b) The expression of DCST1-AS1 was increased in M2 macrophages. (c) Expression of M1 markers (CD80
and CD11c). (d) Expression of M2 markers (CD206 and CD11b). (e) Immunofluorescence of CD80 and CD206 in THP-1-differentiated
macrophages transfected with sh-DCST1-AS1 or sh-NC. Scale bar, 100μm. The bar graphs indicated the quantification of the fluorescent
puncta data. ∗P < 0:05.
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3.4. Decrease in DCST1-AS1 Inactivated the NF-κB Signaling
Pathway. To further evaluate the function of DCST1-AS1 in
M2-like polarization of macrophages, we performed RNA-
seq in THP-1-differentiated macrophages transfected with
DCST1-AS1 shRNA or sh-NC. Pathway enrichment of the
differently expressed genes regulated by DCST1-AS1 shRNA
was exhibited, and the NF-κB signaling pathway was investi-
gated as displayed in Figure 4(a). In addition, we observed
that the expression level of nuclear p65 was obviously
reduced in the THP-1-differentiated macrophages trans-
fected with DCST1-AS1 shRNA (Figure 4(b)). For another,
the expression level of downstream genes of the NF-κB sig-
naling pathway was significantly downregulated by loss of
DCST1-AS1 in Figure 4(c).

3.5. Blocking the NF-κB Pathway Inhibited the Progression of
OSCC Cells and M2-Like Polarization of Macrophages
Induced by DCST1-AS1. Moreover, SCC-9 cells transfected
with oe-DCST1-AS1 were incubated with or without the
NF-κB inhibitor. As shown in Figure 5(a), SCC-9 cell viabil-
ity was induced by DCST1-AS1 overexpression, which was

reversed by the NF-κB inhibitor BAY 11-7802. In
Figure 5(b), OSCC cell migration and invasion were reduced
by BAY 11-7802. Furthermore, flow cytometry analysis was
carried out, and we found that M1 markers (CD11c and
CD80) were upregulated while M2 markers (CD11b and
CD206) were remarkably downregulated by the NF-κB
inhibitor as demonstrated in Figures 5(c) and 5(d).

4. Discussion

The therapeutic methods to treat OSCC patients are com-
plex, and their clinical outcome is not satisfactory. It is
important to understand the molecular mechanisms of
OSCC progression. In recent years, aberrant lncRNAs are
reported in OSCC, and they can play important roles in
OSCC progression [24–26]. Therefore, many studies have
concentrated on the functions of lncRNAs in OSCC.
Advances in the pathogenesis of OSCC are in urgent need
to develop novel treatments. In our current study, we deter-
mined that the uncharacterized DCST1-AS1 was signifi-
cantly increased in OSCC cells. We displayed that lncRNA
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Figure 4: Loss of DCST1-AS1 inactivated the NF-κB signaling pathway. (a) Pathway enrichment of the differently expressed genes regulated
by DCST1-AS1 shRNA. (b) The expression level of total p65 and nuclear p65 in the THP-1-differentiated macrophages. (c) The expression
level of downstream genes of the NF-κB signaling pathway. ∗P < 0:05.
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DCST1-AS1 was closely associated with macrophage polari-
zation and OSCC cancer progression. We found that
DCST1-AS1 activated the NF-κB pathway to promote OSCC
development and M2 macrophage polarization.

The functionality of DCST1-AS1 is widely studied in var-
ious cancers. For example, lncRNA DCST1-AS1 induces
CDK6 in cervical squamous cell carcinoma via sponging
miR-107 [27]. DCST1-AS1 acts as a ceRNA to regulate
expression of FAIM2 through sponging miR-1254 in hepato-
cellular carcinoma [28]. In addition, lncRNA DCST1-AS1
was increased in endometrial carcinoma via sponging miR-
92a-3p and inducing Notch1 [29]. We found that DCST1-
AS1 was increased in OSCC. Besides these, loss of DCST1-
AS1 resulted in decreased proliferation, migration, and
invasion of CSCC cells. Hence, we found that DCST1-AS1

is an oncogenic lncRNA in OSCC. In our future study, we
would like to test whether the developed DCST1-AS1 inhib-
itor could repress OSCC progression in vivo.

Within tumor microenvironment, tumor-associated mac-
rophages are major inflammatory cells [30, 31]. In general,
tumor-associated macrophages can exhibit M2 phenotypes
and induce tumor metastasis through releasing proteolytic
enzymes and cytokines [32]. Tumor-associated macrophages
predominantly polarize toward M2-like macrophages and
contribute to the malignant tumor progression [33, 34].
Therefore, identifying the factors in M2 macrophage polariza-
tion is critical to inhibit tumor-associated macrophage-
mediated cancer progression. For example, RACK1 induces
OSCC progression by increasing the M2/M1 macrophage
ratio [35]. The relationship between tumor-associated
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Figure 5: Blocking the NF-κB pathway inhibited the progression of OSCC cells and M2-like polarization of macrophages triggered by
overexpression of DCST1-AS1. SCC-9 cells transfected with oe-DCST1-AS1 were treated with or without the NF-κB antagonist. (a) SCC-9
cell viability evaluated using the CCK-8 assay. (b) Transwell assay was used to assess SCC-9 cell migration and invasion capacity. THP-1-
differentiated macrophages transfected with oe-DCST1-AS1 were incubated with or without the NF-κB antagonist. (c, d) Flow cytometry
analysis of M1 markers (CD11c and CD80) and M2 markers (CD11b and CD206). ∗P < 0:05.
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macrophages and OSCC is controversial. We indicated that
DCST1-AS1 promoted M2 macrophage polarization.

As reported, inflammation is a major drive for recruiting
immune cells such as macrophages and it is closely linked to
tumorigenesis. NF-κB is one of the major inflammatory
regulators, and accumulating evidence indicates an aberrant
activation of NF-κB signaling and cancer progression [36–
38]. NF-κB is reported to modulate the expression of down-
stream inflammatory cytokines [39, 40]. More importantly,
tumor-associated macrophages have been shown to produce
interleukins to promote tumorigenesis via NF-κB-mediated
signaling [41, 42]. Based on these data, the blocking of NF-
κB signaling could represent a therapeutic target for treating
OSCC [35, 43]. Our findings suggested that lncRNA DCST1-
AS activates NF-κB, which leads to OSCC progression and
M2 macrophage polarization. Blocking NF-κB signaling
repressed the progression of OSCC cells and M2-like polari-
zation of macrophages induced by DCST1-AS1.

In summary, we revealed that DCST1-AS1 promoted
OSCC progression andM2macrophage polarization via acti-
vating NF-κB signaling. Our study suggested that DCST1-
AS1 might be used as a valuable prognostic indicator and
provided promising targets for OSCC patients.
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