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ABSTRACT ARTICLE HISTORY
Emerging studies indicate that long non-coding RNAs play important roles in oral squamous cell Received 11 December 2021
carcinoma (OSCC). However, the function of the majority of long non-coding RNAs is still unclear. ~ Revised 29 January 2022
Recently, LINC0O0472 has been reported to play crucial roles in multiple cancers. However, the role Accepted 31 January 2022
of LINC00472 in oral squamous cell carcinoma (OSCC) is still not clear. This study found that KEYWORDS

LncRNA LINC00472 was significantly down-regulated in several squamous cell carcinoma cancer LINC00472; 0SCC;
tissues and OSCC cell lines. Over-expression of LINC00472 in OSCC cells inhibited OSCC progres- hsa-miR-4311; GNG7

sion and alleviated OSCC immune responses. Additionally, we confirmed that LINC00472 func-

tioned as an hsa-miR-4311 sponge and regulated the expression of GNG7 (guanine nucleotide-

binding protein, gamma 7). Also, we found that LINCO0472 over-expression could suppress

xenograft tumor growth in vivo. Our study provides evidence that LINC00472 plays an essential

role in inhibiting oral squamous cell carcinoma progression and affecting immune responses by

directly binding to hsa-miR-4311 to regulate the expression of GNG7 positively.

Introduction carcinoma (HNSCC) [1,2]. About ninety percent
Oral squamous cell carcinoma (OSCC), one of the = of HNSCC are squamous cell carcinomas develop-
most prevalent malignancies across the world, is  ing in mucosal surfaces of the oral cavity and
a subtype of head and neck squamous cell throat [3]. OSCC is the most common HNSCC
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subtype with increasing disease incidence during
recent years [4]. OSCC might be caused by expo-
sure to environmental factors, including tobacco,
alcohol, and the most common risk, viruses infec-
tion, such as human papillomavirus (HPV)-16 and
HPV-18 [°®]. OSCC lesions caused by multiple
environmental factors accumulate genetic alterna-
tions, such as chromosomal alternations, genome
mutations, and epigenetic alternations. However,
a lack of applicable OSCC markers for early diag-
nosis and understanding underlying molecular
mechanisms during cancer development result in
poor OSCC treatment outcomes.

Long non-coding RNAs (IncRNAs) are RNA
transcripts > 200nt without protein-coding
potential, which are uniquely expressed and
playimportant roles in specific tissues and can-
cer types [*"'']. Accumulating evidence suggests
that the aberrant expression of IncRNAs in
particular cancer types may regulate the cancer
progression by acting as a sponge for miRNA
inhibition, affecting chromatin methylation,
and modulating protein stability ['*""*]. For
instance, long non-coding RNA 00958, TTN-
AS1, and LINCO01207 were reported to be
involved in regulating OSCC progression [~
7], LINC00472 (ENSG00000233237), which is
also called intergenic non-protein coding RNA
472, located at chromosome 6: 71,343,427-
71,420,745, is reported to be involved in the
development of multiple cancers, including
non-small cell lung cancer, lung adenocarci-
noma, osteosarcoma, hepatocellular carcinoma,
breast cancer, and bladder carcinoma ['®7%*].
However, the role of LINC00472 in oral squa-
mous cell carcinoma (OSCC) is still not clear.

Therefore, we hypothesized that LncRNA
LINC00472 might be involved in the progres-
sion of OSCC in a ceRNA manner. This study
aimed to study the role of LINC00472 in OSCC
progression using OSCC cell lines and xeno-
grafted mice. Here, we found that LINC00472
was down-regulated in OSCC tissues and then
found LINCO00472 regulated OSCC through the
hsa-miR-4311/GNG7 axis. The goal of this
study is to identify LINC00472 as an OSCC
biomarker and regulator, which may serve as
the potential target for the development of
OSCC drugs.

Materials and methods
Cell culture and transfection

Normal human oral keratinocytes NHOK cells and
6 human OSCC cancer cell lines, CAL27, FADU,
HN12, HSU3, SCC9, and SCC25, were obtained
from The Cell Bank Type Culture Collection of the
Chinese Academy of Sciences (CBTCCCA, China).
All the cell lines were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM,
ThermoFisher Scientific, USA) with 10% fetal
bovine serum (10100147, ThermoFisher
Scientific, USA) and 1% penicillin-streptomycin
antibiotics (15140122, ThermoFisher Scientific,
USA). All the cell lines were cultured in a 37°C
incubator with 5% CO,.

FADU cells were cultured at 1 x 10° density
overnight for the cell transfection experiments
and transfected with pcDNA3, pcDNA3-
LINC00472, hsa-miR-4311 mimics, hsa-miR-4311
inhibitor, pcDNA-GNG?7 expression plasmids, and
the corresponding control plasmids using
Lipofectamine 2000 (11668019, ThermoFisher
Scientific, USA).

RNA extraction and quantitative PCR

Total RNA of cells was extracted using TRIzol
reagent (15596026, ThermoFisher Scientific,
USA) and reverse transcripted using HiScript II
Ist Strand ¢cDNA Synthesis Kit (R212-01, Vazyme,
China). RT-PCR was performed with SYBR
Premix ExTaqTM (RR030A, TaKaRa, China).
Relative expression of specific genes was deter-
mined using the comparative Ct method [25,26].
To detect hsa-miR-6814-5p, hsa-miR-6868-3p,
hsa-miR-660-3p, hsa-miR-4311, and hsa-miR
-4496, we performed TagMan™ MicroRNA Assay
(ThermoFisher Scientific, USA).

MTT (3- [4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide) assay

FADU cells transfected with hsa-miR-4311
mimics, GNG7 or hsa-miR-4311 mimics+GNG7
were collected after 24 hours. Then transfected
FADU cells were seeded into a 96-well plate at
2 x 10° density. MTT solution was prepared at
the concentration of 5 mg/ml. 10 ul of MTT



solution was added into each well for 4 hours at
37°C. DMSO dissolved formazan precipitation was
measured at 570 nm. We conducted the MTT
assay to analyze the proliferation of FADU cells
after transfection at the time points of 0 h, 24 h,
48 h, 72 h, and 96 h.

Transwell assays with or without matrigel

FADU cells were collected 24 hours after transfec-
tion. 2 x 10° FADU cells suspended in 200 pl of
serum-free medium were seeded into the upper
compartment of the chamber, and 800 ul of med-
ium with 20% FBS was added to the lower com-
partment of the chamber (MCEP24H48, Millipore,
USA). For the invasion test, the upper chamber
pre-coated with Matrigel Matrix (BD
Biosciences, USA). After incubation for 24 hours,
the cells were stained with a 0.4% crystal violet
solution.

was

Western blot

Cells cultured in a 6-well plate were collected and
lysed with RIPA lysis buffer (P0013B, Beyotime,
China). The primary antibodies used in this study
were shown as following: CXCL9 (1:200, LS-
B13342, LifeSpan BioSciences, USA); CXCL10
(1:100, LS-C104402, LifeSpan BioSciences, USA);
GNG7 (1:1000, LS-C807997, LifeSpan BioSciences,
USA). Pierce™ ECL Western blotting Substrate was
used for the visualization of the blots.

Luciferase activity assay

Luciferase reporter vectors were constructed as
illustrated in Figure 3(c) and Figure 4(a). FADU
cells were seeded in a 24-well plate at 1 x 10°
density and cultured for 24 hours. Cells were co-
transfected with luciferase reporter vector, miRNA
mimics, and Renilla luciferase vectors supplied by
Dual-Luciferase® Reporter Assay System (E1910,
Promega, USA). 48 hours after transfection,
Luciferase and Renilla signals were measured
using the Dual-Luciferase® Reporter Assay System
(E1910, Promega, USA). The luciferase signal fold
change calculation was determined after data nor-
malization to the corresponding Renilla luciferase
values.
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RNA immune-precipitation (RIP)

In the RNA immune-precipitation (RIP) assay, the
anti-AGO2 antibody (MA5-23515, ThermoFisher
Scientific, USA) was used. To confirm the direct
binding between hsa-miR-4311 and LINC00472,
the relative expression level of LINC00472 was
examined by quantitative PCR.

Xenograft and in vivo metastasis assay

12 BALB/c nude male mice at 5 weeks were pur-
chased from Shanghai SLAC LABORATORY ani-
mal co. Ltd, and divided into 2 groups. The
LINC00472 over-expression FADU cells (1 x 10°%/
1 ul DMEM) and negative controls were injected
into nude mice subcutaneously described in
a previous study [27]. The tumors were collected
after 4 weeks of inoculation, and the tumor
volume was measured. The xenograft experiment
was approved by the animal care and use commit-
tee. The lung tissues were collected and subjected
to hematoxylin and eosin (HE) staining to analyze
tumor nodules [28].

Statistical analysis

Graphpad prism 7.0 was used for statistical analysis
in this study. Student’s t tests were conducted to
determine the significant differences between any
two groups of data. Error bars represented standard
deviations (SD). Differences were considered signif-
icant when *p < 0.05, **p < 0.01, **p < 0.001. Data
from this study were expressed as the means + SD
from at least three independent repeats.

Results

There are accumulating studies suggesting that long
non-coding RNAs participate in regulating multiple
cancers, including OSCC. Previous studies have
shown that abnormal expression of LINC00472 was
correlated with several types of cancers. However,
the role of LINC00472 in oral squamous cell carci-
noma (OSCC) is still not clear. In this study, we
studied the role of LINC00472 in OSCC progression
using OSCC cell lines and xenografted mice. We
found that LncRNA LINC00472 was significantly
down-regulated in several squamous cell carcinoma
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cancer tissues and OSCC cell lines. Using OSCC cells
and xenografted mice, our results suggested activat-
ing LINCO00472/hsa-miR-4311/GNG7  signaling
inhibited OSCC development and affected immune
responses, and LINC00472/hsa-miR-4311/GNG7
axis could serve as early diagnostic markers and
potential therapeutic targets to improve OSCC
prognosis.

LncRNA LINC00472 was down-regulated in
several squamous cell carcinomas and OSCC cell
lines

To figure out the role of LINC00472 in squamous
cell carcinomas, we conducted LINC00472 expres-
sion correlation analysis using GEPIA datasets
(Gene Expression Profiling Interactive Analysis,
http://gepia2.cancer-pku.cn/#index), including
CESC (cervical squamous cell carcinoma and
endocervical adenocarcinoma), HNSC (head and
neck squamous cell carcinoma), and LUSC (lung
squamous cell carcinoma) datasets [29]. The
results showed that in three types of squamous
cell ~carcinomas, the expression level of
LINCO00472 was remarkably decreased in the
tumor tissue group compared to the normal tissue
group (Figure 1(a)). Next, we examined the
expression of LINC00472 in 6 human OSCC can-
cer cell lines, CAL27, FADU, HN12, HSU3, SCC9,
and SCC25, with the normal human oral kerati-
nocytes NHOK cells as control. We found that in
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all 6 human OSCC cancer cell lines, the
LINCO00472 level was significantly reduced, espe-
cially in the FADU cells (Figure 1(b)). In sum-
mary, the results suggested that LINC00472 was
significantly down-regulated in OSCC cells, indi-
cating the potential role of LINC00472 in regulat-
ing the progression of OSCC.

LINC00472 over-expression inhibited OSCC
progression and affected immune responses
in vitro

To further explore the role of LINC00472 during the
development of OSCC, we selected FADU cells for
further functional experiments in vitro. We sub-
cloned LINCO00472 into the pcDNA3 plasmid and
confirmed that the expression level of LINC00472 in
FADU cells transfected with LINC00472 plasmids
was markedly increased (Figure 2(a)). First, we con-
ducted an MTT assay to analyze the proliferation of
FADU cells after LINC00472 transfection at the time
points of 0 h, 24 h, 48 h, 72 h, and 96 h. Over-
expression of LINC00472 significantly inhibited the
proliferation ability of FADU cells (Figure 2(b)).
Furthermore, we studied the migration and invasion
of FADU cells after LINC00472 transfection using
Transwell assays. The migration ability of FADU
cells after over-expression of LINC00472 was mea-
sured by transwell assay without Matrigel, and the
results showed that LINC00472 remarkably reduced
FADU cells migration (Figure 2(c,d)). The results

Figure 1. LncRNA LINC00472 was down-regulated in several squamous cell carcinomas and OSCC cell lines (a) Transcripts per million
(TPM) of LINC00472 detected in CESC, HNSC, and LUSC patients. CESC, cervical squamous cell carcinoma and endocervical
adenocarcinoma; HNSC, head, and neck squamous cell carcinoma; LUSC, lung squamous cell carcinoma. T represented tumor
tissues, and N represented normal tissues. (b) Expression of LINC00472 in normal human oral keratinocytes NHOK cell and 6 human
OSCC cancer cell lines, CAL27, FADU, HN12, HSU3, SCC9, and SCC25. Error bars represent standard deviations, n = 3; ***p < 0.001.
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from the transwell assay with Matrigel revealed that
LINC00472 also reduced the invasion ability of
FADU cells significantly (Figure 2(e,f)). In addition,
we found that the levels of CXCL9 and CXCL10, the
THI1-type chemokines, were decreased after the up-
regulation of LINC00472 on both mRNA and protein
levels (Figure 2(gh)). The THI1-type chemokines
CXCL9 and CXCL10 could be induced by interferon-
gamma (IFN-y) and played essential roles during
T-cell trafficking, indicating that LINC00472 may be
a mediator during OSCC immune responses.
Altogether, the results suggested that LINC00472
inhibited OSCC development and affected immune
responses in vitro.

LINC00472 functioned as the sponge of hsa-miR-
4311

To explore the binding partner of LINC00472, we
conducted bioinformatics analysis using LncBase
Predicted v.2 and chose the top5 predicted
microRNAs for the further experimental test, includ-
ing hsa-miR-6814-5p, hsa-miR-6868-3p, hsa-miR
-660-3p, hsa-miR-4311, and hsa-miR-4496 [30]. By
examining the expression levels of the top5 predicted
microRNAs, we found that hsa-miR-4311 expression
was significantly increased in human OSCC FADU
cells compared with normal human oral keratino-
cytes NHOK cells (Figure 3(a)). LINC00472 over-
expression remarkably decreased the expression level
of hsa-miR-4311, indicating that LINC00472 may
function as the sponge of hsa-miR-4311 through
a ceRNA manner (Figure 3(b)). Next, we constructed
luciferase reporter vectors as illustrated in the upper
panel of Figure 3(c). The results showed that the
relative luciferase activity was significantly reduced
in the LINC00472 and hsa-miR-4311 co-transfection
group, indicating hsa-miR-4311could directly bind
to LINC00472 (Figure 3(c)). Also, the RIP assay
results for AGO2 and IgG showed that hsa-miR
-431 could target LINC00472 in the AGO2 depen-
dent manner (Figure 3(d)).

Next, we further explored whether LINC00472
functioned as the sponge of hsa-miR-4311. First, we
performed the MTT assay and found that miR-4311
inhibitor could significantly reduce the proliferation
of FADU cells (Figure 3(e)). Also, we utilized trans-
well assays to confirm that the miR-4311 inhibitor
inhibited the migration and invasion of FADU cells
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(Figure 3(f-i)). The expression levels of CXCL9 and
CXCL10, the TH1-type chemokines, were signifi-
cantly decreased after miR-4311 inhibitor transfection
(Figure 3(j,k)). The results revealed that miR-4311
inhibitor also played an anti-tumor role which is
similar to LINC00472. Taken together, the results
suggested that LINC00472 functioned as the sponge
of hsa-miR-4311.

LINC00472 inhibited OSCC progression and
affected immune response by regulating the
expression of GNG7

To search for the potential protein targets regu-
lated by hsa-miR-4311, we conducted a TargetScan
7.2 bioinformatics analysis [31]. In the gene list
given by TargetScan7.2, we screened a potential
cancer suppressor gene, guanine nucleotide-
binding protein gamma 7 (GNG7). To confirm
the correlation between hsa-miR-4311 and
GNG7, we conducted a dual-luciferase assay and
found that the luciferase activity was significantly
decreased in the hsa-miR-4311and GNG7 co-
transfection group (Figure 4(a)). Next, we exam-
ined the expression level of GNG7 in several
OSCC cancer cell lines and found that GNG7
was remarkably down-regulated in CAL27,
FADU, HN12, HSU3, SCC9, and SCC25 cells
(Figure 4(b)). Also, the GNG?7 level was negatively
correlated with the activity of hsa-miR-4311, indi-
cating that hsa-miR-4311 could regulate the
expression of GNG7 (Figure 4(c)). To verify the
function of GNG7, we conducted the MTT assay.
The results showed GNG7 reduced the prolifera-
tion of OSCC cells, and also inhibited the
increased proliferation of miR-4311 mimics trans-
fected OSCC cells (Figure 4(d)). Next, we utilized
transwell assays to confirm whether GNG7 played
a role in migration and invasion. We found that
GNG7 reduced migration and invasion of FADU
cells, and GNG?7 partially reversed the cancer-
promoting phenotypes induced by miR-4311
mimics (Figure 4(e,;h)). At last, we test the expres-
sion level of CXCL9 and CXCL10, the TH1-type
chemokines. The results showed that GNG7 could
efficiently decrease the expression of CXCL9 and
CXCL10 (Figure 4(ij)). Altogether, our results
suggested that LINC00472 inhibited OSCC
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Figure 2. LINC00472 inhibited OSCC progression and affected immune responses in vitro (a) Expression level of LINC00472 after
over-expression of LINCO0472 quantified using qPCR. (b) Cell proliferation of FADU cells after over-expression of LINC00472
evaluated using MTT assay. (c) The migration ability of FADU cells after over-expression of LINCO0472 was measured by transwell
experiments (without Matrigel). (d) Quantification result of (C). (e) The invasion ability of FADU cells after over-expression of
LINC00472 was measured by transwell experiments (with Matrigel). (f) Quantification result of (E). (g) The expression level of CXCL9
and CXCL10 after over-expression of LINC00472 was quantified using gPCR. (h) CXCL9 and CXCL10 levels after over-expression of
LINC00472 were detected using Western blot. Scale bar = 50 um. Error bars represent standard deviations, n = 3; **p < 0.01,

*#*%p < 0,001,
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Figure 3. LINC00472functioned as the sponge of hsa-miR-4311 (a) hsa-miR-4311 was up-regulated in FADU cells. (b) The relative
expression level of hsa-miR-4311 after over-expression of LINC00472 was quantified using gPCR. (c) Dual-luciferase assay in FADU
cells transfected with either with control or miR-4311 mimics in LINC00472. (d) The correlation of LINC00472 and hsa-miR-4311 was
confirmed using RNA immune-precipitation assay with the anti-AGO2 antibody. (e) Cell proliferation of FADU cells after the inhibition
of hsa-miR-4311 evaluated using MTT assay. (f) The migration ability of FADU cells after the inhibition of hsa-miR-4311 was
measured by transwell experiments (without Matrigel). (g) Quantification result of (F). (h) The invasion ability of FADU cells after the
inhibition of hsa-miR-4311 was measured by transwell experiments (with Matrigel). (i) Quantification result of (H). (j) The expression
level of CXCL9 and CXCL10 after the inhibition of hsa-miR-4311 was quantified using qPCR. (k) CXCL9 and CXCL10 levels after the
inhibition of hsa-miR-4311 were detected using Western blot. Scale bar = 50 um. Error bars represent standard deviations, n = 3;
*p < 0.05, **p < 0.01, **p < 0.001.
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Figure 4. LINC00472 inhibited OSCC progression and affected immune response by regulating the expression of GNG7 (a) Dual-
luciferase assay in FADU cells transfected with either with control or miR-4311 mimics in GNG7. (b) Expression of GNG7 in normal
human oral keratinocytes NHOK cell and 6 human OSCC cancer cell lines, CAL27, FADU, HN12, HSU3, SCC9, and SCC25. (c) GNG7
level after over-expression of LINC00472 or down-regulation of hsa-miR-4311; GNG7 level after down-regulation of LINC00472 or up-
regulation of hsa-miR-4311. (d) Cell proliferation of FADU cells after up-regulation of hsa-miR-4311, GNG7, or hsa-miR-4311+ GNG7
evaluated using MTT assay. (e) The migration ability of FADU cells after up-regulation of hsa-miR-4311, GNG7, or hsa-miR-4311
+ GNG7 measured by transwell experiments (without Matrigel). (f) The invasion ability of FADU cells after up-regulation of hsa-miR
-4311, GNG7, or hsa-miR-4311+ GNG7 measured by transwell experiments (with Matrigel). (g) Quantification result of (E). (h)
Quantification result of (F). (i) The expression level of CXCL9 and CXCL10 after up-regulation of hsa-miR-4311, GNG7, or hsa-miR-4311
+ GNG7 were quantified using gPCR. (j) CXCL9 and CXCL10 levels after up-regulation of hsa-miR-4311, GNG7, or hsa-miR-4311
+ GNG7 quantified using Western blot. Scale bar = 50 um. Error bars represent standard deviations, n = 3; **p < 0.01, ***p < 0.001.



development and affected immune response by
regulating the expression of GNG7.

LINC00472 alleviated oral squamous cell
carcinoma and inhibited tumor metastasis

in vivo

To further determine the effect of over-expression
of LINC00472 on tumor growth in vivo, we used
a xenograft tumor model. The LINC00472 over-
expression FADU cells and negative controls were
injected into nude mice subcutaneously. Over-
expression of LINC00472 significantly reduced
the tumor size of the FADU cells, compared with
these of the control group (Figure 5(a,b)). Also, we
detected that GNG7 was remarkably up-regulated
in the LINC00472 group, confirming that GNG7
was the downstream protein effector of

LINCO00472 (Figure 5(c)). Next, we examined the
levels of two proliferation markers, PCNA and ki-
67 in the tumor tissues by Western blot. We found
that PCNA and ki-67 levels were significantly
decreased in the tumor tissues with up-regulation
indicating

of LINCO00472, that LINC00472
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inhibited cell proliferation in vivo (Figure 5(d)).
We then evaluated the protein level of ki-67 in the
tumor tissues using immunohistochemistry stain-
ing, and results revealed that the ratio of ki-67
positive cells was significantly decreased after
overexpression of LINC00472 (Figure 5(e)). In
addition, there were fewer metastatic foci in the
lungs of xenografted nude mice in the LINC00472
group than in the negative control group
(Figure 5(f)). In summary, the results suggested
that LINCO00472 alleviated oral squamous cell car-
cinoma and inhibited tumor metastasis in vivo.

Discussion

The essential roles of IncRNAs in the progression
of multiple cancers have been confirmed by emer-
ging studies [32]. The aberrant expression of cer-
tain IncRNA is relevant with corresponding cancer
progression [33]. Recently, the pathological roles
of multiple IncRNAs in the regulation of the pro-
gression of OSCC are intensively been identified
[34]. For instance, IncRNA Homeobox All anti-
sense RNA (HOXA11-AS) promotes proliferation,
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Figure 5. LINCO0472 alleviated oral squamous cell carcinoma and inhibited tumor metastasis in vivo (a) Control or LINC00472-
overexpressing FADU cells were injected into the right rear flank of nude mice. The representative pictures of the xenografted
tumors. (b) Quantification result of the tumor size of (A). (c) GNG7 level in the OSCC tumor tissues detected by WB. (d) The levels of
proliferation markers, PCNA, and ki-67 in the OSCC tumor tissues detected by WB. (e) Ratio of ki-67 positive cells detected by IHC
staining. (f) HE staining of metastatic nodules in the lungs of the control or LINCO0472-overexpressing group. Scale bar = 20 pm.

Error bars represent standard deviations, n = 6; **p < 0.01.
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migration, invasion, and epithelial-mesenchymal
transition (EMT), while inhibiting apoptosis of
OSCC cells by sponging miR-98-5p to increase
YBX2 level [35]. LncRNA CASC9 promotes
OSCC progression via inhibiting autophagy-
mediated apoptosis through AKT/mTOR pathway
[36]. Accumulating evidences suggest that
IncRNAs indeed play important roles in the reg-
ulation of OSCC development and progression.

LINCO00472 was identified to be aberrantly
expressed in multiple cancers, including non-
small cell lung cancer, lung adenocarcinoma,
osteosarcoma, hepatocellular carcinoma, breast
cancer, and bladder carcinoma, indicating
LINC00472 was correlated with various cancer
progression ['®2]. However, the role of
LINC00472 in oral squamous cell carcinoma
(OSCC) remains unclear. In this study, we found
that LINCO00472 expression was significantly
decreased in CESC, HNSC, and LUSC tissue, and
several OSCC cell lines, indicating LINCO00472
might play a role in OSCC progression. Next, we
further explored the role of LINC00472 in OSCC
cells by up-regulating LINC00472 and found that
LINC00472 inhibited OSCC progression and alle-
viated OSCC immune responses in vitro. Also,
LINC00472 reduced the levels of TH1-type che-
mokines CXCL9 and CXCL10, which were
induced by interferon-gamma (IFN-y) and played
important roles during T-cell trafficking, indicat-
ing that LINC00472 may be a mediator during
OSCC immune responses. In addition, we con-
firmed that LINC00472 significantly reduced the
tumor volume of OSCC in vivo using the xeno-
grafted OSCC tumors with LINC00472 over-
expression.

LncRNAs could interact with microRNAs
(miRNAs) to exert their physiological functions
[37]. LncRNA competitively binds to particular
miRNA to regulate the level of miRNA in
a competitive endogenous RNA-related (ceRNA-
related) manner, thereby regulating the expression
of the downstream protein effector and modulat-
ing cancer progression [38]. In our study, we con-
ducted bioinformatics analysis and identified hsa-
miR-4311 as the corresponding binding partner of
LINC00472 and GNG7 (guanine nucleotide-
binding protein, gamma 7) as the downstream
protein effector. In addition, we confirmed the

roles of hsa-miR-4311 and GNG?7 by proliferation,
migration, and invasion assays using OSCC cells.

GNG7, a heterotrimeric G protein subunit, is
ubiquitously expressed in multiple tissues.
However, several studies have found that the
expression of GNG7 was decreased in various
cancers, including squamous cell carcinoma, eso-
phageal cancer, and pancreatic cancer, indicating
the potential tumor suppressor role of GNG7
[****']. GNG7 was associated with transmem-
brane signaling pathways and cell contact-
induced growth arrest, thereby inhibiting uncon-
trolled proliferation in cells [41]. In this study,
we found that GNG7 inhibited the progression
of GNG7 and was up-regulated in the xeno-
grafted tumor tissues with LINC00472 over-
expression, suggesting that GNG7 was the down-
stream protein effector of LINC00472 and hsa-
miR-4311. The expression of specific IncRNAs
and miRNAs could be considered as the signals
of specific cellular states and utilized to identify
cellular pathologies such as multiple cancers
[42]. LINCO00472 and hsa-miR-4311 could serve
as early diagnosis markers or potential therapeu-
tic targets to improve OSCC prognosis.
Overexpression of LINC00472 could significantly
inhibit the progression of OSCC in vitro and
in vivo.

However, this study still has some limitations,
and numerous questions should be answered in
the future. First, for the dissection of the ceRNA
mechanism of LINC00472 in vitro, we selected
FADU cells because of the low LINC00472 level.
Thus, we should further test several other OSCC
cell lines in the future. In addition, the role of the
LINC00472/hsa-miR-4311/GNG7 axis in OSCC
progression should be further tested using patient
samples. Hopefully, LINC00472 could serve as an
early diagnostical marker and contribute to the
therapeutic method.

Conclusions

In conclusion, this study demonstrated that acti-
vating LINC00472/hsa-miR-4311/GNG7 signaling
inhibited OSCC progression and affected immune
responses, and LINC00472/hsa-miR-4311/GNG7
axis could serve as early diagnostic markers and



potential therapeutic targets to improve OSCC
prognosis.
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