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1 | INTRODUCTION
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Abstract

Distant lung metastasis is the main factor that affects the survival rate of patients
with salivary adenoid cystic carcinoma (SACC). Anoikis resistance is a feature of tumor
cells that easily metastasize. The long non-coding RNA (IncRNA) MRPL23 antisense
RNA 1 (MPRL23-AS1) is related to lung metastasis in SACC, but its role in anoikis
resistance is unknown. After altering MPRL23-AS1 expression in SACC cells, anoikis
resistance was detected by calcein AM/PI staining and annexin V/PI flow cytometry.
The apoptosis marker activated caspase-3 and the bcl-2/bax ratio were detected by
Western blotting. The relationship between MPRL23-AS1 and the promoter of the po-
tential downstream target gene p19INK4D was identified by chromatin immunopre-
cipitation (ChIP)-PCR assay. p19INK4D expression in patient tissues was determined
using gRT-PCR and immunohistochemistry. The functional experiments showed that
MPRL23-AS1 could promote anoikis resistance in vitro. MRPL23-AS1 recruited the
EZH2 to the promoter region of p12INK4D, inhibited p12INK4D expression, and pro-
moted tumor cell anoikis resistance. p12INK4D overexpression did not affect anoikis
in attached cells; however, it attenuated the anoikis resistance effect of MPRL23-AS1
in suspension cells. p12INK4D expression was significantly lower in SACC tissues than
in normal tissues. The novel MRPL23-AS1/p19INK4D axis may be a potential SACC

biomarker or therapeutic target.
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approximately 50%, but local recurrence and distant recurrence

Adenoid cystic carcinoma (ACC) is an uncommon malignant tumor
that arises within secretory glands, mainly the salivary glands, and
accounts for approximately 25% of major salivary gland malignan-
cies and 50% of minor salivary gland malignancies (Chen et al.,
2012; Ellington et al., 2012; Tincani et al., 2006). Salivary ACC
(SACC) is typically characterized by slow growth and is prone to
nerve invasion in the early stage and pulmonary metastasis, the
incidence of which is up to 47.8%, in the late stage (Kokemueller
et al., 2004; Rapidis et al., 2005). Late-onset distant metastasis is
the most common factor related to the poor prognosis of SACC
(Gao et al., 2013). The 10-year overall survival rate of SACC is

are often observed after a short disease-free interval (Spiro &
Huvos, 1992; Terhaard et al., 2004). After the occurrence of me-
tastasis, the median survival time of ACC is approximately 3 years
(Spiro & Huvos, 1992; van der Wal et al., 2002), and rapid disease
progression after metastasis leads to death within two years in
one-third of patients (Spiro, 1997). Although tumor metastasis is
one of the main causes of SACC-related death, its mechanism of
action remains unclear (Coca-Pelaz et al., 2015). At present, rad-
ical surgical resection and adjuvant postoperative radiotherapy
are conducive to controlling the primary lesions, but the overall
prognosis of SACC patients is poor, and the long-term outcomes
are unsatisfactory (Lloyd et al., 2011). Therefore, it is imperative to
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clarify the biological molecular mechanism of SACC lung metasta-
sis to improve clinical outcomes.

Anoikis regulation is a key step in cancer metastasis. Metastasis
is defined as a multifaceted event that enhances the spread of tumor
cells from the primary tumor to the blood vessels and lymphatic
system and ultimately results in the proliferation of tumor cells in
different parts of the body (Chen et al., 2020; Kong et al., 2019; Yao
et al., 2018). Tumor metastasis has several steps, including epithelial
to mesenchymal transition (EMT), migration through the circulatory
system, and finally the formation of metastatic lesions in the host
organ (Gillies et al., 2008). One of main obstacles to metastasis is
a type of apoptosis called anoikis, which starts with the separation
of cells from the natural extracellular matrix and prevents the sep-
arated cells from attaching to other body organs. Tumor cells need
to acquire different characteristics, including enhanced invasiveness
and resistance to anoikis, to form tumor sites in distant parts of the
body (Tajbakhsh et al., 2019).

Long non-coding RNAs (IncRNAs), a class of transcripts >200
nucleotides (nts) in length, exhibit poor protein-coding potential.
LncRNAs play complex and extensive roles in the development
and progression of various cancers (Kapranov et al., 2007; Wang &
Chang, 2011). Previous studies have reported that IncRNAs, such
as the oncogenes IncRNA HOTAIR (Topel et al., 2020) and IncRNA
VAL (Tian et al., 2020) and the tumor suppressor MAPK8IP1P2 (Liu
et al., 2020), can affect anoikis progression. Therefore, IncRNAs af-
fecting anoikis resistance in cancer have been investigated in nu-
merous studies, but their function remains controversial. MRPL23
antisense RNA 1 (MRPL23-AS1) has been examined in several
studies. The overexpression of MRPL23-AS1 is related to a higher
metastatic potential (Chen et al., 2020) and a higher risk of poor
overall survival (Zhang et al., 2021). Our previous research showed
that MRPL23-AS1 promotes SACC cell EMT and lung metastasis
(Chen et al., 2020). Furthermore, to our knowledge, the roles of
MRPL23-AS1 in the progression of anoikis and its downstream mol-
ecules in SACC have not been previously reported.

p19INK4D is an inhibitor of cyclin-dependent kinase (INK4)
family members, which include the p15INK4B, p16INK4A, and
p18INK4C proteins (Cheng, 2004). The cyclin-dependent kinase
inhibitor (CDKI) family contains the INK4 family and the CIP/KIP
family, which target CDK4/6 and CDK2, respectively (Besson
et al., 2008; Roskoski, 2019). CDKIs inhibit the formation of the
cyclin-CDK complex through competitively binding CDK, leading
to arrest in the G1 phase (Spiro, 1997). p19INK4D participates in
a series of physiological activities and the pathogenesis of dis-
eases, including the cell cycle, apoptosis, DNA damage repair, cell
differentiation of hematopoietic cells, and cellular senescence
(Carcagno et al., 2012; Dreidax et al., 2014; Gilles et al., 2008;
Hilpert et al., 2014; Sonzogni et al., 2014). Previous studies have
suggested that p19INK4D promotes the apoptosis processes of
several tumor cells, including malignant glioma cells (Komata et al.,
2003), ER-negative breast cancer cells (Guo et al., 2013), and he-
patocellular carcinoma cells (Zhou et al., 2018). The influence of
p19INK4D in anoikis is unknown.
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Here, we uncovered that MRPL23-AS1 negatively regulates
p19INK4D expression to facilitate resistance to anoikis in SACC.

2 | MATERIALS AND METHODS
2.1 | Celllines

The SACC-83 cell line originated from tissue isolated from a patient
with SACC in 1983 (Li, 1990). The SACC-LM cell line has enhanced
lung metastatic features and was generated following the injection
of SACC-83 cells into the tail vein of immunodeficient mice (Dong
et al., 2011; Fu et al., 2020). The SACC-83 and SACC-LM cell lines
were established by the author SLL and kept at Peking University
School and Hospital of Stomatology. SACC-83 and SACC-LM cells
were cultivated in RPMI-1640 medium supplemented with 10% FBS
(both from Gibco; Thermo Fisher Scientific, Inc.).

2.2 | Overexpression and small interfering RNA
(siRNA) transfection

SACC-LM cells were transiently transfected with targeted siRNA or
scrambled negative control siRNA (siNC). All individual siRNAs were
designed and synthesized by RiboBio. The cells were grown in six-well
plates to 30-50% confluence and transfected using riboFECTTM CP
(RiboBio) according to the manufacturer's instructions. The cells
were harvested after a forty-eight-hour transfection period. To
overexpress MRPL23-AS1, the plasmid pcDNA-MRPL23-AS1 was
constructed by introducing an EcoRI/Notl fragment containing an
MRPL23-AS1 cDNA sequence into the same sites in pcDNA3.1(+).
MRPL23-AS1 or pcDNAS3.1(+) was transfected into SACC-83 cells
using Lipofectamine 2000 (Invitrogen). To overexpress p19INK4D,
the plasmid p19INK4D was constructed by introducing an EcoRI/
Notl fragment containing a p12INK4D cDNA sequence into the
same sites in GV492. The p19INK4D or GV492 plasmid was trans-
fected into SACC-LM cells using Lipofectamine 2000 (Invitrogen).

2.3 | Apoptosis and cell cycle analysis with
flow cytometry

To quantify live and dead cells, cells were costained with calcein ace-
toxymethyl (AM) and propidium iodide (Pl). Briefly, the cells were
collected, washed with phosphate-buffered saline (PBS), and incu-
bated in a PBS solution containing 2 pM calcein AM and 4 uM Pl in
the dark for 20 min at room temperature. After washing, the cells
were resuspended in PBS and imaged using a fluorescence confocal
microscope (FV1000; Olympus, Tokyo, Japan).

For the apoptosis assay, costaining was performed using an an-
nexin V-fluorescein isothiocyanate (FITC)/Pl apoptosis detection kit
(Keygen Biotechnology, Nanjing, China). The cells were harvested
by trypsinization and resuspension and then washed with PBS. The
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cells were resuspended in 300 pl of binding buffer with annexin V-
FITC and PI (3 pl) and incubated in the dark at room temperature for
15 min. Binding buffer (400 pl) was then added, and the cells were
analyzed using a FACScan flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA).

2.4 | qRT-PCR

Quantification of mMRNA expression was performed using FastStart
Universal SYBR Green Master (ROX) reagent (Roche, USA) on an ABI
7500 Sequence Detection System. The mRNA expression of genes
of interest was normalized to that of GAPDH, and the results are
presented as the fold change using the AACt method with the con-

trol set as one. The primer sequences are shown in Table S1.

2.5 | Western blot analysis

Western blot assays were performed according to a standard proto-
col. Briefly, 40 ug of protein from cells or exosomes was separated
on an SDS-PAGE gel and transferred to polyvinylidene difluoride
membranes. After the membranes were blocked, primary antibodies
targeting the following were used: p19INK4D (rabbit; Proteintech,
China); Bax (rabbit; ABclonal, China); Bcl-2 (rabbit; ABclonal, China);
and cleaved caspase-3 (rabbit; ABclonal, China). Equal protein
loading was determined using anti-GAPDH (ZSGB-Bio, China) for
total protein lysates. The bands were quantified using the Gel-Pro
Analyzer.

2.6 | Chromatin immunoprecipitation (ChIP)

ChlIP was performed using a ChlP assay kit (Beyotime) according to the
manufacturer's protocol. Briefly, cross-linked chromatin was sonicated
into 200-1,000-bp fragments. Chromatin was immunoprecipitated
using anti-EZH2 (ab191250, Abcam) and anti-H3K27me3 (97338,
CST) antibodies. Normal human IgG (ab37415, Abcam) was used as an
isotype control. The immunoprecipitated chromatin was purified and

analyzed by qPCR. The primers used are listed in Table S1.

2.7 | Human tissue samples and
immunohistochemical analysis

The 59 human SACC tissues (paraffin-embedded tissues) and
17 paired healthy submandibular gland (SMG) tissues (paraffin-
embedded tissues) (age, 35-68 years; female:male = 10:7) used for
the immunohistochemical analysis were collected from patients
who received radical tumor resection at Peking University Hospital
of Stomatology (Beijing, China) between 2008.08 and 2017.04.
The obtained 106 human SACC specimens (frozen tissues) (age,
30-76 years; female:male = 60:46) and 26 separate healthy SMG

tissues (frozen tissues) used to analyze MRPL23-AS1 and p19INK4D
expression were collected between 2015.08 and 2019.07 at the
Peking University School and Hospital of Stomatology. Patients had
not undergone chemotherapy or radiation therapy, and the study
was approved and followed the guidelines of the Ethics Committee
of Peking University School and Hospital of Stomatology (permit
no. PKUSSIRB-201522040). According to the relative gene expres-
sion of p19INK4D in 106 patients with SACC examined by reverse
transcription-quantitative PCR (RT-qPCR), the 106 patients were
classified into the high or low p19INK4D-expression group depend-
ing on the median p19INK4D relative gene expression. When the
p19INK4D expression level of SACC tissue was lower than the me-
dian p19INK4D expression, the SACC tissue was classified into the
low p19INK4D group; otherwise, the SACC tissue was classified into
the high p19INK4D group.

Immunohistochemistry (IHC) was performed according to a stan-
dard protocol. After deparaffinization and rehydration, tissue sec-
tions were incubated in EDTA pH=8.0 buffer and heated for antigen
retrieval. p19INK4D (rabbit, Proteintech, China) was applied to tis-
sue sections overnight at 4°C. All sections were then incubated with
secondary antibody for 30 min at room temperature. The immuno-
reactions were visualized and scored by two investigators blinded to
the relative clinical outcome. The percentage of positively stained
tumor cells was assessed as follows: 1 (0-10%); 2 (11-50%); 3 (51-
80%); and 4 (281%). The staining intensity was graded as follows: O
(no staining); 1 (weak staining); 2 (moderate staining); and 3 (strong
staining). The final score was determined by the ratio of positively
stained tumor cells xstaining intensity to produce scores of 0, 1, 2, 3,
4,6,8,9,and 12. The IHC score ranged from O to 12 points: A score
of 0-2 was defined as negative expression, and a score of 2-12 was

defined as positive expression.

2.8 | Statistical analyses

The results were analyzed using SPSS Version 21.0 (IBM). Student's
t tests were used to compare two groups. All numerical data repre-
sent the mean + standard deviation (SD) from at least 3 independent
experiments, unless otherwise noted. The correlation coefficients
between p19INK4D expression and clinicopathological features
were calculated using the chi-square test. In cases of multigroup
testing, one-way analysis of variance (ANOVA) was used. A two-

tailed p <0.05 was considered significant.

3 | RESULTS

3.1 | LncRNA MRPL23-AS1 promotes anoikis
resistance in suspended SACC cells

The fate of tumor cells in the circulation relies largely on their re-
sistance to anoikis, apoptosis, and necrosis. To study the mecha-
nisms and effects of MRPL23-AS1 on tumor cells, we prevented cell
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adhesion by cultivating SACC cells on non-adherent plates to mimic
the environment of cancer cells. To determine whether MRPL23-AS1
protects SACC cells from anoikis, we overexpressed MRPL23-AS1
in SACC-83 cells (Figure 1a), followed by suspension cultivation
of the cells for 12 h/24 h. Calcein AM/PI costaining and flow cy-

tometry were used to assess apoptosis. Calcein AM/PI costaining

,Wl LEYM
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showed the number of Pl-positive cells (representing those that
underwent anoikis) was significantly decreased in the MRPL23-
AS1-overexpression groups compared with the control groups
(Figure 1b,c). Moreover, double staining with Pl and annexin V-FITC
by flow cytometry revealed a remarkable cell protective effect in
the MRPL23-AS1-overexpression groups (Figure 1d). Subsequently,
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FIGURE 1 LncRNA MRPL23-AS1 promotes anoikis resistance in suspended SACC cells. (a) The efficiency of MRPL23-AS1 overexpression
in SACC-83 cells was detected by RT-gPCR. (b-c) Calcein AM/PI staining in SACC-83 cells after MRPL23-AS1 overexpression and suspension
culture for 12 and 24 h. Five fields were chosen for each group, and the cell death rate was determined. Scale bar = 100 pm. (d) After
MRPL23-AS1 overexpression in SACC-83 cells and suspension culture for 12 and 24 h, annexin V-FITC-PI staining and flow cytometry were
used to determine the percentage of apoptotic cells. FITC: fluorescein isothiocyanate; Pl: propidium iodide. (€) The MRPL23-AS1 knockdown
efficiency in SACC-LM cells was detected by RT-qPCR. (f, g) Calcein AM/PI staining in SACC-LM cells after the knockdown of MRPL23-AS1
and suspension culture for 12 and 24 h. Five fields of view were chosen, and the cell death rate was determined. Scale bar = 100 pm. (h) After
the knockdown of MRPL23-AS1 in SACC-83 cells and suspension culture for 12 and 24 h, annexin V-FITC/PI staining and flow cytometry
were used to determine the percentage of apoptotic cells. FITC: fluorescein isothiocyanate; Pl: propidium iodide. (i) Western blot analysis

of apoptosis-related protein expression after suspension culture of SACC-83 cells overexpressing MRPL23-AS1 or control vector for 24 and
48 h (left). Semiquantitative analysis of the relative expression rate of Bcl-2 and Bax (right). (j) MRPL23-AS1 was knocked down in SACC-

LM cells, and after suspension culture for 24 and 48 h, Western blot analysis of apoptosis-related protein expression (left) was performed.
Semiquantitative analysis of the relative expression rates of Bcl-2 and Bax (right) (*p<0.05; the data are expressed as the mean + SD; n = 3)

MRPL23-AS1 expression was knocked down with siRNA to verify
its anoikis effects in SACC-LM cells (Figure 1e). The calcein AM/PI
costaining assay indicated a significantly higher death rate among
cells in the MRPL23-AS1-knockdown group than in the siNC group
(Figure 1f,g). To further verify whether anoikis was influenced by
MRPL23-AS1, we assessed the proportion of apoptotic cells using a
flow cytometry assay. The percentage of dead cells was higher in the
MRPL23-AS1-knockdown group than in the siNC group (Figure 1h).
Studies have shown that the death receptor pathway, activated by
caspase-3, partly mediates anoikis in malignant cancer cell lines
(Medema et al., 1997). To dissect the mechanism of MRPL23-AS1 in
anoikis, we detected the expression of the typical apoptosis molecule
caspase-3. Western blotting showed that cleaved caspase-3 expres-
sion was enhanced after MRPL23-AS1 overexpression (Figure 1i). In
addition, the Bcl-2 family plays an essential role in the regulation of
apoptosis (Martinou & Youle, 2011). To confirm whether this family
is involved in MRPL23-AS1-induced anoikis resistance, Western blot
analysis revealed a significant change in the Bcl-2/Bax expression
ratio. After the overexpression of MRPL23-AS1 and suspension cul-
ture for 48 h, Western blot analysis revealed that the upregulation of
the Bcl-2/Bax expression ratio was attenuated compared with that
in the control groups. Overexpression of MRPL23-AS1 inhibited
the decrease in the Bcl-2/Bax ratio caused by suspension culture
(Figure 1i), while knockdown of MRPL23-AS1 in SACC-LM cells led
to the opposite results (Figure 1j). These results indicated that the
overexpression of MRPL23-AS1 in tumor cells can significantly pro-

mote anoikis resistance in tumor cells.

3.2 | p19INK4D expression is involved
in the progression of IncRNA MRPL23-AS1-induced
anoikis resistance

Our previous research showed that MRPL23-AS1 recruits the enhancer
of zeste homolog 2 (EZH2) to the promoter of E-cad and promotes EMT
and lung metastasis (Chen et al., 2020). We speculated that MRPL23-AS1
also performed through similar functions during the process of anoikis
resistance. To identify the downstream molecules of MRPL23-AS1, a
gene expression analysis was performed to identify differentially regu-
lated genes in EZH2-silenced EMT cells. Microarray data (Joyce et al.,
2009) for Caco-H2 cells are available, and a group of selected several

genes (Ferraro et al., 2013) was primarily analyzed in this cell system.
A subset of several genes was analyzed in SACC cells with or without
suspension culture and MRPL23-AS1 (data not shown). We found that
when MRPL23-AS1 expression changed during suspension culture, only
p19INK4D changed accordingly. The overexpression of MRPL23-AS1 re-
sulted in a decrease in p19INK4D in suspended tumor cells at the mRNA
and protein levels (Figure 2a). In addition, the mRNA and protein levels of
p19INK4D increased after the knockdown of MRPL23-AS1 (Figure 2b).
However, p192INK4D expression did not change at the mRNA or pro-
tein level with or without MRPL23-AS1 (Figure 2a,b). The INK4 family of
CDKls, including p16INK4A, p15INK4B, p18INK4C, and p19INK4D, not
only arrests cell cycle progression but also contributes to the apoptotic
machinery. Previous studies have reported that p16INK4A negatively
regulates apoptosis (lvanchuk et al., 2001), and p16INK4A was shown
to increase the anoikis resistance of tumor cells in a pancreatic carci-
noma model by downregulating galectin-3, an endogenous competitor
of the pro-anoikis effector galectin-1 (Sanchez-Ruderisch et al., 2010).
Galectin-3 also increases caspase-3 protein expression (Diao et al., 2018).
However, the relationship between MRPL23-AS1 and p19INK4D and
the effect of p19INK4D on anoikis resistance are unknown. Therefore,
we suspect that p19INK4D, as a homolog of p16INK4A, might act as a
downstream molecule of MRPL23-AS1 in anoikis resistance processes
by inhibiting caspase-3 activation. Our previous study identified that
IncRNA MRPL23-AS1 could mediate the transcriptional silencing of E-
cadherin by forming an RNA-protein complex with EZH2 (Chen et al.,
2020). We hypothesize that MRPL23-AS1 has a similar regulatory ef-
fect on p19INK4D. To test our hypothesis of the molecular mechanism
of MRPL23-AS1 induction in SACC cells, we applied the Animal TFDB
database (http:/bioinfo.life.hust.edu.cn/AnimalTFDB/) (Hu et al., 2019)
to predict the protein binding site in the p19INK4D promoter region
(Figure 2c). Next, we designed three pairs of primers for the p19INK4D
promoter region based on the predicted binding site. A ChIP-gPCR assay
was used to verify the binding protein (Figure 2c). Then, ChIP-qPCR as-
says showed that H3K27me3 and EZH2 pulled down more p19INK4D
promoter sequences than did IgG (Figure 2d). MRPL23-AS1 overexpres-
sion in suspended SACC-83 cells increased the binding of H3K27me3
and EZH2 to the p19INK4D promoter region compared with that in the
control groups (Figure 2e). These results suggest that when an anoikis
stimulus was applied, the binding of EZH2 to the promoter was af-
fected and reduced, while MRPL23-AS1 promoted the binding of EZH2
to the promoter. In addition, a significant negative correlation between
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FIGURE 2 pl19INK4D expression is involved in IncRNA MRPL23-AS1-induced anoikis resistance. (a) MRPL23-AS1 was overexpressed in
SACC-83 cells. After 24 and 48 h of suspension culture, RT-PCR (left) and Western blotting (right) were used to detect changes in p19INK4D
mRNA and protein. (b) MRPL23-AS1 was knocked down in SACC-LM cells, and changes in p19INK4D mRNA and protein expression were
detected by RT-PCR (left) and Western blotting (right) after suspension culture for 24 and 48 hours. (c) Schematic diagram of the promoter
region of p19INK4D. Black band: p12INK4D promoter region; white rectangle: 5'-UTR; blue rectangle: primer fragment designed for the
predicted promoter binding site. The number indicates the number of bases from the starting base of the 5'-UTR. (d) ChIP-qPCR detected the
binding of EZH2 to the promoter region of p19INK4D and the methylation status of H3K27 in the promoter region of p19INK4D in SACC-83
cells. (e) In SACC-83 cells, MRPL23-AS1 was overexpressed, and the cells were cultured in suspension for 24 h. ChIP-qPCR was used to
detect the EZH2 binding and histone methylation status of the promoter region of p19INK4D. (f) The correlation between MRPL23-AS1 and
p19INK4D mRNA in 106 SACC tissues was detected by RT-gPCR (r?=-0.3108, p=0.0093). The data are expressed as the mean +SD, *p<0.05

p19INK4D and MRPL23-AS1 expression was found in SACC tissues
(Figure 2f).

3.3 | P19INK4D prevents anoikis in SACC cells
in vitro

To investigate whether MRPL23-AS1 prevents anoikis resistance by
downregulating p12INK4D, the function of p19INK4D was evalu-
ated in SACC cells. Western blotting and RT-PCR results indicated
that the protein and mRNA expression levels of p19INK4D were sig-
nificantly increased in p19INK4D overexpression vector-transfected
SACC-LM cells (Figure 3a). The effects of p19INK4D on the anoikis
of SACC cells were assessed using a calcein AM/PI costaining assay,
and the results showed that the overexpression of p19INK4D sig-
nificantly increased the percentage of dead SACC-LM cells at 12 h
and 24 h after suspension culture (Figure 3b,c). Subsequently, the
function of p19INK4D in SACC anoikis resistance was further in-
vestigated, and the flow cytometry results demonstrated that com-
pared with the control conditions, p19INK4D overexpression and
suspension culture for 12 h and 24 h significantly inhibited the ac-
tions of anoikis in SACC-LM cells (Figure 3d). Furthermore, Western
blotting results indicated that p19INK4D overexpression increased
the expression levels of the apoptosis marker activated caspase-3
but decreased the ratio of Bcl-2/bax after suspension culture for 12
and 24 h (Figure 3e). In addition, p19INK4D expression was down-
regulated in SACC-83 cells transfected with two p19INK4D siRNAs.
Western blotting and RT-PCR results showed that p19INK4D pro-
tein and mRNA expression levels were significantly decreased in
p19INK4D siRNA-transfected SACC-83 cells (Figure 3f). Moreover,
we found that compared with the control conditions, p12INK4D
knockdown promoted SACC-83 cell resistance to anoikis accord-
ing to calcein AM/PI costaining assays and flow cytometry assays
at 12 h and 24 h (Figure 3g-i). When p19INK4D was knocked down,
there was a significant decrease in activated caspase-3 but a signifi-
cantincrease in the ratio of Bcl-2/bax (Figure 3j). These data suggest
that p12INK4D promotes anoikis in SACC cells.

3.4 | MRPL23-AS1-induced anoikis resistance in
SACC cells is rescued by p19INK4D overexpression

To further verify whether the pro-anoikis resistance effects of
MRPL23-AS1 on SACC cells are mediated by the suppression of
p19INK4D expression, the cell phenotype was examined after

overexpressing p19INK4D in MRPL23-AS1 overexpression vector-
transfected SACC-83 cells and suspension culture for 24 h. The
calcein AM/PI costaining assay results suggested that p19INK4D
overexpression significantly increased the percentage of dead
SACC cells in the MRPL23-AS1-overexpression vector group com-
pared with the MRPL23-AS1 vector+GV492 group (Figure 4a,b).
Furthermore, the flow cytometry assay demonstrated an inhibi-
tory effect in MRPL23-AS1-overexpressing SACC cells that over-
expressed pl19INK4D compared with those that expressed the
MRPL23-AS1 vector+GV492 (Figure 4c). The Western blotting re-
sults suggested that overexpressing p19INK4D rescued the anoikis
resistance effect of MRPL23-AS1 overexpression, as indicated by
the increased expression of apoptosis marker active caspase-3 and
the decreased ratio of Bcl-2/bax in MRPL23-AS1-overexpressing
cells (Figure 4d,e). These findings further indicated that the overex-
pression of MRPL23-AS1 promotes SACC cell anoikis resistance by
inhibiting the expression of p19INK4D.

3.5 | P19INK4D is downregulated in SACC and
correlates with lung metastasis

We observed p19INK4D expression in 59 SACC tissue samples
and 17 submandibular gland (SMG) tissue samples via IHC assay
(Figure 5a and Table 1). The positive expression rate of p19INK4D in
tumor tissues was significantly lower than that in SMG tissues. The
difference was significant (p < 0.05) (Table 1). This finding was vali-
dated via analysis of the mRNA expression of p19INK4D in 106 fro-
zen SACC tissue samples and 26 SMG tissue samples (Figure 5b). The
association between clinicopathological variables and p12INK4D
MRNA expression was examined in patients with SACC, and the re-
sults are presented in Table 2. All patients with SACC were classi-
fied into high-p19INK4D and low-p19INK4D groups depending on
the median p19INK4D mRNA expression. Low p19INK4D mRNA
expression was associated with a high incidence of lung metastasis
(p < 0.05) (Table 2). However, no significant associations between
p12INK4D mRNA expression and other clinicopathological features
were observed.

4 | DISCUSSION

Lung metastasis is one of the hallmarks of SACC (Yao et al., 2018).
In a previous study, we explored the role and related mechanisms of
IncRNA MRPL23-AS1 in the invasion and metastasis of SACC cells
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FIGURE 3 P19INK4D prevents the anoikis of SACC cells in vitro. (a) After the overexpression of p19INK4D in SACC-LM cells, the protein
and mRNA expression levels were measured by Western blot (left) and RT-PCR (right), respectively, to assess efficiency. (b, c) After the
overexpression of p19INK4D and 12 and 24 h of suspension culture, SACC-LM cells were stained with calcein AM/PI. Five fields of view
were chosen, and the cell death rate was determined. Scale bar =100 pm. (d) The percentage of apoptotic cells was determined by flow
cytometry with annexin V-FITC-PI staining of in SACC-LM cells with overexpression of p19INK4D, followed by suspension culture for 12
and 24 h. FITC: fluorescein isothiocyanate; Pl: propidium iodide. () Overexpression of p19INK4D in SACC-LM cells followed by suspension
culture for 24 and 48 hours. Apoptosis-related proteins were detected by Western blotting (left). The relative expression of Bcl-2-Bax was
determined by Western blot analysis (right). (f) The knockdown efficiency of p19INK4D siRNA was measured by Western blotting and
gRT-PCR in SACC-83 cells. (g-h) After knockdown of p19INK4D in SACC-83 cells and suspension culture for 12 and 24 hours, the cells were
stained with calcein AM and PI. Five fields were chosen for each group, and the cell death rate was determined. Scale bar= 100 pm. (i) After
knockdown of p19INK4D in SACC-83 cells and suspension culture for 12 and 24 h, the percentage of apoptotic cells was determined by
flow cytometry with annexin V-FITC/PI staining. FITC: fluorescein isothiocyanate; Pl: propidium iodide. (j) p19INK4D was knocked down in
SACC-83 cells, and apoptosis-related proteins were measured by Western blot after suspension culture for 24 and 48 h (left). The relative
expression of Bcl-2-Bax determined by Western blot analysis (right) (*p < 0.05; the data are expressed as the mean + SD; n = 3)

(Chen et al., 2020). The study revealed that MRPL23-AS1 contrib- sensitivity. Anoikis is a type of apoptosis that occurs in the process
utes to SACC cell invasion and metastasis by recruiting EZH2 and of metastasis after cells enter the blood vessel (Komata et al., 2003;
thus negatively regulates the expression of E-cadherin (Chen et al., Zhang et al., 2009). The ability of tumor cells to resist anoikis that oc-
2020). The mechanism of metastasis is closely related to anoikis curs after cells break away from the extracellular matrix is essential
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FIGURE 4 MRPL23-AS1-induced anoikis resistance in SACC cells is rescued by p19INK4D overexpression. (a, b) MRPL23-AS1 and
p19INK4D overexpression vectors and their controls (pcDNA3.1(+) and GV492, respectively) were transfected into SACC-83 cells, which
were cultured in suspension for 24 h and then stained with calcein AM/PI. Five fields were chosen for each group, and the cell death

rate was determined. Scale bar= 20 um. (c) After transfection of MRPL23-AS1 and p19INK4D and their control vectors in SACC-83 cells

and suspension culture of the cells for 24 h, the percentage of apoptotic cells was determined by flow cytometry with annexin V-FITC/

Pl staining. FITC: fluorescein isothiocyanate; Pl: propidium iodide. (d) SACC-83 cells overexpressing MRPL23-AS1 and p19INK4D and

their control vectors were cultured in suspension for 24 h. Western blotting was performed to detect the expression of apoptosis-related
proteins. (e) The Bcl-2/Bax ratio was determined by Western blotting with semiquantitative analysis (*p < 0.05; the data are expressed as the

mean + SD; n =3)

for the successful metastasis of tumor cells to distant target or-
gans, including the lung. Previous studies have also reported that
certain IncRNAs promote anoikis resistance: The IncRNA MALAT1
facilitates a pro-metastatic phenotype by altering the expression

of anoikis resistance-related genes in ovarian cancer (Gordon et al.,
2019), and the IncRNA HOTAIR regulates the anoikis resistance
capacity and spheroid formation of ovarian cancer cells (Dai et al.,
2021). The function and molecular mechanism of MRPL23-AS1 in
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FIGURE 5 P19INK4D expression in human tissues. (a) Inmunohistochemical analysis of P19INK4D expression in human SACC tissue
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tissue samples and 26 normal SMG tissue samples. *p < 0.05, Mann-Whitney U rank sum test

TABLE 1 Immunohistochemical analysis of p19INK4D protein
levels in 59 SACC tumors and 17 normal submandibular gland
(SMG,) tissues

IHC p19INK4D expression in tumor tissues

Tissue Positive Negative Total
SMG 17 (100%) 0 (0%) 17
SACC 33 (55.93%) 26 (44.07%) 59
Total 50 26 76
x2 11.39

p-value 0.0007

SACC anoikis resistance remain unknown. The present results sug-
gest that the overexpression of MRPL23-AS1 promoted anoikis re-
sistance in SACC-83 cells, while MRPL23-AS1 knockdown inhibited
anoikis resistance in highly metastatic SACC-LM cells by calcein AM/
Pl costaining assay and flow cytometry assay. Further examination by
Western blotting revealed that MRPL23-AS1 overexpression down-
regulated apoptosis markers and vice versa. These data underline a
novel role of MRPL23-AS1 in anoikis resistance, a feature of tumors
in the metastasis process. Its regulatory effects on the anoikis of
SACC cells suggested that MRPL23-AS1-induced anoikis resistance
is a unknown mechanism that increases tumor malignancy.

A previous study indicated that MRPL23-AS1 inhibits down-
stream gene expression by recruiting EZH2 to the downstream
molecular promoter region and regulates SACC tumor cell EMT to
promote lung metastasis (Chen et al., 2020). To identify the down-
stream target gene in the process of anoikis resistance, we evalu-
ated the expression of several potential downstream genes that are
regulated by the silencing of EZH2 (Ferraro et al., 2013; Joyce et al.,
2009). After changing MRPL23-AS1 expression and suspension cul-
ture, we found that p19INK4D expression negatively correlated with
MRPL23-AS1 expression by Western blotting and RT-PCT assay.

However, after altering MRPL23-AS1 expression in SACC cells,
there was no change in p19INK4D expression upon adherent cul-
ture. p19INK4D, a member of the INK4 family, leads cells to arrest in
the G1 phase by competitively binding cyclin D-CDK4/6 and inhib-
iting the formation of the corresponding complex (Cheng, 2004). A
previous study showed that p12INK4D expression is associated with
sensitization to cell death after drug-induced DNA damage in MYCN-
amplified neuroblastoma cells (Gogolin et al., 2013). p19INK4D also
mediates apoptosis by activating caspases in MDA-MB-231 cells
(Guo et al., 2013), and p19INK4D blocks the cell cycle to induce
the apoptosis of hepatocellular carcinoma cells (Zhou et al., 2018)
and has an antitumor effect against malignant glioma cells (Komata
et al., 2003). The upregulation of p19INK4D can promote apoptosis
by activating the caspase pathway (Guo et al., 2013); however, the
role of p19INK4D in anoikis is unclear. Therefore, p19INK4D may
act downstream of MRPL23-AS1 and participate in the regulation of
anoikis in tumor cells. MRPL23-AS1 promotes the binding of EZH2
and the E-cad promoter region to downregulate the expression of
E-cad and promote tumor metastasis in SACC (Chen et al., 2020).
However, whether the EZH2 and p19INK4D promoters combine has
not yet been reported. To further clarify the relationship between
MRPL23-AS1 and p192INK4D in SACC cells, a ChlP assay was used
to verify the EZH2 binding sites on the p19INK4D promoter pre-
dicted by the website. There were three potential binding sites for
EZH2 on the p19INK4D promoter, and after the overexpression of
MRPL23-AS1 followed by suspension culture, the intensity of the
band of the promoter and EZH2 increased. It was further found by
RT-PCR that in SACC tissues, the expression levels of MRPL23-AS1
and pl19INK4D were negatively correlated. These results show
that p19INK4D is transcriptionally silenced by MRPL23-AS1 via
EZH2-mediated H3K27me3 modification and is involved in anoi-
kis resistance in SACC. Knockdown of p19INK4D promoted SACC
cell resistance to anoikis and apoptosis markers downregulation,
whereas p19INK4D overexpression had the opposite effect.
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TABLE 2 Correlation between clinicopathological variables and
p19INK4D expression in patients with SACC

p19INK4D expression

Total Low  High

Variables (n) (n) (n) x2 p-value
Age, years 0.01196 0.9129
<42 27 13 14
242 79 39 40
Sex 0.316 0.574
Male 46 24 22
Female 60 28 32
Tumor size 0.5861 0.4439
<4 cm 75 35 40
24 cm 31 17 14
Clinical stage 3.775 0.052
Al 53 21 32
/v 53 31 22
Lymph node 0.1662 0.6835
metastasis
Absent 97 47 50
Present 9 5 4
Perineural invasion 1.002 0.3167
Absent 79 41 38
Present 27 11 16
Lung metastasis 4.23 0.0397
Absent 96 44 52
Present 10 8 2
Local regional 0.5975 0.4395
recurrence
Absent 77 36 41
Present 29 16 13
Pathological type 0.3242 0.5691
Cribriform/ 82 39 43
Tubular
Solid 24 13 11

In this study, p19INK4D expression was lower in SACC tissues
than in SMG tissues. In addition, we first showed the negative re-
lationship between p19INK4D expression and metastasis to the
lung, which significantly correlated with a poor prognosis in SACC
patients. Low tissue levels of p12INK4D in tumors are a predictor
of poor prognosis in patients with hepatocellular carcinoma (Zhou
et al., 2018). Collectively, these results suggest that p19INK4D may
be a tumor suppressor gene in SACC and may promote tumor cell
anoikis.

The present study focused on the effects of MRPL23-AS1
on anoikis resistance in SACC cells. MRPL23-AS1 may also be in-
volved in other tumor processes, and the exact binding sequence
of the p19INK4D promoter bound by EZH2 is unknown. Future in-
vestigations should focus on verifying this mechanism in vivo and

determining whether the MRPL23-AS1/p19INK4D axis can lead
to clinical antitumor treatment. In addition, IncRNAs regulate the
expression of genes, acting in the form of cis in the nucleus, or of
genes in other parts of the cell, acting in the form of trans in the
nucleus or cytoplasm, by interacting with proteins, RNA and DNA.
LncRNAs can positively or negatively regulate gene expression
through a variety of mechanisms, including the recruitment of tran-
scription factors or chromatin modification complexes to specific
gene sites to form a heterogeneous ribonucleoprotein complex
(hnRNP) to isolate RNA binding proteins (RBPs) and microRNAs
or through directly binding to RNA and DNA through base com-
plementary pairing (Guttman & Rinn, 2012; Quinn & Chang, 2016;
Rinn & Chang, 2012). First, one of the most important functions
of IncRNAs is to inhibit or activate chromatin through cis (Wang
et al., 2008). Second, HOX antisense intergenic RNA (HOTAIR) is
one of the first reported IncRNAs that regulate gene expression
through a trans-acting mode. During development, HOTAIR in-
hibits transcription by recruiting the PRC2 protein to play a trans
role at the HOX D site (Rinn et al., 2007; Tsai et al., 2010). The
third type of IncRNA is exported to the cytoplasm to perform its
regulatory role (Lin et al., 2016). A previous study has shown that
MRPL23-AS1 localizes to the nucleus (Chen et al., 2020); thus, we
consider it more likely that MRPL23-AS1 binds to protein, DNA,
or RNA in the nucleus than to miRNA in the cytoplasm. CHIRP
results showed that MRPL23-AS1 binds to the promoter region
DNA of EZH2 and E-cadherin (Chen et al., 2020). Based on these
research foundations, we conducted a more complete study on
the function of MRPL23-AS1 in the nucleus; however, whether it
has other biological functions as a IncRNA in the cell remains to be
further studied.

In conclusion, the present results demonstrate that MRPL23-AS1
acts as an oncogene in SACC by facilitating resistance to tumor cell
anoikis, which is promoted by the EZH2-mediated hypermethylation
of histones in the promoter region of p19INK4D. The identification
of the novel MRPL23-AS1/p19INK4D axis is significant for under-
standing the mechanisms of SACC metastasis and offers further
insights into the identification of novel biomarkers or potential ther-

apeutic targets for SACC.
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