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Long non-coding RNA CRNDE promote the
progression of tongue squamous cell carcinoma
through regulating the PI3K/AKT/mTOR signaling
pathwayf

Zhongheng Yang® and Weizhi Chen

Long non-coding RNAs (INRNAs) colorectal neoplasia differentially expressed (CRNDE) has been identified
as a crucial regulator involved in tongue squamous cell carcinoma (TSCC). However, the molecular
mechanism of CRNDE involved in TSCC progression is still unknown. In the study, gRT-PCR assay was
used to detect the expression of CRNDE in TSCC tissues and cells. CCK-8 assay, colony formation assay,
transwell assay and flow cytometric analysis were performed to determine cell proliferation ability,
colony formation, migration and invasion capacities, and cell apoptosis, respectively. Western blot was
employed to assess the activity of the PI3K/AKT/mTOR pathway. A xenograft mice model was performed
to evaluate the role of CRNDE on tumor growth in vivo. The results showed CRNDE was upregulated in
TSCC tissues and cell lines. CRNDE knockdown repressed the proliferation, colony formation, migration
and invasion and promoted apoptosis in TSCC cells. Moreover, CRNDE regulated the PI3K/AKT/mTOR
pathway in TSCC cells. Additionally, high levels of CRNDE inhibited tumor growth in vivo. In conclusion,
high levels of CRNDE might promote TSCC progression at least partly through regulating the PI3K/AKT/
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Introduction

The squamous cell carcinoma of the oral cavity (OSCC) is the
most common malignancy of the head and neck and accounts
for approximately 3% of all malignancies.' Tongue squamous
cell carcinoma (TSCC), one of the most common subtypes of
OSCC, is well known for its high rate of proliferation and lymph
nodal metastasis.> In the USA, there are an estimated 16 400
new cases of TSCC diagnosed in 2017, leading to 2400 deaths.*
Although TSCC can be cured with appropriate treatment when
diagnosed early, the 5 year overall survival rate of TSCC patients
with tumor metastasis to lymph nodes is still very low.* There-
fore, identification of novel and improved markers is of
importance for TSCC diagnosis and treatment.

Long non-coding RNAs (InRNAs), a novel heterogeneous class
of RNA molecule that is longer than 200 nucleotides, play
important roles in the fundamental processes across every
branch of life.* By interacting with cellular macromolecules such
as DNA, RNA and protein, IncRNAs can drive a series of vital
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mTOR pathway. Targeting CRNDE has potential to be used as a novel target of TSCC treatment.

tumor phenotypes.® An increasing literature has suggested that
aberrant expression of IncRNAs is involved in human cancers,
highlighting current and potential future applications of
IncRNAs research in the treatment of cancers.” Some IncRNAs
have been identified as a crucial regulator involved in TSCC, such
as long intergenic non-coding RNA 152 (LINC00152)° and actin
filament associated protein 1 antisense RNA1 (AFAP1-AS1).” A
recent document reported that IncRNA colorectal neoplasia
differentially expressed (CRNDE) was upregulated in TSCC and
high CRNDE expression accelerated the proliferation, cell cycle
and invasion of TSCC cells.® However, the molecular mechanism
of CRNDE involved in TSCC progression is still unknown.

In this study, our data supported that CRNDE was upregulated in
TSCC tissues and cell lines. We also found that CRNDE knockdown
repressed the proliferation, colony formation, migration and inva-
sion and promoted the apoptosis in TSCC cells. Moreover, CRNDE
regulated PI3K/AKT/mTOR pathway in TSCC cells. Taken together,
our study suggested that CRNDE might promote TSCC progression
at least partly through regulating PI3K/AKT/mTOR pathway.

Materials and methods

Tissue specimens

Between October 2011 and December 2012, 42 pairs TSCC
tissues and adjacent noncancerous tongue tissues from TSCC
patients who underwent curative resection without preoperative
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Fig.1 CRNDE was upregulated in TSCC tissues and cell lines. The expression of CRNDE was detected by ISH (A) and gRT-PCR (B) in TSCC tissues
and adjacent noncancerous tongue tissues. (C) CRNDE expression by gRT-PCR in TSCC cells (Cal27 and SCC4) and normal human oral ker-
atinocyte (NHOK). (D) The correlation between CRNDE level and TSCC patients prognosis was determined by Kaplan—Meier survival analysis and

log-rank tests. ***P < 0.001.

chemotherapy or radiotherapy were obtained from The First
Affiliated Hospital of Jinzhou Medical University, with informed
consent before surgery. All tissues were immediately frozen in
liquid preservative RNAlater (Ambion, Austin, TX, USA) and
kept at —80 °C until use. The latest follow-up was updated in
May 2018 and the follow-up information was obtained from
these patients’ medical records. According to the median ration
of CRNDE expression level in tumor tissues, the 42 TSCC
patients were classified into two groups: high CRNDE level
group (n = 21) and low CRNDE level group (n = 21). The overall
survival was analyzed by Kaplan-Meier survival analysis and
log-rank tests. The study was approved by the Ethical
Committee of The First Affiliated Hospital of Jinzhou Medical
University. This study was performed in strict accordance with
the NIH guidelines for the care and use of laboratory animals
(NIH publication no. 85-23 rev. 1985) and was approved by the
Institutional Animal Care and Use Committee of the First
Affiliated Hospital of Jinzhou Medical University.

Cell culture, treatment and transfection

Primary normal human oral keratinocytes (NHOKs) were
prepared from separated oral epithelial tissues as described

21382 | RSC Adv., 2019, 9, 21381-21390

previously.® TSCC cell lines (Cal27 and SCC4) were procured from
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). NHOKs were cultured in EpiLife™ serum-free medium
(Gibco, Karlsruhe, Germany) containing Human Keratinocyte
Growth Supplement (HKGS, Gibco) and TSCC cells were main-
tained in DMEM medium (Life Technologies, Carlsbad, CA, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS, Life Technologies), 1% penicillin/streptomycin (Life Tech-
nologies) at 37 °C in a humidified atmosphere of 5% CO,.

To explore the role of PI3K/AKT/mTOR pathway in TSCC,
Cal27 and SCC4 cells were treated with 10 pM of LY294002
(Sigma-Aldrich, St. Louis, MO, USA), a inhibitor of PI3K/
AKT/mTOR pathway, for 48 h.

The CRNDE overexpression plasmid (pcDNA-CRNDE)
was synthesized by GenePharma (Shanghai, China), with
an empty plasmid (pcDNA) as negative control. To investi-
gate the function of CRNDE in TSCC, cells were transfected
with CRNDE-specific siRNA (si-CRNDE, GenePharma) or
negative control siRNA (si-NC, GenePharma), pcDNA-
CRNDE or pcDNA using Lipofectamine 2000 Transfection
Reagent (Invitrogen, Carlsbad, CA, USA) according to the
protocol of manufacturers.

—~

This journal is © The Royal Society of Chemistry 2019
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Fig. 2 CRNDE knockdown repressed the proliferation and colony formation of TSCC cells. Cal27 and SCC4 cells were transfected with si-
CRNDE or si-NC, followed by the detection of CRNDE expression by gRT-PCR (A), cell proliferation ability by CCK-8 assay (B) and (C), cell colony
formation by colony formation assay (D) and (E). **P < 0.01 or ***P < 0.001.

In situ hybridization (ISH)

ISH was performed in TSCC tissues using a ISH Detection
kit (Dako, Glostrup, Denmark) according to the instruction
of manufacturers. Formalin-fixed and paraffin-embedded
specimens were cut into 4 pm thick sections and then
deparaffinized and rehydrated with a graded ethanol and
xylene. The sections were digested with proteinase K, and
then were treated with a DIG-labeled LNA-CRNDE-based
probe (Dako) for hybridization, followed by the incubation
with the anti-DIG-AP antibody. After that, the sections were
stained with NBT/BCIP substrates and CRNDE expression in
tissues was detected based on the staining intensity using
a microscope (Leica, Wetzlar, Germany).

RNA extraction and quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from tissues and cells using an RNeasy
Mini kit (Qiagen, Hilden, Germany) according to the instruction
of manufacturers. RNA extracts were reverse-transcribed into
cDNA with a ReverTra Ace® qPCR RT Master Mix with gDNA
Remover (Toyobo, Osaka, Japan). qRT-PCR was performed by
using SYBR™ Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA) on an Mx3000P gPCR system (Agilent
Technologies, Santa Clara, CA, USA), with GAPDH as a house-
keeping gene for normalization. The relative expression of
CRNDE was calculated by using the 2744 method.

Cell proliferation assay

Cell proliferation ability was assessed with a Cell Counting
Kit 8 (CCK-8, Dojindo, Kumamoto, Japan) according to the

This journal is © The Royal Society of Chemistry 2019

instruction of manufacturers. To be brief, at the indicated
time period, 10 ul of CCK-8 solution was added into
each well of 96-well plate and then incubated at 37 °C for
2 h, followed by the measurement of an absorbance at
450 nm using a microplate reader (Bio-Rad, Hercules, CA,
USA).

Colony formation assay

Transfected or treated cells were seeded in cell-culture plate
for colony formation assay. After 14 days of incubation, cells
were stained with 0.1% crystal violet (Solarbio, Shanghali,
China), and then the number of colonies was counted.

Transwell assay of cell migration and invasion

Cell migration and invasion capacities were determined by
transwell assay using a 24-well transwell with 8 pm pore,
6.5 mm polycarbonate transwell filters (Corning, Cam-
bridge, MA, USA). For migration assay, the cells resuspend-
ing in free-serum medium were seeded into the upper
chamber of transwell with non-coated membrane. For
invasion assay, following serum starvation, the cells were
added into the upper chamber of transwell with Matrigel-
coated membrane. In both assays, medium containing
10% FBS was added into the lower chamber as a chemo-
attractant. After 24 h incubation, the migrated and invaded
cells were fixed in 4% paraformaldehyde (Solarbio) and
stained with 0.1% crystal violet. The number of migrated
and invaded cells was counted in 5 different fields with
a microscope (Leica).

RSC Adv., 2019, 9, 21381-21390 | 21383
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Fig. 3 CRNDE knockdown repressed the migration, invasion and related proteins expression of TSCC cells. Cal27 and SCC4 cells were
transfected with si-NC or si-CRNDE, followed by the determination of cell migration and invasion abilities by transwell assay (A)—(D), MMP-2 and
MMP-9 levels by Western blot (E) and (F). *P < 0.05 or **P < 0.01 or ***P < 0.001.

Flow cytometric analysis

Cell apoptosis was detected by flow cytometric analysis with
Annexin V-FITC/PI Apoptosis Detection Assay Kit (Dojindo).
In brief, cells were resuspended in 1x Annexin V Binding

21384 | RSC Adv,, 2019, 9, 21381-21390

Solution, followed by the incubation with Annexin V/FITC
and PI. The apoptotic rate was analyzed using FACSCalibur
flow cytometer (BD Biosciences, Heidelberg, Germany) with
the CellQuest Pro software (BD Biosciences).

This journal is © The Royal Society of Chemistry 2019
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Fig. 4 Knockdown of CRNDE regulated apoptosis and apoptosis-related proteins expression of TSCC cells. Flow cytometric analysis for cell
apoptosis (A) and (B), caspase-3 activity assay for caspase-3 activity (C), Western blot for Bcl-2, cleaved caspase-3 and Bax levels (D) and (E) in si-
NC- or si-CRNDE-transfected Cal27 and SCC cells. **P < 0.01 or ***P < 0.001.

Caspase-3 activity assay standard protocols. Briefly, cell lysates were incubated with
enzyme-specific substrates at 37 °C for 2 h. Then, the absor-

Caspase-3 activity was measured using the Caspase-3 Colori- ; . )
bance at 405 nm was determined using a microplate reader.

metric Assay Kit (Abcam, Cambridge, UK) according to the
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Western blot

Total protein extracts were resolved on a 10% SDS-PAGE and
transferred onto a Hybond PVDF membrane (GE Healthcare,
Little Chalfont, UK). Then, the membranes were probed
with primary antibodies, followed by the incubation with
horseradish peroxidase-conjugated secondary antibody
(Abcam; dilution 1 : 10 000). The protein bands were quan-
tified with the enhanced chemiluminescence solution (ECL,
GE Healthcare) with an Image] software (National Institutes
of Health, Bethesda, MD, USA). The primary antibodies were
used: anti-MMP-9 (Abcam; dilution 1:1000), anti-MMP-2
(Abcam; dilution 1 : 2000), anti-Bcl-2 (Cell Signaling Tech-
nology, Danvers, MA, USA; dilution 1 :1000), anti-cleaved
caspase-3 (Cell Signaling Technology; dilution 1:1000),
anti-Bax (Abcam; dilution 1:5000), anti-PI3K (Abcam;
dilution 1 : 1000), anti-mTOR (Cell Signaling Technology;
dilution 1:1000), anti-AKT (Abcam; dilution 1:10 000),
anti-p-PI3K (Abcam; dilution 1 :1000), anti-p-mTOR (Cell
Signaling Technology; dilution 1:1000) and anti-p-AKT
(Abcam; dilution 1:500). B-Actin was used as a protein
control.

sh-CRNDE-transfected cells construct

Lentiviruses harbouring the sequences of CRNDE knock-out
or negative control (sh-CRNDE or sh-NC) were commercially
constructed by Genechem (Shanghai, China), and empty
lentiviruses were used as blank control. Then, Cal27 cells
were infected by lentiviruses with blank control, sh-CRNDE
or sh-NC in medium containing polybrene. 72 h after infec-
tion, cells were treated with puromycin to select stable sh-
CRNDE-transfected cells.

Xenograft mice assay in vivo

6-8 weeks BALB/c nude mice (male, 18-20 g) were purchased from
Henan Research Center of Laboratory Animal (Zhengzhou, China)
and maintained in free specific pathogen condition. Cal27 cells
(approximately 1.0 x 107) stably transfected with, blank control, sh-
CRNDE or sh-NC were subcutaneously injected into nude mice (n =
10). After 7 days infection, tumor volume was measured with
a calliper every 7 days and was calculated by the formula: volume
(mm?®) = (length x width?)/2. On day 35 after cancer cell implan-
tation, all mice were killed and the xenografts were excised. All
animal experimental procedures were approved by the Animal
Experimental Ethics Committee of The First Affiliated Hospital of
Jinzhou Medical University and were performed according to the
Guide for Care and Use of Laboratory Animals.

Statistical analysis

All data were analyzed with GraphPad Prism 7.0 software
(GraphPad Software, La Jolla, CA, USA) and shown as mean +
S.E.M. Differences between two groups were compared with
a Student's ¢t-test or Mann-whitney U test. P value < 0.05 was
considered significant. *P < 0.05 or **P < 0.01 or ***P < 0.001.
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Results
CRNDE was upregulated in TSCC tissues and cell lines

To determine whether CRNDE was aberrantly expressed in TSCC,
ISH and qRT-PCR assays were performed to detect the expression of
CRNDE in TSCC tissues and adjacent noncancerous tissues. The
data revealed a significant upregulation of CRNDE expression in
TSCC tissues compared with noncancerous control (Fig. 1A and B).
Subsequently, we assessed CRNDE expression in TSCC cells. These
results presented that in comparison to normal human oral kera-
tinocyte (NHOK), CRNDE was significantly upregulated in TSCC
cells (Fig. 1C).

Then, to evaluate the correlation between CRNDE
expression and TSCC patients prognosis, Kaplan-Meier
survival analysis and log-rank tests using patient post-
operative survival were carried out. The 42 TSCC patients
were classified into high CRNDE level group (n = 21) and low
CRNDE level group (n = 21) according to the median ration of
CRNDE expression level. The Kaplan-Meier survival curves
demonstrated that the patients in low CRNDE level group
had a markedly higher survival rate than that in high CRNDE
level group (Fig. 1D).

Knockdown of CRNDE repressed the proliferation and colony
formation of TSCC cells

To investigate CRNDE involved in TSCC progression, CRNDE-
specific siRNA (si-CRNDE) was transfected into Cal27 and
SCC4 cells. As shown in Fig. 2A, si-CRNDE transfection
resulted in about 65% reduction of CRNDE expression in
Cal27 cells, and 58% reduction in SCC4 cells. Subsequent
functional experiments revealed that compared with negative
control, CRNDE knockdown repressed the proliferation and
colony formation of Cal27 and SCC4 cells (Fig. 2B-E).

Knockdown of CRNDE repressed the migration, invasion and
related proteins expression of TSCC cells

Next, we observed the role of CRNDE on the migration and
invasion of TSCC cells by si-CRNDE transfection. Transwell
assay demonstrated that transfection of si-CRNDE, but not
a control sequence, inhibited the migration and invasion of
Cal27 and SCC4 cells (Fig. 3A-D). Matrix metalloproteinase
(MMP)-2 and MMP-9 were manifested to be involved in
tumor cells migration and invasion processes.'®'' As ex-
pected, our data showed that si-CRNDE transfection led to
a decrease of MMP-2 and MMP-9 levels in Cal27 and SCC4
cells in comparison to negative control (Fig. 3E and F),
supporting the inhibitory role of CRNDE knockdown on
TSCC cells migration and invasion.

Knockdown of CRNDE regulated apoptosis and apoptosis-
related proteins expression of TSCC cells

Further, we validated how CRNDE influenced the apoptosis of
TSCC cells in si-CRNDE-transfected Cal27 and SCC4 cells. Flow
cytometric analysis presented that the apoptotic rate of si-
CRNDE-transfected Cal27 and SCC cells was higher than that

This journal is © The Royal Society of Chemistry 2019
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0.01 or ***P < 0.001.

of control (Fig. 4A and B). Caspase-3 activity assay revealed that
CRNDE knockdown resulted in an increase of caspase-3 activity
in Cal27 and SCC4 cells (Fig. 4C). Likewise, in comparison to
control, CRNDE knockdown led to an increase of cleaved
caspase-3 and Bax levels, as well as a decrease of Bcl-2 level in
Cal27 and SCC4 cells (Fig. 4D and E). All these results suggested
that CRNDE knockdown might promote TSCC cells apoptosis.

CRNDE regulated PI3K/AKT/mTOR pathway in TSCC cells

PI3K/AKT pathway was demonstrated to be involved in
CRNDE-mediated pro-tumor effect in some cancers.”” More-
over, we confirmed that the inactivation of PI3K/AKT/mTOR
pathway inhibited the proliferation, migration and inva-
sion, and promoted apoptosis in TSCC cells (ESI Fig. 17). As
a result, we further explored the effect of CRNDE on PI3K/
AKT/mTOR pathway in TSCC cells. These data revealed that

This journal is © The Royal Society of Chemistry 2019

transfection of pcDNA-CRNDE, but not pcDNA control,
induced the activation of PI3K/AKT/mTOR pathway in Cal27
and SCC cells (Fig. 5A-D). In addition, si-CRNDE transfection
in Cal27 and SCC cells blockaded PI3K/AKT/mTOR pathway
(Fig. 5A-D).

Knockdown of CRNDE inhibited tumor growth in vivo

Given our data in vitro, we further evaluated the role of CRNDE
on tumor growth in vivo. These results indicated that sh-CRNDE
introduction significantly retarded tumor growth, presenting by
the decrease of tumor volume and weight (Fig. 6A and B).
Subsequently, qRT-PCR assay confirmed that sh-CRNDE trans-
fection markedly inhibited CRNDE expression in xenograft
tumor tissues (Fig. 6C). Western blot results revealed that
CRNDE knockdown remarkably blockaded PI3K/AKT/mTOR
pathway in xenograft tissues (Fig. 6D and E).

RSC Adv., 2019, 9, 21381-21390 | 21387
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Fig. 6 Knockdown of CRNDE in xenograft tumor in vivo. Cal27 cells (1.0 x 107) stably transfected with blank control, sh-CRNDE or sh-NC were
subcutaneously implanted into nude mice (n = 10). On day 35 after cancer cell implantation, all mice were killed. (A) Tumor volume was
measured by a calliper every week after implantation for 7 days. (B) Tumor weight was calculated. (C) CRNDE expression was detected by qRT-
PCR in xenograft tissues. (D) and (E) The expression levels of PI3K, mTOR, AKT, p-PI3K, p-mTOR and p-AKT were analyzed by Western blot in

excised tumor tissues. *P < 0.05 or **P < 0.01 or ***P < 0.001.

Discussion

Over the past 10 years, IncRNAs have been demonstrated to be
involved in the tumorigenesis and progression of human
cancers, including TSCC. For example, Xiong et al.** found that
transcribed ultraconserved RNA 338 (TUC338) was upregulated
in TSCC and it overexpression repressed cell growth and
enhanced apoptosis of TSCC cells in vivo. Li and colleague'*
manifested that taurine-upregulated gene 1 (TUG1) silencing
inhibited TSCC cells proliferation and cell cycle progression.
These literatures indicated some IncRNAs as potential onco-
genes in TSCC.*** On the other hand, some IncRNAs were
identified as tumor-suppressor in TSCC, for instance, tissue
differentiation-inducing non-protein coding RNA (TINCR).*®
CRNDE, located on the chromosome 16, was initially iden-
tified as a IncRNA whose expression was upregulated in colo-
rectal cancer." CRNDE transcripts were thought to have
promise as cancer biomarkers, potentially exhibiting high
sensitivity and specificity for colorectal adenomas and
cancers.'® Recent studies have identified CRNDE as oncomiR
involved in carcinogenesis, such as non-small cell lung cancer,"”

21388 | RSC Adv,, 2019, 9, 21381-21390

hepatocellular carcinoma,' glioma® and bladder cancer.*

Moreover, high CRNDE expression was demonstrated to
promote cell proliferation, cell cycle and cell invasion in TSCC
cell lines by negatively regulating miR-384.* In the present
study, we verified that CRNDE was upregulated in TSCC tissues
and cell lines, in accordance with previous result.®* We also
conformed that high CRNDE expression was associated with
poor prognosis of TSCC patients. Furthermore, we found that
CRNDE knockdown repressed the proliferation, colony forma-
tion, migration and invasion while enhanced the apoptosis in
TSCC cells in vitro, in accordance with former work.>* Further,
we evaluated the role of CRNDE on tumor growth by xenograft
tumor model. Also, our data indicated that CRNDE knockdown
inhibited tumor growth in vivo.

PI3K/AKT/mTOR signaling, one of the most important
intracellular pathways, plays a crucial role in tumorigenesis and
development of human cancers. PI3K/AKT/mTOR pathway is
frequently activated in various cancers and regulates cell
proliferation, differentiation and cell metabolism, leading to
cancer cell survival and apoptosis.” Previous literatures man-
ifested that the activation of PI3K/AKT/mTOR pathway was

This journal is © The Royal Society of Chemistry 2019
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capable of carcinogenesis in a large number of cancers, for
instance, breast cancer,” non-small cell lung cancer* and
prostate cancer.”® Additionally, targeting PI3K/AKT/mTOR
pathway was generally proposed as anticancer therapy.”®
Moreover, PI3K/AKT/mTOR pathway was reported to be the
most frequently mutated oncogenic pathway in squamous cell
carcinomas of the head and neck, suggesting targeting this
pathway as a rational treatment approach.”” PI3K/AKT/mTOR
pathway also was elucidated to participate in the regulation
network of plumbagin on human TSCC cells.?® In this study, we
manifested that the inactivation of PI3K/AKT/mTOR signaling
inhibited the proliferation, colony formation, migration and
invasion while promoted apoptosis in TSCC cells (ESI Fig. 17).

Furthermore, in the present study, we found that CRNDE
could regulate PI3K/AKT/mTOR pathway in TSCC cells in
vitro and in vivo. The interrelation between CRNDE and PI3K/
AKT/mTOR pathway had been identified in central metabo-
lism.?® Similar with our findings, CRNDE regulated PI3K/AKT
pathway, and thus exerted oncogenic function in cervical
cancer.” CRNDE promoted the progression of gastric cancer
through regulating PI3K/AKT pathway.** Moreover, CRNDE
activated PI3K/AKT signaling to promote tumor cell prolif-
eration and growth in non-small cell lung cancer, high-
lighting it role as a potential novel therapeutic target for this
disease.** Additionally, CRNDE was manifested to promote
the progression of colorectal cancer cell through activating
Ras/MAPK signaling pathway or epigenetically silencing
DUSP5/CDKN1A expression.**** Besides, CRNDE was
demonstrated to be correlated with insulin/IGF signaling in
colorectal cancer cells.”®

In conclusion, our study suggested that high level of CRNDE
might promote TSCC progression at least partly through regu-
lating PI3K/AKT/mTOR pathway. Targeting CRNDE is hopeful
to be used as an novel target of TSCC treatment.
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