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Abstract

Long noncoding RNA (IncRNA) CRNDE has been broadly implicated in many malignancies. The aim of this study was to
explore the function and potential mechanisms of CRNDE in nasopharyngeal carcinoma (NPC). Here, we discovered that
CRNDE level was increased in NPC tissues and cell lines. Additionally, elevated CRNDE positively correlated with large
tumor size, advanced TNM stage, distant metastasis, EBV infection and worse prognosis. Furthermore, depletion of CRNDE
significantly impaired the capacity of proliferation, migration and invasion in NPC cells. Mechanically, CRNDE could serve
as a molecular sponge of miR-3163 to regulate the expression of TWIST1. Importantly, the inhibitory effects of CRNDE
knockdown on cell proliferation and metastasis were blocked by silence of miR-3163 or restoration of TWIST1 expression.
Overall, our data highlighted that CRNDE could promote NPC progression via altering miR-3163/TWIST1 axis, suggesting
CRNDE as a potential prognostic biomarker and therapeutic target for NPC treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most com-
mon carcinomas in Southern China [1, 2]. With the advance-
ment of technologies for the treatment and intervention, the
survival rate of patients with NPC has been considerable
improved. However, approximately 30-40% cases eventually
develop distant metastasis, which becomes a major barrier to
successful treatment [3, 4]. In this regard, there is an urgent
need to study the mechanism involved in NPC tumorigenesis
and metastasis.

Long noncoding RNAs (IncRNAs) are a class of non-
coding RNAs comprising longer than 200 nt [5]. Recently,
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compelling evidence suggested that IncRNAs have major
roles in various biological processes, such as cell growth,
proliferation, invasion, autophagy and drug resistance [6,
7]. They can work as oncogenes or tumor suppressors to
regulate gene expression by competitively sponging micro-
RNAs [8]. Hence, understanding the expression and biologi-
cal function of individual IncRNA might provide diagnostic
markers and therapeutic targets for cancer treatment.
Colorectal neoplasia differentially expressed (CRNDE) is
a IncRNA that was originally discovered in colorectal cancer
[9]. Recently, CRNDE showed a potential prognostic value
in a number of cancer types, such as ovarian cancer, clear
cell renal cell carcinoma, acute myeloid leukemia, cervical
cancer and glioma [10-14]. CRNDE has also been identified
as an oncogene in many cancers to facilitate tumor progres-
sion by interacting with various miRNAs, such as miR-203,
miR-338-3p and miR-181a-5p [15-17]. However, the role
of CRNDE in NPC pathogenesis remains to be elucidated.
Twist basic helix-loop-helix transcription factor 1
(TWIST1) is highly expressed in various cancers and asso-
ciated with poor prognosis, including NPC [18]. Previous
studies indicated that upregulated TWIST1 could promote
NPC cell proliferation, migration and invasion [19, 20]. In
NPC, recent studies also showed an involvement of TWIST1
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in taxol resistance and radioresistance [21, 22]. However, a
more detailed role of TWIST1 promoting NPC metastasis
is still unclear.

In this study, we first determined CRNDE expression in
NPC tissues and cell lines. Then, the associations between
CRNDE expression and clinical characteristics as well as
the overall survival were analyzed. Furthermore, the effects
of CRNDE on NPC cell proliferation, migration and inva-
sion were assessed by loss-of-function experiments in vivo
and in vitro.

Materials and Methods
Clinical Specimens and Cell Culture

Seventy-three paired of NPC tissues and adjacent normal
nasopharynx tissues were collected from patients during
operations at Shanghai Ninth People’s Hospital. No patient
received any pre-operative chemotherapy and radiotherapy.
Collections and use of human tissues were approved by the
Ethics Committee of Shanghai Ninth People’s Hospital and
written informed consents were obtained. Five NPC cell
lines (SUNE-1, 5-8F, CNE2, C666-1 and HONE-1) were
purchased from ATCC and cultured in RPMI-1640 (Invitro-
gen, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (Invitrogen). NP69 cell was purchased from
Cell Bank of the Chinese Academy of Sciences (Shanghai)
and used as the control cell line. Cell lines were cultured in
a humidified chamber at 37° C and 5% CO,.

Oligoribonucleotides, Plasmids and Transient
Transfection

The miR-3163 mimics or inhibitor, small interfering RNA
(siRNA) targeting CRNDE (si-CRNDE), short hairpin RNA
(shRNA) targeting CRNDE (sh-CRNDE) and negative con-
trols were synthesized by GenePharma (Shanghai, China)
according to the sequences shown in Supplementary Table 1.
The full-length TWIST1 cDNA sequence was PCR ampli-
fied and then subcloned into the vector pcDNA3.1 (Invitro-
gen). The transfections were conducted using lipofectamine
2000 (Invitrogen).

Cell Viability and Colony Formation Assay

Cell viability was measured using CCK-8 assay. Briefly,
3% 10? cells/well were seeded onto 96-well plates and incu-
bated for various times. Then, 10 pl of CCK-8 reagent was
introduced into each well, and incubation was continued for
1 h. A microplate reader was used to measure the absorbance
values at 450 nm. For colony formation assay, 500 cells/
well were seeded onto 6-well plates. After two weeks later,
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the colonies were fixed using methanol and dyed with 0.1%
crystal violet (Invitrogen). The total number of visible colo-
nies were counted.

Transwell Migration and Invasion Assay

Cell migration and invasion ability was assessed using tran-
swell assays. A total of 1x 10° cells were placed onto the
upper chambers of each insert pre-coated with the Matrigel
(Corning, without Matrigel for migration) and the lower
chambers contained medium with 10% fetal bovine serum.
After incubation of 24 h, cells were fixed and stained with
Crystal Violet Staining Solution (Beyotime) and then
counted under a light microscope.

Total RNA Extraction and Quantitative Real-Time
PCR (qRT-PCR)

Total RNA was extracted by TRIzol reagent (Invitrogen)
and then reversely transcribed to cDNA using PrimeScript
RT reagent Kit (Takara, Tokyo, Japan). qRT-PCR was per-
formed using PowerUp SYBR Green Master Mix (Thermo
Fisher Scientific) on an ABI StepOnePlus Real-Time PCR
System (Applied Biosystems, CA, USA). The standard con-
trol for mRNA/IncRNA and miRNA was f-actin or U6 and
calculated using the 2722 method. The primers used in this
study were as follows:

CRNDE, 5’-TGAAGGAAGGAAGTGGTGCA-3’ (for-
ward) and 5’-TCCAGTGGCATCCTACAAGA-3’ (reverse);

miR-3163, 5’-GGAATGTTCCTTCTTTGC-3’ (forward)
and 5’-GAACATGTCTGCGTATCTC-3’ (reverse);

TWIST1, 5°-GCCAGGTACATCGACTTCCTCT-3’
(forward) and 5’-TCCATCCTCCAGACCGAGAAGG-3’
(reverse).

Western Blot Analysis

Total protein from cells were extracted by RIPA buffer
(Beyotime) and quantified by BCA Protein Assay Kit (Beyo-
time). Equal amount of protein (30 pg) was resolved by 10%
SDS-PAGE gels and then transferred to PVDF membranes
(Millipore). After, the membranes were blocked with 5%
nonfat milk and then incubated with primary antibodies
against TWIST1 (1:1000; #69,366, Cell Signaling Tech-
nology) and B-actin (1:2000; ab8227, Abcam) overnight
at 4 °C. Following incubation with secondary antibodies
(1:5000; ab205718, Abcam), the blots were visualized using
enhanced chemiluminescence (Millipore).

Luciferase Reporter Assay

The wild-type (wt) and mutant (mut) sequences of CRNDE
or TWIST1 containing putative binding site of miR-3163
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were synthesized (GenePharma) and subcloned into the
pMIR-REPORT luciferase reporter vector (Ambion, Aus-
tin, TX, USA). Then, wt or mut reporter vectors with miR-
3163 mimics was cotransfected into NPC cells. After 48 h
transfection, luciferase activity was measured using a Dual
Luciferase Assay kit (Promega).

Tumor Xenograft in Nude Mice

The SUNE-1 cells stably transfected with sh-CRNDE or
shRNA control (sh-NC) were selected using puromycin
(1 mg/mL) and validated by qRT-PCR. For the tumor growth
model, 1x 10% SUNE-1 cells stably expressing sh-CRNDE
or sh-NC were injected into each flank of the 4-6-week-
old BALB/c nude mice (n=6 each group). Tumor volumes
were monitored (0.5 X length x width?) every week. All mice
were sacrificed for measurement of tumor weights 4 weeks
after establishment of the model. All animal protocols were
performed with the approval of the Ethics Committee of
Shanghai Ninth People’s Hospital.

Immunohistochemical (IHC) Staining

IHC staining was performed to detect Ki-67 expression of
tumor tissues from the mouse model experiment. Briefly,
tissues were fixed in 10% formaldehyde in PBS, fixed,
embedded in paraffin and cut into 4 pm-thick sections. After
de-waxing and hydration, antigen retrieval by citrate buffer
and blocking with 1% bovine serum albumin, the sections
was incubated with primary antibody against Ki-67 (1:50;
ab15580, Abcam) overnight at 4 °C and then treated with
secondary antibody (1:1000; ab6721, Abcam) at room tem-
perature for 30 min. Finally, the sections were stained with
diaminobenzidine, counterstaining with 10% Mayer’s hema-
toxylin, dehydration, and mounting. Light microscopy was
used to calculate positive cells in 5 random fields.

Statistical Analysis

Statistical calculations were performed with the GraphPad
Prism 6 (GraphPad Software) using Student’s ¢ test or one-
way ANOVA. The data from independently repeated at least
three times are expressed as the mean + SD. The overall sur-
vival rate was evaluated using Kaplan—Meier method and log
rank test according to the median expression level of genes.
The criterion of statistical significance was P-value <0.05.

Results

CRNDE Expression is Upregulated and Associated
with Poor Overall Survival in NPC

The expression of CRNDE were higher in NPC cell lines
(SUNE-1, 5-8F, CNE2, C666-1 and HONE-1) compared to
NP69 cells (Fig. 1A). Furthermore, CRNDE in NPC tis-
sues was increased 2.2-fold compared with adjacent normal
tissues (Fig. 1B). Moreover, patients with high CRNDE
expression showed a poor prognosis (Fig. 1C; P=0.0007).
To evaluate the correlations between CRNDE expression
and clinicopathological factors, the 73 NPC patients were
divided into high and low expression of CRNDE based on
the median value of CRNDE. As shown in Table 1, CRNDE
expression was dramatically associated with large tumor size
(P=0.013), advanced TNM stage (P =0.006), distant metas-
tasis (P=0.003) and EBV DNA (P =0.003). These results
indicate that CRNDE might serve as a prognostic biomarker
for NPC patients.

Knockdown of CRNDE Suppresses Proliferation
and Metastasis of NPC Cells

Then, loss-of-function assays were performed in SUNE-1
and HONE-1 cells by transfecting si-CRNDE or negative
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Fig.1 CRNDE expression is upregulated and associated with poor
overall survival in NPC. (A) Relative CRNDE expression in NPC
cells and control cell NP69 was analyzed by qRT-PCR. (B) Relative
CRNDE expression in 73 NPC tissues and 73 adjacent normal tissues

analyzed by qRT-PCR. (C) The Kaplan—Meier overall survival curve
of 73 NPC patients with high CRNDE level (n=37) and low CRNDE
level (n=36) according to the median expression level of CRNDE.
*P<0.05; **P<0.01
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Table 1 Association of CRNDE expression with clinical factors in
NPC patients

control, and the efficiency of CRNDE downregulation was
first validated (Fig. 2A). CRNDE knockdown obviously

Characteristics n CRNDE expression P value inhibited the growth of NPC cells (Fig. 2B, C). Similarly,
High (37) Low (36) the capacity to forI.n coloples in the CRNDE-knockdown
cells was also restrained (Fig. 2D, E). The effects of CRNDE
Gender 0.733 on tumor growth was further assessed in vivo. The tumor
Male 40 21 19 volume and weight in sh-CRNDE group were decreased
Female 33 16 17 than that of control group (Fig. 2F-H). IHC staining analy-
Age 0.719 sis revealed that xenograft tumors derived from sh-CRNDE
>60 39 19 20 group had lower expression of Ki-67 than the sh-NC group
<60 34 18 16 (Fig. 21, J). Transwell assays showed that the number of
Tumor size 0.013 migratory cells in the CRNDE siRNA group was sig-
>4 cm 18 24 12 nificantly reduced compared with that in the non-specific
<4cm 22 13 22 siRNA group (Fig. 2K, L). In consistent with migration,
Differentiation 0.565 CRNDE knockdown suppressed the cell invasion ability in
Well/moderate 47 25 22 both SUNE-1 and HONE-1 cells (Fig. 2M, N).
Poor 26 12 14
TNM stage 0.006 CRNDE Binds to miR-3163 and Suppresses Its
-1 29 9 20 Expression
II-1vV 44 28 16
Distant metastasis 0.003 By using online tool starBase, we found that CRNDE contains
Yes 39 26 13 putative binding sites for miR-3163 (Fig. 3A). miR-3163 over-
No 3411 23 expression caused a significant decrease in luciferase activity
EBV DNA (copies/ml) 0.003 in the wild-type CRNDE, but not in the mutant form (Fig. 3B,
<4000 38 13 25 C). Meanwhile, CRNDE knockdown markedly increased miR-
>4000 35 24 11 3163 expression (Fig. 3D). Surprisingly, miR-3163 mimics
did not affect CRNDE level (Fig. 3E). Compared with NP69
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Fig.2 Knockdown of CRNDE suppresses proliferation and metas-
tasis of NPC cells. A Relative CRNDE expression was detected
using qRT-PCR. B, C CRNDE knockdown decreased cell growth of
SUNE-1 (B) and HONE-1 (C) using CCK-8 assays. D, E CRNDE
knockdown attenuated the capacity of colony formation in NPC cells.
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F The representative tumor images of nude mice treated with sh-NC
and sh-CRNDE (n=6 each group). G Tumor growth curve. H Tumor
weight. I, J IHC staining analysis for Ki-67 in xenograft tumors.
K-N Representative migratory (K-L) and invasive (M-N) SUNE-1
and HONE-1 cells after CRNDE knockdown. *P <0.05; **P <0.01
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Fig.3 CRNDE binds to miR-3163 and suppresses its expression. A
Putative biding sites of miR-3163 on CRNDE predicted using star-
Base. B, C Luciferase reporter assays were performed to confirm
miR-3163 binding to the CRNDE in SUNE-1 (B) and HONE-1 (C)
cells. D qRT-PCR analysis showed that CRNDE knockdown reduced
miR-3163 expression in SUNE-1 and HONE-1 cells. E qRT-PCR
analysis showed that miR-3163 overexpression did not alter CRNDE

cells, NPC cell lines displayed lower expression of miR-3163
(Fig. 3F). As expected, miR-3163 expression was also remark-
ably decreased (Fig. 3G) and exhibited a negative correlation
with CRNDE expression in NPC tissues (Fig. 3H). These
results indicate that CRNDE could directly sponge miR-3163
and decrease its expression.

CRNDE Regulates NPC Cell Proliferation
and Metastasis Through miR-3163

To explore whether CRNDE exerted its oncogenic role through
sponging miR-3163, miR-3163 inhibitor and si-CRNDE were
cotransfected into SUNE-1 and HONE-1 cells. We observed
that downregulation of miR-3163 reversed the suppression of
CRNDE knockdown on the cell proliferation (Fig. 4A, B).
Colony formation assay demonstrated that miR-3163 inhibi-
tor transfection counteracted CRNDE knockdown-induced
decrease of colony numbers (Fig. 4C, D). Transwell assays
revealed that miR-3163 inhibitor transfection also abolished
the suppressive effects of CRNDE knockdown-induced on the
migrative (Fig. 4E, F) and invasive (Fig. 4G, H) abilities of
NPC cells. The data imply that miR-3163 is a direct target of
CRNDE.
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expression in SUNE-1 and HONE-1 cells. F Relative miR-3163
expression in NPC cells and control cell NP69 was analyzed by qRT-
PCR. G Relative miR-3163 expression in 73 NPC tissues and 73
adjacent normal tissues analyzed by qRT-PCR. H miR-3163 was neg-
atively correlated with CRNDE expression in NPC tissues. *P <0.05;
**P<0.01

CRNDE Facilitates TWIST1 Expression Through
Serving as a ceRNA for miR-3163

TWIST]1 is a classical oncogene involved in NPC patho-
genesis [19, 20]. To verify whether miR-3163 could target
TWIST1, bioinformatics analysis was first performed using
starBase. TWIST1 3’UTR harbored two potential binding
sites of miR-3163 (Fig. 5SA). Compared with TWIST1-mut
group, luciferase activity was dramatically decreased in cells
cotransfected with miR-3163 and TWIST1-wt (Fig. 5B, C).
miR-3163 inhibitor transfection could rescue the TWIST1
mRNA and protein level decrease induced by CRNDE
knockdown (Fig. 5D, E). Moreover, TWIST1 was signifi-
cantly upregulated in NPC tissues and positively correlated
with CRNDE expression as well as poor overall survival
(Fig. SF-H). The above results suggest that CRNDE regu-
lates TWIST1 expression by sponging miR-3163.

TWIST1 is Responsible for CRNDE-Mediated Cell
Proliferation, Migration and Invasion

To further confirm whether CRNDE caused NPC malig-
nant phenotypes via TWISTI1-dependent manner,
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Fig.4 CRNDE regulates NPC cell proliferation and metastasis
through miR-3163. A, B CCK-8 assays revealed that miR-3163
downregulation reversed the influence of CRNDE knockdown on
cell growth in SUNE-1 (A) and HONE-1 (B) cells. C, D Colony for-
mation assays were performed to evaluate the effects of miR-3163

pcDNA-TWIST1 and si-CRNDE were cotransfected into
SUNE-1 and HONE-1 cells. First, the overexpression of
TWIST1 was validated by Western blot (Fig. 6A). Intrigu-
ingly, CCK-8 and colony formation assays results showed
that the inhibitory effects of si-CRNDE on SUNE-1 and
HONE-1 cell growth (Fig. 6B, C) and colony formation
capacity (Fig. 6D, E) were partly restored by TWIST1 over-
expression. Similar results were also obtained for cell migra-
tion (Fig. 6F, G) and invasion (Fig. 6H, I) using Transwell
assays. These results indicate that CRNDE promotes NPC
proliferation and metastasis via a TWIST1-dependent way.

Discussion

A large body of studies have reported that many dysregu-
lated IncRNAs participated in NPC pathogenesis. For exam-
ple, IncRNA MACCI1-AS1 was highly expressed in NPC
and promoted cell stemness through miR-145/Smad2 nega-
tive feedback loop [23]. Yang et al. reported that IncRNA
DLX6-AS1 increased proliferation, migration and invasion
of NPC cells via miR-199a-5p/HIF-1a axis [24]. Although
IncRNA CRNDE has been broadly implicated in carcinogen-
esis, yet its functional roles in NPC is unclear [6—10]. Here,
we identified that CRNDE was upregulated in NPC tissues
and cell lines. Additionally, highly expressed CRNDE was
associated with tumor progression and worse prognosis of
patients with NPC, implying that CRNDE expression may
be a useful prognostic biomarker for NPC patients.
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downregulation on the capacity of form colonies-induced by CRNDE
knockdown in NPC cells. E-H Transwell assays results demonstrated
that the suppressive migration (E-F) and invasion (G-H) abilities-
induced by CRNDE knockdown were weakened after miR-3163
downregulation in NPC cells. *P <0.05; **P <0.01

Utilizing in vitro and in vivo assays, we investigated
the biological functions of CRNDE in NPC tumorigen-
esis. Loss-of-function assays of CRNDE by its specific
siRNA and shRNA showed that CRNDE knockdown sup-
pressed cell growth, migration and invasion, which was
consistent with the clinicopathological observations of
CRNDE upregulation correlating NPC metastasis. These
results indicate that CRNDE might be a potential thera-
peutic target for NPC treatment, especially for patients
with metastasis.

Previous studies have suggested that CRNDE could
exerts its biological function by interacting with many
proteins, such as Bcl-3, PUMA, EZH2 and hnRNPUL2
[25-28]. More importantly, CRNDE was also reported to
post-transcriptionally regulate gene expression through
sponging microRNAs [11-13]. Our bioinformatics analy-
sis and luciferase reporter assay demonstrated that CRNDE
could directly bind miR-3163 and decrease its expression
in NPC cells. Besides, miR-3163 downregulation reversed
the inhibitory effects of CRNDE knockdown on malignant
phenotypes. These findings suggest that miR-3163 is a direct
target of CRNDE in NPC.

In this study, we observed that miR-3163 was obviously
downregulated and functioned as a tumor suppressor in NPC
progression, which was similar to Shi and Ren’s reports of
miR-3163 inhibiting cell proliferation and migration in hepa-
tocellular carcinoma and colorectal cancer [29, 30]. Studies
also showed a regulatory role of miR-3163 in the chemore-
sistance. For instance, overexpression of miR-3163 could
restrain multidrug resistance of retinoblastoma cancer stem
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Fig.5 CRNDE facilitates TWIST1 expression through serving
as a ceRNA for miR-3163. A Putative biding sites of miR-3163 on
TWIST1 3’UTR predicted using starBase. B, C Luciferase reporter
assays were performed after SUNE-1 (B) and HONE-1 (C) cells
cotransfected with wt- or mut-TWIST1 3’UTR luciferase reporter
vectors miR-3163 mimics or miRNA negative control. D, E miR-
3163 inhibitor increased TWIST1 mRNA (D) and protein (E) level

cells by reducing ABCG?2 [31]. In hepatocellular carcinoma,
miR-3163 has been shown to sensitize cells to sorafenib via
targeting ADAM-17 and inhibiting the activation of the
Notch signaling pathway [32]. Thus, the present findings
extend the current knowledge of miR-3163 function.
Given the critical roles of TWIST1 in tumor growth
and metastasis, we investigated its biological activities
in CRNDE-mediated NPC progression. Consistently, our
results showed that TWISTI overexpression counter-
acted CRNDE knockdown-induced suppression of malig-
nant phenotypes. Our data also revealed that CRNDE
upregulated TWIST1 expression through interacting

in SUNE-1 and HONE-1 cells. F Relative TWIST1 mRNA expres-
sion in 73 NPC tissues and 73 adjacent normal tissues analyzed by
qRT-PCR. G Correlation analysis between CRNDE and TWIST1
in NPC tissues. H The Kaplan—-Meier overall survival curve of 73
NPC patients with high TWIST1 level (n=37) and low TWIST1
level (n=36) according to the median expression level of CRNDE.
**P<0.01

with miR-3163. Besides, TWIST1 positively correlated
with CRNDE and highly expressed TWIST1 was strik-
ingly associated with unfavorable survival in NPC. Thus,
CRNDE exerts its oncogenic function in a TWIST1-
dependent way.

Collectively, our study established an oncogenic role for
CRNDE in NPC. We also demonstrated the involvement
of CRNDE as a miRNA sponge of miR-3163 to upregulate
TWIST1. Overall, our data suggest that CRNDE may rep-
resent a useful prognostic biomarker and potential thera-
peutic target for NPC treatment.
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Fig.6 TWIST1 is responsible for CRNDE-mediated cell prolif-
eration, migration and invasion. A Western blot was performed to
validate the overexpression of TWIST1 in SUNE-1 and HONE-1
cells after transfection with pcDNA-TWIST1 or pcDNA-NC. B, C
TWIST1 overexpression counteracted the suppression of cell growth-
induced by CRNDE knockdown in SUNE-1 (B) and HONE-1 (C)
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