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Long noncoding RNAs (IncRNAs), a new class of functional regulators involved in human tumorigenesis,
have been attracting the increasing attention of researchers. The IncRNA colorectal neoplasia differentially
expressed (CRNDE) gene, transcribed from chromosome 16 on the strand opposite the adjacent IRXS gene,
was originally found to be increased in CRC and was reported to be abnormally expressed in many cancers.
However, its potential role and the molecular mechanism underlying the radioresistant phenotype formation of
lung adenocarcinoma (LAD) remain unclear. In our present study, we identified that CRNDE was significantly
upregulated in LAD tissue and radioresistant LAD cell lines. A high level of CRNDE expression was signifi-
cantly correlated with poor differentiation, TNM stage, lymph node metastasis, radiotherapy response, and a
significantly shorter overall survival. Gain- and loss-of-function tests revealed that CRNDE could influence
the radiosensitivity of LAD cells by affecting the G,/S transition and causing apoptosis of LAD cells in vitro.
Additionally, the mechanistic investigations showed that CRNDE could interact with PRC2 and recruit its
core component EZH2 to p21 (CDKN1A) promoter regions and repress its transcription. Furthermore, rescue
experiments were performed to confirm that CRNDE oncogenic function was partly through regulating p21. In
conclusion, our data suggest that CRNDE may function as an oncogene by modulating p21, finally contributing
to the radioresistant phenotype formation of LAD cells.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts for
85% of lung cancers, among which lung adenocarci-
noma (LAD) is the predominant histologic subtype'.
Despite many theoretical and clinical efforts that have
been attempted, the survival rate of LAD patients is
still unsatisfactory. A sophisticated understanding of the
pathogenetic mechanism underlying LAD is critical for
exploration of novel treatment methods. Radiotherapy, as
one of the main methods for the treatment of LAD, is
widely used in clinical practice. However, clinical obser-
vation found that many patients with LAD are not sensi-
tive to radiotherapy’. Therefore, it is of great significance
to seek a potential radioresistant mechanism in LAD.

Long noncoding RNAs (IncRNAs) are a class of
RNA molecules with little protein-coding ability that
have attracted the attention of many researchers™*. Accu-
mulating evidence has revealed that IncRNAs play a crit-
ical role in human carcinogenesis, including LAD. For
instance, Chen et al. reported that the IncRNA colon cancer-
associated transcript 1 (CCAT1) promoted chemoresis-
tance in LAD’; Liu et al. demonstrated that the IncRNA
maternally expressed 3 (MEG3) contributes to cisplatin
resistance in human LAD®. However, the biological func-
tion of IncRNAs in LAD radioresistance needs to be fur-
ther investigated.

It has been identified that IncRNAs participate in
intertwined gene regulatory networks at various levels
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including the epigenetic, transcriptional, and posttran-
scriptional levels”"?. Recently, IncRNAs are reported to
act as modular guided scaffolds recruiting polycomb-
repressive complex 2 (PRC2) to the targeting sites
and mediate histone modification. PRC2, consisting
of enhancer of zeste homolog 2 (EZH2), suppressor of
zeste 12 (SUZI12), and embryonic ectoderm develop-
ment (EED), is a methyltransferase for histone H3 lysine
27 trimethylation (H3K27me3)". The IncRNA colorec-
tal neoplasia differentially expressed (CRNDE) is tran-
scribed from chromosome 16 on the strand opposite
the adjacent Iroquois homeobox 5 (IRXS5) gene, which
was originally found to be increased in colorectal can-
cer (CRC)" and was also upregulated in a series of other
cancer types, including hepatocellular carcinoma (HCC),
glioma, renal cell carcinoma, gallbladder carcinoma, and
ovarian cancer'>*’. Despite some preliminary evidence
that CRNDE could interact with chromatin-modifying
complexes to affect epigenetic regulation of gene expres-
sion”, the mechanism by which CRNDE plays a role in
LAD radioresistance has not been fully elucidated.

In the present study, we sought to assess the function
and molecular mechanism of CRNDE in LAD. We found
that CRNDE expression is upregulated in LAD tissues,
radioresistant LAD tissues, and radioresistant LAD cell
lines. Moreover, a high level of CRNDE is closely associ-
ated with an advanced pathological stage and radiother-
apy response in LAD patients. Gain- and loss-of-function
tests revealed that the forced expression of CRNDE
in LAD cells significantly decreased the sensitivity to
radiotherapy, whereas silencing CRNDE in radioresis-
tant LAD cells obviously increased their sensitivity to
radiotherapy. Furthermore, we discovered that CRNDE
exerted its function in LAD mainly through acting as a
modular scaffold of histone medication complexes via
binding with EZH?2 to the promoter of p21 and thereby
regulating the expression of p21. Our findings revealed
that CRNDE contributed to the radioresistant phenotype
of LAD cells and provided novel insights for exploring
clinical treatment targets.

MATERIALS AND METHODS
Patients

A total of 66 pairs of fresh LAD specimens and adja-
cent nontumor specimens were collected from patients
who underwent surgery at the Department of Thoracic
Surgery, The Third Affiliated Hospital of Kunming
Medical University, Tumor Hospital of Yunnan Province,
Kunming, P.R. China. The pathological stage, grade, and
nodal status were appraised by an experienced patholo-
gist. All experiments were approved by the Research
Ethics Committee of The Third Affiliated Hospital of
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Kunming Medical University. Written informed consent
was obtained from all patients.

Cell Lines

Human lung cancer cell lines A549 and H1299 were
purchased from Keygen Biotech (Nanjing, P.R. China).
The radioresistant cells derived from A549 and H1299
were generated by dose-gradient irradiation and named
A549R and H1299R. All cells were maintained in RPMI-
1640 medium (Gibco, New York, NY, USA) containing
10% fetal bovine serum (FBS) at 37°C with 5% CO,in a
humidified incubator.

Reverse Transcription Quantitative Polymerase
Chain Reaction (RT-gPCR)

Total RNA was extracted from LAD cell lines and
patient specimens using TRIzol reagent (Life Technol-
ogies, Carlsbad, CA, USA) according to the manu-
facturer’s manual. To measure the expression levels of
mRNA, RT-qPCR was performed according to a previ-
ous study”. The SuperScript III Platinum SYBR Green
One-Step qRT-PCR kit (Invitrogen, Carlsbad, CA, USA)
was used to quantify the levels of the indicated genes. The
primer sequences were as follows: CRNDE, 5-TGAAG
GAAGGAAGTGGTGCA-3’ (forward) and 5-TCCAGT
GGCATCCTACAAGA-3’ (reverse); pl5, 5’-GGACTAG
TGGAGAAGGTGCG-3" (forward) and 5-GGGC GCT
GCCCATCATCATG-3’ (reverse); p16, 5-CACCGAATA
GTTACGGTCGG-3’ (forward) and 5-GCACGGGTCG
GGTGAGAGTG-3’ (reverse); p21, 5-AAGTCAGTTCC
TTGTGGAGCC-3’ (forward) and 5’-GGTTCTGACGG
ACATCCCCA-3’ (reverse); p27, 5’-TGCAACCGACGA
TTCTTCTACTCAA-3” (forward) and 5’- CAAGCAGT
GATGTATCTGATAAACAAGG -3’ (reverse); EZH2, 5’
TGCACATCCTGACTTCTGTG-3" (forward) and 5-AA
GGGCATTCACCAACTCC-3’ (reverse) (149 bp); U6, 5’
CTCGCTTCGGCAGCACA-3’ (forward) and 5-AACG
CTTCACGAATTTGCGT-3’ (reverse); and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), 5’-TGCA
CCACCAACTGCTTAG-3" (forward) and 5-AGTAGA
GGCAGGGATGATGTTC-3’ (reverse). Amplification
was performed using an ABI Prism 7000 (ABI; Applied
Biosystems, Foster City, CA, USA) sequence analyzer
using the following conditions: 30 s at 95°C, 45 cycles
of 10 s 95°C; 10 s at 62°C; and 10 s at 72°C. Expression
levels of genes were normalized to that of the housekeep-
ing gene GAPDH. The 2™**Ct method was applied for
calculation of relative levels of gene expression.

Cell Transfection

To overexpress CRNDE, the full-length coding
sequence for CRNDE was subcloned into the pcDNA
3.1(+) vector (Realgene, Shanghai, P.R. China) and
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amplified according to the manufacturer’s instructions.
CRNDE, p2l1, EZH2, and scrambled negative con-
trol (NC) small interfering RNAs (siRNAs) were pur-
chased from Invitrogen and transfected into cells using
Lipofectamine 2000 (Invitrogen), as per the manufac-
turer’s protocol.

Western Blot Analysis

Cells were harvested in lysis buffer containing protease
inhibitor cocktail (Roche Applied Science, Penzberg,
Germany). Proteins were separated with 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA, USA) and
then incubated with primary antibodies including anti-
rabbit p21 (1:1,000 dilution; Santa Cruz, Santa Cruz, CA,
USA), anti-rabbit cyclin-dependent kinase 2 (CDK2;
1:1,000 dilution; Cell Signaling Technology, Beverly,
MA, USA), anti-rabbit cleaved caspase 3 (1:1,000 dilu-
tion; Cell Signaling Technology), anti-rabbit cleaved
caspase 9 (1:1,000 dilution; Cell Signaling Technology),
and anti-rabbit GAPDH (1:5,000 dilution; Cell Signaling
Technology). The secondary antibody was horseradish
peroxidase-conjugated goat anti-rabbit IgG. An enhanced
chemiluminescence (ECL) chromogenic substrate was
used to visualize the bands, and the intensity of the bands
was quantified by densitometry (Quantity One software;
Bio-Rad, Hercules, CA, USA).

Cell Cytoplasm/Nucleus Fraction Isolation

The separation of nuclear and cytosolic fractions was
performed using the PARIS Kit (Life Technologies)
according to the manufacturer’s instructions. RNAs
extracted from each of the fractions were subjected to
RT-gqPCR analysis to demonstrate the levels of nuclear
control transcript (U6), cytoplasmic control transcript
(GAPDH), and IncRNA CRNDE.

RNA Immunoprecipitation (RIP)

RIP was performed using a Thermo Fisher RIP Kit
(Thermo Fisher, Waltham MA, USA) based on the manu-
facturer’s protocol. Cells at 80%—90% confluency were
scraped off and lysed in complete RIP lysis buffer. One
hundred microliters of whole-cell extract was then incu-
bated with RIP buffer containing magnetic beads conju-
gated with human anti-EZH2 antibody (Cell Signaling
Technology), anti-SUZ12 antibody (Cell Signaling Tech-
nology), and NC normal mouse IgG (Millipore).

Chromatin Immunoprecipitation (ChIP) Assay

The radioresistant LAD cells were treated with form-
aldehyde and incubated for 10min to generate DNA-
protein cross-links. The cell lysates were then sonicated to
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generate chromatin fragments of 200 to 300bp and immu-
noprecipitated with H3K27me3, EZH2, and H3K4me2-
specific antibody (Cell Signaling Technology) or IgG as
the control. Precipitated chromatin DNA was recovered
and analyzed by RT-qPCR. The following are the primer
sequences: p21, 5-GGTGTCTAGGTGCTCCAGGT-3’
(forward) and 5’- GCACTCTCCAGGAGGACACA-3’
(reverse).

MTT Assay

The sensitivity of cells to radiotherapy was assessed
via 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium
bromide (MTT) assay. Cells were seeded into a 96-well
flat-bottomed plate at a density of 5x10° cell/well for
24 h, then transfected with the indicated vectors and cul-
tured in normal medium. Cells were then treated with O,
2,4, 6, 8, and 10 Gy of ionizing radiation (X-ray) after
transfection. MTT solution (5 mg/ml, 20 ul) was added
to each well. Following incubation for 4 h, the medium
was removed, and 100 pul of dimethyl sulfoxide (DMSO)
was added to each well. The relative number of surviv-
ing cells was assessed by measuring the optical density
(OD) of cell lysates at 560 nm. All assays were performed
in triplicate.

Colony Formation Assay

Cells (500 cells/well) were plated onto six-well plates
and incubated in normal medium at 37°C. After 2 weeks,
the cells were fixed and stained with 0.1% crystal violet.
The number of visible colonies was counted manually.

Flow Cytometric Analysis of Apoptosis

Apoptosis was performed using flow cytometric anal-
ysis with Annexin-V/Fluorescein Isothiocyanate (FITC)
Apoptosis Detection Kits (BD Biosciences, San Jose,
CA, USA) according to the manufacturer’s instructions.
All samples were assayed in triplicate.

Flow Cytometric Analysis of Cell Cycle Distribution

Cells were collected directly or 48 h after transfec-
tion and washed with ice-cold phosphate-buffered saline
(PBS), and then fixed with 70% ethanol overnight at
—20°C. Fixed cells were rehydrated in PBS for 10 min and
incubated in RNase A (1 mg/ml) for 30 min at 37°C. The
cells were then subjected to propidium iodide (PI)/RNase
staining followed by flow cytometric analysis using a
FACScan instrument (Becton Dickinson, Mountain View,
CA, USA) and CellQuest software (BD Biosciences) as
described previously®.

Statistical Analysis

All data were expressed as means*SD. Student's
t-test and one-way ANOVA were used to determine the
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significance of differences between two groups or among
multiple groups, respectively, using the SPSS 17.0 soft-
ware program (IBM, Armonk, NY, USA). Log-rank
test was for Kaplan—Meier survival analysis. A value of
p<0.05 was considered to be statistically significant. All
experiments were repeated at least three times with each
sample run in triplicate.

RESULTS

IncRNA CRNDE Is Upregulated in LAD Tissues,
Radioinsensitive LAD Tissues, and Radioresistant
Cell Lines

To explore the potential role of CRNDE in regulating
the radioresistance of LAD, we first measured the level
of CRNDE in 66 LAD tissues obtained from patients at
an advanced stage and their corresponding normal tis-
sues. CRNDE expression was significantly upregulated
in cancer tissues compared with normal tissues (p<0.01)
(Fig. 1A). Additionally, according to radiologic Response
Evaluation Criteria in Solid Tumors (RECIST), the 66
cases of clinical LAD tissues were divided into “sensi-
tive” (complete or partial response) and “insensitive”
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(stable or progressive disease) groups in response to
radiotherapy. CRNDE was significantly upregulated in
the radioinsensitive groups (n=39) compared with the
radiosensitive groups (n=27) as assessed by RT-qPCR
(p<0.01) (Fig. 1B). Furthermore, we examined the level
of CRNDE in two radioresistant LAD cell lines (A549R
and H1299R) and the corresponding parental cell lines
(A549 and H1299). Increased expression of CRNDE was
observed in radioresistant LAD cell lines compared with
the corresponding parental cell lines (Fig. 1C and D).
These results indicated that CRNDE might be involved
in the radioresistance of LAD.

CRNDE Is Correlated With Clinicopathological
Features and Radiotherapy Response

We then evaluated the correlation of CRNDE expres-
sion with the clinicopathological parameters of 66 patients.
The median value of CRNDE in all LAD tissues was used
as a cutoff value, and all samples were divided into two
groups [high expression group (n=36) vs. low expres-
sion group (n=30)]. A high level of CRNDE expression
was significantly correlated with poor differentiation (p=
0.013) (Table 1), TNM stage (p<0.001), and lymph node
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Figure 1. Long noncoding RNA colorectal neoplasia differentially expressed (IncRNA CRNDE) is upregulated in lung adenocarci-
noma (LAD) tissues, radioinsensitive LAD tissues, and radioresistant cell lines. (A) The level of CRNDE in 66 LAD tissues and cor-
responding normal tissues was measured by reverse transcription quantitative polymerase chain reaction (RT-qPCR). (B) The level of
CRNDE in the radioinsensitive (n=39) and radiosensitive groups (n=27) was assessed by RT-qPCR. (C, D) The level of CRNDE in
two radioresistant LAD cells and corresponding parental cells was detected by RT-qPCR. Data are represented as the mean®SD from
three independent experiments. The p value represents the comparison between groups (**p<0.01).
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Table 1. Correlation Between IncRNA CRNDE Expression and Clinical Features

(n=66)
IncRNA2
CRNDE
Expression
Variable Low High p Value
Age 0.807
<60 13 17
>60 17 19
Gender 0.794
Male 21 23
Female 9 13
Smoking 0.353
Smoking 26 27
No smoking 4 9
Differentiation 0.013
Poor 20 12
Well/moderate 10 24
TNM stage 0.001
I-1I 23 13
MIa 7 23
Lymph metastasis 0.000
Absent 23 8
Present 7 28
Treatment response 0.000
Complete response + partial response 22 5
Stable disease + progressive disease 8 31

Low/high by the sample median. Pearson chi-square test. A value of p<0.05 was considered

statistically significant.

metastasis (p=0.000), but had no significant correlation
with age, gender, or smoking history (p>0.05). According
to RECIST, about 41% of patients responded to radiother-
apy with complete response or partial response, whereas
59% of patients were not responsive and had either sta-
ble disease or disease progression. The results showed
that CRNDE is significantly associated with therapeutic
response, exhibiting a higher expression level in non-
responsive patients (p=0.000) (Table 1). Furthermore,
Kaplan—Meier analysis (log-rank test) was performed
to determine the association between CRNDE expres-
sion and overall survival of patients. Patients with a high
level of CRNDE expression had a significantly shorter
overall survival than those having a low level of CRNDE
(p=0.000) (Fig. 2).

Forced Expression of IncRNA CRNDE Increased
the Radioresistance of LAD Cells

To investigate the biological function of CRNDE
in the radioresistance of LAD, A549 (or H1299), and
A549R (or H1299R), cells were transfected with a
CRNDE expression vector or CRNDE-specific siRNA
(si-CRNDE#1, si-CRNDE#1, and si-CRNDE#3), respec-
tively, using the empty vector or control siRNA as a NC.

Satisfactory transfection efficiency was obtained at 48 h
posttransfection (Fig. 3A), and of the three siRNAs, si-
CRNDE#1 (as the si-CRNDE in Fig. 3A) demonstrated
the best silencing capacity. An MTT assay was per-
formed to assess the biological function of CRNDE on

L CRNDE low level n=30
"L CRNDE high level n=36

0.4 p=0.000

Overall survival rate

0.27

0.07

T T T T T T

0 10 20 30 40 50 60
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Figure 2. CRNDE is correlated with clinicopathological fea-
tures and radiotherapy response. The overall survival in 66
LAD patients is represented by Kaplan—-Meier curves.



1250

A A549 H1299
T s "ok T °
B I 3 1s]| o 3
14 14 m
I"Q" 12 UQ'] 17]' 2
Z. 10 Z, 10] é
g 5 Y 3
8 2 kB — 5
S 9 O 0!
& NC CRNDE &% ° NC  CRNDE =
B ~ AS549 ~ H1299
Q\,mo 1 o NC 3\,120, o NC X
S| | TCRNDE  me| L - CRNDE
s eo“ 7\3\{ [ s ao“ \; .
= 504‘ < \ = 504‘ - \
= s N ’ = \ .
£ | . el e
B ol @ |

°

" 0Gy 2Gy 4Gy 6Gy 8Gy 10Gy

C

_ A549 (2Gy) _ HI1299 2Gy)

CRNDE CRNDE
Bw,  AS49 Sw,  HI299
= . = *%
S 120 ¢ k) 100 1
g™ S
55 Sal
S 5wl
o 9 R}
E | E *l .
2 ol 2 ol
NC  CRNDE NC  CRNDE

0Gy 2Gy 4Gy 6Gy 8Gy 10Gy

ZHANG ET AL.
AS49R HI1299R
12
P
210
8 * * g 8 * *
6 E 6
4 S
o
2 okl Z 2 *k
<
& oo B o) e oD
# ¥
-,\— ?\ﬂ ﬁo ?\ﬂoe ,’\. ’\\\‘{g AN ﬂ \NZ ﬂo‘?ﬁ
-~ AS549R —_ HI1299R
iz, «Si-RNA o0 - si-RNA
Lol Lo si-CRNDE 0o . > si-CRNDE
E \ Ay Ewl Nt
S e % E e e N
= B 2, 3
£l R .
A ol n

°

0Gy 2Gy 4Gy 6Gy 8Gy 10Gy 0Gy 2Gy 4Gy 6Gy 8Gy 10Gy

_ A549R(2Gy) __HI299R(2Gy)

si-RNA si-CRNDE si-RNA si-CRNDE
Bw,  A549R B, HI1299R
_:_3100- gm- 1
8 80 | 8 80!
G G
o & o 6 *ok
3w = D w0l :
° ©
g s 0
2o 2

si-RNA si-CRNDE ~ si-RNA si-CRNDE

Figure 3. Forced expression of IncRNA CRNDE increased the radioresistance of LAD cells. (A) A549 (or H1299) and A549R
(or HI1299R) cells were stably transfected with the CRNDE expression vector or CRNDE-specific small interfering RNA (siRNA)
(si-CRNDE#1, si-CRNDE#1, and si-CRNDE#3), respectively, using the empty vector or control siRNA as a negative control (NC).
(B) MTT assay was performed to assess the biological function of CRNDE on the sensitivity of LAD cells to radiation. (C) Colony
formation assays were performed to measure the effect of CRNDE on cell proliferation exposed to 2 Gy by X-ray ionizing radiation.
Data are represented as the meantSD from three independent experiments. The p value represents the comparison between groups

(*p<0.05, **p<0.01).

the sensitivity of LAD cells to radiation. A549 and H1299
cells transfected with the CRNDE expression vector were
treated with different doses of ionizing radiation, from 0
to 10 Gy. lonizing radiation treatment exhibited a dose-
dependent inhibitory effect on the growth of A549 and
H1299 cells, whereas overexpression of CRNDE weak-
ened this effect, and vice versa in A549R and H1299R
cells transfected with si-CRNDE (Fig. 3B). Furthermore,
colony formation assays were performed to measure the
effect of CRNDE on cell proliferation exposed to 2 Gy of
X-ray ionizing radiation. Overexpression of CRNDE sig-
nificantly enhanced the colony formation rate, whereas

knockdown of CRNDE weakened the A549R or H1299R
cells” colony formation rate (Fig. 3C). The findings
revealed that CRNDE may function as an oncogene and
is associated with the radioresistance of LAD cells.

Knockdown of IncRNA CRNDE Promotes Cell Cycle
Arrest at the G, Phase and Causes Cell Apoptosis

To investigate the mechanism of CRNDE-mediated
radioresistance in LAD cells, flow cytometric analysis
of apoptosis and cell cycle distribution was utilized.
Knockdown of CRNDE in A549R cells and H1299R
cells significantly caused cell cycle arrest at the G, phase,
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comparison between groups (**p<0.01).

with an obvious reduction in the number of cells in the
S phase (Fig. 4A). Consistent with this result, Western
blot revealed that reduction of CRNDE changed the level
of CDK2 and p21 (Fig. 4B). Flow cytometric analy-
sis of apoptosis was then performed to detect the func-
tion of CRNDE on apoptosis in radioresistant LAD cells.
Deletion of CRNDE significantly increased the apoptosis
rate of A549R and H1299R cells (Fig. 4C). Additionally,
Western blot assay revealed that cleaved caspase 3 and
cleaved caspase 9 were significantly increased in CRNDE
knockdown A549R and HI1299R cells (Fig. 4D). The data
indicate that CRNDE contributed to the radioresistance
of radioresistant LAD cells, which might be attributed to
its influence on cell cycle and apoptosis.

IncRNA CRNDE Recruited EZH2 and
Suppressed the Expression of p21

To examine the mechanism by which CRNDE exerted
its function in radioresistant LAD cells, we first mea-
sured the percentage of CRNDE in the cytoplasmic and
nuclear fractions of A549R and H1299R cells. RT-qPCR
of nuclear and cytoplasmic fractions of A549R and
H1299R cells shows that CRNDE was mainly located in
the nucleus, indicating that CRNDE might be involved in

transcriptional regulation (Fig. SA). It has been described
that IncRNA could interact with PRC2*. Therefore, we
detected the relationship between CRNDE and PRC2.
RIP assay confirmed the combination of CRNDE and
EZH2 (p<0.01) (Fig. 5B). We then focused on the cell
cycle-related target of EZH2, which might be involved
in the contributions of CRNDE to the radioresistance of
LAD cells. The RT-qPCR results showed that inhibition
of CRNDE expression significantly increased the level
of p21, and there was no significant difference in other
genes (Fig. 5C). Furthermore, silencing EZH2 could
increase the level of p21 at both the mRNA and protein
levels (Fig. 5D). Additionally, ChIP assay revealed that
CRNDE could recruit EZH2 to the promoter region of
p21 and induce H3K27me3 modification, therefore sup-
pressing the transcription of p21 (Fig. SE). These find-
ings indicate that CRNDE regulates its target through
interacting with PRC2.

Oncogenic Function of CRNDE in Radioresistant LAD
Cells Is in a p21-Dependent Manner

To further explore whether CRNDE exerted its func-
tion in radioresistant LAD cells in a p21-dependent man-
ner, rescue assays were performed. A549R or HI299R
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Figure 5. IncRNA CRNDE recruits enhancer of zeste homolog 2 (EZH2) and suppresses the expression of p21. (A) RT-qPCR
was performed to measure the level of CRNDE in nuclear and cytoplasmic fractions of A549R and H1299R. (B) RIP assay was
performed to confirm the combination of CRNDE and EZH2. (C) The cell cycle-related target of EZH2 was measured in LAD
radioresistant cells in response to CRNDE knockdown. (D) The level of p21 both in mRNA and protein was detected in response
to EZH2 silencing. (E) Chromatin Immunoprecipitation (ChIP) assay revealed that CRNDE could recruit EZH2 to the promoter
region of p21 and induces histone H3 lysine 27 trimethylation (H3K27me3) modification. All data are represented as the mean+ SD
from three independent experiments. The p value represents the comparison between groups (¥**p <0.01).

cells were cotransfected with si-CRNDE and si-p21 and the colony formation assay indicated that cotransfection
treated with different doses of ionizing radiation, from O partially rescued the si-CRNDE-damaged proliferation
to 10 Gy. Knockdown of CRNDE exhibited a dose-de- ability (p<0.05) (Fig. 6B). Moreover, flow cytometric
pendent inhibitory effect on growth, and such inhibition analysis indicated that deletion of CRNDE caused G/G,

could be rescued by silencing p21 (Fig. 6A). Results from phase arrest, and apoptosis increase could be abolished
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Figure 6. The oncogenic function of CRNDE in radioresistant LAD cells is in a p21-dependent manner. (A) MTT assay was performed
to assess the sensitivity of LAD cells cotransfected with siRNA, si-CRNDE, and si-p21 to radiation. (B) Colony formation assays were
performed to measure the proliferation ability of LAD cells cotransfected with siRNA, si-CRNDE, or si-p21. Flow cytometry analysis
was performed to assess the cell cycle percentages (C) and apoptosis rate (D) of LAD cells cotransfected with siRNA, si-CRNDE, or
si-p21. All data are represented as the mean+SD from three independent experiments. The p value represents the comparison between

groups (*p<0.05, **p<0.01).

by silencing p21 (Fig. 6C and D). These results indicate
that the effect of CRNDE on radioresistant LAD cells is
partially through targeting p21.

DISCUSSION

It has been identified that intrinsic and/or acquired
resistance to radiotherapy has been recognized as an

important impediment for clinical cancer treatment®.
Radioresistant cancer cells tend to obtain malignant
behaviors and are partly responsible for the recurrence
and metastasis of lung cancer after radiotherapy>**>*.
Currently, accumulating evidence has identified that
IncRNAs play a critical role in tumorigenesis. Nonethe-
less, the precise underlying molecular mechanisms of
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LAD radiotherapy resistance still remain largely unclear.
Herein, we uncovered a novel carcinogenic role for
CRNDE in LAD.

In our present study, we demonstrated that CRNDE
was significantly increased in LAD tissues and radiore-
sistant LAD cells. In addition, increased expression of
CRNDE in LAD patients is associated with poor dif-
ferentiation, TNM stage, and lymph node metastasis,
and also was significantly associated with therapeutic
response. Gain- and loss-of-function tests demonstrated
that CRNDE knockdown significantly increased the sen-
sitivity of radioresistant LAD cells to ionizing radiation
and caused a dramatic decrease in LAD cell colony for-
mation, whereas forced CRNDE expression has the oppo-
site result. Furthermore, deletion of CRNDE caused cell
arrest in the G,/G, phase and facilitated apoptosis rate.
Our findings indicated that CRNDE acted as an oncogene
in LAD radiotherapy resistance.

It has been documented that IncRNAs could serve as
molecular guiding scaffolds in recruiting DNA, histone
protein modification enzymes, or transcription factors to
specific genomic loci, leading to inactivation of tumor
suppressors or activation of oncogenes*****, such as inter-
acting with PRC2***. To investigate whether CRNDE
exerted its function through interacting with PRC2, we
first measured the level of CRNDE in the nucleus and
cytoplasm and found that CRNDE was mainly distributed
in the nucleus, indicating that CRNDE may regulate tran-
scriptional function. We then performed RIP and found
that CRNDE could bind with EZH2, the critical compo-
nent of PRC2. p21 is a tumor suppressor and has been
reported to be related to cell cycle arrest and is downregu-
lated in certain cancers™ ™. In our study, we identified
that p21 could be silenced by CRNDE, indicating that
p21 may be the possible target of CRNDE. Furthermore,
the results of the ChIP analysis demonstrated that EZH2
could directly bind to p21 promoter regions and induce
H3K27me3 modification. Our findings reveal that CRNDE
contributes to the radioresistant phenotype formation of
LAD cells through regulating p21 expression by binding
to EZH2.

In general, we first described that CRNDE expres-
sion was significantly increased in the LAD tissues and
radioresistant LAD cell lines. CRNDE functioned as an
oncogene through decreasing the sensitivity of LAD cells
to ionizing radiation and causing a dramatic decrease in
LAD cell colony formation through affecting the G,/S
transition and suppressing cell apoptosis. Additionally,
we proved that CRNDE exerts its function in LAD cells
through epigenetically silencing p21 transcription by
binding to EZH2. Our study provides new insights into
the underlying mechanism of the radioresistant pheno-
type formation of LAD cells, which may be targeted for
therapeutic benefits.
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