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Long Intergenic Noncoding RNA 00511 Acts as
an Oncogene in Non—-small-cell Lung Cancer by
Binding to EZH2 and Suppressing p57

Cheng-Cao Sun', Shu-Jun Li'2 Guang Li*, Rui-Xi Hua*, Xu-Hong Zhou® and De-Jia Li

Long noncoding RNAs (IncRNAs) play crucial roles in carcinogenesis. However, the function and mechanism of IncRNAs inhuman
non-small-cell lung cancer (NSCLC) are still remaining largely unknown. Long intergenic noncoding RNA 00511 (LINC00511)
has been found to be upregulated and acts as an oncogene in breast cancer, but little is known about its expression pattern,
biological function and underlying mechanism in NSCLC. Herein, we identified LINC00511 as an oncogenic IncRNA by driving
tumorigenesis in NSCLC. We found LINC00511 was upregulated and associated with oncogenesis, tumor size, metastasis,
and poor prognosis in NSCLC. Moreover, LINC00511 affected cell proliferation, invasiveness, metastasis, and apoptosis in
multiple NSCLC cell lines. Mechanistically, LINC00511 bound histone methyltransferase enhancer of zeste homolog 2 ((EZH2,
the catalytic subunit of the polycomb repressive complex 2 (PRC2), a highly conserved protein complex that regulates gene
expression by methylating lysine 27 on histone H3), and acted as a modular scaffold of EZH2/PRC2 complexes, coordinated
their localization, and specified the histone modification pattern on the target genes, including p57, and consequently altered
NSCLC cell biology. Thus, LINC00511 is mechanistically, functionally, and clinically oncogenic in NSCLC. Targeting LINC00511

and its pathway may be meaningful for treating patients with NSCLC.
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Introduction

Non-small-cell lung cancer (NSCLC) is the major reason
for cancer-relevant death around the world.? Clarification
of the mechanisms that underlie NSCLC tumorigenesis and
progression is urgently needed.®* Though alterations in mul-
tiple oncogenes and tumor-suppressive genes have been
reported in NSCLC,5” the precise molecular mechanisms
underlying NSCLC pathogenesis are still remaining to be fur-
ther elaborated. Hence, better understanding of the carcino-
genesis is critical for the advance of diagnostic markers and
aid novel effective therapies for NSCLC patients.

Long noncoding RNAs (IncRNAs), a class of noncod-
ing RNAs more than 200 nucleotides (nt) in length,®® have
been reported to participate in pathological and physiologi-
cal process in numerous types of human diseases, includ-
ing cancers.®'" A large amount of studies'>* have reported
that IncRNAs could be crucial players in cancer biology,
particularly resulting in dysregulation of gene products that
contributed in the advance human tumors.?62® Further,
IncRNAs could also be considered as diagnostic or prognos-
tic markers on account of their clinical significance with tumor
outcomes. 9222529

Recently, several IncRNAs have been found to involve
in NSCLC tumorigenesis, such as NEAT1,%° TATDN1,%
LINC00473,22AGAP2-AS1,%3BC087858,**andLINC01133.%°

Sun et al. reported NEAT1 functioned as an oncogene
in NSCLC by acting as a competing endogenous RNA
(ceRNA) for miR-377-3p, and then leading to de-suppres-
sion of E2F3, an endogenous target of miR-377-3p, which
was a central oncogene in facilitating NSCLC progression.%°
LINC00473 is a nuclear IncRNA which expresses highly in
NSCLC, elevated LINC00473 expression correlated with
poor prognosis.® But up to date, the detail molecular mech-
anisms of INcRNAs in NSCLC are still needed to be further
clarified.

Long intergenic noncoding RNA 00511 (LINC00511, NR
033876), is a newly identified IncRNA that is upregulated in
human breast cancer,® which may serve as an oncogene.
Nevertheless, biological roles and underlying molecular
mechanisms of LINC00511 in NSCLC tumorigenesis are
still remaining unclearly defined. In our study, we are com-
mitted to investigate the potential molecular mechanisms of
LINC00511 on NSCLC progression. Interestingly, we found
that LINC00511 is highly upregulated in both NSCLC tis-
sues and cell lines. Our data also show that LINC00511 is
capable to facilitate cell growth, migration and invasion, and
repress cell apoptosis through epigenetically suppressing
p57 (an inhibitor for cyclin-dependent kinase, and is deemed
as a candidate of tumor-suppressive gene that has been
embroiled in numerous of cancers®*') expression in NSCLC
cells.

'Department of Occupational and Environmental Health, School of Public Health, Wuhan University, Wuhan, P. R. China; ?Wuhan Hospital for the Prevention and
Treatment of Occupational Diseases, Wuhan, P. R. China; *Department of Oncology, Wuhan Pu-Ai Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, P. R. China; “Department of Oncology, The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, P. R. China; *Department of
Otorhinolaryngology-Head and Neck Surgery, ZhongNan Hospital, Wuhan University, Wuhan, P. R. China. Correspondence: De-Jia Li, Department of Occupational and
Environmental Health, School of Public Health, Wuhan University, No.115 Donghu Road, Wuchang District, Wuhan, China. E-mail: lodjlwhu@sina.com

Keywords: enhancer of zeste homolog 2; long noncoding RNA LINC00511; p57; non-small-cell lung cancer; polycomb repressive complex 2; tumorigenesis
Received 27 July 2016; accepted 9 September 2016; published online 15 November 2016. doi:10.1038/mtna.2016.94


http://www.nature.com/doifinder/10.1038/mtna.2016.94
mailto:lodjlwhu@sina.com

Role of LINCO0511 on NSCLC Progression
Sun etal.

a b c .,
14 12

3 12 — —

E g 10 g

= 10 = -

o 2 8 )

8 8 3 ]

o Q 6 Q

Z 6 4 Z

- = -

[ [0] (3

2 2 44 2

5 5 5

& 2 g 2 o

0 v
Normal (n = 124) Tumor (n = 124) Normal (n = 124) Tumor (n=124)
d e
15 P25 =223 LINC00511 high (n = 93) | 1.0 p——sym-=p
Y4 L.
. ! 1, e
o LINC00511 __ o8 ", LTI
2 low (n=31) S T - .
- =1 l" .........
— [ 13
g £ 0° "
3] 3 e,
z = 04 See.,
2 ) T,
£ 5 == High LINC00511 expression (n=93) *tussesaccns
g 0-2 1. Low LINCO0511 expression (n=31)
Log Rank = 13.25; n= 124; P = 0.0003
0.0

NSCLC patients (n = 124)

0 5 10 15 20 25 30 35 40 45
Months

Figure 1 LINC00511 is upregulated in primary human NSCLC and NSCLC cell lines, and benefits for prognosis. (a,b) LINC00511
is significantly decreased in primary human NSCLC tissues in comparison to adjacent-normal NSCLC tissues. n = 124 for each group. (c)
The expression level of LINC00511 in ten NSCLC cell lines and normal 16HBE cells. Assays were performed in triplicate. (d) Kaplan-Meier
survival analysis revealed that high-expressed LINC00511 is associated with poor prognosis in patients with non—small-cell lung cancer. *P <
0.05, Means + SD was shown. Statistical analysis was conducted using student t-test and Log Rank test. NSCLC, non—small-cell lung cancer.

Results

LINC00511 is upregulated in NSCLC tissues and cell
lines and indicates a poor prognosis

We first examined the LINC00511 expression in NSCLC by
gRT-PCR, and found that LINC00511 levels in 124 NSCLC
tissues were markedly higher than that of in their counter-
parts (P < 0.05) (Figure 1a,b). Next, we tested LINC00511
expression in NSCLC cell lines, and found that LINC00511
was higher expressed in NSCLC cell lines, including A549,
SK-MES-1, H1299, 95D, H460, H520, H1975, H157, SK-LU-
1, and SPC-A-1 cell lines, than that of in normal lung epi-
thelial cells, 16HBE (Figure 1c). Among the ten NSCLC cell
lines, LINC00511 are relative higher expressed in A549 and
SPC-A-1 cells, thus, we chose A549 and SPC-A-1 cells to
perform the following experiments. Subsequently, NSCLC
patients were divided into a high group (>2.23-fold, n = 93)
and a low group (<2.23-fold, n = 31) on the basis of the P25
value of LINC00511 expression (Figure 1d). Moreover, to
assess the clinical significance of LINC00511, we evalu-
ated the correction between its level and clinic-pathological
parameters. Results revealed that LINC00511 levels were
remarkably corrected with tumor size (P < 0.0001), TNM
stage (P < 0.0001), smoking history (P = 0.0005), and lymph
node metastasis (P = <0.0001) in NSCLC. Nevertheless,
LINC00511 levels were not associated with other clinical
characteristics, including gender (P = 0.2988), differentiation
(P = 0.9685), histological tumor type (P = 0.9169), or age
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(P = 0.2015) in NSCLC (Table 1). Additionally, multivari-
ate Cox regression analysis revealed that high LINC00511
expression (>2.23-fold, n=93), positive lymph node metasta-
sis, and advanced stage are independent predictors of OS in
NSCLC patients (Table 2). Kaplan-Meier analysis indicated
that high LINC00511 expression was related to a poorer OS
(log-rank test, P =0.0003, Figure 1e). These results con-
firmed that high LINC00511 expression was related to poor
prognosis, and upregulated expression of LINC00511 might
be crucial in NSCLC tumorigenesis and progression.

Knockdown of LINC00511 represses NSCLC cell growth
in vitro

To validate if LINC00511 represses cell proliferation in A549
and SPC-A-1 cells, CCK8 as well as assays colony formation
were performed (Figure 2a—d). Knockdown of LINC00511
remarkably inhibited cell proliferation at 48hours treatment.
These results were confirmed by BrdU colony formation assays
(Figure 2e,f), which indicated that silence of LINC00511
retarded cell growth. Further, flow cytometry was conducted
to analyze the role of LINC00511 on cell cycle in NSCLC cells.
And results indicated knockdown of LINC00511 retarded the
G1/S transition, namely, they promoted the number of cells in
the G1 phase but reduced the number of cells in the S and
G2/M phases, in comparison to si-NC group (Figure 2g,h).
These results indicate knockdown of LINC00511 may repress
cell growth in A549 and SPC-A-1 cells.



Knockdown of LINC00511
migration and invasion in vitro
Next, we explored the efficiency of LINC00511 on migration
and invasion in A549 and SPC-A-1 cells. Results showed
that silence of LINC00511 repressed cell motility, migration,
and invasion in comparison to si-NC group (Figure 3a-d). In
detail, knockdown of LINC00511 nearly suppressed 55-60%
of the cells’ migratory activity in A549 and SPC-A-1 cells, and
inhibited 53—-62% of the cells’ inhibitory activity in A549 and
SPC-A-1 cells. These results, taken together, clearly indi-
cated that knockdown of LINC00511 expression markedly
retarded cell migration and invasion motility in NSCLC.

represses NSCLC cell

Table 1 Correlation between LINC00511 expression and clinicopathologi-
cal parameters of non—small-cell lung cancer patients (n = 124)

Relative LINC00511

expression
Parameter N Low High P-value?
Agelyears 0.2015
<65 48 9 39
> 65 76 22 54
Gender 0.2988
Male 58 17 41
Female 66 14 52
Differentiation 0.9685
Well, moderate 68 18 50
Poor 56 15 41
Tumor size (maximum diametercm) <0.0001*
<3cm 30 20 10
>3cm 94 11 83
Smoking history 0.0005*
Smokers 93 16 77
Never smokers 31 15 16
Lymph node metastasis <0.0001*
Positive 78 10 68
Negative 46 21 25
TMN stage <0.0001*
| 24 15 9
naniv 100 16 84
Histological tumor type 0.9169
Squamous cell carcinoma 55 14 41
Adenocarcinoma 69 17 52

aChi-square test; *P < 0.05.
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Knockdown of LINC00511 facilitates cell apoptosis in
NSCLC

We also explored the efficiency of LINC0O0511 on cell apop-
tosis in vitro. And knockdown of LINC00511 led to a ~2.2-
folds and ~2.4-folds of increase in apoptotic cell death of
A549 and SPC-A-1 cells, as analyzed by flow cytometric
analysis (Figure 4a,b), separately. Moreover, Hochest33342
staining confirmed that knockdown of LINC00511 led to a
~2.8-folds and ~3.2-folds of increase in apoptotic cell death
of A549 and SPC-A-1 cells (Figure 4c,d), separately. Fur-
thermore, we also examined the caspase-3/7 activity after
transfection, and results demonstrated that knockdown of
LINC00511 markedly augmented the caspase-3/7 activity in
A549 and SPC-A-1 cell lysate, by nearly 4.6- and 2.9-folds
increase (caspase-3 activity), 3.3- and 4.4-folds increase
(caspase-7 activity), in comparison to that of in each si-NC
group (Figure 4e,f), respectively. These data revealed that
knockdown of LINC00511 actually facilitated cell apoptosis in
A549 and SPC-A-1 cells.

Knockdown of LINC00511 represses tumor growth in vivo
To validate the oncogenic efficiency of LINC00511 in vivo, we
constructed a BALB/c nude mouse xenograft model by A549
cells. Results demonstrated the tumor volume and weight of
tumors in nude mice treated with sh-LINC00511 were mark-
edly suppressed (46% of decrease in tumor weight) relative
to that of treated with empty vector (Figure 5a—c). These
data indicated that knockdown of LINC00511 markedly
inhibited the tumorigenicity of A549 cells in the nude mouse
xenograft model. Moreover, in microscopic observation
of tumors, lesser number of Ki-67 and more number of
p57-positive cells and TUNEL-positive cells were observed
in sh-LINC00511-treated group compared with empty vector-
treated group (Figure 5d). The results revealed that knock-
down of LINC00511 may result in NSCLC growth delay via
repressing cell proliferation and medicating cell apoptosis.
These in vivo data suggested that knockdown of LINC00511
could reduce tumorigenic capacity and increase survival in
mouse models of human NSCLC.

LINC00511 represses p57 expression via directly binding
with EZH2 in NSCLC cells

LncRNAs could regulate their target genes expression through
functioning as competing endogenous RNAs (ceRNA) for
miRNAs or interacting with RNA binding proteins such as

Table 2 Influence of LINC00511 expression and clinical characteristics on overall survival in non—small-cell lung cancer patients

Univariate analysis Multivariate analysis

Factors Subset HR (95% CI) P value HR (95% ClI) P value
Age (years) >60/<60 2.14 (1.13-3.22) 0.134 1.72 (0.86-1.37) 0.588
Sex Male/female 1.64 (0.73-1.85) 0.749
Differentiation Poor/well, moderate 2.53 (0.92-1.87) 0.287
Tumor size >3cm/<3 cm 2.19 (0.68-2.06) 0.313
Smoking Yes/no 1.52 (1.06-2.57) 0.781
Lymph node metastasis Positive/negative 3.43 (1.41-3.22) 0.004 3.05 (1.65-5.28) 0.001
TMN stage Inmavyn 2.66 (1.32-3.68) 0.002 2.18 (1.14-4.06) 0.001
LINC00511 High/low 5.74 (2.62-6.73) <0.001 7.19 (3.53-10.56) <0.001
Histological tumor type Squamous cell carcinoma/ 1.47 (0.76-2.02) 0.472

adenocarcinoma

Cl, confidence interval; HR, hazard ratio.
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Figure 2 Knockdown of LINC00511 represses NSCLC cell proliferation in vitro. (a,b). CCK8 assay indicate knockdown of LINC00511
represses NSCLC cell proliferation. (c,d). Colony formation assay indicate knockdown of LINC00511 represses NSCLC cell proliferation.
(e,f) BrdU staining assay indicate knockdown of LINC00511 represses NSCLC cell proliferation. Bar = 100 pm. (g,h) Representative images
and quantification of flow cytometry analysis of A549 and SPC-A-1 cells after transfection. Cell cycle analysis revealed that LINC00511 has
influence the proliferation of A549 and SPC-A-1 cells by regulating its cell cycle. *P < 0.05, Means + SD was shown. Statistical analysis was
conducted using student t-test analysis. NSCLC, non—small-cell lung cancer.

polycomb repressive complex 2 (PRC2, leading to methyl-
ating lysine 27 in histone H3 (3meH3K27)).% To explore the
molecular mechanisms of LINC00511 involved in NSCLC
cells, we firstly analyzed the distribution of LINC0O0511 in
NSCLC cells. And we found that LINC00511 is distributed
in both cytoplasm and nucleus, but the ratio of LINC00511
in nucleus is higher than that of in cytoplasm (Figure 6a).
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Furthermore, we performed RIP assays and the results
showed that LINC00511 could directly binds with enhancer
of zeste homolog 2 (EZH2, the catalytic subunit of the PRC2)
in A549 and SPC-A-1 cells (Figure 6b), while U1 binding
with SNRNP70 was used as positive control (Figure 6¢). In
addition, RNA-pulldown assays confirmed that LINC00511
indeed binds with EZH2 in A549 cells (Figure 6d). These data
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Figure 3 Knockdown of LINC00511 represses NSCLC cell migration and invasion in vitro. (a—d) Transwell migration/invasion assays
reveal knockdown of LINC00511 represses NSCLC cell migration and invasion. Bar = 100 um. *P < 0.05, Means + SD was shown. Statistical
analysis was conducted using student t-test analysis. NSCLC, non—-small-cell lung cancer.

suggest that LINC00511 could epigenetically repress underly-
ing targets expression at transcriptional level. p57 is an inhibi-
tor for cyclin-dependent kinase, and is deemed as a candidate
of tumor-suppressive gene that has been embroiled in numer-
ous of cancers.®”*! In addition, p57 is also a direct target of
EZH2 and repressed by serveral epigenetic mechanisms in
ovarian cancer* and breast cancer.* We suppose LINC00511
repressed p57 expression via interacting with EZH2 in NSCLC
cells. To test this hypothesis, we evaluated their expression
after knockdown of EZH2 in NSCLC cells. Interestingly, knock-
down of EZH2 upregulated p57 expression (Figure 7a,b). To
confirm whether EZH2 could directly bind the promoter region
p57, we designed four pairs of primers across 2,000bp of
the promoter region. ChlP assays demonstrated that EZH2
could directly bind to the p57 promoter region (Figure 7c,d).
Moreover, knockdown of LINC00511 reduced their binding to
p57 promoter regions (Figure 7e). We next explore the role of
LINC00511 on expression of p57. The gPCR results revealed
that LINC00511 knockdown increased the expression of p57
(Figure 6¢e,f).

Silencing of p57 is partly mediated in the oncogenic
efficiency of LINC00511

We conducted rescue assays to identify whether p57 is
mediated in the LINC00511-induced NSCLC cell growth,

metastasis, and apoptosis. Actually, A549 and SPC-A-1
cells were cotransfected with si-NC, si-LINC00511 or si-
LINC00511+si-p57. gPCR demonstrated that knockdown of
LINC00511 increased mRNA levels of p57, and knockdown
of p57 decreased p57 expression (Figure 8a). First, colony
formation and BrdU assays demonstrated that the inhibitory
role of si-LINC00511 on cell growth was reversed by si-p57
treatment (Figure 8b,c). Next, transwell migration/invasion
assay revealed that the inhibitory role of si-LINC00511 on
cell migration and invasion was also reversed by si-p57
treatment (Figure 8d,e). Moreover, flow cytometric analysis
demonstrated that the favorable role of si-LINC00511 on cell
apoptosis was also reversed by si-p57 treatment (Figure 8f).
These findings indicate that LINC00511 exerting oncogenic
effects in NSCLC cells may partly through repressing p57
expression.

Lower p57 expression is positively correlated with the
outcome of NSCLC patients

To further explore the critical efficiency of p57 in the survival
of NSCLC patients, Kaplan Meier Plotter tools were used to
analyze the correlation between the p57 mRNA levels and
the survival of NSCLC patients from 2437 lung tumors using
publicly available datasets (2015 version) (http:/kmplot.
com/analysis/index.php?p=service&cancer=lung). Results

www.moleculartherapy.org/mtna
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Figure 4 Knockdown of LINC00511 facilitates non—small-cell lung cancer cell apoptosis in vitro. (a,b) Representative images and
quantification of flow cytometry analysis of A549 and SPC-A-1 cells after transfection. Cell apoptosis analysis revealed that LINC00511 has
influenced the apoptosis of A549 and SPC-A-1 cells. (c,d) Representative images and quantification of Hochest33342 staining of A549 and
SPC-A-1 cells after transfection. Bar = 100 pm. (e,f) Quantitative representation of caspase-3 and caspase-7 activity in A549 and SPC-A-1
cells after transfection for forty eight hours. Assays were performed in triplicate. *P < 0.05, Means + SD was shown. Statistical analysis was

conducted using student t-test analysis.

demonstrated that lower p57 mRNA levels in NSCLC
patients are markedly correlated with an improvement of
the overall survival (OS), progression-free survival (FP), and
post progression survival (PPS) of patients (Figure 9a—i).
These analyses further verified the tumor-suppressive effect
of p57 in NSCLC.
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Discussion

LncRNAs are implicated in pathologic and physiologic pro-
cesses in numerous of human diseases. The levels of certain
IncRNAs are associated with the metastasis, development,
and prognosis of cancers.*“® Given that LINCO0511 is
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were performed in triplicate. *P < 0.05, Means + SD are shown. Statistical analysis was conducted using student t-test.

upregulated in breast cancer,*¢ and silence of LINC00511
showed tumor-suppressive roles via inhibition of cell prolif-
eration in breast cancer.”> We speculated that LINC00511
might involve in the NSCLC progression. Here, we identified
and characterized LINC00511 as an oncogenic IncRNA in
NSCLC by analyzing a cohort of 124 pairs NSCLC tumor-
ous and normal tissues, and results revealed that LINC00511
was upregulated in NSCLC tumorous tissues and markedly
correlated with poor prognosis and shorter survival. More-
over, silencing LINC00511 also impaired cell proliferation,
migration and invasion, and facilitated cell apoptosis in vitro,
and inhibited tumorigenesis of NSCLC cells in vivo.
Generally, IncRNA involved in regulation of cancer cells
phenotypes by regulating target gene expression by differ-
ent mechanisms, including chromatin modification, genomic
imprinting, RNA decay and sponging miRNAs. p57 is an
inhibitor for cyclin-dependent kinase, and is deemed as a can-
didate of tumor-suppressive gene that has been embroiled
in numerous of cancers.* ! In this study, we analyzed the
correction between the p57 mRNA levels and the survival of
NSCLC patients from 2437 lung tumors using publicly avail-
able datasets (2015 version) (http://kmplot.com/analysis/

index.php?p=service&cancer=lung). And Kaplan-Meier anal-
ysis demonstrated lower p57 mRNA levels were markedly
correlated with the outcome of NSCLC patients. In addition,
we also found that knockdown of LINC00511 increased the
expression of p57 in NSCLC cells. We also found knockdown
of LINC00511 and repressed cell proliferation, migration and
invasion, and facilitated cell apoptosis, while knockdown of
p57 reversed the negative role of cell proliferation, migra-
tion and invasion, and favorable role of cell apoptosis in
LINC00511-defected A549 and SPC-A-1 cells, which indi-
cated p57 was a novel LINC00511 target, and LINC00511
could function as oncogene through suppressing p57 expres-
sion in NSCLC cells.

We next explore the potential mechanism of LINC00511’s
suppressive role on p57 expression. p57 is also a direct tar-
get of EZH2 and repressed by serveral epigenetic mecha-
nisms in ovarian cancer® and breast cancer.** Here, we
discovered that LINC00511 directly binding with EZH2 in
NSCLC cells, which suggesting that LINC00511 might also
could regulate underlying targets at transcriptional levels.
Further experiments revealed that LINCO0511 simultane-
ously recruits EZH2 to p57 promoter region and represses

www.moleculartherapy.org/mtna
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their transcription via mediating trimethylation of histone H3
at lysine 27 (H3K27me3). Hypothesis of the mechanism of
LINC00511 on NSCLC is shown in Figure 10. These findings
indicated that LINC00511 play crucial roles in EZH2 medi-
ated repression of tumor suppressors in NSCLC cancer cells.

In conclusion, our data clarify that LINCO0511 is upregu-
lated in NSCLC tumorous tissues and cell lines, and corrected
with poor prognosis in NSCLC patients. LINC00511 knock-
down repressed cell proliferation, migration and invasion, and
facilitated cell apoptosis in vitro, and inhibited tumorigenesis
in vivo. Furthermore, LINC00511-mediated oncogenic effects
are partially through its epigenetically silencing of the p57
expression via directly binding with EZH2 (a part of PRC2).
Our findings elucidate a potential mechanism underlying the
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tumor-oncogenic role of LINC0O0511 in NSCLC, and indi-
cate that LINC00511 could be a useful marker and potential
therapeutic target in NSCLC. However, whether LINC00511
could regulate other possible targets and the mechanisms
that underlie regulatory behaviors were not investigated in
this study, which needs to be further investigated.

Materials and methods

Tissue collection. Fresh and formalin-fixed, paraffin-embed-
ded, NSCLC tumor tissue samples were obtained from
patients who were diagnosed with NSCLC. Elective surgery
was carried out on these patients at ZhongNan Hospital of
Wuhan University (Wuhan, China). In total, 124 pairs of fresh
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NSCLC and adjacent non-tumor tissues (more than 5cm
away from the tumor) were freshly frozen in liquid nitrogen
and stored at —80 °C until further use. 124 cases of archived,
formalin-fixed, paraffin-embedded NSCLC tissue samples
were collected and used in clinicopathological and prognos-
tic investigation of LINC00511. The use of tissues for this
study has been approved by the ethics committee of Zhong-
Nan Hospital of Wuhan University. Before using these clinical
materials for research purposes, all the patients have signed
the informed consent. None of these patients received any
preoperative chemotherapy or radiotherapy.

Cell culture and transfection. Ten NSCLC cell lines (A549,
SK-MES-1, H1299, 95D, H460, H520, H1975, H157, SK-LU-
1, and SPC-A-1) and the 16HBE cell lines were purchased
from the Institute of Biochemistry and Cell Biology of the Chi-
nese Academy of Sciences (Shanghai, China). Cells were
cultured in RPMI 1640 (Gibco, Grand Island, NY) medium
supplemented with 10% fetal bovine serum, 100 U/ml peni-
cillin, and 100 mg/ml streptomycin (Gibco) in humidified air at
37 °C with 5% CO2. si-LINC00511, si-p57, were purchased
from GenePharma (Shanghai, China). Complete medium
without antibiotics was used to culture the cells at least

www.moleculartherapy.org/mtna
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24 hours prior to transfection. The cells were washed with 1x
phosphate buffer saline (PBS) (pH7.4) and then transiently
transfected with 50 nmol/I si-NC, si-LINC00511, or si-p57,
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instructions.

Western blot analysis. Western blot was performed using
the protocol described previously.*=*® The following primary
antibodies were used: rabbit anti-EZH2 (Santa Cruz), rabbit
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anti-p57 (Santa Cruz Biotechnology, Santa Cruz, CA), rabbit
anti-GAPDH (Santa Cruz).

SsiRNA knockdown experiments. Stealth siRNA oligonucle-
otides were synthesized by Invitrogen. The following siRNA
sequences were used for knockdown of LINC00511 (NR
033876): LINC00511 siRNA 1 (5-CCCAUGUCUGCUGUGC
CUUUGUACU-3), LINC00511 siRNA 2 (5-CCAGUGUGUGC
UGAUGACACAUACA-3’) or a control (a scrambled matched
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Figure 9 Prognostic significance of p57 in lung cancer. (a—c) The effect of p57 mRNA expression level on the overall survival (OS),
progression-free survival (FP), and post progression survival (PPS) in lung cancer patients was analyzed and the Kaplan-Meier plots were
generated by Kaplan-Meier Plotter (http://www.kmplot.com). (d—f) The effect of p57 mRNA expression level on the overall survival (OS),
progression-free survival (FP), and post progression survival (PPS) in lung adenocarcinoma patients was analyzed and the Kaplan-Meier
plots were generated by Kaplan-Meier Plotter (http://www.kmplot.com). (g—i) The effect of p57 mRNA expression level on the overall survival
(OS), progression-free survival (FP), and post progression survival (PPS) in lung squamous cell carcinoma patients was analyzed and the
Kaplan-Meier plots were generated by Kaplan-Meier Plotter (http://www.kmplot.com).

%GC oligonucleotide synthesized by Invitrogen). And we
used siRNA 1 as a representative siRNA for LINC00511 on
account of its strong knockout efficiency (Supplementary
Figure S1). The following siRNA sequences were used for
knockdown of p57 (NM 000076): p57 siRNA 1 (5-CAGCACA
TCCACGATGGAGCGTCTT-3), p57 siRNA 2 (5-TCGCCCGT
GGGACCTTCCCAGTACT-3) or a control (a scrambled
matched %GC oligonucleotide synthesized by Invitrogen). And
we used siRNA 1 as a representative siRNA for p57 on account
of its strong knockout efficiency (Supplementary Figure S2).
Cells were transfected with 50 pmol of siRNA and the scram-
bled control oligo with RNAimax Lipofecatmine (Invitrogen) fol-
lowing manufacturer’s instructions. Knockdown efficiency was
determined by quantitative PCR at time of plating for assay.

RNA isolation and gRT-PCR. RNA isolation and qRT-PCR
was carried out using the protocol described previously.%5!
Glyceraldehyde 3-phosphate dehydrogenase (GADPH) and
U1 were used as endogenous controls. The relative expres-
sion level was calculated using the 2°AA® method. The
primer sequences used in this study are as follows: human
LINC0O0511: sense: 5-CGCAAGGACCCTCTGTTAGG-3,
antisense: 5-GAAGGCGGATCGTCTCTCAG-3’; human p57:
sense: 5-AGACCATGTGGACCTGTCACTG3-3’, antisense:
5-GTTTGGAGTGGTAGAAATCTGTC-3; human EZH2:
sense: 5-TGCACATCCTGACTTCTGTG-3’, antisense: 5’-AA
GGGCATTCACCAACTCC-3; human U1: sense: 5-CAGG
GCGAGGCTTATCCA-3', antisense: 5-GCAGGGGTCAGCA
CATCC-3;humanGAPDH:sense:5-CTCTGCTCCTCCTGTT

www.moleculartherapy.org/mtna
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CGAC-3’, antisense: 5-ACCAAATCCGTTGACTCCGA-3'.
The formula and its derivations were obtained from the ABI
Prism 7300 sequence detection system user guide. Statisti-
cal analysis was performed on the fold change.

Colony formation assay. Colony formation assay was carried
out using the protocol described previously.2-5°

Tumor formation in BALB/c nude mice. BALB/c athymic nude
mice (male, 4—6 weeks old and 16-20g) were purchased
from Hubei Research Center of Laboratory Animal (Wuhan,
China). All animal experiments were carried out in accordance
with the Guide for the Care and Use of Laboratory Animals of
Wuhan University. To establish lung cancer xenograft model,
5x10° empty vector or sh-LINC00511-A549 cells were sus-
pended in 100 pl phosphate-buffered saline and inoculated
subcutaneously into the flanks of 10 nude mice (n = 5 each).
The following shRNA sequences were used for knockdown of
LINC00511 (NR 033876): LINC00511 shRNA 1 (5-CACCG
CCCATGTCTGCTGTGCCTTTGTACTCTCGAGAGTACA
AAGGCACACAGACATGGG-3'), LINC00511 shRNA 2 (5’-CA
CCGCCAGTGTGTGCTGATGACACATACACTCGAGTGTAT-
GTGTCATCAGCACACACTGG-3). And we used shRNA 1 as
a representative shRNA for LINC00511 on account of its strong
knockout efficiency (Supplementary Figure S1). The tumor
size was monitored by measuring the length (L) and width (W)
with calipers every 4 day, and the volumes were calculated
using the formula: (L x W2)/2. Mice were killed by cervical dislo-
cation in day 36, and the tumors were excised and snap-frozen
for protein and RNA extraction.

RBNA pull-down assays. LINC00511 transcripts were tran-
scribed using T7 RNA polymerase (Ambio life) in vitro, then
by using the RNeasy Plus Mini Kit (Qiagen) and treated with
DNase | (Qiagen). Purified RNAs were biotin-labeled with the
Biotin RNA Labeling Mix (Ambio life). Positive control, negative
control and Biotinylated RNAs were mixed and incubated with
A549 cell lysates. Then, magnetic beads were added to each
binding reaction, and incubated at room temperature. Finally,
the beads were washed, and the eluted proteins were detected
by western blot analysis.
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Flow cytometry

Apoptosis analysis. A549 and SPC-A-1 cells transfected with
si-NC or si-LINCO0511 were trypsinized and resuspended
in 1x binding buffer at 1x10° cells/ml. 100 pl of this cell sus-
pension was incubated with 5 pl of FITC-Annexin V and 5 pi
propridium iodide (PI) for 15 minutes in the dark. The reaction
was terminated with the addition of 400 pl 1x binding buffer
and analyzed with FACSCalibur using the CellQuest software
(Becton Dickinson). FITC-Annexin V-positive and Pl-negative
cells were considered as apoptotic and the experiments were
carried out in triplicates.

Cell-cycle analysis. Transfected cells were harvested
48 hours after transfection. The cells were fixed in 70% etha-
nol, washed once with PBS, and then labeled with propidium
iodide (Sigma-Aldrich) in the presence of RNase A (Sigma-
Aldrich) for 30 minutes in the dark (50g/ml). Samples were
run on a FACSalibur flow cytometer (Becton-Dickinson, FL,
NJ), and the percentages of cells within each phase of the
cell cycle were analyzed using Cell Quest software.

Caspase-3/7 activity assay. A caspase-3/7 ELISA kit (BD
Pharmingen, San Diego, CA) was used for in vitro determina-
tion of caspase-3/7 activity in cell lysates according to manu-
facturer’s instruction.

Chromatin immunoprecipitation. A549 and SPC-A-1 cells
were treated with formaldehyde and incubated for 10 minutes
to generate DNA-protein cross-links. Cell lysates were then
sonicated to generate chromatin fragments of 200-300bp
and immunoprecipitated with EZH2-specific antibody (Mil-
lipore) or IgG as control. Precipitated chromatin DNA was
recovered and analyzed by qRT-PCR. ChIP gPCR primers
for p57 are as follows: sense: 5-GGTGTCTAGGTGCTC-
CAGGT-3, antisense: 5'-GCACTCTCCAGGAGGACACA-3'".

Immunohistochemistry. Immunohistochemistry of the tumor
tissues was performed as described previously.®-7 3-ym
tumor sections were incubated with commercial rabbit poly-
clonal antibodies against Ki67 (Santa Cruz), p57 (Santa Cruz)
at 1/100 dilution overnight at 4 °C. Then, the sections were
conjugated with horseradish peroxidase antibody (1:500 dilu-
tion; Santa Cruz Biotechnology, Santa Cruz, CA) at room
temperature for 2 hours, then covered by diaminobenzidine
(DAB) (Vector Laboratories, Burlingame, CA), and slides
were mounted with Vectashield mounting medium (Vector
Laboratories). Subsequently, all fields were observed under
light microscopy (Olympus 600 auto-biochemical analyzer,
Tokyo, Japan). Control experiments without primary antibody
demonstrated that the signals observed were specific.

Statistical analysis. The Students ftest (two tailed), one-way
analysis of variance, and Mann-Whitney U-test were con-
ducted to analyze the in vitro and in vivo data by SPSS 19.0
software. P < 0.05 was considered significant.

Supplementary material

Figure S1. Relative LINC00511 expression in A549 and
SPC-A-1 cells after transfecting with si-LINC00511, namely,
siRNA1 and siRNA2 for forty-eight hours.



Figure S2. Relative p57 expression in A549 and SPC-A-1
cells after transfecting with si-p57, namely, siRNA1 and siR-
NA2 for forty-eight hours.
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