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ABSTRACT

Despite improvements in diagnostics and treatment of non-small cell lung 
cancer (NSCLC), it remains the leading causes of cancer-related mortality worldwide. 
In more recent years, mutiple lines of evidence have highlighted long noncoding 
RNAs (lncRNAs) serve as novel class of regulators of cancer biological processes, 
including proliferation, apoptosis and metastasis. LncRNAs serve as a novel class 
of regulators of cancer biological processes in cancer, but little is known of their 
expression and potential functions in NSCLC. We identified an oncogene, linc00673, 
whose expression level was upregulated by bioinformatics analyses and qRT-PCR 
analyses in NSCLC. The effects of linc00673 on tumor progression were investigated 
in vitro and in vivo. Linc00673 knockdown significantly inhibited cell proliferation and 
colony-forming ability, and suppressed S-phase entry in vitro and shRNA linc00673 
mediated knockdown significantly inhibit tumor growth in vivo, meanwhile, linc00673 
overexpression increased tumor cell growth. Analysis of RNAseq data revealed 
linc00673 could modulate the transcription of a large amount of genes including 
oncogene and tumor suppressor gene, so we investigated the role and regulatory 
mechanism of linc00673 in NSCLC proliferation. Further mechanistic analyses indicated 
that the oncogenic activity of linc00673 is partially attributable to its repression of 
NCALD through association with the epigenetic repressor LSD1. Taken together, these 
findings suggested that linc00673 could play crucial role in NSCLC progression and 
might be a potential therapeutic target for patients with NSCLC.

INTRODUCTION

In spite of improvements in cancer surgeries, 
radiotherapy, and anti-cancer drugs in lung cancer, 
which remains the leading cause of cancer-related death 
worldwide. According to the American Cancer Society 
(ACS), it is expected to account for 28% of all male cancer 
deaths and 26% of all female cancer deaths in 2015 [1]. 
Non-small-cell lung cancer (NSCLC) is the most prevalent 

histological type of lung cancer and can be categorized 
into two common subtypes, adenocarcinoma and 
squamous cell carcinoma [2–3]. The primary reason for 
such a high mortality rate is its cell-sustained proliferation 
and metastatic potential [4]. Undoubtedly, understanding 
the molecular mechanisms associated with malignant 
proliferation is crucial for establishing more effective 
approaches for NSCLC treatment that can improve patient 
outcomes. 
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Although research has focused on the role of 
protein-coding genes in the pathogenesis of human 
tumors in the past few decades, non-coding RNAs 
(ncRNAs), including microRNAs and long non-coding 
RNAs (lncRNAs) have received increased attention 
with development of whole genome and transcriptome 
sequencing technologies [5]. LncRNAs are a class of 
non-protein-coding RNA molecules which are longer than  
200 nucleotides [6]. The ENCODE Consortium has 
elucidated that human transcription generates thousands 
of lncRNAs and they can be further categorized as 
genic (exonic, intronic, overlapping) or intergenic 
lncRNAs according to their location with respect to 
the nearest protein-coding transcripts [7]. The idea that 
lncRNAs are not just cloning artifacts or transcriptional 
noise but rather important supplements to proteins or 
crucial regulators in complex networkscontinues to 
advance in the scientific community [8–9]. In fact, 
many lncRNAs have been shown to express in various 
developmental stages-, tissues-, and organ-specific 
patterns, as well as participate in a wide spectrum 
of biological processes, such as cell differentiation, 
embryonic development and carcinogenesis [10–12].  
More importantly, there is evidence linking the 
dysregulation of lncRNAs with various cancer types 
which implies that lncRNAs might function as potential 
onco- or tumor-suppressor RNAs [13–14]. In our previous 
study, we identified two lncRNAs involved in NSCLC 
tumorigenesis. We determined that GAS5 (growth 
arrest-specific transcript 5) was not only dysregulated in 
numerous cancers [15–16] but specifically down-regulated 
in NSCLC. GAS5 increased tumor cell growth arrest 
and induced apoptosis through P53-dependent and P53-
independent pathways [17]. In addition to GAS5, HNF1A-
AS1 was up-regulated in esophageal adenocarcinoma and 
that it could induce the expression level of lncRNA H19 
and lead to an increase in cell proliferation, migration and 
invasion, Nevertheless, we discovered another underlying 
molecular mechanism of HNF1A-AS1 which plays a key 
role in lung adenocarcinoma tumorigenesis. HNF1A-AS1 
might bind to DNMT1 resulting in reducing the expression 
level of E-cadherin [18–19]. In this regard, identifying 
cancer-associated lncRNAs the associated molecular 
mechanisms are necessary for understanding progression 
and establishing better treatment of NSCLC. 

Neurocalcin delta (NCALD) is a member of the 
visinin-like subfamily of EF hand calcium-binding 
proteins [20]. Subsequent studies show that NCALD 
might be involved in the pathogenesis of human cancer. 
A study determined varying gene expression profiles in 
ovarian cancer patients’ whole blood cell mRNA [21]. It 
was determined that NCALD mRNA was down-regulated 
in the group with poor prognosis, having advanced 
stage and poorly differentiated tumors which implied 
NCALD a prognostic biomarker specific to these ovarian 
cancer patients [22]. Other studies have documented 

down-regulation of NCALD in asbestos-related lung 
cancers [22], however, so far very little is known about 
the specific function role of this gene in NSCLC. 

In the current study, we screened for the novel 
candidate lncRNAs responsible for the progression of 
NSCLC. We identified long intergenic non-coding RNA 
00673 (linc00673) was the most remarkably up-regulated 
lncRNA in NSCLC tissues, compared with adjacent 
normal lung tissue. We then focus on the functional 
roles and further molecular mechanism of linc00673 in 
NSCLC cell lines. The results showed that linc00673 
could promote NSCLC cell proliferation by epigenetically 
inhibiting NCALD expression by binding to LSD1.

RESULTS

The expression profile of lncRNA in NSCLC

In an attempt to identify novel oncogenic lncRNAs 
in NSCLC progression, a microarray dataset (GSE18842) 
was used to analyze differentially expressed lncRNAs 
between lung tumors samples and corresponding 
nontumor samples. The microarray analysis revealed  
27 upregulation lncRNAs and 72 downregulation 
lncRNAs (Supplementary Figure S1A and Supplementary 
Table S1 Sheet 3). The most upregulation lncRNAs were 
linc00673, linc01133, Loc101928100, Loc80078 and 
Loc285629 in NSCLC (Figure 1A). Notably, recently 
studies have shown linc01133 to be upregulated in lung 
squamous cell cancer, and also that the expression level 
of lin01133 is indicative of patient survival [23]. To 
investigate the role of lncRNAs in NSCLC tumorigenesis, 
we selected linc00673, to which the expression was most 
significantly different, for further investigation.

We first identified the full poly (A)-positive 
sequence of linc00673 through rapid amplification of 
cDNA ends (RACE) (Figure 1B) and performed PCR 
analysis to confirm the gene size of linc00673 (2275 bp, 
Figure 1C). In addition, txCdsPredict, created by UCSC, 
was used to calculate its protein coding potential, and 
a score was assigned based on its coding potential, we 
considered the transcript as noncoding RNA when the 
score was less than 800 [24]. The txCdsPredict score 
for linc00673 was 454, indicating that linc00673 has no 
protein-coding potential.

Upregulation of linc00673 expression in NSCLC 
tissues

In order to ascertain whether linc00673 was 
differentially expressed in the NSCLC tissues, the 
expression level of linc00673 was quantified by 
qRT-PCR in 80 paired clinical NSCLC tissues and 
correspondingnormal tissues. Results determined that 
betweentissue samples, linc00673 was up-regulated  
(9.37-fold) in clinical NSCLC tissues (P < 0.05, Figure 1D).  
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Figure 1: Higher linc00673 expression levels in NSCLC. (A) A heatmap representation of the five lncRNAs with the most 
upregulation across NSCLC and normal lung tissues in GSE18842. (B) Agarose gel electrophoresis analysis of the PCR products (indicated 
by black arrows) that were generated in 3′ (left) and 5′ (right) RACE which covered the 3′ and 5′ ends of the linc00673 in A549 cells.  
(C) The full sequence of linc00673 was confirmed by RACEs and the result of RACEs was consistent with the sequences published in NCBI 
database (NR_036488.1). (D) Quantitative real-time PCR analysis of linc00673 expression level in 80 NSCLC tissues and corresponding 
adjacent non-tumor tissues (two-tailed student’s t test, P < 0.05). Expression levels were shown as log2-fold change to match non-tumor 
tissues. Red column represented overexpression and blue column represented down-regulation. (E, F and G) The relationship between 
linc00673 expression and clinicopathological parameters (such as maximum diameter, lymphatic metastasis and TNM stage) was shown. 
Data are shown as the mean ± s.d. Based on at least three independent experiments. *P < 0.05, **P < 0.01. (H) The ROC curve for 
prediction of NSCLC based on the expression level of linc00673, using paired adjacent non-tumorous tissues as a control. 
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Table 1: Correlation between linc00673 expression and clinicopathological parameters of NSCLC
Clinicopathological parameters N of cases Log2 relative linc00673 expression

Low High P-valuea

Age (years) 0.382
< 65 39 17 22
≥ 65 41 22 19

Gender 0.214
male 58 31 27
female 22 8 14

Differentiation 0.625
well, moderate 57 29 28
poor 23 10 13

Tumor size (maximum diametercm) 0.015b

< 5 cm 44 27 17
≥ 5 cm 36 12 24

Primary location 0.111
left lung 33 20 13
right lung 47 19 28

Histology type 0.256
adenocarcinoma 47 20 27
squamous carcinoma 33 19 14
Smoking history 0.187
smokers 43 24 19
never smokers 37 15 22

Lymph node metastasis 0.047b

positive 36 13 23
negative 44 26 18
TMN stage 0.033b

I/II 54 31 23
III/IV 26 8 18

aChi-square test.
*P < 0.05

We also evaluated the correlation of linc00673 expression 
with patients’ clinicopathological parameters (i.e., 
maximum diameter, lymphatic metastasis or TNM stage) 
to assess its clinical significance. Our results showed 
that larger tumors, with lymph node metastasis, or more 
advanced tumors, had higher linc00673 expression 
levels (Figure 1E, 1F and 1G). Nevertheless, there was 
no significant relationship between linc00673 expression 
and other clinical characteristics, such as age, gender, 
differentiation and smoking history (P > 0.05, Table 1)

Additionally, we produced a receiver operating 
characteristic curve (ROC curve), using corresponding 
normal tissues as control. The cutoff value for 
distinguishing NSCLC tissues from normal tissues was 

7.75 (∆Ct). The sensitivity and specificity were 68.75 and 
66.25, respectively, and the area under the ROC curve was 
0.683 (95% confidence interval: 0.605 to 0.755, P < 0.0001, 
Figure 1H). These data demonstrate that linc00673 might 
be an oncogene in the context of NSCLC progression and 
may potentiallyserve as diagnostic biomarker for NSCLC.

Modulation of linc00673 expression in NSCLC 
cells

We performed qRT-PCR analysis to determine 
the expression level of linc00673 in 8 human NSCLC 
cell lines which include both squamous carcinoma and 
adenocarcinoma. It was determined that linc00673 
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expression was elevated to in 6 lung cancer cell lines, 
whereas linc00673 expression was lower in H1703 and 
H226 than that in human bronchial epithelial cells (HBEs) 
(Figure 2A). We used three chemically synthesized 
siRNAs to knock down endogenous linc00673 in 
A549, H1975 and SPC-A1, and developed a linc00673 
overexpression model using transfection of pcDNA3.1-
linc00673 in H1703. At 48 h post-transfection, linc00673 
expression levels were knocked down more than 80% 
in A549, H1975 and SPC-A1 relative to negative 
control transfected cells (Figure 2B and Supplementary  

Figure S1B). Linc00673 expression level was substantially 
up-regulated via pcDNA3.1-linc00673 transfection, 
and the efficiency of transfection for H1703 was 210-
fold (Figure 2C). Furthermore, we measured linc00673 
expression in nuclear and cytosolic fractions from 4 
NSCLC cell lines (including A549, H1975, SPC-A1 and 
H1703). As shown in Figure 2B, 2E, 2F and Figure S1C, 
linc00673 was localized in the nucleus and cytosol, which 
implies that linc00673 may exert both transcription and 
post-transcriptional level regulatory functions in NSCLC 
cell lines.

Figure 2: Linc00673 expression increased in NSCLC cells. (A) qRT-PCR analysis of linc00673 expression level in 8 NSCLC cell 
lines (3 squamous carcinoma cell lines and 5 adenocarcinoma cell lines) and 1 human bronchial epithelial cell (HBE). The expression levels 
are normalised to HBEs. (B) qRT-PCR analysis of linc00673 expression level in A549 and H1975 transfected with three discrete chemically 
synthesized siRNAs. (c) qRT-PCR analysis of linc00673 expression level in A549 and H1975 transfected with pcDNA3.1-linc00673 vector. 
(D, E and F) Linc00673 expression levels in different subcellular fractions in A549 (D), H1975 (E) and H1703 (F) cells were detected by 
qRT-PCR. Black range indicates nuclear fraction, Gray indicates cytoplasmic fraction. Data are shown as the mean ± s.d. Based on at least 
three independent experiments. *P < 0.05, **P < 0.01.
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The effect of linc00673 on NSCLC cell 
proliferation in vitro

Since human lncRNAs play an important role 
in the spectrum of biological processes, we examined 
whether linc00673 was functionally involved in NSCLC 
tumorigenesis. MTT assays were used to determine cell 
viability in the NSCLC cell lines. siRNA transfection-
mediated linc00673 knockdown resulted in a significant 
decrease in cell viability rate inA549, SPC-A1 and H1975, 
which tend to exhibit naturally high linc00673 expression 
levels (Figure 3A, 3B and Supplementary Figure S2A). 
Consistently, H1703 cells, which exhibit naturally low 
linc00673 expression, displayed a higher cell viability 
rate after linc00673 overexpression relative to negative 
control (Figure 3C). In addition, the colony-formation 
assay showed that a decrease in linc00673 expression also 
greatly attenuated the colony-forming ability of A549, 
H1975 and SPC-A1 (Figure 3D, 3E and Supplementary 
Figure S2B), while an increase in linc00673 expression 
enhanced colony-formation ability of H1703 (Figure 
3F). These observations were further confirmed by EDU 
(red)/DAPI (blue) immunostaining assay (Figure 3G, 3H, 
3I and Supplementary Figure S2C). Collectively, these 
results validated a positive role of linc00673 in promoting 
NSCLC cell proliferation, a crucial process in cancer 
progression.

siRNA-mediated knockdown of linc00673 
promotes G1 arrest through downregulation 
CDK6 expression

To further determine whether the impact of 
linc00673 on NSCLC cell growth induced cell cycle 
arrest, FACS technology was applied. Results revealed 
NSCLC cells treated with si-2# or si-3# had increased 
cell cycle arrest in the G0/G1 phase (Figure 4A, 4B 
and Supplementary Figure S2D). On the contrary, 
overexpression linc00673 led to a decrease in cells 
arrested in G0/G1 and an accumulation of cells at 
S phase (Figure 4C). Furthermore, we detected the 
expression levels of CDKs (cyclin-dependent kinases) 
after transfection. Compared to control cells, linc00673 
downregulation significantly reduced CDK6 (cyclin-
dependent kinase 6) transcript levelsand protein (Figure 
4D, 4E and Supplementary Figure S2F, S2H), and did not 
reduced CDK2 and CDK4 protein levels (Supplementary 
Figure S2G). Previous studies have indicated that CDK6 
is a target of TDP-43, and CDK6 expression is mediated 
by TDP-43 recruitment to GU-rich transcript [25]. Here, 
we found that linc00673 can directly bind with TDP-43 
in A549 and H1975 cells by RIP analysis (Supplementary 
Figure S2J). Accordingly, we proposed that linc00673 
might upregulate CDK6 expression by competing 
withTDP-43 binding sites, resulting in NSCLC cell cycle 
progression. 

The effect of linc00673 on apoptosis was also 
determined by FACS technology. Results indicated that the 
proportion of apoptotic H1975 cells following linc00673 
knockdown, versus scrambled siRNAs, remained similar 
(Supplementary Figure S2E). Thus, linc00673-mediated 
acceleration of NSCLC cell proliferation appears to be 
mediated by affecting the G1-S checkpoint, rather than by 
apoptotic pathways.

Downregulation of linc00673 inhibits NSCLC 
cell tumorigenesis in vivo

To further provide in vivo evidence for the 
oncogenic role of linc00673 in NSCLC, we used a 
xenograft mouse model. A549 cells stably transfected 
with sh linc00673 or an empty vector were subcutaneously 
injected into male nude mice. Four days post-injection, all 
mice developed detectable tumors. Linc00673 knockdown 
treatment dramatically decreased tumor growth, which 
was determined by significantly reduced tumor size 
and weight, relative to the control (Figure 5A–5D). 
Quantitative RT-PCR analysis found that the expression 
levels of linc00673 in tumors after shRNA linc00673 
transfection were lower than those in tumors after 
empty vector transfection (Figure 5E). Thus, decreased 
linc00673 transcripts reduce the growth of established 
NSCLC xenografts. The HE staining showed typical 
characteristics of tumor cells, and the proliferation index 
Ki67 determined by immunohistochemical staining, was 
significantly decreased in shRNA linc00673-transfected 
tumors (Figure 5F). Based on our preliminary evidence, 
we highlighted an important role of linc00673 in human 
NSCLC, however, the mechanism(s) governing the 
oncogenic role of linc00673 in such thisdisease have yet 
to be elucidated.

Gene expression profiling

In order to analyze the linc00673-associated gene 
transcriptional changes, we applied RNA transcriptome 
sequencing to assess the gene expression profiles 
of linc00673-depleted A549 cells and control cells. 
This unbiased genome-scale analysis identified 988 
differentially expressed transcripts (|log2(FoldChange)| > 1 
and P < 0.05) in NSCLC cells after linc00673 knockdown 
comparedto controls, including 499 downregulation 
transcripts and 489 upregulation transcripts (Figure 6A 
and Supplementary Table S1 Sheet4). Furthermore, to 
investigatethe functional processes that were affected by 
linc00673-mediated transcriptional regulation, KEGG 
(Kyoto Encyclopedia of Genes and Genomes) analysis 
was performed. We determined that cell cycle progression 
was involved in the affected functional processes in 
linc00673-depeleted cells (Figure 6C), which was 
consistent with our data. Using qRT-PCR, we confirmed 
representative genes (Figure 6B) which were identified as 
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Figure 3: The effects of linc00673 on NSCLC cell viability in vitro. A549 and H1975 cells were transfected with scramble 
or siRNA linc00673 (si-2# or si-3#), while, H1703 cells were transfected with pcDNA3.1 or pcDNA3.1-linc00673. (A) MTT assays 
were performed to determine the cell viability of transfected NSCLC cells. (B) A colony-forming assay was conducted to determine the 
proliferation of transfected NSCLC cells. The colonies were counted and captured. (E) EDU (red)/DAPI (blue) immunostaining assay 
was used to confirme the results of MTT assay and colony-forming assay. The data represent the mean ± SD from three independent 
experiments. *P < 0.05, **P < 0.01.
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oncogenes or tumor suppressor genes in A549, H1975 and 
SPC-A1 (Figure 6D, 6E and Supplementary Figure S3A).  
Our results determined that NCALD was the most 
upregulated in response to linc00673 downregulation and 
siRNA could affect its transcript expression level. H1703 
cells transfected with pcDNA3.1-linc00673 exhibited a 
decrease in NCALD expression relative to controls (Figure 
6G). Furthermore, western blot analysis determined that 
the protein expression levels of NCALD in NSCLC cells 
after transfection were consistent with the results of qRT-
PCR (Figure 6F, 6H and Supplementary Figure S3B).

Linc00673 silences NCALD transcription by 
binding with Histone demethylase lysine specific 
demethylase 1 (LSD1)

Previous studies indicate that lncRNAs silence key 
downstream mediators through RNA binding proteins, 
such as PRC2, STAU1, and LSD1 [26–28]. In order to 
further investigate whether lin00673 inhibits NCALD 
expression through a similar mechanism, we predicted 
that the probabilities interaction of linc00673 and RNA 
binding protein via RNA-Protein interaction prediction 

Figure 4: The effects of linc00673 on NSCLC cell cycle in vitro. A549 and H1975 cells were transfected with scramble or siRNA 
linc00673 (si-2# or si-3#), while, H1703 cells were transfected with pcDNA3.1 or pcDNA3.1-linc00673. (A, B and C) Cell cycle analyses 
in the A549, H1975 and H1703 cell lines. Representative fluorescence activated cell sorting images and statistics based were presented. 
(D) QRT-PCR analysis of CDK6 mRNA expression level in A549 and H1975 cells. (E and F) Analysis of CDK6 protein level in A549 and 
H1975 cells by Western blot. GAPDH protein expression was used as an internal control. The data represent the mean ± SD from three 
independent experiments. *P < 0.05, **P < 0.01.
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website (http://pridb.gdcb.iastate.edu/RPISeq/) [29]. As 
presented in Figure 6I and Supplementary Figure S3C, 
the probabilities interaction of linc00673 with LSD1, 
SUZ12 and EZH2 were 0.7, 0.85, and 0.6 using RF 
classifier, however, these were 0.83, 0.85, and 0.88 using 
SVM classifier, respectively. Importantly, qRT-PCR and 
western blot analyses show that LSD1 knockdown could 
induce expression levels of NCALD mRNA and protein 
(Figure 6J, 6K and Supplementary Figure S3D), while, 
downregulation of EZH2 or SUZ12 expression do not 
increase NCALD mRNA expression (Supplementary 
Figure S3E). Based on these observations, we propose 
that linc00673 may reduce NCALD transcription through 
binding LSD1 in the NCALD promoter region. To validate 
this assumption, we first performed RIP analysis to 
validate accuracy of the prediction. Results indicated that 
linc00673 could directly bind LSD1 in A549 and H1975 
cells (Figure 6L). Moreover, result of RNA pulldown also 

indicated that linc00673 interacted with LSD1 (Figure 6M). 
We then used ChIP to confirm the relationship between 
LSD1 and NCALD gene and results determined that LSD1 
could directly bind the promoter region of the NCALD 
gene, and knockdown of linc00673 reduced LSD1-
mediated H3K4me2 demethylation (Figure 6N).

Decreases in NCALD may be involved in the 
oncogenic activation of linc00673

To determine the role of NCALD in NSCLC cell 
proliferation, we carried out gain-of-function assays. After 
transfection with a pcDNA3.1-NCALD vector, NCALD 
expression levels were significantly upregulated in A549, 
H1975, SPC-A1 cells (Supplementary Figure S3F). Using 
MTT, EDU and colony formation assays, we found that 
overexpression of NCALD could inhibit the NSCLC cells 
ability to proliferate (Figure 7A–7F and Supplementary 

Figure 5: The effects on tumor growth after linc00673 downregulation in vivo. (A, B) A549 cells stably transfected with 
shRNA lin00673 or empty vector were injected into nude mice as described in the Materials and Methods Section. Tumors before and after 
removal from the mice. (C) The tumor volume was calculated once every 3 or 4 days after injection of A549 cells stably transfected with 
shRNA lin00673 or empty vector. (D) Tumor weight when the tumors were harvested. (E) qRT-PCR analysis of linc00673 expression level 
in tumor tissues formed from shRNA linc00673 or empty vector transfected A549 cells. (F) Representative images (×200) of HE staining 
and Ki-67 immunohistochemistry of the tumor. Top, H & E staining; bottom, immunostaining. The data represent the mean ± SD from three 
independent experiments. *P < 0.05, **P < 0.01.
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Figure 6: Linc00673 could directly bind LSD1 and silence NCLAD transcription. (A) RNA transcriptome sequencing analysis 
was performed to analyze gene expression profiling in A549 cells following linc00673 knockdown. Volcano plot showed the all of different 
expressed gene. (A) Expression heatmap of 11 significant different expressed transcripts after the transduction of siRNA linc00673 2#. 
Expression profiles of the 11 probes in cells with scramble siRNA (left) and with linc00673 knockdown (right) are shown. Red and blue 
indicate up- and down-regulation, respectively. (C) KEGG pathway analysis for all genes with altered expressions between the negative 
control group and linc00673 knockdown group cells in vitro. (D and E) QRT-PCR analysis of the mRNA expression levels of tumor 
suppressor genes and oncogenes in control (scrambled) vs si linc00673 (si-2# and si-3#) -treated NSCLC cells. (F) Western blot analysis of 
NCALD protein level in A549 and H1975 cells. GAPDH protein expression was used as an internal control. (G and H) QRT-PCR analysis 
and western blot analysis of NCALD mRNA and protein level in control (pcDNA3.1) vs linc00673 overexpression. (I) The prediction of the 
interaction probabilities of linc00673 with RNA binding protein (LSD1) via RNA-Protein interaction prediction (http://pridb.gdcb.iastate.
edu/RPISeq/). (J and K) QRT-PCR analysis and western blot analysis of NCALD mRNA and protein level in A549 and H1975 after LSD1 
knockdown. (L) RIP with rabbit monoclonal anti-LSD1 and preimmune IgG from A549 (left) and H1975 (right) cell extracts. RNA levels in 
immunoprecipitates were determined by qPCR. Expression levels of linc00673 RNA were presented as fold enrichment in LSD1 relative to 
IgG immunoprecipitates. (M) Biotinylated linc00673 RNA pulls down the LSD1 protein detected by western blot analysis. HuR as a positive 
control. (N) ChIP–qRT-PCR of LSD1 occupancy and H3K4-me2 binding in the NCALD promoter in A549 cells treated with linc00673 
siRNA (48 hours) or scrambled siRNA. The data represent the mean ± SD from three independent experiments. *P < 0.05, **P < 0.01.
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Figure S3H–S3J). Furthermore, we performed rescue 
experiments with H1703 cells to investigate whether 
NCALD was implicated in linc00673 induced cell 
proliferation. Results from western blot analysis revealed 
that NCALD expression levels were upregulated in 
pcDNA3.1-NCALD and linc00673+NCALD groups 
(Supplementary Figure S3G). Presented in Figures 7G, 7H 
and 7I, NCALD overexpression partially compromised the 
effects of linc00673 on NSCLC proliferation. We conclude 
that linc00673 promotes NSCLC cell proliferation through 
downregulation of NCALD.

NCALD expression was downregulated in cancer 
tissues and low NCALD level is associated with 
poor prognosis in NSCLC patients

To establish the clinical significance of NCALD, 
we carried out an expression analysis of NCALD using 
two microarray data sets from Garber and Bhattacharjee 
lung cancer cohorts downloaded from Oncomine  
[30–31]. In both cohorts, the expressionof NCALD mRNA 
was significantly lower in NSCLC tissues compared 
to normal tissues (Figure 8A and 8B). Furthermore, we 
also examined the expression level of NCALD mRNA in 
paired clinical NSCLC tissues and adjacent normal tissues. 
Results indicated that NCALD mRNA was downregulated 
in NSCLC tissues, in agreement with the data from 
Oncomine (Figure 8C), and the NCALD mRNA expression 
level was inversely correlated with linc00673 in these 
samples (Pearson’s correlation coefficient r2 = 0.3205,  
P = 0.0006, Figure 8D). We consistently found that 
NCALD protein abundance is decreased in NSCLC 
samples using tissue microarrays (TMAs) to analyze 
90 primary operable NSCLC cases (Figure 8E). High 
NCALD protein expression was significantly associated 
with increased survival overall (OS; P = 0.0449, Figure 
6F). Finally, the positive prognostic effect of NCLAD 
expression was also supported by Kaplan–Meier Plotter 
analysis (www.kmplot.com), which indicated that higher 
NCALD abundance correlated with a better OS, using 
microarray data from 1926 lung cancer patients [32] 
(Figure 8G). Moreover, the expression level of NCALD 
protein is upregulated in shRNA linc00673-transfected 
tumors (Figure 8H).

All together, these results validate that the 
expression levels of NCALD inversely correlated with 
linc00673 level in NSCLC tissues and low NCALD level 
was associated with NSCLC progression.

DISCUSSION

Our knowledge about the gene-regulatory 
mechanisms that govern the progress of NSCLC is still 
considered fragmentary. Before the discovery of lncRNA, 
previous studies had shown that the mutations in certain 
protein-coding genes (such as TP53, EGFR, KRAS) 

are critical for the pathogenesis of NSCLC [5, 33]. 
However, recent searches for cancer drivers are focused 
on the important functions of lncRNA. In the present 
study, we revealed a novel transcript linc00673 through 
bioinformatics. Linc00673 is encoded at 17q25.1 and 
is approximately 2275 nt in length. Although previous 
studies have also identified linc00673 was upregulation 
in lung cancer tissues [34–35], very little is known about 
biological significance and the molecular mechanisms of 
linc00673 in NSCLC carcinogenesis. To this end, we used 
loss of function and gain of function assays to connect 
linc00673 to the promotion of cell proliferation. It has 
been reported that human NCALD gene was abundantly 
expressed in brain but its expression could also be detected 
in other tissues, such as natural killer cells, lymphoblasts, 
testis and ovary [20]. In our study, we found that NCALD 
was downregulated in NSCLC tissues and related with 
patients’ prognosis. These findings suggest that linc00673 
plays an oncogenic role in NSCLC progression by 
epigenetic regulation of NCALD expression. A growing 
body of evidence has documented the critical roles of 
lncRNAs and RNA-binding proteins (RBPs) in human 
cancers. For example, all three well characterized 
lncRNAs, HOTAIR, ANRIL and FAL1, can bind to PRC 
complexes resulting in gene transcription regulation. Tsai 
et al. have demonstrated that HOTAIR interacts with PRC2 
and LSD1 to exert its functional role in epigenetically 
regulating gene expression and promoting human tumor 
metastasis [27, 36]. It has been documented that ANRIL 
recruits PRC1 [37] and PRC2 [38] to corresponding gene 
promoter regions leading to repression the transcription 
of the tumor suppressor gene. Hu et al. found that FAL1 
associates with the BMI1, an epigenetic repressor, and 
reduced a number of gene transcrips including CDKN1A 
[39]. Here, we extend the previous observations of 
lncRNA interaction with RBPs and provided evidence that 
the functional interaction with chromosome modification 
complexes might be a predominant molecular mechanism 
by which lncRNA exerts its biological function.

Histone modifications, including methylation, are 
considered important factors in transcriptional activation 
and repression [40]. Perturbations in the balance of 
histone methylation and demethylation could impact 
gene expression and contribute to human cancer. LSD1, 
also known as KDM1A, is the histone demethylase that 
specifically demethylates mono- and dimethylated lysine 
4 of histone H3 (H3K4) [41]. It is well documented that 
LSD1 is necessary for mammalian development and 
participates in many biological processes, such as cell 
differentiation and cell cycle progression [42–43]. In our 
previously studies, we indicated that LSD1 downregulation 
inhibits tumor cell proliferation [44]. However, the precise 
regulatory mechanism for LSD1 in NSCLC remains 
largely unknown. Interestingly, in this study, through RNA 
transcriptome sequencing and qRT-PCR assays, we found 
NCALD was remarkably upregulated after linc00673 



Oncotarget25569www.impactjournals.com/oncotarget

Figure 7: The effects of NCALD on NSCLC cell viability in vitro. A549 and H1975 cells were transfected with pcDNA3.1 
(control) and pcDNA3.1-linc00673. While H1703 cells were transfected with pcDNA3.1, pcDNA3.1-linc00673, pcDNA3.1-NCALD, 
linc00673 + NCALD. (A, B and G) MTT assays were performed to determine the cell viability of transfected NSCLC cells. (C, D and H) A 
colony-forming assay was conducted to determine the proliferation of transfected NSCLC cells. The colonies were counted and captured. 
(E, F and I) EDU (red)/DAPI (blue) immunostaining assay was used to confirme the results of MTT assay and colony-forming assay. The 
data represent the mean ± SD from three independent experiments. *P < 0.05, **P < 0.01.
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Figure 8: The NCALD expression level in NSCLC tissues and the clinical significance of NCALD. (A and B) Selected 
datasets from the oncomine cancer microarray database were mined to determine the alterations of NCALD in mRNA expression levels. 
Representative datasets from Garber and Bhattacharjee lung cancer cohorts. (C) QRT-PCR analysis of NCALD mRNA expression level in 
NSCLC tissues. (D) Analysis of the relationship between linc00673 expression (ΔCt value) and NCALD mRNA level (ΔCt value) in 33 
NSCLC tissues. (E) Immunohistochemical staining of normal and NSCLC tissues with anti-NCALD antibody. Representative two patient 
samples are shown. 90 patient samples are stained and analyzed. (F) Kaplan–Meier analysis of OS based on NCALD expression in all  
90 patients. The patients were divided into a low NCALD expression group (n = 35) and a high NCALD expression group (n = 55) 
according to whether their samples showed up or downregulation of NCALD. (G) Kaplan–Meier survival plots demonstrating the good 
prognostic effect of NCALD downregulation correlated with a worse OS in lung cancer patients (n = 1926). (H) Immunohistochemical 
staining of tumor tissues formed from shRNA linc00673 or empty vector transfected A549 cells with anti-NCALD antibody. Representative 
images are shown. (I) Summary diagram describes that NCALD regulates NSCLC cell proliferation. *P < 0.05, **P < 0.01.
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knockdown. Additionally, our results showed that LSD1 
silenced NCALD expression by epigenetic regulation. 
Based on the collective results presented above, we 
propose that linc00673 exerts its oncogenic function, at 
least in part, via binding LSD1 and inhibiting NCALD 
expression in NSCLC tumorigenesis (Figure 8I). 

Since continuing advances in transcriptomics 
demonstrate that lncRNAs fulfill key functions in 
the regulation of gene expression, and lncRNAs are 
exceedingly deregulated in human cancer [6], it is 
believed that lncRNA might be an important supplement 
to proteins and other effectors in complex regulatory 
networks of human cancers. Our findings in this study 
provide a plausible molecular mechanism underlying the 
deregulation of cancer-associated lncRNA expression 
in NSCLC. Our study explores the functional role 
and mechanism of linc00673 in cell proliferation. In 
consideration of the relationship between linc00673 
expression level and lymphatic metastasis, whether 
linc00673 playsa vital role in NSCLC cell metastasis and 
its relevant mechanisms remains to be clarified. Only with 
full elucidation of linc00673 functionality and molecular 
mechanisms relevant to NSCLC, can we open avenues 
for the use of lncRNAs in identification and treatment of 
novel diagnostic or predictive biomarkers and targets.

MATERIALS AND METHODS

Gene expression datasets

Lung cancer gene expression profile was obtained 
from the NCBIs Gene Expression Omnibus (GEO, http://
www.ncbi.nlm.nih.gov/geo/). GSE18842 is microarray data 
that studied 91 samples, including 46 lung tumors samples 
(14 adenocarcinomas and 32 squamous-cell carcinomas) and 
45 corresponding nontumor samples. The gene expression 
profiles of all lung tissue samples were analyzed by the 
Human Genome U133 Plus 2.0 chip from Affymetrix. 
We re-annotated the microarray using blast +2.2.30 after 
downloading probe sequences from GEO or microarray 
manufacturers. For multiple probes corresponding to one 
lncRNA, maximum normalized signal was selected. 

lncRNA expression profiles of lung tumors were 
generated using significance analysis of microarrays 
(SAM) in MeV software (http://www.tm4.org/mev.html). 
The threshold set for up- or down-regulated genes was a 
fold change ≥ 2 or ≤ 0.5. In addition, we controlled the 
delta value so that median number of false significant genes 
was set at zero. Two-class paired or two-class unpaired 
analyses were used according to experimental design.

Patients and tissue samples

We obtained paired NSCLC and adjacent normal 
lung tissues from 80 patients who underwent primary 
surgical resection in the Department of Thoracic 

Surgery, Jinling Hospital, Nanjing University School of 
Medicine, China, between February 2013 and July 2015. 
No patient had received local or systemic treatment 
before any operation. All collected tissue samples were 
immersed in RNA Later stabilization solution (Qiagen, 
Hilden, Germany) and were immediately frozen in liquid 
nitrogen and stored at –80°C until RNA isolation. The 
clinicopathologic characteristics of the patients with 
NSCLC, including tumor size, lymph node metastasis 
and TNM, were recorded and summarized in Table 1. Our 
study protocol was approved by the Institutional Review 
Board of Nanjing University, and all of the participants 
signed an informed consent form.

Cell culture

Five NSCLC adenocarcinoma cell lines (A549, 
SPC-A1, PC9, H1299 and H1975) and three NSCLC 
squamous carcinomas cell lines (H1703, H520 and H226) 
were purchased from the Institute of Biochemistry and Cell 
Biology of the Chinese Academy of Sciences (Shanghai, 
China) in May, 2014. The cells were obtained within 
6 months directly from The Chinese Academy of Sciences 
cell bank. All cell lines have a short tandem repeat profiling 
characterization in The Chinese Academy of Sciences. 
A549, H1299, H1703, H520, H1975, H226 cells were 
maintained in RPMI Medium 1640 basic media (GIBCO-
BRL, Invitrogen, Carlsbad, CA), and SPCA1, PC9, HBE 
cells were grown in Dulbecco’s modified Eagle’s media 
(DMEM; GIBCO-BRL, Invitrogen) in a humidified 
incubator at 37°C with 5% CO2. All of the media used 
was supplemented with heat-inactivated 10% fetal bovine 
serum (FBS) and antibiotics (100 U/ml penicillin and  
100 mg/ml streptomycin) (Invitrogen, Carlsbad).

RNA isolation and quantitative reverse 
transcriptase polymerase chain reaction  
(qRT-PCR) analyses

Total RNA extraction and qRT-PCR analyses were 
performed as previously described [17]. The specific primer 
sequences used are shown in Supplementary Table S1  
Sheet 1.

3′-Race and 5′-Race

5′ and 3′ RACE were performed using the First 
Choice-RLM RACE kit according to manufacturers’ 
instructions (Life Technologies). 

RNA interference by siRNA

Twenty-four hours after cells were plated in six-
well plates, the small interfering RNA (siRNA) and 
nonspecific control siRNA was (Carlsbad, California, 
USA) transfected into cells using Lipofectamine 
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2000 (Invitrogen, Shanghai, China), according to the 
manufacturers’ instructions. Sequences of siRNAs are 
described in Supplementary Table S1 Sheet2. Cells were 
harvested 48 h after transfection for qRT-PCR and Western 
blot analysis.

Plasmid DNA transfection

The linc00673 sequence was synthesized according 
to the full-length linc00673 sequence lacking a poly A 
tail (based on the linc00673 sequence, NR_036488.1, in 
NCBI). The NCALD sequence was synthesized according 
to the CDS sequence of NCALD. Both were subcloned 
into a pcDNA3.1 vector (Invitrogen, Shanghai, China). 
Plasmid vectors (pcDNA3.1-linc00673, pcDNA3.1-
NCALD and empty vector) were transfected into NSCLC 
cells cultured in six-well plates using X-treme GENE HP 
DNA transfection reagent (Roche, Basel, Switzerland), 
according to the manufacturers’ instructions. The empty 
vector was used as the control. Cells were harvested 48 h 
after transfection for qRT-PCR and Western blot analysis.

MTT assay and colony formation assay

The scramble, or si-linc00673 transfected A549, 
SPC-A1 or H1975 cells (3,000/well) and empty vector- 
or pcDNA3.1-linc00673- transfected H1703 cells 
(3,000/well), were allowed to grow in 96-well plates. 
Cell viability was documented every 24 h following the 
manufacturers’ protocol. All experiments were performed 
in quadruplicate. For the cells to form colonies, a total of 
700 transfected cells and control cells were placed onto a 
fresh six-well plate and maintained in media containing 
10% FBS, media was replaced every 4 d. After 2 wk, the 
colonies were fixed with methanol and stained with 0.1% 
crystal violet (Sigma, St. Louis, MO). Visible colonies 
were manually counted. Triplicate wells were assessed for 
each treatment group.

Flow-cytometric analysis of cell cycle

For the flow-cytometric analysis of the cell cycle, 
the transfected cells were stained with Propidium iodide 
(PI) using the CycleTEST TM PLUS DNA reagent kit 
(BD Biosciences) following the protocol and analyzed by 
FACScan. The percentage of cells in the S, G0/G1, and 
G2/M phases were counted and compared.

Ethynyldeoxyuridine (EDU) analysis

5-ethynyl-2-deoxyuridine (EDU) labeling/detection 
kit (Ribobio, Guangzhou, China) was used to assess the 
cell proliferation. Cells were grown in 96-well plates at 
5 × 103 cells/well. Forty-eight hours after transfection, 
50 μM EdU labeling media was added to the 96-well 
plates and they were incubated for 2 h at 37°C under 5% 

CO2. After treatment with 4% paraformaldehyde and 
0.5% Triton X-100, cells were stained with anti-EdU 
working solution. DAPI was used to label cell nuclei. 
The percentage of EdU-positive cells was calculated after 
analyses of fluorescent microscopy. Five fields of view 
were randomly assessed for each treatment group.

Isolation of cytoplasmic and nuclear RNA

Cytoplasmic and nuclear RNA were separated and 
purified using the PARIS Kit (Life Technologies, Carlsbad, 
CA, USA) according to the manufacturers’ instructions.

Tumor formation assay in a nude mouse model

Animal experiments were performed as previously 
described (17). Male and 4 wkathymic BALB/c nude 
mice were used for the tumor formation assay. A549 cells 
transfected with shRNA linc00673 or an empty vector 
were cultured in six well plates for 48 h. Then, the cells 
were washed with PBS and resuspended at a concentration 
of 2 × 107/ml. Each mouse was injected on one side of 
the posterior flank with 100 ul of cell suspension. Tumor 
growth was measured using calipers every 3 d. The 
tumors were removed from all animals after 14 d, and 
the subcutaneous growth of each tumor was examined. 
Tumor volumes were calculated using the equation 
V = 0.5 × D × d2 (V, volume, D: longitudinal diameter, 
d: latitudinal diameter). Animal care and experimental 
procedures were approved by the Model Animal Research 
Center of Jingling Hospital and conducted according to 
Institutional Animal Care and User guidelines. All of the 
surgeries were performed under sodium pentobarbital 
anesthesia, and all efforts were made to minimize suffering.

RNA-seqbioinformatic analysis

The mRNA-Seq experiments were performed 
by Novogene (Beijing, China). mRNA-seq library was 
prepared for sequencing using standard Illumina protocols. 
Briefly, total RNAs from scrambled, or si linc00673 
transfected A549 cells, were isolated using TRIzol reagent 
(Invitrogen). To remove any contaminating genomic 
DNA, the total RNA was treated with RNase-free DNase I 
(New England Biolabs, MA, USA). mRNA extraction was 
performed using Dynabeadsoligo(dT) (Invitrogen Dynal). 
Superscript II reverse transcriptase (Invitrogen) and 
random hexamer primers were used to synthesize double-
stranded complementary DNAs. To create the mRNA-seq 
library, the cDNAs were then fragmented by nebulization 
and the standard Illumina protocol followed. For the data 
analysis, basecalls were performed using CASAVA. Reads 
were aligned to the genome using the split read aligner 
TopHat (v2.0.7) and Bowtie2, using default parameters. 
HTSeq was used for estimating abundances.
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Protein analysis

Forty-eight hours post-transfection, cells were lysed 
using a lysis buffer containing the mammalian protein 
extraction reagent RIPA (Beyotime China), a protease 
inhibitor cocktail (Roche, Basel, Switzerland) and PMSF 
(Roche). Cells’ protein lysates that contained 50 μgprotein 
were electrophoresed on 10% SDS-PAGE and transferred 
onto 0.22 mm NC membranes (Sigma–Aldrich), and 
incubated with specific antibodies. Specific bands were 
detected by ECL chromogenic substrate and quantified by 
densitometry (Quantity One software, BioRad). GAPDH 
antibody was used as control. Anti-CDK2, CDK4, CDK6 
(1:1,000) were purchased from Cell Signaling Technology, 
Inc., anti-NCALD was purchased from Proteintech.

Immunohistochemistry study

All NSCLC tissues and associated normal 
lung tissues were fixed in 10% formalin and 
embedded in paraffin. Tissues were then stained with 
immunohistochemistry using the following antibody: 
NCALD (1:50, Proteintech) following cut at a thickness 
of 4 μm. Immunoreaction was performed using the 
labeled streptavidin-biotin method with overnight 
incubation. Diaminobenzidine was used for visualization. 
To quantify NCALD protein expression, both the 
intensity and extent of immunoreactivity were evaluated 
and scored in randomly selected five representative 
fields of vision at medium magnification. The resulting 
score was calculated by adding up the staining intensity  
(0 = no staining, 1 = mild staining, 2 = moderate staining 
and 3 = strong staining) and the percentage of positive 
cells (0 was ≤ 5% positive, 1 was 6%–25% positive,  
2 was 26%–50% positive, 3 was 51%–75% positive and 
4 was > 75% positive). Immunostaining was considered 
negative (or –) when the score was 0–1, weak positive 
(or 1+) when the score was 2–3, medium positive (or 2+) 
when the score was 4–5 and strong positive (or 3+) when 
the score was 6–7. 

RNA binding protein immunoprecipitation (RIP) 
assay

RNA immunoprecipitation (RIP) experiments were 
performed by using a Magna RIP RNA-Binding Protein 
Immunoprecipitation Kit (Millipore, USA) according to 
the manufacturer’s instructions. Antibody for RIP assays 
of LSD1 were purchased from Millipore. In brief, cells 
were lysed and incubated with protein A Sepharose beads 
which were conjugated with antibodies at 4°C. After  
3–6 hours, the beads were washed with wash buffer and 
then the complexes digest the proteins using a heated 
water bath with 0.1% SDS and 0.5 mg/mL Proteinase K 
(30 minutes at 55°C). Finally, immunoprecipitated RNA 
was purified and analyzed via qRT-PCR.

RNA pulldown assay

 Linc00673 was transcribed from vector pcDNA3.1-
linc00673 in vitro. The Biotin RNA Labeling Mix 
(Roche Diagnostics, Indianapolis, IN) and T7/SP6 RNA 
polymerase (Roche Diagnostics, Indianapolis, IN) were 
used for RNA biotin-label, and RNeasy Mini Kit (Qiagen, 
Valencia, CA) was used for purification. Next, 1 milligram 
whole-cell lysates from A549 cells was mixed with 3 μg 
of purified biotinylated transcripts and incubated with 
streptavidin agarose beads (Invitrogen) for 1 h at 25°C. 
The beads were washed briefly and boiled in sodium 
dodecyl sulfate (SDS) buffer, and the retrieved protein was 
analyzed by the standard western blot technique.

Chromatin immunoprecipitation assays

EZ-CHIP KIT (Millipore, USA) was used to 
perform the chromatin immunoprecipitation assays. First, 
in order to generate DNA–protein cross-links, A549 and 
H1975 cells were incubated with formaldehyde. Cells 
were then lysed, sonicated and immunoprecipitated with 
LSD1 and H3K4me2-specific antibody (Millipore, USA) 
or IgG, as control. Precipitated chromatin DNA was 
recovered and analyzed by qPCR. The sequences of ChIP 
primers for NCALD promoter region amplification are 
shown in Supplementary Table S1 Sheet1. 

Statistical analysis

All statistical analyses were performed using SPSS 
17.0 software (IBM, Chicago, IL, USA) and differences 
were considered to be statistically significant at P < 0.05. 
Student’s t-test (two-tailed), chi-square test analysis 
and Mann–Whitney tests were performed to analyze 
differences between groups. Pearson correlation analyses 
were used to investigate the correlation between linc00673 
and NCALD mRNA expression. Kaplan–Meier method 
with the log-rank test wasapplied to calculate overall 
survival (OS) rates.

ACKNOWLEDGMENTS

The authors thank Dr. XiaRui, Department of 
Biochemistry and Molecular Biology, Nanjing Medical 
University for helping with statistical and bioinformatics 
analysis. We also apologize to all researchers whose 
relevant contributions were not cited due to space 
limitations.

FUNDING

This work was supported by grants from the National 
Natural Science Foundation of China (NO.81302032, 
NO.81401903, NO.81572937, NO.81572273) and 



Oncotarget25574www.impactjournals.com/oncotarget

the Natural Science Foundation of Jiangsu province  
(NO.BK2011658, NO.BK20140736).

CONFLICTS OF INTEREST

The authors have no conflicts of interest.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA: 
a cancer journal for clinicians. 2015; 65:5–29.

2. Herbst RS, Heymach JV, Lippman SM. Lung cancer. N 
Engl J Med. 2008; 359:1367–1380.

3. Ettinger DS, Akerley W, Bepler G, Blum MG, Chang A, 
Cheney RT, Chirieac LR, D’Amico TA, Demmy TL, 
Ganti AK, Govindan R, Grannis FW Jr, Jahan T, et al. 
NCCN Non-Small Cell Lung Cancer Panel Members. Non-
small cell lung cancer. J Natl Compr Canc Netw. 2010; 
8:740–801.

4. Koudelakova V, Kneblova M, Trojanec R, Drabek J, 
Hajduch M. Non-small cell lung cancer—genetic predictors. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2013; 157:125–136.

5. Mattick JS. RNA regulation: a new genetics? Nat Rev 
Genet. 2004; 5:316–323.

6. Shi X, Sun M, Liu H, Yao Y, Song Y. Long non-coding 
RNAs: a new frontier in the study of human diseases. 
Cancer Lett. 2013; 339:159–166.

7. Derrien T, Johnson R, Bussotti G, Tanzer A, Djebali S, 
Tilgner H, Guernec G, Martin D, Merkel A, Knowles DG, 
Lagarde J, Veeravalli L, Ruan X, et al. The GENCODE v7 
catalog of human long noncoding RNAs: analysis of their 
gene structure, evolution, and expression. Genome Res. 
2012; 22:1775–1789.

8. Mercer TR, Dinger ME, Mattick JS. Long non-coding 
RNAs: insights into functions. Nat Rev Genet. 2009; 
10:155–159.

9. Shi X, Sun M, Wu Y, Yao Y, Liu H, Wu G, Yuan D, Song Y. 
Post-transcriptional regulation of long noncoding RNAs in 
cancer. Tumour Biol. 2015; 36:503–513.

10. Huang JL, Zheng L, Hu YW, Wang Q. Characteristics of 
long non-coding RNA and its relation to hepatocellular 
carcinoma. Carcinogenesis. 2014; 35:507–514.

11. Fatica A, Bozzoni I. Long non-coding RNAs: new players 
in cell differentiation and development. Nat Rev Genet. 
2014; 15:7–21.

12. Mercer TR, Dinger ME, Sunkin SM, Mehler MF,  
Mattick JS. Specific expression of long noncoding RNAs 
in the mouse brain. Proc Natl Acad Sci U S A. 2008; 105: 
716–721.

13. Gibb EA, Brown CJ, Lam WL. The functional role of long 
non-coding RNA in human carcinomas. Mol Cancer. 2011; 
10:38.

14. Huarte M, Rinn JL. Large non-coding RNAs: missing links 
in cancer? Hum Mol Genet. 2010; 19:R152–161.

15. Mourtada-Maarabouni M, Pickard MR, Hedge VL, 
Farzaneh F, Williams GT. GAS5, a non-protein-coding 
RNA, controls apoptosis and is downregulated in breast 
cancer. Oncogene. 2009; 28:195–208.

16. Qiao HP, Gao WS, Huo JX, Yang ZS. Long non-coding 
RNA GAS5 functions as a tumor suppressor in renal cell 
carcinoma. Asian Pac J Cancer Prev. 2013; 14:1077–1082.

17. Shi X, Sun M, Liu H, Yao Y, Kong R, Chen F, Song Y. 
A critical role for the long non-coding RNA GAS5 in 
proliferation and apoptosis in non-small-cell lung cancer. 
Mol Carcinog. 2015; 54 Suppl 1:E1–E12.

18. Yang X, Song JH, Cheng Y, Wu W, Bhagat T, Yu Y, 
Abraham JM, Ibrahim S, Ravich W, Roland BC, 
Khashab M, Singh VK, Shin EJ, et al. Long non-coding 
RNA HNF1A-AS1 regulates proliferation and migration in 
oesophageal adenocarcinoma cells. Gut. 2014; 63:881–890.

19. Wu Y, Liu H, Shi X, Yao Y, Yang W, Song Y. The long 
non-coding RNA HNF1A-AS1 regulates proliferation and 
metastasis in lung adenocarcinoma. Oncotarget. 2015; 
6:9160–9172. doi: 10.18632/oncotarget.3247.

20. Wang W, Zhou Z, Zhao W, Huang Y, Tang R, Ying K, Xie 
Y, Mao Y. Molecular cloning, mapping and characterization 
of the human neurocalcin delta gene (NCALD). Biochim 
Biophys Acta. 2001; 1518:162–167.

21. Isaksson HS, Sorbe B, Nilsson TK. Whole genome 
expression profiling of blood cells in ovarian cancer patients 
-prognostic impact of the CYP1B1, MTSS1, NCALD, and 
NOP14. Oncotarget. 2014; 5:4040–4049. doi:  10.18632/
oncotarget.1938.

22. Nymark P, Guled M, Borze I, Faisal A, Lahti L, Salmenkivi 
K, Kettunen E, Anttila S, Knuutila S. Integrative analysis 
of microRNA, mRNA and aCGH data reveals asbestos- 
and histology-related changes in lung cancer. Genes, 
chromosomes & cancer. 2011; 50:585–597.

23. Zhang J, Zhu N, Chen X. A novel long noncoding 
RNA LINC01133 is upregulated in lung squamous cell 
cancer and predicts survival. Tumour Biol. 2015; 36: 
7465–71.

24. Li T, Xie J, Shen C, Cheng D, Shi Y, Wu Z, Deng X, Chen H, 
Shen B, Peng C, Li H, Zhan Q, Zhu Z. Upregulation of long 
noncoding RNA ZEB1-AS1 promotes tumor metastasis 
and predicts poor prognosis in hepatocellular carcinoma. 
Oncogene. 2015. 223. [Epub ahead of print].

25. Ayala YM, Misteli T, Baralle FE. TDP-43 regulates 
retinoblastoma protein phosphorylation through the 
repression of cyclin-dependent kinase 6 expression. Proc 
Natl Acad Sci U S A. 2008; 105:3785–3789.

26. Nie FQ, Sun M, Yang JS, Xie M, Xu TP, Xia R, Liu YW, 
Liu XH, Zhang EB, Lu KH, Shu YQ. Long noncoding 
RNA ANRIL promotes non-small cell lung cancer cell 
proliferation and inhibits apoptosis by silencing KLF2 and 
P21 expression. Mol Cancer Ther. 2015; 14:268–277.



Oncotarget25575www.impactjournals.com/oncotarget

27. Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, 
Lan F, Shi Y, Segal E, Chang HY. Long noncoding RNA 
as modular scaffold of histone modification complexes. 
Science. (New York, NY) 2010; 329:689–693.

28. Xu TP, Liu XX, Xia R, Yin L, Kong R, Chen WM, Huang 
MD4, Shu YQ. SP1-induced upregulation of the long 
noncoding RNA TINCR regulates cell proliferation and 
apoptosis by affecting KLF2 mRNA stability in gastric 
cancer. Oncogene.2015; 34:5648–5661.

29. Muppirala UK, Honavar VG, Dobbs D. Predicting RNA-
protein interactions using only sequence information. BMC 
bioinformatics. 2011; 12:489.

30. Bhattacharjee A, Richards WG, Staunton J, Li C, Monti S, 
Vasa P, Ladd C, Beheshti J, Bueno R, Gillette M, Loda M, 
Weber G, Mark EJ, et al. Classification of human lung 
carcinomas by mRNA expression profiling reveals distinct 
adenocarcinoma subclasses. Proc Natl Acad Sci U S A. 
2001; 98:13790–13795.

31. Garber ME, Troyanskaya OG, Schluens K, Petersen S, 
Thaesler Z, Pacyna-Gengelbach M, van de Rijn M, Rosen 
GD, Perou CM, Whyte RI, Altman RB, Brown PO, Botstein 
D, et al. Diversity of gene expression in adenocarcinoma of 
the lung. Proc Natl Acad Sci U S A. 2001; 98:13784–13789.

32. Gyorffy B, Surowiak P, Budczies J, Lanczky A. Online 
survival analysis software to assess the prognostic value of 
biomarkers using transcriptomic data in non-small-cell lung 
cancer. PloS one. 2013; 8:e82241.

33. Johnson JL, Pillai S, Chellappan SP. Genetic and 
biochemical alterations in non-small cell lung cancer. 
Biochem Res Int. 2012; 2012:940405.

34. Yu H, Xu Q, Liu F, Ye X, Wang J, Meng X. Identification 
and validation of long noncoding RNA biomarkers in human 
non-small-cell lung carcinomas. J Thorac Oncol. 2015; 
10:645–654.

35. White NM, Cabanski CR, Silva-Fisher JM, Dang HX, 
Govindan R, Maher CA. Transcriptome sequencing reveals 
altered long intergenic non-coding RNAs in lung cancer. 
Genome Biol. 2014; 15:429.

36. Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, 
Wong DJ, Tsai MC, Hung T, Argani P, Rinn JL, Wang Y, 
Brzoska P, Kong B, et al. Long non-coding RNA HOTAIR 

reprograms chromatin state to promote cancer metastasis. 
Nature. 2010; 464:1071–1076.

37. Yap KL, Li S, Munoz-Cabello AM, Raguz S, Zeng L, 
Mujtaba S, Gil J, Walsh MJ, Zhou MM. Molecular interplay 
of the noncoding RNA ANRIL and methylated histone H3 
lysine 27 by polycomb CBX7 in transcriptional silencing of 
INK4a. Mol Cell. 2010; 38:662–674.

38. Kotake Y, Nakagawa T, Kitagawa K, Suzuki S, Liu N, 
Kitagawa M, Xiong Y. Long non-coding RNA ANRIL 
is required for the PRC2 recruitment to and silencing of 
p15(INK4B) tumor suppressor gene. Oncogene. 2011; 
30:1956–1962.

39. Hu X, Feng Y, Zhang D, Zhao SD, Hu Z, Greshock J, 
Zhang Y, Yang L, Zhong X, Wang LP, Jean S, Li C, 
Huang Q, et al. A functional genomic approach identifies 
FAL1 as an oncogenic long noncoding RNA that associates 
with BMI1 and represses p21 expression in cancer. Cancer 
cell. 2014; 26:344–357.

40. Hayami S, Kelly JD, Cho HS, Yoshimatsu M, Unoki M, 
Tsunoda T, Field HI, Neal DE, Yamaue H, Ponder BA, 
Nakamura Y, Hamamoto R. Overexpression of LSD1 
contributes to human carcinogenesis through chromatin 
regulation in various cancers. Int J Cancer. 2011; 128:574–
586.

41. Shi Y, Lan F, Matson C, Mulligan P, Whetstine JR, Cole 
PA, Casero RA, Shi Y. Histone demethylation mediated 
by the nuclear amine oxidase homolog LSD1. Cell. 2004; 
119:941–953.

42. Scoumanne A, Chen X. The lysine-specific demethylase 
1 is required for cell proliferation in both p53-dependent 
and -independent manners. J Biol Chem. 2007; 282:15471–
15475.

43. Wang J, Scully K, Zhu X, Cai L, Zhang J, Prefontaine GG, 
Krones A, Ohgi KA, Zhu P, Garcia-Bassets I, Liu F, Taylor H,  
Lozach J, et al. Opposing LSD1 complexes function in 
developmental gene activation and repression programmes. 
Nature. 2007; 446:882–887.

44. Lv T, Yuan D, Miao X, Lv Y, Zhan P, Shen X, Song Y. Over-
expression of LSD1 promotes proliferation, migration and 
invasion in non-small cell lung cancer. PLoS One. 2012; 
7:e35065.


