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Abstract: Several somatic copy number variations (CNVs) have been identified in papillary thyroid cancer (PTC). 
However, the functional roles of CNVs and the genes responsible for the roles of CNVs are largely unknown. In this 
study, we identified a novel long noncoding RNA (lncRNA) CNALPTC1 (copy number amplified long noncoding RNA 
in papillary thyroid cancer 1). The genomic copy number of CNALPTC1 is amplified and CNALPTC1 expression level 
is up-regulated in PTC. Increased expression of CNALPTC1 is associated with aggressive clinicopathological charac-
teristics. Gain-of-function and loss-of-function assays revealed that CNALPTC1 promotes proliferation and migration 
of PTC cells, and inhibits apoptosis of PTC cells. Mechanistically, we found that CNALPTC1 physically associates 
to miR-30 family and down-regulates miR-30 expression. Furthermore, CNALPTC1 up-regulates the expression of 
miR-30 targets, such as BCL9, SNAI1, and VIM. The mutation of miR-30 binding site on CNALPTC1 or overexpres-
sion of miR-30 abrogates the oncogenic roles of CNALPTC1 in PTC. Collectively, our results suggested that the copy 
number amplified lncRNA CNALPTC1 promotes PTC progression via sponging miR-30 family. Our data also implied 
that CNALPTC1 may be a novel therapeutic target for PTC.

Keywords: Copy number variation, papillary thyroid cancer, long noncoding RNA, proliferation, migration, apopto-
sis, miR-30 family

Introduction

Thyroid cancer is the most common endocrine 
malignancy with rapidly increased incidence 
over the past few decades [1, 2]. Papillary thy-
roid cancer (PTC) accounts for more than 80% 
of thyroid cancer. PTC is biologically indolent 
and has a relatively good prognosis [3, 4]. 
However, approximate 10%-30% of PTC cases 
show aggressive behaviors and progress to 
poor outcome [5]. Therefore, identification of 
molecular mechanisms contributing to the pro-
gression of PTC is critical for proper treatment 
of PTC.

Genetic and epigenetic alterations are associ-
ated with the initiation and progression of many 

cancers, including PTC [6-8]. Among these 
genetic and epigenetic alterations, somatic 
copy number variants (CNVs) are extremely 
common and play important roles in various 
cancers, including PTC [9, 10]. The somatic 
copy number amplifications or deletions have 
led to the identifications of oncogenes or tumor 
suppressors that drive cancer initiation and 
development [11, 12]. However, the functional 
roles of many CNVs and the genes responsible 
for the roles of CNVs are always unclear [13, 
14]. Although many protein-coding genes in- 
volved in cancer have been identified in  
aberrant chromosome regions, there are many 
non-protein coding genes locating at these 
aberrant chromosome regions and contributing 
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considerably to cancer initiation and progres-
sion [15].

Among the RNAs encoded by these non-protein 
coding genes, long noncoding RNAs (lncRNAs) 
are a class of recently identified non-protein 
coding RNAs with more than 200 nucleotides  
in length [16-18]. Increasing evidences have 
revealed that many lncRNAs are frequently dys-
regulated in cancers, and have oncogenic or 
tumor suppressive roles [19-21]. LncRNAs 
BANCR, PTCSC3, and MEG3 are down-regulat-
ed and function as tumor suppressors in thy-
roid cancer [22-24]. Whereas, lncRNAs ANRIL, 
MALAT1, HOTAIR, and HIT000218960 are up-
regulated and function as oncogenes in thyroid 
cancer [25-28]. However, the expressions and 
roles of most other lncRNAs in PTC are still 
unknown. Furthermore, whether the functional 
lncRNAs locate at copy number amplified or 
deleted regions, and are responsible for the 
roles of these aberrant chromosome regions in 
PTC have not been reported.

In a previous report using high-resolution com-
parative genomic hybridization, Passon et al. 
identified frequently somatic copy number 
amplified or depleted regions [29]. Notably, we 
found chromosome 1p36.22 is frequently 
amplified in PTC, and is markedly more frequent 
in the intermediate/high risk group of PTC  
compared with that in low risk group of PTC. 
Interesting, in another report using lncRNA 
microarray, Li et al. identified several dysregu-
lated lncRNAs in PTC [28]. Among the aberrant-
ly expressed lncRNAs in the microarray results, 
we noted that lncRNA ENST00000606790 is 
significantly up-regulated in PTC tissues com-
pared with that in adjacent noncancerous  
thyroid tissues. Moreover, the gene encoding 
ENST00000606790 locates at chromosome 
1p36.22-p36.21.

Therefore, we further measured the genomic 
copy number levels and RNA expression levels 
of ENST00000606790 in enlarged clinical PTC 
tissues, investigated the biological roles of 
ENST00000606790 in PTC, and explored the 
underlying action mechanisms of ENST0000- 
0606790 in PTC. Our results confirmed the 
genomic copy number amplification of the  
gene encoding ENST00000606790. Thus, we 
named this lncRNA as Copy Number Amplified 
Long noncoding RNA in Papillary Thyroid Cancer 
1 (CNALPTC1).

Materials and methods

Tissue samples

Sixty-four pairs of PTC tissues and adjacent 
noncancerous thyroid tissues were obtained 
from PTC patients who underwent radical surgi-
cal resections at Chinese PLA General Hospital 
(Beijing, China). None of the patients received 
any anti-cancer therapy before surgery. All the 
tissues were diagnosed by pathological exami-
nation. All tissue samples were immediately 
frozen in liquid nitrogen after surgery and saved 
at -80°C for later experiments. This study was 
in strictly accordance with the guidelines and 
principles of the Declaration of Helsinki, and 
approved by the Ethical Committee of Chinese 
PLA General Hospital. All patients had signed 
the informed consents.

Cell culture

The human PTC cell lines TPC-1 and IHH-4  
were obtained from Cell Bank of Chinese 
Academy of Sciences (Shanghai, China). The 
cells were maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM) (Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS) in an atmosphere at 37°C with  
5% CO2. The cell lines used in this study were 
not found in the database of commonly mis-
identified cell lines that is maintained by ICLAC 
and NCBI database. All cells were routinely 
tested as mycoplasma-free.

RNA isolation, DNA preparation, and quan-
titative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA was isolated from tissues and cells 
with the TRIzol Reagent (Invitrogen) in accor-
dance with the manufacturer’s instructions. 
The isolated RNA was treated with DNase I  
to remove genomic DNA, and reverse-tran-
scribed into the first strand complimentary DNA 
(cDNA) with the M-MLV Reverse Transcriptase 
(Invitrogen) in accordance with the manufac-
turer’s instructions. Genomic DNA was isolated 
from tissues with TIANamp Genomic DNA Kit 
(TIANGEN, Beijing, China) in accordance with 
the manufacturer’s instructions. Quantitative 
real-time polymerase chain reaction (qRT-PCR) 
was carried out with the SYBR® Premix Ex Taq™ 
II (Takara, Dalian, China) on the StepOnePlus™ 
Real-time PCR system (Applied Biosystems, 
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Foster City, CA, USA). For microRNAs analyses, 
qRT-PCR was carried out as above described 
with TaqMan microRNA assays (Applied Bio- 
systems) in accordance with the manufactur-
er’s instructions. lncRNAs and mRNAs expres-
sions were normalized to β-actin. microRNAs 
expressions were normalized to U6. DNA copy 
number levels were normalized to long inter-
spersed element-1 (LINE1). RNA expression lev-
els or DNA copy number levels were calculated 
using the 2-ΔΔCt method. The primers sequences 
used were as follows: CNALPTC1 (RNA exp- 
ression), 5’-CACTTTGAACTGGGGCTG-3’ (sense) 
and 5’-CGTCTCCTGTCCTTGGGT-3’ (anti-sense); 
BCL9, 5’-GGAAATGTAGAGTCAGGTG-3’ (sense) 
and 5’-CATCATAATAGAGAGTGGG-3’ (anti-sen- 
se); SNAI1, 5’-TGCGTCTGCGGAACCTG-3’ (sen- 
se) and 5’-GGACTCTTGGTGCTTGTGGA-3’ (anti-
sense); VIM, 5’-CCTGAACCTGAGGGAAACTAA-3’ 
(sense) and 5’-GCAGAAAGGCACTTGAAAGC-3’ 
(anti-sense); β-actin, 5’-GGGAAATCGTGCGTG- 
ACATTAAG-3’ (sense) and 5’-TGTGTTGGCGTAC- 
AGGTCTTTG-3’ (anti-sense); CNALPTC1 (DNA 
copy number), 5’-CCCACCTTCTAACCTCCT-3’ 
(sense) and 5’-CTCACCTCCCAGACTTCC-3’ (anti-
sense); and LINE1, 5’-AAAGCCGCTCAACTACA- 
TGG-3’ (sense) and 5’-TGCTTTGAATGCGTCCCA- 
GAG-3’ (anti-sense).

5’ and 3’ rapid amplification of cDNA Ends 
(RACE)

5’ and 3’ RACE analyses were carried out to 
determine the transcriptional initiation and  
termination sites of CNALPTC1 with the 5’/3’ 
RACE Kit (Roche, Mannheim, Germany) in 
accordance with the manufacturer’s instruc-
tions. The primers sequences used for the PCR 
of the RACE analyses were as follows: SP1, 
5’-CAAAAGCCTGTAAACAAAACG-3’; SP2, 5’-GG- 
CACCCACCTTCTAACCTC-3’; SP3, 5’-TAACCTCC- 
TGCCCTTCCCGAC-3’; SP5, 5’-AGGAGGTTAGAA- 
GGTGGGTGCC-3’.

Plasmids and stable cell lines construction

Two independent oligonucleotides for shRNAs 
targeting CNALPTC1 were synthesized and 
inserted into the shRNA expression vector 
pGPH1/Neo (GenePharma, Shanghai, China). 
The two shRNAs target sequences were: 5’- 
GCAACAGACAACTCTAAATAG-3’ and 5’-GAAG- 
GGCAGGAGGTTAGAAGG-3’. A scrambled non-
silencing shRNA was used as negative control 
for constructed shRNAs. To obtain CNALP- 

TC1 stably depleted TPC-1 and IHH-4 cells, 
CNALPTC1 specific or negative control shRNAs 
were transfected into TPC-1 and IHH-4 cells 
with Lipofectamine 3000 (Invitrogen) in accor-
dance with the manufacturer’s instructions, 
and then the cells were selected with 800 μg/
ml neomycin for four weeks.

The full-length CNALPTC1 sequences were PCR 
amplified with the Thermo Scientific Phusion 
Flash High-Fidelity PCR Master Mix (Thermo-
Fisher Scientific, Waltham, MA, USA) and the 
primers 5’-CCCAAGCTTGCTCCTCCGGCCCCGG- 
GAA-3’ (sense) and 5’-CGGGATCCAGCTGGG- 
AGCATATTTATTGCTCAT-3’ (anti-sense) in acc- 
ordance with the manufacturer’s instructions. 
Then, the PCR products were subcloned into 
the Hind III and BamH I sites of pcDNA3.1 vec-
tor (Invitrogen), named as pcDNA3.1-CNAL- 
PTC1. Full-length CNALPTC1 sequences with 
the mutation of miR-30 binding sites were syn-
thesized by GenScript (Nanjing, Jiangsu, China) 
and subcloned into the Hind III and BamH I 
sites of pcDNA3.1 vector, named as pcDNA3.1-
CNALPTC1-mut. miR-30a, miR-30b, miR-30c, 
miR-30d, and miR-30e mimics were obtained 
from GenePharma. The transfections of plas-
mids and microRNAs mimics were carried out 
with Lipofectamine 3000 (Invitrogen) in accor-
dance with the manufacturer’s instructions.

Cell proliferation assay

Cell proliferation was determined using Cell 
Counting Kit-8 (CCK-8) assays and Ethynyl 
deoxyuridine (EdU) incorporation assays. For 
CCK-8 assays, 4000 indicated PTC cells were 
plated in 96-well plates per well. After culture 
for 0, 24, 48, and 72 hours, the cell viability 
was determined with the Cell Counting Kit-8 
(Dojindo, Kumamoto, Japan). The absorbance 
values at 450 nm at each time point were used 
to plot cell growth curves. EdU incorporation 
assays were carried out with an EdU kit 
(RiboBio, Guangzhou, Guangdong, China) in 
accordance with the manufacturer’s instruc-
tions. The results were determined with Zeiss 
photomicroscope (Carl Zeiss, Oberkochen, Ger- 
many) and quantified by counting ten random 
fields.

Cell apoptosis assay

Cell apoptosis was determined using the TdT-
mediated dUTP nick end labeling (TUNEL) 
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assays with the Dead EndTM Fluorometric 
TUNEL System (Promega, Madison, WI, USA) in 
accordance with the manufacturer’s instruc-
tions. The results were determined with Zeiss 
photomicroscope (Carl Zeiss) and quantified by 
counting ten random fields.

Cell migration assay

Cell migration was determined using transwell 
assays. Briefly, 50,000 indicated PTC cells sus-
pended in FBS-free DMEM with 1 μg/ml mito-
mycin C to inhibit cell proliferation were plated 
into the upper well of a 24-well poly-carbonate 
transwell filters (Millipore, Bedford, MA, USA). 
DMEM supplemented with 10% FBS was added 
to the lower well. After incubation for 48 hours, 
cells on the upper surface of filters were 
scraped off, and cells on the lower surface were 
fixed and stained. The results were determined 
with Zeiss photomicroscope (Carl Zeiss) and 
quantified by counting ten random fields.

RNA immunoprecipitation (RIP) assay

pSL-MS2-12X (Addgene, Cambridge, MA, USA) 
was double digested using EcoR I and Not I, 
and the MS2-12X fragment was inserted into 
pcDNA3.1, pcDNA3.1-CNALPTC1, or pcDNA3.1-
CNALPTC1-mut, named as pcDNA3.1-MS2, 
pcDNA3.1-CNALPTC1-MS2, or pcDNA3.1-CNA- 
LPTC1-mut-MS2, respectively. pcDNA3.1-MS2, 
pcDNA3.1-CNALPTC1-MS2, or pcDNA3.1-CNA- 
LPTC1-mut-MS2 was co-transfected with pM- 
S2-GFP (Addgene) into TPC-1 cells. Forty-eight 
hours later, RNA Immunoprecipitation (RIP) 
assays were carried out with these cells, the 
Magna RIP™ RNA-Binding Protein Immuno- 
precipitation Kit (Millipore), and a GFP antibody 
(Roche) in accordance with the manufacturer’s 
instructions. The retrieved RNAs were deter-
mined by qRT-PCR as above described.

RNA pull-down assay

pcDNA3.1-CNALPTC1 and pcDNA3.1-CNALPT- 
C1-mut were double digested using Hind III  
and BamH I. Then the CNALPTC1 or CNALPTC1-
mut fragment was inserted into the pSPT19 
vector (Roche), named as pSPT19-CNALPTC1 
or pSPT19-CNALPTC1-mut, respectively. CNA- 
LPTC1 or CNALPTC1-mut was in vitro tran-
scribed and biotinylated from pSPT19-CNA- 
LPTC1 or pSPT19-CNALPTC1-mut with the T7 
RNA polymerase (Roche) and Biotin RNA 

Labeling Mix (Roche) in accordance with the 
manufacturer’s instructions. After being treat-
ed with RNase-free DNase I (Roche), the in vitro 
transcribed RNA was purified with an RNeasy 
Mini Kit (Qiagen, Valencia, CA, USA) in accor-
dance with the manufacturer’s instructions. 
Three micrograms of purified biotinylated 
CNALPTC1 or CNALPTC1-mut were incubated  
with one microgram of whole-cell lysates from 
TPC-1 cells for one hour at 25°C, followed by 
being retrieved with streptavidin agarose beads 
(Invitrogen). The retrieved RNAs were deter-
mined by qRT-PCR as above described.

Luciferase reporter assay

3’ untranslated region (UTR) of BCL9, SNAI1, 
and VIM mRNA containing miR-30 binding sites 
were PCR amplified with the Thermo Scientific 
Phusion Flash High-Fidelity PCR Master Mix 
(Thermo-Fisher) in accordance with the manu-
facturer’s instructions, and subcloned into the 
Sac I and Xba I sites of pmirGLO vector (Pro- 
mega), named as pmirGLO-BCL9, pmirGLO-
SNAI1, or pmirGLO-VIM, respectively. The prim-
ers sequences used were as follows: for BC- 
L9, 5’-CGAGCTCTTTTTGTGGACTTGGGTATC-3’ 
(sense) and 5’-GCTCTAGATCTGAGGTCGTAGTTT- 
GGTT-3’ (anti-sense); for SNAI1, 5’-CGAGCTCG- 
CTGACAGACTCACTGGG-3’ (sense) and 5’-GCT- 
CTAGAGTTTGAAATATAAATACCAGTG-3’ (anti-se- 
nse); and for VIM, 5’-CGAGCTCGGAATAGGAA- 
TAAGCTCTAG-3’ (sense) and 5’-GCTCTAGAGC- 
TGGAAAAAAAAAAGCAGT-3’ (anti-sense). pmir-
GLO, pmirGLO-BCL9, pmirGLO-SNAI1, or pmir-
GLO-VIM was co-transfected with pcDNA3.1, 
pcDNA3.1-CNALPTC1, or pcDNA3.1-CNALPTC1-
mut into TPC-1 cells. The luciferase activity was 
determined with the Dual-Luciferase® Reporter 
Assay System (Promega) 48 hours after trans- 
fection.

Western blot

Proteins were extracted from indicated PTC 
cells using RIPA Lysis Buffer and PMSF (Be- 
yotime, Jiangsu, China) in accordance with the 
manufacturer’s instructions. Equal amount of 
proteins was separated by sodium dodecyl  
sulfate-polyacrylamide gel electrophoresis, fol-
lowed by being transferred to PVDF mem-
branes. After being blocked using bovine serum 
albumin, the membranes were incubated with 
primary antibodies specific for BCL9 (Cell 
Signaling Technology, Boston, MA, USA), SNAI1 
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(Cell Signaling Technology), VIM (Cell Signaling 
Technology), or β-actin (Proteintech, Rosemont, 
IL, USA). After being washed three times, the 
membranes were further incubated with IRDye 
800CW goat anti-rabbit IgG or IRDye 700CW 
goat anti-mouse IgG (Li-Cor, Lincoln, NE, USA), 
and detected with an Odyssey infrared scanner 
(Li-Cor). Proteins expression was normalized to 
β-actin.

Statistical analysis

All statistical analyses were carried out with  
the GraphPad Prism Software. For compari-
sons, Wilcoxon signed-rank test, Pearson cor-
relation analysis, Pearson chi-square test, and 
Student’s t-test were performed as indicated. P 
< 0.05 was considered as statistically signi- 
ficant.

Results

CNALPTC1 expression pattern in PTC

To investigate CNALPTC1 expression pattern 
and clinical significances in PTC, genomic copy 
number of CNALPTC1 was measured by qRT-
PCR in 64 pairs of PTC tissues and adjac- 
ent noncancerous thyroid tissues. The results 

Figure 1. The expression pattern of CNALPTC1 in PTC. A. Genomic copy number levels of CNALPTC1 were deter-
mined by qRT-PCR in 64 pairs of PTC tissues and adjacent noncancerous thyroid tissues. The horizontal lines in the 
box plots represent the medians, the boxes represent the interquartile range, and the whiskers represent the mini-
mum and maximum values. ***P < 0.001 by Wilcoxon signed-rank test. B. CNALPTC1 RNA expression levels were 
determined by qRT-PCR in 64 pairs of PTC tissues and adjacent noncancerous thyroid tissues. The horizontal lines 
in the box plots represent the medians, the boxes represent the interquartile range, and the whiskers represent 
the minimum and maximum values. ***P < 0.001 by Wilcoxon signed-rank test. C. Correlation between CNALPTC1 
RNA expression levels and CNALPTC1 genomic copy number levels in PTC tissues (n = 64). x, the relative CNALPTC1 
genomic copy number levels. y, the relative CNALPTC1 RNA expression levels. P < 0.001, r = 0.759 by Pearson cor-
relation analysis. PTC, papillary thyroid cancer; qRT-PCR, quantitative real-time PCR.

Table 1. Association between CNALPTC1 ex-
pression and clinicopathological characteristics 
of PTC patients

Clinicopathologic characteristics
CNALPTC1

P-value
Low High

All cases 32 32
    Gender 0.412
        Male 8 11
        Female 24 21
    Age (years) 0.211
        < 45 18 13
        ≥45 14 19
    Focality 1.000
        Unifocal 19 19
        Multifocal 13 13
    Primary tumor 0.008
        T1–T2 26 16
        T3–T4 6 16
    Lymph node metastasis 0.005
        N0 18 7
        N1 14 25
    TNM stage 0.017
        I-II 26 17
        III-IV 6 15
Median expression level of CNALPTC1 was used as the 
cutoff. P-value was acquired by Pearson chi-square test.
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showed that the genomic copy number level of 
CNALPTC1 was markedly increased in PTC tis-
sues compared with that in noncancerous thy-
roid tissues (Figure 1A). The RNA expression 
level of CNALPTC1 was also measured in the 
same 64 pairs of PTC tissues and adjacent 
noncancerous thyroid tissues. The results 
showed that the RNA expression level of 
CNALPTC1 was also markedly up-regulated in 
PTC tissues compared with that in noncancer-
ous thyroid tissues (Figure 1B). Furthermore, 
the RNA expression level of CNALPTC1 was  
significantly correlated with the genomic copy 
number level of CNALPTC1 in PTC tissues (Fig- 
ure 1C). These data implied that the genomic 
copy number amplification contributed to the 
up-regulation of CNALPTC1 in PTC. Correlation 

regression analyses of the association between 
CNALPTC1 expression and clinicopathological 
characteristics of PTC patients showed that 
increased expression of CNALPTC1 was associ-
ated with large tumor size (P = 0.008), lymph 
node metastasis (P = 0.005), and advanced 
TNM stage (P = 0.017) (Table 1). These data 
implied that CNALPTC1 may be involved in the 
progression of PTC.

Effects of CNALPTC1 on the proliferation of 
PTC cells

To explore whether CNALPTC1 genuinely has 
biological effects on PTC, we first established 
the transcription initiation and termination 
sites of CNALPTC1 using 5’ and 3’ RACE analy-

Figure 2. Depletion of CNALPTC1 inhibits proliferation of PTC cells. A. CNALPTC1 RNA expression levels were deter-
mined by qRT-PCR in CNALPTC1 stably depleted and control TPC-1 cells. B. Cell proliferation of CNALPTC1 stably 
depleted and control TPC-1 cells were determined by CCK-8 assays. C. Cell proliferation of CNALPTC1 stably de-
pleted and control TPC-1 cells were determined by EdU incorporation assays. The red colour indicates EdU-positive 
nuclei. Scale bars = 100 µm. D. CNALPTC1 RNA expression levels were determined by qRT-PCR in CNALPTC1 stably 
depleted and control IHH-4 cells. E. Cell proliferation of CNALPTC1 stably depleted and control IHH-4 cells were de-
termined by CCK-8 assays. F. Cell proliferation of CNALPTC1 stably depleted and control IHH-4 cells were determined 
by EdU incorporation assays. The red colour indicates EdU-positive nuclei. Scale bars = 100 µm. Results are shown 
as mean ± s.d. of 3 independent experiments. **P < 0.01, ***P < 0.001 by Student’s t-test. PTC, papillary thyroid 
cancer; qRT-PCR, quantitative real-time PCR; CCK-8, Cell Counting Kit-8; EdU, Ethynyl deoxyuridine.
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ses (Supplementary Figure 1). Then, we con-
structed CNALPTC1 stably depleted TPC-1 cells 
using two independent CNALPTC1 specific shR-
NAs (Figure 2A). CCK-8 assays showed that 
depletion of CNALPTC1 significantly repressed 
TPC-1 cell proliferation (Figure 2B). EdU incor-
poration assays also revealed that depletion  
of CNALPTC1 markedly inhibited TPC-1 cell  
proliferation (Figure 2C). To further confirm the 
effects of CNALPTC1 on the proliferation of PTC 
cells, we stably depleted CNALPTC1 in another 
PTC cell line IHH-4 (Figure 2D). Consistently, 
CCK-8 assays and EdU incorporation assays 
showed that depletion of CNALPTC1 markedly 
repressed IHH-4 cell proliferation (Figure 2E 
and 2F). These data suggested that depletion 
of CNALPTC1 represses the proliferation of PTC 
cells.

Recently, many lncRNAs have been regarded 
as competing endogenous RNAs (ceRNA) via 
competitively binding common microRNAs [30-
32]. Using bioinformatics analysis by TargetScan 
and Miranda, we found a putative microRNA-30 
(miR-30) family response element on CNALPTC1 
(Figure 5A). To investigate whether CNALPTC1 
genuinely sponges miR-30 family, MS2 based 
RIP assays were performed to pull down endog-
enous microRNAs bound to CNALPTC1. As 
shown in Figure 5B, miR-30 family members, 
including miR-30a, miR-30b, miR-30c, miR-
30d, and miR-30e were all markedly enriched 
in RNAs retrieved from MS2-CNALPTC1 com-
pared with that from control MS2 and miR-30 
binding site mutated MS2-CNALPTC1 (termed 
as CNALPTC1-mut). In addition, in vitro tran-
scribed biotin-labeled CNALPTC1 was used to 

Figure 3. Depletion of CNALPTC1 promotes apoptosis of PTC cells. A. Apop-
tosis of CNALPTC1 stably depleted and control TPC-1 cells were determined 
by TUNEL assays. The green colour indicates TUNEL-positive and apoptotic 
cells. Scale bars = 100 µm. B. Apoptosis of CNALPTC1 stably depleted and 
control IHH-4 cells were determined by TUNEL assays. The green colour in-
dicates TUNEL-positive and apoptotic cells. Scale bars = 100 µm. Results 
are shown as mean ± s.d. of 3 independent experiments. **P < 0.01 by 
Student’s t-test. PTC, papillary thyroid cancer; TUNEL, TdT-mediated dUTP 
nick end labeling.

Effects of CNALPTC1 on apop-
tosis of PTC cells

The effects of CNALPTC1 on 
apoptosis of PTC cells were 
evaluated by TUNEL assays. 
As shown in Figure 3A, dep- 
letion of CNALPTC1 markedly 
promoted apoptosis of TPC-1 
cells. Consistently, depletion 
of CNALPTC1 significantly en- 
hanced apoptosis of IHH-4 
cells (Figure 3B). These data 
suggested that depletion of 
CNALPTC1 promotes apopto-
sis of PTC cells.

Effects of CNALPTC1 on mi-
gration of PTC cells

Transwell assays were per-
formed to evaluate the effects 
of CNALPTC1 on migration of 
PTC cells. As shown in Figure 
4A, depletion of CNALPTC1 
markedly inhibited migration 
of TPC-1 cells. Consistently, 
depletion of CNALPTC1 also 
markedly repressed migration 
of IHH-4 cells (Figure 4B). 
These data suggested that 
depletion of CNALPTC1 inhib-
its migration of PTC cells.

CNALPTC1 sponges and 
down-regulates miR-30 family



CNALPTC1/miR-30 axis in papillary thyroid cancer

199 Am J Cancer Res 2018;8(1):192-206

pull down endogenous microRNAs interacting 
with CNALPTC1. The results showed that all five 
miR-30 family members were significantly 
enriched in RNAs retrieved from CNALPTC1 
compared with that from beads control and 
CNALPTC1-mut (Figure 5C). These data sug-
gested the specific interaction between CNA- 
LPTC1 and miR-30 family. Moreover, transfec-
tion of CNALPTC1 overexpression plasmids 
markedly inhibited the expression of miR-30 
family in PTC cells, which was abolished by the 
mutation of miR-30 binding site (Figure 5D). On 
the other hand, the expression of miR-30 family 
was markedly increased in CNALPTC1 stably 
depleted TPC-1 cells (Figure 5E). Collectively, 
these data suggested that CNALPTC1 sponges 
and down-regulates miR-30 family.

CNALPTC1 up-regulates BCL9, SNAI1, and VIM 
expression via competitively sponging miR-30 
family

miR-30 family has been shown to function as 
tumor suppressors via directly targeting BCL9, 
SNAI1, VIM, and et al. in multiple myeloma, 
breast cancer, hepatocellular carcinoma, gas-
tric cancer, non-small cell lung cancer, and et 
al. [33-37]. Therefore, we next investigated 
whether CNALPTC1 regulates the expression of 
miR-30 targets in PTC. 3’-UTR of BCL9, SNAI1, 
and VIM were inserted into the luciferase 
reporter pmirGLO. Dual luciferase reporter 
assays showed that enhanced expression of 
CNALPTC1 significantly up-regulated the lucif-
erase activity of the reporters containing BCL9, 

SNAI1, or VIM 3’-UTR (Figure 6A). Mutation of 
miR-30 binding site on CNALPTC1 or overex-
pression of miR-30 family mix abrogated the 
up-regulation of the luciferase activity (Figure 
6A). On the other hand, depletion of CNALPTC1 
markedly reduced the luciferase activity of  
the reporters containing BCL9, SNAI1, or VIM 
3’-UTR (Figure 6B). Transfection of CNALPTC1 
overexpression plasmids markedly up-regulat-
ed the RNA expression levels of miR-30 targets 
BCL9, SNAI1, and VIM, which was abolished by 
the mutation of miR-30 binding site or con- 
current overexpression of miR-30 family mix 
(Figure 6C). On the other hand, the RNA exp- 
ression levels of miR-30 targets BCL9, SNAI1, 
and VIM were markedly decreased in CNAL- 
PTC1 stably depleted TPC-1 cells (Figure 6D). 
Western blot assays showed that transfection 
of CNALPTC1 overexpression plasmids signifi-
cantly up-regulated the protein levels of miR-30 
targets BCL9, SNAI1, and VIM, which was abol-
ished by the mutation of miR-30 binding site  
or concurrent overexpression of miR-30 family 
mix (Figure 6E). On the other hand, the protein 
levels of miR-30 targets BCL9, SNAI1, and VIM 
were significantly reduced in CNALPTC1 stably 
depleted TPC-1 cells (Figure 6F). Collectively, 
these data suggested that CNALPTC1 up-regu-
lates BCL9, SNAI1, and VIM expression via 
competitively sponging miR-30 family.

CNALPTC1 exerts oncogenic activity in PTC via 
sponging miR-30 family

To explore whether the interaction with miR-30 
family contributes to the biological roles of 

Figure 4. Depletion of CNALPTC1 represses migration of PTC cells. A. Migration of CNALPTC1 stably depleted and 
control TPC-1 cells were determined by transwell assays. Represent images are shown. Scale bars = 100 µm. B. 
Migration of CNALPTC1 stably depleted and control IHH-4 cells were determined by transwell assays. Represent 
images are shown. Scale bars = 100 µm. Results are shown as mean ± s.d. of 3 independent experiments. ***P < 
0.001 by Student’s t-test. PTC, papillary thyroid cancer.
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CNALPTC1 in PTC, CNALPTC1 overexpression 
plasmids, miR-30 binding site mutated CNA- 
LPTC1 overexpression plasmids, or control 
plasmids were transfected into TPC-1 cells. 
Furthermore, CNALPTC1 overexpression plas-
mids were co-transfected with miR-30 mix  
into TPC-1 cells. CCK-8 assays showed that 
enhanced expression of CNALPTC1 significant-
ly promoted proliferation of TPC-1 cells (Figure 
7A). The mutation of miR-30 binding site or  
concurrent overexpression of miR-30 mix ab- 
olished the proliferation promoting roles of 
CNALPTC1 (Figure 7A). In addition, EdU incor-

poration assays also showed that enhanced 
expression of CNALPTC1 markedly promoted 
proliferation of TPC-1 cells, which was abol-
ished by the mutation of miR-30 binding site  
or concurrent overexpression of miR-30 mix 
(Figure 7B). TUNEL assays showed that en- 
hanced expression of CNALPTC1 significantly 
inhibited apoptosis of TPC-1 cells (Figure 7C). 
The mutation of miR-30 binding site or concur-
rent overexpression of miR-30 mix abolished 
the apoptosis inhibiting roles of CNALPTC1 
(Figure 7C). Transwell assays showed that 
enhanced expression of CNALPTC1 markedly 

Figure 5. CNALPTC1 sponges and down-regulates miR-30 family. A. Schematic outlining the predicted binding site of 
miR-30 family on CNALPTC1. B. The specific bindings of miR-30 family to CNALPTC1 or miR-30 binding site mutated 
CNALPTC1 (CNALPTC1-mut) were determined by MS2 based RIP assays, followed by qRT-PCR. C. TPC-1 cell lysates 
were incubated with biotin-labeled CNALPTC1 or CNALPTC1-mut; after pull-down, microRNAs were extracted and 
determined by qRT-PCR. D. CNALPTC1 or miR-30 binding site mutated CNALPTC1 (CNALPTC1-mut) overexpression 
plasmids were transfected into TPC-1 cells. Forty-eight hours later, miR-30 family expression levels were determined 
by qRT-PCR. E. Expression levels of miR-30 family were determined by qRT-PCR in CNALPTC1 stably depleted and 
control TPC-1 cells. Results are shown as mean ± s.d. of 3 independent experiments. **P < 0.01, ***P < 0.001 by 
Student’s t-test. RIP, RNA Immunoprecipitation; qRT-PCR, quantitative real-time PCR.
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promoted migration of TPC-1 cells, which was 
abrogated by the mutation of miR-30 binding 
site or concurrent overexpression of miR-30 
mix (Figure 7D). Collectively, these data sug-
gested that CNALPTC1 promotes cell prolifera-
tion and migration, and inhibits cell apoptosis 
of PTC cells in a miR-30 dependent manner.

Discussion

With the great progresses of genetic research-
es, many somatic CNVs have been identified in 
cancers [14]. In most cases, the protein-coding 
genes locating at these abnormal chromosome 
regions contribute to the functional roles of 

Figure 6. CNALPTC1 up-regulates miR-30 targets BCL9, SNAI1, and VIM expression. A. Luciferase activities of pmir-
GLO, pmirGLO-BCL9, pmirGLO-SNAI1, or pmirGLO-VIM upon transfection of CNALPTC1 or miR-30 binding site mutat-
ed CNALPTC1 (CNALPTC1-mut) overexpression plasmids, or co-transfection of CNALPTC1 overexpression plasmids 
and miR-30 mimics mix. Results are presented as the relative ratio of firefly luciferase activity to renilla luciferase 
activity. B. Luciferase activities of pmirGLO, pmirGLO-BCL9, pmirGLO-SNAI1, or pmirGLO-VIM in CNALPTC1 stably 
depleted and control TPC-1 cells. Results are presented as the relative ratio of firefly luciferase activity to renilla lu-
ciferase activity. C. After transfection of CNALPTC1 or CNALPTC1-mut overexpression plasmids, or co-transfection of 
CNALPTC1 overexpression plasmids and miR-30 mimics mix into TPC-1 cells, BCL9, SNAI1, and VIM RNA expression 
levels were determined by qRT-PCR. D. BCL9, SNAI1, and VIM RNA expression levels were determined by qRT-PCR in 
CNALPTC1 stably depleted and control TPC-1 cells. E. After transfection of CNALPTC1 or CNALPTC1-mut overexpres-
sion plasmids, or co-transfection of CNALPTC1 overexpression plasmids and miR-30 mimics mix into TPC-1 cells, 
BCL9, SNAI1, and VIM protein expression levels were determined by western blot. F. BCL9, SNAI1, and VIM protein 
expression levels were determined by western blot in CNALPTC1 stably depleted and control TPC-1 cells. Results 
are shown as mean ± s.d. of 3 independent experiments. **P < 0.01, ***P < 0.001 by Student’s t-test. qRT-PCR, 
quantitative real-time PCR.



CNALPTC1/miR-30 axis in papillary thyroid cancer

202 Am J Cancer Res 2018;8(1):192-206

Figure 7. CNALPTC1 exerts oncogenic activity in PTC via sponging miR-30 family. A. After transfection of CNALPTC1 
or CNALPTC1-mut overexpression plasmids, or co-transfection of CNALPTC1 overexpression plasmids and miR-30 
mimics mix into TPC-1 cells, cell proliferation was determined by CCK-8 assays. B. After transfection of CNALPTC1 
or CNALPTC1-mut overexpression plasmids, or co-transfection of CNALPTC1 overexpression plasmids and miR-30 
mimics mix into TPC-1 cells, cell proliferation was determined by EdU incorporation assays. The red colour indicates 
EdU-positive nuclei. Scale bars = 100 µm. C. After transfection of CNALPTC1 or CNALPTC1-mut overexpression 
plasmids, or co-transfection of CNALPTC1 overexpression plasmids and miR-30 mimics mix into TPC-1 cells, cell 
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these somatic CNVs [38]. However, somatic 
CNVs often encompass unknown genes, which 
may also play important roles in cancers [39]. 
Several CNVs-related lncRNAs have been 
reported, such as the copy number deletion-
related lncRNA PRAL in hepatocellular carcino-
ma [40]. As to PTC, although several abnormal 
chromosome regions have been identified, 
whether these regions encompass lncRNAs 
and whether these lncRNAs have functional 
roles in PTC are still unknown [29, 41].

In this study, we identified a novel lncRNA 
CNALPTC1, whose genomic copy number level 
is amplified in PTC tissues compared with that 
in noncancerous thyroid tissues. Furthermore, 
the RNA expression level of CNALPTC1 is also 
up-regulated in PTC tissues compared with that 
in noncancerous thyroid tissues. Our data also 
revealed that the genomic copy number amp- 
lification contributes to the up-regulation of 
CNALPTC1 in PTC. Clinical correlation analyses 
revealed that increased expression of CNAL- 
PTC1 is associated with large tumor size, lymph 
node metastasis, and advanced TNM stage. 
Gain-of-function and loss-of-function assays 
revealed that CNALPTC1 significantly promotes 
proliferation and migration of PTC cells, and 
inhibits apoptosis of PTC cells. Collectively, our 
data suggest that the copy number amplifica-
tion-related lncRNA CNALPTC1 is up-regulated 
and functions as an oncogene in PTC.

The most complex and difficult section of the 
researches on lncRNAs is exploring the action 
mechanisms of lncRNAs. lncRNAs could direct-
ly bind to proteins, microRNAs, or DNAs, and 
change the expression, localization, and func-
tions of the interaction partners [42]. Recently, 
many lncRNAs were regarded as competing 
endogenous RNAs (ceRNAs) via competitively 
binding common microRNAs, and further reli- 
eved the repression of targets caused by bound 
microRNAs [31]. microRNA is another class of 
non-protein coding transcript with 20-25 nucle-
otides in length [43-46]. Similar to lncRNAs, 
microRNAs are also demonstrated to be dys-
regulated and have critical roles in various can-

cers [47-52]. miR-30 family, including miR-30a, 
miR-30b, miR-30c, miR-30d, and miR-30e, are 
well known tumor suppressors and directly tar-
get BCL9, SNAI1, VIM, and et al. in many can-
cers [33-36]. In this study, combining bioinfor-
matic analysis and experimental verification, 
we found that CNALPTC1 directly binds and 
down-regulates miR-30 family expression. Via 
competitively binding miR-30 family, CNALPTC1 
up-regulates the expression of miR-30 targets 
BCL9, SNAI1, and VIM. Functional assays also 
showed that the oncogenic roles of CNALPTC1 
in PTC are dependent on the sponging of miR-
30 family.

In conclusion, our results demonstrated that 
the genomic copy number of CNALPTC1 is 
amplified and the expression of CNALPTC1 is 
up-regulated in PTC. Increased expression of 
CNALPTC1 is associated with aggressive clini-
cal characteristics. CNALPTC1 promotes prolif-
eration and migration of PTC cells, and inhibits 
apoptosis of PTC cells via sponging miR-30 
family. These finding suggested that CNALPTC1 
could be a novel therapeutic target for PTC.
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Supplementary Figure 1. The full-length sequence of CNALPTC1. Representative images of PCR products from 
5’RACE and 3’RACE analyses are shown.


