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Abstract: Long non-coding RNAs (lncRNAs) have been recently reported to be dysregulated and play a critical role in 
the progression of thyroid cancer. Here, we found that the lncRNA n340790 was highly expressed in human thyroid 
cancer tissues and was strongly correlated with the clinical characteristics of patients. There was a good prognostic 
value of n340790 for thyroid cancer. In vitro overexpression of n340790 promoted the development of thyroid can-
cer, while silencing n340790 inhibited this process. Additionally, n340790 accelerated the growth of thyroid cancer 
tumor in vivo. Furthermore, we discovered that n340790 could act as an endogenous sponge by directly binding to 
miR-1254 and downregulating miR-1254 expression. In addition, miR-1254 could inhibit the stimulatory effect of 
n340790 on the growth and invasion of thyroid cancer cells. In conclusion, n340790 promoted the development 
process of malignant thyroid cancer by regulating miR-1254, and targeting n340790 may be a promising strategy 
as a thyroid cancer therapy.
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Introduction

Thyroid cancer is the most common endocrine 
malignancy of the thyroid with a 1.7% incidence 
rate of total cancer diagnoses [1]. In addition, 
the number of cases has been steadily increas-
ing in the last few decades [2, 3]. For example, 
the incidence rate has increased more than 
2-fold in the United States in the last 3 deca- 
des [4]. Meanwhile, a study in China reported a 
thyroid cancer rate of 0.368 per 100,000 peo-
ple [5]. As one of the most malignant tumors, 
thyroid cancers are usually related to specific 
genetic abnormalities and environmental fac-
tors [6]. Therefore, early diagnosis and treat-
ment are urgent. Currently, there is a lack of 
effective biomarkers, and the diagnostic tech-
nology for thyroid cancer is limited. The molecu-
lar and functional mechanisms of thyroid can-
cer also require further research.

Studies have predicted that only 1-2% of ge- 
nes encode proteins in the human genome [7], 
while most other mammalian genomes do not 
encode proteins and comprise a large number 
of non-coding RNAs (ncRNAs) [8]. lncRNAs are 
the main transcribed noncoding RNA, and the 

types and numbers of lncRNAs among spe- 
cies are large [9]. Many studies have found that 
lncRNAs participate in regulating gene expres-
sion [9, 10], chromatin structure [11], epigene-
tic control [12], splicing [13], and nuclear trans-
port [9]. Other studies have also indicated that 
lncRNAs are associated with the development 
and progression of cancer [14-16]. However, 
the role of the lncRNA n340790 in thyroid can-
cer development, invasion and metastasis re- 
mains unknown.

Previous studies have indicated that lncRNAs 
can serve as a competing endogenous RNA (ce- 
RNA) to regulate miRNAs [17, 18]. ceRNAs play 
a post-transcriptional regulatory role in miRNA 
molecule distribution within cells. MicroRNAs 
(miRNAs) are non-coding RNA molecules ap- 
proximately 20 nucleotides in length that spe-
cifically regulate gene and protein production 
by targeting the 3’ untranslated region (UTR) of 
mRNAs [19, 20]. They are involved in the re- 
gulation of a wide variety of biological proce- 
sses [21]. Certain miRNAs may also serve as 
either tumor suppressor genes or oncogenes 
during the development and progression of tu- 
mors. The regulatory mechanism and function 
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of most miRNAs remain unknown for thyroid 
cancer. In this study, we explored n340790, 
which acted as a ceRNA for miR-1254 and is 
involved in thyroid cancer progression.

Materials and methods

Clinical specimens

A total of 85 clinical samples were collected 
from patients who were diagnosed with thyroid 
cancer and had undergone thyroidectomy at 
the Second Hospital of Hebei Medical Univer- 
sity between 2013 and 2015. None of them 
had received radiotherapy or chemotherapy 
before surgical resection. The histological diag-
nosis of thyroid cancer was evaluated based  
on criteria established by the World Health Or- 
ganization (WHO). The study was approved by 
the ethics committee of the Second Hospital  
of Hebei Medical University. All patients provid-
ed written informed consent before enrollment. 
Thyroid cancer tissues and corresponding ad- 
jacent normal tissues were immediately stored 
at -80°C.

Cell culture

A human thyroid follicular epithelial cell line 
(Nthy-ori 3-1), a papillary TC cell line with a 
BRAF mutation (B-CPAP), and a thyroid squa-
mous cell carcinoma cell line (SW579) were 
obtained from American Type Culture Collec- 
tion (ATCC, Manassas, VA); HEK293T, follicu- 
lar Hürthle cells (FTC-133), a medullary thy- 
roid cancer (MTC) cell line, a papillary with  
RET/PTC rearrangement (TPC-1) cell line, and 
poorly differentiated thyroid cancer (PDTC)  
cells were purchased from the Type Culture 
Collection of the Chinese Academy of Scien- 
ces (Shanghai, China). The Nthy-ori 3-1, FTC-
133, B-CPAP, and SW579 cell lines were cul-
tured in RPMI 1640 medium (Invitrogen). MTC, 
TPC-1, and PDTC cells were cultured in Dulbec- 
co’s modified Eagle’s medium (DMEM, Invitro- 
gen). All the media were supplemented with 
10% fetal bovine serum (FBS) (Sigma Aldrich), 
and 100 U/mL penicillin/streptomycin (Invi- 
trogen, Carlsbad, CA). Cells were incubated at 
37°C in an appropriate incubator containing  
5% CO2.

Lentiviral vector construction, production and 
transfection

Human n340790 cDNAs were amplified by 
PCR, with them RNA from FTC-133 cells serv- 

ing as a template. A lentiviral vector expressing 
enhanced green fluorescent protein (EGFP) was 
used as a control. The objective genes were 
cloned into the lentiviral vector and then into 
pcDNA3.1 (Invitrogen). Meanwhile, the shn34- 
0790 sequences were designed, with shLUC 
used as a control. DNA fragments of shRNA 
was synthesized and cloned into the U6 pro-
moter-containing pBluescript SK (+) plasmid 
(pU6). The U6-shRNA was cloned into a lentivi-
ral vector [22, 23]. The lentiviral vectors and 
associated packaging vectors (pMD2.G, pMDL-
G/P-RRE, pRSV-REV) were co-transfected into 
HEK293T cells for 48 hrs. Lentiviruses were 
produced, harvested, and purified. FTC-133 
and PDTC cells (1 × 104 cells/well) were seed- 
ed into a 24-well plate. FTC-133 cells were 
transfected with either n340790 and control, 
and PDTC cells were transfected with either 
shn340790 or control using 8 μg/mL polybre- 
ne (Sigma). G418 (800 μg/ml, Sigma) was used 
to screen for stably expressing cells.

Quantitative real-time reverse transcription 
PCR (qRT-PCR) 

Total RNA was isolated using TRIzol reagent 
(Invitrogen, CA, USA) according to the manufac-
turer’s introductions. ARevertAid First Strand 
cDNA Synthesis kit (Thermo Fisher) was used 
to synthesize cDNA. Quantitative PCR was per-
formed on the cDNA using a SYBR-Green PCR 
Master Mix kit (Takara). The primer sequences 
for GAPDH were 5’-CCTCGTCTCATAGACAAGAT- 
GGT-3’ (forward primer) and 5’-GGGTAGAGTCA- 
TACTGGAACATG-3’ (reverse primer), the primer 
sequences for n340790 were 5’-GCAGGACTG- 
AGACGTTGAGA-3’ (forward primer) and 5’-GGC- 
CTCCGAAAGTGTGATTA-3’ (reverse primer) [24], 
and the primer sequences for U6 were 5’-CTC- 
GCTTCGGCAGCACA-3’ (forward primer) and 5’- 
AACGCTTCACGAATTTGCGT-3’ (reverse primer). 
GAPDH and U6 were used as internal control.

Western blot assay 

Cells were lysed by a radio immunoprecipita-
tion assay (RIPA) buffer (Thermo Scientific, 
Rockford, IL, USA). Protein lysates were sepa-
rated on a 10% gel using SDS/PAGE and trans-
ferred onto a polyvinylidene fluoride membrane 
(PVDF, Millipore, Billerica, MA). The PVDF mem-
branes were blocked and incubated with a rab-
bit anti-GAPDH antibody (1:1000; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) or a rabbit 
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anti-NF-κB antibody (1:1000; Cell Signaling Te- 
chnology, Beverly, MA) at 4°C overnight. The fol-
lowing day, the membranes were incubated 
with HRP-conjugated anti-IgG. Signals were de- 
tected using an ECL system (Amersham Phar- 
macia, Piscataway, NJ, USA).

Luciferase assay

Cells (5 × 104 cells/well) were cultured in 
24-well plates and co-transfected with miR-
1254, either a wild-type or mutant n340790 
fragment, and a Renillaplasmid (RL-SV40) us- 
ing Lipofectamine 3000 (Invitrogen). The pRL-
CMV Renillaplasmid acted as an internal  
control. After 48 hrs, the luciferase activities 
were measured using a dual-luciferase repor- 
ter assay system (Promega, Madison WI, USA) 
according to the manufacturer’s instructions.

Proliferation assay

Cell proliferation was measured by a 3-[4,5- 
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT) assay. Cells at a concentration 
of 3 × 103 per well were seeded into a 96-well 
plate and incubated for 1, 2, 3, 4, or 5 days. 
Afterwards, 10 μl of MTT solution (5 mg/ml) 
was added to each well. After 4 hrs, 200 μl  
of dimethyl sulfoxide (DMSO) was used to dis-
solve the precipitates. The absorbance value 
was recorded at 490 nm using an ELx800 
Reader (Bio-Tek Instruments Inc., Winooski, VT, 
USA). For the colony forming assay, cells were 
seeded in a 6-well plate and incubated in com-
plete medium (culture medium was changed 
every three days) at 37°C in a 5% CO2 incuba-
tor. After 14 days, the cells were fixed with 
methanol and stained with 0.1% crystal violet. 
All visible colonies were counted.

Flow cytometric analysis 

To analyze cell cycle progression, transduced 
FTC-133 and PDTC cells were obtained, fixed, 
and incubated with RNase A (0.25 mg/ml) fol-
lowed by treatment with propidium iodide (Key- 
Gen, Nanjing, China). Cell cycle was analyzed 
using a FACS Caliburflow cytometer (BD Bio- 
sciences, San Jose, CA, USA). For the cell apop-
tosis assay, cells (1 × 106 cells/mL) were diges- 
ted, centrifuged, washed, resuspended with 1 
× binding buffer, and double stained with an 
annexin V-FITC and phosphatidylethanolamine 
(PE) staining kit (BD Biosciences). Cell apopto-

sis was analyzed using a FACS Calibur (BD Bio- 
sciences) and FlowJo software (Tree Star Corp, 
Ashland, OR).

Scratch assay

Transduced FTC-133 and PDTC cells were se- 
eded in a 6-well plate, incubated in complete 
medium for 12 hrs at 37°C in a 5% CO2 incuba-
tor, and then scratched with a pipette tip. After 
replacing the supernatant with complete medi-
um, the cells were then incubated at 37°C for 
48 hrs. Photographs were obtained every 6 hrs.

Invasion assays

The assay was performed in 24-well Transwell 
chambers (Corning, Painted Post, NY, USA). 
Matrigel (BD Biosciences, San Diego, CA, USA) 
was precoated onto the upper chambers. Then, 
200 μl of transduced FTC-133 and PDTC cells 
(5 × 105) in serum-free medium were seeded in 
the upper chamber, and complete medium was 
added to the lower chamber. After 24 hrs, the 
cells that invaded through the transwell were 
fixed, stained in a 0.1% crystal violet solution, 
photographed and counted.

Tumor formation in nude mice

Animal experiments were approved by the 
Institutional Committee for Animal Research 
and performed in accordance with the national 
guidelines for the care and use of laboratory 
animals. FTC-133 cells were transfected with 
either n340790 or control plasmids, and PDTC 
cells were transfected with either shn340790 
or control plasmids. Cells (1 × 107 cells in 100 
μl) were subcutaneously injected into 6-week-
old BALB/c athymic nude mice that were pur-
chased from the Shanghai LAC Laboratory 
Animal Co. Ltd. After 40 days, photographs of 
the excised tumors were obtained. The tumor 
volume was also measured at 10, 15, 20, 25, 
30, 35, and 40 days. The excised tumors were 
used for additional assays such as qRT-PCR 
and Western blot analysis.

Statistical analysis

Differences between groups were analyzed 
using Student’s t-test. An ROC analysis was 
performed, and the area under the curve was 
calculated using SPSS 21.0 software (SPSS 
Inc., Chicago, IL, USA). P < 0.05 was considered 
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statistically significant. The data are expressed 
as the mean ± standard deviation (SD), and all 

associated with invasion, metastasis, and TNM 
stage. However, n340790 was not associated 

Figure 1. The lncRNA n340790 is upregulated in human thyroid cancer tissues. A. The mRNA expression levels of 
n340790 were examined by qRT-PCR and normalized to the GAPDH levels in 85 pairs of thyroid cancer tissues (Tu-
mor) and corresponding adjacent normal tissues (Normal), (***P < 0.001). B. The receiver operating characteristic 
(ROC) curve predicted the prognosis of n340790 in thyroid cancer, as the area under the ROC curves of n340790 
was 0.845 (P < 0.0001).

Table 1. Correlation analysis between n340790 expression and 
the clinicopathological characteristics of patients with thyroid 
cancer
Characteristics No. of patients Mean ± SD P value
Total no. of patients 85
    Age (year)
        > 60 41 (48.2%) 10.31 ± 1.32 0.414
        ≤ 60 44 (51.8%) 10.09 ± 1.15
    Gender
        Male 35 (41.2%) 10.47 ± 1.62 0.077
        Female 50 (58.8%) 9.93 ± 1.16
    Invasion
        T0-T2 54 (63.5%) 10.54 ± 1.26 0.032*
        T3-T4 31 (36.5%) 9.74 ± 2.13
    Lymphatic metastasis
        N0 59 (69.4%) 11.14 ± 1.46 < 0.0001***
        N1-N3 26 (30.6%) 8.97 ± 2.02
    Distal metastasis
        M0 67 (78.8%) 11.07 ± 2.47 0.014*
        M1 18 (21.2%) 9.48 ± 2.17
    TNM stage
        0 & I 61 (71.8%) 10.94 ± 2.15 < 0.0001***
        II & III & IV 24 (28.2%) 8.59 ± 1.57
Note: *Indicated statistical significance (P < 0.05); ***Indicated statistical 
significance (P < 0.001).

experiments were performed in 
triplicate.

Results

The lncRNA n340790 was upreg-
ulated in human thyroid cancer 
tissues

To study whether n340790 was 
involved in either the tumorige- 
nesis or development of human 
thyroid cancer, the expression le- 
vel of n340790 was examined  
by qRT-PCR in 85 pairs of thyroid 
cancer tissues (Tumor) and cor-
responding adjacent normal tis-
sues (Normal). We found that 
n340790 expression was signifi-
cantly upregulated in cancer tis-
sues compared with the corre-
sponding adjacent normal tis-
sues (Figure 1A). Second, we in- 
vestigated the relationships be- 
tween n340790 expression and 
the clinical characteristics of 85 
paired tissues from patients with 
thyroid cancer, and we discov-
ered that the expression levels  
of n340790 were significantly 
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with sex or age (Table 1). Third, the receiver 
operating characteristic (ROC) curve was used 
to predict the prognostic value of n340790 in 
thyroid cancer, and the results indicated that 
the area under the curve (AUC) of n340790 
was 0.845 (P < 0.0001, Figure 1B), suggesting 
that n340790 expression could serve as a 
molecular marker for thyroid cancer. Therefore, 
these data indicated an important role for 
n340790 in thyroid cancer.

n340790 promotes thyroid cancer cell prolif-
eration in vitro

Based on the above results, we performed qRT-
PCR to analyze n340790 expression inhuman 
thyroid follicular epithelial cells (Nthy-ori 3-1) 
and various thyroid cancer cell lines (FTC-133, 
MTC, TPC-1, B-CPAP, SW579, and PDTC). We 
found that the expression level of n340790 
was dramatically higher in 6 thyroid cancer cell 

Figure 2. n340790 promotes thyroid cancer cell proliferation in vitro. A. qRT-PCR analysis of n340790 expression 
in human thyroid follicular epithelial cells (Nthy-ori 3-1) and thyroid cancer cell lines (MTC, FTC-133, TPC-1, B-CPAP, 
SW579, and PDTC) (*P < 0.05, **P < 0.01, ***P < 0.001). B. FTC-133 cells were transduced with either n340790 
or control lentivirus, and the relative n340790 expression levels were determined by qRT-PCR with the comparative 
delta-delta Ct method (2-ΔΔCt) (***P < 0.001). C. PDTC cells were transduced with either shn340790 or control lenti-
virus, and the mRNA expression levels of n340790 were measured by qRT-PCR (***P < 0.001). D. The MTT assays 
revealed the cell growth curves of the transduced FTC-133 cells (***P < 0.001). E. The MTT assays revealed the cell 
growth curves of the transduced PDTC cells (***P < 0.001, **P < 0.01). F. The proliferative ability of transduced 
FTC-133 cells was measured using colony formation assays. G. The proliferative ability of transduced PDTC cells was 
measured using colony formation assays.
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Figure 3. n340790 accelerates cell cycle progression, migration and invasion as well as suppresses apoptosis of thyroid cancer cells in vitro. A. Cell cycle pro-
gression of FTC-133 cells transduced with n340790 or control lentivirus was examined by flow cytometry. B. Cell cycle progression of PDTC cells transduced with 
shn340790 or control lentivirus was detected by flow cytometry. C. Cell apoptosis was determined by flow cytometry analysis using annexin V-FITC and PE staining, 
and inhibited cell apoptosis was observed in FTC-133 cells transduced with n340790. D. Cell apoptosis was measured by flow cytometry analysis using annexin 
V-FITC and PE staining, and increased cell apoptosis was observed in PDTC cells transduced with shn340790. E. FTC-133 cells were transduced with n340790 
or control lentivirus, and PDTC cells were transduced with shn340790 or control lentivirus. Cell migration ability was measured using the wound healing assay. F. 
Transwell assays were performed to detect the invasive ability of the cells. Magnification 200 ×, Scale bars = 10 μm, (***P < 0.001).
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lines than in Nthy-ori 3-1 cells (Figure 2A). 
Based on the expression level of n340790 in 
these thyroid cancer cell lines, we chose FTC-
133 and PDTC for all subsequent experiments. 
FTC-133 cells were transduced with either n34- 
0790 or control lentivirus. The relative n3407- 
90 expression level was determined by qRT-
PCR. The overexpression efficiency was obtain- 
ed in FTC-133 cells stably transduced with the 
n340790 plasmid (P < 0.001, Figure 2B). PDTC 
cells were transduced with either a shn3407- 
90 (RNA interference to knockdown of n3407- 
90) or control lentivirus. The expression level  
of n340790 was measured by qRT-PCR. The 
knockdown efficiency was obtained in PDTC 
cells stably transduced with the shn340790 
plasmid (P < 0.001, Figure 2C). To further study 
the function of n340790 in thyroid cancer, MTT 
assays were used to detect the proliferative 
ability of the transfected FTC-133 cells, and we 
found that n340790 promoted FTC-133 cell 
proliferation (P < 0.001, Figure 2D). MTT assays 
were also performed to measure the prolifera-
tive ability of the transduced PDTC cells, and  
we found that silencing n340790 inhibited the 
proliferative ability of PDTC cells (P < 0.001, Fig- 
ure 2E). In addition, the proliferative ability  
was further measured by colony formation as- 
says in transduced FTC-133 and PDTC cells. 
These results also indicated that n340790  
promoted cell proliferation (Figure 2F), while 
silencing n340790 inhibited cell proliferation 
(Figure 2G).

n340790 accelerates cell cycle progression, 
migration and invasion as well as suppresses 
apoptosis of thyroid cancer cells in vitro

We further detected cell cycle distribution of 
the transduced FTC-133 and PDTC cells us- 
ing flow cytometry. The results indicated that 
there was a significant decrease in the num- 
ber of FTC-133 cells transduced with n340790 
in G1phase (61.97% of total cells) compared 
with control cells (71.70% of total cells) and a 
significant increase in the number of FTC-133 
cells transduced with n340790 in Sphase in 
(27.71% of total cells) compared with control 
cells (15.78% of total cells), suggesting that 
n340790 induced cell cycle progression in  
FTC-133 cells (Figure 3A). Likewise, there was 
a significant increase in the number of PDTC 
cells transduced with shn340790 in G1phase 
(75.01% of total cells) relative to the control 

cells (68.30% of total cells) and a significant 
decrease in the number of PDTC cells trans- 
fected with shn340790 in Sphase (13.38% of 
total cells) relative to the control cells (20.02% 
of total cells), indicating that silencing n3407- 
90 induced cell cycle arrest in PDTC cells (Fig- 
ure 3B). Furthermore, the cell apoptosis assay 
was determined by flow cytometry analysis us- 
ing annexin V-FITC and PE staining. The results 
revealed that n340790 inhibited cell apopto- 
sis in FTC-133 cells (Figure 3C), while silencing 
n340790 accelerated cell apoptosis in PDTC 
cells (Figure 3D).

To further determine whether n340790 could 
promote the migration and invasion of thyroid 
cancer cells.FTC-133 cells were transduced 
with either n340790 or control lentivirus, and 
PDTC cells were transduced with either shn34- 
0790 or control lentivirus. The cell migratory 
ability was measured by the wound healing as- 
say, and the results showed that n340790 pro-
moted cell migration, whereas silencing n340- 
790 inhibited cell migration (Figure 3E). In addi-
tion, Transwell assays were performed to dete- 
ct the invasive ability, and the results indica- 
ted that n340790 promoted cell invasion, but 
silencing n340790 inhibited cell invasion (P < 
0.001, Figure 3F).

n340790 promotes the proliferative and inva-
sive abilities of thyroid cancer cells by target-
ing miR-1254

As mentioned above, n340790 was highly ex- 
pressed in both thyroid cancer tissues and thy-
roid cancer cell lines (Figures 1A, 2A). We next 
investigated the role of miR-1254 in thyroid 
cancer by examining a panel of 85 matched 
sets of thyroid cancer tissues and adjacent  
normal tissues. The results indicated that miR-
1254 expression was significantly downregu-
lated in thyroid cancer tissues compared with 
that in the corresponding adjacent normal tis-
sues (P < 0.0001, Figure 4A). We then analyzed 
the relationships between miR-1254 expres-
sion and clinicopathological characteristics 
and found that the expression level of miR-
1254 was significantly associated with inva-
sion, metastasis, and TNM stage (Table 2). The 
ROC curve of miR-1254 predicted the progno-
sis in thyroid cancer, and the results indicated 
that the area under the curve (AUC) of miR-
1254 was 0.658 (P < 0.0001, Figure 4B), sug-
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Figure 4. n340790 promotes the proliferative and invasive abilities of thyroid cancer cells by targeting miR-1254. 
(A) The expression levels of miR-1254 were examined by qRT-PCR and normalized to U6 expression in 85 pairs 
of thyroid cancer tissues (Tumor) and corresponding adjacent normal tissues (Normal), (***P < 0.001). (B) The 
receiver operating characteristic (ROC) curve predicted the prognosis of miR-1254 in thyroid cancer, and the area 
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gesting that miR-1254 expression may serve 
as a biomarker for thyroid cancer. Moreover, we 
found that there was a negative correlation 
between n340790 and miR-1254 expression 
levels in thyroid cancer tissues (R2 = 0.2962, P 
< 0.001, Figure 4C). Therefore, these data indi-
cated an important role for miR-1254 in thyroid 
cancer.

Based on the above results, we hypothesized 
that the decrease inmiR-1254 levels might  
be related to n340790. TargetScan (www.tar-
getscan.org), miRanda (www.microrna.org) and 
miR Base (www.mirbase.org) inquiries were 

bitors also suppressed the miR-1254 expres-
sion levels (P < 0.001, Figure 4E). The MTT re- 
sults showed that n340790 increased the pro-
liferative abilities of FTC-133 cells, while miR-
1254 mimics could rescue this phonotype. Sil- 
encing n340790 decreased the proliferative 
abilities of PDTC cells, butmiR-1254 inhibitors 
could rescue this phonotype (Figure 4F). Like- 
wise, the results of the invasion assays reveal- 
ed similar tendencies (P < 0.01, P < 0.001, 
Figure 4G). Therefore, these data suggest that 
n340790 promotes the proliferative and inva-
sive abilities of thyroid cancer cells by regula- 
ting miR-1254.

under the ROC curves of miR-1254 was 0.658 (P < 0.0001). (C) The correlation between n340790 and miR-1254 
in thyroid cancer tissues was analyzed using Pearson’s correlation algorithm (R2 = 0.2962, P < 0.001). (D) Puta-
tive miR-1254 target sites in the n340790 sequence and the mutated sites in the n340790 sequence are shown. 
The relative fluorescence value was detected by the luciferase reporter gene assay in FTC-133 cells co-transfected 
with either wild-type or mutant n340790 and either control or miR-1254 (***P < 0.001). (E) The following combi-
nations of transfections were conducted with FTC-133 cells: n340790; n340790 and miR-1254 mock; n340790 
and miR-1254 mimics; and n340790 and miR-1254 inhibitors. The following combinations of transfections were 
conducted with PDTC cells: control; shn340790; shn340790 miR-1254 mock; shn340790 and miR-1254 mimics; 
and shn340790 and miR-1254 inhibitors. The qRT-PCR assay was performed to detect the expression levels of miR-
1254 (***P < 0.001). (F) The MTT assay was used to measure the proliferative abilities of FTC-133 and PDTC cells 
treated as described in (E). (G) The Transwell assay was performed to analyze the invasive abilities of FTC-133 and 
PDTC cells treated as described in (E) (**P < 0.01, ***P < 0.001). 

Table 2. Correlation analysis between miR-1254 expres-
sion and the clinicopathological characteristics of patients 
with thyroid cancer
Characteristics No. of patients Mean ± SD P value
Total no. of patients 85
    Age (year)
        > 60 41 (48.2%) 10.01 ± 1.94 0.289
        ≤ 60 44 (51.8%) 9.59 ± 1.69
    Gender
        Male 35 (41.2%) 9.89 ± 1.38 0.317
        Female 50 (58.8%) 9.53 ± 1.77
    Invasion
        T0-T2 54 (63.5%) 9.45 ± 1.26 0.005**
        T3-T4 31 (36.5%) 10.37 ± 1.68
    Lymphatic metastasis
        N0 26 (30.6%) 10.14 ± 1.74 0.006**
        N1-N3 59 (69.4%) 9.25 ± 1.13
    Distal metastasis
        M0 18 (21.2%) 10.87 ± 1.75 0.016*
        M1 67 (78.8%) 9.48 ± 2.21
    TNM stage
        0 & I 24 (28.2%) 10.74 ± 2.07 0.012*
        II & III & IV 61 (71.8%) 9.64 ± 1.64
Note: *Indicated statistical significance (P < 0.05); **Indicated statistical 
significance (P < 0.01).

performed to conduct a computation-
al analysis for n340790 with comple-
mentary sites of miR-1254 in their 
3’-UTR, and we found putative miR-
1254 target sites in 3’-UTRs of n34- 
0790. We cloned the wild-type or 
mutant n340790 into a pGL3-basic 
luciferase reporter vector. FTC-133 
cells were co-transfected with either 
wild-type or mutant n340790 and 
either control or miR-1254. The lucif-
erase reporter gene assay results 
indicated that n340790 interacted 
with miR-1254 at the specific bind- 
ing sites (P < 0.001, Figure 4D). To 
further study the role of miR-1254  
on human thyroid cancer, we overex-
pressed n340790 in FTC-133 cells 
and observed decreased expression 
levels of miR-1254, while miR-1254 
mimics could rescue this express- 
ion. Additionally, miR-1254 inhibitors 
could further inhibit miR-1254 ex- 
pression. We also silenced n340790 
in PDTC cells and found that these 
cells exhibited increased expression 
levels of miR-1254, while miR-1254 
mimics could rescue the loss of ex- 
pression. In addition, miR-1254 inhi- 
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n340790 promotes tumor growth in vivo

To study the effect of n340790 on proliferation 
in vivo, nude mice were injected with FTC-133 

cells stably expressed n340790 or PDTC cells 
stably expressing shn340790y. Photographs of 
the excised tumors were obtained at 40 days 
(Figure 5A). There was a dramatic increase in 
the tumor volume in the n340790 group com-
pared with the corresponding control group  
(P < 0.001, Figure 5B) as well as a dramatic 
decrease in the tumor volume in the shn340- 
790 group compared with the corresponding 
control group (P < 0.001, Figure 5C). At 40 
days, the tumors were excised, and the relative 
expression levels of miR-1254 were detected 
by qRT-PCR whereas the protein expression lev-
els of NF-κB were measured by Western blot-
ting. The results indicated that the express- 
ion levels of miR-1254 were significantly de- 
creased in mice injected with FTC-133 cells 
transduced with n340790 compared with the 
respective control group (P < 0.001, Figure 5D) 
and were significantly increased in mice in- 
jected with PDTC cells transduced with shn34- 
0790 compared with the respective control 
group (P < 0.001, Figure 5E). In addition, we 
found that n340790 upregulated NF-κB ex- 
pression, while silencing n340790 downregu-
lated NF-κB expression in nude mice (Figure 
5F). Our results are summarized in Figure 6. 

Figure 5. n340790 promotes the growth of tumors in vivo. A. Nude mice were injected with stably transduced 
FTC-133 or PDTC cells, and then photographs of excised tumors were obtained. B. The mean tumor volume was 
measured on the indicated days, and the data show that n340790 increased the tumor volume (*P < 0.05, **P 
< 0.01, ***P < 0.001). C. The mean tumor volume was measured on the indicated days, and silencing n340790 
expression resulted in a decrease in the tumor volume (**P < 0.01, ***P < 0.001). D. Nude mice were injected with 
FTC-133 cells transduced with either n340790 or control lentivirus, the tumors were excised after 40 days, and the 
relative expression levels of miR-1254 were detected by qRT-PCR (***P < 0.001). E. Nude mice were injected with 
PDTC cells transduced with either shn340790 or control lentivirus, and the tumors were excised after 40 days, after 
which the relative expression levels of miR-1254 were detected by qRT-PCR (***P < 0.001). F. Western blotting was 
performed to detect NF-κB expression in vivo. GAPDH was used as a reference protein.

Figure 6. A schematic model of n340790 in thyroid 
cancer. The lncRNA n340790 can regulate miR-
1254 in tumor cells and cause upregulation of NF-
κB, which induces an increase in thyroid cancer cell 
growth, invasion and migration.
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Discussion

lncRNAs play an important role in regulating 
gene expression [25, 26]. Many studies have 
shown that lncRNAs are involved in cell cy- 
cle progression [27], cell differentiation [27], 
apoptosis [28], and chromatin remodeling [29]. 
Other reports have indicated that dysregulated 
expression of lncRNAs was involved in the de- 
velopment of various cancers, including lung 
[30], liver [31], and breast cancers [32]. In our 
study, the results showed that n340790 was 
highly expressed in human thyroid cancer tis-
sues. In addition, n340790 was significantly 
associated with invasion, metastasis, and TNM 
stage. n340790 also exhibited a good prog- 
nostic value for thyroid cancer. Furthermore, we 
found that n340790 could regulate cell cycle 
progression, proliferation, migration, and inva-
sion as well as inhibit thyroid cancer cell apop-
tosis in vitro. We also observed that n340790 
regulated the growth of thyroid cancer cells  
in vivo. Therefore, we suggested that n3407- 
90 may be a potential oncogene for thyroid 
cancer.

miRNAs are a type of non-coding RNA approxi-
mately 20 nucleotides in length that regulate 
gene expression by affecting mRNA transcripts 
[33]. Studies have revealed that miRNAs play 
important roles in the development of human 
cancers [34, 35]. They are involved in various 
biological processes, such as proliferation, dif-
ferentiation, apoptosis, migration and invasion 
[36, 37]. They can also be considered as new 
biomarkers for human cancer therapy. In our 
study, the results revealed that human thyroid 
cancer tissues had low expression levels of 
miR-1254. In addition, we also found that miR-
1254 was significantly associated with inva-
sion, metastasis, and TNM stage. Therefore, we 
speculated that miR-1254 may be a potential 
target for treating thyroid cancer.

Recent studies have demonstrated that lnc- 
RNAs act as competitive endogenous RNAs 
(ceRNAs) that affect miRNA expression and 
modulate the derepression of miRNA targets 
via post-transcriptional regulation [38, 39]. 
Alarge number of studies also indicated that 
lncRNAs, such as ceRNAs, were involved in the 
development of various diseases [40, 41]. For 
example, the lncRNA H19, which is a sponge for 
miRNA, promoted colorectal cancer develop-
ment [42]. In our study, we found that there was 

a negative correlation between n340790 and 
miR-1254 expression levels in thyroid cancer 
tissues, and we hypothesized that n340790 
served as an endogenous sponge by directly 
binding to miR-1254 and downregulating miR-
1254 expression. Furthermore, we also investi-
gated whether miR-1254 could rescue the car-
cinogenesis effect of n340790 on thyroid can-
cer cells. Based on the results, we concluded 
that n340790 promoted thyroid cancer devel-
opment by regulating miR-1254.

The transcription factor NF-κB is a nuclear fac-
tor that can interact with the enhancer element 
of the immunoglobulin kappa light-chain inacti-
vated B cells [43]. Currently, many studies have 
indicated that NF-κB plays vital roles in the 
development of tumors, including proliferation, 
apoptosis, and metastasis [44]. In our study, 
the results revealed that n340790 increased 
the protein expression of NF-κB, while silenc- 
ing n340790 decreased the protein express- 
ion of NF-κB, suggesting that n340790 can 
upregulate NF-κB expression in thyroid cancer. 
This may be another molecular mechanism of 
n340790 in promoting thyroid cancer tumori-
genesis. In addition, further studies will be per-
formed to explore how n340790 upregulates 
NF-κB expression (i.e., direct interaction or an 
indirect mechanism), as illustrated in Figure 6.

In summary, we found that n340790 was high- 
ly expressed, miR-1254 exhibited low levels of 
expression in human thyroid cancer tissues, 
and both of these molecules were good prog-
nostic factors for thyroid cancer. n340790 and 
miR-1254 were simultaneously and strongly 
correlated with invasion, metastasis, and TNM 
stage of thyroid cancer. n340790 plays vital 
roles in the development of thyroid cancer  
both in vitro and in vivo. Furthermore, n340790 
could act as an endogenous sponge by directly 
binding to miR-1254 and decreasing miR-1254 
expression. In addition, miR-1254 could further 
suppress the stimulatory effect of n340790 on 
the growth and invasion of thyroid cancer cells. 
Therefore, n340790 is involved in the develop-
ment of malignant thyroid cancer by regulating 
miR-1254 (Figure 6).
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