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Abstract. – OBJECTIVE: Long non-coding 
RNA (lncRNA) NORAD plays an essential role in 
the development and progress of papillary thy-
roid carcinoma (PTC). MicroRNA-451 (MiR-451) 
has been identified as playing an inhibitory role 
in some types of cancer. However, the molecular 
mechanism of lncRNA NORAD regulating me-
tastasis of PTC cells by miR-451 has not been 
fully elucidated. 

MATERIALS AND METHODS: Real-Time quan-
titative Polymerase Chain Reaction (RT-qPCR) 
or Western blot analysis of the expression of 
NORAD, miR-451, and interleukin-6 receptor (IL-
6R) in PTC cell lines were carried out. The de-
tection of Luciferase reporter gene showed the 
relationship between lncRNA NORAD, miR-451 
and IL-6R. Cell Counting Kit-8 (CCK-8) assay and 
transwell assay were performed to detect the in-
fluence of lncRNA NORAD, miR-451 on the pro-
liferation, migration, and invasion of PTC cells.

RESULTS: The results of RT-qPCR and West-
ern blotting suggested that the expression of ln-
cRNA NORAD and IL-6R were higher than that 
of the control group, while the expression of 
miR-451 was lower. Transwell assay indicated 
that the knockdown of lncRNA NORAD or over-
expression of miR-451 significantly inhibited 
cell proliferation, migration and invasion in PTC 
cell lines. In addition, lncRNA NORAD negative-
ly controls the expression of miR-451, resulting 
in the upregulation of IL-6R. IL-6R overexpres-
sion can reverse the inhibitory effect of lncRNA 
NORAD knockdown or miR-451 on PTC cell pro-
liferation and metastasis.

CONCLUSIONS: Our results indicated that the 
cell migration and invasion were inhibited by 
knockdown of lncRNA NORAD or overexpres-
sion of miR-451, suggesting that the axis of ln-
cRNA NORAD -miR-451- IL-6R was involved in 
the development of PTC.
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Introduction

Papillary thyroid carcinoma (PTC) is slow-grow-
ing epithelial malignancy. It is the most common 

endocrine system malignancy and accounts for the 
ninth most common cancer overall. Thyroid carci-
noma is the most common endocrine malignancy1. 
Although the survival is generally good, but the 
mortality rate is higher than that of all other endo-
crine organ cancers2. 

Wu et al3 showed that NORAD expression in 
esophageal squamous cell carcinoma was up-
regulated compared to that in adjacent normal 
tissue samples. Li et al4 indicated that NORAD 
expression was upregulated in pancreatic cancer 
tissue samples, while NORAD over expression 
was related to a shorter OS (total survival). At 
the same time, the study indicated that ectopic 
expression of NORAD increased the invasion and 
migration of pancreatic cancer cells4. Zhang et al5 
showed that NORAD expression was upregulated 
in colorectal cancer (CRC) tissue samples, while 
the high expression of NORAD was related to 
prognosis and CRC metastasis. However, the 
expression and function of NORAD are not clear 
in PTC.

MicroRNA (miRNA) is a kind of small 
non-coding RNAs that degrade mRNA or target 
mRNA by inhibiting the expression of nega-
tively regulated genes6. In particular, Lee et al7 
and Wang et al8  showed that the expression of 
miR-222 and miR-146b has been independently 
demonstrated to be related with poor prognosis 
and lymph node involvement in thyroid cancer. 
The role of miR-451 in bladder cancer was orig-
inally reported in 2014. Low levels of miR-451 
have been reported in bladder cancer tissues, 
where miR-451 has been shown to be a tumor 
suppressor through epithelial mesenchymal trans-
formation9. MiR-451 can inhibit the expression 
of pro-inflammatory molecules in mice during 
the development of diabetes and nephropathy by 
targeting LMP7/NF/kB and reduce glomerular 
damage10. Studies in non-small cell lung cancer 
(NSCLC) have demonstrated the tumor  inhibito-
ry role of miR-451. The upregulation of miR-451 
inhibited the growth of NSCLC cell line A549 
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and enhanced its apoptosis11,12. MicroRNA-451 
is used as a prognostic marker for the diagnosis 
of thyroid papillary carcinoma and lymph node 
metastasis13.

Interleukin-6 (IL-6) is a heterogeneous cyto-
kine. IL-6 signaling through IL-6 receptor (IL-
6R) plays a pivotal part in the inflammation and 
immune response14,15. IL-6 exerts its function by 
combining to its receptor and further activating 
various signaling pathways, such as Janus kinase/
signal and transcription activator (JAK/STAT) 
and mitogen activated protein kinase pathway16. 
A great deal of studies have shown that IL-6 
and its related signals contribute to the pathway 
of cell proliferation, migration and invasion of 
various tumor cells17-20. In addition, the physio-
logical function of IL-6 has shown that it not only 
promotes tumor proliferation, but also promotes 
metastasis and symptoms18,21,22. There are reports 
of increased IL-6 expression, cancer type is as-
sociated with high serum IL-6 level metastasis 
and poor prognosis23,24. Some related studies have 
shown that compared  to healthy individuals, the 
patients with thyroid benign diseases and PTC 
have significantly higher serum IL-6. In addition, 
the level of IL-6 in PTC patients was significantly 
higher than that of patients with thyroid benign 
diseases25. There is evidence that IL-6 signaling 
pathway contributes to the development of NS-
CLC26. There is evidence that the high expression 
polymorphism of IL-6 gene is associated with 
the susceptibility of papillary thyroid cancer27. In 
our study, we attempted to measure the change of 
lncRNA NORAD in PTC cell lines. We demon-
strated a significant increase in NORAD expres-
sion in TPC1 and FTC133 cell lines compared to 
normal cells. LncRNA NORAD can inhibit the 
progression of PTC cells by targeting miR-451.

Materials and Methods

Cell Lines and Cell Transfection 
Two PTC cell lines (TPC1 and FTC133) and a 

normal cell line (Nthy-ori3-1) were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Gibco, Rockville, MD, USA) medium containing 
10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Waltham, MA, USA), 100 U/mL pen-
icillin and 100 mg/mL streptomycin (Thermo 
Fisher Scientific, Waltham, MA, USA) and were 
used for all cell lines used in this study. The hu-
midity was 100% and the temperature was 37°C 
with 5% carbon dioxide. ShRNA NORAD is built 

in a specific order for NORAD. MiR-451 mim-
ic/inhibitor were transfected into cells (Gene-
Pharma, Shanghai, China). PcDNA3.1 (+) vector 
was used to construct pcDNA-IL-6R vector. The 
transfection was completed with Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA). 

Real Time Quantitative Polymerase 
Chain Reaction (RT-qPCR)

Extraction of total RNA from PTC cell lines 
with TRIzol solution (Invitrogen, Carlsbad, CA, 
USA). Synthesis of cDNA PrimeScriptTM RT Re-
agent kit using 1 μg total RNA. RT-qPCR was 
performed using SYBR premix Ex TaqTM II PCR 
Kit (TaKaRa, Ostu, Shiga, Japan). All RT-qPCR 
primers were provided from Invitrogen (Carls-
bad, CA, USA). The relative gene expression 
level was calculated by 2-ΔΔCT method.

Transwell Assay
The number of PTC cell migration and inva-

sion was measured by transwell assay. In short, 
cells were cultured in the upper chamber and cul-
tured in serum-free DMEM medium. Moreover, 
the lower chamber was supplied with a complete 
growth medium. After 24 hours, the cells were 
fully incubated, and then, the cells were removed 
with cotton swabs and left in the upper chamber. 
After migration, the cytomembrane was stained 
with crystal violet.

Identification of Luciferase Activity 
Luciferase activity was analyzed by Promega 

(Madison, WI, USA). After transfection, accord-
ing to the experimental requirements, TPC1 and 
FTC133 cells were lysed in a dish with lysate 
buffer. The activity relative to Luciferase was 
determined by Varioskan LUX detection system 
(Thermo Fisher Scientific, Waltham, MA, USA).

Western Blot Analysis
In short, radioimmunoprecipitation assay (RI-

PA) was used to prepare the cell lysate buffer 
(Beyotime, Shanghai, China). Then, the bicin-
choninic acid (BCA) Kit (Solarbio, Beijing, Chi-
na) was used for quantitative analysis of protein 
concentration. The samples were isolated from 
the concentration of 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Solarbio, Beijing, China) and transferred 
to methanol activated polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA). Then, immunoblotting and anti-E-cadher-
in, anti-IL-6R, anti-N-cadherin, anti-Vimentin, 
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anti-GAPDH (glyceraldehyde 3-phosphate dehy-
drogenase) were placed overnight at 4°C. First 
and second antibodies used in Western blot were 
both purchased from Abcam (Cambridge, MA, 
USA). Then, electrochemiluminescence (ECL; 
Millipore, Billerica, MA, USA) was used for che-
miluminescence detection. 

Cell Viability Test 
Cell viability was measured through cells 

Counting Kit (CCK)-8. In short, cells were in-
oculated on 96 well plate with a density of 5×103 
cells/pore. Then, the cells were incubated with 
miR-451 expression at the specified time (0, 12, 
24 and 36 hours). Then, we added 100 μL CCK-
8 reagent and incubated at 90°C for another 2 
hours at 37°C. Measure absorbance at 450 nm 
to evaluate Safire 2 microplate reader. Relative 
cell activity expressed in absorbance percentage 
of the treatment group compared to the control 
group.

Statistical Analysis
Statistical analysis was performed using Statis-

tical Product and Service Solutions (SPSS) 22.0 
software (IBM Corp., Armonk, NY, USA). Data 
were represented as mean ± Standard Deviation 
(SD). The t-test was used for analyzing measure-
ment data. Differences between two groups were 
analyzed by using the Student’s t-test. Compar-
ison between multiple groups was done using 
One-way ANOVA test followed by Post Hoc Test 
(Least Significant Difference). p<0.05 indicated 
the significant difference.

Results

Down Regulation of NORAD Inhibits 
Cell Metastasis

Here, we used RT-qPCR to analyze the expres-
sion of NORAD in PTC cell lines. As expected, 
NORAD was upregulated in PTC cell lines (Fig-
ure 1A). In order to detect the potential function 
and mechanism of NORAD in pathogenesis of 
PTC, the function of NORAD was designed 
and measured in PTC cell line. Silent NORAD 
significantly inhibited the proliferation of PTC 
cells (Figure 1B). CCK-8 and transwell were 
used to determine the effect of NORAD on cell 
proliferation, migration and invasion. The results 
of CCK-8 showed that the proliferation of TPC1 
and FTC133 cells transfected with sh-NORAD 

was significantly inhibited (Figure 1C and 1D). 
In addition, we further examine the effect of 
silent NORAD on cells migration and invasion. 
According to the results of transwell analysis, we 
found that the cells metastasis TPC1 and FTC133 
cells were inhibited by sh-NORAD (Figure 1E 
and 1F). In addition, Western blot was used to 
detect the effect of NORAD knockdown on the 
EMT progression. As shown in Figure 1F, epithe-
lial markers (E-cadherin) were increased, while 
interstitial markers (N-cadherin, Vimentin) were 
significantly reduced (Figure 1G and 1H). There-
fore, we found that NORAD can improve cell 
migration and EMT progress.

MiR-451 Inhibited PTC Cells Proliferation 
and Metastasis 

At first, the binding sites between wild-type 
NORAD (NORAD-wt) or mutant NORAD 
(NORAD-mut) and miR-451 were predicted by 
bioinformatics analysis (Figure 2A). Subsequent-
ly, we used RT-qPCR to know the expression 
level of miR-451 in PTC cell lines. As expected, 
miR-451 was downregulated in PTC cells (Figure 
2B). In order to detect the potential function and 
mechanism of miR-451 in pathogenesis of PTC, 
the function of miR-451 was designed and mea-
sured in PTC cell line. We detected the expres-
sion of miR-451 when transfected miR-451 mim-
ic with PTC cells, miR-451 mimic groups were 
increased significantly than NC groups (Figure 
2C). It was found that the decrease of Luciferase 
activity of NORAD-wt was induced by miR-451 
mimic (Figure 2D). However, the Luciferase ac-
tivity of the NORAD-mut was almost unchanged 
(Figure 2E). CCK-8 and transwell were used to 
determine the effect of miR-451 on cell prolifera-
tion, migration and invasion. The results of CCK-
8 displayed that the proliferation of TPC1 and 
FTC133 cells transfected with miR-451 mimic 
was significantly inhibited (Figure 2F and 2G). In 
the meanwhile, we further examine the effect of 
miR-451 mimic on cells migration and invasion. 
According to the results of transwell analysis, we 
found that the cells metastasis TPC1 and FTC133 
cells were inhibited by miR-451 mimic (Figure 
2H and 2I). Finally, we measured the EMT pro-
tein. When we transfected the miR-451 mimic, 
the E-cadherin was induced obviously. And the 
N-cadherin and Vimentin were increased (Figure 
2J and 2K). Therefore, our experimental results 
prove that miR-451 mimic can indeed play a key 
role in the proliferation and metastasis of PTC 
cells. 
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NORAD Upregulated IL-6R by Targeting 
MiR-451

In order to support the ceRNA hypothesis, it 
is necessary to find the target mRNA of miR-

451. According to the prediction of bioinformat-
ics tools, the binding sites between 3’UTR and 
miR-451 of IL-6R were predicted (Figure 3A). 
Similarly, the construction of Luciferase report 

Figure 1. LncRNA NORAD was knocked down which can suppress TPC1 and FTC133 cell metastasis. A, Expression of 
lncRNA NORAD in two PTC cells and normal cell. B, Expression of lncRNA NORAD transfected with sh-NORAD or NC in 
PTC cells. C, D, CCK-8 detected the effect of lncRNA NORAD when knockdown lncRNA NORAD on cell proliferation in 
TPC1 and FTC133 cells. E, Knockdown lncRNA NORAD suppressing PTC cell migration. F, Knockdown lncRNA NORAD 
suppressing PTC cell invasion. G, H, The protein level of EMT-related marker protein in TPC cell transfected with sh-NC and 
sh-NORAD. **p<0.01, *p<0.05.
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vector showed that the Luciferase activity of the 
combination of miR-451 and IL-6R wild-type 
IL-6R (IL-6R-wt) decreased significantly, while 
the Luciferase activity of IL-6R mutant (IL-6R-
mut) remained unchanged (Figure 3B and 3C). 
The expression of IL-6R was detected in differ-
ent groups NC, sh-NORAD, sh-NORAD+NC 
and sh-NORAD+miR-451 inhibitor in TPC1 
and FTC133 cells. When NORAD was knocked 
down, the expression of IL-6R was significant-
ly reduced. Interestingly, when NORAD was 
knocked down and miR-451 mimic was trans-
fected, most of the expression of IL-6R could be 
saved. So, we think that NORAD-miR-451 can 

play a role in the cell by regulating the expres-
sion level of IL-6R. In order to verify the results 
of this experiment, we used Western blot to ver-
ify the protein expression level of IL-6R. It was 
consistent with mRNA level. (Figure 3D and 
3E). At last, we detected the role of NORAD-
miR-451-IL-6R axis in the metastasis of PTC 
cell lines.

The Role of NORAD-miR-451-IL-6R Axis 
in the Development of PTC

In order to analyze the regulatory relationship 
among NORAD, miR-451 and IL-6R, the expres-
sion level of IL-6R in PTC cells co-transfected 

Figure 2. Expressions of miR-451 was examined by RT-qPCR in cells. A, Putative binding sites between lncRNA NORAD 
and miR-451. B, Expression of miR-451 in two PTC cells and normal cells. C, Expression of miR-451 transfected with miR-
451 mimic or NC in PTC cells. D, E, The activity of luciferase was determined by dual-luciferase reporter gene assay. F, G, 
CCK-8 checked the effect of miR-451 on the proliferation of TPC1 and FTC133 cells. H, MiR-451 mimic suppressing PTC cell 
migration. I, MiR-451 mimic suppressing PTC cell invasion. J, K, The protein level of EMT-related marker protein in TPC 
cell transfected with NC mimic and miR-451 mimic.
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with miR-451 and sh-NORAD was measured at 
mRNA and protein levels respectively. As shown 
in Figure 4A and 4B, the migration and invasion 
of IL-6R level caused by sh-NORAD was re-
versed by miR-451 inhibitor or pcDNA-IL-6R. 
In order to determine the biological function of 
NORAD-miR-451-IL-6R axis in the development 
of PTC, a rescue test was designed and carried 
out in TPC1 and FTC133 cells. According to the 
results of Transwell assay, sh-NORAD induced 

cell invasion reduction was recovered by trans-
fection with miR-451 inhibitor or pcDNA-IL-6R. 
At the same time, we used Western blotting to 
detect the proteins related to invasion and migra-
tion of PTC cells. Which is consistent with our 
expectation, the results at the protein level also 
show that miR-451 inhibitor or pcDNA-IL-6R 
reversed the inhibition of sh-NORAD can reverse 
the invasion and migration of cells inhibited by 
NORAD (Figure 4C and 4D). Based on the above 

Figure 3. Putative binding sites between miR-451 and IL-6R. A, Display of the IL-6R 3’UTR-wt or -mut sequences with 
miR-451 sequences. B, C, Luciferase activity of IL-6R 3’UTR-wt or -mut in TPC1 and FTC133 cells after increasing or 
decreasing miR-451. D, The expression of IL-6R in sh-NC, sh-NORAD, sh-NORAD + NC, sh-NORAD + miR-451 inhibitor. 
E, The protein expression of IL-6R in sh-NC, sh-NORAD, sh-NORAD + NC and sh-NORAD + miR-451 inhibitor in TPC1 
and FTC133 cells.
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data, we confirm that NORAD can regulate the 
occurrence and development of PTC through 
miR-451/IL-6R axis.

Discussion

According to previous studies, lncRNAs have 
been shown to play  important roles in various 
human cancers. LncRNA can regulate tumori-
genesis and contribute to development of can-
cer by regulating various molecular mechanisms. 
Tan et al28 published in 2019, showed that the 
expression level of NORAD in lung cancer and 
breast cancer was down regulated, while the low 
expression of NORAD in these cancer types was 
related to lymph node metastasis and poor prog-
nosis. Wang et al29 showed that NORAD may 
play an important role in regulating the func-

tion of osteosarcoma cells through endogenous 
competition with hsa-miR-199a-3p. The purpose 
of this study was to detect the specific mecha-
nism and function of NORAD in PTC. RT-qPCR 
showed that NORAD was highly expressed in 
PTC cells compared with normal cells. Therefore, 
we confirmed the  significance of NORAD in 
PTC. To further study the influence of NORAD 
on the activity of PTC cells, a loss of function test 
was carried out in two PTC cell lines. According 
to our experimental results, we found that in-
hibition of NORAD expression can inhibit cell 
proliferation and metastasis. Therefore, NORAD 
showed carcinogenicity in PTC.

The biological function of lncRNA is closely 
associated with microRNA and their interactions 
usually play crucial role in regulating the pro-
gression of multiple cancers. Lots of researches 
have shown that miRNA plays a crucial role in 

Figure 4. The role of NORAD-miR-451-IL-6R axis in the development of PTC. A, TPC1 and FTC133 cells migration after 
overexpressed IL-6R in NC, sh-NORAD, sh-NORAD and miR-451 inhibitor or sh-NORAD + pcDNA-IL-6 groups. B, TPC1 
and FTC133 cells invasion after transfected with IL-6R in NC, sh-NORAD, sh-NORAD and miR-451 inhibitor or sh-NORAD 
+ pcDNA-IL-6. C, D, The protein level of EMT-related marker protein in TPC1 cell overexpressed IL-6R in NC, sh-NORAD, 
sh-NORAD and miR-451 inhibitor or sh-NORAD + pcDNA-IL-6.
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the tumorigenesis of various cancers, and mi-
croRNA plays a crucial role in cell type specific 
tumorigenesis. MicroRNA expression may lead 
to the identification of biomarkers for diagnosis 
and prognosis. Of note, disorder of miRNA is 
related to the pathogenesis of thyroid cancer. 
Comprehensive miRNA analysis showed that 
compared with normal patients, a few miRNAs 
in PTC patients tissues were out of control8,30. 
Especially, Lee et al7 and Wang et al8 proved that 
the high expression of miR-222 and miR-146b 
is related to the poor prognosis and lymph node 
involvement of thyroid cancer. Other team stud-
ies have shown that the expression of miR-451 
is negatively correlated with the invasiveness of 
HCC31, glioblastoma32 and non-small cell lung 
cancer33. In vitro study indicated that over expres-
sion of miR-451 inhibited cell proliferation and 
migration of c-myc mediated by targeting AKT/
mTOR signalling pathway. In this study, we ret-
rospectively analyzed the expression of miR-451 
in PTC malignant tumors, which was analyzed 
in two most common specimens. Through bio-
informatics analysis and luciferase reporter gene 
analysis, NORAD target miRNA in PTC cells 
was found. Our experimental results show that 
NORAD uses miR-451 as a target to regulate the 
progress of GC. On this basis, we analyzed and 
identified the negative correlation between miR-
451 and NORAD. Therefore, we detected that 
NORAD can negatively regulate the invasion and 
migration of PTC cells by binding to miR-451. 
The results showed that the expression level of 
miR-451 in PTC cell lines was lower than that in 
normal cells. It was also found that IL-6R was 
the target gene of miR-451. IL-6R is positively 
regulated by NORAD in PTC cells. At last, res-
cue experiments were performed in TPC1 and 
FTC133 cells to verify the role of NORAD-miR-
451-IL-6R in PTC. The novelty of this study was 
that this is the first report that NORAD showed 
carcinogenicity in PTC by regulating miR-451/
IL-6R pathway, suggesting that it may provide 
novel potential therapeutic approaches for PTC.

Conclusions

Briefly, our results indicated that the cell mi-
gration and invasion were inhibited by knock-
down of lncRNA NORAD or overexpression of 
miR-451, suggesting that the axis of lncRNA 
NORAD -miR-451- IL-6R was involved in the 
development of PTC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Patel HH, Goyal N, Goldenberg D. Imaging, ge-
netic testing, and biomarker assessment of follic-
ular cell-derived thyroid cancer. Ann Med 2014; 
46: 409-416.

  2)	 Erol V, Makay O, Icoz G, Kose T, Ertan Y, Yarar-
bas U, Akyildiz M, Yilmaz M. The importance of 
staging systems for the determination of progno-
sis of well-differentiated thyroid cancer. Ulus Cer-
rahi Derg 2013; 29: 7-10.

  3)	 Wu X, Lim ZF, Li Z, Gu L, Ma W, Zhou Q, Su H, 
Wang X, Yang X, Zhang Z. NORAD Expression 
Is Associated with Adverse Prognosis in Esopha-
geal Squamous Cell Carcinoma. Oncol Res Treat 
2017; 40: 370-374.

  4)	 Li H, Wang X, Wen C, Huo Z, Wang W, Zhan Q, 
Cheng D, Chen H, Deng X, Peng C, Shen B. Long 
noncoding RNA NORAD, a novel competing en-
dogenous RNA, enhances the hypoxia-induced 
epithelial-mesenchymal transition to promote me-
tastasis in pancreatic cancer. Mol Cancer 2017; 
16: 169.

  5)	 Zhang J, Li XY, Hu P, Ding YS. lncRNA NORAD 
Contributes to Colorectal Cancer Progression by 
Inhibition of miR-202-5p. Oncol Res 2018; 26: 
1411-1418.

  6)	 Bartel DP. MicroRNAs: target recognition and 
regulatory functions. Cell 2009; 136: 215-233.

  7)	 Lee JC, Zhao JT, Clifton-Bligh RJ, Gill A, Gunda-
ra JS, Ip JC, Glover A, Sywak MS, Delbridge LW, 
Robinson BG, Sidhu SB. MicroRNA-222 and mi-
croRNA-146b are tissue and circulating biomark-
ers of recurrent papillary thyroid cancer. Can-
cer-Am Cancer Soc 2013; 119: 4358-4365.

  8)	 Wang Z, Zhang H, He L, Dong W, Li J, Shan Z, 
Teng W. Association between the expression of 
four upregulated miRNAs and extrathyroidal inva-
sion in papillary thyroid carcinoma. Onco Targets 
Ther 2013; 6: 281-287.

  9)	 Zeng T, Peng L, Chao C, Fu B, Wang G, Wang Y, 
Zhu X. miR-451 inhibits invasion and proliferation 
of bladder cancer by regulating EMT. Int J Clin 
Exp Pathol 2014; 7: 7653-7662.

10)	 Sun Y, Peng R, Peng H, Liu H, Wen L, Wu T, Yi H, 
Li A, Zhang Z. miR-451 suppresses the NF-kap-
paB-mediated proinflammatory molecules ex-
pression through inhibiting LMP7 in diabetic ne-
phropathy. Mol Cell Endocrinol 2016; 433: 75-
86.

11)	 Bian HB, Pan X, Yang JS, Wang ZX, De W. Up-
regulation of microRNA-451 increases cisplatin 
sensitivity of non-small cell lung cancer cell line 
(A549). J Exp Clin Cancer Res 2011; 30: 20.

12)	 Tian F, Han Y, Yan X, Zhong D, Yang G, Lei J, 
Li X, Wang X. Upregulation of microrna-451 in-



LncRNA NORAD promotes thyroid carcinoma progression by targeting miR-451

6195

creases the sensitivity of A549 cells to radiother-
apy through enhancement of apoptosis. Thorac 
Cancer 2016; 7: 226-231.

13)	 Zhang M, Wu W, Gao M, Fei Z. MicroRNA-451 
as a prognostic marker for diagnosis and lymph 
node metastasis of papillary thyroid carcinoma. 
Cancer Biomark 2017; 19: 437-445.

14)	 Rose-John S. Interleukin-6 family cytokines. Cold 
Spring Harb Perspect Biol 2018; 10: a028415.

15)	 Nagasaki T, Hara M, Nakanishi H, Takahashi H, 
Sato M, Takeyama H. Interleukin-6 released by 
colon cancer-associated fibroblasts is critical for 
tumour angiogenesis: anti-interleukin-6 receptor 
antibody suppressed angiogenesis and inhibited 
tumour-stroma interaction. Br J Cancer 2014; 110: 
469-478.

16)	 Tawara K, Oxford JT, Jorcyk CL. Clinical signif-
icance of interleukin (IL)-6 in cancer metastasis 
to bone: potential of anti-IL-6 therapies. Cancer 
Manag Res 2011; 3: 177-189.

17)	 Grivennikov S, Karin E, Terzic J, Mucida D, Yu 
GY, Vallabhapurapu S, Scheller J, Rose-John S, 
Cheroutre H, Eckmann L, Karin M. IL-6 and Stat3 
are required for survival of intestinal epithelial 
cells and development of colitis-associated can-
cer. Cancer Cell 2009; 15: 103-113.

18)	 Ara T, Declerck YA. Interleukin-6 in bone metas-
tasis and cancer progression. Eur J Cancer 2010; 
46: 1223-1231.

19)	 Santer FR, Malinowska K, Culig Z, Cavarret-
ta IT. Interleukin-6 trans-signalling differentially 
regulates proliferation, migration, adhesion and 
maspin expression in human prostate cancer 
cells. Endocr Relat Cancer 2010; 17: 241-253.

20)	 Yi H, Cho HJ, Cho SM, Jo K, Park JA, Kim NH, 
Amidon GL, Kim JS, Shin HC. Blockade of inter-
leukin-6 receptor suppresses the proliferation of 
H460 lung cancer stem cells. Int J Oncol 2012; 
41: 310-316.

21)	 Cavarretta IT, Neuwirt H, Untergasser G, Mos-
er PL, Zaki MH, Steiner H, Rumpold H, Fuchs D, 
Hobisch A, Nemeth JA, Culig Z. The antiapoptot-
ic effect of IL-6 autocrine loop in a cellular model 
of advanced prostate cancer is mediated by Mcl-
1. Oncogene 2007; 26: 2822-2832.

22)	 Weidle UH, Klostermann S, Eggle D, Kruger A. 
Interleukin 6/interleukin 6 receptor interaction and 
its role as a therapeutic target for treatment of ca-
chexia and cancer. Cancer Genomics Proteomics 
2010; 7: 287-302.

23)	 Lin MT, Lin BR, Chang CC, Chu CY, Su HJ, Chen 
ST, Jeng YM, Kuo ML. IL-6 induces AGS gastric 
cancer cell invasion via activation of the c-Src/

RhoA/ROCK signaling pathway. Int J Cancer 
2007; 120: 2600-2608.

24)	 Wong VW, Yu J, Cheng AS, Wong GL, Chan HY, 
Chu ES, Ng EK, Chan FK, Sung JJ, Chan HL. 
High serum interleukin-6 level predicts future he-
patocellular carcinoma development in patients 
with chronic hepatitis B. Int J Cancer 2009; 124: 
2766-2770.

25)	 Kobawala TP, Trivedi TI, Gajjar KK, Patel DH, Pa-
tel GH, Ghosh NR. Significance of Interleukin-6 in 
Papillary Thyroid Carcinoma. J Thyroid Res 2016; 
2016: 6178921.

26)	 Haura EB, Livingston S, Coppola D. Autocrine in-
terleukin-6/interleukin-6 receptor stimulation in 
non-small-cell lung cancer. Clin Lung Cancer 
2006; 7: 273-275.

27)	 Li H, Dai H, Li H, Li B, Shao Y. Polymorphisms of 
the Highly Expressed IL-6 Gene in the Papillary 
Thyroid Cancer Susceptibility Among Chinese. 
Curr Mol Med 2019; 19: 443-451.

28)	 Tan BS, Yang MC, Singh S, Chou YC, Chen HY, 
Wang MY, Wang YC, Chen RH. LncRNA NORAD 
is repressed by the YAP pathway and suppress-
es lung and breast cancer metastasis by seques-
tering S100P. Oncogene 2019; 38: 5612-5626.

29)	 Wang X, Zou J, Chen H, Zhang P, Lu Z, You Z, 
Sun J. Long noncoding RNA NORAD regulates 
cancer cell proliferation and migration in human 
osteosarcoma by endogenously competing with 
miR-199a-3p. Iubmb Life 2019; 71: 1482-1491.

30)	 Graham ME, Hart RD, Douglas S, Makki FM, Pin-
to D, Butler AL, Bullock M, Rigby MH, Trites JR, 
Taylor SM, Singh R. Serum microRNA profiling to 
distinguish papillary thyroid cancer from benign 
thyroid masses. J Otolaryngol Head Neck Surg 
2015; 44: 33.

31)	 Huang JY, Zhang K, Chen DQ, Chen J, Feng B, 
Song H, Chen Y, Zhu Z, Lu L, De W, Wang R, 
Chen LB. MicroRNA-451: epithelial-mesenchy-
mal transition inhibitor and prognostic biomarker 
of hepatocelluar carcinoma. Oncotarget 2015; 6: 
18613-18630.

32)	 Godlewski J, Nowicki MO, Bronisz A, Nuovo G, 
Palatini J, De Lay M, Van Brocklyn J, Ostrowski 
MC, Chiocca EA, Lawler SE. MicroRNA-451 reg-
ulates LKB1/AMPK signaling and allows adapta-
tion to metabolic stress in glioma cells. Mol Cell 
2010; 37: 620-632.

33)	 Wang R, Wang ZX, Yang JS, Pan X, De W, Chen 
LB. MicroRNA-451 functions as a tumor suppres-
sor in human non-small cell lung cancer by tar-
geting ras-related protein 14 (RAB14). Oncogene 
2011; 30: 2644-2658.


