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Abstract. – OBJECTIVE: To explore the ex-
pression of linc00324 in papillary thyroid can-
cer (PTC) and its effect on the biological func-
tion of PTC cells.

PATIENTS AND METHODS: A total of 60 pairs 
of PTC and para-carcinoma normal tissues sur-
gically excised were collected. The expression 
of linc00324 in PTC tissues and cells was detect-
ed via quantitative Reverse Transcription-Poly-
merase Chain Reaction (qRT-PCR), and the ex-
pression of linc00324 in PTC cells was silenced 
using the small-interfering RNA (siRNA). Then, 
the effects of linc00324 on the PTC cell prolifer-
ation, apoptosis, and cycle and the downstream 
Notch signaling pathway were determined via 
methyl thiazolyl tetrazolium (MTT) assay, colo-
ny formation assay, flow cytometry, and West-
ern blotting, respectively. 

RESULTS: The expression of linc00324 was 
upregulated in 48 out of 60 cases of PTC tis-
sues, and it was increased in PTC cells com-
pared with that in human thyroid follicular epi-
thelial cells Nthy-ori 3-1. The results of MTT as-
say and colony formation assay showed that the 
proliferation of PTC cells declined after interfer-
ence in linc00324 expression. The findings of 
flow cytometry revealed that the cell cycle was 
arrested in G1/G0 phase with a higher apopto-
sis rate in si-linc00324 group compared with 
that in the si-NC group. According to the data of 
Western blotting, the molecular markers for the 
downstream Notch signaling pathway were al-
tered after interference in linc00324 expression.

CONCLUSIONS: The expression of linc00324 
is significantly increased in PTC tissues and 
cells. Silencing linc00324 may inhibit the prolif-
eration of PTC cells, arrest the cell cycle in G1/
G0 phase, and promote the apoptosis by inhibit-
ing the Notch signaling pathway.
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Introduction

Papillary thyroid cancer (PTC) originates from 
follicular or parafollicular thyroid cells, and it is 
one of the most common malignant tumors of 
endocrine organs. The morbidity rate of PTC 
ranks 5th in female malignant tumors1, and rapi-
dly increases around the world in the past few 
decades2. At present, the clinical treatment means 
of PTC include surgical resection, radioactive 
I131 and combination drug therapy. Although the 
prognosis and long-term survival are satisfactory 
in most patients with PTC after treatment, they 
are prone to advanced and recurrent PTC, so it 
is important to study its specific pathogenesis to 
guide the new treatment methods3. There is evi-
dence4 showing that in addition to environmental 
and genetic susceptibility factors, the changes in 
genetic inheritance may play a certain role in the 
occurrence and development of PTC. 

It is well known that long non-coding RNAs 
(lncRNAs) are RNAs with more than 200 nucle-
otides in length, without the protein translation 
function. Recently, more and more studies5-7 have 
demonstrated that lncRNAs play an important 
role in the progression of various tumors. Lu et 
al8 reported that in pancreatic cancer, the highly 
expressed lncRNA TUG1 regulates the expres-
sion of ITGB1 by “adsorbing” miR-29c, thereby 
promoting proliferation and metastasis of pancre-
atic cancer cells. In esophageal cancer, linc01234 
facilitates the proliferation and metastasis of can-
cer cells by regulating the epithelial-mesenchy-
mal transition9.

The abnormal expression of lncRNAs is clo-
sely related to the occurrence and development of 
PTC. Of note, lncRNA SNHG12 promotes PTC 
proliferation and metastasis by regulating the 
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Wnt/β-catenin pathway10. Qin et al11 found that 
lncRNA GAS8-AS1 is upregulated in PTC and 
inhibits the PTC cell proliferation, whose poten-
tial molecular mechanism is the ATG5-mediated 
autophagy. However, the expression and function 
of linc00324 in PTC have not been reported yet. 
It was found in this study that linc00324 was 
upregulated in PTC tissues and cells, and plays a 
similar role to the “oncogene”. 

Patients and Methods

Tissue Specimens
A total of 60 pairs of human PTC tissue and 

corresponding para-carcinoma tissue specimens 
were collected from patients who underwent 
surgical resection in Taian Dongping County 
People’s Hospital from October 2016 to March 
2018. All patients were pathologically diagnosed 
after operation, and the tissue specimens we-
re collected during operation and immediately 
cryopreserved. All patients signed the informed 
consent about the clinical data used for research 
purpose, and the research was approved by Ethics 
Committee of the Taian Dongping County Peo-
ple’s Hospital.

Cell Culture
The normal human thyroid follicular epithe-

lial cell Nthy-ori 3-1 and PTC cells (K1, TPC-1, 
BCPAP, KTC-1) were purchased from the Cell 
Bank, Chinese Academy of Sciences (Shanghai, 
China), and they were cultured using the Roswell 
Park Memorial Institute-1640 (RPMI-1640) or 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
containing 10% fetal bovine serum (FBS; HyClo-
ne, South Logan, UT, USA) and 1% double anti-
bodies under 95% O2, 5% CO2 and 37°C. When 
more than 80% of cells were fused, routine pas-
sage was done. 

Quantitative Reverse 
Transcription-Polymerase 
Chain Reaction (qRT-PCR)

The total RNA was extracted from tissues and 
cells using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the instructions, and 
20 μL of RNA was reversely transcribed into 
complementary deoxyribose nucleic acid (cDNA) 
using the reverse transcription kit (MBI, Shan-
ghai, China). Then, qRT-PCR was performed 
for the expression of linc00324 using the SYBR 
Premix Ex Taq (Thermo Fisher Scientific, Wal-

tham, MA, USA) and 7500 real-time PCR system 
(Applied Biosystems, Foster City, CA, USA). 
Next, the expression of linc00324 in PTC and 
para-carcinoma tissues and PTC cells was calcu-
lated using 2-ΔΔCt. The primer sequences were as 
follows: Linc00324: F 5’-CCTAAACGAACAG 
AAGCAAC TCC-3’, R 5’-GTGTCTGTTTC-
CTACTCCATGA-3’; GAPDH F 5’-GGGTGGA-
GC CAAACGGGTC-3’, R 5’-GGAGTTGCTGT-
TG AAGTCGCA-3’.

RNA Interference
PTC cells were transfected using Liposome 

2000 (Invitrogen, Carlsbad, CA, USA) according 
to the instructions. At 48 h after transfection, 
the cell proliferation, cycle and apoptosis assays 
were performed. The interference sequences (si-
linc00324 #1: F 5’-GCCCAAAUACCCAGAG-
GUUTT-3’, R 5’-AACCUCUGGGUAUUUGG-
GCTT-3’; si-linc00324 #2: F 5’-UUCUCCGA-
ACGUGUCACGUTT-3’, R 5’-ACGU GACAC-
GUUCGGAGAATT-3’; si-linc00324 #3: 5’-GA-
AGAAGAGAAGAGA GAAA-3’; si-linc00324 
#3: 5’-GATAAGAAGTCCACTCACA-3’) were 
synthesized by Shanghai RIBOBIO (Shanghai, 
China). 

Cell Proliferation Assay
Cell proliferation was detected via methyl thia-

zolyl tetrazolium (MTT) assay. The cells in each 
group were inoculated into a 96-well plate and 
added with 10 μL of MTT reagent at 0, 1, 2, 3, 
and 4 d for incubation for 4 h. Then, 100 μL of 
dimethyl sulfoxide (DMSO) was added into each 
well and shaken for 10 min to fully dissolve the 
crystals. Finally, the optical density was measu-
red using a microplate reader, with three replica-
tes in each group.

Colony Formation Assay
The cells in the experimental group and con-

trol group were inoculated into a 6-well plate 
(600 cells/well), and routinely cultured for 10-14 
d until there were colonies visible to the naked 
eye. After washing with phosphate-buffered sa-
line (PBS) for 3 times, the colonies were fixed 
with methanol for 15 min, washed with PBS for 3 
times, and stained with 0.1% crystal violet dye at 
room temperature for 30 min.

Cell Cycle
The cells in the experimental group and con-

trol group were collected, fixed with pre-cooled 
75% ethanol (700 mL/L) at 4°C overnight, and 
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stained with propidium iodide (PI) (0.005 mg/
mL) and RNase (2 mg/mL) at room temperature 
for 30 min. Finally, the cell cycle distribution 
(G1/G0, S, and G2/M phase) was analyzed via 
flow cytometry (FACSCalibur; BD Biosciences, 
Detroit, MI, USA). 

Apoptosis
The cells in the experimental group and con-

trol group were digested into single cell suspen-
sion, and the cell concentration was adjusted 
to 5×105 cells/mL. 1 mL of cells was taken and 
centrifuged at 1000 rpm and 4°C for 10 min, 
and the supernatant was discarded. Then, 1 mL 
of cooled PBS was added and gently shaken, 
followed by centrifugation at 1000 rpm and 4°C 
for 5 min. After the supernatant was discarded, 
the cells were resuspended in 200 μL of binding 
buffer, added with 10 μL of Annexin V-FITC 
and 5 μL of PI, and evenly mixed, followed by 
reaction at room temperature for 15 min. Final-
ly, the cells were detected using flow cytometry 
within 1 h.

Western Blotting
At 48 h after transfection, the cells were 

lysed with radioimmunoprecipitation assay (RI-
PA) lysis buffer (ZOMANBIO, Beijing, Chi-
na) and centrifuged at 12000 rpm and 4°C 
for 10 min, and the supernatant was collected. 
Then, the protein concentration was determi-
ned using the bicinchoninic acid (BCA) protein 
assay kit (MultiSciences, Hangzhou, China). 
After sodium dodecyl sulphate-polyacrylami-
de gel electrophoresis (SDS-PAGE), the protein 
was transferred onto a polyvinylidene difluoride 
(PVDF) membrane, sealed at room tempera-
ture for 2 h, incubated with Notch-1, survivin, 
CyclinD-1, and β and lin antibodies (1:1000, 
ABclonal, Woburn, MA, USA) at 4°C overnight, 
and incubated again with secondary antibody at 
room temperature for 1-2 h. Finally, the protein 
bands were detected using the fluorescence che-
mical FC2 imaging system.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM Corp., Armonk, 
NY, USA) was used for data processing. Mea-
surement data were expressed as mean ± stan-
dard deviation. The differences between the two 
groups were analyzed by using the Student’s 
t-test. Comparison between multiple groups 

was done using One-way ANOVA test followed 
by post-hoc test (Least Significant Difference). 
p<0.05 suggested the statistically significant dif-
ference.

Results 

Linc00324 Was Upregulated in PTC
A total of 60 cases of tissue specimens were 

collected from patients pathologically diagno-
sed with PTC, and the RNA was extracted and 
reversely transcribed into cDNA. The relative 
expression of linc00324 was detected via qRT-
PCR. The results revealed that the expression of 
linc00324 was upregulated in 48 cases of PTC 
tissues compared with that in para-carcinoma 
tissues (Figure 1A). Then, the relative expres-
sion of linc00324 in PTC cells was detected 
using qRT-PCR, and the results showed that the 
expression of linc00324 was upregulated in PTC 
cells (Figure 1B). To study the biological effects 
of linc00324 in PTC, specific interference se-
quences were designed and transfected into PTC 
cells using Liposome 2000, and the interference 
efficiency was determined using qRT-PCR (Fi-
gure 1C and 1D).

Effect of Si-linc00324 on 
PTC Cell Proliferation

The effect of si-linc00324 on the PTC cell pro-
liferation was first studied via MTT assay. It was 
found that the proliferation curve had a difference 
at 48 h in si-linc00324 group compared with that 
in the si-NC group (Figure 2A and 2B). Then, 
the expression of linc00324 was silenced in PTC 
cells, and the colony formation assay manifested 
that the PTC cell proliferation was inhibited (Fi-
gure 2C and 2D).

Linc00324 Exerted Biological 
Functions Through Regulating 
Notch Signaling Pathway

To explore the effect of linc00324 on PTC cell 
cycle distribution, si-linc00324 and si-NC were 
transiently transfected into PTC cells. After 48 
h, cells were collected and the cell cycle distri-
bution was detected using flow cytometry. It was 
found that the cell cycle was arrested in G1/G0 
phase in si-linc00324 group compared with that 
in the si-NC group (Figure 3A and 3B). After 
interference in linc00324 expression, the apop-
tosis rate was significantly increased (Figure 3C 
and 3D). Then, the potential molecular mecha-
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Figure 1. Linc00324 expression is up-regulated in PTC. A, Expression of linc00324 is detected via qRT-PCR in 60 pairs of PTC 
and para-carcinoma tissues, and it is found that linc00324 is up-regulated in 48 cases of PTC tissues. B, Expression of linc00324 
is detected via qRT-PCR in PTC cells, with GAPDH as an internal reference. C, Interference efficiency of si-linc00324 in BCPAP 
cells is determined using qRT-PCR. D, Interference efficiency of si-linc00324 in TPC-1 cells is determined using qRT-PCR.

Figure 2. Effect of si-linc00324 on PTC cell proliferation. A-B, After interference in the expression of linc00324, the changes 
in the proliferation of PTC cells are detected via MTT assay. C-D, After interference in the expression of linc00324, the 
changes in the proliferation of PTC cells are detected via colony formation assay (magnification: 40×).
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nism of the biological function of linc00324 was 
further explored, and the molecular markers for 
the Notch signaling pathway were determined 
through Western blotting. It was observed that 
the molecular markers for the Notch signaling 
pathway were decreased at the protein level after 
interference in linc00324 expression (Figure 3E 
and 3F).

Discussion 

Although thyroid cancer mostly develops slowly, 
there is still a risk of development into more ag-
gressive and fatal thyroid cancer in some cases. 
Therefore, deeply studying the potential molecular 
mechanism of PTC has important significance in 

Figure 3. Linc00324 exerts biological functions through regulating the Notch signaling pathway. A-B, Results of flow cytometry 
show that after interference in the expression of linc00324 in PTC cells, the cell cycle is arrested in G1/G0 phase. C-D, Compared 
with that in si-NC group, the apoptosis rate is increased in si-linc00324 group. E-F, After knockdown of the expression of 
linc00324, the changes in the molecular markers for the Notch signaling pathway are determined through Western blotting.
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the early screening of predictive biomarkers and 
clinical development of targeted drugs.

It is reported in the literature12 that lncRNAs 
play a definite role in the tumor progression, 
including cell growth, survival, and metastasis. 
LncRNAs can also be used as the molecular 
scaffold, miRNA sponge, and inducible protein 
to regulate the gene expression and protein fun-
ction13-15, and the advantages of lncRNAs as bio-
markers for cancer diagnosis and prognosis have 
been confirmed by many studies16. However, the 
mechanism of lncRNAs in tumorigenesis has not 
been fully clarified yet. With the development of 
molecular biological technique, the diagnostic 
significance of lncRNAs in tumors has been 
revealed in a few studies. Lu et al17 reported that 
the upregulation of ANRIL has a high diagnostic 
value for lung cancer. There are also reports that 
HOTAIR, PCAT1, MALAT1, and FAL1 are asso-
ciated with a variety of human cancers, but their 
roles and mechanisms in thyroid cancer remain 
unclear.

The role of linc00324 was explored due to the 
abnormal expression of lncRNAs in PTC. In this 
study, the results of qRT-PCR manifested that 
the expression of linc00324 was upregulated in 
PTC. It was also found that linc00324 was able 
to regulate the PTC cell proliferation, cycle, and 
apoptosis. The Notch signaling pathway is invol-
ved in such important processes as hematopoie-
sis and heart development18,19, and its abnormal 
activity is closely related to tumors, autoimmune 
diseases, and congenital diseases20,21. LncRNAs 
can serve as important regulators to facilitate 
the occurrence and development of tumor by 
regulating the Notch signaling pathway, such as 
lncRNA XIST22. In this study, the in vitro experi-
ments demonstrated that linc00324 promoted cell 
proliferation and inhibited apoptosis in PTC via 
suppressing the Notch pathway.

Conclusions

Summarily, the expression of linc00324 is si-
gnificantly increased in PTC tissues and cells. 
Silencing linc00324 may inhibit the proliferation 
of PTC cells, arrest the cell cycle in G1/G0 pha-
se, and promote the apoptosis by inhibiting the 
Notch signaling pathway.
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