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Abstract

Our study attempted to verify the effect of IncRNA BST2 interferon-stimulated positive regulator (BISPR) on cell viability,
propagation and invasiveness of thyroid papillary carcinoma (TPC) and the interactive relationship between BISPR and
miR-21-5p. Microarray analyzed the aberrant expression IncRNA BISPR in TPC. BISPR and miR-21-5p as well as B-cell
lymphoma-2 (Bcl-2) expressions in TPC cells were determined by quantitative polymerase chain reaction (QRT-PCR) and
Western blot. Cell counting kit-8 (CCK-8) assay, dual luciferase reporter assay, and transwell assay were conducted
to manifest cell viability, propagation, and invasiveness of TPC cells. Flow cytometry was performed to determine the
apoptosis and cell cycle of TPC cells. Mouse xenograft model was built to testify the effect of BISPR on tumor growth.
BISPR in TPC tissues was over-expressed. BISPR knockdown restrained the propagation and invasiveness and enhanced
the iodine uptake of TPC cells. The tumor-forming rate reduced after BISPR knockdown. In addition, miR-21-5p was
lowly expressed in cancer tissues. BISPR promoted the development of TPC cells by inhibiting miR-21-5p expression.
Bcl-2 was suppressed by miR-21-5p and sh-BISPR. BISPR, which was over-expressed in TPC, improved TPC cell viability,
propagation, and invasiveness. MiR-21-5p was lowly expressed in TPC which inhibited Bcl-2 expression. BISPR stimulated
propagation and invasiveness of TPC cells by depressing miR-21-5p.
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Introduction

Thyroid cancer (TC), the most common carcinoma
of the endocrine organs with enormous heterogene-
ity, has shown steadily increasing morbidity in recent
decades worldwide.! Thyroid papillary carcinoma
(TPC) accounts for approximately 80%—85% of all
TC in adults.? It typically involves an indolent tumor
related with a favorable prognosis and therapeutic
response.’ Before tumor-cell dissemination, 5-year
survival rate was over 95% after comprehensive
therapy, such as thyroidectomy, radioactive iodine
(RAI), and thyroid-stimulating hormone (TSH) sup-
pression therapy.* Nevertheless, metastasis of TPC

resulted in high recurrence.’> Therefore, it is
imperative now to investigate the molecular mecha-
nisms that underlie TPC.

'Guangdong Provincial Key Laboratory of Malignant Tumor Epigenetics
and Gene Regulation, Guangzhou, China

2Department of Nuclear Medicine, Sun Yat-sen Memorial Hospital, Sun
Yat-sen University, Guangzhou, China

Corresponding author:

Ningyi Jiang, Department of Nuclear Medicine, Sun Yat-sen Memorial
Hospital, Sun Yat-sen University, No. 107 West Yanjiang Road,
Guangzhou 510120, Guangdong, China.

Email: jchen121212@126.com

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/iji
mailto:jchen121212@126.com

International Journal of Immunopathology and Pharmacology

Long noncoding RNAs (IncRNAs) are a subset
of transcripts that are more than 200 nucleotides in
length and have limited protein-coding potential.®
It is reported that only 2% of human genome is
transcribed into mRNAs (messenger RNAs), while
80%-90% of that is transcribed into IncRNAs.”
Increasing evidence showed that IncRNAs were
involved in the progression of TPC. LncRNA
GAS8-AS1 was found to be the second most fre-
quently mutated gene in patients with TPC.®
Recently, mounting evidence reveals that IncRNAs
have multiple functions in tumors over a variety of
biological processes, such as cell cycle arrest,
apoptosis, and metastasis.® Previous studies found
that IncRNA PTCSC3 inhibited progression of gli-
oma cells and suppressed Wnt/B-catenin signaling
pathway.! LncRNA BST2 interferon-stimulated
positive regulator (BISPR) is a promoter-sharing
IncRNA of BST2. Overexpression of BISPR
resulted in upregulation of BST2;!! therefore,
IncBST2 has been renamed BISPR.!? BST2 was
proved to promote production of immune-inflam-
matory mediators'® but may also promote tumori-
genesis.!* There have been several researches
focusing on the molecular mechanism of BST2
underlying in human cancers. For instance, BST2
promoted cell growth in renal cell carcinoma!® and
oral cavity cancer.'® However, few studies reported
the biological function of BISPR in TPC.

MicroRNAs (miRNAs) are a class of small,
noncoding single-strand RNAs that can regulate
the expression of multiple protein-coding genes
at the post-transcriptional level by binding to the
3’-untranslated region (3'-UTR) of their target
mRNAs (messenger RNAs).!” MiRNA expres-
sion profiling in human cancers has revealed sig-
natures that are closely related with the diagnosis,
staging, progression, and so on to therapies.!'® In
particular, miR-21-5p is an oncogenic miRNA
that is over-expressed in many solid tumors.!”
Previous studies found that miR-21 was up-regu-
lated in TPC cells.?® Dysregulation of miR-21
was associated with BRAFV600E in TPC cells.?!
MiR-21-5p down-regulated some tumor suppres-
sors, such as Phosphatase and tensin homolog
(PTEN) and B-cell lymphoma-2 (Bcl-2) as an
anti-apoptotic gene in various human cancers.??
B-cell lymphoma 2 (Bcl-2) is one of the down-
stream proteins of miR-21-5p. As an oncogene,
Bcl-2 was implicated in cell metastasis and inva-
sion. Previous studies verified that Bcl-2 was

expressed in most TC, including TPC, while only
a small proportion of undifferentiated TC showed
Bcl-2 expression.?> However, the role of miR-
21-5p on regulating Bcl-2 in TPC remains unclear.

In this study, we tended to find the impact of
IncRNA BISPR on the development of TPC as
well as to explore the direct correlation of miR-
21-5p and its downstream protein Bcl-2 and their
role in TPC cells. Therefore, BISPR and miR-
21-5p might be potential important therapeutic tar-
gets for TPC treatment.

Materials and methods
Tissue samples

The tissue samples from 14 patients with TPC were
provided by Sun Yat-sen Memorial Hospital. There
was no radiotherapy or chemotherapy prior to the
surgery. All samples were immediately frozen in
liquid nitrogen after surgery. The Clinical Ethics
Committee of Sun Yat-sen Memorial Hospital
approved all aspects. Informed consent was taken
from all subjects.

Cell culture

Human TPC cell lines BHT101 and Hth83 were
purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM,;
HyClone, Logan, UT, USA) together with 10%
fetal bovine serum (FBS; HyClone), 100 U/mL
penicillin, and 100 pg/mL streptomycin.

Cell transfection

BLOCK-1T™RNAIi Designer software (Invitrogen,
USA) was used to design nucleotide sequences and
to synthesize extraneous nucleic acid sequence
with same base groups as negative control (corre-
sponding sequences were listed in Table 1). PRI-
sh-BISPR and pRI-sh-NC (Inovogen, Beijing,
China) were extracted and sequencing identified.
The adherent cells were transfected using
Lipofectamine™ 2000 (Invitrogen). The efficiency
of transfection was observed after being trans-
fected for 24 and 48 h.

Microarray analysis

Total RNA for microarray analyses were prepared
from BHT101 and Hth83 cell lines. Affymetrix
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Table I. shRNA sequences.

Name Sequences (5'-3')
sh-BISPR
Top strand CACCGTATTTCTCTGTAACCATTTCGAAAAATGGTTACAGAGAAATA
Bottom strand AAAATATTTCTCTGTAACCATTTTTCGAAATGGTTACAGAGAAATAC
sh-NC
Top strand CACCGTATTCCTCTGTGACCATTTCGAATCATGGTTATAGAGAAATA

Bottom strand

AAAATATTTCTCTATAACAATCCTTCGAAATGGTCACAGAGGAATAC

sh-BISPR: short hairpin BST2 interferon-stimulated positive regulator; sh-NC: short hairpin negative control.

Table 2. qRT-PCR primer sequences.

Name Sequences (5'-3')

BISPR
Forward primer
Reverse primer
miR-21-5p

GCCAACAAACAATGTCGGTCT
CAGAGACACAGATGCTGCCTAA

Forward primer GACTGATGTTGATGTCGGGT

Reverse primer GTCAGACAGCCCATCGACT
Bcl-2

Forward primer TCTCATGCCAAGGGGGAAAC

Reverse primer CCGGTTATCGTACCCCGTTC
GAPDH

Forward primer AATCCCATCACCATCTTCC

Reverse primer CATCACGCCACAGTTTCC

BISPR: BST2 interferon-stimulated positive regulator; Bcl-2: B-cell lym-
phoma-2; GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

Human Genome U133 Plus 2.0 Array (HG-U133
Plus_2) was used to analyze gene expression. MiRNA
expression was analyzed in RNA samples obtained
by Real Total microRNA kit (Real, Valencia, Spain).
Labeling, hybridization, and detection were carried
out in each case following the recommendations of
the manufacturer.

Cell RNA extraction and qRT-PCR

TRIzol™ (Invitrogen) was added to the cells to
extract total RNA. These RNA samples were
reverse transcribed into cDNAs using PrimeScript®
Ist Strand Synthesis Kit (TaKaRa, Japan).
Quantitative polymerase chain reaction (QPCR)
analysis was conducted by QuantiTect SYBR®
Green RT-PCR Kit (QIAGEN, Germany). The
primer sequences were listed in Table 2. PCR
results were calculated by 2-22CTmethod.

Western blot

Cells were harvested and then lysed via radioim-
munoprecipitation assay buffer (RIPA buffer,

Thermo Fisher Scientific, MA, USA) to obtain
proteins. Subsequently, proteins were separated by
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE, Bio-Rad, Hercules,
CA, USA) and transferred to polyvinylidene fluo-
ride (PVDF) membranes (Invitrogen). The mem-
branes were incubated with primary antibodies
Bcl-2 antibody (rabbit-anti-human, 1:800, R&D
Systems, Minneapolis, USA) and glyceraldehyde
3-phosphate dehydrogenase (GADPH) antibody
(rabbit-anti-human, 1:800; R&D Systems) over-
night, followed by horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG secondary antibody
(1:800; SinBio, China). Detection was performed
by enhanced chemiluminescence kit (Amersham,
Little Chalfont, UK).

Cell counting kit-8 assay

Cells were seeded into 96-well plates (2 x 103cells
per well). After culture for 24, 48, 72, and 96h,
each well was supplemented with 10 pL cell count-
ing kit-8 (CCK-8) solutions (Beyotime, Institute of
Biotechnology, China) and incubated for 2h. The
absorbance was measured at 450 nm wave length.

Dual luciferase reporter assay

Plasmid pmirGLO was purchased from Promega
Corporation (Madison, WI, USA). BHT101 and
Hth8&3 cell lines were seeded into 24-well plates.
pmirGLO-BISPR-wt,pmirGLO-BISPR-mut,pmirGLO-
Bcl-2 wt, pmirGLO-Bcl-2-mut, miR-21-5p mim-
ics, and miR-21-5p inhibitor (GenePharma,
Shanghai, China) were constructed and co-trans-
fected into BHT101 and Hth83 cell lines using
Lipofectamine 2000 (Life Technologies,
Carlsbad, CA, USA) for 48 h. Subsequently, dual
luciferase reporter assay system kit (Promega
Corporation) was applied to examine the lucif-
erase activity.



International Journal of Immunopathology and Pharmacology

RNA pull down assay

Cell lysis buffer of 1 mL was added into the cell
culture vessel, and the scraped cells were placed in
a 1.5-mL Eppendorf tube. The cells were frozen
and melted by liquid nitrogen repeatedly for three
times, and the supernatant was collected by centri-
fuging which was added with RNase inhibitor.
Bio-miR-21-5p probe was blended with beads and
shook by a shaker for 20 min at room temperature.
Beads, after washed, were mixed with cell lysis
liquid and shook by the shaker for 2h at 4°C. Thirty
micro liters of cold 0.1% SDS buffer liquid was
added into the beads and heated for 2 min at 95°C.
After that, the supernatant was collected and added
into the above wells to perform electrophoresis.
The different stripes after staining were taken for
sequencing analysis.

Transwell assay

The upper chambers of transwell inserts (8 uM
pore-sized, Nalge Nunc Intl, NY, USA) were
coated with Matrigel (BD Biosciences, San Jose,
CA, USA) for invasion assay. The subsequent
experiments were conducted as the protocols
described. After 24h, cells were fixed using 4%
paraformaldehyde, and permeabilized with metha-
nol. After removing these cells still in the upper
chambers, the cells in lower chambers were stained
with 0.1% crystal violet dye and washed by phos-
phate-buffered saline (PBS; Invitrogen).

lodine uptake assay in vitro

Cells were seeded into 24-well plates (5 x 104 cells
per well) and incubated overnight. After rinsing
with 1-mL Hank’s balanced salt solution (HBSS),
cells were added with 1-mL HBSS containing
0.1 nCi Nal251 and 1 pmol/L Nal. The radioactiv-
ity was measured by y-ray counter (SN-682,
Rihuan Equipment Factory of Shanghai Nucleus
Research Institute, Chinese Academy of Sciences).

Apoptosis assay

Cells were collected in a 15 mL centrifuge tube and
washed with 1 x binding buffer. Then the cells were
re-suspended with 200 uL. 1 xbinding buffer and
5uL Annexin V and incubated in darkness at room
temperature for 30 min. Each tube was added with
200 pL 1 xbinding buffer and 5 pLL PI and cultured

in darkness for 15 min. Flow cytometer was used to
examine the proportion of cells in each quadrant.

Cell cycle analysis

After cells were re-suspended by PBS (Invitrogen),
75% precooled ethanol was added drop by drop
and fixed at —20°C for over 24 h. After the ethanol
was abandoned, the cells were re-suspended by
10uL 100 U/mL RNase A. In terms of the cell dis-
tribution with different DNA contents, the above
sample was examined by flow cytometer. The per-
centages of each cell cycle were matched, and the
differences of cell cycle between each group were
calculated.

Immunohistochemistry

The pathological sections embedded with paraffin
were deparaffinized and dehydrated by gradient
ethanol. Endogenous peroxidase was removed and
the antigen was restored. Ki67 (100 puL; rabbit-anti-
human, 1:800, Abcam, Cambridge, MA, USA) and
Bcl-2 (rabbit-anti-human, 1:800, Abcam) antibod-
ies were added and cultured overnight. Samples
were cultured with HRP-conjugated goat anti-rab-
bit IgG secondary antibody (1:800, SinBio) for
40 min. After coloration with 3, 3-diaminobenzi-
dine (DAB) and counterstaining with hematoxylin
for 1 min, the samples were dehydrated by gradient
ethanol and sealed. The protein levels were evalu-
ated using semi quantitative method. The total
score=staining intensity score-+staining range
score (the proportion of positive cells in cytomem-
brane and cytoplasm). If the total score difference
of two samples was >100, the expression level was
considered to have significant change.

Mouse xenograft model

Eight female nude mice (4weeks old) were
obtained from the Department of Laboratory
Animal Science of Shanghai Jiao Tong University
School of Medicine. BHT101, transfected with
short hairpin BST2 interferon-stimulated positive
regulator (sh-BISPR), and Hth83, transfected with
short hairpin negative control (sh-NC), were
injected into the back of nude mice. When the
tumors grew to 50-100mm?, the tumor size was
measured in triplicate using digital caliper every
week. The protocols for these animal experiments
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Figure 1. BISPR highly expressed in TPC tissues. (a and b) Volcano plot and heat map showed that BISPR expressed significantly in
tumor tissues and low in adjacent tissues based on fold change >2 and FPR <0.01. (c) The expression level of BISPR in tumor tissues
was higher than that in adjacent tissues. (d) Patients with low expression of BISPR had higher fraction survival compared with
patients with high BISPR expression. “P<0.05, compared with adjacent tissues.

were approved by Animal Ethics Committee of
Shanghai Jiao Tong University School of Medicine.

Statistical analysis

All data were presented as means + standard devia-
tion. If the data obeyed normal distribution, two
groups of data were analyzed using paired-sample
t-test or independent-sample t-test. If the data did
not obey normal distribution, Kruskal-Wallis
method was used to test. All analyses were per-
formed with SPSS software package (version 17.0,
SPSS Inc). All data were bilaterally tested. Value
of P<0.05 in the analysis was considered statisti-
cally significant.

Results
BISPR highly expressed in TPC tissues

The result of microarray showed that BISPR highly
expressed in tumor tissues and lowly expressed in
adjacent tissues based on the screening criteria of

fold change >2 and false-positive rate (FPR) <0.01
(Figure 1(a) and (b)). MRNA expression level of
BISPR in tumor tissues was remarkably higher
than that in adjacent tissues detected by qRT-PCR
(Figure 1(c), P<0.05). Meanwhile, patients with
low expression of BISPR had higher survival time
compared with patients with high expression of
BISPR (Figure 1(d)).

BISPR knockdown counteracted the
propagation and invasiveness of TPC cells and
stimulated cell apoptosis

QRT-PCR demonstrated that sh-BISPR suppressed
BISPR expression in human TPC cell lines
BHT101 and Hth83 (Figure 2(a), P<0.05).
Through the iodine uptake assay, we found that sh-
BISPR enhanced the iodine uptake ability of
BHTI101 and Hth83 cells compared with sh-NC
group (Figure 2(b), P<0.05). Moreover, the result
of CCK-8 assay indicated that sh-BISPR inhibited
the proliferation of BHT101 and Hth83 cells in
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Figure 2. BISPR knockdown inhibited the proliferation and invasion of TPC cells and promoted cells apoptosis. (a) BISPR
expression in BHT 101 and Hth83 cell lines with sh-BISPR was lower than that in sh-NC group tested by qRT-PCR. (b) The iodine
uptake ability of BHT 101 and Hth83 cell lines with sh-BISPR was higher than that in sh-NC group. (c) Cell viability in sh-BISPR
group was lower than that in sh-NC group examined by CCK-8 assay. (d) Cell cycle of BHT 10| and Hth83 cell lines with sh-BISPR
was arrested in GO/G| phase in comparison with sh-NC group measured by flow cytometry. (e) Compared with sh-NC group,
cell apoptosis rate in BHT 01 and Hth83 cell lines with sh-BISPR was higher than that in sh-NC group detected by cell apoptosis
assay. (f) The number of invasive cells in BHT 01 and Hth83 cell lines with sh-BISPR was lower than that in sh-NC group tested by

transwell assay. “P<0.05, compared with sh-NC group.

time-dependent manner (Figure 2(c), P<0.05).
Compared with sh-NC group, more cells of sh-
BISPR group were arrested in GO/G1 detected by
flow cytometry (Figure 2(d), P<0.05). The result
of cell apoptosis assay indicated that sh-BISPR
promoted cell apoptosis of BHT101 and Hth83 cell
lines (Figure 2(e), P<0.05). Similarly, the result of
transwell assay suggested that sh-BISPR inhibited
invasion ability of BHT101 and Hth83 cells in
comparison with sh-NC group (Figure 2(f),
P<0.05). Therefore, BISPR knockdown counter-
acted the propagation and invasiveness of TPC
cells and stimulated cell apoptosis.

BISPR knockdown inhibited the development of
TPC tumors in vivo

In in vivo experiments, sh-BISPR counteracted
tumor growth in mice with TPC (Figure 3(a) and
(b)). BISPR expression in mice transfected with
sh-BISPR was lower than that in mice transfected
with sh-NC detected by qRT-PCR (Figure 3(c),
P<0.05). Moreover, the results of immunohisto-
chemistry revealed that sh-BISPR inhibited the
expression of Ki67 and Bcl-2, which are maker
proteins of cell proliferation in comparison with
control group (Figure 3(d) and (e), both P<0.05).

MiR-2 [-5p directly targeted BISPR

Through bioinformatics, it is predicted that there is
target relationship between miR-21-5p and BISPR

(Figure 4(a)). Dual luciferase reporter assay and
RNA pull down assay verified that miR-21-5p
directly targeted BISPR (Figure 4(b) and (c), both
P<0.05). Higher expression of miR-21-5p was
observed in tumor tissues through the detection of
qRT-PCR (Figure 4(d), P<0.05). sh-BISPR pro-
moted miR-21-5p expression in BHT101 and
Hth83 cell lines (Figure 4(e), P<0.05). Hence,
miR-21-5p directly targeted BISPR.

BISPR promoted the development of TPC cells
by inhibiting miR-2 |-5p expression

MiR-21-5p mimics promoted miR-21-5p expres-
sion in BHT101 and Hth&3 cell lines, while miR-
21-5p inhibitor suppressed miR-21-5p expression
(Figure 5(a), both P<0.05). Cell iodine uptake
ability was enhanced by miR-21-5p mimics and
restrained by miR-21-5p inhibitor compared with
miR-NC group, meanwhile sh-BISPR counter-
acted the negative effect of miR-21-5p on cell
iodine uptake ability (Figure 5(b), P<0.05).
CCK-8 assay and transwell assay indicated that
miR-21-5p mimics inhibited the propagation
(P<0.01) and invasiveness (P<0.05) of BHT101
and Hth83 cells, miR-21-5p inhibitor played a
positive role on that (Figure 5(c)—(e), P<0.05). In
the meantime, sh-BISPR balanced the positive
effect of miR-21-5p inhibitor on the production
and aggression of cells. Therefore, BISPR pro-
moted the development of TPC cells by inhibiting
miR-21-5p expression.
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Bcl-2 was suppressed by miR-2 1-5p and sh-
BISPR

The apoptosis-related protein Bel-2 was predicted to
be regulated by miR-21-5p through bioinformatics.
Dual luciferase reporter assay manifested the direct
relationship between miR-21-5p and Bcl-2 (Figure
6(a) and (b), P<0.05). In addition, qRT-PCR and
Western blot verified that miR-21-5p suppressed
Bcl-2 expression, while sh-BISPR inhibited Bcl-2
expression (Figure 6(c) and (d), all P<0.05, P<0.01).

Discussion

TPC is a common endocrine malignancy with a
low morbidity but increasing incidence. Recently,

IncRNAs and microRNAs are generally consid-
ered to have an effect on TPC cells by aberrant
expression. Therefore, in this study, we revealed
dysregulation of IncRNA BISPR and miR-21-5p in
TPC. We also demonstrated that BISPR stimulated
TPC cell growth and weakened their iodine uptake
ability, which could be reversed by upregulating
miR-21-5p.

LncRNAs have been reported in many
researches to aberrantly express in various human
cancers, acting as oncogenes or tumor inhibitors.
For example, Sun et al.® revealed that
NR _036575.1 was over-expressed in TPC tis-
sues, which restrained cell progression in vitro as
well. Some researchers reported the effects of
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BISPR/BTS-2 on different types of carcinoma.
For instance, BTS-2 enhanced cell growth and
invasiveness in renal cell carcinoma!> and mam-
mary tumor.'* Concordant with previous research,
the results of our experiments showed that BISPR
was over-expressed in TPC tissues, which stimu-
lated TPC cell growth. Our study confirmed that
IncRNA BISPR improved TPC cell process as a
tumor promoter.

In addition, microRNAs were involved in vari-
ous cellular processes combined with IncRNAs.
Accumulating evidence has validated the effect of
IncRNAs and microRNAs in various human can-
cers. According to Wei et al.,>* IncRNA X-inactive

specific transcript (XIST) promoted pancreatic
cancer proliferation by inhibiting miR-133a.
Analogously, Li et al.» proved that IncRNA
metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) down-regulated miR-146b-5p
expression to promote hepatocellular carcinoma
cell growth and metastasis. Zhao et al.?® also
proved that the effects of TUGI overexpression
on the promotion of Purjinje cell (PC) migration
could be reversed by miR-382. MiR-21 has been
reported to aid in distinguishing the papillary
tumor variants in a selected miRNA panel.?’ In
our research, experiments were employed to
detect the interaction between BISPR and
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Figure 5. BISPR promoted the development of TPC cells by inhibiting miR-21-5p expression. (a) Compared with miR-NC group,
the expression level of miR-21-5p in miR-21-5p mimics group was much higher and that in miR-21-5p inhibitor group was much
lower. At the meantime, miR-21-5p expression in sh-BISPR +miR-21-5p inhibitor group was much higher than that in miR-21-5p
inhibitor group. (b) The iodine uptake of BHT 10| and Hth83 cell lines with miR-21-5p mimics was much higher than that in miR-NC
group, while that with miR-21-5p inhibitor was lower than that in the miR-NC group. At the same time, the cell iodine uptake in
sh-BISPR + miR-21-5p inhibitor group was much higher than that in miR-21-5p inhibitor group. *P<0.05, compared with miR-NC
group; #P<0.05, compared with miR-21-5p inhibitor group. (c and d) The cell viability of BHT 101l and Hth83 cell lines with miR-
21-5p mimics was much lower than that in miR-NC group, while that with miR-21-5p inhibitor was higher than that in miR-NC
group. However, cell viability in sh-BISPR +miR-21-5p inhibitor group was lower than that in miR-21-5p inhibitor group. “P<0.05,
compared with miR-NC group; “P<0.01, compared with miR-NC group; #P<0.05, compared with miR-21-5p inhibitor group.

(e) The number of invasive cells in BHT 101 and Hth83 cell lines with miR-21-5p mimics was much lower than that in miR-NC
group while that with miR-21-5p inhibitor was higher than that in the miR-NC group. However, the number of invasive cells in
sh-BISPR + miR-21-5p inhibitor group was lower than that in miR-21-5p inhibitor group. “P<0.05, compared with miR-NC group;
#P<0.05, compared with miR-21-5p inhibitor group.

miR-21-5p in TPC cells. The results suggested  proliferation and invasion regulated by BISPR.
that miR-21-5p was lowly expressed in TPC tis-  Concordant with our results, Dai et al.?® found
sues and cells, which inhibited TPC cell that miR-21 expression was significantly lower in
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Figure 6. (Continued)
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Figure 6. Bcl-2 was suppressed by miR-21-5p and sh-BISPR. (a and b) Relative luciferase activity in Bcl-2 wt and miR-21-5p mimics
group was lower than that in Bcl-2 wt and miR-NC group. There was no significant difference between BCL2-mut and miR-21-5p
mimics group and Bcl-2-mut and miR-NC group. (c—f) The results of qRT-PCR and Western blot showed that compared with miR-
NC group, Bcl-2 mRNA and protein expression in miR-21-5p mimics and sh-BISPR were lower and those in miR-21-5p inhibitor
group were much higher. In the meantime, in comparison with sh-BISPR + miR-21-5p inhibitor group, Bcl-2 mRNA and protein
expression in miR-21-5p inhibitor group were much higher while those in sh-BISPR group were much lower. *P<0.05, compared
with miR-NC group; “P<0.01, compared with miR-NC group; #P<0.05, compared with sh-BISPR + miR-21-5p inhibitor group;

#P<0.01, compared with sh-BISPR +miR-21-5p inhibitor group.

patients with TPC recurrence. In contrast, there
are some reports stating that miR-21 was up-reg-
ulated in TPC cells.?%? Analogously, Zhang
etal.!” verified that miR-21 significantly enhanced
proliferation and invasion as well as inhibited the
apoptosis of TPC cells by targeting programed
cell death 4. On this question, different cell lines
may contribute to different results.

Our study identified that IncRNA BISPR and
miR-21-5p were responsible for the development
of TPC. Nevertheless, there are some limitations
existing in this study. First, only two TPC cell
lines were selected in our experiments, which is
inadequate to determine the negative role of miR-
21 in TPC cell process. Second, further studies in
the impacts of BISPR and miR-21 on signaling
pathway are needed for our comprehensive
understandings about the molecular networking
of TPC.

In conclusion, our study confirmed that BISPR
enhanced the propagation of cancer cells in TPC
by inhibiting miR-21-5p expression. The study,
therefore, provided new insights into the mecha-
nisms of BISPR in TPC. In the meantime, BISPR
and miR-21-5p might be potential diagnostic bio-
markers for TPC diagnosis and treatment.
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