Int J Clin Exp Med 2016;9(9):17239-17244
www.ijcem.com /ISSN:1940-5901/1JCEM0021423

Original Article
Regulation of miR-142-3p on the sensitivity of
heuroblastoma cells to CDDP by targeting HMGB1

Xian-Jun Zhou?, Xin Chen?, Yi Lu?, Xi-Wei Hao', Gang Zhang?, Hong Zhang?, Yu-He Duan?, Geng Geng?, Qian
Dong*

1Department of Pediatric Surgery, The Affiliated Hospital of Qingdao University, Qingdao 266003, China;
2Department of Pediatric Surgery, The Affiliated Hospital of Jining Medical University, Jining 272000, China

Received December 8, 2015; Accepted March 19, 2016; Epub September 15, 2016; Published September 30,
2016

Abstract: Objectives: This study aims to investigate the influenceand underlying mechanism of miR-142-3p on the
sensitivity of neuroblastoma cells to cis-diamine dichloroplatinum (CDDP). Methods: The CDDP-resistance neuro-
blastoma cell line SH-SY5Y/CDDP was constructed, and the expression level of miR-142-3p was detected by RT-
PCR. The apoptosis level and the IC, value of SH-SY5Y/CDDP were quantified by CCK8 and Elisa. The 3'UTR of
HMGB1 was cloned into the luciferase reporter vector to verify that miR-142-3p could target HMGB1. Results: The
IC,, value of SH-SY5Y/CDDP increased from 4.57+0.65 pg/mL to 23.53+3.87 pg/mL, and it was 5.15 times higher
than that of the parental cell line SH-SY5Y. The expression level of miR-142-3p in the SH-SY5Y/CDDP cells was
remarkably lower than that in the SH-SY5Y cells. The differences were statistically significant (P<0.01). miR-142-
3p mimics significantly increased cell apoptosis, reduced HMGB1 expression and IC, (7.02+1.38 vs 24.27+4.13
pug/mL) to CDDPinSH-SY5Y/CDDP cells. In addition, miR-142-3p effectively inhibited the enzymatic activity of the
luciferase driven by HMGB1 3’-UTR (P<0.01). In SH-SY5Y/CDDP cells after the knockdown of HMIGB1 by siRNA, the
apoptosis level was increased and the IC_ value of CDDP was significantly decreased. Conclusions: miR-142-3p can

increase the sensitivity of neuroblastoma cells to CDDP by targeting HMGB1.
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Introduction

Neuroblastoma (NB) is the most common
malignancy among children with a high malig-
nancy degree and early metastasis, seriously
threatening patients’ life [1]. The survival rate is
only 40% with excision, radiotherapy, chemo-
therapy, etc. Many children are clinically insen-
sitive to chemotherapy, leading to unsatisfying
results despite its significant role in the treat-
ment of neuroblastoma [2]. Studies show that
the expression of miR-142-3p is down-regulat-
ed in multiple tumors [3-5], and its expression
level closely correlates with tumor chemosensi-
tivity [6]. As a potential target gene of miR-142-
3p, the high mobility group box-1 protein
(HMGB1) displays a high expression level in
neuroblastoma, and closely correlates to prolif-
eration and metastasis of neuroblastoma [7].
In this research, the role of miR-142-3p in the
regulation of neuroblastomachemosensitivity
was primarily studied, and the molecular mech-
anism of its regulation on neuroblastomache-
mosensitivity via targeting HMGB1 was also
investigated.

Materials and methods
Materials

Neuroblastoma cell line SH-SY5Y (cell bank of
Chinese Academy of Sciences, Shanghai, Ch-
ina); RPMI1640 medium, fetal bovine serum
(FBS), SYBR, Opti-MEM (Gibco, USA); CPPD
(Hansoh Pharmaceutical, Jiangsu, China); ECL
system (Syngene, UK); siRNA of HMGB1
(QIAGEN, Germany); antibody of HMGB1 (Ab-
cam, UK); miR-142-3p mimics (GenePharma,
Shanghai, China); Trizol, RT-PCR kit, PCR prim-
ers, LipofectamineRNAi MAX (Invitrogen, USA);
X-tremeGENE (Roche, USA); Dual Luciferase
Reporter Gene Assay Kit (Promega, USA); CCK8
(DOJINDO, Japan); Apoptosis Assay Elisa Kit
(Roche, USA)

Methods

Culture of neuroblastoma cells and construc-
tion of SH-SY5Y/CDDP: The neuroblastoma
cells (SH-SY5Y) were cultured with RPMI1640
medium containing 10% FBS, 100 U/mL peni-
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cillin and 100 U/mL streptomycin, and incuba-
tion was performed at 37°C in 5% CO,,. IC_, of
SH-SY5Y was detected. The cells were cultured
originally with 0.5 yg/mL CDDP for 48 h. Then,
the concentration of CDDP was raised to 1,
2, 4, 6, 8, 10 pg/mL, and the incubation
was maintained with 10 yg/mL CDDP. Then
the CDDP-resistance neuroblastoma cell line
SH-SY5Y/CDDP was initially obtained.

Detection of miR-142-3p expression with RT-
PCR: The total RNA of SY5Y/CDDP was extract-
ed with Trizol and the cDNA of miR-142-3p was
synthesized with the RT-PCR primer: 5-GTC-
GTATCCAGTGCGTGTCGTGGAGTCGGCAA-3". Re-
al time-PCR was performed with the template
cDNA. The upstream primer: 5-GGGTGTAGT-
GTTTCCTAC-3’; the downstream primer: 5-CA-
GTGCGTGTCGTGGAG-3'. Conditions: 95°C for 3
min, 95°C for 10 s, 60°C for 30 s, 72°C for 30
s, 40 circles, with U6 as the internal reference.
The expression of miR-142-3p was detected in
the SH-SY5Y/CDDP cell line.

Transfection: The SH-SYBY/CDDP cells were
cultured with RPMI1640 medium containing 10
pug/mL CDDP, 100 U/mL penicillin, 100 U/mL
streptomycin and 10% FBS, and incubation was
performed at 37°C in 5% CO,. The cells at the
logarithmic phase were digested and inoculat-
ed on a six-well plate (0.7x10%/well). Using
LipofectamineRNAi MAX, the SH-SY5Y/CDDP
cells were transfected with miRNA con (control
vector) and miR-142-3p mimics (miR-142-3p
overexpression vector), respectively. The se-
quence of miR-142-3p mimics: 5-UGUAGU-
GUUUCCUACUUUAUGGA-3'. Three repetitions
were set for each group.

Construction of the luciferase reporter vector:
The 3'UTR of HMGB1 that may interact with
miR-142-3p was figured out by Targetscan.
Primer5.0 was employed to design the PCR
primers for the 3'UTR of wild-type HMGB1 and
mutant HMGB1: 5-UUUUGUAUAGUUAACACA-
CUACC-3' HMGB1 wt 3'UTR; 3’-AGGUAUUUC-
AUCCUUUGUGAUGU-5" has-miR-142-3p; 5-UU-
UUGUAUCAUUAACAGUGUUGU-3'" HMGB1 mut
3’'UTR. The cDNA of the SH-SY5Y/CDDP cells
was used as the template for PCR amplifica-
tion. The PCR products were purified and recov-
ered, and then inserted into the luciferase
reporter vector pMIR-REPORT. The sequencing
result verified the successful construction of
the wild-type and the mutant luciferase report-
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er vector: wt-HMGB1-pMIR-REPORT and mut-
HMGB1-pMIR-REPORT.

Detection of luciferase activity: Using X-treme
GENE, the SH-SY5Y cells were co-transfected
with wt-HMGB1-pMIR-REPORT and miR-142-3p
mimics or mut-HMGB1-pMIR-REPORT and miR-
142-3p mimics, with miRNA con mimic as the
control. The cells were lysed 48 h after trans-
fection, and the luciferase activity was detect-
ed with Dual Luciferase Reporter Gene Assay
Kit. Three repetitions were set for each group.

Detection of IC,, with CCK8: The SH-SY5Y/
CDDP cells were divided into three groups: the
blank group, the miRNA con group and the miR-
142-3p mimics group. The cells at the logarith-
mic phase were digested and inoculated on a
96-well plate (5x10%/well). Using Lipofectamine
2000, the SH-SY5Y/CDDP cells were transfect-
ed with miRNA con and miR-142-3p mimics,
respectively. After 24 h, the absorption values
at 450 nm (A450) were measured and the val-
ues of IC,  were calculated. Three repetitions
were set for each group.

Detection of apoptosis with Elisa: The cells
were treated in the same way and then treated
with 15 yg/mL CDDP 24 h after transfection.
Apoptosis Assay Elisa Kit was used according
to the instructions and the absorption values at
405 nm (A405) were measured. The content of
nucleosome fragments in cytoplasm was mea-
sured to analyze apoptosis. Three repetitions
were set for each group.

Western blot: The cells were collected and
lysed. Then the total protein was extracted and
separated with SDS-PAGE, and then trans-
ferred to the PVDF membrane at 300 mA. After
blocking with 5% skim milk for 2 h, the first anti-
body was added and incubated at 4°C over-
night. After the membrane was washed with
TBST buffer, the second antibody was added
and incubated at room temperature for 2 h. The
membrane was washed with TBST buffer again.
Then electrochemiluminescence (ECL) reagent
was added for development, and the gel imag-
ing system was applied for imaging.

Statistics

The data were statistically processed with
SPSS 12.0 and the results were expressed as
X xs. The intergroup comparison was conduct-
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Figure 1. The expression level of miR-142-3p in SH-
SY5Y and SH-SY5Y/CDDP cells were determined by
RT-PCR (*P<0.01).
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Figure 2. The expression level of miR-142-3p in SH-
SY5Y/CDDP cell before and after transfection of miR-
142-3p were determined by RT-PCR (*P<0.01).

ed with ttest. P<0.05 indicated statistical
significance.

Results

Construction of the CDDP-resistance neuro-
blastoma cell line SH-SY5Y,/CDDP

After the CDDP-resistance neuroblastoma cell
line SH-SY5Y/CDDP was stably constructed,
the expression level of miR-142-3p was firstly
detected. The RT-PCR results are shown in
Figure 1. Compared with normal SH-SY5Y cells,
the expression level of miR-142-3p in the
SH-SY5Y/CDDP cells was significantly lower
(P<0.01). Then, by means of CCKS8, the IC,
value of SH-SY5Y/CDDP was found to increase
from (4.57+0.65) to (23.53+3.87) pyg/mL, and
it was 5.15 times higher than that of the paren-
tal cell line SH-SY5Y, with significant difference
(P<0.05).
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Impact of miR-142-3p overexpression on the
sensitivity of SH-SY5Y/CDDP cells to CDDP

The successfully prepared SH-SY5Y/CDDP cells
were transfected with miR-142-3p and the
transfection result is shown in Figure 2. Then
the IC,, values of CDDP were measured with
CCK8: the intergroup difference of IC,  between
the miRNA con mimic group and the blank con-
trol group (24.27+4.13 vs 23.53+3.87) yg/mL
was not statistically significant, while the miR-
142-3p mimics group showed a significantly
lower IC,  than the miRNA con mimic group
(7.02+1.38 vs 24.27+4.13) ug/mL (P<0.05).
The drug resistance index of the SH-SY5Y/
CDDP cells transfected with miR-142-3p mim-
ics remarkably decreased, indicating a possible
relationship between the expression of miR-
142-3p and the resistance of neuroblastoma
cells to CDDP (Table 1).

Impact of miR-142-3p overexpression on apop-
tosis

The Elisa result is shown in Figure 3. Among the
SH-SY5Y/CDDP cells without the treatment of
CDDP, the cells transfected with miR-142-3p
mimics showed a higher apoptosis level com-
pared with those transfected with miRNA con;
among the SH-SY5Y/CDDP cells treated with
15 ug/mL CDDP, the cells transfected with miR-
142-3p mimics showed a much higher apopto-
sis level compared with those transfected with
miRNA con, with significant difference (P<0.05),
which indicated that miR-142-3p overexpres-
sion not only promoted apoptosis of the SH-
SY5Y/CDDP cells but also increased cellular
sensitivity to CDDP.

Targeting regulation of miR-142-3pon HMGB1

Investigation of the targeting effect of miR-142-
3p on HMGBL1 via detection of luciferase activ-
ity: The targeting sequence of miR-142-3p on
HMGB1 was figured out by Targetscan. The
SH-SY5Y cells were co-transfected with wt-
HMGB1-pMIR-REPORT and miR-142-3p mimics
or mut-HMGB1-pMIR-REPORT and miR-142-3p
mimics, and then luciferase activity was detect-
ed. The result is shown in Figure 4. The lucifer-
ase activity of the reporter vector of wild-type
HMGB1 3'UTR was down-regulated by miR-142-
3p, indicating the targeting effect of miR-142-
3p on HMGB1, while the luciferase activity of
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Table 1. IC_, value of CDDP of SH-SY5Y cell
(x£s)

Groups IC,, (ug/ml)

SH-SY5Y 4.57+0.65

SH-SY5Y/CDDP 23.53+3.87*
SH-SY5Y/CDDP miRNA con mimic ~ 24.27+4.13
SH-SY5Y/CDDP miR-142-3p mimic ~ 7.02+1.38#

*P<0.05, compared with sh-syby group; #P<0.05, com-
pared with sh-sy5y/CDDP group.
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Figure 3. The effects of miR-142-3p on the apoptosis
level of SH-SY5Y/CDDP (*P<0.05).
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Figure 4. MiR-142-3p can inhibit the enzymatic activ-
ity of luciferase reporter vector of HMGB1.

the reporter vector of mutant HMGB1 3’UTR
was not obviously decreased. This result sug-
gested the complementary combination be-
tween miR-142-3p and HMGB1 3'UTR.

Negative regulation of miR-142-3p on HMGB1
expression in neuroblastoma cells: To further
verify this targeting effect, the SH-SY5Y cells
were transfected with miR-142-3p mimics (see
Figure 5), and the expression of HMGB1 was
found to be remarkably down-regulated, re-
vealed by Western blot (P<0.05) (see Figure 6).
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Figure 5. The expression level of miR-142-3p in SH-
SY5Y cell after transfection of miR-142-3p.
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Figure 6. The expression level of HMGB1 protein in
SH-SY5Y after transfection of miR-142-3p.
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Figure 7. siRNA knockdown results.

Impact of HMIGB1 knockdown on the apopto-
sis of SH-SY5Y/CDDP cells

To investigate the effect of HMGB1 on the sen-
sitivity of SH-SY5Y/CDDP to CDDP, the impact
of HMGB1 knockdown on apoptosis after treat-
ment with CDDP was firstly studied. The knock-
down result is shown in Figure 7. The Elisa
result showed that after treatment with CDDP,
nucleosome fragments in the cells with HMGB1
knockdown significantly increased compared
with the controls, consistent with the impact of
miR-142-3p overexpression on apoptosis. The
result indicated that the knockdown of HMGB1
could increase the sensitivity of SH-SY5Y/CDDP
cells to CDDP (Figure 8).

Impact of HMGB1 on the CDDP-resistance of
SH-SY5Y/CDDP cells

To further corroborate that the knockdown
of HMGBZ1 could increase the sensitivity of
SH-SY5Y/CDDP cells to CDDP, the change of
IC,, of CDDP was investigated in the cells after
knockdown. The result showed that the IC,,
value of CDDP decreased from (24.61+4.07) to
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Figure 8. The effects of knockdown of HMGB1 on
apoptosis level of SH-SY5Y/CDDP (*P<0.05).

Table 2. The IC, value of SH-SYSY cell after
knockdown of HMGB1 (x+s)

Groups IC,, (ug/m)
SH-SY5Y/CDDP siRNA con 24.61+4.07
SH-SY5Y/CDDP siRNA-1 9.65+1.39*
SH-SY5Y/CDDP siRNA-2 8.43+1.76*

*P<0.05, compared with sh-sy5y/CDDP group.

(9.65+1.39) and (8.43+1.76) pg/mL after kn-
ockdown with significant differences (P<0.05),
which indicated that the sensitivity of SH-SY5Y/
CDDP cells to CDDP remarkably decreased
after the knockdown of HMGB1 (Table 2).

Discussion

miRNA is a group of non-coding double-strand-
ed RNA synthesized in vivo, which regulates
gene expression on a post-transcriptional level
via binding the target mRNA 3’'UTR comple-
mentarily. Now researchers have found that
miRNA can affect cellular proliferation, differ-
entiation, infiltration, migration, etc., playing an
extremely important role in tumor occurrence
and development. Multiple miRNAs engage in
the proliferation, invasion and metastasis of
neuroblastoma, such as miR-15a, miR-338-3p,
etc. [8-10]. As tumor molecular biological re-
search continues, more miRNAs have been
found to participate in tumor occurrence, devel-
opment, invasion and metastasis as well as
regulation of the sensitivity to radiotherapy and
chemotherapy. Studies show that miR-18-1b
overexpression can enhance the sensitivity of
glioma cells to VM-26, and miR-21 can enhance
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the sensitivity of glioblastoma to VM-26 via tar-
geting LRRFIP1 [11, 12]. As one of the mature
forms of miR-142, miR-142-3p engages in the
regulation of tumor development and its expres-
sion is down-regulated in multiple tumors. For
example, miR-142-3p overexpression can inhib-
it clone formation as well as invasion and
metastasis of hepatoma cells [13]; miR-142-3p
overexpression can inhibit cellular proliferation
and induce apoptosis in pancreatic ductal ade-
nocarcinoma [14]. Researches have indicated
that HMGB1 closely relates to tumor occur-
rence, development, metastasis and invasion,
which is regarded as a new anti-cancer target
[15, 16]. As a potential target gene of miR-142-
3p, HMGB1 closely relates to tumor occur-
rence, development, metastasis and invasion.
A high expression level of HMGB1 in neuroblas-
toma has been indicated; however, the relation-
ship between miR-142-3p and neuroblastoma
has not been reported by far. In this study, the
effect of miR-142-3p on the sensitivity of neu-
roblastoma cells to CDDP and the molecular
mechanism were investigated.

To investigate the regulation of miR-142-3p on
the sensitivity of neuroblastoma cells to CDDP,
the CDDP-resistance neuroblastoma cell line
SH-SY5Y/CDDP was constructed and then the
effect of miR-142-3p on drug resistance and
apoptosis was detected. The result showed
that compared with the normal SH-SY5Y cells,
the expression of miR-142-3p was remarkably
down-regulated in the SH-SY5Y/CDDP cells; in
the SH-SY5Y/CDDP cells transfected with miR-
142-3p mimics, IC,, significantly decreased
and apoptosis was promoted, which indicated
that miR-142-3p could increase the sensitivity
of CDDP-resistance neuroblastoma cells to
CDDP.

The mechanism of miR-142-3p regulating the
sensitivity of CDDP-resistance neuroblastoma
cells to CDDP was further investigated. HMGB1
was found to be a potential target gene of miR-
142-3p by Targetscan. The direct interaction
between miR-142-3p and HMGB1 was corrobo-
rated with the luciferase reporter vector firstly.
Then, the effect of miR-142-3p overexpression
on HMGB1 expression was detected, and the
results verified the direct effect of miR-142-3p
on HMGB1 and the negative regulation of miR-
142-3p on HMGB1 expression. The above re-
sults altogether corroborated the targeting
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effect of miR-142-3p on HMGB1. Finally, the
regulation of HMGB1 on the SH-SY5Y/CDDP
cells to CDDP was further verified by siRNA
knockdown, and the result showed that in the
SH-SY5Y/CDDP cells with the knockdown of
HMGB1, the IC,, value significantly decreased
and apoptosis was significantly promoted,
which indicated that the down-regulation of
HMGB1 could increase the sensitivity of the
SH-SY5Y/CDDP cells to CDDP.

In conclusion, it is verified in this study that
miR-142-3p can increase the sensitivity of neu-
roblastoma SH-SY5Y cells to CDDP via its nega-
tive regulation on HMGB1 expression. Whether
miR-142-3p can display the same effect on the
overall level remains to be further studied. This
study contributes new perspectives and reveals
a new target for the treatment of neuroblasto-
ma on the miRNA level.
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