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Objective. To study the effect of congenital dyskeratosis 1 (DKC1) on neuroblastoma and its regulation mechanism. Methods. The
expression of DKC1 in neuroblastoma was analyzed by TCGA database andmolecular assay. NB cells were transfected with siDKC1
to observe the effects of DKC1 on proliferation, cloning, metastasis, and invasion, and apoptosis and apoptosis-related proteins. The
tumor-bearing mouse model was constructed, shDKC1 was transfected to observe the tumor growth and tumor tissue changes, and
the expression of DKC1 and Ki-67 was detected. Screening and identification of miRNA326-5p targeting DKC1. NB cells were
treated with miRNA326-5pmimic or inhibitors to detect the expression of DKC1. NB cells were transfected withmiRNA326-5p and
DKC1 mimics to detect cell proliferation, apoptosis, and apoptotic protein expression. Results. DKC1 was highly expressed in NB
cells and tissues. The activity, proliferation, invasion, andmigration of NB cells were significantly decreased by DKC1 gene knockout,
while apoptosis was significantly increased. The expression level of B-cell lymphoma-2 in shDKC1 group was significantly lower than
that of the control group, while the expression level of BAK, BAX, and caspase-3 was significantly higher than that of the control
group. The results of experiments on tumor-bearingmice were consistent with the above results. The results of miRNA assay showed
that miRNA326-5p could bind DKC1 mRNA to inhibit the protein expression, thereby inhibiting the proliferation of NB cells,
promoting their apoptosis, and regulating the expression of apoptotic proteins. Conclusion. miRNA326-5p targeting DKC1 mRNA
regulates apoptosis-related proteins to inhibit neuroblastoma proliferation and promote the apoptotic process.

1. Introduction

Neuroblastoma (NB) is one of the most common malignant
solid tumors in childhood, accounting for about 7% of child-
hood malignant tumors and 15% of childhood malignant
tumor deaths. In recent years, the incidence of NB has
increased rapidly, and the 2-year survival rate of children after
diagnosis is only 38% [1, 2]. NB is mainly manifested as mass
and appears in the tissues of sympathetic nervous system [3]. It
is highly malignant and prone to bone marrow metastasis and
distant metastasis at early stage, which is the main cause of
death in NB children. Currently, the main clinical treatment

methods of NB include surgery, radiotherapy, chemotherapy,
and immunotherapy [1, 4–6], but the therapeutic effect is still
unsatisfactory and the prognosis is poor. Therefore, it is par-
ticularly important to elucidate the mechanism of NB growth,
proliferation, and metastasis, and to provide evidence for the
prevention or inhibition of tumor by corresponding interven-
tion measures.

With the rapid development of biotechnology, a large
number of omics data, such as genes [7] and proteins [8],
have emerged, which contain complex disease information.
By integrating multiple omics data through bioinformatics,
potential key genes, and regulatory pathways such as tumors
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can be mined, which is conducive to in-depth understanding
of the underlying mechanism of the disease and facilitate
subsequent clinical application [9, 10]. At present, The Cancer
Genome Atlas (TCGA) is the most complete and largest
tumor gene information database at home and abroad. This
database not only contains relatively comprehensive cancer
types, but also includes comprehensivemultiomics data infor-
mation. In this study, the gene congenital dyskeratosis 1
(DKC1) related to the survival analysis of neuroblastoma
was screened from TCGA tumor database [11] by data min-
ing. Preliminary experimental studies showed that the gene
was highly expressed in neuroblastoma tissues and cell lines.
Studies have shown that DKC1 is dysregulated in a variety of
tumors, including glioma, breast cancer, and nonsmall cell
lung cancer, but it is less well-studied in neuroblastoma.
Therefore, we explored the mechanism of DKC1 in neuro-
blastoma through in vitro and in vivo experiments, in order to
provide a new target for the treatment of neuroblastoma.

2. Materials and Methods

2.1. TCGA Database.Neuroblastoma data were obtained from
TCGA tumor database using CGDSR package in R language.
OS_MONTHS and OS_STATUS were screened from the data
for KM survival function, including progression-free survival
and overall survival. The time distribution of events is as
follows: “Deceased” and “Living.”

2.2. Clinical Samples. Tumor tissue and paracancer tissue sam-
ples of 12 patients with neuroblastoma diagnosed by Henan
Provincial People’s Hospital were collected. All included
patients had complete clinical data. Fresh tissues were col-
lected and frozen with liquid nitrogen for reserve.

This study was approved by the Drug Clinical Trial Ethics
Committee of Henan People’s Hospital, complying with rele-
vant guidelines and regulations. It mainly involves the collec-
tion of pathological tissues from patients with neuroblastoma
and all participants provided written informed consent after
complete de-ion of the study. All methods were carried out in
accordance with relevant guidelines and regulations.

2.3. Cell Culture. Neuroblastoma cell lines CHP-126, CHP-
134, SH-SY5Y, SK-N-SH, LAN-1, and IMR-32 were procured
from ATCC, USA. NB cells were cultured in F12/DMEM
medium (Solarbio, Beijing, China) with 10% FBS, at 37°C
and 5%CO2 incubator. DKC1 si-RNA, miR-326-5p inhibitor,
miR-326-5pmimic, DKC1mimic, and corresponding control
vector (Jiuruiwu, Henan, Zhengzhou, China) were transfected
into neuroblastoma cells, respectively, with Lipofectamine
3000 reagent (Semmerfeld, USA), and the operation was car-
ried out strictly in accordance with kit instructions.

2.4. Real-Time PCR Assay. RNA was extracted from tissues
(cells) by trizol-chloroform-isoamyl alcohol method (Thermo,
USA), cDNA was synthesized by reverse transcription kit
(Servicebio, Wuhan, China), and the relative expression of
DKC1 was detected by real-time quantitative PCR. Primer
sequences were designed on Primer 5.0 software and syn-
thesized by Shenggong Bioengineering (Shanghai, China).

Primer sequences are shown in Table 1. PCR reaction sys-
tem consists: 2x qPCR Mix 12.5 μl, 2.5 μM Primer 0.5 μl,
antisense transcripts 2.0 μl, ddH2O 4.0 μl.

2.5. Western Blot Assay. Western blot was used to detect pro-
tein expression. Protein lysate (Jingcai, Shanghai, China) was
used to lysate cells and extract total protein from cells. Twenty
micrograms protein was added to sample loading buffer and
boiled for 20min. Centrifugation was performed at 4°C and
12,000× g for 10min. Precipitation was discarded and analyzed
by SDS–PAGE (Jingcai, Shanghai, China). After electrophoresis,
membrane transfer was performed at 200mA for 90min. Mass
fraction 5% skimmilk—tris buffer solution-tween (TBST) sealed
at room temperature for 2hr. Primary antibody : TBST mem-
brane was washed three times, 8min each time, and primary
antibody was incubated overnight at 4°C (antibody dilution
ratio :DKC1 : 1:1,000 dilution; GAPDH diluted at 1 : 10,000)
(wanleibio, Shenyang, China). Second antibody: remove the
membrane of the incubated primary antibody, restore to room
temperature, wash the membrane three times with TBST, 8min
each, and incubate the second antibody for 2hr at room
temperature (sheep antirabbit IgG combined with horseradish
peroxidase 1 : 1,000) (Wanleibio, Shenyang, China). Development
was performed with ECL luminescent solution. The film is
scanned and the gray value of the target strip is analyzed using
a Gel image processing system (Gel-Pro-Analyzer software).

2.6. CCK-8 Assay. After treatment of cells, the culture medium
was removed and replaced with 100μl fresh medium in each
well. Next, 10μl CCK-8 was added and cells were incubated at
37°C for 1 hr. The OD value at 450 nm was measured on a
microplate analyzer, and data analysis was performed.

2.7. Colony Formation Assay. Cells in each group at logarith-
mic growth stage were digested with 0.25% trypsin and beaten
into single cells, respectively. After dilution, cells were placed in
a cell incubator at 37°C, 5% CO2, and saturated humidity for
2 weeks. Discard the supernatant, soak the cells in phosphate-
buffered saline (PBS) twice, and fix the cells with 5ml 4% para-
formaldehyde for 15min. Finally, GIMSA was added and dyed
with dyeing solution for 10–30min. Count under microscope
(low magnification). Clone formation rate = (number of clones/
number of inoculated cells)× 100%.

2.8. Transwell Assay. Transwell assay was performed using
modifified Boyden chambers (Transwell, USA). Trypsin was

TABLE 1: Primer sequence table.

Name Primer sequence

DKC1 forward
primer

5′-GCTAAGTTGGACACGTCTCAG-3′

DKC1 reverse
primer

5′-TGCAAGAGGTGTATAGTGTGTTG-3′

GAPDH forward
primer

5′-TGACTTCAACAGCGACACCCA-3′

GAPDH reverse
primer

5′-CACCCTGTTGCTGTAGCCAAA-3′
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added in the petri dish for digestion, and cells were adjusted
to the appropriate density for observation and counting. In
24-well plates, 400 μl complete medium was added to the
lower chamber, and 200 μl serum-free cell suspension was
added to the upper chamber, and then cultured in an incu-
bator. After 24 hr culture, paraformaldehyde was fixed for
25min, saline was cleaned for three times, and crystal violet
was added for 40min staining. The multifunction camera
takes pictures and records the measured values.

2.9. Wound Healing Assay. Add an appropriate amount of
cells to the 24-well plate. After 24 hr, compare the ruler with
the head of the gun, and try to hang the horizontal scratches
on the back. The cells were washed three times with PBS and
added serum-free medium. Put it into a 37°C, 5% CO2 incu-
bator, and culture. Samples were taken at 0, 6, 12, and 24 hr.

2.10. Experiment on Tumor-Bearing Mice. Twelve 5-week-
old nude mice was subcutaneously injected with neuroblas-
toma CHP-134 cells. A group of six mice were transfected
with shDKC1 lentivirus plasmid or control plasmid. After
inoculation, tumor formation of nude mice was observed
every 7 days and measured with calipers to record growth
data. On Day 28, nude mice were sacrificed, tumor tissues
were collected and weighed, and placed in formalin for use.

2.11. HE Detection. Formalin was fixed in the tissues for 48hr
for dewatering and wax immersion. Embedding machine for
embedding. Cut the tissue into 3–5 μm thick slices. Baking
machine for baking: 70°C, 30min; water bath: 49°C, 20 s; dewax-
ing and rehydration: Toluene1 10min, Toluene2 10min, anhy-
drous ethanol 1 5min, anhydrous ethanol 2 5min, 90%/80%/
70% anhydrous ethanol (5min each), distilled water 3min.
Hematoxylin nuclear staining: hematoxylin staining for 4min,
and running water washing for 3min; differentiation (75% anhy-
drous ethyl alcohol + 1% 1ml hydrochloric acid) for 5 s, and
washing with running water for 3min; eosin was dyed for 20 s
and washed with running water for 2min; bake for 5min at
70°C; seal slices. Microscopic examination, image collection,
and analysis were performed.

2.12. IHC Detection. Paraffin section routine dewaxing. Anti-
gen repair : 1x EDTA, microwave oven medium heat 8min,
ceasefire 7min, medium to low heat 7min, cool to room
temperature, wash three times in PBS, 5min each. Sealing:
after the tissue was circled with SP pen, BSA was added
(diluted to 3% by PBS) and sealed for 50min. Incubating
primary antibody: add primary antibody, 4°C overnight;
Incubating secondary antibody: wash with PBS three times,
5min each, add secondary antibody DAKO, and incubate at
room temperature for 50min. DAB color rendering: PBS
10min (shaking table), 1x DAB, pay attention to avoid light,
microscope observation. Hematoxylin nuclear staining : run-
ning water washing for 1min, hematoxylin staining for
2min, and running water washing for 1min; differentiation +
cyanosis (75% anhydrous ethyl alcohol 100ml+ 1% hydro-
chloric acid 1ml) for 2-3 s, and washing with running water
for 1min; bake for 5min at 70°C; seal slices. Microscopic
examination, image collection, and analysis were performed.

2.13. Flow Cytometry. Cell apoptosis was detected by staining
with Annexin V-FITC/PI. Cells were collected by centrifu-
gation and the supernatant was discarded; cells were washed
twice with PBS and 500 μl binding buffer was added. Next,
5 μl Annexin V-FITC and 10 μl propidium iodide were added
and cells were incubated at room temperature in the dark for
5–15min. Analysis by flow cytometry was performed.

2.14. Dual Luciferase Reporter Assay. Te target gene of miR-
326-5p was identifed using a dual luciferase reporter assay.
First, the pmiR-RB-Report vector with wild-type 3′-UTRs of
DKC1 (wt) or mutant DKC1 3′-UTRs (mut) were obtained
from RiboBio (China). Ten, wt, or mut reporter constructs
and miR-326-5p mimics or inhibitors were co-transfected
into NPC cells with Lipofectamine 3000 (invitrogen). After
48 hr of incubation, passive lysis bufer was use to lyse the
cells, which were further assayed using the Dual Luciferase
Reporter Assay kit (Promega, USA) according to the manu-
facturer’s protocol. Renilla luciferase assay was used to nor-
malize the luciferase activity of each lysate.

2.15. Data Analysis. SPSS 23.0 and GraphPad Prism5.0 were
used to analyze and plot the experimental data. T test was
used to compare the measurement data between groups.
P<0:05 indicated statistical significance.

3. Results

3.1. Expression of DKC1 in Neuroblastoma Tumor Tissue. By
analyzing the differential genes of neuroblastoma in TCGA
database and screening the genes related to the survival of
patients with neuroblastoma, we found that DKC1 gene was
associated with the overall survival of patients (P<0:01) and
progression-free survival time (P<0:01) were significantly
correlated (Figure S1).

The mRNA and protein expression levels of DKC1 in
tumor tissues and adjacent tissues of 12 clinical neuroblas-
toma cases were detected. The results showed that the
mRNA and protein levels of DKC1 in tumor tissues were
significantly higher than those in adjacent tissues, as shown
in Figure 1. The high expression of DKC1 in tumors suggests
that it may be closely related to neuroblastoma.

3.2. DKC1 Is Involved in Neuroblastoma Regulation. DKC1
expression, including mRNA level and protein level, was
detected in human neuroblastoma cell line CHP-126 and
five neuroblastoma cell lines CHP-134, SH-SY5Y, SK-N-
SH, LAN-1, and IMR-32. The results showed that the
mRNA and protein levels of DKC1 in five neuroblastoma
cells were significantly higher than those in CHP-126 cells,
especially in CHP-134 and LAN-1 cells (Figure S2). We
selected CHP-134 and LAN-1 cell lines with high expression
as the research objects for subsequent in vitro experiments.

We selectively knocked out DKC1 in CHP-134 and
LAN-1 cells, respectively (Figure 2(a)). Results of CCK-8
assay, colony formation assay, transwell assay, and wound
healing assay showed that DKC1 knockdown resulted in
decreased cell activity, proliferation, invasion, and migration
in CHP-134 and LAN-1 cells (Figure 2(b)–2(e)).
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In addition, we studied the development of NB tumor in
vivo, and the results showed that when DKC1 was knocked
out, the tumor volume was significantly smaller than that
of the control group (Figure 3(a)), and the tumor growth
curve was significantly lower than that of the control group
(Figure 3(b)). The transplanted tumor tissues were stained
with hematoxylin and eosin, and observed under light micro-
scope (Figure 3(c)). The transplanted tumor tissues in each
group were wrapped with fibrous connective tissue, and the
interstitial edema was obviously knocked out. Compared
with the NC group, the tumor necrosis area of keratinocyte
carcinoma increased nuclear fission. Immunohistochemistry
of DKC1 in transplanted tumor tissue showed that the
expression of DKC1 in shDKC1 group was significantly
lower than that in NC group (Figure 3(d)). Proliferative
nuclear protein Ki-67 is one of the most widely used prolif-
erative cell markers, which can reflect the proliferative activ-
ity of tumor cells and be used to judge the degree of
malignancy of tumor cells [12, 13]. In this study, immuno-
histochemical detection of Ki-67 in the transplanted tumor
tissues of the two groups showed that the expression of Ki-67
in siDKC1 group was significantly lower than that in NC
group (Figure 3(c) and 3(e)), and downregulation of DKC1
expression could inhibit the expression of Ki-67 and tumor
proliferation.

3.3. DKC1 Interferes with Neuroblastoma Apoptosis by
Regulating Apoptosis-Related Proteins. Flow cytometry anal-
yses of Annexin-V/PI double staining were performed in
order to investigate the effect of DKC1 on cell apoptosis of
CHP-134 and LAN-1 cells as shown in Figure 4(a). Compared
with the control group, the apoptosis of CHP-134 and LAN-1
cells was significantly increased in the shDKC1 group. B-cell
lymphoma-2 (Bcl-2), BAK, BAX, and caspase-3 are well-
known apoptosis-related proteins, among which Bcl-2 is an
antiapoptotic factor [14], while BAK, BAX, and caspase-3 are
proapoptotic factors [15, 16]. Western blot and IHC were
used to detect the expression of the above apoptosis factors.

As shown in Figure 4(b)–4(d), the expression level of Bcl-2 in
the shDKC1 group was significantly lower than that in the
control group, while the expression level of BAK, BAX, and
caspase-3 was significantly higher than that in the control
group.

3.4. miRNA326-5p Targets DCK1 to Regulate the Proliferation
and Apoptosis of Neuroblastoma Cells. The potential miRNA
binding sites of DKC1 mRNA were analyzed using the
following databases: TargetScan PitTar and Dia-Microt,
and the results showed that miRNA326-5p matched exactly
with DKC1 mRNA. Dual luciferase reporter assay showed
miRNA326-5p binds DKC1 mRNA (Figure 5(a)). After treat
NB cells with miRNA326-5p mimic or inhibitor, DKC1
expression level was also significantly decreased or increased
(Figure 5(b) and 5(c)).

CCK-8 results were shown in Figure 6(a). After 48 hr
culture, the proliferation of NB cells in miRNA326-5p mimic
group was significantly lower than that in mimic-nc group,
while the proliferation of NB cells in miRNA326-5p&DKC1
mimic group was lower than that in mimic-nc group but
higher than that in miRNA326-5p mimic group. The results
of flow cytometry analysis were shown in Figure 6(b).
The apoptosis rate of miRNA326-5p mimic group was
significantly higher than that of mimic-nc group, while
miRNA326-5p&DKC1 mimic group was significantly higher
than that of miRNA326-5p mimic group. Western blot was
used to detect the expression of apoptosis-related proteins in
the three groups. The results showed that the expression of
Bcl-2 in miRNA326-5p mimic group was significantly lower
than that in mimic-nc group, while the expression of Bcl-2 in
miRNA326-5p&DKC1 mimic group was significantly higher
than that in miRNA326-5p mimic group. However, the
expression levels of BAK, BAX, and cleaved caspase-3 in
miRNA326-5p mimic were significantly higher than those
in mimic-nc group, and they in miRNA326-5p&DKC1
mimic group were significantly lower than those in mimic
miRNA326-5p (Figure 6(c)).
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4. Discussion

Pediatric malignant neuroblastoma belongs to the embry-
onic tumor group and originates from the progenitor cells
of the sympathetic adrenal system [17]. Treatment options
for children with high-risk and recurrent diseases are still
very limited [18]. In recent years, analysis of neuroblastoma
gene profiles has revealed increasing molecular diversity,

suggesting that molecule-targeted therapy may be a promis-
ing treatment option [19].

The DKC1 gene is located on Xq28 on the X chromo-
some. Dyskerin encoded by DKC1 gene is associated with the
formation of certain small RNAs and telomerase activity
[20]. Genetic mutations in DKC1 inactivate keratin and
lead to congenital dyskeratosis, which is characterized by
skin defects, hematopoietic dysfunction and increased
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susceptibility to cancer [21]. Current studies have shown that
DKC1 is dysregulated in a variety of tumors. Studies have
shown that the expression of DKC1 is significantly increased
in the pathological tissue of glioma, and the expression of
DKC1 is related to the tumor stage of glioma. Upregulation
of DKC1 in gliomas is common and necessary for extensive
tumor growth [22]. DKC1 also has similar manifestations in
breast cancer [23], nonsmall cell lung cancer [24], and colo-
rectal cancer [25]. The expression and function of DKC1 in
neuroblastoma are rarely reported. Only one report sug-
gested that high DKC1 expression was strongly associated
with adverse evnts and overall survival (P<0:0001), the
attenuation of keratin inhibits the proliferation and growth
of tumor cells [26]. In vitro experiments showed that the cell
activity, proliferation, invasion, and migration of NB cells
were significantly decreased after DKC1 deletion. In vivo
experiments showed that tumor growth of DKC1 knockout
mice was slower and the volume was significantly smaller
than that of the control group. Proliferative nuclear protein
KI-67 is one of the most widely used proliferative cell mar-
kers, which can reflect the proliferative activity of tumor
cells and can be used to judge the degree of malignancy of
tumor cells [12, 13]. In this study, downregulation of DKC1

expression could inhibit the expression of KI-67 and tumor
proliferation. Therefore, DKC1 may be involved in the
molecular mechanism of neuroblastoma cell proliferation,
apoptosis, invasion, and migration.

Flow cytometry was used to detect the apoptosis of neu-
roblastoma cells. After DKC1 was knocked out, the apoptosis
of neuroblastoma cells was significantly increased. Proteins
of the Bcl-2 family control the internal apoptosis pathway
[27]. Bcl-2 is one of the most important apoptosis inhibiting
proteins in the Bcl-2 protein family. The Bcl-2 associated X
protein (BAX) has been identified as a homologous binding
partner of Bcl-2. Compared with Bcl-2, Bax promotes apo-
ptosis under stress stimulation. The Bcl-2 antagonist killer
1 (BAK) is also a natural counterpart of survival promoting
Bcl-2 protein [28, 29]. At steady state, prosurvival Bcl-2
members (e.g., MCL-1 and Bcl-XL) restrain the activity of
prodeath BAK and BAX. In response to developmental cues
and stress signals, prosurvival activity is overwhelmed, per-
mitting BAK and BAX activation. BAK and BAX oligomerize
in the mitochondrial outer membrane, causing its permea-
bilization and the release of apoptogenic factors, of which
the best characterized is cytochromec [30, 31]. Cytoplasmic
cytochrome c forms part of the apoptosome complex, which
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successively activates caspase-9 and the apoptotic effector
caspases, caspase-3, and caspase-7. Together, these proteases
efficiently cleave a multitude of substrates within the cell to
accelerate its demise [32]. However, the regulatory effect of
the above-mentioned apoptotic proteins is not constant.
Recently, the newly emerged antitumor drug Casiopeinas
induces the uncoupling of respiratory chain, generates reac-
tive oxygen species (ROS), Bax enters mitochondria, Ca2+,
and Bcl-2 exit from mitochondria, leading to cell apoptosis.
And, recent studies have shown that only BAX is necessary
for Casiopeína IIIia (CasIIIia)-induced apoptosis [33]. West-
ern blot and IHC assay were used to detect the expression of
the above apoptosis factors. The results showed that after

DKC1 was knocked out in NB cells, the expression level of
Bcl-2 was also significantly inhibited, while the expression
levels of BAK, BAX, and caspase-3 were significantly
increased. We speculated that DKC1 could regulate Bcl-2
family proteins in neuroblastoma and control the internal
apoptosis pathway of tumor cells.

MicroRNAs (miRNAs) are a class of noncoding RNAs
with 19–25 nucleotide length. More and more evidences
show that miRNAs play a core role in the carcinogenesis of
NB [34]. A study identified differentially expressed genes
(DEG and DEM) in NB high-risk patients and nonhigh-
risk patients through comprehensive bioinformatics analysis,
and found that ADRB2 may affect the survival status of
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high-risk patients due to the regulation of miR-30a-5p [35].
Malregulation of miRNA expression has also been observed
in NB cases, and abnormal expression of specific miRNA has
been found to be related to the metastasis and invasion of NB
cells [36]. In addition, some miRNAs have been shown to
play a role in influencing tumor progression by regulating
tumor-associated protein MYCN. MiR-15a-5p, miR-15B-5p,
and miR-16-5p can intervene in neuroblastoma by inhibiting
the expression of MYCN [37]. Another study found that exo-
some derived from natural killer (NK) cells carrying the tumor
suppressor miR-186 was cytotoxic to MYCN-amplified neu-
roblastoma cell lines. Moreover, MiR-186 was downregulated
in high-risk neuroblastoma patients, its low expression is a
poor prognostic factor directly related to NK activation
markers. The expression of MYCN, AURKA, TGFBR1, and
TGFBR2 is directly inhibited by miR-186, which can inhibit
the tumorigenetic potential of neuroblastoma [38]. We used
bioinformatics tools to analyze the potential miRNAs of DKC1
and found that miRNA326-5p matched DKC1 mRNA per-
fectly. After overexpression of mirNA326-5P or deletion of
miRNA326-5p, the expression level of DKC1 was also signifi-
cantly decreased or increased, indicating that miRNA326-5p
can target the expression of DKC1. CCK-8 results showed
that the proliferation of NB cells in the miRNA326-5p

overexpression group was significantly lower than that in the
control group, while the proliferation rate of cells in the
miRNA326-5p and DKC1 overexpression group was signifi-
cantly higher than that in the miRNA326-5p overexpression
group, again confirming the targeted regulation ofmiRNA326-
5p and DKC1. The detection of apoptosis-related proteins was
similar to the above results, that is, miRNA326-5p overexpres-
sion could inhibit the expression of antiapoptotic protein Bcl-2
and promote the expression of proapoptotic protein by inhi-
biting the expression of DKC1. However, the overexpression of
DKC1 showed the opposite result.

In conclusion, the high expression of DKC1 in neuroblas-
toma can regulate the proliferation, apoptosis, invasion, and
metastasis of neuroblastoma. miRNA326-5p may intervene
the proliferation of NB cells by regulating the expression of
DKC1, and regulate the apoptosis-related proteins Bcl-2,
BAK, BAX, and cleaved caspase interfered with apoptosis of
NB cells.

Data Availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

mimics-nc
mimics-miR326-5p
mimics-miR326-5p1&DKC1

0.0

0.2

0.4Bc
l-2

/G
A

PD
H

0.6

0.8

1.0

1.2

CHP-134 LAN-1
0.0

0.2

0.4

BA
K-

2/
G

A
PD

H

0.6

0.8

1.0

1.2

CHP-134 LAN-1

0.0

0.2

0.4BA
X/

G
A

PD
H

0.6

0.8

1.0

1.2

CHP-134 LAN-1
0.0

0.2

0.4

Cl
ea

ve
d_

ca
sp

as
e-

3/
G

A
PD

H

0.6

0.8

1.0

1.2

CHP-134 LAN-1

GAPDH

m
im

ic
s-

nc

m
im

ic
s-

m
iR

32
6-

5p

m
im

ic
s-

m
iR

32
6-

5p
&

D
KC

1

m
im

ic
s-

nc

m
im

ic
s-

m
iR

32
6-

5p

m
im

ic
s-

m
iR

32
6-

5p
&

D
KC

1

Bcl-2

BAK

BAX

Cleaved caspase-3

CHP-134 LAN-1

ðcÞ
FIGURE 6: miRNA326-5p interferes with proliferation and apoptosis of NB cells by regulating DKC1 expression. After miRNA326-5p and
DKC1 were overexpressed in NB cells: (a) CCK-8 detected the proliferation of cells in each group; (b) cell apoptosis in each group was
detected by flow cytometry; (c) the expression of apoptosis-related proteins in each group was detected by Western blot. Mimic-nc was a
blank control group, mimic-miRNA326-5p was miRNA326-5p overexpression group, mimic-miRNA326-5p&DKC1 was miRNA326-5p
and DKC1 simultaneously overexpression group.

10 Analytical Cellular Pathology



Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

The overall design of the study was conducted by Xiao-Hui
Wang and Shu-Feng Zhang. Clinical samples were collected
and analyzed by Tian-Hui Gao, Hai-Ying Wu. The experi-
ments were performed by Xiao-Hui Wang, Hai-Ying Wu,
and Jian Gao. Data collation and analysis was performed
by Xiao-Hui Wang, Shu-Feng Zhang, Wang Lin, and Xu-
Hui Wang. The manuscript was written by Xiao-Hui Wang.
The manuscript was reviewed and revised by and Shu-Feng
Zhang.

Acknowledgments

This work was supported by the Science and technology
project of Henan Province (Grant no.: 222102310133).

Supplementary Materials

Figure S1: survival analysis of DKC1 gene in TCGA database.
Figure S2: high expression of DKC1 in human neuroblastoma
cell lines. (Supplementary Materials)

References

[1] N. Croteau, J. Nuchtern, and M. P. LaQuaglia, “Management
of neuroblastoma in pediatric patients,” Surgical Oncology
Clinics of North America, vol. 30, no. 2, pp. 291–304, 2021.

[2] G. M. Brodeur, “Spontaneous regression of neuroblastoma,”
Cell and Tissue Research, vol. 372, pp. 277–286, 2018.

[3] C. Chung, T. Boterberg, J. Lucas et al., “Neuroblastoma,”
Pediatric Blood & Cancer, vol. 68, no. S2, Article ID e28473,
2021.

[4] G. G. Olivera, A. Urtasun, L. Sendra et al., “Pharmacogenetics
in neuroblastoma: what can already be clinically implemented
and what is coming next?” International Journal of Molecular
Sciences, vol. 22, no. 18, Article ID 9815, 2021.

[5] S. B. Whittle, V. Smith, E. Doherty, S. Zhao, S. McCarty, and
P. E. Zage, “Overview and recent advances in the treatment of
neuroblastoma,” Expert Review of Anticancer Therapy, vol. 17,
no. 4, pp. 369–386, 2017.

[6] I. V. Kholodenko, D. V. Kalinovsky, I. I. Doronin, S. M. Deyev,
and R. V. Kholodenko, “Neuroblastoma origin and therapeutic
targets for immunotherapy,” Journal of Immunology Research,
vol. 2018, Article ID 7394268, 25 pages, 2018.

[7] S. P. Pfeifer, “From next-generation resequencing reads to a
high-quality variant data set,” Heredity, vol. 118, pp. 111–124,
2017.

[8] B. Aslam, M. Basit, M. A. Nisar, M. Khurshid, and
M. H. Rasool, “Proteomics: technologies and their applica-
tions,” Journal of Chromatographic Science, vol. 55, no. 2,
pp. 182–196, 2017.

[9] M. Uhlen, C. Zhang, S. Lee et al., “A pathology atlas of the
human cancer transcriptome,” Science, vol. 357, no. 6352,
Article ID eaan2507, 2017.

[10] M. Song, J. Greenbaum, J. Luttrell IV et al., “A review of
integrative imputation for multi-omics datasets,” Frontiers in
Genetics, vol. 11, Article ID 570255, 2020.

[11] A. Blum, P. Wang, and J. C. Zenklusen, “SnapShot: TCGA-
analyzed tumors,” Cell, vol. 173, no. 2, Article ID 530, 2018.

[12] S. Watanabe, T. Suzuki, Y. Kondo et al., “Evaluation of Ki-67
as prognostic factor for pediatric neuroblastoma and the
possibility of molecular-targeted drugs with vascular endothe-
lial growth factor and platelet-derived growth factor receptor,”
Minerva Pediatrica, 2019.

[13] S. Uxa, P. Castillo-Binder, R. Kohler, K. Stangner, G. A. Müller,
and K. Engeland, “Ki-67 gene expression,” Cell Death &
Differentiation, vol. 28, pp. 3357–3370, 2021.

[14] H.Wang, P. Han, X. Qi et al., “Bcl-2 enhances chimeric antigen
receptor T cell persistence by reducing activation-induced
apoptosis,” Cancers, vol. 13, no. 2, Article ID 197, 2021.

[15] K. Cosentino and A. J. García-Sáez, “Bax and bak pores: are we
closing the circle?” Trends in Cell Biology, vol. 27, no. 4,
pp. 266–275, 2017.

[16] M. Jiang, L. Qi, L. Li, and Y. Li, “The caspase-3/GSDME signal
pathway as a switch between apoptosis and pyroptosis in
cancer,” Cell Death Discovery, vol. 6, Article ID 112, 2020.

[17] S. A. Stainczyk and F.Westermann, “Neuroblastoma—telomere
maintenance, deregulated signaling transduction and beyond,”
International Journal of Cancer, vol. 150, no. 6, pp. 903–915,
2022.

[18] A. Nakagawara, Y. Li, H. Izumi, K. Muramori, H. Inada, and
M. Nishi, “Neuroblastoma,” Japanese Journal of Clinical
Oncology, vol. 48, no. 3, pp. 214–241, 2018.

[19] A. Zafar, W. Wang, G. Liu et al., “Molecular targeting therapies
for neuroblastoma: progress and challenges,”Medicinal Research
Reviews, vol. 41, no. 2, pp. 961–1021, 2021.

[20] L. A. Richards, A. Kumari, K. Knezevic et al., “DKC1 is a
transcriptional target of GATA1 and drives upregulation of
telomerase activity in normal human erythroblasts,” Haema-
tologica, vol. 105, no. 6, pp. 1517–1526, 2020.

[21] F. S. Donaires, R. M. Alves-Paiva, F. Gutierrez-Rodrigues
et al., “Telomere dynamics and hematopoietic differentiation
of human DKC1-mutant induced pluripotent stem cells,” Stem
Cell Research, vol. 40, Article ID 101540, 2019.

[22] F.-A. Miao, K. Chu, H.-R. Chen et al., “Increased DKC1
expression in glioma and its significance in tumor cell
proliferation, migration and invasion,” Investigational New
Drugs, vol. 37, pp. 1177–1186, 2019.

[23] K. A. Elsharawy, O. J. Mohammed, M. A. Aleskandarany
et al., “The nucleolar-related protein dyskerin pseudouridine
synthase 1 (DKC1) predicts poor prognosis in breast cancer,”
British Journal of Cancer, vol. 123, pp. 1543–1552, 2020.

[24] Z. Yang, Z. Wang, and Y. Duan, “LncRNA MEG3 inhibits
non-small cell lung cancer via interaction with DKC1 protein,”
Oncology Letters, vol. 20, no. 3, pp. 2183–2190, 2020.

[25] P. Hou, P. Shi, T. Jiang et al., “DKC1 enhances angiogenesis by
promoting HIF-1α transcription and facilitates metastasis in
colorectal cancer,” British Journal of Cancer, vol. 122,
pp. 668–679, 2020.

[26] R. O’Brien, S. L. Tran, M. F. Maritz et al., “MYC-driven
neuroblastomas are addicted to a telomerase-independent
function of dyskerin,” Cancer Research, vol. 76, no. 12,
pp. 3604–3617, 2016.

[27] F. Edlich, “BCL-2 proteins and apoptosis: recent insights and
unknowns,” Biochemical and Biophysical Research Commu-
nications, vol. 500, no. 1, pp. 26–34, 2018.

[28] K. McArthur, L. W. Whitehead, J. M. Heddleston et al.,
“BAK/BAX macropores facilitate mitochondrial herniation
and mtDNA efflux during apoptosis,” Science, vol. 359,
no. 6378, Article ID eaao6047, 2018.

Analytical Cellular Pathology 11

https://downloads.hindawi.com/journals/acp/2023/6761894.f1.docx


[29] T. Moldoveanu and P. E. Czabotar, “BAX, BAK, and BOK: a
coming of age for the BCL-2 family effector proteins,” Cold
Spring Harbor Perspectives in Biology, vol. 12, no. 4, Article ID
a036319, 2020.

[30] R. M. Kluck, E. Bossy-Wetzel, D. R. Green, andD. D.Newmeyer,
“The release of cytochrome c from mitochondria: a primary site
for Bcl-2 regulation of apoptosis,” Science, vol. 275, no. 5303,
pp. 1132–1136, 1997.

[31] J. Yang, X. Liu, K. Bhalla et al., “Prevention of apoptosis by
Bcl-2: release of cytochrome c from mitochondria blocked,”
Science, vol. 275, no. 5303, pp. 1129–1132, 1997.

[32] O. Julien and J. A. Wells, “Caspases and their substrates,” Cell
Death & Differentiation, vol. 24, pp. 1380–1389, 2017.

[33] L. A. Jaime-Martinez, M. L. Martinez-Pacheco, L. Ruiz-Azuara,
and C. Mejia, “BAX But not BCL2 is necessary for apoptosis in
neuroblastoma cells treated with casiopeína® IIIia,” Anticancer
Research, vol. 42, no. 2, pp. 885–892, 2022.

[34] V. P. Veeraraghavan, S. Jayaraman, G. Rengasamy et al.,
“Deciphering the role of microRNAs in neuroblastoma,”
Molecules, vol. 27, no. 1, Article ID 99, 2022.

[35] F.-L. Shao, Q.-Q. Liu, and S. Wang, “Identify potential
miRNA–mRNA regulatory networks contributing to high-
risk neuroblastoma,” Investigational New Drugs, vol. 39,
pp. 901–913, 2021.

[36] J. Zhu, X.-L. Xiang, P. Cai et al., “CircRNA-ACAP2 contributes
to the invasion, migration, and anti-apoptosis of neuroblas-
toma cells through targeting the miRNA-143-3p-hexokinase 2
axis,” Translational Pediatrics, vol. 10, no. 12, pp. 3237–3247,
2021.

[37] S. Chava, C. P. Reynolds, A. S. Pathania et al., “miR-15a-5p,
miR-15b-5p, and miR-16-5p inhibit tumor progression by
directly targetingMYCN in neuroblastoma,”Molecular Oncology,
vol. 14, no. 1, pp. 180–196, 2020.

[38] P. Neviani, P. M. Wise, M. Murtadha et al., “Natural killer-
derived exosomal miR-186 inhibits neuroblastoma growth and
immune escape mechanisms,” Cancer Research, vol. 79, no. 6,
pp. 1151–1164, 2019.

12 Analytical Cellular Pathology




