
Page 1 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(14):886 | http://dx.doi.org/10.21037/atm-20-5006

Medulloblastoma malignant biological behaviors are associated 
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Background: Medulloblastoma is the most common malignant brain tumor in children. Although 
the 5-year survival rate is high, patients with relapsed medulloblastoma have a guarded prognosis. HOX 
transcript antisense RNA (HOTAIR) has been proved to be related to the metastasis of various tumors. 
Therefore, the molecular mechanism of HOTAIR in medulloblastoma cells was investigated in this study. 
Methods: HOTAIR was stably silenced in medulloblastoma cells (Daoy and D341). Cell proliferation 
and apoptosis were detected by 5’-Bromo-2'-deoxyuridine (BrdU) staining, Hoechst 33342 staining, 
immunohistochemical (IHC), Terminal-deoxynucleotidyl transferase-mediated nick end labeling (TUNEL) 
and flow cytometry, respectively. The targeted relationship between HOTAIR/Cyclin-dependent kinase 4 
(CDK4) and miR-483-3p were predicted by bioinformatics and confirmed by luciferase reporter assay. Balb/
C nude mice were inoculated with shRNA-HOTAIR transfected Daoy cells. 
Results: We found that the down-regulation of HOTAIR inhibited proliferation and induced apoptosis. 
Sh-RNA-HOTAIR also inhibited the expression of CKD4. The CDK4 dependent increase of cell 
proliferation and decrease of cell apoptosis were reversed by shRNA-HOTAIR. Finally, a xenograft model 
of medulloblastoma in nude mice was built, and the effect of shRNA-HOTAIR on the growth of tumors was 
analyzed by RT-PCR, immunofluorescence staining, and TUNEL staining. The data suggested interference 
of HOTAIR inhibited the growth, tumor weight, cell proliferation, and promoted cell apoptosis. 
Conclusions: Our study altogether demonstrated HOTAIR influence cell proliferation and apoptosis by 
regulation of miR-483-3p and CDK4 in medulloblastoma cells. HOTAIR can be used as a candidate for 
potential applications in the treatment of medulloblastoma.
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Introduction

Brain tumors are the most common malignancy in children, 
and among them, medulloblastoma having the highest 
incidence, about 8 to 10 percent (1). The World Health 
Organization (WHO) defines medulloblastoma as “a 
malignant, invasive embryonal tumor of the cerebellum with a 
preferential manifestation in children, predominantly neuronal 
differentiation and an inherent tendency to metastasize via 
cerebrospinal pathways.” (2). Medulloblastoma was first 
introduced by Harvey Cushing and Percival Bailey, and it tends 
to occur in children under the age of 10 (3). In the last decades, 
the treatment for medulloblastoma has significantly improved, 
including surgery, chemotherapy, and radiation therapy (4). 
Nevertheless, after poor prognosis, 5-year survival rates of 
patients with relapsed disease are approximately 25% (5).  
Thus, more efficient treatment strategies need to be found. 

Long noncoding RNAs (lncRNAs) are non-protein coding 
transcripts of more than 200 nucleotides in length. They play 
essential roles in the malignant behavior of cancer (6). HOX 
antisense intergenic RNA (HOTAIR) is one of the best-studied 
lncRNAs. HOTAIR is located on chromosome 12q13.13, and 
it is a polyadenylated RNA with 2158 nucleotides and 6 exons 
(7). It has been proved to be related to the metastasis of various 
tumors, including breast cancer (8), prostate cancer (9), renal 
cell carcinoma (10), squamous cell carcinoma (11) and so on. 
HOTAIR is also highly expressed in medulloblastoma (12). 
The molecular mechanism of HOTAIR in medulloblastoma 
needs to be verified. 

In earlier studies,  an exceptional expression of 
HOTAIR is closely related to tumor angiogenesis, tumor 
microenvironment, and tumor immunity. In nasopharyngeal 
carcinoma, HOTAIR activated the transcription of angiogenic 
factor vascular endothelial growth factor A (VEGF-A) directly 
to promote angiogenesis (13). For liver cancer, HOTAIR 
promotes the proliferation and growth of liver cancer through 
the down-regulation of miR-217 (14). So HOTAIR may have 
a targeted relationship with mi-RNAs.

M i c r o R N A s  ( m i R N A s )  a r e  n o n c o d i n g  R N A s 
that can modulate gene expression. They are about  
18–28 ribonucleotide lengths (15). MiR-483-3p is a mature 
miRNA that studied its function on different cancer-
related pathways (16). It has been proved to be abnormally 
expressed in some cancer cells, including in esophageal 
squamous cell carcinoma (17) and breast cancer (18).  
Nevertheless,  it  is  unclear whether miR483-3p is 
overexpressed or underexpressed in medulloblastoma.

In this study, we explored the mechanism for HOTAIR 
to regulate the medulloblastoma malignant biological 

behaviors. We showed the targeting relationships between 
HOTAIR and miR-483-3p, miR-483-3p, and CDK4. 
This study may supply a new target for medulloblastoma 
treatment.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5006).

Methods

Cell lines and cell culture

Human medulloblastoma cell lines Daoy and D341 were 
bought from the Cell Bank of Shanghai Institute for 
Biological Sciences, Chinese Academy of Sciences. Cells 
were maintained in high-glucose Dulbecco’s modified 
eagle medium (DMEM) (Gibco, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (FBS) (Gibco), 
100 μg/mL streptomycin, and 100 μg/mL penicillin 
(Hyclone, Logan, UT, USA). Cells were cultured at 37 ℃ 
in a humidified 5% CO2 atmosphere. The culture medium 
was refreshed every 48 hours.

Plasmids and transfection

The sequence of human HOTAIR shRNA was designed 
with the BLOCK‐iT™ RNAi Designer (Invitrogen). 
The sequence was chemically synthesized and cloned 
into the pcDNA3.1 vector. PCR amplified full-length 
CDK4 using primers to construct the CDK4 expression 
plasmid. Then CDK4 was cloned into the pcDNA3.1 
vector (Invitrogen). The miR-483-3p inhibitor and miR-
483-3p mimic were synthesized by GenePharma Company 
(Shanghai, China). For transfection, cells were seeded and 
transfected according to the manufacturer’s instructions of 
Lipofectamine TM2000 (Invitrogen, Carlsbad, CA). 

Quantitative real-time PCR (qRT-PCR)

Total RNA from cells was extracted with an RNA extraction 
kit (Qiagen, Venlo, the Netherlands) according to the 
manufacturer’s instructions. Total cDNA was synthesized 
after equal amounts of RNA were reversely transcribed by a 
one-step PrimeScript miRNA cDNA synthesis kit (Takara, 
Dalian, China). The RT-PCR was performed as previously 
described (19). The primers of HOTAIR, miR-483-3p, 
and CDK4 were synthesized by Sangon Biotech (Shanghai, 
China). And qPCR was performed using the ABI Power 
SYBR® Green PCR Master Mix (Applied Biosystems, 
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Foster City, CA). The expressions were calculated using 
2−ΔΔCt and normalized with Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). HOTAIR-WT, wild-type 
HOTAIR; HOTAIR-MUT, mutant HOTAIR. 

BrdU staining

The amount of BrdU is a factor in determining the ability 
of cell proliferation. It is measured by the APC-BrdU Flow 
Kit (Cat Nr. 552598, BD Pharmingen™) according to the 
manufacturer’s instruction. Eight randomly selected fields 
were involved in analyze for each slide. The BD FACSDiva 
software analyzed the results. 

Colony formation 

Medulloblastoma cells Daoy and D341 transfected with 
different treatments were placed into 6 cm dishes. Each 
group was repeated three times. These dishes were 
incubated at 37 ℃ for 2 weeks to allow colony formation. 
The clones were washed twice with PBS, fixed with 4% 
paraformaldehyde, and stained with 0.1% crystal violet. 
Stained colonies were photographed with a digital camera 
and analyzed with Image Pro Plus. 

Western blotting

The primary antibodies, including anti-Ki67, anti- 
proliferating cell nuclear antigen (PCNA), anti-survivin, 
anti-caspase-3, anti-caspase-9, anti-Bcl-2, anti-Bax, anti-
CDK4 were purchased from Abcam (Cambridge, UK). 
Cells of different treatments were cultured for 48 hours 
and then lysed with RIPA lysis buffer. A BCA kit (Pierce, 
Rockford, IL, USA) was used to determine the total 
protein concentration. An equal amount of protein was 
isolated by SDS-PAGE and transferred to polyvinylidene 
difluoride (PVDF) membranes (Bio-Rad, Hercules, CA). 
The membranes were blocked by 5% non-fat dry milk and 
incubated with anti-Ki67, anti-PCNA, anti-survivin, anti-
caspase-3, anti-caspase-9, anti-Bcl-2, anti-Bax, anti-CDK4 
at 4 ℃ overnight. Then the membranes were washed by 
TBST buffer and subjected to the secondary antibody. An 
ECL detection kit detected the blots (Pierce, Rockford, IL, 
USA). GAPDH was used as a loading control.

Hoechst 33342 staining 

Morphological examination of cells can be observed by 

Hoechst 33342 staining. Daoy and D341 cells with different 
treatments were incubated for 48 hours. Then cells were 
washed with PBS twice and fixed with 4% paraformaldehyde 
for 10 minutes. The fixed cells were stained with Hoechst 
33342 for 5 minutes, and the staining results were observed 
with a fluorescence microscope.

Flow cytometry

Flow cytometry assays were conducted using the annexin 
V/PI apoptosis kit according to the manufacturer’s 
instructions (Invitrogen, Carlsbad, CA, USA). Daoy and 
D341 cells with different treatments were seeded in 6-well 
plates (1×106 cells/well) and cultured for 48 hours. The cells 
were harvested by trypsinization and washed by cold PBS, 
then resuspended in 100 μL binding buffer at a density of  
106 cells/mL. Annexin V-FITC and propidium iodide 
(PI) were added to the suspension. The suspension was 
incubated for 15 min in the dark at room temperature, then 
binding buffer was added. Finally, flow cytometry analyzed 
the samples.

Luciferase reporter assay

Wild-type HOTAIR fragments holding possible binding 
sites of miR-483-3p were amplified from human genomic 
DNA by PCR. Seed region mutagenesis was achieved 
by using a mutate reverse primer. Wild-type HOTAIR 
(HOTAIR-WT) and mutant HOTAIR (HOTAIR-MUT) 
fragments were inserted into a downstream of the pmirGLO 
promoter vector luciferase gene to generate recombinant 
plasmids HOTAIR-WT and HOTAIR-MUT, respectively. 
In luciferase reporter assay, recombinant plasmids were 
transiently co-transfected with miR-483-3p mimics and 
knocked into Daoy cells via LipofectamineTM2000 (Life 
Technologies, Carlsbad, CA). After being transfected for  
24 hours, the dual-luciferase reporter assay system 
(Promega) was used to assess luciferase activity according to 
the manufacturer’s instructions.

Xenograft model of medulloblastoma

Twelve athymic Balb/C nude mice were bought from the 
Shanghai Laboratory Animal Center, Chinese Academy 
of Sciences (Shanghai, China). All the mice were 6-week-
old and about 20 g weight. These mice were divided into 
two groups, control group and transfected with shRNA-
HOTAIR. Untransfected and transfected with shRNA-
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HOTAIR Daoy cells were subcutaneously injected into 
nude mice in the control group and shRNA-HOTAIR 
group, respectively. All the mice were sacrificed after  
30 days. All the tumors were dissected and analyzed. ICH 
were applied with the fixed tumors according to protocol.

Experiments were performed in compliance with 
local ethics and the Use Committee for Animal Care and 
performed in accordance with institutional guidelines. The 
Sub-Committee approved the study on Biomedical Ethics, 
Affiliated Hospital of North Sichuan Medical College 
(2018-61).

Immunofluorescence assay

Tissues from the tumor models were placed on coverslips, 
fixed with 4% paraformaldehyde (Sigma-Aldrich) for 
10min, and permeabilized with 0.1% Triton X-100/PBS. 
Then, the slides were blocked with 1% BSA for 1 h and 
incubated overnight with primary antibodies against PCNA 
and Ki67 at 4 ℃. After that, slides were incubated with 
FITC-conjugated secondary antibody (Beyotime) for 1h. 
The nuclei were stained with 4,6-diamidino-2-phenylindole 
(DAPI; Sigma-Aldrich). The fluorescence imaging was 
analyzed by a confocal laser scanning microscopy (Carl 
Zeiss, Oberkochen, Germany).

TUNEL assay

Paraffin sections of tumor tissue were assembled to 
investigate cell apoptosis in tumor cells. TUNEL was 
used to analyze apoptosis. The TUNEL was carried out as 
previously described (20). 

Statistical analysis

GraphPad Prism software processed all the data, and the 
results were expressed as mean ± standard deviation (SD) 
from at least 3 replicates. Student’s t-test was conducted 
to compare the differences between all the groups. A 
significant difference was considered when A P value of less 
than 0.05. 

Results 

Down-regulation of HOTAIR inhibited the proliferation 
in medulloblastoma cells 

shRNA, specifically targeting HOTAIR, was transfected 

into two medulloblastoma cell lines, Daoy and D341. The 
result of RT-PCR showed that the expression of HOTAIR 
was significantly down-regulated in shRNA-HOTAIR 
group compared to the control group (Figure 1A). Then, 
BrdU-label-retaining and a colony formation assay were 
performed to examine cell proliferation. The result showed 
that BrdU-positive cells were markedly induced compared 
to the control group (Figure 1B,C). Both the number of 
colonies and colony-forming rates were much lower than 
the control group (Figure 1D,E). Furthermore, expressions 
of Ki67, PCNA, and Survivin were detected by Western 
blotting (Figure 1F). In the shRNA-HOTAIR group, 
the expressions of Ki67, PCNA, and Survivin were all 
dramatically inhibited by shRNA compared to the control 
group (Figure 1G,H,I). These results taken together showed 
down-regulation of HOTAIR inhibited the proliferation of 
medulloblastoma cells, Daoy, and D341.

Down-regulation of HOTAIR increased the apoptosis in 
medulloblastoma cells 

Both cells were transfected with shRNA to investigate the 
effect of shRNA transfection on cell apoptosis of Daoy 
and D341 cells. As shown in Figure 2A and B, Hoechst 
3322 staining showed that the cellular nuclei of shRNA-
HOTAIR became fragmented, and the cell apoptosis rate 
was increased in the shRNA-HOTAIR compared to the 
control group. Quantitative analysis of cell apoptosis rate 
also showed that the apoptosis rate increased significantly 
(Figure 2C,D). Cleaved-caspase-3 and cleaved-caspase-9 are 
the active forms of caspase-3 and caspase-9, respectively. 
The result of western blotting showed that the expressions 
of cleaved-caspase-3, cleaved caspase-9, and Bax was 
upregulated, whereas the expression of bcl-2 was down-
regulated (Figure 2E). Furthermore, we found that the ratios 
of Bax to bcl-2 (Figure 2F), cleaved-caspase-3 to caspase-3 
(Figure 2G), cleaved-caspase-9 to caspase-9 (Figure 2H) were 
significantly higher in the shRNA-HOTAIR group than in 
the control group. These results showed that interference of 
HOTAIR induced cell apoptosis of medulloblastoma cells.

MiR-483-3p was a direct target of HOTAIR in 
medulloblastoma cells

The TargetScan and miRanda prediction algorithms 
predicted that there was a targeted relationship between 
HOTAIR and miR-483-3p (Figure 3A). To determine the 
targeted relationship between HOTAIR and miR-483-3p, 
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Figure 1 Down-regulation of HOTAIR inhibited the proliferation of medulloblastoma cells. (A) The expressions of HOTAIR in Daoy and 
D431 cells were detected by RT-PCR; (B,C) BrdU-label-retaining was performed and observed under 10× scope to detect cell proliferation; 
(D) a colony formation assay was performed in 6-well plates (diameter: 35 mm) and photographed with a digital camera; (E) the statistical 
analysis of the colony-forming rate was shown by a bar graph; (F) the expressions of Ki67, PCNA, and survivin were measured by western 
blotting. The statistical analysis of the protein levels of Ki67 (G), PCNA (H), and survivin (I) were shown by the bar graph. *, P<0.01 
compared with the control group. HOTAIR, HOX transcript antisense RNA; PCNA, proliferating cell nuclear antigen.
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Figure 2 Down-regulation of HOTAIR increased the apoptosis in medulloblastoma cells. Hoechst-33342 staining under 20× scope was 
observed (A,B) and flow cytometry assay was conducted (C,D) to assess apoptotic cells, the statistical analysis was shown in the bar graphs. 
The fragmented and shrunken nucleus were indicated with green arrows. (E) Apoptosis-related proteins were assessed by western blotting. 
The statistical analysis of Bax/Bcl-2 (F), cleaved-caspase-3/caspase-3 (G), cleaved-caspase-9/caspase-9 (H) were shown by bar graph. *, P<0.01 
compared with the control group. HOTAIR, HOX transcript antisense RNA.
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Figure 3 MiR-483-3p was a direct target of HOTAIR in medulloblastoma cells. (A) The targeting sequences of HOTAIR with miR-483-3p 
analyzed by the TargetScan and miRanda prediction algorithms. The relative level of miR-483-3p of Daoy cells transfected with HOTAIR 
inhibitor (B), shRNA-HOTAIR (C), miR-483-3p mimic (D) was measured by RT-PCR. (E) Luciferase activity was measured after the co-
transfection of Daoy cells with miR-483-3p mimic and HOTAIR wild-type or mutant HOTAIR. *, P<0.01 compared with the control 
group. +, added with indicated agent; −, none. HOTAIR, HOX transcript antisense RNA.

Con
tro

l

sh
RNA-N

C

sh
RNA-H

OTA
IR

80

70

60

50

40
2.0

1.5

1.0

0.5

0.0

R
el

at
iv

e 
le

ve
l o

f m
iR

-4
83

-3
p

2.0

1.5

1.0

0.5

0.0

5

4

3

2

1

0

5

4

3

2

1

0

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l o

f H
O

TA
IR

R
el

at
iv

e 
le

ve
l o

f m
iR

-4
83

-3
p

Lu
ci

fe
ra

se
 a

ct
iv

ity
 (R

/F
)

Control

Scrimble

miR- 483-3p mImIc

miR-483-3p inhibitor

HOTAIR wt
HOTAIR mut

miR-483-3p mimic

A

B C

D E

we chose Daoy cells for the later experiments. First, the 
miR-483-3p inhibitor or mimics were transfected into Daoy 
cells; the relative level of miR-483-3p was significantly 
increased with mimics transfection while inhibited in the 
inhibitor group compared to the control group, as shown 
in Figure 3B. RT-PCR results showed that the expression 
of HOTAIR was dramatically higher in shRNA-HOTAIR 
while lower in miR-483-3p inhibitor group than that in the 
control group (Figure 3C). Similarly, compared to control, 
level of miR-483-3p was decreased in shRNA-HOTAIR 
group (Figure 3D). Furthermore, the targeted relationship 
between HOTAIR and miR-483-3p was further determined 
by luciferase activity assay. Compared to cells transfected 
with HOTAIR-WT, HOTAIR-MUT, and cells co-
transfected with HOTAIR-MUT and miR-483-3p mimic, 
the luciferase activity was significantly decreased in the cells 
co-transfected with HOTAIR-WT and miR-483-3p mimic 

(Figure 3E). These results, taken together, suggested a direct 
targeting relationship of miR-483-3p by HOTAIR.

MiR-483-3p directly targeted CDK4 in medulloblastoma 
cells

The TargetScan and miRanda prediction algorithms 
showed that there was a binding site between miR-483-
3p and CDK4 (Figure 4A). Daoy cells were transfected 
with pcDNA-CDK4, then RT-PCR analysis confirmed the 
reduced expression of CDK4 (Figure 4B). Also, CDK4 was 
reduced with shRNA-HOTAIR (Figure 4C). The targeting 
of CDK4 with miR-483-3p was validated with luciferase 
reporter assay. As expected, luciferase activity was markedly 
reduced in CDK4 wt and miR-483-3p co-transfected cells 
(Figure 4D). Daoy cells were divided into four groups, 
control group, and groups transfected with shRNA-
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HOTAIR, pcDNA-CDK4, shRNA-HOTAIR+CDK4, 
respectively. The expression of CDK4 was significantly 
inhibited by shRNA-HOTAIR, while pcDNA-CDK4 
promoted it compared to the control group. Also, the 
expression of CDK4 was suppressed in the shRNA-
HOTAIR+CDK4 group compared to the pcDNA-CDK4 
group (Figure 4E). The result of the colony formation assay 
showed shRNA-HOTAIR inhibited cell proliferation, 
but pcDNA-CDK4 increased the proliferation of Daoy 
compared to the control group. The shNRA-HOTAIR 
partially restored the CDK4-induced increase of cell 
proliferation (Figure 4F,G). The results of flow cytometry 
indicated that compared to the control group, apoptotic 
cells increased significantly in Daoy cells transfected with 
shRNA-HOTAIR while it was decreased in Daoy cells 
transfected with pcDNA-CDK4 (Figure 4H,I). Quantitative 
analysis of cell apoptosis rate also showed comparable 
results. Besides, the cell apoptosis rate in the shRNA-
HOTAIR+CDK4 group was higher than in the pcDNA-
CDK4 group. In summary, these assays proved miR-483-3p 
directly targeted CDK4 in medulloblastoma cells. 

Inhibition of HOTAIR suppressed medulloblastoma tumor 
growth in a xenograft model

A subcutaneous xenograft model of medulloblastoma in 
nude mice was built to investigate further whether the 
down-regulation of HOTAIR could suppress the growth 
of medulloblastoma tumors in vivo. The nude mice were 
divided into two groups, one group inoculated with Daoy 
cells transfected with shRNA-HOTAIR, and the other 
inoculated with Daoy cells were transfected with shRNA-
NC. Assays were done after 30 days. Tumor sizes were 
visually smaller in mice with shRNA-HOTAIR-transfected 
Daoy cells than in control mice (Figure 5A). Then mean 
tumor weight was significantly decreased in the shRNA-
HOTAIR group than the control group (Figure 5B). The 
results of RT-PCR showed that the expressions of HOTAIR 
and CDK4 were down-regulated while the expression of 
miR-483-3p was dramatically upregulated by shRNA-
HOTAIR (Figure 5C). The results of immunohistochemical 
staining showed that Ki67 and PCNA in shRNA-HOTAIR 
groups were decreased compared to control groups (Figure 
5D,E,F). The TUNEL assay showed that apoptotic cells 
were remarkably increased in shRNA-HOTAIR groups 
(Figure 5D,G). Taken together, these in vivo results showed 
that inhibition of HOTAIR suppressed tumor growth and 
promoted apoptosis in medulloblastoma cells, through 

upregulating miR-483-3p and downregulating of CDK4 
(Figure 5H).

Discussion

HOTAIR is one of the best-studied lncRNAs; its effect on 
tumors has been investigated in many cancers. It is vital 
to the malignant behavior of cancer (21). Expressions of 
HOTAIR were aberrantly increased in breast cancer (8), 
prostate cancer (9), renal cell carcinoma (10), etc. The same 
situation was found in the pediatric brain tumors including 
medulloblastoma (12). More impressively, the down-
regulation of HOTAIR could inhibit the progression of 
esophageal cancer (22). Hence, we speculated that down-
regulation of the expression of HOTAIR could inhibit cell 
proliferation in medulloblastoma cells. Ki67 is an intrinsic 
marker of cell proliferation (23), PCNA is a direct indicator 
of cell proliferation (24), survivin is an anti-apoptosis protein 
which can inhibit cell apoptosis (25). The expression of these 
three proteins can reflect the level of cell proliferation. In this 
study, when HOTAIR expression was inhibited, all the results 
showed that cell proliferation was inhibited too. 

The relationship between HOTAIR and cell apoptosis 
has been investigated by many researchers. Works from 
multiple research teams have shown that regulation of 
HOTAIR expression levels can induce apoptosis in tumor 
cells by regulating different signaling pathways (26-28). 
There are two main pathways of cell apoptosis, extracellular 
pathway, and intracellular pathway (29). Caspase-3 is a co-
executive protein of both pathways, and increased expression 
of its active form cleaved-caspase-3 suggests increasing cell 
apoptosis. In the intracellular pathway, cleaved-caspase-3, 
which is necessary for many apoptotic nuclear changes, comes 
from procaspase-3 cleaved by active caspase-9 (30). The Bcl-
2 family is an essential regulatory pathway of cell apoptosis, 
and bcl-2 protein is an inhibitor of cell apoptosis, while Bax 
is exactly the opposite; its overexpression can promote the 
occurrence of cell apoptosis (31). Caspase-3, caspase-9, and 
Bax have been proved to be related to pro-apoptosis; Bcl-2 is 
considered a significant factor of anti-apoptosis. In this study, 
after inhibition of HOTAIR expression, cell apoptosis rate 
was decreased, the ratios of Bax/Bcl-2, cleaved-caspase-3/
caspase-3, cleaved-caspase-9/caspase-9 were increased. These 
results showed that HOTAIR inhibited the apoptosis of 
medulloblastoma cells.

The interaction between lncRNA and miRNA in cancers 
has been studied. HOTAIR contributes to the proliferation 
and growth of liver cancer via targeting miR‑217 (14), 
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Figure 4 CDK4 was directly targeted by miR-483-3p in medulloblastoma cells. (A) The putative miR-483-3p binding sequence in the 
CDK4 untranslated region (UTR) analyzed by the TargetScan and miRanda prediction algorithms; (B,C) the relative mRNA level of CDK4 
was detected by RT-PCR; (D) the expression of CDK4 was measured by western blotting; (E) a colony formation assay was performed in 
6-well plates (diameter: 35 mm) and photographed with a digital camera; (F) the statistical analysis of the colony-forming rate; (G) the cell 
apoptosis was analyzed by Flow cytometry assay; (H) the statistical analysis of the cell apoptosis rate was shown by the bar graph. *, P<0.01 
compared with the control group; #, P<0.01 compared with the pcDNA-CDK4 group. CDK4, cyclin-dependent kinase 4.
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Figure 5 Inhibition of HOTAIR suppressed medulloblastoma tumor growth in a xenograft model. (A) Tumor sizes were measured; (B) 
measurement of the mean tumor weight; (C) the expressions of HOTAIR, miR-483-3p, and CDK4 were evaluated by RT-PCR; (D) 
immunohistochemical staining analysis was conducted and observed under 40× scope to detect Ki67 and PCNA, TUNEL assay was used to 
analyze cell apoptosis; (E,F,G) the statistical analysis of Ki67 positive cells, PCNA positive cells and apoptotic cells were shown by the bar 
graphs; (H) the regulation of proliferation and apoptosis in medulloblastoma with HITAIR/miR-483-3p/CDK4. *, P<0.01 compared with 
the control group. HOTAIR, HOX transcript antisense RNA; ⊣ , inhibition; →, increase for upward and decrease for downward arrows; 
CDK4, cyclin-dependent kinase 4; PCNA, proliferating cell nuclear antigen.
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HOTAIR could specifically bind to miR-204 as a competing 
endogenous RNA in esophageal cancer (22). LncRNA 
MGE3 mediated its protective effects on hepatocellular 
carcinoma via binding to miR-483-3p (32). In this study, the 

potential interaction between HOTAIR and miR-483-3p 
was proved. Daoy cell transfected with shRNA-HOTAIR, 
the expression of miR-483-3p, was significantly increased. 
It showed that down-regulation HOTAIR promoted the 
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expression of miR-483-3p; there was a targeted relationship 
between HOTAIR and miR-483-3p. This result agreed with 
bioinformatics prediction and luciferase reporter assays.

CDK4 is a crucial promoter of cell proliferation, and it 
is overexpressed in many tumors. CDK4 inhibitors have 
become potential candidates for cancer treatment (33). A 
selective inhibitor of CDKs 4 and 6, provides a significant 
therapeutic benefit in medulloblastoma (34). In this study, 
the down-regulation of HOTAIR induced a decrease 
of CDK4 and an increase in cell apoptosis in Daoy cell. 
The results correspond to the earlier studies mentioned 
above. The cell proliferation of Daoy cell co-transfected 
with shRNA-HOTAIR and pcDNA-CDK4 was highly 
decreased compared to Daoy cell transfected with pcDNA-
CDK4 while cell apoptosis was on the contrary. According 
to a previous report, CDK4 is a direct target of miR-483-
3p in normal human keratinocytes and human immortalized 
keratinocytes (35). We showed that CDK4 is a target of 
miR-483-3p in medulloblastoma cells.

A xenograft model of medulloblastoma was set up with 
the Dayo cell line. Then data in vivo showed suppression 
of HOTAIR inhibited the growth of the tumor. In tumor 
tissues, the expressions of HOTAIR and CDK4 were notably 
reduced while the expression of miR-483-3p was increased. 
Cell proliferation-related proteins Ki67 (23) and PCNA (24)  
were decreased simultaneously. A similar study reported 
that miR-483-3p significantly hampered tumor growth in 
subcutaneous squamous cell carcinoma xenografts (36). 
This evidence, in combination with results in this study, 
illustrated that down-regulation of HOTAIR suppressed 
medulloblastoma tumor growth and promoted cell apoptosis 
in tumor tissues through the up-regulation of miR-483-3p. 
CDK4 inhibitors were employed in clinical researches on 
cancer, including esophageal squamous cell carcinoma (37),  
intrahepatic cholangiocarcinoma (38),  pancreatic  
carcinoma (39). These pieces of research proved that low 
expression of CDK4 could promote apoptosis in cancer 
cells. Depending on these results, it was clear that the down-
regulation of HOTAIR promotes the apoptosis in tumor 
tissues via negative regulation of CDK4 by miR-483-3p.

There are limitations in this work. First, the increased 
miR-483-3p and decreased CDK4 obviously was just part 
of downstream of HOTAIR, and only the two molecules 
were investigated. What is more, the regulation and 
downstream of CDK4 were not studied. All these needs 
further investigation. Anyway, we have showed a possible way 
of action for HOTAIR, which could help understanding the 
role of HOTAIR in medulloblastoma as well as other tumors. 

In summary, we found that down-regulation of HOTAIR 
inhibited cell proliferation and promoted cell apoptosis in 
medulloblastoma cells by up-regulation of miR-483-3p and 
down-regulation of CDK4, respectively. All the data above 
suggest HOTAIR can be used as a candidate target for 
molecular targeting treatment of human medulloblastoma 
and the development of anticancer drugs.
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