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Abstract. A previous study revealed that ubiquitin-like with 
PHD and RING finger domains 1 (UHRF1) promoted cell 
proliferation and was a potential biomarker in medulloblas-
toma (MB). In the present study, we reported that miR-378 
inhibited the expression of UHRF1 to affect the proliferation 
of MB through competitive binding to the same region of its 
3'-UTR. We found that the expression of miR-378 was signifi-
cantly downregulated in MB tissues and inversely correlated 
with the expression of UHRF1. Western blot analysis revealed 
that overexpression of miR-378 led to the suppression of 
UHRF1. Moreover, a dual-luciferase assay demonstrated 
that miR-378 negatively regulated the activity of target gene 
UHRF1 by binding to its 3'-UTR. An in vitro assay revealed 
that overexpression of miR-378 suppressed MB cell prolif-
eration and promoted cell apoptosis. Ectopic expression of 
UHRF1 rescued miR-378-suppressed cell proliferation and 
miR-378-promoted cell apoptosis. Collectively, the present 
study demonstrated that miR-378 could inhibit the prolifera-
tion of MB by downregulation of UHRF1 and act as a potential 
therapeutic target against MB.

Introduction

Medulloblastoma (MB) accounts for approximately one-fifth 
of all pediatric brain tumors and is one of the most common 
malignant brain tumors in children (1-3). Due to the progress in 
radiation therapy and chemotherapy during the past decades, 
the survival of MB patients has considerably improved (4,5). 

Nevertheless, in WHO grade IV central nervous system 
tumors, the prognosis of MB remains dismal due to rapid 
recurrence or metastasis in a considerable proportion of the 
tumors (6). Therefore, it is necessary to gain more insights in 
the carcinogenesis of MB and explore molecular targets poten-
tially useful for treating the disease.

Ubiquitin-like with PHD and RING finger domains 1 
(UHRF1) is comprised of an N-terminal ubiquitylation-like 
domain, a plant homeodomain (PHD) domain, a RING finger, 
and a SET- and RING-associated (SRA) domain, which plays a 
major role in DNA methylation and cell proliferation (7,8). The 
SRA domain of UHRF1 recognizes hemi-methylated DNA, 
recruits DNA methyltransferase 1 (DNMT1) and maintains 
DNA-methylation patterns (9). In the past few years, UHRF1 
was revealed to be aberrantly upregulated and functioned as an 
oncogene in various types of cancers, including laryngeal squa-
mous cell carcinoma (10), non-small cell lung (11), breast (12) 
and gastric cancer (13), hepatocellular carcinoma (14), and 
colorectal (15), bladder (16) and prostate cancer (17). Most 
recently, we demonstrated that UHRF1 was overexpressed 
in MB tissues and was an independent prognostic factor. We 
further revealed that UHRF1 promoted the proliferation and 
progression of MB cells, indicating that UHRF1 could be a 
potential therapeutic target for MB (18).

MicroRNAs (miRNAs), a class of ~19-25 nt non-coding 
RNAs, are evolutionarily conserved, and serve as endogenous 
regulators of gene expression. They also play a vital role in 
carcinogenesis. miRNAs could cause either mRNA degrada-
tion or inhibition of protein translation via direct interaction 
with the 3'-UTR of target mRNA (19,20). A growing body of 
compelling data has revealed that the malfunction of certain 
miRNAs is involved in a series of tumorigenic processes 
including cell proliferation, apoptosis, metastasis and angio-
genesis (21). Recent studies revealed that dysregulation of 
miR-378 was shown related to tumorigenesis and cancer 
progression. Notably, miR-378 was reported as an onco-miR 
in nasopharyngeal carcinoma (22), but as a tumor suppressor 
microRNA in colorectal (23) and prostate cancer (24), and 
glioma (25). Nevertheless, to the best of our knowledge, the 
molecular mechanism of miR-378 in the regulation of MB is 
unknown.
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Playing a vital part in connection to DNA methylation, 
UHRF1 was implicated in MB carcinogenesis in our previous 
study (18). However, little is known about the factors that modu-
lated UHRF1 expression. In the present study, we found that 
miR-378 was downregulated in MB specimens and was inversely 
associated with UHRF1 expression. We further predicted and 
confirmed that miR-378 modulated the expression of UHRF1, 
and exerted a tumor-suppressive function in MB proliferation.

Materials and methods

Patients, tissue specimens. Fresh frozen tissues of 19 patients 
with MB and 9 cases of normal cerebellum (collected in brain 
trauma surgery) were gathered at The First Affiliated Hospital 
of Zhengzhou University between January 2015 and September 
2016. Informed consent was obtained from all individual 
participants included in the study and all procedures performed 
involving human participants were in accordance with the 
ethical standards of the Institutional Research Committee of 
The First Affiliated Hospital of Zhengzhou University.

Cell culture and transfection. DAOY and HEK 293T cell 
lines were purchased from American Type Culture Collection 
(ATCC, Manassas, VA, USA). ONS-76 cell line was obtained 
from Japanese Collection of Research Bioresources Cell Bank 
(JCRB Cell Bank, Osaka, Japan). ONS-76 cells were cultured 
in RPMI-1640 medium (Thermo Scientific HyClone, Beijing, 
China) and DAOY cells were maintained in MEM-α medium 
(Life Technologies, Carlsbad, CA, USA). The transfection was 
performed using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer's 
instructions. miR-378 was cloned into the CMV-miRNA-PGK-
puromycin vector (Genomeditech, Shanghai, China). 
UHRF1 cDNA was cloned into pLVX-Neo-IRES-ZsGreen1 
(Genomeditech). Puromycin was used to establish the  miR-378 
stably transfected cell lines. Fluorescence was detected for 
selection of clones with stable UHRF1 expression. Stably 
transfected clones were validated by quantitative real-time 
polymerase chain reaction (qRT-PCR) and immunoblotting. 
Transfected cells were then used for Cell Counting Kit-8 
(CCK-8) and clonogenic assays, and flow cytometry.

Real-time quantitative PCR. Small RNAs were isolated from 
tissue samples with the mirVana miRNA Isolation kit (Ambion, 
Austin, TX, USA) following the manufacturer's instructions. 
The total RNA of the fresh tissues, ONS-76 and DAOY cells 
was extracted using TRIzol reagent (Invitrogen) and reversely 
transcribed with RT Primer Mix and PrimeScript RT Enzyme 
Mix 1 (Takara, Shiga, Japan). The mRNA level was quanti-
fied with SYBR Premix Ex Taq (Takara). Human-U6 RNA 
was chosen as an endogenous control. The PCR reaction was 
conducted with a real-time PCR system (Roche Diagnostics, 
Penzberg, Germany). Conditions for amplification were 94̊C 
for 2 min followed by 40 cycles of 94̊C for 25 sec, 61̊C for 
31 sec. The fold change was calculated using the 2-ΔΔCt method. 
The levels of miR-378 in normal brain tissues were normalized 
to an arbitrary value of 1. The primers used are listed in Table I.

Western blot analysis. Total protein was extracted from fresh 
tissues, ONS-76 and DAOY cells using cell lysates. Gene 

expression was normalized with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). Fifty micrograms of samples 
were first electrophoresed on a 10% SDS-polyacrylamide 
gels, transferred to nitrocellulose filter membranes, and incu-
bated in blocking solution consisting of 5% non-fat milk in 
Tris-buffered saline with Tween-20 (TBST) at room tempera-
ture for 1 h. Subsequently, the membranes were immunoblotted 
with UHRF1 (1:250 dilution; BD Biosciences, San Jose, CA, 
USA), cleaved PARP (1:1,000 dilution), cleaved caspase-3 
(1:1,000 dilution) and GAPDH antibodies (1:5,000 dilution) [all 
from Cell Signaling Technology (CST) Beverly, MA, USA], 
overnight at 4̊C. Subsequently, the membranes were washed 
and incubated with appropriate HRP-conjugated secondary 
IgG antibodies (Dako, Glostrup, Denmark). The protein bands 
were visualized using ECL Western Blotting Substrate (Pierce; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Target prediction and dual-luciferase reporter assay. Three 
miRNA target prediction algorithms were used (miRWalk 2.0, 
TargetScan and microrna.org). For the dual-luciferase 
report assay, the wild-type (WT) reporter construct 
pmirGLO/UHRF1-3'-UTR and the mutant (MUT) reporter 
construct pmirGLO/UHRF1-3'-UTR MUT were cloned. The 
site of perfect complementarity to miR-378 was mutated using 
site-directed mutagenesis PCR. Subsequently, 293 cells were 
co-transfected with miR-378 in a 48-well plate followed by the 
pmirGLO/UHRF1-3'-UTR reporter vector or the pmirGLO/
UHRF1-3'-UTR MUT vector. Firefly luciferase activity for 
each sample was normalized to Renilla luciferase activity and 
was assessed at 48 h after transfection.

CCK-8 assay. Cell viability was assessed using a CCK-8 assay. 
Stably transfected ONS-76 and DAOY cells were seeded at a 
density of 103 cells/well into 96-well culture plates and incu-
bated for 24, 48, 72 and 96 h. For the CCK-8 assay, the cells 
were further incubated with 10 µl CCK-8 (Sigma, Santa Clara, 
CA, USA) for 4 h. The absorbance was assessed at 450 nm.

Clonogenic assay. A flat plate clone formation assay was used 
to investigate cell clonogenic ability. Cells in the logarithmic 
growth phase were digested into a single-cell suspension 
using a trypsin-EDTA solution, and 2 ml of cell suspension 

Table I. Primers used in quantitative real-time PCR.

Primer name Sequence (5'-3')

Pre-miR-378 F CGACGCGTCGGGCTGCGAGGAGTGAGCG
 R CCATCGATGGGAGTTCAAATGGCTTGCTCC
U6 F TGCGGGTGCTCGCTTCGGCAGC
 R CCAGTGCAGGGTCCGAGGT
UHRF1 F CCACATCGTCCTCACAGC
 R GGTCCACATCATCCTCATAGC
GAPDH F TGATGACATCAAGAAGGTGGTGAAG
 R TCCTTGGAGGCCATGTGGGCCAT

F, forward; R, reverse; UHRF1, ubiquitin-like with PHD and RING finger 
domains 1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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was then seeded onto a 6-well cell culture plate at a density 
of 1,000 cells/ml. The cells were cultured at 37̊C in a 
well-humidified 95% air/5% CO2 incubator for 2 weeks, and 
the colony formation was photographed and counted.

Flow cytometry for cell apoptosis. The apoptotic ratios of 
cells were determined using the Annexin V/7-ADD apoptosis 
detection kit (Roche, Basel, Switzerland). Forty-eight hours 
after transfection, the cells were harvested and washed twice 
with phosphate-buffered saline (PBS) buffer, suspended with 
binding buffer, incubated with Annexin V-R-PE for 20 min in 
a dark ice bath, and then with 7-AAD before analysis on a BD 
FACSCalibur (BD Biosciences).

Statistical analysis. All in vitro experiments were repeated 
at least 3 times. The numerical data were documented as 
the mean ± standard deviation (SD). The Student's t-test or 

one-way analyses of variance were employed to compare the 
differences in numerical variables between different groups. 
Statistical significance was defined as a P-value <0.05. Data 
statistics were performed using software GraphPad Prism 5 
(GraphPad Software, Inc., La Jolla, CA, USA) and IBM SPSS 
Statistics 19 (IBM Corp., Armonk, NY, USA).

Results

miR-378 is downregulated in MB tissues and inversely corre-
lated with UHRF1. To evaluate the expression of miR-378 
in MB, we first quantitatively detected the levels of reverse 
transcription-PCR in 19 MB and 9 normal cerebellum tissues. 
The results demonstrated that miR-378 was considerably 
decreased in MB compared with normal cerebellum (Fig. 1A). 
Meanwhile, the expression of UHRF1 was revealed to be 
significantly upregulated in MB tissues compared with normal 

Figure 1. miR-378 is downregulated in MB tissues and inversely correlated with UHRF1. (A) The endogenous level of miR-378 in MB and normal cerebellum 
tissues by real-time qRT PCR. The expression of miR-378 was normalized to U6 small nuclear RNA (P=0.0019). (B) The mRNA level of UHRF1 in MB and 
normal cerebellum tissues by real-time qRT PCR. The expression of UHRF1 mRNA was normalized to GAPDH (P=0.0029). (C) Inverse correlation between 
miR-378 and UHRF1 mRNA levels in MB specimens (P=0.044).

Figure 2. miR-378 directly downregulates the expression of UHRF1 in MB. (A-C) Three predicted binding sites for miR-378 in the 3'-UTR of UHRF1 
and corresponding mutations in the binding sites are shown. (D-F) Luciferase constructs of wild-type (WT) or mutant (MT) UHRF1 were transfected into 
293 cells with miR-378/miR-NC. The luciferase activity was detected after 48 h. The ratio was normalized to control luciferase activity. miR-378 decreased 
the intensity of the luciferase-UHRF1 3'-UTR reporter vector, while the MT luciferase-UHRF1 3'-UTR failed to decrease the luciferase intensity (position 1 
P<0.001; position 2 P<0.001; position 3 P<0.01). (G) qRT PCR demonstrated that the level of miR-378 was significantly increased in ONS-76 (P<0.001) and 
DAOY (P<0.001) cells after transfection with miR-378. (H and I) Overexpression of miR-378 significantly inhibited the expression of UHRF1 in 
ONS-76 (P<0.001) and DAOY (P<0.05) cells; *P<0.05, **P<0.01, ***P<0.001.
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cerebellum tissues (Fig. 1B). In combination with the two data, 
an inverse correlation between the mRNA levels of miR-378 
and UHRF1 in MB tissues was observed (Fig. 1C).

miR-378 is a potent miRNA regulator of UHRF1 expression. 
Three miRNA target prediction algorithms including 
miRWalk 2.0, Targetscan and microrna.org were used to search 
for potential miRNA binding sites with the 3'-UTR region of 
UHRF1. Due to the higher prediction score (data not shown), 
we chose miR-378 for further study. As shown in Fig. 2A-C, 
the 3'-UTR of UHRF1 mRNA contained a putative binding 
site for miR-378. We then cloned the human UHRF1 3'-UTR 
sequence and inserted it into a luciferase reporter plasmid and 
co-transfected it with miR-378 into 293 cells. The luciferase 
reporter assays demonstrated that miR-378 markedly inhibited 
the activity of firefly luciferase that contained the WT but not 
the MUT 3'-UTR of UHRF1 (Fig. 2D-F). Moreover, we further 
investigated whether miR-378 could modulate the endogenous 
expression of UHRF1 in MB cells. After transfection of mature 
miR-378 by ectopic plasmids in MB cells, the expression 

levels of miR-378 were substantially increased, ~14-fold 
in ONS-76 cells and 9-fold in DAOY cells, respectively, 
compared to the miR-NC control (Fig. 2G). Consistently with 
previous luciferase reporter assays, overexpression of miR-378 
significantly inhibited UHRF1 expression in ONS-76 and 
DAOY cells (Fig. 2H and I). These data indicated that miR-378 
negatively regulated the expression of UHRF1 by directly 
binding to its 3'-UTR.

Overexpression of miR-378 suppresses the proliferation of 
MB cells and restoration of UHRF1 counteracts the effect 
of miR-378 in part. To better understand how miR-378 
influences the proliferation ability of MB cells, CCK-8 and 
colony formation assays were conducted in ONS-76 and 
DAOY cells. In the meantime, to confirm whether the effect 
of miR-378 on MB cells is mediated by its regulatory role on 
UHRF1 expression, a rescue assay was performed. Forced 
overexpression of miR-378 resulted in a marked decrease 
in the expression of UHRF1, and this decrease was rescued 
by transfection of UHRF1 (Fig. 3A and E). A CCK-8 assay 

Figure 3. miR-378 regulates ONS-76 and DAOY cell viability and clonogenic ability. (A and E) The protein expression of UHRF1 was assessed by western blot 
analysis. ONS-76 and DAOY cells were transfected with control (miR-NC), miR-378, and miR-378 along with UHRF1. miR-378 suppressed UHRF1 protein 
expression compared with the control group, while UHRF1 rescued the protein level of UHRF1 compared with that of the miR-378 group. (B and F) Cell 
viability was detected by CCK-8 assays. After transfection with miR-NC, miR-378 and miR-378 along with UHRF1 in (B) ONS-76 and (F) DAOY cells, the 
CCK-8 assay was used to determine the relative cell viability at 1, 2, 3 and 4 days. (C, D, G and H) Cell clonogenic ability was evaluated by colony formation 
assay. (C and D) ONS-76 and (G and H) DAOY cells that were transfected with miR-NC, miR-378 and miR-378 along with UHRF1 were seeded into 12-well 
plates. On the 12th day after seeding, the number of colonies was counted; *P<0.05, **P<0.01, ***P<0.001.
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revealed that upregulation of miR-378 substantially suppressed 
the viability of ONS-76 and DAOY cells, and ectopic expression 
of UHRF1 partly rescued the inhibition of viability (ONS-76 
MB cells, Fig. 3B; DAOY MB cells, Fig. 3F). Additionally, the 
plate colony formation assay revealed that the colony formation 
ability was markedly decreased in miR-378 overexpressed 
MB cells, and restoration of UHRF1 partly increased the 
formation ability (ONS-76 MB cells, Fig. 3C and D; DAOY 
MB cells, Fig. 3G and H).

Overexpression of miR-378 promotes apoptosis and resto-
ration of UHRF1 counteracts the effect of miR-378 in part. 
Fluorescence-activated cell sorting (FACS) analysis was used 
to investigate the effects of miR-378 on MB cell apoptosis. 
The results demonstrated that enforced expression of miR-378 
led to significant cancer cell apoptosis. The percentage of 
total apoptotic cells was markedly increased in response to 
miR-378 upregulation compared with the control group in 
ONS-76 and DAOY cells. Moreover, ectopic overexpression 
of UHRF1 reversed this tendency (Fig. 4A). We subsequently 
investigated the expression of two putative apoptosis-related 

proteins PARP and activated caspase-3 in ONS-76 and DAOY 
cells. Western blotting revealed that upregulation of miR-378 
markedly increased the expression of cleaved PARP and 
cleaved caspase-3 in ONS-76 and DAOY cells, and ectopic 
expression of UHRF1 partly inhibited the expression of the 
two apoptosis-related proteins (Fig. 4B).

Discussion

As a putative oncogene, UHRF1 has been demonstrated to 
be involved in the process of cancer cell proliferation, inva-
sion and apoptosis. UHRF1 has also been revealed to be 
upregulated in various types of cancer, and its expression 
was associated with poor clinical outcomes (9-17). In our 
previous study (18), UHRF1 expression was not detected in 
normal cerebellum tissues but was detected in the majority of 
MB tissues. In univariate and multivariate survival analysis, 
the expression level of UHRF1 was identified as an indepen-
dent prognostic factor influencing overall survival (OS) and 
progression-free survival (PFS) of MB patients. Furthermore, 
downregulation of UHRF1 by RNAi inhibited the proliferation 

Figure 4. miR-378 regulates ONS-76 and DAOY cell apoptosis and the related mechanism. (A) The incidence of apoptotic cells was studied by flow cytometry. 
In ONS-76 and DAOY cells, the percentage of total apoptotic cells increased in response to miR-378 upregulation compared with the control group, and ectopic 
overexpression of UHRF1 partly reversed this tendency. The cells were stained with Annexin V-fluorescein in isothiocyanate and counterstained with 7-ADD. 
(B) Western blotting revealed that forced expression of miR-378 markedly increased the protein levels of cleaved PARP and cleaved caspase-3 in ONS-76 and 
DAOY cells, and ectopic expression of UHRF1 partly suppressed the expression of the two apoptosis-related proteins; *P<0.05, **P<0.01, ***P<0.001.
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and clonogenic ability of MB cell lines with cell cycle arrest 
at the G1/G2 phase. These data for the first time revealed the 
important roles of UHRF1 in MB tumorigenesis and progres-
sion and suggested that UHRF1 may be a potential therapeutic 
target for MB.

Recently, studies have implicated miRNAs as important 
modulators in MB cell proliferation and migration. For 
instance, miR-218 functions as a tumor suppressor by inhib-
iting several phenotype-associated genes in MB (26). miR-124, 
miR-219 and miR-383 were reported to suppress cell prolif-
eration, migration and invasion of MB cells (27-29). miR-378 
was reported to function as a tumor suppressor microRNA in 
several types of cancer including glioma (23-25). Nonetheless, 
whether and how miR-378 plays a role in MB development and 
progression remains unexplored.

Based on our previous study, we used various miRNA 
target prediction algorithms and predicted miR-378 as one of 
the most possible miRNAs that interact with the 3'-UTR of 
UHRF1. Several previous studies had revealed that the expres-
sion of miRNA-378 was decreased in certain tumors (30,31). 
It has been reported that miR-378 was significantly down-
regulated in colorectal cancer tissues and forced expression 
of miR-378 inhibited tumor cell viability and invasion (30). 
Fei and Wu demonstrated that the expression of miR-378 
was decreased in gastric cancer tissues and cell lines, and 
delivery of miR-378 could hinder cell proliferation and induce 
cell apoptosis (31). In the present study, we used a luciferase 
reporter assay to validate the interaction between miRNA-378 
and UHRF1, and the results revealed that miR-378 negatively 
regulated the expression of UHRF1. Subsequent transfection 
of miR-378 in MB cell lines resulted in the inhibition of 
proliferation, colony formation ability and promotion of cell 
apoptosis. A restoration assay demonstrated that transfection 
of UHRF1 could partly counteract the effect of miR-378, indi-
cating that miR-378 mediated the biological behavior of MB 
cells, at least partly via regulation of UHRF1.

Even though the present study first demonstrated that 
miR-378 negatively regulates UHRF1, it has certain limita-
tions. For instance, due to the limited sample size of MB and 
normal cerebellum tissues, the association between the expres-
sion of miR-378 in tumors and controls was preliminary, and 
the sample size needs to be increased for more compelling 
evidence. Additionally, extensive biological and functional 
characterization of miR-378 and UHRF1 are needed to better 
clarify the regulation of miR-378 on UHRF1 in MB carcino-
genesis and progression in vitro and in vivo.

In conclusion, our findings revealed that UHRF1, a cancer 
gene in MB demonstrated by our previous study, is in a modu-
lation axis downstream of miR-378. In addition, our results 
shed light on the roles of miR-378, which negatively regulated 
UHRF1, in proliferation and apoptosis of MB cells. Although 
more detailed experimental and clinical investigations to 
better clarify the mechanism of miR-378 and its effects on 
MB patients are warranted, the present study shed light on the 
promotion of a novel targeted therapy for MB treatment.
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