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Abstract: It has been reported that ubiquitin ligase RNF126 (RING finger protein 126) targets tumor suppressor p21
for ubiquitin-mediated degradation, indicating that RNF126 is involved in the growth of breast and prostate cancers.
However, the potential role and underlying mechanism of RNF126 in human glioma are still unclear. In the present
study, we firstly studied the clinical relevance of RNF126 as well as the cell cycle negative regulation factor p27. We
found that RNF126 was up-regulated in human glioma tissues, which was reversely related to the level of p27. Then,
the role of RNF126 in glioma cell proliferation was investigated using RNF126 loss- and gain-of-function. The results
showed that silencing of RNF126 by short hairpin RNA (shRNA) inhibited glioma cell proliferation, while overexpres-
sion of RNF126 significantly promoted it. Molecularly, RNF126 was found to physiologically interact with p27. And
it was showed that down-regulation of RNF126 dramatically increased the protein level of p27 by decreasing its
ubiquitination. On the contrary, overexpression of RNF126 remarkably reduced the protein level of p27 by aggravat-
ing its ubiquitination. Taken together, our findings indicate that RNF126 plays an important role in promoting the

growth of glioma cells by negatively regulating p27.
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Introduction

Human malignant glioma is the most ordinary
and malignant tumor in the central nervous sys-
tem [1]. In spite of significant progression in
surgery and adjunctive therapy, the median sur-
vival time is only 12-15 months [2-4]. The poor
prognosis of glioma is largely in virtue of their
rapid growth and invasive/migratory nature.
Thus, an understanding of the molecular mech-
anisms underlying the gliomagenesis is pivotal
to seek specific molecular targets that could be
served as a treatment for glioma.

Protein post-translational modification which
includes ubiquitination and phosphorylation is
important for activating the proteins and main-
tain their functions. Protein ubiquitination regu-
lates a multitude of cancer-related cellular pro-
cesses, including the cell cycle [5]. Ubiquitin-
ation of protein is typically sequentially mediat-

ed by 3 enzymes: ubiquitin-activating enzyme
(E1), ubiquitin-conjugating enzyme (E2) and
ubiquitin ligase (E3) that controls substrate
specificity [6]. Ubiquitin proteolytic system is a
most important regulator of protein degrada-
tion. The aberrant accumulation of oncopro-
teins and abnormal degradation of tumor sup-
pressor contribute to the development and
progression of cancers. Thus, E3 ubiquitin
ligases are considered as the next wave of mol-
ecules for targeted therapy [7-9]. Several spe-
cific and effective small molecular inhibitors of
Mdm2 (Mouse double minute 2) have been
reported to have substantial antitumor effects
invivo [7, 8]. ACRL E3 ligase (cullin RING ligase)
inhibitor MLN4924 is undergoing testing for
cancer treatment in clinical trials [9, 10].

RNF126 is a RING finger ubiquitin ligase that
contains a Zn finger near the N-terminus and a
RING finger at the C-terminus [11]. It has been
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shown that RNF126 might be involved in the
tumorigenesis [12-16]. Our preliminary experi-
ment indicates that RNF126 is differentially
expressed in glioma tissues and nontumor tis-
sues, which suggests that RNF126 could be a
potential protein participated in the develop-
ment of glioma. Thus, the possible role and
underlying mechanism of RNF126 in human
glioma needs to be further clarified.

In this study, we aimed to investigate the role of
RNF126 in the proliferation of glioma cells and
its underlying mechanism. The proliferation
and viability of human glioma cells were sup-
pressed by knocking down of RNF126 and we-
re amplified by overexpressing of RNF126. In
addition, the effect of RNF126 on cell cycle
negative regulation factor p27 was analyzed.

Materials and methods
Antibodies

RNF126 antibody was bought from Abcam
(Cambridge, UK). Antibodies specific for p27,
ubiquitin and B-actin were purchased from Cell
Signaling Technology (Danvers, MA, USA).

Tissue samples

Seven specimens of human glioma tissues (age
range: 18-70, Average age: 48) and seven spec-
imens of nontumorous brain tissues (age range:
18-70, Average age: 47) were collected at the
Shandong University Qilu Hospital (Jinan, Chi-
na). The nontumor brain tissues were obtained
from the patients undergoing surgery for inter-
nal decompression in cerebral trauma. All glio-
ma patients had confirmed pathological diag-
nosis and were classified in accordance with
the World Health Organization (WHQO) criteria.
Surgically resected tissues were subjected for
histological diagnosis, and the remaining tis-
sues were immediately frozen in liquid nitrogen
and keptat-80°Cin the fridge. Written informed
consent was permitted by each patient and the
use of human samples was authorized by the
Research Ethics Committee of the Qilu Hospital
of Shandong University.

Cell culture

Human glioma cell lines U251, U118, A172,
U87 and human embryonic kidney cell line
HEK293T were bought from the Cell bank of
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Shanghai, Type Culture Collection Committee,
Chinese Academy of Sciences. These cells
were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% fetal bovine
serum (TransGen, Beijing, China) in a humidified
incubator with 5% CO, at 37°C.

Constructs and production of the lentivirus

For silencing of RNF126, three sets of shRNA
duplexes were designed and synthesized as fol-
lows: shRNF126 #1 F, 5-GATCGCACTCAAACC-
CTATGGACTTCAAGAGAGTCCATAGGGTTTGAGT-
GCTTTTTTG-3’; shRNF126 #1 R, 5-AATTCAAA-
AAAGCACTCAAACCCTATGGACTCTCTTGAAGTC-
CATAGGGTTTGAGTGC-3’; shRNF126 #2 F, 5-
GATCGTCTAACCTCACCCTCTAATTCAAGAGATT-
AGAGGGTGAGGTTAGACTTTTTTG-3’; shRNF126
#2 R, 5-AATTCAAAAAAGTCTAACCTCACCCTCTA-
ATCTCTTGAATTAGAGGGTGAGGTTAGAC-37;
shRNF126 #3 F, 5-GATCGCTTTGAAATAAACG-
GACGTTCAAGAGACGTCCGTTTATTTCAAAGCTTT-
TTTG; shRNF126 #3 R, 5-AATTCAAAAAAGCTT-
TGAAATAAACGGACGTCTCTTGAACGTCCGTTT-
ATTTCAAAGC; Control shRNA F, 5’-GATCTTCTC-
CGAACGTGTCACGTTTCAAGAGAACGTGACAC-
GTTCGGAGAATTTTTTG-3’; Control shRNA R, 5'-
AATTCAAAAAATTCTCCGAACGTGTCACGTTCTCT-
TGAAACGTGACACGTTCGGAGAA-3'.

The RNF126 shRNAs and control shRNA oligo-
mers were annealed and then subcloned into
the pLV-shRNA plasmid using the BamH | and
EcoR | cloning sites. To overexpress RNF126 in
glioma cells, the RNF126 cDNA was inserted
into the pWPXLd plasmid by using BamH | and
Mlu | cloning sites. Cell transfection was per-
formed with PolyJet (SignaGen, Gaithersburg,
MD, USA) as described in the manufacturer’s
protocol. The lentiviruses were produced in
HEK293T cells by co-transfecting the core plas-
mid and the helper plasmids.

Development of the stable cell lines

The stable cell lines was developed as Shi et al
previously described [17, 18]. For stable silenc-
ing or overexpression of RNF126, the U251
cells were infected by control, shRNF126 #1,
GFP, GFP-RNF126 lentiviruses, respectively.
Forty-eight hours after infection, the cells were
continuously provided with the medium con-
taining 2.5 pg/ml puromycin (Sigma, St. Louis,

Int J Clin Exp Med 2017;10(12):16264-16273



RNF126 regulates p27 in human glioma

MO, USA). The survived cells were developed
into cell lines that stably expressing control
shRNA, shRNF126 #1, GFP or GFP-RNF126.

EdU assay

The cells that down-regulation or overexpres-
sion of RNF126 were seeded into 96-well plate
at 4x10° cells per well. At the designated
time point, the cells were reacted with 50 uM
of 5-ethynyl-20-deoxyuridine (EdU; Ribobio,
Guangzhou, China) for additional 2 h at 37°C.
The cells were then fixed with 4% paraformalde-
hyde for 20 min and permeabilized with 0.5%
Triton-X-100 for additional 20 min at room tem-
perature. After washing with PBS for five times,
the cells were incubated with 100 pl of 1x
Apollo® reaction cocktail for 30 min. Thereafter,
the cells were stained with 100 ul of Hoechst
33342 (5 pug/ml) for 20 min and visualized with
a fluorescent microscope (IX71; Olympus,
Tokyo, Japan).

MTT assay

The MTT assay was performed as Wu et al pre-
viously described [19]. Two thousand cells in
200 pl of medium were seeded into 96-well
plate and cultured under normal conditions. At
the designated time point, 3-(4,5-Dime-thy-
Ithiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Sigma, St. Louis, MO) was applied into
the medium, bringing its concentration to 0.5
mg/ml. After incubation for 4 h at 37°C, medi-
um was sucked and 150 pl of DMSO was added
to dissolve the crystals. The absorbances at
490 nm were measured by a SynergyMx Multi-
Mode Microplate Reader (Biotek, Winooski,
VT). The cell viability was calculated according
to the absorbances.

Plate colony formation

The plate colony formation assay was per-
formed as Wu et al previously described [19].
Four hundred cells that stably silencing or over-
expressing of RNF126 were plated in 6 cm dish
and subjedted for continuously culture for ten
days. Then the cells were washed with PBS and
fixed with 100% methanol. Finally, the cells we-
re stained with 0.05% crystal violet to assess
colony staining. After washing with PBS, the
plates were taken a photograph with a camera
for colony counting.
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Western blotting

Equal amount of protein lysates were subjected
for SDS-PAGE and then transferred to PVDF
membrane. After blocking with 5% non-fat milk,
the PVDF membrane was hybridized with pri-
mary antibodies (RNF126, p27, Ubiquitin and
B-actin) at 4°C overnight and secondary anti-
bodies at room temperature for 1 h. Bound
antibodies were measured by the ECL Plus
Western Blotting Substrate (Thermo Fisher,
Waltham, MA, USA). The densities of bands
were quantified by Image J Software (Wayne
Rasband, National Institutes of Health, MD),
and the relative level of protein was determined
by normalizing the optical density value of inter-
est to that of the loading control.

Immunoprecipitation and ubiquitination

The cells were pre-treated with MG-132 for 6 h
before harvesting, and then lysed in a Triton-X-
100-based lysis buffer (1% Triton-X-100, 150
mM NaCl, 20 mM HEPES, pH 7.4, 2 mM EDTA,
5 mM MgCl,) for 1 h on ice. The lysates were
incubated with indicated antibody for 16 h and
then bound to protein A/G beeds for 4 h at 4°C
with gentle agitate. The immunoprecipitates
were washed three times in lysis buffer, and
the proteins on the beads were recovered by
boiling in SDS loading buffer and detected by
western blotting. Ubiquitin-conjugated p21 was
detected by immunoblotting with anti-ubiquitin
antibody.

Statistical analysis

The results are from representative of experi-
ments that repeated at least three times, and
the quantitative data were expressed as means
+ S.E.M. Differences in two groups were deter-
mined using a Student’s t-test. P values < 0.05
were considered as statistically significant (*P
< 0.05).

Results

RNF126 is conversely related to the level of
p27 in human glioma tissues

It has been reported that tumor suppressor
p21 is a substrate of RNF126 [12]. However,
whether RNF126 could regulate the cell cycle
negative regulation factor p27 is not clear. In
order to address our hypothesis, we firstly ana-
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Figure 1. Expression of RNF126 and p27 in human
glioma tissues. A. Total proteins isolated from nontu-
mor brain tissue and glioma tissues were analyzed
by western blotting for assessment of RNF126 and
p27. B. Statistical chart showed the expression level
of RNF126 in non-tumorous brain tissue and glioma
tissues. C. The correlation analysis of RNF126 and
p27 in human glioma tissues, r=-0.71. D. Western
blotting assay showed the protein level of RNF126 in
U251, U118, A172 and U87 cells. **P < 0.01.

lyzed the expression of RNF126 and p27, and
their relationship in clinical patients. The ex-
pression of RNF126 and p27 was detected by
western blotting in 7 specimens of glioma tis-
sues and 7 specimens of nontumor brain tis-
sues. The representative blots showed that,
compared with the nontumor brain tissues,
RNF126 expression was significantly up-regu-
lated in glioma tissues, especially in high grade
glioma tissues (Figure 1A and 1B). Interestingly,
the up-regulation of RNF126 was associated
with the loss of p27, indicating that the ex-
pression of RNF126 was conversely related to
p27 in clinical samples (Figure 1A and 1C).
Additionally, we found that expression level of
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RNF126 was variable in glioma cell lines with
different tumor malignancy (Figure 1D). Taken
together, these results indicate that RNF126
expression is increased in human glioma tis-
sues and RNF126 might be involved in the reg-
ulation of p27 in the development of human
glioma.

Down-regulation of RNF126 suppresses the
proliferation of human glioma cells

In order to explore the possible role of RNF126
in the proliferation of human glioma, we firstly
knocked down RNF126 with RNF126 specific
shRNAs and observed its effects on cell prolif-
eration of U251 cells. For silencing of RNF126,
three shRNA targets (ShRNF126 #1, shRNF126
#2 and shRNF126 #3) were subcloned into the
pLV-shRNA lentiviral vector and screened for
their efficacy in suppressing RNF126 expres-
sion. As shown in Figure 2A and 2B, the sil-
encing efficiency of shRNF126 #1 was ~85%.
Thereafter, we produced the lentivirus with
shRNF126 #1 and the control shRNA vectors,
which were used to develop the stable cell line
that silencing of RNF126 (Figure 2C and 2D).
Next, we observed whether the cell prolifera-
tion was affected by silencing of RNF126 with
the stable cell lines. The EdU incorporation
assay displayed that, compared with the con-
trol group, EdU incorporated cells of the RNF-
126 down-regulated group reduced 57% (Fig-
ure 2E and 2F). The ability of colony formation
was also obviously decreased upon silencing of
RNF126 (Figure 2G and 2H). In addition, MTT
assay showed that the cell viability of shRNF-
126 #1 group was significantly reduced, com-
pared with the control group (Figure 2I).

Overexpression of RNF126 promotes the pro-
liferation of human glioma cells

To further determine the role of RNF126, we
examined the effect of RNF126 overexpression
on cell proliferation of U251 cells. The stable
cell lines that overexpressing GFP or GFP-
RNF126 were established and identified by
GFP imaging and western blotting (Figure 3A
and 3B). Then, we observed whether the cell
proliferation was promoted upon RNF126 over-
expression with the stable lines overexpressing
GFP or GFP-RNF126. The EdU incorporation
assay displayed that, compared with the GFP
group, EdU incorporated cells of the GFP-
RNF126 group increased by 110% (Figure 3C

Int J Clin Exp Med 2017;10(12):16264-16273
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Figure 2. Knocking down of RNF126 inhibits the proliferation of human glioma cells. A. The silencing efficiency
of RNF126 shRNAs was examined by western blotting. B. Histogram showed the silencing efficiency of RNF126
shRNAs. C. The GFP photograph showed the stable cell line that silencing of RNF126 in U251 cells, bar=50 pym.
D. The stable cell line that silencing of RNF126 was verified by western blotting. E and F. EdU assay showed that
RNF126 down-regulation inhibited cell proliferation in U251 cells. G and H. Plate colony formation assay showed
that RNF126 down-regulation decreased the ability of colony formation in U251 cells. I. MTT assay showed that
RNF126 down-regulation decreased the proliferative rate of U251 cells. *P < 0.05 and **P < 0.01.

and 3D). The ability of colony formation was
also obviously increased upon overexpressing
of GFP-RNF126 (Figure 3E and 3F). In addition,
MTT assay showed that the cell viability was
increased upon overexpression of GFP-RNF-
126, compared with the GFP control (Figure
3G).

RNF126 promotes glioma cell proliferation by
regulating the ubiquitination and degradation
of p27

It has been reported that tumor suppressor
p21 is a substrate of RNF126 [12]. In this
report, it also mentioned that RNF126 knock
down could increase the level of p27 [12]. Our
above results have indicated that RNF126
was reversely related to the level of p27 in
human glioma tissues. Thus, we asked whether
RNF126 could regulate the ubiquitination and
degradation of p27 in human glioma cells.
Firstly, we investigated the interaction between
RNF126 and p27 by co-immunoprecipitation
assay. When 3xFLAG tagged RNF126 was over-
expressed in cells, immunoprecipitation with
an anti-FLAG antibody showed that 3xFLAG-
RNF126 associated with p27 (Figure 4A). Then,
the interaction between RNF126 and p27 was
confirmed by the immunoprecipitation assay
with the endogenous proteins (Figure 4B). Next,
we showed that silencing of RNF126 signifi-
cantly increased the protein level of p27, while
overexpression of RNF126 obviously reduced
it (Figure 4C). Similarly, down-regulation of RNF-
126 remarkably decreased the ubiquitination
of p27, whereas overexpression of RNF126 led
to a much stronger ubiquitination of p27 (Figure
4D). In addition, we demonstrated that RNF126
mediated degradation of p27 could be blocked
by proteasome inhibitor MG132 (Figure 4E). We
also investigated whether purified GST-RNF126
could directly ubiquitinate 6*His-p27 in vitro.
However, we failed to detect the ubiquitiantion
of p27 by GST-RNF126 in vitro, suggesting that
additional factors, such as p27 modifications,
appropriate E2s, or other cofactors/proteins
may be required for p27 ubiquitination by RNF-
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126 (data not shown). In summary, the above
results suggest that RNF126 promotes glioma
cell proliferation by regulating the ubiquitina-
tion and degradation of p27.

Discussion

With the deepening understanding of the
causes of cancer, the interest of research has
shifted to genetics and proteomics. The role of
E3 ubiquitin ligases in tumorigenesis is con-
stantly emerging with distinct biological activi-
ties. Multiple ubiquitin ligases, including Neural
Precursor Cell Expressed, Developmentally
Down-Regulated 4 (NEDD4) and WW domain-
containing protein 2 (WWP2) etc, have been
identified to be related with the tumorigenesis
[20-25]. To find the glioma related E3 ligases,
we examined the expression of RNF126 in glio-
ma patients and nontumor brain tissues and
discovered the candidate molecule, RNF126.
However, there is large variation in the RNF126
expression in the glioma tissues. This might be
due to the individual difference or different
tumor grades. In fact, the last three patients
with higher level of RNF126 are all grade four
gliomas, which has even higher RNF126 ex-
pression. Accordingly, different level of expres-
sion of RNF126 in multiple glioma cell lines
further indicates that variation of RNF126 level
might represent different tumor malignancy in
glioma.

Several evidences have already showed that
RNF126 is associated with the tumorigenesis.
First, the substrates of RNF126, like p21 [12],
Bagb6 (BCL2 associated athanogene 6) [26],
and EGFR [13] are involved in oncogenesis.
Second, RNF126 contains similar protein do-
mains and structures as the E3 ligases, BCA2
(Breast cancer-associated gene 2), which plays
an important role in the development and pro-
gression of breast cancer [27]. RNF126 is thus
suspected to play a similar role with BCA2. In
addition, it was also determined that RNF126
was expressed increasingly in several breast
cancer cell lines [14]. In the present study, we

Int J Clin Exp Med 2017;10(12):16264-16273
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Figure 3. Overexpression of RNF126 promotes the proliferation of human glioma cells. A. The GFP photographs
showed the stable cell line that overexpressing of RNF126 in U251 cells, bar=50 ym. B. The overexpressing ef-
ficiency of RNF126 was examined by western blotting with RNF126 antibody. C and D. EdU assay showed that
RNF126 overexpression promoted cell proliferation both in U251 cells. E and F. Plate colony formation assay showed
that RNF126 overexpression increased the ability of colony formation both in U251 cells. G. MTT assay showed that
RNF126 overexpression increased the proliferative rate of U251 cells. *P < 0.05.
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tion of p27 could be blocked by proteasome inhibitor MG132.

aimed to explore the role and underlying mech-
anism of RNF126 in the proliferation of glioma.
Firstly, we revealed that the expression of
RNF126 and p27 was conversely related in the
human glioma tissues. Then, we determined
the role of RNF126 in human glioma cell prolif-
eration by knocking down and overexpressing
approaches. Finally, we examined the effects
of RNF126 on the ubiquitination and degrada-
tion of p27. Our existing findings indicate that
RNF126/p27 pathway may be associated with
the development of human glioma.

The cell cycle negative regulation factor p27
governing CDK activity is critical for regulating
the cell cycle transition from the GO/G1 to
the S phase [28]. The p27 levels are mainly
regulated through poly-ubiquitination. Till now,
it has been reported that the ubiquitination of
p27 could be mediated by several ubiquitin
ligases including S-phase kinase associated
protein 2 (Skp2), p53-induced protein with a
RING (Really Interesting New Gene)-H2 do-
main (PirH2), Kipl ubiquitination-promoting
complex (KPC1), seven in absentia homolog
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erexpression is very comm-
on in different glioma pa-
tients. In addition, p27 down-
regulation is frequently ob-
served in RNF126 overex-
pressed patients. Together,
our results demonstrated a
link between RNF126 regula-
tion, p27 stability, and glio-
ma cell proliferation. The role
of RNF126 in attenuating
p27 might offer a new bridge
for knowledge gap regarding
the function of RNF126 in the development of
glioma.

In summary, our present study discovered that
RNF126 promoted glioma cell proliferation by
targeting the cell cycle negative regulation fac-
tor p27 protein for ubiquitin-mediated degrada-
tion. More interestingly, the expression of
RNF126 and p27 was found to be reversely
related in human glioma patients. These find-
ings suggest that RNF126 might be an onco-
genic protein in gliomagenesis, which could be
served as a potential glioma therapeutic tar-
get. It is possible that we can design specific
inhibitor for RNF126 to suppress its function
for those patients with high expression of
RNF126. Also, the shRNA of RNF126 could be
introduced to tumors to down-regulate the
RNF126 expression so as to achieve the treat-
ment of glioma patients.
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