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Epigenetic alterations such as aberrant expression of histone-modifying enzymes have been implicated in
tumorigenesis. Upregulation of lysine (K)-specific demethylase 5B (KDM5B) has been reported in a vari-
ety of malignant tumors. However, the impact of KDM5B in glioma remains unclear. The objective of this
study was to investigate the expression and prognostic value of KDM5B in glioma. In clinical glioma sam-
ples, we found that KDM5B expression was significantly upregulated in cancer lesions compared with
normal brain tissues. Kaplan–Meier analysis showed that patients with glioma and higher KDM5B
expression tend to have shorter overall survival time. By silencing or overexpressing KDM5B in glioma
cells, we found that KDM5B could promote cell growth both in vitro and in vivo. Moreover, we
demonstrated that KDM5B promoted glioma proliferation partly via regulation of the expression of
p21. Our study provided evidence that KDM5B functions as a novel tumor oncogene in glioma and
may be a potential therapeutic target for glioma management.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Gliomas are the most common brain tumors. Numerous studies
indicate that the development and progression of glioma arises via
miss-regulation of many related genes such as p53, p21, Akt, Gli1,
and PTEN [1–6]. However, the regulatory mechanisms remain
poorly understood. Therefore, discovery of critical carcinogenic
pathways may be beneficial for the identification of new therapeu-
tic targets for glioma.

Epigenetic regulation also plays a critical role in the pathogen-
esis of glioma [7,8]. DNA methylation is a component of the epige-
netic gene-silencing complex, whereas histone (H3 and H4) post-
translational modifications comprise a ubiquitous component of
rapid epigenetic changes [9–11]. Epigenetic changes are associated
with altered transcription. Histone methylation/demethylation
generally deactivates and activates genes by controlling the access
of transcription factors to DNA [10]. Histone dysregulation caused
by genetic and epigenetic alterations is a hallmark of cancer [12].
KDM5B-mediated histone H3K4 demethylation contributes to the
silencing of retinoblastoma target genes in senescent cells, pre-
sumably by compacting chromatin and silencing certain genes
[13,14]. Previous studies have found that KDM5B depletion stimu-
lated p16 and p21 transcription and suppressed tumor cell growth
in vitro and in vivo [15,16], suggesting that it plays a role in cell
growth regulation in human cancer.

In the present study, we aimed to explore the tumor oncogene
function of KDM5B in glioma. We found that the expression of
KDM5B was significantly up-regulated in human glioma lesions
compared with normal brain tissues. We also demonstrated that
KDM5B could promote the growth of glioma cell lines both
in vitro and in vivo. Our present manuscript suggests that KDM5B
acts as a potential oncogene in glioma.
2. Materials and methods

2.1. Patients and tissue samples

A total of 53 glioma tissue and 9 normal brain tissue samples
were used in this study. All of the samples were obtained from
the department of neurosurgery, Beijing Shijitan Hospital, Capital
Medical University between 2010 and 2013. For all of the patients
who participated in this study, written informed consent was
obtained, which was approved by the Ethical Committee of Capital
Medical University.
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2.2. Immunohistochemistry

Paraffin-embedded sections were deparaffinized, blocked, and
incubated with antibody at 4 �C overnight. Horse-radish peroxi-
dase-conjugated secondary antibody (1:500) was then added and
further incubated for 1 h at room temperature. The sections were
developed using a 3,30-diaminobenzidine tetrahydrochloride
(DAB) substrate kit (ThermoScien-tific, MA) at room temperature
for 1–5 min and then counterstained with hematoxylin. The inten-
sity of the immunostaining was categorized as follows: no brown
particle staining (0), light brown particle (1), moderate brown par-
ticle (2), and dark brown particle (3). The extent of immunostain-
ing was quantified by counting the percentage of positive cells and
classified into four groups: 0, less than 25% positive cells; 1, 25–
50% positive cells; 2, 51–75% positive cells; and 3, more than 75%
positive cells. The sum of the extent and intensity scores was
defined as staining index (SI). SI less than 3 was considered as a
low expression, while SI of 4 or more was considered as a high
expression. To avoid interindividual bias of IHC staining differenti-
ations, all slides were determined by two experienced pathologists.

2.3. Cell culture and reagents

The glioma cell lines (SW1783, U-87, LN-18, Hs683, and T98G)
were obtained from the American Type Culture Collection (ATCC,
Rockville, MD, USA). Antibodies that had been raised against
KDM5B and p21 were obtained from Abcam (Cambridge, MA,
USA). The signal silence p21 siRNA and its control siRNA were pur-
chased from Sigma–Aldrich (St. Louis, MO, USA). All of the remain-
ing reagents were obtained from Sigma–Aldrich (St. Louis, MO,
USA), unless otherwise specified.

2.4. Plasmid construction and transfection

For overexpression, the cDNA representing the complete open
reading frame of KDM5B was cloned into the pBabe vector to gen-
erate the KDM5B expression plasmid. The expression plasmid was
verified by sequencing both strands and was used to transfect the
SW1783 cells to establish the KDM5B overexpression cell line. For
KDM5B RNA interference, the control (pSuper) and pSuper-
shKDM5B plasmids were purchased from OligoEngine Biotechnol-
ogy (Seattle, USA) and was used to transfect the LN-18 cells to
establish the KDM5B knockdown cell line. The transfection effi-
ciency of KDM5B was confirmed by Western blotting and quantita-
tive reverse transcription PCR (qRT-PCR) analyses.

2.5. MTT Assay

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT)
assay was used to assess cell proliferation. The cells were seeded
and 20 ml of the MTT solution (5 mg/ml) was then added to each
well at the indicated time. The absorbance at 490 nm was mea-
sured using a microplate reader (Bio-Rad, Hercules, CA, USA).

2.6. Colony formation assay

The cells were seeded in 6-cm dishes at a density of 300 cells
per dish. After incubation for 14 days, the colonies were fixed with
methanol for 10 min and stained with crystal violet for 15 min,
after which point the number of colonies containing more than
50 cells was scored.

2.7. Western blot assay

Equal amounts of protein were separated using SDS polyacryl-
amide gels and were electrotransferred to polyvinylidene fluoride
membranes (Millipore, Bedford, MA, USA). The membranes were
immunoblotted overnight at 4 �C with primary antibodies, fol-
lowed by their respective secondary antibodies. b-Actin was used
as the loading control.

2.8. Quantitative reverse-transcription PCR

RNA was extracted using TRIzol reagent, according to the man-
ufacturer’s recommended protocol (Invitrogen). qRT-PCR was per-
formed using Applied Biosystems (Foster City, CA, USA) StepOne
and StepOne Plus Real-Time PCR Systems. GAPDH was used as a
loading control. The experiments were repeated a minimum of
3 times to confirm the results.

2.9. Immunofluorescence staining

The cells were grown on the sterile coverslips, and the cells
were fixed with 4% paraformaldehyde and permeabilized using
0.1% Triton-X100. Cells were blocked with rabbit anti-Ki67 anti-
body followed by rhodamine-conjugated anti-rabbit secondary
antibody. Finally, the cells were further stained with 4,6-diami-
dino-2-phenylindole (DAPI).

2.10. In vivo tumorigenesis assays

The in vivo tumorigenesis and metastasis assays were per-
formed, as previously described [17]. Briefly, 1 � 106 cells were
injected subcutaneously into the right flanks of severe combined
immunodeficient (SCID) mice. Tumor length (L) and width (W)
were measured every 3 days, and tumor volume was calculated
using the equation: volume = (W2 � L)/2. After 6 weeks, the mice
were killed and the tumor volume and weight were measured.
All of the animal experiments were performed with the approval
of the Capital Medical University Animal Care and Use Committee.

2.11. Statistical analysis

The results were analyzed using SPSS 18.0 software (Chicago, IL,
USA). Each experiment was repeated a minimum of 3 times. A two-
tailed t-test was used to determine statistical significance. The
results were presented as the means ± S.D. P-values <0.05 were
considered to be statistically significant.

3. Results

3.1. Expression of KDM5B was upregulated in glioma tissues

To examine the protein level of KDM5B in glioma tissues, IHC
was performed (Fig. 1A and B). We observed that the protein
expression level of KDM5B was markedly higher in glioma tissues
than the level in the normal brain tissues (P < 0.01). To investigate
the relationship between KDM5B expression and clinicopathologi-
cal parameters in 53 cases with glioma, these cases were first
divided into two subgroups: ‘‘low KDM5B expression’’ and ‘‘high
KDM5B expression’’ as defined in the immunohistochemistry sec-
tion of ‘‘Section 2’’. Significant correlations were found between
KDM5B expression and pathological grade (P = 0.006) (Supplemen-
tal Table 1). There were no statistical connections between KDM5B
expression and the rest clinicopathological parameters, such as
patient age, gender, tumor size, and tumor locus (all P > 0.05).
The association between KDM5B expression in glioma and the sur-
vival time of selected patients was analyzed with Kaplan–Meier
survival analysis (Fig. 1C). The median overall survival time of high
KDM5B expression group was significantly shorter than that of low
KDM5B expression group (P < 0.001).



Fig. 1. Expression of KDM5B was upregulated in glioma tissues. (A) Immunohistochemical staining of KDM5B expression in human glioma and normal brain tissue. 1–3
Normal brain tissue. 4–6 Glioma with low grade (pathological grade I–II). 7–9 Glioma with high grade (pathological grade III–IV). (B) Ratio of KDM5B positive cells in normal
brain, low-grade glioma, and high-grade glioma tissues. High-grade glioma expressed significantly higher ratio of KDM5B than normal brain and low-grade glioma tissues
(P < 0.01). (C) Kaplan–Meier analyses of overall survival periods among 53 resected glioma patients are shown to be stratified according to KDM5B expression. ⁄⁄P < 0.01 is
based on Student’s t-test. All results are from three or four independent experiments. Error bars indicate standard deviation.
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3.2. Establishment of stable KDM5B transfectants in glioma cell lines

As showed in Fig. 2A and B SW1783 had the lowest expression
level of KDM5B among the five glioma cell lines. So, we used
SW1783 cells to establish a stable cell line that constitutively over-
expressed the KDM5B protein with the aim of revealing the role
that KDM5B expression has in the development or progression of
glioma. We also used shRNA to generate a stable KDM5B knock-
down in the LN-18 glioma cell line, which had a high KDM5B
expression. The transfection efficiency was confirmed using Wes-
tern blotting and qRT-PCR analyses. As shown in Fig. 2C and D,
the SW1783 cells that had been transfected with the KDM5B
expression plasmid displayed significantly increased KDM5B
expression at both the mRNA and protein levels compared with
the vector cell lines. In addition, the LN-18 cells that had been
transfected with the KDM5B shRNA plasmid displayed significantly
decreased KDM5B expression at both the protein (Fig. 2C) and
mRNA (Fig. 2E) levels compared with the control cells.

3.3. KDM5B promoted glioma cell proliferation

We first explored the effects of KDM5B expression on cell
growth using the MTT assay. As shown in Fig. 2F, KDM5B overex-
pression significantly enhanced the growth of SW1783 cells,
whereas KDM5B knockdown significantly inhibited the growth of
LN-18 cells. Next, we performed a clonogenic assay to confirm
the effects of KDM5B on proliferation. We found that KDM5B over-
expression dramatically increased the colony formation efficiency
of SW1783 cells (Fig. 2G), whereas the colony formation efficiency
was dramatically reduced in the LN-18 shRNA cell lines (Fig. 2H).
As Ki67 is an important marker of cell proliferation, we next exam-
ined the Ki67 by immunofluorescence staining. As shown in Sup-
plemental Fig. 1, we found that the overexpression of KDM5B in
SW1783 cells significantly upregulated Ki67 staining (Supplemen-
tal Fig. 1A). Also knockdown of KDM5B in LN-18 cells dramatically
downregulated the staining of Ki67 (Supplemental Fig. 1B). These
results suggested that KDM5B could significantly promote the pro-
liferation of glioma cells.

3.4. KDM5B promoted glioma cells proliferation via downregulating
p21

The p21(now known as CDKN1A) has important roles in the
proliferation of various cancer types, including glioma [18]. In
addition, Wong et al. reported that KDM5B promotes cell cycle pro-
gression via direct p21 repression [16]. Thus, we determined



Fig. 2. KDM5B promoted glioma cell proliferation. KDM5B protein levels in five glioma cell lines (SW1783, U-87, LN-18, Hs683, and T98G) were revealed by Western blot. (B)
KDM5B mRNA levels in five glioma cell lines (SW1783, U-87, LN-18, Hs683, and T98G) were revealed by qRT-PCR. (C) The transfection efficiency of KDM5B in SW1783 and
LN-18 cells was analyzed by measuring protein levels by Western blotting. (D) The transfection efficiency of KDM5B in SW1783 cells was analyzed by measuring mRNA levels
by qRT-PCR analyses. (E) The transfection efficiency of KDM5B in LN-18 cells was analyzed by measuring mRNA levels by qRT-PCR analyses. (F) Cell proliferation after KDM5B
overexpression in SW1783 cells and KDM5B knockdown in LN-18 cells were measured using MTT assays. (G) The results of colony formation assays that were conducted after
KDM5B overexpression in SW1783 cells. (H) The results of colony formation assays that were conducted after KDM5B knockdown in LN-18 cells. The data represent the
means ± S.D. of three independent experiments ⁄⁄P < 0.01.
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whether the p21was involved in KDM5B-mediated tumor prolifer-
ation in glioma cells. We evaluated the effects of KDM5B on the
p21 expression in SW1783 and LN-18 cells by Western blot. As
shown in Fig. 3A, upregulation of KDM5B significantly downregu-
lation p21 expression in SW1783 cells, while, knockdown of
KDM5B dramatically upregulation p21 expression in LN-18 cells.
To test whether p21 was involved in the KDM5B induced prolifer-
ation, we measured the role of p21 in shKDM5B-induced prolifer-
ation inhibition by knocking down p21 expression using siRNA in
LN-18 cells. The p21 knockdown efficiency was detected using
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Western blot at 24 h after transfection (Fig. 3B). As shown in Fig. 3C
and D, the proliferation inhibition that was induced by shKDM5B
was obviously reversed following p21 knockdown using siRNA.
These results confirmed that p21 was involved in KDM5B-medi-
ated proliferation ability in glioma cells.
3.5. KDM5B enhanced tumorigenesis in vivo

To explore the effects of KDM5B on tumorigenesis in vivo, dif-
ferent cell lines were injected subcutaneously into the flanks of
nude mice. The diameters of the tumors were measured every
3 days. We found that the mice that had been injected with the
KDM5B-overexpressing SW1783 cells formed tumors on the ninth
day, while the mice that had been injected with control cells did
not form tumors until the twelfth day (Fig. 4A). Similar results
were observed in the LN-18 cells. We found that the control cells
formed tumors earlier and that the tumor volumes were much lar-
Fig. 3. KDM5B promoted glioma cells proliferation via downregulating p21. (A) The expre
cells were examined using Western blotting. b-actin was used as a loading control. (B) T
Western blot analyses. b-actin was used as a loading control. (C) The graphs show th
pretreated with p21 siRNA 3#. (D) The results of colony formation assays that show t
pretreated with p21 siRNA 3#. The data represent the means ± S.D. of three independen
ger in those that were formed from the control cells than in those
that were formed from the KDM5B knockdown cells (Fig. 4C). As
shown in Fig. 4B, the tumor volume of SW1783 control was much
lower than KDM5B-overexpressing SW1783 cells. Similar with
these, the control group was dramatically larger than the shKDM5B
group in LN-18 cells (Fig. 4D). We next examined the p21 by
immunohistochemistry staining in tumor tissues. As shown in
Fig. 4E, we found that the overexpression of KDM5B in SW1783
cells significantly downregulated p21 staining. Also knockdown
of KDM5B in LN-18 cells dramatically upregulated the staining of
p21. These results suggested that KDM5B promotes glioma cell
xenograft formation and growth in vivo.
4. Discussion

GBM is the most common primary brain tumor and the leading
cause of tumor-related death in the central nervous system [19].
ssion of p21 in KDM5B overexpression SW1783 cells and KDM5B knockdown LN-18
he transfection efficiency of p21 siRNA 24 h after transfection was measured using
e proliferation ability of KDM5B knockdown SN-18 cells after the cells had been
he proliferation ability of KDM5B knockdown LN-18 cells after the cells had been
t experiments. ⁄⁄P < 0.01 vs Control group; ##P < 0.01 vs shKDM5B group.



Fig. 4. KDM5B enhanced tumorigenesis in vivo. Growth curves of mammary tumors after the injection of KDM5B-overexpressing SW-1783 and control cells into SCID mice.
The error bars represent the means ± S.D. (n = 5). (B) Representative tumors are presented from the experiments that were outlined in A. (C) Growth curves of mammary
tumors after the injection of KDM5B-silenced LN-18 and control cells into SCID mice. The error bars represent the means ± S.D. (n = 5). (D) Representative tumors are
presented from the experiments that were outlined in C. (E) Immunohistochemical staining of p21 in KDM5B overexpressed SW1783 and its control cells tumor tissues. (F)
Immunohistochemical staining of p21 in KDM5B knockdown LN-18 and its control cells tumor tissues. ⁄⁄P < 0.01 vs Control group.
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The prognosis for patients with malignant glioma is poor, and the
mechanisms of GBM genesis remain elusive. Multiple molecular
dysfunctions are associated with GBM formation and growth, such
as EGFR, TGF-b1, VEGF, p53, pRb, p21, p27, p16, p19, and telome-
rase [20–26]. Considerable effort has been made to determine
the underlying mechanisms of gliomagenesis, but an effective ther-
apy has not been established and patients diagnosed with GBM
have a median survival of only 12–15 months [27,28]. In the pres-
ent manuscript, we identified KDM5B as a candidate target gene
for glioma growth.

A growing body of evidence indicates that overexpression or
mutations of histone methyltransferases and demethylases have
been linked to the development of many human cancers [29–31].
Histone H3K27 methyltransferase, EZH2, and H3K4 demethylases
LSD1 and KDM5B have been thought to play important roles not
only in tumor initiation, but also in tumor progression, since over-
expression of these genes has been reported in many types of
malignant tumors [30]. Previous papers revealed that upregulation
of KDM5B enhanced cell migration, cell invasion and EMT to pro-
mote malignant progression of lung cancer cells [32,33]. However,
the role of KDM5B in glioma carcinogenesis remains unclear. To
confirm the oncogene function of KDM5B, we first examined the
levels of KDM5B in glioma samples and normal brain tissue sam-
ples. We found that KDM5B was significantly overexpressed in gli-
omas. Kaplan–Meier analysis showed that patients with glioma
and higher KDM5B expression tend to have shorter overall survival
time. These results suggested that KDM5B was a candidate onco-
gene in glioma. To further explore the role of KDM5B in glioma,
we transfected glioma cells either to ectopically express KDM5B
or to inhibit its expression using RNA interference. Overexpression
of KDM5B in vitro significantly enhanced the proliferation of gli-
oma cells, while knockdown of KDM5B inhibited cell growth. Our
in vivo experiments also demonstrated that KDM5B markedly pro-
moted tumorigenesis. These data further supported the oncogene
role of KDM5B in glioma.

Previous studies have shown that p21 was identified as a pro-
tein suppressing cyclin E/A-CDK2 activity and was originally con-
sidered as a negative regulator of the cell cycle and a tumor
suppressor. It is now considered that p21 has alternative functions,
and the view of its role in cellular processes has begun to change.
At present, p21 is known to be involved in regulation of fundamen-
tal cellular programs: cell proliferation, differentiation, migration,
senescence, and apoptosis. Wong et al. reported that KDM5B pro-
motes cell cycle progression via direct p21 repression [16]. Thus,
we determined whether the p21 was involved in KDM5B-mediated
tumor proliferation in glioma cells. Our results indicated that the
levels of p21 were significantly decreased in KDM5B-overexpress-
ing cells and p21 were upregulated in KDM5B knockdown cells.
When we pretreated the KDM5B knockdown cells with p21 siRNA,
the decreased proliferation ability of KDM5B knockdown cells was
reversed. All of these data revealed that KDM5B promotes the
proliferation activities of glioma cells partly via inhibition p21.
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However, how KDM5B might regulate the p21 is still need further
study.

In conclusion, we found that KDM5B expression was generally
higher in glioma lesions compared with normal brain tissues.
Our data demonstrate that KDM5B has a vital function in promot-
ing cell proliferation ability, which is at least partially controlled by
the p21. Thus, we propose that the candidate tumor oncogene
KDM5B may be an effective novel therapeutic target in the man-
agement of glioma.
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