
Int J Clin Exp Med 2016;9(10):19164-19174
www.ijcem.com /ISSN:1940-5901/IJCEM0027183

Original Article
PSMB4 promotes glioma  
proliferation via NF-κB signaling

Xing Su1,2, Qi Yao2, Zhikai Gu2, Jianhong Shen2, Zhongyong Wang1, Jian Chen2, Qin Lan1

1Department of Neurosurgery, Second Affiliated Hospital of Suzhou University, 1055 Sanxiang Road, Suzhou 
215004, People’s Republic of China; 2Department of Neurosurgery, Affiliated Hospital of Nantong University, 20 
Xisi Road, Nantong 226001, People’s Republic of China

Received March 3, 2016; Accepted September 10, 2016; Epub October 15, 2016; Published October 30, 2016

Abstract: Proteasomal subunit PSMB4 plays a dominant role in maintaining genomic stability and promoting tu-
morigenesis. However, the regulatory mechanism of PSMB4 on carcinogenesis process remains unclear. In this 
study, we identified the expression and role of PSMB4 in glioma. We found a significant upregulation of PSMB4 
both in glioma plasma and cell lines. Higher frequency of PSMB4 positive cells was detected in tumor tissues of 
gliomas compared to non-tumor tissues. Meanwhile the high frequency of PSMB4 expression was also remarkably 
associated with poor prognosis of glioma patients. Furthermore, ectopic overexpression of PSMB4 promoted the 
cell growth and colony forming ability of glioma cells, whereas inhibition of PSMB4 led to a decrease in such events. 
Our results demonstrated that the upregulation of PSMB4 enhanced cell proliferation of U251 cell line using a BrdU 
incorporation assay, whereas knockdown of PSMB4 markedly suppressed the cell proliferation and clone-formation. 
Additionally, while enforced expression of PSMB4 profoundly increased NF-κB activity and the level of PCNA and 
CyclinD1, PSMB4 knockdown or NF-κB inhibition restrained colony forming ability in glioma cells. These findings 
reveal the direct role of PSMB4 in regulating NF-κB-mediated signaling and promoting the cell proliferation of glioma 
cells.
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Introduction

Malignant gliomas are the most common and 
aggressive primary brain tumors in adults, with 
an average survival of more than one year  
after the initial diagnosis [1]. Despite signifi- 
cant advances in neurosurgery and chemora-
diotherapy, malignant gliomas remain highly 
resistant to traditional treatments and improve-
ments in patient outcome have been modest 
[2]. Therefore, it is urgent to develop much 
more effective therapeutic strategies and 
agents to fight aganist gliomas. To achieve this 
goal, it is necessary to elucidate the molecular 
signaling pathways regulating oncogenic prop-
erties of glioma cells.

In cancer cells, selective protein degradation is 
performed primarily by the proteasome path-
way. The 26S proteasome is a huge macromo-
lecular machine that contains a proteolytically 
active 20S core particle capped at ends by a 

19S regulatory particle. How the proteasome 
components are targeted is a fundamental 
question towards understanding the process  
of protein degradation and its functions in 
tumorigenesis [3, 4]. Emerging evidence indi-
cates that abnormal expression levels of some 
human proteasome occur in several types of 
cancer cells which may be closely related to 
tumor progression, tumor suppression and  
cancer therapy resistance [5]. The FDA-app- 
roved proteasome inhibitor, bortezomib, tar- 
gets the core proteolytic subunits PSMB5, 
PSMB6, and PSMB7. Proteasome subunit  
beta type 4 (PSMB4), the β7 subunit of the 20 
S core complex, was identified as a direct bind-
ing partner of gene encoding cereblon [6]. 
Targeting PSMB4 of the 20S proteasome pro-
vides evidence of a novel function in modulat-
ing proteasome activity and non-lysosomal pro-
tein degradation [7]. The noncatalytic subunit 
PSMB4 represents a novel potential target as  
it plays a crucial role in regulating the assembly 
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of the proteasome [8]. However, the role of 
PSMB4 in the development and progression of 
brain tumor remains unclear.

Here, we demonstrated that PSMB4 was sig-
nificantly overexpressed in human glioma plas-
ma and cell lines. Glioma patients with positive 
PSMB4 expression had shorter overall survival 
rates and disease free survival rates than those 
with negative PSMB4 expression. Through fur-
ther functional investigations, we found that 
the upregulation of PSMB4 increased, whereas 
downregulation of PSMB4 decreased, the abili-
ty of cell proliferation and colony formation. 
Overexpression of PSMB4 was associated with 
increased NF-κB activity. PSMB4 knockdown or 
NF-κB inhibition mediated suppression of cell 
growth was further determined, suggesting the 
potential role of PSMB4-NF-κB axis in control-
ling glioma cell growth.

Materials and methods

Patients and tissue specimens

Glioma tissues were collected from surgical 
resection specimens of 97 patients who had 
not undergone radiotherapy or chemotherapy 
in the Affiliated Hospital of Nantong University 
between April 2006 and June 2010. The tissue 
microarray contains 97 glioma samples. Diag- 
nosis of all cases of glioma was confirmed  
histologically by an experienced pathologist, 
based mainly on examination of sections 
stained with H&E. This study was approved by 
the ethics committee of Affiliated Hospital of 
Nantong University.

Immunohistochemistry

The sections were deparaffinized using a grad-
ed ethanol series, and endogenous peroxidase 
activity was inhibited by immersing in 0.3% 
hydrogen peroxide. Thereafter, the sections 
were processed in 10 mmol/L citrate buffer 
(pH 6.0) and heated to 12-18°C in an autoclave 
for 20 min to retrieve the antigen. After rinsing 
in phosphate-buffered saline (PBS) (pH 7.2), 
10% goat serum was applied for 1 h at room 
temperature to block any nonspecific reactions. 
The sections were then incubated overnight at 
4°C with anti-PSMB4 mouse monoclonal anti-
body (diluted 1:50; Santa Cruz Biotechnology, 
CA), and anti-Ki-67 mouse monoclonal anti-
body (diluted 1:100; clone 7B11; Zymed Labo- 

ratories, San Francisco, CA). Negative control 
slides were also processed in parallel using  
a nonspecific immunoglobulin IgG (Sigma 
Chemical Co., St. Louis, MO) at the same con-
centration as the primary antibody. All slides 
were processed using the peroxidase-anti-per-
oxidase method (Dako, Hamburg, Germany) [9].

Immunohistochemical evaluation

For assessment of PSMB4 and Ki-67, at least 
10 high power fields were randomly chosen and 
cytoplasma and nuclear staining was also 
examined under high power magnification. We 
defined PSMB4 expression levels according to 
the final score of each sample (low or high) by 
adding the scores for the intensity and extent of 
staining. The intensity of staining was scored 
as 0 (negative), 1 (weak), 2 (moderate) or 3 
(strong). The extent of staining was scored 
based on the percentage of positive tumor 
cells. Each case was finally considered low if 
the final score was 0 to 1 and high if the final 
score was 2 to 3. 

SiRNA and transfection

Short interfering RNAs (siRNA) of PSMB4, 
pcDNA3.1-PSMB4, vector and negative con- 
trol were chemically synthesized (GeneChem, 
Shanghai, China). U87 and U251 cells were 
seeded the day before transfection using 
DMEM with 10% FBS without antibiotics. The 
glioma cells were transfected using lipo-
fectamine 2000 (Inviyrogen, USA) in line with 
the manufacturer’s protocol. 

Cell culture and cell proliferation assay

The collection of tumor specimens from  
glioma patients was approved by our hospital.  
A panel of glioma cell lines (U251, D54, STTG1, 
GBM50, GBM62, GBM177, GBM2345, GBM-
ES, GBM-RW, LN308, H4 and U87) and nor- 
mal plasma cells were maintained per culture 
guidelines. Blood samples were collected in 
EDTA-treated tubes in the morning on the day  
of surgery and centrifuged at 1000 g for 10  
min at room temperature within 2 h of veni-
puncture and processed. Then, supernatants 
were collected and centrifuged at 1000 g  
for 10 min at room temperature to prevent  
cellular DNA contamination. The plasma was 
subjected to superhydrophobic plasma sepa- 
rator (Tohoky Pharmaceutical University, Japan) 
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ers (Applied Biosystems, Carlsbad, CA, USA) 
was used to obtain the cDNA, and then subject-
ed to TaqMan RNA assay (Applied Biosystems) 
using primers specific for PCNA and CyclinD1 
according to the manufacturer’s protocol. 

Soft-agar colony formation assay

Soft agar colony-forming experiment was used 
to detect the colony-forming ability of glioma 
cells. After transfection, U251 and U87 cells 
were harvested, pipetted well and mixed with 
pre-warmed agar. Then the mixture was added 
into 60-mm culture dish with soft agar-precoat-
ed. After 3 weeks, the colonies were stained 
with 0.04% crystal violet-2% ethanol in PBS. 
Colonies were photographed under an inverted 
light microscope (Olympus, Tokyo, Japan). 

NF-κB reporter gene assay

For the measurement of NF-κB-dependent 
luciferase gene expression, cells (3×106) were 
co-transfected with 3 mg of the plasmids (as 
described above) and 0.5 mg of DNA encoding 
the NF-κB luciferase reporter construct or 0.5 
mg control-luciferase plasmid and plated 3×105 
cells per well. After 24 h, the cells were lysed in 
Passive Lysis Buffer (Promega). The luciferase 
activity was then measured using a Dual-
Luciferase Reporter Assay System (Promega) 
as per the manufacturer’s instructions. 

Statistical analysis

All statistical analysis was performed using the 
SPSS 17.0 software package. The associ- 
ation between PSMB4, Ki-67 expression and 
clinicopathological features were analyzed by 
the χ2 test. Univariate and Multivariate analysis 
on clinicopathological variables and PSMB4 
expression levels were performed using the 
Cox proportional hazard regression model. The 
Kaplan-Meier curves and the log-rank test  
were used to analyze the survival data. Then, 
the tumor proliferation rate and the expres- 
sion of proteins were assessed by one-way 
ANOVA. P<0.05 was considered statistically 
significant.

Results

PSMB4 is overexpressed in glioma cell lines 
and patients

The expression of PSMB4 in plasmas of 20 gli-
oma patients and 8 normal donors was exam-

according to the manufacturer’s instructions. 
The plasma separator described can separate 
the different glioma cells from the whole  
plasma. All the cells were incubated at 37°C  
in a humidified chamber containing 5% CO2. 
Cell proliferation was detected by MTS assay. 
3000 cells were seeded into 96-well plates 
after transfection. After being incubated for  
4 days, cell proliferation was determined  
using CellTiter 96 AQueous One Solution Cell 
Proliferation Assay kit (Promega, Madison, WI, 
USA) according to the manufacturer’s protocol.

Western blot analysis and NF-κB pathway in-
hibitor

Western blot analysis was done as previously 
detailed [10]. The primary antibodies used we- 
re the following: anti-PSMB4 (1:1,000; Santa 
Cruz Biotechnology); anti-Phospho-NF-κB p65 
(1:1,000; Cell Signaling Technology); anti-IκBα 
(1:2,000; Cell Signaling Technology); anti-GAP-
DH (1:3,000; Santa Cruz Biotechnology). In the 
specified experiments, cells were pretreated 
with the specific pathway inhibitor: BAY11-7082 
(a NF-κB inhibitor, 10 mM, Selleckchem).

BrdU incorporation assay

After transfection as described previously, cells 
were incubated for 60 minutes with 10 μM 
BrdU (Sigma), fixed in 4% paraformaldehyde, 
and permeabilized with 0.1% Triton X-100. Then 
cells were incubated with 2 M HCl for 30 min-
utes at 37°C and with 0.1 M borate buffer (pH 
8.5) for 10 minutes at room temperature. After 
blocking with 2% BSA, they were incubated with 
an anti-BrdU antibody overnight at 4°C, fol-
lowed by reaction with FITC-labeled anti-mouse 
IgG. At least 300 cells per slide were examined 
in three randomly selected high-power fields, 
and the percentage of positive staining was 
calculated.

Quantitative RT-PCR (qRT-PCR)

Total RNA was extracted from tissues and cell 
lines using TRIzol reagent (Invitrogen). Maxima 
First Strand cDNA Synthesis Kit (Thermo 
Scientific, Rockford, IL, USA) was used to  
obtain cDNA. The PSMB4 gene expression  
was validated using GoTaq qPCR Master Mix 
with SYBR green (Promega) with Actin as an 
internal control. To examine the expression of 
PCNA and CyclinD1, specific stem-loop RT prim-
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ined by qRT-PCR. It was found that the pla- 
sma level of PSMB4 was significantly upregu-
lated in patients with glioma compared with 
healthy control subjects, indicating that  
PSMB4 may be contribute to the development 
of glioma (Figure 1A). In addition, the expres-
sion of PSMB4 in a panel of glioma cell lines 
was significantly increased compared with nor-
mal plasma cells from healthy donors (Figure 
1B, 1C). To further explore the pathophysio- 
logical significance of PSMB4 with tumor  
characteristics, the clinicopathological data 
were summarized in Table 1. PSMB4 expres-
sion was significantly overexpressed in glioma 
specimens as compared with the adjacent  
non-glioma tissues, and PSMB4 expression 
was remarkably correlated with WHO grade 
(P=0.022) as well as Ki-67 (P=0.001), wher- 
eas PSMB4 expression did not correlate  
significantly with other prognostic factors  
such as necrosis (P=0.061), tumor size 
(P=0.059) and age (P=0.350). Furthermore, in 
most specimens, tumors with high expres- 
sion of PSMB4 showed high expression of 
Ki-67. In addition, the Cox’s proportional haz-
ards regression model proved that PSMB4, 
Ki-67 expression and WHO grade were inde-
pendent prognostic factors in patients with  
glioma (Tables 2, 3). 

Relationship between PSMB4 expression and 
glioma patients’ survival 

To evaluate the clinical significance of  
PSMB4 overexpression in glioma, we investi-
gated whether the levels of PSMB4 expres- 
sion were associated with overall survival  
and disease free survival in glioma. Kapla-
Meier analysis revealed that patients with high 
expression of PSMB4 had shorter overall sur-
vival and disease free survival than those with 
low expression of PSMB4 (P<0.01, Figure 2). 

PSMB4 promotes glioma cell growth and colo-
ny forming ability

To offer novel insights into the role of PSMB4  
in the pathogenesis of glioma, U251 and U87 
glioma cells with PSMB4 overexpression or 
PSMB4 knockdown were established (Figure 
3A). An increase in cell proliferation was  
found in U251 and U87 cells with PSMB4  
overexpressed, whereas targeting PSMB4  
with specific siRNA resulted in a significant 
decrease in cell growth (Figure 3B). Furthe- 
rmore, the effect of PSMB4 on anchorage- 
independent growth was determined by soft 
agar assays. As shown in Figure 3C and 3D, the 
total number of colonies and average colony 
diameter were markedly increased by the  

Figure 1. PSMB4 is overexpressed in glioma cell lines and patients. A. The expression of PSMB4 in 8 normal purified 
plasma cells from healthy donors (Normal) and 20 multiple glioma (glioma) patients was examined by qRT-PCR. U6 
snRNA was used as a loading control. B. qRT-PCR detecting the expression of PSMB4 in normal plasma cells and 
a panel of glioma cell lines. C. Western blot examining the PSMB4 expression in normal plasma cells and glioma 
cell lines. 
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transfection of PSMB4 vector (P<0.05), and a 
decrease of such events was found in cells  
with PSMB4 knockdown. These results under-
scored that PSMB4 may regulate cell growth 
and potential glioma formation.

Knockdown of PSMB4 inhibits the proliferation 
of U251 cells

To further evaluate whether PSMB4 could 
impact the cell proliferation, we tested the  
proliferation of U251 cells using a BrdU incor-
poration assay. As shown in Figure 4, the con-
trol groups could not promote the prolifera- 
tion of U251 cells (29.2%, P<0.05), whereas 
cells treated with PSMB4 experienced a sig- 
nificant increase in cell proliferation (56.7%, 
P<0.05). Compared with vector or the control 
group, the proliferation rate of the cells trans-
fected with PSMB4-siRNA was significantly 
decreased (9.8%, P<0.01, Figure 4). Thus,  

ported to promote PCNA-dependent and  
CyclinD1-dependent cell proli-feration [7, 13]. 
To further validate that PSMB4-mediated  
substrates occurs through NF-κB activation,  
we blocked the NF-κB pathway in PSMB4  
overexpressed cells using an NF-κB inhibitor 
(BAY11-7082). As expected, while PSMB4  
overexpression promoted PCNA and CyclinD1 
activation, such effects were inhibited by 
BAY11-7082 (Figure 5C, 5D). Additionally, 
BAY11-7082 also suppressed the stimula- 
tory effect of PSMB4 overexpression on cell 
growth (Figure 5E, 5F). Thus, these results  
indicated that the oncogenic function of  
PSMB4 may be dependent on activation of 
NF-κB-PSMB4 signaling.

Discussion

The ubiquitin-proteasome system orchestr- 
ates the abundance of thousands of proteins in 

Table 1. PSMB4 or Ki-67 expression and clinicopathologi-
cal parameters in 97 patients with glioma

Characteristics To-
tal

PSMB4 
expres-

sion
P 

value

Ki-67 ex-
pression P 

value
Low High Low High

Sex 0.120 0.065
    Female 19 11 8 11 8
    Male 78 29 49 26 52
Age (years) 0.350 0.812
    ≤45 36 17 19 18 18
    >45 61 23 38 19 42
Vessel density 0.932 0.912
    Normal 36 15 21 14 22
    Increased 61 25 36 23 38
WHO grade 0.022 0.023
    I-II 57 29 28 28 29
    III-IV 40 11 29 9 31
Necrosis 0.061 0.525
    Absent 37 11 26 24 13
    Present 60 29 31 13 47
Tumor size (cm) 0.059 0.129
    <4.0 48 15 33 26 22
    ≥4.0 49 25 24 11 38
Surgery 0.076 0.374
    Partial resection 68 32 36 22 46
    Total resection 29 8 21 15 14
Ki-67 expression 0.001
    Low 37 33 4
    High 60 7 53

both loss- and gain-of-function assays 
indicated that PSMB4 promoted the 
cell proliferation of glioma cells.

PSMB4-induced glioma proliferation is 
modulated by NF-κB

Previous studies have confirmed that 
glioma development could be directly 
regulated by the transcription factor 
NF-κB, and proteasome is crucial for 
NF-κB activation-mediated cell survi- 
val [11, 12]. Our results from Western 
blot demonstrated a significant eleva-
tion in the phosphorylation of NF-κB 
p65 subunit in PSMB4 overexpressed 
cells, and a significant decrease in the 
PSMB4 knockdown cells, compared to 
corresponding control cells (Figure 5A). 
Consistent with our prediction, similar 
results were found by performed the 
activity of NF-κB using luciferase re- 
porter gene assay (Figure 5B). Addi- 
tionally, enforced PSMB4 expression 
led to a reduce in the level of IκBα, 
whereas silencing PSMB4 upregula- 
ted IκBα expression, suggesting that 
PSMB4 may mediate NF-κB activation 
by inhibiting IκBα. In view of studies 
above, we chose two target genes  
PCNA and cyclin D1, which play a  
central role in the tumor growth,  
to demonstrate the mechanism of  
PSMB4 in regulation of the glioma  
cells growth. NF-κB activation is re- 
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Figure 2. Relationship between PSMB4 expression and glioma patients’survival. (A) overall survival and (B) disease 
free survival curves for low versus high PSMB4 expression in 97 patients with glioma show a highly significant sepa-
ration between curves (P<0.01, log-rank test). 

Table 2. Univariate analysis of overall survival and disease free survival in 97 glioma patients

Variables β
Overall survival

P-value β
Disease free survival 

P-value
HR for death (95% CI) HR for death (95% CI)

Sex (Ref=female) 0.028 1.028 (0.786-4.452) 0.398 -0.430 0.958 (0.586-3.028) 0.320
Age (years) (Ref≤45) 0.183 1.201 (0.627-2.318) 0.136 0.023 1.023 (0.627-2.318) 0.214
Vessel density (Ref=Normal) -0.944 0.389 (0.270-1.869) 0.082 -1.474 0.229 (0.179-1.525) 0.098
WHO grade (Ref=I-II) 0.305 1.356 (0.674-2.031) 0.170 0.212 1.236 (0.546-1.798) 0.238
Necrosis (Ref=absent) 0.765 2.148 (0.839-4.868) 0.183 0.723 2.061 (0.856-3.690) 0.586
tumor size (cm) (Ref<4.0) 0.819 2.268 (1.026-4.068) 0.149 0.767 2.153 (1.008-3.436) 0.249
Surgery (Ref=Partial resection) -0.360 0.698 (0.234-1.937) 0.865 -0.774 0.461 (0.260-1.654) 0.753
PSMB4 expression (Ref=Low) 0.711 2.037 (1.348-4.256) 0.039 0.672 1.958 (1.048-3.256) 0.040
Ki-67 expression (Ref=Low) 0.987 2.682 (1.295-5.572) 0.011 0.694 2.002 (1.137-4.082) 0.008
HR: hazard ratio. CI: confidence interval.

Table 3. Multivariate analysis of overall survival and disease free survival in 97 glioma patients

Variables β
Overall survival P-

value β
Disease free survival P-

valueHR for death (95% CI) HR for death (95% CI)
Sex (Ref=female) 0.082 1.085 (0.688-4.400) 0.242 0.061 1.063 (0.534-3.496) 0.567
Age (years) (Ref≤45) 0.179 1.196 (0.521-2.262) 0.827 0.065 1.067 (0.421-2.032) 0.732
Vessel density (Ref=Normal) -0.914 0.401 (0.170-1.949) 0.057 -1.000 0.368 (0.270-1.642) 0.489
WHO grade (Ref=I-II) 0.247 1.280 (0.674-2.031) 0.003 0.545 1.756 (1.574-2.858) 0.012
Necrosis (Ref=absent) 0.715 2.044 (0.826-4.824) 0.103 0.615 1.849 (0.946-3.536) 0.693
tumor size (cm) (Ref<4.0) 0.707 2.028 (1.022-4.024) 0.105 0.629 1.876 (1.022-3.056) 0.690
Surgery (Ref=Partial resection) -0.392 0.676 (0.239-1.910) 0.460 -0.601 0.548 (0.368-1.870) 0.386
PSMB4 expression (Ref=Low) 0.742 2.100 (1.392-4.234) 0.032 0.593 1.809 (1.608-3.680) 0.002
Ki-67 expression (Ref=Low) 0.988 2.686 (1.295-5.572) 0.008 0.804 2.235 (1.165-4.568) 0.001
HR: hazard ratio. CI: confidence interval.

human cells to control and fine-tune virtually all 
cellular processes [14, 15]. The 20S protea-
somal subunit, PSMB4, has been identified as 
a potential driver oncogene in multiple tumor 

types. PSMB4 and five other proteasome  
subunits were found to be essential for the  
survival of a broad range of tumor cells. There 
is a significant relationship between increased 
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staining of PSMB4 and prostate cancer out-
come in patients who were treated with high-
dose radiotherapy and androgen deprivation 
therapy [16]. The metastasis-associated pro-
tein was also upregulated, in addition to dereg-
ulation of PSMB4 through the ubiquitin-protea-
some degradation pathway that plays a role in 
pancreatic ductal adenocarcinoma [17]. In 
addition, PSMB4 has been proposed to be a 
tumor promoter because PSMB4 protein level 
was significantly increased in chromic myeloid 
leukemia and was involved in the proteasome 
pathway and the small G-protein pathway [18]. 
However, whether or not PSMB4 contributes  
to the progression of glioma remains unk- 
nown, and the molecular basis of how PSMB4 
promotes glioma proliferation needs further 
investigation.

In the present study, using qRT-PCR and immu-
nohistochemical staining assays, we showed 
that both transcripts and protein of PSMB4 
were frequently and significantly overexpressed 

in human gliomas. The mechanism of such 
overexpression is currently unclear, but it has 
been reported that PSMB4 plays a role in endo-
plasmic reticulum (ER)-associated degradation 
of improperly processed proteins [17]. PSMB4 
has been hypothesized to possess tumor-pro-
moter activity, several lines of evidences here 
indicate that overexpression of PSMB4 is caus-
ally associated with glioma tumorigenicity. We 
have used 2 glioma cell lines, specifically U251 
and U87, to show the colony formation ability of 
PSMB4. The levels of PSMB4 protein were sig-
nificantly increased in glioma tissues compared 
to normal matched tissues. Results from both 
gain-of-function and loss-of function approach-
es concurred to indicate that PSMB4 enhanced 
cell proliferation rate and anchorage-indepen-
dent growth, suggesting that PSMB4 plays an 
oncogenic role in glioma growth.

Previous studies demonstrated that elevated 
PSMB4 expression was associated with worse 
relapse-free survival (RFS) in breast cancer and 

Figure 3. PSMB4 promotes glioma cell growth and colony forming ability. A. U251 and U87 cells were transfected 
with PSMB4 vector, control, PSMB4 or PSMB4-specific siRNA, and the expression of PSMB4 was detected by West-
ern blot. B. Cell proliferation was examined by MTS assay. C. Cells were seeded into 6-well dishes, the colony-forma-
tion ability was measured after transfection. D. The number of colony was summarized in the bar graph. #P<0.05, 
compared with the vector group. *P<0.05, compared with corresponding PSMB4 group. 
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Figure 4. Knockdown of PSMB4 inhibits the pro-
liferation of U251 cells. Representative images 
from a cell proliferation assay illustrate nuclear 
staining after the cells were transfected with vec-
tor, PSMB4, Si-Control, PSMB4-siRNA. The prolif-
erative ability of U251 cells was tested with BrdU 
incorporation assays. #P<0.05, compared with 
the vector group. *P<0.05, compared with the 
PSMB4 group.
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increased time to first progression in lung can-
cer [16]. In our clinicopathologic analysis, over-
expression of PSMB4 was markedly correlated 
with more aggressive tumor behavior in terms 

of the presence of histological grade as well as 
Ki-67. Also in support of our findings, Kaplan-
Meier analysis indicated that high expression 
of PSMB4 is associated with worse disease 

Figure 5. PSMB4-induced glioma proliferation is modulated by NF-κB. A. After transfection, the expression of pNF-κB 
and IκBα in U251 cells were examined by Western blot. B. Analysis of luciferase reporter activity in U251 and U87 
cells after transfected with pNF-κB-luc or the control-luciferase plasmid. C. Cells were transfected with PSMB4 ex-
pression vector, and then treated with NF-κB inhibitor (Bay11-7082, 10 mM), the expression of PCNA was analyzed 
by qRT-PCR. D. The expression of CyclinD1 was also analyzed by qRT-PCR. E. The colony forming ability of U251 cells 
was analyzed by soft agar colony-forming experiment. F. The number of colony was summarized in the bar graph 
and representative images were shown. #P<0.05, compared with the vector group. *P<0.05, compared with the 
PSMB4 group. 
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free survival and overall survival in glioma. 
Therefore, our findings contribute to an evolv-
ing paradigm that proteasome β-ring catalytic 
subunit is of critical importance to the develop-
ment and or maintenance of glioma.

In considering possible mechanisms through 
which PSMB4 may promote glioma develop-
ment, we decided to study the potential contri-
bution of NF-κB activation. The translocation of 
NF-κB to the nucleus induced by p65 phosphor-
ylation, IκB ubiquitination and subsequent deg-
radation promotes glioma development [12, 
19]. Strikingly, it was demonstrated that the 
NF-κB signaling was transcriptionally regulated 
by proteasome and directly links the TNF-α/
NF-κB signaling pathway with proteasome and 
cancer cell growth in human prostate carcino-
ma cells [20]. Several pivotal steps in cell 
growth control are mediated by the proteasome 
system. One characterized step is limited pro-
teasomal processing of the NF-κB1 precursor 
p105 to the p50 active subunit [21]. In previous 
studies, p97 in complex with its cofactor Npl4 
and Ufd1 positively regulates the alternative 
NF-κB pathway by promoting partial degrada-
tion of proteasomal degradation. It highlights 
the tight control of proteasome-dependent pro-
tein degradation is important for proper func-
tion of NF-κB in lymphoma cells growth and 
survival [22]. Bortezomib, the first generation 
of proteasome inhibitor, predominantly inhibit-
ing the chymotrypsin-like (CT-L) activity of pro-
teasome [23]. Indeed, bortezomib acts against 
cancer cells via inhibition of NF-κB activation, 
which is essential for survival of multiple myelo-
ma cells, by preventing degradation of IκBα, an 
endogenous inhibitor of NF-κB [24, 25]. 
However, the roles of PMSB4 in regulation 
NF-κB activation are largely unknown. Our 
results suggested that PSMB4 exerted a pro-
found impact on the activation of the NF-κB 
pathway. While overexpression of PSMB4 led to 
an increase in the activity of NF-κB and the 
expression of the target genes, depletion of 
PSMB4 completely contributed to IκBα degra-
dation, suggesting PSMB4 may activate NF-κB 
signaling through a proteasome-mediated pro-
tein degradation of IκBα. This result prompted 
us to hypothesize that the possibility of PSMB4-
mediated upregulation of PCNA and CyclinD1 
by activating NF-κB in glioma cells. To this end, 
we placed NF-κB inhibitor, which blocked the 
NF-κB pathway and therefore markedly abol-
ished PSMB4-induced cell viability.

Together, these data support a central role of 
PSMB4 in glioma growth through NF-κB acti- 
vation. Targeting PSMB4 may offer an alte- 
rnative therapeutic option to gliomas. Addi- 
tionally, the correlation of PSMB4 expression 
with the WHO grades of glioma indicates that 
PSMB4 might be used as a prognostic marker 
for this disease.
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