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Abstract. Malignant glioma is notorious for its aggressiveness 
and poor prognosis, and the invasiveness of glioma cells is the 
major obstacle. Accumulating evidence indicates that kinesin 
superfamily proteins (KIFs) may play key roles in tumor 
invasiveness, but the mechanisms remained unresolved. Our 
previous study demonstrated that membrane type 1-matrix 
metalloproteinase (MT1-MMP) was involved in Kinesin 
family member 1B (KIF1B)-modulated invasion of gastric 
cancer cells. Therefore, the role of KIF1B in glioma cell inva-
sion and its relationship with MT1-MMP were explored in the 
present study. We found that aberrantly increased expression 
of KIF1B was associated with worse WHO pathological clas-
sification and Karnofsky performance status (KPS), which 
also showed a trend towards worse prognosis. In the transwell 
assay, knockdown of KIF1B using siRNA repressed U87MG 
and A172 glioma cell migration and invasion. Silencing KIF1B 
inhibited expression of membranal MT1-MMP; however, 
the amount of MT1-MMP in the whole cell lysate was not 
affected. In conclusion, targeting KIF1B may be an option for 
anti-invasive therapies targeting glioma.

Introduction

Malignant glioma, especially glioblastoma multiforme (GBM), 
is one of the most aggressive forms of all human cancers, 
with a median survival time of 12-15 months for GBM and 
2-5 years for anaplastic gliomas (1). Despite recent advances 
in therapeutic modalities, including surgery, chemotherapy 
and radiotherapy, the overall survival of GBM patients was 

not significantly improved over the past 20 years. Malignant 
gliomas display extensive infiltration of cells into the normal 
brain parenchyma, which makes complete surgical removal 
almost impossible. What makes the situation worse is that 
malignant glioma cells are highly resistant to radiotherapy and 
chemotherapy, thus, leading to recurrence (2). Furthermore, 
anti-angiogenic therapy using bevacizumab increased survival 
in patients with recurrent glioblastoma, it also increased tumor 
invasiveness (3). As is known, the invasiveness of glioma cells 
is the key problem in the management of malignant gliomas. 
To the best of our knowledge, there are no established anti-
invasive therapies available.

Membrane type 1-matrix metalloproteinase (MT1-MMP, 
MMP-14), a key metalloproteinase with a C-terminal sequence 
that functions as membrane-anchoring domain, plays an impor-
tant role during tumor invasion (4). Once transported to cell 
surface, MT1-MMP will be cleaved and activated. Activated 
MT1-MMP cleaves copious substrates, including another 
critical MMP, namely proMMP-2. Malignant gliomas over-
express MT1-MMP and upregulation of MT1-MMP in glioma 
cells correlates with their invasiveness (5,6). Additionally, the 
expression of MT1-MMP negatively correlates with prog-
nosis of glioma patients (7). The above results indicate that 
MT1-MMP is a key metalloproteinase in the process of glioma 
cell invasion.

KIFs are a family of molecular motors which drive 
the transport of certain cargoes such as protein complexes 
along microtubular tracks. They are involved in cellular 
functions, including cell division and intracellular transport. 
Accumulating evidence supports the important role of KIFs 
in tumor development and progression (8). The expression 
of kinesin family member 2A (KIF2A) negatively correlated 
with prognosis of squamous cell carcinoma of the oral tongue 
(SCCOT) and breast cancer and knocking down KIF2A inhib-
ited invasion (9,10). Additionally, kinesin family member 3A 
(KIF3A) correlated with clinicopathological factors of pros-
tate cancer, while silencing KIF3A decreased proliferation 
and invasion (11). First discovered by Nangaku et al (12) in 
1994, kinesin family member 1B (KIF1B) participated in not 
only axonal transport of synaptic vesicles and mitochondria, 
but also axon myelination and outgrowth (13,14). We have 
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reported that leptin stimulates MT1-MMP expression as 
well as its cell surface localization, which is dependent on 
KIF1B and consequently promoting invasion of gastric cancer 
cells (15). Neither the expression, nor the function of KIF1B 
in glioma has been reported, and its molecular mechanisms in 
tumorigenesis and progression require further investigation.

According to previous findings, we examined the 
protein and mRNA expression of KIF1B in glioma using 
tumor specimens as well as databases, and analyzed the 
correlation of KIF1B expression with pathological grades, 
Karnofsky performance status (KPS) and patient survival in 
this study. Furthermore, we identified that KIF1B promoted 
glioma cell migration and invasion and was involved in cell 
surface localization of MT1-MMP. These results suggest that 
increased KIF1B expression may facilitate the localization of 
MT1-MMP, thus promoting glioma cell invasion.

Materials and methods

Patients and specimens. The research was approved by the 
Ethics Committee of the Qilu Hospital. Archived paraffin-
embedded glioma tissues were collected from 67 patients who 
underwent surgery in the Department of Neurosurgery, Qilu 
Hospital of Shandong University (Shandong, China). The diag-
nosis of each case was confirmed by two pathologists according 
to the 2007 World Health Organization (WHO) classification 
(16). The tissue specimens included WHO Ⅰ (n=5) and WHO Ⅱ 
(n=13), WHO Ⅲ (n=13) and WHO Ⅳ (n=28). We obtained 
written informed consent from all patients or their guardians.

Reagents and antibodies. The membrane protein extraction 
kit was purchased from Thermo Fisher scientific (Rockford, 
IL, USA; cat no. 89826). KIF1B rabbit anti-human mAb 
for immunohistochemical analysis was from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA; cat no. sc-28540). 
KIF1B and MT1-MMP rabbit anti-human mAb for western 
blot analysis were from Abcam (Cambridge, UK; cat no. 
ab69614 for KIF1B and ab51074 for MT1-MMP). β-actin 
rabbit anti-human mAb was from Cell Signaling Technology 
(Beverly, MA, USA; cat no. 4967).

Cell culture. The human glioma U87MG (referred to as U87 
hereinafter for ease of presentation) cell line from the Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China) was grown in Dulbecco's modified Eagle's medium 
(DMEM)/F12 medium containing 10% fetal bovine serum 
(FBS) obtained from Thermo Fisher scientific, 100 units/ml 
penicillin, and 100 µg/ml streptomycin in humidified air with 
5% CO2 at 37˚C.

Immunohistochemical analysis. Paraffin-embedded tissues 
were deparaffinized and rehydrated. After antigen retrieval, 
all tissues were exposed to primary antibody (KIF1B, 1:200) 
overnight at 4˚C, and then incubated with poly-HRP (horse-
radish peroxidase) secondary antibodies (ZSGB-BIO, Beijing, 
China; cat no. SP-9001) for 30 min at 37˚C. Staining was 
observed with 3,3N-diaminobenzidine tertrahydrochloride 
and evaluated independently by two pathologists without prior 
knowledge of the clinicopathological information of the speci-
mens. An immunohistochemical (IHC) score was generated as 

previously described, with slight modifications (17). Briefly, the 
IHC score was calculated by multiplying: i) the staining inten-
sity (scored as: 0, no staining; 1, weak staining; 2, moderate 
staining; and 3, strong staining); and ii) the percentage of 
KIF1B-positive glioma cells (scored as: 1, 1-10%; 2, 11-50%; 3, 
51-80%; or 4, 81-100%). An IHC score of 9-12 was considered 
strong immunoreactivity (+++), 5-8 as moderate (++), 1-4 as 
weak (+), and 0 was considered negative (-).

Quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR). Total RNA was extracted using TRIzol reagent 
(Sangon Biotech Co., Ltd., Shanghai, China), treated with 
DNase I (Thermo Fisher Scientific) then reverse transcribed to 
cDNA using M-MuLV reverse transcriptase (Thermo Fisher 
Scientific), following the manufacturer's protocol. Quantitative 
polymerase chain reaction (PCR) was performed as previously 
described  (18). PCR was performed using the following 
primers: GADPH forward, GGTGGTCTCCTCTGACTTC 
AACAG and reverse, GTTGCTGTAGCCAAATTCGTTGT; 
KIF1B forward, TGGCAGTTACTTCCTACACAGA and 
reverse, GGGAACGGCTACTTGTTTCAT.

Western blot analysis. Total protein from cells or tissues 
was extracted in RIPA buffer [50 mM Tris-HCl, pH 7.5, 1% 
IGEPAL CA-630 (v/v), 150  mM NaCl, and 0.5% sodium 
deoxycholate] and quantified using the BCA method. Equal 
amounts of proteins from each sample were separated on 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and 
transferred onto nitrocellulose membranes. The membranes 
were blocked for 1 h at room temperature with TBST (50 mM 
Tris-HCl, 150 mM NaCl, 0.05% Tween-20, pH 7.0) containing 
5% non-fat dry milk and then incubated with the primary anti-
body [KIF1B (1:200), MT1-MMP (1:1,000), calnexin (1:1,000) 
and β-actin (1:1,000)] overnight at 4˚C. The membranes were 
exposed to the horseradish peroxidase-labeled secondary 
antibodies (1:2,000) for 1 h at room temperature and then were 
detected by enhanced chemiluminescence detection system 
(Amersham Life Science Inc., Pittsburgh, PA, USA).

RNA interference. Small interference RNA (siRNA) 
constructs targeting KIF1B, and stable negative control were 
designed and purchased from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). For transient silencing, 3x105 cells/well 
were seeded onto 6-well plates and transfected with relevant 
siRNA (100  nmol/well) using Lipofectamine RNAiMAX 
reagent (Invitrogen, Carlsbad, CA, USA; cat no. 13778150), 
following the manufacturer's protocol.

Cell invasion and migration assay. For transwell Matrigel 
invasion assay, 5x104 cells in 100 µl of serum-free medium 
were plated onto the upper chamber of 24-well transwell 
inserts (8 µm pores; BD Biosciences, Bedford, MA, USA) 
coated with Matrigel, as previously described with slight 
modifications  (19). The lower chamber was filled with 
600 µl medium containing 20% FBS. After 36-48 h, the 
non-invaded cells were gently scraped off by cotton swab. 
The migrated cells were fixed by 10% formalin, stained with 
crystal violet and counted. Five random fields of each well 
were photographed and cell numbers were determined by 
Kodak MI software.
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As for transwell migration assay, 2x104 cells in 100 µl of 
serum-free medium were plated onto the upper chamber of the 
same inserts and migrated for 10 h. The other steps were the 
same as described above.

Immunofluorescence staining. After KIF1B siRNA transfec-
tion, U87 cells were harvested and then plated on glass slides 
in 24-well culture plates at a concentration of 1x105 cells/well 
for 12 h. Thereafter, the cells were fixed with a 4% formal-
dehyde solution in PBS, permeabilized with 0.5% Triton 
X-100 in PBS, stained for filamentous actin using Alexa-Fluor 
488-labeled phalloidin dyes (Cell Signaling Technology; cat 
no. 8878) according to the manufacturer's instructions. The 
cells were counterstained with 4',6-diamidino-2-phenylindole 
(DAPI) and examined under an Olympus BX61 fluorescence 
microscope.

Cell viability assay. The cell viability assay was previously 
described  (20), with slight modifications. Briefly, 2.5x103 

cells in 200 µl medium per well were seeded into a 96-well 
plate. At the time indicated, 20 µl MTT (5 mg/ml) was added 
into each well. The medium was incubated for another 4 h in 
the dark. Consequently, the medium was expirated. A total 
of 200 µl DMSO was used to dissolve the formazan grain. 
The absorbance at 570 nm was measured using an Infinite 
200 PRO microplate reader (Tecan Schweiz AG, Männedorf, 
Switzerland).

In silico analysis. The Oncomine database and Repository 
of Molecular Brain Neoplasia Data (REMBRANDT) of the 
National Cancer Institute (http://www.betastasis.com/) were 
used to analyze mRNA expression of KIF1B and its prognostic 
value in glioma.

Statistical analysis. The SPSS software package (version 
17.0; SPSS, Inc., Chicago, IL, USA) was used for all statistical 
analysis. Chi-square test and Fisher's exact test were applied to 
analyze the correlation of clinicopathologcial parameters and 
KIF1B expression. Other data from experiments were analyzed 
by paired Student's t-test or one-way ANOVA analysis of vari-
ance wherever appropriate.

Results

The expression of KIF1B correlates with the clinicopath-
ologcial information of glioma. First, we investigated the 
expression of KIF1B mRNA in 39 glioma tissue samples 
using qRT-PCR. The levels of KIF1B mRNA increased with 
the ascending pathological classification of glioma (P<0.05; 
Fig. 1A). The aberrant expression of KIF1B was further vali-
dated by immunohistochemical analysis of 67 glioma tissue 
samples (Fig. 1B). The glioma tissuse samples were grouped as 
KIF1BLow (IHC score: - to +) and as KIF1BHigh (IHC score: ++ 
to +++). As shown in Table Ⅰ, KIF1B expression was signifi-
cantly associated with glioma grade according to the WHO 
classification and KPS.

The aberrant expression and prognostic value of KIF1B 
is validated in the databases. To further investigate KIF1B 
expression and its clinical significance in gliomas, we used 

Figure 1. The expression of KIF1B in glioma tissue samples. (A) The tran-
scriptional levels of KIF1B in 39 glioma tissue samples. samples 1-3 were 
WHO Ⅰ; samples 4-11 were WHO Ⅱ; samples 12-24 were WHO Ⅲ; samples 
13-39 were WHO Ⅳ. The expression is normalized to the lowest expres-
sion (sample 2). The relationship between KIF1B mRNA expression and 
pathological classification of glioma was determined by one-way ANOVA 
analysis; P<0.05. Error bars represent mean  ±  SD. (B) Representative 
microphotographs of KIF1B immunostaining in glioma tissue samples (mag-
nification, x400). They were choroid plexus papilloma (top left: WHO I, -), 
fibrillary astrocytoma (top right: WHO II, +), anaplastic astrocytoma (lower 
left: WHO III, ++ to +++) and glioblastoma (lower right: WHO Ⅳ, +++).

Table I. The relationship between KIF1B immunohistochem-
ical expression and clinicopathologcial parameters of patients. 

		  IHC score 	 IHC score
Variables	 Total	 (-/+)	 (++/+++)	 P-value

Gender
  Male	 42	 27	 15	 0.5155
  Female	 25	 18	 7
Age (years)
  ≥50	 44	 32	 12	 0.1799
  <50	 23	 13	 10
KPS
  >70	 43	 33	 10	 0.0254
  ≤70	 24	 12	 12
WHO grade
  High (III-Ⅳ)	 41	 23	 18	 0.0180
  Low (I-II)	 26	 22	 4

IHC, immunohistochemical; KPS, Karnofsky performance status; 
WHO, World Health Organization. P-values were determined by 
Chi-square test and Fisher's exact test.
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two databases to examine the differential expression and 
prognostic value of KIF1B in glioma. Analysis based on a 
set of Oncomine data showed that KIF1B mRNA expression 
was markedly upregulated in anaplastic astrocytoma (n=19), 
diffuse astrocytoma (n=7), GBM (grade n=81) and oligoden-
droglioma (grade n=50) than in non-tumor controls (n=23; 
each P<0.001; Fig. 2A). According to the data extracted from 
REMBRANDT, patients with high KIF1B mRNA-expressing 
astrocytoma (P=0.0369; Fig.  2B) and oligodendroglioma 
(P=0.0275; Fig. 2C) showed poorer prognosis compared to 
patients with low KIF1B mRNA-expressing ones. Although 
there is only a tendency towards poorer prognosis in GBM 

(P=0.0769; Fig. 2D), a significant prognostic difference still 
remains in all glioma (P=0.0352; Fig. 2E).

Silencing KIF1B inhibits invasion and migration of glioma 
cells, not affecting cell viability. KIF1B was aberrantly 
expressed in glioma tissue samples and correlated with 
pathological classification and KPS of patients. It was revealed 
that the pathological classification of glioma is related to 
invasiveness (21). Moreover, we previously proved that KIF1B 
promoted invasiveness of gastric cancer cells  (15). Hence, 
KIF1B was antagonized by siRNA in vitro in U87 as well 
as A172 glioma cell lines. The silencing efficacy of selected 

Figure 2. Expression and prognostic value of KIF1B in gliomas of the databases. (A) Oncomine microarray data analysis for KIF1B expression in different 
gliomas vs. normal brain tissue is shown. The Student's t-tests were conducted using the Oncomine software; compared with normal brain, each type of 
glioma has a P-value <0.001. NC represents non-tumor controls (n=23), AA represents anaplastic astrocytoma (grade Ⅲ, n=19), DA represents diffuse 
astrocytoma (grade Ⅱ, n=7), GBM represents glioblastoma (grade Ⅳ, n=81) and ODG represents oligodendroglioma (grade Ⅱ, n=50). The boxes represent 
the 25th through 75th percentiles; the horizontal lines represent the medians; the points represent the end of the ranges. (B-E) According to different KIF1B 
mRNA expression for overall survival of glioma patients, Kaplan-Meier curves were plotted (using data extracted from the REMBRANDT database at 
http://www.betastasis.com/). Briefly, (B) atrocytoma, (C) oligodendroglioma (ODG), (D) glioblastoma (GBM) and (E) all gliomas. P-values were obtained 
from log-rank tests.
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KIF1B siRNA was verified by qRT-PCR (data not shown). 
Compared with control siRNA treatment, knocking down 
KIF1B significantly inhibited both invasion (P<0.001; Fig. 3A) 
and migration (P<0.05; Fig. 3B) of U87 glioma cells. Silencing 
KIF1B in A172 cells also remarkably inhibited their inva-
siveness (P<0.001; Fig. 3C) and migratory (P<0.01; Fig. 3D) 
ability. KIF1B-siRNA was transfected into U87 glioma cells 
and did not affect cell viability after 24, 48 and 72 h (P=0.25; 
Fig. 3E). Knocking down KIF1B in A172 glioma cells showed 
similar results (data not shown). 

Silencing KIF1B inhibits glioma invasion and migra-
tion through downregulation of membranal MT1-MMP. 

MT1-MMP is transported to cell surface in order to exert 
its biological function (4). Our previous co-immunoprecip-
itation data have demonstrated that MT1-MMP and KIF1B 
interacts with each other  (15). Considering the important 
role of KIF1B on intracellular transport and the effects of 
MT1-MMP on tumor invasion, we speculated that KIF1B 
may affect the cell localization of MT1-MMP, and then influ-
ence cell migration and invasion in glioma. After knocking 
down KIF1B (P<0.001; Fig. 4A and B), the protein levels of 
MT1-MMP in the whole U87 glioma cell lysate were not 
affected (P=0.485; Fig. 4A and C). However, the expression of 
membranal MT1-MMP was remarkably lower in the KIF1B-
siRNA treating group (P<0.01; Fig. 4A and C). Additionally, 

Figure 3. The effect of knocking down KIF1B on glioma cell invasion and migration. In transwell assays, the numbers of (A) invading U87 and (C) A172 cells 
were markedly lower in the KIF1B-siRNA treating group. Consistent with matrigel invasion assays, the numbers of (B) migrating U87 and (D) A172 cells were 
significantly lower in the KIF1B-siRNA treating group. (E) U87 cell viability of KIF1B-siRNA treating group was not affected at indicated time-points. OD 
ratio indicates absorbance at 570 nm of KIF1B-siRNA treating group compared to that of control-siRNA treating group. ***P<0.001, **P<0.01, *P<0.05, n=5. 
P-value was calculated by Student's t-test. Error bars represent mean ± SD.
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knocking down KIF1B did not affect the cytoskeleton of U87 
glioma cells (Fig. 4D). In conclusion, KIF1B promoted glioma 
cell invasion via intracellular transport of MT1-MMP.

Discussion

In the present study, we revealed that malignant gliomas 
express high levels of KIF1B both at the levels of mRNA and 
protein. Aberrant expression of KIF1B correlated with the 
WHO pathological classification and KPS. Unfortunately, we 
failed to follow up a number of included patients. Then we 
accessed the REMBRANDT database and discovered that 
glioma aberrantly expressing KIF1B correlated with poorer 
prognosis. Moreover, we verified that gliomas have increased 
expression of KIF1B compared to non-tumor tissue samples. 
Previous studies have revealed that KIF2C (22) and KIF14 (23) 
are aberrantly expressed in gliomas and they are independent 
markers for prognosis. KIF23 was aberrantly expressed in 
glioma tissue samples, and knockdown of KIF23 suppressed 
glioma cell proliferation  (24). These KIFs are crucial for 
the regulation of cell cycle and mitosis, which are emerging 

targets for human cancer control. However, the known func-
tion of KIF1B is intracellular transportation.

Accumulating evidence shows that specific members of 
the 23 known human matrix metalloproteinases (MMPs), 
especially MT1-MMP, alter tumor cell behavior and stimu-
late cancer progression. In terms of glioma, expression of 
MT1-MMP both correlates with and increases with histo-
logical grade of malignancy  (25). Moreover, it is known 
that MT1-MMP is vital in glioma cell malignant behavior  
including growth, invasion, migration and angiogenesis (25). 
Besides, MT1-MMP may be a key regulator of CD133+ 

glioma stem cells (26). Previously, our group demonstrated 
that leptin promotes MT1-MMP expression as well as its cell 
surface localization in a KIF1B-dependent manner in gastric 
cancer (15). According to the above evidence, we presumed 
that MT1-MMP is also the key regulator in KIF1B-mediated 
glioma cell invasion and migration.

Malignant gliomas are notorious for their invasiveness. 
In the transwell assay, knocking down KIF1B via siRNA 
inhibited invasion and migration of U87 and A172 glioma 
cells. The possibility that KIF1B may influence cell viability 

Figure 4. Silencing KIF1B decreases the expression of membranal MT1-MMP and does not affect cytoskeleton of glioma cells. (A-C) Twenty-four hours after 
siRNA transfection, the protein levels of KIF1B and MT1-MMP in whole U87 glioma cell lysate were determined by western blot analysis. The protein levels 
of membranal MT1-MMP in U87 glioma cells were also analyzed. ***P<0.001, **P<0.01; ns indicates not statistically significant, n=3. P-values were calculated 
by Student's t-test. Error bars represent mean ± SD. (D) Filamentous actin of U87 glioma cells were visualized by Alexa-Fluor 488-labeled phalloidin staining 
at the same time-point. Representative microphotographs are shown (magnidication, x600): (a) A U87 glioma cell treated with control siRNA, and (b) treated 
with KIF1B-siRNA. 
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was excluded through MTT assay. Similarly, silencing KIF1B 
did not affect the overall expression of MT1-MMP protein 
in U87 glioma cells. As a crucial metalloproteinase in tumor 
invasion, MT1-MMP is regulated at various levels, including 
intracellular trafficking. It is known that the localization on 
the cell surface is required for protease activity of MT1-MMP 
and activation of subsequent MMPs. Then we examined the 
membranal MT1-MMP level, and our results showed the 
membranal MT1-MMP was downregulated in U87 glioma 
cells. On the other hand, siRNA-mediated KIF1B knock-
down did not obviously change the cytoskeleton of glioma 
cells. Therefore, our results suggested that the membranal 
MT1-MMP was the key point in KIF1B-mediated glioma cell 
invasion.

Recent clinical as well as basic evidence indicates that glio-
ma's escape from antiangiogenic therapies (e.g. bevacizumab) 
at least in part correlates with augmented invasion (27). What 
is more, glioma overexpresses MT1-MMP in order to enhance 
angiogenesis via upregulation of VEGF (28). Based on our 
findings, anti-invasive therapies targeting KIF1B is an option 
in treating glioma, particularly in combination with antiangio-
genic therapies. For instance, siRNA therapy is believed to have 
the potential to effectively reduce expression of cancer-specific 
genes (29,30). Knockdown of KIF1B by siRNA may suppress 
glioma progression. Alternatively, specific inhibitors have been 
developed to downregulate other KIFs (8). The same strategy is 
another choice in the case of KIF1B.

In conclusion, we discovered gliomas overexpressed 
KIF1B, which correlated with worse prognosis. Moreover, 
aberrant expression of KIF1B was associated to both patho-
logical grade and KPS. To the best of our knowledge, we 
showed for the first time that KIFs were involved in glioma 
invasion. KIF1B played a key role in glioma invasiveness via 
membranal MT1-MMP. Our data indicated that KIF1B may 
be a promising target for glioma.
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