INTERNATIONAL JOURNAL OF ONCOLOGY 44: 797-804, 2014

Upregulation of the Kank1 gene-induced brain glioma apoptosis
and blockade of the cell cycle in GO/G1 phase
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Abstract. The Kank1 gene is one of the important members of
the Kank gene family. As an important adaptor protein, Kank1
plays a significant role in the genesis and development of many
malignant tumors. It was recently discovered that the Kank1
gene is a new cancer suppressor, and its expression is signifi-
cantly downregulated or it is not expressed in kidney cancer,
bladder cancer, prostate cancer, lung cancer and breast cancer.
However, no report on the role of Kankl1 in the genesis of brain
glioma is available to date. In this study, we found significantly
lower expression of the Kankl gene in human brain glioma
cells compared to the other cells evaluated. We used RNA
interference techniques to silence Kankl gene expression and
found acceleration of tumor cell proliferation. However, when
the Kank1 gene was upregulated, cell apoptosis occurred and
the cell cycle was blocked in the GO/G1 phase. Also, we found
that upregulating the Kankl gene may result in the change
of mitochondrial membrane potential, and the regulation of
Bax and Bcl-2 may promote the mitochondria to release cyto-
chrome C so as to activate Caspase-9 and -3. Thus, the human
brain glioma apoptosis induced by upregulation of the Kank1
gene is closely relevant to the mitochondrial pathway.

Introduction

Brain glioma is the most common malignant tumor of the
primary tumors in the central nervous system and the main
cause of death of the patients with intracranial tumor (1,2).
So far, the clinical approaches to treat brain glioma include
surgery, radiotherapy, and chemotherapy (3-6), but the overall
curative effect is far from satisfactory. Moreover, our knowl-
edge on the molecular mechanism of the brain glioma is
rather limited and active exploration is needed. To clarify the
role a certain gene plays in the genesis of brain glioma, is of
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significant importance to understand the malignant biological
behavior of brain glioma, and may provide a reliable molecular
target for the molecular targeting treatment in the future.

As an important adaptor protein, and mainly distributed in
the cytoplasm, Kank1 often forms a compound with $-catenin
to shuttle among the nucleoplasm to regulate the distribution
of B-catenin, playing a key role in the genesis and development
of many malignant tumors (7). The expression of Kankl is
very extensive and is found in many normal tissues (such as
the epithelial cells of the kidney tubules, the glance cells of
the colon, the stomach and other digestive organs). However, its
expression is downregulated or missing in the tissues of kidney
tumors, lung tumors, as well as the corresponding tumor cell
lines (8-10). It has been discovered previously that one of the
factors to cause abnormal gene expression and loss of function
is the great loss or mutation of tumor suppression genes, where
the deficiency of chromosome 9p has been reported in many
kinds of tumor and other diseases. This means the deficiency
of Kankl gene locus or the abnormal gene expression due to
the change in epigenetics may be relevant to the genesis and
development of the diseases, especially closely relevant to the
genesis of many human tumors. Those carcinogenesis mecha-
nisms have been proven in kidney cancer, cervical cancer,
bladder cancer, prostate cancer, lung cancer and breast cancer
(8-12). Our research revealed that upregulating Kankl gene
may cause the change of Bax and Bcl-2 as well as the blockade
of the cell cycle in phase GO/G1. The translocation of Bax and
Bcl-2 may result in the change of mitochondria membrane
potential to release cytochrome C so as to activate the Caspase
family for final cell apoptosis (13,14).

The objective of this study is to investigate the impact of
Kank1 gene on the cell proliferation, apoptosis and the cell
cycle, and to explore the signal transduction pathway of cell
apoptosis induced by upregulating the Kankl1 gene.

Materials and methods

Antibodies and reagents. Kankl, Bax, Bcl-2, Caspase-3,
Caspase-9, CDK4, CDK6 and Cyclin D1 antibodies were from
Cell Signaling Technology, Inc. (Danvers, MA, USA). DMEM
culture medium was from Sigma Co. (St. Louis, MO, USA).
Fetal calf serum was from Gibco (Grand Island, NY, USA),
siRNA and plasmid were synthesized by GenePharma Co.,
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Ltd. (Shanghai, China), RT-PCR kit [Takara RNA PCR kit
(AMYV) Ver.3.0] was from Takara Biotechnology Co., Ltd. PI
was from Sigma. The Annexin V-fluorescein isothiocyanate
(FITC) kit was from Bio-Rad (Hercules, CA, USA).

Cell culture. Human brain glioma U87 and U251 cells (ATCC,
Manassas, VA, USA) were cultured in the DMEM culture
medium containing 10% fetal calf serum, 100 U/ml penicillin
and 100 pg/ml streptomycin, and then cultured in the incubator
containing 5% CO, at 37°C.

Cell viability. Human brain glioma cells were inoculated in a
96-well culture plate with the density of 1x10%/ml and used in
treatments when the cells grew to log phase. Six double wells
were set for each experimental group. Each well was added
with 20 ul of MTT (5 mg/ml) and cultured in CO, incubator for
4 h before the culture solution was discarded. DMSO (150 ul)
was added to each well at room temperature with oscillation
for 10 min and a microplate reader was used for analysis.

Cell transfection. Human brain glioma cells were inoculated in
a 6-well culture plate with the density of 5x10°/ml. Transfection
was carried out when the cells grow to higher than 70%
confluence. Negative oligonucleotides was used as the control
group. The culture medium was replaced to medium without
serum or antibiotics, siRNA and Lipofectamine 2000 was
added, respectively, adjust the preset concentration following
the instructions of the transfection reagent. The culture plate
was placed in CO, incubator for 4-6 h after siRNA transfec-
tion, and the culture continued using medium with serum.
Following plasmid transfection the transfected cell line was
screened. Resistant monoclone was established 3 weeks after
the screening, the selected monoclone was expand in culture
to establish the overexpressing Kankl brain glioma cell line.
RT-PCR and western blot analysis were performed.

RNA extraction and RT-PCR analysis. Total RNA was
extracted from the brain glioma cells referring to the instruc-
tions from RNAiso™ Plus (Takara, Japan). After determining
total RNA concentration, RT-PCR reagent (Takara) was used
for RT-PCR. Kank1 and (3-actin gene primer were designed
and synthesized by Invitrogen. Kankl gene forward primer,
5'-GCACCCTGTCGTCTATCAACTC-3'"; reverse primer,
5-CTGCTGATTGGCTTTCCTTCT-3'. $-actin gene forward
primer, 5'-CTGGGACGACATGGAGAAAA-3'"; reverse
primer, 5'-AAGGAAGGCTGGAAGAGTGC-3'". PCR reac-
tion, 50 pul at the following reaction conditions: 94°C for 2 min,
94°C degeneration for 30 sec, annealing at 60°C for 30 sec,
extension at 72°C for 30 sec, for a total of 31 cycles. The PCR
product was electrophoresis with 1.5% agarose gel, then
scanned and analyzed with gel imaging system (G: BOX
Chemi XR5; Syngene, Cambridge, UK).

Analysis of apoptosis with flow cytometry. Trypsin was
used to digest and collect the treated brain glioma cells, and
the cells were suspended, with PBS to prepare a single cell
suspension. Annexin V and PI staining fluid were added,
respectively, in accordance with the Annexin V-fluorescein
isothiocyanate (FITC) kit (Bio-Rad). Staining followed for
15 min at room temperature before the analysis with flow
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cytometry (BD Biosciences, Franklin Lakes, NJ, USA) for
apoptosis.

Hoechst 33342 staining. Cells were cultured in a 6-well culture
plate with cover glass coated with polylysine, then fixed with
4% paraformaldehyde for 30 min, and washed with PBS
3 times. Hoechst 33342 staining (5 pg/ml) fluid was added
for 10 min incubation at 37°C, then wash with PBS 3 times.
Observation and photography were performed under a fluores-
cence microscope.

Analysis of mitochondrial membrane potential. Mitochondrial
membrane potential is one of the indicators to measure
the mitochondrial function. The change of mitochondrial
membrane potential was analyzed as previously described (15).
The results were analyzed with Cell Quest™ analysis software
(Becton-Dickinson, USA).

Analysis of cell cycle with flow cytometry. Trypsin was used
for digestion and collection of the treated brain glioma cells,
and the cells were fixed with 70% ethanol at 4°C overnight,
then washed with PBS twice. PI synthetic staining solution
(1 ml) (containing 10 ug of RNase and 5 pl of Triton X-100)
was added for 30 min at 4°C in the dark before analysis with
flow cytometry (Becton-Dickinson) for apoptosis.

Western blot assay. The brain glioma cells, of the experi-
mental groups, were washed with PBS, and 2 ml of protein
lysis solution (Sigma) was added for cell lysis. The protein
concentration was detemined. The protein was separated on a
10% SDS-PAGE gel. The proteins were transferred to PVDF
membrane with a semidry method and sealed with 5% skim-
mild powder. The first antibody was applied for 2 h before
membrane bleaching with TBST. The second antibody was
applied for 2 h. Chemiluminesence was used for X-ray expo-
sure imaging and strip scanning. Gray analysis was conducted
using [-actin as the reference standard.

Statistical analysis. The experimental data were analyzed
with SPSS 17.0 statistical software useing t-test and variance
analysis. p<0.05 was considered to indicate a significant statis-
tical difference.

Results

Kankl gene expression is low in human brain glioma cells.
RT-PCR and western blot assay were used to analyze the
expressions of Kankl gene and protein in U251 cells, U87
cells, HK-2 cells and GES-1 cells. It was found that the expres-
sions of Kankl gene and protein in U251 cells and U87 cells
were both downregulated as compared with those of HK-2
cells and GES-1 cells, and the downregulation was the most
obvious in U87 cells. The above results meant that the expres-
sion of Kank1 gene and protein was low in U87 cells and U251
cells of human brain glioma cells (Fig. 1).

Silencing Kankl gene promotes human brain glioma cell
proliferation. In this experiment, U87 cells and U251 cells
were selected to analyze the impact of silencing the Kankl
gene on the cell proliferation capacity with MTT method so
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Figure 1. Expression of the Kank1 gene and protein in various cells. (A) RT-PCR analysis on Kank1 gene expressions in four cell types. (B) Western blot assay
on Kankl gene expressions in four cell types. (C) The results (B) were analyzed with Gel-Pro Analyzer 4.0 software. Each independent experimental sample

was repeated 3 times.
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Figure 2. Silencing Kankl gene to promote human brain glioma cell
proliferation. MTT method for analysis to show significant increase of the
proliferation capacity of the group of cells with Kankl siRNA transfection
as compared with untransfected group and the control group of transfection
negative oligonucleotide. “p<0.05. The data are from three independent
experiments.

as to investigate the impact of the Kankl gene on the growth
of human brain glioma cells. It was found that the prolifera-
tion capacity of U87 and U251 cells increased drastically after
transfection of the Kankl siRNA for 48 h as compared with
the control group and the control group of transfection nega-
tive oligonucleotides. This indicated that silencing Kankl1
gene could significantly promote the proliferation capacity of
human brain glioma cells (Fig. 2).

Upregulating Kankl gene inhibits the growth of human brain
glioma cells. In order to further confirm the impact of Kankl
gene on the growth of human brain glioma cells, we success-
fully built and transfected Kankl1 plasmid to upregulate the
expression level of Kankl gene in human brain glioma cells
and used the MTT method for analysis. It was found that the
proliferation capacity of U87 cells and U251 cells reduced
drastically after upregulating Kankl gene expression level
as compared with the control group and the control group
of transfection negative oligonucleotides. This indicated that
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Figure 3. Impact of upregulation of the Kankl gene on growth of human
brain glioma cells. MTT method for analysis of the significant decline of
the proliferation capacity of the group of cells with pcKankl transfection
as compared with untransfected group and the control group of transfec-
tion negative oligonucleotide. “p<0.05. The data are from three independent
experiments.

upregulating Kank1 gene expression could clearly inhibit the
growth of human brain glioma cells (Fig. 3).

Upregulating Kankl gene induces the apoptosis of human
brain glioma cells. In order to investigate whether Kank1
gene is relevant to the apoptosis of human brain glioma cells,
we upregulated the Kankl gene expression level and used
Annexin V-FITC/PI double labeling method to analyze the
apoptosis rate. It was found that the apoptosis rate of U87
cells and U251 cells increased drastically after upregulating
Kankl gene expression level as compared with the N-control
group (Fig. 4A). The western blot assay indicated that the
expression level of Procaspase-9 and -3 proteins declined
significantly (Fig. 4B and C). We used Hoechst 33342
staining for observation under the fluorescence microscope
and found non-uniform agglutination of U87 cell chromatin
with margination and pyknosis, or nuclear dense staining and
formation of apoptosis bodies after upregulating Kank1 gene
expression (Fig. 4D). The results indicated that upregulating
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Figure 4. Upregulating the Kank1 gene results in apoptosis of human brain glioma cells. (A) Annexin V-FITC/PI double labeling to analyze apoptosis by flow
cytometry. (B) Western blot assay to analyze expression of Procaspase-9 and -3 proteins after upregulation of the Kank1 gene. (C) The western blot results were
further analyzed using Gel-Pro Analyzer 4.0 software. (D) Hoechst 33342 staining to observe the apoptosis pattern (magnification x200). “p<0.05 as compared

with the N-control group. The data are from three independent experiments.

Kankl1 gene may result in the apoptosis of human brain glioma
cells.

Upregulation of the Kankl gene induces apoptosis of human
brain glioma cells via mitochondria pathway. In order to
investigate the relevant molecular mechanism of upregulating
Kank1 gene-induced apoptosis of human brain glioma cells,
we tested the change in the mitochondria membrane poten-
tial. It was found that upregulation of the Kank1 gene resulted
in reduction of the mitochondria membrane potential (Fig.
5A). Additionally, we analyzed the mitochondria pathway
apoptosis-relevant proteins Bax, Bcl-2 and cytochrome C
via western blot assay. It was found that upregulating Kank1
gene resulted in an increase of Bax level of mitochondrion
and a decline of Bcl-2 and cytochrome C level. However, the
levels of intracytoplasm Bax, Bcl-2 and cytochrome C were
the opposite to those of the mitochondrion (Fig. 5B-E). Our
results indicated that upregulation of the Kank1 gene lowered

the mitochondria membrane potential to promote the release
of Bax and Bcl-2 as well as the release of cytochrome C into
the cytoplasm so as to cause the apoptosis of human brain
glioma cells.

Upregulation of the Kankl gene blocks the human brain
glioma cells in GO/GI phase. In order to further explore
the mechanism of Kankl gene-inhibited proliferation of
human brain glioma cells, we analyzed the change in the
cell cycle by flow cytometry. The ratio of human brain
glioma cells in phase GO/G1 was much higher than that of
the control group of transfection negative oligonucleotides
after upregulation of the Kankl gene (Fig. 6A). Also, the
expression levels of cell cycle proteins CDK4, CDK6 and
Cyclin D1 declined greatly after upregulation of the Kank1
gene (Fig. 6B and C). Our results show that upregulation
of the Kankl gene inhibited proliferation of human brain
glioma cells possibly by blocking the cells in phase G0/
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Figure 5. Upregulation of the Kankl gene induces apoptosis of human brain glioma cells via mitochondria pathway. (A) JC-1 staining in flow cytometry
analysis on the change in the mitochondria membrane potential. (B and C) Western blot assay to analyze expression of Bax, Bcl-2 and cytochrome C in
the mitochondrion and the cytoplasm. (D and E) The results of (B and C) were analyzed with Gel-Pro Analyzer 4.0 software. “p<0.05 as compared with the

N-control group. Results are representative of three independent experiments.

G1 via downregulating the expression of the proteins CDK4,
CDKG6 and Cyclin DI.

Discussion

The Kankl gene is an important member of the Kank gene
family which is a candidate tumor suppressor gene verified
in the renal cell carcinoma in 2002 (16). Located in human
chromosome 9p24.3 with the total length of 27.7 kp, Kankl
gene contains 12 exons. Kankl protein includes three parts,
namely, conservative N terminal KN motif, intermediate
coiled coil structural domain and C terminal ankyrin repeat
domain. Ankyrin repeat domain and coiled coil structural
domains are the functional domains for Kankl protein to
combine with other proteins to have a biological role (17).
As a key adaptor protein, Kank1 is mainly distributed in
the cytoplasm and forms a compound with f-catenin to
shuttle in the nucleoplasm to adjust the B-catenin subcellular

distribution. Kankl plays an important role in the genesis,
development, attack and metastasis of many malignant tumors
(7,18,19).

The objective of our study is to explore the expression of
Kank1 gene in human brain glioma cells and its application
value in treating human brain glioma. Our results show
that the expression of Kankl gene and protein were lower
in human brain glioma cells, which means Kankl gene is
somehow closely related to the genesis and development of
human brain glioma and may well be a potential therapeutic
target for treating brain glioma. In order to further explore
whether Kankl gene is relevant to the genesis and develop-
ment of human brain glioma and its detailed mechanism of
action, we downregulated or upregulated the expression level
of the Kank1 gene in human brain glioma cells and observed
the biological changes of human brain glioma cells with defi-
ciency or overexpression of the Kank1 gene. The proliferation
of human brain glioma cells was found to increase signifi-
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Figure 6. Upregulation of the Kankl gene can block the human brain glioma cells in GO/G1 phase. (A) Analysis on the change in cell cycle by flow
cytometry in U87 cells after upregulation of the Kank1 gene. (B) Western blot assay analysis on expression levels of proteins CDK4, CDK6 and Cyclin DI.
(C) The western blot results were further analyzed using Gel-Pro Analyzer 4.0 software. “p<0.05, each independent experimental sample was repeated

3 times.

cantly after the Kankl gene was downregulated. However,
upregulating the Kankl gene expression level could obvi-
ously inhibit the proliferation of human brain glioma cells
and promote apoptosis. The cell cycle was blocked in GO/G1
phase. The above phenomena indicated that the low expres-
sion of Kankl gene in human brain glioma cells promoted
the proliferation of tumor cells. It was shown in previous
studies that the low expression of Kankl gene promotes the
development of such malignant tumors as kidney cancer,
cervical cancer, bladder cancer, prostate cancer, lung cancer
and breast cancer (8-12). Our research findings agree with the
results of the previous studies, which fully demonstrated that
Kank1 gene also plays an important role of regulating in the
proliferation of human brain glioma cells.

However, how Kank1 gene regulates the process of the
proliferation of human brain glioma cells is still unknown.
To explain this key issue, the investigation was carried out
in terms of apoptosis and the cell cycle progress. The studies
on Kankl gene and apoptosis are still limited. Our findings
show that upregulating Kank1 gene can result in the apoptosis
of human brain glioma cells. Kakinuma et al (19) found in
their research that Kankl gene could control apoptosis via

regulating the PI3K/AKT signal transduction pathway. Those
results are similar to our findings. We found the inhibition
of the proliferation of human brain glioma cells via upregu-
lating Kank1 gene was closely related to apoptosis. Also, we
found that upregulation of the Kankl gene could block the
cycle of human brain glioma cells in GO/G1 phase. The above
phenomena indicated that the low expression of Kankl gene
in human brain glioma cells is necessary for the proliferation
of tumor cells, and the upregulation of the Kankl gene could
inhibit the proliferation of human brain glioma cells.

It has already been proven in numerous studies that
the mitochondria pathway and the death receptor pathway
(20-22) are the classical paths for apoptosis of various tumor
cells. Bcl-2 and Bax play a key role in the mitochondria
apoptosis pathway (23-25). If Bax shifts from cytoplasm to
mitochondria membrane, it can change the permeability of
the mitochondrial membrane and promote cytochrome C to
be released from the mitochondrion into the cytoplasm (26)
to trigger the apoptosis cascade pathway finally resulting
in apoptosis. We found in this study that upregulation of
the Kankl gene in human brain glioma cells resulted in
the translocation of Bax and Bcl-2 and the mitochondria
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membrane potential would change in turn for cytochrome C
to be released from the mitochondrion into the cytoplasm
finally causing apoptosis. It was confirmed by our research
findings that the apoptosis of human brain glioma cells
induced by upregulating Kankl gene was closely related to
the mitochondria pathway. Caspase family activation and
cascade amplification role are the necessary prerequisite
for apoptosis (27,28). The expression levels of Procaspase-9
and -3 were found to reduce significantly after upregula-
tion of the Kankl gene in human brain glioma cells. It is
speculated that the biological effect of activating Caspase-9
and -3 may be generated by the release of cytochrome C into
the plasma in mitochondria apoptosis and it may play a key
role in the apoptosis pathway, agreeing with the research
findings of Riedl et al (29). Our above results confirmed
that upregulation of the Kankl gene may induce apoptosis
of human brain glioma cells and it was closely related to the
mitochondria pathway.

It is believed that the genesis of malignant tumors is
closely related to the abnormal proliferation, apoptosis or
reduction of the tumor cells. Therefore some research has
proposed that it is possible to slow down or stop the growth
of the tumor cells via promoting apoptosis of tumor cells in
various ways (30,31). It is undeniable that the cell apoptosis
is often closely linked to the cell cycle. Previous studies show
that the tumor cells may die or stop growing if the cells are
blocked into a certain phase via various approaches (32,33).
Our results show that upregulating the Kank1 gene obviously
inhibited the cycle progress of human brain glioma cells and
blocked the cycle of the tumor cells into phase GO/G1. The
expression levels of the cell cycle regulating proteins CDK4,
CDK6 and Cyclin D1 also declined significantly. The above
results indicated that upregulation of the Kankl gene was
able to change the cell cycle and inhibited the proliferation
of human brain glioma cells in turn.

In conclusion, we found the lowering of Kankl gene
expression level in human brain glioma cells, and upregula-
tion of the Kank1 gene was able to inhibit apoptosis of human
brain glioma cells resulting in the blockade of the cell cycle
via regulating Bcl-2/Bax to act on the mitochondria pathway.
Kank1 gene may be used in the future to prove the theoretical
basis for the clinical treatment of the human brain glioma.
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