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Medulloblastoma is one of the most common malignant tumors of the central nervous system in children. Although KIF2B was
reported as an oncogene in several malignant tumor types, its role in medulloblastoma has not been studied so far. The PCR
results of our study showed that KIF26B is highly expressed in medulloblastoma, and its high expression is associated with a
high clinical stage. Knockdown the expression of KIF26B could significantly impair the proliferation and migration of
medulloblastoma cells. KIF26B promotes the malignant progression of medulloblastoma by affecting the expression of
phosphorylation of key proteins in the PI3K/AKT signaling pathway. With the help of 740 Y-P, activating the pi3k signaling
pathway can partially rescue the phenotype. Therefore, our experimental results suggest that KIF26B is a potential target for

medulloblastoma.

1. Introduction

Medulloblastoma (MB) is one of the most common central
nervous system tumors in children and is extremely malig-
nant [1]. Classified as grade 4 by the World Health Organi-
zation (WHO), it is the leading cause of death from
childhood tumors. The incidence of MB accounts for
approximately 16% of all childhood tumors [2]. Approxi-
mately 40% of all cerebellar tumors in childhood are MB,
which tend to have a bimodal presentation between the ages
of 3-9 and 8-9 years [3].

MB belongs to the primitive neuroectodermal tumors of
the central nervous system, often originating from the cerebel-
lar earthworm, and its clinical manifestations are mainly based
on elevated intracranial pressure and cerebellar dysfunction,
with a highly aggressive nature [4]. Medulloblastoma contains
multiple molecular subtypes, and the most recent molecular
typing studies currently classify medulloblastoma into four

broad subtypes, namely, WNT, SHH, group 3, and group 4.
Different molecular subtypes lead to different prognoses, and
therefore, molecular typing has become an important basis
for disease risk stratification [5, 6]. Unlike other intracranial
tumors, MB can metastasize to the spinal cord through the
cerebrospinal fluid or spread along the soft meninges, so the
treatment effect is poor. Clinical treatment is based on neuro-
surgery with postoperative adjuvant radiotherapy and chemo-
therapy. However, patients are still more prone to recurrence
after treatment and have a poor prognosis [7, 8]. Therefore,
it is urgent to further understand the molecular mechanism
of the development of MB and to find the target of treatment
at the molecular level.

The human kinesin family member 26B (KIF26B) is a
member of the kinesin family composed of 2108 amino
acids. Recent studies have found that KIF26B gene contrib-
utes to tumorigenesis and endows certain cancers with
malignant behavior. However, there is no relevant research
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on the expression and role of KIF26B in medulloblastoma.
The human kinesin family member 26B (KIF26B) is a mem-
ber of the kinesin family consisting of 2108 amino acids [9].
In the mouse model of embryogenesis, the KIF26B gene can
participate in the development of limbs, face, and kidneys
and play a very critical regulatory role [10]. Kinetic protein
superfamily proteins (KIFs) are molecular motor proteins
that bind to microtubules and are related to ATPase activity
[11]. They are closely related to the mechanism of cancer
development. Previous reports have shown that KIFIB in
the KIF family is related to the occurrence and development
of lung cancer and its prognosis and is related to central ner-
vous system tumors and hepatocellular cancer metastasis
[12]. The expression of KIF11 in the nucleus of prostate cells
serves as a biomarker molecule for the treatment of prostate
cancer [13]. Furthermore, recent studies have shown that
high expression of KIF26B is associated with malignant
expression and drug resistance in tumor cells. In colorectal
cancer, the copy number of KIF26B gene was significantly
associated with susceptibility to colorectal adenoma. KIF26B
is highly expressed in colorectal cancer tissues, and the pro-
liferative capacity of colorectal cancer cells was significantly
reduced after KIF26B was silenced [10]. KIF26B can also
act as an oncogene to activate the VEGF pathway and pro-
mote malignant progression of gastric cancer [14]. Knock-
down of KIF26B was also found to inhibit the proliferation
and invasion of breast cancer cells [15, 16]. However, the
role of KIF26B in the development of MB is still unclear.

This study aims to determine the biological function and
molecular mechanism of KIF26B in MB. The expression of
KIF26B in MB tissues and cell lines was first detected. After-
wards, the role of KIF26B in MB cell proliferation, migra-
tion, and cell cycle was investigated. At last, the expression
of PI3K/AKT pathway proteins was studied to explore the
mechanism of KIF26B in medulloblastoma.

2. Materials and Methods

2.1. Patient Samples, Cell Lines, and Cell Culture. The clinical
data and tumor samples of 30 MB patients who had received
surgical resection from 2015 to 2020 at the First Affiliated
Hospital of Zhejiang Chinese Medical University and the
Second Affiliated Hospital of Zhejiang University School of
Medicine, Hangzhou, Zhejiang Province, were collected.
Histopathological classification was performed by two
pathologists in a double-blind manner. All tumor specimens
and adjacent normal brain specimens are frozen and pre-
served in liquid nitrogen until total RNA is extracted. Clini-
cal features were collected in written form for each patient.
Clinical data for the patients can be found in Table 1. All
patients in this study obtained consent. The study was
approved by the Ethics Committee of the First Affiliated
Hospital of Zhejiang Chinese Medical University.

Human MB cell lines (D425 cells, D341 cells, D283 cells,
and DAQY cells) were purchased from ATCC cell bank and
the Cell Bank of the Chinese Academy of Sciences (Shang-
hai, China). All cells were cultured in RPMI1640 medium
supplemented with 10% fetal bovine serum and penicillin/
streptomycin. Cells were incubated at 37°C in the cell incu-
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TasLE 1: Clinicopathological characteristics of patients with MB.

Clinicopathological KIF26B expression
Characteristics Low High P value
Age

<3

>3 7 7 0.73
Sex

Female 6 8

Male 10 6 0.28
WHO histological subtype

Classic 12 11

Desmoplastic 4 3 0.82
Tumor location

Fourth ventricle 8 4

Outside fourth ventricle 6 10 0.13
Residual tumor size

<1.5cm’ 13

>1.5cm’ 3 6 0.15

bator with 5% CO,. When the confluence reached about
80%, the cells were subcultured. Only cells with good condi-
tion were used for experimental research.

2.2. siRNA Transfection. An appropriate amount of medullo-
blastoma cells was cultured in 6-well plates for 24 hours
before transfection. Briefly, 2105 cells were seeded in 6-
well plates, and siRNA at a final concentration of 100 nM
was added to the medium and incubated at 37°C for 6 hours.
Afterwards, the original medium was discarded, and fresh
complete medium was added, and the culture was contin-
ued. RNA was collected 24 h after transfection, and protein
was collected 48 h after transfection. Medulloblastoma cells
were transfected with small interfering RNAs carrying
KIF26B-specific sequences using Lipofectamine 2000
reagent (Invitrogen, USA) according to the manufacturer’s
instructions. Nonsense RNA interference served as a nega-
tive control (NC) for KIF26B siRNA. The transfection effi-
ciency was detected by real-time quantitative RT-PCR and
western blot. Two siRNAs of KIF26B were designed and
bought from the Ribobio, Guangzhou, China, with the fol-
lowing sequences: siRNA-1 of KIF26B: 5'-CCACCUCUU
UGAGAAGGATT-3', siRNA-2 of KIF26B: 5'-CGGAC
AGCCTCTCCTATTA-3'. The following nonsense siRNA
was then used as a control: 5'- UUCUCCGAACGUGUCA
CGUTTTT-3'.

2.3. RNA Extraction and PCR. Total RNA was extracted
from the obtained tissues and cultured cells with TRIzol
reagent (Invitrogen, CA). RNA was reverse transcribed into
cDNA with a reverse transcription kit (Takara) according to
the manufacturer’s instructions. SYBR Select Master Mix
(Applied Biosystems, Cat: 4472908) was used for real-time
PCR analysis. Primers for KIF26B and GAPDH are shown
in Table 2. All PCR experiments were performed in a
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TaBLE 2: All primer sequence used in this research.

Gene Sense Anti-sense

KIF26B CCACCUCUUUGAGAAGGATT UUCCUUCUCAAAGAGGUGGTT

GAPDH GACAGTCAGCCCGCATCTTCT TTAAAAGCAGCCCTGGTGAC

QuantStudioTM 6 Flex real-time PCR system. The reaction
consisted of initial denaturation at 95°C for 10 min, 92°C
for 155, and 60°C for 1 min, with 40 cycles. Finally, the rela-
tive expression levels of related mRNAs were calculated and
normalized to GAPDH by the 2" method.

2.4. Protein Extraction and Western Blot. MB cells were col-
lected 48h after transfection and proteins were extracted
with RIPA lysis buffer (Kaiji, Nanjing, China) according to
the protocol provided by the manufacturer. Equal amounts
of proteins were then loaded onto SDS-page gels and trans-
ferred to PVDF membranes after electrophoresis. After
being blocked with skim milk for 2 hours, the membranes
were incubated with primary antibodies KIF26B
(CAT#17422, 1:300, Proteintech, USA),GAPDH
(CAT#5174, 1:1000, CST, USA), p-AKT (CAT#4060,
1:1000, CST, USA), mTOR (CAT#2983, 1:1000, CST,
USA), and p-PI3K (CAT#4228, 1:1000, CST, USA) over-
night. After washing 3 times with TBST, goat antirabbit
HRP-conjugated secondary antibody (1:10,000; Abcam) or
goat antimouse HRP-conjugated secondary antibody
(1:10,000; left at room temperature for 2h. ECL (Thermo
Scientific) was used to detect the display bands, and all
experiments were repeated 3 times.

2.5. Cell Proliferation Assay. The CCK8 detection kit (Beyo-
time Biotechnology, Shanghai, China) was used to detect
cell proliferation according to the instructions. The proce-
dure is as follows: First add 100 4L medium with 2000
cells to each well of a 96-well plate. Then, add 10uL
CCKS8 reagent to each well, and place it in a CO, incuba-
tor to incubate for 6 hours, and then shake to mix. The
optical density (OD) value at 450 nm wavelength was then
detected by the microplate reader. The experimental time
gradients were 0, 24, 48, 72h, 96h, and 120h, respectively.
The experiment was repeated 3 times, and the average
value was taken.

2.6. Colony Formation Assay. A number of 100 transfected
cells were inoculated in fresh 6-well plates in medium con-
taining 10% fetal bovine serum, and the medium was
replaced every 3 or 4 days. After two weeks, cells were fixed
in methanol and stained with 0.1% crystal violet. Visible col-
onies were counted manually.

2.7. Cell Migration Assay. Transwell chambers (Corning,
USA) were used to detect cell migration. The chambers were
placed in 24-well plates. Then, 100 uL of serum-free medium
was added to the upper chamber, first wetting the filter. 1h
later, 4,000 cells were added to 100 uL of cell suspension,
and 800mL of 20% FBS 1640 medium was added to the
lower chamber. The cells were then incubated in the incuba-
tor for 48h. After 2 days, the cells were removed and fixed

with 1 mL of 4% paraformaldehyde for 60 min at room tem-
perature, followed by staining with 1 mL of 0.25% crystalline
violet staining solution for 60 min.

2.8. Flow Cytometry Analysis. Transfected cells were cultured
for 48h and collected for flow cytometry analysis. Cells for
cell cycle analysis were fixed in 75% alcohol, stored over-
night at -20°C, and then subjected to FACScan analysis
according to the cycling assay plus DNA kit (BD Biosci-
ences) with oxypropane staining. The percentage of cells in
G1, S, G2, and M phases was calculated and compared.

2.9. Statistics Analysis. Statistical analysis was performed
with SPSS 20.0 and GraphPad Prism 9.0 software. The ¢-test
was performed on samples from two groups, and one-way
ANOVA was performed on samples from three or more
groups to verify the differences between the experimental
and control groups. p < 0.05 was considered that the differ-
ences were statistically significant.

3. Results

3.1. KIF26B Is Highly Expressed in Medulloblastoma Patient
Tissues and Is Associated with Late Prognosis. The tissue
samples were first used to analyze the expression of KIF26B
in the tumor and adjacent normal tissue of 30 patients with
medulloblastoma. As shown in Figure 1(a), the expression of
KIF26B in medulloblastoma tumors is significantly up-
regulated. We also found that the expression of KIF26B
was closely related to KI67, a clinically recognized marker
of tumor proliferation, indicating that KIF26B is closely
related to tumor growth (Figure 1(b)). Then, we analyzed
the expression ratio of KIF26B in each tumor sample and
normal samples. As a result, we find that 27 of 30 patients
had high expression of KIF26B, accounting for 90% of all
patients, as shown in Figure 1(c).

In view of the high expression of KIF26B in medulloblas-
toma tumor tissues, we speculate that KIF26B may be
involved in the malignant progression of medulloblastoma.
Therefore, we analyzed the clinical data and analyzed the
clinical phenotype within KIF26B expression. The results
are shown in Figure 1(d). The expression of KIF26B in stage
II patients was significantly higher than that in stage L.

These results suggest that the high expression of KIF26B
is closely related to worse clinical manifestations and worse
prognosis. Therefore, KIF26B is probably involved in the
occurrence and development of medulloblastoma.

3.2. KIF26B Promotes the Proliferation and Migration of
Medulloblastoma Cells. In order to select a suitable cell line
for the experiment, we first determined the expression of
KIF26B in several medulloblastoma cell lines relative to the
normal cell. As the results shown in Figure 2(a), the
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FIGURE 1: (a) The expression of KIF26B in the medulloblastoma patients. (b) Correlation analysis between the expression of KIF26B and
KI67 in the medulloblastoma patients, r* =0.5, p < 0.01. (c) The relative expression of KIF26B in the patient’s tumor specimens and
para-tumor specimens. (d) The expression of KIF26B in patients with stage I medulloblastoma and patients with stage II

medulloblastoma, p < 0.05.

expression of KIF26B in all the four cancer cell lines is signif-
icantly higher than that of normal cells. The western blot
results also showed that the expression of KIF26B in the
D425 and DAOY cell lines was significantly increased
(Figure 2(b)). These 2 cell lines were used for the next exper-
imental analysis.

We designed two small interfering RNAs targeting
KIF26B to knock down the expression of KIF26B. After 48
hours of transfection with the transfection reagent, PCR
and western blot were used to observe the expression of
KIF26B in the knockdown group and the control group.
As shown in Figure 2(c) and Figure 2(d), both SI-KIF26B-
1 and SI-KIF26B-2 had achieved satisfactory inhibiting
effects of the expression of KIF26B.

The malignant proliferation of tumor cells is one of the
important reasons for the low cure rate. In order to further
study the function of KIF26B, we explored whether knock-
ing down endogenous KIF26B can inhibit the malignant
proliferation of MB. The results of the CCK8 experiment
showed (Figure 3(a) and Figure 3(b)) that after the expres-
sion of KIF26B was knocked down by siRNA, the prolifera-
tion ability of the D425 and DAOY cell lines had a
significant downward trend compared with siNC after 24
hours. The results indicated that knockdown of endogenous
KIF26B can inhibit the malignant proliferation of MB.

The transwell chamber was used to detect cell migration
capabilities. The experimental results showed that compared

with the control group, the migration and invasion ability of
medulloblastoma cells in the KIF26B silenced group were
significantly inhibited (Figures 3(c) and 3(d)), and the differ-
ence was statistically significant (p < 0.01).

In the clone formation experiment, as shown in
Figure 3(e), we also find that the number of clones formed
after the expression of KIF26B was knocked down and was
significantly lower than that of the negative control group.

Finally, flow cytometry was used to analyze the cell cycle
and detect the changes in the DNA ploidy content of each
cell cycle in DAOY and D425 cells after knocking down
the KIF26B gene expression. As shown in Figure 3(f), it
can be seen from the experimental results that in the D425
and DAOY cell lines, the conversion from GO/G1 phase to
S phase is inhibited. The cell cycle was blocked in G0/G1
phase.

3.3. KIF26B Promotes the Malignant Progression of
Medulloblastoma through PI3K/AKT Pathway. In order to
further explore the possible mechanism of KIF26B promot-
ing the malignant progression of medulloblastoma, we first
performed an enrichment analysis of the gene set that is sig-
nificantly related to the expression of KIF26B. Briefly, genes
with a KIF26B correlation greater than 0.4 were analyzed
and collected and then submitted them to the DAVID bioin-
formatics analysis website for KEGG pathway analysis. The
results are shown in Figure 4(a). As a result, most of the
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FIGURE 2: (a and b) PCR and western blot were used to detect the expression of KIF26B in the normal cell and medulloblastoma cell lines
D283, D341, D425, and DAOY. (c and d) PCR and western blot were used to detect the expression of KIF26B in D425 and DAOY cell lines

after being silenced by siRNA.

genes were enriched in the PI3K/AKT pathway, suggesting
that KIF26B may exert its carcinogenic function by activat-
ing the PI3K/AKT pathway.

Therefore, we used western blot to observe the expres-
sion of key proteins in the PI3K/AKT pathway. The results
are shown in Figure 4(b). After the expression of KIF26B
was silenced, the expression of phosphorylated PI3K, AKT,
and mTor was also significantly reduced.

In order to verify the influence of KIF26B on the PI3K
pathway, we add the PI3K agonist 740 Y-P (20nM) to the
cells where KIF26B was inhibited, and the expression of
phosphorylated AKT are higher as shown in Figure 4(c).
The following functional experiments were performed again,
and the result proved that after the expression of PI3K was
reactivated, the proliferation and migration ability of DAOY
cells were also rescued (Figure 4(d) and Figure 4(e)), while
the cell cycle was also refrained from arrested from the GO/
1 phase (Figure 4(f)).

4. Discussion

With the intensive study of cell biology and signaling path-
ways, it is widely accepted that genetic mutations and abnor-
mal intracellular signaling are important for the
development of medulloblastoma [17, 18]. Previous studies
have shown that patients with medulloblastoma have a series
of altered molecular genetic patterns such as deletion of the
oncogene PTEN, p53 mutations, and abnormalities in SHH
and WNT signaling pathways [19]. The prognosis of medul-
loblastoma patients with different molecular subtypes is very
different, suggesting that our precise molecular subtyping
has become an important basis for more effectively predict-
ing the prognosis of medulloblastoma patients [6, 20].

The development and progression of medulloblastoma
are a complex process involving abnormal transduction of
intracellular signaling pathways and epigenetic changes
[21]. Abnormal expression of core genes often leads to cell
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FIGURE 3: (a and b) The CCK8 experiment was used to observe the growth of D425 cell line and DAOY cell line after knocking down
KIF26B. The absorbance value at 450 nm was observed and recorded every 24 h. (c and d) The transwell experiment was used to observe
the migration of D425 cell line and DAOY cell line after knocking down KIF26B. The number of migrated cells were counted under a
microscope and compared. (e) The clone formation experiment was used to observe the growth of D425 cells and DAOY cells after
silencing KIF26B. The number of clones is recorded and compared. (f) After silencing KIF26B, the percentage of cells in GO-G1 phase, S

phase, and M phase was observed by flow cytometry.

growth, differentiation, apoptosis, and migration disorders.
Therefore, studying the core genes of abnormal expression
is of great significance for the development of new targets
for the treatment of medulloblastoma.

Based on these studies and the bioinformatics analysis, it
is speculated that KIF26B is closely related to the malignant
process of medulloblastoma. First, we detected the mRNA
expression level of KIF26B in medulloblastoma tissues and
adjacent normal tissues and found that KIF26B is highly
overexpressed in tumor sample and patients with high

KIF26B expression often have worse prognosis. This sug-
gests that KIF26B may play an important role in the occur-
rence and development of MB. The following functional
experiment verified our guess. After the expression of
KIF26B was knocked down, the proliferation and migration
capabilities of D425 and DAOY cells were significantly
weakened. At the same time, the clone formation experi-
ment also suggests that KIF26B can promote the clone for-
mation ability of medulloblastoma cells. And the results of
flow cytometry showed that KIF26B was retarded and the
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adding PI3K pathway activator 740 Y-P with concentration of 20 uM. (d, e, and f) After adding the PI3K pathway activator 740 Y-P
(20 uM), the proliferation (d), migration (e), and cell cycle (F) of DAOY cells were observed again.

cell cycle was retarded in GO/1 phase. These experimental
results showed that KIF26B can promote the malignant pro-
gression of medulloblastoma.

In order to further explore the mechanism of KIF26B
promoting the malignant phenotype of medulloblastoma,
we analyzed and collected gene sets that were significantly
positively correlated with KIF26B expression and submitted
them to the KEGG pathway for enrichment analysis. The
results showed that most of the genes were enriched in the
PI3K/AKT pathway.

Phosphatidyl/inositol ~ 3-kinase/protein  kinase B
(PI3KAKkt signaling pathway is closely related to cell survival,
and it is found in most tumors that abnormal activation of
this pathway plays an important role in tumorigenesis [22].
It is closely related to cell proliferation, apoptosis, and tumor
angiogenesis. The pathway consists of three important pro-
tein molecules, namely, PI3K, Akt, and the downstream
molecule mTOR. The role of PI3K changes in cancer devel-
opment, progression, metastasis, and drug resistance. The
PI3K-AKT signaling pathway, as an important pathway for



regulating growth in cells, plays an important role in promot-
ing the growth and survival of tumor cells after activation.
After activation of Akt, it can achieve antiapoptotic effects by
activating a variety of downstream molecules. PI3K Akt sig-
naling pathway activation and tumor resistance are closely
related, and the application of this pathway inhibitor, such as
PI3K inhibitor, Akt inhibitor, and mTOR inhibitor, can
reverse the resistance of tumor cells and restore the sensitivity
of tumor cells to chemotherapeutic drugs. Different studies
have proved the critical role of the entire PI3K/Akt pathway
in the aggressiveness of several tumors, including cutaneous
melanoma, breast cancer, and even medulloblastoma. In mel-
anoma, the combination of PI3K and MAPK inhibitors can
effectively reduce melanoma sensitivity of cells to treatment
[23]. Gene mutations encoding PI3KCA can be used as inde-
pendent prognostic predictors of breast cancer [24]. PI3K sig-
naling pathway plays an important role in the activation of
intracellular signaling pathways in embryonic cerebellum,
and the inhibition of PI3K signaling pathway can significantly
improve the inefficient medulloblastoma cell growth and pro-
motion of stem cell-like MDB cell differentiation [25].

When we checked the literature, we also found that
KIF26B can promote the progression of hepatocellular carci-
noma by activating the PI3K/AKT pathway [26]. Therefore,
we speculate that KIF26B may exert its carcinogenic func-
tion by activating the PI3K/AKT pathway. Then, we
detected the expression of the key proteins in this pathway.
And the results showed that after KIF26B was silenced, the
expression of p-PI3K, p-AKT, and mTOR was also signifi-
cantly reduced. After the PI3K activator 740 Y-P was used
to reactivate the expression of PI3K, the phenotype sup-
pressed by siRNA was rescued. This indicated that the effect
of KIF26B on medulloblastoma cells is indeed carried out
through the PI3K pathway.

Abnormal expression and inactivation of PTEN can pro-
mote the activation of PI3K/Akt signaling pathway, thereby
further inhibiting the activity of GSK-3f and promoting the
nuclear entry of f3-catenin and the expression of its down-
stream target genes c-myc, Survivin, and CyclinD 1 [27].
As a cyclin protein, CyclinD1 can promote cell proliferation,
and its expression has also been found to be increased in a
variety of tumors including medulloblastoma [28]. There-
fore, the proliferation of medulloblastoma cells can be inhib-
ited by regulating the PTEN/PI3K/Akt signaling pathway.
Our experimental results show that silencing of KIF26B
can affect the cell cycle. At the same time, bioinformatics
analysis found that the expression of KIF26B was also closely
related to the expression of cell cycle-related proteins. This
indicates that the abnormal expression of KIF26B may be
related to the abnormal inactivation of PTEN.

5. Conclusion

In summary, our study shows that KIF26B is highly overex-
pressed in MB and is associated with worse clinical features
and poor prognosis. KIF26B can promote the proliferation
and migration of MB cells. In addition, KIF26B may partic-
ipate in the malignant progression of medulloblastoma
through PI3K/AKT signaling pathway.
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