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the PISK/AKT Pathway
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Department of Orthopedics, Zhujiang Hospital, Southern Medical University, Guangzhou, China

Osteosarcoma (OS) is the most common malignancy that occurs mainly during childhood
and adolescence; however, no clear molecular or biological mechanism has been
identified. In this study, we aimed to explore new biomarkers for the early diagnosis,
targeted treatment, and prognostic determination of osteosarcoma. We first used
bioinformatics analysis to show that KIF21B can be used as a biomarker for the
diagnosis and prognosis of osteosarcoma. We then examined the expression of
KIF21B in human osteosarcoma tissues and cell lines using immunohistochemistry,
western blotting, and gRT-PCR. It was found that KIF21B expression was significantly
upregulated in osteosarcoma tissues and cell lines. After knocking down the expression of
KIF21B in the osteosarcoma cell lines 143B and U2-OS, we used cell fluorescence
counting, CCK-8 assays, flow cytometry, and TUNEL staining to examine the effects of
KIF21B on osteosarcoma cell proliferation and apoptosis. The results demonstrated that
knocking down KIF21B in 143B and U2-0OS cells could increase cell apoptosis, inhibit cell
proliferation, and reduce tumor formation in nude mice. Subsequently, we used gene
chips and bioinformatics to analyze the differential gene expression caused by knocking
down KIF21B. The results showed that KIF21B may regulate OS cell proliferation and
apoptosis by targeting the PISK/AKT pathway. We then examined the expression of PISK/
AKT- and apoptosis-related proteins using western blotting. KIF21B knockdown inhibited
the PISK pathway, downregulated Bcl-2, and upregulated Bax. Moreover, the use of
PISK/AKT pathway agonists reversed the regulatory effect of KIF21B on the apoptosis
and proliferation of 143B and U2-OS cells. In conclusion, our results indicated that KIF21B
plays a key role in osteosarcoma. Low KIF21B expression might indirectly increase the
apoptosis and inhibit the proliferation of osteosarcoma cells through the PI3K/
AKT pathway.
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INTRODUCTION

Osteosarcoma (OS) is the most common primary malignant
tumor in children and adolescents (1) and occurs in long bones,
such as the proximal humerus and distal femur (2). OS is prone
to metastasis and relapse, and 20-25% of patients present with
lung metastases at the time of diagnosis (3). The current
treatment for OS involves surgery and adjuvant chemotherapy,
and the prognosis is poor, with 5-year survival rates below
20% (4).

KIF21B belongs to the kinesin superfamily of proteins (5).
Human kinesins are divided into 14 families that consist of 45
different kinesin proteins and are involved in a series of cellular
processes, such as mitosis, motility, organelle transport, and
tumor development (6). Studies have confirmed that KIF21B is
expressed in many types of cells, including neurons (7, 8).
However, there are few studies on the relationship between the
KIF21B protein and human tumors. When preparing this
manuscript, we identified one study that first observed a
relationship between KIF21B and hepatocellular carcinoma (9).
The function and mechanisms of KIF21B in cancer, particularly
in OS, and its effect on prognosis have not yet been widely
investigated and remain unknown.

The PI3K/Akt signaling pathway is composed of a conserved
family of signal transducing enzymes that are involved in a wide
range of physiological processes (10, 11). The PI3K/AKT signaling
pathway is also one of the most commonly dysregulated pathways
in cancer (12). Therefore, the PI3K/AKT pathway has become the
main focus of drug development for the treatment of cancer (13).
Moreover, the PI3K/AKT signaling pathway also plays an
important role in the regulation of various kinesin proteins
(14, 15).

In this study, we first identified KIF21B as a potential new
biomarker of OS through bioinformatics analysis. To explore the
impact of KIF21B on OS, we examined the expression of KIF21B
in osteosarcoma tissues and cell lines. Then, we evaluated the
effects of KIF21B on the proliferation and apoptosis of 143B and
U2-0S osteosarcoma cells. We further analyzed the differential
gene expression caused by knocking down KIF21B and predicted
and verified the potential downstream target genes of KIF21B.
The purpose of this study was to investigate the role of KIF21B in
the progression of OS and to provide ideas for new treatment
options for OS.

MATERIALS AND METHODS

Data Processing

The OS-related chip data were downloaded from the GEO database
(http://www.ncbi.nlm.nih.gov/geo), including GSE12865 (12
osteosarcoma cells and 2 normal human osteoblastic cells). The
differentially expressed mRNAs were analyzed with an adjusted P
value <0.05 and [Log2FC| >0.25 as the threshold using the limma
package in R software. The dysregulated mRNAs were used for
future analysis, and the expression levels of the mRNAs were
visualized by volcano plots using the ggplot2 package in R.

In addition, the RNA-seq data and clinical features of OS patients
were collected from the TCGA database (TARGET-OS, N = 85).
The characteristics of the patients included in this study are
summarized in Table 1.

Protein-Protein Interaction Network
Analysis

The interactive relationships among the dysregulated genes were
analyzed using a protein-protein interaction (PPI) network. The
gene information was retrieved from the Search Tool for the
Retrieval of Interacting Genes (STRING) database (version 11.0,
https://string-db.org/). The PPI network was constructed and
visualized by using Cytoscape 3.7.2 software. The ClusterONE
algorithm was used to mine the hub modules in the PPI network.
The threshold parameters were set to minimum size = 50 and
density threshold = 0.5. The nodes with a high degree of
connectivity (top 15, degree >9) were considered hub genes
involved in important biological functions.

Functional Enrichment and GO

Semantic Similarity

Enrichment analysis of the dysregulated genes was used to
investigate the biochemical pathways involved in carcinogenesis
and tumor progression. The GO functional enrichment analysis
and KEGG pathway analysis were performed using the
clusterProfiler package in R. We set the criterion that the P
value of the GO terms and KEGG analysis was less than 0.05.
The top 15 enriched GO terms and KEGG pathways were
visualized using the ggplot2 package in R. The functional
similarity between genes was measured by semantic similarity
with GO terms [17344234]. The semantic similarity computation
among genes was performed using the GOSemSim R package.

Receiver Operating Characteristic

Curve Analysis

Receiver operating characteristic (ROC) curve analysis was used
to evaluate the diagnostic value of the target mRNAs in patients
with OS by calculating the sensitivity and specificity. The area
under the curve (AUC) of the ROC curve was used to assess the

TABLE 1 | The information of clinical features.

Characteristics Number of cases Percentages
Age
<20 74 87.06
>20 11 12.94
Gender
Female 37 43.53
Male 48 56.47
Race
Asian 6 7.06
Black or African American 7 8.24
White 51 60.00
Others 21 24.70
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discrimination performance. An AUC above 0.7 was considered
satisfactory diagnostic accuracy [29901123].

Survival, Univariable, and Multivariable
Analyses

Kaplan-Meier survival analysis was performed by using the
survival R package to predict the overall survival of the OS
patients. The stratified log-rank test was used to compare the
differences in overall survival time between the two groups. The
Cox proportional hazards regression model was used to explore
the univariable and multivariable hazard ratios (HRs) and screen
the OS prognostic factors [31216997]. The univariable Cox
proportional hazards regression model was used to select the
independent clinicopathological factors. Subsequently, the
multivariable Cox proportional hazards regression model was
implemented to explore the potential prognostic biomarkers of
OS. The patients with OS were divided into high-risk and low-
risk groups according to the risk score in the hazards model. The
time-dependent ROC curve was used to assess the risk prediction
rate of the target genes between the high-risk and low-risk
groups. All the statistical analyses were performed using R and
SPSS 22.0 software. A P value less than 0.05 was considered
statistically significant.

Specimens

A total of 17 pairs of OS tissues and corresponding adjacent tissues
were collected from OS patients in the Orthopedics Department of
Zhujiang Hospital of Southern Medical University. All the
pathological specimens were diagnosed by postoperative
pathology and derived from newly formed cancerous tissues
with complete clinical data. The patients did not receive
preoperative chemoradiotherapy. The patients’ informed consent
was acquired for all the procedures related to their tissues, and the
study was approved by the Ethics Committee of the Zhujiang
Hospital of Southern Medical University.

Cell Culture

The human osteoblast cell line hFOB1.19 and the human OS cell
lines 143B, U2-OS and MG63 were purchased from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). The cells were cultured in RPMI 1640 medium
(HyClone Technologies, Logan, USA) containing 10% fetal
bovine serum (FBS, Thermo Fisher Scientific, MA, USA) and
100 U/ml anti-bis (Thermo Fisher Scientific) in 5% CO2 at 37°C.

Immunohistochemistry

Human tissues were fixed in 10% formalin (Solarbio, Beijing,
China) and embedded in paraffin. Five-micrometer sections were
dewaxed with dimethylbenzene (Macklin, Shanghai, China) and
dehydrated in a gradient ethanol series, followed by incubation
with citrate buffer for antigen recovery. Hydrogen peroxide
(Macklin, 3%) was used to block the endogenous peroxidase
activity. The sections were incubated with primary antibodies
against KIF21B (1:500; Thermo Fisher) overnight at 4°C. The

sections were then stained using biotinylated secondary
antibodies at 37°C for 20 min and exposed using DAB. The
images were captured by microscopy (Leica, Wetzlar, Hesse-
Darmstadt, Germany). Three fields were randomly selected, and
the average percentage of brown or dark yellow particles in the
cytoplasm was counted.

Western Blotting

The total protein was extracted using a whole cell lysis assay
(KeyGEN Biotech, Nanjing, Jiangsu Province, China). Eighty
micrograms of sample protein was subjected to SDS-PAGE
(KeyGEN Biotech) and transferred to PVDF membranes
(Millipore, MA, USA). The membranes were blocked and
probed with the indicated primary antibodies at 4°C for 12 h.
The membranes were then incubated with the indicated HRP-
conjugated secondary antibodies at room temperature for 2 h,
and the expression of the target proteins was detected by ECL
(KeyGEN Biotech). The following antibodies were used: KIF21B
(1:3,000; Thermo Fisher), PI3K (1:3,000; Thermo Fisher),
p-PI3K (1:1,000; Thermo Fisher), AKT (1:3,000; Thermo
Fisher), p-AKT (1:1,000; Thermo Fisher), Bcl-2 (1:2,000; Cell
Signaling Technology, Boston, MA, USA), BAX (1:1,000; Cell
Signaling Technology), and Actin (1:1,000; Beyotime
Biotechnology, Shanghai, China).

qRT-PCR

The total RNA was extracted and synthesized into ¢cDNA
according to the manufacturer’s protocol (TaKaRa Bio, Dalian,
Liaoning Province, China). qRT-PCR was performed on a
LightCycler 96 (Roche Life Sciences, Switzerland, Basel) using
Real-Time PCR Mix (Vazyme Biotech, Nanjing, Jiangsu Province,
China). Gene expression relative to GAPDH expression was
assessed using the 2-AACt method. Independent experiments
were conducted in triplicate (KIF21B upstream sequence: 5’-
GGATGCCACAGATGAGTT-3’, downstream sequence: 5’-
TGTCCCGTAACCAAGTTC-3. GAPDH upstream sequence:
5'-ATAGCACAGCCTGGATAGCAACGTAC-3’, downstream
sequence: 5'-CACCTTCTACAATGAGCTGCGTGTG-3".)

Lentivirus Infection

A short hairpin RNA (shRNA) sequence specific for human KIF21B
(GGAGCTGATGGAGTATAAG) and a negative control sequence
(TTCTCCGAACGTGTCACGT) were constructed and confirmed.
Lentivirus with and without fluorescence were provided and titered
by GeneChem (Shanghai, China). The cells in the shKIF21B group
were transduced with shRNA lentivirus with a multiplicity of
infection (MOI) of 20. The shCtrl group was transduced with a
negative control sequence, and the blank control group was not
treated. Seventy-two hours after transduction, the cells were
continuously cultured for 1 week using complete medium
containing puromycin (2 pg/ml, Beyotime Biotechnology).

Cell Growth Assessments
Virus-infected cells exhibiting green fluorescence were counted
on a Celigo instrument (Nexcelom, Lawrence, MA, USA). After
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3-5 days of continuous measurements, cell growth curves were
plotted to reflect cell growth.

Cell Counting Kit-8

Cells from each group were seeded into a 96-well plate at a
density of 2,000 cells/well, and 10 pl CCK-8 solution (Dojindo,
Kumamoto, Japan) was added to each well every 24 h. After
incubation at 37°C for 2 h, the absorbance value at 450 nm was
detected using a microplate reader (Bio-Rad, Hercules, USA).
Triplicate wells were used for all the specimens in each test.

Cell Apoptosis Analysis by Flow Cytometry
The Annexin FITC/PI Apoptosis Detection Kit (KeyGEN
Biotech) was used following the manufacturer’s protocols. A
total of 1 x 106 cells were resuspended in a mixture of 100 pl of
binding buffer, 10 pl of FITC Annexin V, and 10 pl of PI solution
and then incubated in the dark for 15 min at room temperature.
Then, cell apoptosis was measured using a flow cytometer (BD
Biosciences, NJ, USA). The results were analyzed using FlowJo
software. The experiment was repeated in triplicate.

TUNEL Assay Kit

Adherent cells were sequentially fixed with 4% paraformaldehyde
(Beyotime Biotechnology) for 30 min and incubated with Triton
X-100 (Beyotime Biotechnology) for 5 min at room temperature.
Then, the TUNEL test solution was prepared according to the
operating instructions (Beyotime Biotechnology). The cells were
added to 50 pl TUNEL detection solution and incubated at 37°C
for 60 min in the dark, and the nuclei were stained with DAPI
(Beyotime Biotechnology). The nuclei and TUNEL-positive cells
were then observed under a fluorescence microscope (Nikon,
Tokyo, Japan), and the positive rate (TUNEL/DAPI) of five
random fields was calculated.

Grouping and Treatment of Nude Mice

Nine BALB/c nude mice (6 weeks, approximately 18 g, Animal
Center of Southern Medical University) were used for the tumor
formation experiments. A total of 3 x 106 143B cells were
subcutaneously injected into the right forelegs of the nude
mice. A Vernier caliper was used to measure the longest and
shortest diameters of the transplanted tumor every 5 days, the
volume of the subcutaneous transplanted tumor was calculated
(V=L x W2 x0.5), and the tumor growth curve was drawn. One
month after the injection, the mice were anesthetized by using
carbon dioxide. The tumor tissue was then removed, weighed,
and imaged. The animal experiment was performed in strict
accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.

Gene Microarray Hybridization,

Scanning, and Analysis

Hybridization of nucleic acid probes and gene expression profiling
chips were performed with a gene chip hybridization kit (Thermo
Fisher) for 16 h. Elution and staining were performed using Onfly

Fluid Workstation 450. A Gene Chip Scanner 3000 7G scan
(Aftymetrix, Thermo Fisher) was used to generate images. Chip
scan image 5.0 software was used for digital processing and analysis.

Statistical Analysis

All the data were analyzed using SPSS 22.0 software. The
qualitative data are presented as counts (%), and the quantitative
data are expressed as the mean + standard deviation. The
measurement data that conformed to a normal distribution were
assessed via T-tests. Mann-Whitney rank sum tests were used to
analyze the data that did not conform to a normal distribution.
Three groups of data were analyzed through one-way analysis of
variance. Differences were statistically significant at the P <
0.05 level.

RESULTS

Comprehensive Analysis Identified

KIF21B as a Potential Diagnostic

and Prognostic Gene in OS

First, principal component analysis (PCA) was performed to
identify abnormal samples (Supplementary Figure 1). Then, the
differentially expressed genes were analyzed by using the limma
package in R software. A total of 10,446 differentially expressed
genes (DEGs) were identified between the osteosarcoma cells and
normal human osteoblastic cells with an adjusted P value <0.05
and |Log2FC| > 0.25 as the threshold. There were 4,875
upregulated and 5,571 downregulated mRNAs (Figure 1A). To
screen and predict the possible diagnostic mRNAs in OS, the
diagnostic values were analyzed using ROC curves. A total of
10,441 DEGs were used in the subsequent studies with AUC >
0.7 as the cutoff criterion (Supplementary Table 1). To select
novel genes for predicting the overall survival of patients with
OS, survival analysis was performed by the Kaplan-Meier
method with the log-rank test. The results showed that 1,561
novel genes were associated with the overall survival of OS
patients, with a P value <0.05 (Supplementary Table 2). To
identify the potential prognostic indicators of OS, univariable
Cox regression analysis was performed to identify independent
risk factors for the prognosis of OS. Here, we identified 681
DEGs that were significantly associated with cancer-specific
survival with a P value <0.01 as the threshold (Supplementary
Table 3). Subsequently, 496 potential target genes were obtained
as effective diagnostic and prognostic genes (Figure 1B).

To identify the interactions between these 496 target genes, a
PPI network was constructed by using the STRING database,
with scores >950 as the threshold. The results showed that 100
genes were related to each other in the PPI network (Figure 1C).
Moreover, the ClusterONE algorithm was particularly useful for
detecting protein complexes in the PPI network. A total of 11 PPI
modules were identified, with a P value <0.05 (Figure 1D). The
hub genes were considered to play important roles in the highly
intersected network. Fifteen hub genes were identified by
network clustering analysis with degree >9 as the cutoff criteria
(Figure 1E).
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To explore the biological functions of these hub genes, KEGG
pathway and GO term enrichment analyses were performed
using the clusterProfiler package in R. The results of the KEGG
pathway analysis showed that these dysregulated genes were
enriched in cancer-associated pathways, including the JAK-
STAT, PI3K-Akt, NOD-like receptor, and Rapl signaling
pathways (Figure 1F). In addition, our results showed that 11
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FIGURE 1 | Comprehensive expression analysis for the identification of hub genes associated with the progression of osteosarcoma. (A) The volcano plot of
significant differentially expressed genes. The red dots represent the upregulated genes, and the blue dots represent the downregulated genes. (B) Venn diagram
representing the number of dysregulated genes in the ROC, survival and univariable analyses. (C) A PPl network of the dysregulated genes was constructed. (D) The
modules were identified from the PPI network using the ClusterONE algorithm, containing 11 modules. The red dots represent the upregulated genes, the blue dots
represent the downregulated genes, and the gray dots represent the genes with no significant difference in expression. (E) Interaction network of hub genes.
(F) Significant pathways in the KEGG pathway analysis with P < 0.05. (G) Eleven GO terms were enriched for cellular components. (H) The top 15 enriched
biological process GO terms of the dysregulated genes. (I) The top 15 enriched molecular functions GO terms.

GO terms were enriched for cellular components (CC), 125 GO
terms were enriched for biological processes (BP), and 31 GO
terms were enriched for molecular functions (MF), with P < 0.05
as the threshold. The CC GO terms included those associated
with secretory granule membrane and vacuolar membrane
(Figure 1G), and the BP GO terms mainly included those
associated with calcium ion homeostasis, second messenger
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and regulation of immune effector process (Figure 1H). The MF
GO terms were associated with G protein-coupled receptor
binding and nucleoside binding (Figure 1I).

In addition, multivariable Cox hazard regression analysis was
performed to examine the independent risk factors. We
constructed 15 Cox models using the hub genes and clinical
features, including age, sex, and race. The results showed that 10
Cox models were identified as independent factors influencing
survival time (P value < 0.01; Wald test), including KIF21B
(HR = 0.094, 95% CI: 0.018-0.501, P = 0.006), LTB4R (HR =
0.047, 95% CI: 0.007-0.336, P = 0.002), CISH (HR = 0.048, 95%
CI: 0.007-0.316, P = 0.002), GBP2 (HR = 0.135, 95% CI: 0.035-
0.517, P = 0.003), CYSLTR1 (HR = 0.147, 95% CI: 0.040-0.533,
P =0.004), F13A1 (HR = 0.176, 95% CI: 0.070-0.445, P < 0.0001),
GBP5 (HR = 0.296, 95% CI: 0.136-0.642, P = 0.002), FPR1 (HR =
0.358, 95% CI: 0.182-0.701, P < 0.003), IL2RA (HR = 0.474, 95%
CL: 0.294-0.767, P = 0.002), and S1PR4 (HR = 0.505, 95% CI:
0.308-0.827, P = 0.007). Visualizations of the top five results are
shown in Figure 2A. Next, the key gene expression-based survival
risk score of the 85 patients was calculated. All the samples were
divided into two groups, the high- and low-risk groups, according
to the median risk score. The results showed that the high-risk
score was associated with poorer overall survival (Figure 2B).
Furthermore, a time-dependent ROC curve was used to assess the
power of the prognostic factors. The AUC values for the
prognostic models ranged from 0.710 to 0.792 at 3 years of
overall survival (Figure 2C). Moreover, to identify novel
biomarkers for further study, GO semantic similarity was used
to quantify the functional similarity between 10 key genes. The
results showed that KIF21B was considered to be protein with the
most significantly strengthened relationship with its partners
(Figure 2D). The expression of KIF21B was analyzed in the
high- and low-risk patients with OS. The results showed that
KIF21B was upregulated in the high-risk patients (Figure 2E).
Taken together, these findings provide evidence that KIF21B is a
diagnostic and prognostic biomarker and potential therapeutic
target in patients with OS.

Expression of KIF21B in Human

OS Tissues and Cell Lines

To determine and assess the expression level of KIF21B in OS, the
expression of KIF21B in osteosarcoma cells and normal human
osteoblastic cells from the GEO database (GSE12865) was analyzed
(Figure 2F). The results showed that KIF21B was expressed at high
levels in patients with OS (adjusted P value = 0.0448). To explore the
effect of KIF21B on the development of OS, we then compared the
expression levels of KIF21B between tumor tissue, junction tissue
and bone tissue. Immunohistochemical staining was performed to
detect KIF21B expression. The results showed that the expression of
KIF21B in the tumor tissues was significantly higher than that in the
junction and bone tissues (Figures 3A, B). High KIF21B expression
at the tumor site was also confirmed by western blotting analysis
(Figures 3C, D) and qRT-PCR (Figure 3E). Then, qRT-PCR and
western blotting were used to explore the expression of KIF21B in
OS cell lines. The results demonstrated that the expression of

KIF21B in the OS cell lines U2-OS, 143B, and MG63 was higher
than that in the Hfob1.19 cell line (Figures 3F-H). These results
demonstrated that KIF21B was typically overexpressed in OS,
suggesting that it might be considered an oncogene.

Effects of KIF21B Silencing on OS

Cell Proliferation and Apoptosis

To investigate the potential role of KIF21B in OS cell function,
the expression of KIF21B was assessed 48 h after the
transduction of 143B and U2-OS cells with shRNA specific for
KIF21B. The KIF21B expression level in the shKIF21B group was
significantly downregulated compared with that in the shCtrl
group and blank control group (Figures 4A, B). Following
transduction with the KIF21B lentivirus, the cells were assessed
for 4 days, and the growth curves were plotted. The proliferation
rate of the 143B cells in the shKIF21B group was significantly
reduced compared with that in the control groups (Figures 4C,
D). The CCK-8 results also demonstrated a significantly reduced
absorbance value in the shKIF21B group (Figure 4E). In
addition, a similar trend was also observed in U2-OS cells as
well (Figures 4F-H). Moreover, the flow cytometry (Figures 5A,
B) and TUNEL staining (Figures 5C-F) results showed an
increased apoptosis rate in the cells transduced with shKIF21B.
To confirm these findings in vivo, 143B cells were implanted into
nude mice (Figures 6A, B), and the effects of KIF21B were
assessed after 30 days of treatment. We measured the tumor size
and weight (Figures 6C, D). Compared with the control, KIF21B
reduced the tumor size and weight. These results indicated that
low KIF21B expression could enhance the apoptosis and
suppress the proliferation of OS cells.

Screening of Differentially Expressed

Genes and Analysis of Bioinformatics

To analyze the possible downstream targets of KIF21B, we used a
human genome-wide expression chip, which contains 49,395 sets
of probes, for further research. RNA probes from each treatment
group were hybridized with the chip to analyze the changes in
the gene expression profiles of osteosarcoma cells before and
after KIF21B knockdown. The differentially expressed RNAs
between the KIF21B-silenced OS cells and normal OS cells
were analyzed to obtain heatmaps, scatter plots, and volcano
plots (Figures 6E-G), the dots of the scatter plot in the parallel
green solid lines represent the genes that are not significantly
different, and the red and green dots represent the genes that are
relatively upregulated or downregulated in the shKIF21B group,
respectively. The volcanic map was plotted by fold change and
FDR between the two groups of samples. The red points are the
significantly differentially expressed genes screened with | fold
change | 1.5 and FDR <0.05 as the standard, and the gray points
are the other genes with no significant differences. The results showed
that compared with the control, KIF21B gene silencing resulted in a
decrease in the expression of 467 genes and an increase in the
expression of 382 genes. The top 50 most significant differentially
expressed genes are shown in Supplementary Tables 4, 5. Then, the
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R software clusterProfiler package was used to analyze 849
differentially expressed RNAs. GO pathway analysis (Figures 6H-
J) showed the top 20 results that were highly enriched. We found that
the most enriched BP, CC, and MF terms were cell adhesion,
endoplasmic reticulum membrane and protein binding,

respectively. KEGG pathway analysis (Figure 6K) showed the top
20 pathways that were highly enriched. These pathways were mainly
involved in the PI3K/Akt signaling pathway, focal adhesion,
dopaminergic synapses, pathways in cancer, and MAPK
signaling pathway.
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Silencing of KIF21B Affects Osteosarcoma
Cell Function Through the PISK/AKT
Pathway

Functional enrichment analysis of the differentially expressed
genes suggested that the PI3K/AKT signaling pathway might
play an important role in the KIF21B-mediated regulation of OS
cells. Since the PI3K/AKT pathway is widely involved in tumor
development, we further studied the changes in the key proteins
of the PI3K/AKT pathway after silencing KIF21B. The western

blot analysis results suggested that the expression levels of PI3K,
p-PI3K, AKT, and p-AKT were significantly downregulated after
silencing KIF21B. The expression levels of Bax were upregulated,
and the expression levels of Bcl-2 were downregulated (Figure
7A). Thus, our study demonstrated that factors involved in the
PI3K/ATK signaling pathway were significantly downregulated
in the shKIF21B group. In addition, based on the results of
silencing KIF21B, we treated the cells with the PI3K/AKT
signaling pathway agonist IGF-1, and the results showed that
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the inhibition of proliferation and increase in apoptosis caused
by silencing KIF21B were reversed by IGF-1 (Figures 7 and 8).
These results confirmed that the regulatory effect of KIF21B on
143B and U2-OS cell proliferation and apoptosis might be
associated with the PI3K/ATK signaling pathway.

DISCUSSION

OS is the most common primary malignant bone tumor, with a
particular prevalence in adolescents and children (annual

incidence of ~3.1 million) (16, 17). Current treatments include a
combination of neoadjuvant chemotherapy and physical rescue.
Although this method preserves joint function in the extremities,
OS metastasis and recurrence remain common. OS cells are highly
genetically unstable and histologically heterogeneous, and their
signaling is complex (18). Exploring the molecular details of OS
development can improve OS diagnostics and therapeutics.

In this study, we first conducted a series of bioinformatics
analyses, and the comprehensive analysis determined that
KIF21B is a potential new biomarker of OS. Polymorphisms in
the KIF21B gene are associated with multiple sclerosis, ankylosing
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spondylitis, Crohn’s disease, and ulcerative colitis (19-21).
Increased expression of KIF21B accelerates the progression of
neurodegenerative diseases, such as Alzheimer’s disease and
multiple sclerosis (22). In addition, microrepetitions carrying the
KIF21B locus are associated with neurodevelopmental and
psychological abnormalities (23). Basically no research has been
conducted on the role of KIF21B in human tumors. On the other
hand, the abnormal expression of multiple kinesin proteins in
tumor cells has been observed (24). High expression of KIF5B is
observed in breast (25) and skin cancer (26), and the overexpression
of KIF14 promotes the development of retinoblastoma (27), lung

cancer (28), and breast cancer (29). KIF7 and Eg5/KIF11 are
associated with the occurrence and metastasis of various tumors
(30). The expression of KIF21B in bone tumors and its related
mechanisms have not been reported. Therefore, we wanted to
determine whether KIF21B plays a role in the development of
osteosarcoma. Combined with the results of the bioinformatics
analysis, we detected the expression of KIF21B in OS tissues and cell
lines. The results demonstrated that the expression of KIF21B is
significantly upregulated. We then selected the OS cell lines 143B
and U2-0S. Following KIF21B silencing, we found that cell
proliferation was inhibited and cell apoptosis was increased,
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FIGURE 6 | Effects of KIF21B silencing on tumor formation in nude mice and identification of differentially expressed genes. (A, B) Representative photo of nude
mouse tumors. The tumor size (C) and weight (D) were measured after different treatments. (E) Heatmap of differentially expressed genes between the shCtrl group
and shKIF21B group; The scatter plot (F) and volcanic map (G) of differentially expressed genes. (H-J) GO annotation showed the top 20 results of biological
process (BP), cellular component (CC), and molecular function (MF) that were highly enriched GO annotations. (K) KEGG pathway analysis showed the top 20

which indicate that KIF21B may act as an oncogene
in osteosarcoma.

Under normal conditions, kinesin forms complexes with dynein
molecules, which are involved in the transport of intracellular
vesicles and organelles. However, the overexpression of kinesin
proteins can generate additional external forces, leading to spindle
collapse and monopolar spindle formation, which in turn lead to an
uneven distribution of genetic material during the later stages,

ultimately leading to aneuploidy. The genetic material acquired or
lost in non-euploid cells is considered to be an factor that initiates
the malignant progression of cancer (31). To further study the
mechanism by which KIF21B participates in the development of
osteosarcoma, we used a gene chip to identify differentially
expressed genes before and after KIF21B silencing and performed
bioinformatics analysis. According to the results, the differentially
expressed genes caused by KIF21B silencing are mainly enriched in
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the PI3K/AKT pathway but also in the focal adhesion, MAPK, TNF,
and ECM processes. We then examined the expression levels of
PI3K/AKT-related proteins and apoptosis-related proteins.
Knocking down KIF21B results in the downregulation of PI3K/
AKT-related proteins and Bcl-2 and the upregulation of Bax. In
addition, PI3K/AKT pathway agonists can reverse the regulatory
effect of KIF21B on the proliferation and apoptosis of
osteosarcoma cells.

Prior to this study, there was no clear evidence showing a
relationship between KIF21B and PI3K/AKT. The PI3K/AKT
signaling pathway has been shown to play a role in the
regulation of kinesin protein (32, 33), but the detailed
mechanism by which the PI3K/AKT pathway regulates kinesin
is currently rarely studied. On the other hand, according to the
results of the gene chip and bioinformatics, cell adhesion and ECM
processes were also enriched in KIF21B-silenced cells. Since ECM
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processes and cell adhesion can have a broad relationship with the
PI3K/AKT pathway (34-37), we hypothesize that the mechanism
by which KIF21B regulates osteosarcoma cells through the PI3K/
AKT pathway is probably related to ECM processes and
cell adhesion.

It should be noted that there are still several limitations in this
study. First, we strictly selected participants to control for
potential heterogeneity, which led to a small number of
patients (17 patients). Second, the research on the cellular
functions and molecular mechanisms of KIF21B was not

'__40 ——— ———
S, T
%zn
gﬂﬂ
2 (]
& & &
& '}\g Q&,
B shltrl shltr] + 16F- SR SIRTF2IB + 161 ’
<] 1-ULES. JR(1.8  Joruesen Q1-UR(1.07%) Q1-ULGBA2%) O1-UR(.12%) Q1-UL(4.25%) Q1-UR(5.81%) K - ——
<@ . T
[ i Ea
N =¥ 3
- 2
%4 ]
g % HLE09% | 61RO ; ¢ RG] «,ﬁ” \(,ﬁ"
10 0 10t 10 100 108 10t 108 & m@!
sictrl + 1681 sHEIF2IB RTF2IB + 161 &
C
E
40 -
§ *
8
:30
m
™ E [
< = @
— [
2
[-%
2
<
stltrl sttt + 161 shiIF21B SHEIF2IB + IGF-1
D
= %
£
%20
72, H
S = 8
I & 2
o] e
= :
<
5}@‘5\ & @@'3’ ‘\é‘\
S &
= & &
&
shtrl shttrl + 1661 SIR2IB SHRIF2IB + 161
FIGURE 8 | Effects of IGF-1 on cell apoptosis after silencing KIF21B. Flow cytometry (A, B) and TUNEL assays (C, D) results showing the apoptosis rate in each
group after treatment with IGF-1 (200 ng/L) for 24 h. Scale bar = 200 um, *P < 0.05.

comprehensive, and further studies are necessary to verify the
role of KIF21B in the development and progression of OS. In
summary, this experiment first confirmed that KIF21B, as an
oncogene, plays an important role in the occurrence and
development of OS. KIF21B silencing can also lead to the
inhibition of cell proliferation and the induction of apoptosis.
The mechanism by which KIF21B regulates OS might be
associated with the persistent activation of the PI3K/AKT
signaling pathway. However, the basic and clinical research
investigating the role of KIF21B is still in the initial stages, and
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the molecular mechanism involved in the occurrence and
development of OS warrants further study.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Zhujiang Hospital of
Southern Medical University. The patients/participants provided
their written informed consent to participate in this study. The
animal study was reviewed and approved by the Ethics
Committee of the Zhujiang Hospital of Southern Medical

REFERENCES

1. Anninga JK, Gelderblom H, Fiocco M, Kroep JR, Taminiau AH,
Hogendoorn PC, et al. Chemotherapeutic adjuvant treatment for
osteosarcoma: where do we stand? Eur | Cancer (2011) 47:2431-45. doi:
10.1016/j.ejca.2011.05.030

2. Kansara M, Teng MW, Smyth M]J, Thomas DM. Translational biology of
osteosarcoma. Nat Rev Cancer (2014) 14:722-35. doi: 10.1038/nrc3838

3. Lin AY, Kotova S, Yanagawa ], Elbuluk O, Wang G, Kar N, et al. Risk
stratification of patients undergoing pulmonary metastasectomy for soft
tissue and bone sarcomas. | Thoracic Cardiovasc Surg (2015) 149:85-92.
doi: 10.1016/j.jtcvs.2014.09.039

4. Tirtei E, Asaftei SD, Manicone R, Cesari M, Paioli A, Rocca M, et al. Survival after
second and subsequent recurrences in osteosarcoma: a retrospective multicenter
analysis. Tumori (2018) 104:202-6. doi: 10.1177/0300891617753257

5. Marszalek JR, Weiner JA, Farlow SJ, Chun J, Goldstein LS. Novel dendritic
kinesin sorting identified by different process targeting of two related
kinesins: KIF21A and KIF21B. J Cell Biol (1999) 145:469-79. doi:
10.1083/jcb.145.3.469

6. Huang X, Liu F, Zhu C, Cai ], Wang H, Wang X, et al. Suppression of KIF3B
expression inhibits human hepatocellular carcinoma proliferation. Digest Dis
Sci (2014) 59:795-806. doi: 10.1007/s10620-013-2969-2

7. Moores CA, Milligan RA. Lucky 13-microtubule depolymerisation by
kinesin-13 motors. J Cell Sci (2006) 119:3905-13. doi: 10.1242/jcs.03224

8. Walczak CE, Gayek S, Ohi R. Microtubule-depolymerizing kinesins. Annu
Rev Cell Dev Biol (2013) 29:417-41. doi: 10.1146/annurev-cellbio-101512-
122345

9. Zhao HQ, Dong BL, Zhang M, Dong XH, He Y, Chen SY, et al. Increased
KIF21B expression is a potential prognostic biomarker in hepatocellular
carcinoma. World ] Gastrointestinal Oncol (2020) 12:276-88. doi: 10.4251/
wjgo.v12.i3.276

10. Chen J, Yue C, Xu J, Zhan Y, Zhao H, Li Y, et al. Downregulation of receptor
tyrosine kinase-like orphan receptor 1 in preeclampsia placenta inhibits
human trophoblast cell proliferation, migration, and invasion by PI3K/
AKT/mTOR pathway accommodation. Placenta (2019) 82:17-24. doi:
10.1016/j.placenta.2019.05.002

11. Josephs DH, Sarker D. Pharmacodynamic Biomarker Development for PI3K
Pathway Therapeutics. Trans Oncogenom (2015) 7:33-49. doi: 10.4137/
TOG.S30529

12. Polivka J Jr., Janku F. Molecular targets for cancer therapy in the PI3K/AKT/
mTOR pathway. Pharmacol Ther (2014) 142:164-75. doi: 10.1016/j.pharmthera.
2013.12.004

University. Written informed consent was obtained from the
owners for the participation of their animals in this study.

AUTHOR CONTRIBUTIONS

YD: Conceptualization, investigation, methodology, project
administration, resources. SN and JL: Writing—review and
editing, data curation, formal analysis, writing—original draft.
SQ, KG, and YX: Formal analysis. All authors contributed to the
article and approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2020.606765/
full#supplementary-material

SUPPLEMENTARY FIGURE 1 | Principal component analysis (PCA) of
abnormal samples.

13. Faes S, Dormond O. PI3K and AKT: Unfaithful Partners in Cancer. Int ] Mol
Sci (2015) 16:21138-52. doi: 10.3390/ijms160921138

14. Noseda R, Guerrero-Valero M, Alberizzi V, Previtali SC, Sherman DL,
Palmisano M, et al. Kif13b Regulates PNS and CNS Myelination through the
Dlgl Scaffold. PloS Biol (2016) 14:e1002440. doi: 10.1371/journal.pbio.1002440

15. Gao Y, Zheng H, Li L, Zhou C, Chen X, Zhou X, et al. KIF3C Promotes
Proliferation, Migration, and Invasion of Glioma Cells by Activating the
PI3K/AKT Pathway and Inducing EMT. BioMed Res Int (2020) 2020:6349312.
doi: 10.1155/2020/6349312

16. Picci P. Osteosarcoma (osteogenic sarcoma). Orphanet ] Rare Dis (2007) 2:6.
doi: 10.1186/1750-1172-2-6

17. Jaffe N. Osteosarcoma: review of the past, impact on the future. The American
experience. Cancer Treat Res (2009) 152:239-62. doi: 10.1007/978-1-4419-
0284-9_12

18. Bertoni F, Bacchini P, Fabbri N, Mercuri M, Picci P, Ruggieri P, et al.
Osteosarcoma. Low-grade intraosseous-type osteosarcoma, histologically
resembling parosteal osteosarcoma, fibrous dysplasia, and desmoplastic
fibroma. Cancer (1993) 71:338-45. doi: 10.1002/1097-0142(19930115)
71:2<338::AID-CNCR2820710212>3.0.CO;2-H

19. Anderson CA, Massey DC, Barrett JC, Prescott NJ, Tremelling M, Fisher SA,
et al. Investigation of Crohn’s disease risk loci in ulcerative colitis further
defines their molecular relationship. Gastroenterology (2009) 136:523-9 e3.
doi: 10.1053/j.gastro.2008.10.032

20. Goris A, Boonen S, D’Hooghe MB, Dubois B. Replication of KIF21B as a
susceptibility locus for multiple sclerosis. ] Med Genet (2010) 47:775-6. doi:
10.1136/jmg.2009.075911

21. Yang X, Li M, Wang L, Hu Z, Zhang Y, Yang Q. Association of KIF21B genetic
polymorphisms with ankylosing spondylitis in a Chinese Han population of
Shandong Province. Clin Rheumatol (2015) 34:1729-36. doi: 10.1007/s10067-
014-2761-5

22. Kreft KL, van Meurs M, Wierenga-Wolf AF, Melief MJ, van Strien ME, Hol
EM, et al. Abundant kif21b is associated with accelerated progression in
neurodegenerative diseases. Acta Neuropathol Commun (2014) 2:144. doi:
10.1186/540478-014-0144-4

23. Olson HE, Shen Y, Poduri A, Gorman MP, Dies KA, Robbins M, et al. Micro-
duplications of 1q32.1 associated with neurodevelopmental delay. Eur | Med
Genet (2012) 55:145-50. doi: 10.1016/j.ejmg.2011.12.008

24. Liu X, Gong H, Huang K. Oncogenic role of kinesin proteins and targeting
kinesin therapy. Cancer Sci (2013) 104:651-6. doi: 10.1111/cas.12138

25. Yokota K, Sasaki H, Okuda K, Shimizu S, Shitara M, Hikosaka Y, et al. KIF5B/
RET fusion gene in surgically-treated adenocarcinoma of the lung. Oncol Rep
(2012) 28:1187-92. doi: 10.3892/0r.2012.1908

Frontiers in Oncology | www.frontiersin.org

January 2021 | Volume 10 | Article 606765


https://www.frontiersin.org/articles/10.3389/fonc.2020.606765/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.606765/full#supplementary-material
https://doi.org/10.1016/j.ejca.2011.05.030
https://doi.org/10.1038/nrc3838
https://doi.org/10.1016/j.jtcvs.2014.09.039
https://doi.org/10.1177/0300891617753257
https://doi.org/10.1083/jcb.145.3.469
https://doi.org/10.1007/s10620-013-2969-2
https://doi.org/10.1242/jcs.03224
https://doi.org/10.1146/annurev-cellbio-101512-122345
https://doi.org/10.1146/annurev-cellbio-101512-122345
https://doi.org/10.4251/wjgo.v12.i3.276
https://doi.org/10.4251/wjgo.v12.i3.276
https://doi.org/10.1016/j.placenta.2019.05.002
https://doi.org/10.4137/TOG.S30529
https://doi.org/10.4137/TOG.S30529
https://doi.org/10.1016/j.pharmthera.2013.12.004
https://doi.org/10.1016/j.pharmthera.2013.12.004
https://doi.org/10.3390/ijms160921138
https://doi.org/10.1371/journal.pbio.1002440
https://doi.org/10.1155/2020/6349312
https://doi.org/10.1186/1750-1172-2-6
https://doi.org/10.1007/978-1-4419-0284-9_12
https://doi.org/10.1007/978-1-4419-0284-9_12
https://doi.org/10.1002/1097-0142(19930115)71:23.0.CO;2-H
https://doi.org/10.1002/1097-0142(19930115)71:23.0.CO;2-H
https://doi.org/10.1053/j.gastro.2008.10.032
https://doi.org/10.1136/jmg.2009.075911
https://doi.org/10.1007/s10067-014-2761-5
https://doi.org/10.1007/s10067-014-2761-5
https://doi.org/10.1186/s40478-014-0144-4
https://doi.org/10.1016/j.ejmg.2011.12.008
https://doi.org/10.1111/cas.12138
https://doi.org/10.3892/or.2012.1908
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Ni et al.

The Effect of KIF21B on Osteosarcoma

26.

27.

28.

29.

30.

31.

32.

33.

Noguchi S, Kumazaki M, Yasui Y, Mori T, Yamada N, Akao Y. MicroRNA-
203 regulates melanosome transport and tyrosinase expression in melanoma
cells by targeting kinesin superfamily protein 5b. J Invest Dermatol (2014)
134:461-9. doi: 10.1038/jid.2013.310

O’Hare M, Shadmand M, Sulaiman RS, Sishtla K, Sakisaka T, Corson TW.
Kif14 overexpression accelerates murine retinoblastoma development. Int |
Cancer (2016) 139:1752-8. doi: 10.1002/ijc.30221

Corson TW, Zhu CQ, Lau SK, Shepherd FA, Tsao MS, Gallie BL. KIF14
messenger RNA expression is independently prognostic for outcome in lung
cancer. Clin Cancer Res An Off ] Am Assoc Cancer Res (2007) 13:3229-34. doi:
10.1158/1078-0432.CCR-07-0393

Corson TW, Gallie BL. KIF14 mRNA expression is a predictor of grade and
outcome in breast cancer. Int J Cancer (2006) 119:1088-94. doi: 10.1002/
{jc.21954

Madhavan J, Mitra M, Mallikarjuna K, Pranav O, Srinivasan R, Nagpal A,
et al. KIF14 and E2F3 mRNA expression in human retinoblastoma and its
phenotype association. Mol Vision (2009) 15:235-40.

Wordeman L. How kinesin motor proteins drive mitotic spindle function:
Lessons from molecular assays. Semin Cell Dev Biol (2010) 21:260-8. doi:
10.1016/j.semcdb.2010.01.018

Liu Z, Rebowe RE, Wang Z, Li Y, Wang Z, DePaolo JS, et al. KIF3a promotes
proliferation and invasion via Wnt signaling in advanced prostate cancer. Mol
Cancer Res MCR (2014) 12:491-503. doi: 10.1158/1541-7786.MCR-13-0418
Tanaka Y, Niwa S, Dong M, Farkhondeh A, Wang L, Zhou R, et al. The
Molecular Motor KIF1A Transports the TrkA Neurotrophin Receptor and Is
Essential for Sensory Neuron Survival and Function. Neuron (2016) 90:1215-
29. doi: 10.1016/j.neuron.2016.05.002

34.

35.

36.

37.

Zhu X, Efimova N, Arnette C, Hanks SK, Kaverina I. Podosome dynamics and
location in vascular smooth muscle cells require CLASP-dependent
microtubule bending. Cytoskeleton (2016) 73:300-15. doi: 10.1002/cm.21302
Sun L, Dong Y, Zhao J, Yin Y, Zheng Y. The CLC-2 Chloride Channel
Modulates ECM Synthesis, Differentiation, and Migration of Human
Conjunctival Fibroblasts via the PI3K/Akt Signaling Pathway. Int ] Mol Sci
(2016) 17:910. doi: 10.3390/ijms17060910

Qu H, Sun H, Wang X. Neogenin-1 Promotes Cell Proliferation, Motility, and
Adhesion by Up-Regulation of Zinc Finger E-Box Binding Homeobox 1 Via
Activating the Racl/PI3K/AKT Pathway in Gastric Cancer Cells. Cell Physiol
Biochem Int ] Exp Cell Physiol Biochem Pharmacol (2018) 48:1457-67. doi:
10.1159/000492255

Luo J, Yao JF, Deng XF, Zheng XD, Jia M, Wang YQ, et al. 15-EET induces
breast cancer cell EMT and cisplatin resistance by up-regulating integrin
alphavbeta3 and activating FAK/PI3K/AKT signaling. ] Exp Clin Cancer Res
CR (2018) 37:1423. doi: 10.1186/513046-018-0694-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ni, Li, Qiu, Xie, Gong and Duan. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

January 2021 | Volume 10 | Article 606765


https://doi.org/10.1038/jid.2013.310
https://doi.org/10.1002/ijc.30221
https://doi.org/10.1158/1078-0432.CCR-07-0393
https://doi.org/10.1002/ijc.21954
https://doi.org/10.1002/ijc.21954
https://doi.org/10.1016/j.semcdb.2010.01.018
https://doi.org/10.1158/1541-7786.MCR-13-0418
https://doi.org/10.1016/j.neuron.2016.05.002
https://doi.org/10.1002/cm.21302
https://doi.org/10.3390/ijms17060910
https://doi.org/10.1159/000492255
https://doi.org/10.1186/s13046-018-0694-6
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	KIF21B Expression in Osteosarcoma and Its Regulatory Effect on Osteosarcoma Cell Proliferation and Apoptosis Through the PI3K/AKT Pathway
	Introduction
	Materials and Methods
	Data Processing
	Protein-Protein Interaction Network Analysis
	Functional Enrichment and GO Semantic Similarity
	Receiver Operating Characteristic Curve Analysis
	Survival, Univariable, and Multivariable Analyses
	Specimens
	Cell Culture
	Immunohistochemistry
	Western Blotting
	qRT-PCR
	Lentivirus Infection
	Cell Growth Assessments
	Cell Counting Kit-8
	Cell Apoptosis Analysis by Flow Cytometry
	TUNEL Assay Kit
	Grouping and Treatment of Nude Mice
	Gene Microarray Hybridization, Scanning, and Analysis
	Statistical Analysis

	Results
	Comprehensive Analysis Identified KIF21B as a Potential Diagnostic and Prognostic Gene in OS
	Expression of KIF21B in Human OS Tissues and Cell Lines
	Effects of KIF21B Silencing on OS Cell Proliferation and Apoptosis
	Screening of Differentially Expressed Genes and Analysis of Bioinformatics
	Silencing of KIF21B Affects Osteosarcoma Cell Function Through the PI3K/AKT Pathway

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


