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cell through AKT activation and regulates
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Abstract: Osteosarcoma is one of the most frequent malignant bone tumors, affecting the children and adolescents
populations. Skal is a microtubule-associating protein, mediating binding of Ska complex to the microtubule. Here,
we demonstrated that Skal, together with pAKT level, is up-regulated in human osteosarcomas. Skal promotes
osteosarcoma cell lines growth in vitro and in vivo, which can be regulated by various AKT activities. Therefore, Skal,
combined with pAKT/AKT may provide a novel therapeutic target for the treatment of osteosarcoma.
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Introduction

It has been well reported that osteosarcoma
(0S) is one of the most malignant bone tumors
among children and adolescents populations
[1]. Although at present, the incidence of osteo-
sarcoma is relatively lower compared with other
malignant solid tumors, such as liver, breast
and lung cancer, it also appeared to be of our
interest for its high lethality and poor prognosis
[2, 3]. The most obvious properties of osteosar-
coma are its strongly invasive ability and high
rate of early metastasis [4]. A complete radical,
surgical, en bloc resection of the cancer, is the
treatment of choice in osteosarcoma [5, 6].

Spindle and kinetochore-associated protein 1
(Skal) is a microtubule-associating protein,
which mediates binding of Ska complex (Skal/
2/3) to the microtubule in plasma. Skal usually
locates to the spindle microtubule and the
outer kinetochore interface during mitosis,
and the interaction with Ska complex is crucial
for stabilizing kinetochore-spindle microtubule
attachment [7-12]. Skal deficiency leads to
severe chromosome segregation defects [8, 9],
whereas over-expression leads to nucleation of
interphase microtubules, suggesting a role in
microtubule organization [9]. In spite of cellular

dysfunctions caused by deregulated expres-
sion, few studies show the role of Skal plays in
osteosarcoma development.

PI3K/Akt/mTOR pathway is important for prolif-
eration, migration and invasion of many cancer
cell lines [13-15]. As a major signaling cascade,
it activates the receptor tyrosine kinases, inclu-
ding epidermal growth factor receptor (EGFR),
platelet-derived growth factor receptor (PDGFR)
and insulin-like growth factor-1 receptor (IGF-
1R) [16, 17]. However, the relation of Akt path-
way and Skal in osteosarcoma development is
unknown.

In this study, we reported that Skal and pAKT
is up-regulated in osteosarcoma and strongly
associated with poor patient outcome. Colla-
borating with AKT, Skal inhibits osteosarcoma
cell apoptosis, promotes osteosarcoma cell
proliferation, migration, invasion and xenograft
tumor growth.

Materials and methods
Patient samples

Thirty fresh samples of human osteosarcoma
and paired normal tissues were obtained dur-
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ing surgery at the Second Affiliated Hospital of
Guangzhou Medical University. All samples
were collected with patients’ informed consent.
A retrospective analysis of 30 cases of osteo-
sarcoma tissue samples was performed.

Cell lines and cell culture

We specifically used the human osteosarcoma
cell lines U20S and Saos-2. All the cells were
maintained in a Dulbecco’s Modified Eagle’s
Medium (Gibco, Life Technologies, Carlsbad,
USA), supplemented with 10% fetal bovine
serum (FBS) (HyClone, Thermo, Fremont, USA),
in a humidified 5% CO, atmosphere at 37°C;
the medium was changed every other day.

Cell cycle analysis by flow cytometry

Apoptosis was measured by the Annexin V-fluo-
rescein isothiocyanate (FITC) Apoptosis Detec-
tion Kit (Invitrogen). After treatment with SKA1
transfection and AKT inhibitor for 24 h, cells
were harvested and washed twice with ice-cold
PBS, and fixed in 75% ethanol for overnight at
4°C. The fixed cells were again rinsed with PBS
and resuspended in 0.5 mL PI staining solution
containing 50 ug/mL PI, 0.25% Triton X-100,
and 0.2 mg/mL DNase-free RNase for 30 min
at room temperature in the dark. 10,000 events
per sample were acquired with a FACS SCAN
flow cytometer (Becton-Dickinson, San Jose,
CA, USA) and the percentage of cells in GO/G1,
S and G2/M phases of the cell cycle was deter-
mined using Modfit LT 3.0 (Becton-Dickinson).

Cell Migration assay

Costar Transwell Migration Plates with 8 um
pore size were pre-coated with matrigel. Cells
(1104 in 100 pl RPMI medium without FBS
were placed in triplicate into the upper cham-
ber. To the lower chamber, 500 pyl medium con-
taining 10% FBS were added. After 12 hours of
incubation, the plate inserts were removed and
washed with PBS buffer (phosphate buffered
saline, 137 mM NaCl, 2.7 mM KCI, 10 mM
Na2HP04, 2 mM KH2PO4, Ph7.4) several times
to get rid of unattached cells. All the residual
cells on the upper side were scraped with a cot-
ton swab. Migrated cells on the lower side of
the insert were fixed in 4% formalin for 15 min-
utes, washed with PBS twice, and stained with
0.1% crystal violet for 5 minutes.
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Crystal violet assay

Cells were plated at a density of 1,500 cells/
well in triplicate into 6-well plates using a two-
layer soft agar setting. The bottom of each well
was covered by a layered of 0.6% agarose
reconstituted in complete DMEM medium.
Cells were suspended in 1 ml of 0.3% agarose
in complete DMEM medium and placed on the
top of the bottom agar layer. After 2 weeks of
culture (or otherwise indicated time), colonies
were visualized by staining with 0.005% crystal
violet (dissolved in methanol) for 1.5 hours.

Matrigel invasion assay

24-well BioCoat™ Matrigel chamber inserts (BD
Bioscience) were used for this experiment. The
upper surfaces of invasion chambers were
coated with 30 pl of 0.5 mg/ml growth factor-
reduced Matrigel (BD Bioscience), and lower
surfaces were coated with 20 pl of 0.5 mg/ml
fibronectin (Sigma-Aldrich). Before starting the
experiment, coated inserts were rehydrated
with RPMI1640 for 4 hours in a humidified 5%
CO, incubator. Cells (5%10%) in 500 ul of media
containing 0.1% FBS were plated into invasion
chambers 36 hours after siRNA transfection.
RPMI1640 medium containing 10% FBS (700
pl) was added to each well as a chemoattrac-
tant. After incubation for 18 or 80 hours, non-
invading cells on upper insert surfaces were
removed cleaned by scraping. Invaded cells in
inserts were fixed and stained using 0.1% crys-
tal violet for 5 minutes. Experiments were per-
formed in triplicate. Pictures were taken under
a light microscope.

Western blot analysis

After treatment with resveratrol for 24 h, the
cancer cells were harvested and lysed. Equal
amounts of cell lysates were resolved by SDS/
PAGE and transferred to polyvinylidene difluo-
ride membranes. The membranes were incu-
bated with specific primary antibodies, washed
with PBS containing 0.1% (v/v) Tween 20, and
then incubated with horseradish peroxidase
conjugated secondary antibodies followed by
enhanced chemiluminescence (ECL). GAPDH
was used for normalization of protein loading.

In vivo xenograft assay

Cell suspensions (1x1068 cells) of cancer cells in
a total volume of 100 pl mixed with matrigel at

Int J Clin Exp Pathol 2017;10(3):3130-3136



SKA1 promotes the proliferation of osteosarcoma cell

T1 T2 T3 N1 N2 N3
SKAl D e @D s e o

p-AKT
I g - S a— g—

CrelinD] | - S o o —
Crelind] S S S e — —

Figure 1. Skal expression is up-regulated in human
osteosarcoma tumors. Immunoblot shows higher
protein levels of Skal in 3 tumor samples compared
with the respective matched normal tissues (T, tu-
mor; N, normal tissue). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) is used as a loading control.

a 1:1 ratio was injected subcutaneously into
the right flanks of 4-week-old male BALB/C
nude mice. The body weight and tumor volumes
were measured and recorded every 10 days
from 2 weeks after inoculation. Tumor volume
was calculated with the following formula: vol-
ume = 0.5 x tumor length x tumor width?.
Tumors were collected and photographed at 50
days after inoculation. All mice were housed in
the SPF animal facility in a pathogen-free envi-
ronment with controlled temperature and
humidity.

Statistical analysis

The data are expressed as means * standard
errors of means (SEM) of at least three inde-
pendent experiments. Statistical analysis was
performed with GraphPad Prism5.0 (GraphPad
Software, San Diego, CA, USA). For in vitro
assays, the significance of differences between
control and treated cells was measured with
the Student’s t test (P<0.05 was considered
statistically significant).

Results
Skal is up-regulated in human osteosarcomas

To verify the microarray analysis results, we
performed immunoblot experiments on human
osteosarcoma specimens and their matched
normal tissues. 30 tumor samples showed
increased protein levels of Skal compared with
their respective paired normal tissues (Figure
1). Interestingly, pAKT levels were also up-regu-
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lated in tumor samples while total AKT levels
remained unchanged. Moreover, CyclinD1 and
CylinB1 expressions in tumor samples were sig-
nificantly higher than paired normal tissues.
Combined with the expression of pAKT/AKT,
CyclinD1/B1, these data implicated the clini-
cal significance of SKA1-Akt-cyclinD1/cyclinB1
expression in osteosarcoma patients.

Skal promotes osteosarcoma cell lines growth
in vitro

We then examined the biological function of
Skal in osteosarcoma using a lentivirus-medi-
ated knockdown and overexpression system.
We performed immunoblot experiments on
transfected cell lysates (Figure 2A). As shown
in Figure 2B, cell apoptosis was slightly
enhanced by Skal RNA interference in U20S
and Saos-2 cells, and it was significantly
enhanced by administration of AKT inhibitor in
U20S and Saos-2 cells (Figures 2B, 3A). In
addition, expression of Skal had the opposite
effect on cell apoptosis.

To assess the impact of Skal combined with
various AKT activities on migration capability of
U20S and Saos-2 cells was detected with Cell
Migration assay (Costar Transwell Migration
Plates). Although Skal knockdown attenuated
the migration capability of U20S and Saos-2
cells, Skal overexpression promoted clone for-
mation in U20S and Saos-2 cells because the
number of soft agar clones was increased
markedly (Figures 2C and 3B).

We further assessed the impact of Skal on
cell invasion using 24-well BioCoat™ Matrigel
chamber inserts assays. As shown in Figures
2D and 3C, TRIM59-short hairpin RNA (shRNA)
transfection hindered U20S and Saos-2 cells
invasion, which could be recovered by AKT acti-
vator; whereas forced expression of Skal had
the opposite effect on invasion, which could be
attenuated by AKT inhibitor. These data were
consistent with our finding that increased inva-
sion is associated with a high degree of human
osteosarcoma infiltration (Figure 1).

Skal promotes osteosarcoma cell lines growth
in vivo
To verify the positive role of Skal in osteosar-

coma progression in vivo, we performed xeno-
graft tumor assays using U20S and Saos-2
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Figure 3. Skal knockdown inhibits osteosarcoma cell lines growth in Vitro. A. Cell apoptosis analysis in Skal-knock-

down U20S and Saos-2 cells. B. Cell migration assay. C. Cell invasion assay.

cells stably transfected by Skal-shRNA lentivi-
ruses plus AKT activator or Skal-overexpression
plus AKT inhibitor, respectively. We found that
Skal knockdown plus AKT activator significant-
ly inhibited xenograft tumor growth in nude
mice (Figure 4). On the other hand, lentiviral
expression of Skal plus AKT inhibitor resulted
in accelerated xenograft tumor growth (Figure
4). These data collectively indicate that Skal
acted as a novel tumor-promoting molecule and
positively regulates osteosarcoma growth col-
laborating with AKT.

Discussion

Osteosarcoma is the most common malignant
tumor of skeletal system in childhood. In many
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cases, surgery in combination with routine che-
motherapy is the standard treatment. However,
the 5-year survival rate of osteosarcoma pa-
tients is still low [1]. Although more and more
progress in identifying various molecular tar-
gets has showed that gene-based target thera-
py is a novel approach, therapeutic effects
remain unsatisfactory due to the uncontrollable
gene expression level and effective regions [6].
Therefore, it's necessary to develop novel
approaches to treat patients diagnosed with
0S.

In the present study, we investigated the func-
tional association between Skal, and osteo-
sarcoma cell apoptosis, proliferation, migra-
tion, invasion and xenograft tumor growth in-
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Figure 4. Skal promotes osteosarcoma cell lines growth in vivo. Skal
gene silencing by shRNA resulted in suppressed tumorigenicity of U20S
and Saos-2 cells in vivo. Six of 10 mice inoculated with lentivirus-infected

cells form a tumor.

volved with AKT activities. Furthermore, block-
ing the Skal/Akt signaling pathway induces
anti-proliferation and anti-invasion properties
in OS cells. To our knowledge, this is the first
time to demonstrate a causal link between
Skal and AKT-related tumorigenesis in human
osteosarcoma. The Akt signal pathway is known
to play a central role in human cancer initiation
and progression, and associated with the can-
cer cell proliferation, migration and invasion
[18-24], our findings might be helpful to devel-
op a more effective therapeutic strategy for OS.

In conclusion, our results suggest that Skal
expression is associated with OS patients, and
correlated with the proliferation, migration,
invasion and xenograft growth. Furthermore,
Skal can promote OS progression by promot-
ing OS cell migration and invasion through the
Akt signaling pathway. Our research suggests
Skal play an important role in the progression
and metastasis of OS and Skal, together with
pAKT, might be a promising target for the treat-
ment of OS.

Acknowledgements

This work was supported by National Natural
Science Foundation of China (81574002).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Chuhai Xie, Depart-
ment of Orthopedic, The Second Affiliated Hospital
of Guangzhou Medical University, Guangzhou 510-
260, China. Tel: 86-20-34152265; E-mail: chuhaix-
ie@126.com

3135

TEELEE B

® 2015; 16: 12-3.

(4]

(8]

)

(10]

(11]

References

Benjamin RS. Osteosarcoma:
better treatment through bet-
ter trial design. Lancet Oncol

[2] LiR,LiulJ, WuH, LiulL, WangL,
Zhang S. TIKI2 suppresses
growth of osteosarcoma by tar-
geting Wnt/beta-catenin path-
way. Mol Cell Biochem 2014;
392: 109-16.

[3] LiuY,Zhaol,JuY,LiW, Zhang
M, Jiao Y, Zhang J, Wang S,
Wang Y, Zhao M, Zhang B,
Zhao Y. A novel androstenedi-
one derivative induces ROS-
mediated autophagy and at-

tenuates drug resistance in osteosarcoma by

inhibiting macrophage migration inhibitory fac-
tor (MIF). Cell Death Dis 2014; 5: e1361.

Bhattasali O, Vo AT, Roth M, Geller D, Randall

RL, Gorlick R, Gill J. Variability in the reported

management of pulmonary metastases in os-

teosarcoma. Cancer Med 2015; 4: 523-31.

Punzalan M, Hyden G. The role of physical ther-

apy and occupational therapy in the rehabilita-

tion of pediatric and adolescent patients with

osteosarcoma. Cancer Treat Res 2009; 152:

367-84.

Steliga M, Vaporciyan A. Surgical treatment of

pulmonary metastases from osteosarcoma in

pediatric and adolescent patients. Cancer

Treat Res 2009; 152: 185-201.

Hanisch A, Sillje HH, Nigg EA. Timely anaphase

onset requires a novel spindle and kinetochore

complex comprising Skal and Ska2. EMBO J

2006; 25: 5504-15.

Gaitanos TN, Santamaria A, Jeyaprakash AA,

Wang B, Conti E, Nigg EA. Stable kinetochore-

microtubule interactions depend on the Ska

complex and its new component Ska3/

C130rf3. EMBO J 2009; 28: 1442-52.

Welburn JP, Grishchuk EL, Backer CB, Wilson-

Kubalek EM, Yates JR 3rd, Cheeseman IM. The

human kinetochore Skal complex facilitates

microtubule depolymerization-coupled motili-

ty. Dev Cell 2009; 16: 374-85.

Chan YW, Jeyaprakash AA, Nigg EA, Santama-

ria A. Aurora B controls kinetochore-microtu-

bule attachments by inhibiting Ska complex-

KMN network interaction. J Cell Biol 2012;

196: 563-71.

Schmidt JC, Arthanari H, Boeszoermenyi A,

Dashkevich NM, Wilson-Kubalek EM, Monnier

N, Markus M, Oberer M, Milligan RA, Bathe M,

Wagner G, Grishchuk EL, Cheeseman IM. The

kinetochore-bound Skal complex tracks depo-

lymerizing microtubules and binds to curved

protofilaments. Dev Cell 2012; 23: 968-80.

Int J Clin Exp Pathol 2017;10(3):3130-3136


mailto:chuhaixie@126.com
mailto:chuhaixie@126.com

[12]

(13]

(14]

(16]

[17]

3136

SKA1 promotes the proliferation of osteosarcoma cell

Jeyaprakash AA, Santamaria A, Jayachandran
U, Chan YW, Benda C, Nigg EA, Conti E. Struc-
tural and functional organization of the Ska
complex, a key component of the kinetochore-
microtubule interface. Mol Cell 2012; 46: 274-
86.

Wang Y, Leng H, Chen H, Wang L, Jiang N, Huo
X, Yu B. Knockdown of UBE2T inhibits osteo-
sarcoma cell proliferation, migration, and inva-
sion by suppressing the PI3K/Akt signaling
pathway. Oncol Res 2016; 24: 361-9.

Ma'Y, Xu X, Luo M. CXCR6 promotes tumor cell
proliferation and metastasis in osteosarcoma
through the Akt pathway. Cell Immunol 2016;
311: 80-85.

Wang Y, Sun Y, Wu Y, Zhang J. Cucurbitacin E
inhibits osteosarcoma cells proliferation and
invasion through attenuation of PI3K/AKT/
mTOR signaling. Biosci Rep 2016; [Epub
ahead of print].

Ludwig JA, Lamhamedi-Cherradi SE, Lee HY,
Naing A, Benjamin R. Dual targeting of the in-
sulin-like growth factor and collateral pathways
in cancer: combating drug resistance. Cancers
(Basel) 2011; 3: 3029-54.

Arcaro A, Guerreiro AS. The phosphoinositide
3-kinase pathway in human cancer: genetic
alterations and therapeutic implications. Curr
Genomics 2007; 8: 271-306.

(18]

(24]

Cantley LC, Neel BG. New insights into tumor
suppression: PTEN suppresses tumor forma-
tion by restraining the phosphoinositide 3-ki-
nase/AKT pathway. Proc Natl Acad Sci U S A
1999; 96: 4240-5.

Huang XL, Cui GH, Zhou KY. [Correlation of
PI3K-Akt signal pathway to apoptosis of tumor
cells]. Ai Zheng 2008; 27: 331-6.

Avan A, Narayan R, Giovannetti E, Peters GJ.
Role of Akt signaling in resistance to DNA-tar-
geted therapy. World J Clin Oncol 2016; 7: 352-
69.

Lee JJ, Loh K, Yap YS. PI3K/Akt/mTOR inhibi-
tors in breast cancer. Cancer Biol Med 2015;
12: 342-54.

Mayer IA, Arteaga CL. The PIBK/AKT pathway
as a target for cancer treatment. Annu Rev
Med 2016; 67: 11-28.

Perez-Ramirez C, Canadas-Garre M, Molina
MA, Faus-Dader MJ, Calleja-Hernandez MA.
PTEN and PI3K/AKT in non-small-cell lung can-
cer. Pharmacogenomics 2015; 16: 1843-62.
Robbins HL, Hague A. The PI3K/Akt pathway in
tumors of endocrine tissues. Front Endocrinol
(Lausanne) 2015; 6: 188.

Int J Clin Exp Pathol 2017;10(3):3130-3136



