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Introduction: Amphiphysin 1 (AMPH-1) is involved in endocytosis, and its expression is
upregulated in osteosarcoma compared with osteofibrous dysplasia.

Methods: We investigated the role of AMPH-1 in osteosarcoma cells via both gain-of-
function and loss-of-function experiments.

Results: Knockdown of AMPH-1 in osteosarcoma cells promoted cell cycle progression and
cell proliferation and attenuated apoptosis. Notably, silencing AMPH-1 increased osteosarcoma
progression in a mouse tumor model. The results obtained upon AMPH-1 knockdown and
AMPH-1 overexpression indicates that AMPH-1 is involved in regulating MEK/ERK signaling.
Conclusion: These data suggest that AMPH-1 plays an important role in osteosarcoma and
may represent a novel therapeutic target for osteosarcoma treatment.
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Introduction
Osteosarcoma is the most common primary malignant bone tumor in children and
adolescents. Approximately 70-80% of patients have an age of onset of 10-25 years,
and the incidence is about 4/1,000,000 per year worldwide." Osteosarcoma is asso-
ciated with not only a high relapse rate but also a high early metastasis rate owing to its
severe invasiveness and early systemic metastasis. Approximately 10-20% of newly
diagnosed osteosarcoma patients have distant metastases, of which 90% are lung
metastases — the main cause of death caused by osteosarcoma. The occurrence of
osteosarcoma metastasis and recurrence often indicates an extremely unfavorable
prognosis and the five-year overall survival rate is merely 20-30%.%>

Amphiphysin 1 (AMPH-1) is enriched in the nerve terminals and plays a role in
clathrin-mediated endocytosis.* Three functional domains of AMPH-1 have been
identified, including the CLAP and BAR domains and a C-terminal SH3 domain.’
Neurons express high levels of AMPH-1, which participates in the processes of
synaptic vesicle endocytosis, neurite outgrowth, and the enrollment of dynamin to
the locus of clathrin-mediated endocytosis.®® To date, previous studies have pre-
dominantly focused on the role of AMPH-1 in neuronal function.” As a human
autoantigen, it was first detected in patients with stiff-person syndrome secondary to
breast cancer and plays a crucial role in the process of synaptic vesicle
endocytosis.'®'* Knockdown of AMPH-1 in neurons may cause collapse of the
growth cones and decreased filopodia formation.'*'* Recently, several studies have
explored the potential role of AMPH-1 in cancer, which demonstrated a significant
anti-oncogenic function.'” Moreover, the yeast homologs of AMPH, Rvs161 and
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Rvs167, were found to be involved in the transition from
exponential cell growth to the stationary phase upon expo-
sure to nutrient starvation, indicating a possible role in the
biology of cancer.'®

In this study, we found that the expression level of
AMPH-1 was clearly increased in osteosarcoma tissues.
Moreover, the knockdown of AMPH-1 in two osteosar-
coma cell lines significantly inhibited cell apoptosis and
promoted proliferation and cell cycle progression. In terms
of the mechanism, the knockdown of AMPH-1 activated
the MEK/ERK signaling pathway in the osteosarcoma
cells. Therefore, the obtained results demonstrate that
AMPH-1 plays a significant role in osteosarcoma progres-
sion and may represent a novel therapeutic target for
osteosarcoma treatment.

Materials And Methods

Clinical Tissue Samples

Our research was approved by the Ethics Committee of
Shanghai Changzheng Hospital and written informed con-
sent was obtained from each patient. A total of 31 osteosar-
coma tissues and 20 osteofibrous dysplasia tissues were
collected from osteosarcoma and osteofibrous dysplasia
patients who underwent spine surgery at the Department of
Orthopedic Oncology of Shanghai Changzheng Hospital
between 2011 and 2016.

Cell Culture And RNA Interference
The U-2 OS and 143B cell lines were obtained from the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). Transient transfection was performed using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s instructions. The U-2 OS and 143B cells were
regularly cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% fetal bovine
serum (Gibco), 100 mg/mL streptomycin, and 100 U/mL
penicillin (Gibco). The osteosarcoma cells were regularly
grown in a humidified incubator (37 °C and 5% CO,).

Stable cell lines of U-2 OS and 143B were generated
by integration of retroviral shRNA vectors specific for
AMPH-1 or a control vector from OriGene. The AMPH-
1 shRNA (5-GCAGGAAGCUAGUGGACUATT-3') and
siRNA (5'- GCGAGAACUCCGAGGAUAUTT-3") were
synthesized.

The antibodies used for Western blotting were those
against B-actin (Sigma), AMPH-1 (Invitrogen), and MEK/
ERK (Cell Signaling).

Overexpression Of AMPH-|

The PCMV-AMPH Overexpression plasmid was bought from
abnova. Lipofectamine 2000 (Thermo Fisher Scientific) was
employed to transfect lug PCMV-AMPH or PCMV-vector
into 143B and U-2 OS cells.

Colony Formation

To evaluate the proliferation of the 143B and U-2 OS cells, the
cells were inoculated into a six-well plate in triplicate with
a density of 5x10* cells per well and incubated for seven days.
Every single dish was washed twice with cold phosphate-
buffered saline (PBS) and the cell colonies were fixed with
paraformaldehyde and stained with 0.2% crystal violet for 30
min. Photographs of the stained osteosarcoma cell colonies
were recorded using a gel imaging system (Tanon). The num-
ber of colonies was determined using a spectrophotometer
(Thermo Scientific) or plate reader at 570 nm.

Apoptosis Assay And Cell Cycle Analysis
To analyze the cell apoptosis rate, flow cytometry was per-
formed using the FITC-Annexin V Apoptosis Detection Kit
(BD Biosciences, San Jose, CA, USA) according to the
manufacturer’s instructions. Briefly, after washing twice
with cold PBS, the osteosarcoma cells (cell density 1x10°
cells/mL) were resuspended in 200 pL of 1x binding buffer
and then incubated with 5 pL of annexin V-FITC solution
and 5 pL of propidium iodide (PI) for 15 min at 4 °C in the
dark. Flow cytometry was performed using the BD
FACSCalibur system (Beckman Coulter, CA, USA) with
wavelength emission filters of 488-530 nm and 488-630
nm for the fluorescence signals of annexin V and PI,
respectively.

For cell cycle analysis, the osteosarcoma cells with
a good condition were collected as described above and
stored at 4 °C overnight. After washing three times with
cold 1x PBS, the cells were stained with containing PI (50
pg/mL) in the dark at 37 °C for 30 min. Finally, flow
cytometry was performed using the BD FACSCalibur sys-
tem to analyze the cell cycle. Each assay was indepen-
dently repeated three times.

Western Blotting

Western blotting was used to analyze the total protein from
each sample of cultured osteosarcoma cells following lysis
using cold radioimmunoprecipitation buffer (50 mmol/L Tris—
HCl pH 7.4, 1 mmol/L ethylenediaminetetraacetic acid
(EDTA), 150 mmol/L NaCl, 1% Nonidet P-40, 0.25% sodium
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deoxycholate, 0.1% sodium dodecyl sulfate (SDS), and pro-
tease inhibitors). Similar amounts of protein were separated
using 10% SDS polyacrylamide gels and transferred to nitro-
cellulose membranes (Millipore). Subsequently, each mem-
brane was soaked in 5% fat-free dry milk in PBS for 1 h at
room temperature and then incubated with the primary anti-
body at 4 °C overnight. Each membrane was then incubated
with a fluorescently labeled secondary antibody (Jackson
ImmunoResearch) for 1-2 h at 4 °C. The corresponding
signals were then visualized using the Odyssey CLx imaging
system (LI-COR). The intensity was measured using the
Imagel] software.

Immunohistochemistry

Osteosarcoma and osteofibrous dysplasia tissues were
obtained, fixed in 4% paraformaldehyde overnight, dehy-
drated using a graded ethanol series, and embedded in par-
affin. The tissue specimens were cut into 4-um sections and
then deparaffinized and rehydrated. Each tissue section was
subjected to antigen retrieval using ethylenediaminetetraace-
tic acid (EDTA), blocked with goat serum, and incubated
with the anti-AMPH-1 primary antibody (1:500) at 4 °C
overnight. Next, each section was sequentially incubated
with secondary antibody and streptavidin—horseradish per-
oxidase conjugate for 20 and 30 min, respectively, at room
temperature. Finally, the tissue sections were stained with
3,3'-diaminobenzidine tetrahydrochloride and then counter-
stained with hematoxylin and dehydrated. The photographs
were captured using the software (Leica Q-Win V2.0,
Germany) provided with the microscope (Olympus Inc.).

Xenograft Experiments

The =xenograft animal model was established using
6—8-week-old male BALB/c nude mice provided by the
Shanghai Laboratory Animal Center (Shanghai, China).
The mice were bred in the animal experimental center fol-
lowing procedures approved by East China Normal
University and cared for in accordance with the NIH Guide
for the Care and Use of Laboratory Animals. Osteosarcoma
cells of sh AMPH-1 and sh NC were suspended in cold PBS
(cell density 5x10° cells/100 uL) and subsequently subcuta-
neously injected into the flanks of the mice.

Statistical Measurements

Quantitative data are presented as the mean + SEM for
independent experiments analyzed using the Prism V5.0
software (GraphPad Software). The statistical significance

of means was determined using ANOVA, and p values of
<0.05 were considered significantly significant.

Results
AMPH-1 Is Downregulated In

Osteosarcoma Samples And Knockdown
Of AMPH-1 Promotes Osteosarcoma
Cell Growth

AMPH-1 was expressed at lower levels in osteosarcoma
tissues (Figure 1A), and we therefore supposed that
AMPH-1 may possess tumor-suppressing activity. In an
effort to elucidate the function of AMPH-1 in osteosar-
coma cells, we investigated the knockdown of AMPH-1 in
143B and U-2 OS cells. Western blotting results revealed
that the AMPH-1 level clearly decreased after siRNA
transfection of the 143B and U-2 OS cells (Figure 1B
and C). Furthermore, knockdown of AMPH-1 in the osteo-
sarcoma cells dramatically enhanced the cell growth com-
pared with the control group, according to the results of
colony formation assays (Figure 1D and E).

In addition, the role of AMPH-1 in cell apoptosis was
examined. The results preliminarily demonstrated that
knockdown of AMPH-1 noticeably inhibited the apoptosis
of the osteosarcoma cells. Flow cytometry analysis revealed
clear decreases in the numbers of early and late apoptotic
cells for both 143B and U-2 OS cells after the knockdown of
AMPH-1 (Figure 1F). Furthermore, cell cycle analysis results
demonstrated that the proportions of osteosarcoma cells in
the G2 and S stages increased whereas the proportion in the
G1 phase decreased in both cell lines after the knockdown of
AMPH-1 (Figure 1G). Consequently, these results suggest
that the knockdown of AMPH-1 attenuates cell apoptosis and
enhances cell cycle progression in vitro.

Knockdown Of AMPH-I1 Activates The
MEK/ERK Signaling Pathway And
Promotes Osteosarcoma Growth In

A Xenograft Mouse Model

The MEK/ERK signaling pathway is considered to be mainly
related to the process of mitogenesis in metazoans, and
mutational activation of this signaling pathway is relatively
common in human cancer. To dissect the significant role of
AMPH-1 in regulating the activity of the MEK/ERK signal-
ing pathway, we evaluated the influence of AMPH-1 knock-
down in osteosarcoma cells. Western blotting results
indicated that the knockdown of AMPH-1 increased the
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Figure | Influence of AMPH-1 on osteosarcoma progression. (A) Immunohistochemical results showing AMPH-| protein expression in osteosarcoma and osteofibrous
dysplasia tissue samples. (B, C) Western blotting analysis of AMPH-| protein expression in 143B cells and U-2 OS cells transfected with scrambled siRNA (si N and si
AMPH-1). (D, E) Cell colony formation and statistical analysis for 143B cells and U-2 OS cells transfected with scrambled siRNA (si N and si AMPH-1). (F) Flow cytometry
analysis of cell apoptosis for 143B and U-2 OS osteosarcoma cells; FLI-H is annexin V-FITC and FL2-H is Pl. (G) Cell cycle distribution and proportion analysis for the
AMPH-| knockdown (sh AMPH-1) and control (sh NC) groups of 143B and U-2 OS cells.

levels of both MEK and ERK in the 143B and U-2 OS cell
lines (Figure 2A and B). To verify the significant role of
AMPH-1 in osteosarcoma tumorigenesis in vivo, a xenograft
mouse model was established in which nude mice were
subcutaneously inoculated with 143B stable osteosarcoma
cells (sh NC or sh AMPH-1). The knockdown of AMPH-1
was found to enhance the proliferation of the osteosarcoma
cells in the xenograft model. The AMPH-I-knockdown 143B
cells (sh AMPH-1) exhibited considerably higher tumori-
genicity compared with the control group (sh NC). The
tumors were removed after three weeks, and the tumor
volume and weight in the AMPH-1 knockdown group were
found to be significantly increased compared with the control
group (Figure 2C-E). In addition, the immunostaining of
p-ERK1/2 was significantly increased in the knockdown
group compared with the control group (Figure 2F).

Overexpression Of AMPH-1 Inhibits
Osteosarcoma Growth And Cell Cycle

Arrest And Promotes Cell Apoptosis
To further confirm that AMPH-1 is a suppressor of osteo-
sarcoma cell proliferation, we developed a gain-of-function

assay by transfecting AMPH-1 into 143B and U-2 OS cell
lines (Figure 3A). In addition, overexpression of AMPH-1
significantly decreased cell proliferation compared with the
controls (Figure 3B) by colony formation assay. The results
also demonstrated that overexpression of AMPH-1 pro-
moted cell apoptosis and inhibited cell cycle progression,
indicating an anti-cancer role (Figure 3C and D). Western
blotting analyses demonstrated that overexpression of
AMPH-1 decreased the levels of both MEK and ERK in
the 143B and U-2 OS cell lines (Figure 3E). These data
indicate that AMPH-1 is an essential factor that acts to
protect against human osteosarcoma formation, whose
effects are mediated by the MEK/ERK signaling pathway.

Discussion And Conclusions

AMPH-1 is a protein that is extremely abundant in nerve
terminals.'® Previous studies have revealed that AMPH-1
is a highly dominant autoantigen that is also associated
with breast cancer and paraneoplastic sensory neuropathy
and present in normal human mammary tissue.'” In recent
years, several studies have indicated that AMPH-1 also
plays a significant role in suppressing cancer by inhibiting
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Figure 2 Influence of AMPH-I knockdown on osteosarcoma cells. (A, B) 143B and U-2 OS cells were treated with scrambled siRNA (si N and si AMPH-1) for 72 h and
then collected for Western blotting analysis. The total protein from (A) 143B and (B) U-2 OS cells was loaded and analyzed by immunoblotting with anti-p-MEK and anti-
p-ERK antibodies. (C) Comparison of tumor size three weeks after inoculation of nude mice with shAMPH-I and shNC 143B osteosarcoma cells. (D, E) Knockdown of
AMPH-1 significantly increased the final tumor weights and every group involved five tumors. (F). Immunostaining of AMPH-1 and P-ERK in tumor samples.
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Figure 3 Inhibition of osteosarcoma growth and cell cycle arrest and promotion of cell apoptosis by overexpression of AMPH-I. (A) Western blotting analysis of AMPH-|
protein expression in 143B and U-2 OS cells transfected with AMPH-1 expression vector (AMPH-1 OE). (B) Cell colony formation by the transfected 143B and U-2 OS
cells. (C) Cell cycle distribution and proportion analysis for the transfected 143B and U-2 OS cells. (D) Flow cytometry analysis of cell apoptosis for the transfected 143B
and U-2 OS cells; FLI-H is annexin V-FITC and FL2-H is PI. (E) 143B and U-2 OS cells were treated with AMPH-| expression vector (AMPH-1 OE) for 24 h and then
collected for Western blotting analysis. The total protein was analyzed by immunoblotting with anti-p-MEK and anti-p-ERK antibodies.
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signaling pathways.'> However, to date there has been no
report concerning the association between AMPH-1 and
bone tumors. This study has demonstrated for the first time
the significant role of AMPH-1 in the mechanism of
osteosarcoma formation and progression.

In the present study, we have demonstrated for the first
time that the knockdown of AMPH-I dramatically
enhances human osteosarcoma cell proliferation both
in vitro and in vivo, attenuates apoptosis, and enhances
cell cycle progression. To investigate the cellular function
of AMPH-1 in osteosarcoma in vivo, we established
a xenograft nude mouse model to explore the influence
of AMPH-1 on osteosarcoma growth. The in vivo and
in vitro results demonstrated that cell growth, tumor
volume, and tumor weight dramatically increased after
the knockdown of AMPH-I, indicating that AMPH-1
plays a protective role to prevent osteosarcoma. Indeed,
gain-of-function experiments proved that high expression
of AMPH-1 protected against human osteosarcoma forma-
tion. Similar results were also found for other cancers,
such as breast cancer and non-small cell lung cancer.
Taken together, these findings indicate that AMPH-1 acts
as a tumor suppressor that inhibits cancer progression.

The MEK/ERK pathway (also known as the Ras/Raf/
MEK/ERK pathway) is an important signaling pathway
that plays a critical role in various cell functions involving
the cell cycle, proliferation, and differentiation, and is also
a crucial downstream signaling pathway of angiogenesis.
Previous studies have revealed that the MEK/ERK signal-
ing pathway is often aberrantly activated in various can-
cers and it has therefore become an promising target in the
development of novel antineoplastic targeted drugs.'” In
the present study, we found that the knockdown of
AMPH-1 in osteosarcoma cells dramatically activated
the MEK/ERK signaling pathway, as determined via
Western blotting. Therefore, AMPH-1 may serve as
a tumor suppressor during human osteosarcoma develop-
ment by inhibiting the MEK/ERK signaling pathway.
A previous study reported the detection of AMPH-1 anti-
bodies in the serum of patients with small-cell lung carci-
noma, which may be linked to the clinical presentation.'®
Furthermore, Otsuka et al reported that AMPH-1 has the
ability to suppress vitronectin-mediated cell adhesion,
movement, and migration in vitro."” Consequently, it
would be interesting to investigate the influence of
AMPH-1 on several other signaling pathways associated
with cancer formation and metastasis to further explore its
role in the mechanism of osteosarcoma. Previous studies

have indicated that mutations of the kinases of the MEK/
ERK pathway occur frequently in various types of human
cancers.”’ The results obtained in this study demonstrate
that AMPH-1 downstream might serve as a significant
effector in the MEK/ERK signaling pathway according
to knockdown or overexpression of AMPH-1, although
the detailed mechanism should be elucidated in future
studies.

Overall, the results obtained in this study demonstrate
that AMPH-1 plays an important role in osteosarcoma devel-
opment via the MEK/ERK signaling pathway. The knock-
down of AMPH-1 contributes to cancer cell proliferation and
enhanced cell growth both in vivo and in vitro. These find-
ings may assist in the identification and development of
novel therapeutic approaches for treating osteosarcoma.
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