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Abstract: Osteosarcoma is the most common primary malignancy of bone in adolescents and young adults. There
is a shortage of tumorigenic and highly metastatic human osteosarcoma cell lines that can be used for metastasis
study. Here we establish and characterize a highly metastatic human osteosarcoma cell line that is derived from
Saos2 cell line based on bioluminescence. The occasional pulmonary metastatic cells developed from Saos2 were
isolated, harvested, characterized and named Saos2-l. The parental Saos2 and Saos2-| cells were further charac-
terized both in vitro and in vivo. Results showed that Saos2-| cells demonstrated increased cell adhesion, migration
and invasion compared to the parental Saos2 cells. Conversely, Saos2-I cells grew at a slightly slower rate than that
of the parental cells. When injected into nude mice, Saos2-I cells had a greater increase in developing pulmonary
metastases compared to the parental Saos2 cells. Further transcriptional profiling analysis revealed that some
gene expression were up-regulated or down-regulated in the highly metastatic Saos2-I cells, indicating possible
influencing factors of metastasis. Thus, we have established and characterized a highly metastatic human osteo-
sarcoma cell line that should serve as a valuable tool for future investigations on the pathogenesis, metastasis and
potential treatments of human osteosarcoma.
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Introduction Though there are numerous cell lines and ani-
mal models of OS established [4], our under-

Osteosarcoma (0S) is the most common pri- standing of molecular and cellular events lead-

mary malignancy of bone. Progressive pulmo-
nary metastasis with respiratory failure is the
most common cause of death. Although the
standard neoadjuvant and adjuvant chemo-
therapy combined with surgery has improved
the long-term survival of patients from approxi-
mately 20% (surgery alone) to over 60% (sur-
gery with adjuvant chemotherapy) [1, 2],
approximately 30-40% of patients will subse-
quently develop recurrent disease in the form
of distant metastases, and dose intensification
of adjuvant systemic chemotherapy protocols
achieves little [2]. Moreover, the prognosis for
OS patients with the appearance of lung metas-
tases is more disappointing with survival rates
of less 20% within 5 years of diagnosis [3].

ing to the development and metastasis of
osteosarcoma remains limited until now. We
tried to establish an osteosarcoma cell line that
is highly metastatic. By employing the common-
ly used Saos2 human osteosarcoma cell line,
we have established such a highly metastatic
subline. The parental Saos2 cell line was first
established from a primary osteosarcoma in an
11-year old Caucasian girl by Fogh et al. in 1973
[5]. We have established the xenograft model,
isolated the occasional pulmonary metastatic
cells in nude mice based on bioluminescence.
Serially passages of these cells in vitro have
been established and named a new subline
Saos2-l. The two lines were characterized in
vitro for cell proliferation, adhesion, migration
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and invasion. The two lines were also examined
spontaneous pulmonary metastasis from orth-
otopic tumor in vivo. Furthermore, both cell
lines were examined for their transcriptional
profiling. Our results demonstrate that Saos2-|
cells exhibit slightly decreased adhesion,
increased cell adhesion, migration and inva-
sion in vitro, and increased spontaneous pul-
monary metastases in vivo. Furthermore, tran-
scriptional profiling analysis revealed that some
gene expression was up-regulated or down-reg-
ulated in the highly metastatic Saos2-I cells,
which indicating possible influencing factors of
metastasis. Thus, this newly established cell
line should be a valuable tool for further basic
and translational research on human osteo-
sarcoma.

Materials and methods
Cell line

Human OS Saos2 cells were purchased from
Chinese Academy of Sciences (Shanghai,
China) and grown in o-MEM (Gibco, Grand
Island, NY, USA) supplemented with 10% FBS
(Hyclone, Tauranga, New Zealand) and antibiot-
ics (100 U/ml penicillin, 100 pg/ml streptomy-
cin) in 37°C humidified atmosphere with 5%
CO,,.
Labeling of Saos2 cells with luciferase

Saos2 cells were infected by lentivirus loading
a firefly Luciferase gene and a neomycin selec-
tion cassette and then exposed to 500 ug/mL
G418 (Invitrogen, Carlsbad, CA) for 4 weeks
post-infection. Several luciferase expression
clones were available; populations of these
clones were expanded with lower G418 mainte-
nance of 200 yg/ml to remove tumor cells that
lose luciferase expression.

Animals and animal procedures

Four-week-old male nude mice (BALB/c, nu/nu;
SIPPR-BK Laboratory Animal Co. Ltd, Shanghai,
China) were housed under pathogen-free condi-
tions at 26-28°C and 50-65% humidity. All ani-
mal operations were approved by the Animal
Ethics Committee of Shanghai Jiaotong Uni-
versity School of Medicine.

For intra-tibia injections, Saos2 cells were har-
vested, counted and resuspended in PBS to a
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final concentration of 2 x 108 cells/ml. Trypan
blue exclusion testing showed cells to be > 95%
viable before injection. Animals were anesthe-
tized with 10% chloral hydrate. The right knee
of each nude mice were fixed beyond 90°; 1 x
107 cells resuspended in 50 ul of PBS were
then injected into the proximal tibia using
25-gauge needle, as reported previously [6, 7].

Bioluminescence assay

For in vivo imaging, mice were injected intra-
peritoneally with 200 ul of 15 mg/mL luciferin
(Keyuandi, Shanghai, China) 7-8 mins before
being anesthetized with isoflurane. Imaging
was performed using an IVIS 200 imaging sys-
tem and Living Image® software Version 3.0.4
(Xenogen, Hopkinton, MA, USA). After 5 secs of
exposure, total flux of the ROl was recorded as
photons/sec for each animal.

Isolation of the high metastatic Saos2-I cells

Mouse detected obvious pulmonary metasta-
sis by bioluminescence was killed when mori-
bund by CO, inhalation. The lung was perfused
with PBS, excised, finely minced and incubated
for 1 hr in a-MEM with 150 IU/ml collagenase
type IV (Sigma-Aldrich, St Louis, MO, USA).
Single sell suspensions were prepared by
repeatedly aspirating the mixture through a 10
ml syringe before filtering through a nylon
mesh. Cells were then pelleted at 1000 r.p.m.,
washed in PBS, and plated on 6 cm tissue cul-
ture plates in complete media with 200 ug/ml
of G418 to select for human cancer cells.
Removed human cancer cells were allowed to
outgrow and form colonies for a few weeks.
Then the cells were passaged 40 times.

MTT assay

The MTT assay was done according to the
method as reported previously [8] and the man-
ufacturer’s instruction (Sigma-Aldrich, St Louis,
MO, USA). Briefly, 1 x 10°® Saos2 cells were
seeded in a 96-well plate in 200 pl medium. At
indicated times, MTT solution was added to
each well and plates were incubated for 4 hr.
Subsequently, DMSO (Sigma-Aldrich, St Louis,
MO, USA) was added to each well for 15 mins.
The plates were then read at 490 nm using an
automated plate reader (Perkin-Elmer, Wal-
tham, MA, USA).
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Heterotypic adherence assay

A total of 5 x 10* cells were seeded in each of
five 96-well plates precoated with 1:10 Matrigel
(BD Biosciences, San Jose, CA). The plates
were incubated at 37°C in 5% CO2 for 0.5, 1,
1.5, 12 or 24 hrs. After incubation, medium
was carefully suctioned out of each well, and
every well was washed 3 times with 200 ul
PBS. Between each wash, plates were manual-
ly rocked back and forth three times. Sub-
sequently, 0.1% crystal violet was added to the
wells for 10 mins. Wells were then rinsed 6
times with PBS until no purple color was
observed. Finally, the cells were extracted using
100 pl glacial acetic acid, and the absorbance
was read at 490 nm to reflect the number of
adherent cells.

Migration and invasion assays

1 x 10° Cells were seeded on a Matrigel-coated
polycarbonate membrane insert (6.5 mm in
diameter with 8.0 ym pores) in a Transwell
apparatus (Costar, Cambridge, MA) and main-
tained in a-MEM containing 0.2% BSA. a-MEM
containing 10% FBS was added to the lower
chamber. After incubation for 8 h at 37°Cin a
CO2 incubator, the insert was washed with PBS,
and cells on the top surface of the insert were
removed by wiping with a cotton swab.

The invasion assay procedure was similar to
the cell migration assay, except that the
Transwell membrane was coated with 1:3 dilut-
ed Matrigel (BD Biosciences, San Jose, CA),
and cells were incubated for 32 hr at 37°C.
Cells that migrated to the bottom surface of the
insert were fixed with 4% paraformaldehyde
and stained by 0.1% crystal violet, and then
subjected to microscopic inspection. Cells
counts were based on five field digital images
taken randomly at 200 x magnification.

In vivo tumor growth and metastasis analyses

After inoculation, OS volumes of each mouse
were measured at one-week intervals using
calipers until 4 weeks after orthotopic injec-
tion. Tumor volume was calculated by using a
previously reported equation: volume = 0.2618
x L xW x (L+ W) ][9], inwhich Wis an average
of distances at the proximal tibia at the level of
the knee joint in anterior-posterior and medi-
al-lateral planes, and L is the distance between
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the most distal points of the distal and proximal
tumor margins.

Total RNA isolation

Total RNA was extracted using trizol reagent
according to manufacturer’s instructions (Invi-
trogen, Carlsbad, CA). Reverse transcription
used 1 ug of each RNA sample in a final volume
of 20 ul, and was carried out at 42°C for 1 hr
and 70°C for 10 mins.

Microarray

For microarray studies, RNA quantity and qual-
ity were measured by NanoDrop ND-1000. RNA
integrity was assessed by standard denaturing
agarose gel electrophoresis. Double-strand
cDNA (ds-cDNA) was synthesized from 5 ug of
total RNA using an Invitrogen SuperScript ds-
cDNA synthesis kit in the presence of 100 pmol
oligo dT primers, ds-cDNA was cleaned and
labeled in accordance with the NimbleGen
Gene Expression Analysis protocol (NimbleGen
Systems, Inc., USA). Microarrays were hybrid-
ized at 42°C during 16 to 20 h with 4 ug of Cy3
labeled ds-cDNA in NimbleGen hybridization
buffer/hybridization component A in a hybrid-
ization chamber (Hybridization System-Nimble-
Gen Systems, Inc., Madison, WI, USA). The
slides were scanned using the Axon GenePix
4000B microarray scanner (Molecular Devices
Corporation) piloted by GenePix Pro 6.0 soft-
ware (Axon). Scanned images (TIFF format)
were then imported into NimbleScan software
(version 2.5) for grid alignment and expression
data analysis. Expression data were normal-
ized through quantile normalization and the
Robust Multichip Average (RMA) algorithm
included in the NimbleScan software. Diffe-
rential expression was defined as a fourfold or
greater difference in normalized fluorescence
intensity between the Saos2 and Saos2-I cells.
The differentially expressed genes identified
from cDNA microarray comparisons were then
assigned to six non-mutually exclusive metas-
tasis-associated processes (proliferation/apo-
ptosis, motility/cytoskeleton, invasion, adhe-
sion, immune surveillance, and angiogenesis)
using a PubMed search of the gene names as
initially described by Khanna et al [10].

Real-time PCR

RT-PCR analysis was carried out as previously
described. Real-time PCR used ABI 7500 Real
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A Saos2

Figure 1. Establishment of the new highly metastatic osteosarcoma cell line. A: Diagram shown the selection pro-
cess for the establishment of the highly metastatic Saos2-l cells. The parental Saos?2 cells labeled with luciferase
were injected into the proximal tibia of nude mice. The lungs were harvested when pulmonary metastases were
observed by bioluminescence, digested with collagenase, expanded and passaged. B: Lung metastases observed

by bioluminescence imaging.

Time PCR System (Applied Biosystems, Carl-
sbad, CA, USA) and SYBR Premix Ex Taq poly-
merase (Takara, Dalian, China) according to
manufacturers’ instructions. The primer sequ-
ences are as follows: ATM, forward 5-GACCG-
TGGAGAAGTAGAATCAATGG-3’ and reverse 5'-
GGCTCTCTCCAGGTTCGTT-3’; CAV1, forward 5'-
ACAGCCCAGGGAAACCTC-3’ and reverse 5-GA-
TGGGAACGGTGTAGAGATG-3’; Noggin, forward
5-GCGCTGCGGCTGGAT-3’ and reverse 5-AGC-
ACTTGCACTCGGAAATGA-3’; JAG1, forward 5'-
AGGCTGGATGGGCCCCGAAT-3' and reverse
5-TCCCGGGTGTGGGATGCACT-3’; MMP1, for-
ward 5-GCAAGAGGCTGGGAAGCCATCA-3' and
reverse 5-GCAGCAGCAGCAGTGGAGGAAA-3’;
GAPDH, forward 5-CCTGCACCACCAACTGCTTA-
3’ and reverse 5-AGGCCATGCCAGTGAGCTT-3.
GAPDH was used as internal control. Each
experiment was repeated three times indepen-
dently, to ensure reproducibility of results.

Statistical analysis

Statistical significance was calculated using
Student’s t-test for two-sample comparisons.
The animal survival divergence was analyzed
using Survival analysis according to Log-rank
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test. Statistical significance was analyzed for
data from at least three independent experi-
ments. P values < 0.05 were defined as signifi-
cant. All data are presented as mean + SD
unless otherwise specified.

Results

Establishment of the highly metastatic Saos2-1
cells

We labeled the Saos2 cell line with firefly lucif-
erase via lentivirus transfection. The stable
clones were sorted by antibiotic selection. As
shown in Figure 1, the pooled populations of
stable clones were injected into the proximal
tibia of nude mice. After several weeks, as the
orthotopic tumor grew, the occasional pulmo-
nary metastases are formed according to biolu-
minescence. The lung with occasional metasta-
ses was separated and digested under sterile
condition, and the cells were harvested. The
cells were then selected by their drug resis-
tance, expanded and characterized. The highly
metastatic Saos2-I cell line was established
after 40 serial passages in vitro.

Int J Clin Exp Pathol 2014;7(6):2871-2882



New metastatic human osteosarcoma cell line

A —e— Saos2
—o— Saos2-

1.2
1.0
0.8
0.6
0.4 "
0.2 #

Absorbance at 490nm

0.0

K

1200

1000
800
600
400

200

Number of migrated cells per field

Saos2 Saos2-|

—e— Saos2
06 —o— Saos2-

Absorbance at 490nm

0.5h 1h 1.5h 12h 24h

1400
1200
1000
800
600
400
200

Number of cells per field

Saos2 Saos2-|

Figure 2. In vitro proliferation, cell adhesion, cell migration and cell invasion. A: MTT assay to evaluate proliferation
of Saos2-l cells (Saos2-l vs Saos2 cells). B: Adhesion assay using matrigel coating to mimic extracellular matrix.
#: P < 0.05 (Saos2-lvs Saos2 cells). C: Transwell assay to evaluate migration ability of Saos2-| cells. ##: P < 0.01
(Saos2-l1vs Saos2 cells). D: Transwell assay using matrigel to evaluate invasion ability of Saos2-| cells. ##: P < 0.01
(Saos2-l vs Saos2 cells). All numerical data are presented as mean + SD. Data are from at least three independent

experiments.

Highly metastatic Saos2-1 cells exhibited de-
creased cell proliferation and increased cell
adhesion, migration and invasion ability

We next sought to characterize the Saos2-|
cells for in vitro phenotypes important for
tumorigenesis and metastasis [11]. We first
examined Saos2 and Saos2-| cells for their in
vitro proliferation. Qualitatively, we noticed that
the Saos2-| cells tended to grow at a slightly
slower rate than the parental ones. Cells were
plated in triplicate and on subsequent days, the
cells were fixed, stained and analyzed. As
shown in Figure 2A, the highly metastatic
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Saos2-1 cells exhibited a slightly lower in vitro
proliferation rate than that of the parental ones
(P value < 0.05). Then Saos2-I cells and Saos2
cells were plated in 96-well plate with matrigel
coating (to mimic extracellular matrix) and
investigated their adhesion ability. The result
indicated that Saos2-l cells had higher adhe-
sion ability in relative to the parental ones after
24-hour plating (Figure 2B). Transwell in combi-
nation with matrigel was employed to investi-
gate the migration and invasion of Saos2-l
cells. As Figure 2C and 2D shown, Saos2-I cells
displayed higher migration and invasion ability
compared with the parental ones.

Int J Clin Exp Pathol 2014;7(6):2871-2882
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Figure 3. Osteosarcoma tumorigenesis and lung metastasis of Saos2-| cells and Saos2 cells in nude mice. A: Saos2-
| cells and Saos2 cells were injected into the tibial marrow cavities of nude mice; at indicated time points, tumor
growth and metastasis was monitored in vivo through IVIS system. B: Comparison of orthotopic tumor luminescence
intensity between Saos2-l group and Saos2 group. C: Comparison of orthotopic tumor volumes between Saos2-I
group and Saos2 group at each indicated time point. D: Comparison of lung metastasis rate between Saos2-I group
and Saos2 group at each indicated time point. E: Comparison of mice survival rate between Saos2-l group and
Saos2 group at each indicated time point. F: Survival analysis of Saos2-l bearing group and Saos2 bearing group.

Highly metastatic Saos2-I cells developed
orthotopic tumors and lung metastases with
higher efficiency in animal models

To further characterize the tumorigenic and
metastatic phenotypes, we then determined
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the ability of the Saos2 and Saos2-l cells to
form orthotopic tumors and produce spontane-
ous pulmonary metastases. Here, the Saos2
and Saos2-| cells were injected into the proxi-
mal tibia of nude mice, animals were serially
observed, and pulmonary metastases were

Int J Clin Exp Pathol 2014;7(6):2871-2882
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Table 1. List of downregulated genes in Saos2-I categorized in metastasis-associated functional

groups
Biologic function Gene title Symbol Fold change
Cell adhesion Endothelial cell adhesion molecule ESAM 16.86
Melanoma cell adhesion molecule MCAM 6.77
Cell motility Palladin, cytoskeletal associated protein PALLD 9.30
Matrix metallopeptidase 1 MMP1 13.20
Apoptosis SMAD family member 7 SMAD7 4.87
Immune surveillance Desmoplakin DSP 13.91
Signal transduction Growth factor receptor-bound protein 10 GRB10 14.60
Jagged 1 JAG1 9.65
Mitogen-activated protein kinase kinase kinase 15 MAP3K15 6.23
Fibroblast growth factor 5 FGF5 4.53

Table 2. List of upregulated genes in Saos2-| categorized in metastasis-associated functional groups

Biologic function  Gene title

Symbol Fold change

Angiogenesis Thrombospondin 1 THBS1 8.06
TIMP metallopeptidase inhibitor 2 TIMP2 5.96
Neuropilin 1 NRP1 4.30
Hypoxia inducible factor 1, alpha subunit HIF1A 4.01
Cell motility Asp (abnormal spindle) homolog, microcephaly associated (Drosophila) ASPM 5.57
Myosin 1B MYO1B 6.11
Kinesin family member C3 KIFC3 4.43
Apoptosis Stearoyl-CoA desaturase (delta-9-desaturase) SCD 5.57
Protein kinase C, epsilon PRKCE  4.53
Immune surveillance Peroxidasin homolog (Drosophila) PXDN 14.77
Neuropilin 1 NRP1 4.30
Signal transduction  Interleukin 7 receptor IL7R 9.19
Noggin NOG 9.09
Dickkopf WNT signaling pathway inhibitor 1 DKK1 6.87
Insulin-like growth factor binding protein 4 IGFBP4 5.91
Transforming growth factor, alpha TGFA 4.89

Neural precursor cell expressed, developmentally down-regulated 4-like, E3 ubiquitin protein ligase NEDD4L 4.95

recorded at each time point. As shown in Figure
3A-C, both two cells developed comparatively
equal tumors compared to each other not only
in tumor volume but also in intensity of tumor
bioluminescence. We next compared the meta-
static potential of the parental Saos2 and the
Saos2-| cells. According to bioluminescence,
we were able to tracing pulmonary metastases
by imaging twice a week. As shown in Figure
3D, 40% mice were detected pulmonary metas-
tases in the Saos2-l group at 3 weeks post-
injection. While mice injected Saos2 cells were
beginning to detected pulmonary metastases
only at five and a half weeks post-injection.
Further survival analysis revealed that the sur-
vival time of Saos2-I bearing mice was much
shorter than that of Saos2 bearing mice (P
value < 0.0001) (Figure 3F). In Saos2 group,
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the 25th percentile, median and 75th percen-
tile of survival time is 51 days, 52 days and 52
days, respectively. In Saos2-I group, the 25th
percentile, median and 75th percentile of sur-
vival time is 29 days, 34 days and 40 days,
respectively.

Gene expression profile differences between
Saos2 and Saos2-I cells

To have an exhaustive investigation on gene
expression differences between Saos2-l and
the parental Saos2 cells, we then did microar-
ray. From the results, 132 of those genes iden-
tified were upregulated greater than fourfold.
Conversely, 62 genes were downregulated
greater than fourfold in Saos2-l1 compared with
Saos2 cells. These genes were further classi-

Int J Clin Exp Pathol 2014;7(6):2871-2882



New metastatic human osteosarcoma cell line

IGFBP4
PLK2
NEDD4L
CPA4
THBS1
MAGEA3
NNMT
TIMP2
SCD
PROM2
MAGEA12
DHRS3
EMP1
EFEMP1
FAM83A
EPAS1
PRKCE
LANC2
COL8A1
NOG
CCBE1
MYO1B
MAGEAS
COL6A2
ENO3
KIFC3
TPR
WDR66
F3
PXDN
SAA2
IL7R
SAA1
RNF43
PTPRK
DMBT1
ASPM
STAG1
USP34
KTN1
SMAD2
PRKCDBP
GALNT6
DKK1
FUCA1
COL12A1
NET02
TGFA
PRKCE
KIF14
NRP1
HIF1A
CRLF1
FLNC
EMR3
IL15RA
OSBPL6
INF333
GRB10
COL3A1
EMR2
PDE4A
MTSS1
MAP3K15
ATP9A
MMP1
JAG1
HBEGF
SMAD7
ESAM
DSP
SPTB
PALLD
MCAM
ANKH
FGF5
GDF1

2878

Figure 4. Non-supervised hierarchical cluster-
ing on differentially expressed genes. Color in-
tensity correlates with the sample to reference
signal intensity ratio. In green are those genes
in which expression was down-regulated, and
in red are those in which the expression was
up-regulated. Sample names are on the top.
On the right are the gene symbols.

fied according to their functions such as
angiogenesis, cell motility, apoptosis,
immune surveillance, cell adhesion and
signal transduction (Tables 1 and 2).
Most of these genes were used to create
the non-supervised hierarchical cluster
shown in Figure 4, color intensity is pro-
portional to the log2 of the sample to ref-
erence intensity ratio and varies from -3
to +3. Some interested gene expression
differences were verified by Real-time
PCR (Figure 5). MMP1 and JAG1 were
found down-regulation in the highly met-
astatic Saos2-l cells, with CAV1 and
Noggin up-regulation. These genes are
all important intermediate molecules in
signaling transduction.

Discussion

Osteosarcoma is the most common
malignant bone tumor in childhood and
adolescence. It represents 15% of all pri-
mary bone tumors and 0.2% of all malig-
nant tumors in children. There are slightly
more boys affected than girls (1.5:1). The
peak incidence is in the second decade
of life [12, 13]. About 80% of osteosarco-
mas occur in the extremities, with the
most common sites being the distal
femur, the proximal tibia and the proxi-
mal humerus. About 80% of cases have
localized tumor at presentation whereas
the remainder present most commonly
with pulmonary metastasis. The inci-
dence of osteosarcoma has been incre-
asing by about 1.4% per year [14].

A large number of osteosarcoma cell
lines are currently available in the
American Tissue Culture Center. Meta-
static osteosarcoma has proven more
valuable for osteosarcoma study. Though
there exists several murine osteosarco-
ma cell lines with a higher in vivo meta-
static potential currently, including UMR

Int J Clin Exp Pathol 2014;7(6):2871-2882
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106-01, K7TM2, K12, Dunn and LM8 [15, 16],
human osteosarcoma cell lines are more clini-
cally relevant to clinical study of osteosarcoma.
Establishing new highly metastatic human
osteosarcoma cells is quite useful for revealing
metastatic mechanism of osteosarcoma and
helpful for exploring new clinical treatment.
Saos?2 is one of the best-characterized human
osteosarcoma cell lines in vitro [17-19].

In this report, we established a new highly met-
astatic human osteosarcoma cell line from a
parental cell line Saos2. Animals injected with
the Saos2-I cells readily form spontaneous pul-
monary metastases.
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Figure 5. Interested gene expression verified by Real-
time PCR. Results are expressed as fold changes
of Saos2-| cells relative to Saos2 cells. GAPDH was
used as loading control. MMP1 and JAG1 were found
down-regulation in the highly metastatic Saos2-
| cells, with CAV1 and Noggin up-regulation. #: P <
0.05 (Saos2-l vs Saos2 cells). ##: P < 0.01 (Saos2-
vs Saos?2 cells).

As expected, the highly metastatic Saos2-I cells
had slightly increased cell adhesion, high
migration and invasion while cell proliferation
was slightly decreased relative to the parental
Saos?2 cells. Cell migration, invasion, and adhe-
sion are all important phenotypes for early
events in the metastatic cascade [20, 21].
Alterations in these phenotypes facilitate
osteosarcoma cells to overcome local adhesive
forces, migrate towards the microvasculature,
and invade the vessels, which result in that
Saos2-| bearing mice make pulmonary metas-
tasis earlier and survive much shorter than that
of the parental Saos2 cells.
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Potentially, the highly metastatic Saos2-I cell
line established here can be used as an inves-
tigative tool to examine tumor formation and
metastasis in mice. It is conceivable that gene
expression profiling between the highly meta-
static Saos2-l and parental Saos2 cells may be
used to identify novel genes that modulate
metastasis. The newly identified genes can
then be examined for their effects on metasta-
sis in the animal model.

There have been some reports about establish-
ment and characterization of new highly meta-
static osteosarcoma cells. Jia et al. reported a
series of cell lines separated from pulmonary
metastases of Saos2 xenograft models. After
the approach of 6 repeated cycling of tumor
cells in mice, researchers isolated a new cell
line named Saos-LM6 [22]. The new cell line
was then confirmed displaying higher metasta-
sis ability. Su et al. established another new
highly metastatic osteosarcoma subline named
MG63.2 from the parental MG63 cells [23].
While both the highly metastatic subline were
unknown about their gene expression profiling
differences contrast to the parental cells. Here,
we also established a new highly metastatic
subline from Saos2 cells, which may lose
important information in etiology study espe-
cially metastasis mechanism. We further inves-
tigated gene expression differences between
new highly metastatic subline and the parental
cells. We found that there really exist some
gene expression differences between Saos2-I
and the parent Saos2 cells. These genes were
classified according to their functions such as
angiogenesis, cell motility, apoptosis, immune
surveillance, cell adhesion and signal transdu-
ction.

ESAM, which is a member of the immunoglobu-
lin superfamily, is selectively expressed in cul-
tured human vascular endothelial cells and
revealed high level expression in lung and heart
and low level expression in kidney and skin.
Hirate et al. reported that Chinese hamster
ovary (CHO) cells expressing mouse ESAM
formed large cell clusters in suspension culture
[24]. Cangara et al. reported that ESAM regu-
lated tumor metastasis through endothelial cell
migration and tube formation in metastatic
nodules, inhibition of ESAM may inhibit tumor
metastasis by inhibiting the angiogenic pro-
cesses [25]. Despite our findings of decreased
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ESAM expression, the Saos2-1 cells demon-
strated greater metastasis ability in vivo com-
pared to the parental Saos2 cells. PALLD is a
gene that encodes a component of the cyto-
skeleton that controls cell shape and motility
[26]. It is likely that the phenotype of Saos2-l is
independent of ESAM and PALLD expression.
Desmosomes are intercellular junctions that
confer strong cell-cell adhesion, thus confer-
ring resistance against mechanical stress on
epithelial tissues. A body of evidence indicates
that decreased expression of desmosomal pro-
teins is associated with poor prognosis in vari-
ous cancers. As is a key component of desmo-
somal plaque proteins, desmoplakin has been
reported acting as a tumor suppressor by inhi-
bition of the Wnt/B-catenin signaling pathway
in human lung cancer [27]. Neuropilin-1 (NRP1)
and Neuropilin-2 (NRP2) are transmembrane
glycoproteins which interact with VEGF to pre-
vent tumor cell apoptosis and regulate angio-
genesis. Preclinical data suggest that blockade
of NRP1 suppresses tumor growth by inhibiting
angiogenesis, in addition to directly inhibiting
tumor cell proliferation in certain models [28].
NRP2 has been reported as a prognostic factor
in osteosarcoma [29]. High HIF1a transcription
level in osteosarcoma cell lines has been
reported [30], which coincide with our microar-
ray result. ASPM has been reported to correlate
with tumor grade and survival in epithelial ovar-
ian cancer [31].

While there are still some discrepancies
between our profiling results and existed
reports. Engin et al. reported that the invasive
potential of osteosarcoma is associated with
increased Notch signaling, and elevated
expression of JAG1 is found in human osteosar-
coma [32]. And overexpression of JAG1 was
observed in osteosarcoma biopsy specimens
contrast to normal bone [33]. In our study, high-
ly metastatic Saos2-I cells displayed more inva-
sive behavior with downregulation of JAG1. One
explanation is both the conclusions are based
on taking the normal bone as a control. But
within the overall osteosarcoma cell line, there
may be some correlations between JAG1
expression and malignancy among different
tumor sublines. Cantiani et al. reported that the
majority of primary osteosarcoma showed sig-
nificantly lower levels of CAV1 than normal
osteoblasts [34]. Their further studies demon-
strated that osteosarcoma cell lines forced to
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overexpress CAV1 showed reduced malignancy
in vitro, and CAV1 overexpression abrogates
the metastatic ability of osteosarcoma cells in
vivo. These conclusions may indicate another
more important molecular mechanism about
the malignancy of osteosarcoma.

In conclusion, we have established a highly
metastatic human cell line from Saos2 cell line.
We believe that this line can be used as a valu-
able tool in investigating the basic mechanism
in the progression of osteosarcoma as well as
novel therapies.
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