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Abstract There is a critical need to identify markers that
can accurately identify existing or predict future metastatic
disease in patients with osteosarcoma since the majority of
patients present with undetectable micrometastatic disease.
We previously reported SI00A6 is overexpressed in human
osteosarcoma and increased expression of S100A6 by
immunohistochemistry correlated with decreased clinical
metastasis. We have established 11 primary cultures from
biopsies of patients with osteosarcoma and ten of the 11
primary cultures have increased expression of S100A6
relative to normal human osteoblasts. To further explore
possible mechanisms for metastasis suppression previously
reported, we used in this report siRNA-mediated knockdown
of S100A6 in four commonly used human osteosarcoma
lines, then examined their cell adhesion, migration, and
invasion properties. Knockdown of S100A6 expression
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inhibited cell adhesion and promoted cell migration and
invasion in these lines. Conversely, SI00A6 overexpression
enhanced cell adhesion and inhibited cell invasion. Our data
demonstrate SI00A6 is commonly overexpressed in human
osteosarcoma. S100A6 may inhibit osteosarcoma metastasis
by promoting cell adhesion and inhibiting cell motility and
invasion. Thus, S100A6 may be considered a potential
marker for human osteosarcoma with prognostic value for
identifying patients without metastases.

Introduction

Osteosarcoma is the most common primary malignancy of
bone, with a peak incidence in the second decade of life
[33, 48]. Although 80% of patients have metastatic or
micrometastatic disease at the time of diagnosis, less than
15% of these patients are clinically detectable because
most of the patients have micrometastatic disease [20, 24,
47, 50]. Because we cannot distinguish between patients
who have metastatic disease from those who do not, nearly
all patients receive both chemotherapy and surgical
resection. Therefore, there is a clinical need to identify
genetic markers that can accurately predict the presence or
absence of metastasis, thus sparing the 20% of patients who
will never develop metastasis the need for chemotherapy.
Currently, the genetic event(s) leading to the development
of human osteosarcoma are not known; this may reflect the
heterogeneity of this malignancy. Mutations of Rb and p53
have been identified in a subset of patients with osteosar-
coma, yet there is no consensus on genetic alteration [8, 15,
36, 39, 49]. Therefore, identification of markers specific for
human osteosarcoma remains an ongoing process.

We recently identified SIO0A6 as a potential prognostic
marker of human osteosarcoma [29]. Over 80% of the
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paraffin-embedded samples had overexpression of SI00A6.
Increased expression of SI100A6 was associated with
decreased clinical metastasis at diagnosis and at followup.
S100A6 is a member of the S100 protein family that
includes over 20 members, and several members of the
S100 protein family have been linked to human cancers [2,
4,7, 19, 22, 25, 30]. For example, S1I00A4 has been asso-
ciated with metastasis in several human cancers, including
colon, breast, esophageal, and non-small cell lung cancers
[21, 34, 38, 46]. Several S100 proteins are commonly used
clinically as immunohistochemical markers to identify and
classify a number of human tumors [2, 4, 19].

S100A6 is an intracellular protein that is overexpressed
in several human tumors [10, 19]. Proteomic profiling of
musculoskeletal soft tissue sarcomas by mass spectrometry
demonstrates increased expression of S100A6 [18].
Although little is known about the exact functional role of
S100A6, it does interact with the actin cytoskeleton
through tropomyosin [5, 14]. The actin microfilament
system attaches to the adherens junctions and is involved in
cell contractility and adhesion-dependent signaling with
the extracellular matrix [37]. SI00A6 also interacts indi-
rectly with chaperone proteins such as Hsp70 in the
nucleus [42]. Molecular chaperones such as the heat shock
proteins play pivotal roles in regulating cellular processes
such as protein processing, DNA replication, and tran-
scription. These functions, particularly the cell-cell and
cell-matrix interactions, may play an important role in
cancer metastasis. In order for a tumor cell to metastasize,
it must (a) overcome local adhesive forces, (b) migrate, (c)
invade the microvasculature, (d) survive in the vasculature,
(e) extravasate at the secondary site, (f) proliferate and (g)
recruit new blood vessels [43, 51].

Based on our previous immunohistochemical findings
on tumor samples [29] and the reported cellular functions
of SI00A6, we hypothesized that: (1) S100A6 is highly
expressed in these primary cultures and commercially
available cell lines; (2) siRNA mediated knockdown of
S100A6 inhibits cell adhesion; and (3) siRNA mediated
knockdown of S100A6 promotes cell motility and
invasion.

Materials and Methods

The objectives of this investigation were to (1) establish
primary cultures of osteosarcoma from patient samples; (2)
explore expression of S100A6 in primary osteosarcoma
samples and commercially available cell lines; (3) identify
siRNA target sequences and determine knockdown effi-
ciency; (4) investigate the effects of siRNA mediated
knockdown of endogenous S100A6 on cell adhesion; and
(5) examine the effects of knockdown of S100A6 on cell

motility and invasion. We established 11 primary cultures
from patients and determined the expression level of
S100A6 by qRT-PCR in these samples and four commer-
cial lines (TE85, MNNG/HOS, 143B, and MG63) in
triplicate. We identified efficient siRNA target sites for
S100A6 and assessed the ability for osteosarcoma cells to
adhere to a Type I collagen matrix when endogenous
S100A6 expression was knocked down. Adhesion experi-
ments were performed in triplicate and performed in three
batches. Next, we determined the ability for TESS, MNNG/
HOS, 143B, and MG63 osteosarcoma cells to migrate
across a wound created on a monolayer of cells when
endogenous S100A6 expression was knocked down.
Finally, we examined the effects of SI00A6 overexpres-
sion and knockdown on osteosarcoma cell invasion. Again,
at least two sets of experiments were performed for each
cell line in the migration and invasion assays.

Cell lines (TE85, MNNG/HOS, 143B, MG63, HEK293,
C3HI10T1/2, and hFOB) were from the American Type
Culture Collection (ATCC, Manassas, VA) and maintained
in the recommended media (complete Modified Eagle
Medium [MEM] or Dulbecco’s Modified Eagle Medium
[DMEM]) containing 10% fetal bovine serum (FBS;
HyClone, Logan, UT), 100 units of penicillin, and 100 pg
of streptomycin. Unless otherwise indicated, all chemicals
were purchased from Sigma-Aldrich (St Louis, MO) or
Fisher (Pittsburgh, PA). We chose to use the ATCC oste-
osarcoma cell lines (TE85, MNNG/HOS, 143B, and
MG63) because these are well characterized and com-
mercially available lines.

Human osteosarcoma samples (n = 23) from biopsy or
resection cases performed at the University of Chicago
between 2004 and 2006 were immediately collected for
primary cultures. The use and selection of human tumor
specimens followed the guidelines approved by the Insti-
tutional Review Board. Attempts were made to identify
patients who had not been exposed to chemotherapy.
Patients who had biopsies performed at an outside insti-
tution were not included because the first fresh tissue
obtainable would have been the postneoadjuvant chemo-
therapy resection sample. The purpose of our banking
efforts is to establish a resource for future evaluation of
potential markers. Informed consent was obtained from the
patient or legal guardian. To ensure we had representative
tumor tissue, all open biopsies performed in the operating
room included a frozen section. The tumor samples taken
were divided in half (one for frozen section and the other
for our tissue banking purposes). The presence of tumor
cells was verified by histology. Eleven primary cultures
were successfully established. Eight of the 11 samples had
frozen sections performed to ensure we had tumor tissue.
One sample was a core needle biopsy in which a frozen
section was not performed for practical patient care issues.
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The remaining two samples were resection specimens in
which those samples for permanent sections were divided
and half sent for tissue banking. The frozen and permanent
sections verified the samples were tumor samples. Only
one sample came from a patient who was not chemother-
apy naive. The sample was obtained from a resection of a
liver metastasis in a patient who received chemotherapy at
the time of initial treatment, 6 years and 10 months prior to
the resection of the liver metastasis. Again, the tumor was
harvested free of liver tissue and half sent for our tissue
banking and the other half sent for histology. Patient age,
location of tumor, initial stage, and current status were
recorded for each patient (Table 1). All collected samples
were minced, treated with collagenase (0.2 mg/mL) at
37°C, and plated in MEM with 20% FBS (HyClone),
penicillin, and streptomycin. Cells that were expanded
successfully and to a maximum of two passages were
frozen down in media containing 10% dimethyl sulfoxide
and stored at —70°C. We expanded primary cultures that
were successfully established, and which subsequently
survived a freeze-thaw cycle.

For RNA isolation from the cells and quantitative poly-
merase chain reaction (qPCR), subconfluent cells were
seeded in culture flasks in complete medium supplemented
with 1% fetal calf serum. After the indicated treatments,
total RNA was isolated using TRIZOL reagents (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions.
We performed the qPCR as described previously [26].
Briefly, 10 pg of total RNA were used to generate cDNA
templates by reverse transcription with hexamer and
Superscript Il reverse transcriptase (Invitrogen). The gPCR
primers were 18-mers designed by using the Primer3 pro-
gram (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.
cgi). The gPCR primers were GGGAGGGTGACAAGCACA
and TCCGGTCCAAGTCTTCCA. Duplicate reactions were
carried out and all samples were normalized to GAPDH. As a

Table 1. Clinical data on primary cultures

control, we used C3H10T1/2 mesenchymal stem cells (MSCs)
because the C3H10T1/2 cells have relatively high expression
of S100A6.

Given the known interaction of S100A6 with the cyto-
skeleton, we next investigated the effects of S100A6
overexpression and siRNA-mediated knockdown on cell
adhesion to a Type I collagen substrate in vitro. We
therefore first sought to knock down the endogenous
expression S100A6 in the commercially available osteo-
sarcoma cell lines (TE85, MNNG/HOS, 143B, and MG63).
Based on our previous finding that decreased S100A6
expression is associated with decreased clinical metastasis,
our objective was to determine the functional effects of
S100A6 knockdown on phenotypes that are important for
metastasis in vitro. We first determined the optimal sites
on the human S100A6 gene for efficient RNAi-mediated
knockdown.

To maximize siRNA efficiency and minimize any off-
target effects, we used the Applied Biosystems (Austin, TX)
software available at www.ambion.com/techlib/resources/
RNAi/index.html to select optimal target sequences to
human S100A6. The selected target sites were screened for
their knockdown efficiency using our recently developed
pSOS-HUS system [27] (Fig. 1A). This vector consists of a
chimeric sequence between GFP and the S100A6 target
gene driven by an hEF1 promoter as well as H1 and U6 dual
promoters driving the expression of the siRNA cassette.
Thus, on introducing pSOS-based siRNA plasmids into
mammalian cells, the siRNA fragments generated form an
RNA duplex with the target chimeric sequence (Fig. 1B).
Cells were transfected using Lipofect AMINE (Invitrogen,
Carlsbad, CA) according to the manufacture’s protocol and
efficiency visualized by fluorescent imaging. Using this
system, the optimal siRNA target sites to SI00A6 were:
AGAAGGAGCTCACCATTGG and AGCTCACCATTG
GCTCGAA. The adenoviruses expressing siRNAs to both

Sample Age Location Initial stage Current status

1 22 tibia 1IB NED

2 16 Femur 1B NED

3 7 humerus 1IB NED

4 12 femur 11B NED

5 13 femur v Dead

6 14 tibia 1IB NED

7 16 femur 1A NED

8 16 liver metastasis (primary: femur) 1IB Dead; sample from liver metastasis at 82 months
9 43 arm (extraskeletal) ITA Dead; metastasis at 21 months
10 17 humerus 1B NED

11 18 femur 1B NED

NED = no evidence of disease.
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Fig. 1A-B A schematic of siR-
NA knockdown strategy is
illustrated. Potential target sites
for siRNA-mediated knockdown
were characterized using our
pSOS-HUS system. (A) Vector
map showing the siRNA cas-
settes expression driven by a
dual promoter system and a chi-
meric transcript between GFP
and S100A6 is shown. (B) On
introduction into mammalian
cells, the siRNAs produced will
form a duplex with the fusion
transcript and be degraded by the
cell’s double stranded RNase
activity.

target sequences were pooled to maximize knockdown
efficiency in the subsequent experiments.

For our transient transfections, subconfluent cells were
transfected with S100 expression vectors using Lipofect-
AMINE (Invitrogen, Carlsbad, CA). At 24 hrs after
transfection, the cells were collected and lysed in Laemmli
sample buffer. Cleared total cell lysate was denatured by
boiling and loaded onto a 12% SDS-polyacrylamide gel
(approx.10 pg total proteins per lane). After electropho-
retic separation, proteins were transferred to an Immobilon-
P membrane (Millipore, Bedford, MA) via electroblotting.
The membrane was blocked with 5% nonfat milk in TBST
(10 mM Tris-HCI, pH 8.0, 150 mM NaCl, 0.05% Tween-
20) at room temperature for one hour and probed with an
anti-S100A6 monoclonal antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA) for 60 minutes, followed by a 30-
minute incubation with an anti-mouse secondary antibody
conjugated with horseradish peroxidase (Pierce, Rockford,
IL). The presence of SI00A6 protein was detected by using
the SuperSignal West Pico Chemiluminescent Substrate kit
(Pierce Biotechnology, Rockford, IL) and recorded using
the Kodak 440CF ImageStation (Kodak, Rochester, NY).

We generated recombinant adenovirus expressing
S100A6 or siS100A6 using the AdEasy (Stratagene, La
Jolla, CA) technology as described previously [17]. Briefly,
the coding sequences for human S100A6 or the selected
siRNA cassettes were cloned into pAdTrack-CMYV or pSES
[27], respectively, and subsequently used to generate
adenoviral recombinants. These were the SI100A6 or
siS100A6 adenoviruses, respectively. Recombinant ade-
noviruses were produced and amplified in packaging
HEK?293 cells. An analogous adenovirus containing a GFP
(AdGFP) or RFP (AdRFP) tag was used as a control [17].
Each tested cell line was infected with adenovirus
expression S100A6, siS100A6, or GFP/RFP controls. All
PCR-amplified fragments and cloning junctions were
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verified by DNA sequencing. The knockdown efficiency of
the siSIO0AG6 adenoviral vectors were tested in the four
commercially available cell lines (TE85, 143B, MNNG/
HOS, and MG63). The total quantified SI00A6 message
for the control infections was compared to the siS100A6
infections to determine the percentage of knockdown.

We performed the cell adhesion assay as previously
reported [28, 35]. Briefly, 96-well plates were coated with
10 pg/mL of rat tail Type I collagen (BD Biosciences,
Bedford, MA). We chose to use Type I collagen because it
is one of the most predominant matrix proteins in bone.
The wells were blocked with 1% bovine serum albumin
(BSA) and 1 x 10" cells in 0.1% BSA were added to the
wells in triplicate. At 20 minutes, the wells were washed to
remove unattached cells and fixed in formalin. The cells
were stained with 1% methylene blue in 0.01 M borate
buffer, pH 8.5, and washed. The methylene blue was
extracted with ethanol and 0.1 M HCI and absorbance was
read at 630 nm using a microplate photometer. We created
a standard curve with known number of cells per well. The
assay was repeated in at least three batches.

The cell migration experiments were carried out as
previously described [26]. Each of the cell lines (TESS,
MNNG/HOS, 143B, MG63) was plated into 12-well plates
and allowed to attach with complete media with 10% fetal
calf serum (FCS) for 3 hours. Cells were washed with
serum-free media, cultured with 1% FCS, and infected with
AdS100A6, AdsiS100A6, AARFP, or AAGFP adenovirus at
a comparable titer. Twenty hours after infection, the
monolayer of cells was wounded using micropipette tips.
Bright field and fluorescence images were taken at 0, 10,
20, and 30 hours after wounding to document cell migra-
tion across the wound. The results were repeated in at least
two batches of experiments.

Cell invasion was assessed using a Matrigel invasion
assay. Briefly, Transwell (Corning Costar, Corning, NY)
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inserts containing polycarbonate membranes with 8§ uM
pores were coated with Matrigel (BD Biosciences, Bed-
ford, MA) at 20 pg per well at room temperature overnight.
The membrane was rehydrated with serum free media for
2 hours. For each of the 24-well inserts, 1 x 10° cells in
serum free media and 0.1% Bovine Serum Albumin (BSA)
were plated onto the upper chamber. The bottom chamber
was filled with complete media and 10% Fetal Calf Serum
(FCS) as a chemoattractant. The cells were allowed to
invade for 24 hours. Noninvading cells were removed from
the upper chamber by using moist cotton tipped swabs. The
membranes containing invading cells on the undersurface
of the membrane were fixed with 100% methanol and
stained with hematoxylin. Ten random high power fields
(hpf) were counted per insert. The assay was performed in
triplicate and in two batches.

To compare expression (quantitative RT-PCR) from the
cell lines or primary cultures with normal osteoblasts we
used a non-parametric Sign test. We compared the relative
adhesion of cells with SI00A6 overexpression or knock-
down against the GFP vector control using a t-test. Finally,
we compared the number of invaded cells per hpf in the
three treatment groups (overexpression, knockdown, or
GFP vector control) using a t-test. Analyses were per-
formed using STATA version 7 (Stata Corporation,
College Station, TX).

Results

Ten of the 11 primary cultures we established had at least a
twofold increased expression of S100AG6 relative to human

Fig. 2 The S100A6 expression 0.9 1
in osteosarcoma cell lines and
primary osteosarcoma cultures is _ 0.8+
shown. Commercially available @
osteosarcoma cell lines (TESS, E 0.7 1
MNNG/HOS, 143B, MG63) as -
well as 11 primary cultures were E 0.6 1
examined for S100A6 expres- ‘0
sion. C3HI10T1/2 mesenchymal - 0.5+
stem cells (MSCs) were used as E. 0.4 -
controls. S100A6 is highly *
expressed in the majority of the w 0.3
primary cultures and well-estab- g
lished lines compared with ﬁ 0.2 4
normal human osteoblasts. °
¥ 0.11
0 -

Osteoblast
MSCs
TE85
MNNG/HOS
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osteoblasts (Fig. 2). Three samples had greater than
10 times the expression level. Sample #8 had S100A6
expression slightly greater than osteoblasts. Likewise, three
of the four commercially available osteosarcoma cell lines
(TE85, 143B, MG63) had high expression of S100A6,
whereas one of the lines (MNNG/HOS) had an expression
level slightly above the level of normal osteoblasts. In total,
13 out of 15 osteosarcoma cell lines/primary cultures had a
greater than twofold increase (p = 0.004) in S100A6
expression compared to osteoblasts. As expected, 8 of 11
patients had AJCC Stage IIB disease at presentation. One
patient presented with Stage IV disease while two devel-
oped metastasis at 21 and 82 months after the initial
presentation. Three patients died from their disease.

The loss of GFP expression demonstrates the silencing
efficiency of the siRNA sequence to the target gene con-
taining a chimeric sequence between GFP and the S100A6
in the pSOS-HUS vector (Fig. 3A). Knockdown was also
confirmed by real-time RT-PCR and was specific and
effective. SI00A6 siRNAs resulted in knockdown effi-
ciencies ranging from 37% to 51% against endogenous
S100A6 (Fig. 3B) in the four cell lines. Other members of
the S100 protein family, including S100A2, S100A3,
S100A4, and S100AS, demonstrated no knockdown by the
S100A6 siRNA fragments (data not shown). Western blot
analysis (Fig. 3C) demonstrates knockdown was detectable
even with very high expression of SIO0A6 (via transient
transfections in HEK293 cells) and with endogenous
S100A6 in 143B cells, which has the highest S100A6
expression among the four lines.

Overexpression of SI00A6 enhanced cell adhesion in all
the cell lines tested (Fig. 4). Specifically, overexpression of

N o = v O M~ o

o o
-—

MG63

Patient Derived Primary Cultures
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Fig. 3A-C The characterization
of siRNA-mediated knockdown
of S100A6 expression is shown.
The efficacy of the siRNA
sequences were examined in
human osteosarcoma cells. (A)
The loss of GFP signal signifies
the efficiency of siRNA-medi-
ated knockdown by the siRNA
sequences against the chimeric
message of S100A6 and GFP
from the pSOS-HUS system. (B)
The percentage S1I00A6 mRNA
knockdown determined by qRT-
PCR is shown for each of the cell
lines infected with the Ad-

GFP Control

S100A6 knockdown

siSI00A6 adenovirus. (C) A
Western  blot  analysis  of 5 60 7
S100A6 knockdown is shown. 2
HEK?293 cells transiently trans- % 50 -
fected with a GFP control vector, =
co-transfected with SI00A6 and "'é |
the siS100A6 vectors, or trans- 2 b
fected with the S100A6 vector S
only are also shown. Knockdown § 307
of endogenous S100A6 by the &
AdsiS100A6 adenovirus in 143B @ 20
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t
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S100A6 increased the relative cell-matrix adhesion by
59.7%, 30%, 54.8%, and 27.9% in the TE85, MNNG/HOS,
143B, and MG63 cells, respectively, with p values of 0.01,
0.05, 0.01, and 0.01, respectively. In concordance with our
overexpression data, when endogenous S100A6 was
knocked down by siRNA, relative cell-matrix adhesion
decreased in all four cell lines examined. Specifically, the
decrease in the relative adhesion was 14.4%, 15.8%,
16.8%, and 34.3% in the TE85, MNNG/HOS, 143B, and
MG63 cell lines, respectively, with p values of 0.01, 0.05,
0.04, and 0.04, respectively.

S100A6 knockdown resulted in increased cell motility
(Fig. 5). The TE85 and 143B cell lines are shown as rep-
resentative examples because these represent the least and

most tumorigenic and metastatic cell lines in this group of
cells [28]. Similar results were seen in the MNNG/HOS
and MG63 cell lines (data not shown). Overall, knockdown
of SI00A6 resulted in increased cell motility. These find-
ings are consistent with our finding that SIO0A6 promotes
cell adhesion. Similar to our motility assay, the cell inva-
sion assay demonstrated SI00A6 overexpression inhibited
cell invasion while S100A6 knockdown resulted in
increased cell invasion (Fig. 6A-B). Representative images
from MG63 cells are shown (Fig. 6A). Overexpression of
S100A6 resulted in a 40%, 53%, 43%, and 67% decrease in
invasion compared to the GFP controls in the TES5,
MNNG/HOS, 143B, and MG63 lines, respectively (p value
0.05, 0.018, 0.001, and < 0.001 respectively). Knockdown

@ Springer



2066  Luo et al.

Clinical Orthopaedics and Related Research

0.8 -
0.7 M S100A6
0.6 m siS100A6

05 CGFP
0.4 -

0.3+
0.2
0.1+

0 -

Relative Adherence
(A 630 nm)

TESS 1438 MNNG/HOS  MG63

Fig. 4 This figure illustrates the effect of SI00A6 on osteosarcoma
cell adhesion. Target sites with optimal knockdown efficiency were
used to generate AdsiS100A6 adenoviruses. Osteosarcoma cells were
transduced with AdsiS100A6, AdS100A6, or AAGFP. Overexpression
of S100A6 enhanced cell adhesion, whereas knockdown S100A6
inhibited adhesion. Experiments were performed in triplicate.

of S100A6 resulted in a 95%, 163%, 72%, and 46%
increase in invasion compared to the GFP controls in the
TE85, MNNG/HOS, 143B, and MG63 lines, respectively
(p value 0.036, < 0.001, 0.001, and < 0.001 respectively).

0 hrs 10 hrs

[}

TES85
siS100A6
Knockdown

A

143B

Control

143B
siS100A6
Knockdown

B

Fig. SA-B This figure shows the effect of SI00A6 on osteosarcoma
cell motility. Osteosarcoma cells (TE85, MNNG/HOS, MG63, 143B)
were transduced with AAGFP/AdRFP or AdsiS100A6. The monolay-
ers of cells were wounded using a pipette tip. The images were taken
at 0, 10, 20, and 30 hours to examine the migration of the cells to

@ Springer

Discussion

One of the clinical challenges in the treatment of osteo-
sarcoma patients is to identify the 20% of patients who
never develop metastases. If we are able to identify this
group of patients, then we may spare these patients of the
morbidity associated with systemic chemotherapy treat-
ment. The objective of this investigation was to examine
and characterize a potential marker, SI00A6, which may
have prognostic value in osteosarcoma patients. Based on
our previously published results and other reports on the
cellular function of S100A6, we hypothesized (1) primary
cultures and commercially available cell lines from oste-
osarcoma patients would have high expression of S100A6,
and (2) S100A6 functions to promote cell adhesion, inhibit
cell migration, and inhibit cell invasion in osteosarcoma
cells. All these phenotypes are important for cancer
metastasis.

Although our data suggest a relationship between
metastasis and S100A6 in osteosarcoma, we note some

20 hrs 30 hrs

close the wound. Migration of TE85 (A) and 143B (B) osteosarcoma
cells is shown as an example. Knockdown of endogenous S100A6
promoted cell motility as demonstrated by the more robust closure of
the wound in the siSIO0A6 groups compared to the GFP or RFP
controls. The assay was repeated at least twice.
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Fig. 6A-B The effect of GFP control
S100A6 on cell invasion is 3 A N

shown.  Osteosarcoma cells
(TE8S5, MNNG/HOS, 143B, and
MG63) were transduced with
AdGFP, AdS100A6, or Ad-
siS1I00A6. Cells were allowed
to invade through a membrane
coated with Matrigel matrix pro-
teins and counted. (A)
Representative images of the
invaded cells (MG63) are shown
(100x mag). (B) A graph of the
number of cell counted per high
power field is depicted for all the
cell lines examined. The assay
was repeated twice.
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[Js100A6

200 - % siS100A6
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limitations. One of our main objectives in this study was to
further understand the basic mechanism in which S100A6
may modulate osteosarcoma metastasis. We were able to
examine only 11 patient samples, since these were the only
primary cultures that survived our banking process.
Because of the limited number of patients, we cannot draw
clear conclusions regarding the relationship between
S100A6 and metastasis in this cohort. We had only one
specimen derived from a metastatic lesion. When we
reviewed our bank of primary cultures to be expanded and
RNA collected, we had 23 samples. However, many sam-
ples could not be expanded when they were thawed.
Therefore, we were unable to expand and collect RNA of
all of the samples that were frozen down initially for our
gRT-PCR analysis. Furthermore, there was also a subset of
patients whose primary cultures could not be expanded to
be frozen down when the samples were first harvested at
the index procedures. As a result, we had only 11 primary
cultures that were successfully frozen down, thawed, and
expanded. As with any attempt at primary cultures, it is
possible our established cultures may have contamination
with fibroblasts. As described, we made every attempt to
ensure we had representative tumor samples in our banking
process. While it is possible there may be some stromal/
fibroblast cells, we believe the majority of the cells in the

S100A6

S e

SR Sl .
P B! -.\‘ 3 . : Ay

siS100A6

R

MNNG/HOS 143B MG63

samples are tumor cells. Nevertheless, to minimize
expansion of stromal/fibroblast cells, we minimized the
number of passages of our primary cultures. Certainly, we
can isolate single cells and expand these into cell lines.
However, this would eliminate the heterogeneity of a tumor
population. Furthermore, this would require multiple pas-
sages that may select for phenotypes that may not
necessarily represent the initial tumor population. Finally,
there is only one commercially available human osteoblast
line, which we used as a reference for our RT-PCR anal-
ysis. Nevertheless, the relative low expression of SI00A6
in this normal osteoblast line correlates with our previous
immunohistochemical analysis of osteosarcoma samples in
which the surrounding normal bone had minimal immu-
noreactivity [29]. Furthermore, this is a commonly used
line to represent human osteoblasts in the literature.

We established primary cultures from patient specimens
and examined these primary cultures as well as four
commercially available human osteosarcoma cell lines for
endogenous S100A6 expression. Relative to human oste-
oblasts the majority of our primary cultures and the
commercially available lines had increased S100A6
expression. There is little literature on SI00A6 and oste-
Nevertheless, our finding of increased
expression of SI00A6 is consistent with the findings by

osarcoma.
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Muramatsu et al. [32] who examined a number of human
tumors and found S100A6 expression was consistently
elevated in their few osteosarcoma samples. Similarly,
S100A6 is overexpressed in several other human tumors
such as melanoma, squamous cell carcinoma, malignant
fibrous histiocytoma (MFH), and carcinomas of the thy-
roid, breast, and colon [10, 19]. Among the commercially
available lines, we found different levels of S100A6
expression. In particular, we found a wide difference in
S100A6 expression in two highly tumorigenic lines, 143B
and MNNG/HOS. This difference may be due to how these
lines were derived. Both the 143B and MNNG/HOS cell
lines were transformed by k-ras and the MNNG mutagen,
respectively. The tumorigenicity of these two lines is most
likely reflective of the effects of the different transforming
agents. These two agents can alter the expression of a large
number of genes affecting multiple downstream pathways.
Therefore, these two agents may directly or indirectly alter
S100A6 expression at different magnitudes, which can
explain the different SI00A6 expression levels. Specifi-
cally, ras directly upregulates the expression of S100A6
[6]. Therefore, the relatively high expression of SI00A6 in
these cell lines may reflect the downstream effects of ras
transformation.

We found knockdown of S100A6 inhibited cell adhe-
sion and promoted cell motility and invasion. Cell
adhesion, cell motility, and invasion are important initial
steps in the metastatic cascade [16, 40, 43, 51]. Our find-
ings on the potential role of SI00A6 on cell adhesion and
cell motility are supported by other reports [14, 31] of the
interaction of S100A6 with the cytoskeleton. S100A6
interacts with the actin cytoskeleton through interactions
with tropomyosin and caldesmon [14, 31]. Dynamic
polymerization and depolymerization of the actin filament
system at the lamellipodium of a cell are critical for
migration [41]. Although it has yet to be investigated, the
interaction of SI00A6 with the actin microfilament in this
subcellular compartment may play a role in motility. Fur-
thermore, localization studies demonstrate S100A6 is
primarily localized on the plasma membrane and to some
extent on the nuclear membrane in a calcium-dependent
manner [44].

In addition to tropomyosin and caldesmon, S100A6 also
interacts with several members of the Annexin family,
including Annexin II [23], and the specific binding sites
have been mapped [45]. Annexin II is a membrane-asso-
ciated protein that regulates actin-associated protein
complexes and is important for membrane trafficking, cell
migration, and invasion [9, 11, 12]. Colocalization studies
demonstrate the S100A6-Annexin II complex is primarily
found on the cytoplasmic side of the plasma membrane [3].
Furthermore, Annexin II has been identified to localize to
the lamellipodia of migrating/invading cells where actin

@ Springer

polymerization is enriched [l]. Interestingly, increased
Annexin II expression has been correlated with decreased
metastasis in patients with osteosarcoma [13]. Specifically,
patient samples derived from resected pulmonary meta-
static nodules had decreased Annexin II expression
compared with primary osteosarcoma tumors. When
Annexin II was overexpressed in osteosarcoma cells, there
was a decrease in metastasis in an experimental metastasis
(eg, tail vein injection) mouse model [13]. These results are
similar to our findings with SI00A6. Taken together, our
data as well as others support the hypothesis that interac-
tions between S100A6 and the actin microfilament system
through actin-associated proteins may regulate cell adhe-
sion and migration.

Our data suggest increased S100A6 expression is a
common event in human osteosarcoma. Furthermore,
overexpression of S100A6 in osteosarcoma cells in vitro
enhances cell adhesion and decreases invasion, whereas
knockdown of endogenous S100A6 inhibits cell adhesion.
Similarly, knockdown of endogenous S100A6 promotes cell
motility and invasion. Taken together, these findings suggest
S100A6 may play an important role in osteosarcoma
metastasis and may be considered a prognostic marker.

Acknowledgments We thank Drs. Michael A. Simon, Terrance D.
Peabody, and Rex C. Haydon for supplying the patient samples. We
also would like to thank Dezhang Huo from The University of Chi-
cago Health Studies Department for assistance with the statistical
analysis.

References

1. Babbin BA, Parkos CA, Mandell KJ, Winfree LM, Laur O, I-
vanov Al Nusrat A. Annexin 2 regulates intestinal epithelial cell
spreading and wound closure through Rho-related signaling. Am J
Pathol. 2007;170:951-966.

2. Barrett AW, Scully C. S100 protein in oral biology and pathol-
ogy. J Oral Pathol Med. 1994;23:433-440.

3. Barwise JL, Walker JH. Annexins II, IV, V and VI relocate in
response to rises in intracellular calcium in human foreskin
fibroblasts. J Cell Sci. 1996;109 (Pt 1):247-255.

4. Ben-Izhak O, Stark P, Levy R, Bergman R, Lichtig C. Epithelial
markers in malignant melanoma. A study of primary lesions and
their metastases. Am J Dermatopathol. 1994;16:241-246.

5. Breen EC, Tang K. Calcyclin (S100A6) regulates pulmonary
fibroblast proliferation, morphology, and cytoskeletal organiza-
tion in vitro. J Cell Biochem. 2003;88:848-854.

6. Chambers AF, Tuck AB. Ras-responsive genes and tumor
metastasis. Crit Rev Oncog. 1993;4:95-114.

7. El-Rifai W, Moskaluk CA, Abdrabbo MK, Harper J, Yoshida C,
Riggins GJ, Frierson HF Jr, Powell SM. Gastric cancers
overexpress S100A calcium-binding proteins. Cancer Res.
2002;62:6823-6826.

8. Feugeas O, Guriec N, Babin-Boilletot A, Marcellin L, Simon P,
Babin S, Thyss A, Hofman P, Terrier P, Kalifa C, Brunat-
Mentigny M, Patricot LM, Oberling F. Loss of heterozygosity of
the RB gene is a poor prognostic factor in patients with osteo-
sarcoma. J Clin Oncol. 1996;14:467-472.



Volume 466, Number 9, September 2008 S100A6 in Osteosarcoma 2069
9. Filipenko NR, Waisman DM. The C terminus of annexin II target sites for RNAi-mediated gene silencing. Gene.
mediates binding to F-actin. J Biol Chem. 2001;276:5310-5315. 2007;395:160-169.
10. Fullen DR, Reed JA, Finnerty B, McNutt NS. SI00A6 expression 28. Luu HH, Kang Q, Park JK, Si W, Luo Q, Jiang W, Yin H,
in fibrohistiocytic lesions. J Cutan Pathol. 2001;28:229-234. Montag AG, Simon MA, Peabody TD, Haydon RC, Rinker-
11. Gerke V, Moss SE. Annexins and membrane dynamics. Biochim Schaeffer CW, He TC. An orthotopic model of human osteo-
Biophys Acta. 1997;1357:129-154. sarcoma growth and spontaneous pulmonary metastasis. Clin Exp
12. Gerke V, Moss SE. Annexins: from structure to function. Physiol Metastasis. 2005;22:319-329.
Rev. 2002;82:331-371. 29. Luu HH, Zhou L, Haydon RC, Deyrup AT, Montag AG, Huo D,
13. Gillette JM, Chan DC, Nielsen-Preiss SM. Annexin 2 expression Heck R, Heizmann CW, Peabody TD, Simon MA, He TC.
is reduced in human osteosarcoma metastases. J Cell Biochem. Increased expression of S100A6 is associated with decreased
2004;92:820-832. metastasis and inhibition of cell migration and anchorage inde-
14. Golitsina NL, Kordowska J, Wang CL, Lehrer SS. Ca2+- pendent growth in human osteosarcoma. Cancer Lett.
dependent binding of calcyclin to muscle tropomyosin. Biochem 2005;229:135-148.
Biophys Res Commun. 1996;220:360-365. 30. Maelandsmo GM, Florenes VA, Mellingsaeter T, Hovig E,
15. Gorlick R, Anderson P, Andrulis I, Arndt C, Beardsley GP, Kerbel RS, Fodstad O. Differential expression patterns of
Bernstein M, Bridge J, Cheung NK, Dome JS, Ebb D, Gardner T, S100A2, S100A4 and S100A6 during progression of human
Gebhardt M, Grier H, Hansen M, Healey J, Helman L, Hock J, malignant melanoma. Int J Cancer. 1997;74:464-469.
Houghton J, Houghton P, Huvos A, Khanna C, Kieran M, 31. Mani RS, McCubbin WD, Kay CM. Calcium-dependent regula-
Kleinerman E, Ladanyi M, Lau C, Malkin D, Marina N, Meltzer tion of caldesmon by an 11-kDa smooth muscle calcium-binding
P, Meyers P, Schofield D, Schwartz C, Smith MA, Toretsky J, protein, caltropin. Biochemistry. 1992;31:11896-11901.
Tsokos M, Wexler L, Wigginton J, Withrow S, Schoenfeldt M, 32. Muramatsu Y, Kamegai A, Shiba T, Shrestha P, Takai Y, Mori
Anderson B. Biology of childhood osteogenic sarcoma and M, Ilg E, Schafer BW, Heizmann C. Histochemical characteris-
potential targets for therapeutic development: meeting summary. tics of calcium binding S100 proteins and bone morphogenetic
Clin Cancer Res. 2003;9:5442-5453. proteins in chondro-osseous tumors. Oncology Reports. 1997:49—
16. Hajra KM, Fearon ER. Cadherin and catenin alterations in human 53.
cancer. Genes Chromosomes Cancer. 2002;34:255-268. 33. Murphey MD, Robbin MR, McRae GA, Flemming DJ, Temple
17. He TC, Zhou S, da Costa LT, Yu J, Kinzler KW, Vogelstein B. A HT, Kransdorf MJ. The many faces of osteosarcoma. Radio-
simplified system for generating recombinant adenoviruses. Proc graphics. 1997;17:1205-1231.
Natl Acad Sci USA. 1998;95:2509-2514. 34. Ninomiya I, Ohta T, Fushida S, Endo Y, Hashimoto T, Yagi M,
18. Holt GE, Schwartz HS, Caldwell RL. Proteomic profiling in Fujimura T, Nishimura G, Tani T, Shimizu K, Yonemura Y,
musculoskeletal oncology by MALDI mass spectrometry. Clin Heizmann CW, Schafer BW, Sasaki T, Miwa K. Increased
Orthop Relat Res. 2006;450:105-110. expression of S100A4 and its prognostic significance in esopha-
19. Ilg EC, Schafer BW, Heizmann CW. Expression pattern of S100 geal squamous cell carcinoma. Int J Oncol. 2001;18:715-720.
calcium-binding proteins in human tumors. Int J Cancer. 1996; 35. Oliver MH, Harrison NK, Bishop JE, Cole PJ, Laurent GJ. A
68:325-332. rapid and convenient assay for counting cells cultured in micro-
20. Kaste SC, Pratt CB, Cain AM, Jones-Wallace DJ, Rao BN. well plates: application for assessment of growth factors. J Cell
Metastases detected at the time of diagnosis of primary pediatric Sci. 1989;92 (Pt 3):513-518.
extremity osteosarcoma at diagnosis: imaging features. Cancer. 36. Pakos EE, Kyzas PA, Ioannidis JP. Prognostic significance of
1999;86:1602-1608. TP53 tumor suppressor gene expression and mutations in human
21. Kimura K, Endo Y, Yonemura Y, Heizmann CW, Schafer BW, osteosarcoma: a meta-analysis. Clin Cancer Res. 2004;10:6208—
Watanabe Y, Sasaki T. Clinical significance of S100A4 and 6214.
E-cadherin-related adhesion molecules in non-small cell lung 37. Pawlak G, Helfman DM. Cytoskeletal changes in cell transfor-
cancer. Int J Oncol. 2000;16:1125-1131. mation and tumorigenesis. Curr Opin Genet Dev. 2001;11:41-47.
22. Lauriola L, Michetti F, Maggiano N, Galli J, Cadoni G, Schafer 38. Pedersen KB, Nesland JM, Fodstad O, Maelandsmo GM.
BW, Heizmann CW, Ranelletti FO. Prognostic significance of the Expression of S100A4, E-cadherin, alpha- and beta-catenin in
Ca(2+) binding protein S100A2 in laryngeal squamous-cell breast cancer biopsies. Br J Cancer. 2002;87:1281-1286.
carcinoma. Int J Cancer. 2000;89:345-349. 39. Sandberg AA, Bridge JA. Updates on the cytogenetics and
23. Lesniak W, Filipek A. Ca2-+-dependent interaction of calcyclin molecular genetics of bone and soft tissue tumors: osteosarcoma
with membrane. Biochem Biophys Res Commun. 1996;220:269— and related tumors. Cancer Genet Cytogenet. 2003;145:1-30.
273. 40. Skubitz AP. Adhesion molecules. Cancer Treat Res. 2002;107:
24. Link MP, Goorin AM, Miser AW, Green AA, Pratt CB, Belasco 305-329.
JB, Pritchard J, Malpas JS, Baker AR, Kirkpatrick JA, et al. The 41. Small JV, Resch GP. The comings and goings of actin: coupling
effect of adjuvant chemotherapy on relapse-free survival in protrusion and retraction in cell motility. Curr Opin Cell Biol.
patients with osteosarcoma of the extremity. N Engl J Med. 2005;17:517-523.
1986;314:1600-1606. 42. Spiechowicz M, Zylicz A, Bieganowski P, Kuznicki J, Filipek
25. Liu D, Rudland PS, Sibson DR, Platt-Higgins A, Barraclough R. A. Hsp70 is a new target of Sgtl-an interaction modulated
Expression of calcium-binding protein SI00A2 in breast lesions. by S100A6. Biochem Biophys Res Commun. 2007;357:1148-
Br J Cancer. 2000;83:1473-1479. 1153.
26. Luo Q, Kang Q, Si W, Jiang W, Park JK, Peng Y, Li X, Luu HH, 43. Steeg PS. Cancer biology: emissaries set up new sites. Nature.
Luo J, Montag AG, Haydon RC, He TC. Connective tissue 2005;438:750-751.
growth factor (CTGF) is regulated by Wnt and bone morphoge- 44. Stradal TB, Gimona M. Ca(2+)-dependent association of
netic proteins signaling in osteoblast differentiation of S100A6 (Calcyclin) with the plasma membrane and the nuclear
mesenchymal stem cells. J Biol Chem. 2004;279:55958-55968. envelope. J Biol Chem. 1999;274:31593-31596.
27. Luo Q, Kang Q, Song WX, Luu HH, Luo X, An N, Luo J, Deng 45. Sudo T, Hidaka H. Regulation of calcyclin (S100A6) binding by

ZL, Jiang W, Yin H, Chen J, Sharff KA, Tang N, Bennett E,
Haydon RC, He TC. Selection and validation of optimal siRNA

alternative splicing in the N-terminal regulatory domain of
annexin XI isoforms. J Biol Chem. 1998;273:6351-6357.

@ Springer



2070

Luo et al.

Clinical Orthopaedics and Related Research

46.

47.

48.

49.

Takenaga K. Suppression of metastasis-associated S100A4 gene
expression by gamma- interferon in human colon adenocarci-
noma cells. Br J Cancer. 1999;80:127-132.

Ward WG, Mikaelian K, Dorey F, Mirra JM, Sassoon A, Holmes
EC, Eilber FR, Eckardt JJ. Pulmonary metastases of stage 1IB
extremity osteosarcoma and subsequent pulmonary metastases.
J Clin Oncol. 1994;12:1849-1858.

Whelan JS. Osteosarcoma. Eur J Cancer. 1997;33:1611-1618;
discussion 1618-1619.

Yokoyama R, Schneider-Stock R, Radig K, Wex T, Roessner A.
Clinicopathologic implications of MDM2, p53 and K-ras gene

@ Springer

50.

S1.

alterations in osteosarcomas: MDM?2 amplification and p53
mutations found in progressive tumors. Pathol Res Pract.
1998;194:615-621.

Yonemoto T, Tatezaki S, Ishii T, Satoh T, Kimura H,
Iwai N. Prognosis of osteosarcoma with pulmonary metas-
tases at initial presentation is not dismal. Clin Orthop. 1998:
194-199.

Yoshida BA, Sokoloff MM, Welch DR, Rinker-Schaeffer
CW. Metastasis-suppressor genes: a review and perspective
on an emerging field. J Natl Cancer Inst. 2000;92:1717-
1730.



	S100A6 Expression and Function in Human Osteosarcoma
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


