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Abstract

While most osteosarcoma patients have metastatic or micrometastatic lesions, less than 15% of them have clinically detectable
metastatic diseases at presentation. To identify potential markers that may predict osteosarcoma metastasis, we analyzed the
expression of ST00A6 in 50 osteosarcoma cases and found that 84% of the analyzed specimens stained positive for SI00A6. There is
atrend towards decreased clinically evident metastasis with increased S100A6 staining. Overexpression of SI00A6 in osteosarcoma
cells decreases cell motility and anchorage independent growth on collagen gels. Our findings provide evidence that, while SI00A6
is commonly overexpressed in human osteosarcoma, loss of its expression correlates with a metastatic phenotype.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Osteosarcoma is the most common primary
malignancy of bone, with a peak incidence in the
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80% of osteosarcoma patients have micrometastatic
or clinically detectable metastatic disease [5,6].
However, current radiographic imaging modalities
are only able to detect approximately 8-15% of the
patients [7,8]. One of the challenges in the manage-
ment of patients with osteosarcoma is to identify the
20% of patients who do not have micrometastatic
disease at diagnosis. The ability to identify these
patients at initial presentation could alter the treat-
ment protocols such as chemotherapy [9].

The genetic events that lead to the development of
osteosarcoma are not known [10-12]. Understanding
of this process may identify potential markers for
osteosarcoma. To this end, amplifications and/or
rearrangements of the region 1q21-1g22 have been
observed in human bone and soft tissue sarcomas
[10,11,13-15]. A cluster of at least 16 types of S100
genes is located on 1q21. The S100 protein family
constitutes a group of nearly 20 proteins that contain
well-conserved EF-hand calcium binding domains
[16-20]. The first member of this protein family was
isolated from bovine brain tissue and was called
bovine brain S100 protein because of its solubility in a
100% saturated solution of ammonium sulfate [21].
The S100 proteins, with molecular weights between 9
and 14 kDa, have been shown to interact with
transcriptional factors and may be involved in the
regulation of protein phosphorylation, calcium
homeostasis, cell proliferation, and differentiation
[16,18,19]. S100 proteins have also been shown to
interact with the cytoskeleton and may thereby
influence cell motility [18,19,22-26].

Several S100 proteins have been associated with
human cancers. Expression of SI00A2 is decreased in
human breast and laryngeal carcinomas and mela-
noma, but increased in gastric cancer [27-30].
S100A4 is highly expressed in advanced colon,
breast, esophageal, and nonsmall cell lung cancers,
while S100A7 is highly expressed in gastric cancer
[30-34]. Furthermore, several S100 proteins are used
clinically as immunohistochemical markers to ident-
ify and classify multiple tumors, including neuro-
endocrine tumors, thyroid carcinoma, melanoma,
renal carcinoma, teratomas, Langerhans histiocytosis,
pheochromocytoma, and cartilage forming tumors
[35-37]. In addition, SI00A4 has been shown to
upregulate matrix metalloproteinase-2 in osteosar-
coma to confer a more metastatic phenotype [38].

As a part of an ongoing effort to understand the
roles of several members of the S100 protein family
in human osteosarcoma, we here report our findings
on S100A6. Like other members of its family,
S100A6 (a.k.a., calcylin) is over-expressed in
several human tumors, including human melanoma,
squamous cell carcinoma, malignant fibrous histio-
cytoma (MFH), and carcinomas of the thyroid,
breast, and colon [36,39]. Taking into account the
reports of amplifications of 1g21-22 in human
osteosarcoma, the localization of S100 gene cluster
in that region, and the association of S100 proteins
with a number of human cancers, we hypothesized
that SI00A6 would be involved in the pathogenesis
of osteosarcoma. Our findings indicate that S100A6
is expressed in the vast majority of human
osteosarcoma, and that increased S100A6 expression
correlates with a lower occurrence of metastatic
disease. Overexpression of SIO0A6 inhibits the cell
migration and anchorage-independent growth of
human osteosarcoma cells, suggesting that SI00A6
may play a role in regulating osteosarcoma
metastasis.

2. Materials and methods
2.1. Tissue culture and chemicals

HEK293 and human osteosarcoma lines 143B,
MNNG/HOS, and TE85 were purchased from ATCC
(Manassas, VA). HEK293 cells were maintained in
complete Dulbecco’s Modified Eagle’s Medium
(DMEM) containing 10% FCS (fetal calf serum,
HyClone, Logan, UT). MNNG/HOS, TES85 and 143B
lines were maintained in complete
Minimum Essential Medium Eagle (EMEM)
supplemented with 10% FCS, 2.0 mM L-glutamine
(Mediatech), 1X nonessential amino acids (Media-
tech), 1.0 mM sodium pyruvate (Mediatech) at 37 °C
in 5% CO,. Unless otherwise indicated, all chemicals
were purchased from Sigma (St Louis, MO) or Fisher
Scientific (Pittsburgh, PA).

2.2. Osteosarcoma samples and patients

The use of human tumor specimens followed the
guidelines approved by the Institutional Review
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Board of the University of Chicago. Fifty osteosar-
coma samples corresponding to 50 patients from pre-
chemotherapy biopsies or post-chemotherapy primary
resections/amputations were randomly selected and
diagnosis verified by a pathologist for our analysis.
Subsequent samples from the same patient (i.e.
recurrent lesions or duplicated samples) or specimens
that were not biopsies or primary resections were not
included. All biopsy specimens were never exposed to
chemotherapy while all primary resection samples
had been exposed to chemotherapy. Each of the
samples examined in our investigation is from a
different patient. The 50 samples represented a cross-
section of the different osteosarcoma histologic
subtypes and were obtained between 1987 and 1999.
The standard treatment regimen for these
patients included biopsy, followed by neo-adjuvant
chemotherapy, primary wide or radical resection/
amputations, and then an additional course of
chemotherapy. The chemotherapeutic agents used
evolved over the 12 years the samples were collected
and included combinations of methotrexate, doxor-
ubicin, ifosfamide/MESNA, carboplatin, and/or cis-
platin. Clinical data including survival and the
presence of metastatic disease at diagnosis and
follow-up were available for statistical analysis. In
26 of the 50 patients, the post-chemotherapy tumor
viability (range 0-95%) was also available for review.
In the remaining 24 patients, data on post-chemother-
apy tumor viability was unavailable. There were
inconsistent reports of the tumor margins and could
not be included in the analysis. The median follow-up
time was 84 months (range 30—168 months).

2.3. Immunohistochemical staining with
S100A6 antibody

Immunohistochemical staining was performed as
previously described [40]. Briefly, paraffin-embedded
sections were deparaffinized using xylene at room
temperature and then gradually rehydrated. Antigen
retrieval on the deparaffinized sections was performed
by immersing the samples in 0.1 M citrate buffer
(pH 6.0), boiling the samples in the microwave for
10 min, and then allowing the samples to cool to room
temperature. The samples were fixed in acetone.
Endogenous peroxidase activity was blocked by
immersing the samples in methanol containing 3%

hydrogen peroxide for 12 min. Next, the samples were
blocked in FCS for 20 min. The goat anti-human
recombinant S1I00A6 antibody, previously character-
ized by Ilg et al., was used at a 1:200 dilution in 4%
powdered skim milk [36], incubated for 1 h at room
temperature, washed in phosphate buffered saline
(PBS) three times for 2 min each, and then blocked
again with FCS for 15 min. The slides were incubated
in biotinylated anti-goat secondary antibody (Super
Sensitive Link, BioGenex, San Ramone, CA) at room
temperature for 20 min and then washed in PBS four
times for 5 min each. Streptavidin conjugated peroxi-
dase (Super Sensitive Label, BioGenex) was added
for 20 min. The samples were then washed in PBS for
20 min as described. To visualize the S100A6 protein,
a diamino-benzidine substrate (Vector Laboratories,
Burlingame, CA) was added for 20 min followed by
counterstaining with light green and mounting in
Permount (Fisher Scientific). Negative controls were
performed with goat IgG antibody (PIERCE, Rock-
ford, IL) and no primary antibody. Two investigators
(HHL and AGM) independently scored the slides for
the staining intensity and agreed on the staining scores
for all of the slides, as previously described [40,41].
Scoring of the slides was performed prior to the
collection of any patient information and therefore
was blinded to the clinical data. The staining score
was rated as O (no staining), 1+ (weak), 2+
(moderate), or 3+ (strong) based on the intensity of
the staining pattern. Staining score 0 was defined as no
staining visible. Staining score 1+ was defined as
light staining requiring high power (200 X) to identify
the staining pattern. Staining score 2+ was defined as
moderate staining requiring medium power (100X) to
identify the staining pattern. Staining score 3+ was
defined as dark staining visible on low power (40X).

2.4. Construction of SI00B, SI00A2, S100A4,
and S100A6 expression vectors

The cDNA coding regions corresponding to human
S100B, S100A2, S100A4, and S100A6 were PCR
amplified from human cDNA libraries with the
following oligonucleotides: for S100B, 5'-CTA GCT
AGC GAT GTC TGA GCT GGA GAA GGC-3' and
5'-CGC GGA TCC TCA CTC ATG TTC AAA GAA
C-3'; for S100A2, 5-CTA GCT AGC CAT GAT
GTG CAG TTC TCT GGA GC-3' and 5'-CGC GGA
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TCC TCA GGG TCG GTC TGG GCA GCC-3'; for
S100A4, 5'-CTA GCT AGC CAT GGC GTG CCC
TCT GGA GAA G-3' and 5'-CGC GGA TCC TCA
TTT CTT CCT GGG CTG CTT ATC-3'; for SI00A6,
5'-CTA GCT AGC CAT GGC ATG CCC CCT GGA
TC-3’ and 5'-CGC GGA TCC TCA GCC CTT GAG
GGC TTC ATT G-3'. Amplified fragments were
subcloned into a CMV-driven expression vector with
an N-terminal double HA tag, resulting in pHAHA-
S100B, pHAHA-S100A2, pHAHA-S100A4, and
pHAHA-S100A6. All PCR amplified fragments
were verified by DNA sequencing. Cloning and
construction details of the above vectors are available
upon request.

2.5. Construction of a recombinant adenoviral
vector expressing S100A6

The cDNA encoding human S100A6 was sub-
cloned into the pAdTrack-CMV vector, resulting in
pAdTrack-S100A6. Recombinant adenovirus expres-
sing S100A6 (i.e. AdS100A6) was generated as
previously described [42]. It is noteworthy that the
AdS100AG6 virus also expressed GFP allowing easy
detection of gene transduction efficiency upon
infection.

2.6. Cell transfections and Western blotting analysis

The experimental procedure was conducted as
described [43]. Subconfluent HEK293 cells were
transfected with S100 expression vectors using
LipofectAMINE (Invitrogen, Carlsbad, CA). At 24 h
after transfection, the cells were collected and lysed in
Laemmli sample buffer. Cleared total cell lysate
was denatured by boiling and loaded onto a
4-20% gradient or 8% SDS-polyacrylamide gel
(approx. 10 pg total proteins per lane). After
electrophoretic 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 1 h and probed with an anti-HA
antibody (Roche Molecular Biochemicals, Indiana-
polis, IN) or the anti-S100A6 antibody for 60 min,
followed by a 30-min incubation with an anti-mouse
or anti-goat IgG secondary antibody conjugated with

horseradish peroxidase (PIERCE). The presence of
S100A6 protein or HA-S100 proteins was detected by
using the SuperSignal West Pico Chemiluminescent
Substrate kit (Pierce) and recorded using the Kodak
440CF ImageStation.

2.7. Cell wounding assay

The experiments were carried out essentially as
described previously [44]. Subconfluent TES5,
MNNG/HOS, and 143B cells were plated into 12-
well tissue culture plates and allowed to attach with
complete media with 10% FCS for 3 h. Cells were
washed with serum free media and cultured with 0.0,
0.1, 0.5, or 1% FCS, and infected with either
AdS100A6 or AAGFP at a comparable titer. At 20 h
after infection, the monolayer of cells was wounded
using micropipet tips. Marks were created on the
plates using18-gauge needles as reference points for
serial imaging. Bright field and fluorescence images
of the exact field were taken at 0, 5, 10, 15, and 25 h
after wounding to document cell migration across the
wound. The results were repeated at least in two
batches of experiments.

2.8. Boyden chamber migration assay

Subconfluent TE8S5, MNNG/HOS, and 143B cells
were plated onto a T-25 flask and infected with
equivalent titers of either AdS100A6 or AdGFP for
20 h. The cells were harvested and washed with 0.1%
BSA serum free media. Pre-equilibrated media
containing 5% FCS as a chemoattractant was placed
into the bottom chamber of 6-well transwell unit
(Corning Costar, Corning, NY). 5% 10* cells were
place onto each upper chamber of the transwell unit
whose polycarbonate 8 um pore membrane was pre-
coated with 0.2 mg/ml of rat tail type I collagen (BD
Biosciences, Bedford, MA) overnight and washed in
PBS. The cells were allowed to migrate at 37 °C and
5% CO, for 4.5 h. The unattached cells were rinse off
with PBS and the membrane containing attached
cells were fixed in 10% formalin and washed with
PBS. The cells were stained with hematoxylin and
rinsed with water. Cells on the unmigrated side were
gently wiped off with a wet cotton tip applicator
and the membrane was rinsed with water.
The membranes containing the migrated cells were
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dried, and mounted onto slides with Permount. Six
random high power fields (hpf) per membrane were
counted for the number of migrate cells. The
experiments were repeated with 0.5% FCS as the
chemoattractant.

2.9. Collagen gel colony formation assay

Subconfluent TE8S5, MNNG/HOS, and 143B cells
were infected with either AAS100A6 or AAGFP at a
comparable titer. At 20 h after infection, the cells
were harvested and washed with serum free media.
The final concentration of the collagen gel was
1.69 mg/ml of rat tail type I collagen (BD Bios-
ciences), 0.8 X DMEM with 5% FCS, and 0.75%
NaHCOs. The bottom layer of the gel was poured and
allowed to solidify in a 12-well plate. The top layer
containing 8 X 10° cells in suspension per well was
poured and allowed to solidify. The 1X DMEM
containing 5% FCS overlaid the collagen gel to
prevent desiccation and the plates were wrapped with
plastic wrap. Colonies were allowed to form over 9
days in a 37 °C CO, incubator. The assays were done
in triplicate.

2.10. Biostatistical analysis

Statistical analyses were performed using STATA
version 7 (Stata Corporation, College Station, TX).
Kruskal-Wallis or Wilcoxon rank-sum test was used
to examine the relationship of S100A6 staining to
categorical variables including gender, stage, tumor
grade, histologic subtypes, and source of specimen,
and F-test was used to examine the relationship
between S100A6 staining and age. Spearman corre-
lation was used to examine the relationship between
S100A6 staining and tumor viability. To clarify the
association between metastasis and S100A6, we
conducted the analysis in two steps. First, Wilcoxon
rank-sum test and Fisher’s exact test were used to
examine the distribution of S100A6 staining score
according to the status of metastasis, ignoring time of
metastasis. Second, of patients who were metastasis-
free when their specimens were obtained, log-rank
test for trend was employed to compare time to
metastasis in different groups of S100A6 staining
scores, and the risk ratios of developing metastasis
were calculated using a Cox proportional hazards

model. The log-rank test for trend was used to
compare overall survival time by S100A6 staining
score, and a Cox proportional hazards model was used
to calculate risk ratios when controlling for the effects
of age.

3. Results
3.1. Specificity of the SI00A6 antibody

The S100A6 antibody used in this study has
been utilized in several earlier studies [36,45-47].
Nevertheless, we performed a Western blot
analysis under reducing conditions to verify the
specificity of the S100A6 antibody. Subconfluent
HEK293 cells were transfected with pHAHA-
S100A2, pHAHA-S100A4, pHAHA-S100A6, or
pHAHA-S100B. At 24 h after transfection, total
cell lysates were collected and tested for SI00A6
protein expression using the anti-S100A6 and anti-
HA antibodies. As shown in Fig. 1A, the
monomeric form of S100A6 was only detected
in the pHAHA-S100A6 transfected cells (Fig. 1A,
lane 3). Thus, the antibody is specific to S100A6
and does not cross-react to other S100 proteins
tested. Interestingly, the endogenous expression
level of S100A6 was almost undetectable in
HEK?293 cells. Fig. 1B shows that all the
transfectants express the HA-tagged proteins and
serves as loading controls.

3.2. Immunohistochemical analysis of SI00A6
expression in human osteosarcoma samples

Fifty specimens corresponding to 50 osteosar-
coma patients were evaluated. Immunohistochemical
analyses demonstrated that 84% of the specimens
(42 of 50) stained positively for SI00A6 while 16%
(8 of 50) did not exhibit detectable staining
(Table 1). Representative samples of specimens
with weak 1(+), moderate (2+), and strong (3+)
staining for S100A6 are shown in Fig. 1C-E,
respectively, with the corresponding goat IgG
controls and hematoxylin and eosin stain. The
distribution of S100A6 staining patterns was nuclear
(57%), cytoplasmic (26%), and both (17%), and did
not correlate with patient survival (P=0.72) or
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Fig. 1. SI00A6 antibody specificity and SI00A6 expression in osteosarcoma samples. (A and B) Specificity of the anti-human recombinant
S100A6 antibody was verified by Western blot analysis. Subconfluent HEK-293 cells were transfected with vectors expressing HA-tagged
S100A2, S100A4, S100A6, and S100B proteins. Cells were lysed and subjected to SDS-PAGE and Western blot analyses under reducing
conditions using the anti-S100A6 (A) and anti-HA (B) antibodies. The presence of monomeric SI00A6 and HA-tagged S100 proteins (indicated
by arrows) was visualized using the SuperSignal West Pico Chemiluminescent Substrate kit (PIERCE). (C—E) Immunohistochemical analysis
of S100A6 expression was performed in 50 human osteosarcoma samples. Each selected tumor was accompanied by hematoxylin—eosin (H&E)
staining to verify tumor histology. Representative cases with weak (1+), moderate (2+), and strong (3+) staining are shown (C-E,
respectively) with the corresponding H&E staining and IgG controls (see text for details).

metastatic disease (P=0.55). There were no stat-
istical differences in staining results for gender, age,
or grade (Table 1). Statistical analysis demonstrated
no significant difference in SI00A6 staining among
the histologic subtypes (Kruskal-Wallis test,
P=0.19). The S100A6 staining score was also
similar between pre- and post-chemotherapy speci-
mens (P=0.71), suggesting that SI00A6 expression
was not altered by chemotherapy. In addition, from
the 26 patients from whom there were data on post-
chemotherapy tumor viability, there was no signifi-
cant correlation between differences in tumor
viability and the expression level of S100A6
(Spearman correlation coefficient=—0.11,

P=0.59). This suggests that the relationship
between S100A6 expression and survival or metas-
tasis is not biased by post-chemotherapy tumor
viability.

3.3. Survival and the expression level of SI00A6

We next examined patient survival with respect
to S1I00A6 staining score in the 50 patients. At the
time of the latest follow-up, 29 of 50 patients had
died. The median follow-up time for the surviving
patients was 84 months. The median survival times
for patients with SI00A6 staining score of 0, 1, 2,
and 3 were 28, 47, 59, and 80 months, respectively
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Table 1

Summary of clinicopathological data and S100A6 immunohistochemical analyses on the human osteosarcoma specimens and patients

Total S100A6 (—), S100A6 (1+), S100A6 (2+), S100A6 (3+), P-value*
negative weak moderate strong
Total 50 8 (16%) 10 (20%) 14 (28%) 18 (36%) n/a
Gender
Male 29 3 6 10 10 0.61
Female 21 5 4 4 8
Mean age (SD) 32.7 (22.2) 28.1 (17.2) 35.8 (24.5) 34.8 (22.6) 31.5 (23.7) 0.90*
Grade
High 45 6 10 11 18 0.22
Moderate 1 1 0 0
Low 1 0 3 0
Enneking stage
1A 1 0 0 1 0 0.4
1B 3 1 0 2 0
JIV:N 1 0 0 0 1
1B 35 5 5 11 14
111 10 2 5 0 3
Chemotherapy
(—) Chemotherapy 23 2 6 0.71
(+) Chemotherapy 27 6 5 12
Histologic subtypes
Chondroblastic 13 2 5 3 3 0.19
Fibroblastic 16 2 1 4 9
Osteoblastic 15 4 3 4 4
Telangiectactic 5 0 1 3 1
Small cell 1 0 0 0 1

*Unless otherwise specified, P-values were calculated using Kruskal-Wallis test or Wilcoxon rank sum test.

& P-value from F test.

(Table 2). Since age may be a confounding factor
for survival and the range of ages in our group of
patients was between 7 and 76 years, we next
evaluated patient survival while adjusting for age.
In our 50 patients, a 10-year increase in age was
associated with a 21% increase in the risk of death
(P=0.017). This finding is most likely due to
confounding co-morbidity since 11 patients were
older than 60 years. After adjusting for the
potential confounding effects of age, the risk ratio

Table 2

(RR) for patients with staining scores of 2 or 3
relative to patients with staining scores of 0 or 1
was 0.50 (95% confidence interval, CI, 0.24-1.07;
P=0.074). Fig. 2A demonstrates the survival
curves for our patients with respect to S100A6
expression. When we adjusted for post-chemother-
apy tumor viability, the risk ratio was similar
(RR=0.58), suggesting that this survival trend was
not confounded by post-chemotherapy tumor viabi-
lity. Therefore, our results suggest a trend towards

Correlation between S100A6 immunohistochemical staining and the clinical development of metastases and patient survival (n=>50)

S100A6 (—), S100A6 (1+), S100A6 (2+), S100A6 (3+), P-value*
negative weak moderate strong
Metastasis (n=28) 6 8 7 7 0.025%
No metastasis (n=22) 2 2 7 11
Median survival (months) 28 47 59 80 0.10%

*P-value from Wilcoxon rank-sum.

? Age-adjusted P-value examining the trends toward decreased metastasis or increased survival with increased S100A6 staining scores.



142 H.H. Luu et al. / Cancer Letters 229 (2005) 135-148

100
A
2 754
©
2
<
3 50 S100A6 IHC Score: 2 & 3 (n = 32)
m L 11 1 11
I
B
[ ) . )
2 254
o S100A6 IHC Score: 0 & 1 (n = 18)
o -
T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 096 108 120 132 144 156 168 180
Time (Months)
100
B
R 754
[}}
[}
e S100A6 IHC Score: 2 & 3 (n = 32)
[}
")
.G 50 -
©
b
7]
[
bi]
g 254
S100A6 IHC Score: 0 & 1 (n = 18)
Q..
o 12 24 36 48 60 72 84 96 108 120 132 144 156
Time (Months)
1004
C
= 75 S100A6 IHC Score: 3 (n = 15)
@
2
|.|.. | S100A6 IHC Score: 2 (n=13)
g 50
© S100A6 IHC Score: 1 (n=5)
S
w
E e e
@ 25— S100A6 IHC Score: 0 (n =6)
=
0

T T T T T

0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time (Months)

Fig. 2. Biostatistical correlation of S100A6 expression level with survival and clinically evident metastasis (median follow-up: 84 months).
(A) Relationship between overall survival and level of SI00A6 expression (n=>50). Although there is a trend towards increased survival with
increased S100A6 score, this finding is only borderline statistically significant (age-adjusted P=0.074). (B) Relationship of clinically
detectable metastasis and SI00A6 expression (n=>50). There is a statistically significant trend towards increased metastasis with decreased
S100A6 expression (P=0.036). (C) To determine the risk of developing clinically evident metastases, we evaluated the relationship between
S100A6 expression and the development of metastasis in patients who were metastasis-free at diagnosis (n=39). There is a statistically
significant trend towards increased risk of metastasis with decreased SI00A6 expression (P=0.043).
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increased survival with increased S100A6

expression.

3.4. Osteosarcoma metastasis and the expression
level of SI00A6

We next analyzed the possible correlation between
S100A6 staining and metastasis status of our osteo-
sarcoma patients. As shown in Table 2, a total of
28 patients had metastases when the specimens were
taken or developed metastases during follow-up. The
remaining 22 patients had not developed metastases
after at least 32 months of follow-up. As the staining
score for SI00AG6 increased, the proportion of patients
with metastases decreased: 6/8, 8/10, 7/14, and 7/18
for staining scores of 0, 1, 2, and 3, respectively
(P=0.025). When the staining scores 0 and 1 were
combined to be defined as low S100A6 expressers and
staining scores 2 and 3 were combined to be defined as
high S100A6 expressers, again there is a significant
trend towards decreased metastasis with increased
S100A6 expression (P=0.036) (Fig. 2B). Next, we
examined the risk of developing metastases in patients
who did not have clinically detectable metastases at
diagnosis. In this group of 39 patients, 17 patients
developed clinical metastases during follow-up. As
the staining score for SI00A6 increased, the incidence
rate of these patients with metastases decreased: 38,
12, 7, and 5% per year for staining scores 0, 1, 2, and
3, respectively. This trend was statistically significant
(P=0.043) with a risk ratio of 0.65 (95% CI 0.42—
1.00) for each one-unit increment in the S100A6
staining score (Fig. 2C). Therefore, increased S100A6
expression appears to predict a decreased risk of
metastasis in patients who are metastasis-free at
diagnosis. In all of our metastasis analyses, the risk
ratio was nearly the same after controlling for post-
chemotherapy tumor viability (RR=0.71), age (RR=
0.65), or pre-chemotherapy versus post-chemotherapy
specimen (RR=0.63). Therefore, the relationship
between metastasis and S100A6 expression did not
appear to be confounded by these factors.

3.5. S100A6-mediated inhibition of cell migration
of osteosarcoma cells

Based on our findings on the relationship
between S100A6 expression and osteosarcoma

metastasis, we next proceeded to investigate the
functional role of S100A®6 in three osteosarcoma cell
lines (MNNG/HOS, TES8S5, and 143B) to elucidate
a mechanism by which S100A6 expression is
protective against metastatic disease. Adenovirus
containing the S100A6 tagged with the green
fluorescence protein (GPF) was generated using
our previously described AdEasy system [42].
Control GFP adenovirus was also generated.
Although the three osteosarcoma lines have some
detectable endogenous expression of S100A6 (data
not shown), we wanted to test the effects of SI00A6
overexpression on cell motility on a wound healing
assay. Specifically, subconfluent TE85, MNNG/
HOS, and 143B osteosarcoma cells were plated
onto a 12-well tissue culture plate and the cells were
infected with equal titers of either the AdS100A6 or
AdGFP control adenovirus for 20 h. Following the
infection, a scratch wound was created across the
monolayer and the cells washed with media to
remove the remaining viruses and any nonadherent
cells. Bright field and fluorescence images of the
same fields were taken at O, 5, 15, and 25h
to monitor the migration in closing the wound
(Fig. 3A). Bright field images at time points 0 and
25 h are shown as a reference. A mark on the plate
as indicated by the asterisk on the bright field
images (Fig. 3A) was created with an 18-gauge
needle to ensure that the same field was photo-
graphed at each time point. Based on the fluor-
escence and bright field images, nearly all the cells
were expressing our gene of interest. As shown in
Fig. 3A, the MNNG/HOS cells overexpressing
S100A6 demonstrated less migration compared to
the GFP controls. However, the cells infected
with the GFP controls were able to nearly
re-approximate the wound by 25h. As expected,
the expression of the S100A6 transgene increased
over time. The assay was repeated in lower serum
conditions (0.5% FCS and 0.1% FCS) as well as in
the TE85 and 143B cell lines with similar results
(data not shown).

To further test the role of SI00A6 on cell motility,
we next examined the effects of SI00A6 overexpres-
sion in a Boyden Chamber migration assay. Briefly,
143B osteosarcoma cells were infected with equal
titers of either the AdS100A6 or AdGFP control
viruses for 20 h. The cells were harvested, counted,
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Fig. 3. (A) Wound healing assay on osteosarcoma cells overexpressing SI00A6. MNNG/HOS cells were infected with either AdS100A6 or
control AAGFP for 20 h in media with 1% FCS. A scratch wound was created across the subconfluent monolayer of cells. Bright field and
fluorescence images of the exact field as referenced by a mark made on the plate (asterisk) were taken at 0, 5, 15, and 25 h to observe the
migration of the cells across the wound. The experiments were repeated using 0.1 and 0.5% FCS and in TE85 and 143B cells with similar
results. (B and C) Boyden Chamber migration assay. Subconfluent 143B cells were infected with AdS100A6 or control AAGFP adenovirus for
20 h and gene expression verified by fluorescence microscopy. A suspension of 5 X 10* infected cells in 0.1% BSA serum free media was placed
onto each upper chamber of the transwell unit whose membrane was previously coated with 0.2 mg/ml of rat tail type I collagen. The indicated
concentration of FCS was used as a chemoattractant. The cells were allowed to migrate for 4.5 h and the cells were fixed and stained with
hematoxylin. The unmigrated cells were removed and the membrane mounted. (B) Number of migrated cells per hpf for SI00A6 and GFP
expressing cells with the respective chemoattractant concentrations. (C) Representative fields of SI00A6 or GFP expressing cells that have
migrated across the membrane using 5% FCS as a chemoattractant. (D and E) Collagen gel colony formation assay. A suspension of 8 10°
infected cells was placed in each well containing a final concentration of 1.69 mg/ml of type I collagen and 0.8 X DME with 5% FCS. Colonies
were allowed to form over 9 days. (D) Number of colonies per high field for GFP and S100A6 expressing cells. (E) Representative photographs
of colonies formed by S100A6 and GFP expressing cells. The experiments were performed in triplicate.

and plated onto a transwell unit containing a collagen
I coated membrane with 8 um pores. Fetal calf serum
was used as a chemoattractant in the bottom chamber.
There was a nearly 2-fold decrease in cell migration
with SI00A6 overexpression compared to the GFP
controls (Fig. 3B). Representative high power fields of
the cell that have migrated across the membrane are
shown in Fig. 3C. The GFP control has more migrated
cells than the S100A6 overexpressing cells (Fig. 3C).
The experiments were repeated with a lower serum
condition (0.5% FCS) and demonstrated similar

results. The Boyden Chamber migration assays were
also performed on the MNNG/HOS and TES85
osteosarcoma cell lines but did not demonstrate a
difference that was statistically significant (data not
shown). Based on our findings on the wound healing
assays on all three cell lines, the inability to detect a
significant difference in the MNNG/HOS and TES8S5
lines may be a reflection of the stringency of the
Boyden Chamber migration assay. This is consistent
with the fact that 143B is the most aggressive
osteosarcoma line among the three lines [48,49].
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Nevertheless, these results from the migration assay
on the 143B cell line are consistent with the wound
healing assay.

3.6. S100A6-mediated inhibition of anchorage
independent growth of human osteosarcoma cells

Since our results from the wound healing and
Boyden Chamber migration assay suggest that
S100A6 may have role on cell adhesion and cell
motility, we wanted to examine the role of SI00A6 on
anchorage independent growth which is a culmination
of cell-cell adhesion and tumorigenicity. Osteosar-
coma cells overexpressing S100A6 were tested for
their ability to form colonies on a type I collagen gel.
Briefly, 143B osteosarcoma cells were infected with
equal titers of either the AdS100A6 or AAGFP control
virus for 20 h. The cells were harvested, counted, and
resuspended into a type I collagen gel. Colonies
readily formed in 9 days and photographs were taken
for colony counting. The assay was performed in
triplicate. As shown in Fig. 3D, there appears to be a
nearly 8-fold difference between the AJGFP and
AdS100A6 infected cells. Fig. 3E is representative
fields containing 143B cells infected with AAGFP and
AdS100AG6, respectively. Interestingly, the MNNG/
HOS and the TE85 osteosarcoma cell lines did not
readily form colonies when examined (data not
shown), which is consistent with the results from the
Boyden Chamber migration assay. In addition, a
tetrazolium MTS cell proliferation assay was
performed and did not show any difference in cell
proliferation with respect to SI00A6 expression in all
three osteosarcoma lines examined in this investi-
gation (data not shown). Nevertheless, SI00A6 over-
expression appears to inhibit anchorage independent
growth in a collagen gel in the 143B osteosarcoma
cell line.

4. Discussion

In this study, we have demonstrated that 84% of
the examined osteosarcoma specimens expressed
S100A6. Furthermore, increased expression of
S100A6 correlated with a significantly lower rate of
metastasis in our investigation. Survival analysis
suggests a trend towards increased survival with

increased expression of S100A6. Although the
survival trend is consistent with our findings on the
metastasis analysis, our survival analysis was
not statistically significant (adjusted P=0.074).
To further characterize the functional role of
S100A6 in human osteosarcoma, we overexpressed
S100A6 in three osteosarcoma lines (TES8S,
MNNG/HOS and 143B) and demonstrated that
S100A6 overexpression correlated with decreased
cell motility and anchorage independent growth.
However, S100A6 overexpression did not alter cell
proliferation as determined by MTS assays.

Our immunohistochemical findings are consistent
with the work by Muramatsu et al., who in a cross-
sectional analysis of SI00A6 expression in a variety
of tumors found that the three osteosarcoma speci-
mens analyzed demonstrated moderate to strong
staining for SI00A6 [45]. To our knowledge, our
study is the first report of SI00A6 expression in a
fairly large series of osteosarcoma specimens. Our
findings are also consistent with the findings by
Rehman et al. who examined S1I00A6 expression in
benign, premalignant, malignant, and metastatic
prostate tissues [50]. The authors noticed that
S100A6 was highly expressed in benign prostatic
epithelium but its expression was lost in matched
adenocarcinomas and metastatic lesions. In our series
of patients, decreased S100A6 expression correlated
with increase metastases. This is also consistent with
our in vitro assays in which increase S100A6
expression was associated with decreased motility
and decreased anchorage independent growth in a
type I collagen gel.

While little is known about the exact functional
role of S100AG6, it has been shown to interact with the
actin cytoskeleton via tropomysin [25,51]. The actin
microfilament system attaches to the adherens junc-
tions and is involved in cell contractility and adhesion
dependent signaling with the extracellular matrix
[52]. It is conceivable that through its interactions
with the actin microfilament system, S100A6 can
modulate cell adhesion, cell motility, and/or ancho-
rage independent growth. Interestingly, tropomysin
has been shown to suppress transformed phenotypes,
such as anchorage independent growth, in both ras and
src transformed cells [53-55]. Our findings on the role
of S100A6 on cell motility and anchorage indepen-
dent growth in osteosarcoma cells are consistent with
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these reports. Although the lineage of osteosarcoma
cells is uncertain, S1I00A6 is expressed in mature
osteoblasts and is upregulated upon exongenous
stimulation for osteoblastic differentiation [56,57].
Perhaps the loss of S100A6 expression may be
involved in the progression of human osteosarcoma
and is associated with an aggressive phenotype.

Interestingly, our results differ from those by
Komatsu et al. and Maelandsmo et al., who have
found that increased expression of S100A6 is
correlated with metastasis in colon cancer and
melanoma, respectively [27,46,58]. However, in a
subsequent study with patient-matched samples,
Komatsu et al. found SI00A6 expression in the
primary tumor, but there was no statistical difference
in S100A6 expression between the primary tumor and
the liver metastases [47]. In fact, the expression of
S100A6 was similar or even reduced in the majority
of the liver metastases compared to the primary tumor
when analyzed by immunohistochemistry, which
would be consistent with our results [47]. Never-
theless, our findings suggest that SI00A6 expression
is common in human osteosarcoma.

One of the limitations of our study is that we
included both pre- and post-chemotherapy specimens
as a result of the random selection of our specimens.
This would be especially relevant if S100A6
expression in osteosarcoma were affected by che-
motherapy. However, when we compared the pre-
sence or absence of chemotherapy with S100A6
expression, we did not see a statistical difference,
suggesting that ST00A6 expression was not altered by
chemotherapy. Furthermore, analysis of the available
tumor viability data suggests that neither the admin-
istration of chemotherapy nor the response to
chemotherapy affected the relationship between
S100A6 expression and metastasis or survival. In
addition, we were not able to detect a correlation
between tumor grade/stage and S100A6 expression as
would be expected. This is most likely attributed to
the fact that the vast majority of our specimens were
high grade with advanced stages, and therefore we
would require considerably more samples to be able to
detect a difference.

Although we see a trend towards increased survival
with increased S100A6 expression, this was not
statistically significant (age-adjusted P=0.074). The
inability to detect a significant difference may be due

to our sample size of 50 and/or may reflect our
improving ability to treat patient with metastatic
disease surgically and chemotherapeutically and
thereby improving patient survival. Interestingly,
the survival rate in our group of patients is lower
than expected. This is likely due to the fact that we
included samples from older patients as well as
samples from patients with advanced stages. Bielack
et al. report a 10-year survival of 41.6% in patients
older than 40 years [59]. In addition, 28/50 of our
patients had or developed metastatic disease.
Although the samples were randomly, this atypical
distribution may contribute to our lower survival rate.

Taken together, our results demonstrate that
S100A6 is highly expressed in human osteosarcoma
but increased S1I00A6 expression correlates with a
decreased rate of metastasis, cell motility, and
anchorage independent growth. These results suggest
that SIO0AG6 can be explored as a potential marker for
osteosarcoma as it pertains to metastatic disease since
the loss of its expression may be an unfavorable event.
As we understand more about the role of SI00A6 in
human osteosarcoma, its expression may help to
stratify a patient’s risk of future metastasis. This
knowledge could potentially alter the treatment
algorithm in these patients such as the need for post-
operative chemotherapy and thereby reduce the
wound and systemic complications associated with
chemotherapy. In this regard, S100A6 expression
could be considered a favorable outcome marker for
osteosarcoma patients.
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