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a b s t r a c t

Background: In a previously published in vitro study based on top-down proteomics we found that
the calcium-binding proteins S100A6 and S100A4 were affected by exposure to ionizing radiation in a
p53-dependent fashion. Both proteins showed post-translational modification changes, and S100A6 also
showed increased expression and translocation in response to irradiation. Aim of the present study was
to evaluate the expression of S100A6 and S100A4 in non-small-cell lung cancer (NSCLC).
Methods: S100A6 expression on archival tumor cell lysates from 39 patients with radically resected NSCLC
was assessed with SELDI-TOF-MS. S100A6 identity was confirmed using a SELDI-based antibody-capture
method on lysates from the A549 lung cancer cell line, cell lysates from two freshly prepared NSCLC
samples, four plasma samples and one pleural effusion sample. Immunostainings for S100A6, S100A4
and p53 were performed on tissue microarrays containing 103 stage I surgically resected NSCLC cases and
14 normal lung parenchyma specimens.
Results: The presence of post-translationally modified S100A6 forms was confirmed with SELDI-MS on
enriched tumor cell lysates, as well as in plasma and pleural effusion samples. In addition, high S100A6
peak intensity was associated with longer median survival (35 months vs. 18 months for high and low
peak intensity, respectively; p = n.s.). The immunohistochemical analysis showed that 25% of tumors were
S100A6 positive. S100A6 expression correlated directly with non-squamous histology (p < 0.0001) and
S100A4 expression (p = 0.005), and inversely with p53 expression (p = 0.01). S100A6-positive cases showed
a trend of longer survival compared with S100A6-negative cases (p = 0.07). This difference became signif-
icant when the analysis was restricted to p53-negative cases (n = 72). In this subgroup of patients, whose

tumors likely exhibit a functional p53, S100A6 was an independent prognostic factor of improved survival
at multivariate analysis (HR 0.49, 95% CI 0.27–0.81, p = 0.017).
Conclusions: In this study we have validated on clinical material our previous findings on cell lines in terms
of S100A6 expression and post-translational modifications pattern in NSCLC. Moreover, the survival results
obtained in p53-negative stage I NSCLC cases support the proposed pro-apoptotic function of S100A6 and

a cros

t
a

suggest the hypothesis of

. Introduction
Non-small-cell lung cancer (NSCLC) is the leading cause of
ancer-related deaths in the Western Countries [1]. Despite all pro-
resses made in the last decades to define the biology of this disease,
here is still an urgent need to discover and validate biomarkers
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s regulation between these two proteins.
© 2008 Elsevier Ireland Ltd. All rights reserved.

hat could be included in the elaboration of treatment algorithms
nd assist in therapeutic decisions. The choice to administer further
reatment after radical surgical resection in stage I NSCLC is one of
hose clinical situations where the availability of useful biomark-
rs for patient selection would be of high value. In this setting, in
act, the administration of adjuvant chemotherapy to unselected
opulation has lead to conflicting results [2].
S100A6 and S100A4, members of the S100 protein family, are
mall calcium-binding proteins that have previously been related
ith prognosis and risk of metastasis in several tumor types [3].
lthough the function of S100 proteins is still poorly understood,

he lack of a proper catalytic domain suggests that their activity is

http://www.sciencedirect.com/science/journal/01695002
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ainly mediated via protein–protein interaction. There are more
han 90 target proteins reported in the literature connecting S100
roteins to biological roles such as cytoskeleton rearrangement,
ellular mobility and metastasis, chemotaxis, cell cycle regulation,
rotein degradation control and transcription factor regulation [4].

We have recently shown that, in vitro, S100A6 and S100A4 are
p-regulated or altered by post-translational modifications (PTMs)

n connection with genotoxic stress caused by irradiation [5]. The
ovel PTM changes of S100A6 and S100A4 (cysteinylation and
lutathionylation), the subcellular relocalization of S100A6 after
rradiation and the dependency of these events upon p53 sta-
us, directed our interest to study the potential clinical impact of
hese proteins in lung cancer. Although several studies have been
ublished about the expression of S100A4 in lung cancer, to our
nowledge an extensive report on S100A6 in NSCLC is still missing.

The aims of the present study were first to determine whether
he post-translational modifications pattern of S100A4 and S100A6
etected on lung cancer cell lines could be assessed in clinical mate-
ial. Secondly, we aimed to study the p53 relation and possible
rognostic value of S100A6 and S100A4 in stage I NSCLC.

. Materials and methods

.1. Cell culturing and protein extraction

The lung cancer cell line A549 was cultured in Dulbecco’s
odified Eagle medium with 10% calf serum and 1% peni-

illin/streptomycin (Gibco, Grand Island, NY, USA). Twenty-four
ours after seeding, cells were harvested and then lysed using
epeated freeze–thaw cycles and soluble proteins were extracted
n a pH 7.5 lysis buffer including 0.1% Triton X-100, 1% CHAPS and
omplete mini EDTA free protease inhibitors (Roche Diagnostics,
annheim, Germany).
.2. Patients characteristics

In the present study two separate patient cohorts with early
tage NSCLC were included. No patients in either cohort received

K
l
i
b

able 1
mmunohistochemical expression of p53, S100A4 and S100A6 according to clinicopatholo

Number of patients p53 expression

Negative Positive p

ll cases 103 72 31

ge at surgery
Adults <70 years 60 41 19 0.
Elderly >70 years 43 31 12

ender
Male 63 41 22 0.
Female 40 31 9

urgery
Lobectomy 84 60 24 0.
Pulmonectomy–bilobectomy 12–7 12 7

ifferentiation
Well 22 19 3 0.
Moderate 39 30 9
Low 42 23 19

istology
Adenocarcinoma-BAC 33–18 42 9 0.
Squamous 52 30 22

-stage
T1 40 32 8 0.
T2 62 40 22

a S100A4 expression not evaluable in one case.
er 63 (2009) 410–417 411

eri-operative chemotherapy or radiotherapy. Follow-up data were
btained from the Swedish Cancer registry and from single patient
les. Patients were scored as events at the date of death for any
ause, or censored at the date of last follow-up.

Cohort I consisted of 39 patients (54% males, 46% females) with
SCLC who received curative surgery at Karolinska Hospital Solna
etween 1980 and 1992. Tumor cell suspensions were available
rom patients in this cohort. Cases were selected from a biobank of
5 samples on the basis of a diagnosis of lung adenocarcinoma or
quamous-cell carcinoma, and on a protein concentration in tumor
ell lysates >1 mg/ml (see below). Most of patients (n = 31) had
tage I disease. Median age at surgery was 65 years (range 39–84
ears). There were 33 events and 6 censored cases. Follow-up in
ll censored cases was longer than 11 years. Unfortunately, from
his patient cohort it was not possible to retrieve further tumor

aterial for confirmatory tests, in the form of formalin-fixed and
araffin-embedded or fresh frozen specimens. Tumor cell suspen-
ions remained the only available source material.

Cohort II consisted of 103 patients with pathological stage
NSCLC who received curative surgery defined as lobectomy,

ilobectomy or pneumonectomy. Patients were selected on the
asis of the availability of formalin-fixed and paraffin-embedded
umor tissue. Primary tumors were resected between 1987 and
992. Patient characteristics are listed in Table 1. Median age at
urgery was 68 years (range 41–82 years). For correlation analyses
nd survival analyses, patients were grouped according to age at
urgery in adults (<70 years, 60 patients) and elderly (>70 years, 43
atients). This cohort included 85 cases scored as events, and 18
ases scored as censored. Median follow-up of censored cases was
0.5 months (range 1–206 months). Two patients were excluded
rom survival analysis, but included in the correlation analyses for

arkers expression: one patient for post-operative mortality, one
atient for intra-lobar metastasis (T4).
The study was approved by the Institutional Review Boards at
arolinska Institutet and at Stockholm’s County Council. The col-

ection of this patient material was carried out before the law of
nformed consent referred to biological human material (law num-
er 1995:831) was implemented in Sweden on 1 July 1996.

gic characteristics of cases in cohort II

S100A4 expressiona S100A6 expression

Negative Positive p Negative Positive p

80 22 77 26

7 46 13 0.9 46 14 0.5
34 9 31 12

1 50 12 0.5 52 11 0.02
30 10 25 15

4 62 21 0.06 60 24 0.1
18 1 17 2

01 14 8 0.08 11 11 0.004
30 9 29 10
36 5 37 5

006 31 20 <0.0001 26 25 <0.0001
49 2 51 1

09 31 9 0.9 28 12 0.3
48 13 49 13
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.3. Preparation of surgical specimens for tumor proteome
rofiling

Tumor cell suspensions from patients in cohort I were obtained
irectly after surgical resection. Macroscopically distinguishable
umor tissue, without necrosis, was excised and minced in the
resence of collagenase IV and DNase I (Boehringer Mannheim,
annheim, Germany). Tumor material was gently passed through
stainless steel mesh into balanced salt solution (BSS) medium.
tumor cell-enriched suspension was obtained by centrifugation

60 × g, 5 min) and further fractionated on Percoll (Pharmacia, Mil-
on Keynes, UK) gradients (25 g, 5 min). Tumor cell-enriched pellets
ere frozen in liquid nitrogen until analysis.

The results obtained on this material were confirmed on two
SCLC samples freshly prepared after surgical resection with a
ethod modified from Forsberg et al. [6]. Briefly, fresh samples

rom a region pathologically confirmed to be highly representative
f tumor content were minced and filtered through a 70-�m cell
trainer (BD Biosciences, Bedford, MA, USA). Red blood cells were
emolyzed by incubating samples in hemolysis buffer (0.1 mM
DTA, 10 mM KHCO3, 154 mM NH4Cl) for 10 min. Samples were cen-
rifuged (200 × g, 10 min) and finally washed in phosphate buffer
olution and centrifuged (300 × g, 10 min) to obtain a tumor cell-
nriched pellet that was then frozen at −80 ◦C until analysis.

.4. Preparation of plasma and pleural effusion

Pleural effusion and peripheral venous blood were collected in
DTA-coated tubes and stored at +4 ◦C. Within 2 h of collection,
amples were centrifuged twice (1500 × g for 10 min and 3000 × g
or 10 min) to obtain filament- and cell-free plasma and pleural
ffusion. Samples were frozen at −80 ◦C until analysis.

.5. SELDI-TOF-MS analysis

Surface enhanced laser desorption/ionization (SELDI) mass
pectrometry analysis was used to determine S100A6 levels in
ell lysates from cultured cells and surgical specimens (cohort I)
nd on plasma and pleural effusion. Prior to analysis, cells were
ysed as described above and protein concentration was normal-
zed to 1.0 mg/ml. Mean protein concentration in cell lysates from
urgical specimens was 3.2 mg/ml (range 1.1–11.9 mg/ml). Samples
ere profiled using the ProteinChip® SELDI-TOF-MS system Pro-

ein Biology System IIC (PBSIIC) (Bio-Rad, Hercules, CA, USA). Each
ample was analyzed in duplicates on a reverse phase chip surface
H50, 15% acetonitrile). After incubation, washing and application
f matrix solution (sinapinic acid), the ProteinChip® arrays were
nalyzed and spectra collected in the 3–35 kDa range. Each spot
as analyzed twice with separate settings of laser intensity, detec-

or sensitivity and time lag focusing to allow optimal detection of
pectral regions between 3–10 kDa and 10–35 kDa. All spectra were
aseline corrected (using a peak width value of 8) and peak detec-
ion was performed using signal/noise value of 4 and valley depth
alue of 2 (first pass). The data analysis was performed using the
iphergen Express package software (Bio-Rad, Hercules, CA, USA).
he technical reproducibility of the quantitative analysis of proteins
evel obtained with SELDI-TOF-MS was tested applying two sam-
les in six replicates on ProteinChip® array surfaces. The average
oefficient of variation (CV) of peptide and protein peak intensity
as 15% (range 11–19%). Identification of S100A6 was confirmed

sing antibody capture, as described in [5]. Anti-S100A6 antibody
Sigma, Saint Louis, MO, USA) coupled to RS100 ProteinChip® (Bio-
ad, Hercules, CA, USA) was used to capture S100A6 protein from
umor cell lysates and body fluids. Anti-p21 antibody (St. Cruz
iotechnology Inc., Santa Cruz, CA, USA) was used as a negative

r
u
f
a
p

er 63 (2009) 410–417

ontrol. The S100A6 post-translational modification pattern seen
n MS-profile was confirmed using reduction of the cysteinylated
nd glutathionylated forms as described in [5].

.6. Tissue microarray construction

Tissue microarray (TMA) was constructed using a robotized
rrayer (ATA-27 automated arrayer, Beecher Instruments, Sun
rairie, WI, USA) as previously described [7]. Formalin-fixed
araffin-embedded tumors from patients in cohort II were used
s donor blocks. Core samples (0.6-mm diameter) were obtained
rom two different tumor-rich areas in donor blocks, selected from
he corresponding section stained with hematoxylin and eosin, and
ere arrayed in duplicates in the host block. From TMA, 4-�m sec-

ions were cut and adhered to the slide according to manufacturer
nstructions. The upper and lower sections obtained from the TMA

ere stained with hematoxylin and eosin to check the quality of
ample cores in terms of tumor and stromal representation.

A TMA with 14 samples of normal lung parenchyma was con-
tructed separately. Cores (1-mm diameter) from donor blocks
ere arrayed in duplicates in a host block using a manual arrayer

MTA-I, Beecher Instruments, Sun Prairie, WI, USA). Sections from
his TMA were stained to assess marker expression in normal lung
issue.

.7. Immunohistochemistry (IHC)

TMA slides were deparaffinized, rehydrated through graded
thanol to deionized water and pretreated with sodium citrate
uffer at pH 6 in microwave for 20 min for optimal antigen retrieval.
fter rinsing, the endogenous peroxidase activity was blocked by
ydrogen peroxide, 0.5% for 30 min. Sections were then rinsed and

ncubated with blocking serum (1% bovine serum albumin) for
0 min at room temperature and later incubated with a primary
ntibody overnight in humidity chamber at +8 ◦C. The following
rimary antibodies were used: a mouse monoclonal Ab anti-p53
DO-1) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted
:50, a rabbit monoclonal Ab anti-S100A4 (NeoMarkers, Fremont,
A, USA) diluted 1:100 and a mouse monoclonal Ab anti-S100A6
Sigma, Saint Louis, MO, USA) diluted 1:2000. As secondary anti-
odies, biotinylated horse anti-mouse or goat anti-rabbit IgG were
sed, diluted 1:200 (Vector Laboratories, CA, USA), for incuba-
ion for 30 min. After rinsing, sections were allowed to react for
nother 30 min with avidin–biotin–peroxidase complex. The per-
xidase reaction was developed using 3,3-diaminobenzidine for
min. Nuclear counterstaining was performed with Mayers hema-

oxylin. Tris buffered saline pH 7.4 was used for rinsing between
he steps. Negative controls were performed omitting the primary
ntibody. As positive controls, colon cancer and melanoma were
sed for p53 and S100A4, respectively. For S100A6, one lung cancer
pecimen known to express this protein was used.

.8. Evaluation of IHC staining and scoring system

Scoring of the TMA was performed by an experienced pathol-
gist, who was blind to clinical correlates and survival outcomes.
ach case was scored by combining the evaluation of four cores
rom two different TMA slides. Cases that were not successfully
valuated with TMA analysis were re-stained on an entire section
nd scored using the same scoring system. On the basis of previous

eports, immunoreactivity was scored as either positive or negative
sing a cut-off of 10% of nuclei for p53 [8] and a cut-off of 30% of cells
or S100A4 [9], independently on staining intensity. For S100A6 we
pplied a scoring system that has been developed and validated in
ancreatic cancer, the disease where this protein has been more
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xtensively studied [10]. The intensity of staining was graded as
ollows: grade 0 (negative), 1 (weak), 2 (moderate), and 3 (strong).
he immunoreactivity of the sample was determined by the per-
entage of positive cells: one point for <20%, two points for 20–50%,
nd three points for >50% of cells. The total score for each case was
btained as the product of intensity of staining and percentage of
ells stained. Negative or weakly positive cases had a score of 0–3,
oderately positive cases had a score of 4–6, and strongly positive

ases had a score of >6. S100A6 expression was then finally divided
nto two groups: negative cases (with a score ≤3) and positive cases
with a score ≥4).

.9. Statistical analyses

Statistical analyses were performed using the JMP software
.0.4 and the StatView software 5.0.1 (SAS Institute, Cary, NC,
SA). To determine the associations between diverse clinicopatho-

ogic variables and markers expression, the Fischer’s exact test
nd the chi-square test were used. Univariate survival analyses
ere calculated using the Kaplan–Meier method, and curves were

xamined using the log-rank test. To determine which factors had
n independent impact on survival multivariate analysis was per-
ormed using the Cox-s proportional hazard method. A p value <
.05 was considered statistically significant; all tests were two-
ided.

. Results

Based on our study on S100A6 levels and kinetics in lung can-
er cell lines [5], we pursued to determine the S100A6 expression
n NSCLC using retrospective tumor cell material. We used mass
pectrometry-based proteomics to assess S100A6 level and PTM
attern on tumor cell lysates from cohort I (n = 39). Additionally,
e determined the immunohistochemical expression of S100A6

n paraffin-embedded sections from cohort II (n = 103).

.1. S100A6 levels in cohort I

Cohort I included 39 early stage NSCLC patients with over 10
ears of follow up. In all cases an m/z peak at 10.2 kDa was detected
n the mass spectra. This peak corresponds to S100A6 (Fig. 1). The
ost-translational modification pattern of S100A6 (cysteinylated,
lutathionylated and non-modified S100A6), that we previously
eported in lung and colon cancer cell lines [5] could also be con-
rmed in this surgical material (Fig. 1a and b). The most represented
eak in the cluster, i.e., the peak with the highest intensity, corre-
ponded to the cysteinylated form of S100A6, and in the present
ohort had a median relative intensity of 51.4. Based on this value,
100A6 peak intensity was scored as low, if below or equal to
he median, or high, if above the median. Patients with a high
100A6 peak intensity had a survival advantage over patients with
low S100A6 peak intensity, with median survival times (MST) of
5 months vs. 18 months, respectively (p = n.s.). Median survival
ime in the entire cohort was 27 months. Tumor cells from this
atient cohort had been collected during several years and stored
ver a long period of time in liquid nitrogen. To verify the find-
ngs obtained in cohort I, we profiled a NSCLC cell line (A549)
nd two freshly collected lung cancer samples using an Ab-capture
ased SELDI-TOF-MS method. As shown in Fig. 1a–c, the post-

ranslational modifications pattern of S100A6 was similar between
he cell line, the samples in cohort I and the fresh lung cancer speci-

ens. Moreover, with the same method, we analyzed one sample of
alignant pleural effusion and plasma samples from two patients
ith advanced NSCLC and two healthy controls. Results are shown

3

p

ig. 1. SELDI-TOF-MS overlay spectra of S100A6 expression and post-translational
odifications pattern. A549 cell lysate (a). Archival enriched tumor cell lysates from

epresentative cases in cohort I (b). Enriched tumor cell lysates from freshly prepared
SCLC samples (c). Plasma and pleural effusion samples (d).

n Fig. 1d. To our knowledge, this is the first time that the presence
f S100A6 is detected in plasma and pleural effusion.
.2. S100A6 expression in cohort II

The mass spectrometry analysis of samples from cohort I dis-
layed a variable expression of S100A6, and suggested a potential
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Table 2
Correlation between markers expression

P53 expression S100A4 expression

Negative Positive p Negative Positive p

S100A6 expression
Negative 49 28 0.01 65 11 0.005
Positive 23 3 15 11
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100A4 expression
Negative 54 26 0.2
Positive 18 4

linical implication of this finding in correlation with patients’ sur-
ival.

To validate the role of S100A6 as a prognostic marker in lung
ancer and to detect possible correlations with p53 and S100A4
xpression we used IHC on TMA sections. This analysis was per-
ormed on a separate well-characterized patient cohort of 103 stage
NSCLC cases (cohort II).

Immunostaining of TMA sections with primary antibodies was
uccessful in the great majority of cases. p53, S100A4 and S100A6
ere not evaluable on TMA sections in 2, 11 and 5 cases, respec-

ively, that were instead evaluated and scored on entire histological
ections. In one case, due to lack of material, S100A4 expres-
ion was not evaluable. As expected, p53 was expressed only in
umor cells nuclei, and was positive in 31/103 cases. S100A4 and
100A6 expression was negative in all components of normal
ung and bronchial tissues i.e., type I and II alveolar cells, cili-
ted bronchial epithelium, peribronchial glands. In tumor tissues,
100A4 and S100A6 expression was mainly cytoplasmatic. Though
uclear expression could not be excluded, no cases with exclusive
uclear expression were observed. Cases scored as positive were
2/102 for S100A4 and 26/103 for S100A6.

The correlation between marker expression and diverse clinico-
athologic characteristics of patients is also shown in Table 1.

No statistically significant correlations were observed between
he expression of p53, S100A4 or S100A6 and either age at
urgery, kind of surgery or T-stage. As expected, p53 was sig-
ificantly more expressed in squamous-cell carcinomas and in
umors with poor differentiation. On the contrary, both S100A4
nd S100A6 were more expressed in non-squamous tumors (ade-
ocarcinomas and BACs) (Fig. 2). S100A6 was significantly more
xpressed in well differentiated tumors, and this, together with
he higher expression in non-squamous cases might explain the
elative higher prevalence of S100A6 positive cases in women
37.5%) compared to men (17.4%). More interesting was the relation-
hip observed between the immunostaining results of the diverse
arkers (Table 2). S100A6 expression correlated with both p53

xpression and S100A4 expression (p = 0.01 and p = 0.005, respec-
ively). S100A6 was significantly more expressed in p53-negative
ases (32%) compared with p53-positive cases (9%), but, on the con-
rary, it was found to be more expressed in S100A4-positive cases
50%) than in S100A4-negative cases (13.7%). Not confirming what
as been reported elsewhere [11], no correlation between S100A4
nd p53 expression was observed.

Survival analyses are shown in Fig. 3. MST in the overall patient
ohort was 65.5 months, with a 5-year survival rate of 53.2%. No
rognostic impact was shown for both p53 and S100A4 expression.
atients with a positive expression of S100A6 had a MST of 92.5
onths, while patients with a negative expression of S100A6 had

MST of 61.5 months. This difference did not reach statistically

ignificance (p = 0.07) (Fig. 3a). When selecting only p53-negative
ases (72 patients), patients with a positive S100A6 expression
ad a significant longer MST compared to patients with a negative
100A6 expression (112 months vs. 61.5 months, respectively; HR

a
a
e
6
S

ig. 2. Representative positive immunostainings for p53 (a), S100A4 (b) and S100A6
c).

.52, 95% CI 0.29–0.94; p = 0.02) (Fig. 3b). At multivariate analysis,
fter adjusting by T-stage, histology, grade of differentiation and
ind of surgery, age at surgery and S100A6 expression were sig-
ificant independent prognostic factors in p53-negative cases (HR
.47, 95% CI 0.27–0.81, p = 0.007 for age at surgery <70 years; HR
.49, 95% CI 0.27–0.81, p = 0.017 for S100A6 positive expression).

To further explore the possible prognostic impact of the co-
xpression of the two S100 proteins, the subset of patients with

positive S100A4 expression was further divided in two groups

ccording to S100A6 expression. MST in 11 patients whose tumors
xpressed both S100A4 and S100A6 was 132 months, compared to
3 months in 11 patients whose tumors were S100A4 positive but
100A6 negative (log-rank p = 0.01).
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might implicate a role of S100A4 in the metastatic phenotype of
ig. 3. Univariate survival analysis of stage I NSCLC patients from cohort II based on
ositive (dotted line) or negative (straight line) S100A6 expression. Whole patient
opulation (101 patients) (a). p53-negative cases (72 patients) (b).

. Discussion

In the present study we used a mass spectrometry-based
ethod to validate on clinical material our previous in vitro findings

btained on lung cancer cell lines. We demonstrated that the PTM
attern of S100A6 was consistent even in surgically resected NSCLC.
e also found that the relative intensity of the peak corresponding

o the cysteinylated form of S100A6 correlated with survival. How-
ver, we could not determine what would be the possible clinical
mplications of this PTM pattern, in terms of lung cancer specificity
r possible modifications after genotoxic stress, such as neoadju-
ant treatments.

Moreover, S100A6 was detectable in plasma from NSCLC
atients and healthy controls, as well as in pleural effusion from
ne patient with NSCLC. This latter finding, that to date has not
een previously reported, might support the potential extracellular
unction of S100A6 in the induction of apoptosis through the acti-
ation of the extrinsic pathway, as proposed in a recently published
n vitro study [12].

To study further the implications of the survival results obtained
n cohort I, we determined the immunohistochemical expression
f S100A6 in a distinct group of patients composed of 103 stage
NSCLC cases. S100A6 was significantly more expressed in non-
quamous tumors, and showed a significant direct and inverse
orrelation with the expression of S100A4 and p53, respectively.

n vitro we found that the increase in S100A6 levels and the PTM
attern changes after irradiation were dependent upon TP53 status,
oth expression and PTM changes being enhanced only in TP53 wt
ells and not in TP53−/− cells. The results from the present study
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upport this preclinical evidence, since the immunohistochemi-
al expression of p53 likely reflects the presence of a missense
ene mutation that leads to the nuclear accumulation of p53
13].

Finally, increased S100A6 expression indicated a beneficial trend
or survival in our patient population. This benefit turned indepen-
ently significant when analyzing only p53-negative cases. These
esults support the hypothesis of a possible role of p53 in regulating
100A6 cellular level and function in apoptosis [14] and cytoskele-
on rearrangement [15]. It is worth to be noted that in the present
atient cohort the immunohistochemical expression of p53 was
ot of prognostic importance. Although meta-analyses of retro-
pective data have found an overall negative prognostic impact of
53 expression in resected NSCLC [16], results from single inves-
igations are conflicting. For instance, if considering studies that
ncluded mainly stage I NSCLC cases, a positive correlation between
53 protein expression and worse overall survival was detected in
ome reports [17,18], but not confirmed in others [19,20]. Moreover,
he immunohistochemical detection of the nuclear presence of p53
lone might not provide full information about the functional sta-
us of the TP53-dependent pathways. In the present study, the lack
f correlation between p53 expression and patients’ survival may
ell depend upon sample size limitations, but it is also likely that

ther p53-independent pathways might have driven the biological
ehavior of these tumors.

This is the first time that the expression and prognostic role
f S100A6 have been specifically assessed in NSCLC. In relation to
tudies performed on other tumor forms, the evaluation of S100A6
ielded conflicting results. In pancreas [10,21,22], thyroid [23,24]
nd colorectal [25] cancers, S100A6 expression has been directly
orrelated with the neoplastic phenotype, being more expressed
n cancer than in normal tissues. Additionally, S100A6 expression
as reported to be a negative prognostic factor in pancreatic tumors

10], and in colorectal cancer it was more expressed in liver metas-
asis then in primary tumors [25]. Completely opposite results
ave been obtained in osteosarcoma [15] and cholesteatoma [26],
here increased S100A6 levels in tumor cells have been coupled
ith improved survival. Moreover, loss of S100A6 in tumors com-
ared to benign proliferative lesions has been observed for prostate
ancer [27] and melanoma [28]. Particularly interesting is how
pigenetic changes, namely promoter hypermethylation, would
own-regulate S100A6 during cancer progression [29]. Although
issue specific function may well vary from different tumor types,
n our study all normal lung specimens were negative for S100A6
taining, and only 25% of tumors were positive. An evaluation of
100A6 expression on premalignant lung lesions could help to clar-
fy whether this protein might in some way be involved in lung
arcinogenesis and cellular response to smoking-related damage.

In terms of S100A4, it has been studied as a mediator of invasion
nd metastasis, and more consistently correlated with poor progno-
is in various tumor types [30]. We failed to demonstrate a negative
rognostic role of S100A4 expression in NSCLC, as well as possible
orrelations with p53 status. This might depend on sample size
imitations. In previous reports the expression of S100A4 in NSCLC,
ssessed with IHC [9,11] or real-time PCR [31], was correlated with
oor survival. However, these studies included mainly, [9] if not
xclusively, [11,31] adenocarcinomas, and a subgroup survival anal-
sis on stage I node-negative cases was lacking. In our stage I
pecimens, S100A4 was expressed in 39% of non-squamous tumors,
lthough without any prognostic meaning (data not shown). This
SCLC at later stages, or histology specificity.
The survival differences that we observed in S100A4 positive

ases with different S100A6 expression suggest that in NSCLC
100A6 could act antagonistically to S100A4 and modulate its
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etastatic potential. Such functional regulation is further sup-
orted by the fact that several S100 proteins form heterodimers.
ne example of functional regulation through formation of S100-
eterodimers is S100A1 reduction of S100A4-induced motility and
rowth in soft agar and metastasis in vivo [32]. S100A1 by itself
id not reduce cell motility, invasion and formation of metastases
ut only reduced the effects of S100A4. It is tempting to speculate
similar function of S100A6 in interfering with S100A4 activities.

urthermore, since both S100A6 and S100A4 have shown to bind
ropomyosin [33,34] this binding could be competitive and have
ffects on S100A4-induced cell migration. However this needs to
e studied further.

Another member of the S100 family that has been previously
tudied in lung cancer is S100A2. The expression of this putative
umor suppressor gene, at either the mRNA or protein level, has
een assessed in several papers, with conflicting results [11,35–40].
he largest of these reports, which is a study with a similar
esign to the present paper, evaluated the immunohistochemi-
al expression of S100A2 on tumor samples from 113 patients
ith stage I NSCLC [39]. Although no correlation was observed

etween S100A2 expression and any tumor or patient charac-
eristics, S100A2-positive cases (70%) showed a worse prognosis
ompared with S100A2 negative cases (5-year survival rate of 38%
s. 72%, respectively, p < 0.001). An evaluation of S100A2 expression
as beyond the scope of this paper, since we lacked specific pre-

linical evidence supporting possible interactions between S100A2
nd S100A6.

The main limitations of the present study are the small sam-
le size and the lack of clinical information about progression-free
urvival and cancer specific survival. This sensibly decreases the
tatistical power to perform correlation analyses on multiple
iomarker expression. Moreover, although the decision to assess
he expression of S100A4 and S100A6 was based on our in vitro
tudy on lung cancer cell lines [5], other S100 proteins should also
e evaluated. Finally, we included in our analysis only p-stage I
atients due to the possible clinical implications of our findings in
he management of node-negative NSCLC. However, to speculate
n the potential role of S100A4 and S100A6 in the invasion process,
hese proteins should be assessed also in tumors at later stages,
ncluding nodal and distant metastases.

In conclusion, our study for the first time provides information
bout the PTM pattern of S100A6 in NSCLC tissue, the presence
f S100A6 in plasma and pleural effusion, and the possible prog-
ostic implications of S100A6 in stage I NSCLC in correlation with
53 expression. Altogether, this study further contributes to the
nderstanding of S100 proteins significance in lung tumors.
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