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Prognostic marker variate analysis, nuclear S100A4 was a negative predictor of metastasis-free (P = 0.006) and
Nuclear expression overall survival (P = 0.01), whereas cytoplasmic S100A4 was not associated with patient out-

come. In multivariate analysis, nuclear localisation was inversely associated with metasta-
sis-free (P =0.03) and overall survival (P =0.02). Interestingly, the prognostic impact was
largely confined to TNM stage II, and stage II patients with tumours expressing nuclear
S100A4 had a similar prognosis as stage III patients. In conclusion, nuclear expression of
S100A4 is a novel prognostic marker in colorectal cancer, and the prognostic value in
TNM stage II suggests that nuclear S100A4 could be used in the stratification of stage II
patients for adjuvant treatment.
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1. Introduction

Distant metastasis is the main cause of death in patients with
colorectal cancer. At present, clinical staging and histopathol-
ogical criteria are the only parameters in clinical use to strat-
ify patients according to the risk of developing metastatic
disease after curatively intended surgery. However, current
staging classifications are not able to accurately predict pa-
tient outcome,’ illustrating the considerable biological heter-
ogeneity of tumours within the separate disease stages.
Molecular markers could possibly account for this diversity,
and several prognostic factors have been identified.? Still,
none of these have so far been proven robust enough to be
incorporated into routine practice.?

Today, clinical and pathological staging is also the basis for
selection of patients for adjuvant treatment. Patients with
stage III disease generally profit from adjuvant chemotherapy
due to an increased risk of subsequent metastatic disease,
whereas adjuvant treatment in stage I and II has shown no
clear survival benefit.* A number of patients in these early
disease stages still develop metastases in distant organs.
Thus, there is a need for novel prognostic biomarkers to iden-
tify subgroups of patients that could benefit from adjuvant
treatment, but also to identify subsets with low probability
of treatment benefit that should be spared the toxic effects
of chemotherapy.

One potential prognostic factor is S100A4, a small, cal-
cium-binding protein belonging to the S100 protein family.”
S100A4 promotes metastasis in experimental animal models
from a number of tumour types, and is involved in several
steps of the metastatic cascade, including cell motility, inva-
sion and angiogenesis.®® The protein is localised in the nu-
cleus, cytoplasm and the extracellular space, and the
expression of S100A4 has been shown to predict patient out-
come in several tumour types.®**'* However, the prognostic
impact of nuclear S100A4 has so far not been assessed. In a
prospectively collected panel of tumour specimens from colo-
rectal cancer patients we have previously demonstrated that
nuclear expression of S100A4 correlated with tumour stage.?
In the present study, the association between S100A4 protein
expression and patient outcome in this patient cohort was
investigated.

2. Patients and methods

2.1. Patient cohort

Between September 1998 and July 2000, 316 patients from five
hospitals in the Oslo region were included in the study at the
time of primary surgery for assumed or verified colorectal
cancer.’® The study was approved by the Regional Ethics
Committee (#S-98080) and informed consent was obtained
from the patients. Seventy-four patients were excluded from
the present study for the following reasons: not invasive can-
cer (25), histology other than adenocarcinoma (5), distant
metastases at the time of surgery (34), inadequate surgical
margins (7), preoperative chemoradiotherapy (2) and un-
known stage of disease (1). The study population thus in-
cluded 242 patients in TNM stages I-III who had undergone
curative surgery, and paraffin sections were available from

237 of these patients. Follow-up data were obtained from con-
secutive reports from physicians at the participating hospi-
tals. Valid observations of the presence or absence of
distant metastases required radiological examination. For pa-
tients not attending scheduled controls, data were retrieved
from the patient records at the hospitals and by contacting
the patients’ general practitioners. In addition, survival data
were obtained from the National Registry of Norway and up-
dated by October 1st 2008. The cause of death was registered
and classified as death from colorectal cancer, death of other
causes or death of unknown cause. For overall survival,
median follow-up of patients still alive was 9.1 years (range
8.2-10.0). The primary tumour sections were re-evaluated
by the study pathologist (J.M.N.) to ensure consistent staging
and grading, and representative sections for each tumour

were identified for subsequent immunohistochemical
analysis.
2.2.  Immunohistochemistry

The immunohistochemical staining procedure has been de-
scribed previously.'? Briefly, sections of formalin-fixed, paraf-
fin-embedded tissue were immunostained using the biotin-
streptavidin-peroxidase method (Supersensitive Immunode-
tection System, LPO00-UL; Biogenex, San Ramon, CA, USA)
and the Optimax Plus Automated Cell Staining System
(Biogenex) using rabbit polyclonal anti-S100A4 antibody
(DAKO, Glostrup, Denmark). Negative controls included
replacement of the primary antibody with normal polyclonal
rabbit IgG of the same subclass and concentration and incu-
bation of sections with rabbit polyclonal anti-S100A4 anti-
body pre-absorbed with 100 pg/ml recombinant human
S100A4. Positive controls (sections from colorectal tumour
tissue known to express high amounts of S100A4) were in-
cluded in all series. Cytoplasmic and nuclear staining were
recorded as separate variables, and the number of S100A4-po-
sitive tumour cells was semi-quantitatively estimated and
graded from 0 to 5 (percentage of positive carcinoma cells
in parentheses): 0 (0%), 1 (1-4%), 2 (5-9%), 3 (10-14%), 4 (15—
49%), and 5 (>50%). For all statistical analyses, tumours in
grade 1-5 were grouped as positive. Classifying the borderline
positive tumours (1-4% positive tumour cells) as negative did
not significantly affect the survival analyses for cytoplasmic
S100A4.

2.3.  Statistical analysis

Associations between S100A4 staining and clinicopathologi-
cal variables were tested using two-tailed Fisher’s exact test
or linear-by-linear association chi-square test. Univariate sur-
vival analysis was performed according to the Kaplan-Meier
method, and survival was compared using the log rank test.
Multivariate analysis was conducted using the Cox propor-
tional hazards regression model with backward, stepwise
elimination of variables. Survival was measured from date
of surgery until death for overall and disease-specific survival,
and from date of surgery until diagnosis of distant metastasis
for metastasis-free survival. Data analysis was performed
using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). P-values
< 0.05 were considered statistically significant.
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3. Results

3.1. Patient characteristics and outcome

Clinical and histological parameters of the study cohort are
summarised in Table 1. Mean patient age at the time of
surgery was 73 years (range 35-98 years). Thirty patients in
TNM stage III (39%) and two patients in stage II (2%) received
adjuvant chemotherapy. Postoperative radiotherapy was

Table 1 - Expression of S100A4 and baseline clinicopatho-
ogical data of the study cohort.

Parameter Patients
Number Percent
Gender Female 110 45
Male 132 55
TNM stage I 53 22
II 112 46
111 77 32
pT 1 8 3
2 51 21
3 159 66
4 24 10
pN 0 165 68
1 51 21
2 26 11
Differentiation Well 7 3
Intermediate 208 86
Poor 27 11
Tumour localisation Colon 163 67
Rectum 79 33
Lymphocyte infiltration High 29 12
Intermediate 156 65
Low 54 23
ND 3
Vascular invasion Present 47 20
Absent 194 80
ND 1
Perineural invasion Present 19 8
Absent 222 92
ND 1
Perinodal growth?® Present 44 57
Absent 33 43
Cytoplasmic $100A4° 0 86 36
1 21 9
2 15 6
3 29 12
4 25 11
5 61 26
ND 5
Nuclear S100A4° 0 169 71
1 41 17
2 18 8
3 9 4
ND 5

ND = not determined.
@ Perinodal growth was assessed in node-positive patients only.
® Data from Flatmark et al.'?

administered in two cases. All patients included in this study
had undergone RO resections and did not have metastatic dis-
ease at the time of diagnosis. Outcome parameters are pre-
sented in Table 2. Fifty-seven patients developed distant
metastases during follow-up, 31 of which had colon cancer
and 26 had rectal cancer. A total of 53 colorectal cancer-
related deaths were registered, and 50 of these patients died
of metastatic disease, whereas 3 patients died of local
recurrence.

3.2. S100A4 protein expression and association with
clinicopathological parameters

The expression levels and subcellular distribution of the
S100A4 protein in this patient cohort have been described
previously.’ Of the 237 tumours analysed for the expression
of S100A4, 68 samples (29%) displayed nuclear staining, and
cytoplasmic staining was observed in 151 tumours (64%). Nu-
clear expression of S100A4 was associated with tumour stage
at diagnosis as previously reported.’® In addition, nuclear
staining was significantly associated with the presence of
lymph node metastasis (P =0.03), reflecting the association
with disease stage, and with perineural invasion (P =0.03;
Supplementary Table 1). Cytoplasmic expression of S100A4
was associated with vascular invasion (P=0.03), perinodal
growth (P=0.04) and tumour localisation in the rectum
(P = 0.04; Supplementary Table 1). No other significant associ-
ations between immunohistochemical staining for S100A4
and clinicopathological variables were observed.

3.3.  Association between clinicopathological parameters
and patient outcome

The prognostic significance of clinical and pathological vari-

ables was investigated by univariate analysis (Table 3). TNM
stage, T classification, nodal status, tumour-infiltrating

Table 2 — Outcome parameters of the study cohort.

Outcome parameter® Patients

Number Percent

Distant metastasis  Yes 57 24
No 185 76
Local recurrence® Yes 11 5
No 231 95
Death Yes 116 48
No 126 52
Cause of death Colorectal cancer 53 22
Other 34 14
Unknown 29 12
Location of Liver 35
metastases® Lungs 27
Other location 22

@ Presence or absence of outcome parameters was registered
during the follow-up period as explained in Section 2.

b Six patients had isolated local recurrence.

¢ Metastases in more than one location were diagnosed in 24
patients.
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Table 3 - Survival analyses of clinicopathological parameters and S100A4.

Univariate analysis (P-value, log rank test)

Multivariate Cox regression analysis®

Metastasis-free Disease-specific Overall P-value Hazard ratio 95% CI
survival survival survival
Gender NS NS NS NS
TNM stage <0.001 <0.001 NS 0.02
I
11 1.7 0.6-4.4
111 3.1 1.2-7.7
pT 0.05 0.04 NS
pN <0.001 <0.001 0.001
Differentiation NS NS NS 0.05
Well
Intermediate 0.9 0.1-7.1
Poor 2.7 0.3-22.6
Tumour localisation 0.01 NS NS 0.01
Colon
Rectum 2.2 1.2-4.0
Lymphocyte infiltration 0.009 0.006 NS 0.04
High
Intermediate 2.7 0.6-11.4
Low 4.7 1.1-20.5
Vascular invasion 0.02 NS NS NS
Perineural invasion NS 0.03 NS NS
Perinodal growth® NS NS NS
S100A4C NS NS NS NS
S100A4N 0.006 0.01 0.01 0.03
0
1-3 1.8 1.0-3.2

NS = not significant.
@ Perinodal growth was assessed in node-positive patients only.

b Stepwise Cox regression analysis is shown for metastasis-free survival.

lymphocytes, vascular invasion and tumour localisation were
associated with the development of metastatic disease. Pa-
tients whose tumours were localised in the colon generally
had a better prognosis than patients with rectal tumours
(P =0.01), whereas there were no significant differences be-
tween tumours in the right and left colon (data not shown).
The presence of perinodal growth was of course tightly asso-
ciated with nodal status, but did not contribute any additional
prognostic information in the subset of node-positive pa-
tients. In accordance with the data for metastasis-free sur-
vival, TNM stage, T classification, nodal status and
lymphocyte infiltration were associated with disease-specific
survival, whereas vascular invasion (P=0.06) and tumour
localisation (P = 0.06) did not reach statistical significance. No-
dal status was the only standard clinicopathological parame-
ter associated with overall survival, whereas a trend was
observed for TNM stage (P = 0.05).

3.4.  Association between S100A4 expression and patient
outcome

The expression of nuclear S100A4 (S100A4N) was strongly
associated with patient outcome (Table 3 and Fig. 1). Patients
with S100A4N-positive tumours had a 5-year metastasis-free
survival rate of 53%, compared with 76% for patients with

S100A4N-negative tumours, and the 8-year overall survival
rate was 47% and 61%, respectively. Cytoplasmic S100A4
expression was, however, not associated with prognosis in
this patient cohort (Table 3 and Fig. 1). To determine if the
relationship between S100A4 expression and patient outcome
was independent of other clinical and pathological parame-
ters, multivariate Cox regression analysis was performed.
Variables included in the multivariate analysis were
S100A4N, S100A4C, age, gender, TNM stage, differentiation,
tumour localisation, lymphocyte infiltration, vascular inva-
sion and perineural invasion. Interestingly, S100A4N was
independently and significantly associated with metastasis-
free survival (Table 3). SI00A4N was also an independent
prognostic factor for disease-specific survival (P = 0.01; hazard
ratio 2.3; 95% confidence interval (CI) 1.2-4.4; data not shown)
and overall survival (P = 0.02; hazard ratio 1.6; 95% CI 1.1-2.4;
data not shown).

3.5.
stage II

Prognostic impact of S100A4 expression in TNM

To investigate if S100A4 expression was able to stratify
patients into prognostic subgroups within each TNM stage,
the patient cohort was divided into the separate disease
stages and univariate survival analyses were performed.
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Fig. 1 - Kaplan-Meier survival plots depicting metastasis-free (upper left) and overall survival (upper right) based on nuclear
expression of S100A4, and metastasis-free (lower left) and overall survival (lower right) based on cytoplasmic expression of

S100A4.
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Fig. 2 - Kaplan-Meier survival plots depicting metastasis-free survival stratified according to TNM stage and based on nuclear

expression of S100A4.

Surprisingly, nuclear expression of S100A4 was associated
with patient outcome only for stage II patients (Fig. 2). How-
ever, when stage III patients were stratified according to pN
category, S100A4N was significantly associated with metasta-

sis-free survival also for pN1 patients (i.e. 1-3 involved lymph
nodes; Supplementary Fig. 1) Interestingly, stage II patients
with S100A4N-positive tumours displayed a 5-year metasta-
sis-free survival rate at almost the same level as patients in
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stage III (58% and 48%, respectively), and patients with
S100A4-negative stage II disease had a similar prognosis as
patients in stage I (87% and 79%, respectively).

4, Discussion

In this prospective study, we demonstrate for the first time
that the presence of nuclear S100A4 in tumour cells is of prog-
nostic significance in colorectal cancer. Nuclear expression
was a significant and robust predictor of metastasis-free
and overall survival, and was also associated with patient
outcome in multivariate analysis, indicating that the ob-
served results may translate into clinically important differ-
ences. The validity of our findings is strengthened by the
prospective study design, ensuring an unbiased selection of
patients, and the stage distribution and patient survival cor-
responded well with results from a large population-based
study consisting of more than 100,000 patients.*

S100A4 protein expression has previously been associated
with survival in several tumour types,® and in colorectal can-
cer prognostic significance has been documented in two re-
cent reports.’®'* In a large patient cohort consisting of 709
cases, Gongoll and colleagues demonstrated that immunohis-
tochemical staining for S100A4 was associated with out-
come,’ and similar results were obtained by Hemandas and
colleagues in a relatively small number of patients (n = 54).**
However, nuclear and cytoplasmic expressions were not re-
corded as individual variables in these reports.

The prognostic significance of nuclear S100A4 in TNM stage
II is particularly interesting. Even though stage II patients in
general have a good prognosis, the clinical behaviour within
this group is heterogeneous, and a significant fraction of pa-
tients develop distant metastases. Still, the majority of clinical
trials evaluating chemotherapy after surgery in stage II dis-
ease have not been able to show a substantial survival benefit,
and adjuvant therapy for these patients remains controver-
sial.**>'® Considerable effort has been undertaken to identify
risk factors that are able to select patients who would benefit
from adjuvant chemotherapy, such as T4 status, tumour per-
foration, bowel obstruction, perineural invasion, tumour dif-
ferentiation, vascular invasion, number of lymph nodes
examined and microsatellite instability."” Based on these cri-
teria, high-risk stage II patients are often offered adjuvant
treatment, but the need for markers improving the stratifica-
tion of patients is evident. The present results suggest that
S100A4 is a novel marker of aggressive disease in stage II
patients, and interestingly, S100A4N-positive stage II patients
had a prognosis similar to stage III patients. No association
was detected between nuclear expression of S100A4 and T4
status, tumour differentiation, vascular invasion, perineural
invasion or number of lymph nodes examined in stage II
patients (data not shown), arguing that the prognostic value
of S100A4 is independent of established markers of high-risk
disease. Only two of the stage II patients in this study received
adjuvant chemotherapy, and no conclusions regarding treat-
ment response could thus be drawn. Based on the present
observations, we hypothesise that nuclear S100A4 could be
used as a novel marker for the selection of stage II patients
for adjuvant treatment, but validation studies are required to
verify our findings in separate patient cohorts.

The presence of nuclear S100A4 was associated with cyto-
plasmic protein expression (P < 0.001; Supplementary Table 1),
and one might speculate that nuclear staining could be a
reflection of increased overall expression of S100A4. However,
no association was detected between grade 5 cytoplasmic
expression and nuclear staining (P = 0.63; data not shown).
One possible explanation for the specific localisation of
S100A4 in the nuclei of some tumours could be that the nucle-
ar protein differs in charge or size. However, nuclear and cyto-
plasmic fractions from colorectal cancer cell lines displayed
almost identical spot patterns using 2D-PAGE and Western
blotting,’® and further studies aiming to elucidate the molec-
ular mechanisms involved in nuclear translocation of S100A4
are certainly required.

The mechanisms by which nuclear S100A4 promotes
metastasis are generally unknown. Biological functions in-
volved in S100A4-induced metastasis include cell motility,
invasion and angiogenesis, but in the studies published so
far these actions rely on cytoplasmic localisation or extracel-
lular activity of the protein,® suggesting that other mecha-
nisms may be associated with nuclear expression. One
might speculate that nuclear S100A4 could be involved in
transcriptional regulation, either by binding DNA or by inter-
acting with DNA-binding proteins. In support of this theory,
S100A4 has been shown to bind p53 in vitro," and other
5100 proteins also interact with transcription factors, includ-
ing p53 and members of the basic helix-loop-helix family,
thereby affecting their DNA-binding properties and transcrip-
tional activity.’®* In a subset of the tumours in the present
study (n = 40), no association between the mutational status
of TP53 and nuclear S100A4 was detected.?’ In contrast to
the suggested hypothesis that S100A4 only exists in cells har-
bouring mutated p53,'® $100A4 and wild-type p53 were co-
localised in the nuclei of colorectal carcinomas and cell
lines.?* still, the functional consequence of this co-localisa-
tion and whether these proteins actually interact in vivo re-
main unclear.

Another potential mechanism linking nuclear S100A4 with
metastasis in colorectal cancer could be the involvement of
S100A4 in epithelial-mesenchymal transition (EMT),* as
EMT-promoting properties have been suggested to be critical
for S100A4-induced metastasis in breast cancer model sys-
tems.?® S100A4 is also overexpressed in cell populations en-
riched for stem-like cells,”’ consistent with the recent
finding that passage through an EMT could confer stem-cell
like properties to carcinoma cells.?® In colorectal cancer, the
wnt/APC/f-catenin signalling pathway is associated with
both stem-cell features and EMT,?® and interestingly, S100A4
has been identified as a B-catenin/TCF target gene.’® Based
on our findings, one might speculate that nuclear S100A4
could be associated with a mesenchymal and stem-cell like
phenotype in colorectal cancer, resulting in increased meta-
static potential, and future investigations aiming to charac-
terise the biological role of nuclear S100A4 are warranted.

In conclusion, this prospectively designed study has iden-
tified nuclear expression of the metastasis-promoting protein
S100A4 as an independent and robust predictor of adverse
prognosis in colorectal cancer patients. The prognostic im-
pact was largely confined to TNM stage II, suggesting that
S100A4 is able to identify a subgroup of stage II patients with
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more aggressive disease that might benefit from additional
treatment. If validation studies are able to confirm our results,
S100A4 status should be included as biomarker in future clin-
ical studies investigating the stratification of stage II patients
for adjuvant treatment.
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