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Abstract
Cholangiocarcinoma (CCA) carries a severe prognosis because of its strong invasiveness and early
metastasization. In several patients, otherwise eligible for surgical resection, micrometastasis are
already present at the time of surgery. The mechanisms responsible for CCA invasiveness are
unclear. S100A4, a member of the S100 family of small Ca2+-binding proteins, is expressed in
mesenchymal cells, regulates cell motility in several cell types, and is expressed in some epithelial
cancers. Thus, we aimed to study the role of S100A4 in CCA invasiveness and metastasization.
The expression of S100A4 was studied by immunohistochemistry in 93 human liver samples of
CCA patients undergoing surgical resection and correlated with metastases development (67
cases) and patient survival following surgery using log rank tests and multivariate analysis.
S100A4 expression was studied in EGI-1 and TFK-1, human CCA cell lines with and without
nuclear S100A4 expression, respectively. Metastatic properties of CCA cells were assessed by
xenotransplantation in severe combined immunodeficiency (SCID) mice after transduction with
lentiviral vectors encoding firefly luciferase gene. Proliferation, motility (wound healing),
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invasiveness (Boyden chamber), and metalloproteinases (MMPs) secretion were studied in CCA
cells, with or without lentiviral silencing of S100A4. Nuclear expression of S100A4 by neoplastic
ducts was a strong predictor of metastasization and reduced survival after resection (P < 0.01).
EGI-1 CCA cells showed stronger metastatic properties than TFK-1 when xenotransplanted in
SCID mice. S100A4-silenced EGI-1 cells showed significantly reduced motility, invasiveness, and
MMP-9 secretion in vitro, without changes in cell proliferation.

Conclusion—Nuclear S100A4 identifies a subset of CCA patients with a poor prognosis after
surgical resection. Nuclear expression of S100A4 increases CCA cells invasiveness and
metastasization, indicating that S100A4 may also represent a potential therapeutic target.

Cholangiocarcinoma (CCA) is the second most common primary malignancy of the liver;
the incidence of intrahepatic CCA in Western countries has been steadily growing in the last
two decades.1 In spite of the rising incidence, treatment options for CCA remain
unsatisfactory,1,2 particularly because of the strong and early invasiveness of the tumor. In
many patients, lymphnodal or distant metastasis or micrometastasis are present already at
the time of the diagnosis, limiting and worsening the prognosis in patients otherwise eligible
for surgical resection. However, a subset of patients with less aggressive CCA may even
undergo liver transplantation after neoadjuvant radiochemotherapy and have excellent
survival. Biomarkers able to predict tumor invasiveness and prognosis would be an
important decision-making tool. Unfortunately, mechanisms that determine CCA
invasiveness are largely unknown.

Cancer invasiveness and metastasization requires tightly adherent epithelial cells to convert
to a more motile phenotype expressing several mesenchymal features. 3 During this process,
some molecular programs typical of the mesenchymal phenotype are activated, as shown by
the expression of specific cell surface proteins, cytoskeletal proteins, extracellular matrix-
degrading enzymes, and transcription factors.4 One such proteins is S100A4, a member of
the S100 family of small calcium-binding proteins, expressed by mesenchymal cells,
macrophages,5 and by epithelial cells in mesenchymal transition (EMT). Expression of
S100A4 was shown to be a predictor of metastasization in colon cancer.6,7

The mechanisms of action of A100A4 depends on the cellular localization of the protein. In
the cytoplasm S100A4 interacts with a number of partner proteins in cytoskeleton and in the
plasma membrane (such as myosin IIa or liprin-β1). When localized in the nucleus, S100A4
may exert transcriptional functions that affect several genes, including matrix
metalloproteinase (MMP)-98 and E-cadherin.9 However, the mechanism of action of
S100A4 remains largely unknown, as it remains unclear whether S100A4 is just a biomarker
of cancer cell aggressiveness or actually represents a functional target amenable of
therapeutic intervention.

While examining the expression of EMT markers in CCA specimens, we noticed that a
subgroup of CCAs expressed S100A4 in the nucleus. In this study we addressed: (1) the
prognostic significance of S100A4 nuclear expression in a large series of patients
undergoing surgical resection, and (2) the functional relevance of S100A4 expression on the
metastatic potential, motility, and invasiveness of CCA cell lines in vivo and in vitro. Our
results show that nuclear expression of S100A4 by neoplastic bile ducts significantly
correlated with increased metastasization and reduced survival after surgery, that human
CCA cells with nuclear expression of S100A4 have a much stronger metastatic ability when
xenotransplanted into severe combined immunodeficiency (SCID) mice, and that silencing
S100A4 in CCA cells that originally overexpressed S100A4 significantly reduced motility
and invasive capabilities in vitro.
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Patients and Methods
Patients and Tissues Samples

A total of 93 samples of CCA, obtained from subjects undergoing surgical resection
between 1989 and 2009, in three different medical centers in northern Italy (Bergamo n =
23, Padova n = 49, Treviso n = 21) were considered for the immunohistochemical study;
among them, matched peritumoral liver samples were available in 23 cases. To adjust for
possible effects on survival related to surgical complications, rather than tumor prognosis,
we excluded subjects who died during the first 30 days after surgery; thus, the follow-up
period started from 30 days after resection. Taking this approach, 86 subjects out of the
original 93 subjects were considered for statistical analysis. The follow-up period ranged
from 0.13 to 195.67 months (median: 13.37 months). Clinical, epidemiological, anatomical
(hepatic localization), and histopathological (staging, grade, margin involvement) data of
CCA patients according to S100A4 expression are reported in Table 1. In a subset of 67
patients (78%), metastatic data were available. Informed consent and local regional Ethical
Committee approval were obtained before tissue collection.

Immunohistochemical Analysis
Details on the immunohistochemical staining techniques are given in the Supporting
Materials.

Survival and Multivariate Analysis
The impact of S100A4 nuclear expression on cumulative patient’s survival after resection
was estimated using the Kaplan-Meier method; hazard ratios (HRs) were estimated using the
multivariate Cox proportional hazard model (see Supporting Material for details). To
examine the association between S100A4 nuclear expression and the development of
metastases, we used an alternative approach designed to overcome the limitations related to
the interval censored data of metastatization, based on a survival curve using a
nonparametric maximum likelihood estimator (NPMLE) and a generalized log-rank test.10

The Weibull model was used to study the impact of S100A4 on the development of
metastasis among several other variables, previously considered in the Cox regression
analysis (see Supporting Material).

CCA Cell Lines and Detection of S100A4 by Immunofluorescence
On the basis of their expression of S100A4, two different human CCA cell lines were
selected, EGI-1 and TFK-111,12 (see Supporting Material).

Western Blot Analysis
Cytoplasmic and nuclear expression of S100A4 was also evaluated by western blot (WB) on
cytoplasmic and nuclear cell fractions. Methodological details are given in the Supporting
Materials.

Xenotransplantation Studies in SCID Mice
Prior to xenotransplantation, to enable the performance of in vivo imaging EGI-1 and TFK-1
cells were transduced with a lentiviral vector encoding the Luciferase reporter gene13

produced on 293T packaging cells as described.14 After transduction, luciferase-expressing
EGI-1 and TFK-1 cells were transplanted through intrasplenic injection into 6 to 8-week-old
female SCID mice (Charles River, Wilmington, MA) (n = 6 for each group). (See
Supporting Materials for further details.)
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Lentiviral Silencing of Nuclear S100A4 in EGI-1 Cells
To silence S100A4 expression, EGI-1 cells were transduced with lentiviral vectors encoding
short hairpin RNA (shRNA) targeting human S100A4 (clones TRCN53609-12) or a
scrambled shRNA as control (purchased from Sigma-Aldrich, Milan, Italy), together with
the gene encoding for the resistance to puromycine, as described.15 (See Supporting
Materials for further details.)

CCA Cell Migration, Invasion, Proliferation, Apoptosis, and Secretion of MMP-2 and MMP-9
The functional effects of S100A4 silencing were evaluated by studying the motility,
invasion, proliferation, apoptosis, and secretory capabilities of MMP-2 and MMP-9 of
EGI-1 cells before and after lentiviral silencing of nuclear S100A4. Effective silencing was
evaluated by WB analysis and, following puromycine selection, cells were compared to
scrambled shRNA and parental EGI-1 as well as TFK-1 cells. Methods for cell migration
(wound healing),16 cell invasion (Boyden chamber),17 cell proliferation assay,18 cleaved
caspase-3 expression, and MMP-2 and MMP-9 secretion assay are detailed in the
Supporting Materials.

Results
S100A4 Nuclear Expression in Histological Sections of CCAs

Forty-nine out of 86 patients (57%) considered for the survival analysis were negative for
nuclear expression of S100A4 in the neoplastic cells; scattered cytoplasmic expression was
found in 70% of these cases (34/49). In the remaining 37 patients the median value of
nuclear expression of S100A4 was 30% of the discernible nuclei in the neoplastic ducts.
Among the positive samples, 51% (19/37) were in the weakly positive (S100A4 <30% of the
nuclei) and 49% (18/37) were in the strongly positive group (S100A4 ≥30% of the nuclei)
(Fig. 1A–F). Table 1 shows the distribution of demographic and clinical characteristics of
the patients included in the study, stratified by S100A4 grouping. Baseline characteristics
were comparable between the three S100A4 groups. None of the 23 tissue sections available
from the peritumoral areas showed nuclear and/or cytoplasmic expression of S100A4 on the
bile ducts. By Spearman’s rho test we found no correlation between the expression of
keratin 19 (K19) and that of nuclear S100A4 in the neoplastic bile ducts.

Nuclear Expression of S100A4 Is a Risk Factor Indicating Worse Prognosis Following
Surgical Resection in CCA Patients

Kaplan-Meier and Cox proportional hazard models were performed in the 86 patients
surviving more than 1 month after surgery. The median survival time based on 86 subjects
was 2.89 years (95% confidence interval [CI] = 1.57,5.40). As shown in Table 2, Supporting
Table S1, and Fig. 2A, for subjects with no nuclear expression of S100A4 (n = 49), the
median survival time was 5.40 years (95% CI = 2.31,16.00). In sharp contrast, for subjects
with weakly positive nuclear expression of S1004A (<30% of nuclei, n = 19) the median
survival time was 1.38 years (95% CI = 0.76,4.45), whereas for subjects with strongly
positive nuclear expression of S100A4 (≥30% of nuclei, n = 18) the median survival time
was further reduced to 0.77 years (95% CI = 0.14,2.89). These data indicate that nuclear
S100A4 is associated with a significant reduction in survival, even when weakly expressed.

Consistent with the interpretation that S100A4 is associated with a significant reduction in
survival, the univariate analysis showed that S100A4 nuclear expression levels were
strongly predictive of survival (P = 0.003, log-rank test for trend) and that higher levels of
nuclear expression of S100A4 were associated with shorter survival times for patients.
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Furthermore, the Cox proportional hazards regression analysis showed that S100A4 is an
independent predictor of survival whether it was treated as a continuous (HR = 1.02, P =
0.007) (Table 3) or categorical variable (0–30% versus 0: HR = 2.58, P = 0.03 and ≥30%
versus 0: HR = 3.02, P = 0.01), and even after controlling for other covariates. The HR of
1.02 when S100A4 is treated as a continuous variable indicates that a 10% increase in
S100A4 expression levels is associated with a 22% increase in a patient’s hazard rate.
Notably, a 30% increase in S100A4 expression levels is associated with a 82% increase in a
patient’s hazard rate. When S100A4 is treated as a categorical variable in multivariate Cox
proportional hazard model, the HR of 2.59 (0%–30% group) and 3.02 (≥30% group)
indicate that the hazard rate is close to three times greater for people in these groups
compared to those with 0% expression of nuclear S100A4. Besides S100A4, the only other
covariates that were significant independent predictors of survival were the involvement of
resection margins and of regional lymph nodes, with an HR similar to S100A4 ≥30% (2.62
for resection margin involvement, 3.56 for lymph node involvement).

Nuclear Expression of S100A4 Is a Risk Factor Associated with Increased Development of
Metastasis Following Surgical Resection in CCA Patients

To study whether nuclear S100A4 expression was associated with increased development of
metastasis we analyzed a subset of 67 subjects (78%) for which metastatic data were
available. This subgroup, as shown in Supporting Table S2, was well representative of the
complete series as expression of nuclear S100A4, clinical features, and outcome. The
survival curve (Fig. 2B) showed a significant difference in time to metastasis between
patients with negative S100A4 and those with weak/strong positive S100A4 (P = 0.0052).
Using the Weibull model, we also analyzed the impact of S100A4 nuclear positivity on
death and on the development of metastasis in relation to the same variables, studied with
the Cox model. The analysis showed that the effect of S100A4 on death and metastasis was
very similar and confirm that nuclear S100A4 has a strong predictive power on the
development of metastasis when considered both as a continuous (HR = 1.022, P = 0.0274)
and as a categorical variable (HR = 5.894, P = 0.0012) (Table 3). As a further proof of the
reliability of this approach, the results with Weibull model for death were very similar to
those obtained with the Cox model (Tables 3, S3). Noteworthy, by comparing the estimated
hazard function for death and metastasis with the Weibull model we found that, whereas for
death the hazard over time increased, the rate decreased for metastasis, the hazard was very
high at the beginning, and it dropped very rapidly over time (see Fig. S1).

Nuclear S100A4-Expressing Human CCA Cell Lines Show an Increased Metastasization in
SCID Mice

Because of its strong association with survival, we hypothesized that nuclear expression of
S100A4 was functionally involved in determining the invasiveness of the tumor. TFK-1 and
EGI-1 are human CCA cell lines that differ in terms of S100A4 expression. In contrast to
TFK-1 cells, which showed a weak immunoreactivity for S100A4 strictly confined to the
cytoplasm, in EGI-1 cells staining for S100A4 showed a strong nuclear positivity, at
immunohistochemistry as well as at WB (Fig. 3A–E). In fact, WB analysis of nuclear
extracts confirmed that an intense, specific band at 12 kDa was present in the nuclear protein
fraction in EGI-1, but not in TFK-1 cells (Fig. 3E). We used EGI-1 and TFK-1 cells to
compare, by in vivo bioluminescence as well as at autopsy, their metastatic behavior,
following xenotransplantation into SCID mice by intrasplenic injection. By in vivo
bioluminescence detection, EGI-1 cells showed a metastatic spread to different abdominal
locations within 60 days from injection in five out of six transplanted mice. TFK-1 cells, on
the other hand, presented no metastasis up to 120 days from transplant in 6/6 animals, even
though a persistent signal could still be detected in the site of injection (spleen) (Fig. 4A–D).
Consistent with the findings derived from imaging studies, and in sharp contrast with mice
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transplanted with TFK-1 cells, which did not present new masses at distance from the spleen
(not shown), at necropsy mice transplanted with EGI-1 cells showed multiple masses in
different abdominal organs (Fig. 4E). In all five mice sacrificed after transplantation with
EGI-1, histological examination by hematoxylin and eosin (H&E) of serial sections derived
from different organs revealed the presence of micrometastases, particularly in the liver and
in the lung (Fig. 4F). Immunohistochemistry for MMPs in tissue sections obtained from
liver samples revealed that metastasizing EGI-1 cells were strongly decorated by MMP-9
but not MMP-2 antibodies (Fig. S4A,B).

Down-Regulation of S100A4 Expression in EGI-1 Cells Results in a Significant Reduction
in Cell Motility, Invasion, and MMP-9 Secretion, Without Affecting Cell Proliferation and
Apoptosis

Lentiviral silencing of S100A4 expression in EGI-1 cells, with S100A4-specific shRNA,
generated two cultures (sh8 and sh9) that presented a strong inhibition of cytoplasmic and
nuclear expression of the S100A4 protein as compared to scramble shRNA (Fig. 5A–D).
Phenotypically, silencing of S100A4 did not result in changes in K19 expression in EGI-1
cells (Fig. S2). Using these clones, we investigated the effects of S100A4 silencing on cell
motility, invasion, proliferation, apoptosis, and secretion of MMP-2 and MMP-9. Data were
compared to scramble EGI-1 and to TFK-1 cells. Data shown below indicate that down-
regulation of nuclear S100A4 inhibits the capability of EGI-1 cells to migrate, secrete
MMP-9, and invade the extracellular matrix, without affecting the proliferative and
apoptotic activities.

Cell Motility
In cell monolayers, cells were scraped and the distance between the two edges of the
epithelial wound was measured over time. Contrary to TFK-1 cells, EGI-1 cells rapidly
reduced the distance between the wound edges (Fig. 5E). In wildtype EGI-1, 73.60% ±
8.49% of the distance remained 24 hours after the scraping, whereas at 72 hours 48.88% ±
8,08% of the distance remained. Results with shRNA EGI-1 were similar (77.89% ± 2.84%
at 24 hours, and 51.89% ± 13.61% at 72 hours). On the contrary, the ability of clones sh8
and sh9 to migrate was significantly impaired (78.50% ± 3.38% and 73.41% ± 9.18%
remained to be covered at 72 hours for sh8 and sh9, respectively).

Cell Invasion
CCA cells were seeded on the top of transwells coated with Matrigel and the number of cells
that migrated on the other side of the counted after 48 hours. Taking this approach, we found
that invasiveness of parental EGI-1 and scrambled shRNA EGI-1 cells (812.83 ± 163.72 and
828.33 ± 110.41 cells after 48 hours, respectively, P not significant) was significantly higher
compared with sh8 and sh9 bulk cultures (597.33 ± 102.79 cells in sh8-EGI-1, P = 0,02 with
respect to EGI-1 and shRNA; 496.50 ± 76.01 cells in sh9-EGI-1, P = 0.001) (Fig. 5F).

Cell Proliferation and Cell Apoptosis
We found no difference in proliferation rates and caspase-3 expression among the CCA cell
lines and the S100A4 silenced clones. The results are shown in the Supporting Materials
(text and Fig. S3).

Cell Secretion of MMP-2 and MMP-9
By enzyme-linked immunosorbent assay (ELISA), we found that EGI-1 cells were able to
secrete MMP-9 but not MMP-2, in accordance with immunohistochemistry performed in
liver metastases of SCID mice. This secretory property was significantly reduced by
lentiviral silencing of S100A4 in sh8 and sh9 clones (4141 ± 520 pg/mL in EGI-1, 1649 ±
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128 in sh9, 146 ± 59 in sh8, P < 0.001 versus parental EGI-1 cells). TFK-1 ability to secrete
MMP-9 is conversely negligible (74 ± 110) (Fig. S4C).

Discussion
Cholangiocarcinoma is characterized by a poor prognosis and strong invasiveness. The
availability of biomarkers of early metastatic behavior would help to allocate CCA patients
to their best treatment, which may even include transplant. Unfortunately, little is known
about the mechanisms that favor invasiveness in CCA.

Among the molecular signatures of cancer invasiveness, S100A4, a member of the S100
family of small calcium-binding proteins, normally expressed by mesenchymal cells, is of
particular interest because it was shown to correlate with metastatic potential in breast and
colon cancers.7,19 However, it is currently unknown whether S100A4 merely represents a
surrogate marker of cancer invasiveness or actually plays a key role in the development of a
metastatic phenotype, thereby potentially representing a functional target amenable to
specific therapeutic interference.

To understand the role of S100A4 as a predictor of CCA invasiveness, we studied the
expression of S100A4 in a large series of resected human CCA samples and correlated it to
the clinical outcomes, considered either as death or as development of metastases. We found
that nuclear expression of S100A4 by neoplastic bile ducts significantly correlated with
increased metastasization and reduced survival after surgery. The association of S100A4
expression with worse patient outcome has been reported earlier in colonic and breast
cancers.7,19 These studies did not distinguish between its nuclear or cytoplasmic expression,
although prior data from Flatmark et al.20 indicated that nuclear localization of S100A4 was
more closely correlated with advanced tumor stage at diagnosis in colorectal cancer. This is
important, because expression of S100A4 in the cytoplasm of biliary epithelial cells can be
seen also in nonneoplastic diseases, as a part of the epithelial reaction to damage.21

Therefore, in our study on CCA we focused on the nuclear expression of S100A4, a feature
not seen in nonneoplastic biliary diseases.

It is important to underline that, because only a minority of patients with CCA (about 30%)
can be treated by surgical resection, the population of our study represents a subgroup of
CCA with more clinically localized disease at the time of diagnosis. In our series of CCAs,
nuclear expression of S100A4 identified a subgroup of patients (43%) with a markedly
reduced survival after surgical resection, but without significant differences in their clinical
features at presentation (Table 1). The median survival following resection was between
0.77 years and 1.38 years in subjects with nuclear expression of S100A4, whereas patients
with no nuclear expression of S100A4 showed a median survival of 5.4 years. Taking this
approach, we demonstrated that nuclear expression of S100A4 by cancer cells is a strong
and independent predictor of survival even when expressed by a minority of cancer cells,
with a dose-response effect, as shown by log rank test and Cox proportional hazards
regression analysis. In fact, an increase in S100A4 expression levels from 10% to 30% is
associated with an increase in a subject’s hazard rate from 22% to 82%. Notably, by
considering the percentage of S100A4-positive nuclei as a continuous variable, at Cox
analysis the prognostic power yielded by S100A4 was much more significant than that of
the other covariates, including resection margin and lymph node involvement (P = 0.007 for
S100A4 versus P = 0.022 for margin involvement and P = 0.023 for lymph node
involvement; see Table 3). Furthermore, nuclear S100A4 was strongly associated with an
enhanced metastatic behavior. Analysis of the relationship between the estimated hazard
function for death and metastasis with the Weibull model over time showed that the peak of
hazard of metastasis preceded that of the hazard of death (Fig. S1 in the Supporting
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Material), a finding consistent with a direct effect of metastasis on death, as expected for
cancers with strong aggressiveness.

Previous studies reporting the value of S100A4 as a risk factor for tumor progression did not
address its mechanism. To obtain experimental proof that nuclear expression of S100A4 was
associated with an invasive phenotype in CCA, we studied the metastatic behavior of two
human CCA cell lines characterized by the presence or absence of nuclear expression of
S100A4. EGI-1 and TFK-1 cells were xenotransplanted by intrasplenic injection into SCID
mice and the metastatic behavior was followed by bioluminescence imaging and then
autopsy and histological examination. Although no significant metastasis was found with
TFK-1 cells (nuclear expression negative) in the examined time-frame, diffuse spreading
was found in all mice transplanted with EGI-1 cells (nuclear expression positive).

The ability to translocate to the nucleus in human cancer has been reported for proteins
belonging to the S100 family (such as S100A11 in glioblastoma cells).22 However, little is
known about the function of S100A4 proteins in the nucleus. S100A4, a small 12 kD
molecule, does not have intrinsic enzymatic activity, and its effects require interactions with
different binding partners. The number of intracellular binding partners targeted by S100A4
includes proteins involved in cytoskeletal rearrangement (F-actin, nonmuscle myosin IIA
and IIB, tropomyosin), proteins promoting extracellular matrix remodeling (Annexin II),
proteins regulating angiogenesis (thrombospondin), and proteins regulating the balance
between cell proliferation and apoptosis (p53, liprinβ1, methionine aminopeptidase 2).
Recent evidence indicates that, similar to other S100 proteins, i.e., S100A1 and S100B,23,24

S100A4 may also have transcriptional activity, either by direct DNA binding or by
interacting with other DNA-binding proteins. For example, S100A4 regulates the
transcriptional activation of MMP-9 in human prostate cancer.8 S100A4 also negatively
regulates expression of E-cadherin, an important prerequisite for cancer cell motility.9

To better understand the functional effects of S100A4 in CCA, we then studied if silencing
S100A4 expression in the EGI-1 cell line interfered with cell motility, invasion, cell
proliferation, and apoptosis. Our results demonstrate a significant reduction in both cell
migration and invasiveness as measured by transwell migration through Matrigel in Boyden
chambers in the absence of chemotactic stimuli. Contrary to motility and invasion, we
observed no effects on cell proliferation and apoptosis in S100A4-silenced EGI-1 cells.
Thus, S100A4 appears to be a key determinant of CCA invasiveness, given its involvement
in the regulation of cellular motility and invasion, without affecting the local growth of the
tumor that depends on the balance between cell proliferation and apoptosis. Noteworthy,
expression of MMP-9 was significantly reduced in EGI-1 clones with silenced S100A4,
indicating that S100A4 modulates MMP-9, an important mediator of cancer invasiveness.8

In summary, our study demonstrates that nuclear expression of S100A4 identifies a subtype
of CCA with poor response to surgical resection. Furthermore, the functional data generated
in this work strongly suggest that S100A4 is a mechanistic determinant of CCA
invasiveness. In fact, nuclear expression of S100A4 was associated with enhanced
metastatic potential of CCA cell lines xenotransplanted into SCID mice, and silencing of
S100A4 with reduced motility, invasiveness, and expression of MMP9 in vitro. If validated
prospectively, nuclear expression of S100A4 may eventually become a tool in clinical
decision making to allocate patients with CCA that are candidates for potentially curative
therapies, including liver transplantation. On the other hand, down-regulation of S100A4
may become an attractive strategy to reduce CCA progression. This could eventually be
achieved also using small molecules.25
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Immunohistochemical expression of S100A4 in human liver samples. Different patterns of
S100A4 expression in surgical samples obtained from liver resection for CCA. (A,B)
Negative group. S100A4 is negative or faintly expressed in the cytoplasm of tumoral
cholangiocytes, whereas it is expressed by some fibroblasts adjacent to tumoral ducts, some
inflammatory cells. (C,D) Weakly positive group. S100A4 is expressed in the nucleus in less
than 30% of tumoral duct cells (arrows). (E,F) Strongly positive group. S100A4 is expressed
in the nucleus in more than 30% of tumoral duct cells. Original magnification: A,C,E: 100×;
B,D,F: 400×.
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Fig. 2.
Nuclear expression of S100A4 strongly correlates with poor prognosis and development of
metastases following surgical resection in CCA patients. Kaplan-Meier (A) and NPMLE (B)
survival curves estimates for patients after surgical resection with negative nuclear S100A4
expression (0%), weakly positive nuclear S100A4 expression (<30%), or strongly positive
S100A4 nuclear expression (≥30%). The maximum timepoint was set up to 16 years.
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Fig. 3.
Different pattern of expression of S100A4 in two human CCA cell lines, EGI-1 and TFK-1
cells. Immunofluorescence for S100A4 showed a strong immunoreactivity in both nucleus
and cytoplasm in EGI-1 cells (A, Alexa Fluor-488; B, merged), in contrast to TFK-1 cells
that were decorated only in the cytoplasm (C, Alexa Fluor-488; D, merged). Original
magnification: 200×. This difference was confirmed by WB analysis performed on nuclear
cell fraction using Hystone H3 as reference proteins for nuclear extracts (E).
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Fig. 4.
Different metastatic capabilities of EGI-1 and TFK-1 cells in SCID mice. Following
xenotransplantation into SCID mice by intrasplenic injection, in sharp contrast with TFK-1
cells, which were free of metastasis beyond 60 days from transplant (A,B), EGI-1 cells
showed a diffuse metastatic dissemination to different abdominal sites within 60 days (C,D).
Autoptic examination performed in the same animal as picture (C,D) confirmed the
development of multiple abdominal masses in peritoneum and bowel, in accordance with
bioluminescence findings (E, arrows). Histological examination of serial sections by H&E
revealed the presence of micrometastases in distant organs, including the lung (F, original
magnification: 200×).
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Fig. 5.
Functional effects of S100A4 silencing in EGI-1 cells as compared to TFK-1 cells on cell
motility and invasion. Effective silencing of S100A4 in EGI-1 cells by lentiviral vectors was
tested by immunofluorescence and WB. ShRNA (scrambled) EGI-1 cells regularly
maintained the immunoreactivity for S100A4 (green) in both nucleus and cytoplasm (A),
whereas sh8- and sh9-EGI-1 cells showed no immunostaining for S100A4 (nuclei
counterstained by 4′,6-diamidino-2-phenylindole [DAPI] in blue, B,C). Original
magnification: 200×. Absence of S100A4 protein expression in sh8 and sh9 was confirmed
by WB on nuclear cell fractions; actin was used as reference for cytoplasmic proteins and
Hystone H3 for nuclear proteins (D). Cell motility, assessed by wound-healing assay,
showed that EGI-1 and scrambled shRNA EGI-1 cells significantly reduce the distance
between the edges of the scratch at 72 hours; this property was potently impaired in both
silenced clones (P < 0.001 n = 6) (E). Cell invasion, assessed by Boyden chambers on
Matrigel, showed that, with respect to EGI-1 or scrambled shRNA EGI-1 cells, the number
of cells crossing through the filter after 48 hours was significantly reduced in sh8 and in sh9
EGI-1 cells (P = 0.01) and was significantly different from TFK-1 cells (P < 0.001) (F).
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Table 2

Summary of Kaplan-Meier Analysis According to S100A4 Grouping

S100A4 Nuclear Expression Median Survival (95% CI) Strata Comparison* Strata Comparison* Log-Rank Trend Test

Negative (0%) 5.40 (2.31, 16.00) Control 0.006 0.003

Weakly positive (0–30%) 1.38 (0.76, 4.45) 0.006 Control

Strongly positive (≥ 30%) 0.77 (0.14, 2.89) <0.001 0.77

*
Bonferroni method was used for adjustment of multiple comparison between strata.
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