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Forced expression of S100A10 reduces sensitivity
to oxaliplatin in colorectal cancer cells
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Abstract

Background: Individual responses to oxaliplatin (L-OHP)-based chemotherapy remain unpredictable. Our recent
proteomics studies have demonstrated that intracellular protein expression levels of S100A10 are significantly
correlated with the sensitivity of colorectal cancer (CRC) cells to L-OHP, but not 5-FU, suggesting that S100A10 is a
candidate predictive marker for the response to L-OHP. In this study, we investigated whether S100A10 is involved
in L-OHP sensitivity or not.

Results: Forced expression of S100A10 in COLO-320 CRC cells significantly increased the 50% inhibitory concentration
(IC50) for L-OHP (P = 0.003), but did not change that for 5-FU, indicating that S100A10 is more specific to L-OHP than
5-FU. Silencing of the S100A10 gene showed no apparent effect on sensitivity to L-OHP in HT29 cells. Silencing of the
annexin A2 (a binding partner of S100A10) gene alone downregulated both annexin A2 and S100A10 protein levels,
with no change in S100A10 gene expression. However, original levels of intact S100A10 protein in CRC cells positively
correlated with S100A10 mRNA levels (P = 0.002, R = 0.91).

Conclusions: The present results have shown that protein expression of S100A10 was associated with resistance to
L-OHP, but not 5-FU, supporting the hypothesis that S100A10 expression may predict L-OHP sensitivity. Thus, our
present study provides basic findings to support that S100A10 expression can be used as a predictive marker for tumor
sensitivity to L-OHP.
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Background
Oxaliplatin (L-OHP) is a key drug used for the treatment of
colorectal cancer (CRC) [1]. L-OHP and bolus/infusional 5-
fluorouracil (5-FU) combined with folinic acid (FOLFOX)
have yielded high response rates (~50%) and good overall
survival [2-4]. Recently, this regimen has emerged as one
of the most effective therapeutic regimens available, pro-
viding a platform for the treatment of CRC [5-7]. How-
ever, approximately half of all patients who receive
FOLFOX gain no benefit, despite the usual risk of toxicity.
Predictive markers of the response to L-OHP have not yet
been established. Although several predictive markers of
the response to platinum-based chemotherapy have been
proposed on the basis of various mechanisms of chemore-
sistance to platinum drugs [8], the UK MRC FOCUS
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clinical trial, the largest randomized biomarker trial in
metastatic CRC to date, reported no significant association
between response to platinum-based chemotherapy and
excision repair cross-complementing rodent repair defi-
ciency, complementation group 1 (ERCC1), xeroderma
pigmentosum group D (XPD, also known as ERCC2),
glutathione-S-transferase-P1 (GSTP1), or other candidate
biomarkers that have previously shown promise [9].
Recently, our proteomics studies have demonstrated

that intracellular S100A10 protein expression levels are
significantly correlated with the sensitivity of CRC cells to
L-OHP, but not 5-FU, providing a new candidate predict-
ive markers for the response to L-OHP [10]. S100A10
is a member of the S100 family of proteins. It has been
shown to interact with a variety of proteins, including
plasma membrane-resident receptors [11-14], indicating
that S100A10 is an active regulator and/or is involved in
the trafficking of cellular/membrane proteins which lead
to various biological functions. S100A10 mRNA, S100A10
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protein, or both have been found in many types of cells,
tissues, and tumors [15-21]. S100A10 has also attracted
considerable attention for its role as an essential molecule
in tumor progression via macrophage migration to tumor
sites [22]. In addition, most of the S100A10 protein is
tightly associated with dimers of annexin A2, forming an
(S100A10)2-(annexin A2)2 heterotetramer [23-25]. Annexin
A2 is a member of the annexin family which has been re-
ported to have multiple functions [26-29]. However, the
mechanisms of S100A10 involvement in chemoresistance,
including the possible participation of annexin A2, are still
unknown.
In this study, we investigated whether alterations in

S100A10 and/or annexin A2 expression were involved in
mediating chemosensitivity to L-OHP by using forced
overexpression of S100A10 in stably transfected cells
and RNA interference. Our results have demonstrated
the potential contribution of S100A10 to resistance to
L-OHP.

Results
Effects of forced expression of S100A10 on cell
proliferation and sensitivity to L-OHP or 5-FU in
COLO-320 cells
Stably transfected COLO-320 cells expressing S100A10
(COLO-320/S100A10) showed strong expression of S100A10
(HaloTag-tagged S100A10) as a 44-kDa protein (S100A10:
11 kDa, HaloTag: 33 kDa). The level of expression was
similar to that of endogenous S100A10 levels in HT29
cells, a line which shows high S100A10 protein expression.
Annexin A2, the binding partner of S100A10, was not
expressed in COLO-320/S100A10 cells (Figure 1A). The
proliferation rates of COLO-320/S100A10, COLO-320/
vector, and untreated COLO-320 cells were similar
(Figure 1B). Cell viability after L-OHP or 5-FU exposure
(Figure 1C, upper panel) and IC50 values (Figure 1C, lower
panel) were determined. Forced expression of S100A10
significantly increased the IC50 value of COLO-320/
S100A10 for L-OHP (9.3 ± 1.8 μM [mean ± SD]) com-
pared to that for the COLO-320/vector (2.3 ± 2.0 μM) and
untreated COLO-320 cells (2.5 ± 1.8 μM; one-way
ANOVA, P = 0.001; Tukey’s test, P = 0.003 and P = 0.002,
respectively; Figure 1C, left panel), while that for 5-FU
was unchanged. The IC50 values (μM; mean ± SD) of cells
for 5-FU were as follows: COLO-320/S100A10, 3.4 ± 1.8;
COLO-320/vector, 3.6 ± 2.6; and untreated COLO-320
cells, 4.1 ± 3.2 (Figure 1C, right panel).

Effects of S100A10 or/and annexin A2 gene silencing by
siRNAs on cell proliferation and sensitivity to L-OHP in
HT-29 cells
Real-time qRT-PCR analyses revealed efficient and spe-
cific suppression of S100A10 or/and annexin A2 mRNAs
in HT29 cells (Figure 2A, lower panel). Western blot
analyses also revealed the efficient suppression of protein
expression of target molecules (Figure 2A, upper panel).
However, silencing of the annexin A2 gene induced the
downregulation of both annexin A2 and S100A10 pro-
tein levels, with no change in S100A10 gene expression
(Figure 2A, upper panel).
Cells transfected with annexin A2 siRNA (HT29/siANXA2)

exhibited slightly lower cell proliferation rates at day 3
compared to those for cells treated with transfection
reagent alone (mock), cells transfected with nontargeting
control siRNA (control), and cells transfected with S100A10
siRNA (HT-29/siS100A10) (ANOVA, P = 0.004; Tukey’s
test, P = 0.031, P = 0.006, and P = 0.006, respectively;
Figure 2B, left panel), and at day 5 compared to mock or
HT-29/siS100A10 (ANOVA, P = 0.015; Tukey’s test, P =
0.023 and P = 0.049, respectively; Figure 2B, left panel).
HT-29/siS100A10 or double knockdown of S100A10
and annexin A2 (HT-29/[siS100A10 + siANXA2]) had no
obvious influence on cell proliferation (Figure 2B). Silen-
cing of the S100A10 or annexin A2 gene had little effect
on sensitivity to L-OHP in HT29 cells (Figure 2C, left
panel). Double knockdown of S100A10 and annexin A2
showing a similar pattern of protein expressions as single
knockdown of annexin A2 also showed little difference on
sensitivity to L-OHP (Figure 2C, right panel).

Relationships between the mRNA and protein expression
levels of S100A10 and annexin A2
Considering the suppression of S100A10 protein levels
by silencing of the annexin A2 gene, we next investi-
gated the associations between S100A10 and annexin A2
mRNA and protein expression. The protein expression
of both S100A10 and annexin A2 in whole cell lysates
from 8 CRC cell lines, quantified by western blot densi-
tometry (Figure 3A), demonstrated a statistically strong
correlation (P < 0.001, R = 0.97) between the 2 targets
(Figure 3B). Real-time qRT-PCR analyses also revealed a
positive correlation between mRNA expression levels of
S100A10 and those of annexin A2 in 13 CRC cell lines
(P < 0.001, R = 0.95, Figure 3C). Furthermore, S100A10
protein expression levels were strongly correlated with
S100A10 mRNA expression levels (P = 0.002, R = 0.91,
Figure 3D); the same could be said of annexin A2 (P =
0.017, R = 0.80, Figure 3E).
In DLD-1 cells, annexin A2 appeared as 2 bands

around 36 kDa (Figure 3A), probably representing the 2
isoforms of annexin A2, in which isoform 2 has a substi-
tution of 19 amino acids in Met 1 of isoform 1, resulting
in a molecular weight that is 2 kDa higher than that of
isoform 1. The characteristics of isoform 2 are not well
known; however, we evaluated the protein expression of
annexin A2 in DLD-1 cells by taking the sum of the
density of both bands because all the other amino acids,
including all functional sequences, other than Met 1, are
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Figure 1 Effects of forced expression of S100A10 on cell proliferation and chemosensitivity. (A) Untransfected COLO-320 cells (UT), cells
transfected with non-target vector (control), cells stably transfected with S100A10 (S100A10), and HT29 cells used as a positive control were lysed.
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were determined. Data are the mean ± SD (n = 4). P values are by comparison with the results for UT (**P < 0.01) and control (††, P < 0.01) by on-way
ANOVA with Tukey’s post hoc test.
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identical between the 2 isoforms (UniProtKB/Swiss-Prot:
http://www.uniprot.org/uniprot/P07355).

Discussion
Predictive markers of chemotherapeutic response are ur-
gently needed to improve the outcomes of cancer treat-
ment. Predictive markers of the response to L-OHP have
not yet been established [8,30], and clinically available
protein markers of drug responses are also limited [30].
Using a proteomics approach, we recently found that
intracellular S100A10 protein expression levels were sig-
nificantly correlated with the sensitivity of CRC cells to
L-OHP, but not to 5-FU, providing new insights into pre-
dictive markers of the response to L-OHP [10]. Therefore,
in the current study, we investigated whether S100A10
was involved in mediating L-OHP sensitivity by using
stably transfected cells expressing S100A10 and RNA
interference.
Forced expression of S100A10 in COLO-320 CRC cells,

which do not express endogenous S100A10, significantly
reduced the sensitivity of these cells to L-OHP. In par-
ticular, substantial changes in cell viability were observed
between 1 and 10 μM of L-OHP exposure, correspond-
ing approximately to the blood concentration of L-OHP
in clinical use [31]. A roughly 4-fold change in IC50 value
for L-OHP observed seems not to be prominent, but
should be considered. First, IC50 values for L-OHP in
this study correspond approximately to the peak plasma

http://www.uniprot.org/uniprot/P07355
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concentration after intravenous infusion (Cmax) in clinical
setting, and Cmax is thought to be important for efficacy,
considering that antitumor activity of L-OHP is concen-
tration and time dependent [32,33] and infusion time of
L-OHP is almost fixed as 2 hours except in some cases
with high risk of toxicity. Second, interpatient variability
in L-OHP pharmacokinetics, evaluated as ultrafiltrable
platinum, is moderate to low and 4-fold change is above
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interpatient variability in Cmax, indicating that this mag-
nitude of change in sensitivity is unignorable [31,34,35].
On the other hand, forced expression of S100A10 did

not alter sensitivity to 5-FU, suggesting that, as a predict-
ive marker, S100A10 is more specific to L-OHP sensitivity
than to 5-FU sensitivity. These observations strongly
support our recent findings that CRC cells with higher
S100A10 protein expression levels exhibit lower sensitivity
to L-OHP, but not to 5-FU [10]. These results were also
consistent with previous studies demonstrating an associ-
ation between upregulation of S100A10 and enhance-
ment of cell viability. S100A10 interacts with Bcl-xL/
Bcl-2 associated death promoter (BAD), a death enhancer,
and blunts its pro-apoptotic activity [36]. S100A10 is in-
duced by nerve growth factor, and increased S100A10
levels promote the proliferation of PC12 cells, a pheochro-
mocytoma cell line [37]. Moreover, limbal epithelial cell
proliferation and differentiation are reported to be associ-
ated with S100A10 expression [38]. S100A10 is also a po-
tential inducer of nuclear factor-κB (NF-κB) via activation
of the Akt pathway [39], which is involved in cell growth,
anti-apoptotic signaling, and carcinogenesis in tumor cells
[40,41]. Interestingly, S100A10 is also thought to be a tar-
get of NF-κB [42], leading the possibility of further en-
hancement of cell growth by S100A10. Thus, previous
data suggest that S100A10 may act as an anti-apoptotic
factor.
The differences in the antitumor mechanisms and/or

the opposite effects exerted on NF-κB by L-OHP or 5-
FU [43-46] may be involved in mediating the distinct ef-
fect of S100A10 on cellular chemosensitivities. However,
the underlying mechanisms of the different effects of
S100A10 on the sensitivity to each antitumor drug have
not been clarified in the current study, and further studies
are required to completely elucidate these mechanisms.
The interaction between S100A10 and annexin A2 may

be partly involved in the mechanisms of sensitivity to
L-OHP. Most of the S100A10 is tightly associated with
annexin A2 dimers, forming an (S100A10)2-(annexin A2)2
heterotetramer [23-25]. S100A10 acts as a key molecule
for the promotion of angiogenesis and tumor metastasis
[22], and annexin A2 is believed to act as a scaffolding
protein to secure S100A10 to the cell surface, considering
the well-established roles of S100A10 in cellular plasmin
regulation [47-49]. Conversely, annexin A2, well known to
have multiple functions and biological role in cancer cells
[29,50], also requires S100A10 for its action and trans-
location to the cell surface [51]. In this study, we ob-
served that reduction in both S100A10 and annexin A2
protein expression, shown in HT29/siANXA2 and HT29/
(siS100A10 + siANXA2) cells. The decreased proliferation
rate in HT29/siANXA2 cells, probably due in part to cell
cycle arrest at the G2 phase [52], is unlikely to influence
sensitivity to L-OHP since L-OHP is cell-cycle nonspecific
[53]. These findings lead us to speculate that S100A10
may function collaboratively with annexin A2 in che-
moresistance, although its precise mechanisms are still
unknown because siRNA knockdown experiments failed to
discriminate the difference between S100A10 and annexin
A2 in terms of their contributions to chemoresistance due
to simultaneous changes in the expression of S100A10
and annexin A2 proteins induced by single knockdown of
annexin A2. Silencing of S100A10 and/or annexin A2
showed no apparent effect on sensitivity of the cells to
L-OHP. The inconsistent effects of S100A10 forced
expression and RNA interference on the sensitivity to
L-OHP may partly due to the difference in baseline ex-
pression of annexin A2 between COLO-320 and HT29
cells. Native COLO-320 cells express no endogeneous
annexin A2 whereas HT29 cells highly express annexin
A2 [10]. Another limitation of the present study is that
the efficiency of siRNA transfection into cells could not be
normalized since a co-transfected marker was not used.
Transfection was attempted by adding siRNA-transfection
reagent complex to cells in each well of 96-well plates.
Intracellular S100A10 protein expression may also be

mediated by post-translational suppression possibly due
to the instability of S100A10 protein induced by annexin
A2 suppression, considering that annexin A2 stabilizes
intracellular S100A10 via binding, which masks the
S100A10 polyubiquitination signal leading to proteaso-
mal degradation, as previously reported [54-58]. How-
ever, there was a positive correlation between S100A10
and annexin A2 mRNA expression levels (Figure 3C),
and S100A10 protein levels positively correlated with
S100A10 mRNA levels (Figure 3D), suggesting that the
original levels of intact S100A10 protein were not neces-
sarily attributed to annexin A2 regulation and therefore
not simply a reflection or a surrogate of annexin A2
levels. In fact, Hajjar et al. reported that the expression
of S100A10 in glioma cells is not affected by stable de-
pletion of annexin A2, probably owing to binding part-
ners of S100A10 other than annexin A2, in her response
to letters to her article [59].
Additionally, it cannot be excluded that intracellular

S100A10 is a surrogate of other active molecules related
to cell survival after exposure to antitumor drugs since
S100A10 has been shown to interact with a variety of
proteins, including plasma membrane-resident receptors
and channels [11-14]. Serotonin plays important role in
CRC physiology, and S100A10 interacts with the 5-HT1B

receptor and modulates its function [14]. S100A10 may
be involved in releasing pro-inflammatory cytokines,
such as interleukin-6 [39], which has been suggested to
promote cell growth and apoptosis-escape in colon cancer
[60,61]. Downregulation of caveolin-1, which has recently
attracted attention for its potential role in chemoresistance
[62,63], reduces intracellular S100A10 protein expression
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and localization of S100A10 to caveolae in HCT116 cells,
although the mechanisms involved are unknown [64].
Thus, the molecular backgrounds of S100A10 de-

scribed in previous reports are partly consistent with our
hypothesis that S100A10 protein expression levels may
reflect cell sensitivity to L-OHP. In addition, we demon-
strated that protein expression of S100A10 was involved
in mediating sensitivity to L-OHP, at least in part, by
using stably transfected cells expressing S100A10. How-
ever, the mechanisms of S100A10 involvement in che-
moresistance are still unknown, and the suppression of
S100A10 protein expression induced by knockdown of
annexin A2 makes it difficult to differentiate between the
effects of annexin A2 and those of S100A10 on chemosen-
sitivity. In the present study, we have demonstrated that
protein expression of S100A10 was associated with resist-
ance to L-OHP, but not 5-FU. However, further studies
are required in order to fully elucidate the molecular
mechanisms through which S100A10 acts as a predictive
biomarker of the response to L-OHP.

Conclusions
We have shown that protein expression of S100A10 was
associated with resistance to L-OHP, but not 5-FU, using
forced expression of S100A10 in CRC cells. Our results
provide basic findings for S100A10 as a predictive marker
of the response to L-OHP. Further clinical validation and
functional analysis are required to confirm this hypothesis
and to elucidate the underlying biological mechanisms.

Methods
Agents and antibodies
L-OHP and 5-FU were purchased from WAKO Chemicals
(Tokyo, Japan) and Sigma-Aldrich (St. Louis, MO, USA),
respectively. Purified mouse anti-annexin II Light Chain
(S100A10) monoclonal antibodies (mAbs) and purified
mouse anti-human annexin II (annexin A2) mAbs were
obtained from BD Biosciences (Mississauga, ON, Canada).
Anti-human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mAbs were obtained from Life Technologies
(Carlsbad, CA, USA). All other chemicals and reagents
were of the highest purity available.

Cell culture
DLD-1, LOVO, HT29, SW480, SW1116, WiDR, and HCT116
cells were purchased from the European Collection of Cell
Cultures (Salisbury, UK), and SW620 cells were purchased
from the American Type Culture Collection (Manassas,
VA, USA). COLO205, HCT-15, and LS174T cells were
provided by the Cell Resource Center for Biomedical
Research, Tohoku University (Sendai, Japan). COLO201
cells were provided by the Japanese Collection of Research
Bioresource (Tokyo, Japan), and COLO-320 cells were
provided by RIKEN Bio-Resource (Tsukuba, Japan). The
cells were cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS) and 2 mM glutamine
at 37°C in humidified air containing 5% CO2. Cells were
used when in the exponential growth phase.

S100A10 expression vectors and generation of a stable
transfectant expressing S100A10
The Flexi HaloTag clone pFN21AB8860, an S100A10
expression vector capable of producing N-terminally
HaloTag-fused recombinant S100A10 protein, was obtained
from Kazusa DNA Research Institute (Kisarazu, Japan).
The S100A10-nonexpressing CRC cells, that is, COLO-320
cells, were plated at a density of 3 × 105 cells per 35-mm
dish 24 h prior to transfection. Cells were transfected
with either S100A10 in the pFN21AB8860 (COLO-320/
S100A10) or with the vector control (COLO-320/vector)
using TransIT-LT1 transfection reagent (Mirus, WI, USA)
according to the manufacturer’s instructions. Cells stably
expressing S100A10 were selected with 0.8 mg/mL of
geneticine (G418 disulfate, Sigma-Aldrich) and subse-
quent subcloning. COLO-320/S100A10 cells were main-
tained in medium containing 0.4 mg/mL G418 disulfate.
Stable expression of S100A10 in the cells was verified
using western blot analysis.

Small-interfering RNA (siRNA) “knockdown” experiment
S100A10 siRNA (Stealth Oligo ID: 143791), annexin A2
siRNA (Stealth Oligo ID: 179173), and nontargeting con-
trol siRNA (Silencer Select Negative Control #1) were
purchased from Life Technologies. Twenty-four hours
prior to transfection, HT29 cells were plated at a density
of 5 × 103 cells/well in 96-well plates for cell proliferation
assays, chemosensitivity tests, and mRNA expression
analyses and were plated at 1.5 × 105 cells/well in 6-well
plates, scaling up proportionally to the relative surface
area of culture vessels, to prepare cell lysates for western
blot analysis. Cells were transfected with appropriate
siRNAs for 24 h by using Lipofectamine RNAiMAX
(Life Technologies) as described in the manufacturer’s
standard protocol. The final siRNA concentration was
10 nM for single-knockdown experiments and 20 nM for
double-knockdown experiments (concentration of each
siRNA: 10 nM). After transfection, cells were processed for
subsequent chemosensitivity test. siRNA-mediated knock-
down of target molecules was confirmed by quantitative
real-time reverse transcription (qRT)-PCR and western
blot analysis at 48 h after transfection.

Cell proliferation assay and chemosensitivity test
The viability of cells in the cell proliferation assay and
chemosensitivity test in stably transfected COLO-320
cells was assessed by using the CellTiter96 AQueous
One Solution Cell Proliferation Assay (MTS assay,
Promega Corporation, Madison, WI, USA) according to
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the manufacturer’s protocol. Cell proliferation was mea-
sured 4 days after plating cells at a density of 0.5 × 103

cells/well in 96-well plates. For chemosensitivity tests, cells
were plated at a density of 0.5 × 103 cells/well in 96-well
plates 24 h prior to exposure to L-OHP (0, 0.01, 0.1, 1,
10, or 100 μM) or 5-FU (0, 0.1, 1, 10, 100, or 1000 μM).
Cell viability was assessed after 48 h exposure to L-OHP
or 72 h of exposure to 5-FU, and the 50% inhibitory con-
centration (IC50) was calculated from graphical plots.
Crystal violet staining (CVS) was used to determine

cell numbers for assessing the cell viability of HT29 cells
in siRNA-mediated knockdown experiments. Cell prolifer-
ation was measured at day 0 (just before transfection), day
3 and day 5, that is, 48 and 96 h after the end of transfec-
tion, respectively. For chemosensitivity tests, cells trans-
fected with appropriate siRNAs for 24 h were subsequently
exposed to L-OHP (0, 0.001, 0.01, 0.1, 0.3, 1, 3, 10, 30, 100,
or 1000 μM) for 24 h. The medium was then changed, and
cell survival was assessed by CVS after 24 h of incubation.
The CVS was performed by the modified method of
Sergent et al. [65]. Briefly, surviving cells were fixed by
exposure to pure ethanol, stained for 30 min with 0.1%
crystal violet solution in 10% ethanol, and washed with
abundant tap water. After air-drying, the dye was eluted
with 33% acetic acid, and the optical density of dye
extracts was measured at 540 nm. The percentage of sur-
viving cells was determined, and the IC50 values were
calculated.
The IC50 values for L-OHP or 5-FU were log transformed

for normal distribution, and the log10 IC50 values were
used for further statistical analysis.

Preparation of cell lysates and western blot analysis
To investigate the relationship between S100A10 and
annexin A2 protein expression, 8 CRC cell lines (HCT116,
HCT15, COLO-320, LS174T, SW620, SW480, HT29,
and DLD-1) were used. Cells were scraped off 100-mm
dishes into a lysis buffer containing 9 M urea, 2% CHAPS,
1 mM dithiothreitol (DTT), and a protease inhibitor cock-
tail (Sigma-Aldrich). After incubation on ice for 10 min
followed by sonication on ice, the lysates were cleared by
centrifugation at 15,000 × g for 30 min at 4°C, and protein
concentrations were determined by the DC protein assay
(Bio-Rad Laboratories, Hercules, CA, USA). In experi-
ments using stably transfected COLO-320 cells or RNA
interference, cell lysates were prepared by using M-PER
Mammalian Protein Extraction Reagent (Thermo Fisher
Scientific Inc., Rockford, IL, USA) with 1 mM DTT, 0.1 mM
phenylmethylsulfonyl fluoride, and a protease inhibitor
cocktail (Sigma-Aldrich) according to the manufacturer’s
protocol. After centrifugation at 15,000 × g for 10 min at
4°C to remove cellular debris, protein concentrations were
determined by the Pierce BCA protein assay (Thermo
Fisher Scientific Inc.), and aliquots were quickly frozen in
liquid nitrogen and stored at −80°C until analysis in all
experiments.
Cell lysates were separated by SDS-polyacryamide gel

electrophoresis. The separated proteins were transferred
electrophoretically to polyvinylidene difluoride membranes
and probed with the respective primary antibodies and
alkaline phosphatase-conjugated secondary antibodies (Life
Technologies) as described previously [10]. GAPDH was
used as a loading control. Protein bands were visualized
with an LAS 4000 mini imaging system and analyzed with
Multi Gauge software ver. 3.0 (FUJIFILM, Tokyo, Japan).

RNA extraction and real-time qRT-PCR
For quantification of mRNA expression, cells were
plated at a density of 5 × 103 cells/well in 96-well plates
in all experiments. Extraction of total RNA from cul-
tured cells and synthesis of cDNA from total RNA were
performed using the TaqMan Gene Expression Cells-to-
CT Kit (Life Technologies) according to the manufacturer’s
instructions. The real-time qRT-PCR measurement of indi-
vidual cDNAs was performed using TaqMan Gene Expres-
sion Assays for S100A10 (Assay ID: Hs00237010_m1),
annexin A2 (Assay ID: Hs00237010_m1), and GAPDH
(Assay ID: Hs99999905_m1) on an ABI 7900 Real-Time
PCR System (Life Technologies). The reactions were run
in 384-well plates, using the following program: 50°C
for 2 min followed by 95°C for 10 min, followed by
40 cycles of 95°C for 15 s, 60°C for 1 min. The cyc-
ling parameters were manufacturer’s specifications. The
relative standard curve method, preparing serial dilution
of total RNA (1×, 10×, 20×, 40×, 80×, 160×, 320×, 800×,
1600×) prepared from the pool of total RNA obtained by
combining aliquots of samples for all assay, was used to
quantify the results obtained by real-time qRT-PCR. Rela-
tive fold-changes were normalized to the expression of
GAPDH.

Statistical analysis
Statistical analyses were performed using SPSS software
19.0 J for Windows (SPSS, Chicago, IL, USA). Comparison
between groups was performed by one-way analysis of
variance (ANOVA) followed by post-hoc multiple pairwise
comparison using Tukey’s test to determine statistical dif-
ferences. To evaluate relationships between 2 variables,
Pearson’s correlation coefficient test was used. P values of
less than 0.05 were considered statistically significant.

Ethical approval
Our in vitro study described in this manuscript used the
cell lines commercially available. This type of study does
not apply to human subject research by standards of
Guidance from US-Office for Human Research Protection
(OHRP). OHRP states that “OHRP does not consider the act
of solely providing coded private information or specimens
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ment in the conduct of the research”.
Furthermore, NIH Office of Extramural Research in

US Department of Health & Human Service (HHS) also
answers to investigators in their FAQs that “Research
that proposes the use of human cell lines available from
American Type Culture Collection or a similar repository is
not considered human subjects research because the cells
are publicly available and all of the information known
about the cell lines is also publicly available”. Therefore, our
study does not apply to an ethics committee.

Abbreviations
L-OHP: Oxaliplatin; CRC: Colorectal cancer; IC50: 50% inhibitory concentration;
ANXA2: Annexin A2.

Competing interests
Yusuke Tanigawara, Sayo Suzuki and Yakult Honsha Co., Ltd. hold patents
on S100A10 titled as “METHOD FOR DETERMINATION OF SENSITIVITY TO
ANTI-CANCER AGENT “(Patent No. 2010/05157 and 586972). This does not
alter the authors’ adherence to all Proteome Science policies on sharing data
and materials.

Authors’ contributions
YT was responsible for planning and designing the study and data
interpretation. SS performed the experiments and the data analysis and
wrote the manuscript. Both authors read and approved the final manuscript.

Acknowledgements
We thank Dr. Akimitsu Takagi (Yakult Central Institute, Tokyo, Japan) for his
advice in generating stably transfected COLO-320 cells expressing S100A10.
This work was supported by Grants-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) of
Japan (http://www.mext.go.jp/) (Grant Number 20390049 to Yusuke Tanigawara
and 21590176 to Sayo Suzuki) and a research grant from Yakult Honsha Co., Ltd.

Author details
1Department of Clinical Pharmacokinetics and Pharmacodynamics, School of
Medicine, Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582,
Japan. 2Center for Pharmacy Practice, Faculty of Pharmacy, Keio University,
1-5-30 Shibakoen, Minato-ku, Tokyo 105-8512, Japan.

Received: 19 June 2013 Accepted: 30 April 2014
Published: 9 May 2014

References
1. Grothey A, Sargent D, Goldberg RM, Schmoll H-J: Survival of patients with

advanced colorectal cancer improves with the availability of fluorouracil-
leucovorin, irinotecan, and oxaliplatin in the course of treatment. J Clin
Oncol 2004, 22:1209–1214.

2. Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Williamson
SK, Findlay BP, Pitot HC, Alberts SR: A randomized controlled trial of
fluorouracil plus leucovorin, irinotecan, and oxaliplatin combinations in
patients with previously untreated metastatic colorectal cancer. J Clin
Oncol 2004, 22:23–30.

3. de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, Boni C,
Cortes-Funes H, Cervantes A, Freyer G, Papamichael D, Le Bail N, Louvet C,
Hendler D, de Braud F, Wilson C, Morvan F, Bonetti A: Leucovorin and
fluorouracil with or without oxaliplatin as first-line treatment in
advanced colorectal cancer. J Clin Oncol 2000, 18:2938–2947.

4. Rothenberg ML, Oza AM, Bigelow RH, Berlin JD, Marshall JL, Ramanathan RK,
Hart LL, Gupta S, Garay CA, Burger BG, Le Bail N, Haller DG: Superiority of
oxaliplatin and fluorouracil-leucovorin compared with either therapy
alone in patients with progressive colorectal cancer after irinotecan and
fluorouracil-leucovorin: interim results of a phase III trial. J Clin Oncol
2003, 21:2059–2069.

5. Kabbinavar FF, Hambleton J, Mass RD, Hurwitz HI, Bergsland E, Sarkar S:
Combined analysis of efficacy: the addition of bevacizumab to
fluorouracil/leucovorin improves survival for patients with metastatic
colorectal cancer. J Clin Oncol 2005, 23:3706–3712.

6. Giantonio BJ, Catalano PJ, Meropol NJ, O’Dwyer PJ, Mitchell EP, Alberts SR,
Schwartz MA, Benson AB 3rd, Eastern Cooperative Oncology Group Study
E3200: Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the eastern cooperative oncology group study E3200. J Clin
Oncol 2007, 25:1539–1544.

7. Bokemeyer C, Bondarenko I, Hartmann JT, de Braud F, Schuch G, Zubel A,
Celik I, Schlichting M, Koralewski P: Efficacy according to biomarker status
of cetuximab plus FOLFOX-4 as first-line treatment for metastatic
colorectal cancer: the OPUS study. Ann Oncol 2011, 22:1535–1546.

8. Rabik CA, Dolan ME: Molecular mechanisms of resistance and toxicity
associated with platinating agents. Cancer Treat Rev 2007, 33:9–23.

9. Braun MS, Richman SD, Quirke P, Daly C, Adlard JW, Elliott F, Barrett JH,
Selby P, Meade AM, Stephens RJ, Parmar MK, Seymour MT: Predictive
biomarkers of chemotherapy efficacy in colorectal cancer: results from
the UK MRC FOCUS trial. J Clin Oncol 2008, 26:2690–2698.

10. Suzuki S, Yamayoshi Y, Nishimuta A, Tanigawara Y: S100A10 protein
expression is associated with oxaliplatin sensitivity in human colorectal
cancer cells. Proteome Sci 2011, 9:76.

11. Okuse K, Malik-Hall M, Baker MD, Poon WYL, Kong H, Chao MV, Wood JN:
Annexin II light chain regulates sensory neuron-specific sodium channel
expression. Nature 2002, 417:653–656.

12. Donier E, Rugiero F, Okuse K, Wood JN: Annexin II light chain p11
promotes functional expression of acid-sensing ion channel ASIC1a.
J Biol Chem 2005, 280:38666–38672.

13. van de Graaf SF, Hoenderop JG, Gkika D, Lamers D, Prenen J, Rescher U,
Gerke V, Staub O, Nilius B, Bindels RJ: Functional expression of the
epithelial Ca(2+) channels (TRPV5 and TRPV6) requires association of the
S100A10-annexin 2 complex. EMBO J 2003, 22:1478–1487.

14. Svenningsson P, Chergui K, Rachleff I, Flajolet M, Zhang X, Yacoubi ME,
Vaugeois J-M, Nomikos GG, Greengard P: Alterations in 5-HT1B receptor
function by p11 in depression-like states. Science 2006, 311:77–80.

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

16. Zhi H, Zhang J, Hu G, Lu J, Wang X, Zhou C, Wu M, Liu Z: The deregulation
of arachidonic acid metabolism-related genes in human esophageal
squamous cell carcinoma. Int J Cancer 2003, 106:327–333.

17. Remmelink M, Mijatovic T, Gustin A, Mathieu A, Rombaut K, Kiss R, Salmon I,
Decaestecker C: Identification by means of cDNA microarray analyses of
gene expression modifications in squamous non-small cell lung cancers
as compared to normal bronchial epithelial tissue. Int J Oncol 2005,
26:247–258.

18. Domoto T, Miyama Y, Suzuki H, Teratani T, Arai K, Sugiyama T, Takayama T,
Mugiya S, Ozono S, Nozawa R: Evaluation of S100A10, annexin II and B-FABP
expression as markers for renal cell carcinoma. Cancer Sci 2007, 98:77–82.

19. Kittaka N, Takemasa I, Takeda Y, Marubashi S, Nagano H, Umeshita K, Dono
K, Matsubara K, Matsuura N, Monden M: Molecular mapping of human
hepatocellular carcinoma provides deeper biological insight from
genomic data. Eur J Cancer 2008, 44:885–897.

20. Sitek B, Sipos B, Alkatout I, Poschmann G, Stephan C, Schulenborg T, Marcus
K, Lüttges J, Dittert D-D, Baretton G, Schmiegel W, Hahn SA, Klöppel G,
Meyer HE, Stühler K: Analysis of the pancreatic tumor progression by a
quantitative proteomic approach and immunhistochemical validation.
J Proteome Res 2009, 8:1647–1656.

21. Fenouille N, Grosso S, Yunchao S, Mary D, Pontier-Bres R, Imbert V, Czerucka D,
Caroli-Bosc FX, Peyron JF, Lagadec P: Calpain 2-dependent IκBα degradation
mediates CPT-11 secondary resistance in colorectal cancer xenografts.
J Pathol 2012, 227:118–129.

22. Phipps KD, Surette AP, O’Connell PA, Waisman DM: Plasminogen receptor
S100A10 is essential for the migration of tumor-promoting macrophages
into tumor sites. Cancer Res 2011, 71:6676–6683.

23. Johnsson N, Marriott G, Weber K: p36, the major cytoplasmic substrate of
src tyrosine protein kinase, binds to its p11 regulatory subunit via a
short amino-terminal amphiphatic helix. EMBO J 1988, 7:2435–2442.

24. Kube E, Becker T, Weber K, Gerke V: Protein-protein interaction studied by
site-directed mutagenesis. Characterization of the annexin II-binding
site on p11, a member of the S100 protein family. J Biol Chem 1992,
267:14175–14182.

http://www.mext.go.jp/


Suzuki and Tanigawara Proteome Science 2014, 12:26 Page 10 of 10
http://www.proteomesci.com/content/12/1/26
25. Rety S, Sopkova J, Renouard M, Osterloh D, Gerke V, Tabaries S, Russo-Marie
F, Lewit-Bentley A: The crystal structure of a complex of p11 with the
annexin II N-terminal peptide. Nat Struct Mol Biol 1999, 6:89–95.

26. Keutzer JC, Hirschhorn RR: The growth-regulated gene 1B6 is identified as
the heavy chain of calpactin I. Exp Cell Res 1990, 188:153–159.

27. Vishwanatha JK, Kumble S: Involvement of annexin II in DNA replication:
evidence from cell-free extracts of Xenopus eggs. J Cell Sci 1993,
105:533–540.

28. Chiang Y, Rizzino A, Sibenaller ZA, Wold MS, Vishwanatha JK: Specific
down-regulation of annexin II expression in human cells interferes with
cell proliferation. Mol Cell Biochem 1999, 199:139–147.

29. Gerke V, Creutz CE, Moss SE: Annexins: linking Ca2+ signalling to
membrane dynamics. Nat Rev Mol Cell Biol 2005, 6:449–461.

30. Ludwig JA, Weinstein JN: Biomarkers in cancer staging, prognosis and
treatment selection. Nat Rev Cancer 2005, 5:845–856.

31. Culy CR, Clemett D, Wiseman LR: Oxaliplatin. A review of its
pharmacological properties and clinical efficacy in metastatic colorectal
cancer and its potential in other malignancies. Drugs 2000, 60:895–924.

32. Raymond E, Lawrence R, Izbicka E, Faivre S, Von Hoff DD: Activity of
oxaliplatin against human tumor colony-forming units. Clin Cancer Res
1998, 4:1021–1029.

33. Kornmann M, Fakler H, Butzer U, Beger HG, Link KH: Oxaliplatin exerts
potent in vitro cytotoxicity in colorectal and pancreatic cancer cell lines
and liver metastases. Anticancer Res 2000, 20:3259–3264.

34. Graham MA, Lockwood GF, Greenslade D, Brienza S, Bayssas M, Gamelin E:
Clinical pharmacokinetics of oxaliplatin: a critical review. Clin Cancer Res
2000, 6:1205–1218.

35. Burz C, Berindan-Neagoe IB, Balacescu O, Tanaselia C, Ursu M, Gog A,
Vlase L, Chintoanu M, Balacescu L, Leucuta SE, Irimie A, Cristea V: Clinical
and pharmacokinetics study of oxaliplatin in colon cancer patients.
J Gastrointestin Liver Dis 2009, 18:39–43.

36. Hsu SY, Kaipia A, Zhu L, Hsueh AJW: Interference of BAD (Bcl-xL/Bcl-2-
associated death promoter)-induced apoptosis in mammalian cells by
14-3-3 isoforms and P11. Mol Endocrinol 1997, 11:1858–1867.

37. Masiakowski P, Shooter EM: Changes in PC12 cell morphology induced by
transfection with 42C cDNA, coding for a member of the S-100 protein
family. J Neurosci Res 1990, 27:264–269.

38. Li J, Riau AK, Setiawan M, Mehta JS, Ti SE, Tong L, Tan DT, Beuerman RW:
S100A expression in normal corneal-limbal epithelial cells and ocular
surface squamous cell carcinoma tissue. Mol Vis 2011, 17:2263–2271.

39. Li Q, Laumonnier Y, Syrovets T, Simmet T: Plasmin triggers cytokine
induction in human monocyte-derived macrophages. Arterioscler Thromb
Vasc Biol 2007, 27:1383–1389.

40. Wu JT, Kral JG: The NF-kappaB/IkappaB signaling system: a molecular
target in breast cancer therapy. J Surg Res 2005, 123:158–169.

41. Sonis ST: The biologic role for nuclear factor-kappab in disease and its
potential involvement in mucosal injury associated with anti-neoplastic
therapy. Critical Rev Oral Biol Med 2002, 13:380–389.

42. Huang X-l, Pawliczak R, Yao X-l, Cowan MJ, Gladwin MT, Walter MJ,
Holtzman MJ, Madara P, Logun C, Shelhamer JH: Interferon-gamma
induces p11 Gene and protein expression in human epithelial cells
through interferon-gamma -activated sequences in the p11 promoter.
J Biol Chem 2003, 278:9298–9308.

43. Aota K, Azuma M, Yamashita T, Tamatani T, Motegi K, Ishimaru N, Hayashi Y,
Sato M: 5-Fluorouracil induces apoptosis through the suppression of
NF-kappaB activity in human salivary gland cancer cells. Biochem Biophys
Res Commun 2000, 273:1168–1174.

44. Azuma M, Yamashita T, Aota K, Tamatani T, Sato M: 5-Fluorouracil
suppression of NF-KappaB is mediated by the inhibition of IKappab
kinase activity in human salivary gland cancer cells. Biochem Biophys Res
Commun 2001, 282:292–296.

45. Rakitina TV, Vasilevskaya IA, O’Dwyer PJ: Additive interaction of oxaliplatin
and 17-allylamino-17-demethoxygeldanamycin in colon cancer cell lines
results from inhibition of nuclear factor kappaB signaling. Cancer Res
2003, 63:8600–8605.

46. Kaltschmidt B, Kaltschmidt C, Hofmann TG, Hehner SP, Droge W, Schmitz
ML: The pro- or anti-apoptotic function of NF-kappaB is determined by
the nature of the apoptotic stimulus. Eur J Biochem 2000, 267:3828–3835.

47. Kwon M, MacLeod TJ, Zhang Y, Waisman DM: S100A10, annexin A2,
and annexin a2 heterotetramer as candidate plasminogen receptors.
Front Biosci 2005, 10:300–325.
48. Miles LA, Parmer RJ: S100A10: a complex inflammatory role. Blood 2010,
116:1022–1024.

49. Madureira PA, Surette AP, Phipps KD, Taboski MA, Miller VA, Waisman DM:
The role of the annexin A2 heterotetramer in vascular fibrinolysis. Blood
2011, 118:4789–4797.

50. Lokman NA, Ween MP, Oehler MK, Ricciardelli C: The role of annexin A2 in
tumorigenesis and cancer progression. Cancer Microenviron 2011, 4:199–208.

51. Deora AB, Kreitzer G, Jacovina AT, Hajjar KA: An annexin 2 phosphorylation
switch mediates p11-dependent translocation of annexin 2 to the cell
surface. J Biol Chem 2004, 279:43411–43418.

52. Wang CY, Chen CL, Tseng YL, Fang YT, Lin YS, Su WC, Chen CC, Chang KC,
Wang YC, Lin CF: Annexin A2 silencing induces G2 arrest of non-small
cell lung cancer cells through p53-dependent and -independent
mechanisms. J Biol Chem 2012, 287:32512–32524.

53. Baker DE: Oxaliplatin: a new drug for the treatment of metastatic
carcinoma of the colon or rectum. Rev Gastroenterol Disord 2003, 3:31–38.

54. Puisieux A, Ji J, Ozturk M: Annexin II up-regulates cellular levels of p11
protein by a post-translational mechanisms. Biochem J 1996, 313:51–55.

55. Benaud C, Gentil BJ, Assard N, Court M, Garin J, Delphin C, Baudier J:
AHNAK interaction with the annexin 2/S100A10 complex regulates cell
membrane cytoarchitecture. J Cell Biol 2004, 164:133–144.

56. He K-L, Deora AB, Xiong H, Ling Q, Weksler BB, Niesvizky R, Hajjar KA:
Endothelial cell annexin A2 regulates polyubiquitination and degradation
of its binding partner S100A10/p11. J Biol Chem 2008, 283:19192–19200.

57. Yang X, Popescu NC, Zimonjic DB: DLC1 interaction with S100A10
mediates inhibition of in vitro cell invasion and tumorigenicity of lung
cancer cells through a RhoGAP-independent mechanism. Cancer Res
2011, 71:2916–2925.

58. Zhang J, Guo B, Zhang Y, Cao J, Chen T: Silencing of the annexin II gene
down-regulates the levels of S100A10, c-Myc, and plasmin and inhibits
breast cancer cell proliferation and invasion. Saudi Med J 2010, 31:374–381.

59. Zhai H, Acharya S, Gravanis I, Mehmood S, Seidman RJ, Shroyer KR, Hajjar KA,
Tsirka SE: Annexin A2 promotes glioma cell invasion and tumor progression.
J Neurosci 2011, 31:14346–14360.

60. Schneider MR, Hoeflich A, Fischer JGR, Wolf E, Sordat B, Lahm H:
Interleukin-6 stimulates clonogenic growth of primary and metastatic
human colon carcinoma cells. Cancer Lett 2000, 151:31–38.

61. Becker C, Fantini MC, Schramm C, Lehr HA, Wirtz S, Nikolaev A, Burg JG,
Strand S, Kiesslich R, Huber S, Ito H, Nishimoto N, Yoshizaki K, Kishimoto T,
Galle PR, Blessing M, Rose-John S, Neurath MF: TGF-[beta] suppresses
tumor progression in colon cancer by inhibition of IL-6 trans-signaling.
Immunity 2004, 21:491–501.

62. Lavie Y, Fiucci G, Liscovitch M: Up-regulation of caveolae and caveolar
constituents in multidrug-resistant cancer cells. J Biol Chem 1998,
273:32380–32383.

63. Pang A, Au WY, Kwong YL: Caveolin-1 gene is coordinately regulated
with the multidrug resistance 1 gene in normal and leukemic bone
marrow. Leuk Res 2004, 28:973–977.

64. Cavallo-Medved D, Mai J, Dosescu J, Sameni M, Sloane BF: Caveolin-1
mediates the expression and localization of cathepsin B, pro-urokinase
plasminogen activator and their cell-surface receptors in human
colorectal carcinoma cells. J Cell Sci 2005, 118:1493–1503.

65. Sergent C, Franco N, Chapusot C, Lizard-Nacol S, Isambert N, Correia M,
Chauffert B: Human colon cancer cells surviving high doses of cisplatin
or oxaliplatin in vitro are not defective in DNA mismatch repair proteins.
Cancer Chemother Pharmacol 2002, 49:445–452.

doi:10.1186/1477-5956-12-26
Cite this article as: Suzuki and Tanigawara: Forced expression of
S100A10 reduces sensitivity to oxaliplatin in colorectal cancer cells.
Proteome Science 2014 12:26.


	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Effects of forced expression of S100A10 on cell proliferation and sensitivity to L-OHP or 5-FU in COLO-320 cells
	Effects of S100A10 or/and annexin A2 gene silencing by siRNAs on cell proliferation and sensitivity to L-OHP in HT-29 cells
	Relationships between the mRNA and protein expression levels of S100A10 and annexin A2

	Discussion
	Conclusions
	Methods
	Agents and antibodies
	Cell culture
	S100A10 expression vectors and generation of a stable transfectant expressing S100A10
	Small-interfering RNA (siRNA) “knockdown” experiment
	Cell proliferation assay and chemosensitivity test
	Preparation of cell lysates and western blot analysis
	RNA extraction and real-time qRT-PCR
	Statistical analysis
	Ethical approval
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


