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We reported previously that decorin (DCN) is significantly up-regulated in chemoresistant cancer cell
lines. DCN is a small leucine-rich proteoglycan that exists and functions in stromal and epithelial cells.
Accumulating evidence suggests that DCN affects the biology of several types of cancer by directly/indi-
rectly targeting the signaling molecules involved in cell growth, survival, metastasis, and angiogenesis,

Keywords: ) however, the molecular mechanisms of DCN in chemoresistance and its clinical relevance are still
gral squamous cell carcinoma unknown. Here we assumed that DCN silencing cells increase chemosusceptibility to S-1, consisted of
S_elcorm tegafur, prodrug of 5-fluorouracil. We first established DCN knockdown transfectants derived from oral

cancer cells for following experiments including chemosusceptibility assay to S-1. In addition to the
in vitro data, DCN knockdown zenografting tumors in nude mice demonstrate decreasing cell prolifera-
tion and increasing apoptosis with dephosphorylation of AKT after S-1 chemotherapy. We also investi-
gated whether DCN expression predicts the clinical responses of neoadjuvant chemotherapy (NAC)
using S-1 (S-1 NAC) for oral cancer patients. Immunohistochemistry data in the preoperative biopsy sam-
ples was analyzed to determine the cut-off point for status of DCN expression by receiver operating curve
analysis. Interestingly, low DCN expression was observed in five (83%) of six cases with complete
responses to S-1 NAC, and in one (10%) case of 10 cases with stable/progressive disease, indicating that
S-1 chemosensitivity is dramatically effective in oral cancer patients with low DCN expression compared
with high DCN expression. Our findings suggest that DCN is a key regulator for chemoresistant mecha-
nisms, and is a predictive immunomarker of the response to S-1 NAC and patient prognosis.

© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

S-1is an oral anticancer drug comprised of tegafur, a prodrug of
5-fluorouracil (5-FU); 5-chloro-2,4-dihydroxypyridine (CDHP); and
potassium oxonate (Oxo). CDHP reversibly inhibits 5-FU degrada-
tion by dihydropyrimidine dehydrogenase, resulting in prolonged
high serum concentrations of 5-FU, thereby enhancing the antitu-
mor activity of tegafur. Oxo is distributed selectively to the gastro-
intestinal tract, where high concentrations inhibit orotate
phosphoribosyltransferase, which phosphorylates 5-FU to an
active metabolite in humans. Inhibition of this enzyme reduces
gastrointestinal toxicity [1-3].
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Neoadjuvant chemotherapy (NAC) improves treatment results
by down-staging tumors before treatment, surgery, chemotherapy,
and radiotherapy. Several groups have reported that NAC with S-1
(S5-1 NAC) was used in patients with advanced gastric cancer [4,5].
However, no convincing evidence has been obtained regarding the
contribution of S-1 NAC to improved survival [5]. In our S-1 NAC
study of patients with oral squamous cell carcinoma (OSCC) [6],
the 61.2% response rate (complete and partial responses [RR]) was
higher than reported previously [7,8]. We also found that the RR
to S-1 NAC in cases with lymph node metastasis was significantly
lower than in cases without metastasis, suggesting that the RR to
S-1 NAC may predict regional lymph node metastasis of OSCC [6].
Although S-1 has highly effective antitumor activity and low toxic-
ity in patients with OSCC, some patients do not respond to S-1 NAC
and the tumors grow. If we determine the chemosensitivity of S-1
before administration of NAC, we can provide appropriate
treatments.
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Decorin (DCN) is a prototype member of an expanding family of
small leucine-rich proteoglycans [9] that are related structurally
and play major roles in organization of the extracellular matrix
(ECM) and regulation of cellular behavior [10]. DCN may be a
tumor suppressor gene that is inactivated in cancer cells during
malignant formation in several cancer types [11]. In contrast, low
DCN expression in breast cancer is associated with worse progno-
sis [12]. Therefore, DCN has pivotal roles in various situations. Our
previous microarray data showed that DCN is up-regulated in
chemoresistant cancer cell lines [13]. However, the molecular sta-
tus of DCN in chemoresistance and its clinical relevance remain
unknown. In the current study, we found that DCN controls the
mechanism of chemosensitivity in vitro and in vivo and that DCN
may be a predictive biomarker of the response to S-1 NAC in
patients with OSCC.

2. Materials and methods
2.1. Cell lines

We previously established the chemoresistant cell line, Sa3-R,
from its parental cancer cell line, Sa3 (human OSCC cell line)
[14-16]. The Sa3 cell line was purchased from the RIKEN Bio-
Resource, Tsukuba, Japan. The cell cultures were performed as pre-
viously described [14-16].

2.2. cDNA preparation

Trizol Reagent (Invitrogen, Carlsbad, CA, USA) was used to iso-
late total RNA from cells and reverse-transcribed by Ready-to-Go
You-Prime first-strand beads (GE Healthcare, Buckinghamshire,
UK) and Oligo (dT) primer (Invitrogen).

2.3. Gene expression analysis

Quantitative reverse transcriptase polymerase chain reaction
(gqRT-PCR) was performed using the LightCycler 480 system (Roche
Diagnostics GmbH, Mannheim, Germany) with the following prim-
ers to evaluate the DCN expression levels: DCN, forward 5-GGAG
ACTTTAAGAACCCTGAAGAACC-3’ (703-727) and reverse 5'-CGTT
CCAACTTCACCAAAGG-3' (787-806). PCR reactions were performed
as previously described [17]. The target gene transcript amounts
were estimated from the respective standard curves and normal-
ized to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH, for-
ward 5'-CATCTCTGCCCCCTCTGCTGA-3’ and reverse 5-GGATGAC
CTTGCCCACAGCCT-3') transcript amounts determined in corre-
sponding samples.

2.4. Immunoblot analysis

Protein was extracted as previously described [17]. Protein
extracts were first electrophoresed on 4-12% Bis-Tris gel and then
transferred to nitrocellulose membranes (Invitrogen) and blocked
for 1h at room temperature in Blocking One (Nacalai Tesque,
Kyoto, Japan). 0.1% Tween 20 in TBS was used to wash the mem-
brane three times; the membranes then were incubated overnight
at 4 °C with goat anti-DCN polyclonal antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA), rabbit anti-AKT polyclonal anti-
body (Abgent, San Diego, CA, USA), rabbit anti-phosphorylated
AKT (p-AKT) polyclonal antibody (Santa Cruz Biotechnology),
rabbit anti-proliferating cell nuclear antigen (PCNA) polyclonal
antibody (Santa Cruz Biotechnology), or rabbit anti-cleaved cas-
pase-3 polyclonal antibody (Cell Signaling Technology, Danvers,
MA, USA). The membranes were washed again and incubated with
an anti-goat or anti-rabbit IgG horseradish peroxidase conjugate

(Promega, Madison, WI, USA) as secondary antibodies for 1 h at
room temperature. Membrane detection was performed as previ-
ously described [17].

2.5. shRNA

The cells were transfected stably with DCN shRNA (shDCN) or
shRNA control (shMock) plasmids (Santa Cruz Biotechnology)
using Lipofectamine LTX and Plus Reagents (Invitrogen). The stable
shDCN and shMock cells were isolated using a culture medium
containing 2 pg/ml puromycin (Santa Cruz Biotechnology).

2.6. Cellular growth

To determine the effect of DCN knockdown on cellular prolifer-
ation, we monitored the cellular growth for 168 h and counted the
number of cells every 24 h. The cells were trypsinized and counted
using a hemocytometer at the indicated time points.

2.7. Chemosensitivity assay

The cells were seeded at a concentration of 2 x 10> in DMEM
containing 10% FBS in all wells of a 96-well plate. Twenty-four
hours later, a medium containing various concentrations of 5-FU
(6.25, 12.5, 25, 50, 100, 200, 400, 800, and 1600 uM) replaced the
culture medium. After a 72-h incubation, a cell viability assay
was performed using the Cell Counting kit-8 (Dojindo, Kumamoto,
Japan).

2.8. Chemosensitivity assay in nude mice zenografts

The transfectants derived from the Sa3-R cells (2 x 107 cells)
were injected subcutaneously into the back of female athymic
nude mice (BALB/cAnNcrj-nu/nu) obtained from Charles River
Japan Inc. (Yokohama, Kanagawa, Japan). The animals were cared
for and treated according to institutional guidelines. S-1 treatment
started when the tumors reached 100-150 mm® in size. Seven
mice in each of five treatment group were given oral S-1 (2 mg/
kg on days 0-14.) The treatment groups were as follows: control
(n=7), shMock (n=7), shDCN (n=7), shMock with S-1 (n=7),
and shDCN with S-1 (n=7). The tumoral volume and the body
weight of the mice were recorded twice weekly over the course
of 42 days. The longest perpendicular tumor diameters were mea-
sured using calipers on alternate day to estimate the tumoral vol-
ume using the following formula: 47t/3 x (width/2)2 x (length/2).

2.9. Immunohistochemistry

Immunohistochemistry (IHC) using the primary antibody was
performed as previously described [17-19]. To quantify the DCN
protein expression in those components, we used the previously
described IHC score system [17-19].

2.10. TUNEL assay

Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) staining was performed using an in situ apoptosis detec-
tion kit (TaKaRa, Tokyo, Japan). The number of TUNEL-positive cells
was detected and counted by light microscopy.

2.11. Patients and treatment schedules

Sixteen patients who had previously been diagnosed with OSCC
at the Department of Oral-Maxillofacial Surgery, Chiba University
Hospital, were enrolled in the study. The Institutional Review
Board of Chiba University approved the study protocol (No. 236).
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All patients provided written informed consent before entry into
the study. To suppress tumoral growth preoperatively, the patients
were treated with S-1 NAC before the primary tumor was resected
with simultaneous neck dissection as previously described [6].

2.12. Evaluation of treatment effects

The tumoral size and histopathologic findings from the biopsy
specimens after treatment with S-1 NAC were measured to deter-
mine the extent of the disease. Each neoplastic tissue specimen
was histopathologically diagnosed according to the World Health
Organization criteria by the Department of Pathology, Chiba Uni-
versity Hospital. The Response Evaluation Criteria in Solid Tumors
guidelines were used to evaluate the response to treatment.

2.13. Statistical analysis

The data are expressed as the mean + standard error of the
mean (SEM) from three assays. Receiver operating characteristic
(ROC) curve analysis determined the optimal cut-off points. Statis-
tical analyses were performed using SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Chemosensitivity in DCN knockdown cells

We previously reported overexpression of DCN in cis-diammin-
edichloroplatinum- and 5-FU-resistant OSCC cell line (Sa3-R) [13].
Since then, we examined whether DCN regulates chemosensitivity
in DCN knockdown cells. qRT-PCR data showed that the DCN mRNA
expression in DCN knockdown (shDCN) cells was significantly
(P <0.05) lower than in control (shMock) cells (Fig. 1A). DCN pro-
tein expression also decreased in shDCN cells compared with
shMock cells (Fig. 1B). To evaluate the effect of DCN knockdown
on cellular growth, we performed a cellular proliferation assay.
The growth curves of both transfectants were similar, indicating
that down-regulation of DCN did not affect cellular growth
(Fig. 1C). To determine whether DCN knockdown affects the
tumoral response to chemotherapy, we carried out a chemosensi-
tivity assay of the transfectants using 5-FU, a component of S-1.
The half maximal inhibitory concentration (ICsg) data indicated
that the 5-FU-resistance level of the shDCN cells (ICsg, 16.4 uM)
was 8.7-fold lower than that of the shMock cells (ICsg, 142.2 pM)
(Fig. 1D). These data indicated that silencing of DCN increases 5-
FU chemosensitivity.

3.2. Immunoblot analysis of DCN knockdown cells

To investigate the effect of 5-FU on cellular proliferation, apop-
tosis, and the AKT pathway in shMock cell and shDCN cells, we per-
formed immunoblot analysis using PCNA, cleaved caspase-3, AKT,
and p-AKT antibodies (Fig. 1E). PCNA and p-AKT are down-regu-
lated and cleaved caspase-3 is up-regulated in shDCN cells after
treatment with 5-FU. The data showed that low proliferation, high
apoptosis, and dephosphorylation of AKT were significant
(P<0.05) in shDCN cells after treatment with 5-FU (Fig. 1F).

3.3. Antitumoral activity of S-1 in DCN knockdown zenografts

The transfectants (shDCN and shMock) and their parental cells
(Sa3-R) were inoculated subcutaneously into female athymic nude
mice and allowed to grow to a mean volume of 100 mm?>. The mice
with shDCN or shMock zenografts were treated with S-1. Consis-
tent with the in vitro cellular proliferation data, we found similar
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Fig. 1. Chemosensitivity in DCN knockdown cells. (A) Significant down-regulation
of DCN mRNA is observed in shDCN cells compared with that in shMock cells
(*P<0.05). (B) The DCN protein is significantly down-regulated in shDCN cells.
Densitometric DCN protein data are normalized to GAPDH protein expression
(*P < 0.05). (C) Similar cellular growth curves are seen in shDCN and shMock cells.
(D) The ICs values of 5-FU for the shDCN (@) and shMock (O) cells are 16.4 uM and
142.2 uM, respectively. (E) Representative immunoblot analysis data of PCNA,
cleaved caspase-3, AKT, and p-AKT proteins in shDCN and shMock cells. (F) PCNA
and p-AKT are down-regulated and cleaved caspase-3 is up-regulated in shDCN
cells after treatment with 5-FU (*P < 0.05).

zenograft growth between shDCN and shMock cells (Fig. 2A). The
response of the shDCN zenografts to S-1 was enhanced signifi-
cantly (P < 0.01) compared with the S-1-treated shMock zenografts
(Fig. 2A). S-1 reduced the mean volume of the shDCN zenografts by
48.0% (1216.2 + 222.9 mm> compared with 2338.5 + 114.4 mm® in
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the control groups) (Fig. 2A). We found that the average murine
body weights in the S-1 treatment groups never decreased below
that of the control groups (untreated parental cells, shMock cells,
and shDCN cells) at any time during the experiments (Fig. 2B).

3.4. Immunohistochemical analysis of DCN knockdown zenografts

Cellular proliferation and apoptosis can regulate tumoral size at
any given time. Therefore, we performed IHC of the zenografting
tumoral tissues to measure PCNA expression and the TUNEL assay
to detect apoptosis. Decreased proliferation (PCNA) (Fig. 3A) and
enhanced apoptosis (TUNEL) (Fig. 3B) were most pronounced in
the shDCN zenografts treated with S-1 (Fig. 3C) (P < 0.05), which
suggested that the enhanced S-1 chemotherapeutic effects in the
shDCN zenografts resulted from reduced tumor cell proliferation
and increased apoptosis.

Since the AKT signaling pathway plays a critical role in cellular
survival [20], we performed IHC using AKT and phosphorylated
AKT antibodies for the zenografts (Fig. 3D and E). The AKT expres-
sion was similar in the shDCN and shMock zenografts with and
without S-1 treatment (Fig. 3D and F). Interestingly, phosphory-
lated AKT expression in the shDCN zenografts treated with S-1
was significantly (P <0.05) lower than in the shDCN zenografts
without S-1 treatment and shMock zenografts with and without
S-1 treatment (Fig. 3E and F).

3.5. Patient characteristics and responses to S-1 NAC

The primary site of the tumor was the tongue in the 13 men and
three women (age range, 53-83years; mean, 65.8 years). Six
(37.5%) had complete responses (CRs) and 10 (62.5%) cases had sta-
ble or progressive disease (SD/PD).

3.6. Evaluation of DCN expression in biopsy samples of OSCCs

We analyzed the DCN protein expression in biopsy samples
before treatment with S-1 NAC for OSCCs using the IHC scoring
system. Representative IHC results for DCN protein in cases with
a CR and those with SD/PD after S-1 NAC are shown in Fig. 4A
and B, respectively. Strong DCN immunoreactivity was detected
in the cytoplasm and membranes in cases with SD/PD treated with
S-1 NAC, and cases with a CR treated with S-1 NAC showed weak
immunostaining. The DCN IHC scores in cases with a CR and SD/

PD ranged from 9 to 145 (median, 67.5) and 48 to 199 (median,
155.5), respectively. The IHC scores in the cases with a CR were sig-
nificantly (P < 0.05) lower than in cases with SD/PD (Fig. 4C).

The optimal threshold value was assessed using ROC curve anal-
ysis (Fig. 4D). When a cut-off value of 119 (Fig. 4D, open circle) was
used for the DCN expression level, the area under the ROC curve
was 0.889 (95% confidence interval, 0.754-1.000, P < 0.001), sug-
gesting that DCN expression is a biomarker for evaluating the
chemosensitivity of S-1 NAC. Low DCN expression was seen in five
(83%) of six cases with a CR treated with S-1 NAC and in one (10%) of
10 cases with SD/PD treated with S-1 NAC (Fig. 4E).

4. Discussion

Because we previously found that DCN is one of the up-regulated
genes in the chemoresistant OSCC cell lines [13], we hypothesized
that DCN may function in a chemoresistant role in OSCC. The cur-
rent study showed that silencing DCN significantly increased the
chemosusceptibility to S-1 in OSCC cells and their zenografting
tumors via decreased AKT phosphorylation. We next investigated
whether DCN expression predicts the response to S-1 NAC in
patients with OSCC. ROC curve analysis showed that S-1 chemosen-
sitivity in patients with OSCC with low DCN expression was signif-
icantly greater than in those with high DCN expression (Fig. 4E). The
data supported the idea that measuring DCN expression may pre-
dict the responses to S-1 NAC.

DCN is the most well-known member of the family of small pro-
teoglycans characterized by core proteins with leucine-rich
repeats. DCN is expressed in many different cellular types and
has been implicated in the control of ECM formation [9]; decreased
DCN expression especially results in fragile connective tissue struc-
tures [21]. Abundant DCN expression may lead to an over-orga-
nized ECM that can trap chemotherapeutic agents to attenuate
anticancer activity [10,22]. Therefore, DCN-mediated ECM altera-
tions may alter the sensitivity of cancer cells to chemotherapy.

DCN is also a novel biologic ligand of epidermal growth factor
receptor (EGFR) [10,23] in that it binds to the EGFR and increases
its phosphorylation, leading to activation of the AKT pathway
[24]. DCN protects cells from apoptosis through the AKT pathway
[25], which plays a critical regulatory role in the cellular sur-
vival/death process [20]. AKT plays a pivotal role in signaling path-
ways downstream of phosphatidylinositol 3-kinase, regulating
fundamental processes such as cellular survival, proliferation, dif-
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Fig. 2. Antitumoral activity of S-1 in DCN knockdown zenografts. (A) The response of the shDCN cell zenografts to S-1 treatment is enhanced significantly (*P <0.01)
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ferentiation, and metabolism. Increased AKT activation has been
associated with increased cellular proliferation in cancer [26] and
a poor prognosis in acute leukemia [27]. We showed that DCN
knockdown inhibited activation of the AKT pathway by down-reg-
ulating phosphorylated AKT after S-1 treatment, leading to

increased chemosusceptibility. Consistent with our previous study
that cellular proliferation and apoptosis can regulate tumoral size
at any given time [28], the current data showed low cellular prolif-
eration and high apoptosis in DCN knockdown zenografts after
treatment with S-1 using IHC for PCNA and the TUNEL assay.
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The ROC curve is a widely accepted method for selecting an
optimal cut-off point for a test and comparing the accuracy of diag-
nostic tests [29] and is also important because the area under the
curve (AUC) reflects the degree to which a test can distinguish
between patients with and without disease [30]. Generally, AUC
values exceeding 0.9 reflect high accuracy; 0.7-0.9 moderate accu-
racy; 0.5-0.7 low accuracy; and 0.5 a chance result [30]. The AUC
value in the current study was 0.889 (Fig. 4D). These results sug-
gested that the status of DCN protein expression using the IHC
scoring system in tumoral tissues might be a potential prognostic
predictor of the therapeutic effects of S-1 NAC for treating patients
with OSCC, despite the fact that the current study included a small
number of clinical samples. We believe that by using more sam-
ples, the diagnostic model and increased accuracy of the chemo-
sensitivity predictions can be refined.

In summary, the current report described the expression pat-
tern of DCN in OSCCs, and evaluation of DCN expression by IHC
may be another effective tool for identifying patients with OSCC
at increased or decreased risk of chemoresistance. DCN also may
be a potential novel immunomarker predictive of the prognosis
of chemotherapy for patients with OSCC. Furthermore, our data
suggested that DCN may be an encouraging molecular target for
development of novel combination therapeutic strategies aimed
at overcoming chemotherapy resistance in OSCC.
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