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Abstract
The accurate preoperative determination of the extent of mandibular resection remains a challenge for the surgeons. The purpose
of the present study was to immunohistochemically investigate predictive markers for histological bone invasion of oral squa-
mous cell carcinoma (OSCC). The medical records of primary OSCC patients with mandibular bone contact in preoperative
computed tomography scans between January 2003 and December 2017 were retrospectively reviewed and an immunohisto-
chemical investigation was performed. Forty-five OSCC patients with mandibular bone contact radiographically were included
in this study. Histopathologically, infiltrative bone invasion was observed in 19 patients (42.2%) and compressive bone invasion
in 15 (33.3%). A correlation was noted between the histological pattern of bone invasion and mode of invasion (chi-squared test,
p < 0.05). At the tumor surface, a correlation was observed between the expression of IL-6 and bone invasion (theWilcoxon test,
p < 0.05), although the expression was so weak. At the bone contact area, the expression of both ɑ-SMA and OPG correlated with
infiltrative bone invasion (ɑ-SMA; the Wilcoxon test, p < 0.05, OPG; p < 0.05). These results suggest that predictive markers for
aggressive (infiltrative) bone invasion in OSCC patients with a higher mode of invasion are the expression of ɑ-SMA and OPG.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most common
malignant neoplasm among head and neck malignancies, and
squamous cell carcinoma accounts for more than 90% of oral
cancers [1]. Recent advances in treatment modalities for
OSCC have improved the treatment outcomes of OSCC pa-
tients. However, standard radical therapy, including the wider
resection of lesions often results in a decline in functions and
quality of life (QOL) in OSCC patients [2].

As one of the anatomical characteristics of the oral cavity,
the oral mucosa is close to the jaw bones, and OSCC some-
times easily and directly invades the maxillary andmandibular
bones. The prevalence rate of mandibular invasion was

reported to be 42% in tongue OSCC, 48% in the retromolar
region, and 62% in the oral floor [3]. Larger or more deeply
invading OSCC was shown to more likely invade the
mandiblar bone3. The bone invasion of OSCC is associated
with a poor prognosis, upgrades the primary tumor stage, and
causes facial deformity and/or oral dysfunction [4]. Although
the prognostic impact of bone invasion remains controversial
in OSCC patients, patients with bone invasion were found to
have a significantly higher risk of recurrence than those with-
out [5, 6]. Wider resection of invaded jaw bone was required
to achieve complete resection of tumor, while wider jaw bone
resection may result in postoperative functional declines in
mastication, speaking, and swallowing. Nescessary and min-
imum bone resection was required in the treatment of OSCC.

Clinically, mandibular bone invasion was diagnosed using
imaging methods including panoramic radiography, CT,
MRI, etc. The systematic review showed that current imaging
methods give a moderate to high diagnostic accuracy for the
detection of mandibular bone tissue invasion by SCC with
sensitivity values of 94% (MRI), 91% (CBCT), 83% (CT)
and 55% (panoramic radiography), and specificity values of
100% (CT, MRI, CBCT), 97% (PET/CT) and 91.7% (pano-
ramic radiography) [7]. However, the accurate diagnosis of
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histological extent of bone invasion is sometimes difficult
based on solely radiographic examinations [8]. The accurate
preoperative determination of the extent of mandibular resec-
tion remains a challenge for the surgeons.

The tumor-associated stroma has been implicated in tumor
progression including bone invasion [9]. OSCC was sug-
gested to provide a suitable microenvironment for osteoclas-
togenesis by regulating the balance between RANKL and
OPG [8]. In a recent study, cytokines, such as tumor necrosis
factor-α (TNF-ɑ) and parathyroid hormone-related protein
(PTHrP), were shown to induce receptor activator of NF-κB
ligand (RANKL) expression or osteoprotegerin (OPG) sup-
pression in OSCC cells as well as osteoclastogenesis in cancer
stromal cells [10]. However, the molecular mechanisms un-
derlying the bone invasion of OSCC remain unclear. The mo-
lecular biomarkers which predict bone invasion may helpful
in deciding the range of jaw resection. The biomarker may
facilitate treatment decisions and improve the prognosis and
QOL of OSCC patients.

Our final goal was to find a predictive biomarker for the
bone invasion of OSCC. Therefore, in this paper, immunohis-
tochemical study was conducted to find some possible bio-
markers that have a significant association with histological
bone invasion.

Materials and Methods

The protocol for the present study was approved by the Ethics
Committee of the Shinshu University School of Medicine
(No.4182). We published a research plan and guaranteed an
opt-out opportunity on the homepage of our hospital.

The medical records of primary OSCC patients with man-
dibular bone contact in preoperative computed tomography
(CT) scans, who were treated with surgery without preopera-
tive adjuvant therapy at Shinshu University Hospital between
January 2003 and December 2017, were retrospectively
reviewed and an IHC investigation was performed to identify
predictive biomarkers for bone invasion in OSCC patients.
Forty-five patients preoperatively diagnosed with mandibular
bone contact were enrolled in the present study. Data collec-
tion included age, sex, demographic information on tumors,
histological differentiation, the TNM stage at diagnosis, mode
of invasion, and treatment strategies. Tumor stages were clas-
sified according to the TNM classification of the International
Union against Cancer [11]. The mode of invasion was defined
according to Yamamoto et al. [12]. Histological differentia-
tion and the mode of invasion were assessed using biopsy
tissues obtained from the tumor surface.

In order to identify predictive markers for the bone inva-
sion of OSCC, the IHC staining of surgical specimens was
performed. Four-micrometer-thick serial sections were sliced
from paraffin-embedded tissue blocks. Sections were

deparaffinized in xylene, soaked in target retrieval solution
buffer (Dako, Glostrup, Denmark), and placed in a microwave
at 600 W for 25 min for antigen retrieval. Endogenous perox-
idase was blocked by incubating sections with 0.3% H2O2 in
methanol for 30 min. IHC staining was performed using the
Envision system (Envision+, Dako, Carpentaria, CA).
Candidate of bone invasion biomarker was listed in Table 1.
The primary antibodies were anti-matrix metalloproteinase
(MMP)-2 (NB200–193, Novus Biologicals, Centennial, CO,
USA, 1:100) and MMP-9 (GTX100458, Gene Tex, Alton
Pkwy Irvine, CA,USA, 1:250) antibodies for markers of the
periosteum destruction, anti-E-cadherin (610,181, BD
Biosciences, San Jose, CA, USA, 1:1000), N-cadherin
(MA5–16324, Thermo Fisher, Scientific, Waltham,
Massachusetts, USA, 1:125), and tumor growth factor-β
(TGF-β) (AF-246-NA, R&D Systems, Minneapolis, MN,
USA, 1:200) antibodies for markers of epithelial-
mesenchymal transition (EMT), anti ɑ -smooth muscle actin
(ɑ-SMA) (A2547, Sigma Aldrich, St. Louis, Missouri,
USA,1:2000) and TGF-β antibodies for markers of cancer-
associated fibroblasts (CAF), anti-RANKL (ab9957, Abcam,
Cambridge, CB, UK,1:500) and OPG (ab73400, Abcam,
Cambridge, CB, UK,1:400) antibodies for markers of bone
metabolism, and anti-interleukin (IL)-6 (sc-28,343, Santa
Cruz Biotechnology, Dallas, Texas, USA, 1:100) and mono-
cyte chemotactic protein-1 (MCP-1) (ab9669, Abcam,
Cambridge, CB, UK 1:100) antibodies. Sections were incu-
bated with the primary antibody at 4 °C overnight. Reaction
products were visualized by immersing the sections in diami-
nobenzidine (DAB) solution, and samples were counter-
stained with Meyer’s hematoxylin and mounted. Negative
controls were prepared by replacing the primary antibodywith

Table 1 Candidate of bone invasion biomarker

Matrix metalloproteinase marker

MMP-2

MMP-9

EMT(epithelial mesenchymal transition) marker

E-cadherin

N-cadherin

TGF-ß

Cancer-associated fibroblast (CAF) marker

TGF-ß

alfa-SMA

Bone metabolism marker

RANKL

OPG

Inflammatory marker

IL-6

MCP-1
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phosphate-buffered saline. All slides were evaluated by two
independent authors (T.G and M.K) without knowledge of
clinical outcomes. Each specimen was observed with an opti-
cal microscope at a magnification of ×100 and at any three
locations at the superficial and bone contact areas.
Immunoreactivities were assessed with H-scores, which were
based on the staining intensity and immunoreactive cell per-
centage [13]. The final score was defined by multiplying qual-
ity and intensity scores.

The bone invasion was assessed histologically on the H-E
stained sections. Presence of bone invasion was reported if
erosive (compressive) or infiltative pattern of bone invasion
was observed at tumor-bone contact area. The erosive
(compressive) pattern involves a tumor mass that is cohesive
and invades the connective tissue between a tumor and bone
[3]. The infiltrative pattern is defined as the destruction of the
invaded connective tissue and the infiltration of bone with
tumor cell islands and fingers [3].To investigate the relation-
ships between candidate biomarkers and bone invasion, the
immunoactivitiy of each biomarker was sompared between
the tumor with and without bone invasion. Immunoactivity
was also compared between the erosive (compressive) and
the infiltative pattern of bone invasion. Statistical analyses
were conducted using JMP® 13.0 (SAS Institute Inc., Cary,
NC, USA), and the Wilcoxon test and chi-squared test were
employed to test the significance. All p values less than 0.05
were considered to indicate significance.

Results

Forty-five OSCC patients suspected of having mandibular
bone involvement were included in the study population.
The characteristics of these patients were shown in Table 2.
Themedian age at diagnosis was 67 years (range 50–91 years).
The most common primary site was the lower gums (35 pa-
tients, 77.8%) followed by the oral floor (8, 17.8%), and
tongue (2, 4.4%). According to TNM staging defined by the
Union for International Cancer Control 7th edition11, stage
IVA was the most frequent in 27 patients (60.0%), II in 7
(15.6%), I in 6 (13.3%), and III in 5 (11.1%). Regarding the
mode of invasion, grade 3 was the most common in 27 pa-
tients (60.0%), grade 4c in 13 (28.9%), and grade 2 in 5
(11.1%). Histological bone invasion was detected in 34 pa-
tients (75.6%), infiltrative bone invasion in 19 (42.2%), and
compressive bone invasion in 15 (33.3%). While, other 11
patients had no histological bone invasion although the tumor
contacted bone surface. Regarding the surgical strategy for
OSCC, 24 patients (53.3%) underwent marginal resection,
10 (22.2%) segmental resection, and one (2.2%) hemi-
mandibulectomy.

The relationship between the type of bone invasion and
either the histological tumor grade or mode of invasion was
shown in Table 3. A correlation was observed between the
type of bone invasion and mode of invasion (Y-K
classification) (chi-squared test, p < 0.05). The higher the

Table 2 Patients charecteristics
Sex Male 28

Female 17

Age Median (range) 67 (50–91) years old

Primary site Lower gum 35

Oral floor 8

Tongue 2

Stage I 6

II 7

III 5

IVa 27

Histologic grade Well-differentiated 28

Moderately-differentiated 13

Poorly-differentiated 4

Mode of invasion (YK classification) Grade 2 5

Grade 3 27

Grade 4c 13

Histological bone invasion No bone invasion 11

Compressive bone invasion 15

Infiltrative bone invasion 19

Resection of mandible Marginal resection 24

Segmental resection 10

Hemimandiblectomy 1
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mode of invasion, the more advanced the type of bone inva-
sion. Infiltrative bone invasion was frequent in grade 4c, but
absent in grade 2.

The expression of MMP-2, MMP-9, E-cadherin, N-
cadherin, ɑ-SMA, TGF-β, RANKL, MCP-1, OPG, and IL-6
in histochemical staining was shown in Fig. 1. Figure 1a
shows the area of tumor surface and 1B shows the area of

tumor-bone contact. MMP-2, MMp-9, N-cadherin, TGF-β,
RANKL, OPG, and MCP-1 staining was detected in the cy-
toplasm of tumor cells (Fig. 1a, b, d, f, g, h, and i). E-cadherin
expression were observed in the cell membrane (Fig. 1c). The
expression of ɑ-SMA was detected in fibroblasts and the stro-
ma (Fig. 1e). IL-6 expression was detected in inflammatory
cells and the stroma (Fig. 1j).

Table 3 Correlation between type of bone invasion and either histological tumor grade (A) or mode of invasion (B)

A. Histological grade Well-diffetentiated Moderately- differentiated Poorly-differentiated

No bone invasion (11) 7 3 1

Compressive bone invasion (15) 10 5 0

Infiltrative bone invasion (19) 11 5 3

B. Mode of invasion (YK classification)a Grade 2 Grade 3 Grade 4c

No bone invasion (11) 1 8 2

Compressive bone invasion (15) 4 10 1

Infiltrative bone invasion (19) 0 9 10

a Significance correlation between type of bone invasion and mode of invasion (chi square test, p < 0.05)

Fig. 1 Immunohistochemical
investigation of potential bone
invasion predictive markers. (a) at
tumor surface area, (b) at tumor-
bone contacting area. (a–j)
Immunohistochemical expression
for (a) MMP-2, (b) MMP-9, (c)
E-cadherin, (d) N-cadherin, (e) ɑ-
SMA, (f) TGF-β, (g) RANKL,
(h) MCP1, (i) OPG, and (j) IL-6.
(a, b, d, f, g, h, and i) IHC-
positive staining was detected in
the cytoplasm of tumor cells. (c)
E-cadherin expression were
observed in the cell membrane.
(e) The expression of ɑ-SMA was
detected in fibroblasts and the
stroma. (j) IL-6 expression was
detected in inflammatory cells
and the stroma. (a–j)
Magnification: ×100
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The result of comparison of IHC reactivity between tumors
with and without bone invasion was shown in Table 4. At the
tumor surface the immunoreactivity of IL-6 significantly dif-
fered between OSCC with and without bone invasion, al-
though activity was very low (median H-score 8 vs 4, the
Wilcoxon test, p < 0.05). At the bone contact area, a correla-
tion was found between bone invasion and either E-cadherin
or ɑ-SMA. Immunoreactivity for E-cadherin and ɑ-SMA was
stronger in OSCC with than without bone invasion (E-
cadherin; median H-score 97.5 vs 71.5, the Wilcoxon test,
p < 0.05 and ɑ-SMA; 65 vs. 5.5, the Wilcoxon test, p < 0.01).

The immunoactivitiy of each biomarker was then com-
pared among different type of bone invasions. Table 4 shows
the difference in immunoactivity of each biomarker between
OSCC with and without bone invasion. Significan differences
were observed for IL-6 at tumor surface (median H-score 8 vs.
4, the Wilcoxon test, p < 0.05), and for E- adherin (median H-
score 97.5 vs. 71.5, the Wilcoxon test, p < 0.05) and for ɑ-

SMA (median H-score 65 vs. 5.5, theWilcoxon test, p < 0.05)
at bone contacting area. Table 5 shows differences in the im-
munoreactivity of each biomarker between OSCC with differ-
ent pattern of bone invasion (infiltrative vs. compressive
bone invasion). Significant differences were observed
for ɑ-SMA and OPG activities at bone contacting area.
The expression of ɑ-SMA was significantly higher in
OSCC with infiltrative bone invasion than in that with
compressive bone invasion (median H-score 79 vs. 48.5,
the Wilcoxon test, p < 0.05). The expression of OPG
was also significantly stronger in OSCC with infiltrative
bone invasion than in compressive bone invasion (me-
dian; 40 vs 4.5, Wilcoxon test, p < 0.05). While at the
superficial area, although the expression of OPG was
slightly stronger in OSCC with infiltrative bone inva-
sion (median H-score, 14 vs 4, the Wilcoxon test, p =
0.058), there was no signif icant difference on
immnoactivity in other biomarkers.

Fig. 1 (continued)
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Discussion

OSCC has been shown to invade the adjacent bone with a
poor prognosis [14]. A previous study that investigated the
patterns of mandibular invasion in 176 patients with lower
gingival squamous cell carcinoma showed that mandibular
invasion was absent in 35% of patients, while tumor invasion
to the periosteumwas observed in 34% [14]. The preoperative
assessment of mandibular invasion is an important issue for
the selection of treatment strategies. However, the accurate
diagnosis of histological bone invasion is often difficult based
on radiographic examinations [8].

In this study, possible predictive biomarkers for presence/
absence and type of bone invasion in OSCCwere investigated
using IHC. The results showed that potential predictive

markers for bone invasion at the invasion front area may be
the expression of E-cadherin, ɑ-SMA, and OPG. In addition,
A significant correlation was observed between the type of
bone invasion and mode of invasion (Y-K classification).
No infiltative bone invasion was observed in the tumor with
low (Y-K grade 2) mode of invasion. The stronger ex-
pression of these molecules and the higher grade of
tumor invasion may be predictive markers for aggres-
sive (infiltrative) bone invasion.

The tumor-associated stromawas previously shown to play
an important role in tumor progression in OSCC [9]. No direct
contact has been detected between tumors and bone, and an
abundant fibrous and variably desmoplastic stroma was found
to intervene at the interface front between tumors and bone
[15]. Although the intervention of the stoma was previously

Table 4 Difference in immunoactivity of each bio-markers between OSCC with and without bone invasion

Tumor surface Bone contacting area

Median IQR Wilcoxon test Median IQR Wilcoxon test

MMP-2

No bone invasion (11) 32 5–37 NS 42.5 32–59 NS

With bone invasion (34) 8 2.5–34.25 37 6–72.5

MMP-9

No bone invasion (11) 42.5 2–49 NS 44 8–81 NS

With bone invasion (34) 6.75 4–40.5 45 15.5–85.625

E-cadherin

No bone invasion (11) 59 53–67 NS 71.5 58.5–89 p < 0.05

With bone invasion (34) 54 31.75–79 97.5 72.625–121.375

N-cadherin

No bone invasion (11) 4 2.5–10 NS 4.5 2.5–14 NS

With bone invasion (34) 4.5 2.5–13.25 7 2.5–17.5

Alfa-SMA

No bone invasion (11) 4.5 2.5–27 NS 5.5 2.5–49 p < 0.01

With bone invasion (34) 12.5 2.25–38.75 65 36.75–92.5

TGF-ß

No bone invasion (11) 23 7.5–51 NS 46 36.5–64 NS

With bone invasion (34) 12 2.5–32.5 42.5 8.625–51.25

RANKL

No bone invasion (11) 8 2.5–23.5 NS 7.5 2.5–61 NS

With bone invasion (34) 5.5 2.5–14 8.5 2.5–51.375

MCP-1

No bone invasion (11) 6.5 2.5–26 NS 6.5 2.5–58 NS

With bone invasion (34) 18.25 3.625–52.25 42 6.25–74.625

OPG

No bone invasion (11) 23 4–57 NS 38 2.5–74 NS

With bone invasion (34) 8.75 2.5–29 10.5 2.5–51.375

IL-6

No bone invasion (11) 8 4-24 p < 0.05 16 6.5–46 NS

With bone invasion (34) 4 2.375–10.375 6.75 3.25–32.625
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reported in bone invasive OSCC, these were mainly observa-
tional studies that did not perform molecular analyses to in-
vestigate the relationship between tumor-associated stroma
and bone invasion [16, 17].

Although the tumor-associated stroma has been
shown to include fibroblasts, endothelial cells, inflam-
matory cells, and an associated matrix, CAF with the
expression of the myofibroblast marker ɑ-SMA have
been observed in several malignancies and are associat-
ed with a poor prognosis [9, 18–21]. ɑ-SMA-positive
CAF have been detected in bone prior to tumor cell
invation [15]. Consistent with previous findings [15],
significantly higher numbers of ɑ-SMA-positive fibro-
blasts were observed at the bone contact area in patients
with bone invasion than in those without bone invasion.
Regarding the invasion pattern, a discohesive invasion
pattern correlated with an aggressive and destructive

nature [16, 22]. In the present study, ɑ-SMA expression
levels were significantly higher in patients with infiltra-
tive bone invasion, with a focus on bone invasion pat-
terns. These result suggested that ɑ-SMA may be one of
candidates which predict aggressive bone invasion.

E-cadherin is found in epithelial tissue and is a type of
cell adhesion molecule, which play a key role in tumor
invasion and metastasis. Quan et al. reported that loss of
E-cadherin was observed in the OSCC with bone invasion
[23]. While, in the results of this study, significant higher
expression of E-cadherin was observed in the tumor with
bone invasion than those without bone invasion. The re-
sult was inconsistent with them. In addition, our results
did not show the correlation between the expression of E-
cadherin and type of bone invasion (compressive vs.
infiltative bone invasion). The role of E-cadherin in
predicting bone invasion was unclear.

Table 5 Difference in immunoactivity of each biomarkers between OSCC with compressive and infiltrative bone invasion

Tumor surface Bone contacting area

Median IQR Wilcoxon test Median IQR Wilcoxon test

MMP-2

Compressive bone invasion (15) 20 5–60 NS 48 17.5–104 NS
Infiltrative bone invasion (19) 10 5–20 29 14–64

MMP-9

Compressive bone invasion (15) 6.5 5–54 NS 47 9–120 NS
Infiltrative bone invasion (19) 7.5 2.5–28 32 16–71

E-cadherin

Compressive bone invasion (15) 74 33–104.5 NS 105 79–149 NS
Infiltrative bone invasion (19) 48 31–64 76 69–109

N-cadherin

Compressive bone invasion (15) 4 2.5–13 NS 7.5 2.5–16 NS
Infiltrative bone invasion (19) 5 2.5–27 6.5 2.5–38

Alfa-SMA

Compressive bone invasion (15) 9 1.5–46 NS 48.5 36–71 p < 0.01
Infiltrative bone invasion (19) 14 2.5–38 79 52.5–126.5

TGF-ß

Compressive bone invasion (15) 25.5 4–32 NS 44.5 7.5–51 NS
Infiltrative bone invasion (19) 6.5 2.5–34 40.5 13–52.5

RANKL

Compressive bone invasion (15) 6 2.5–13 NS 5 2.5–32 NS
Infiltrative bone invasion (19) 5 1.5–14 46 2.5–53

OPG

Compressive bone invasion (15) 4 2.5–26 p = 0.058 4.5 2.5–46 p < 0.05
Infiltrative bone invasion (19) 14 4–36 40 4–76

MCP-1

Compressive bone invasion (15) 15.5 5–43 NS 27 5–48 NS
Infiltrative bone invasion (19) 21 2.5–61 68 6.5–79

IL-6

Compressive bone invasion (15) 5 2.5–9.5 NS 5.5 4.5–54 NS
Infiltrative bone invasion (19) 3.5 0–13 8 2.5–31.5
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OSCC has been shown to provide a suitable microenviron-
ment for osteoclastogenesis in order to regulate the balance
between RNKL and OPG [10]. OPG has been reported to play
an important role in the bone invasion of OSCC [24]. In the
present study, the up-regulation of OPG expression was sig-
nificantly greater in infiltrative bone invasion than in compres-
sive bone invasion. The result was compatible with the report
by Russmueller G, et al. [25]. However, the down-regulation
of OPG expression in osteoblasts and stromal cells was ob-
served in some other studies [24]. The effects of OPG expres-
sion in the bone invasion area remain controversial.

TGF-β has been shown to induce EMT and is associatedwith
bone invasion by enhancing the activity of osteoclasts in OSCC
[26]. EMT drives tumor cell infiltration into adjacent tissue by
the disassembly of tumor cells at the invasive front [27]. The
gelatinases MMP-2 and -9 also contribute to EMT by enhancing
tumor cell invasion andmetastasis [28]. Furthermore, the expres-
sion of MMP-2 and -9 have been shown to correlate with EMT
triggered by TGF-β [29]. In the present study, no correlations
were observed between bone invasion and EMT markers, such
as TGF-β, N-cadherin, and MMPs.

At the tumor surface, where preoperative biopsy was usu-
ally carried out, only IL-6 showed the significant relathionship
with presence or absence of bone invasion. However, we felt
fear that the expression level of IL-6 was so weak even in the
bone invading tumor that it could not become a reliable bio-
marker for bone invasion. In this study, significant correla-
tions between the expression of biomarker and bone invasion
was observed at the tumor-bone contacting area. In most of
clinical situation, preoperative biopsy at tumor-bone
contacting area was difficult. These facts suggested the situa-
tion that the biomarkers might be not available for the sur-
geons preoperatively. We are planning further studies which
find biomarkers related with ɑ-SMA and OPG that can detect-
ed at the tumor surface (preoperative biopsy).

The strength of the present study is that it investigated
predictive markers for bone invasion in OSCC patients,
and the results obtained identified the mode of invasion
and expression of ɑ-SMA and OPG expression as poten-
tial predictive marker of aggressive bone invasion, al-
though the direction of regulation of OPG remained con-
troversial. The results suggest the possibility that OSCC
patients with a mode of invasion less than grade 2 might
not need to undergo invasive mandibulectomy. Among
OSCC patients with higher grade mode of invasion, pa-
tients with strong ɑ-SMA expression might be benefitted
with aggressive mandibulectomy. However, there are
some limitations in the present study, such as its retro-
spective nature based on a relatively small number of
cases at a single institute. Therefore, there was insufficient
power to statistically investigate predictive markers for
bone invasion. Further studies based on a large number
of cases with multicenter studies are warranted.

In conclusion, the expression of ɑ-SMA and OPG in the
bone contact area correlated with infiltrative bone invasion. ɑ-
SMA and OPGmay be a predictive biomarkers for aggressive
bone invasion in OSCC. In most of clinical situation, preop-
erative biopsy at tumor-bone contacting area was difficult and,
thus, the biomarkers might be not available for the surgeons
preoperatively. Further studies which track down more effec-
tive biomarkers will be required.
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