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The  purpose  of  the  present  study  was to identify  histological  biomarkers  that  could  be  used  to  predict
adipose  tissue  invasion  by oral  squamous  cell  carcinoma  (OSCC).  The  medical  records  and  preopera-
tive  computed  tomography  scans  of  patients  with  primary  OSCC  with  suspected  buccal  fat  pad  invasion
were  retrospectively  reviewed,  and  an  immunohistochemical  study  of  candidate  predictive  biomark-
ers  of  adipose  tissue  invasion  (�-SMA,  E-cadherin,  N-cadherin,  FABP4,  Col  VI,  and  MMP-11)  was  carried
out.  Thirty  OSCC  patients  whose  tumors  were  suspected  to be in  contact  with  the  buccal  fat  pad  based
on  preoperative  imaging  were  included  in  this  study.  Of these,  infiltrative  adipose  tissue  invasion  was
histopathologically  confirmed  in  6 patients  (20.0  %).  The  significant  higher  immunoreactivity  of  candi-
date  predictive  biomarkers  was detected  in  the  tumor-buccal  fat pad  contact  area  compared  to  in  the
tumor  surface  area.(Pearson’s  correlation  coefficient  test:  �-SMA:  0.422,  p <  0.05; N-cadherin:  0.476,  p  <
0.01;  FABP4:  0.467,  p < 0.01;).  In  the tumor-buccal  fat pad  contact  area,  Col  VI  immunoreactivity  was  sig-
arker nificantly  higher  in the OSCC  with  buccal  fat  pad  invasion  than  without  buccal  fat pad  invasion  (median
test,  p < 0.01).  Furthermore,  high  �-SMA  expression  exhibited  a  tendency  towards  an  association  with
OSCC  with buccal  fat pad  invasion,  as did high  FABP4  expression  (median  test,  �-SMA:  p = 0.06,  FABP4:  p
=  0.07).  These  results  suggest  that the  expression  levels  of  �-SMA  and  FABP4  may be  useful  biomarkers
for  predicting  aggressive  adipose  tissue  invasion  in  OSCC.

SOM

ding
atom
arg

oval 

ier ap
urgic
gins 

oach
© 2021  Asian  AOMS,  ASOMP,  JSOP,  J

uction

g head and neck malignancies, oral squamous cell car-
OSCC) is the most common malignant neoplasm, and
s cell carcinoma (SCC) accounts for >90 % of oral cancers
reatment outcomes of OSCC patients have improved due
advances in treatments for OSCC. However, standard rad-
py involving wider resection often causes reductions in

inclu
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and quality of life in OSCC patients [2].
 tumor resection improves the prognosis of OSCC. How-

 difficult to remove tumors in the head and neck region,
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 the oral cavity, with appropriate surgical margins due
ical limitations. Regarding the resection of OSCC, surgi-

in status significantly affects prognosis [3]. The surgical
of such tumors can be carried out using both metric and
proaches [4]. Although OSCC are resected with appropri-
al margins (usually 1 cm beyond the visible and palpable
of the tumor based on measurements) in the metric
, the surgeon may  decide to resect the tumor up to or

 an anatomico-pathological barrier, such as the perios-
 The optimal width of surgical margins and the ability to
mor-free margins may  vary depending on the anatomical
es of OSCC. As for the barrier approach to OSCC surgery, it

rted that bone and the periosteum can function as anatom-
rs in OSCC, and some reports have investigated predictive

r markers of bone invasion [4–10]. However, there have

 reports about the significance of adipose tissue as an
al barrier in OSCC.
adipose tissue is present in various organs, the cancer
any solid malignant tumors come into close contact with
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s due to tumor growth and/or local invasion [11]. In
arian, and prostate cancer, various cytokines and extra-
atrix molecules, such as fatty acid-binding protein 4

interleukin 6 (IL-6), and collagen type VI (Col VI), play
t roles in adipocyte/cancer cell crosstalk [11–17]. How-

 significance of adipocyte/cancer cell crosstalk in OSCC
unknown, and no predictive markers of adipose tissue
n OSCC have been identified. Our goal is to identify predic-
arkers of adipose tissue invasion in OSCC. Such biomarkers
itate treatment decisions and improve the prognosis and

 life of OSCC patients. If the ability of OSCC to infiltrate adi-
e could be assessed, it would be possible to determine the
xcision range using the fat layer as an anatomical barrier.
, in this study immunohistochemical (IHC) examinations

ducted to find biomarkers that are significantly associated
ological adipose tissue invasion in OSCC.

ials and methods

nts

edical records of primary OSCC patients whose tumors
nd to be in contact with adipose tissue on preopera-
puted tomography (CT) scans and magnetic resonance
MRI) and who were treated with surgery without preop-
juvant therapy at Shinshu University Hospital between
003 and December 2017 were retrospectively reviewed,
xaminations of tissue samples were performed to identify
rs that could be used to predict adipose tissue invasion in
ients.
otocol for the present study was approved by the ethics
e of Shinshu University School of Medicine (No. 4182). We

 a research plan and guaranteed an opt-out opportunity
mepage of our hospital.

logy and immunohistochemistry

 OSCC patients whose tumors had been shown to be
t with adipose tissue (the buccal fat pad) on preoper-
minations were enrolled in the present study. The data

 included information regarding age, sex, demographics,
al differentiation, the TNM stage at diagnosis, the mode
n, and the treatment strategies employed. Tumor stages
sified according to the TNM classification of the Interna-
ion against Cancer [18]. The mode of invasion was defined
ed by Yamamoto E et al. [19]. Histological differentiation
ode of invasion were assessed using biopsy tissue samples

 from the tumor surface.
er to identify predictive biomarkers of adipose tissue
in OSCC, the IHC staining of surgical specimens was  per-
our-micrometer-thick serial sections were sliced from
mbedded tissue blocks. The sections were deparaffinized

; soaked in target retrieval solution buffer (pH 6.0, Dako,
ria, CA); and then were subjected to antigen retrieval,
s performed at 600 W for 25 min  in a microwave. Endoge-

oxidase activity was blocked by incubating the sections
 H2O2 in methanol for 30 min. IHC staining was manually
d using the Envision + system (Dako, Carpentaria, CA). As
idate biomarkers of adipose tissue invasion, the follow-
ry antibodies were used: anti-matrix metalloproteinase

1 (MS-1035-R7; Thermo Fisher Scientific, Waltham, Mas-
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s, USA; 1:500) and Col VI (NB120-6588; Novus Biologicals,
al, CO, USA; 1:200) antibodies were used as markers of
lar matrix destruction; anti-E-cadherin (610181; BD Bio-
San Jose, CA, USA; 1:1000), N-cadherin (MA5-16324;
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Fisher Scientific, Waltham, Massachusetts, USA; 1:125),
�-smooth muscle actin (�-SMA) (A2547; Sigma Aldrich,

 Missouri, USA; 1:2000) antibodies were used as markers
lial-mesenchymal transition (EMT); anti-FABP4 (AF3150;
ems, Minneapolis, MN,  USA; 1:200) antibodies were used
er of adipose metabolism; and anti-IL-6 (sc-28343; Santa

technology, Dallas, Texas, USA; 1:100) antibodies were
marker of inflammation. Sections were incubated with the
primary antibody at 4 ◦C overnight. The reaction products
ualized by immersing the sections in diaminobenzidine
lution, and then the sections were counterstained with
hematoxylin and mounted. Negative controls were pre-

 replacing the primary antibody with phosphate-buffered
l slides were evaluated by two independent authors (T.G.

 supervised by T.U.), who did not have any knowledge
l outcomes. Each specimen was examined with an opti-
scope at a magnification of ×100 (at three locations
mor surface and three locations in the tumor-adipose

ntact areas). Immunoreactivity was  assessed using the
which is based on staining intensity and the percentage
noreactive cells.20 The final H score was determined by
ng the quality and intensity scores: H score = 0×% of non-
umor cells +1×% of weakly stained tumor cells +2×% of
ly stained tumor cells +3×% of strongly stained tumor

ge, 0–300) [20]. Adipose tissue invasion was assessed his-
y on hematoxylin and eosin-stained sections.

stical analysis

estigate the relationships between the expression of the
 biomarkers and adipose tissue invasion, the immunore-
vel of each biomarker was  compared between the tumor

nd tumor-adipose tissue contact areas. The immunoreac-
each biomarker was  also compared between the tumors

 without adipose tissue invasion. Statistical analyses were
d using JMP® 13.0 (SAS Institute Inc., Cary, NC, USA), and
xact test, Pearson’s correlation coefficient test, and the
est were used to test for significance. P-values of <0.05
sidered to indicate significance.

ts

nt’s characteristics

 OSCC patients whose tumors were suspected to be in
ith the buccal fat pad based on preoperative imaging

uded in the study population. The characteristics of these
re shown in Table 1. The median age at diagnosis was 74
ge: 56−91 years). The most common primary site was the
s (16 patients, 53.3 %) followed by the buccal mucosa (14

46.7 %). Regarding TNM staging (as defined by the Union
ational Cancer Control 7th edition) [18], T4 and T2 were

 common stages (10 patients, 33.3 % for both), followed by
ients, 23.3 %) and T3 (3 patients, 10.0 %). As for the his-
grade, well-differentiated, moderately differentiated, and
fferentiated SCC was seen in 19 (63.3 %), 6 (20.0 %), and
) patients, respectively. Regarding the mode of invasion
e 3 was  the most common grade (14 patients, 46.7 %), fol-

 grade 4c (8 patients, 26.7 %), and grade 2 (6 patients, 20.0
g the 30 patients, histological buccal fat pad invasion by

s detected in 6 patients (20.0 %). There were no significant
ns between the characteristics of this cohort and histo-
ccal fat pad invasion except for the primary site of tumor

.



Y. Han et al. / Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 34 (2022) 507–513 509

Fig. 1. Immunohistochemical investigation of potential predictive biomarkers in the tumor-adipose tissue contact area in OSCC.
(A)–(G) The results regarding the immunohistochemical expression of (A) MMP-11, (B) Col VI, (C) E-cadherin, (D) N-cadherin, (E) �-SMA, (F) FABP4, and (G) IL-6 are shown.
The  strong expressions of MMP-11 and FABP4 were detected in the tumor-buccal fat pad contact area. Col VI expression was detected in the tumor surface. E-cadherin
expression was observed in the the tumor surface. The expression of �-SMA was detected in the tumor-buccal fat pad contact area.
(A)–(G)  Magnification: ×100.
Arrowhead indicated below in each figure;
EC: epithelial cell.
EM:  extrace
SF:  stroma 
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ndings regarding the expression of MMP-11, E-cadherin,
in, �-SMA, Col VI, FABP4, and IL-6 at the tumor-buccal
ntact area are shown in Fig. 1. MMP-11, N-cadherin, and
re detected in the cytoplasm of the tumor cells (Fig. 1A, D,

tum
fibro
(Fig.
cells

T
tum
e strong expressions of MMP-11 and FABP4 were detected
mor-buccal fat pad contact area. Col VI expression was
in the extracellular matrix at the tumor surface (Fig. 1B).
in expression was observed in the cell membrane at the

in Fig. 2. T
dictive b
detected 

surface a
rface (Fig. 1C). The expression of �-SMA was detected in
ts and the stroma at the tumor-buccal fat pad contact area

 IL-6 expression was detected diffusely in inflammatory
 the stroma (Fig. 1G).
sults of the comparison of IHC reactivity between the
rface and tumor-buccal fat pad contact area are shown

he significant higher immunoreactivity of candidate pre-

iomarkers, such as �-SMA, N-cadherin, and FABP4, was
in the tumor-buccal fat pad area compared to in the tumor
rea (Pearson’s correlation coefficient test: �-SMA: 0.422,
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Fig. 2. Comparison of the immunohistochemical reactivity of the candidate biomarkers between the tumor surface and tumor-buccal fat pad contact area.
The  significant higher immunoreactivity of �-SMA, N-cadherin, and FABP4, was detected in the tumor-buccal fat pad area compared to in the t tumor surface area.

Table 1
Summary of the patients that participated in this study (n = 30).

Characteristics Number (%)

Sex Male 11 (37.0)
Female  19 (63.0)

Age Median (range) 74 (56–91) years old
Primary  site

Lower gums 16 (53.3)
Buccal  mucosa 14 (46.7)

T classification T1 7 (23.3)
T2  10 (33.3)
T3 3 (10.0)
T4  10 (33.3)

Histological grade
Well-differentiated 19 (63.3)
Moderately  differentiated 6 (20.0)
Poorly  differentiated 5 (16.7)

Mode of invasion (YK classification)
Grade 1 1 (3.3)
Grade  2 6 (20.0)
Grade  3 14 (46.7)
Grade  4c 8 (26.7)
Grade  4d 1 (3.3)

Histological adipose tissue invasion
Absent  24 (80.0)

p < 0.05;
the other
VI, and M
to in the t
VI: 0.603

The re
tumor su
without 

tumor su
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cadherin 

buccal fa
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invasion 

Table 2
The  correlation between the characteristics and histological buccal fat pad invasion.

Buccal fat pad
invasion:
Number  (%)

Characteristics No Yes P value*

Sex
Male 14(46.7) 3(10.0) NS
Female 10(33.3) 3(10.0) (P = 1.000)

Age
<74 13(43.3) 1(3.3) NS
�74 11(36.7) 5(16.7) (P = 0.176)

Primary site
Lower  gums 8(26.7) 6(20.0) P <0.01
Buccal mucosa 16(53.3) 0(0.0)

T classification
T1−3 14(46.7) 6(20.0) NS
T4 10(33.3) 0(0.0) (P = 0.074)

Stage
I-III 13(43.3) 5(16.7) NS
IV 11(36.7) 1(3.3) (P = 0.358)

Histological grade
Well-differentiated 17(56.7) 2(6.7) NS
Moderately and poorly-differentiated 7(23.3) 4(13.3) (P = 0.156)

Mode of invasion (YK classification)
rade 1−3 17(56.7) 4(13.3) NS
rade 4 7(23.3) 2(6.7) (P = 1.000)
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isher’s
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sion 

iscu
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 to p
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Present  6 (20.0)

 N-cadherin: 0.476, p < 0.01; FABP4: 0.467, p < 0.01;).On
 hand, the higher immunoreactivities of E-cadherin, Coll
MP-11 were detected in the tumor surface area compared
umor-buccal fat pad area (E-cadherin: 0.601, p < 0.01; Col
, p < 0.01; MMP-11: 0.592, p < 0.01).
sults of the comparison of IHC reactivity between the
rface and tumor-adipose tissue contact area with and
buccal fat pad invasion are shown in Table 3. On the
rface, although there were no significant differences in
ssion levels of the molecular biomarker candidates, N-
expression showed a tendency to be associated with

t pad invasion (median test, p = 0.073). In the tumor-

G
G

NS: n
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t pad contact area, Col VI immunoreactivity differed
tly higher in the OSCC with than without buccal fat pad

(median test, p < 0.01). In addition, high expression of �-

we used 

Although
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ificant.
 exact test.

P4 tended to be associated with OSCC with buccal fat pad
(median test, �-SMA: p = 0.063, FABP4: p = 0.073).

ssion

m of this study was  to identify a biomarker that could be
redict adipose tissue invasion in OSCC. If such a marker
nd, it may  be possible to use the fatty layer as a barrier
mor resection in appropriate cases of OSCC. In this study,

the invasion of OSCC into the buccal fat pad as a model.

 there are many fatty layers in the head and neck region,
 the buccal fat pad for our study because its morphol-
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Table  3
Comparison of immunohistochemical reactivity on the tumor surface and tumor-adipose tissue contact area between tumors with (n = 6) and without (n = 24) buccal fat
pad  invasion.

Tumor surface Tumor-adipose tissue contact area

Candidate molecule Median 95 %CI P-value Median 95 %CI P-value

�-SMA 46.0 34.4−59.8 NS (P = 1.000) 103.0 93.5−128.7 NS (P = 0.063)
E-cadherin  66.5 46.2−83.4 NS  (P = 1.000) 80.5 65.4−93.4 NS (P = 0.369)
N-cadherin  28.5 24.7−53.0 NS (P = 0.073) 51.5 43.6−74.8 NS (P = 1.000)
IL-6  0.0 0.6−9.1 NS (P = 0.823) 3.0 2.3−13.1 NS (P = 0.342)
FABP4  2.0 4.8−34.4 NS (P = 0.369) 39.5 33.6−73.2 NS (P = 0.073)
Collagen  type VI 15.0 17.5−47.0 NS (P = 0.369) 75.0 51.1−99.0 P <0.01
MMP-11  ) 
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g OSCC, the incidence of buccal mucosa SCC (BSCC) was
to be 30 % [21]. The recurrence and 5-year overall sur-
s of BSCC were reported to be 50 % and 53 %, respectively,

 is considered to be an aggressive disease that exhibits
s of locoregional recurrence independent of the surgi-
in status [21]. Regarding the reasons for local failure in
ce deep surgical margins are usually determined through
, accurate assessment of the extent of tumor invasion

lt due to the anatomical architecture of the cheek wall
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2]. In a previous study, contrast-enhanced multi-slice CT
that 39.4 % of BSCC had invaded the skin and subcutaneous
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no biomarkers for predicting adipose tissue invasion
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issue invasion. Therefore, the expression levels of �-SMA
4 may  be useful biomarkers for predicting adipose tissue
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 comparison of the expression of each candidate molecule
the tumor surface and the tumor-buccal fat pad con-
, it was found that the expression levels of �-SMA,
in, and FABP4 were higher in the tumor-buccal fat pad
ea, whereas the expression of E-cadherin was  lower in the
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 tendency towards the downregulation of N-cadherin
n was  observed in the OSCC with adipose tissue inva-
P-11 is an extracellular proteolytic enzyme [28]. At the
front of breast cancer, MMP-11 expression is induced in
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 is abundant in mature adipocytes and adipose tissue, and
iets and dietary components influence FABP4 expression

uction [31–33]. The upregulation of FABP4 was reported
ciated with cancer angiogenesis and metastatic prolifera-

east cancer, non-small cell lung cancer, and ovarian cancer
In ovarian cancer cells, FABP4 expression was detected
ipocyte-tumor cell interface and promoted metastasis
the direct transfer of lipids from adipocytes to inva-
er cells [16]. In prostate cancer, FABP4 was reported to
cancer progression and invasiveness by upregulating MMP

ine production in the prostate cancer stromal microen-
t [17]. FABP expression is significantly upregulated in

d its expression and activation are mediated by mitogen-
 protein kinase. In addition, it was  associated with lymph
tastasis [37]. Regarding the association between FABP4
n and EMT, in a previous study FABP4 overexpression acti-
T  to promote the migration and invasion of colon cancer
. In the current study, FABP4 expression was significantly

 the tumor-adipose tissue contact area than on the tumor
n addition, in the tumor-adipose tissue contact area FABP4
n tended to be correlated with OSCC invasion into adipose
ese results suggest that FABP4 may  be a useful biomarker
ting adipose tissue invasion in OSCC. On the other hand,
or-adipose tissue contact area Col VI expression was sig-

 decreased in OSCC cells in cases involving adipose tissue
 The upregulation of Col VI expression was reported to be
d with tumor progression in breast and pancreatic duc-
r [13,39,40]. Our findings were inconsistent with those of

studies, and hence, Col VI expression in the tumor-adipose
tact area in OSCC should be examined further.

ain strength of the present study was that it investigated
for predicting adipose tissue invasion in OSCC, and found
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正誤表 

1. Abstract , 11〜12行目 

Col VI immunoreactivity was significantly higher in the OSCC with buccal fat pad invasion than without buccal 

fat pad invasion (median test, p < 0.01).  

【誤】 higher → 【正】 lower 

2. Result,  510 ページ 13〜15行目 

Col VI immunoreactivity differed significantly higher in the OSCC with than without buccal fat pad invasion 

(median test, p < 0.01).  

【誤】 higher → 【正】 lower 

3. Table1  

【誤】 Male 11, Female 19  →  【正】 Male 19, Female 11 

4. Table2  

【誤】 Male No 14 (46.7) Yes 3 (10);  Female No 10 (33.3) Yes 3 (10); buccal mucosa No 16 Yes 0; lower 

gums No 8 Yes 6 

→ 

【正】 Male No 15 (78.9) Yes 4 (21.1);  Female No 9 (81.8) Yes 2 (18.2); buccal mucosa No 8 Yes 6; lower 

gums No 16 Yes 0 

 

修正された部分は結論に影響がありません。 
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