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BACKGROUND: The mechanism of oral squamous cell
carcinoma (SCC) invading jawbone remains controver-
sial. Interactions between receptor activator of NF-kB
(RANK) and its ligand (RANKL) are required for osteo-
clastogenesis. The binding of RANK and RANKL induces
differentiation of osteoclasts, leading to bony destruction.
Osteoprotegerin (OPG), a decoy receptor for RANKL,
also binds to RANKL by competing with RANK, and this
could protect against osseous destruction.

MATERIALS AND METHODS: Immunoexpression of
RANKL, RANK, and OPG in 25 cases of human buccal
SCCs without bony invasion and 15 cases of gingival SCCs
with mandibular bony invasion was investigated. Normal
oral mucosa from five individuals without betel-quid
chewing or cigarette smoking was used as a control. The
scores are designated as percentage of positive stain-
ing X intensity of staining for each section.

RESULTS: Strong cytoplasmic staining of RANKL pro-
teins is detected in cancer cells of both buccal and gingival
SCCs. The same protein is identified in cytoplasm of
osteoclasts for all cases involving bony invasion. Strong
cytoplasmic staining of RANKL is confined to basal layer
for all normal mucosa. A similar staining pattern is noted
for RANK protein in all buccal and gingival SCCs. An
absence of staining of RANK protein is noted for all
normal tissues. Weak to negative cytoplasmic stained
OPG protein is present in all buccal and gingival SCCs,
but is absent in all normal tissues.

CONCLUSION: These findings suggest the potential
value of the RANK/RANKL/OPG pathway as biomarkers
in human oral SCCs.
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Introduction

Oral squamous cell carcinoma (SCC) is a common
malignant tumor of the oral and maxillofacial region
(1), especially in South-East Asian countries (2). Oral
SCC may invade the jawbone and this usually requires
surgical resection, which potentially leads to compro-
mised jaw function.

Although there have been some breakthroughs (3, 4),
the precise mechanism by which oral SCC invades bone
remains incompletely described. It is claimed that oral
SCC invades bone by direct extension and not by
metastasis. Although some controversy still exists, the
bony destruction associated with such invasion is
thought to be mediated by osteoclasts rather than
directly by the carcinoma itself (3, 4). Osteoclasts are
multinucleated cells that are responsible for bone
resorption. A previous study has reported that osteo-
clasts are more common in bone invaded by cancer than
in bone that is not (5).

Three proteins have been shown to potently stimulate
osteoclastogenesis, namely, receptor activator of NF-kB
ligand (RANKL) (6), osteoprotegerin (OPG) ligand
(OPGL) (7), and tumor necrosis factor (TNF)-related
activation-induced cytokine (TRANCE) (8). RANK (a
member of the TNF receptor family) is the cognate
receptor of RANKL and is expressed in high levels on
osteoclast precursors (9). Interactions between RANKL
and RANK have been shown to induce differentiation
from pre-osteoclasts to osteoclasts, causing bone
destruction (10). OPG is a decoy receptor for RANKL
(11) and can therefore compete with RANK,
which could protect against bone destruction (12, 13).
Osteoclastogenesis is consequently modulated through a
balance between OPG and RANKL (14).
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Nagai et al. (15) were the first to report on the
expression of RANKL in oral SCC cells. Subsequently,
Tada et al. (16) have suggested that oral SCC cells can
induce suppression of OPG, thus promoting osteoclas-
togenesis. These two reports were both chiefly in vitro
studies of human oral cancer cell lines. It remains to be
elucidated in vivo whether RANKL, RANK, and OPG
proteins are also expressed in human SCC of the oral
cavity. This study looks for immunohistochemical
evidence of the expression of these three proteins in
surgical samples of human buccal SCC without bony
invasion and also gingival SCC with such invasion.

Materials and methods

Study population

Surgical specimens of the SCC in the oral cavity used in
this study were obtained from 40 patients (36 males and
four females) after approval from our institution. These
patients were aged between 47 and 68 years (mean age
55.6 years), and had undergone curative resection in the
Oral & Maxillofacial Surgery Department of our insti-
tution. The disease stage was defined as stage I-IV in
accordance with the Tissue, Nodes, Metastases (TNM)
classification (17). Out of the total 40 samples we
collected, there were 25 buccal SCCs with no mandib-
ular invasion (stage I: six cases; stage II, nine cases; stage
IIT: 10 cases), and 15 gingival SCCs with mandibular
invasion (stage IV: 15 cases; Fig. 1). None of the
patients received any pre-operative radiotherapy or
chemotherapy. Most identified malignancies were well-
differentiated, except for four that were deemed to be
moderately differentiated. Normal oral mucosa was
taken from five healthy individuals between 36 and
62 years (mean age: 47 years), under approval from our
institution, and used as control. They denied betel-quid
chewing or cigarette smoking. The resected oral tissue
was fixed in 10% neutral buffered formalin solution for
approximately 24 h, dehydrated in graded alcohols,

Figure 1 Radiographic evidence of bony invasion of gingival squa-
mous cell carcinoma (SCC) for a representative surgical resected
mandibular specimen.
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cleared in xylene, and then embedded in paraffin for
immunohistochemical examination.

Immunohistochemistry

Staining was performed using the standard avidin-biotin
peroxidase complex (ABC) method (18). Rabbit poly-
clonal antibodies against human RANKL, RANK, and
OPG (Cat. no: ab9957, ab22106, and ab9986, respec-
tively; Abchem Corporation, Cambridge, UK) were
used. Tissue sections were mounted on gelatin-chrome
alum-coated slides. Following repeated deparaffiniza-
tion in xylene and rehydration in a decreasing-concen-
tration cthanol series (absolute, 95%, 70%, and 30%
ethanol, and then water), tissue sections were micro-
wave-treated thrice (5 min each) in a citrate buffer
(10 mM; pH = 6.0) to retrieve antigenicity. Endoge-
nous peroxidase activity was blocked by soaking the
sample in 3% hydrogen peroxide (H,0O,) in methanol
for 60 min. Prior to staining, a 10% solution of normal
rabbit serum was applied for 60 min to tissue sections to
inhibit non-specific staining. These sections were subse-
quently incubated with antibodies against RANKL,
RANK, and OPG (1:100, each) overnight at 4°C.
Following subsequent rinsing with Tris-buffered saline
(TBS, three times, 10 min each), tissue sections were
then incubated for 60 min at room temperature with
biotin-conjugated goat anti-rabbit IgG (1:100; Vector,
Burlingame, CA, USA). Following this, all sections were
washed with TBS again (three times, 10 min each) and
then incubated with avidin-biotin complex conjugated
to horseradish peroxidase (Dako, Santa Barbara, CA,
USA) for a further 60 min. After washing with TBS
(three times, 10 min each), peroxidase binding was
visualized as brown reaction products via a benzidine
reaction. The scores of percentage of positive immuno-
staining (P) were classified as: 0 (<1%); 1 (1-24%); 2
(25-49%); 3 (50-74%); and 4 (75-100%), whereas the
scores for intensity of staining (/) were classified as 0, no
staining; 1, light yellow color (weak staining); 2, brown
color (moderate strong staining); and 3, dark brown
color (strong staining). The total scores (S) are desig-
nated as P x [ for each section (19). Statistical analysis
was performed according to the method of Mann and
Whitney using the JUMP 6.0 software (SAS Inst. Inc.,
Cary, NC, USA). P values less than 0.05 were consid-
ered significant. An adequate internal positive control in
each set of experiments ensured the reproducibility of
the staining process. A negative control, in which the
primary antibody step was omitted, was also included in
each set of experiments.

To enumerate the positive-stained cells, 300 cells were
examined in at least five arcas (slides were divided into
nine equal areas under the microscope) at 400x, and an
average percentage of positive-stained cells was deter-
mined. The immunostaining of each section was eval-
uated by two experienced oral and maxillofacial
pathologists (Y.-K. Chen and S.-H. Hsue), who inde-
pendently evaluated the staining scores. When disagree-
ment existed amongst the two observers, a consensus
was reached by discussion. Inter-observer agreement
was evaluated using kappa statistics (20). The kappa



value was calculated to assess inter-observer agreement.
A kappa value of <0.40 was considered as showing
poor agreement; one of 0.40-0.59, fair agreement; one of
0.60-0.74, good agreement; and one of 0.75-1.00,
excellent agreement.

Results

Inter-observer agreement amongst the two observers
was excellent for the assessment of the staining scores,
showing a kappa value of 0.89. Moderate to strong
cytoplasmic staining for the RANKL proteins was
detected in the cancer cells of the 25 cases of buccal
SCC studied (Fig. 2A). In addition, the same staining
was also observed in the cytoplasm of cancer cells and
osteoclasts in all 15 cases that involved mandibular bone
invasion (Figs 3A and 4A). In contrast, strong cysto-
plasmic staining of RANKL was limited to the basal cell
layer in all five control cases of normal buccal mucosa
(Fig. 5A).

A similar staining pattern has been noted for RANK
protein in all specimens of buccal SCC without bony
invasion (Fig. 2B) and gingival SCC with mandibular
bony invasion (Figs 3B and 4B). In contrast, there was a
complete absence of staining in all the normal mucosal
tissues (Fig. 5B). Furthermore, only weak to negative
cytoplasmic stained OPG protein was found in any of
the specimens of buccal SCCs without bony invasion
(Fig. 2C) or gingival SCCs with mandibular bony
invasion (Figs 3C and 4C), but was absent in the
normal mucosal tissues (Fig. 5C).

The average total scores for RANKL, RANK, and
OPG immunostainings of all the samples are summa-
rized in Table 1. The average total scores for both
RANKL and RANK immunostainings were signifi-
cantly higher than the average total score of OPG
staining, respectively, for both buccal SCCs without
bony invasion and gingival SCCs with mandibular bony
invasion (P < 0.0001). On the other hand, the average
total scores for RANKL, RANK, and OPG immuno-
stainings of both buccal SCCs without bony invasion
and gingival SCCs with mandibular bony invasion were,
respectively, significantly higher than the average total
score of the normal tissues (P < 0.0001).

Discussion

Both RANKL [also known as osteoclast differentiation
factor (6)] and OPGL are the most potent factors for
inducing osteoclastogenesis (6, 7), and RANKL-defi-
cient mice demonstrate an osteopetrotic phenotype (21).
There are two types of RANKL (membrane-bound and
soluble types), but the functional differences between
them are unclear (21). The signaling receptor for
RANKL is RANK, which belongs to the TNF family
(11). The natural decoy receptor for RANKL is OPG,
and osteoclast formation is regulated by the balance
between OPG and RANKL (14).

Following a review of the English-language medical
literature, to the best of our knowledge, this study is the
first in vivo analysis of RANKL, RANK, and OPG
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expression in human SCC of the oral cavity. In this
study, an up-regulation of RANKL/RANK expression
has been demonstrated in both the buccal SCC without
bony invasion and oral SCC with such invasion,
compared with normal oral mucosa. Furthermore, only
weakly stained OPG protein was noted in both SCC

Figure 2 Representative sample of a buccal SCC without bony
invasion. Strong cytoplasmic staining of RANKL (A) and RANK (B)
proteins was detected in the cancer cells; a weak cytoplasmic staining
of OPG was also noted (C) (ABC stain x100).

755

J Oral Pathol Med



RANKL/RANK/OPG in oral carcinoma
Chuang et al.

756

" g -

T

L

(4 :'y

i

LN il

R
bR
duls W, -
A - S
.\.

| -
anoritl |

Figure 3 Representative sample of a gingival SCC with bony invasion. Strong staining of RANKL (A) and RANK (B) proteins was detected in
the cytoplasm of the cancer cells; but there is a negative OPG staining (C) (ABC stain x40).

Figure 4 Representative sample of a gingival SCC with bony invasion. Strong staining of RANKL (A) and RANK (B) proteins was detected in
the cytoplasm of the osteoclasts; but there is a weak OPG staining (C) (ABC stain x200).

with and without osseous destruction, indicating a very
low concentration of OPG. This change would allow an
increased rate of RANK binding to RANKL. These
findings are largely compatible with the two previous in
vitro studies (15, 16). Taking the in vivo and in vitro data
together, it appears that human oral SCC cells with and
without osseous destruction can express RANKL,
RANK, and OPG proteins. This finding is consistent
with previous reports on other types of human cancer,

) Oral Pathol Med

such as breast cancer (22), prostate cancer (23), and
myeloma (24), that also noted the role of the
RANKL/RANK signaling pathway in these three
cancers.

In this study, we have found that there are no
differences between the immunohistochemical expres-
sion of RANKL, RANK, and OPG in cases of buccal
SCC without bony invasion and oral SCC with
such invasion (with the exception of the presence of



(efpde A

RANKL/RANK/OPG in oral carcinoma
Chuang et al.

-

L%

- '-“ - ‘-1 3 - ' e -
ey AR
b IR 1 g
; d - r

- 1)

.. L L -t‘x-
— - - " |
o e g

- -
/ : :
o — -
¢ AR S
- - Tr

Figure 5 Representative sample of a normal buccal mucosa. Strong cytoplasmic staining of RANKL (A & inset) was noted only in the basal cell
layer, and there is a negative staining of RANK (B) and OPG (C) (ABC stain x100).

Table 1 The average total scores (S) for the immunostainings of RANKL, RANK, and OPG of this study

Average total scores (S)

RANKL RANK OPG
Buccal SCCs without bony invasion 7.20 + 1.00%° 8.16 = 1.91%° 3.52 + 0.51°
Gingival SCCs with bony invasion 7.47 £ 0.92%° 7.67 £ 1.29%° 3.73 + 0.46°
Normal tissues 1.40 + 0.55 0+ 00 0+ 00

RANKL, receptor activator of NF-kB ligand; OPG, osteoprotegerin; SCC, squamous cell carcinoma.
S = P (percentage of stained cells) x 7 (Intensity of stained cells), as stated in Materials and methods.
AP < 0.0001 compared with OPG group; °P < 0.0001 compared with normal tissues.

multinucleated osteoclasts for oral SCC with bony
invasion). These findings suggest that for those cases
of human buccal SCC without bony invasion, they do
actually possess the potential to induce osteoclastogen-
esis through the RANKL/RANK/OPG pathway if
triggered under appropriate conditions. It is possible
that close approximation of the cancer cells with the jaw
bone may be a prerequisite (3, 4). Another commentary

(24) has indicated that cell-to-cell contact between
cancer cells and host cells may not always lead to
RANKL expression; the degree of up-regulation of
RANKL/RANK expression may also be variable. This
correlates with clinical observations, as not all SCCs of
the oral cavity approximating bone show osseous
destruction. Unfortunately, our immunochemical inves-
tigation is unable to provide a precise measure of the
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level of such up-regulation. To define the veracity of
such an index, further functional assays on knockdown
of components of the RANKL/RANK/OPG pathway
and animal studies may be of benefit. Such advanced
studies could establish the conditions required to acti-
vate osteoclastogenesis via the RANKL/RANK/OPG
pathway.

This study is, to the best of our knowledge, the first to
demonstrate the expression of RANKL, RANK, and
OPG in normal human oral mucosa. Strong cytoplasmic
staining of RANKL has been noted in the basal cell
layer of normal mucosa, and there is negative staining of
RANK and OPG. On the other hand, given that an up-
regulation of cytokines (including TNF) has already
been identified in gingival SCC (25), one could hence
speculate that during oral carcinogenesis, RANK
(a TNF receptor) becomes up-regulated in cancer cells
(as noted in this study).

In conclusion, an enhanced immunohistochemical
expression of RANKL, RANK, and OPG in the
cytoplasm of human SCC compared with that in normal
mucosa of the oral cavity has been demonstrated. This
suggests the possible value of the RANK/RANK-
L/OPG pathway as biomarkers in human oral SCCs.
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