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Abstract The aim of this study was to evaluate the

immunohistochemical expression of molecules involved in

osteoclastogenesis, including the receptor activator of

nuclear factor kappa B (RANK), RANK ligand (RANKL)

and osteoprotegerin (OPG) in odontogenic keratocysts

(OKCs), which has been named as a keratocystic odonto-

genic tumour by the WHO, and compare their expression

with radicular cysts and ameloblastomas. RANK is a

member of tumour necrosis factor receptor family and it is

activated by RANK ligand. OPG binds to RANKL and

inactivates it. The imbalance of these factors could cause

the differential bone resorption activity in some diseases

and tumours. The expression of these molecules was

evaluated in ameloblastomas (n = 20), OKCs (n = 20),

and radicular cysts (n = 20) by immunohistochemistry.

Immunohistochemical reactivity for RANK, RANKL, and

OPG was detected in neoplastic and nonneoplastic epi-

thelium and connective tissue cells. RANK showed the

greatest expression in OKCs followed by ameloblastomas,

with the lowest expression seen in radicular cysts.

Expression of RANKL was detected in all lesions and no

significant differences were observed between groups.

OPG was expressed very low in all groups. In the stroma,

the number of RANK positive cells was higher in OKCs

when compared with ameloblastomas and radicular cysts

but radicular cyst had higher numbers of RANKL positive

cells in the stroma than ameloblastomas. The molecular

system of RANK/RANKL/OPG is variably expressed in

OKCs, radicular cysts, and ameloblastomas and this system

may be involved in the osteoclastogenic mechanisms in

OKCs and ameloblastomas. Advanced studies could fur-

ther clarify the role of RANK, RANKL, and OPG in

mediating tumour associated bone osteolysis.
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Introduction

The discovery of the role of receptor activator nuclear

factor kappa B (RANK), receptor activator nuclear factor

kappa B ligand (RANKL) and osteoprotegerin (OPG)

molecular system in osteoclastogenesis has provided major

advances in bone biology [1]. RANK, a member of the

tumour necrosis factor receptor superfamily (TNFRSF), is

a central activator of NF-kB, which controls the tran-

scription of DNA, and is the signalling receptor for

RANKL. RANKL is a homotrimetric protein and is typi-

cally membrane-bound on osteoblastic and activated T

cells. RANKL binds to RANK on the surface of preoste-

oclasts and stimulates the development and activation of

osteoclasts. OPG, also known as tumour necrosis factor

receptor superfamily member 11B (TNFRSF11B), is

secreted by many cell types, in addition to osteoblasts,

including heart, kidney, liver, and spleen [2, 3]. OPG is a

soluble decoy receptor for RANKL that inhibits the pro-

osteoclastogenic interaction between RANKL and RANK,

thereby inhibiting bone resorption [2–4]. Hence, its alter-

native name as osteoclastogenesis inhibitory factor (OCIF).

Therefore, the balance between OPG and RANKL reg-

ulates bone resorption and formation [5–7]. Imbalance of
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the RANKL/OPG system have been implicated in the

pathogenesis of various primary and secondary bone

malignancies [8]. Moreover, they may be involved in

regulation of the immune system, arterial calcification, and

a number of metabolic bone diseases [1]. Some studies

have also examined the roles of osteoclast regulatory fac-

tors in progression of odontogenic lesions [9–12].

OKCs are known for their extensive local invasion into

adjacent structures and high recurrence rate after treatment

[13, 14]. These clinical features are also seen in amelo-

blastoma, which show involvement of adjacent soft tissues

and destructive growth. In addition to locally invasive

behavior, both are characterized by a high rate of recur-

rence. For these reasons, OKC has been named ‘‘kerato-

cystic odontogenic tumour’’ by the World Health

Organization (WHO) Classification of Head and Neck

Tumours in 2005 [15]. However, there is still no concensus

about whether OKC is a benign neoplasm or not.

Radicular cysts are the most common inflammatory

cysts of the jaws and arise from the proliferation of small

odontogenic epithelial residues. They tend to be less than

1.5 cm in diameter and do not recur after appropriate

management [13, 14]. In this study, we investigated the

potential and mechanism of OKCs to induce osteoclasto-

genesis compared with ameloblastomas and radicular cysts.

Materal and Methods

Sample Selection

A total of 60 cases were collected from the tissue block

archive of the Department of Tumour Pathology, at the

Institute of Oncology, Istanbul University. Cases of OKCs,

radicular cyst, and ameloblastoma diagnosed between

January 2005 and January 2008, were reviewed by an oral

pathologist (M.S.T.) and the most diagnostic cases were

selected. These consisted of 20 parakeratotic OKCs (9

women, 11 men; mean age 46.5), 20 radicular cysts (8

women, 12 men; mean age 29.05), and 20 ameloblastomas

(10 women, 10 men; mean age 31.2), including 11 follic-

ular and 9 plexiform types. OKC cases associated with

Nevoid basal cell carcinoma syndrome (NBCCS), ortho-

keratotic, and recurrent OKCs were excluded from the

study. Similarly,recurrent ameloblastomas were excluded

from the study.

All OKCs occurred in the mandible, with the posterior

region and ramus the most frequent anatomic site, with 15

cases (75%), followed by the premolar region, with 4 cases

(20%). Most ameloblastomas were located in the mandible

(95%), including 15 cases (75%) in the posterior mandible

and ramus and only one case arising in the maxillary molar

region (5%). The majority of radicular cysts occurred in the

maxilla (14 cases; 70%), with the anterior maxilla as the

most frequent site, including 9 cases (45%).

Immunohistochemistry

For immunohistochemical studies, the paraffin blocks were

cut serially into approximately 5 lm thick sections on

charged slides. Firstly, the sections were penetrated and

dried overnight in an autoclave (56�C). They were depa-

raffinized with xylene for 30 min, and washed with 99%

alcohol for 15 min, then 96% alcohol and distilled water.

Histostain-Plus Bulk Kit (Zymed 2nd Generation, LAB-SA

Detection System, 85-9043, Carlsbad, CA, USA) was used

for RANK and OPG, and Goat ImmunoCruz Staining

System (Santa Cruz Biotechnology, sc-2053, Santa Cruz,

CA, USA) was used for RANKL in this study. For antigen

retrieval, the sections were microwaved four times for

5 min in citrate buffer (pH 6.0), cooled to room tempara-

ture, and then washed in phosphate buffered saline (PBS)

for 5 min. Endogenous peroxidase activity was blocked by

incubating the sections with 3% H2O2 and washed in dis-

tilled water, then soaked in PBS for 5 min. To prevent non-

specific reactions, sections were incubated with block

solution. Nuclear factor kappa B (RANK) antibody at a

dilution of 1:50 (Santa Cruz Biotechnology, H-300, Rabit,

Monoclonal, sc-9072, Santa Cruz, CA, USA), nuclear

factor kappa B ligand (RANKL) at a dilution of 1:50 (Santa

Cruz Biotechnology, N-19, Goat, Polyclonal, sc-7628,

Santa Cruz, CA, USA), and osteoprotegerin (OPG) at a

dilution of 1:50 (Santa Cruz Biotechnology, CC912,

Mouse, Monoclonal, sc-80259, Santa Cruz, CA, USA)

were used as primary antibodies. Slides were incubated

120 min with RANK and OPG, and overnight with

RANKL. Negative control sections treated with phosphate-

buffered antibodies were confirmed to be unstained. The

secondary antibody was reacted for 25 min., followed by

streptavidin peroxidase reagent for 25 min. AEC (Zymed

Laboratories, 00-2007, Lot No: 319293A, Carlsbad, CA,

USA) chromogen was used to visualize the reaction.

Finally, the sections were counterstained with Mayer’s

hematoxylin, coverslipped, and evaluated by a light

microscope.

Evaluation Methods

The specimens were examined at 209 magnification with

an Olympus BX60 microscope attached to a color video

camera (Olympus Analysis Five) which connected to a

computer. Images were captured using the camera and

displayed on a computer monitor. The number of cells was

evaluated in epithelium and connective tissue by an oral

pathologist (M.S.T.). Moderate to high staining in the cell

membrane and cytoplasm was interpreted as a positive cell.
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In the epithelium, positive cells were counted in 5 con-

tiguous and consecutive microscopic high-power fields. In

the stroma, positive endothelial, round, and fusiform cells

(fibroblasts) were counted. Each field had an area of

0.0061 mm2. All calculations were performed by the SPSS

16.0 (Statistical Package for Social Science). The statistical

significance of differences in RANK, RANKL, and OPG

reactivity were analyzed by the Mann–Whitney U test and

P values \0.05 were considered to indicate statistical sig-

nificance. Results were received as the mean of the per-

centage of positive cells determined for each field.

Results

Immunohistochemical Findings in the Odontogenic

Epithelium of OKCs, Radicular Cysts,

and Ameloblastomas

The results of immunophenotypic expression for RANK,

RANKL, and OPG detection in odontogenic epithelium are

shown Fig. 1a–c. Immunoreactivity for RANK, RANKL,

and OPG was observed in the cytoplasm and plasma

membrane of odontogenic epithelial cells in both neo-

plastic and nonneoplastic odontogenic lesions. No differ-

ences were detected between the basal layer and suprabasal

layer of OKCs, radicular cysts, or in the inner and outer

layers of tumour islands of ameloblastomas. RANK

expression in the epithelial lining OKCs was significantly

higher than in both the epithelial tumour islands of ame-

loblastomas and the epithelial lining of radicular cysts

(P \ 0.01, P = 0.003, respectively; Fig. 2). Ameloblasto-

mas, in turn, had a higher number of RANK-positive cells

than radicular cysts (P = 0.003).

Expression of RANKL was detected in all lesions and

there were no statistically significant differences in the

epithelial components of OKCs, ameloblastomas, and

radicular cysts. All groups showed strong reactivity with

RANKL (Fig. 3), whereas they showed almost complete

lack of expression of OPG (Fig. 4).

Immunohistochemical Findings in the Connective

Tissue Cells of OKCs, Radicular Cysts

and Ameloblastomas

Expression of RANK, RANKL, and OPG in the connective

tissue cells of the groups was also observed. The results are

shown in Fig. 5a–c. Considering only immunoreactivity in

Fig. 1 Graphs of immunohistochemical staining for a RANK,

b RANKL, and c OPG in odontogenic epithelium of ameloblastomas,

OKCs, and radicular cysts. The horizontal bar within the red zone
represents the median value

c
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the connective tissue cells of these lesions, OKCs exhibited

higher number of RANK-positive cells when compared

with ameloblastomas and radicular cysts (P = 0.018,

P = 0.003, respectively; Fig. 2). Moreover, there was no

statistically significant difference in the stromal reaction

for RANK between ameloblastomas and radicular cysts.

All groups showed strong reactivity for RANKL. There

were no significant differences in the expression of

RANKL between connective tissue cells of OKCs and

ameloblastomas or between OKCs and radicular cysts,

whereas radicular cysts had higher numbers of RANKL

positive cells than ameloblastomas (P = 0.006; Fig. 3).

Although OPG was expressed more strongly in ame-

loblastomas and radicular cysts than in OKCs (P = 0.043,

P = 0.030, respectively), all groups showed very low

expression (Fig. 4). Moreover, there were no statistically

significant difference in the number of OPG-positive

connective tissue cells of radicular cysts versus

ameloblastomas.

Discussion

Much bone research is directed to better understanding the

interaction of RANK, RANKL, and OPG, since the iden-

tification of these mediators in the signalling pathway of

osteoclastogenesis. Bone resorption is a complex process

initiated by the proliferation of immature osteoclasts,

whose differentiation is principally regulated by the

RANK/RANKL/OPG system. The interaction between

RANK and RANKL plays a critical role in promoting

osteoclast differentiation and activation, thus leading to

bone resorption. OPG is a soluble decoy receptor for

RANKL that blocks osteoclast formation by inhibiting

RANKL binding to RANK [16, 17]. OPG and RANKL

have also been detected in odontoblasts, ameloblasts, pulp

cell lines, and periodontal ligament cells and their

expression is considered to play a role in osteoclasto-

genesis and bone resorption in the formation of a tooth

eruption pathways [18–20].

Some of these recent studies are concerned with

designing effective and rational drugs to treat bone-related

diseases [21–23]. After all, osteoclastogenesis/bone

resorption in periodontal disease can be ameliorated by

inhibition of RANKL activity or by diminishing immune

cell stimulation. Therefore, it is suggested that these two

procedures, if localized, have the potential to lead to the

prevention or therapeutic management of periodontal dis-

ease [24].

More recent studies have shown expression of RANK,

RANKL, and OPG in the lining epithelium and walls of

odontogenic cysts, including periapical cysts and

Fig. 2 OKC demonstrating RANK-positive cells in lining epithelial

cells and connective tissue (original magnification, 920)

Fig. 3 Representative immunostaining for RANKL. OKC showed

strong cytoplasmic and membranous staining in both connective

tissue and odontogenic epithelium cells (original magnification, 920)

Fig. 4 Representative immunohistochemical staining for OPG.

Almost no OPG staining was seen in the lining epithelium and

connective tissue of this OKC. A similar low expression was seen in

ameloblastomas and radicular cysts (original magnification, 920)
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granulomas [25]. Da Silva et al. [9] evaluated these bone

resorption regulators in odontogenic lesions. They found

that the stroma of OKCs exhibited a higher number of

OPG-positive cells than RANKL-positive cells, whereas

the opposite was observed in our study. The solid/multi-

cystic type of ameloblastomas also had a greater number of

RANKL-positive cells in the stroma than did OKCs.

However, we found similar stromal expression of RANKL

between ameloblastomas and OKCs. The apparent dis-

crepancies between these studies may be partly due to

differences in antibodies used and methods. Expression of

these molecules in both the epithelial and connective tissue

cells of OKCs and ameloblastomas may indicate that they

play a role in the regulation of local bone metabolism.

In this study, a greater number of RANK-positive cells

were seen in the epithelial component of OKCs and ame-

loblastomas than in radicular cysts. Since RANKL expres-

sion was uniform across all three tumor types, it would

appear that the variable factor determining osteoclasto-

genesis is RANK expression. Taken together, these results

indicate that greater bone/tooth resorption activity is present

in OKCs and ameloblastomas (where RANK expression

was greatest) compared to radicular cysts. Moreover, these

results are consistent with the clinical behaviour of these

lesions. In fact, ameloblastoma is an odontogenic neoplasm

characterized by infiltration through medullary spaces with

the potential to erode cortical bone [26]. Similarly, OKC

may expand to cortical bone and also cause erosion,

although its neoplastic nature is controversial.

In our study, we observed that the molecular system

RANK/RANKL/OPG is variably expressed in OKCs,

radicular cysts, and ameloblastomas by immunohisto-

chemistry and that these mediators may be involved in the

osteoclastogenetic mechanisms in OKC and ameloblas-

toma. Additional studies with other methods could help to

clarify the role of RANK, RANKL, and OPG in mediating

tumour associated bone osteolysis.
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