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Abstract. The aim of this study was to examine the value of 
osteoclast-related cytokines in biopsy specimens for predicting 
mandibular invasion by oral squamous cell carcinoma (OSCC). 
In this retrospective study, biopsy specimens were obtained 
from 30 patients with OSCC. We observed the expression of 
seven osteoclast-related cytokines (IL-1α, RANKL, PTHrP, 
OPG, IL-6, RANK and TNF-α) using immunohistochemical 
(IHC) staining and of an osteoclast using tartrate-resistant 
acid phosphatase (TRAP) staining. The results were as 
follows: i)  double-staining and IHC staining for RANKL, 
PTHrP and IL-1α in biopsy samples had diagnostic potential 
for predicting mandibular invasion; ii) TRAP-positive mono- 
or multinuclear cells were noted in the biopsy samples; iii) 
double-positive or -negative findings appeared to reliable 
indicate whether samples were invasion-positive or invasion-
negative. Positive IHC staining for PTHrP, IL-1α or RANKL 
appeared to typically indicate an invasion-positive lesion. We 
suggest that the expression of both osteoclasts and osteoclast-
related cytokines can be used to predict mandibular invasion. 

Introduction

Mandibular invasion of oral squamous cell carcinoma (OSCC) 
is a significant problem for oral surgeons. Such invasion has 
a direct impact on surgical strategies and patient prognosis 
(1). Although the final diagnosis must be made through post-
operative pathological examination, mandibular invasion is 
most commonly suspected from pre-operative radiography 
or computed tomography (2,3). In clinical work, making 
a decision based on imaging alone is sometimes difficult 

(4,5). Alternative methods for the pre-operative detection of 
mandibular invasion are thus required.

During bone invasion, osteoclasts still represent the 
terminal cells for the absorption of bone. With malignant 
lesions, osteoclasts are stimulated and activated through 
general mechanisms. Certain cytokines, such as receptor 
activator of nuclear factor-κB (RANK) ligand (RANKL), 
tumor necrosis factor (TNF)-α, interleukin (IL)-1α and -6, 
parathyroid hormone-related protein (PTHrP) and osteopro-
tegerin (OPG) are known to participate in this process (6-8). 
Most research in this area has focused on tissues adjacent to 
the bone. Biopsy samples have not commonly been used due 
to their distance from bone. However, OSCC with the ability 
to invade bone would presumably display telltale biological 
characteristics even in superficial regions of the tumor from 
which the biopsy is taken. Based on our previous research (9), 
this study examined the value of osteoclast-related cytokines 
in biopsy specimens for predicting mandibular invasion by 
OSCC using both immunohistochemical (IHC) and tartrate-
resistant acid phosphatase (TRAP) staining. 

Materials and methods 

Patients and specimens. In this retrospective study, biopsy 
specimens (when available) were obtained from 30 patients 
with OSCC. Original tumor locations were in the lower 
gingiva or oral floor. Background data for patients are shown 
in Table Ⅰ. Diagnoses of OSCC and mandible invasion were 
based on serial slices stained with H&E (10,11). Paraffin 
block biopsy specimens of these 30 patients were retrieved 
and sliced into sections at a thickness of 4 µm. All slices were 
inspected using digital images captured using Axioplan2 and 
Axiophot2 microscopes (Carl Zeiss, Jena, Germany).

Immunohistochemical staining of osteoclast-related cytok-
ines. Seven antibodies against osteoclast-related cytokines 
were used in this study: anti-IL-1α (Endogen, Woburn, MA, 
USA), anti-IL-6 (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), anti-OPG (R&D Systems, Minneapolis, MN, 
USA), anti-PTHrP (EMD Chemicals, San Diego, CA, USA), 
anti-RANK (R&D Systems), anti-RANKL (R&D Systems), 
and anti-TNF-α (goat anti-human polyclonal antibody; R&D 
Systems).
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Immunohistochemical analysis was performed using the 
Streptomyces anti-biotin protein-peroxidase (SP) method with 
a Histofine SAB-PO kit (Nichirei, Tokyo, Japan). Sections 
were deparaffinized in xylene and rehydrated by serial 
incubation in a graded ethanol series followed by washign 
in phosphate-buffered saline (PBS). Antigen retrieval was 
performed by microwave heating in 0.01 M citrate buffer at 
95˚C for 5 min. Endogenous peroxidase activity was quenched 
by the addition of 3% hydrogen peroxide in methanol for 
15  min. After washing in PBS, sections were incubated in 
normal rabbit serum for 30 min at room temperature to 
prevent non-specific protein binding, then incubated with 
primary antibodies diluted 1:100 in a humidified chamber 
at 37˚C for 1 h. Sequential incubations were then performed 
with biotin-labeled secondary antibodies and peroxidase-
labeled streptavidin at 37˚C for 30 min, in accordance with the 
instructions from the reagent kit. The sections were washed 
thoroughly in PBS between two incubations. A duration of 
1-5 min was required to reveal brown products with Histofine 
Simplestain DAB solution (Nichirei) under a microscope. A 
section with PBS instead of the primary antibodies was used 
as the negative control in every case. Slight counterstaining 
with hematoxylin was performed as a final step. 

Tartrate-resistant acid phosphatase staining. The dewaxing 
and rehydrating procedures were the same as those used in IHC 
staining. After washing with PBS, a TRAP kit (Cell Garage, 
Tokyo, Japan) was used for TRAP staining. Incubation lasted 
for 30-60 min at 37˚C and was monitored under a microscope. 
Hematoxylin was used to counterstain the cell nucleus.

Double-staining with IHC and TRAP staining. Double-
stainings were performed to clarify the relationships between 
TRAP-positive cells, osteoclasts and pre-osteoclasts, and 
cytokine-positive cells upon IHC staining. TRAP staining was 

performed just before antigen unmasking. Subsequently, after 
washing with PBS, IHC staining was continued following the 
above-mentioned protocol. Sections were dipped into hema-
toxylin for the light conterstaining of nuclei.

Evaluation of positive-stained tissues. Sections were reviewed 
independently with H&E staining after IHC and TRAP 
staining. The characteristics and locations of positive cells 
were recorded, and the rates were calculated for positive H&E 
staining for each cytokine and for TRAP staining, excluding 
the OPG cytokine. Positive rates of IHC staining, TRAP 
staining and double-staining were compared to histopatho-
logical diagnoses for uniformity. The diagnostic accuracy of 
the staining for each cytokine and double-staining compared 
to H&E staining was then determined according to a formula 
for sensitivity and specificit. Positive and negative predic-
tive values of the dye applications were then calculated. 
A significant correlation between the expression of these 
osteoclast-related cytokines and mandibular invasion status 
was evaluated by the Fisher's exact test. A value of P<0.05 
indicated a significant difference.

Results

Staining and statistical results in gingival or oral floor OSCC. 
IHC staining revealed positive-stained cells in the specimens 
as follows: IL-1α, lymphocytes; RANKL, stromal cell-like 
cells and lymphocytes; PTHrP, tumor cells; OPG, stromal 
cell-like cells; IL-6, lymphocytes; RANK, osteoclast-like 
cells; and TNF-α, tumor cells and lymphocytes. Fig. 1 illus-
trates the positive staining for the expression of RANKL and 
IL-1α. Fig. 2 shows that the positive results for TRAP staining 
included monocytes, pre-osteoclast-like and osteoclast-
like cells. Some TRAP-positive cells were observed in the 
epithelium of capillaries in the tumor tissues. Fig. 3 shows the 
positive results for IHC and TRAP staining. The antibody of 
the cytokine was IL-1α. It was possible to distinguish between 
ICH-positive and TRAP-positive cells. 

Diagnostic accuracy of cytokine IHC staining. Positive rates 
of IHC staining in bone invasive OSCC were: IL-1α, 62.5%; 
IL-6, 37.5%; OPG, 90%; RANK, 80%; RANKL, 83.3%; 
PTHrP, 88.9% and TNF-α, 55.6%. The positive predictive 
value of IL-1α, IL-6, RANK, PTHrP was higher than that 
of the other cytokines, and the negative predictive value of 
IL-1α, OPG, RANK, RANKL, PTHrP was higher than that 
of the other cytokines. IL-1α, RANK and PTHrP were shown 
to have better uniformity than the other cytokines (Table Ⅱ). 
There was significant correlation between the expression of 
IL-1α, OPG, RANKL, PTHrP and mandibular invasion status 
(P<0.05). While most OSCC samples with positive staining of 
IL-1α, RANKL and PTHrP had bone invasion, tumors without 
invasive lesions were negative for these osteoclast-related 
cytokines. In contrast, most of the OPG-negative-stained cases 
significantly exhibited bone invasion. 

Diagnostic accuracy of double-staining using IHC and 
TRAP staining. All double-positive tissues for IHC and TRAP 
staining were H&E invasion-positive, and all double-negative 
tissues were H&E invasion-negative. The diagnostic accuracy 

Table Ⅰ. General characteristics of the patients.

Gender
  Male	 21
  Female	   9
Age (years)
  Range	 36-85
  Average	 64
T stage
  1	   1
  2	 10
  3	   6
  4	 13
N stage
  0	   9
  1	 11
  2	 10
M (0)	 30
Bone invasion
  Positive	 14
  Negative	 16
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was a complete match for the positive tissues concerning the 
expression of each of the cytokines and TRAP (Table Ⅲ). 

Discussion

The more information obtained pre-operatively regarding the 
patient and disease, the better the outlook is for treatment and 
prognosis. In cases of OSCC, determining whether mandibular 

invasion has occurred is critical for the oral surgeon. Clinical 
features and medical imaging modalities, such as radiography, 
computed tomography and magnetic resonance imaging, are 
commonly used in this situation. However, the sensitivity and 
specificity of these systems remain problematic (2,4). Ideally, 
determination of mandibular invasion should be performed 
using a highly sensitive and specific test that is both inexpen-
sive and non-invasive. 

Pre-operative biopsy indicates certain characteristics 
of the tumor. However, in cases of OSCC with potential 
mandibular invasion, estimating invasion based solely on an 
H&E-stained biopsy specimen is difficult, since the interface 
between the carcinoma and bone is not directly distinguish-
able (10). Research to determine whether osteoclast-related 
cytokines show relationships between carcinoma and bone 
has revealed that some cytokines play important roles in the 
mandibular invasion of OSCC (6). We therefore aimed to 
ascertain whether these cytokines in biopsy specimens can 
predict bone invasion.

Many cytokines participate in osteoclast differentiation 
and activation. RANKL, RANK and OPG are regarded as 
the basic cytokines influencing the entire process. Other 
cytokines, such as TNF-α, IL-1α and PTHrP, have also been 
found to exert certain effects on osteoclasts (12,13). The 
present study found that all of the investigated 7 cytokines in 
the biopsy samples of gingival OSCC indicated mandibular 
invasion.

Figure 1. IHC staining of osteoclast-related cytokines. (A) Positive staining 
for RANKL: stromal cell-like cells and lymphocytes (x200). (B) Positive 
staining for IL-1α: lymphocytes (x200).

Figure 2. Positive TRAP staining. Monocytes, pre-osteoclast-like cells and 
osteoclast-like cells (x200).

Figure 3. Double-staining for IHC and TRAP. The antibody was for IL-1α. 
Cytokine-negative cells were so close to TRAP-positive cells that some cells 
were stained in two colors (A, x200; B, x400).

  A

  B
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In the TRAP staining, the positive cells consisted of 
monocytes, pre-osteoclasts and osteoclasts. These cells are 
believed to be in the early stages of osteoclast maturation (14). 
In carcinomas with the potential for bone invasion, tumor cells 
express factors that allow further maturation of pre-osteo-
clasts. When this does not occur, the pre-osteoclasts remain in 
an early stage. This may be why the TRAP-positive cells were 
observed in both the invasion-positive and invasion-negative 
specimens. However, only tumor tissues with the ability to 
express sufficient osteoclast-related cytokines promote pre-
osteoclasts and osteoclasts to differentiate and activate.

Based on the percentage of positive cells for each cytokine, 
we hypothesized a network of tumor cells, osteoclasts and 
other cells connected with cytokines (Fig. 4). Bone-invasive 
tumor cells expressed TNF-α, IL-1α and PTHrP. These 
cytokines have been found to influence lymphocytes and 
endothelial cells to induce monocyte migration from blood 
vessels and differentiation into pre-osteoclasts via RANKL, 
which is expressed by capillary endothelial cells in the tumor 

(15). Stromal cells and osteoblasts, which are also influenced 
by tumor-expressed cytokines, regulate the differentiation and 
activation of pre-osteoclasts and osteoclasts via RANKL and 
OPG.

Statistical analysis of the diagnostic uniformity of the 
bone invasion according to H&E-stained sections revealed 
significant correlations with invasiveness for RANKL, IL-1α, 
PTHrP and OPG. Ranked in descending order according to 
diagnostic accuracy, these four cytokines were PTHrP, IL-1α, 
OPG and RANKL. Based on these results, negative staining 
for OPG was used due to the negative correlation with bone 
invasion. However, to exclude the presence of the antibody 
based solely on negative results from IHC staining was not 
possible, therefore a negative finding for OPG was considered 
unsuitable for diagnosis. The remaining three cytokines, 
PTHrP, IL-1α and RANKL, were closly associated with bone 
invasion and demonstrated diagnostic potential.

In both physical and pathological situations, bone resorption 
is performed by osteoclasts. The number, the differentiation 

Table Ⅱ. The diagnostic accuracy of the cytokines.

	 Bone invasion	P -valuea	 Specificity	 Sensitivity	 Positive predictive	 Negative predictive
	 (by H&E)				    value	 value
	 ---------------------------------------
	 +	 -	T otal

IL-1α
  +	   5	   0	   5	
  -	   3	 11	 14	 0.0048	 1	 0.63	 1	 0.79 
	   8	 11	 19
IL-6
  +	   3	   1	   4
  -	   5	   9	 14	 0.2745	 0.90	 0.38	 0.75	 0.64 
	   8	 10	 18
OPG
  +	   9	   5	 14
  -	   1	 13	 14	 0.0044	 0.72	 0.90	 0.64	 0.93 
	 10	 18	 28
RANK
  +	   4	   1	   5
  -	   1	   6	   7	 0.0720	 0.86	 0.8	 0.80	 0.86 
	   5	   7	 12
RANKL
  +	 10	   7	 17
  -	   2	 11	 13	 0.0256	 0.61	 0.83	 0.59	 0.85 
	 12	 18	 30
PTHrP
  +	   8	   1	   9
  -	   1	 10	 11	 0.0009	 0.91	 0.89	 0.89	 0.91
	   9	 11	 20
TNF-α
  +	   5	   2	   7
  -	   4	   9	 13	 0.1597	 0.82	 0.56	 0.71	 0.69 
	   9	 11	 20

aBy Fisher's exact test. Values in bold are significant. 
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and the activation of osteoclasts are directly related to the 
outcome of bone resorption. Cytokines regulating osteoclast 
activity thus participate in this process. IHC and TRAP 
staining was carried out together in one section. The location 
and relationship of the cytokine-expressing and osteoclast-like 
cells were revealed more clearly and directly in this investiga-
tion. Cytokine-negative cells were so close to TRAP-positive 
cells that some cells exhbited staining in two colors, and cytok-
ines, such as RANKL, IL-1α and PTHrP, were confirmed to be 
strong regulators of mandibular invasion by OSCC. In cases of 
OSCC showing bone invasion, TRAP-positive osteoclasts were 
previously identified at the interface between tumor and bone 
(9). In the present study, TRAP-positive cells, pre-osteoclasts 
and osteoclast-like cells were noted in the biopsy tissues only 
in specimens with bone invasion, and not in invasion-negative 
specimens. Some TRAP-positive cells were found in the walls 
of tumor capillaries, indicating that certain pre-osteoclasts 
may have originated from the circulation. Such cells would be 
induced by various factors in cancer tissue to pass through the 

capillary endothelium, where they then activate and differen-
tiate into functional osteoclasts. 

In cytokine IHC and TRAP double-staining, when the 
result was double-positive or double-negative, the sensitivity 
and specificity were 100%. This means that double-staining 
offers high diagnostic value for mandibular invasion by 
OSCC. However, samples showing single-positive results 
sometimes indicated bone invasion and sometimes not. Thus, 
the use of double-staining as a diagnostic criterion resulted in 
some false-negatives, but no false-positives (Fig. 5).

As previously mentioned, IHC and TRAP staining of 
biopsy specimens offered a certain diagnostic value for the 
prediction of mandibular invasion by OSCC. This may be 
divided into three levels of certainty: i) double-positive or 
double-negative, definite diagnosis of invasion or non-inva-
sion; ii) positive IHC staining for PTHrP, IL-1α or RANKL, 
most of the specimens represent bone invasion; iii) positive 
IHC staining for other cytokines or TRAP staining only, 
combining clinical features and medical imaging would offer 
a better indication of possible bone invasion.

Originally, gingiva is placed in an inflammatory milieu. It 
is a non-specific environment which is common in all adults, 
in particular the elderly. However, the gingival environment 
in the case of gingival cancer with bone invasion may be 

Table Ⅲ. The diagnostic accuracy of the double staining.

	 Bone invasiona	P -valueb

	 -------------------------------------------
	 +	 -	T otal

IL-1α + TRAP
  +	   5	   0	   5
  -	   0	   9	   9	  0.0005
	   5	   9	 14
IL-6 + TRAP
  +	   3	   0	   3
  -	   0	   7	   7	  0.0083
	   8	 10	 18
OPG + TRAP
  +	 10	   0	 10
  -	   0	 12	 12	 <0.0001 
	 10	 12	 22
RANK + TRAP
  +	   3	   0	   3
  -	   0	   1	   1	  0.0250
	   3	   1	   4
RANKL + TRAP
  +	 10	   0	 10
  -	   0	 10	 10	 <0.0001
	 10	 10	 20
PTHrP + TRAP
  +	   8	   0	   8
  -	   0	   8	   8	  0.0002
	   8	   8	 16
TNF-α + TRAP
  +	   5	   0	   5
  -	   0	   7	   7	  0.0013
	   5	   7	 12

aBy H&E; bby Fisher's exact test.

Figure 5. Relationships between mandibular invasion and IHC, TRAP 
staining and double-staining in OSCC cases.

Figure 4. Network of tumor cells and osteoclasts connected with cytokines.
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considered a specific environment or a ‘further exacerbation 
of inflammation’. In other words, it is assumed to present the 
‘further increased expression of osteoclastic cytokines’. In 
this study, we evaluated the exacerbation of the inflammatory 
reaction in gingival cancer with bone invasion by scoring IHC 
staining, using gingival cancer without bone invasion as the 
control. A stronger expression of inflammatory cytokines 
(osteoclastic cell-induced cytokines) and osteoclastic cells 
was noted in the bone invasion group. The stronger inflam-
matory reaction was not caused simply by the gingival cancer, 
but by the presence of bone invasion. This was considered to 
be a specific inflammatory reaction, which was not observed 
in specimens of  ordinary gingiva.

The establishment of novel screening techniques for 
the detection of mandibular invasion before treatment is 
needed. OSCC, which has the potential for mandibular inva-
sion, demonstrates more invasive biological characteristics. 
Whether such invasive potential is associated with metastatic 
potential represents a question for future study (16). In conclu-
sion, the expression of both osteoclasts and osteoclast-related 
cytokines is an important factor for the prediction of mandib-
ular invasion. 
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