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Abstract 
 
 
Bone invasion is a common characteristic of oral squamous cell carcinoma (OSCC), with 

adverse affects on patient functionality and survival. Recent studies suggest that it is 

osteoclasts, rather than malignant keratinocytes themselves, which play the major role in 

facilitating the entry of the tumour into bone, and its progression within bone. Osteoclasts 

respond to a variety of local signaling pathways, initiated by products of the malignant 

epithelial cells themselves. In the present review, we firstly introduce the clinical patterns of 

bone invasion, and then summarize these signaling pathways and their diverse roles in 

sequential phases of bone invasion. We also review current researches regarding the 

incidence and mechanisms of distant metastases to bone, and explain briefly the concept of 

epithelial-mesenchymal transition (EMT), which may generate cancer stem cells (CSCs) and 

initiate the bone invasion. Finally, we discuss more briefly approaches to the diagnosis and 

management of OSCC patients with bone invasion. With all these studies and some recent 

discoveries in our own laboratory, an enhanced understanding of bone invasion will be 

achieved, which should indicate potential molecular targets for future biotherapies. 
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1 Introduction  

 
Globally, “oral cancer” is the eighth most common cause of cancer-related death: more than 

90% of oral malignancies are squamous cell carcinomas (OSCC) [1-3]. Lesions occurring in 

the retromolar trigone, gingiva, hard palate, buccal mucosa extending to sulci, or tongue 

extending to floor of mouth may involve bone of the maxilla and/or the mandible. The 

prevalence of mandibular bone involvement by OSCC is reported to range from 12 to 56% of 

cases [4-6]. Such patients commonly have severe dysfunction of speech, mastication and/or 

swallowing. Treatment and rehabilitation of cases involving bone is particularly challenging. 

Unfortunately, the cellular and molecular mechanisms of bone invasion by OSCC, and thus 

ways to prevent this, remain largely unknown. Understanding these mechanisms is essential 

in minimising spread and in planning surgical ablation, especially for guiding preservation 

surgery of the maxilla or mandible.  

 

Pandey et al found that mandibular invasion was more common with tumours centred within 

1 cm of the bone surface [7]. Two patterns of invasion are recognized: an infiltrative and an 

erosive form. In the infiltrative pattern, malignant keratinocytes advance into cancellous 

spaces in small clusters or chords with little osteoclastic activity. This requires portals of 

entry through the cortex, such as fenestrations on a resorbed alveolar ridge, an incompletely 

healed extraction socket, or perhaps the periodontal ligament [8]. In the erosive pattern, the 

neoplasm advances on a broad front, with an intervening connective tissue layer and active 

osteoclasts separating tumour from bone (Fig. 1) [9]. Some researchers have found 

progression from the erosive to the infiltrative pattern, as the extent of bone involvement 

increases [10]. The formation of these two patterns is likely to be influenced by anatomic 

details of the area of exposed bone, in particular whether the advancing front of the neoplasm 

meets compact or cancellous bone, by the intrinsic properties of the malignant cells 

themselves, by the properties of tumour stroma and factors unknown [11]. The recent 

observation that, amongst 21 cases of gingival SCC, transforming growth factor-β (TGF-β) 

type I receptor was strongly expressed by tumour cells in all 14 cases which showed the 

infiltrative pattern, but in only 4/7 cases of erosive pattern, suggests that locally active 

signalling pathways alter cell behaviour to promote the different patterns of bone invasion 

[12]. 
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Despite improvements in the treatment of OSCC, high recurrence rates and shorter survival 

have been reported in patients with bony invasion. Shaw et al prospectively reviewed 100 

consecutive mandibular resections and conducted a follow up study of 65 months [9]. They 

found that 62 mandibles were invaded by carcinoma and 21% of these patients had a 

recurrence within the study period. The 5-year disease-specific survival rate was 61% for 

patients with mandibular invasion, compared to 80% for those without. Recently, Ardalan 

and his colleagues published another retrospective review, with a larger sample of 498 

patients, 102 of whom had histologically proven invasion of bone at initial surgery [13]. After 

adjusting for other factors in a multivariate analysis, medullar invasion was the only 

independent predictor of reduced survival. The authors of both these studies recommended a 

revision of the current TNM staging system for OSCC, to include a component of bone 

invasion. These two substantial studies indicate the importance of detecting bone 

involvement in the planning of treatment and, if possible, finding ways to prevent it. 

 

2 Molecular Mechanisms 

 
Although little is known as to whether OSCC cells have the ability to resorb bone themselves, 

it is clear that osteoclasts are much involved in this process [14-16]. Osteoclasts differentiate 

at the bone surface and dissolve mineral components by an extracellular mechanism 

involving secretion of acid [17, 18]. Several signalling pathways initiated by products of the 

neoplastic keratinocytes themselves are reported to affect osteoclast function, the latter 

including proteases, cytokines, and growth factors. Bone invasion is a highly coordinated 

process, spatially and temporally regulated and can be described as having three phases: 

initial, resorption and final phases. Various molecules orchestrate these phases and appear to 

play distinct roles in each phase. In the initial phase, while osteoclasts have not yet been 

recruited, proteases help to degrade the extracellular matrix (ECM) of surrounding soft 

tissues and facilitate the entry of malignant keratinocytes into the soft tissues or marrow 

spaces within the bone. The main phase of bone invasion is then the resorption phase, when 

osteoclasts take the main role to resorb the calcified components of bone. At this stage, 

cytokines generated from tumour cells directly or indirectly induce the formation of 

osteoclasts. Following osteoclast-mediated resoprtion, additional growth factors are liberated 
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and these promote the growth of neoplastic cells themselves, thus driving a vicious cycle to 

accelerate the process of bone invasion.  

2.1 Proteases-Initial Phase  
 

Bone tissue consists of a number of distinct cell types and the bone matrix, which is largely 

mineralized. In the bone matrix, crystals of hydroxyapatite exist in association with both 

collagenous and noncollagenous proteins: the latter including osteocalcin, osteoprotein, 

osteonectin and calbindin [19, 20]. Osteocytes are incorporated within bone, together with 

numerous other cell types, such as osteoprogenitor cells, osteoblasts, osteoclasts, marrow 

fibroblasts, and undifferentiated cells, all of which participate in the process of continuous 

bone remodelling [19, 20]. Malignant keratinocytes produce a range of enzymes capable of 

destroying bone matrix directly, enhancing their migration into the adjacent soft tissue spaces 

[21]. Moreover, these proteolytic enzymes act on bone cells, especially osteoclast precursors, 

to promote their differentiation and maturation, thus causing further bone destruction. Two 

major groups of proteases play a part in bone invasion of OSCC: matrix metalloproteinases 

and cathepsins. 

 

2.1.1 Matrix Metalloproteinases 

 

Matrix metalloproteinases (MMPs) are a family composed of at lease 26 members. These are 

the main proteolytic enzymes responsible for digestion of fibrillar and non-fibrillar collagens, 

elastin, gelatine and proteoglycans [22]. Studies of the function of MMPs in vivo have also 

revealed that these proteases cleave and activate other extracellular protein substrates:  indeed 

MMPs are involved in a variety of homeostatic functions including angiogenesis, wound 

healing and stimulation of immune responses [23].  

 

Erdem et al showed that MMP-1 and MMP-9 were highly expressed in BHY cells, a cell line 

derived from a SCC of the lower alveolus which had deeply invaded into the mandible [24].  

Using immunohistochemistry and flow cytometry, they also detected high levels of 

expression of extracellular matrix metalloproteinase inducer (EMMPRIN) in these cells. 

Another research group found that tumour tissues from 9 out of 24 cases of buccal SCC with 

mandibular invasion were stained strongly for active MMP-7, compared to 15 cases without 

invasion of the adjacent bone [25]. This is the first study demonstrating that MMP-7 is 

correlated with mandibular invasion, a significant observation which is consistent with the 



 - 6 - 

demonstration by others that secretion of MMP-7 by prostate and breast cancer cells is 

capable of cleaving the receptor activator of nuclear factor-κ B ligand (RANKL) to an active 

soluble form, which then induces osteoclast formation and bone resorption [26, 27].  

 

In our laboratory, we used an indirect cell co-culture model to investigate the cross-talk 

between osteoblasts and OSCC cells in vitro. We firstly collected conditioned medium (CM, 

without serum and cell debris) from either osteoblast (OB) or OSCC cells. Then OSCC cells 

were treated with CM of OB cells for 48 h and vice versa. We found that CM of OB could 

increase the expressions of MMP-2 in OSCC cells. For OB cells, when treated with CM of 

OSCC cells, MMP-9 expression was increased. We verified that these two molecules were 

indeed present in vivo, using immunohistochemistry on tissue sections of oral cancers 

invading bone: MMP-2 was weakly expressed while MMP-9 was strongly expressed within 

the cytoplasm of invading malignant keratinocytes (Fig. 2). This is consistent with other 

studies showing that MMP-2 and MMP-9, long known as key mediators of bone formation, 

and associated with invasion and metastasis of tumour cells [23], may also have important 

roles in the stimulation of bone invasion by OSCC. 

 

2.1.2 Cathepsins 

 

Cathepsins are members of the endosomal/lysosomal protease family, which are active at low 

pH. They play an important role in bone degradation by osteoclasts. The cathepsin family has 

more than 21 members, divided into four subgroups: cysteine proteases, aspartic proteases, 

serine proteases and tripeptidyl proteases I [28]. Most, including cathepsins B and L, belong 

to the cysteine protease group; whereas cathepsins D and E are aspartic proteases.  

 

Evidence for the role of cathepsins again comes from human studies, from animal 

experiments and from work with cell lines in vitro. Kawamata et al detected that BHY cells 

secreted a large amount of procathepsin L [29]. After injection into the masseter muscle of 

nude mice, BHY cells developed into highly differentiated squamous cell carcinomas which 

invaded the mandible, indicating that cathepsin L might help to degrade the bone matrix. This 

orthotopic animal model, in which tumour cells are injected adjacent to the mandible itself, 

has been used frequently in early studies of bone invasion [30]. However, based on our lab 

experience, injecting through the masseter muscle can cause discomfort and feeding 
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difficulties for the animals, which may result in unexpected deaths in the middle of tumour 

development: This animal model needs to be improved. Another study showed that 

cathepsins B and D were strongly expressed in all 78 SCCs of tongue, gingiva or floor of 

mouth [31]. Using one way ANOVA, the labelling indices of both cathepsins had a 

significantly close correlation with degree of bone invasion. Further, in this case series, 

patients with high serum levels of cathepsins B and D had shorter survival times, suggesting 

these molecules may be of value as prognostic markers. 

 

2.2 Cytokines–Resorption Phase  

 

Osteoclasts are specific polykaryons, derived from monocyte/macrophage precursor cells 

[32]. It is known that two hematopoietic factors are necessary for osteoclastogenesis, receptor 

activator of nuclear factor-κΒ ligand (RANKL) and polypeptide colony-stimulating factor-1 

(CSF-1). In addition, other systemic hormones or cytokines regulate osteoclast function. In 

invasion of bone by OSCC, tumour-derived cytokines such as tumour necrosis factor-

α (TNF-α) can directly or indirectly induce the formation of osteoclasts, by stimulating 

RANKL or CSF-1 expression. Furthermore, interleukins (IL), a family of pleiotropic 

cytokines secreted by osteoblasts, osteoclasts, and stromal cells, have members which are 

important regulators of bone metabolism, especially IL-6 [19]. Another important molecule in 

bone homeostasis, parathyroid hormone related peptide (PTHrP), which functions to prevent 

apoptosis of osteoblasts and to recruit osteoclasts, has been shown to be up-regulated in 

clinical tissues of OSCC [33].  

 

2.2.1 TNF-related Proteins  

 

Recent studies have found that a family of TNF receptor (TNFR)/TNF-like proteins: 

osteoprotegerin (OPG), receptor activator of nuclear factor (NF)-κΒ (RANK), and RANKL, 

regulate osteoclast differentiation [34]. While RANKL is an inducer of bone resorption 

through its interaction with RANK, OPG is a soluble decoy receptor which acts as an 

inhibitor [35].  

 

Ishikuro et al found that, of all 97 patients with gingival SCC, 45 cases were of the infiltrative 

type while the other 52 cases were of the erosive type [36]. In all cases, some fibrous 
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connective tissues intervened between tumour and bone cells. However, there were more 

fibroblasts in the infiltrative type than the expansive type. To further explore the roles of 

fibrous stroma, immunohistochemistry was performed: this revealed that RANKL staining 

was mostly found in those fibroblasts in close apposition to osteoclasts. The authors also 

detected that BHY cells stimulated expressions of RANKL mRNA in mouse osteoblasts in 

cell co-culture experiments. Therefore, these results suggest that the neoplastic keratinocytes 

of gingival SCC may directly affect the fibrous stroma, which then plays promoting roles in 

osteoclastic bone resorption.  

 

Tada et al showed that TNFα released from OSCC cells partially contributes to the 

generation of osteoclasts, and tumour-induced suppression of OPG may be critical [37].  

When adding OPG into a co-culture between OSCC cells, mouse primary osteoblasts (POBs) 

and bone marrow cells (BMCs), osteoclast differentiation was significantly inhibited. This is 

consistent with the observation that OSCC cells did not enhance osteoclastogenesis in co-

culture between BMCs and POBs of OPG-deficient mice. These authors also examined the 

invaded mandibular lesions of 5 patients with OSCC, and found by immunohistochemsitry, a 

low expression of OPG in osteoblasts and other stromal cells, in comparison to normal bone 

from the same patients, which further confirmed their in vitro observations. This study is 

innovative in its research design, for it compared two types of established OSCC cell lines 

with bone invasive properties.. 

 

2.2.2 Interleukins 
 

Osteoclasts and immune cells share many regulatory molecules, perhaps because many of the 

latter develop in the same microenvironment as osteoclasts: namely in bone marrow [38]. The 

finding that cultured human peripheral blood leukocytes can resorb bone is evidence of a 

relationship between immune response and bone metabolism [39]. The major mediator is now 

known to be interleukin-1β (IL−1β) [40], but IL-6, IL-11 and IL-15 also stimulate bone 

resorption [41].  

 

Okamoto et al found that BHY cells, which have a property of bone invasion, produced large 

amounts of IL-6, and CM from BHY cells markedly promoted pit formation by osteoclasts on 

mineralised substrates [42]. These authors also found that invasion of the mandible by BHY 

cells in nude mice was efficiently inhibited, when adding anti-IL-6 antibody to the cells 
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before they were injected into the masseter muscle. IL-6 thus appears to be a strong mediator 

or enhancer of bone invasion by oral cancer. 

 

Another study investigated 38 cases of SCC of the lower gingivae, which were classified by 

histopathology into invasive and non-invasive groups [43]. Immunohistochemistry showed 

that tumour cells were markedly more reactive for IL-6 and IL-11 in the group which invaded 

bone, whereas expression of IL-1α, IL-1β and IL-18 were not significantly different between 

the invasive and non-invasive groups. However, Van Cann et al found that expression of IL-6 

and IL-11 were not significantly different between biopsy specimens of OSCC with or 

without medullar invasion [44] and suggested that immunohistochemical detection of these 

markers might not be an appropriate method to predict mandibular invasion.  

 

2.2.3 Parathyroid Hormone Related Peptide 

 

Parathyroid hormone related peptide (PTHrP), not parathyroid hormone (PTH) itself, was 

initially reported as a major factor related to malignancy-associated hypercalcaemia (MAH) 

[45]. PTHrP binds to its receptor, stimulates osteoclast activity and mediates bone destruction. 

It can also decrease expression of alkaline phosphatase (ALP) by osteoblasts, and their 

production of type І collagen, osteopontin, osteonectin, and osteocalcin [18, 19].  

 

Deyama et al found that BHY cells naturally expressed high levels of PTHrP mRNA. Further, 

PTHrP mRNA could be detected from tumour tissues in 7 of 11 patients with carcinomas of 

the lower alveolus and gingiva, which showed an infiltrative pattern of bone involvement 

[46]. The same group also demonstrated in two further OSCC cell lines derived from cases 

with bone invasion, that PTHrP mRNA could be detected in abundance and could be 

significantly induced by epidermal growth factor (EGF), indicating that PTHrP may 

contribute to signalling downstream of EGFR [47].   

 

Takayama et al showed that knock-down of PTHrP in OSCC cells caused dramatic reduction 

of osteoclast numbers in cell co-culture models [48]. Addition of TGF-β induced expression 

of PTHrP, and generated epithelial-mesenchymal transition (EMT) of the oral cancer cell line, 

changes which might be expected to enhance bone invasion if these pathways were active in 

vivo. Consistent with this, they observed that tissue sections of carcinomas with mandibular 
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invasion showed large numbers of osteoclasts, and strong expression of PTHrP in the tumour 

cells. E-cadherin staining of tumour cells was weaker at the bone resorption front than more 

centrally in the tumour mass, consistent with EMT-like changes. Taken together, these data 

suggest that PTHrP expression might have value as a predictor of bone involvement in OSCC.  

 

2.2.4 Chemokines 
 

Chemokines are small molecule cytokines, that exert their effect by binding to G protein 

coupled 7-span trans-membrane receptors [49]. Some of these chemo-attractants are present 

in bone matrix and are thought to play a pivotal role in osteoclast activation. Furthermore, 

chemokines secreted by tumour cells themselves are also known to regulate recruitment and 

mobilization of osteoclasts [50].  

 

Tang et al reported that the chemokine stromal cell-derived factor-1α (SDF-1α), also named 

CXCL12, increased IL-6 expression in cultured OSCC cells, which further promoted 

osteoclast differentiation in co-culture models in vitro [51]. rhSDF-1α increased the 

expression of its receptor CXCR4 in these OSCC cells, and CXCR4 inhibition abolished 

SDF-1α-induced IL-6 production. These authors further demonstrated that the pathways of 

extracellular signal-regulated kinases (ERKs) and NF-κB were involved in this 

transcriptional regulation.  

 

Pardrwrada et al found that both the chemokine ligand CXCL13 and its receptor CXCR5 

were present in several OSCC cell lines, namely SCC1, SCC12 and SCC14a [52]. They 

demonstrated that recombinant human CXCL13 (rhCXCL13) could enhance the chemotaxis 

of peripheral blood monocytes in a dose-dependent manner, which would be expected to 

facilitate recruitment of osteoclasts. They injected OSCC cells onto the surface of calvaria in 

nude mice, where tumours developed in 4-5 weeks; histochemical staining then confirmed 

CXCL13 and CXCR5 expression, implying that CXCL13 may be considered as a prognostic 

marker for bone invasion in OSCC. This “calvaria-injection” animal model has the distinct 

advantage of causing animals limited stress as there is no interference with mastication, 

which is a risk when using oral or submasseteric sites. 

 

2.3 Growth Factors-Final Phase 
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In addition to these cytokines, a variety of growth factors affect function of osteoblasts and 

osteoclasts during bone remodelling. Bone degradation in the progression of OSCC allows 

release of growth factors from reservoirs within mineralized matrix, such as epidermal 

growth factor (EGF), transforming growth factor (TGF), or connective tissue growth factor 

(CTGF), which may act as local regulators of tumour survival and bone resorption [53].  

 

Huang et al found that the anti-EGF receptor (EGFR) antibody C225 could decrease 

migration abilities of SCC-1 cells [54]. Using a murine xenograft model, they detected that 

loco-regional invasion of SCC-1 cells into blood vessels, muscle and bone was efficiently 

inhibited in C225-treated mice. These data provide evidence that blockade of EGFR may 

suppress tumour-induced bony invasion as well as proliferation of the malignant 

keratinocytes themselves. Prime et al examined the malignant behaviour of several OSCC 

cell lines by transplanting them to the floor of the mouth in athymic mice [55]. They found 

that cell lines BICR31 and BICR56, which were resistant to TGF-β1-induced growth 

inhibition, formed more primary tumours than those cells that were growth inhibited by TGF-

β1. Furthermore, invasion of the mandible was commonly found: a high incidence of 30% 

and 44% respectively. These results suggest that OSCC cells unresponsive to TGF-β1  

behave more aggressively. Shimo et al investigated the role of CTGF in destruction of the 

mandible. Immunohistochemistry from 20 cases of mandibular SCC showed the presence of 

CTGF in osteoclasts and tumour cells [56]. In cultures of mouse bone marrow, rhCTGF 

stimulated the formation of tartrate resistant acid phosphatase (TRAP)-positive osteoclast-

like cells. These results suggest that CTGF might be regarded as a diagnostic marker for the 

production of osteolytic lesions.  

 

3 EMT and Cancer Stem Cells 

 
We have attempted to summarise the processes discussed so far, and display the networks 

involved in direct invasion of bone by oral carcinomas, in Fig 3. In addition to these, studies 

of the mechanisms by which distant bone metastases develop, which occur particularly with 

tumours of breast, prostate, thyroid, kidney and lung, encourage us to rethink the mechanisms 

of bone invasion. Following the initial stages of malignant transformation of keratinocytes, 

formation of a primary tumour, is associated with acquisition of a mesenchymal phenotype, a 
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process now called EMT. Such cells are more active and migratoryleading to invasion into 

stroma, intravasation, dissemination and colonization of distant sites [57]. The hallmark of 

EMT is the disintegration of cell-cell junctions, particularly adherins junctions, and this 

dissociation is regulated by several transcription factors, in particular the zinc-finger proteins 

of Snail and Slug [58]. Accumulating evidence shows that a number of growth factors such as 

TGF-β and EGF are potent effectors of EMT and are released into the microenvironment 

during the vicious cycle of formation of the neoplasm [59]. Moreover, EMT program has 

now been found to promote the self-renewal capability of carcinoma cells [60]. For example, 

TGF-β, which induces E-cadherin repressors; has been reported in the generation of cancer 

cells with higher stem cell properties that are capable of tumour initiation and regeneration 

[61].   

 

EMT transformation is reported in the progression of bone invasion by OSCC. Maria et al 

showed that transfection of TGF-β1 into a rat keratinocyte cell line caused changes in cell 

morphology from polygonal to spindle shaped in [62]. These spindle carcinoma cells formed 

more tumours with higher incidences of local bone resorption. A recent study reported that 

long term treatment of OSCC cells in vitro (6 days) with TGF-β1 triggered EMT changes 

[63], which were associated with increased expressions of MMP-2 and MMP-9. However, a 

short period of treatment (3 days) induced only partial EMT, since the full morphological 

changes were not observed. But these changes could prolong the survival of mature 

osteoclasts and relate with bone invasion. Such findings generate a question of whether 

changes in the cellular morphology are needed for acquiring osteomimetic characteristics, 

since some of bone metastatic cancer cells are demonstrated to undertake phenotype changes 

and become fibroblast-like cells, with further expression of osteogenic molecules [64-66]. It 

is known that primary or metastatic cancers do not exist as isolated cells but, rather, they 

closely interact with a variety of stromal cell types [67, 68]. It is hard to speculate whether 

these tumour cells must have gone through phenotypic changes, since the EMT is transitory, 

in which there are technical difficulties to capture the whole process [60].  

 

Cancer stem cells (CSCs), also known as tumour initiating cells, are a small subpopulation 

within a neoplasm: They exhibit a high capacity for promoting tumour growth, maintenance, 

metastatic progression, and are largely radioresistant and chemoresistant [69-71]. Malignant 

keratinocytes with EMT morphology and properties are typically found at the invasive front 
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of primary tumours [67, 68], and as part of the invasion of bone by OSCC [48]. Could these 

be CSCs? Could growth factors, especially TGF-β1, enrich the population of CSCs in OSCC 

with high invasive abilities? A potential model to examine these hypotheses may be the cell 

lines BICR31 and BICR56, which were resistant to TGF-β1-induced growth inhibition, and 

formed more primary tumours with high properties of mandible invasion [55].  

 

4 Clinical Implications 

 
Oral squamous cell carcinomas which have invaded bone have a high recurrence rate, which 

dramatically impacts the patients’ recovery and quality of life. Before starting treatment, a 

key point in diagnosis is to evaluate the presence and extent of tumour invasion into bone. At 

present, preoperative assessments usually consist of clinical examination, conventional 

radiography by orthopantomogram (OPG) and periapical radiographs, and if available, 

computerised tomography (CT), radionuclide bone scanning and magnetic resonance imaging 

(MRI) [72].  Other more sophisticated diagnostic tools such as multi-detector row CT 

(MDCT) or positron emission tomography/CT (PET/CT) have been shown to have a higher 

sensitivity in the assessment of bone invasion, but are not in routine use in most institutions 

[73, 74]. An optimal combination of preoperative examination methods to predict bone 

invasion is necessary for the planning of definitive therapy for these patients [75].  

 

The management of bone invasion in such patients remains controversial. Treatment choices 

include surgery, radiotherapy, chemotherapy and combinations thereof [76]. Most clinicians 

choose surgery as the primary therapy, with postoperative radiation or chemoradiation 

depending on the tumour extent and stage. When the maxilla or mandible is involved, 

marginal or segmental resection is needed and the primary aim of resection is to obtain clear 

surgical margins [77]. However, these resections may cause decreased function and cosmetic 

deformity. Therefore to maintain quality postoperative function, restoration of bone 

continuity is required, together with soft-tissue flaps to reconstruct the cosmetic defect. Post-

surgical combined radiotherapy and chemotherapy are also helpful and are reported to 

increase the overall survival rate [78]. For example, Ly et al showed that similar outcomes 

would be achieved, between patients with bone or cartilage invasion treated with primary 

chemoradiotherapy (CRT) or resection followed by CRT [79]. However, the protocols of 

these postoperative therapies vary in different clinical centres and can only be applied in a 
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subpopulation of OSCC patients. These supplemental therapies are also associated with a 

substantial increase in adverse effects, including severe mucositis or osteoradionecrosis, 

which would severely affect patients’ recovery and function [80  

 

Recent studies of traditional Chinese herb medicine have attracted attention globally, as the 

increasing evidence shows bio-effects on a variety of diseases including the promising 

outcomes for the treatment of various cancers. Gambogenic acid (Fig. 4A) and 6-O-

angeloylplenolin (Fig. 4B) are as such examples of the compounds. Gambogenic acid belongs 

to the diterpene series and is extracted from dry resin of Garcinia hanburyi [81, 82], while 6-

O-angeloylplenolin is a Compositae plant, a sesquiterpene lactone, isolated from Centipeda 

minima [83, 84]. The former shows its anti-cancer effects via inducing apoptosis [85], 

regulating the Bax and Bcl-2 family and enhancing the activity of caspase-3 in human 

melanoma cells. It also induced G1 phase cell cycle arrest and apoptosis through inactive Akt 

and mitochondrial oxidative stress in cells of nasopharyngeal carcinoma [86]. The latter 

demonstrates the bio-effect of anti-cancer on inhibiting the proliferation of cancer cells in 

human colorectum, liver, stomach, lung, and skin cancers [87], and on inducing cell apoptosis 

through a mitochondrial/caspase and NF-κB pathway in human HL-60 leukemia and 

myeloma [88, 89].  

 

It would be very interesting to develop a new generation of bio-therapeutic agents from 

ancient Chinese herbs as anti-cancer drugs. At this time it is unclear if the compounds have 

anti-cancer bio-effects on inhibiting the initiation of cancer stem cells and bone invasion or 

metastasis, and what mechanisms if any are involved in these processes. Clearly, a great deal 

of work is to be done including mechanism of action studies and assessment of the clinical 

biosafety issues. However, these studies may open a bright future for cancer cure. 

 

5 Conclusions 

 
With the breakthrough in the biological target therapies, the treatment options for patients 

have been greatly expanded [90-92]. Some of the mediators discussed above have already 

been used as targets, such as the human monoclonal antibody targeting RANKL, Denosumab, 

which has been globally used and achieved outstanding effects in the phase 3 clinical trials of 

patients with prostate cancer [93]. RANKL inhibition by using recombinant OPG was also 
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examined in patients with breast cancer or multiple myeloma with osteoclastic bone lesions 

[94]. Shin et al found that treatment with OPG decreased bone invasion of human OSCC B88 

cells, while being injected into the masseter region of nude mice [95]. These examples have 

reminded researchers of the area of bone invasion. Efficient markers to quickly predict the 

presence of bone invasion, and effective targets to successfully treat the patients are needed 

for oral oncologists. As for the bone invasion, whilst the pathways are complex and 

interactive, molecular markers such as those described above would play a role in detecting 

the presence and extent of bone involvement. Furthermore, blockade of a variety of pathways 

including the initiation of cancer stem cells and EMT described in this review may open 

possibilities for future biotherapies with improved clinical outcomes.  
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Legend: 

 

Figure 1. Patterns of mandibular bone invasion. (A) The infiltrative pattern; (B) The erosive 

pattern. (Haematoxylin and eosin staining. Scale = 100 µm) 

 

Figure 2. Expression of MMP-2 and MMP-9 in immunohistochemical sections from OSCC 

with bone invasion (A) H&E staining demonstrates an infiltrative pattern of bone invasion; 

(B) MMP-2 was weakly stained in the cytoplasm of invading malignant keratinocytes; (C) 

MMP-9 was strongly expressed.  

 

Figure 3. Various molecules expressed from OSCC cells lead to the bone invasion through 

osteoclastogenesis. (A) In the initial phase, proteases help to degrade the ECM and facilitate 

OSCC cells entering into the bone tissue; (B) In the resorption phase, these cytokines 

generated from tumour cells directly or indirectly induce the formation of osteoclasts. (C) In 

the final phase, growth factors are liberated and promote the growth of OSCC cells, which 

drive the vicious cycle to accelerate the bone invasion process.  

 

Figure 4. Structures of 6-O-Angeloylpenolin (A) and Gambogenic acid (B). 
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