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Fibroblasts Regulate Variable
Aggressiveness of Syndromic
Keratocystic and Non-syndromic
Odontogenic Tumors

ABSTRACT

Keratocystic odontogenic tumors (KCOTs) are jaw lesions that can be either
sporadic or associated with nevoid basal cell carcinoma syndrome, which typi-
cally occurs as multiple, aggressive lesions that can lead to large areas of bone
destruction and resorption and cause major impairment and even jaw fracture.
To clarify the role of fibroblasts in the aggressivness of syndromic (S-) as com-
pared with non-syndromic (NS-) KCOTs, we assessed fibroblasts derived from
16 S- and NS-KCOTs for differences in cell proliferation, multilineage differ-
entiation potential, alkaline phosphatase activity, and osteoclastogenic poten-
tial. S-KCOT fibroblasts had proliferative and osteoclastogenic capacity higher
than those from NS-KCOTs, as evidenced by higher numbers of tartrate-
resistant acid-phosphatase-positive multinuclear cells, expression of cyclooxy-
genase 2, and ratio of receptor activator of nuclear factor—kappa B ligand to
osteoprotegerin. The osteogenic potential was higher for S- than for NS-KCOT
fibroblasts and was associated with lower mRNA expression of runt-related
transcription factor 2, collagen type I ol, osteocalcin, and osteopontin as well
as reduced alkaline phosphatase activity. These results suggest that the distinct
characteristics of fibroblasts in KCOTs are responsible for the greater aggres-
siveness observed in the syndromic subtype.

Abbreviations: AP, alkaline phosphatase; CK, cytokeratin, COLIAI,
collagen type I al; COX-2, cyclooxygenase-2; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IL-1a., interleukin 1o; KCOT, kerato-
cystic odontogenic tumor; NBCCS, nevoid basal cell carcinoma syndrome;
NS-KCOT, non-syndrome-associated KCOT; OCN, osteocalcin; OPG, osteo-
protegerin; OPN, osteopontin; RANKL, receptor activator of nuclear factor-
kappa B ligand; Runx2, runt-related transcription factor 2; S-KCOT,
syndrome-associated KCOT; TAF, tumor-associated fibroblast; and TRAP,
tartrate-resistant acid phosphatase.

INTRODUCTION

Keratocystic odontogenic tumors (KCOTs) are cystic neoplasms of the jaw
classified as benign tumors in 2005 by the World Health Organization
(WHO). Although originally described as odontogenic keratocysts (Philipsen,
1956), mandibular KCOTs are a prominent feature of nevoid basal cell car-
cinoma syndrome (NBCCS), also known as Gorlin syndrome, a rare autoso-
mal-dominant disorder characterized by skeletal dysplasia and by skin and
neurological abnormalities (Gorlin, 2004). These tumors are particularly
aggressive, causing extensive jaw dissolution with a high probability of recur-
rence compared with other types of jaw cysts (Li et al., 1994; Mendes et al.,
2010a; Li, 2011).

Cells engage in reciprocal interactions with the stroma and can coopera-
tively promote tumor initiation and progression. Tumor-associated fibroblasts
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(TAFs) are activated during wound healing and tumorigenesis by
crosstalk between fibroblasts and the diseased epithelium (Li
et al., 2007), facilitating the secretion of various factors by the
epithelium—such as fibroblast growth factor 2, platelet-derived
growth factor, and epidermal growth factor—for self-repair
(Zeisberg et al., 2000). TAFs may play a key role in tumor aggres-
siveness owing to their high expression of matrix metalloprotein-
ases, which degrade components of the extracellular matrix
(ECM) (Brabek et al., 2010; Koontongkaew et al., 2011). TAFs
also regulate the release of hepatocyte growth factor and stromal-
cell-derived factor, which drive the invasion of oral squamous cell
carcinoma cells into collagen matrices (Daly et al., 2008).

Along with the epithelial lining, the fibrous walls of odonto-
genic cysts may be involved in tumor expansion and aggressive-
ness (Browne, 1975). The epithelial lining in the more aggressive
NBSCC-associated syndromic KCOTs (S-KCOTs) has higher
expression of the heparanase gene and protein compared with
that in sporadic, non-syndromic KCOTs (NS-KCOTSs), which is
closely correlated with a higher capacity for invasion (Katase
et al., 2007); expression of the proliferation marker Ki67 is also
higher in S- than in NS-KCOTs (Ba et al., 2010). A mutation in
the Patched (PTCH)! gene has been identified in 75% of NBCCS
cases and 30% of sporadic KCOTs (Gorlin, 1987; Hahn et al.,
1996; Barreto et al., 2000). According to the two-hit hypothesis,
S-KCOTs may thus be more likely than NS-KCOTs to acquire
one hit through inheritance of the PTCHI mutation (Pan et al.,
2010), which may confer a predisposition to additional hits due to
a diminished capacity for DNA repair or increased genomic insta-
bility. However, it is not clear whether fibroblasts are responsible
for the greater aggressiveness of S-KCOTs.

The present study sought to determine whether fibroblasts
play a role in the differential aggressiveness of S- and
NS-KCOTs. The proliferation and osteogenic potentials of
fibroblasts isolated from clinical specimens of S- and NS-KCOT
fibrous capsule walls were compared, and osteoclastogenic
potential was investigated in the Raw264.7 cell line with condi-
tioned medium from both types of fibroblasts. The results dem-
onstrate that fibroblasts derived from S- and NS-KCOTs differ
in terms of gene expression profiles and biochemical and cel-
lular characteristics.

MATERIALS & METHODS
Patients

KCOT cases (n = 16) were randomly selected from among
patients diagnosed with keratocystic odontogenic tumors at the
Peking University School and Hospital of Stomatology, com-
prised of eight cases each of S- and NS-KCOT. Diagnoses were
made based on the WHO classification, and all syndromic
patients conformed to the previously proposed evaluation crite-
ria (Kimonis et al., 1997), exhibiting bifid rib and multiple
lesions. [Detailed information on patients is given in Appendix
Table 1.] The study was approved by the Peking University
Health and Science Center’s ethics committee, and all patients
provided informed consent.
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Cell Culture

Fresh tissue specimens were obtained from the Department of
Oral and Maxillofacial Surgery at the Peking University School
and Hospital of Stomatology. Cyst wall samples were collected
and immersed in Hanks’ Balanced Salt Solution at 4°C within
30 min of surgical resection. After being thoroughly washed,
samples were cut into single cubes that were placed in a culture
flask. Fibroblasts were isolated and maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM)/F12 containing 100 U/mL
penicillin and 100 pg/mL streptomycin (Gibco, Grand Island,
NY, USA), and supplemented with Hyclone 10% fetal bovine
serum (FBS) (Thermo Fisher Scientific Inc., Beijing, China).
Cells fewer than 5 generations old were used for experiments.
The murine osteoclast precursor cell line Raw264.7 (provided
by Dr. Wang) was cultured in DMEM containing 10% FBS fol-
lowing routine cell culture procedures. All cells were cultured at
37°C in a humidified atmosphere of 5% CO, and 95% air.

Immunohistochemistry

All antibodies and 3,3'-diaminobenzidine (DAB) were pur-
chased from Zhongshan Golden Bridge Biotechnology Co. Ltd.
(Beijing, China). Fibroblasts were seeded on glass slides (Nest,
Beijing, China) and grown to 80% confluence in 24-well plates.
After 2 washes with phosphate-buffered saline (PBS), cells were
fixed in 4% paraformaldehyde in PBS for 20 min, washed 3
times with PBS for 5 min, and permeabilized with 0.2% Triton
X-100 for 10 min. Cells were blocked with 3% bovine serum
albumin for 1 hr at 37°C, then incubated with monoclonal
mouse antibodies against vimentin and cytokeratins (CK) AE3,
17, and 19 overnight at 4°C. Cells were then incubated in
horseradish-peroxidase-conjugated anti-mouse immunoglobulin
G for 1 hr at room temperature. Immunoreaction was detected
by incubation with DAB (ZLI-9017) for 5 to 10 sec. Samples
were visualized by light microscopy.

Cell Proliferation Assay

Cells from the third passage, plated at a density of 4 x 10* cells/
well in 6-well plates with 2.5 mL culture medium, were used for
the assay. Cells were digested with 0.25% trypsin-EDTA (Gibco)
on days 2, 4, 6, 8, 10, and 12 post-inoculation and counted by
means of a cell viability analyzer (Vi-CELL; Beckman Coulter
Inc., Brea, CA, USA).

Colony-forming Assay

Cells from the second passage (n = 500) were seeded in 100-mm
dishes containing culture medium, which was replaced every 3
days. At 2 wks post-inoculation, cells were fixed with 4% para-
formaldehyde in PBS and stained with 1% methylene blue (Bei-
jing Shi-ji, Beijing, China) for 5 min. Only more than 50
uniformly stained cells were counted as one colony-forming
unit. Colonies < 2 mm in diameter and faintly stained colonies
were ignored.
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RNA Extraction and Gene Expression Analysis

Total RNA was extracted from third-passage cells with Trizol
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) based
on the manufacturer’s instructions and used for reverse
transcription-polymerase chain-reaction, which was performed
as previously described (Wang and Li, 2013) with primer
sequences as shown in Appendix Table 2. Gene expression was
calculated with the comparative CT method by normalizing to
glyceraldehyde-3-phosphate dehydrogenase expression levels.

Osteoblast Differentiation

Third-passage cells were seeded in 24-well (5 x 10* cells/well)
and 6-well (1 x 10° cells/well) plates with DMEM/F12 contain-
ing 10% FBS. When cells were confluent, the medium was
replaced with medium supplemented with 15% FBS, 50 pg/mL
L-ascorbic acid-2-phosphate, 10 nM dexamethasone, and
10 mM [-glycerophosphate (all from Sigma-Aldrich), which
was changed every 3 days. After 1 wk, total protein was
extracted from cells in the 6-well plates, and the concentration
was determined with bicinchoninic acid reagent (Thermo Fisher
Scientific, Waltham, MA, USA). Alkaline phosphatase (AP)
activity was by means of a kit (Nangjing Jianchen Bioengineering
Institute, Nanjing, China) according to the manufacturer’s
instructions. After 3 wks, cells in the 24-well plates were fixed
with 4% paraformaldehyde in PBS for 10 min, then treated with
1% alizarin red S (Sigma-Aldrich) at room temperature for
20 min to stain calcium nodes. Quantitative analysis was per-
formed with Image J image analysis software (National Institutes
of Health, Bethesda, MD, USA).

Osteoclast Differentiation

Conditioned medium was collected from fibroblast cultures.
When cells had reached confluence, the medium was replaced
with DMEM containing 10% FBS for 24 hrs. The medium was
collected after brief centrifugation and immediately stored at
—80°C. Raw 264.7 cells were plated at a density of 5 x 10° cells/
well in 24-well plates with culture medium, which was replaced
12 hrs later with conditioned medium with or without the addi-
tion of 25 pg/mL granulocyte-macrophage colony-stimulating
factor (GM-CSF) (PeproTech, Rocky Hill, NJ, USA) and
100 ng/mL receptor activator of nuclear factor-kappa B ligand
(RANKL; R&D Systems, Minneapolis, MN, USA). DMEM
containing 10% FBS, 25 pg/mL GM-CSF, and 100 ng/mL
RANKL, or DMEM with 10% FBS, was used as a positive or
negative control, respectively. The media were changed daily
for 5 days; cells were then fixed and stained for tartrate-resistant
acid phosphatase (TRAP) by means of a kit (Sigma-Aldrich)
based on the manufacturer’s instructions. Cells with fewer than
3 TRAP-positive nuclei were counted as osteoclast-like cells,
and those with more than 3 nuclei were considered multinuclear
osteoclasts. The bone resorption activity in the latter cells was
measured by a bone resorption assay as previously described
(Enomoto et al., 2003).
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Figure 1. Proliferation of fibroblasts isolated from S- and NS-KCOTs.
(A) Fusiform fibroblasts grew from explanted cyst wall tissue specimens
after 4 days of culture. (B) Cell growth curves for third-passage S- and
NS-KCOT fibroblasts were described over 12 days. Higher proliferative
capacity was observed for S- than for NS-KCOT fibroblasts (n = 5). (C)
Vimentin but not (D) CK in both types of KCOT fibroblasts. (E) Colonies
formed by S- (left) and NSKCOT (right) fibroblasts were stained with
1% methylene blue. Average colony-forming efficiency of fibroblasts
was 103 + 12.55 for SKCOT and 47.35 + 10.8 for NSKCOT (n =
5). *p < .05; **p < .01; ***p < .001.

Statistical Analysis

All assays were performed in triplicate and repeated at least 3
times. Data were analyzed with SPSS 13.0 software (SPSS Inc.,
Chicago, IL, USA) and are shown as mean = SEM. The Student’s
t test and one-way analysis of variance were used to compare
samples. The standard deviation indicated on graphs represents
differences among patients in a given group. A p value < .05 was
considered statistically significant.

RESULTS

Biological Properties of Fibroblasts
Isolated from S- and NS-KCOTs

Cyst wall tissue specimens from KCOT patients cultured as
explants grew spindle-shaped, elongated fibroblast-like cells
after 3 days (Fig. 1A) and reached 80-90% confluence after
12-15 days. There were no significant differences in the appearance
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Fibroblasts Derived from KCOTs
Show Multilineage Differentiation
Potential

Both S- and NS-KCOT fibroblasts formed
mineral nodules 3 wks after osteogenic
induction that were positive for alizarin
red staining (Fig. 3A). The gene expres-
sion profiles showed higher levels of
osteocalcin  (OCN) and osteopontin
(OPN) expression, as well as increased
AP activity, after osteogenic induction
(Fig. 2B).

Adipogenic  differentiation =~ was
assessed in both types of fibroblasts cul-
tured in adipogenic medium for 21 days.
Small lipid vacuoles in the cytoplasm
were observed after 2 wks by Oil O Red
staining, indicating the presence of intra-
cellular lipid droplets (Fig. 2C), in con-
trast to cells cultured in control medium.
However, there was no statistically sig-
nificant difference in the formation of
lipid droplets between S- and NS-KCOTs
(average, 6.7 vs. 5.9/well) (data not
shown). In addition, the mRNA expres-
sion of peroxisome proliferator-activated
receptor-y and lipoprotein lipase was up-
regulated in cells undergoing adipogenic

Figure 2. Multilineage differentiation potential of S- and NS-KCOT fibroblasts. (A) S- and
NS-KCOT fibroblasts cultured under osteogenic differentiation conditions were stained with
alizarin red (left) after 3 wks. Cells in normal culture medium (right) were not stained. Cells
are shown under differential interference contrast (DIC) optics. (B) The mRNA expression of
OCN and Runx2 normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
expression levels was examined by reversetranscriptase polymerase chain-reaction (RT-PCR)
before (-) and on day 14 after (+) osteogenic induction. (C) S- and NS-KCOT fibroblasts
cultured under adipogenic differentiation conditions were stained with Oil O Red after 3 wks.
Cells grown in normal culture medium (right) served as a negative control. Images were taken
under DIC optics. (D) The RNA expression of lipoprotein lipase and peroxisome proliferator-
activated receptory normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
expression level was examined by RT-PCR before (-) and 3 wks after (+) adipogenic induction.

differentiation relative to control cells
(Fig. 2D).

Osteogenic Differentiation Potential
Is Higher in NS- than in S-KCOT
Fibroblasts

To compare the osteogenic differentia-
tion potential of S- and NS-KCOT fibro-
blasts, we evaluated mRNA expression

of fibroblasts derived from the 2 types of tumor. Cell prolifera-
tion curves were obtained from viable cell counts over a 12-day
period. The proliferation rate was 34.6% higher for S- than for
NS-KCOT fibroblasts after day 2 (Fig. 1B). All fibroblasts
expressed the mesenchymal cell marker vimentin, but not CK
(Figs. 1C, 1D), confirming their mesenchymal origin.

More Colony-forming Units Are Formed by S- than by
NS-KCOT Fibroblasts

Fibroblasts derived from S- and NS-KCOTs were adherent and
quiescent for the first 2 days. At 5-7 days, multiple small colo-
nies were scattered throughout the dishes, and 2 wks later, quan-
tification of colony-forming units by 1% methylene blue staining
revealed that S-KCOT fibroblasts formed more colonies than
those derived from NS-KCOTs (103 + 12.55 vs. 47.35 £+ 10.8)
(Fig. 1E).

levels of osteoblast-specific genes, AP
activity, and mineralized nodule forma-
tion. On days 3 and 7, the transcript lev-
els of runt-related transcription factor (Runx)2 was increased
by 2.33-fold (1.43 £ 0.40 vs. 0.61 = 0.13) and 1.42-fold (1.32 £
0.13 vs. 0.93 + 0.15), respectively, in NS- compared with
S-KCOT fibroblasts. Similarly, mRNA expression of collagen
type I ol (COL1AI) was elevated by 3.11-fold (1.76 + 0.47 vs.
0.57 £ 0.22) and 2.72-fold (2.08 £ 0.13 vs. 0.77 + 0.49), respec-
tively, and OCN transcript level was 5.99-fold (2.86 = 3.03 vs.
0.48 +£0.21) and 4.92-fold (4.97 £ 5.10 vs. 1.01 £ 0.19) higher,
respectively, in NS- relative to S-KCOT fibroblasts. OPN
expression was also detected at 3.76-fold (1.49 + 0.54 vs. 0.40 +
0.20) and 8.47-fold (6.42 + 4.96 vs. 0.76 + 0.32) higher levels in
NS- than in S-KCOT fibroblasts on days 3 and 7, respectively
(Fig. 3A). Furthermore, AP activity was 2.44-fold higher (29.91
+ 13.85 U/g protein vs. 12.27 + 8.77 U/g protein) in NS- than in
S-KCOTs fibroblasts (Fig. 3B); meanwhile, calcium nodes had
darker alizarin red staining (Figs. 3C, 3D), and the relative

Downloaded from jdr.sagepub.com at Peking University Library on June 29, 2014 For personal use only. No other uses without permission.

© International & American Associations for Dental Research


http://jdr.sagepub.com/

J Dent Res XX(X) 2014

intensity of alizarin red staining in cal-
cium nodes was 1.56-fold higher in NS-
than in S-KCOTs (80.75 + 14.10 vs.
51.89 + 14.05). Thus, fibroblasts from
NS-KCOTs showed greater bone-forming
capacity than those derived from S-KCOTs.

@l S-KCOT
5 [ NS-KCOT

F

~

*
*

o

Osteoclast Differentiation-inducing
Capacity Is Greater for S- than for
NS-KCOT Fibroblasts

To assess the osteoclast differentiation-
inducing capacity of fibroblasts derived
from KCOTs, we measured the mRNA
expression of interleukin (IL)-1a, cyclo-
oxygenase (COX)2, RANKL, and osteo-

Relative mRNA expression vs GAPDH »>
w
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protegerin (OPG). While there was no : ’

difference in RANKL and IL-Io levels
across samples, the COX2 transcript level
was 3.50-fold higher, while that of OPG
was 2.34-fold lower, in S- than in
NS-KCOT fibroblasts (Fig. 4A). The E
RANKL/OPG ratio was 1.44-fold higher
(12.13 £3.02 vs. 8.41 £3.56) in S- than in
NS-KCOTs fibroblasts (Fig. 4B). To eval-
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uate possible differences in osteoclast
differentiation- and bone resorption-
inducing capacities, we cultured the murine
osteoclast precursor cell line Raw264.7 for
5 days in conditioned medium from S- and
NS-KCOT fibroblast cultures. Multinuclear
cells were clearly visible on day 3 after
induction; however, cells induced by
medium from S-KCOT fibroblasts had
more nuclei, on average (> 10 nuclei),
while those cultured in medium from
NS-KCOT fibroblast cultures typically
had 3-8 nuclei (Figs. 4C, 4D). We assessed
the formation of bone resorption pits by osteoclasts (Fig. 4E);
those cultured in S-KCOT fibroblast-conditioned medium had a
greater number of TRAP-positive multinuclear cells than those
grown in conditioned medium from NS-KCOT fibroblasts (61 +
6.24 vs. 17.33 £3.21 cells per well), although in both conditions,
the number of differentiated osteoclasts was significantly lower
than for the respective positive controls (Fig. 4F). These results
indicate that S-KCOT fibroblasts have a greater capacity to induce
osteoclast differentiation than those derived from NS-KCOTs.

DISCUSSION

This was the first comparative study of the properties of fibro-
blasts derived from clinical S- and NS-KCOT specimens iso-
lated from the fibrous capsule wall. The 2 types of fibroblasts
differed in terms of proliferative, multilineage differentiation,
and bone resorption potentials. Fibroblasts were long and spindle-
shaped and exhibited fibrocyte-like adherent growth, as previ-
ously described (Mendes ef al., 2010b). Cells from S-KCOTs
had higher proliferation and colony-forming efficiency than

40

Alizarin red stain relative intensity .55

Figure 3. Differential osteogenic differentiation potential of S- and NS-KCOT fibroblasts. (A)
The mRNA expression of genes involved in osteogenesis normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) expression level was examined by realtime fluorescent
quantitative PCR on days 3 and 7 after induction (n = 6). (B) Alkaline phosphatase activity was
detected on day 7 after induction (n = 6). (C, D) NS-KCOT fibroblasts (leff) had stronger and
more extensive alizarin red staining of calcium nodules than did S-KCOT fibroblasts (right). (E)
Osteogenic differentiation after 3 wks by fibroblasts derived from 8 S- (top) and NS-KCOT
(bottom) patient samples. Quantification of alizarin red staining was measured with Image J
(h=8). *p<.05; **p < .01.

those derived from NS-KCOTs (Fig. 1), consistent with observed
differences in proliferative activity in the epithelial lining (Ba
et al., 2010). The colony-forming capacity reflects a potential
for both self-renewal and multilineage differentiation, which is
a characteristic embodied by stem cells (Cheng et al., 2009).
Both types of fibroblasts were able to differentiate into osteo-
blasts and adipocytes in the appropriate induction medium; the
property of differentiating into osteoblasts may play a key role
in regulating the reconstruction of bone and homeostasis in the
surrounding tissue, and may therefore contribute to the aggres-
siveness of KCOTs. In addition, it has been suggested that the
differential distribution of the ECM proteins fibronectin, tenas-
cin, laminin, and collagen IV in the cyst wall of S- and
NS-KCOTs is responsible for the more aggressive behavior of
the former type of tumor (Amorim et al., 2004); cyst wall fibro-
blasts may also modulate aggressiveness by regulating ECM
properties or epithelial-mesenchymal interactions.

A greater osteogenic potential was observed in NS- than in
S-KCOTs, as evidenced by higher expression levels of Runx2,
COLIAI, OCN, and OPN as well as greater calcium node
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Figure 4. Differential capacity of S- and NSKCOT fibroblasts for
inducing osteoclast differentiation. (A) The mRNA expression of genes
involved in osteoclast differentiation normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) expression levels was examined
by realtime fluorescent quantitative PCR in S- or NS-KCOT fibroblasts
(n = 6). (B) The RANKL/OPG ratio was calculated from the mRNA
expression levels of the corresponding genes. (C) Conditioned medium
from (C) SKCOT and (D) NSKCOT fibroblasts induced the
differentiation of TRAP+ multinuclear cells (MNCs) after 4 days,
although cells in the former condition had more nuclei, on average. (E)
Bone resorption pits were observed on the surfaces of bone slices 20
days after induction by conditioned medium from S-KCOT fibroblasts
by light microscopy. (F) On day 5 after induction, TRAP+ MNCs grown
in different conditioned media in the presence or absence of RNAKL

and GM-CSF were counted.

formation (Fig. 3). In contrast, fibroblasts from S-KCOTs had a
greater capacity for inducing osteoclast differentiation than
those from NS-KCOTs, corresponding to higher COX-2 and
lower OPG mRNA levels (Fig. 4). This was underscored by the
higher RANKL/OPG ratio, an index of osteoclast differentiation-
stimulating capacity, in S- than in NS-KCOT fibroblasts (Yang
et al., 2008), as well as by the greater number of TRAP-positive
multinuclear cells—which can induce bone resorption—among
Raw264.7 grown in medium from S-KCOT fibroblast cultures.
A previous study found that RANKL and OPG expression did
not differ significantly between S- and NS-KCOTs by immuno-
histochemistry (Nonaka et al., 2012), in partial disagreement
with the current findings. This difference could be due to the use
of different methodologies. In accordance with clinical manifes-
tations of S-KCOTs, the presence of large areas of defective

J Dent Res XX(X) 2014

bone and the absence of a bone line suggest the stimulation of
bone resorption and the concomitant inhibition of bone forma-
tion. The results presented here indicate that fibroblasts derived
from S-KCOTs have greater potential for inducing bone resorp-
tion, which may be linked to the greater aggressiveness associ-
ated with this tumor type.

With the growing awareness of the role of epithelial-mesen-
chymal interactions in tumor progression, greater attention has
focused on the fibrous capsule wall of KCOTs. S-KCOTs are
typically associated with a germline mutation in PTCHI and
multiple cysts in the fibrous wall that could arise from additional
somatic mutations (Levanat ef al., 1996). Thus, although differ-
ences in genetic background can account for the greater aggres-
siveness of S- relative to NS-KCOTs observed in this and in
other studies (Amorim et al., 2004; Katase et al., 2007; Hakim
et al., 2011), the results presented here show that fibroblasts
from these 2 types of tumor have fundamentally different prop-
erties, implying that the relationship between tumor cells and
the stroma may also play a significant role. Studies are currently
under way to investigate the possible mechanisms underlying
cell-stroma interactions, with the findings potentially informing
the development of therapies designed to moderate the aggres-
sive behavior of S-KCOTs.
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