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Abstract: Ameloblastoma is a locally invasive benign epithelial odontogenic tumor and its histopathological structures are
similar to the enamel organ. Although various studies have investigated cell proliferation in ameloblastoma to elucidate the
biological behavior and clinicopathological mechanisms, it remains poorly understood. The studies on the development of the
enamel organ reports that FGF-9, -10, and TGF-B1 are strongly involved in dental epithelial cell differentiation and cell
proliferation. In this study, we attempt to evaluate the effect of these growth factors on ameloblastoma cells. Both
collagen-coated and normal plastic cell culture plate cell growth curves were steeper in the presence of growth supplement than
in the absence of growth supplement. The presence of TGF-B1 at each dose (1 to 10 ng/ml), however, suppressed the number of
cells cultured on the collagen-coated plate but made no significant difference on the normal plastic plate. The number of cells was
increased in the presence of FGF-10 at 100 ng/ml, but not in the presence of FGF-9 after 48 h culture. These results suggest that
FGF-10 and TGF-B1 play distinct roles in the cell proliferation of human ameloblastoma cells.
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benign epithelial odontogenic tumor that has two basic
histopathologic patterns, follicular and plexiform [1]. The
follicular pattern of ameloblastoma consists of islands of
odontogenic epithelium and central cells of islands that
resemble the stellate reticulum, which results in the enamel
organ [1]. The fibroblast cell growth factor (FGF) family has
22 members, 11 of which are expressed during tooth
development [2]. Among these FGFs, the gene expression of
FGF-9 and FGF-10 in dental epithelium is strongly involved
in tooth development [3-5], and FGF-9 expression in the
dental epithelium of mouse incisors regulates ameloblast
differentiation [6]. Furthermore, FGF-9 or FGF-10 promotes

1. Introduction

Dental enamel is the most highly calcified tissue found in
vertebrates. It is formed by ameloblasts, which differentiate
from the cells of the internal dental epithelium that compose
the enamel organ. Ameloblasts synthesize and secrete enamel
matrices, which undergo systematic proteolysis during
enamel mineralization. During tooth eruption, amelobasts
undergo apoptosis and disappear in adult tissue. This process
limits the clarification of subsequent cellular events on dental
epithelial cell differentiation in vitro experiments, especially
on human-derived cells. Ameloblastoma is a locally invasive
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the cell proliferation of the dental epithelial progenitor cells
established from rat incisors [7] and the dissociated epithelial
cells detected in mouse molars [8]. There are few findings on
the effect of these FGFs on dental epithelial cells, however,
and no study has reported them in ameloblastoma cells.

Transforming growth factor-beta (TGF-B) is a potent
growth factor that regulates various cellular processes,
including cell growth, apoptosis, differentiation, fibrosis,
angiogenesis, and carcinogenesis [9]. TGF-B1 is a member of
the TGF-B family, and the three isoforms of TGF-f i.e.,
TGF-B1, TGF-B2, and TGF-B3) have similar structure and
biological activity and have been identified in mammalian
cells [10]. The TGF-B1 signaling pathway was demonstrated
to be strongly involved in the development of dental enamel
[11-14]. TGF-B1 is known to be a potent inhibitor of cell
growth and an inducer of apoptosis in non-malignant cells
[15]. There are few reports, however, regarding how TGF-B1
influences malignant cell proliferation, especially in
ameloblastoma cells. A previous study established the dental
epithelial cell line derived from human ameloblastoma [16].
We thus evaluated the effect of each growth factor (FGF-9,
-10, and TGF-B1) on the cell proliferation of dental epithelial
cells derived from human ameloblastoma.

2. Materials and Methods
2.1. Cell Culture

The human ameloblastoma-derived cell 2 (HAM?2) line
used in this study was established in a previous study [16].
Cells were seeded in defined keratinocyte-SFM medium
(DKSFM) with growth supplement provided by the
manufacturer (Thermo Fisher Scientific, Waltham, MA, USA)
on type I collagen-coated dishes (Corning Life Sciences, NY,
USA), and cultured at 37°C in a humidified atmosphere of 5%
CO,, as in the previous study [ 16]. After 2 or 3 passages of the
cell culture, cells were used in the cell proliferation assay.

2.2. Cell Proliferation

A proportional number of cells was counted, as described
previously [17] with minor modification. Briefly, HAM?2 cells
were seeded at each cell density, 5.0, 2.5, and 0.6 x 10° cells
per well on a type I collagen-coated 96-well plate (Corning
Life Sciences, NY, USA) depending on each experiment.
After the initial cell attachment, the medium was changed to
DFSFM which included each growth factor, recombinant
human FGF-2 (bFGF), -9, FGF-10, and TGF-1 (R&D
Systems, Minneapolis, MN, USA), or epidermal growth factor
(EGF) protein isolated from mouse submaxillary glands
(Sigma Aldrich, St. Louis, MO, USA) diluted in 0.1% bovine
serum albumin in Hank’s balanced salt solution. Following
each cell culture period, cells were incubated for 2 h with a
cell counting reagent, Cell Counting Kit-8 (Dojindo
Laboratories, Kumamoton, Japan), which depends on the
measurement of a highly water-soluble formazan dye
produced from tetrazolium salts, according to the
manufacturer’s instructions. The relative cell number was then

determined by measuring the light absorbance at a wavelength
of 450 nm (1420 Multilabel counter, PerkinElmer, Waltham,
MA, USA) using the formazan dye production in the cultures.

2.3. Statistical Analysis

All values are reported as the mean + standard deviation
(SD) of eight samples per group for each triplicate experiment.
Statistical ~ significance was determined using the
Kruskal-Wallis one-way analysis of variance (ANOVA)
followed by a post-hoc t-test. Differences were considered
significant at a p value of < 0.05.

3. Results

Since a previous study showed that the cell growth of
ameloblast lineage cells was influenced by the cell density of
the cell culture [18], we first examined the cell growth at
different cell densities. Cells at each cell density were seeded
in 96 wells of a normal cell culture plate, and the light
absorbance corresponding to the total cell number was
measured for each culture period. Since the initial cell
density at 0.6 x 10° cells per well detected a limited cell
number in our experiment using a chemical cell number
detection reagent, we defined each cell density as
approximately four times (2.5 x 10° cells per well) or eight
times (5.0 x 10° cells per well) of the lowest cell density.
During the 48 h cell culture period, the cell numbers for all
cell densities increased (Fig. 2). At 5.0 x 10° cells per well,
cells reached cell confluence after 48 h culture since the cell
number at 72 h showed no increasing tendency compared
with that at 48 h (Fig. 2). Based on these results, we defined
the cell density as 2.5 x 10° cells per well for the following
experiment.

Figure 1. The phase-contrast microscopy image of HAM-2. Bar=20 fim.
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Figure 2. The cell growth curve at different cell densities. The light
absorbance was measured after the initial cell attachment and each cell
number shows the relative cell number to the initial cell number at 5.0 x 10°
cells per well.

Next, we examined the influence of growth supplement on
the cell culture medium. Cells were seeded at 2.5 x 10° cells
per well in 96 wells of collagen-coated or normal plastic cell
culture plates. During the 48 h cell culture, the steepest cell
growth curve occurred when the cells were cultured in
medium with cell growth supplement on collagen-coated
plates (Fig. 3A, Collagen Coat). On normal plastic plates, the
cell number was also increased in the presence of cell growth
supplement (Fig. 3A, Normal Plastic). In the absence of cell
growth supplement, however, both normal plastic and
collagen-coated plates showed a cell growth curve (Fig. 3B)
that was significantly lower than that of cell culture plates in
the presence of cell growth supplement (Fig. 3A). There was
no significant difference between those cultured on normal
plastic plates with growth supplement (Fig. 3A, Normal
Plastic) and those cultured on collagen-coated plates without
growth supplement during the 48 h cell culture (Fig. 3B,
Collagen Coat). These results indicated that the presence of
cell growth supplement supports the stabilized cell
proliferation of dental epithelial cells derived from human

ameloblastoma.

To examine the effect of TGF-B1 on the cell proliferation of
human ameloblastoma dental epithelial cells, cells were
cultured on both normal plastic plates and collagen-coated
plates with growth supplement for 48 h. On the normal plastic
plate, the cell number in the presence of TGF-B1 at each dose
of 1 to 10 ng/ml showed no significant difference (Fig. 4A).
On collagen-coated plates, however, the cell number
decreased with every dose of TGF-B1 (Fig. 4B).

To test the effect of FGF-9 and -10 on the cell proliferation
of human ameloblastoma dental epithelial cells, cells were
cultured on collagen-coated plates with growth supplement.
After 48 h culture in the presence of FGF-10, the cell number
tended to increase. FGF-10 at 100 ng/ml increased the cell
number significantly compared with the absence of growth
factor (Fig. 5). There was no significant difference, however,
in the presence of FGF-9 at each dose (Fig. 5). Although it was
not significantly different, the cell number of bFGF at 50
ng/ml decreased. At 100 ng/ml, EGF increased the cell
number significantly compared with the absence of growth
factor (Fig. 5).

4. Discussion

Ameloblastoma is the most common and locally aggressive
epithelial odontogenic tumor. It is known to originate from the
odontogenic epithelial cells of the enamel organ of developing
tooth germs. To date, various studies have investigated the cell
proliferation of ameloblastoma to elucidate the biological
behavior and clinicopathologic information [19-21].
Numerous studies on teeth development have shown that
growth factors, including FGF-9, -10, and TGF-B1, are
involved in dental epithelial cell differentiation and cell
proliferation [3-5, 15]. This study therefore evaluated the
effect of these growth factors on cell proliferation derived
from human ameloblastoma.

Figure 3. The cell growth curve in cell culture medium with or without supplement. Cells were seeded at 2.5 x 10° cells per well in 96 wells of collagen-coated
(Collagen Coat) or normal plastic (Normal Plastic) cell culture plates. Each cell number shows the relative initial cell number of each cell culture plate.
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Figure 4. TGF-1 suppressed the cell number cultured on collagen-coated plates. Each cell number shows the relative cell number in the absence of TGF-f1 at

48 h cell culture as 100%.

Our results revealed that the cell number of HAM2 was
increased in both normal plastic and collagen-coated cell
culture dishes. Although no specific mention of culture dishes
in the ameloblastoma cell line AM-1 and AM-3 has been
shown in the growth of the cell line [22, 23], the cells in this
study, HAM2, which grew in normal plastic dishes, may
possess similar cell characteristics. In the presence of TGF-B1
at each dose, after 48 h of cell culture the cell number was
significantly decreased compared with the control cultured on
the collagen-coated dish. Originally, HAM2 was established
in type I or type IV collagen-coated cell culture dishes [16].
Furthermore, our previous study showed that cell proliferation
was influenced by the presence of extracellular matrices, and
that a lower dose of drug suppressed the rate of cell growth
significantly for cells cultured on collagen-coated plates
compared to normal plastic plates [24]. A previous study
showed that TGF-B1 arrested cell growth and induced
apoptosis of a mouse ameloblast-lineage cell line at a lower
dose (0.05 ng/ml) and a shorter culture period (24 h) than our
study [15]. In human ameloblasts, a comparison study
between tooth germ and ameloblastoma demonstrated that ten
genes, including TGF-B1, are underexpressed in both types of
ameloblastomas [25].

Figure 5. FGF-10 and EGF increased the cell number. Each cell number
shows the relative cell number in the absence of growth factors at 48 h cell
culture as 100%.

Based on previous studies, our results indicate that a higher
dose of TGF-B1 compared with non-malignant cells could

arrest the cell growth of dental epithelial cells derived from
human ameloblastoma and that the presence of extracellular
matrices such as collagen may influence the TGF-B1
regulation on cell proliferation.

In FGFs, the cell number was increased compared with the
control in the presence of FGF-10 at 100 ng/ml, but not FGF-9
after 48 h culture. It has been reported that the growth rate of
dental epithelial progenitor cells derived from rat cervical loop,
where enamel epithelium is maintained for the continuous
growth of rodent incisors, was increased in the presence of
FGF-10 at each dose of 10 to 100 ng/ml after 4 day culture
based on formazan dye assay [7] and 10 ng/ml after 48 h
culture based on the BrdU incorporation experiment [26]. In
the ameloblastoma cell line, FGF-10 stimulated the growth of
cells in the presence of FGF-10 at 10 or 100 ng/ml after 3 day
culture using the same cell counting kit as that in our
experiment [23]. In dissociated epithelial cells detected from
mouse molars, FGF-9 at 40 ng/ml promoted cell proliferation
after 7 day culture, a culture period that was longer than that in
our study [8]. Our results are consistent with the previous
studies that reported the effect of FGF-10 on dental epithelial
cell proliferation but not FGF-9. Therefore, our data suggest
that FGF-10 promotes the cell proliferation of dental epithelial
cells derived from human ameloblastoma as well as
developing normal cells but that FGF-9 does not promote it in
ameloblastoma cells. We did not examine the expression of
FGF receptors in the cells. Since receptor specificity differs
between FGF-9 (binding to FGF3b and FGFR4) and FGF-10
(binding to FGFR2b and FGFRI1b) [27], further study to
investigate the expression of these receptors or this signaling
cascade in human ameloblastoma cells is needed.

5. Conclusion

This study demonstrated that FGF-10 increased but TGF-f3
suppressed the cell number of human ameloblastoma cells on
collagen coat cell culture dish. In the presence of FGF-9, there
were no significant differences at each dose compared with
control. These results suggest that FGF-10 and TGF-§ play
distinct roles in the cell proliferation of human ameloblastoma.
However, further study is necessary to clarify the molecular
mechanism of these growth factors in malignant cell
proliferation, especially in human ameloblastoma.
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