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Human Periodontal Cells Initiate
Mineral-Like Nodules In Vitro
Nilda Arceo" John J. Sauk,+ Jennifer Moehring,f Ruth A. Foster, * and Martha J.
Somerman*

A primary objective in the treatment of periodontal diseases is the regeneration of
the mineralized and soft connective tissue components of the attachment apparatus. Cur-
rent theories suggest the cells of the periodontium have the capacity, when appropriately
triggered, to actively participate in restoring connective tissues, including mineralized
tissues. To evaluate further the role of such cells in periodontal homeostasis, periodontal
ligament (PDL) cells and gingival fibroblasts (GF) were cultured and examined for
alkaline Phosphatase levels and for the ability to produce mineralized nodules in culture.
These are two characteristics of osteoblast-like cells in vitro. The levels of alkaline
Phosphatase produced by these cells were determined by a modified kinetic assay and
the ability of these cells to produce mineral-like nodules in vitro was evaluated by Von
Kossa staining and light and electron microscopy. PDL cells had significantly higher
levels of alkaline Phosphatase when compared with gingival fibroblasts obtained from
the same patient and the same passage, in vitro. Furthermore PDL cells, but not GF,
were capable of producing mineral-like nodules in vitro. These results indicate differences
in behavior between PDL cells and GF; such differences may prove important in de-
signing appropriate clinical therapies directed at stimulating periodontal regeneration. /
Periodontol 1991; 62:499-503.
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The main goal for the treatment of periodontal diseases is
the regeneration of lost cementum, bone, and soft connec-
tive tissue. Clinical1 3 and histológica!4 research suggests
that it is possible to restore lost periodontal structures. Re-
generation in vivo entails the migration of cells to the heal-
ing site and subsequent attachment, followed by proliferation,
differentiation, and synthesis of mineralized and soft con-
nective tissue components. These tissues, according to cur-
rent evidence, are formed by cells which are derived from
the remaining healthy portions of the periodontal connective
tissues.5 7 In order to improve the success of clinical re-

generative procedures, a better understanding of osteoblast-
like properties of gingival fibroblasts and PDL cells in vitro
is necessary.

Several researchers have evaluated biological properties
of periodontal cells in culture,816 including their osteoblast-
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like properties. Criteria used for evaluating osteoblast-like
properties of cells in vitro are: 1) the production of bone-
associated products; i.e., bone matrix constituents, alkaline
Phosphatase; 2) expression of characteristic bone regulatory
hormonal responses; i.e., increased production of AMP in
response to parathyroid hormone (   ) and increased syn-
thesis of bone associated hormones in response to 1,25
dihydroxyvitamin D3; and 3) osteogenic capacity; i.e., can
cells form mineralized nodules in vitro.17 Osteoblast-like
properties reported for periodontal cells include high levels
of alkaline Phosphatase,12'14'16 production of greater than
95% type I collagen relative to other collagen types,10 and
production of 2 bone-associated proteins, osteonectin18'19
and biglycan.19 However, these 2 proteins are not selective
for mineralized tissues.17 In terms of hormonal responses,
some laboratories have isolated a population of cells from
the periodontal ligament that exhibit increased levels of
cAMP in response to PTH,16'20 while other laboratories
have not observed a PTH-mediated cAMP response in peri-
odontal ligament cells in vitro.849

To further characterize the osteoblast-like properties of
periodontal cells, cultures of human periodontal ligament
(PDL) cells and gingival fibroblasts (GF) were evaluated
for their ability to initiate mineralized nodules in vitro. Al-
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kaline Phosphatase levels were also determined, since high
alkaline Phosphatase levels have been reported in cells that
initiate nodules in vitro.21

MATERIALS AND METHODS
Connective tissue cells were obtained from the healthy gin-
giva and periodontal ligament of premolar teeth from in-
dividuals who underwent tooth extractions for orthodontic
reasons, as detailed by Somerman et al.14 Periodontal status
was determined by calibrated clinicians using the gingival
index (GI),22 plaque index (PI),23 probing measurements,
and radiographie analysis to rule out the presence of bone
loss, caries, or endodontic involvement. The tissue expiants
were maintained in culture media, Dulbecco's Modified
Eagle Medium (DMEM) with 10% fetal bovine serum (FBS)
supplemented with antibiotics. At confluency cells were
transferred and designated as T| (first passage). Cells were
used in passages T|-T¡, (first to eleventh passage).
Alkaline Phosphatase
PDL cells and GF were seeded at -2.0 x 105 cells/flask
in DMEM with 10% FBS, 100U/ml penicillin, 100µg/ml
streptomycin and 1.16g/glutamine at 37°C in a humidified
atmosphere of 5% carbon dioxide, 95% air for 3 days. For
each cell type 2 flasks were used to obtain cell counts, and
2 other flasks were used to measure alkaline Phosphatase
levels by a modified kinetic method (Sigma 245). Briefly,
to measure alkaline Phosphatase levels, medium was re-
moved and cold 0.2% NP-40 in 2 mmol/L MgCl2 was added
to the cells. Flasks were maintained at 4°C for 15 minutes.
Next the cells were freeze-thawed twice, sonicated and cen-

trifuged for 10 minutes at 4000 x g. To establish alkaline
Phosphatase levels, the supernatant was analyzed spectro-
photometrically and data converted to units of alkaline
Phosphatase x 10_3/106 cells. Differences in alkaline Phos-
phatase levels were determined statistically by the student's
t test.

Mineralization
PDL cells and GF were seeded at a density of approximately
30,000 cells/well and cultured in DMEM containing 10%
FBS and antibiotics and supplemented with 50 µg/ml as-
corbic acid, 10 mM sodium ß-glycerophosphate and 10_7M
dexamethasone (stock solution in ethanol) or in control me-

dium; i.e., DMEM, FBS, antibiotics, and 0.1% ethanol.
This "supplemented" medium has been shown to induce
mineralization in vitro.21,24"27 Cells were fed every 2 to 3
days, and between days 20 to 30, cells were fixed with
methanol and stained by the Von Kossa method, or embed-
ded in EPON 812. Thick sections (0.5-1 µ) were stained
with toluidine blue for light microscopy. Thin sections (600Â)
were stained with uranyl acetate/lead citrate to visualize the
mineral nodules by electron microscopic examination. ROS
17/2.8 cells were run routinely as positive controls. These
cells have been studied extensively, and considered proto-
type osteoblast-like cells.17
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Figure 1. Alkaline Phosphatase levels produced by paired PDL cells and
GF.  = GF;  = PDL cells. Bars (I) ± standard deviation. Students
t test indicated that PDL celk had significantly higher activity when com-

pared with that of GF.

RESULTS
Measurements of alkaline Phosphatase levels indicated that
PDL cells had significantly higher activity when compared
with that of GF. This difference was seen when comparing
paired (same patient, same passage) PDL cells and GF from
5 patients (Fig. 1).

PDL cells and ROS 17/2.8 cells were stimulated to pro-
duce mineral-like nodules when the cells were cultured in
medium containing ascorbic acid, Na-ß-glycerol phos-
phate, and dexamethasone. These nodules, however, were

not identified as apatite by measuring calcium and phos-
phate ratios. The presence of mineral was ascribed to these
deposits by light microscopy, following Von Kossa stain-
ing, as amorphous brown-black precipitates that distinguish
calcium as inorganic phosphate.28 These nodules were ob-
served to be associated with high densities of cells produc-
ing extracellular matrices as shown in Figure 2A. In contrast,
gingival fibroblasts grown under the exact same condition
failed to stain positively for nodules (Fig. 2B). These fig-
ures represent 1 study out of 4 separate experiments where
cultures of PDL cells routinely demonstrated mineral-like
nodule formation. In no situation did cultures of GF exhibit
nodule formation. Electron microscopic examination of the
mineral-like nodules revealed an electron dense amorphous
material that decorated the surface of the extracellular ma-
trices. The predominantly extracellular matrix component
was collagen, although the characteristic 640Â periodicity
was not readily visualized with this staining method. These
electron dense particles were associated with individual
groups of matrix fibers (Figs. 3A and B) and appeared to
coalesce and grow into nodular structures homologous to
the Von Kossa stained material observed.with the light mi-
croscope. In no instance were these deposits, mineral nod-
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Figure 2.A. Von Kossa stained extracellular mineral nodules formed by
PDL cells. Cell density is similar to Figure 2B (original magnification x

32).
Figure 2.B. Von Kossa staining GF. Note absence of nodules (original
magnification x 32).

ules, intracellular or did they possess a crystal lattice structure
characteristic of calcium phosphate precipitates from su-

persaturated solutions. Neither nodules or amorphous de-
posits of electron dense material of comparable size and
morphology were observed in GF cultures (Fig. 3C) or
when PDL and ROS 17/2.8 cells were cultured in medium
lacking dexamethasone but containing the ethanol carrier
(Fig. 3D).
DISCUSSION
The results of this study demonstrate that PDL cells, but
not GF, can initiate mineral like nodules in vitro. Alkaline
Phosphatase levels were routinely higher in PDL cells com-

pared with GF derived from the same patient; however PDL
cells with high alkaline Phosphatase (Fig. 1, patient 4) did
not appear to exhibit more rapid or increased nodule for-

Figure 3. A. Mineralization in vitro. PDL cells produced mineralized nod-
ules in vitro when cells were cultured in medium containing ascorbic acid,
Na-ß-glycerophosphate, and dexamethasone. Mineral nodules (*-) were

associated with groups of collagen fibers ( < ); (bar, 1µ = 21.6 mm)
Figure 3.B. Higher magnification of mineral nodules in Figure 3.A to

show structural details. (Bar,  µ = 21.6 mm)

mation when compared with PDL cells with lower levels
of alkaline Phosphatase (Fig. 1, patient 3). Thus additional
factors (properties), as yet to be determined, present in PDL
cells, but not GF, may be important for initiating mineral-
like nodule formation in vitro. In addition, it is possible
that alkaline Phosphatase levels increase in all PDL cells
during mineralization in vitro. Such levels were not deter-
mined in the present study.

Various studies have shown that mineralization occurs in
monolayer cultures of osteoblasts in close association with
collagen fibrils. This close association with collagen is re-
flective of the process of mineralization in vivo.21'24"27 In
agreement with these studies we observed that mineral-like
nodules were in close proximity to collagen fibrils, sugges-
tive of a bone-like nature (Fig. 3A).
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Figure 3. C. GF cultured exactly as PDL cells in Figure 3.A. No mineral
nodules were observed. (Bar,  µ = 21.6 mm)
Figure 3.D. Control of PDL cells treated with ethanol (original magni-
fication x 32).

Several factors may account for our findings that PDL
cells, but not GF, form mineral-like nodules in culture and
thus some caution must be taken in the interpretation of
these in vitro studies. First, PDL cells and GF may be
expressing a tissue culture dependent phenotype that may
not represent the in vivo state. Second, the method used to
obtain cultured PDL cells and GF and subculture these cells
may select specific and dissimilar populations from each
type of expiant not representative of the in vivo situation.
Third, the differences in cell function observed may be
related to differences in aging; i.e., doubling times, be-
tween these two cell types in vitro.29 Doubling times were

not determined in the studies described here. Lastly, PDL
cells and GF may each have unique cell populations as

suggested by several researchers.2,5'7 Most probably PDL
cells and GF cultured from expiants are heterogeneous pop-
ulations of cells.30,31 However, regardless of such hetero-

genecity, our studies suggest that PDL cells have different
properties when compared with GF. Such properties; i.e.,
ability for PDL cells to initiate mineral-like nodules, may
prove important when designing modalities of therapy di-
rected at stimulating regeneration of the periodontium.
Moreover, PDL cells in vitro may serve as a model for
determining whether certain agents can initiate and enhance
mineralization.
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