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Abstract:Bone and dentin resemble each other in composition and mechanism of formation and mineralization.
Preliminary analysis of osteoblastic and odontoblastic cells before using them in tissue engineering is mandatory.
Thus, in order to evaluate the process of calcification, we evaluated osteoblastic-like (KUSA/A1cells) and
odontoblastic-like (MDPC-23 cells) cells seeded in cell culture and in intraperitoneal diffusion chamber. Our
results indicated that KUSA/ A1 cells differentiated into osteoblasts-like cells and induced bone tissue inside
the chamber. Whereas, MDPC-23 cells showed odontoblastic phenotype without ability to induce dentin
formation, suggesting that MDPC-23 cells are special cells, which lost the capacity to induce mineralized
dentin matrix after long period of time.This study showed the significance of basic information of calcification
process by osteoblastic-like and odontoblastic-like cells before using them in tissue engineering.
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Introduction

Bone and dentin resemble each other in composition and

mechanism of formation and mineralization1). In the formation of

bone and dentin, terminally differentiated osteoblasts and

odontoblasts secrete an extracelullar matrix that mineralizes

outside the cells2). These mineralized tissues are similar in many

respect: they both consist principally of collagen fibrils, primarily

of type I collagen with carbonate apatite crystals within and around

the fibrils2). Tissue engineering is the biomedical technology to

build a suitable environment utilizing cells, scaffold, growth

factors, or appropriate combination of the three3). Because of this,

we believe that preliminary analysis of the cells to induce calcified

bone and dentin matrix before using them in tissue engineering is

mandatory.

In this study, we used KUSA/A1 and MDPC-23 cell line.

KUSA/A1 cells are bone marrow stromal cell line from primary

bone marrow culture of female C3H/He mice4). These cells

combined with atelocollagen scaffold are capable to induce new

bone formation in vivo5). MDPC-23 cells are mouse dental papillae

cell line derived from 18-day CD-1 fetal mouse6).

In order to evaluate the process of calcification in vitro and in

vivo, osteoblastic-like (KUSA/A1cells) and odontoblastic-like

(MDPC-23 cells) cells were seeded in cell culture and

intraperitoneal diffusion chamber.

Materials and Methods

Animals

For in vivo experiment, we used 4-week-old male severe

combined imunodeficient (SCID) mice.This study was performed

in accordance with the Guidelines for Animal Experiments of

Okayama University Medical School, Japanese Government

Animal Protection and Management Law (No.105) and Japanese

Government Notification on Feeding and Safekeeping of Animals

(No.6).

Cell culture

KUSA/A1 cells were courtesy of Dr. A. Umezawa from Keio

University, Tokyo, Japan and MDPC-23 cells were courtesy of

Dr. C.T. Hanks from University of Michigan. The cells were

cultured in minimum essential medium alpha medium (α-medium,

GIBCO BRL, Inc., USA) supplemented with 10% fetal bovine

serum (SIGMA, USA) and 1% antibiotic-antimycotic (GIBCO,

USA). Then, they were seeded in 10 cm petridishes (Falcon, Inc.,

USA) and incubated at 37ºC in humid air with 5% CO2.

In order to induce calcification in vitro, the cells were exposed to

Ascorbic acid (AA, 50 µg/ml) and β-glycerophosphate (β-GP 6

mM). The growth medium was changed every 3 days until the
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cells were nearly confluent. The cells were analyzed at 1, 2, 3, 7,

10 and 14 days.

Peritoneum implantation and explantation

Twelve SCID mice were subjected to intramuscular anesthesia

with Nembutal (Dianabot, USA). The ventral surface of the skin

was shaved, disinfected with 70% alcohol and iodine and cut by

blunt dissection to form peritoneum pockets. 5x106 of KUSA/A1

cells and 5x106 MDPC-23 cells were placed in 6 diffusion

chambers respectively, and implanted in the peritoneum. The

animals were sacrificed with an overdose of ether at 2, 4 and 6

weeks after i mplantation. The chambers were removed, fixed with

4% paraformadehyde, embedded in paraffin, sectioned at 4 µm in

thickness, and stained with routine hematoxylin and eosin, Von

Kossa staining and also subjected to transmission electron

microscopy (Fig.1).
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Fig.1.Scheme of in vivo experimental design. The cells were
seeded in diffusion chambers and implanted in the peritoneal cav-
ity. The animals were sacrificed at 2, 4 and 6 weeks after implan-
tation. The implants were subjected to H-E staining, Von Kossa
staining and TEM.

Fig.2.Von Kossa staining of KUSA/A1 and MDPC-23 cells on 14
days in vitro study. A) KUSA/A1 cells cultured in α-MEM alone did
not show evidence of calcification.  B) Degenerative and apoptotic
MDPC-23 cells seeded in α-MEM alone were noted. C) Calcium
deposition in bone matrix was observed in KUSA/A1 cells exposed
to AA+ β-GP. D) Dystrophic calcification was demonstrated in
MDPC-23 cells exposed to AA+ β-GP.
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Fig.3. Histological examination of KUSA/A1 (A, B, C) and
MDPC-23 (D, E, F) cells in vivo study. H&E, 80X. A) At 2 weeks,
early immature bone formation occurred within the chamber. B)
At 4 weeks, large amount of new bone with osteocytes within the
lacunae and secreted proteins inside the porous of the chamber
membrane were observed. C) The presence of degenerative cells
and bone tissues at 6 weeks. D) Excessive cellular proliferation at 2
weeks, E) irregular polarized odontoblast-like cells at 4 weeks, and
F) degenerative and apoptotic cells at 6 weeks were detected.

Fig.4.Calcification examination of KUSA/A1 (A, B, C) and
MDPC-23 (D, E, F) cells in vivo study. Von Kossa staining, 80X.
A,B,C) In KUSA/A1 cells at 2,4 and 6 weeks, calcium deposition
in the bone matrix were shown. D,E) In MDPC-23 cells at 2 and
4 weeks, slightly calcium deposition was revealed into the cyto-
plasm. F) Presence of large areas of dystrophic calcification was
demonstrated in MDPC-23 cells at 6 weeks.

Fig.5. Transmission electron microscopy of KUSA/A1 and
MDPC-23 cells. A) Irregular osteoblast-like cells producing ex-
tracellular bone matrix and calcium deposition inside the mem-
brane of the chamber can be observed. B) Immature collagen fi-
bers with initial calcification produced by KUSA/A1 cells are also
seen. C) Polarized columnar odontoblast-like cells and D) dystro-
phic calcification in the opposite side of the membrane are present.
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