Influence of Harvesting Technique and Donor Site
Location on In Vitro Growth of Osteoblastlike Cells

from Facial Bone
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Purpose: Donor morbidity is minimized when tissue engineering is applied to produce osteogenic
grafts by growing osteoblasts on biomaterials. However, limiting factors are the origin, proliferation,
and differentiation of osteoblasts. Therefore, the aim of this study was to evaluate the efficacy of grow-
ing osteoblasts from different types of bone samples and to assess the influence of the donor site.
Materials and Methods: From 28 patients 37 bone specimens were obtained during removal of third
molars in the maxilla and mandible. Seventeen specimens were bone chips and 20 were bone sludge.
After subculturing primary cultures, histochemical and immunhistochemical tests (EZ4U test, BrdU
labeling, ALP histochemistry, type | collagen immunohistochemistry, osteocalcin ELISA) were per-
formed to determine cell proliferation, viability, and differentiation. Results: Both bone chips and bone
sludge from the mandible and maxilla are suitable for culturing human osteoblastlike cells. However,
bone chips were superior to bone sludge with respect to ability to grow cells, and maxillary bone was
superior to mandibular bone in this regard. Harvesting technique had only little influence on the
expression of cell differentiation markers (ALP, type | collagen, osteocalcin). Discussion and Conclu-
sion: Chips from human membrane bone, especially from the maxilla, are suitable for culturing high
numbers of differentiated osteoblastlike cells. These cells may be used to tissue engineer bone grafts,
which may be used to enhance the implant placement site. INT J ORAL MAXILLOFAC IMPLANTS
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lacement of dental implants may require aug-
mentation of the atrophic alveolar ridge. Trans-
plantation of autogenous bone is still the gold stan-

1Specialist in Oral and Maxillofacial Surgery, Department of Oral
and Maxillofacial Surgery, University Hospital Carl Gustav Carus
Dresden, Technical University Dresden, Germany.

2Thesis Student in Dentistry, Department of Oral and Maxillofa-
cial Surgery, University Hospital Carl Gustav Carus Dresden,
Technical University Dresden, Germany.

3Associate Professor, Department of Oral and Maxillofacial
Surgery, University Hospital Carl Gustav Carus Dresden, Techni-
cal University Dresden, Germany.

Correspondence to: Prof Dr Dr Glnter Lauer, Department of Oral
and Maxillofacial Surgery, University Hospital Carl Gustav Carus,
Fetscherstrasse 74, Dresden, D-01307, Germany. Fax: +49 351
458 5382. E-mail: guenter.lauer@uniklinikum-dresden.de

Parts of this study were presented at the 17th Congress of the

European Association for Cranio-Maxillofacial Surgery, Tours,
France, September 14-18, 2004.

860 Volume 20, Number 6, 2005

dard. The embryonic origin (membranous versus
enchondral) and gross morphology (cortical versus
cancellous, particulated versus bone block) of the
graft tissue have been discussed as important factors
for osseointegration and regeneration of the
grafts.”? Nonetheless, autogenous bone grafting can
have disadvantages, such as limited graft material
availability and donor site morbidity. To circumvent
these limitations, adequate substitute biomaterials
such as hydroxyapatites, a- and B-tricalcium phos-
phates, and demineralized bone matrices have been
used clinically, with varying degrees of success.?

Tissue engineering is an alternative to further
research into the use of biomaterials and their com-
bination with osteoblasts and growth factors. In tis-
sue engineering, bone cells are seeded on 3-dimen-
sional bonelike scaffolds of natural or artificial
origin.*> Certain growth factors and proteins, eg,
bone morphogenetic proteins (BMPs) can be added,
as they play a crucial role in influencing the differen-
tiation of osteoblasts.>’
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In animal models 3-dimensional bonelike struc-
tures, even structures shaped like the jaw, have been
developed using a combination of resorbable matri-
ces and bone cells alone or bone and cartilage cells.2?
Implantation of xenogenic bone material loaded with
BMPs in muscle resulted in the formation of bonelike
structures.’® Hutmacher and Lauer have reported the
possibility of creating almost autogenous bone in
humans using tissue engineering techniques.*

Although the isolation and culture of bone cells
was reported more than 50 years ago,"’ the out-
growth of bone cells from biopsies needs to be reli-
ably established before this method can be applied
as a clinical routine. Different studies have evaluated
the influence of embryonic origin, biopsy prepara-
tion, and cell isolation technique on the growth and
differentiation of human osteoblastlike cells.?1>
However, the harvest of biopsy material from facial
bone has not yet been considered. Therefore, the aim
of this study was to assess the influence of the
biopsy harvesting technique on growth and differen-
tiation of human osteoblastlike cells in vitro. The
authors wished to investigate whether ground bone
sludge is as useful as bone chips to grow primary
osteoblast and whether there is a dependency on
the location of the donor site.

MATERIALS AND METHODS

Cell Isolation and Culture Technique

For primary cultures, maxillary and mandibular bone
obtained following the removal of third molars was
used. The bone that was harvested would otherwise
have been discarded. The study was approved by the
Ethics Committee of Dresden University (15022002).
The bone was received in 2 forms: as bone chips when
a chisel and hammer or luer forceps were used to col-
lect the bone, or as ground bone sludge collected
using a bur and a bone collector (Fa Sulzer-Medica,
Freiburg, Germany). Thirty-seven biopsy samples from
28 patients (13 women, 15 men) with an average age
of 27.4 years (range, 14 to 57 years) were tested.In 17
cases the biopsy samples were bone chips, and in 20
cases they were ground bone sludge. From 9 patients
both types of bone specimens were obtained.

The bone chips were briefly rinsed in 70%
ethanol. They were subsequently rinsed 3 times in
phosphate-buffered saline (PBS), broken into pieces
about 2 X 1T mm in size, and cultured as explant cul-
ture.'® The bone grinding sludge was removed from
the bone collector, spread onto culture dishes, and
carefully covered with a little culture medium.

The culture medium was Opti-minimal essential
medium (Opti-MEM; Gibco, Karlsruhe, Germany) with

4% N-2-hydroxyethylpiperazine-N'-2-ethane-sulfonic
acid (HEPES) (Gibco) with 10% fetal calf serum and
1% penicillin/streptomycin (Biochrom, Berlin, Ger-
many). Primary cultures were kept in a humidified
atmosphere of 5% carbon dioxide (CO,) at 37°C (Her-
aeus Kulzer, Hanau, Germany). Cultures that did not
show any cell growth after 5 weeks were discarded.
After forming a subconfluent cell layer, cells were sub-
cultured twice. After an adherence phase of 2 days in
the second subculture, testing was performed.

Cell Proliferation Analysis

EZ4U Assay. The nonradioactive assay EZ4U (Biozol
Diagnostica, Eching, Germany) was used for cell vital-
ity and proliferation analysis. The test is based on the
finding that an intracellular reduction system in
mitochondria of living cells reduces slightly yellow-
colored tetrazolium salts to intensely red-colored for-
mazan derivatives.'” These derivatives are excreted
into the culture medium, and the amount absorbed
is measured with a microplate reader. The amount of
colored formazan derivatives correlates with the
amount of living cells. The test was performed
according to the manufacturer’s instructions.

BrdU Labeling Technique. The bromodeoxyuridine
(BrdU) labeling technique was used to determine the
DNA synthesis rate—the labeling index—in cultured
cells.”® The cultures were kept in culture medium con-
taining 20 mmol/L BrdU at 5% CO, under atmospheric
pressure for 1 hour. Specimens were fixed in 70%
ethanol, and prior to the immunohistology procedure
(see type | collagen immunohistochemistry), the
incorporated BrdU was exposed with 0.07 mol/L
sodium hydroxide (NaOH) for 5 minutes.

Cell Differentiation Analysis
To assess the differentiation of osteoblasts in the
subculture, a cascade of tests was used.

Alkaline Phosphatase Assay. For the staining of
osteoblastlike cells, an alkaline phosphatase (ALP)
assay kit (Sigma, Deisenhofen, Germany) was used.
The culture dishes were air dried, fixed in a citrate-ace-
tone-formaldehyde solution for 30 seconds, and
rinsed gently with distilled water. They were incu-
bated in the alkaline phosphatase staining solution
for 15 minutes away from direct light, then washed
with distilled water. The citrate-acetone-formaldehyde
solution and the ALP staining solution were prepared
according to the manufacturers’ instructions. The
slides were counterstained with neutral red for 5 min-
utes, rinsed with distilled water, and dry mounted with
cover slips. The positive staining for ALP (red-violet)
was identified by light microscopy and evaluated by
morphometry using the computer program Analysis
3.1 (Soft Imaging System, Munster, Germany).
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Table 1 Time Interval for Osteoblast Outgrowth in Primary Culture with

Respect to Harvesting Technique

n Mean % SD (d)
Bone chips 16 8.00 + 1.00
Bone sludge 13 18.08 £2.43

Median (d) Maximum (d) Minimum (d)
8.00 10 6
19.00 21 14

Significant differences were observed between bone chips and bone sludge in mean number of days

needed for cell outgrowth (P < .025).

Type | Collagen Immunocytochemistry. For the
determination of type | collagen, the cells were
washed in PBS for 5 minutes, fixed with 70% ethanol
for 1 to 2 hours, washed in PBS for 5 minutes, allowed
to air dry, and washed again in PBS for 5 minutes.
After incubation in 0.3% H,0, in methanol for 30 min-
utes, unspecific immune reactions were blocked with
1% bovine serum albumin for 10 minutes before the
anticollagen | antibody (Sigma) was administered for
1 hour. This was followed by incubation of the biotin-
conjugated secondary antibody (Vectastain Elite Kit;
Vector Laboratories, Burlingame, CA) for 45 minutes
and by incubation of avidin mixed with biotin-conju-
gated peroxidase (Vectastain Elite Kit; Vector Labora-
tories) for 30 minutes. Sections were rinsed between
each incubation step 3 times with PBS for 5 minutes
each. The immune reaction was developed by
diaminobenzidine solution (0.05 mg/L diaminobenzi-
dine/0.05 mol/L Tris-HCI [pH 7.3]1/ 0.01% H,0,) at
room temperature. The sections were counterstained
with hematoxylin-eosin (H&E; Merck, Darmstadt, Ger-
many) for 10 seconds and mounted in 40% glycerin
(Merck) in PBS.

Assay for Osteocalcin. For the quantitative deter-
mination of osteocalcin in the cell culture super-
natant of human osteoblastlike cells, the osteocalcin
enzyme-linked immunosorbent assay test (ELISA)
(DAKO, Glostrup, Denmark) was performed according
to the manufacturer’s instructions. In brief, the stan-
dards, the curve control, and the cell culture super-
natants were premixed with biotinylated osteocalcin,
incubated in microwells precoated with anti-osteo-
calcin for 1 hour, and washed and incubated with
peroxidase-conjugated streptavidin for 15 minutes,
which binds strongly to the biotinylated osteocalcin.
After a further washing step, the chromogenic sub-
strate was added and incubated for 30 minutes. The
reaction was stopped by 2 mol/L H,SO,, and the
absorbance at 450 nm was measured. Osteocalcin is
exclusively synthesized by osteoblasts and is
believed to prevent premature mineralization of
newly formed disorganized bone matrix."
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Statistical Analysis

To compare the different harvesting techniques,
mean values, variances, and standard deviations
were calculated, and the Student t test was used.

RESULTS

Cell Growth in Primary Culture

In 16 of 17 bone-chip biopsies osteoblast outgrowth
appeared, representing a success rate of 94%. No
bacterial contamination was observed during the
culture period. Of 20 bone sludge cultures, 3 had to
be discarded because of bacterial contamination. In
another 4, no osteoblast outgrowth was registered
even after 5 weeks of culture, which represents a suc-
cess rate of 65% of all bone-sludge cultures or 76.5%
of the uncontaminated cultures.

On average, osteoblast outgrowth was observed
after 8 days in the case of bone chips and after 18
days in the case of bone sludge (Table 1) . For bone
chips the shortest period was 6 days, the longest 10
days (Fig 1). For bone sludge the minimal time to
observe bone cell outgrowth was 14 days, the
longest 21 days (Fig 1). Significant differences were
observed between bone chips and bone sludge in
mean number of days needed for cell outgrowth
(P <.025).

Cell Proliferation and Vitality in Subculture
In the third subculture, the proliferation of
osteoblastlike cells was correlated with the biopsy
harvesting technique and location of the biopsy.

The results of the EZ4U test indicated that there was
significantly more cell proliferation in bone chip cul-
tures than in bone sludge cultures. The average mea-
sured obtained absorbance (OD) was 0.462 (median
0.462) in bone chip cultures and only 0.381 (median
0.490) in bone sludge cultures (P < .025) (Fig 2).

Using the BrdU labeling for cell proliferation, the
labeling index was also higher in bone chip cultures
than in bone sludge cultures (58.76% versus 53.14%;
Fig 3). However, this difference was not statistically
significant.
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Fig 1 Cell outgrowth in primary cultures.

Cell proliferation was higher in cultures of maxil-
lary bone than in cultures of mandibular bone. EZ4U
testing showed an absorbance of 0.453 OD in biop-
sies from the maxilla versus 0.392 OD in biopsies
from the mandible. The BrdU labeling index was also
greater in the maxilla than in the mandible (57.80%
versus 54.32%; Figs 4 and 5). No significant differ-
ences were found.

Cell Differentiation in Subculture

Harvesting technique and location of the biopsy had
no influence on the expression of cell differentiation
markers such as collagen |, ALP, and osteocalcin. In
bone chip cultures, 69.66% of cells expressed colla-
gen |, 41.19% of cells expressed ALP, and the osteo-
calcin content was 6.64 pg/L.In bone sludge cultures,
these parameters were a little lower (Table 2).

In cell cultures of the maxilla, 68.63% of cells
expressed collagen 1, 41.52% of the cells expressed
ALP, and the osteocalcin content was 6.83 pg/L. In
cell cultures of the mandible, collagen | expression
was higher, with 69.66% of cells, but ALP-positive
cells (37.82%) and osteocalcin content (5.75 pg/L)
were lower (Table 3).

DISCUSSION

In this study, both harvesting technique and location
within the facial skeleton were found to have an
influence on the efficacy of bone biopsies to grow
osteoblastlike cells in culture. These features per-
sisted even after subculturing. The culturing of
osteoblasts from chips of the maxilla has been
described previously.®2? Other studies have mainly
used iliac bone cells and have focused on particle
size' or cell isolation technique.* However, the pre-
sent study showed that it is possible to establish suf-
ficient numbers of cultures from facial bones. The
finding that cell outgrowth was more efficient from

bone chips than from bone sludge confirms previous
findings regarding iliac cells.’”

Bacterial contamination was only observed when
using bone sludge.The reason may be the longer pro-
cessing chain when using the bone collector and sub-
sequently a higher risk for contamination. Although
the bone collector was used only during the
osteotomy, it still contained a mixture of saliva, irriga-
tion fluid, and grinding sludge. It is likely that this mix-
ture carries a higher load of pathogens than bone
chips taken directly from the sterile wound site. Fur-
ther, a brief rinse with ethanol, the routine used when
culturing cells from bone chips or from mucosa,?' was
more difficult to facilitate because of the consistency
of bone grinding sludge.To minimize the risk of infec-
tion the culture medium contained penicillin G, which
is sensitive to most oral pathogens.??

When comparing sterile cultures only, the efficacy
of setting up primary bone cultures increased to 75%
for bone sludge but could not reach that of bone
chips (94%). Because of their small weight, bone
sludge particles tend to float when suspended in
more culture medium. As contact with the culture
dish allows for a better outgrowth of cells,?® very little
culture medium was used, and the fixation of particles
to the culture dish was achieved by adhesion forces.

Other studies on setting up primary osteoblast
cultures have compared neither different donor sites
nor different harvesting techniques for facial bone,
both interesting issues for the implant-oriented oral
and maxillofacial surgeon. The surgeon is familiar
with this type of harvesting and may use the bone
chips and the bone sludge directly as augmentation
material around dental implants.?* In regard to the
tissue engineering of bone grafts, Voegele and
coworkers observed for iliac osteoblasts an earlier
confluency in culture after enzymatic isolation of
cells in contrast to spontanous cell outgrowths from
explants.'* However, after subculturing explant cells,
a growth spurt occurred, and the cell counts
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the location of the donor site (maxilla versus mandible). with respect to the location of the donor site (maxilla versus

mandible).

Table 2 Cell Differentiation with Respect to Harvesting Technique

Test/harvesting
technique n Mean = SD Median Maximum Minimum

Collagen I-positive cells (%)

Bone chips 16 69.66 + 14.29 67.49 92.23 41.82

Bone sludge 13 68.39 £ 13.29 67.81 88.32 49.19
ALP-positive cells (%)

Bone chips 16 41.19 £ 10.30 42.23 55.10 20.36

Bone sludge 13 38.22+9.64 33.94 52.62 25.69
Osteocalcin (ug/L)

Bone chips 16 6.64 + 2.47 5.75 11.50 2.40

Bone sludge 13 598 +2.13 5.20 10.40 3.90

No significant differences were observed between bone chips and bone sludge.
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Table 3 Cell Differentiation with Respect to Location of Bone

Test/
location n Mean * SD
Collagen I-positive cells (%)
Makxilla 16 68.63 +12.52
Mandible 13 69.66 + 15.36
ALP-positive cells (%)
Maxilla 16 41.52 +9.58
Mandible 13 37.82+10.38
Osteocalcin (ug/L)
Maxilla 16 6.83 + 2.40
Mandible 13 5.75+2.13

Median Maximum Minimum
67.22 92.23 49.19
70.68 88.32 41.82
42.23 55.10 25.69
35.02 53.37 20.36

6.10 11.50 3.80
5.10 10.40 2.40

No significant differences were observed between maxillary and mandibular bone.

Fig 6 Immunohistologic staining for collagen I. Typical section
used for morphometric assessment (H&E counterstaining; origi-
nal magnification X100).

“caught up”; there was no longer a significant differ-
ence between the cultured cells and those that grew
from the explants.™ Springer and associates com-
pared drill sludge from mandible bone and different
preparations of iliac bone with respect to their ability
to grow cells after 4 weeks of primary culture.” The
present findings confirm their finding that grinding
sludge was the least effective in setting up primary
cultures. However, as an internal comparison they
used bone chips from the hip, and there was no
statement about the cell behavior when further sub-
cultured.

To further assess whether different proliferations
are related to harvesting trauma or to intrinsic differ-
ences between cell population, the second subcul-
ture was used to investigate cell viability and differ-
entiation. In the second subculture there were
standardized conditions with identical numbers of
seeded cells and an identical amount of culture
media.The cell proliferation alone (BrdU) and cell via-
bility and proliferation (EZ4U) were significantly bet-
ter in those cells grown from bone chips. The differ-
ent cell differentiation markers were also more
strongly expressed in cells from bone chips. How-
ever, there was considerable variation in measure-

Fig 7

Histochemical alkaline phosphatase staining of
osteoblastlike cells in secondary culture. Typical section used for
histomorphometric assessment (H&E counterstaining; original
maghnification X500).

ments, an observation which has been reported pre-
viously for similar assessments in cultures of human
bone cells and other human cells.??

Kasperk and colleagues investigated osteoblast
growth and differentiation from different embryonic
origins, comparing iliac and mandible bone.’® They
found a higher proliferation for mandibular
osteoblasts, but a lower expression of differentiation
markers such as ALP and osteocalcin. This trend per-
sisted even after several subcultures. This is in con-
trast to the findings of Springer and coworkers; they
gained higher cell counts from iliac bone.'> However,
they did not assess differentiation and proliferation
in subculture. In a previous study it was shown that
the expression of differentiation markers peaks in
the second subculture and vanishes afterward.'® By
the second and third subculture the cells have multi-
plied enough to be used for tissue engineering and
grafting, while still retaining good differentiation.
From the sixth culture onward, the cells lose the
capability to attach to the petri dish.

The difference in cell outgrowth between
mandible and maxilla might be related to their differ-
ent bone structures and textures. It is known that
cortical bone (similar to mandibular bone) contains
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30 times more osteocalcin than trabecular bone
(similar to maxillary bone), which in turn contains 21
to 47 times more osteonectin.?® Differences in prolif-
eration and differentiation were also present in the
subcultures; thus, the cells may have different intrin-
sic programs, as suggested by Kasperk and col-
leagues'® and Marie and de Vernejoul.?” They
showed that in vitro bone culture differences corre-
late well with in vivo bone cell activity and that
osteoblast phenotype can vary depending on the
origin of the cells.”3

CONCLUSION

Cancellous bone chips from the maxilla have good
propensity for growing osteoblastlike cells in vitro.The
maxilla may be an ideal source for bone cells for cultur-
ing and for tissue-engineered grafts. Grafts may be
used in oral and maxillofacial surgery, eg, for peri-
implant augmentation.The authors have started to use
this harvesting technique and this bone source to tis-
sue engineer autogenous bone grafts for filling dental
cystic cavities.
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