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Abstract

Objective: This study evaluated the osteogenic induc-
tion of human bone marrow cells by human recom-
binant bone morphogenetic protein-4 (rhBMP-4) and
proteins released by Saos-2 (human osteosarcoma cell
line). Study design: Osteoinduction in the presence or
absence of Saos-2 and/or rhBMP-4 was evaluated in
cultured human bone marrow cells. Morphological
aspects and bone protein markers (osteonectin, osteo-
pontin, and osteocalcin) were analyzed on days 1, 2,
5, 8, 11 and 14. Osteonectin expression was evaluated
using immunohistochemistry with anti-secreted protein
acidic and rich in cystein (anti-SPARC) antibody. mRNA
transcripts for osteopontin were determined using RT-
-PCR with specific primers. Results: Bone marrow cells
were adherent since the first day of culture and were
positive for osteonectin. mRNA transcripts were detec-
ted in all culture conditions since the first day of culture.
As human osteosarcoma cells are a source of additional
growth they did not affect osteoinduction. rhBMP-4 up
regulates osteoinduction during the first days of cultu-
re only. Osteoblasts were obtained from human bone
marrow cells even in the absence of growth factors and
showed a typical morphology. Cells derived from bone
marrow can undergo osteoinduction in vitro in the ab-
sence of osteoinductive factors such as bone morphoge-
netic proteins. Conclusions: This study showed that an
osteoblastic cell lineage may be obtained from human
bone marrow derived from adherent cells, and that the
presence of the rhBMP-4 seems to have an effect during
the first stages of differentiation only.
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blasts. Stem cells.
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Introduction

Undifferentiated mesenchymal stem cells are
pluripotent cells that can differentiate into various
phenotypes and are a source of osteogenic Cells!'?.
The osteogenic process involves maturation and
proliferation of precursor primitive cells into func-
tional osteoblasts. The bone cell lineages originated
from undifferentiated mesenchymal cells give rise
to osteoprogenitor cells, preosteoblasts, osteoblasts
and osteocytes. The development of osteoblastic
cells from stem cells occurs throughout a series of
transitional events that can be characterized by
several morphological, biochemical and molecular
criteria.

Alternative strategies, created by tissue engine-
ering, will allow the development of new tools for
bone regeneration®. In recent years, the osteogenic
potential of demineralized bovine bone matrix im-
plants has been investigated in studies based on the
hypothesis that mesenchymal cells can differentia-
te into osteoblasts and chondroblasts for new bone*.
Isolation and expansion of stem or osteoprogenitor
cells and appropriated osteoinduction factors that
mimic a proper environment are essential compo-
nents for bone reconstitution. Osteoblasts, chon-
drocytes, myocytes and adipocytes are derived from
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undifferentiated mesenchymal cells or mesenchy-
mal stem cells. During the differentiation process,
progenitor cells acquire specific phenotypes under
the control of regulatory factors®.

Molecules, known as bone morphogenetic pro-
teins (BMPs), induce bone formation, as well as
some growth and differentiation factors. BMPs
have a major role in the differentiation of mesen-
chymal cells into osteoblasts®. These are osteoin-
ductive cytokines, although some are not secreted
molecules’. Bone formation is dependent on a num-
ber of microenvironmental signals, such as cytoki-
nes and growth factors, molecules from the extra-
cellular matrix and cell-to-cell interactions that act
in concert.

Ectopic bone formations have being described
as a result of BMP inductions. Osteoblasts are be-
lieved to be the main source of BMP secretion and
deposition into the extracellular matrix. Moreover,
several studies are under way to examine the mo-
lecular mechanism of ectopic bone formation and
the biological effects of recombinant BMPs on os-
teoblast differentiation through primary or lineage
cell cultures®s.

Human osteosarcoma cell lineages can synthe-
size, store and secrete several BMPs and induce
bone formation®. Several studies are under way to
identify the mechanisms of osteoinduction by those
molecules™%!!, The Saos-2 can mainly synthesize
BMP-1, BMP-2, BMP-3, BMP-4, BMP-6 and TGF-j.

Osteopontin, osteonectin and osteocalcin are
bone markers that can help to determine the seve-
ral stages of osteogenic differentiation during the
osteoinductive process and have been used for the
differential diagnosis of osteosarcoma'?. Osteonec-
tin, also known as SPARC, is synthesized by osteo-
blasts in vitro, in the early phases of osteoblastic di-
fferentiation!®. Moreover, this protein is found in se-
veral tissues undergoing remodeling and repair'!4,
Osteopontin expression occurs in the early stages of
differentiation during bone precursor proliferation
and is produced in large amounts in osteoblasts!®16,

Once the mechanisms that involve differentia-
tion of precursor cells into several cell types are
known, surgical procedures to treat a variety of pa-
thologies related to tissue neoformation and remo-
deling would be favored by a shortened period of he-
aling, which may result in more successful surgical
interventions. Moreover, several reports have des-
cribed the isolation and expansion of bone-marrow-
-derived mesenchymal stem cells (MSCs). Some of
them focused on scaffolds and their putative appli-
cation to bone repair'’, tooth bioengeneering!® and
more effective osseointegration'®.

Bone-marrow-derived cells seem to have the
largest capability to differentiate into diverse cell
types, including endothelium and myoblasts, and to
became part of the neural system, the liver and the
heart?.
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This study evaluated the osteogenic induction of
human bone marrow cells by human recombinant
bone morphogenetic protein-4 (rhBMP-4) and pro-
teins released by Saos-2 (human osteosarcoma cell
line).

Material and methods

Material

Dulbeco’s Modified Eagle’s Medium (DMEM),
fetal bovine serum (FBS) for cell -culture,
Histopaque®-1077 and DPBS were purchased from
GIBCO® (Grand Island, NY, USA). Human recombi-
nant bone morphogenetic protein-4 (rhBMP-4) was
purchased from R&D Systems Inc. (Minneapolis,
MN, USA). All other routine reagents were analyti-
cal grade.

Human bone marrow harvesting and
preparation of mesenchymal cells

Human bone marrow cells were obtained after
written informed consent from a patient under-
going maxillary reconstruction surgery. This study
was approved by the Ethics Committee of Hospi-
tal Sao Lucas, Pontificia Universidade Catoélica do
Rio Grande do Sul, Brazil, protocol n® 06/03481.
Human bone marrow cells were aspirated with a
syringe from the iliac crest of a 28-year-old woman.
The cells were separated by centrifugation over a
Histopaque®-1077 (GIBCO®, Grand Island, NY,
USA) gradient at 400 g for 30 minutes. The mono-
nuclear cell layer was aspirated, washed with 10
ml of DPBS (GIBCO®, Grand Island, NY, USA) by
centrifugation at 500 g during 5 minutes and resus-
pended at 0.5 x 10° cell/ml with DMEM.

Saos-2 culture

Human osteosarcoma cell line (Saos-2) was pur-
chased from the American Type Cell Culture Col-
lection (HTB-85) (Manassas, VA, USA) and grown
in DMEM culture medium supplemented with 10%
FBS.

Co-culture of human bone marrow
derived cells with Saos-2

Osteoinduction of human bone marrow derived
cells (HBMC) was performed using various con-
ditions, as described in Table 1. Briefly, 2.5 ml of
Saos-2 at a density of 0.5 x 10° cells/ml of DMEM
was plated into 6 well plates to evaluate morpho-
logical and proliferative features. Immunohistoche-
mistry was performed in cell cultures in 96 well pla-
tes seeded with 100 ul of cells at 0.5 x 10° cells/ml.
Because Saos-2 is an adherent cell line, Saos-2 was
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plated 24 hours before addition of mesenchymal
cells when cells were co-cultured. Cell morphology
and proliferation were observed at 1, 2, 5, 8, 11 and
14 days of culture.

Osteonectin detection by
Immunohistochemistry

Anti-SPARC antibody (R&D Systems Inc., Min-
neapolis, MN, USA) at a concentration of 15 pg/
ml was used to detect intracellular expression of
osteonectin by cultured cells at 1, 2, 5, 8, 11 and
14 culture days. Briefly, the cells were washed with
DPBS and fixed with 3.7% formaldehyde in DPBS
for 10 min, incubated for 10 min with H,O, to inhi-
bit endogenous peroxidase, followed by methanol
incubation for 6 min at —20 °C. After two washes
with DPBS, cells were incubated with anti-goat im-
munoglobulin-biotin conjugated (Sigma, St. Louis,
MO, USA) antibody (15 png/ml) for 40 min at 37 °C.
Cells were incubated with one drop of streptavidin-
peroxidase conjugate (Dako, Carpinteria, CA, USA)
for 10 min at room temperature. After two washes
with DPBS, the cells were incubated with 50 ul/well
of a solution containing diaminobenzidine (Dako,
Carpinteria, CA, USA). Finally, after a wash with
DPBS, cells were analyzed under an inverted light
microscope (Axiovert 25, Carl Zeiss AG, Oberko-
chen, Germany).

Reverse transcription polymerase
chain reaction (RT-PCR) to detect
osteopontin expression

Expression of osteopontin mRNA by HBMC, co-
-cultured or not with Saos-2 in the presence or ab-
sence of rhBMP-4 on days 1, 2, 5, 8, 11 and 14 were
evaluated by RT-PCR. Total RNA was isolated from
cultured cells using Trizol LS reagent (Invitrogen
Inc., Carlsbad, CA, USA). First strand cDNA syn-
theses were carried out using oligo-dT'?!® primers
(Invitrogen Inc., Carlsbad, CA, USA). After DNA-
se treatment of the samples, reverse transcription
was carried out using Superscript II reverse trans-
criptase (Invitrogen Inc, Carlsbad, CA, USA). PCR
reactions (50 ul) were performed with 5 ul of cDNA,
using 2 U of Easy Taq-DNA polymerase (LabTrade
do Brasil Ltda, Sao Paulo, SP, Brazil) and 25 pmol
of osteopontin specific primers (forward: 5’CAT
CTC AGA AGC AGA ATC TCC 3’; reverse: 5CCA
TAA ACC ACA CTA TCA CCT C 3) and run on a
thermocycler (Peltier Thermal Cycler-200, MdJ Re-
search Inc., Waltham, MA, USA). The 35 cycles of
PCR were performed as follows: denaturation step
at 94 °C for 30 sec, annealing at 55 °C for 45 sec and
extension at 72 °C for 1 min.
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Results

Morphological and proliferative
features of human bone marrow
derived cells

Human bone marrow derived cells adhered af-
ter 24 hours in culture. However, they show pro-
liferation and colony formation in the presence of
rhBMP-4. These characteristics were not detected
when they were co-cultured with Saos-2. Cell co-
lonies in intense proliferation were observed in all
conditions between the 5th and 8th culture days,
and HBMC alone showed extensive communicating
branches. Moreover, HBMC had multiple layers of
interconnected cells after 14 culture days.

Osteonectin detection by
Immunohistochemistry

Human bone marrow cells stained for osteonec-
tin after 24 hours in culture as detected by immu-
nohistochemistry. Co-cultures of HBMC and Saos-
2 were both positive for anti-SPARC antibody, but
HBMC always had a more intense staining. Cell di-
fferentiation and proliferation were confirmed with
anti-SPARC antibody after five days. Cells with a
distinct morphology were seen, as well as cells that
were apparently growing in culture but that did not
stain for osteonectin (Figure 1 A- D).

Figure 1 - Human bone marrow derived cells stained for osteonectin:
(A) after twenty-four hours in culture (arrows show exten-
sive cytoplasmic protrusions); (B) co-culture with Saos-2
(arrows show HBMC); (C) after eight days in culture sho-
wing an osteoblastic morphology; and (D) arrows show
cells that did not stain for osteonectin, indicating the anti-
SPARC specific staining pattern of cells from osteogenic
lineage
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Osteopontin mRNA expression

Messenger RNA expression was revealed by
RT-PCR using total RNA from culture cells as des-
cribed. As expected, Saos-2 expressed mRNA for
osteopontin from day 1. After 8 days(Figure 2), cul-
tured human bone marrow derived cells expressed
osteopontin mRNA. However, cultures supplemen-
ted with rhBMP-4 seemed to produce higher levels
of osteopontin mRNA. Similarly, high expression
levels of osteopontin were synthesized by cultured
cells (HBMC and Saos-2) in the presence or not of
rhBMP-4 on days 11 and 14 (Figure 3).

MABCDEM

Figure 2 - Osteopontin mRNA expression after eight days in culture
as revealed by RT-PCR. M: DNA molecular weight 123 bp
marker. A: Saos; B: HBMC + Saos-2; C: HBMC + Saos-2 +
rhBMP-4; D: HBMC; E: HBMC + rhBMP-4
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Figure 3 - Osteopontin mRNA expression by cultured cells after ele-
ven and fourteen days in culture as revealed by RT-PCR. M:
DNA molecular weight 123 bp marker. A: Saos; B: HBMC
+ Saos-2; C: HBMC + Saos-2 + rhBMP-4; D: HBMC; E:
HBMC + rhBMP-4

Discussion

Bone marrow derived cells can growth adherent
or in suspension®-?2, Cells that adhere can differen-
tiate into mesenchymal cells, while cells that grow
in suspension will give rise to hematopoietic cells.
Several studies have confirmed the adhesion pro-
perty of mesenchymal cells?** and we found that

RFO, Passo Fundo, v. 17, n. 1, p. 72-77, jan./abr. 2012

HBMCs are already attached to the culture subs-
trate after 24 hours in culture.

Petite et al.?> (2000) have demonstrated that,
after a few days, adherent bone marrow cells or
mesenchymal cells in culture have three distinct
morphological cell types, that is, compact spindle-
shaped, slender cells with long cytoplasmic exten-
sions, and large and amorphous cells with many
cytoplasmic extensions, as described in this study.

Bone morphogenetic proteins are molecules
that can induce osteogenesis, and rhBMP-4 has the
property to induce cell aggregates and colony for-
mation, mainly in the first five days in culture?-%.
The effect of rhBMP-4 on HBMC co-cultured with
Saos-2 seems to be intensified, probably due to the
fact that the osteosarcoma cell line Saos-2 also ex-
presses and secretes BMP-4 and other BMPs®. In
contrast, non-adherent cells decreased in number
after five days in culture, probably because they
are hematopoietic precursor cells that require other
growth factors to undergo differentiation in cultu-
re, as already described in the literature??. Co-
cultures of HBMC with Saos-2 were not affected by
rhBMP-4 after a longer period of culture, which is
in agreement with observations made by Virdi et
al.28(1998), who showed an inhibition of mature os-
teoblast proliferation in the later phases of osteo-
genesis. Therefore, the differentiated cells obtained
in this study may be classified as osteoblasts. In
fact, mesenchymal adherent cells reached a stage
at which they did not undergo further proliferation.
Similar results!®16 have shown that cultured os-
teoprogenitor cells have a limited self-renewing ca-
pability.

Osteonectin, also known as SPARC, is characte-
ristic of bone lineage cells, whose expression occurs
from the preosteoblastic to the osteoblastic phase.
The osteosarcoma and adherent mesenchymal cells
studied here expressed osteonectin, as demonstra-
ted by immunohistochemistry, which additionally
confirms their osteoblastic origin, although adhe-
rent HBMC seems to produce higher levels of os-
teonectin. Our findings are confirmed by studies
that used immunohistochemistry or RT-PCR tech-
niques®.

Table 4 - Osteoinduction strategies used to evaluate cultured cells

Conditions?
Group Saos-2
HBMCP rhBMP-4¢
A + - -
B + + -
C + + +
D - + -
E - + +
a cells or rhBMP: (+) = presence; (-) = absence. "HBMC: human bone marrow

derived cells; crhBMP-4: recombinant human bone morphogenetic protein-4
(40 ng/ml)
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Moreover, adherent mesenchymal cells produ-
ced mRNAs for osteopontin in all conditions tested.
Some studies have described a detectable expres-
sion of osteopontin in the early stages of osteoge-
nesis with higher levels from the preosteoblastic to
the osteoblastic stage!®. This finding suggested
that, after eight days in culture, adherent mesen-
chymal cells reached the preosteoblastic or osteo-
blastic phase of osteogenesis.

In the near future, autologous bone marrow cells
will be applied to bone reconstitution, and the kno-
wledge of their physiology and adequate manipula-
tion, together with appropriate scaffolding techni-
ques, will be necessary to restore bone structures
in vitro and to replace damaged bone tissues, which
will reduce the morbidity of this type of treatment.

Conclusions

This preliminary study results suggests that an
osteoblastic cell lineage can be obtained from hu-
man bone marrow derived adherent cells even in
the absence of osteoinductive factors such as BMPs,
and that rhBMP-4 seems to have an effect only du-
ring the early differentiation stages. Human bone
marrow stromal cells have an osteogenic potential
and are prone to undergoing osteogenesis in short
term cultures.
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Resumo

Objetivo: este estudo avaliou a indugcdo osteogénica
de células da medula 6ssea humana por proteina-4
morfogenética 6ssea recombinante humana (rhBMP-4)
e proteinas liberadas pela Saos-2 (linha de células do
osteossarcoma humano). Metodologia: a osteoindugao,
na presenga ou na auséncia de Saos-2 e/ou rhBMP-4,
foi avaliada em células cultivadas de medula éssea hu-
mana. Aspectos morfolégicos e marcadores de protei-
nas o6sseas (osteonectina, osteopontina e osteocalcina)
foram analisados nos dias 1, 2, 5, 8, 11 e 14. A expres-
sdo da osteonectina foi avaliada usando imuno-histo-
quimica com proteina acida antissecretada e rica em
anticorpo cisteina (anti-SPARC). Transcri¢6es de mRNA
para osteopontina foram determinadas através de RT-
PCR, com primers especificos. Resultados: as células de
medula éssea aderiram desde o primeiro dia da cultura
e se mostraram positivas para osteonectina. Transcri-
coes de mRNA foram detectadas em todas as condicoes
de cultura, desde o primeiro dia. O fato de que células
do osteossarcoma humano sao fonte adicional do fator
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de crescimento ndo afetou a osteoinducdo. RhBMP-4
regulou a osteoindugdo apenas durante os primeiros
dias da cultura. Osteoblastos foram obtidos a partir de
células de medula éssea humana, mesmo na auséncia
de fatores de crescimento e apresentaram morfologia
caracteristica. Células derivadas de medula éssea po-
dem sofrer osteoinducao in vitro na auséncia de fatores
de osteoconducdo, tais como proteinas morfogenéticas
osseas. Conclusées: este estudo revelou que uma linha-

gem celular osteoblastica pode ser obtida a partir de

células aderentes derivadas de medula 6ssea humana
e que a presenca de rhBMP-4 parece ter efeito apenas
durante os primeiros estagios da diferenciacao.

Palavras-chave: Células-tronco. Imunoistoquimica. Os-
teoblastos.
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