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Abstract

Angiogenesis and osteogenesis are closely related processes sharing some essential mediators like VEGF (Vascular En-
dothelial Growth Factor) and BMP-2 (Bone Morphogenetic Protein-2). As vascularization is crucial to bone formation
biofunctionalization of bone replacement materials with both of these proteins may result in enhanced bone formation.
Here we will present immobilization of self prepared biologically active BMP-2 and VEGF on different bone replace-
ment materials and their controlled release. The amount of bound protein can be steered as a function of protein concen-
tration in the incubation solution. Desorption behaviour of proteins differs strongly depending on the type of bone re-
placement material used and protein ranging from 0.1-2 days for the burst phase and from 17-115 days for the sustained
release phase. A combined loading and release of the growth factors is now planned.

1. Introduction

The replacement of autologous bone by bone replacement
materials biofunctionalized with growth factors like BMP-
2 (Bone Morphogenetic Protein-2) is a challenging goal in
clinical research. Previously we have demonstrated that
large amounts of BMP-2 can be immobilized on a hy-
droxyapatite based material (Algipore©). The released
BMP-2 is highly bioactive [1,2]. VEGF (Vascular Endo-
thelial Growth Factor) has been shown to be another im-
portant mediator for osteogenesis and angiogenesis [3-5].
Therefore the combined loading of bone replacement ma-
terials with BMP-2 and VEGF may result in accelerated
and improved de novo bone formation.

2. Materials and Methods

2.1 Bone Replacement Materials

In this study we used AlgOss 100 (AlgOss, Vienna, Aus-
tria), a phycogenic material [6] and Osnatal (Tissue Proc-
essing International, Nijmegen, The Netherlands), a human
material as hydroxyapatite based materials. In addition
Maxresorb (Botiss, Berlin, Germany), a synthetic biphasic
calciumphosphate consisting of 40% tricalciumphosphate
and 60% hydroxyapatite was used. All materials are granu-
lar materials with a particle size in a range from 0.5-1.0
mm (AlgOss 100, Maxresorb) respectively 0.5-1.5 mm
(Osnatal).

2.2 Preparation and Testing of BMP-2 and VEGF

BMP-2 (see [7,8]) as well as VEGF (see [9]) were self
prepared by expression in E. coli. Biological activity of
BMP-2 was tested with MC3T3-E1 cells by the activation
of the de novo synthesis of alkaline phosphatase (K¢ 5 /Kd
~ 5-20 nM) [10]. The biological activity of VEGF was de-
termined (Ko 5/Kd ~ 5-20 pM) with HUVEC cells in a pro-
liferation-assay (see [11]).

2.3 Immobilization of BMP-2 and VEGF

The amounts of bound protein were determined by using
radioactive labeled proteins (‘*I-BMP-2, '*I-VEGF) (see
[8]). For protein immobilization the different bone re-
placement materials were incubated in a sodium acetate
buffered (pH 4.5) solution containing BMP-2 and/ or
VEGEF in various concentrations (see [12]).

2.4 Desorption Experiments

After adsorption of BMP-2 and/ or VEGF the coated bone
replacement material was incubated in PBS buffer (pH
7.4). At the indicated times buffer was removed, the
amount of labelled BMP-2 respectively VEGF still bound
on the material was quantified in a y-counter. Before each
new measurement the material is washed in PBS buffer
and after measurement in the y-counter incubated for the
next period again in fresh PBS buffer (see [1,13]).

989



Biomed Tech 2012; 57 (Suppl. 1) © 2012 by Walter de Gruyter - Berlin - Boston. DOI 10.1515/bmt-2012-4416

3 Results

3.1 Biological activity of self prepared BMP-2 and

VEGF

Self prepared BMP-2 is pure and is highly biological ac-
tive comparable to commercially available BMP-2
(Wyeth) as shown in Fig. 1. The K5 value as a criterion
for biological activity is 3.2 nM for self prepared BMP-2
and 3.1 nM for BMP-2 purchased from Wyeth.
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Figure 1: Dose-activity-response curve of self prepared
and commercial BMP-2 in a MC3T3-E1 cell assay [see §].
For further details see Methods.

The biological activity of self prepared VEGF determined
by a proliferation-assay by using HUVEC cells is shown in
Fig. 2. Also this activity is comparable to commercially
available protein (Biomol, Hamburg, Germany ). The Ky s
value for VEGF is significant less than the Ky 5 for BMP-2.
It is ca. 20 pM compared to ca. 3 nM for BMP-2. So also
significant less VEGF compared to BMP-2 should be nec-
essary to achieve a biological effect in vivo.
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Figure 2: Dose-activity-response curve of self prepared
and commercial VEGF in an HUVEC cell based prolifera-
tion assay. For further details see Methods.

3.2 Immobilization of BMP-2 and VEGF

As shown in Table 1 the amount of bound BMP-2 can be
steered by varying the protein concentration in the incuba-
tion solution. By using 0.3 mg BMP-2/ ml we are able to
bind ca. 2 mg BMP-2/ g granules. All three tested bone
replacement materials bind similar amounts of BMP-2.

Table 1: Immobilization of > I-BMP-2 on different bone
replacement materials

Immobilized BMP-2 [mg/g]
AlgOss 100 Osnatal Maxresorb
c=0.Img/ml| 0.81+0.01| 0.57+0.04| 0.77£0.01
co=03mg/ml| 1.72+0.04| 1.92+0.18| 2.22£0.01

The amount of immobilized VEGF also depends on the
concentration of the used protein solution and increases
dose-dependent. However in contrast to BMP-2 there are
clear differences between the three used materials: AlgOss
100 binds over tenfold more VEGF than Osnatal (see Ta-
ble 2). Up to 370 ug VEGF can be immobilized per g Al-
g0ss 100.

Table 2: Immobilization of '’ I-VEGF on different bone
replacement materials

Immobilized VEGF [ug/g]
AlgOss 100 Osnatal Maxresorb
co=10 pg/ml 86.5+4.7 8.1+0.6 38.1£1.1
co=50pg/ml | 3682+1.5| 29.9+0.6 | 82.1£3.2
33 Desorption of BMP-2 and VEGF

For biological functionality of growth factors like BMP-2
and VEGEF it is essential that they are released over a de-
fined period of time depending on their biological func-
tion. The bound protein should be released from the sur-
face over several days or weeks in biologically active
form.

The release of the immobilized proteins occurred in form
of a two phase exponential decay: an initial burst-phase is
followed by a prolonged second phase. Fig. 3 shows the
release of BMP-2 from different bone replacement
materials. Osnatal loses ca. 35% of immobilized protein
within the first two days of desorption. Half-lives for the
second phase of BMP-2 release lie in a range from 33 up
to 115 days for all three materials so bone formation can
be stimulated over several weeks respectively months.
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Figure 3: Release of '’ I-BMP-2 from different bone
replacement materials (adsorption:
cp = 0.1 mg/ml)
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In Fig. 4 the release of immobilized VEGF from different
bone replacement materials is demonstrated. Half-lives for
the second slower phase of desorption lie in a range from
17 to 38 days and are lower compared to the release of
BMP-2. All three tested materials show a pronounced
burst-phase. Interestingly BMP-2 and VEGF differ
strongly in desorption behaviour from AlgOss 100: VEGF
is released with a pronounced burst-phase whereas BMP-2
is released slowly and constant.
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Figure 4: Release of *51-VEGF from different bone
replacement materials (adsorption: cy = 50

ug/mi)

4 Conclusion

Bone (BMP-2) and vascular (VEGF) growth factors were
self prepared in biological active form and used for coating
experiments with human (Osnatal), synthetic (Maxresorb)
and phycogenic (AlgOss) bone replacement materials. Ra-
dioactive labelling of proteins allowed for identification of
adsorption and desorption behaviour. Therefore we were
able to determine the amounts of immobilized BMP-2 re-
spectively VEGF. All three used materials bind similar
amounts of BMP-2 but there are significant differences in
the adsorption of VEGF. Work is in progress for the prepa-
ration of a carrier for both growth factors and the simulta-
neous release of the factors in rates and amounts that com-
ply to the sequences lain down by nature during bone heal-
ing.
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