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Abstract. Aim: Bone morphogenetic protein 2 (BMP2) is a
member of a subgroup of the transforming growth factor beta
superfamily and triggers various signaling events which in
turn stimulate chondrogenesis, osteogenesis, angiogenesis and
extracellular matrix remodeling leading to fracture healing.
In this study, we quantified the concentration of BMP2 in fresh
human bone grafts obtained from 40 patients undergoing hip
replacement surgery. Besides the concentration, the activity of
the detected BMP2 was also investigated. Materials and
Methods: In this study, the concentration of BMP2 in fresh
human bone grafts obtained from 40 patients undergoing hip
replacement surgery was quantified. Human BMP2 enzymelinked immunosorbent assays and bicinchoninic acid
quantification was used to determine the total concentration
of protein present in each sample. To determine the activity of
the BMP2 found in each bone sample, alkaline phosphatase
activity was measured by colorimetric assay. Results: The
amount of BMP2 seemed to vary slightly between the patients.
Taking into consideration the patient’s gender, we observed
that male patients presented slightly more BMP2 in
comparison with females. When analyzing the activity of
BMP2, we observed that in female patients, the activity was
slightly higher in comparison to males. This variation may be
caused by a number of factors, including but not limited to
gender, age, osteoporosis and previous diseases. This
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information shows that the osteogenic potential of different
bone graft samples is not consistent. Conclusion: The activity
of BMP2 in femur heads obtained from patients undergoing
total hip replacement surgery showed significant variation
according to gender and age. The measurement of bone
proteins activity might be promising as a qualitative method
in bone banks and should be further investigated.

The use of bone grafts has become well established in
orthopedic surgery for reconstructing skeletal defects, after
trauma lesions or disease (1-5). Autografts (tissue from the
same patient) or allografts (tissue from the same species) can
be used for this purpose. Bone grafts have the ability to
induce new bone formation and to facilitate new bone
formation (6). Several tests are conducted by bone banks to
reduce the risk of transmitted diseases through the use of
grafts. The following tests are performed by the bone bank
of our Institution, according to the Austrian Tissue Safety
Law (GSG; acronym in German), the Tissue Bank Act
(GBVO, acronym in German) and the Tissue Removal
Department Act (GEEVO, acronym in German): Smear tests
for fungi, aerobic and anaerobic microbes, long-term
incubation and a histological examination. Serological tests
include human immunodeficiency virus (HIV) (HIV1/2
antibodies and polymerase chain reaction (PCR), hepatitis A
(PCR), hepatitis B virus (HBs antigen, HBc antibodies, and
PCR), hepatitis C virus (antibodies and PCR), Parvovirus B
19 (PCR), Lues- serology (ELISA) and glutamate pyruvate
transaminase (GPT). In addition, donors have to complete a
specific anamnesis questionnaire (7-9). To date, no tests are
carried out by bone banks to detect bone morphogenetic
protein (BMP) or the tissue osteogenic capacity (5, 10-12).
Osteoblasts and osteoclasts play an important role in the
bone remodeling process. The transforming growth factorbeta (TGFβ) signaling pathway is part of the cycle involved
in their formation and differentiation (13). TGFβ belongs to
a superfamily of over 30 members including three TGFβ
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isoforms, BMPs, activins, inhibins and müllerian inhibiting
substance (13, 14). BMPs are released during the bonehealing process, in which they support the ossification
process during remodeling of morselized and impacted bone
grafts (15-17). BMP2 is a member of a subgroup of the
TGFβ superfamily and triggers various signaling events,
which in turn stimulate chondrogenesis, osteogenesis,
angiogenesis and extracellular matrix remodeling leading to
fracture healing (18, 19). BMP2 deficiency has been
implicated in delayed union or nonunion, and recombinant
BMP2 and BMP7 have been clinically used in the treatment
of these conditions (18-21). In addition, the possibility of
involvement of a BMP-related genetic predisposition in
impaired fracture healing has been reported (19, 22).
Besides the importance of quality controls regarding
contamination and transmitted diseases, we believe it is also
important to conduct a quality test to measure the content of
BMPs in bone grafts. This may provide valuable information
about the condition of the bone graft samples and their
biocompatibility. As BMP2 is indispensable for the initiation
of fracture healing (18, 20, 22, 23), the control of BMP2
quantity and quality in bone allografts may be an option for
qualitative tests at bone banks. In this study, we quantified
the amount of BMP2 in fresh human bone grafts obtained
from 40 patients undergoing hip replacement surgery.
Besides the amount, the activity of the detected BMP2 was
also investigated.

Materials and Methods

Preparation of bone chips. Femur heads were obtained from 18 male
patients and 22 female patients who had undergone total hip
replacement surgery (due to arthrosis or femoral neck fracture) at our
Department (Table I). All patients previously approved the use of
their samples for research purposes. During osteotomy, the bone was
flushed and cooled with 0.9% saline to prevent being damaged by
heat. Cartilage and cortical tissues were removed from the femoral
heads with a bone saw. Bone chips (BCh; 3-5 mm diameter) were
obtained from the remaining spongious tissue using a bone mill
(Noviumagus Bone Mill; Spierings Meische Techniek BV, Nijmegen,
the Netherlands). The BCh were stored at −20˚C until the tests were
performed.

Total protein extraction from bone samples. From each patient, 1 g of
BCh was prepared as followed: 2.5 ml of phosphate-buffered saline
was added to all fresh samples. After vortexing for 1 min and
centrifuging at 1,502 × g for 5 min, three layers were formed: a yellow
fat layer on top, a light-red layer in the middle, and a bone layer at the
bottom. From the mid layer, 1.2 ml were removed, transferred to tubes
and stored at −20˚C until the time of the tests (24, 25).

Total bone protein quantification. Bicinchoninic Acid Protein Assay
Kit (Sigma-Aldrich, Schnelldorf, Germany) was used to determine
the total amount of protein present in each sample. The
quantification was carried out following the manufacturer’s
procedures.
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Table I. Number, gender and age of the patients included in the study.
Age, years

<50
50-60
60-70
>70
Total

Female
2
6
4
10
22

Gender, n

Male
3
2
5
8
18

Quantification of BMP2 in bone samples. Human BMP2 ELISA Kit
(Sigma-Aldrich, Schnelldorf, Germany) was used to quantify the
amount of BMP2 from human femoral bone grafts. All samples
were thawed at room temperature and vortexed. From each sample,
100 μl was transferred into the wells of the Human BMP2 antibodycoated ELISA plate. Each sample was run in duplicate. The
absorbance was measured at 450 nm on an ELISA microplate
reader. The assays were carried out following the manufacturer’s
protocol (the limit of detection was 3.9 pg/ml and the limit of
quantitation was 27.0 pg/ml).

Measurement of activity of BMP2 extracted from bone samples. To
determine the activity of the BMP2 found in each bone sample,
alkaline phosphatase activity colorimetric assay kit (BioVision
Incorporated, Milpitas, CA, USA) was used.
The murine C2C12 cell line (CRL-1722; Mus musculus;
American Type Culture Collection, Manassas, VA, USA) was
cultured as recommended by the supplier at 37˚C and with 10%
CO2. Cells were cultured and expanded in growth media [high
glucose DMEM (Corning) supplemented with 10% fetal bovine
serum, 1% penicillin-streptomycin, and 1% L-glutamine (200 mM)]
and split at 1:10 ratios at 80% confluence. For the vitality tests, cells
were harvested from the main culture by adding 2 ml of Acutase®
(Sigma-Aldrich, Schnelldorf, Germany) and the cells were
incubated for 5 min at room temperature. For the preparation of a
final solution, 5×104 of cells were resuspended into fresh medium.
The cells were then incubated for 60 min at 25˚C with each
patient’s sample (50 μl) and afterwards the alkaline phosphatase was
measured using the above-mentioned kit. The activity of the BMP2
was measured by colorimetric measurement of each sample. All
tests were carried out following the manufacturer’s protocol.
Statistical analysis. According to the standard curves for each test,
the concentrations were calculated after the regression model using
Excel 2010 (Microsoft Corporation, Redmont, Washington, USA).
GraphPad Prism (GraphPad Prism 7.00, GraphPad Software, Inc., La
Jolla, CA, USA) was used for the statistical analysis and to generate
the illustration graphs. The values are reported as mean±SEM.

Results

Quantification of total BMP2 per bone sample. The amount
of BMP2 varied between the patients. The average amount
of BMP2 detected in the bone allografts was 164.6±12.39
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Figure 1. Quantification of bone morphogenetic protein 2 (BMP2) for each patient. The concentration was determined for samples of bone extract
according to standard curves.

Figure 2. The amount of bone morphogenetic protein 2 (BMP2) in bone samples from male and female patients (A) and in patients of different age
groups (B). Data values are reported as the mean±SEM.

pg/ml, showing significant difference between individual
patients (p<0.0001; Figure 1). Taking into consideration the
patient’s gender, we observed that male patients presented
slightly more BMP2 in comparison with female patients
(p>0.05; Figure 2A). Within the age groups, the statistical
analysis showed no significant difference in the amount of
BMP2 (p>0.05; Figure 2B).

Amount of BMP2 per gram of total protein. We calculated the
ratio of BMP2 per gram of total protein detected (BCA test;
Figure 3). The amount of BMP2 per gram of total protein also
varied between the patients, showing similar differences when
compared to the total amount of BMP2 (Figure 1). The
average amount of BMP2 was 130.4±13.75 per gram of total

protein and statistical analysis showed significant differences
between the patients (p<0.0001; Figure 3). Taking into
consideration the patient’s gender and age we observed
similar distributions for the amount of BMP2 related to the
amount of total protein (Figure 4A and 4B).

Activity of BMP2 present in patient bone samples. The activity
of BMP2 detected in the bone samples significantly varied
between the patients (p<0.0001). However, the values remained
between 0 and 2 U/pg of BMP2, showing very high activity
only in three samples, namely patients 14, 24 and 30, with
values of 2.9, 3.6 and 5.5 U/pg BMP2, respectively (Figure 5).
Taking into consideration patient gender, we observed that the
activity of BMP2 was slightly higher in female patients in
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Figure 3. Amount of bone morphogenetic protein 2 (BMP2) per gram of total bone protein found in each bone sample.

Figure 4. Amount of bone morphogenetic protein 2 (BMP2) per gram of total bone protein by gender (A) and by age (B). Data values are reported
as the mean±SEM.

comparison to males (p>0.05; Figure 6A). The values for each
age group again showed a different distribution when
compared to the values for the amount of BMP2. Highest
BMP2 activity was observed in the group of patients aged 5060 years and the lowest in those aged 60-70 years (Figure 6B);
the difference here was also not significant (p>0.05).

Discussion

The amount of BMP2 varied significantly between individual
patients (p<0.0001). No bone banks have routinely carried out
tests to classify the quality of human bone grafts based on the
profile of bone proteins. Measurements of BMPs (24, 26)
might help to arrange human bone grafts into different levels
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of quality. In this way, patients with severe health conditions
might benefit from bone grafts with a higher amount of active
BMPs, offering better chances of bone healing (19, 27, 28).
ELISA tests might be incorporated in the routine for quality
control of the bone bank.
The values obtained in this study for the amount of BMP2
from bone grafts are compatible to some studies found in the
literature (29). Wildemann et al. quantified BMP2 and other
growth factors in bone grafts after different sterilization methods.
They detected a maximum of 450±273 pg BMP2 per g of total
protein after treatment of the bone grafts with guanidine
hydrochloride/ethylenediaminetetraacetic acid method. A very
low amount of BMP2 was detected by other cleaning methods
in comparison: 1.5±0.7 pg/g after collagenase, and 1.9±1.07 pg/g
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Figure 5. Activity of alkaline phosphatase (ALP) by bone morphogenetic protein 2 (BMP2) per 50 μl sample of bone extract for each patient.

Figure 6. Activity of alkaline phosphatase (ALP) by bone morphogenetic protein 2 (BMP2) per 50 μl sample of bone extract by gender (A) and by
age (B). Data values are reported as the mean±SEM.

complete extraction. The authors did not differentiate by gender
or age in their study (30). As far as we are aware to date, no
studies have shown the relationship between a patient’s age and
the amount of the BMPs in bone allografts.
The amount of BMP2 was found to vary significantly
between patients, and somewhat by age and gender. In this
study, the amount of BMP2 was higher in patients from 6070 years old in comparison with the younger patients.
However, patients older than 70 years showed a reduced
amount of BMP2 in comparison with patients from 60-70
years of age. Although the amount of BMP2 was higher in
the patients with 60-70 years old, the activity of the protein
was lowest in patients of this group. The group of patients

with 50-60 years of age showed the highest activity of
BMP2. This information shows that the osteogenic potential
of different bone grafts samples is not consistent.
In this study the amount and activity of BMP2 in femur
heads obtained from patients undergoing total hip
replacement surgery varied do a degree according to gender
and age. The use of bone proteins as markers for tissue
quality in bone banks might be promising and should be
further investigated.
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