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Abstract: Autologous blood-derived fibrin glue with platelets, called the concentrated growth
factor (CGF), can be prepared immediately by only the decided centrifuge without the addition
of coagulation factors. Collagen materials combined with recombinant human BMP-2 have been
commercially available for clinical use. The fresh CGF is auto-clot with wettability and elasticity,
while most collagen membranes are derived from the cow or pig. The fresh CGF has wettability and
elasticity, while collagen membranes are dry materials without elasticity. The aim of this study was
to observe the microstructures of human CGF membrane and evaluate its behavior as a delivery
scaffold of rhBMP-2 in the subcutaneous tissues of nude mice. Twenty-four nude mice (5-week-old,
male) were used for the assessment of in vivo ectopic bone formation. Mice were received the
CGF membrane as the controls and the CGF/rhBMP-2 membrane as the experimental group in the
subcutaneous tissues, and harvested at 7, 10, and 14 days after the graft. Harvested samples were
evaluated for the histological examination and the histomorphometric measurement was conducted
to compare the residue of the CGF, as well as the new bone. Mature fibrin fibers assembled from
multiple fibrillary elements and platelets with the rhBMP-2 membrane induced several bony islands
and cartilage without residues of CGF at 14 days, while the CGF membrane alone was almost
absorbed at 10 days and failed to induce bone formation at 14 days. These results demonstrated
that the fresh, human CGF membrane could contribute to a short-term, sticky fibrin matrix for the
delivery of rhBMP-2.

Keywords: blood fibrin; concentrated growth factor (CGF); BMP-2; bone induction

1. Introduction

Graft materials from a patient’s own body components have been developed for tissue
regeneration. Blood-derived materials and tooth-derived tissues are topics in the bone
regeneration field, since they can be used immediately as autologous graft materials [1–4].

The normal wound healing process starts with blood coagulation, leading to mainly
platelet aggregation and the formation of fibrin nets. Blood-derived fibrin with platelets,
called a blood clot, plays an important role in both hemostasis and wound healing [5].
Autologous platelet concentrates are generally divided into the following three classifi-
cations: Platelet-rich plasma (PRP), platelet-rich fibrin (PRF), and concentrated growth
factor (CGF). PRP is a liquid material including concentrated platelets in a small volume
of plasma. During the preparation of PRP, a bovine blood-derived activator is needed
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for coagulation [6,7]. The PRF is prepared solely by centrifugation without the addition
of coagulation factors [8,9]. As the second generation, PRF has a solid fibrin consistency,
providing a matrix that contains a higher concentration of platelets, leucocytes, and growth
factors compared to PRP [2,10,11]. CGF can be prepared within 13 min using only the
decided centrifuge that switches the centrifugation speed automatically [12]. In this study,
CGF was selected as a blood material from the three platelet concentrates.

Since the discovery of bone morphogenetic proteins (BMPs) [13,14], the delivering
carriers of BMPs have been explored. Recombinant human BMP-2 (rhBMP-2), a potent
exogenous osteo-inductive cytokine, requires a delivery system that creates optimal con-
ditions for cellular and vascular growth and cellular attachment, as well as a matrix for
adsorption [15–19]. Collagenous materials or ceramics combined with rhBMP-2 have been
commercially available for clinical use [20,21]. Single component biomaterials such as
collagen membranes or ceramics are dry materials without elasticity, while fresh CGF
has wettability and elasticity. Although it has been reported that CGF include fibrin and
various growth factors, such as platelet-derived growth factors (PDGFs), vascular endothe-
lial growth factors (VEGFs), insulin-like growth factors (IGFs), and transforming growth
factor-β1 (TGF-β1) [22,23], the concentration of BMP-2 (10 pg/mL) was significantly lower
than that of PDGF (650 pg/mL), TGF-β1, and VEGF. To date, the biological behavior of
human CGF membrane has not been clear in vivo, and a graft of human CGF membrane
with rhBMP-2 has not been attempted in ectopic sites.

The aim of this study was to observe the microstructures of the human fresh blood-
derived CGF membrane and to evaluate the behavior of the human CGF membrane as a
delivery scaffold of rhBMP-2 in the subcutaneous tissue of nude mice.

2. Materials and Methods
2.1. Ethics Statement

The study design and the consent forms for the procedures performed with the study
subjects were approved (no. 150) by the ethical committee for human subjects at the Health
Sciences University of Hokkaido with the principles of the Declaration of Helsinki. Blood
samples were taken from donor volunteers after obtaining verbal consent. All animal
bioassays in this study were conducted in accordance with the Institutional Animal Care
and Use Committee of Health Sciences University of Hokkaido.

2.2. Preparation of Concentrated Growth Factor (CGF) Membrane

Blood samples were collected from three non-smoking, healthy, male volunteers with
ages ranging from 25 to 35 years. These donors had no hindrance in daily life nor did
they have any systemic diseases. Sixty milliliters of peripheral venous blood was collected
in six sterile Vacuette glass tubes without anticoagulant additives using vacuum blood
collection tubes, equipped with 18 G needles. The tubes were then immediately centrifuged
in a special centrifuge device (Medifuge®, Silfradent Srl, Forli, Italy) with the following
programs: 30 s acceleration, 2 min at 2700 rpm, 4 min at 2400 rpm, 4 min at 2700 rpm, 3 min
at 3000 rpm, and 36 s deceleration and stop (Figure 1). After centrifugation, the upper
layer (platelet-poor plasma, PPP) was removed with a sterile syringe, and the middle layer
(yellow glue) was collected with sterile tweezers and placed in a sterile petri dish. The
lower fraction (red part) of the middle layer was cut as a buffy coat. Half of the yellow
CGF glue was pressed by a stainless-steel compression device (Sticky BoneTM, Korea) to
prepare the CGF membrane (5 × 5 × 2 mm3) (Figure 1).
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Figure 1. Preparation of concentrated growth factor (CGF) membrane. (a) Centrifuge machine 
(MedifugeⓇ, Silfradent Srl, Forli, Italy) used for the preparation of CGF membrane, (b) blood 
fractions after centrifugation: The upper layer represented the clear straw-colored fluid named 
platelet poor plasma (PPP), the middle layer was a yellow fibrin clot (CGF glue), and the bottom 
layer represented the red blood cells (RBCs). The buffy coat attached to the yellow glue 
represented the interface between the lower end of the middle layer and the upper end of the RBC 
layer. (c) A yellow fibrin CGF glue, (d) stainless-steel compression device (Sticky BoneTM, Jeonju, 
Korea) to transform the CGF glue into the membrane, (e) gross-view of CGF membrane as a rough 
surface with yellowish-white in color. 

2.3. Scanning Electron Microscopy (SEM) Analysis  
SEM (JSM-6610LA®, Jeol, Tokyo, Japan) was used to investigate the microstructures 

of the following two fractions: the CGF glue and the CGF membrane. The samples were 
fixed with 2% neutralized glutaraldehyde for 1 h, and dehydrated serially in 30, 50, 70, 90, 
and 100% ethanol solutions. The SEM procedures were completed by the critical drying 
point of the material. Finally, the samples were observed, and the representative images 
were captured by SEM with an accelerating voltage of 15 kV. 

2.4. Histological Observation 
The CGF membrane was fixed in a 10% neutral phosphate-buffered formalin solution 

for 24 h, dehydrated with ascending grades of ethanol (50–100%), and processed for 
paraffin embedding. Later, histological sections with a thickness of 5 µm were prepared 
and stained with hematoxylin and eosin (H&E). 

2.5. Animal Experiments 
2.5.1. Preparation of Concentrated Growth Factor with Recombinant Human Bone 
morphogenetic Protein 2 (CGF/rhBMP-2) Membranes 

Forty microliters of the rhBMP-2 solution (0.025 g/L) was added to the CGF 
membrane (5 × 5 × 2 mm3). RhBMP-2 was supplied by Astellas Pharma Inc. in Japan. The 
dose of rhBMP-2 was based on a dose-dependent study in subcutaneous tissues, and 1.0 
µg of rhBMP-2 per carrier (5 × 5 × 5 mm3) was considered a relatively critical dose for bone 
induction in subcutaneous tissues [24]. The mixture was kept at 4 °C for 1 h until the in 

Figure 1. Preparation of concentrated growth factor (CGF) membrane. (a) Centrifuge machine
(Medifuge®, Silfradent Srl, Forli, Italy) used for the preparation of CGF membrane, (b) blood fractions
after centrifugation: The upper layer represented the clear straw-colored fluid named platelet poor
plasma (PPP), the middle layer was a yellow fibrin clot (CGF glue), and the bottom layer represented
the red blood cells (RBCs). The buffy coat attached to the yellow glue represented the interface
between the lower end of the middle layer and the upper end of the RBC layer. (c) A yellow fibrin
CGF glue, (d) stainless-steel compression device (Sticky BoneTM, Jeonju, Korea) to transform the CGF
glue into the membrane, (e) gross-view of CGF membrane as a rough surface with yellowish-white
in color.

2.3. Scanning Electron Microscopy (SEM) Analysis

SEM (JSM-6610LA®, Jeol, Tokyo, Japan) was used to investigate the microstructures
of the following two fractions: the CGF glue and the CGF membrane. The samples were
fixed with 2% neutralized glutaraldehyde for 1 h, and dehydrated serially in 30, 50, 70, 90,
and 100% ethanol solutions. The SEM procedures were completed by the critical drying
point of the material. Finally, the samples were observed, and the representative images
were captured by SEM with an accelerating voltage of 15 kV.

2.4. Histological Observation

The CGF membrane was fixed in a 10% neutral phosphate-buffered formalin solution
for 24 h, dehydrated with ascending grades of ethanol (50–100%), and processed for paraffin
embedding. Later, histological sections with a thickness of 5 µm were prepared and stained
with hematoxylin and eosin (H&E).

2.5. Animal Experiments
2.5.1. Preparation of Concentrated Growth Factor with Recombinant Human Bone
morphogenetic Protein 2 (CGF/rhBMP-2) Membranes

Forty microliters of the rhBMP-2 solution (0.025 g/L) was added to the CGF membrane
(5 × 5 × 2 mm3). RhBMP-2 was supplied by Astellas Pharma Inc. in Japan. The dose of
rhBMP-2 was based on a dose-dependent study in subcutaneous tissues, and 1.0 µg of
rhBMP-2 per carrier (5 × 5 × 5 mm3) was considered a relatively critical dose for bone
induction in subcutaneous tissues [24]. The mixture was kept at 4 ◦C for 1 h until the
in vivo study. As a control group, 40 µL of distilled water was added to the CGF membrane
(5 × 5 × 2 mm3).
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2.5.2. Heterotopic Bioassay

Twenty-four nude mice (5-week-old, male) were used for the assessment of in vivo
ectopic bone formation. Ketamine hydrochloride (0.1 mg/kg body weight, Ketalar®

50 mg/mL; Daiichi Sankyo Propharma Co., Ltd., Tokyo, Japan) and xylazine hydrochloride
(0.01 mg/kg body weight, Skill pen® 20mg/mL; Interbet Co., Ltd., Tokyo, Japan), diluted
with 0.9% NaCl, were used as anesthetics for general anesthesia. Each mouse had two
vertical incisions on either side of the back skin. A mouse received one CGF membrane
and one CGF/rhBMP-2 membrane. The management of post-operative pain included
subcutaneous administration of buprenorphine. The health and behavior of the animals
was monitored twice a week in the first week and once a week thereafter. Mice were
euthanized with an overdose of anesthesia and cervical dislocation, and the specimens
were harvested at 7, 10, and 14 days after the graft.

2.5.3. Tissue Preparation

The specimens were fixed in a 10% neutral phosphate-buffered formalin solution for
24 h, dehydrated with ascending grades of ethanol (50–100%), and processed for paraffin
embedding. Later, longitudinal histological sections with a thickness of 5 µm were prepared
and stained with hematoxylin and eosin (H&E). Various sectional images were selected
through the center of the grafts, and micro-photographs projecting the overall specimens
were obtained.

2.5.4. Immunohistochemical Staining for Osteopontin

Following paraffin removal by xylene and rehydration with ethanol, the sections of
the CGF/rhBMP-2 membrane at 14 days were treated with 0.3% H2O2 in 0.01 M phosphate-
buffered saline (PBS, pH 7.4) for 20 min at room temperature to inactivate the endogenous
peroxidase. They were pretreated with 1% bovine serum albumin (Seikagaku, Tokyo,
Japan) in PBS for 20 min at room temperature and incubated in rabbit polyclonal antibody
against rat osteopontin (kindly provided by Dr. H. Nakamura) for 12 h at 4 ◦C [25].
Sections were reacted with the Histofine Simple Stain rat MAX-PO (MULTI; NICHIREI Co.,
Tokyo, Japan) for 30 min at room temperature. After PBS wash, the immune complexes
were visualized using diaminobenzidine (Envision kit; DAKO, CA, USA). Immunostained
sections were then counter-stained with hematoxylin, and observed by light microscopy.
The non-immune rabbit serum was used as a negative control, rather than the primary
antibody. Control sections did not show any specific immunoreactivity.

2.5.5. Elastica Van Gieson Staining

Following paraffin removal by xylene and rehydration with ethanol, the sections of
the CGF/rhBMP-2 membrane at 14 days were pretreated with 1.0% HCl in 70.0% ethanol,
and stained with the resorcinol-fuchsin solution for 60 min. The sections were treated
with haematoxylin for 3 min, washed in running water, and incubated for 30 min in a
picrofuchsia acid solution (1.0% acid fuchsin in aqueous saturated picric acid). Finally, the
dehydrated sections were observed by light microscopy.

2.5.6. Histomorphometric Measurement

Explanted tissues were divided into the following three parts: Residue of CGF (acellu-
lar matrix), connective tissue (CT), and new bone (NB) with cartilage. Five longitudinal
sections were selected from each block, as follows: One section (near the central area), two
sections (10 µm from the central), and two sections (40 µm from the central). The areas of
CGF residue were outlined by the investigator using the Image J software (Image J 1.46r,
developed by the National Institute of Health (NIH), Bethesda, MD, USA). At the end of
the measurement, the parameters were calculated as the mean percentage area. A statistical
analysis was conducted to compare the areas of CGF, CT, and NB at 7, 10, and 14 days after
the graft. All the measurements were performed by one investigator.
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2.5.7. Statistical Analysis

All numerical data are presented as the mean± standard deviation (SD). The statistical
significance of the change in response was assessed by a paired t-test. Differences were
considered significant at p < 0.05. The statistical analysis was performed using a Windows
computer with the SPSS software version 19 (IBM, Armonk, New York, NY, USA).

3. Results
3.1. SEM Observation and Gross Histology of Concentrated Growth Factor (CGF) Membrane

The CGF membrane exhibited mature fibrin fibers assembled from multiple fibril-
lary elements, and multiple platelets were found on the fibrin strand (Figure 2a,b). The
CGF membrane showed an irregular pinkish shape and non-uniform structure due to
compression (Figure 2c).
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appear at 14 days (Figure 3e,f). These findings showed that the CGF membrane alone 
failed to induce bone formation. The total volume of the CGF membrane decreased sig-
nificantly with time (Table 1). 

Figure 2. SEM and H&E gross histology of concentrated growth factor (CGF) membrane. (a) The
CGF layer exhibited mature fibrin fibers assembled from multiple fibrillary elements, (b) numerous
oblong-shaped platelets (arrows) on the fibrin strand, (c) the CGF membrane consisted of fibrin
matrices with a non-uniformed structure.

3.2. Concentrated Growth Factor (CGF) Membrane in Subcutaneous Tissues

The membrane revealed a large and small bundle structure at 7 days (Figure 3a).
Fibroblasts and monocytes were mainly observed between various thick and irregular
bundles, and an acellular appearance was seen inside the thick bundle body at 7 days
(Figure 3b). At 10 days, the fragmented bundles were observed with fibrous connective
tissues (Figure 3c,d). The mass revealed an irregular surface appearance, and cellular inva-
sion in the spaces between the bundles (Figure 3d). The absorbed membrane represented
small fragmented bulks without encapsulation (Figure 3e), and giant cells did not appear
at 14 days (Figure 3e,f). These findings showed that the CGF membrane alone failed to
induce bone formation. The total volume of the CGF membrane decreased significantly
with time (Table 1).
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Figure 3. Histological images of concentrated growth factor (CGF) membrane in the subcutaneous
tissue. (a,b) CGF irregular bundles (∗) with fibroblasts and monocytes were mainly observed between
various thick and irregular bundles, and an acellular appearance (?) was seen inside the thick bundle
at 7 days, (c) fragmented CGF bundles (?) were observed with fibrous connective tissues, (d) cellular
invasion in the spaces between the bundles at 10 days, (e,f) the absorbed membrane represented
small fragmented residues (?) without encapsulation at 14 days.

Table 1. Histomorphometric analysis. The changes in percentage of CGF, connective tissue, and new bone to total volume.

Groups (%)

Explant Period

7 Days 10 Days 14 Days

CGF CT NB CGF CT NB CGF CT NB +
Cartilage

CGF
Membrane 41.1 ± 0.6 58.8 ± 0.7 0.0 28.1 ± 6.5 70.3 ± 4.3 0.0 10.9 ± 2.4 89.0 ± 2.6 0.0

CGF/rhBMP-2 37.4 ± 2.4 62.5 ± 2.7 0.0 * 22.5 ± 4.3 77.4 ± 4.2 0.0 * 0.0 85.9 ± 4.3 13.9 ± 5.2 *

CGF: Concentrated growth factor; CT: Connective tissues; NB: New bone. The total volume is designated as 100%. Values are mean ± SD;
n = 5. * Significant difference p < 0.05.

3.3. Concentrated Growth Factor with Recombinant Human Bone Morphogenetic Protein 2
(CGF/rhBMP-2) Membrane in Subcutaneous Tissues

The CGF/rhBMP-2 membrane showed dispersed and disorganized bundles, and
the various bundle surfaces revealed a wavy irregular structure at 7 days (Figure 4a,b).
An acellular appearance was seen inside the thick bundle (Figure 4b). Undifferentiated
mesenchymal cells and monocytes were observed between the strongly eosin-stained bun-
dles and weakly stained bundles at 10 days (Figure 4c), and the bundle area represented
acellular, and the non-bundle area were cellular (Figure 4d). At 14 days, several induced
bone masses were found with fibrous connective tissues (Figure 4e). At the higher mag-
nification, the bony island showed a woven bone structure, but not lamellar (Figure 4f)
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meaning an immature bone. On a certain tissue section, the cartilage nodule was induced,
apart from the induced bone (Figure 5a), and the cuboidal osteoblasts were lined with
capillaries (Figure 5b). The membrane was totally replaced by the bone, cartilage, and
fibrous connective tissue at 14 days. The intense immunoreactivity for osteopontin was
observed in the induced bone matrix. These positive areas showed a globular appearance
and contained large aggregates (Figure 5c,d).
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trated growth factor with the recombinant human bone morphogenetic protein 2 (CGF/rhBMP-2)
membrane in subcutaneous tissues at 14 days. (a) Cartilage nodule induction (↑) was observed in
H&E apart from the induced bone, (b) cuboidal osteoblasts (yellow arrows) and the woven bone
matrix (∗) with entrapped osteocytes, (c) immunoreactivity for osteopontin was detected in the
matrix of the induced bone (B), (d) the strongly red stained mass (B) represented new bone matrices
in Elastica van Gieson staining.

3.4. Histomorphometric Assessment

The average percentage of CGF decreased with time in both groups. The percentage
of the CGF membrane group decreased significantly from 7 to 14 days (41.1 ± 0.6% to
10.9 ± 2.4%) (p < 0.05). The CGF membrane group without rhBMP-2 did not induce hard
tissues during this study. In the CGF/rhBMP-2 group, the percentage of CGF remnants
was 13.9 ± 5.2% at 7 days, and CGF remnants were not found at 14 days (Table 1).

4. Discussion

The human, fresh CGF membrane with rhBMP-2 induced the bone and cartilage
independently at 14 days. The induced bone revealed several islands, and the fresh CGF
membrane was replaced by mainly bone and fibrous connective tissues until 14 days. This
study did not analyze the release profile of rhBMP-2 from the CGF membrane, but did
confirm bony islands induction as positive outcomes for the rhBMP-2 activity.

CGF is composed of cross-linked fibrin strands and a high concentration of platelets
that includes various growth factors (PDGF, VEGF, IGFs, and TGF-β1) [22,26]. On the other
hand, commercially available ceramics or collagenous materials are 100% inorganic or
organic components, without any growth factors. The ceramics are produced by chemical
synthesis or produced from the sintered bovine bone, and collagenous materials are derived
from bovine or pig skin. The involvement of growth factors released from a patient-own
CGF is a completely different point from other biomaterials. Another advantage of CGF in
the process of fabrication is its free risk of cross-contamination as the 100% patient-own
blood, though the PRP needs bovine thrombin and calcium chloride during the prepara-
tion. Unlike the PRF with constant centrifugation, CGF utilizes alternating centrifugation
speeds (step by step) from 2400–2700 rpm to isolate a much larger, denser, and rich growth
factor fibrin matrix [26]. Moreover, compared to PRF, previous studies showed a better
regenerative capacity of CGF with no significant differences in mechanical and degradation
properties [26,27]. Since it was reported that bFGF, BMP-2, and TGF-β1 were detected in
rabbit-derived CGF and leukocyte- and platelet-rich fibrin (L-PRF) that could promote
the proliferation and osteogenic differentiation of rabbit periodontal ligament fibroblasts
in vitro [28], bone induction by the CGF alone graft was expected in the in vivo ectopic
site. However, bone and cartilage induction did not occur alone in the CGF membrane, in
the current study. We believe, therefore, that the growth factors in CGF could stimulate
the proliferation of mesenchymal cells, but they do not have the ability to differentiate
undifferentiated mesenchymal cells into osteoblasts or chondroblasts. The histological
findings were consistent with the report that the concentration of BMP-2 in CGF was fairly
low and almost undetectable by ELISA [29]. The addition of 1.0 µg of rhBMP-2 to the CGF
membrane (5× 5× 2 mm3) might provide synergistic effects with several growth factors in
CGF for bone and cartilage induction. Recently, the synergistic activity of TGF-β1/BMP-2
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or VEGF/TGF-β1/BMP-2 was reported in vitro for osteoblast differentiation [30,31]. More-
over, the combination of BMP-2, VEGF, and TGF-β1 applied according to the time-effect
relationship could promote osteogenic differentiation of MC3T3-E1 cells [31]. The reports
may support the synergistic effects of rhBMP-2 and CGF-released growth factors for bone
induction in this study. In addition, direct bone induction such as an intramembranous ossi-
fication was confirmed independent of cartilage induction at 14 days in the CGF/rhBMP-2.
The independent inductive findings of bone and cartilage were consistent with the report
that the BMP-induced bone and cartilage differentiation depended on the cellular envi-
ronment derived from the carrier matrix [32,33]. Regarding the choice of animal model,
nude mice are ideal for assessing ectopic bone formation, as these immunocompromised
animals lack a thymus and do not reject human graft materials [31]. The present study
selected subcutaneous tissues of back skin for bioassay, since mice did not have the volume
of receiving the human CGF membrane (5 × 5 × 2 mm3) in muscles.

BMP-2 is a strong osteoinductive cytokine belonging to the TGF-β superfamily [16].
RhBMP-2 requires biomaterials, which function as sustained-release carriers at the graft
site. The present bioassay of human CGF provided the rapid absorption of the CGF from 10
to 14 days and the evidence of bone and cartilage induction at 14 days in the CGF/rhBMP-2
(Table 1). Interestingly, multinucleated giant cells did not appear during the absorbable
process of the CGF membrane alone (Figure 3). In our study, we did not observe any trace
of the CGF membrane after 2 weeks. This observation is supported by several clinical
studies, where clinicians have frequently claimed based on their clinical experiences that
fibrin clots were completely degraded within 2 weeks [34,35].

Fibrin is well-known to be specifically degraded by plasmin in vivo. Additionally,
degradation by other proteases was confirmed in the in vitro study [27]. Therefore, we
believe that the CGF membrane was predominantly digested by plasmin and divided into
several fragments, but the denser fibrin fibers in the CGF membrane might contribute to
the protection of the rhBMP-2 activity from the enzymatic degradation. The inclusion of
bioactive factors (VEGF, TGF-, PDGF, BMP-2) into fibrin glue has been studied in tissue
engineering, where fibrin serves as the delivery scaffold [36]. Release kinetics showed much
greater retention in the fibrin gel after subjection to washes with non-glycosylated BMP-2
versus glycosylated BMP-2 [36]. For clinical use, unique studies related to a controlled
release and a dose of rhBMP-2 were published [37,38]. The BMP-2 bound to fibrin glue via
a transglutaminase domain with a plasmin sensitive link showed greater retention in the
gel compared with the unbound BMP-2 [37]. The heterodimer transglutaminase-BMP-2/7
healed a critical size defect in the rat calvarial bone more efficiently than the homodimer
transglutaminase-BMP-2 at the same concentration [38]. The engineering technique will be
used to reduce the amount of BMP-2 needed for clinical effect in the near future.

Many studies have considered animal-derived and cross-linked collagen as a qualified
candidate for rhBMP-2 delivery in both experimental and clinical researches [39,40]. Our
study presents an advanced report related to the combination of rhBMP-2 and human fibrin
product (CGF) for ectopic bone induction in the subcutaneous tissue of nude mice. No
papers related to the human CGF and blood-related diseases were found in the PubMed
search system. From a clinically important point of view, we suggest that patients with
blood-related diseases, especially leukemia and malignant lymphoma, or malignant tumors
must be excluded from the CGF therapy, since a patient-own CGF consists of white blood
cells, platelets, growth factors, and fibrin.

5. Conclusions

The CGF is composed of 100% autologous blood products, and can be prepared
immediately for surgery. The CGF membrane alone was almost absorbed under the back
skin until 14 days by plasmin degradation. In addition, the CGF/rhBMP-2 membrane
induced several bony islands, independent of the cartilage nodule at 14 days. The CGF
membrane could support the capability of rhBMP-2 as an absorbable, sticky fibrin matrix.
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These results demonstrated that the human fresh CGF membrane might act as a short-term
biological scaffold for the delivery of rhBMP-2.

Author Contributions: Conceptualization, M.A.K. and M.M.; methodology, M.M. and M.A.K.;
investigation, K.O. and M.A.K.; data curation, K.O., M.A.K., B.Z., and K.Y.; writing—original draft
preparation, K.O. and M.A.K.; writing—review and editing, M.M. and T.A.; supervision, M.M. and
T.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study design and the consent forms for the procedures
performed with the study subjects were approved (no. 150) by the ethical committee for human
subjects at the Health Sciences University of Hokkaido with the principles of the Declaration of
Helsinki.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.J.; Mouhyi, J.; Gogly, B. Platelet-rich fibrin (PRF): A second-

generation platelet concentrate. Part I: Technological concepts and evolution. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.
2006, 101, e37–e44. [CrossRef]

2. Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.J.; Mouhyi, J.; Gogly, B. Platelet-rich fibrin (PRF): A second-
generation platelet concentrate. Part II: Platelet-related biologic features. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.
2006, 101, e45–e50. [CrossRef] [PubMed]

3. Murata, M.; Akazawa, T.; Mitsugi, M.; Um, I.W.; Kim, K.W.; Kim, Y.K. Human dentin as novel biomaterial for bone regeneration.
In Biomaterials—Physics and Chemistry, 1st ed.; Pignatello, R., Ed.; InTech: Rijeka, Croatia, 2011; pp. 391–403.

4. Murata, M.; Akazawa, T.; Mitsugi, M.; Kabir, M.A.; Um, I.W.; Minamida, Y.; Kim, K.W.; Kim, Y.K.; Sun, Y.; Qin, C. Autograft of
dentin materials for bone regeneration. In Advances in Biomaterials Sciences and Biomedical Applications, 1st ed.; Pignatello, R., Ed.;
InTech: Rijeka, Croatia, 2013; pp. 391–403.

5. Singer, A.J.; Clark, R.A. Cutaneous wound healing. N. Engl. J. Med. 1999, 341, 738–746. [CrossRef] [PubMed]
6. Dhurat, R.; Sukesh, M.S. Principles and methods of preparation of platelet-rich plasma: A review and author’s perspective. J.

Cutan Aesthet. Surg. 2014, 7, 189–197. [CrossRef] [PubMed]
7. Murata, M.; Arisue, M. De novo bone formation using bovine collagen and platelet-rich plasma in animals. J. Hard Tissue. Biol.

2004, 13, 18–23. [CrossRef]
8. Choukroun, J.; Diss, A.; Simonpieri, A.; Girard, M.O.; Schoeffler, C.; Dohan, S.L.; Dohan, A.J.J.; Mouhyi, J. Platelet-rich fibrin

(PRF): A second-generation platelet concentrate. Part V: Histologic evaluations of PRF effects on bone allograft maturation in
sinus lift. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2006, 101, 299–303. [CrossRef] [PubMed]

9. Dohan, D.M.; Corso, M.D.; Diss, A.; Mouhyi, J.; Charrier, J.B. Three-dimensional architecture and cell composition of a
Choukroun’s platelet-rich fibrin clot and membrane. J. Periodontol. 2010, 81, 546–555. [CrossRef]

10. Simonpieri, A.; Corso, M.D.; Sammartino, G.; Dohan, D.M. The relevance of Choukroun’s platelet-rich fibrin and metronidazole
during complex maxillary rehabilitations using bone allograft. Part II: Implant surgery, prosthodontics, and survival. Implant
Dent. 2009, 18, 220–229. [CrossRef]

11. Dambhare, A.; Bhongade, M.L.; Dhadse, P.V.; Sehdev, B.; Ganji, K.K.; Thakare, K.; Murakami, H.; Sugita, Y.; Maeda, H.; Alam,
M.K. A randomized controlled clinical study of autologous Platelet Rich Fibrin (PRF) in combination with HA and Beta-TCP or
HA and Beta-TCP alone for treatment of furcution defects. J. Hard Tissue. Biol. 2019, 28, 185–190. [CrossRef]

12. Corigliano, M.; Sacco, L.; Baldoni, E. CGF- una proposta terapeutica per la medicina rigenerativa. Odontoiatria 2010, 1, 69–81.
13. Urist, M.R. Bone: Formation by autoinduction. Science 1965, 150, 893–899. [CrossRef] [PubMed]
14. Urist, M.R.; Huo, Y.K.; Brownell, A.G.; Hohl, W.M.; Buyske, J.; Lietze, A.; Tempst, P.; Hunkapiller, M.; DeLange, R.J. Purification of

bovine bone morphogenetic protein by hydroxyapatite chromatography. Proc. Natl. Acad. Sci. USA 1984, 81, 371–375. [CrossRef]
[PubMed]

15. Ripamonti, U.; Reddi, A.H. Periodontal regeneration: Potential role of bone morphogenetic proteins. J. Dent. Res. 1994, 29,
225–235. [CrossRef] [PubMed]

16. Asahina, I. Bone morphogenetic proteins: Their history and characteristics. J. Hard Tissue. Biol. 2014, 23, 283–286. [CrossRef]
17. Krishnakumar, G.S.; Roffi, A.; Reale, D.; Kon, E.; Filardo, G. Clinical application of bone morphogenetic proteins for bone healing:

A systematic review. Int. Orthop. 2017, 41, 1073–1083. [CrossRef] [PubMed]
18. Bien, N.D.; Muira, K.; Sumita, Y.; Nakatani, Y.; Shido, R.; Kajii, F.; Kamakura, S.; Asahina, I. Bone regeneration by low-dose

recombinant human bone morphogenetic protein-2 carried on octacalcium phosphate collagen composite. J. Hard Tissue. Biol.
2020, 29, 123–130. [CrossRef]

http://doi.org/10.1016/j.tripleo.2005.07.008
http://doi.org/10.1016/j.tripleo.2005.07.009
http://www.ncbi.nlm.nih.gov/pubmed/16504850
http://doi.org/10.1056/NEJM199909023411006
http://www.ncbi.nlm.nih.gov/pubmed/10471461
http://doi.org/10.4103/0974-2077.150734
http://www.ncbi.nlm.nih.gov/pubmed/25722595
http://doi.org/10.2485/jhtb.13.18
http://doi.org/10.1016/j.tripleo.2005.07.012
http://www.ncbi.nlm.nih.gov/pubmed/16504861
http://doi.org/10.1902/jop.2009.090531
http://doi.org/10.1097/ID.0b013e31819b5e3f
http://doi.org/10.2485/jhtb.28.185
http://doi.org/10.1126/science.150.3698.893
http://www.ncbi.nlm.nih.gov/pubmed/5319761
http://doi.org/10.1073/pnas.81.2.371
http://www.ncbi.nlm.nih.gov/pubmed/6320184
http://doi.org/10.1111/j.1600-0765.1994.tb01216.x
http://www.ncbi.nlm.nih.gov/pubmed/7932015
http://doi.org/10.2485/jhtb.23.283
http://doi.org/10.1007/s00264-017-3471-9
http://www.ncbi.nlm.nih.gov/pubmed/28424852
http://doi.org/10.2485/jhtb.29.123


Materials 2021, 14, 150 11 of 11

19. Kim, Y.K.; Um, I.W.; An, H.J.; Kim, K.W.; Hong, K.S.; Murata, M. Effects of demineralized dentin matrix used as an rhBMP-2
carrier for bone regeneration. J. Hard Tissue. Biol. 2014, 23, 415–422. [CrossRef]

20. McKay, W.F.; Peckham, S.M.; Badura, J.M. A comprehensive clinical review of recombinant human bone morphogenetic protein-2
(INFUSE Bone Graft). Int. Orthop. 2007, 31, 729–734. [CrossRef]

21. Um, I.W.; Hwang, S.H.; Kim, Y.K.; Kim, M.Y.; Jun, S.H.; Ryu, J.J.; Jang, H.S. Demineralized dentin matrix combined with
recombinant human bone morphogenetic protein-2 in rabbit calvarial defects. J. Korean Assoc. Oral Maxillofac. Surg. 2016, 42,
90–98. [CrossRef]

22. Yu, B.; Wang, Z. Effect of concentrated growth factors on beagle periodontal ligament stem cells in vitro. Mol. Med. Rep. 2014, 9,
235–242. [CrossRef]

23. Qiao, J.; An, N.; Ouyang, X. Quantification of growth factors in different platelet concentrates. Platelets 2017, 28, 774–778.
[CrossRef] [PubMed]

24. Tazaki, J.; Murata, M.; Akazawa, T.; Yamamoto, M.; Ito, K.; Arisue, M.; Shibata, T.; Tabata, Y. BMP-2 release and dose-response
studies in hydroxyapatite and β-tricalcium phosphate. Biomed. Mater. Eng. 2009, 19, 141–146. [CrossRef] [PubMed]

25. Nakamura, H.; Yamada, M.; Fukae, M.; Ozawa, H. The localization of CD44 and moesin in osteoclasts after calcitonin administra-
tion in mouse tibiae. J. Bone Miner. Metab. 1997, 15, 184–192. [CrossRef]

26. Rodella, L.F.; Favero, G.; Boninsegna, R.; Buffoli, B.; Labanca, M.; Scari, G.; Sacco, L.; Batani, T.; Rezzani, R. Growth factors, CD34
positive cells, and fibrin network analysis in concentrated growth factors fraction. Microsc. Res. Tech. 2011, 74, 772–777. [CrossRef]
[PubMed]

27. Isobe, K.; Watanabe, T.; Kawabata, H.; Kitamura, Y.; Okudera, T.; Okudera, H.; Uematsu, K.; Okuda, K.; Nakata, K.; Tanaka, T.;
et al. Mechanical and degradation properties of advance platelet-rich fibrin (A-PRF), concentrated growth factors (CGF), and
platelet-poor plasma-derived fibrin (PPTF). Int. J. Imp. Dent. 2017, 3, 17. [CrossRef] [PubMed]

28. Zhang, Z.; Li, X.; Zhao, J.; Jia, W.; Wang, Z. Effect of autogenous growth factors released from platelet concentrates on the
osteogenic differentiation of periodontal ligament fibroblasts: A comparative study. PeerJ 2019, 7, e7984. [CrossRef]

29. Lei, L.; Yu, Y.; Han, J.; Shi, D.; Sun, W.; Zhang, D.; Chen, L. Quantification of growth factors in advanced platelet-rich fibrin and
concentrated growth factors and their clinical efficiency as adjunctive to the GTR procedure in periodontal infrabony defects. J.
Periodontol. 2020, 4, 462–472. [CrossRef]

30. Asparuhova, M.B.; Caballé-Serrano, J.; Buser, D.; Chappuis, V. Bone-conditioned medium contributes to initiation and progression
of osteogenesis by exhibiting synergistic TGF-β1/BMP-2 activity. Int. J. Oral Sci. 2018, 10, 72–80. [CrossRef]

31. Wang, Z.; Sun, J.; Li, Y.; Chen, C.; Xu, Y.; Zang, X.; Li, L.; Meng, K. Experimental study of the synergistic effect and network
regulation mechanisms of an applied combination of BMP-2, VEGF, and TGF-β1 on osteogenic differentiation. J. Cell Biochem.
2019, 121, 2394–2405. [CrossRef]

32. Ripamonti, U.; Ma, S.; Reddi, A.H. The critical role of geometry of porous hydroxyapatite delivery system in induction of bone by
osteogenin, a bone morphogenetic protein. Matrix 1992, 12, 202–212. [CrossRef]

33. Murata, M.; Inoue, M.; Arisue, M.; Kuboki, Y.; Nagai, N. Carrier-dependency of cellular differentiation induced by bone
morphogenetic protein in ectopic sites. Int. J Oral Maxillofac. Surg. 1998, 27, 391–396. [CrossRef]

34. Hartshorne, J.; Gluckman, H. A comprehensive clinical review of Platelet Rich Fibrin (PRF) and its role in promoting tissue
healing and regeneration in dentistry. Part II: Preparation, optimization, handling and application, benefits and limitations of
PRF. Int. Dent. 2016, 6, 34–48.

35. Spicer, P.P.; Mikos, A.G. Fibrin glue as a drug delivery system. J. Control Release 2010, 148, 49–55. [CrossRef] [PubMed]
36. Schmoekel, H.G.; Weber, F.E.; Schense, J.C.; Grätz, K.W.; Schawalder, P.; Hubbell, J.A. Bone repair with a form of BMP-2 engineered

for incorporation into fibrin cell ingrowth matrices. Biotechnol. Bioeng. 2005, 89, 253–262. [CrossRef] [PubMed]
37. Karfeld-Sulzer, L.S.; Siegenthaler, B.; Ghayor, C.; Weber, F.E. Fibrin Hydrogel Based Bone Substitute Tethered with BMP-2 and

BMP-2/7 Heterodimers. Materials 2015, 8, 977–991. [CrossRef] [PubMed]
38. Wang, J.; Wang, L.; Zhou, Z.; Lai, H.; Xu, P.; Liao, L.; Wei, J. Biodegradable polymer membranes applied in guided bone/tissue

regeneration: A review. Polymers 2016, 8, 115. [CrossRef] [PubMed]
39. Friess, W.; Uludag, H.; Foskett, S.; Biron, R. Bone regeneration with recombinant human bone morphogenetic protein-2 (rhBMP-2)

using absorbable collagen sponges (ACS): Influence of processing on ACS characteristics and formulation. Pharm. Dev. Technol.
1999, 4, 387–396. [CrossRef]

40. Geiger, M.; Li, R.H.; Friess, W. Collagen sponges for bone regeneration with rhBMP-2. Adv. Drug. Deliv. Rev. 2003, 55, 1613–1629.
[CrossRef]

http://doi.org/10.2485/jhtb.23.415
http://doi.org/10.1007/s00264-007-0418-6
http://doi.org/10.5125/jkaoms.2016.42.2.90
http://doi.org/10.3892/mmr.2013.1756
http://doi.org/10.1080/09537104.2016.1267338
http://www.ncbi.nlm.nih.gov/pubmed/28277063
http://doi.org/10.3233/BME-2009-0573
http://www.ncbi.nlm.nih.gov/pubmed/19581707
http://doi.org/10.1007/BF02491380
http://doi.org/10.1002/jemt.20968
http://www.ncbi.nlm.nih.gov/pubmed/21780251
http://doi.org/10.1186/s40729-017-0081-7
http://www.ncbi.nlm.nih.gov/pubmed/28466249
http://doi.org/10.7717/peerj.7984
http://doi.org/10.1002/JPER.19-0290
http://doi.org/10.1038/s41368-018-0021-2
http://doi.org/10.1002/jcb.29462
http://doi.org/10.1016/S0934-8832(11)80063-6
http://doi.org/10.1016/S0901-5027(98)80071-4
http://doi.org/10.1016/j.jconrel.2010.06.025
http://www.ncbi.nlm.nih.gov/pubmed/20637815
http://doi.org/10.1002/bit.20168
http://www.ncbi.nlm.nih.gov/pubmed/15619323
http://doi.org/10.3390/ma8030977
http://www.ncbi.nlm.nih.gov/pubmed/28787983
http://doi.org/10.3390/polym8040115
http://www.ncbi.nlm.nih.gov/pubmed/30979206
http://doi.org/10.1081/PDT-100101374
http://doi.org/10.1016/j.addr.2003.08.010

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Preparation of Concentrated Growth Factor (CGF) Membrane 
	Scanning Electron Microscopy (SEM) Analysis 
	Histological Observation 
	Animal Experiments 
	Preparation of Concentrated Growth Factor with Recombinant Human Bone morphogenetic Protein 2 (CGF/rhBMP-2) Membranes 
	Heterotopic Bioassay 
	Tissue Preparation 
	Immunohistochemical Staining for Osteopontin 
	Elastica Van Gieson Staining 
	Histomorphometric Measurement 
	Statistical Analysis 


	Results 
	SEM Observation and Gross Histology of Concentrated Growth Factor (CGF) Membrane 
	Concentrated Growth Factor (CGF) Membrane in Subcutaneous Tissues 
	Concentrated Growth Factor with Recombinant Human Bone Morphogenetic Protein 2 (CGF/rhBMP-2) Membrane in Subcutaneous Tissues 
	Histomorphometric Assessment 

	Discussion 
	Conclusions 
	References

