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Heterodimeric recombinant human bone morphogenetic proteins (rhBMPs) are powerful tools for
bone tissue engineering. However, BMPs have several important limitations in their application to
bone regeneration. BMPs have a short half-life and must be used in high concentrations, which may
be cost-inefficient. To overcome these problems, we established a stable cell line that expressed the
fusion protein comprised of recombinant human BMP2/7 heterodimer protein and PTD
(rhBMP2/7-PTD). This stable cell line enabled high process yields by continuously expressing
rhBMP2/7-PTD products at high levels throughout cultivation. This synthesized BMP7 was fused to
a BMP2 protein with four glycine residues (to allow free bond rotation of the domains) and PTD. To
demonstrate that the rhBMP2/7-PTD protein that was secreted from an rhBMP2/7-PTD-expressing
stable cell line exhibited biological activity consistent with its role as an osteogenic differentiation in-
duction growth factor, we evaluated BMP-induced ALP activity. Our results suggest that this cell line
may be a powerful and efficient tool for applications such as bone tissue regeneration.
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Introduction

Osteoblast differentiation involves a complex coordina-

tion of multiple factors including several of the bone mor-

phogenetic proteins (BMPs) [25]. Recombinant human BMP2

(rhBMP2) and BMP4 (rhBMP4) induce differentiation of a

murine mesenchymal cell line to an osteogenic lineage [28].

Previous studies have reported that rhBMP7 promotes heal-

ing of bone defects in various animal models and in clinical

trials for therapeutic purposes [2,6,9,17,18,19,22].

Interestingly, BMP heterodimers (BMP2/7 and BMP4/7) ex-

hibit superior effects on osteogenesis compared to homo-

dimers [1,13,23].

The short peptide YGRKKRRQRRR is known as the pro-

tein transduction domain (PTD) and mediates intracellular

transduction and subcellular localization of proteins

[4,7,10,16,21]. Recently, Di Liddo et al. have fused the re-

combinant human osteogenic protein 1 (rhOP1, also known

as BMP7) with PTD to overcome problems with recombinant

protein refolding in the E. coli expression system [4]. This

fusion protein is quickly incorporated into PC12 cells,

cleaves the PTD sequence and activates the BMP signaling

pathway to stimulate the production of neurofilaments [4].

Recombinant BMPs are delivered in the culture medium

to regulate cellular processes in the field of tissue

engineering. However, the short half-lives, relatively high

levels, high costs, and potential toxicities at the systemic lev-

el have hindered many applications for these bioactive com-

pounds [5,27]. To overcome these problems, we established

a stable cell line that expressed the recombinant human

BMP2/7 heterodimer protein that was fused with PTD

(rhBMP2/7-PTD). The stably transfected cells enabled high

process yields by continuously expressing products at high

levels throughout cultivation [12]. We prepared the cDNA

construct containing rhBMP2/7 and a C-terminal PTD-de-

rived cationic peptide tag to generate rhBMP2/7-PTD

expression. This DNA cassette was inserted into the pCEP4

plasmid DNA vector and expressed under the control of the

cytomegalovirus (CMV) promoter. The final plasmid DNA

clone was introduced into BHK cells. One of four stable cell

lines expressed high levels of rhBMP2/7-PTD protein

(maximum 247 pg/ml) and was used bone tissue engineer-

ing experiments in vitro using cell culture with C2C12 cells

(a murine pluripotent precursor cell line). In this study, we

demonstrated that rhBMP2/7-PTD protein that is secreted
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Table 1. PCR primer sequences

Name Sequences (5` to 3`)

GAPDH (F)

GAPDH (R)

BMP2 (F)

BMP2 (R)

BMP7 (F)

BMP7 (R)

PTD (F)

PTD (R)

GGT GAA GGT CGG TGT GAA CG

CTC GCT CCT GGA AGA TGG TG

AGA TCT TCA GCT AGC ATG CAA GCC AAA CAC AAA CAG C

ATC GCT CGA GCC CTC CGC CAC CGC GAC ACC CAC AAC CCT C

AGA TCA GCT AGC AGA TCT CGC TCG AGT CCA CGG GGA GCA AAC AGC

AGC TAA GAT CTC CCT CCG CCA CCG TGG CAG CCA CAG GCC

GATCTTATGGCAGGAAGAAGCGGAGACAGCGACGAAGATAACTG

AATACCGTCCTTCTTCGCCTCTGTCGCTGCTTCTATTGACCTAG

from the stable cell line exhibited biological activity that was

consistent with its function as an osteogenic differentiation

induction growth factor, which was determined by evaluat-

ing BMP-induced alkaline phosphatase enzyme (ALP)

activity. Our results suggest that this stable cell line will be

applicable for tissue engineering of bone tissue substitutes.

Materials and Methods

Plasmid Construction

All recombinant DNA manipulations were performed us-

ing standard techniques [24]. The BMP2 and BMP7 DNA

fragments, encoding the mature form of BMPs (345-bp and

417-bp, respectively) were amplified using the Top-Taq

PreMix (CoreBioSystem, Korea) according to the manu-

facturer’s instructions. Specific primer pairs containing re-

striction enzyme sites were used for PCR (primer pairs are

shown in Table 1). The PCR protocol was performed using

20 sec denaturation at 94°C, 20 sec annealing at 52°C, and

60 sec elongation at 72°C for 25 cycles. Plasmid DNAs con-

taining full-length BMP2 and BMP4 cDNA as template DNA

were kindly provided by Dr. J. Y. Choi from Kyungbook

National University in Daegu, Republic of Korea. To gen-

erate the BMP2/7-PTD expression vector, the BMP2 gene

was excised as a 367-bp fragment following NheI/XhoI dou-

ble digestion from the PCR product. This fragment was in-

serted into the NheI/XhoI sites of the pCEP4 vector

(Invitrogen, USA) in a direct orientation with respect to the

CMV promoter to generate pCEP4-BMP2. A 434-bp fragment

of the BMP7 gene was isolated following XhoI/BglII double

digestion. Two complement oligo single-stranded DNAs

(Bioneer, Korea) were used to form double strand DNA to

generate PTD. Finally, BMP7 and PTD fragments were in-

serted into the XhoI/BamHI sites of pCEP4-BMP2 plasmid

DNA using the multiple fragment cloning method. The re-

sulting plasmid was called pCEP4-BMP2/7-PTD (Figs.

1A-C).

Cell Culture and Generation of the Stable Cell

Line

BHK cells were a gift from Dr. S. Y. Paik from the Catholic

University School of Medicine and grown in Dulbecco’s

modified Eagle’s medium (DMEM) that was supplemented

with 10% fetal bovine serum. A total of 5×10
6

cells were

plated in 10 ml of medium per 100 mm dish. After 24 hr,

the medium was replaced with 4 ml of fresh serum-free

medium. After additional incubation for 1 hr, the cells were

transfected with 1 μg of pCEP4-BMP2/7-PTD plasmid,

which encoded the human BMP2/7 sequences, using the

Lipofectamine reagent. At 6 hr post-transfection, the cells

were washed twice and 10 ml of medium was added. After

48 hr posttransfection, the medium was removed and 10 ml

of fresh medium containing hygromycin B (400 μg/ml) was

added. Hygromycin B-resistant clones were isolated. The re-

sulting cell line was designated the rhBMP2/7-PTD-express-

ing cell line.

Genomic DNA PCR and Reverse transcription

Two PCR primers were used to confirm that the inserted

BMP genes were synthesized [forward: BMP2 (F), reverse:

BMP7 (R)]. The genomic DNA was isolated from selected

cell clones using the TRIzol reagent (Molecular Research

Center, USA). A 5 μl aliquot of genomic DNA from each

sample was mixed with Taq DNA polymerase in PCR buffer

and amplified for 35 cycles at an annealing temperature of

52°C. To detect the specific expression patterns of the candi-

date genes in the stable cell line, total RNAs were treated

with DNase I for 15 min at 37°C to remove genomic DNA.

After purification, oligo dT-primed cDNAs were synthesized

from 5 μg of total RNAs using the High-Capacity cDNA

Archive kit (Applied Biosystems, USA). The reaction was

allowed to proceed for 2 hr at 37°C. The specific primers
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Fig. 1. Cloning of the rhBMP2/7-PTD expression vector.

Plasmid DNA contained a heteromeric complex cassette

under the control of the CMV promoter. The gene cas-

sette was terminated by a simian virus 40 (SV40) cleav-

age/poly (A) addition site. (A) The BMP2 PCR fragment

contained NheI/XhoI restriction enzyme sites at the 5'-

and 3’-end, respectively. This gene was inserted into the

pCEP4 vector after restriction enzyme digestion. (B) A

434-bp fragment of BMP7 PCR product was excised us-

ing XhoI/BglII double digestion. BMP7 and PTD frag-

ments were inserted into the XhoI/BamHI sites of the

pCEP4-BMP2 plasmid DNA using the multiple frag-

ments cloning method. (C) The resulting plasmid was

called pCEP4-BMP2/7-PTD. Glycine rich linker se-

quences were inserted between BMP2, BMP7 and PTD

to facilitate free bond rotation of the domains.

were used for RT-PCR. The annealing temperature was 52°C

for 30 cycles. The PCR products were analyzed using a 1.5%

agarose gel.

Real-time RT-PCR and ELISA test

We conducted qRT-PCR in a 25 μl system containing 12.5

μl of SYBR Premix Ex Taq (Applied Biosystems, USA) ac-

cording to the manufacturer’s instructions. The endogenous

internal control gene (GAPDH) was used as an internal ref-

erence for normalizing the quality of total RNAs that were

purified from each sample (clones # 1, 3, 7, and 8). Real-time

PCR was performed using SYBR Green and the ABI7300 re-

al-time PCR instrument (Applied Biosystems). The fold

changes of gene expression were determined using the com-

parative CT method as described in the ABI Prism 7700

Sequence Detection System User Bulletin #2 (Applied

Biosystems). To quantify the amount of rhBMP2/7-PTD pro-

tein that was secreted into the cell culture medium, each

stable cell line (5×10
3

cells/well) was plated in 96-well plates

and incubated for 3 days. The amount of rhBMP2/7-PTD

protein that was secreted into the culture medium was ana-

lyzed using the BMP-2 ELISA kit (R&D Systems, USA) ac-

cording to the manufacturer’s instructions.

Osteoblast differentiation

Co-culture: To analyze the role of rhBMP2/7-PTD protein

on osteoblast differentiation, co-cultures of stable cell lines

and C2C12 cells were performed in the presence or absence

of exogenous rhBMP-2/7 (R&D Systems). C2C12 cells (4×10
3

cells/well) were co-cultured with BHK (4×10
4

cells/well) or

each stable cell line (4×104 cells/well) in a 24-well tissue cul-

ture plate. As a control, the BHK-C2C12 co-cultures were

either treated or not treated with rhBMP-2/7 (R&D Systems)

for 3 days.

Co-culture system: BHK cells or each stable cell line

(1×10
4

cells/well, respectively) were plated in a 24-transwell

tissue culture plate (SPL Lifesciences, Korea). A polyester

(PET) or polycarbonate (PC) membrane with a 0.3 μm pore

size and containing C2C12 cells (5×10
2

cells/well) was

placed over the well. Co-cultured cells were maintained in

DMEM at 37°C in 5% CO2. The medium was not changed

when the analyses were performed. The cells were har-

vested on day 9 of culture, and the ALP content was

evaluated.

Imaging of osteogenic induction in vitro

Samples were first washed with phosphate-buffered sal-

ine (PBS) three times and fixed using absolute ethanol for
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one minute. The samples were washed with doubly dis-

tilled water three times, stained using crystal violet sol-

ution (Sigma-Aldrich, USA) for 5 min and washed with

doubly distilled water five times to remove the dissociative

dye. ALP was visualized using Sigma Fast BCIP/NBT

(Sigma-Aldrich). We observed the samples using a fluo-

rescence stereomicroscope (Leica MZ16FA, Leica,

Germany) to examine osteogenic differentiation and re-

corded our findings using the Leica camera (Leica DFC490,

Leica).

Results and Discussion

Construction of the pCEP4-BMP2/7-PTD plasmid

To generate a plasmid DNA expressing rhBMP2/7-PTD

for induction of osteogenic differentiation, we designed a

heteromeric complex cassette comprising BMP2 and BMP7

genes encoding two mature peptides. PTD sequences were

inserted in front of the stop codon to facilitate the fast intra-

cellular transduction and subcellular localization of

rhBMP2/7 proteins. The glycine rich linker sequences were

inserted between BMP2, BMP7, and PTD. This plasmid ex-

presses rhBMP2/7-PTD under the control of the CMV pro-

moter and supports osteogenic differentiation of C2C12 cells

in co-culture and/or 3D culture conditions. The detailed pro-

cedure for recombinant pCEP4-BMP2/7-PTD plasmid DNA

construction is shown in Figs. 1A-C.

To induce equal expression levels of rhBMP2 and

rhBMP7, Kawai et al. have constructed a double-cassette for

rhBMP2 and rhBMP7 gene expression under the control of

two different types of promoters [15]. In this study, we con-

structed a rhBMP2/7 heterodimeric expression cassette vec-

tor under the control of one promoter to generate a fusion

protein with PTD. To generate the rhBMP2/7 hetero-

meric-binding protein, our system required a flexible region

between BMP2, BMP7 and PTD. Previous data have shown

that glycine residues between each fusion protein allow free

rotation for binding of expressed recombinant proteins [23].

Therefore, we synthesized BMP7 protein that was fused to

a BMP2 protein with four glycine residues and PTD

(rhBMP2/7-PTD).

Generation of a stable cell line

In this study, we generated a rhBMP2/7-PTD-expressing

stable cell line. The expression of BMP2/7 fusion gene tran-

scripts in the stable cell line was examined using PCR. An

810 bp fragment was amplified from each of the genomic

DNAs from 4 of 6 selected cell clones that were transfected

with the pCEP4-BMP2/7-PTD plasmid. These results sug-

gest that the pCEP4-BMP2/7-PTD plasmid was inserted into

the stable cell line (Fig. 2A). We analyzed 4 candidate cell

Fig. 2. PCR analysis of stable cell clones that were transfected

with the rhBMP2/7-PTD gene. (A) To assess the stable

cell lines, we performed genomic DNA PCR analysis

with a specific primer pair [forward, BMP2(F) and re-

verse, BMP7(R)]. An approximately 810 bp fragment was

amplified from the genomic DNA of stable cells that

were transfected with the pCEP4-BMP2/7-PTD plasmid

DNA. A total of 4 of 6 clones were amplified from the

genomic DNA of stable cell lines. (B) To determine

whether the fusion BMP2/7 protein was expressed in

stable cell lines, we performed RT-PCR analysis. A total

of 30 cycles of PCR reactions were performed for RNA

transcripts that were derived from all candidate clones

and control cells. GAPDH was detected in all samples.

A 460 bp fragment [forward, BMP7(F) and reverse,

BMP7(R)] was amplified from each RNA transcript of

4 selected cell clones but not control cells.
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clones, which were selected based on previous PCR analysis

using genomic DNA. To determine whether the fusion pro-

tein BMP2/7 was expressed in the stable cell line, we per-

formed RT-PCR analysis. We performed 35 cycles of PCR

reactions for RNA transcripts that were derived from all of

the candidate clones and control cells. As shown in Fig. 2B,

GAPDH was detected in all samples. However, a 460-bp

fragment was amplified from each RNA transcript from 4

selected clones but not from control cells. This result shows

that each clone expresses the rhBMP2/7-PTD gene and is

suitable as a stable cell line.

Cell-based tissue-engineering tools and methods create

new opportunities that might be useful in potential clinical

applications [14]. For the development of bone tissue in scaf-

folds, progenitor cells require continuous stimulation by os-

teogenic growth factors. However, rhBMPs that are purified

from prokaryotic and eukaryotic systems have short

half-lives, require relatively high amounts, and correlate

with high costs for 3D culture [20,28]. However, stably re-

combinant BMP-expressing cell lines enable high process

yields by continuously expressing recombinant BMP at high

levels throughout cultivation [3].

Determination of rhBMP2/7-PTD expression levels

The expression level of the rhBMP2/7-PTD gene was

examined using quantitative real-time RT-PCR analysis

with RNA transcripts that were extracted from stable cell

lines. As shown in Fig. 3A, the expression level of #3

cell line was higher than the other cell lines.

Interestingly, the rhBMP2/7-PTD cell lines secreted con-

sistent levels of rhBMP2/7-PTD proteins into the culture

medium (Fig. 3B).

The efficacy of rhBMPs will depend on the carrier system

that is used to ensure an effective delivery of adequate pro-

tein concentrations to the desired site [11,20]. The PTD deliv-

ery system has various advantages, including high efficiency

in vivo, low toxicity, and controllability of administration,

compared with other methods such as viral vector-mediated

gene delivery and liposomal delivery [23]. In this study, the

fusion of PTD to BMP2/7 enables its efficient delivery into

cells. Therefore, our results suggest two new strategies for

the application of osteoinductive growth factors (cell and

protein therapies): rhBMP2/7-PTD that is secreted from a

cell line enters C2C12 cells, demonstrating increased effi-

ciency of recombinant refolding in the target cells, and the

PTD sequence facilitates penetration of the transwell mem-

Fig. 3. Evaluation of rhBMP2/7-PTD expression levels using Q

RT-PCR and ELISA. (A) The GAPDH gene was used

as an internal reference for normalizing the quality of

total RNAs that were purified from four samples (clone

# 1, 3, 7, and 8). (B) To determine the level of secreted

rhBMP2/7-PTD in the cell culture medium, we collected

culture media after incubation with each stable cell lines

for 3 days in 96-well plates. The levels of secreted

rhBMP2/7-PTD were analyzed using the BMP-2 ELISA

kit.

brane, which is required for co-culture systems in tissue en-

gineering of bone tissue substitutes. Whether the fusion of

PTD to BMP2/7 activates the BMP signaling pathway with-

out the loss of the PTD sequence is currently unknown.

However, the precise cellular and molecular mechanisms of

BMPs are not fully understood and require further inves-

tigation [8,11].

In-vitro osteogenic differentiation

Co-culture effects on differentiation: In the regenerative

medicine research field, we must consider the native tissue

architecture to generate 3D culture systems for bone

regeneration. In vitro systems that achieve spatially and tem-
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Fig. 4. In-vitro osteogenic differentiation assay. C2C12 cells were co-cultured with the stable cell line to analyze the role of

rhBMP2/7-PTD on osteoblast differentiation. At a low ratio of cells such as 10:1, all of the C2C12 cell groups exhibited

slight differences in ALP activity compared with BHK-C2C12 co-cultures.

porally controlled interactions between stem and native cells

would improve our understanding of cellular functions that

induce healing in vivo [20]. To analyze the role of

rhBMP2/7-PTD on osteoblast differentiation, co-cultures of

stable cell lines and C2C12 cells were performed in the pres-

ence or absence of exogenous rhBMP-2/7. In co-cultures

with stable cells, even at a low ratio of cells such as 10:1,

all C2C12 cell groups showed slight differences in ALP activ-

ity compared with BHK-C2C12 co-cultures (Fig. 4).

Development of co-culture system: A co-culture system

was achieved that avoided direct contact between the differ-

ent cell types (Fig. 5A). This system is applicable to the de-

velopment of improved tissue engineering methods for bone

formation. The proliferation and differentiation data for

C2C12 cells that were grown on the transwell membrane

are shown in Figs. 5B and C. The proliferation of C2C12

cells was observed in all groups (Fig. 5B). Attached and

grown cells on the PET or PC membrane were visualized

using crystal violet solution (Sigma-Aldrich). We determined

the effect of rhBMP2/7-PTD on the differentiation of C2C12

cells by evaluating the staining of the bone-specific marker

ALP (Fig. 5C). For these experiments, we used #3 cell line

to evaluate the effects of secreted rhBMP2/7-PTD as an os-

teogenic growth factor on osteoblast-like cell differentiation.

As shown in Figure 3, the secretion level of rhBMP2/7-PTD

was higher in #3 stable cell line. Secreted rhBMP2/7-PTD

continuously stimulated C2C12 cells on the transwell

membrane. As expected, BHK cells, which did not express

rhBMP2/7-PTD, exhibited no effects on C2C12 cells.

The 3D environment of a culture substrate plays an im-

portant role in supporting the growth and function of mam-

malian cells [3,26]. The ultimate purpose of this study was

suggesting a improved co-culture method for bone

regeneration. In our study, we performed an in vitro experi-
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Fig. 5. A improved co-culture method for bone regeneration.

(A) Schematic drawing of the co-culturing system show-

ing how a feeder layer comprising stable cells affected

the differentiation of progenitor cells to osteoblast cells.

(B) C2C12 cells were seeded onto PET or PC membranes

in 24-transwell plates. After 7 days, C2C12 cells were

visualized using crystal violet solution. (C) We per-

formed the ALP staining assay to verify the differ-

entiation levels of C2C12 cells. C2C12 cells that were

co-cultured with #3 stable cells showed osteoblast-like

cell differentiation, confirming the role of rhBMP2/

7-PTD as an osteogenic growth factor.

ment using stable cell lines that expressed rhBMP2/7-PTD.

We confirmed the activity of these stable cell lines using

three different methods. 1) We showed that exogenous

rhBMP2/7 (100 ng/ml) induced more osteogenic activity

compared to collected culture media containing

rhBMP2/7-PTD. The daily replacement of the collected me-

dia exhibited significant differences in ALP activity com-

pared with collected media that was replaced twice a week.

These results suggest that the stable cells induce differ-

entiation of progenitors to osteoblast cells and require con-

tinuous stimulation using a perfusion system (Fig. 6). 2) To

evaluate the interactions between stable cell lines and C2C12

cells, we observed co-cultures in the presence or absence of

exogenous rhBMP-2/7. We confirmed that the stable cells

release rhBMP-2/7 as osteogenic growth factors for the ap-

plication of a co-culture system. Further studies for the

co-culture period and optimal ratio between stable cells and

exogenous rhBMP-2/7 can be applied to create a improved

3D culture system, including bioreactors, and reduce the cost

for bone regeneration with low levels of rhBMP-2/7 that is

purified from cells. 3) Previous studies on co-culturing sys-

tems have been based on monolayer and two-dimensional

(2D) cultures. A 3D co-culture system should be achieved

to indirect contact between two different cell types. We per-

formed co-culture using a transwell tissue culture plate.

C2C12 cell were grown on the microporous transwell

membrane. Two different types of feeder layers (BHK as the

control sample; #3 stable cell line as the experimental sam-

ple) were seeded onto the bottom of tissue culture plates.

Transwell containing C2C12 cells can be easily moved to

other wells containing feeder layers. Therefore, C2C12 cells

can be cultured for a long time. In addition, we showed that

continuous stimulation via a perfusion system promoted os-

teogenic induction of C2C12 cells.

This study has shown that the stable cells efficiently in-

duced cell differentiation in the co-culture system with

C2C12 cells. There are important limitations in this study.

We did not performing the 3D culture with large scaffolds

containing BMSCs. In addition, we did not determine the

effective concentration of recombinant BMPs that were puri-

fied from cells to increase differentiation and decrease cost

during the bone tissue engineering process. We plan to ad-

dress these limitations in future studies. We propose that

3D culture with large scaffolds and a perfusion system using

the rhBMP2/7-PTD stable cell line will be useful to the tissue

engineering process of bone regeneration.
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초록：효과적인 뼈 세포분화 유도를 위한 유전자 재조합 PTD 융합 인간 뼈 형성촉진인자2/7

(BMP2/7-PTD)를 발현하는 세포주 개발
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유전자 재조합 이형이합체 인간 뼈 형성촉진인자(rhBMP)들은 뼈 재생을 위한 조직공학연구에 중요한 요소들이다.

그러나 실제 뼈 재생에 관한 연구를 수행함에 이들을 이용하는 것은 뼈 형성 촉진인자들이 짧은 반감기를 가지며 비교

적 고농도의 단백질을 사용해야 하기 때문에 그만큼 많은 비용이 소요된다는 문제점을 가지고 있다. 이러한 한계를 뛰

어넘기 위하여, 본 연구에서는 단백질 전달 서열(PTD)이 융합된 인간 뼈 형성촉진인자 2와 7이 이형이합체 유전자 재조

합 단백질(rhBMP2/7-PTD)을 발현하는 세포주를 확립하였다. 이형이합체의 형성은 BMP 2와 BMP 7 단백질 및 PTD

영역의 사이에 각각 4개의 glycine 아미노산 염기서열이 첨가될 수 있도록 하여 각 단백질의 folding이 자유롭도록 디자

인하였다. 이렇게 개발된 세포주는 고농도의 rhBMP2/7-PTD을 지속적으로 발현하여 배양액 내로 분비함으로 조직공학

용 연구 및 개발에 효율적으로 이용 할 수 있다. 이상의 세포주에서 발현된 rhBMP2/7-PTD 단백질은 뼈 세포분화 유도

를 확인 할 수 있는 ALP 활성을 나타냄으로써 뼈 성장촉진 단백질로서 생물학적인 활성을 가지고 있음을 보였다. 본

연구의 결과로 개발된 rhBMP2/7-PTD 형질전환 세포주는 향후 뼈 조직 재생과 같은 연구에 중요하고 효과적인 도구로

이용될 수 있을 것으로 사료된다.


