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Abstract

Background. Autogenous or allogenic bone transplantation is the main treatment for bone defects and
nonunions. However, the shortcomings of autogenous or allogenic bone transplantation limit its wide appli-
cation in clinical use.

Objectives. This study investigated the effect of poly(lactic-co-glycolic acid) (PLGA) microspheres loaded
with pOsterix (pOsx)/polyethylenimine (PEI) nanoparticles in repairing bone defects and explored its mecha-
nism.

Material and methods. Poly(lactic-co-glycolic acid) microspheres loaded with pOsx/PEl nanoparticles were
constructed. The Osx transfection effect was detected by fluorescence quantitative PCR and western blotting
methods. 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT) and flow cytometry
methods were used to detect cell proliferation. The collagen | (Col-1), osteopontin (OPN) and osteocalcin (OC)
expression levels were detected using real-time polymerase chain reaction (RT-PCR) and western blotting
methods. Bone defect model was constructed. Bone repair was detected using X-ray, hematoxylin and eosin
(H&E) staining, and Mason staining methods.

Results. PLGA@pOsx/PEl has transfection effect both in vitro and in vivo, does not affect cell proliferation
and s safe for cells. PLGA@pOsx/PEI could promote the expression of Col-1, OPN and OCin vitro and in vivo.
PLGA@pOsx/PEl could promote osteogenesis in vivo.

Conclusions. PLGA@pOsx/PEl with high Osx expression could promote the expression of OC, 0PN, and COL-I.
PLGA@pOsx/PEI can be used as a material for repairing bone defects and can promote bone formation. These
results provide a theoretical and practical basis for its further clinical application.

Key words: bone defect, pOsx/PEI nanoparticles, PLGA microspheres



432

Introduction

Autogenous or allogenic bone transplantation is the main
treatment for bone defects and nonunions in clinical prac-
tice. However, the shortcomings of autogenous or allogenic
bone transplantation limit its wide application.!~* Bone
repair using bone tissue engineering technology is a possible
way to solve the problem of bone defect treatment.>~8 There
are 2 kinds of bone tissue engineering techniques: in vivo
and in vitro. In vitro bone tissue engineering technology
has several shortcomings, which limits its application.
Firstly, the construction is complex and expensive with
a long operating cycle; it does great damage to patients.
Secondly, the proportion of bone marrow mesenchymal
stem cells to bone marrow cells in elderly patients decre-
ases correspondingly, the cell proliferation rate decreases
and the osteogenesis ability in vivo decreases significantly.
Thirdly, exogenous osteogenic factors are easily lost and
inactivated in vivo with short duration, low potency and
high cost; it may induce an immune response.”°

Bone morphogenetic protein 2 (BMP-2) is a classic bone
growth factor.!!2 In BMP-2 promoting osteogenesis sig-
naling pathway, Nakashima et al. found transcription
factor Osterix (Osx) in mice in 2002.!% Osterix is a highly
specific transcription factor of osteoblasts located down-
stream of BMP-2. Bone morphogenetic protein 2 promotes
osteogenesis through Osx. Osterix regulates the expression
of many important late phenotypes and functional proteins
of osteoblasts, such as collagen I, osteopontin, salivary pro-
tein and osteocalcin, and synthesizes matrix to produce
mineralization reaction to achieve bone formation. Osterix
has zinc finger structure and is a specific transcription factor
of osteoblasts. Osterix is expressed in all osteoblasts. Bone
morphogenetic protein 2 has a positive regulation on Osx
in the process of osteoblasts differentiation. Osterix is one
of the most important transcription factors found to regu-
late osteoblast differentiation, and its expression level is used
as a marker for osteoblast differentiation. At the same time,
Osx can promote the differentiation of preosteoblasts into
mature and functional osteoblasts. Osterix has the most
specific effect on bone formation.!*~'¢ There would be no
bone formation and regeneration without Osx.1”-%

Vectors that can be used to transfer therapeutic genes into
target cells include viral and non-viral vectors. However,
viral vectors have a limited size and number of genes, poor
targeting specificity, and many undesirable side effects.2%2!
Nanotechnology has created a new non-viral vector sys-
tem, in which polyethylenimine (PEI) is an effective cat-
ionic carrier with high gene transfection rate and low
adverse reactions.?>-2° Polyethylenimine nanoparticles
have been used as Osx plasmid (pOsx) carriers. Although
they are beneficial to cell binding, uptake and transfec-
tion, pOsx/PEI nanoparticles are easily degraded and
destroyed by tissue fluids. In order to make pOsx/PEI
nanoparticles release slowly in the bone defect area and
be effective for a longer period of time, we are looking for
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a drug sustained-release carrier, poly(lactic-co-glycolic
acid) (PLGA), which is biodegradable, is a good membrane
slow-release carrier and promotes bone growth.?”’ PLGA@
pBMP-2/PEI nanoparticles were successfully used to trans-
fect cells and promote osteoblast differentiation.?®

There are few reports on the use of Osx in the treatment
of bone defects. In this study, PLGA microspheres were
successfully prepared to encapsulate pOsx/PEI nanopar-
ticles. Bone regeneration, bone repair ability and excessive
osteogenesis of PLGA microspheres were studied in cell
and animal models. The related mechanisms were studied
to provide a theoretical basis for its clinical application
and to open up a new treatment method for bone defects.

Material and methods
Experimental cells and animals

The mouse osteoblastic cell line MC3T3-E1 cells were
purchased from Beijing Beina Biological Technology Co.,
Ltd. (Beijing, China) (BNCC339285). MC3T3-E1 cells were
cultured in a-MEM containing 10% fetal bovine seum (FBS)
and 1% penicillin-streptomycin (Hyclone, Logan, USA) in
a humidified, 95% air, 5% CO, atmosphere at 37°C. They
were divided into control group, PLGA@PEI group (trans-
fected with 10 uL PLGA@PEI suspension for 7 days), and
PLGA@pOsx/PEI group (transfected with 10 pL PLGA@
pOsx/PEI suspension for 7 days).

Japanese big-ear rabbits were purchased from Nanchang
Longping Rabbit Industry Co., Ltd. (Nanchang, China).
They were maintained in a temperature-controlled room
(22-26°C) with 12-h light/dark cycles, with continuous
access to food and water. All animal experiments were
conducted according to the Principles of Laboratory Ani-
mal Care (National Society for Medical Research in China).

Experimental reagents and instruments

Poly(lactic-co-glycolic acid) (P133293, Aladdin); PEI
(408727, sigma); PVA (P105126, Aladdin); DMEM Com-
pletely High Sugar Culture Medium (NanJing KeyGen
Biotech Co., Ltd. KGM12800S-500); Cell Cycle Staining
Kit (CCS102, MultiSciences (Lianke) Biotech Co., Ltd.);
Mouse ALP biochemical detection Kit (A059-2, Nan-
Jing Jiancheng bioengineering Institute); Trizon Reagent
(CW0580S, Beijing ComWin Biotech Co.,Ltd.); Ultrapure
RNA extraction kit (CW0581M, Beijing ComWin Biotech
Co.,Ltd.); HiFiScript cDNA synthesis Kit (CW2569M, Beijing
ComWin Biotech Co.,Ltd.); UltraSYBR Mix (CW0957M,
Beijing ComWin Biotech Co.,Ltd.); RIPA Cell lysis buffer
(C1053, Beijing Applygen Co.Ltd.); PVDF membrane
(IPVHO00010, Millipore); Hypersensitive luminescent lig-
uid (RJ239676, Thermo Fisher); Mouse Monoclonal Anti-
GAPDH (TA-08, Beijing ZSGB-BIO Co.,Ltd.); Horseradish
Enzyme Labeled Goat Anti-Rat IgG (H+L) (ZB-2305, Beijing
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ZSGB-BIO Co.,Ltd.); Rabbit Polyclonal Anti-Osteocalcin
(OC) (OM266698, OmnimAbs, 1/500); Rabbit Polyclonal
Anti-Osteopontin (OPN) (AF0227, Affinity, 1/500); Rab-
bit Polyclonal Anti-Collagen I (Cbfetl) (bs-0578R, Bioss,
1/100); Rabbit Polyclonal Anti-Osterix (Osx) (bs-1110R, Bioss,
1/100); Masson’s Trichrome Stain Kit (G1340, Solarbio);
NovoCyte™ Flow cytometry (NovoCyte 2060R, ACEA Hang-
zhou Biosciences Inc.); Microplate Reader (RT-6100, Rayto);
fluorescent quantitative PCR instrument (CFX Connect™,
Bio-Rad Shanhhai Laboratories); Protein vertical electropho-
resis instrument (DYY-6C, Beijing 61 instrument factory);
Ultra High Sensitivity Chemiluminescence Imaging System
(Chemi DocTM XRS+, Bio-Rad Shanhhai Laboratories); Mi-
croscope (CX41 Olympus); Paraffin slicer for biological tis-
sues (BQ-318D, Hubei Bona Medical Technology Co., Ltd.).

Preparation of PLGA@PEI and PLGA@
pOsx/PEl microspheres

Polyvinyl alcohol (PVA) solution (6%) was prepared,
200 mg PLGA was dissolved in 10 mL dichloromethane
solution by double emulsion solvent evaporation method.
Osterix vector (180 pg) and PEI (191.25 pg, N/p = 8) were
dissolved in 3 mL water. The 3 mL vector complex was added
to the above PLGA solution and stirred for 10 s at 5,000 rpm
with a hand-held homogenizer to form colostrum solution.
Colostrum solution was quickly poured into 3% PVA solu-
tion (10 mL), and stirred at 10,000 rpm under ice bath for
10 s to form double emulsion solution. The double emulsion
solution was poured into 500 mL of 0.5% PVA solution and
stirred by magnetic force for 2 h at room temperature. The re-
sidual organic solvents were removed by vacuum distillation
after 6 h and centrifuged at 5,000 rpm for 15 min. Poly(lactic-
co-glycolic acid) microspheres loaded with pOsx/PEI pow-
ders were obtained by deionized water washing 3 times
and freeze-drying of precipitation. They were stored at 4°C.
The blank PLGA microspheres and the PLGA microspheres
containing only PEI were prepared using the same method.

Cell transfection

MC3T3-E1 cells were pre-incubated with a-MEM con-
taining 10% FBS overnight in 6-well plates at a density
of 5 x 10° cells per well. The microspheres could be trans-
fected when the cells adhered completely.

The microsphere suspension prepared in advance
was placed in the water-bath ultrasound instrument for
10-20 min, and the microsphere suspension was added
to 6-well plates after it was fully dispersed (10 pL/well).

MTT detection

Cell viability was determined by MTT reduction assay.
In brief, MC3T3-E1 cells transfected with microspheres
for 7 days in each group were digested with 0.25% trypt-
ase (containing 0.02% EDTA) and collected respectively.
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They were preincubated with a-MEM containing 10% FBS
overnight in 96-well plates at a density of 5 x 103 cells per
well. According to the experimental design, cells in each
well were added 10 pL of MTT without light. The cells
were incubated at 37°C for 4 h, the supernatants were re-
moved, and the formazan crystals were dissolved in 100 uL
of dimethyl sulfoxide (DMSO). Absorbance was recor-
ded at a wavelength of 490 nm and reference wavelength
of 630 nm using a microplate reader (Bio-Rad, Foster, USA).

Detection of cell cycle by flow cytometry

Cell suspension was centrifuged at 2,500 rpm for 3 min
and the supernatant was discarded. The precipitation was
fixed with 1 mL absolute ethanol for more than 2 h at 4°C,
centrifuged with 8,000 rpm for 3 min, and the superna-
tant was discarded. The precipitation was washed with
phosphate-buffered saline (PBS) and stained with 1 mL
DNA staining solution at room temperature for 30 min.
The cells were detected and analyzed by flow cytometry.

Alkaline phosphatase activity detection

MC3T3-E1 cells were treated with the indicated agents
according to the experimental design. Alkaline phos-
phatase (ALP) activity was detected using ALP activity
detection Kit according to the manufacturer’s instruc-
tions. The values of OD at 520 nm were determined using
enzyme-labeled instrument.

Construction of repairing bone defect
of rabbit model

Rabbits were weighed and injected with 1% sodium
pentobarbital at a dose of 30 mg/kg through an ear vein.
The rabbit was fixed on the operating table with its forelimb
hair removed and the operation area was wiped with iodo-
phor 3 times. A towel was spread at the start of the oper-
ation. The skin was incised with a blunt separation of mus-
cles, the radius was exposed and a defect of about 1.5 cm
in length was created in the middle part of the radius.
PLGA@pOsx/PEI and PLGA@PEI microspheres were
filled into the bone defect site and sutured layer by layer.
Penicillin (80,000 units per day) was injected intramuscu-
larly 3 days after operation, and the wound was observed
for any signs of infection. The rabbits were divided into
the Model group, the PLGA group, the PLGA@PEI group,
and the PLGA@pOsx/PEI group. Bone repair was detected
using X-ray after 60 and 90 days, and bone defect repair
tissues were taken for detection.

RNA extraction and qRT-PCR

The total RNA was extracted using Ultrapure RNA kit
according to the manufacturer’s protocol. Total RNA (1 pg)
was subjected to reverse transcription using HiFiScript
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Table 1. Primers used in this study

Product | Annealing

temperature

Primers (5’-3') length
[bp] [°C]

Osx F: GGGAAAGGAGGCACAAAG 174 56.0
R: AGGAAATGAGTGAGGGAAGG '

F: CTGATGAGACCGTCACTGCT
OPN R TGCCCTTTCCGTTGTTG 273 >73

F: GGAGGGCAATAAGGTAGTGAA
oc R: CCATAGATGCGTTTGTAGGC Il 56.8

F: CTACTCAGCCGTCTGTGCCT
Colt R: GCTTCTTTTCCTTGGGGTT 63 286

F: GCAAGTTCAACGGCACAG
GAPDH | B CGCCAGTAGACTCCACGAC 141 Sl

¢DNA synthesis Kit. Real-time polymerase chain reac-
tion (RT-PCR) were performed using SYNBR Green PCR
Master Mix. At the end of each reaction, a melting curve
analysis was performed to confirm the absence of primer
dimmers. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene was used as an internal control for nor-
malization of RNA quantity and quality differences in all
samples. Quantifications of target genes mRNA was per-
formed using the 2-AACt method. Primers’ sequences
were listed in Table 1.

Western blotting method

The cells were lysed with lysis solution (Sigma-Aldrich,
St. Louis, USA) at 4°C overnight. They were centrifuged
with 10,000 rpm/min at 4°C for 10 min. The supernatant
was collected. Total proteins were extracted and the pro-
tein concentration was determined using BCA Protein
Assay Kit. Proteins (50 pg per lane) were separated using
12% sodium dodecyl sulfate and polyacrylamide gel elec-
tophoresis (SDS-PAGE). Proteins were then electrotrans-
ferred to a polyvinylidene fluoride (PVDF) membrane
(Amersham Biosciences, Piscataway, USA). The PVDF
membrane was rinsed with Tris buffered saline (TBS) for
10-15 min, placed in TBS/T blocking buffer containing
5% (w/v) of skimmed milk powder and incubated at room
temperature for 2 h following the addition of an appropri-
ate dilution of primary antibodies. The membrane was
then 3 times rinsed with TBST (5—-10 min/wash) and then
incubated at room temperature for 1 h with horseradish
peroxidase-labeled secondary antibody (1:50,000; Abcam,
Cambridge, UK; diluted with TBST containing 0.05%
(w/v) skimmed milk powder). The membrane was then
rinsed 3 times with TBST (5—-10 min/wash). Protein bands
were detected using an enhanced chemiluminescence
kit (Perkin-Elmer Inc., Waltham, USA) and quantified
as the ratio to GAPDH. Quantification was performed
using Quantity One software (Bio-Rad Laboratories, Inc.,
Hercules, USA).
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Hematoxylin and eosin staining test

The tissues were taken and washed with PBS, fixed with
4% paraformaldehyde solution and embedded in paraf-
fin. They were cut into 5-pum slices and stained with he-
matoxylin and eosin (H&E) using conventional method.
The sections were deparaffinized with 2 changes of xylene,
10 min each; they were re-hydrated in 2 changes of absolute
alcohol, 5 min each; 95% alcohol for 2 min and 70% alcohol
for 2 min; they were washed briefly in distilled water and
stained in Harris hematoxylin solution for 8 min, washed
in running tap water for 5 min, differentiated in 1% acid
alcohol for 30 s, washed in running tap water for 1 min and
blued in 0.2% ammonia water or saturated lithium carbon-
ate solution for 30 s—1 min, washed in running tap water
for 5 min, rinsed in 95% alcohol, 10 dips; counterstained
in eosin-phloxine solution for 30 s—1 min and dehydrated
in 95% alcohol, 2 changes of absolute alcohol, 5 min each.
They were cleared in 2 changes of xylene, 5 min each and
mounted with xylene based mounting medium. The sam-
ples were observed under an optical microscope.

Masson staining test

The tissues were washed with running water and dehy-
drated with 70%, 80% and 90% ethanol solutions, respec-
tively. They were treated with mixtures of equivalent pure
alcohol and xylene for 15 min, xylene I for 15 min and II for
15 min (until transparent). They were put in the mixture
of xylene and paraffin for 15 min, then put in paraffin I
and paraffin II for 50—-60 min, respectively. The paraffin
embedding tissues were sliced and stained using Masson’s
Trichrome Stain Kit (Solarbio, Beijing, China) according
to the manuals.

Statistical analysis

The data was analyzed using the IBM SPSS Statistics
for Windows v. 19.0 software (IBM Corp., Armonk, USA).
The normality of probability distribution was approved
using Kolmogorov—Smirnov test. One-way analysis of vari-
ance (ANOVA) and t-test were used for comparison be-
tween groups. A p-value <0.05 was considered to indicate
a statistically significant difference.

Results
Cell transfection efficiency

Compared with the control group, the expression in Osx
in the PLGA@pOsx/PEI group was significantly higher
than that in the control group (Fig. 1, mRNA expression
p = 0.003, protein expression p = 0.021).
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Fig. 1. Validation of cell transfection efficiency

*mRNA expression (p = 0.003) and protein expression (p = 0.021) vs control.

Effects of PLGA@pOsx/PEl on cell
proliferation

As shown in Fig. 2, compared with the control group,
there was no significant difference in cell proliferation and
cell cycle in other groups.

Effect of PLGA@pOsx/PEl on cell
osteogenesis

As shown in Fig. 3A, ALP activity in the PLGA@pOsx/
PEI group was significantly higher than in the control
group (p = 0.027). As shown in Fig. 3B, the expression
levels of Col-1, OPN and OC in the PLGA@pOsx/PEI group
were significantly higher than those in the control group
(p = 0.009).

Osterix expression in vivo

As shown in Fig. 4, compared with the model, the mRNA
expression of Osx in the PLGA@pOsx/PEI group increased
significantly at 60 (p = 0.037) and 90 days (p = 0.004),
the Osx protein expression in the PLGA@pOsx/PEI group
also increased significantly at 60 (p = 0.017) and 90 days
(p = 0.012).
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model PLGA

Fig. 5. PLGA@pOsx/PEl microspheres promoted osteogenesis in vivo

A — H-ray results; B — H&E staining results; C — Masson staining results.

PLGA@pOsx/PEl microspheres promoted
osteogenesis in vivo

As shown in Fig. 5A, there were significant bone defects
in the model group, the PLGA group and the PLGA@PEI
group. The enlarged area was obviously rough and uneven.
In the PLGA@pOsx/PEI group, the boundary between
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PLGA@PEI PLGA@pOsx/PEI

the defect and the autogenous bone was blurred, and
the enlarged area was smooth and uniform.

As shown in Fig. 5B, the model group, the PLGA group
and the PLGA@PEI group were loosely connected at 60 and
90 days of experiment with intermittent spaces between them.
In the PLGA@pOsx/PEI group, new bone was formed, and
the defect tissue was closely bound to the surrounding bone.
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Fig. 6. The effect of PLGA@pOsx/PEl on the expression of COL-1, OPN and OC in vivo

Compared with that of the model group, the mRNA expression of OC, Col-1 and OPN in the PLGA@pOsx/PEIl group increased significantly at 60 (p = 0.041,
p =0.023, p = 0.038 respectively) and 90 days (p = 0.003, p = 0.020, p = 0.037, respectively), the protein expressions of OC, Col-1 and OPN in the PLGA@
pOsx/PEl group also increased significantly at 60 (p = 0.025, p = 0.031, p = 0.034, respectively) and 90 days (p = 0.024, p = 0.022, p = 0.036, respectively).

Figure 5C shows that in the model group, the PLGA
and the PLGA@PEI groups, fibroblasts proliferated and
collagen fibers increased but were arranged irregularly
at 60 and 90 days of experiment. In the PLGA@pOsx/PEI
group, fibroblasts proliferated, collagen fibers increased,
the arrangement tended to be regular, and inflammatory
cells decreased.

PLGA@pOsx/PEIl promoted Col-1,
OPN and OC expression in vivo

As shown in Fig. 6, the mRNA expression of OC, Col-I
and OPN in the PLGA@pOsx/PEI group was significantly
higher than those in the model group at 60 (p = 0.041,
p = 0.023, p = 0.038, respectively) and 90 days (p = 0.003,
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p =0.020, p = 0.037, respectively). The protein expressions
of OC, Col-1 and OPN in PLGA@pOsx/PEI group were
also significantly higher than those in model group at 60
(p =0.025, p = 0.031, p = 0.034, respectively) and 90 days
(p = 0.024, p = 0.022, p = 0.036, respectively).

Discussion

Bone defects caused by acute trauma, congenital defor-
mity, benign and malignant tumors, bone infection and
nonunion of fracture need to be repaired surgically. Bone
substitute materials include synthetic scaffolds, natural
bio-derived scaffolds, and composite scaffolds. The tissue
engineering scaffolds made of single scaffolds often have
some unavoidable defects, cannot meet the normal physi-
ological needs of the human body, and limit their clinical
application.®? The PLGA@pOsx/PEIl material used in this
study has a high gene transfection rate and can release
the pOsx/PEI nanoparticles slowly in the local bone defect
for a longer time.

In this study, PLGA@PEI material was used to wrap Osx
in cells and animals, and Osx expression in cells and ani-
mals was significantly increased. These results suggested
that this method had a high gene transfection rate. There
was no significant difference in cell proliferation and cell
cycle between groups. Therefore, the material had good
biocompatibility and no toxic effect on the growth and
proliferation of MC3T3-E1 osteoblasts.

The synthesis and secretion of ALP is an important
marker of osteoblast differentiation and maturation and
has been widely used as a marker of osteoblast identifi-
cation. It has the function of hydrolyzing organic phos-
phoric acid and can increase local phosphate concentra-
tion, degrade calcification inhibitors in microenvironment,
combine and transport calcium ions, and start the calci-
fication process.?® This study showed that ALP activity
was significantly increased in the PLGA@pOsx/PEI group.
The overexpression of Osx not only promotes the differen-
tiation and mineralization of bone marrow stromal stem
cells into osteoblasts, but also increases ALP activity and
mineralized nodule formation in muscle satellite cells.3!
Our result suggested that Osx had a promoting effect on
directional osteogenic differentiation.

Osteocalcin (OC), osteopontin (OPN) and collagen I
(COL-I) are important osteoblast-related cytokines se-
creted and synthesized by osteoblasts, which can be used
as indicators for evaluating the functional status of osteo-
blasts. Collagen I provides a framework for cell adhesion
and calcium deposition, and the COL-I expression in cells
can be used as an index for evaluating the functional sta-
tus of osteoblasts.?? Osteocalcin is an extracellular matrix
protein and an important osteogenic factor for maintain-
ing bone matrix calcification and normal mineralization
rate. Osteocalcin is one of the markers of matrix mineral-
ization of osteoblasts and is instrumental in maintaining
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normal mineralization rate and calcification process
of bone matrix.3* Osteopontin is an important osteogenic
factor in maintaining the mineralization and absorption
of bone matrix, participating in the process of bone for-
mation and bone remodeling, and also a marker of os-
teoblasts. Osteopontin can be synthesized and secreted
by many kinds of cells. It is an important chemokine in cell
adhesion in vivo. It participates in many metabolic pro-
cesses, such as bone metabolism, invasion and metastasis
of tumors, inflammatory reaction and immunity. It can
stimulate the proliferation and calcification of osteo-
blasts.?*=3¢ Qur study found that PLGA@pOsx/PEI could
promote the expression of OC, OPN and COL-I. These
results suggested that Osx could promote osteoblast dif-
ferentiation by affecting the expression of characteristic
proteins related to osteoblast differentiation. The results
of X-ray and histopathological findings were consistent
with the above conclusions. These results suggested that
the overexpression of Osx promoted new bone formation.

Conclusions

The study confirmed that the overexpression of Osx
could promote the expression of OC, OPN and COL-IL.
PLGA@pOsx/PEI can be used as a material for repairing
bone defects, which could promote bone formation and
provide a theoretical and practical basis for further clini-
cal application.
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