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Abstract. - OBJECTIVE: Suitable seed cells
and selection of bioactive scaffold materials are
the main research contents of bone tissue engi-
neering. It was showed that autologous oxygen
release nano bionic scaffold could promote the
osteogenic differentiation of bone marrow mes-
enchymal stem cells (BMSCs). The role of mi-
croRNA-106a (miR-106a) in regulating BMSCs
differentiation has not been reported. We intend
to investigate the role of autologous oxygen re-
lease nano bionic scaffold composite miR-106a
in inducing BMSCs constructing tissue engi-
neering bone.

MATERIALS AND METHODS: Rat BMSCs
were isolated and transfected by using miR-106a
scramble or miR-106a inhibitor. Healthy male
Sprague-Dawly (SD) rats were randomly divided
into three groups, including bone fracture group
established as rat tibial fracture model, nega-
tive control group implanted by autologous ox-
ygen release nano bionic scaffold composite
miR-106a scramble BMSCs, and miR-106a inhib-
itor group implanted by autologous oxygen re-
lease nano bionic scaffold composite miR-106a
inhibitor BMSCs. Callus growth was observed.
Alkaline phosphatase (ALP) activity was detect-
ed. Bone morphogenetic protein 2 (BMP-2) ex-
pression was tested by Real-time PCR (RT-PCR)
and Western blot assay. Collagen Il production
was determined by RT-PCR.

RESULTS: Autologous oxygen release nano
bionic scaffold composite BMSCs significantly
increased local bone mineral density, promot-
ed callus healing, facilitated ALP secretion, el-
evated collagen Il expression, and up-regulated
BMP-2 mRNA and protein levels compared with
fracture group (p<0.05). Autologous oxygen re-
lease nano bionic scaffold composite miR-106a
induced BMSCs exhibited more significant ef-
fect on bone repair (p<0.05).
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CONCLUSIONS: Autologous oxygen release
nano bionic scaffold composite miR-106a induced
BMSCs enhanced osteoblast conversion and pro-
moted bone repair through regulating BMP-2.
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Introduction

Following the rapid development of life scien-
ce technology and engineering, tissue enginee-
ring technology has been widely used in clinical
practice'. Tissue engineering technology combi-
nes biology principle and biological engineering
technology, isolated and cultured seed cells, and
selected biological activity material. It may make
new tissue engineering material to undertake new
tissue function, thus providing basis for damaged
organ repair, alternation, and improvement**. In
the process of fracture and bone defect occurren-
ce, regenerative ability is restricted because of
blood supply and lymph circumfluence deficien-
cy. Therefore, tissue-engineering technology is
indispensable for the repair and healing of fractu-
re*’. Bone mesenchymal stem cells (BMSCs) are
derived from bone marrow and mainly exist in
marrow stroma cells. It is a kind of multi-poten-
tial stem cells that can differentiate to bone, carti-
lage, and adipose tissue. Under suitable stimulus,
it can further form muscle, fat, bone, cartilage,
and even ligament tissue®’. In vitro cultivation
can induce BMSCs differentiation into osteo-
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blasts that are similar to hydroxyapatite crystal.
BMSCs have been observed with good osteoge-
nic capability in animal model®’. In the study of
bone tissue engineering, another conundrum is
the selection of suitable cell scaffold material.
Cell scaffold material selection mainly focuses on
biological material, biological ceramic material,
polymer material, and composite material'®'". Au-
tologous oxygen release nano bionic scaffold is a
type of new scaffold material that adds chitosan
into hexafluoroisopropanol. After low temperatu-
re stirring to form chitosan solution, it was mixed
with nano-hydroxyapatite and peroxide. After so-
nification and paraffin mold preparation, it forms
biological scaffold after freeze drying'*". Autolo-
gous oxygen release nano bionic scaffold can pro-
mote cartilage cell aggregation and adhesion, as
well as BMSCs osteogenesis!*!®, Tt was found that
microRNA (miRNA) plays an important role in
regulating BMSCs differentiation. However, the-
re is still lack of report about the role of miR-106a
in BMSC'"7, We investigated the role of autolo-
gous oxygen release nano bionic scaffold compo-
site miR-106a in inducing BMSCs constructing
tissue-engineering bone.

Materials and Methods

Experimental Animals

A total of 60 healthy male Sprague-Dawly
(SD) rats (Provided by Nanjing University Medi-
cal School) at two months old and weighted 250
+ 20 g were purchased from Experimental Ani-
mal Center and raised in Specific-Pathogen-Free
(SPF) grade Experimental Animal Center. The
raising condition contained temperature at 21 +
1°C, relative humidity at 50-70%, and 12 h day/
night cycle. Rats were used for all experiments,
and all procedures were approved by the Animal
Ethics Committee of The Affiliated Drum Tower
Hospital of Nanjing University Medical School
(Nanjing, Jiangsu, China).

Main Reagents and Instruments
Pentobarbital sodium and lidocaine were bought
from Shanghai GenePharma Co. Ltd. (Shanghai,
China). L-Dulbecco’s modified eagle medium
(L-DMEM) was purchased from Gibco (Grand
Island, NY, USA). Alkaline phosphatase (ALP)
activity detection kit was derived from R&D sy-
stems Inc. (Minneapollis, MN, USA). Polyvinyli-
dene difluoride (PVDF) membrane was purcha-
sed from Pall Life Sciences (Covina, CA, USA).

Ethylene diamine tetraacetic acid (EDTA) was
obtained from HyClone (South Logan, UT, USA).
Western blot related reagents were provided by
Beyotime Biotech. (Shanghai, China). Enhanced
chemiluminescence (ECL) reagent was purcha-
sed from Amersham Biosciences (Little Chalfont,
Buckinghamshire, UK). Rabbit anti mouse mono-
clonal antibodies and goat anti rabbit horseradish
peroxidase (HRP) labeled IgG secondary antibo-
dy were obtained from Cell Signaling Technology
(Danvers, MA, USA). CD26 and CD44 rabbit anti
mouse polyclonal antibodies were provided by
Cell Signaling Technology (Danvers, MA, USA).
Glyceric acid phosphate sodium, dexamethasone,
and ascorbic acid were bought from Sigma-Al-
drich (St. Louis, MO, USA). MiR-106a scram-
ble and inhibitor were purchased from Shanghai
GenePharma Co. Ltd. (Shanghai, China). RNA
extraction kit and reverse transcription kit were
purchased from Axygen (Tewksbury, MA, USA).
ABI 7700 Fast real-time PCR amplifier was deri-
ved from ABI (Foster City, CA, USA). DNA am-
plifier was got from PE Gene Amp PCR System
2400 (PE Gene Applied Biosystems, Foster, CA,
USA). Labsystem version 1.3.1 microplate reader
was provided by BD Biosciences (Franklin La-
kes, NJ, USA). King-8000 bone sonometer was
purchased from Jinchangyu (Xi’an, China).

Rat BMSCs Isolation and Identification

The femur and tibia were isolated from SD rat
and moved to sterile plate. The bone marrow was
extracted using injection syringe and added to 10
ml serum free medium. After re-suspended in
3 ml phosphate-buffered saline (PBS), the cells
were centrifuged at 1000 r/min for 10 min to re-
move supernatant and fat. The cells were further
added to equal volume of lymphocyte separation
medium and centrifuged at 2500 r/min and room
temperature for 25 min. Next, BMSCs were cul-
tured in L-DMEM medium containing 10% FBS
and 1% penicillin-streptomycin at 37°C and 5%
CO,. The medium was changed after 48 h to re-
move unattached cells. The cells were identified
and passaged when cell fusion reached 80%.
They were washed by PBS and fixed in 4% pa-
raformaldehyde. Next, the cells were incubated
in CD29 and CD44 rabbit anti rat polyclonal an-
tibodies (1:100) at 4°C overnight. Next, the cells
were incubated in goat anti rabbit FITC labeled
secondary antibody at room temperature. At last,
the cells were observed under the fluorescent mi-
croscope. BMSCs in 2"-5'"" generation were used
for the following experiment.
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MIiR-106a Inhibitor Liposome
Transfection

MiR-106a scramble and inhibitor were trans-
fected to BMSCs in logarithmic phase. The se-
quences used were as follows. MiR-106a scram-
ble, 5-UGUUACAACAGUGUCGUGGA-3’; miR
-106a inhibitor, 5~ ACCGGUCUGUUUGAGA-
GA-3’. MiR-106a inhibitor and negative control
were added to 200 pl serum free medium and
incubated at room temperature for 15 min. Then
1lipo2000 was mixed with miR-106a inhibitor or
negative control and incubated at room tempera-
ture for 30 min. Next, the mixture was added to
cells in serum free medium and cultured at 37°C
and 5% CO, for 6 h. After changing the medium,
the cells were further cultured for 48 h for the fol-
lowing experiments.

Autologous Oxygen Release Nano Bionic
Scaffold Preparation

Hexafluoroisopropanol was added with chi-
tosan at low temperature to form solution occupy-
ing 40% of total mass'>!3. Next, it was mixed with
nano-hydroxyapatite and peroxide, accounting
for 60% of total mass. After sonification, it was
cross linked with genipin and put into the mold
to prepare sample. It was frozen, separated and
dried to remove paraffin-using n-hexane. At last,
it formed autologous oxygen release nano bionic
scaffold after freeze-drying.

Rat Fracture Model Establishment
and Grouping

The rat was anesthetized by 10% chloral
hydrate at 0.3 g/kg and the left leg was ster-
ilized. The tibia was sawed-off at tuberosity
and washed by normal saline. The rats were
randomly divided into three groups, including
bone fracture group, negative control group im-
planted by autologous oxygen release nano bi-
onic scaffold composite 1x10°miR-106a scram-
ble BMSCs, and miR-106a inhibitor group
implanted by autologous oxygen release nano
bionic scaffold composite 1x10° miR-106a in-

Table I. Primer sequences.

hibitor BMSCs. At last, the incision was su-
tured and the rat received penicillin injection
for 3 days to prevent infection.

Sample Collection

At 6 weeks after modeling, a total of 2 ml blood
were extracted from portal vein and centrifuged
at 3000 r/min for 15 min. The rat was executed
and the tissues at 0.6 cm from the fracture part
were extracted.

Callus Growth

After euthanasia, the bone mineral density
(BMD) of the fracture part was tested by bone
sonometer. The BMD was detected at 2.0 mmx1.5
mm region around the fracture part.

ALP Content Detection

ALP content was tested using the detection kit.
The cells were centrifuged at 1000 r/m for 10 min
and added with Triton-X 100. At last, the cells
were tested at 520 nm to calculate ALP content.

Real-Time PCR

Total RNA was extracted from the tissue by
TRIzol and reverse transcribed to cDNA. The
primers were designed using Primer 6.0 soft-
ware and synthesized by Invitrogen (Table I). Re-
al-time PCR was performed at 56°C for 1 min,
followed by 35 cycles of 92°C for 30 s, 58°C for 45
s, and 72°C for 35 s. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was selected as internal
reference. The relative expression of mRNA was
calculated by 22 method.

Western Blot

The bone tissue was added with Roswell
Park Memorial Institute-1640 (RPMI-1640) and
cracked on ice for 15-30 min. Next, the tissues
were treated by ultrasound at 5 s for 4 times and
centrifuged at 10000 xg for 15 min. The protein
was transferred to new Eppendorf (EP) tube and
quantified by Bradford method. The protein was
separated by 10% sodium dodecyl sulphate-polya-

Gene Forward 5°-3’ Reverse 5-3’

GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
miR-106a CTTAGTGGTCTCTACTTGTT TCACCCTCTCACAGCTTG
BMP-2 CCCACCTCTTCTAGAATCT TATTGGACCTCGCGGTAATT
Collagen II AGTGGGGTCTCTAGCTTGTT CTCCCAACACAGCTTG
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Figure 1. BMSCs isolation, morphology observation, and identification (x100). 4, BMSCs morphology on the 3™ generation.

B, CD29 positive; C, CD44 positive.

crylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF)
membrane at 100 mA for 1.5 h. After blocked by
5% skim milk for 2 h, the membrane was incubat-
ed in primary antibody (1:1000) at 4°C overnight.
The membrane was incubated in goat anti rabbit
secondary antibody (1:2000) at room temperature
for 30 min. Next, the membrane was treated by
developer for 1 min and exposed to observe the
result. The film was scanned by Quantity One
software (Quantity One software, Bio-Rad Lab-
oratories, Inc. Hercules, CA, USA) and analyzed
by protein image processing system. Each exper-
iment was repeated for four times.

Statistical Analysis

All data analyses were performed on SPSS 11.5
software (SPSS Inc., Chicago, IL, USA). Measure-
ment data were presented as mean =+ standard devi-
ation. Student’s #-test was used to compare the dif-
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ferences between two groups. Tukey’s post-hoc test
was used to validate the ANOVA for comparing
measurement data among multiple groups. p<0.05
was depicted as statistical significance.

Results

BMSCs Isolation and Identification
in Morphology

BMSCs from primary rat exhibited suspension
in round shape. After 24 h, the cells adhered in
shuttle shape and grew in colony (Figure 1A). Im-
munofluorescence demonstrated CD29 and CD44
positive in BMSCs (Figure 1B, C).

MiR-106a Expression Analysis in BMSCs
MiR-106a expressions in BMSCs from dif-

ferent groups were detected. MiR-106a inhibi-

tor transfection significantly reduced miR-106a
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Figure 2. MiR-106a expression analysis in BMSCs. 4, miR-106a expression in BMSCs. B, miR-106a expression in bone

tissue. p<0.05, compared with negative control or fracture group.
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Figure 3. BMD analysis in rat after operation. p<0.05,
compared with fracture group, *»<0.05, compared with ne-
gative control.

expression in BMSCs compared with negative
control (p<0.05). Autologous oxygen release
nano bionic scaffold composite miR-106a in-
hibitor significantly reduced miR-106a level in
BMSCs compared with negative control and
fracture group (p<0.05) (Figure 2).

General State and BMD Analysis in Rat
After Surgery

Following time extension, the rat showed
good recovery, normal diet and daily activity,
and smooth fur without local or systemic in-
flammation. All the wounds healed in first in-
tention. No significant inflammation or rejec-
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Figure 4. Serum ALP expression in rat. p<0.05, compared
with fracture group, "p<0.05, compared with negative control.
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tion reaction of implant materials was observed.
Local bone tissue BMD was tested on 6 weeks
after operation. BMD markedly increased by
BMSCs treated by autologous oxygen release
nano bionic scaffold composite miR-106a in-
hibitor group compared with fracture group
(p<0.05). BMSC:s treated by autologous oxygen
release nano bionic scaffold composite miR-
106a inhibitor exhibited apparently better im-
pact on BMD compared with negative control
(p<0.05) (Figure 3).

Serum ALP Expression in Rat

BMSCs from both autologous oxygen re-
lease nano bionic scaffold composite miR-106a
inhibitor or scramble significantly increased
serum ALP contents compared with fracture
group (p<0.05). BMSCs treated by autologous
oxygen release nano bionic scaffold compos-
ite miR-106a inhibitor exhibited significantly
higher ALP level compared with negative con-
trol (p<0.05) (Figure 4).

Collagen Il Expression in Rat

Real-time PCR was applied to test collagen
II expression in bone tissue. BMSCs from both
autologous oxygen release nano bionic scaf-
fold composite miR-106a inhibitor or scramble
significantly elevated collagen II expression
in bone tissue compared with fracture group
(p<0.05). BMSCs treated by autologous oxygen
release nano bionic scaffold composite miR-
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Figure 5. Collagen II expression in rat. ‘p<0.05, compared
with fracture group,“p<0.05, compared with negative control.
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Figure 6. BMP-2 mRNA and protein expressions in rat.
A, real-time PCR detection of BMP-2 mRNA expression.
B, Western blot detection of BMP-2 protein expression. C,
BMP-2 protein expression analysis. p<0.05, compared with
fracture group, “p<0.05, compared with negative control.

106a inhibitor significantly promoted collagen
II production compared with negative control
(p<0.05) (Figure 5).

Bone Morphogenetic Protein 2 (BMP-2)
mRNA and Protein Expressions in Rat

BMSCs treated by autologous oxygen release
nano bionic scaffold composite miR-106a inhib-
itor markedly enhanced BMP-2 mRNA and pro-
tein expressions compared with fracture group
and negative control (p<0.05) (Figure 6).

Discussion

The requirement of cell scaffold material for
bone tissue construction is special in the process
of the bone tissue engineering. It needs good bi-
ological compatibility to facilitate seed cell adhe-
sion, growth, proliferation, and differentiation. In
addition, its degradation product has no toxicity
or teratogenic effect to the body. Moreover, it can
degrade without inducing aseptic inflammation'®-.
Researches'*!"®> showed that autologous oxygen re-
lease nano bionic scaffold is featured as good
mechanical property, biological activity, and auto
oxygen release function, thus to promote cell ad-
hesion, location, migration, and BMSCs osteogen-
esis. BMSCs were verified to have good osteogenic
capability in animal models. BMSCs isolated from
bone marrow can be used to repair bone defect by
planting with biological active carrier hydroxyap-
atite and biological scaffold like tricalcium phos-
phate?*. BMSCs are easy to be obtained from bone
marrow, thus is worth of application in bone tissue
engineering?'. It was demonstrated'®!” that miR-
NAs participate in regulating BMSCs differenti-
ation in the process of osteogenesis. Though the
role of miR-106a in BMSCs has not been reported,
BMP-2 is one of its target genes**. BMP-2 induces
MSCs osteogenic differentiation, increases osteo-
calcin and ALP expressions, promotes bone matrix
protein expression and extracellular matrix min-
eralization, and facilitates osteoblast maturation®*
2. In this study, autologous oxygen release nano
bionic scaffold composite BMSCs significantly
increased local bone mineral density, promoted
callus healing, facilitated ALP secretion, elevated
collagen II expression, and up-regulated BMP-
2 mRNA and protein levels. Autologous oxygen
release nano bionic scaffold composite miR-106a
induced BMSCs exhibited more significant effect
on bone repair. It suggested that autologous oxygen
release nano bionic scaffold composite miR-106a
induced BMSCs promoted bone repair through
regulating BMP-2. This work first confirmed the
role of autologous oxygen release nano bionic scaf-
fold composite miR-106a induced BMSCs in bone
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repair, while its specific mechanism still needs fur-
ther investigation.

Conclusions

We showed that autologous oxygen release
nano bionic scaffold composite miR-106a induced
BMSCs enhanced osteoblast conversion and pro-
moted bone repair through regulating BMP-2.
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