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Reduced miR-9 and miR-181a expression
down-regulates Bim concentration and
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Abstract: Tibial plateau fractures are often the result of blunt trauma and are associated with severe soft-tissue
injury. Operative management of high-energy fractures remains difficult and challenging because the injuries often
associated with serious complications. MicroRNAs (miRNAs) are the class of short noncoding single-stranded RNA
molecules that negatively regulate gene expression. miRNAs contribute to every step of osteogenesis from em-
bryonic bone development to maintenance of adult bone tissue, and disturbed miRNAs expression are identified
related to osteoporosis, osteosarcoma, post-traumatic arthritis and bone remodeling. But our understandings about
the roles of miRNAs in tibial plateau fractures repairing process are rare. In this study, we first detect seven candi-
date miRNAs expression in the SF cells of the mouse model. The results indicated that miR-9 and miR-181a were
down-regulated significantly five days after injury. By using dual luciferase assay and western blot, we confirmed
that the expression of Cbl is repressed by miR-9 and miR-181a. Meanwhile, the amount of ubiquitinated Bim was
raised and the total Bim was reduced by miRNA inhibitors. Further functional study indicated that reduced miR-9
and miR-181a expression can active RAW264.7 cells migration ability and raise the primary mouse osteoclasts
survival rate in vitro. To our understood, this is the first study about the function of disturbed miRNAs in the tibial
plateau fracture mouse model, and may expand our understanding about post tibial plateau fracture recover and
post-traumatic sequelae generation.
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Introduction in the proximal part of the tibia or shinbone;
. ) affecting the knee joint, stability and motion.
MiRNAs are a group of approximately 20-24 The tibial plateau is a critical weight-bearing

nucleotides single strand RNA molecules that
negatively regulate gene expression. These
small RNA molecules repress gene expression
by binding the 3’'UTR of mRNA and block pro-
tein translation. MiRNAs play very important
roles in maintaining normal human body physi-
ology conditions, and abnormal miRNA expres-
sions have been found related to many human
diseases spanning from psychiatric disorders
to malignant cancers [3, 10, 12]. miRNAs con-
tribute to every step of osteogenesis from
embryonic bone development to maintenance

area located on the upper extremity of the tibia
and is composed of two slightly concave con-
dyles separated by an intercondylar eminence
and the sloping areas in front and behind it.
Although tibial plateau fractures only constitute
1% of all fractures, operative management of
high-energy fractures remains difficult and
challenging because the injuries often associ-
ated with serious complications [2]. As osteo-
clasts are key players in joint and bone destruc-
tion, it is of critical importance to understand

of adult bone tissue, by regulating the growth, their modes of migration, differentiation and

differentiation and functional. miRNAs also function in vivo [8, 11].

play important roles in osteal or articular injury

and repair process. Till now, our understanding of how miRNAs con-
trol the regulatory interplay between the differ-

Tibial plateau fracture is a kind of bone fracture ent cell types in the bone remodeling unit is

or break in the continuity of the bone occurring minimal. In addition, the roles of miRNAs in the
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differentiation and recruitment of mature cells
derived from mesenchymal stem cells or hema-
topoietic stem cells remains to be established.
The studies of miRNAs in tibial plateau frac-
tures repair are rare.

In this study, we first detected seven candidate
mMiRNAs expression in the synovial fluid cells of
tibial plateau fracture mouse [9]. We found that
the miR-9 and miR-181a were down-regulated.
Confirmed by dual luciferase assay and west-
ern blot, we identified Cbl is a target gene of
miR-9 and miR-181a. Up-regulated Cbl promote
RAW264.7 cells migration ability and raise the
primary mouse osteoclasts (OCs) survival rate
in vitro, which may play important roles in tibial
plateau fractures repair.

Materials and methods
Mouse tibial plateau fracture model

18 mice (male, C57BL/6, 8 wks) were housed
until 16 weeks of age, as described previously
[4], animals were anesthetized (pentobarbital,
i.p. 60 mg/kg) and placed in a custom cradle
with the left hindlimb in neutral position (90°
flexion). A custom indenter applied a 10 N pre-
load to the anterior aspect of the left proximal
tibial plateau, followed by compression applied
at a rate of 20 N/s. The energy of fracture was
calculated from load-displacement curves for
each joint. We got 18 high energy fracture
model mice.

All mice underwent high resolution digital radio-
graphs (Model MX-20 Digital, Faxitron) within 1
hr to confirm the presence of an articular frac-
ture. No fixation or surgical intervention was
employed. Animals were given analgesic (bupre-
norphine, s.q. 0.1 mg/kg, bid) for 48 hrs follow-
ing fracture inductions and allowed immediate
ad libitum weight bearing and motion. Mice
were sacrificed at O (h=6), 3 (n=6), 5 (n=6) days
post-fracture per group. Contralateral limbs
were used as controls.

Synovial fluid (SF) samples were obtained from
stifle joints. The samples were centrifuged to
separate cells and debris from the SF (1000 g,
10 min at 4 °C). The purified SF was stored at
-20 °C, and the SF cell pellet was used for total
RNA extraction.

RNA extraction and miRNAs expression detec-
tion

Quantitative RT-PCR analysis was used to
determine the relative expression level of 7
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candidate miRNAs. Total RNA was extracted
from the cells and purified synovial fluid by
using Trizol (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
The expression levels of miRNAs were detected
by TagMan miRNA RT-Real Time PCR. Single-
stranded cDNA was synthesized by using
TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA) and
then amplified by using TagMan Universal PCR
Master Mix (Applied Biosystems, Foster City,
CA, USA) together with miRNA-specific TagMan
MGB probes (Applied Biosystems, Foster City,
CA, USA). The U6 snRNA was used for normal-
ization. Each sample in each group was mea-
sured in triplicate and the experiment was
repeated at least three times.

Dual luciferase assay

A 2508 bp Cbl 3’UTR segment, which contains
miR-9 and miR-181a target sites, was cloned
into downstream of firefly luciferase coding
region in pmirGLO vector (Promega, Madison,
WI, USA) to generate luciferase reporter vector.
For luciferase reporter assays, HEK293T cells
were seeded in 48-well plates. MiRNA mimics,
inhibitors, sequence scrambled RNA controls
were co-transfected with luciferase reporter
vectors by using lipofectamine 2000 (Invitrogen,
Carlsbad, CA USA). Two days later, cells were
harvested and assayed with the Dual-
Luciferase Assay (Promega, Madison, Wl USA).
Each treatment was performed in triplicate in
three independent experiments. The results
were expressed as relative luciferase activity
(Firefly LUC/Renilla LUC).

Western blotting

Protein extracts were boiled in SDS/[-mercap-
toethanol sample buffer, and 30 ug samples
were loaded into each lane of 8% polyacryl-
amide gels. The proteins were separated by
electrophoresis, and the proteins in the gels
were blotted onto PVDF membranes (Amersham
Pharmacia Biotech, St. Albans, Herts, UK) by
electrophoretic transfer. The membrane was
incubated with rabbit anti-Cbl polyclonal anti-
body (Abcam, Cambridge, MA, USA) or goat
anti-Bim polyclonal antibody (Abcam, Cambrid-
ge, MA, USA) or mouse anti-B-actin monoclonal
antibody (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) 4 °C overnight. The specific pro-
tein-antibody complex was detected by using
horseradish peroxidase conjugated IgG. Detec-
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tion by the chemiluminescence reaction was
carried using the ECL kit (Pierce, Appleton, WI,
USA). The B-actin signal was used as a loading
control.

Immunoprecipitation

Cell cultures were washed twice with ice-cold
PBS and lysed in lysis buffer (20 mM Tris-HClI,
pH 7.5, 150 mM NaCl, 1% Triton X-100, 12 mM
B-glycerophosphate, 5 mM EGTA, 0.5% deoxy-
cholate, 3 mM DTT, 10 mM NaF, 1 mM Na,VO,,
2 mM leupeptin, 20 mg/ml aprotinin, and 1 mM
PMSF). After 30 min on ice, cell lysates were
cleared by centrifugation at 12,000 g for 20
min. The protein concentration in each sample
was quantified by the Bradford method, and
immunoprecipitation was performed by incu-
bating 800 pl of lysate with 20 ul Flag tag anti-
body coated beads 4 h at 4 °C. The immuno-
complexes were washed with washing buffer
(20 mM Tris-HCI, pH 7.5, 150 mM NaCl, 5 mM
EGTA, 2 mM DTT, and 1 mM PMSF) twice.

Detected the SF Cbl and Bim concentration by
enzyme-linked immunosorbent assay

SF Cbl and Bim levels were detected by using
sandwich ELISA method. The relative concen-
trations were compared using relative OD value.
The results were analyzed by using Mann-
Whitney u test. p<0.05 was considered statisti-
cally significant.

In vitro migration assays

Atypical Transwell assay (Costar, 6.5 mm diam-
eter, 8 um pore size) was used. 3x10* cells in
200 pL serum-free medium were seeded to the
top chamber and 500 pL medium with high
concentration of serum was added to the bot-
tom. After 12 h, Filters were then submerged in
4% PFA for 15 min and cells on the upper sur-
face were removed by cotton swabs. The cells
on the lower surface were stained with hema-
toxylin-eosin. Cells that had migrated through
the membranes were quantified by determina-
tion of the cell number in five randomly chosen
visual fields at 200x magnification.

Culture of osteoclast-like cells

Osteoblasts obtained from the calvaria of new-
born mice and bone marrow cells obtained
from the tibiae of male mice were co-cultured in
a-minimal essential medium (a«-MEM) contain-
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ing 10% fetal bovine serum, 1a,25-dihydroxy-
vitamin D3(1«,25(0H)2 D3) (10® M) and pros-
taglandin E2 (PGE2) (10°® M) in 100-mm diam-
eter dishes coated with collagen gels (Nitta
Gelatin Co., Osaka, Japan). OCLs were formed
within 6 days in culture and were removed from
the dishes by treatment with 0.2% collagenase
(Wako Pure Chemical Co.). The purity of OCLs in
this fraction (crude OCL preparation) was about
5%. To further purify the OCLs, the crude OCL
preparation was replated on culture dishes.
After an 8 h culture, osteoblasts were removed
with PBS containing 0.001% Pronase E
(Calbiochem, La Jolla, CA) and 0.02% EDTA for
10 min at 37 °C according to the method
described previously [5, 6].

Plasmids and virus infection

Retroviral vectors, pGLVU6-miR-9In-GFP and
pGLVUG-miR-181aln-GFP were constructed by
inserting 3 miR-9 or miR-181a binding sites
and empty pGLVU6-GFP vector was used as
control. OCs were incubated with 2 ml of virus
stock for 4 h in the presence of polybrene (1
pug/ml), and then, the medium was changed to
normal o-MEM medium with 10% fetal calf
serum and M-CSF for survival assay.

Survival of OCs

The survival rate was measured as reported
[7]. OCs were purified 6 h after the infection
and some of the cultures were subjected to
tartrate-resistant acid phosphatase (TRAP)
staining. Cell viability/survival is expressed as
morphologically intact TRAP-positive multinu-
cleated cells. Other cultures were further incu-
bated for the indicated times, and then the
number of living OCs was counted. The number
of viable cells remaining at the different time
points is shown as a percentage of the cells at
time zero.

Statistical analysis

Data were analyzed by using SPSS Statistical
Package version 16. Independent two group’s
analyses are used t-test. P<0.05 was consid-
ered statistically significant.

Results

miR-9 and miR-181a were down-regulated in
the synovial fluid cells

To explore the roles of microRNAs in the tibial
plateau fracture microenvironment, we first
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Figure 1. Disturbed microRNAs expression in the synovial fluid of tibial plateau fracture mouse. The expression
level of seven candidate miRNAs in the synovial fluid cells of tibial plateau fracture mouse were detected by Tag-
Man miRNA RT-Real Time PCR. Statistical analyses were performed to analyze the overall trend of each miRNA in
all groups. U6 serves as an internal reference among different samples and helps normalize for experimental error.
*P<0.05, **P<0.01.

cells. As shown in Figure 1, miR-9 and miR-
181a were significantly reduced in 3 days and
5 days after fracture occur, which means these

detect the expression of seven candidate
microRNAs, which were confirmed regulated
bone formation and homeostasis, in stifle joints
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Figure 2. The expression of Cbl was suppressed by miR-9 and miR-181a. A: Schematic diagram for constructing the
predict miR-9 and miR-181a binding sites into pmirGLO vector. B: Cbl is the target gene of miR-9 and miR-181a.
RAW264.7 cells were co-transfected with miRNA control, miR-9/181a mimic, anti-miR control or miR-9/181a inhibi-
tor and pmirGLO-Cbl for dual-luciferase assay. When 4 nucleotides of the binding sites of miR-9 or miR-181a in the
3'-UTR of Cbl were mutated (pmirGLO-Cbl-Mul and pmirGLO-Cbl-Mu2), the luciferase activities were significantly
decreased in RAW264.7 cells co-transfected with miR-9 mimic and wild type Cbl 3’'UTR vector and pmirGLO-Cbl-
Mu2 compared with pmirGLO-Cbl-Mul. The luciferase activities were significantly decreased in RAW264.7 cells
co-transfected with miR-181a mimic and wild type Cbl 3'UTR vector and pmirGLO-CbI-Mul compared with pmirGLO-
Cbl-Mu2. C: Cbl protein level in miRNA mimics or inhibitors-treated RAW264.7 cells was detected by western blot.
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two miRNAs may play important roles in the
bone remodeling.

miR-9 and miR-181a repress Cbl expression by
directly binding to specific sites of the 3’'UTR

miRNA is a kind of important post transcription
negative regulators for protein coding genes.
So, to explore the relations between reduced
miR-9 and miR-181a expression and their tar-
get genes overexpression, we first predict
miR-9 and miR-181a targets by using online
bioinformatics tools TargetScan. Surprisingly,
miR-9 and miR-181a target Cbl, an important
E3 ubiquitin ligase for bone formation and
homeostasis regulation, directly according the
results of online prediction. To validate whether
Cblis indeed the target gene of miR-9 and miR-
181a, a 2508 bp segment of mouse Cbl 3-UTR
containing miRNAs binding sites was cloned
into the downstream of the firefly luciferase
reporter gene in the pGL3 control vector (desig-
nated as pGL3-Cbl) for the dual luciferase
assay (Figure 2A). HEK293T cells were co-
transfected with pGL3-Cbl and miR-9 and miR-
181a mimics or inhibitor (Figure 2B). Compared
with the miRNA control, the luciferase activity
was significantly suppressed by the miR-9 and
miR-181a, about 41.2% (P<0.01) and 43.5%
(P<0.05). Furthermore, the luciferase activity
was significantly up-regulated by the miR-9 and
miR-181a inhibitor compared with the anti-miR
control, about 19.7% (P<0.05) and 17.4%
(P<0.05). These results indicate that miR-9 and
miR-181a targets the 3'-UTR of Cbl, leading to
the change of firefly luciferase translation.

Seed sequence mutation clone was also used
to further confirm the binding site for miR-9 and
miR-181a (Figure 2A). Putative miR-9 and miR-
181a binding regions in the 3’-UTR of Cbl with 4
mutant nucleotides (designated as pGL3-Cbl-
Mul and pGL3-Cbl-Mu2) were transfected into
HEK293T cells with miR-9 or miR-1821a mimics
respectively, Cbl wild type vector pGL3-Cbl-Wt
was used as control. The histogram in Figure
2B (right) showed that the enzyme activity was
reduced about 60.3% in cells co-transfected
with miR-9 mimics and pGL3-Cbl-Wt compared
with pGL3-Cbl-Mul (P<0.05). The enzyme
activity was reduced about 68.7% in the cells
co-transfected with miR-181a mimics and
pGL3-Chl-Wt compared with pGL3-Cbl-Mu2
(P<0.05). These data indicate that miR-9 and
miR-181a may suppress gene expression
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through binding to seed sequence at the 3’-UTR
of Cbl.

MiR-9 and miR-181a regulates endogenous
Cbl expression in RAW264.7 cells

Although Cbl was identified as a target gene for
miR-9 and miR-1814a, it was unknown whether
miR-9 and miR-181a could regulate endoge-
nous Cbl expression. RAW264.7 cells were
transfected with miR-9 and miR-181a mimics
or inhibitors to see whether the dysregulation
of miR-9 and miR-181a expression affected
endogenous Cbl expression. Compared with
corresponding control, the levels of Cbl protein
were significantly suppressed by miR-9 and
miR-181a mimics and up-regulated by miR-9
and miR-181a inhibitors (Figure 2C).

miR-9 and miR-181a down-regulation en-
hanced Bim ubiquitination and degradation

The Cbl family proteins are evolutionarily con-
served negative regulators of activated tyro-
sine kinase-coupled receptors, act as E3 ubig-
uitin ligases, and are involved in osteoclasts
function. There are reports that Cbl can
increase Bim ubiquitination dependent degra-
dation and enhance osteoclasts survival and
activation. To identify the effect of miR-9 and
miR-181a expression on osteoclasts survival,
we first examined the association of miRNA
deregulation and Bim ubiquitination. 48 hours
after transfection, we first detect the amount of
miR-9 and miR-181a in RAW264.7.7 cells by
gRT-PCR. As shown in Figure 3B, the expres-
sion of miR-9 and miR-181a were up-regulated
to 58.3 and 38.7 fold by miRNA mimics and
reduced to 33.8% and 40.3% percent by miRNA
inhibitors. The result of immunoprecipitation
showed that up-regulated miR-9 and miR-181a
repressed the amount of ubiquitinated Bim.
When the expression of miR-9 and miR-181a
reduced, ubiquitinated Bim was increased
associated with enhanced degradation of Bim
in RAW264.7 cells (Figure 3A).

Detected the Cbl and Bim concentration in the
synovial fluid

To examine if the expression repression rela-
tionship was exist in vivo, we detected the
amounts of soluble Cbl and Bim in the synovial
fluid samples by using enzyme-linked immuno-
sorbent assay. As shown in Figure 3C, in the

Int J Clin Exp Pathol 2014;7(5):2209-2218
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Figure 3. miR-9 and miR-181a regulate Bim ubiquitination-dependent degradation. A: Ubiquitination of Bim in
RAW264.7 cells. Proteins immunoprecipitated with anti-Flag antibody were immunoblotted with an anti-HA anti-
body. Ubiquitinated Bim was detected as upper-shifted bands in anti-ubiquitin blotting. Ubiquitinated Bim was de-
tected when cells were treated with MG132, and marked enhancement of its ubiquitination and reduction of total
amount was induced by miR-9 and miR-181a transfection. B: qRT-PCR was used to detect the overexpression and
downregulation of miR-9 and miR-181a. C: The amounts of soluble Cbl and Bim in the synovial fluid samples by us-

ing enzyme-linked immunosorbent assay.

tibial plateau fracture groups, the expressions
of Cbl and Bim were no significant changed in O
day and 3 day post fracture. When the time
extended to 5 days, the time in which the
amounts of miR-9 and miR-181a significantly
reduced, the concentration of Cbl was raised
accompanied with reduced Bim concentration.
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miR-9 and miR-181a modulate migration
capacity of RAW264.7 cells in vitro

In order to further research the roles of miR-9
and miR-181a in controlling the metastasis of
osteoclast precursor cells, we analyzed the
effects of miR-9 and miR-181a on the migrato-

Int J Clin Exp Pathol 2014;7(5):2209-2218



miR-9 and miR-181a and osteoclasts survival

e

miRNA control

miRNA control miR-181a mimic Anti-miR control miR-181a inhibitor
* * *
2 g0 o 80
8 80| 8 70 | *
E 70 B 60 f
© 60 r E 50 F
[=)] L
£ 2 |
© 30} 5 01
g 20 k 8 20
g 10 | £ 10 |
z 0 Z o0
miRNA  miR-9 Anti-miR miR-9 mIiRNA  miR-181a Anti-miR miR-181a
control  mimic  control inhibitor control  mimic  control inhibitor
B 100
90
-~ 80
=2
< 70
2 60
% 50
'S 40
= 30 —t—NC
8 o9 .  —e—miR-9inhibitor
10 - === miR-181a inhibitor
0 T T T 1
Oh 6h 12h 18h 24h

Figure 4. Reduction of miR-9 and miR-181a can enhance RAW264.7 cells migration and raise mouse primary OCs
survival rate. A: RAW264.7 cells were transfected with pre-miR control, miR-9/181a mimics, anti-miR control or
miR-9/181a inhibitor, respectively. Cells were harvested 48 h after transfection and recounted to 0.5x10° cells/
ml in every group to seed Transwells for cell migration assay. At time of harvest, the cells on top of the membranes
were removed, and the cells on the bottoms of the membranes were stained with hematoxylin and eosin. The cell
migration was quantified by counting the amount of cells passing through the membrane from five different fields
per sample at 200x selected in a random manner after 12 h of incubation. A show the representative photomicro-
graphs of cells passing through the membrane at x200 original magnification. Data are expressed as the mean
numbers of independent triplicate experiments. *P<0.05. B: OCs were purified 6 h after the infection and some
of the cultures were subjected to tartrate-resistant acid phosphatase (TRAP) staining. Cell viability/survival is ex-
pressed as morphologically intact TRAP-positive multinucleated cells. Other cultures were further incubated for the
indicated times, and then the number of living OCs was counted. The number of viable cells remaining at the differ-
ent time points is shown as a percentage of the cells at time zero.
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ry behavior of RAW264.7 cells (Figure 4A). The
results showed that the migration capacity of
RAW264.7 cells transfected with miR-9 and
miR-181a mimics were significantly lower than
that transfected with miR control (P<0.05). The
migration capacity were significantly sup-
pressed in RAW264.7 cells transfected with
miR-9 and miR-181a inhibitor compared with
anti-miR control (P<0.05). These findings sug-
gest that the level of miR-9 and miR-181a may
be closely associated with the metastasis of
osteoclast precursor cells.

miR-9 and miR-181a down-regulation increase
the survival rate of OCs

Bim belongs to the BCL-2 protein family and
was approved to be a pro-apoptotic gene in
osteoclasts and their precursors [1]. To detect
the impact of down regulated miR-9 and miR-
181a on osteoclasts survival, we isolated
mouse 0Cs. MiR-9 and miR-181a knock down
were processed by using miRNA sponge strat-
egy; M-SCF was added to increase OCs survival
rate. As shown in Figure 4B, there are more
than 50% OCs survived in the 24 h after infec-
tion, the survival rates of which were signifi-
cantly higher than control group.

Discussion

High-energy tibial plateau fractures are often
the result of blunt trauma and are associated
with severe soft-tissue injury. The available sur-
gical options do not always guarantee a favor-
able outcome. Operative management of high-
energy fractures remains difficult and
challenging because the injuries often associ-
ated with serious complications, such as knee
stiffness, ankylosis, deep infection, post-trau-
matic arthritis and nonunion and so on. MiRNA
is a kind of short RNA molecules that regulate
normal human body physiology conditions, and
reports indicated that miRNAs play an impor-
tant role in the process of bone formation and
homeostasis. To explore the function of miR-
NAs in the process of post tibial plateau frac-
tures bone remodeling and sequelae forma-
tion, we first detect seven candidate miRNAs
expression in the SF cells of the mouse model.
The results indicated that miR-9 and miR-181a
were down-regulated significantly 5 days after
injury.

MiRNAs regulate normal cell physiology by
repressing protein coding genes, so we first
predict the target genes of miR-9 and miR-
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181a. Surprisingly, we found Cbl, an important
E3 ubiquitin ligases for bone resorption, is a
putative target gene of miR-9 and miR-181a. By
using dual luciferase assay and western blot,
we confirmed that the expression of Cbl is
repressed by miR-9 and miR-181a. Akiyama T
and colleagues reported that Cbl can regulate
osteoclast apoptosis by promote pro-apoptotic
gene Bim ubiquitin dependent degradation [1].
So we detect the effect of disturbed miR-9 and
miR-181a expression on Bim ubiquitination. As
expected, the amount of ubiquitinated Bim was
raised the total Bim was reduced by miRNA
inhibitors.

Finally, we detect the biological function of
altered miR-9 and miR-181a expression on
osteoclasts and RAW264.7 cells. Murine mac-
rophage RAW264.7 cells can be differentiated
to OCs by RANKL stimulation, so the effect on
RAW264.7 cell can partially represent the
effect on OC precursor cells. The enhanced
RAW264.7 cell migration by miRNAs inhibitor
suggest that miR-9 and miR-181a may inhibit
OC precursor cells in vivo and may be associ-
ated with joint and bone destruction. What's
more miR-9 and miR-181a inhibitors can raise
mouse primary OCs survival rate the result of
which was coincidence with our prediction
above.

As osteoclasts are key players in joint and bone
destruction, it is of critical importance to under-
stand their modes of migration, differentiation
and function in vivo. In this study, we detect the
expression of seven bone formation and remod-
eling related miRNAs in the tibial plateau frac-
ture mouse model and found miR-9 and miR-
181a were significantly reduced in the SF cells.
Further functional study indicated that reduced
miR-9 and miR-181a expression can active
RAW264.7 cells migration ability and raise the
primary mouse OCs survival rate in vitro by tar-
geting Cbl, a E3 ubiquitin ligase critical for bone
formation.

To our understood, this is the first study about
the function of disturbed miRNAs in the tibial
plateau fracture mouse model, and may expand
our understanding about post tibial plateau
fracture recover and post-traumatic sequelae
generation.
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