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Neurotrophin-3 improves fracture healing in rats
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Abstract. — OBJECTIVE: This study aimed at
investigating the role of Neurotrophin-3 (NT-3) in
the bone fracture healing of rats and to provide a
reference for clinical treatment.

MATERIALS AND METHODS:40 Sprague-Daw-
ley (SD) rats were randomly divided into control
group and NT-3 group. The tibia fracture model
was made in NT-3 group, and the tibia bone min-
eral density (BMD) was measured before and af-
ter the surgery. The biomechanics indexes were
inspected after the surgery, including elasticity
modulus, max load, and bending rigidity. The lev-
els of bone morphogenetic protein (BMP)-2 and
transforming growth factor (TGF)-B1 in serum
were examined by enzyme-linked immunosor-
bent assay (ELISA). Reverse transcriptase-poly-
merase chain reaction (RT-PCR) was used to de-
tect the levels of hypoxia-inducible factor (HIF)-1a
and vascular endothelial growth factor (VEGF)
mRNA expression in callus tissue. The pathologi-
cal profile of tibia fracture healing was character-
ized after the surgery.

RESULTS: The levels of BMD in NT-3 group
were significantly higher than that in control
group after the surgery (p < 0.05). The levels of
elasticity modulus, maximum load, stiffness of
shinbone, BMP-2 and TGF-1 were significantly
higher in NT-3 group than those in control group
after the surgery (p < 0.05). Compared with the
control group, the expression of HIF-la mR-
NA was significantly lower and the expression
of VEGF mRNA was significantly higher in NT-
3 group after the surgery (p < 0.05). Histological
study showed that the periosteal reaction, capil-
lary proliferation, cartilage cells production and
ossification were happened after treating NT-3
for tibia fracture model rats.

CONCLUSIONS: NT-3 can significantly im-
prove fracture healing in rats.
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Abbreviations

NT-3 = neurotrophin-3; BMD = bone mineral density;
NFG = nerve growth factor; BDNF = brain-derived neu-

rotrophic factor; BMP =bone morphogenetic protein; SD
= Sprague-Dawley; TGF = transforming growth factor;
ELISA = enzyme-linked immunosorbent assay; RT-PCR
= reverse transcriptase-polymerase chain reaction; HIF
= hypoxia-inducible factor; VEGF = vascular endothelial
growth factor; SD = standard deviation; HE = hematox-

ylin-eosin staining.

Introduction

Bone fracture happens frequently in clinic. The
incidence of long bone fractures in the west world
is estimated to be 300 to 400 per 100,000 indivi-
duals each year'. About 5% to 10% of the majority
heal satisfactory went on to delayed union or no-
nunion?. Besides, high-energy tibia fractures are
serious injuries with longer healing period around
43 to 49 weeks®. Previous studies indicated that
various populations were suffered from it*®. It is
important to develop novel therapies to accelerate
the fracture healing process.

Fracture healing is a complex the organism it-
self repair process, needs a variety of growth fac-
tor involved’. Fracture healing is the recovering of
the broken bones through a series of physiological
and cellular pathways®. Coordinated bone resorp-
tion and formation were required for fracture he-
aling process’. Osteoporosis, a common condition
among elderly women or men, could increase the
risk of hip and other fractures'. Osteogenesis hap-
pened during fracture healing through intramem-
branous and endochondral ossification'. Most
fracture was related to low bone mineral density
(BMD). The level of BMD has been a maker for
predicting the risk of various fractures'?. There
are various reactions in fracture healing during
the process, including inflammation, repair, and
remodeling®. The repair and remodeling, as the
mainly recapitulate the process of normal bone
development, are happened at the same time. The-
se reactions are overlapped in fracture healing
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process. Meanwhile, the inflammation can induce
gene expression and cell proliferation to promote
healing™.

Animal models have been used to investiga-
te fracture healing from all perspectives. Many
osteogenic molecules were proved to have the
potential to improve the fracture healing'’. Neu-
rotrophic factors are involved in the regulation of
the proliferation, survival, migration, and diffe-
rentiation of cells in the nervous system. Neuro-
trophic factors such as nerve growth factor (NFG),
brain-derived neurotrophic factor (BDNF), and
neurotrophin-3 (NT-3), were key factors involved
in nervous systems development16. NT-3 plays an
important role in cell proliferation, differentia-
tion, and neuroprotection'’. NT-3 has been proved
to be important in the development of nervous
system'®"°. Furthermore, NT-3 could promote oli-
godendrocytes proliferation, cuprizone-induced
demyelination model in mice, combing with other
factors?®. Evidence implied that NT-3 also had a
role in bone repair, which could induce bone mar-
row stromal cells into neuronal phenotype?'. NT-3
was showed to improve vascularization and bone
repair after bone injury*. However, there was litt-
le research about the functions of NT-3 in bone
fracture healing. We aimed at investigating the
functions of NT-3 in fracture healing of rats and
to provide a reference for clinical treatment.

Materials and Methods

Experimental Animals

40 SPF level male Sprague-Dawley (SD) rats
were provided by Shanghai Laboratory Animal
Center of Chinese Academy of Sciences (Shan-
ghai, China). The rats were 4 weeks old and the
weight ranged from 100 to 130 g. The rats were
reared in animal room (20-24°C, 12-h-light/12-h-
dark cycle) with free access to food and water.

Animal Grouping and Fracture Model

All the experiments were approved by our in-
stitute’s Subcommittee on Animal Studies. After
feeding for 1 week, the 40 rats were randomly
assigned to control group and NT-3 group, 20 in
each group.

The rats received intraperitoneal injections of
10% chloral hydrate (North China Pharmaceu-
tical Co., Ltd, Shijiazhuang, China) for general
anesthesia before operation. The right legs of the
rats were shaved and disinfected. Open fractu-
re of the tibia was caused by carborundum disc.
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A steel K-wire was inserted from the border of
the tibial plateau into the medullary canal for
stabilization. The skin was stabbed by the wire
and the tibia was immobilized by plaster. The
rats were kept in special rearing cage with in-
tramuscular of 10° U/d penicillin (North China
Pharmaceutical Co., Ltd, Shijiazhuang, China)
for 3 days to prevent infection. 0.3 pg NT-3 (Si-
nopharm Chemical Reagent Co., Ltd., Beijing,
China) were injected to quadriceps of the late-
ral thigh instantly after the surgery for 1 week,
while 0.5 ml saline were injected in the control
group at the same time.

BMD Inspection

The tibia BMD was inspected before and after
the surgery (2, 4, 6, 8, 10, 12 weeks) using Lu-
nar-iDXA dual-energy X-ray absorptiometry
(Sigma-Aldrich, St. Louis, MO, USA).

Biomechanics Testing

The rats were sacrificed at 12 weeks after
operation. The tibia was dissected and frozen at
-80°C with wrapping the gauze soaked in isotonic
saline. After thawing at room temperature, sam-
ples were tested to failure in the three-point ben-
ding using AG-IS-20 universal testing machine
(Shimadzu, Tokyo, Japan). The callus of the tibia
served as the loading point during the testing with
the lower supports placed 18 mm from the callus.
The actuator was displaced at a rate of 1 mm/s un-
til failure occurred. Load vs. displacement curve
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Figure 1. The levels of BMD in the rats of each group be-
fore surgery and after surgery (2 weeks, 4 weeks, 6 weeks,
8 weeks, 10 weeks, and 12 weeks) (N=10). * compared with
control group, p < 0.05.
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Figure 2. Biomechanical indexes of the tibia in the rats of
each group before surgery and after surgery (6 weeks and 12
weeks). 4, Elasticity modulus; B, Maximum load; C, Stiff-
ness. *compared with control group, p < 0.05.

were recorded automatically. Elasticity modulus,
maximum load, stiffness and other biomechanics
indexes were calculated according to the curve.

Serum Cytokines Analysis

The levels of BMP-2 and TGF-f3, in serum were
measured by enzyme-linked immunosorbent as-
say (ELISA), according to the manufacturer’s in-
structions (Aachen, Westphalia, Germany).

Reverse Transcriptase-polymerase Chain
Reaction (RT-PCR)

Total RNA was extracted according to TRI-
zol kit (Invitrogen, Carlsbad, CA, USA), and
RNA purity was determined by UV spectropho-
tometer (Thermo Fisher Scientific, Waltham,
MA, USA). The reverse transcription was per-
formed using reverse transcription kit (TaKa-
Ra, Tokyo, Japan). 1 pL of the cDNA configu-
ration reaction system was prepared using the
SYBR Green Master Mix (Promega, Madison,
WI, USA) and iCycle iQ (Bio-Rad, Hercules,
CA, USA). PCR primer sequences were listed
following,

Vascular endothelial growth factor (VEGF):
Forward: 5'- ATCTTCAAGCCGTCCTGTGTG-3/,
Reverse: 5- TGAGGTTTGATCCGCATGATC-3';
HIF-hypoxia-inducible factor (HIF-la): Forward:
5'- CCCCTACTATGTCGCTTTCTTGG-3, Re-
verse: 5- GGTTTCTGCTGCCTTGTATGG-3;
B-actin: 5>~ACGGCCAGGT

CATCACTATTG-3’, Reverse: 5-CCTGCTT-
GCTGATCCACATCT-3’. B-actin was used as the
endogenous control and 22T method was used
to analyze the data.

Histological Study

The specimens were retrieved after the surgery (2
weeks, 4 weeks, 6 weeks, 8 weeks). Tibia tissue sli-
ces were washed by dimethyl benzene for two times,
5 min each time, then immersed in absolute ethanol
for 2 min, 95%, 85%, 75% ethanol successively for
1 min each. After that, the slices were washed with
distilled water for 2 min and dyed by hematoxylin
staining fluid for 5 min. The slices were checked and
the pictures were got using Pathological microtome
(Nikon, Chiyoda, Tokyo, Japan).

Statistical Analysis

SPSS19.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. The data was showed
with mean value + standard deviation (SD) and
comparisons between two groups were perfor-
med using t-test. p < 0.05 was considered to be
statistically significant.
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Figure 3. The levels of BMP-2 (4) and TGF-B1 (B) in serum of each group before surgery and after surgery (2 weeks, 4
weeks, 6 weeks, and 12 weeks). *compared with control group, p < 0.05.

Results

Effects of NT-3 on BMD Variation

BMD variation profile before and after fracture
was showed in Figure 1. No significant differen-
ce (p > 0.05) was showed for the tibia BMD in
the two groups before surgery. The BMD showed
a decreasing tendency at 2-4 weeks, increasing
tendency at 6 weeks after surgery in NT-3 group.
However, the tibia BMD was higher in NT-3 group
than that in control group at 2-10 weeks after the
surgery (p < 0.05). At 12 week, the BMD level
was still higher in NT-3 group than that in control
group (p > 0.05).

Effects of NT-3 on Biomechanics Index

The elasticity modulus, maximum load, and
stiffness were all significantly higher in NT-3
group than those in control group (p < 0.05) at
6 and 12 weeks after the surgery (Figure 2). The
elasticity modulus of NT-3 group was almost 2.5
folds of control group at 6 weeks and less than
2 folds at 12 weeks. This means the elasticity
modulus of NT-3 group increased faster than
that control group. However, maximum load and
stiffness showed almost the same fold of NT-3
group to control group.

Effects of NT-3 on Serum Cytokines

The levels of NMP-2 and TGF-Bl in serum
were 83.3 + 17.5 pg/ml and 334.2 + 99.6 pg/ml in
NT-=3 group at 4 weeks, respectively. Compared
with the control group, the levels of NMP-2 and
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TGF-B1 were significantly increased (p < 0.05).
As shown in Figure 3, the levels of NMP-2 and
TGF-B1 increased in a time-dependent manner.

Effect of NT-3 on HIF-1o. and VEGF
mRNA Expression in Callus Tissue

Before surgery, the expression levels of HIF-1a
and VEGF mRNA in the NT-3 group were 2.06
+ 0.51 eq and 0.85 £ 0.15 eq, respectively. The
expression levels of HIF-1oa and VEGF mRNA in
the control group after surgery were 4.13 £+ 0.83
eq and 0.61 + 0.03 eq, respectively. The expres-
sion level of VEGF mRNA in the NT-3 group was
significantly higher than that in control group,
and the expression level of HIF-1lo. mRNA in the
NT-3 group was significantly lower than that in
control group (p < 0.05) (Figure 4).

NT-3 Ameliorated the Pathological Tissue

Hematoxylin-eosin staining (HE) staining
analysis revealed that necrosis, periosteal reactive
hyperplasia, inflammatory cell infiltration, and
capillary proliferation happened in the tibia tis-
sue of the control group at 2 weeks after surgery.
A few fibroblast cells were also produced. While
cell infiltration increased at 4 weeks. Fiber callus,
cartilage, and a little ossification happened at 8
weeks in the control group (Figure 5). However,
periosteal reaction, and capillary proliferation
happened, and fibroblast cells were produced in
the NT-3 group at 2 weeks after surgery. Cartila-
ge cells and fiber osteogenesis were observed at 4
weeks. Cartilage cells proliferated, bone trabecu-



Neurotrophin-3 improves fracture healing in rats

la formed and ossification happened were showed
at 6 weeks. More ossification was observed at 8
weeks (Figure 5). The results mean that NT-3 ac-
celerates the fracture healing in rats.

Discussion

The expression of NT-3 related genes has been
reported previously'. We studied the effect of
NT-3 treatment on fracture healing. This resear-
ch points to a new possibility in the treatment of
fracture.

Bone fragility can be defined by biomechani-
cal parameters, and changed after fracture or re-
structuring of bone*. Fracture healing occurs with
callus formation?*. Measurements of bone mineral
density can predict fracture risk. Osteoporosis was
associated with a fracture rate approximately 4 ti-
mes that of normal BMD*. BMD decreased after
fracture and increased following the fracture hea-
ling process®®. So BMD can be used as an index of
fracture healing. BMD was measured before and
after surgery in this study. BMD of tibia showed
no significant difference in the two groups before
surgery. However, the BMD of tibia increased si-
gnificantly in the NT-3 group than that in control
group in the following weeks after surgery (Figure
1), which indicated the fracture healing was much
more improved in the NT-3 group.

The degree of fracture healing can be quanti-
fied by normalizing mechanical parameters of the
bone?’, which means that the biomechanics in-
dexes can be employed to evaluate the process of
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fracture healing. The significant difference of the
Biomechanics indexes between the control and
NT-3 group indicated the different bone healing
after fracture. The elasticity modulus, maximum
load and stiffness were all significantly higher in
NT-3 group than those in control group (p < 0.01)
at 6 and 12 weeks after the surgery. Therefore, it
showed that the fracture healing in NT-3 group
was much better than the control group.

The NT-3 expression was increased during
the process of healing. The NT-3 and its recep-
tors were expressed in the bone cells, indicated
that NT-3 was involved in the formation of bone*®.
BMP-2 and TGF-B1 were required for the initia-
tion of fracture healing. BMP-2 and neurotrophins
cooperatively increase the number of striatal cal-
bindin-positive neurons. Our study showed that
the levels of NMP-2 and TGF-B1 in serum were
significantly increased in NT-3 group. The ex-
pression level of VEGF mRNA in the NT-3 group
was increased, and the expression level of HIF-1a
mRNA in the NT-3 group was declined. This sug-
gested that NT-3 may play an important role in the
bone healing and bone formation.

The formation of a cartilaginous callus with
later mineralization, resorption, and replacement
with bone is the key feature of fracture healing.
Our results showed that periosteal reaction, capil-
lary proliferation, and fibroblast cells were pro-
duced in the NT-3 group at 2 weeks after surgery
(Figure 5). Cartilaginous callus formation and
new bones happened earlier in NT-3 group than
that in control group. This indicated that fracture
healing was accelerated in NT-3 group.
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Figure 4. The expression of HIF-1a (4) and VEGF (B) mRNA in callus tissue of each group before surgery and after surgery
(2 weeks, 4 weeks, 6 weeks, and 12 weeks). * compared with control group, p < 0.05
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Figure 5. The changes of pathological tissue in tibia of the rats in each group (x100, N=10). A, Control group, 2 weeks after
surgery; B, Control group, 4 weeks after surgery; C, Control group, 6 weeks after surgery; D, Control group, 8 weeks after
surgery; E, NT-3 group, 2 weeks after surgery; F, NT-3 group, 4 weeks after surgery; G, NT-3 group, 6 weeks after surgery;

H, NT-3 group, 8 weeks after surgery.
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Conclusions

NT-3 can improve fracture healing in rats by
regulating the tibia BMD, biomechanical indexes,
and the bone formation.
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