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ABSTRACT

Introduction: In recent years, genetic engineering has made outstanding contributions to sports, and
it has played a huge role in promoting the development of sports-related fields. Objective: We analyze the
tissue source of bone growth and healing by studying the role of bone morphogenetic protein and transform-
ing growth factors in fracture injuries caused by sports. Methods: We established a human fracture model
to express the shape and content of bone morphogenetic protein and transforming growth factor during
fracture healing. Results: In the fracture healing stage caused by different sports, the expression levels of the
two genes are different. Bone morphogenetic protein has a high content in the osteogenesis stage of the
membrane, while transforming growth factor is high in the cartilage ossification stage. Conclusion: Gene
therapy for fractures caused by physical exercise has certain advantages. Osteoblasts and chondrocytes are
involved in the synthesis of transforming growth factors. Level of evidence II; Therapeutic studies - inves-
tigation of treatment results.

Keywords: Sports; Bone Morphogenetic Protein 1; Gene therapy.

RESUMO

Introdugdo: Nos dltimos anos, a engenharia genética tem contribuido de forma notdvel para os esportes,
além de ter uma funcdo importante na promog¢édo do desenvolvimento de dreas relacionadas ao esporte. Ob-
Jjetivo: Analisamos a origem de tecidos do crescimento dsseo e sua regeneracdo através do estudo da proteina
morfogenética dssea e fatores de transformagdo do crescimento em fraturas causadas pela prdtica do esporte.
Métodos: Criamos um modelo de fratura humana para expressar a forma e o conteido da proteina morfogené-
tica éssea e de fatores de transformagdo do crescimento durante a recuperacdo de fraturas. Resultados: Na fase
de recuperacgdo da fratura causada por diversos esportes, 0s niveis de expresséo dos dois genes sdo diferentes. A
proteina morfogenética éssea se apresenta em alta quantidade na fase osteogenetica da membrana, e o fator
de transformacado de crescimento apresenta alta quantidade na fase de ossificacdo da cartilagem. Conclusédo: A
terapia genética para fraturas causadas por exercicios fisicos apresenta diversas vantagens. Osteoblastos e con-
drécitos tem um papel na sintese dos fatores de transformagdo do crescimento. Nivel de evidéncia Il; Estudos
terapéuticos - investigacao de resultados de tratamento.

Descritores: Esportes; Proteina morfogenética dssea 1; terapia genética.

RESUMEN

Introduccion: En los Gltimos anos, la ingenieria genética ha contribuido de forma notable para los deportes,
ademds de tener una funcién importante en la promocion del desarrollo de dreas relacionadas al deporte. Objetivo:
Analizamos el origen de tejidos del crecimiento éseo y su regeneracion a través del estudio de la proteina morfo-
genética ¢sea y factores de crecimiento transformante en fracturas causadas por la prdctica del deporte. Métodos:
Creamos un modelo de fractura humana para expresar la formay el contenido de la proteina morfogenética ésea y
de factores de crecimiento transformante durante la recuperacion de fracturas. Resultados: En la fase de recuperacion
de la fractura causada por diversos deportes, los niveles de expresion de los dos genes son diferentes. La proteina
morfogenética dsea se presenta en alta cantidad en la fase osteogénica de la membrana, y el factor de crecimiento
transformante presenta alta cantidad en la fase de osificacion del cartilago. Conclusion: La terapia genética para
fracturas causadas por ejercicios fisicos presenta diversas ventajas. Osteoblastos y condrocitos tienen un papel en la
sintesis de los factores de crecimiento transformante. Nivel de evidencia Il; Estudios terapéuticos — investigacion
de resultados de tratamiento.

Descriptores: Deportes; Proteina Morfogenética Osea 1; Terapia Genética.
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INTRODUCTION

Fracture repair until healing is a complex tissue change process, which
involves a series of different cell activities. These include cell proliferation,
differentiation, and extracellular matrix synthesis. The fracture healing model
isa good model for studying bone induction, bone growth and bone repair.!
After the fracture, the repair process starts immediately and is regulated
by systemic and local factors. Among them, local regulation and inducing
factors play an important role in the chemotaxis, aggregation, proliferation
and differentiation of cells. Among the numerous growth factors, bone
morphogenetic protein (BMP) and transforming growth factor 3 (TGF[3) have
attracted more and more attention. In the process of bone repair, BMP and
TGF@ can play arole alone, or they can work together. So far, little is known
about the synergy between them. Because BMP2 and TGF31 are closely
related to bone tissue? For this reason, the author established a model of
jaw fracture and used in situ hybridization to detect the expression of BMP2
and TGFB1 mRNA at different stages of fracture healing. In this way, we
further explore the tissue cell source, mode of action and the relationship
between the two in the bone growth and healing of BMP and TGF3, and
at the same time we explore the mechanism of bone growth and healing.

METHOD
Probe

The PSP65-BMP2 plasmid was provided by Dr. Wozney of the Ameri-
can Institute of Genetics. Obtained by alkaline lysis method, phenol/
chloroform extraction, FPLC-Q column purification and ethanol pre-
cipitation method.® The hTGFR1 oligonucleotide probe was purchased
from Oncogene Science, USA.

The labeling of the probe

We use random primer extension method to incorporate DIG-labeled
dUTP into the BMP2 probe with reference to the DIG Labeling and detec-
tion kit. We used the 3'end labeling method to incorporate DIG-labeled
dUTP into the 3 end of the hTGFB1 oligonucleotide.

Establishment of fracture model and specimen processing

24 healthy adult male rabbits (1.6~2.2kg). Under 3% sodium pento-
barbital (Tml/kg) general anesthesia, he used a dental turbine to cause
a complete fracture at the anterior notch of the unilateral mandibular
angle.*We use steel wire ligation to fix and suture the periosteum, muscle
and skin layer by layer. We collected materials on the 1, 3,5, 7, 11, 14,
21, and 28 days after surgery (3 rabbits at each time point). Before the
experiment, the material was perfused and fixed with 4% paraformal-
dehyde solution, and then the bone stump and surrounding tissues
were taken and fixed for 4 hours (4°C). After routine decalcification, the
sections are 5um thick after paraffin embedding. The entire process is
strictly prevented from RNAase contamination.

In situ hybridization

After the sections were fully deparaffinized, we put them in DEPC
waterand 0.1mol/L PBS (pH 7.4), 0.2mol/L hydrochloric acid and soaked
for 20 minutes. Then we digested with proteinase K (PK) for 15 minutes
and stopped the reaction with 0.2% glycine. After fixation in 4% para-
formaldehyde/PBS for 30 minutes, the hybridization was performed at
42°C for 20 hours after dehydration with gradient alcohol. The BMP2
probe was heat-denatured in a boiling water bath for 5 minutes before
hybridization. After hybridization, we used 2xSSC, 1xSSC, and 0.5x5SC
to rinse thoroughly. At the same time, the test uses Anti-DIG-AP (1:500)
for detection, and NBT/BCIP color development.® The control is set as
a positive control (osteosarcoma), a blank control where we omit the
probe, and a RNAase digestion control.
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Fracture image recognition method

[tis assumed that all image gray values of the fracture image frame
satisfy the expected value of image gray value u. The variance of the
image gray value distribution is the normal distribution of a. And it satisfies
that the Gaussian distribution of the fracture image pixels is univariate.®
Then the probability model that all pixels of the fracture image frame
form a normally distributed target and background can be expressed as

.

plx|w)=

p(x | wy) is a univariate normal distribution. w; is the gray information
feature value of the fracture image. In frame K = 2,3,---, L, if the mean
and variance of the target and background of the fracture image are
updated, it can be expressed as

ten =2 g+~
K+1 — - HMx T Mk
K K 2)
K-1 1
Oha =TG’2< +E012<

In frame K = L + 1, if the mean and variance of the target and
background of the fracture image are updated, it can be expressed as
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Z’/ is the statistical mean value of the target and background
pomts in the fracture image of the first K frame. o« = Z(l - ) is the
variance of the target and background points in the fracture image of the
first K frame. px is the mean value of the Gaussian model in the target
and background sample points of the fracture map in the K frame. 6%
is the variance of the Gaussian model in the target and background
sample points of the fracture map in the K frame. Ny is the number of
sample points of the fracture image target and background. 7; is the gray
value of each sample point of the fracture image. p is the update rate.

In order to quickly find the fracture image target in the nearby area
centered on the original target position, we use Kalman filter to estima-
te the target position of the fracture image.” Assign the target center
position and action speed of the fracture image in the first frame to X;,
then the estimated fracture covariance can be expressed as

M = MX; )

M s the structural parameter of the filter. Xy is the estimated cova-
riance value of the target center position of the fracture image and the
motion speed in the K image.

RESULTS

The positive evaluation criteria for BMP2 and TGF31 mRNA are dark
blue particles in the cytoplasm. The first day after the fracture was the
hematoma stage. There were no positive signals of BMP2 and TGF@1 in
the fractured end and surrounding tissue cells. On the third day after
fracture, hematoma and fibrosis, undifferentiated mesenchymal cells
scattered in the periosteum of the fractured end were BMP2 positive,
but TGFB1 basically had no positive signal.? On the 5th day, the callus
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was composed of granulation tissue, and the proliferated mesenchymal
cells migrated and proliferated to the bone end. The mesenchymal cells
gathered around some bone residues and fragments were BMP2 positive,
and the number of positive cells in the periosteum increased. (Figure 1)

On the 7th day, intramembranous osteogenesis occurred, the fractu-
red bone grew actively, the new bone trabecula increased significantly,
and BMP2 positive signals were seen in the osteoblasts and undifferen-
tiated mesenchymal cells around the new bone. (Figure 2)

Undifferentiated mesenchymal cells proliferated in the fractured end
of the bone on the 5th and 7th days after fracture, and undifferentiated
mesenchymal cells scattered in the periosteum of the fractured end and 4 .
around the new bone trabecula. Among them, the osteoblasts were Figure 3. On the 7th day after the fracture, a ositie signal of TGFP1 is seen in the
weakly positive for TGFB1. (Figure 3) osteoblasts around the new bone trabecula.

On the 11th day after fracture, the intramembranous osteogenesis
was active, and the new bone trabecula basically covered the bone stump.
The number of cartilage islands increased, and BMP2 in osteoblasts and
chondrocytes was positive, but it was weaker than before. (Figure 4)

The number of TGFB1 positive cells increased, and the intensity of
the positive signal was also significantly enhanced. Osteoblasts were
positive for TGFB1, and almost all chondrocytes in the cartilage islands
around the bone stump were strongly positive for TGF31. (Figure 5)

On the 14th day after the fracture, the bone trabecula became
thicker and formed a bone marrow cavity, showing more mature bone
tissue. The intensity of BMP2 positive signal decreased, and the number
of positive cells also decreased significantly. The TGF31 positive signal is
still strong in osteoblasts and chondrocytes (Figure 6).

-

oL

Fiéure 4. BMP2 positive signal is seen in chondrocytes on the 11th day after fracture,
but it is weaker than before.

.|; |

Figure 1. Undifferentiated mesenchymal cells in the periosteum are BMP2 positive
on day 5 after fracture.

Figure 5. On the 11th day after fracture, the positive signal of TGF@1 in chondrocytes
increased.

Onthe 21st to 28th day, the new bone at the fracture was connected
into a piece, which tended to connect the broken end of the bone and
seal the communication between the outside world and the bone marrow
cavity. The number of TGFB1 and BMP2 positive cells was significantly
reduced. In osteosarcoma, there are strong positive signals of BMP2
and TGFB1 in tumorous chondrocytes. The blank control omitting the
probe showed no positive signal. The positive signal was significantly

Figure 2. On the 7th day after the fracture, the osteoblasts around the new bone
trabecula were BMP positive. weakened after RNAase digestion.
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Figure 6. On the 14th day after the fracture, there is still a strong TGF31 positive signal.

DISCUSSION

Bone is a tissue with strong regeneration ability. Fracture healing
can be divided into four stages in histology, namely the immediate
post-injury reaction stage, the intramembranous bone formation stage,
the cartilage formation stage and the cartilage ossification stage. Bone
tissue defects are cured by the morphogenesis, cell differentiation and
regeneration and repair of the tissue.® The repair of bone tissue is diffe-
rent from other tissue repairs, not only in the potential of bone tissue
to differentiate itself. What is important is that tissues other than bone
can produce osteogenesis under the action of osteoinductive factors.
The discovery of BMP provides a theoretical basis for explaining the
occurrence, regeneration and repair of bone. A large number of studies
have confirmed that undifferentiated mesenchymal cells around blood
vessels can differentiate into cartilage and bone under the induction
of endogenous or exogenous BMP. At present, it is believed that the
center and key of fractures and bone defects is the activation of cells
and the release of osteogenic signals, and BMP is the initial signal mo-
lecule that makes mesenchymal cells differentiate into bone cells. With
the emergence of new cloning probes and high-sensitivity detection
methods, we can understand the expression of regulatory factors in
the process of fracture healing from the genetic level. The results of this
experiment show that the gene expression level of BMP2 is higher in
the intramembranous osteogenesis stage of the early fracture healing.
Undifferentiated mesenchymal cells can synthesize BMP2mRNA. As
the cells continue to differentiate and mature, the ability to synthesize
BMP2mRNA gradually declines. The expression of BMP in fracture healing
was observed by immunohistochemical method, and the positive rate
was higher in the early undifferentiated mesenchymal cells. Because the
expression of BMP in undifferentiated mesenchymal cells was detected

from protein and gene levels. This suggests that undifferentiated mesen-
chymal cells in a differentiated state have the function of synthesizing
and secreting BMP. BMP plays a role in the process of bone induction
in the early stage of bone growth and healing, and plays an important
role in tissue morphogenesis and cell differentiation.

Although BMP and TGF( belong to the TGF superfamily, the bio-
logical effects of the two are not exactly the same. The most obvious
difference is that TGF3 alone has no ectopic osteogenesis effect and
no osteoinduction outside the bone tissue. However, local application
of TGF3 can promote the formation of callus after fracture and increase
the strength of the callus. It can promote the synthesis of collagen by
osteoblasts and enhance the expression of type | collagen in the cells.
TGFB can accumulate differentiated osteoblasts and activate these
cells under the synergistic effect of other factors.' This accelerates
bone repair and regeneration. The author found that TGFB1TmRNA was
not synthesized or synthesized very little in the early stage of fracture
repair. In the chondrogenesis and cartilage ossification stage, osteoblasts
and chondrocytes have higher levels of TGF31TmRNA expression. Some
scholars have observed the positive staining of TGFR1 in osteoblasts
and chondrocytes in the process of fracture healing using immunohis-
tochemical methods. This suggests that these cells have the function
of synthesizing and secreting TGF@1, and play a role in the process of
bone tissue maturation and reconstruction.

BMP2 plays an important role in early bone induction. TGF@31 pro-
motes bone formation and maturation. They promote fracture repair
from both morphogenesis and regeneration. The coordination of the
two can better induce the formation of new bone and make the bone
tissue more mature after remodeling.

CONCLUSION

Undifferentiated mesenchymal cells with osteogenic potential in
the fracture or bone defect area can synthesize and secrete BMP. These
cells are induced by BMP to generate a large amount of new bone
tissue. With the differentiation and maturity of the cells, osteoblasts
and chondrocytes can synthesize TGF@ and promote their division and
proliferation. At the same time, TGF{3 can also promote the active func-
tion of the existing osteoblasts and bone grandmother cells, thereby
enhancing the osteogenic ability. For example, the combined application
of BMP and TGFR in the treatment of fractures and bone defects will
better promote fracture healing and bone defect repair.
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