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Growth factors (GF), with the activity of stimulating cell growth, play a significant role in biology, medicine, and exercise physiology. In the process of exercise, human tissues are impacted, making cells suffer damage. Growth factor can accelerate the repair of damaged cells and regulate the synthesis of protein, so biological preparations of growth factors can be added to traditional therapies. A combination of growth factor biologics and conventional therapies may improve the efficiency of injury repair, but growth factor biologics may not produce any results. The feasibility of growth factor biologics in the treatment of motor injury was discussed. The research have shown that: 1) GF biological agent therapy is a very promising treatment for motor injury, which is based on the power of autologous growth factor (GFs) to accelerate tissue healing, promote muscle regeneration, increase angiogenesis, reduce fibrosis, and make the muscle injury rapid recovery. 2) There are various methods for delivering the higher dose of GF to the injured tissue, but most of them depend on the platelet release of GF. At the site of injury, there are several ways to deliver higher doses of GF to the injured tissue. 3) At present, the inhibition of GF is mainly through signal transduction inhibitors and inhibition of transcription factor production. 4) Pattern of GF during wound repair: GF directly regulates many key steps of normal wound repair, including inflammatory cell chemotaxis, division and proliferation of fibroblasts, keratinocytes and vascular endothelial cells, formation of new blood vessels, and synthesis and degradation of intercellular substances. 5) When GF promotes chronic wound healing, in most cases, certain GF can be used targeted only when in vivo regulation still cannot meet the need for repair.
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INTRODUCTION OF GROWTH FACTOR
Growth factors, which are cytokines with activity of stimulating cell growth, are composed of polypeptides and protein and are used to regulate cell growth and other cell functions. They are found in platelets, various adult and embryonic tissues, and most cultured cells (Burnouf et al., 2013). It can directly reach the nucleus to repair genes and promote cell division, reproduction and regeneration (Escobar et al., 2015). The general characteristic of GF biological preparations is that it can bind to cell membrane specific receptors and modulate the growth and development of cells. At present, Fibroblast growth factor (FGF), bone morphogenetic protein (BMP), nerve growth factor (NGF), granulocyte colony stimulating factor (G-CSF), platelet-derived growth factor (PDGF), transforming growth factor -α and transforming growth factor -β are all GF related to sports injury. Sports injuries are generally caused by professional sports and recreational sports injuries. Muscle injury usually occurs after eccentric contraction, resulting in injury of tendon joint. When the degree of injury is different, the doctor’s treatment method will also change. But mainly limited to ice compress, oppression, elevation, anti-inflammatory drugs, rest, and activities (Kasemkijwattana et al., 2000). Motor injury generally exists in muscle tissue, bone and other parts of the human body. The spontaneous regeneration ability of muscle tissues and bones is poor, and usually they cannot be fully recovered after injury (Lyu et al., 2020). Once the muscle and bone are damaged, due to the formation of adhesion and scar, the normal biological and biomechanical properties of tendon and bone cannot be completely regained (Giannotti et al., 2015). These abnormal arrangements and structures are often the risk factors for re-injury. Sports-related injuries include acute and chronic injuries. For soft tissues including muscles and ligaments, no matter what kind of injury is, it includes four processes: hemostasis, inflammation, proliferation of cells and matrix, wound maturation and remodeling. The difference lies in the time limit. In the above-mentioned processes, the cell and matrix proliferation stage can be said to be the most important stage of wound healing, determining whether the function of soft tissues is likely to return to the previous level. In addition, the stages of wound maturation and remodeling may involve the formation of scar tissue. Moreover, physiopathologic and metabolic factors in the body can affect any process of injury repair, resulting in prolonged time. In the process of potentially unfavorable repair, it leads to the instability of the soft tissue structure and the weakening of its function, resulting in re-injury. (Middleton et al., 2012)Movement-related GF can affect the cycle conversion of target cells to accelerate the division and proliferation of cells (Creaney and Hamilton, 2008), and promote the synthesis of DNA, RNA and protein in tissue repair cells, which can effectively eliminate low density lipoprotein in blood (Evanson et al., 2014). It plays a significant regulatory part in wound inflammation and infection, wound healing, differentiation of various cells (Gigante et al., 2013), and apoptosis of aging cells in the human body (Bachl et al., 2009).
GF formulations have described a number of fascinating results in sports medicine (Bisciotti et al., 2013), however, the biological characteristics of many different GF preparations are not well understood. A variety of GF preparations can be used in combination, which makes the effect better in the repair of sports injury. However, the effect of using GF preparation in the treatment of motor injury may also be poor, so we must pay attention to the implementation of the course of treatment and the role of the site. In this paper, the source, properties, action mechanism and possible effects of GF preparations in the field of sports injury were introduced in detail. The course results of future GF preparations for the treatment of sport injury were also summarized in order to promote the development of GF preparation therapy.
PERFORMANCE OF GROWTH FACTOR
Bone morphogenetic protein-2 and PDGF are the barrier membranes of osteogenic growth factors, and they have studied the loading and release kinetics of growth factors more through soaking in GF solution and culturing the membrane followed by freeze-drying, or mixing with polymer before evaporation to incorporate GF into the membrane (Zumstein et al., 2011). Membrane materials and other reagents are important factors that affect the adsorption capacity of the membrane, as well as the concentration of heparin, crosslinking agent and GF. Notably, there were two stages of release of GF from the membrane: the first stage consisted of a sudden release (approximately 1 day) and the second stage consisted of a slow release. In addition, the ability to exert biological activity at GFs concentrations controlled by release in the membrane has also been demonstrated by many studies. For example, white blood cell and platelet-rich fibrin (L-PRF) contains growth factors. L-PRF clots were slowly released with increasing GF1, PDGF-AB over the first 8 h, and within the first 7 days increased complete release of growth factors GF1, VEGF, and MPO and then decreased to near zero at Day 28.
Studies have shown that there are several methods for delivering higher doses of GF to injured tissues, but most rely on platelet release of GF. The alpha particles of platelets contain GF [insulin-like GF-1, vascular endothelial GF, and transformed GF-β (1)],etc. Platelet-rich plasma is usually analyzed for peripheral blood using different types of centrifugation, and different separation methods result in different distributions of platelet and leukocyte counts (Pochini et al., 2016). A standard L-PRF centrifugation protocol at 400 ×g has been shown to have the highest concentrations of platelets and leukocytes (Zumstein et al., 2012).
Plasma (PRGF) therapy, direct injection and hydrogel incorporation can be realized at the injury site as can be seen in Figure 1. 1) Plasma treatment refers to the reinfusion of plasma in the body. After removing red and white blood cell, platelets, and liquid components from that blood, the remaining material contain large amounts of growth factors, coagulation factors, albumin, globulin, and various antibodies. 2) Direct injection, which can be used as a liquid injection preparation for damaging tendons or joints (Singh et al., 2020). Pure platelet-rich fibrin (P-PRF) and leukocyte and platelet-rich fibrin (L-PRF) are leukocyte-free and leukocyte-containing solid fibrin-based products, respectively, that can be used as bioactive healing biomaterials (Creaney et al., 2011). 3) Hydrogel therapy. Treatment of motor injury requires consistent skeletal muscle regeneration, complete healing as far as possible, and reduction of tissue fibrosis (Hwang et al., 2013). It has been studied that stem cells and basic fibroblast growth factor (BFGF) are incorporated into hydrogels to observe muscle cell regeneration in animal models of muscle tearing (Caballé-Serrano et al., 2019). The results showed that the rapid twitch muscle contraction at the injury site was markedly improved, and fibrosis was markedly reduced. Combined treatment with GF hydrogel results in restoration of function, revascularization and innervation with minimal fibrosis of the torn muscle. Thus, some of the GF hydrogel preparations could be used as a hopeful treatment for muscle cells’ regeneration, and this part of the study needs to be further developed.
[image: Figure 1]FIGURE 1 | Feasibility of growth factor preparation in the repair of sports injury.
In terms of the effect of activator on promoting the use of GF, some studies have found that the activator used in combination with PRP is effective for promoting the concentration of GF. Such as the effect of activator calcium chloride on the concentration of GF, activated and inactive calcium chloride prepared by PRP under each condition, activated with calcium chloride resulted in significant increases in PDGF antibody and IGF-1 concentrations, and calcium chloride activated PRP resulted in the release of platelet-differentiated GF (Hamilton et al., 2015). The use of these activators affects the outcome after treatment of motor injury and is recommended for consideration in future treatment.
INHIBITION OF GROWTH FACTOR
GF is the key to regulate cell signaling pathway. Currently, the inhibition of GF is exerted through signal transduction inhibitors. It can interfere with the process of protein-protein interaction between GF and its receptor by targeting the extracellular protein-binding domain of GF receptor. Such as the signal transduction inhibitor compound CJJ300, inhibits tgf-beta signals by disrupting the process of formation of signal complexes that transform gf-beta (tgf-beta) (Wu et al., 2020). The compounds can be used for treating the elimination of downstream signals during the transmission of cell signaling pathways, the phosphorylation of GF in key factors of the pathways and the induction of molecular markers. Through these effects, signaling inhibitors can significantly inhibit cell migration.
In addition, there is a method for producing an inhibitory effect on GF by inhibition of a transcription factor. Mechanical GF (MGF) can significantly promote the migration of chondrocytes from growth plates, accompanied by YAP activation. YAP is a transcription regulator that modulate cell proliferation, survival, and differentiation, in order to control organ development and tissue regeneration (Jing et al., 2018). Knocking out YAP with the YAP inhibitor YAP siRNA inhibits MGF-induced migration. MGF promotes YAP activation through RhoA GTPase-mediated cytoskeletal recombination, and C3 toxin can also be used to inhibit RhoA and eliminate MGF-induced YAP activation.
With the development of GF biological agents, many studies began to study GF inhibitors to achieve the purpose of inhibiting GF and controlling its action mechanism.
TABLE 1 | Therapeutic use of growth factor preparation.
[image: Table 1]THE EFFECTS OF GROWTH FACTOR PREPARATION
Positive Impact
Pattern of GF in the process of wound repair: GF directly regulates many key steps of normal wound repair, including inflammatory cell tropism, division and proliferation of fibroblasts, keratinocytes and vascular endothelial cells, formation of new blood vessels, and synthesis and degradation of intercellular substance (Mishra et al., 2012). The presence of GF contributes to the healing and remodeling of the soft tissues, and regeneration can begin before leukocytes infiltrate the affected sites. At low interleukin levels, the inflammatory phase of healing is inhibited, pain is alleviated, and the process of repair and regeneration is accelerated (Sanchez et al., 2009). GF mimics the clotting physiological events of thrombin-induced fibrin formation and platelet activation and has the key advantage of not having tissue necrosis effects and being biodegradable by body enzymes. Clinically, most of the platelet-rich GF biomaterials are used to achieve wound healing (Seijas et al., 2014), repair soft and hard tissues (Scala et al., 2014), and stimulate bone tissue regeneration (Zhang et al., 2020). They have recently been evaluated in the repair of knee osteoarthritis and muscle damage (Huang et al., 2020), and platelet GF opens up new prospects for regenerative medicine.
When being applied to the repair of articular cartilage injury and meniscus injury, the patients can move more smoothly when being injected with the GF, and the discomfort is obviously relieved (Shang et al., 2018); and the method is quite effective for treating pain of patients with osteoarthritis. In the area between the pits and the fixed fragments injected with a number of growth factors in autologous plasma, in the case with a poor prognosis, the complete healing of the articular cartilage was significantly accelerated, the functional results were good, and the asymptomatic motor activity could be quickly restored (Sanchez et al., 2003). When being applied to the injury of anterior cruciate ligament and achilles tendon, the GF biological preparation promotes the process of “ligament ingrowth, creeping substitution and bone tendon healing” of the injured ligament (Rizzello et al., 2012) and the surgically reconstructed ligament (Anitua et al., 2014). Studies have found that bone marrow mesenchymal stem cells transfected with FGF-2 gene compound with autologous PRP transplantation can promote extraarticular tendon-bone healing, particularly for acute exercise-related tendon-ligament injury (Laver et al., 2015). The use of PRGF for fear of partial anterior cruciate ligament tears, with the preservation of an intact bundle, can guarantee a high success rate in the recovery from the motor injury (Volpi et al., 2010; Yoshioka et al., 2013).
It has more obvious effect when being used for the treatment of “heel pain” of plantar fasciitis compared with the “local sealing treatment”. Local injection of exogenous insulin-like growth factor-1 (IGF-1) can stimulate the proliferation of myoblasts and accelerate the process of repair (Wang and Wang, 2021). It can be used for the treatment of shoulder arthritis (subacromial and bilateral tendonitis), traumatic or degenerative joint swelling and synovitis, and helps to relieve swelling and pain. The level of evidence is determined by the number of high-quality studies with consistent findings. Patients with ankylosing spondylitis used in the knee joint and sacroiliac joint, have achieved good curative effect, in addition to pain relief, laboratory indicators of erythrocyte sedimentation rate and C-reactive protein also fell to the normal range after 1 month of treatment (Aguilar-Garcia et al., 2018). Regarding the treatment of tendonitis and tenosynovitis, for patients who are resistant to first-line physical therapy such as eccentric load, ABI or PRP injection is an effective second-line treatment to improve clinical results (Sandrey, 2014). The GF biological preparation can also be applied to the treatment of shoulder, elbow, wrist, hip, knee, ankle, sacroiliac joint, vertebral joint and the like (Frei et al., 2008).
Negative Effect
1) The surrounding environment of wound healing contains protein GF. Its content changes during the whole release process. When the effect of GF is inhibited, wound repair will encounter obstacles (Shen et al., 2021). 2) The surrounding environment of chronic trauma contains low GF activity. 3) When GF promotes the healing of chronic wounds, in most cases, exogenous GF does not necessarily need to be supplied for wound repair, and only when in vivo regulation still cannot meet the need for repair, such as some hard-to-heal injuries, can certain GF be used pointedly. For example, local application of IGF-1 in human body has been proved to rapidly stimulate tendon collagen synthesis. Then can IGF-1 injection enhance tendon synthesis and tissue structure in patients with patellar tendon disease? Although clinical responses were small and rapid with IGF-1 injection in combination with training, no additional long-term effects of intratendon IGF-1 on structure and clinical outcome were observed in patients with patellar tendon disease (Olesen et al., 2021). As another example of meniscus injury, the local application of vascular growth factor, vascular endothelial growth factor could theoretically promote healing of the meniscus tear in the avascular zone, however, no meniscus healed completely in this treatment group. It was found that topical application of vascular endothelial growth factor through PDLLA-coated sutures did not promote meniscus healing (Petersen et al., 2007).
Therefore, GF may not always be a hopeful tool for repairing damage, which is related to the site of sports injury, the design of treatment, the number and type of growth factor injections, and further research is needed to clarify the ineffective mechanism.
CONCLUSION AND PROSPECT
Muscle damage is a common cause of long-term severe pain and limb disability. Recovery from muscle damage caused directly or indirectly by exercise is a complex but well-defined process that includes degeneration, inflammation, regeneration, and fibrosis. Biological agents, such as IGF-1, MGF, PDGF, and TGF-β have been discussed in clinical treatment. They have the potential not only to treat athletic injuries but also to be a centre of interest for stimulant abusers as biotechnologies that achieve good athletic performance but are not yet fully understood.
The research have shown that: 1) GF biological agent therapy is a very promising treatment for motor injury, which is based on the power of autologous growth factor (GFs) to accelerate tissue healing, promote muscle regeneration, increase angiogenesis, reduce fibrosis, and make the muscle injury rapid recovery. 2) There are various methods for delivering the higher dose of GF to the injured tissue, but most of them depend on the platelet release of GF. At the site of injury, there are several ways to deliver higher doses of GF to the injured tissue. 3) At present, the inhibition of GF is mainly through signal transduction inhibitors and inhibition of transcription factor production. 4) Pattern of GF during wound repair: GF directly regulates many key steps of normal wound repair, including inflammatory cell chemotaxis, division and proliferation of fibroblasts, keratinocytes and vascular endothelial cells, formation of new blood vessels, and synthesis and degradation of intercellular substances. 5) When GF promotes chronic wound healing, in most cases, certain GF can be used targeted only when in vivo regulation still cannot meet the need for repair.
To date, most treatments for muscle injury with GF biologics have been due to limited experimental and clinical data or only empirical trials. Therefore, we need more experimental studies, including the specific GFs to quantify the release of PRP, angiogenesis, myogenesis and functional recovery data, as well as other mechanisms of GF repair, to finally verify the repair hypothesis of GF biological agents in the treatment of muscle injury and open a new journey for its wide clinical application. Currently, there is a large amount of data on the pathophysiology of muscle injury in the relevant studies.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aguilar-García, D., Fernández-Sarmiento, J. A., Granados, M. d. M., Morgaz, J., Navarrete, R., Carrillo, J. M., et al. (2018). Effect of Plasma Rich in Growth Factors on the Early Phase of Healing of Surgically Severed Achilles Tendon in Sheep: Histological Study. J. Appl. Anim. Res. 46 (1), 471–478. doi:10.1080/09712119.2017.1337017
 Anitua, E., Sánchez, M., Aguirre, J. J., Prado, R., Padilla, S., and Orive, G. (2014). Efficacy and Safety of Plasma Rich in Growth Factors Intra-articular Infiltrations in the Treatment of Knee Osteoarthritis. Arthrosc. J. Arthroscopic Relat. Surg. 30 (8), 1006–1017. doi:10.1016/j.arthro.2014.05.021
 Bachl, N., Derman, W., Engebretsen, L., Goldspink, G., Kinzlbauer, M., Tschan, H., et al. (2009). Therapeutic Use of Growth Factors in the Musculoskeletal System in Sports-Related Injuries. J. Sports Med. Phys. Fitness 49 (4), 346–357. 
 Bisciotti, G. N., Eirale, C., and Sannicandro, I. (2013). Role of Growth Factors in Tendon Repair. Medicina Dello Sport 66 (3), 407–429. 
 Burnouf, T., Goubran, H. A., Chen, T. M., Ou, K. L., El-Ekiaby, M., and Radosevic, M. (2013). Blood-derived Biomaterials and Platelet Growth Factors in Regenerative Medicine. Blood Rev. 27 (2), 77–89. doi:10.1016/j.blre.2013.02.001
 Caballé-Serrano, J., Abdeslam-Mohamed, Y., Munar-Frau, A., Fujioka-Kobayashi, M., Hernández-Alfaro, F., and Miron, R. (2019). Adsorption and Release Kinetics of Growth Factors on Barrier Membranes for Guided Tissue/bone Regeneration: A Systematic Review. Arch. Oral Biol. 100, 57–68. doi:10.1016/j.archoralbio.2019.02.006
 Creaney, L., and Hamilton, B. (2008). Growth Factor Delivery Methods in the Management of Sports Injuries: the State of Play. Br. J. Sports Med. 42 (5), 314–320. doi:10.1136/bjsm.2007.040071
 Creaney, L., Wallace, A., Curtis, M., and Connell, D. (2011). Growth Factor-Based Therapies Provide Additional Benefit beyond Physical Therapy in Resistant Elbow Tendinopathy: a Prospective, Single-Blind, Randomised Trial of Autologous Blood Injections versus Platelet-Rich Plasma Injections. Br. J. Sports Med. 45 (12), 966–971. doi:10.1136/bjsm.2010.082503
 Escobar, G. L., Garuz, A. T., Anzalas, G. F., Villagra, V., Gudelis, M., and Pérez, L. T. (2015). Growth Factor's Treatment in Musculoskeletal Injuries. Med. Sci. Sports Exerc. 47 (5), 652. doi:10.1249/01.mss.0000478495.22477.a8
 Evanson, J. R., Guyton, M. K., Oliver, D. L., Hire, J. M., Topolski, R. L., Zumbrun, S. D., et al. (2014). Gender and Age Differences in Growth Factor Concentrations from Platelet-Rich Plasma in Adults. Mil. Med. 179 (7), 799–805. doi:10.7205/milmed-d-13-00336
 Frei, R., Biosca, F. E., Handl, M., and Trc, T. (2008). Conservative Treatment Using Plasma Rich in Growth Factors (PRGF) for Injury to the Ligamentous Complex of the Ankle. Acta Chir Orthop. Traumatol. Cech 75 (1), 28–33.
 Giannotti, S., Dell'Osso, G., Bottai, V., Ghilardi, M., Bugelli, G., Lazzerini, I., et al. (2015). Treatment of Tendon Injuries of the Lower Limb with Growth Factors Associated with Autologous Fibrin Scaffold or Collagenous Scaffold. Surg. Technol. Int. 26, 324–328.
 Gigante, A., Cianforlini, M., Manzotti, S., and Ulisse, S. (2013). The Effects of Growth Factors on Skeletal Muscle Lesions. Joints 1 (4), 180–186. doi:10.11138/jts/2013.1.4.180
 Hamilton, B., Tol, J. L., Knez, W., and Chalabi, H. (2015). Exercise and the Platelet Activator Calcium Chloride Both Influence the Growth Factor Content of Platelet-Rich Plasma (PRP): Overlooked Biochemical Factors that Could Influence PRP Treatment. Br. J. Sports Med. 49 (14), 957–960. doi:10.1136/bjsports-2012-091916
 Huang, J., Zhao, L., and Chen, D. (2020). “Growth Factors and Osteoarthritis,” in Encyclopedia of Bone Biology ed . Editor M. Zaidi (Oxford: Academic Press), 632–640. doi:10.1016/b978-0-12-801238-3.11191-2
 Hwang, J. H., Kim, I. G., Piao, S., Jung, A. R., Lee, J. Y., Park, K. D., et al. (2013). Combination Therapy of Human Adipose-Derived Stem Cells and Basic Fibroblast Growth Factor Hydrogel in Muscle Regeneration. Biomaterials 34 (25), 6037–6045. doi:10.1016/j.biomaterials.2013.04.049
 Jing, X., Ye, Y., Bao, Y., Zhang, J., Huang, J., Wang, R., et al. (2018). Mechano-growth Factor Protects against Mechanical Overload Induced Damage and Promotes Migration of Growth Plate Chondrocytes through RhoA/YAP Pathway. Exp. Cell Res 366 (2), 81–91. doi:10.1016/j.yexcr.2018.02.021
 Kasemkijwattana, C., Menetrey, J., Bosch, P., Somogyi, G., Moreland, M. S., Fu, F. H., et al. (2000). Use of Growth Factors to Improve Muscle Healing after Strain Injury. Clin. Orthop. Relat. Res. 370, 272–285. doi:10.1097/00003086-200001000-00028
 Laver, L., Carmont, M. R., McConkey, M. O., Palmanovich, E., Yaacobi, E., Mann, G., et al. (2015). Plasma Rich in Growth Factors (PRGF) as a Treatment for High Ankle Sprain in Elite Athletes: a Randomized Control Trial. Knee Surg. Sports Traumatol. Arthrosc. 23 (11), 3383–3392. doi:10.1007/s00167-014-3119-x
 Lyu, J., Chen, L., Zhang, J., Kang, X., Wang, Y., Wu, W., et al. (2020). A Microfluidics-Derived Growth Factor Gradient in a Scaffold Regulates Stem Cell Activities for Tendon-To-Bone Interface Healing. Biomater. Sci. 8 (13), 3649–3663. doi:10.1039/d0bm00229a
 Middleton, K. K., Barro, V., Muller, B., Terada, S., and Fu, F. H. (2012). Evaluation of the Effects of Platelet-Rich Plasma (PRP) Therapy Involved in the Healing of Sports-Related Soft Tissue Injuries. Iowa Orthop. J. 32, 150–163.
 Mishra, A., Harmon, K., Woodall, J., and Vieira, A. (2012). Sports Medicine Applications of Platelet Rich Plasma. Curr. Pharm. Biotechnol. 13 (7), 1185–1195. doi:10.2174/138920112800624283
 Olesen, J. L., Hansen, M., Turtumoygard, I. F., Hoffner, R., Schjerling, P., Christensen, J., et al. (2021). No Treatment Benefits of Local Administration of Insulin-like Growth Factor-1 in Addition to Heavy Slow Resistance Training in Tendinopathic Human Patellar Tendons: A Randomized, Double-Blind, Placebo-Controlled Trial with 1-Year Follow-Up. Am. J. Sports Med. 49 (9), 2361–2370. doi:10.1177/03635465211021056
 Petersen, W., Pufe, T., Stärke, C., Fuchs, T., Kopf, S., Neumann, W., et al. (2007). The Effect of Locally Applied Vascular Endothelial Growth Factor on Meniscus Healing: Gross and Histological Findings. Arch. Orthop. Trauma Surg. 127 (4), 235–240. doi:10.1007/s00402-005-0024-2
 Pochini, A. C., Antonioli, E., Bucci, D. Z., Sardinha, L. R., Andreoli, C. V., Ferretti, M., et al. (2016). Analysis of Cytokine Profile and Growth Factors in Platelet-Rich Plasma Obtained by Open Systems and Commercial Columns. Einstein (Sao Paulo) 14 (3), 391–397. doi:10.1590/s1679-45082016ao3548
 Rizzello, G., Longo, U. G., Petrillo, S., Lamberti, A., Khan, W. S., Maffulli, N., et al. (2012). Growth Factors and Stem Cells for the Management of Anterior Cruciate Ligament Tears. Open Orthop. J. 6, 525–530. doi:10.2174/1874325001206010525
 Sánchez, M., Anitua, E., Orive, G., Mujika, I., and Andia, I. (2009). Platelet-Rich Therapies in the Treatment of Orthopaedic Sport Injuries. Sports Med. 39 (5), 345–354. doi:10.2165/00007256-200939050-00002
 Sánchez, M., Azofra, J., Anitua, E., Andía, I., Padilla, S., Santisteban, J., et al. (2003). Plasma Rich in Growth Factors to Treat an Articular Cartilage Avulsion: a Case Report. Med. Sci. Sports Exerc. 35 (10), 1648–1652. doi:10.1249/01.MSS.0000089344.44434.50
 Sandrey, M. A. (2014). Autologous Growth Factor Injections in Chronic Tendinopathy. J. Athl Train 49 (3), 428–430. doi:10.4085/1062-6050-49.3.06
 Scala, M., Lenarduzzi, S., Spagnolo, F., Trapasso, M., Ottonello, C., Muraglia, A., et al. (2014). Regenerative Medicine for the Treatment of Teno-Desmic Injuries of the Equine. A Series of 150 Horses Treated with Platelet-Derived Growth Factors. In Vivo 28 (6), 1119–1123.
 Seijas, R., Ares, O., Cuscó, X., Alvarez, P., Steinbacher, G., and Cugat, R. (2014). Partial Anterior Cruciate Ligament Tears Treated with Intraligamentary Plasma Rich in Growth Factors. World J. Orthop. 5 (3), 373–378. doi:10.5312/wjo.v5.i3.373
 Shang, L., Xu, Y., Shao, C., Ma, C., and Feng, Y. (2018). Anti-Vascular Endothelial Growth Factor (VEGF) Antibody Ameliorates Cartilage Degradation in a Rat Model of Chronic Sports Arthritic Injury. Med. Sci. Monit. 24, 4073–4079. doi:10.12659/msm.906954
 Shen, Z., Tsao, H., LaRue, S., Liu, R., Kirkpatrick, T. C., Souza, L. C., et al. (2021). Vascular Endothelial Growth Factor And/or Nerve Growth Factor Treatment Induces Expression of Dentinogenic, Neuronal, and Healing Markers in Stem Cells of the Apical Papilla. J. Endod. 47 (6), 924–931. doi:10.1016/j.joen.2021.02.011
 Singh, N., Pandey, C. R., Tamang, B., and Singh, R. (2020). Scranton Type V Osteochondral Defects of Talus: Does One-Stage Arthroscopic Debridement, Microfracture and Plasma Rich in Growth Factor Cause the Healing of Cyst and Cessation of Progression to Osteoarthritis?Malays Orthop. J. 14 (2), 64–71. doi:10.5704/moj.2007.014
 Volpi, P., Quaglia, A., Schoenhuber, H., Melegati, G., Corsi, M. M., Banfi, G., et al. (2010). Growth Factors in the Management of Sport-Induced Tendinopathies: Results after 24 Months from Treatment. A Pilot Study. J. Sports Med. Phys. Fitness 50 (4), 494–500. 
 Wang, Q., and Wang, F. (2021). Rehabilitation Therapy with Insulin-Like Growth Factor after Acute Skeletal Muscle Injury. Rev. Bras Med. Esporte 27 (3), 295–298. doi:10.1590/1517-8692202127032021_0135
 Wu, H., Sun, Y., Wong, W. L., Cui, J., Li, J., You, X., et al. (2020). The Development of a Novel Transforming Growth Factor-β (TGF-β) Inhibitor that Disrupts Ligand-Receptor Interactions. Eur. J. Med. Chem. 189, 112042. doi:10.1016/j.ejmech.2020.112042
 Yoshioka, T., Kanamori, A., Washio, T., Aoto, K., Uemura, K., Sakane, M., et al. (2013). The Effects of Plasma Rich in Growth Factors (PRGF-Endoret) on Healing of Medial Collateral Ligament of the Knee. Knee Surg. Sports Traumatol. Arthrosc. 21 (8), 1763–1769. doi:10.1007/s00167-012-2002-x
 Zhang, J., Liu, Z., Tang, J., Li, Y., You, Q., Yang, J., et al. (2020). Fibroblast Growth Factor 2-induced Human Amniotic Mesenchymal Stem Cells Combined with Autologous Platelet Rich Plasma Augmented Tendon-To-Bone Healing. J. Orthop. Translat 24, 155–165. doi:10.1016/j.jot.2020.01.003
 Zumstein, M. A., Berger, S., Schober, M., Boileau, P., Nyffeler, R. W., Horn, M., et al. (2012). Leukocyte- and Platelet-Rich Fibrin (L-PRF) for Long-Term Delivery of Growth Factor in Rotator Cuff Repair: Review, Preliminary Results and Future Directions. Curr. Pharm. Biotechnol. 13 (7), 1196–1206. doi:10.2174/138920112800624337
 Zumstein, M. A., Bielecki, T., and Dohan Ehrenfest, D. M. (2011). The Future of Platelet Concentrates in Sports Medicine: Platelet-Rich Plasma, Platelet-Rich Fibrin, and the Impact of Scaffolds and Cells on the Long-Term Delivery of Growth Factors. Oper. Tech. Sports Med. 19 (3), 190–197. doi:10.1053/j.otsm.2011.01.001
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Tan, Li, Liu, Zhu and Shao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Feasibility of Growth Factor Agent Therapy in Repairing Motor Injury		Introduction of Growth Factor

		Performance of Growth Factor

		Inhibition of Growth Factor

		The Effects of Growth Factor Preparation		Positive Impact

		Negative Effect





		Conclusion and Prospect

		Author Contributions

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Feasibility of Growth Factor
Agent Therapy in Repairing Motor

Injury





OPS/images/fphar-13-842775-g001.gif





OPS/images/fphar-13-842775-t001.jpg
Growth
factor

Plasma rich in
growth factors
PRGF)

Fibroblast growth
factor (FGF-2)

(PRGF-Endoret)

insulin-lie growth
factor 1 (IGF-1)

Bevacizumab, an
anti-vascular
endothelial
growth factor
VEGF)
preparation

(PRGF-Endoret)

(PRGF)

(PRGF)

(PRGF)

Extraction
method

6309
centrifuge

8 min to get
the middle
layer

NM

4609
centrifuge

8 min to get
the middle

layer

NM

NM

4609
centrifuge

8 min to get
the middle
layer

4809
centrifuge
8min to get
the middie

layer

4809
centrituge

8 min to get
the middle

layer

4609
centrituge

8 min to get
the middle

layer

Save
method

stored
at
-80°C

NM

stored
at
-80'C

NM

NM

stored
at
-80°C

stored
at
-80°C

stored
at
-80°C

stored
at
-80°C

Disposal
method

10% calcium
chloride
activation

HAMSCs were
transfected witha
lentivirus carrying
the FGF-2 gene
and combined
with autologous
platelet-rich
plasma (PRP)
10% calcium
chloride
activation

NM

NM

10% calcium
chloride
activation

10% calcium
chioride
activation

10% calcium
chloride
activation

10% calcium
chloride
activation

Treatment
site

Achilles
tendon of
sheep injury

Rabbit bone-
tendon
interface

Medial
collateral
ligament of
rabbit

NM

Knee joint of
rat with chronic
athletic arthritis

injury

Knee joint with
anterior
cruciate
ligament (ACL)
tear

Knee joint
cartiage of
young footbal
player

Ankle joint of
player with
anterior
tibiofibular
ligament
(AITFL) injury
Type Ill injured
anke ligament

Treatment

Infitration
injection

Local
injection

Local
injection

Local
injection

Intra-
articular
injection

Intra-
articular
injection

Intra-
articular
injection

Intra-
articular
injection

Intra-
articular
injection

Biological
effect

Regulating the
inflammatory
reaction of the
achilles tendon
injury, accelerating
the tendon healing
process and
shortening the
recovery time
HAMSCs
transfected with
FGF-2 gene in
combination with
autologous PRP
can enhance
tendon-to-bone
healing

Local appiication of
PRGF-Endoret
advances early
pace of ligament
healing and
recovery of
structural features
in rabbit models
Exogenous insulin-
like growth factor -1
acoelerates the
process of skeletal
muscle post-
traumatic repair
induced by
treadmill exercise

Bevacizumab
Treatment
Improves Cartiage
Degradation in Rats
Suffering from
Chronic Exercise-
induced Arthritis
Injury

PRGF-Endoret
Promotes Exercise
Recovery in
Athletes with Cases
of Instabiity
Caused by ACL
Tears

Promote that
complete healing of
the articular
cartilage to be
obviously
accelerate
Combined joint re-
stabilzation with
less long-term
residual pain

Lower the ankle to
show signs of
instabilty and
retum to previous
athletic activity

Mechanism
of action

Reduce tendon
inflammatory cel
infitration

FGF-2 and PRP have
synergistic effect

PRGF-Endoret
stimuiates fioroblast
prolferation and
neovascularization

It can promote the
formation of protective
fim of basement
membrane, activate
myoblasts to form
myoflaments and
myotubes, and
promote fusion into
muscle fibers
Bevacizumab
treatment resulted in
marked decreases in
cytokine interleukin (L)-
1B, tumor necrosis
factor (TNF)-a, matrix
metalloproteinase
(MMP)-1 and MMP-3
levels, and marked
increases in
transforming growth
factor (TGF)-1 levels
NM

NM

NM

The entry of growth
factors into the injured
tissue promotes the
healing and remodeling
of the soft tissues for
regeneration. At lower
interleukin levels, the
inflammatory healing
phase is inhibited, pain
is alleviated, and the
process of repair and
regeneration is

T W

References

Daniel Aguilar-
Garcia

et al(2018)
(Aguilar-Garcia
etal. (2018)

Jun Zhang
et al.(2020)
(Zhang et al.
(2020)

Tomokazu
Yoshioka

et al(2013)
(Yoshioka et al.
(2013)

Wang, Qing
et al.(2021)
(Wang and Wang
(2021)

Lei Shang
et al(2018)
(Shang et al.
(2018)

Roberto Sefjas
etal(2014) (Seijs
etal. (2014)

Mikel Sénchez

et al.(2003) (Mikel
Sanchez et al.,
2003)

Lior Laver
et al.(2015) (Laver
etal. (2015)

R Frei et al.(2008)
(Frei et al. (2008)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





