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TGF-B1 A ects Tenocytes

Tendons are hypocellular tissues mainly composed of tenocytes,
and a stem and progenitor cell population [16]. Tenocytes make up
the majority of the cellular content of the tendon and are integral in
indispensable the healing process following injury [17]. Many previous
literatures have studied the role of TGF-P1 after tendon injury to
promote the healing of tendon injury. The following summarizes the
effect of TGF-P1 on tenocytes.

Proliferation

After the tendon tissue is injured, its natural healing is extremely
slow and inefficient when it is severely damaged due to its intrinsic
hypocellularity [18,19]. TGF-p1 increases the proliferation of tenocytes.
In a recent in vitro study, acellular amnion released TGF-f1 to cause
the rapid proliferation in tenocytes of adult Leghorn chickens with
relatively static properties [20]. Identically after 48 hours of exposure
to 1ng/ml TGF-B1 in human tenocytes, there was a significant increase
in cell proliferation, as shown with crystal violet method, as compared to
control [21]. In addition, TGF-P1 promotes the proliferation of tendon
stem cells (TSC, and when TGF-p receptors are blocked by TGF-p
receptor inhibitor (ITD-1), the proliferation of TSC will be significantly
reduced [22]. The activation of TGF-B/BMP signaling pathway by
TGF-f1 may promote proliferation during tendon injury. TGF-p1
may promote the proliferation during tendon injury by activating the
TGF-B/BMP signaling pathway [23]. The molecular mechanism of
the proliferation of tendon cells may be through the up-regulation of
proliferating cell nuclear antigen(PCNA) gene and protein expression
through TGF-B1[24] (Figure 1).

Migration

The migration of tenocytes is a fundamental biological behavior
and is a significant factor to promote tendon repair [25]. In the
process of tendon healing, tenocytes migrate into the injured site,
secreting collagen and reorganizing the extracellular matrix (ECM)
to repair the tendon [16]. In vitro experiment showed that treatment
of TGF-p1 promoted cell migration. However, inhibition of TGF-f1
by transfection of sh-TGF-P1 or treatment of TGFR I/II inhibitor
partially reversed the migration of tenocytes [26]. In a wound healing
experiment, the migration effect of TGF-P1 carried by the exosomes of
TSC on TSC, compared with the control group, the migration ability of
TSC was significantly enhanced. In addition, TGF-f receptor inhibitors
can significantly reduce TSC migration [22]. However, the molecular
mechanisms controlling the migration of TSC during tendon repair are
not well understood.

Di erentiation

It is generally accepted that cellular activation stimulates the
conversion of fibroblasts and tenocytes to myofibroblasts represents
a key event during wound healing and tissue repair [27]. Because
myofibroblasts induce the expression of alpha-smooth muscle actin
(a-SMA), they gain contractility and contribute to the repair of
physiological tissues. It is well established that tendon fibroblasts can
increase the expression of a-SMA and activate its transformation into
myofibroblasts after treatment with TGF-f1 [28,29]. In addition, the
contraction of myofibroblasts also results in the release of TGF-pl1
from these cells, which may promote the further trans-differentiation
of fibroblasts through a feed-forward mechanism [30,31]. Activation
of TGF-B1 causes phosphorylation of smad2/3 to up-regulate the
expression of a-SMA [32]. In addition, in vitro experimental studies
have shown that TGF-P1 can induce tendon stem cells to differentiate

into tendon cells. During the differentiation process, the levels of
phosphorylated Smad1/ 5/8 and Smad2/3 were increased [23]. Further
studies have shown that the inhibitor-Smad seems to be related to
tendon Stem cell differentiation is negatively correlated, meaning that
TGF-B/BMP signaling is involved in the differentiation process of TSC
[33]. Further research will be required to determine the extent to which
TGE-B1 promotes fibroblast and TSC trans-differentiation, as this
may represent an important mechanism through which TGF-f1 may
provide benefit to tendon repair.

TGF-BLA ects

TGEF-B1 is known for its effect on the production of extracellular
matrix in tendons. TGF-B1 can modulate the production of collagen.
Collagen isan essential ECM component of tendons, and their formation
and configuration are important factors that determine tendon repair.
Although there are numerous collagen types, Type I collagen and Type

collagen seem to play the most important role in tendon healing [34].
A number of in vitro experiments showed that compared with control
tendon fibroblasts, TGF-f treatment of tendon fibroblasts resulted in
increased expression of type I collagen and type III collagen [28,35,36].
Eduardo Anitua, et al. [37] showed that regardless of the concentration
of TGF-B1, the production of type I collagen is similar. It is suggested
that higher TGF-B1 concentration has nothing to do with the further
increase of type I collagen. In another experiment, it was shown
that TGF-P1 inhibited gene expression of procollagen Type III with
fibronectin anchorage only at a low concentration (0.1 ng/mL) [38]. It
is suggested that in the later stage of tendon healing, the reduction of
TGF-P1 levels can inhibit the accumulation of type III collagen. TGFp1
has been shown to mediate the expression of collagen through Smad
and ERK pathways [39]. In a rat Achilles tendon rupture repair model,
one week after the injection of exogenous TGF-pI, it was found that
the expression of type I and type III procollagen mRNA increased in a
dose-dependent manner and increased the mechanical strength of the
rat tendon repair [40]. Collagen cross-linking is an important step to
impart strength to collagen fibers [7]. This process is mainly promoted
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collagen, fibronectin and proteoglycans [41]. Tissue inhibitors of
metalloproteinases (TIMPs) are a class of proteins that bind to the active
site of the MMP catalytic domain to exertan endogenous inhibitory effect
on MMPs [42]. MMPs and TIMPs interact to make ECM in dynamic
equilibrium. TGF-P1 can regulate their expression. The cultured flexor
tendon cells were treated with TGF-P1, and the effect of TGF-p1 on the
expression of MMP and MMP inhibitor was studied. The results showed
that TGF-P1 had little effect on the expression of MMP-2, MMP-3 and
MMP-14, but it resulted in a significant dose-dependent decrease in
MMP-16 gene expression and did not affect TIMP-2 expression [35].
In the rat rotator cuff repair model, the expression of MMP-9 and
MMP-13 in the TGF-f1 treatment group was significantly lower than
that of the control group at 2 weeks postoperatively [43]. Farhat, et al.
[44] proposed that TGF-B1 produces plasminogen activator inhibitor
1 (PAI-1) that inhibits the production of plasmin and MMP-2. These
experiments show that the effect of TGF-P1 on the extracellular matrix
is inclined to favor the production of ECM. However, the regulation of
TGF-P1 on the extracellular matrix is complex and diverse and requires
in-depth study (Figure 2).

TGF-B1 Promotes Angiogenesis

A well-known feature of TGF-P1 in tendon tissue is its ability to
stimulate collagen synthesis. Less attention is paid to the fact that
TGEF-B1 can indirectly promote angiogenesis. Healthy tendon tissue
is an area lacking blood supply. After tendon injury, blood vessels are
destroyed, and new blood vessels form new vascular network and
granulation tissue to transport nutrients necessary for tendon repair
[45]. The formation of new blood vessels is mainly mediated by
vascular endothelial cell growth factor (VEGF). The up-regulation of
VEGF expression in endogenous tendon cells plays an important role
in the process of neovascularization and tendon repair [46]. TGF-{ has
been shown to up-regulate the expression of VEGF in many connective
tissues [47-49]. In the rotator cuff tear model, TGF-B1 slows the
expression of VEGF in the extracellular matrix of fibroblasts [50]. In
vitro, experiments have shown that TGF-1 secreted by platelets leads to
an increase in VEGF of tendon cells and induces a potential angiogenic
response [37]. The above suggests that TGF-B1 promotes angiogenesis
by up-regulating VEGF, which may be one of the mechanisms by which
TGF-B1 promotes tendon repair.

Conclusion

TGEF-B1 is an important regulator of tendon repair. Accelerate the
healing process of tendons by promoting cell proliferation, angiogenesis,
collagen remodeling, etc. However, while exogenous TGF-f1 promotes
tendon repair, it also promotes inflammation, collagen synthesis, and
extracellular matrix deposition, and at the same time causes tendon

adhesion and scar formation. The formation of adhesions causes the
tendons to bond with each other and with surrounding structures,
thereby preventing normal sliding motion. Scarring causes the tendon
tissue to weaken. Studies have shown that anti-TGF-p1 neutralization
reduces tendon adhesions and scars, but reduces the mechanical
strength of tendons. In the future, it is possible to in-depth study of the
mechanism of TGF-P1 on tendon repair, so that the tendon can heal
under the condition of intact function, and can reduce the formation
of minimal adhesion.

Acknowledgments

YJL, XYL designed the present study. YJL and RZ prepared and wrote the
manuscript. BZ, XLL, SG and CLW performed a literature search and selected
the studies to be included. YJL, DXW and SL revised the manuscript. All authors
approved the fnal version of the article.

Confict of Interest
The authors report no confict of interest.
Funding

This research did not receive any specifc grant from funding agencies in the
public, commercial, or not-for-proft sectors.

References
1. Shen

Cell Mol Biol, an open access journal
ISSN: 1165-158X

Volume 67 ¢ Issue 6 » 1000217


https://doi.org/10.1155/2020/8824783
https://doi.org/10.1155/2020/8824783
https://doi.org/10.1155/2020/8824783
https://doi.org/10.1055/s-2002-37065
https://doi.org/10.1055/s-2002-37065
https://doi.org/10.1055/s-2002-37065
https://doi.org/10.1038/nrrheum.2015.26
https://doi.org/10.1038/nrrheum.2015.26
https://doi.org/10.1038/nrrheum.2015.26
https://doi.org/10.1007/s00167-011-1772-x
https://doi.org/10.1007/s00167-011-1772-x
https://doi.org/10.1007/s00167-011-1772-x
https://doi.org/10.1007/s00167-011-1772-x
file:///D:/RAM%20OFFICE/OMICS/CMB/CMB%20volume%2067.6/CMB%2067.6_AI/16/j.bbrc.2009.03.159
file:///D:/RAM%20OFFICE/OMICS/CMB/CMB%20volume%2067.6/CMB%2067.6_AI/16/j.bbrc.2009.03.159
file:///D:/RAM%20OFFICE/OMICS/CMB/CMB%20volume%2067.6/CMB%2067.6_AI/16/j.bbrc.2009.03.159
file:///D:/RAM%20OFFICE/OMICS/CMB/CMB%20volume%2067.6/CMB%2067.6_AI/16/j.bbrc.2009.03.159
https://doi.org/10.1007/978-3-319-33943-6_20
https://doi.org/10.1007/978-3-319-33943-6_20
https://doi.org/10.1007/978-3-319-33943-6_20
https://doi.org/10.1016/j.addr.2014.11.015
https://doi.org/10.1016/j.addr.2014.11.015
https://doi.org/10.1016/j.addr.2014.11.015
https://doi.org/10.1089/wound.2012.0406
https://doi.org/10.1089/wound.2012.0406
https://doi.org/10.1089/wound.2012.0406
https://doi.org/10.1089/wound.2012.0406
https://doi.org/10.1016/j.jhsa.2003.11.005
https://doi.org/10.1016/j.jhsa.2003.11.005
https://doi.org/10.1016/j.jhsa.2003.11.005
https://doi.org/10.1016/j.actbio.2017.01.066
https://doi.org/10.1016/j.actbio.2017.01.066
https://doi.org/10.1016/j.actbio.2017.01.066
https://doi.org/10.1016/j.actbio.2017.01.066
https://doi.org/10.1016/j.actbio.2017.01.066
https://doi.org/10.1186/ar4374
https://doi.org/10.1186/ar4374
https://doi.org/10.1186/ar4374
https://doi.org/10.1186/ar4374
https://doi.org/10.3390/ijms21165905
https://doi.org/10.3390/ijms21165905
https://doi.org/10.3390/ijms21165905
https://doi.org/10.3390/ijms21165905
https://doi.org/10.3390/ijms21165905
https://doi.org/10.1114/1.1616931
https://doi.org/10.1114/1.1616931
https://doi.org/10.1114/1.1616931
https://doi.org/10.1114/1.1616931
https://doi.org/10.1114/1.1616931
https://doi.org/10.1111/cpr.12650
https://doi.org/10.1111/cpr.12650
https://doi.org/10.1111/cpr.12650
https://doi.org/10.1111/cpr.12650

Citation: Li Y, Qiu Y, Zhu B, Liu X, Liu X, et al. (2021) The Mechanisms and Functions of Transforming Growth Factors-b1 in Tendon Injury. Cell Mol

Biol 67: 217.

Page 4 of 4

15.

16.

17.

18.

19.

20.

20.

Alim, M. A, Peterson, M., & Pejler, G.

Do mast cells have a role in tendon healing and infammation?

Cells., 2020;9(5): 1134.

Vinhas, A., Rodrigues, M. T., & Gomes, M. E.

Exploring stem cells and infammation in tendon repair and regeneration.
Adv Exp Med Biol., 2018;1089: 37-46.

Andarawis-Puri, N., Flatow, E. L., & Soslowsky, L. J.

Tendon basic science: Development, repair, regeneration, and healing.

J Orthop Res., 2015;33(6): 780-784.

Chen, J. L., Zhang, W., Liu, Z. Y., Heng, B. C., Ouyang, H. W., & Dai, X. S.
Physical regulation of stem cells diferentiation into teno-lineage: Current
strategies and future direction.

Cell Tissue Res., 2015;360(2): 195-207.

Walden, G., Liao, X., Donell, S., Raxworthy, M. J., Riley, G. P., & Saeed, A.

A clinical, biological, and biomaterials perspective into tendon injuries and
regeneration.

Tissue Eng Part B Rev., 2017;23(1): 44-58.

Sang, R, Liu, Y., Kong, L., Qian, L., & Liu, C.

Efect of acellular amnion with increased tgf g—

Cell Mol Biol, an open access journal
ISSN: 1165-158X

Volume 67 ¢ Issue 6 » 1000217


https://doi.org/10.3390/cells9051134
https://doi.org/10.3390/cells9051134
https://doi.org/10.3390/cells9051134
https://doi.org/10.1007/5584_2018_258
https://doi.org/10.1007/5584_2018_258
https://doi.org/10.1007/5584_2018_258
https://doi.org/10.1002/jor.22869
https://doi.org/10.1002/jor.22869
https://doi.org/10.1002/jor.22869
https://doi.org/10.1007/s00441-014-2077-4
https://doi.org/10.1007/s00441-014-2077-4
https://doi.org/10.1007/s00441-014-2077-4
https://doi.org/10.1007/s00441-014-2077-4
https://doi.org/10.1089/ten.teb.2016.0181
https://doi.org/10.1089/ten.teb.2016.0181
https://doi.org/10.1089/ten.teb.2016.0181
https://doi.org/10.1089/ten.teb.2016.0181
https://doi.org/10.3389/fbioe.2020.00446
https://doi.org/10.3389/fbioe.2020.00446
https://doi.org/10.3389/fbioe.2020.00446
https://doi.org/10.3389/fbioe.2020.00446
https://doi.org/10.1371/journal.pone.0174101
https://doi.org/10.1371/journal.pone.0174101
https://doi.org/10.1371/journal.pone.0174101
https://doi.org/10.1371/journal.pone.0174101
https://doi.org/10.1016/j.bbrc.2020.12.057
https://doi.org/10.1016/j.bbrc.2020.12.057
https://doi.org/10.1016/j.bbrc.2020.12.057
https://doi.org/10.1016/j.bbrc.2020.12.057
https://doi.org/10.1007/s10529-017-2296-3
https://doi.org/10.1007/s10529-017-2296-3
https://doi.org/10.1007/s10529-017-2296-3
https://doi.org/10.1007/s10529-017-2296-3
https://doi.org/10.1097/phm.0b013e31821a70be
https://doi.org/10.1097/phm.0b013e31821a70be
https://doi.org/10.1097/phm.0b013e31821a70be
https://doi.org/10.1002/jcp.26628
https://doi.org/10.1002/jcp.26628
https://doi.org/10.1002/jcp.26628
https://doi.org/10.1002/jcp.26628
https://doi.org/10.1016/j.reth.2020.07.001
https://doi.org/10.1016/j.reth.2020.07.001
https://doi.org/10.1016/j.reth.2020.07.001
https://doi.org/10.1016/j.reth.2020.07.001
https://doi.org/10.1016/j.reth.2020.07.001
https://doi.org/10.1126/scisignal.abb7209
https://doi.org/10.1126/scisignal.abb7209
https://doi.org/10.1126/scisignal.abb7209
https://doi.org/10.1126/scisignal.abb7209
https://doi.org/10.1126/scisignal.abb7209
https://doi.org/10.1007/s00421-010-1764-4
https://doi.org/10.1007/s00421-010-1764-4
https://doi.org/10.1007/s00421-010-1764-4
https://doi.org/10.1007/s00421-010-1764-4
https://doi.org/10.1002/cm.20166
https://doi.org/10.1002/cm.20166
https://doi.org/10.1002/cm.20166
https://doi.org/10.1038/sj.jid.5700613
https://doi.org/10.1038/sj.jid.5700613
https://doi.org/10.1038/sj.jid.5700613
https://doi.org/10.1097/00041552-200301000-00005
https://doi.org/10.1097/00041552-200301000-00005
https://doi.org/10.1097/00041552-200301000-00005
https://doi.org/10.1097/00041552-200301000-00005
https://doi.org/10.1146/annurev.cellbio.21.022404.142018
https://doi.org/10.1146/annurev.cellbio.21.022404.142018
https://doi.org/10.1146/annurev.cellbio.21.022404.142018
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1096/fj.201902377rr
https://doi.org/10.1016/j.jhsa.2008.10.032
https://doi.org/10.1016/j.jhsa.2008.10.032
https://doi.org/10.1016/j.jhsa.2008.10.032
https://doi.org/10.1371/journal.pone.0051411
https://doi.org/10.1371/journal.pone.0051411
https://doi.org/10.1371/journal.pone.0051411
https://doi.org/10.1371/journal.pone.0051411
https://doi.org/10.1371/journal.pone.0051411
https://doi.org/10.1152/japplphysiol.00301.2012
https://doi.org/10.1152/japplphysiol.00301.2012
https://doi.org/10.1152/japplphysiol.00301.2012
https://doi.org/10.1152/japplphysiol.00301.2012
https://doi.org/10.1097/01.prs.0000255543.43695.1d
https://doi.org/10.1097/01.prs.0000255543.43695.1d
https://doi.org/10.1097/01.prs.0000255543.43695.1d
https://doi.org/10.1097/01.prs.0000255543.43695.1d
https://doi.org/10.1097/01.prs.0000255543.43695.1d
https://doi.org/10.1097/01.blo.0000145887.48534.6f
https://doi.org/10.1097/01.blo.0000145887.48534.6f
https://doi.org/10.1097/01.blo.0000145887.48534.6f
https://doi.org/10.1097/01.blo.0000145887.48534.6f
https://doi.org/10.3390/ijms14024361
https://doi.org/10.3390/ijms14024361
https://doi.org/10.3390/ijms14024361
https://doi.org/10.1080/02844310410029110
https://doi.org/10.1080/02844310410029110
https://doi.org/10.1080/02844310410029110
https://doi.org/10.1080/02844310410029110
https://doi.org/10.1152/japplphysiol.00137.2013
https://doi.org/10.1152/japplphysiol.00137.2013
https://doi.org/10.1152/japplphysiol.00137.2013
https://doi.org/10.1152/japplphysiol.00137.2013
https://doi.org/10.1016/j.nbd.2012.07.023
https://doi.org/10.1016/j.nbd.2012.07.023
https://doi.org/10.1016/j.nbd.2012.07.023
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1177/0363546517707940
https://doi.org/10.1002/jcp.24707
https://doi.org/10.1002/jcp.24707
https://doi.org/10.1002/jcp.24707
https://doi.org/10.1002/jcp.24707
https://doi.org/10.1002/jcp.24707
https://doi.org/10.1016/s0736-0266(02)00207-3
https://doi.org/10.1016/s0736-0266(02)00207-3
https://doi.org/10.1016/s0736-0266(02)00207-3
https://doi.org/10.1007/s00402-003-0490-3
https://doi.org/10.1007/s00402-003-0490-3
https://doi.org/10.1007/s00402-003-0490-3
https://doi.org/10.1007/s00402-003-0490-3
https://doi.org/10.1074/jbc.270.21.12607
https://doi.org/10.1074/jbc.270.21.12607
https://doi.org/10.1074/jbc.270.21.12607
https://doi.org/10.1074/jbc.270.21.12607
https://doi.org/10.1074/jbc.270.21.12607
https://doi.org/10.1111/j.1523-1755.2004.00780.x
https://doi.org/10.1111/j.1523-1755.2004.00780.x
https://doi.org/10.1111/j.1523-1755.2004.00780.x
https://doi.org/10.1111/j.1523-1755.2004.00780.x
https://doi.org/10.1016/j.arcmed.2006.04.010
https://doi.org/10.1016/j.arcmed.2006.04.010
https://doi.org/10.1016/j.arcmed.2006.04.010
https://doi.org/10.1016/j.arcmed.2006.04.010
https://doi.org/10.1590/s0102-865020170120000006
https://doi.org/10.1590/s0102-865020170120000006
https://doi.org/10.1590/s0102-865020170120000006
https://doi.org/10.1590/s0102-865020170120000006

	Title
	Corresponding author

