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ABSTRACT
Transforming growth factor β (TGF-β) is a pleiotropic cytokine regulating a wide array of biological processes
encompassing development, differentiation, wound healing, inflammatory responses and regulation of immune system.
Transforming growth factor β is a member of a family of growth factors that includes activins and bone morphogenic
proteins (BMP’s). TGF-β exerts its effect via a transmembrane receptor serine-threonine kinase and plays a vital role in
cancer development. TGF-β is peculiar in that it can act both as a tumor suppressor and an oncogene. Cancer cells
elude the anti-proliferative effects of TGF-β either by dysregulating the expression of the components of TGF-β signaling
pathway or by inactivating the components of the TGF-β signaling pathway by mutation.  Cancer cells also flee the
tumor suppressor activities of TGF-β by inhibiting the receptor function and also by altering the ratio of type I and type
II TGF-β receptors. The members of TGF-β superfamily are synthesized as inactive precursors which are then processed
and secreted as homo or heterodimers to perform their function.
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INTRODUCTION
Transforming growth factor-β is a versatile cytokine and a prototype member of a family of secreted growth
factors. Mammalian genome contains 33 TGF-β related genes which includes bone morphogenic proteins
(BMP’s), activin/inhibin, nodal horome, anti-mullerian hormone and growth and differentiation factors
(GDF’s) [1]. These cytokines regulate a wide variety of cellular processes including differentiation, cellular
growth, apoptosis, cell migration and extracellular matrix production [2,3]. TGF-β strongly inhibits the growth
of epithelial cells and is a potent tumor suppressor protein. It also enhances the transition of epithelial cells to
mesenchymal cells by changing the transcriptional activities and hence facilitates the metastasis and invasion
of tumor cells [3,4].

TGF-β has three mammalian isoforms which include TGF-β1, TGF-β2 and TGF-β3. These isoforms are
highly conserved but differ in their sequence in sevreral amino acid regions. All the isoforms of TGF-β
function via the same receptor signaling pathways [5,6]. TGF-β1 is the most abundant and the protype
member of TGF-β  super family. TGF-β2 also called as glioblastoma-derived T cell suppressor factor (G-TsF)
inhibits the inlterleukin-2 dependent growth of T-lymphocytes. Physiologically TGF-β2 is expressed in the
embryonic nervous system by the astroglial cells and the neurons [7]. The mature form of TGF-β1 and TGF-
β2 which consists of the C-terminal 112 amino acids share 71% sequence homology [8]. TGF-β3 shares 80%
homology with TGF-β1 and TGF-β2 and is important in lung morphogenesis and normal palate development.
TGF-β3 is also implicated in epithelial-mesenchymal interaction [9,10]. The bioactive forms of TGF-βs are
dimers which are held together by hydrophobic interactions and an intersubunit disulphide bond. The dimeric
structure of TGF-βs enable them to bring together the pairs of TGF-β type I and type II receptors forming
heterotetrameric complexes [11].
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TGF-Β RECEPTORS
Human genome comprises of 12 receptor serine-threonine kinases and these include 7 type I receptors and 5
type II receptors. All these receptor serine-threonine kinases are dedicated to TGF-β signaling [12]. Both the
type I and type II receptor serine-threonine kinases are composed of 500 amino acids and consist of an
extracellular ligand binding domain at the N-terminus, a hydrophobic transmembrane domain and a serine-
threonine kinase domain at the C-terminus. The extracellular ligand binding domain of the type I BMP
recepror as well as the type II activin receptor  and the TGF-β consist of an identical three finger toxin fold.
Each finger of the three finger toxin fold domain is made up of a pair of anti-parallel β-strands [13,14,15].

The actions of TGF-β1 are mediated by heteromeric interactions of receptor tyrosine kinases, type I and type
II receptors, which then relay the signal onwards [16].  A complex network of signaling cascades occurs
downstream of TGF-β receptors that account for the multi-functionality of the TGF-β cytokine family in
controlling multitude of cellular functions. TheTGF-β receptors thus transmit the signal from the cell surface
to the nucleus. The initiation of TGF-β signaling requires binding of TGF-β to the TGF-β type II receptor
(TβRII), after which TβR1 and TβRII form a heterotetrameric complex. The formation of the heterotetrameric
complex results in the phosphorylation of TβRI in the cytoplasmic GS domain. After phosphorylation of
TβRI, it gets activated and inturn activates an array of intracellular mediators of TGF-β signaling [17].
Betaglycan, also known as TβRIII, is a transmembrane proteoglycan which increases the binding affinity of
TGF-β to TβRII however, it does not transmit the TGF-β signals on its own [18,19].

TGF-Β AND THE CANONICAL SMAD SIGNALING
After the activation of TβRI on the cell membrane, the transmission of TGF-β signal to the nucleus occurs by
the phosphorylation of R-Smad (ligand specific receptor activated Smad) [20,21,22].  The R-Smads are
specifically phosphorylated by type I TGF-β receptors. Smad Anchor For Receptor Activation (SARA), is a
membrane bound  cytoplasmic protein  which anchors the R-Smad to the activated TβRI [23]. R-Smads are
composed of two conserved globular MAD homology domains seperated by a linker region [24]. The MH1
domain at the N-terminus of R-Smads has a DNA binding activity and the MH2 domain at the N-terminus has
protein binding activity. TβRI phosphorylates the R-Smads at the C-teminus at two serine residues within the
conserved sequence -SS(M/V)S- [21,22]. After the phosphorylation of R-Smads by TβR1, they bind to Co-
Smads, Smad 4 . The hetreromeric complex of R-Smad and Co-Smad then migrate to the nucleus using the
cytoplasmic transport protein importin [25,26]. In the nucleus they may function as transcription factors by
binding the DNA either directly via the DNA binding domain of R-Smad or indirectly by the assistance of
other DNA binding proteins [20,21,22]. Smad2, an R-Smad requires a DNA binding protein of the FAST
family to bind DNA. This complex in association with Smad4, a Co-Smad activates transcription of target
genes in response to TGF-β and activin [27,28,2]). After activating the transcription of target genes, the
complex of R-Smad and Co-Smad are released from the DNA and undergo ubiquitin mediated degradation in
proteasome [30].

Another group of Smads known as the inhibitory Smads (I-Smads) inhibit the phosphorylation of R-Smads
and the translocation of the Smad complexes to the nucleus and hence inhibits the transcription of target genes
[31]. Smad6, an inhibitory Smad inhibits BMP type I receptor mediated signaling specifically, however
Smad7, another inhibitory Smad is a more general inhibitor of TGF-β signaling and blocks signaling via a set
of receptors including type I receptors for BMP and TGF-beta/Activin [32].

TYPES OF SMADS

R-Smad Smad1, Smad2, Smad3, smad5 and Smad8

Co-Smad Smad4

I-Smad Smad6 and Smad7
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Fig: TGF-β induced expression of target genes
via the Smad signaling circuit

SMAD SIGNALING AND EXTRACELLULAR MATRIX GENE EXPRESSION
Apart from the various activities regulated by TGF-β, it is  also involved in the synthesis and degradation of
extracellular matrix (ECM). Regulation of the synthesis and degradation of extracellular matrix proteins is
vital for tissue function and homeostasis. The isoforms of TGF-β are involved in the induction of extracellular
matrix protein synthesis in the mesenchymal cells. They also enhance the synthesis of protease inhibitors and
hence prevent the enzymatic degradation of the components of extracellular matrix. Any abnormality in the
regulation of these processes is associated with the abnormal deposition of connective tissue (33).
Fibronectin is also activated by TGF-β, however fibronectin is activated in a Smad independent and JNK
specific mechanism by TGF-β (34). Hence TGF-β is also involved in the expression of extracellular matrix
genes in a Smad independent mechanism (34). In hepatic fibrosis, Smad3 and Smad4 are pro-fibrotic,
however, Smad2 and Smad7 inhibits fibrosis in hepatic cells. The expression of type I collagen expression is
inhibited by deletion of Smad3. This inhibition of type I collagen expression blocks epithelial-myofibroblast
transition. Smad4 also plays an important role in the regulation of fibrotic diseases. It enhances Smad3
responsive promoter activity, however, Smad7 negatively regulates fibrogenesis induced by Smad3 (35).

CONCLUSION
Transforming growth factor-β is a versatile cytokine regulating a wide variety of biological processes.
Transforming growth factor-β exerts its biological effects by binding to the cell surface receptors known as
type I and type II receptors. After the binding of TGF-β to the receptors, the signals are transmitted to the
nucleus by the proteins known as Smads. These Smads act ac transcription factors and increase the expression
of TGF-β responsive genes.



298 Sabreena Aashaq,  Asiya Batool,  Younus A Bhat

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

REFRENCES
[1] Derynck R, Miyazono K. TGF-beta and the TGF-beta family. In: Derynck R, Miyazono K, eds. The TGF-beta

Family. NewYork: Cold Spring Harbor Laboratory Press, 2008:29–43.
[2]Massagué J, Blain SW, Lo RS. TGFbeta signaling in growth control, cancer, and heritable

disorders. Cell 2000; 103:295–309.
[3] Derynck R, Akhurst RJ. Differentiation plasticity regulated by TGF-beta family proteins in development and

disease. Nat Cell Biol 2007; 9:1000–1004.
[4] Massagué J. TGFbeta in cancer. Cell 2008; 134:215–230.
[5] Cheifetz S, Weatherbee JA, Tsang ML, Anderson JK, Mole JE, Lucas R, Massagué J: The transforming growth

factor-beta system, a complex pattern of cross-reactive ligands and receptors. Cell. 1987, 48: 409-415.
10.1016/0092-8674(87)90192-9.

[6] Mittl PR, Priestle JP, Cox DA, McMaster G, Cerletti N, Grütter MG: The crystal structure of TGF-beta 3 and
comparison to TGF-beta 2: implications for receptorbinding. Protein Sci. 1996, 5: 1261-1271.
10.1002/pro.5560050705.

[7] Flanders KC, Lüdecke G, Engels S, Cissel DS, Roberts AB, Kondaiah P, Lafyatis R, Sporn MB, Unsicker K:
Localization and actions of transforming growth factor-beta s in the embryonic nervous system. Development. 1991,
113: 183-191.

[8] ten Dijke P, Hansen P, Iwata KK, Pieler C, Foulkes JG: Identification of another member of the transforming growth
factor type beta gene family. Proc Natl Acad Sci USA. 1988, 85: 4715-4719. 10.1073/pnas.85.13.4715.

[9] Proetzel G, Pawlowski SA, Wiles MV, Yin M, Boivin GP, Howles PN, Ding J, Ferguson MW, Doetschman T:
Transforming growth factor-beta 3 is required for secondary palate fusion. Nat Genet. 1995, 11: 409-414.
10.1038/ng1295-409.

[10] Kaartinen V, Voncken JW, Shuler C, Warburton D, Bu D, Heisterkamp N, Groffen J: Abnormal lung development
and cleft palate in mice lacking TGF-beta 3 indicates defects of epithelial-mesenchymal interaction. Nat Genet.
1995, 11: 415-421. 10.1038/ng1295-415

[11] Sun PD, Davies DR: The cystine-knot growth-factor superfamily. Annu Rev Biophys Biomol Struct. 1995, 24: 269-
291. 10.1146/annurev.bb.24.060195.001413.

[12] Manning, G., Whyte, D.B., Martinez, R., Hunter, T., and Sudarsanam, S.The protein kinase complement of the
human genome.Science. 2002; 298: 1912–1934

[13]Kirsch, T., Sebald, W., and Dreyer, M.K.Crystal structure of the BMP-2-BRIA ectodomain complex. Nat. Struct.
Biol. 2000; 7: 492–496

[14] Greenwald, J., Fischer, W.H., Vale, W.W., and Choe, S.Three-finger toxin fold for the extracellular ligand-binding
domain of the type II activin receptor serine kinase. Nat. Struct. Biol. 1999; 6: 18–22

[15]Boesen, C.C., Radaev, S., Motyka, S.A., Patamawenu, A., and Sun, P.D.The 1.1 Å crystal structure of human TGF-β
type II receptor ligand binding domain. Structure. 2002; 10: 913–919

[16]Massagué J. How cells read TGF-β signals. Nature Rev. 2000;1:169–78.
[17] Mary E. Choi, MD, Yan Ding, MD, PhD, and Sung Il Kim, PhD TGF-β signaling via TAK1 pathway: Role in

kidney fibrosis Semin Nephrol. 2012 May; 32(3): 244–252.
[18] LopezCasillas, S. Cheifetz, J. Doody, J.L. Andres, W.S. Lane, J.MassaguéStructure and expression of the membrane

proteoglycan betaglycan, a component of the TGF-beta receptor system Cell, 67 (1991), pp. 785-795
[19] C. Rodriguez, F. Chen, R.A. Weinberg, H.F. LodishCooperative binding of transforming growth factor (TGF)-beta 2

to the types I and II TGF-beta receptors J Biol Chem, 270 (1995), pp. 15919-15922
[20]E. Piek, C.H. Heldin, P. Ten DijkeSpecificity, diversity, and regulation in Controlling TGF-beta signaling Genes

Dev, 14 (2000), pp. 627-644
[21]J. Massagué, D. WottonTranscriptional control by the TGF-beta/Smad signaling system EMBO J, 19 (2000),

pp. 1745-1754
[22] T. Tsukazaki, T.A. Chiang, A.F. Davison, L. Attisano, J.L. Wrana SARA, a FYVE domain protein that recruits

Smad2 to the TGF beta receptorCell, 95 (1998), pp. 779-791
[23] Y. Shi, A. Hata, R.S. Lo, J. Massagué, N.P. PavletichA structural basis for mutational inactivation of the tumour

suppressor Smad4 Nature, 388 (1997), pp. 87-93
[24]Z. Xiao, X. Liu, H.F. LodishImportin beta mediates nuclear translocation of Smad 3 J Biol Chem, 275 (2000),

pp. 23425-23428
[25]A. Kurisaki, S. Kose, Y. Yoneda, C.H. Heldin, A. MoustakasTransforming growth factor-beta induces nuclear

import of Smad3 in an Importin-beta1 and Ran-dependent manner Mol Biol Cell, 12 (2001), pp. 1079-1091
[26] Chen, E. Weisberg, V. Fridmacher, M. Watanabe, G. Naco, M. WhitmanSmad4 and FAST-1 in the assembly of

activin-responsive factor Nature, 389 (1997), pp. 85-89



299 Sabreena Aashaq,  Asiya Batool,  Younus A Bhat

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

[27] E. Labbé, C. Silvestri, P.A. Hoodless, J.L. Wrana, L. AttisanoSmad2 and Smad3 positively and negatively regulate
TGF beta-dependent transcription through the forkhead DNA-binding protein FAST2 Mol Cell, 2 (1998), pp. 109-
120

[28] B. Liu, C.L. Dou, L. Prabhu, E. LaiFAST-2 is a mammalian winged-helix protein which mediates transforming
growth factor beta signals Mol Cell Biol, 19 (1999), pp. 424-430

[29] H. Zhu, P. Kavsak, S. Abdollah, J.L. Wrana, G.H. ThomsenA SMAD ubiquitin ligase targets the BMP pathway and
affects embryonic pattern formation Nature, 400 (1999), pp. 687-693

[30] T. Imamura, M. Takase, A. Nishihara, E. Oeda, J. Hanai, M.Kawabata, K. MiyazonoSmad6 inhibits signalling by
the TGF-beta superfamily Nature, 389 (1997), pp. 622-626

[31] A. Nakao, M. Afrakhte, A. Moren, et al.Identification of Smad7, a TGFbeta-inducible antagonist of TGF-beta
signaling Nature, 389 (1997), pp. 631-635

[32]Hariharan R1, Pillai MR. Structure-function relationship of inhibitory Smads: Structural flexibility contributes to
functional divergence.Proteins. 2008 Jun;71(4):1853-62. doi: 10.1002/prot.21869.

[33]Verrecchia F1, Mauviel A. Transforming growth factor-beta signaling through the Smad pathway: role in
extracellular matrix gene expression and regulation.J Invest Dermatol. 2002 Feb;118(2):211-5.

[34] Hocevar, B.A., Brown, T.L., and Howe, P.H. TGF-beta induces fibronectin synthesis through a c-Jun N-terminal
kinase-dependent, Smad4-independent pathway. EMBO J. 1999; 18: 1345–1356

[35]Fengyun Xu,1 Changwei Liu,1 Dandan Zhou, and Lei Zhang TGF-β/SMAD Pathway and Its Regulation in Hepatic
Fibrosis J Histochem Cytochem. 2016 Mar; 64(3): 157–167.


