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            Key Points

                	
                  Transforming growth factor-β (TGFβ) has pleiotropic effects on many cell types in vivo, mediated via multiple signalling pathways — canonical and non-canonical

                
	
                  TGFβ signalling is modulated by other signalling pathways (for example, Notch and RAS).

                
	
                  TGFβ effects are context-dependent: they are influenced by cell type, growth or differentiation status, and innate genetic variation.

                
	
                  TGFβ is potently immune-modulatory and signalling is upregulated in, and can exacerbate, many disease states, especially cancer and fibrosis.

                
	
                  Drugs for TGFβ signalling blockade have been developed that target biosynthesis, activation, ligand and receptor binding as well as downstream responses to TGFβ.

                
	
                  Drug classes include antisense oligonucleotides (ASOs), ligand traps, antibodies, small-molecule chemical inhibitors, antisense genes, pyrrole-imidazole polyamide DNA binders and gene therapy.

                
	
                  In cancer therapy, TGFβ blockade may suppress metastasis by targeting tumour-initiating cells, enhancing immune surveillance and cytotoxic T cell activity, modulating the tumour stroma and suppressing angiogenesis.

                
	
                  In fibrosis, TGFβ blockade suppresses epithelial–mesenchymal transition, inhibits myofibroblast differentiation and proliferation, and prevents excessive elaboration of the extracellular matrix.

                
	
                  Clinical trials are ongoing for applications in oncology and fibrosis.

                
	
                  In oncology, clinical trials show promise with ASOs for malignant glioblastoma and pancreatic cancer, antibodies for metastatic melanoma and renal cell carcinoma, and chemical inhibition for glioblastoma, as well as augmentation of tumour vaccines for non-small-cell lung cancer.

                
	
                  In fibrosis, clinical trials show promise for focal segmental glomerulosclerosis and diabetic kidney disease using anti-ligand antibodies, for scleroderma/skin fibrosis using a topical betaglycan mimetic peptide, and for idiopathic pulmonary fibrosis, glomerulosclerosis and diabetic kidney disease with pirfenidone.

                
	
                  Combination therapies of chemotherapy or radiation with TGFβ blockade show great promise for oncology.

                
	
                  Patient selection will be critical to obtain therapeutic efficacy and minimize side effects.

                


              

Abstract
Many drugs that target transforming growth factor-β (TGFβ) signalling have been developed, some of which have reached Phase III clinical trials for a number of disease applications. Preclinical and clinical studies indicate the utility of these agents in fibrosis and oncology, particularly in augmentation of existing cancer therapies, such as radiation and chemotherapy, as well as in tumour vaccines. There are also reports of specialized applications, such as the reduction of vascular symptoms of Marfan syndrome. Here, we consider why the TGFβ signalling pathway is a drug target, the potential clinical applications of TGFβ inhibition, the issues arising with anti-TGFβ therapy and how these might be tackled using personalized approaches to dosing, monitoring of biomarkers as well as brief and/or localized drug-dosing regimens.
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                    Figure 1: Schematic overview of the canonical, SMAD-dependent TGFβ signalling pathway.[image: ]


Figure 2: Schematic representation of non-canonical TGFβ signalling and crosstalk with other signalling pathways.[image: ]


Figure 3: Biphasic activities of the TGFβ signalling pathway during tumorigenesis: from the tumour suppressor to the tumour promoter.[image: ]


Figure 4: TGFβ effects on immune cells.[image: ]


Figure 5: Schematic representation of therapeutic approaches for blocking TGFβ signalling.[image: ]


Figure 6: Structures of representative small-molecule inhibitors of TGFβ signalling.[image: ]
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Glossary
	Epithelial–mesenchymal transition
	
                  (EMT). The transformation of a keratin-expressing epithelial cell into one with fibroblastic properties that express mesenchymal markers.

                
	Extracellular matrix
	
                  (ECM). Matrix that supports connective tissue and is composed of proteoglycans, hyaluronic acid and fibrillar proteins secreted from the cell and rich in bound growth factors.

                
	Fibrosis
	
                  The excess accumulation of fibroblasts and associated extracellular matrix.

                
	Metastasis
	
                  The dissemination of tumour cells and re-establishment of tumours at a secondary site.

                
	SMAD
	
                  Signal transduction component of the canonical transforming growth factor-β signalling pathway.

                
	microRNA
	
                  (miRNA). Small (20–23 nucleotides long) non-coding RNA involved in post- translational regulation of gene expression. miRNAs bind to the partially complementary sequence in the 3′-untranslated region (3′-UTR) of mRNAs and negatively regulate their expression either through translational inhibition or promotion of mRNA degradation.

                
	Myofibroblast
	
                  A contractile fibroblast that expresses smooth muscle actin and myosin, and contributes to disease progression in cancer and fibrosis.

                
	Antisense oligonucleotides
	
                  (ASOs). Short chemically modified oligonucleotides complementary to a specific mRNA that can be used to cause specific knockdown of targeted gene expression.

                
	Tumour-initiating cells
	
                  (TICs). The putative cancer stem cells that have the ability to maintain tumour growth, differentiate into all cell types of a heterogenous tumour, and to re-establish secondary tumours with exceedingly high efficiency.
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