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Abstract

Purpose of the Review—TGF-ß is required for tissue homeostasis but is also implicated in a 

disease processes including fibrosis, and thus represents a molecular target for therapy.

Recent Findings—Multiple strategies for inhibiting TGF-ß function exist. The three principal 

platforms are RNA-based technologies, monoclonal antibodies, and small molecules. Monoclonal 

antibodies targeting TGF-ß have been used in a clinical trial, with disappointing results to date. 

Antibodies to the αvß6 integrin prevent activation of latent TGF-ß and show promise in preclinical 

studies. Over a dozen small molecules inhibit the kinase activity of TGF-ß receptors. Several 

commonly used drugs have unanticipated anti-TGF-ß activity and may therefore have a role in 

anti-fibrotic therapy. Because TGF-ß has important physiologic functions, inhibiting its activity 

might lead to aberrant immune activation, epithelial hyperplasia and impaired wound healing; 

spontaneous autoimmunity in particular is a concern in an autoimmune disease such as SSc. Novel 

insights from DNA microarray analysis and genetic polymorphisms in TGF-ß signaling will aid in 

defining patient populations most likely to respond to anti-TGF-ß treatment.

Summary—Anti-TGF-ß therapies promise to have a major impact in SSc. Significant concerns 

regarding efficacy, safety, identification of optimal candidates for therapy, and of biomarkers of 

safety and efficacy, are critical challenges ahead.
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INTRODUCTION

Fibrosis, the hallmark of systemic sclerosis (SSc), continues to defy effective therapies, and 

accounts for much of the morbidity and mortality in this disease, along with those of diverse 

fibrosing conditions. The limited efficacy of immunosuppressive treatments reflects the 

complex pathogenesis of fibrosis and highlights the uncertain role of inflammation. Recent 

studies implicate transforming growth factor-ß (TGF-ß) as an essential mediator of fibrosis, 

and therefore a potential target for anti-fibrotic therapy. Most cell types both produce TGF-ß 

and express its surface receptors. This pleiotropic cytokine regulates cell proliferation, 
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differentiation, migration, adhesion, survival. epithelial-mesenchymal transition (EMT) and 

collagen and extracellular matrix (ECM) synthesis, and is essential for angiogenesis, wound 

healing and immune regulation on the one hand, and cancer, metastasis, diabetes and 

fibrosis on the other. There is considerable variation among individuals in their basal level 

of endogenous TGF-ß signaling that is determined, in part, by genetic factors. While the 

complex biology of TGF-ß in cancer, where it has dual roles as both a potent tumor 

suppressor and as a stimulus for malignant conversion, invasion and metastasis, has been 

extensively investigated, its essential roles in autoimmunity and fibrosis are now coming 

into focus (1). Aberrant TGF-ß regulation and function are implicated in pulmonary fibrosis, 

glomerulonephritis and diabetic kidney disease, congestive heart failure, liver cirrhosis, 

Marfan syndrome hypertrophic scars and SSc, and the range of disorders linked to TGF-ß 

continues to expand (2). Understanding normal and perturbed regulation of TGF-ß synthesis, 

activation and signaling could lead to novel approaches for blocking pathological TGF-ß 

responses in the treatment of these diseases.

Currently, the three main strategies are: 1) blocking the TGF-ß ligand; 2) blocking TGF-ß 

receptor (TßR) activation and downstream signaling; and 3) selective inhibition of 

intracellular signal transduction by interfering with Smads or with coactivators (Table 1). 

The most promising advances to date have been achieved in cancer therapy. Relevant 

clinical trials can be found at http://clinicaltrials.gov. In this review we summarize the 

biology of TGF-ß in the context of fibrosis, and highlight recent progress toward TGF-ß 

targeting for fibrosis therapy. While the focus is on TGF-ß, this is not to imply that 

additional mediators (in particular connective issue growth factor, platelet-derived growth 

factor, endothelin-1, monocyte chemoattractant protein-1, interleukin-13 and adenosine) do 

not also have important roles in pathogenesis, and be potential targets for therapy.

TGF-ß signaling and regulation in the context of fibrosis and systemic sclerosis

Members of the large TGF-ß superfamily regulate cell proliferation and differentiation, 

apoptosis and migration, and are involved in organogenesis during embryogenesis, and in 

maintaining tissue homeostasis and immune regulation in the adult (3). Once secreted, TGF-

ß interacts with latency-associated peptide (LAP) and latent TGF-ß binding proteins (Fig. 1). 

The inactive TGF-ß complex, called large latent complex, is sequestered in the ECM by 

binding to fibrillin-1. In response to injury, the latent TGF-ß complex undergoes activation 

catalyzed by thrombospondin or by the αvß6 integrins, and active TGF-ß binds to its 

ubiquitous serine/threonine kinase cell surface receptors. The activated type I TGF-ß 

receptor (TßR1) ALK5 phosphorylates the R-Smads Smad2 and Smad3. Recruitment of 

cytoplasmic R-Smads to the activated TßR1 requires SARA (Smad anchor for receptor 

activation). Upon phosphorylation, R-Smads are released from the SARA-TßR1 complex, 

heteromerize with Smad4 and translocate from the cytoplasm into the nucleus. Within the 

nucleus, Smads bind to Smad-binding DNA elements (SBE) containing a repeated AGAC 

sequence, and regulate transcription (4). Transcriptional profiling of human skin fibroblasts 

identifies over 300 genes that are modulated in response to TGF-ß (Sargent J, Whitfield M; 

unpublished). Since the sequence-specific DNA binding affinity of Smad3 is relatively 

weak, high affinity recruitment of Smad3/4 to specific DNA targets in the biological context 
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depends on interaction with over two dozen DNA-binding factors and cofactors such as 

histone acetyltransferases p300/CBP and histone deacetylases (HDACs) (5).

In addition to Smad2/3 and Smad4, a third class of Smads includes Smad7, an inhibitory 

Smad that negatively regulates the TGF-ß signaling pathway by inactivation of the TGF-ß 

receptor complex. Under normal conditions, the duration and intensity of Smad-mediated 

TGF-ß signaling is limited by multiple mechanisms. Physiologic negative regulators of 

TGF-ß signaling include Smad7, as well as PPM1A, a nuclear phosphatase that 

dephosphorylates activated R-Smads and promotes nuclear export and terminating their 

activity (6), and Man1 (also known as LEMD3), an inner nuclear membrane protein that 

inhibits TGF-ß signaling by sequestering R-Smads within the nucleus (7).

Substantial evidence implicates TGF-ß in the pathogenesis of SSc, with excessive TGF-ß 

production or activity, enhanced target cell sensitivity, or failure to terminate TGF-ß-

mediated responses as potential mechanisms (reviewed in 8). A recent study with a 

transgenic mouse harboring a fibroblast-specific constitutively active TßR1 (TßR1ca) 

provides compelling evidence for the critical role of fibroblast TGF-ß signaling (9). Because 

clinical observations and animal models suggest that the contribution of TGF-ß is greatest in 

early-stage SSc, anti-TGF-ß therapies are most likely to be effective in early disease prior to 

the development of irreversible tissue fibrosis. Transcriptional profiling of lesional tissue 

from SSc patients demonstrated significant up-regulation of TGF-ß-regulated genes, 

including those for collagens, ECM and profibrotic cytokines (10). Interestingly, there was 

substantial patient-to-patient heterogeneity in the strength of the molecular “TGF-ß 

signature”, suggesting variable pathogenic influence of TGF-ß among individual SSc 

patients. DNA microarray analysis could ultimately be used as a biomarker for identifying 

those patients who would be most likely to respond to anti-TGF-ß therapy.

Targeting TGF-ß signaling by blocking the ligand

Targeting the expression and biological activity of a pathogenic cytokine using soluble 

receptors or neutralizing antibodies has proven to be highly successful in the case of TNF-

alpha in rheumatoid arthritis. A comparable approach for the treatment of SSc could be the 

blockade of TGF-ß expression and function. Some of the strategies under investigation 

include neutralizing antibodies and soluble receptors, antisense oligonucleotides and RNA 

interference (Fig. 2).

Neutralizing antibodies are particularly effective as they bind directly to ligand and prevent 

receptor activation, and have been successful in several animal models of fibrosis. Long-

term treatment of mice and rats with monoclonal antibody to TGF-ß appeared to be well 

tolerated, and was shown to prevent renal fibrosis (11–13). In transgenic mouse that harbor 

fibrillin-1 mutants identified in Marfan syndrome, there is increased TGF-ß signaling in 

multiple organs, including the lungs, heart and aorta. A neutralizing anti-TGF-ß antibody 

ameliorated the pulmonary and cardiac manifestations in this Marfan model (14).

The first clinical trial of anti-TGF-ß antibody used a human recombinant IgG antibody 

specific for the TGF-ß1 isoform (metelimumab) in SSc (15). Patients were randomized to 

intravenous infusions of antibody or placebo for an 18-week period. No significant 
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improvement in the extent of skin involvement was noted in this dose-ranging pilot study 

(not powered to evaluate efficacy). Four patients in the antibody-treated group died, 

apparently from disease complications. A potential limitation of this trial was the isotype 

specificity of the antibody used. Additional clinical trials include a neutralizing antibody to 

TGF-ß2 (lerdelimumab) for preventing scarring after glaucoma surgery (16). A novel 

monoclonal antibody targeting all three TGF-ß isoforms (GC1008) is currently under 

evaluation in a Phase I trial in idiopathic pulmonary fibrosis.

Soluble receptors and receptor mimetics that abrogate TGF-ß signaling by binding to ligand 

and preventing it from activating TßRs are also being developed for therapy. Soluble TßRIII 

was effective in preventing diabetic renal fibrosis in mice (17). A topically administered 

small peptide fragment of TßRIII, an accessory TGF-ß receptor also called ß-glycan, was 

effective in ameliorating skin fibrosis in the mouse model of bleomycin-induced 

scleroderma (18). A recent study screened chemical libraries for small molecules that could 

specifically block TGF-ß binding to its receptors (19). Five molecules were found that 

reduced ligand binding to TßRII, and selectively abrogated cellular responses triggered by 

TGF-ß in vitro. An interesting take on reducing levels of circulating TGF-ß as a therapeutic 

strategy involved hemoperfusion using an adsorption column specifically reacting with the 

latent form of TGF-ß (20).

A novel anti-TGF-ß strategy is to selectively block latent TGF-ß activation just at sites 

where excess TGF-ß activation occurs. The αvß6 integrin, expressed on epithelial cells, is 

up-regulated by injury and catalyzes the in situ activation of ECM-bound latent TGF-ß in 

the local microenvironment. The fundamental importance of αvß6 in fibrosis is illustrated 

by the attenuation of bleomycin-induced lung fibrosis in mice with targeted deletion of this 

integrin (21). Administration of anti-αvß6 antibodies prevented the development of 

radiation- or bleomycin-induced fibrosis in mice (22,23). Because integrin-mediated TGF-ß 

activation is restricted to sites where αvß6 is expressed, a theoretical advantage of αvß6 

blockade is that it would only block excessive TGF-ß, while preserving basal TGF-ß 

signaling required for homeostasis. This concept remains to be validated in the clinical 

setting.

Antisense oligonucleotides and RNA interference (RNAi) to reduce TGF-ß expression are 

becoming clinically applicable. Short hairpin RNA vectors that contain RNAi sequences that 

catalyze enzymatic cleavage of RNA can be stably transfected into cells and used to inhibit 

translation. Recent preclinical studies demonstrated the anti-fibrotic efficacy of siRNA 

targeting TGF-ß in mouse models of liver cirrhosis (24) and of peritoneal fibrosis (25). In 

these rodent studies, siRNA administration decreased collagen accumulation and 

myofibroblast transformation in the target organs.

Given TGF-ß’s multifunctionality and its critical role of physiological responses, global 

blockade of TGF-ß activity couldhave undesired consequences. In particular, since TGF-ß is 

the most potent natural immunosuppressor, complete abrogation of signaling could lead to 

spontaneous activation of T and B cells, inhibition of regulatory T cell (CD4+ CD25+) 

function, inflammation and autoimmunity. Indeed, local up-regulation of anti-tumor 

immunity by TGF-ß blockade may be desirable in cancers characterized by a failure to 
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mount adequate immune responses (26). However, spontaneous autoimmunity has not been 

a problem to date in preclinical studies of TGF-ß inhibition with antibodies (27) or soluble 

receptors (28). Indeed, Singh et al. recently showed that even in lupus-probe NZB × NZW 

mice, anti-TGF-ß antibody surprisingly did not trigger or exacerbate autoimmunity (1). 

Absence of spontaneous immune activation could be because neutralizing antibodies, 

soluble receptors and natural antagonists achieve only partial TGF-ß deficiency, interfering 

with excess TGF-ß activity without altering basal homeostatic TGF-ß signaling. This 

theoretically could result in abrogation of pathological responses associated with excess 

TGF-ß such as fibrosis, while preserving physiological TGF-ß responses. While blockade of 

TGF-ß signaling by targeting the ligand may thus have acceptable toxicity, careful long-term 

observation in clinical trials will be required to validate this concept.

Inhibiting TGF-ß by blocking receptor kinase activity

Since TGF-ß responses are mediated through cell surface serine threonine kinases, inhibiting 

TGF-ß signaling at the receptor kinase level would result in abrogation of TGF-ß biological 

activity (Fig. 3). Several small molecules that recognize the ATP binding domain of the type 

I or type II TGF-ß receptor kinases and prevent substrate phosphorylation have been 

developed. Binding to the kinase domain renders the ALK5 receptor incapable of activating 

Smad2/3. SB431542 (Glaxo), SD-208 (Scios) and SM305 (Biogen-Idec) are each sufficient 

for blocking TGF-ß-mediated EMT, myofibroblast differentiation and collagen, laminin and 

fibronectin stimulation by TGF-ß (29–31). Using animal models of fibrosis, small molecule 

inhibitors of TßR have been shown to be effective in preventing renal (32), liver (33,34), 

and pulmonary fibrosis (35). A novel inhibitor, GW788388, was shown to block the activity 

of both TßR1 and TßR2, and prevent TGF-ß signaling and renal fibrosis in the db/db mouse 

model of spontaneous diabetic nephropathy (36).

Novel small molecule TßR inhibitors with increased binding affinity and specificity are 

under development. Whether such competitive ALK5 kinase antagonists will ultimately 

advance to clinical trials in fibrosis and in SSc remains uncertain. While the oral route of 

administration makes small molecules highly attractive, the cross-reactivity 

characteristically associated with kinase inhibitors raises the possibility that multiple 

pathways will be blocked, with off-target effects unrelated to TGF-ß signaling. Furthermore, 

blocking all TßR-mediated responses could interfere with the physiologically desirable 

effects of TGF-ß including immune regulation, cancer surveillance and wound healing.

Targeting downstream Smad signaling activity

Because profibrotic TGF-ß responses are mediated principally via the Smad pathway, 

antagonism of intracellular Smad signal transduction is of interest. Strategies for Smad 

targeting (Fig. 3) include overexpression of physiological inhibitors of R-Smads, 

sequestration or targeting of Smads for ubiquitination and degradation (37). In vivo 

overexpression of Smad7 by gene delivery has been shown to ameliorate pulmonary, renal 

and peritoneal fibrosis and vitreous retinopathy in animal models (38–41). Interestingly, 

some of the anti-fibrotic activities attributed to interferon-gamma could be due to its ability 

to induce endogenous Smad7 (42).
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The selectivity of TGF-ß for activating distinct sets of target genes is determined in the 

cellular and tissue context by the repertoire of cofactors available for interacting with 

Smads. Disruption of selected protein-protein interactions offers the theoretical advantage of 

blocking specific biological responses. An exciting novel strategy for inhibiting selected 

TGF-ß responses involved the generation of so-called aptamers, which are peptide motifs 

expressed on a rigid protein scaffold. Peptide aptamers have been used to selectively block 

intracellular signal transduction by binding to target proteins and disrupt specific protein-

protein interactions. Investigators have utilized Escherichia coli thioredoxin A (Trx) as a 

scaffold for displaying Smad-binding domains (SBD) from specific Smad-interacting 

cofactors such as p300/CBP (43,44). Introduction of individual Trx aptamers into 

mammalian cells blocked specific TGF-ß responses such as EMT without generally 

inhibiting Smad-dependent signaling. While substantial technical hurdles remain, aptamer-

based cell therapy thus has the potential for blocking specific Smad interactions with 

cofactors, thus selectively preventing undesirable TGF-ß responses.

Drugs that antagonize TGF-ß signaling and may have anti-fibrotic activity

Of substantial interest is the anti-TGF-ß activity of commonly used drugs (Table 2). Four 

such drugs in current clinical use, tranilast, losartan, glitazones and imatinib mesylate, have 

been found to block the production, activation, or biological activity of TGF-ß. Pirfenidone 

and halofuginone are additional drugs with anti-TGF-ß activity that are under development.

Tranilast is an anthranilic acid derivative that prevents mast cell degranulation, and under 

the name Rizaben has been extensively used in Japan for the treatment of asthma, allergic 

rhinitis and atopic dermatitis. Tranilast has potent anti-fibrotic effects in normal and SSc 

fibroblasts (45), and in vivo in animal models of fibrosis (46,47). In cultured cells, tranilast 

prevented the secretion of TGF-ß, down-regulated the expression of TßR, and blocked TGF-

ß-induced activation of Smad2 as well as ERK1 (48). Furthermore, tranilast prevented the 

stimulation of CTGF activity (46). Importantly, tranilast showed anti-inflammatory activity 

in a mouse model (49). A pilot study in Crohn’s disease demonstrated some clinical efficacy 

in preventing the progression of strictures (50). The established safety profile of tranilast, 

together with its combined anti-fibrotic and anti-inflammatory activities, make it an 

appealing drug for clinical evaluation in SSc.

Pirfenidone is an orally active pyridone small molecule that inhibits collagen synthesis and 

exerts anti-fibrotic activites in vitro and in vivo through poorly-understood mechanisms. 

Pirfenidone has been shown to reduce the activation of latent TGF-ß by inhibiting furin, a 

TGF-ß-activating convertase (51). In a randomized multicenter clinical trial in idiopathic 

pulmonary fibrosis, pirfenidone treatment was associated with a modest improvement in 

pulmonary function (52).

Halofuginone is a small molecule plant alkaloid that inhibits collagen synthesis, and blocks 

TGF-ß signaling via inhibition of Smad3 phosphorylation. Halofuginone was effective in 

reducing fibrosis in murine sclerodermatous graft versus host disease and in a mouse model 

of pulmonary fibrosis (53,54).
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The antihypertensive angiotensin II type 1 receptor blocker losartan has been found to 

antagonize TGF-ß signaling through inhibition of the renin-angiotensin axis. In a mouse 

model of Marfan syndrome induced by fibrillin-1 mutation, losartan reduced aortic wall 

thickness by suppression of tissue TGF-ß signaling (55), and restored normal muscle 

architecture (56). Because losartan is commonly used in SSc for the treatment of Raynaud 

phenomenon, its anti-TGF-ß activity may indicate a potential additional therapeutic benefit.

Imatinib mesylate (Gleevec) is a small molecule inhibitor of Bcr-Abl kinase. Bcr-Abl is an 

oncogenic fusion protein that incorporates the nonreceptor tyrosine kinase c-Abl and Bcr, a 

multidomain protein of unknown function. Bcr-Abl results from the t(9;22) reciprocal 

translocation in hematopoietic stem cells, creating the Philadelphia chromosome found in 

>90% of cases of chronic myelogeneous leukemia. Recent studies demonstrate that c-Abl is 

activated by TGF-ß and mediates profibrotic responses in fibroblasts (57, 58). Imatinib 

potently blocks TGF-ß-induced c-Abl activity and stimulation of fibrotic gene responses, 

and reduced basal collagen levels in SSc fibroblasts (57–59). The anti-TGF-ß effects are 

Smad-independent and may be due to blockade of the early growth response gene Egr-1 

(Bhattacharyya S and Varga J, unpublished). Imatinib has been shown to prevent the 

development of fibrosis in mouse models of lung fibrosis (60), renal fibrosis (61) and 

bleomycin-induced scleroderma (62), but failed to arrest progression of established lung 

fibrosis when treatment was initiated following bleomycin (63). Interestingly, inhibition of 

TGF-ß signaling by imatinib was not associated with inflammation or spontaneous 

autoimmunity, making imatinib an attractive potential therapeutic agent. Clinical trials of 

imatinib as an anti-fibrotic therapy are currently underway for SSc and pulmonary fibrosis.

Conclusions and Perspectives

The pleiotropic biological activities of TGF-ß contribute to physiologic and pathological 

processes and can be beneficial or detrimental. Fibrotic disorders including SSc are 

associated with perturbed TGF-ß expression and functions, and thus TGF-ß is the molecular 

tagert of choice for therapy. It is remarkable that although TGF-ß was discovered just over 

20 years ago, multiple platforms for its inhibition have been already developed and moved 

along the clinical development pipeline. Strategies for inhibition of TGF-ß include 

suppressing ligand production and activation, blocking receptor binding, and disrupting 

intracellular signal transduction and biological responses. Selectivity may be achieved 

spatially, for instance using antibodies to block TGF-ß activation only at sites where integrin 

αvß6 is expressed; or by selective inhibition of deleterious biological responses by blocking 

target gene-specific coactivator-Smad interactions using aptamers. Both large and small 

molecules that effectively block TGF-ß are in preclinical evaluation or in early clinical 

trials. Furthermore, a number of drugs in current clinical use for a variety of indications 

show anti-TGF-ß activity and might therefore have anti-fibrotic potential.

While the functional pleiotropy of TGF-ß suggests that blocking its activity could be 

associated with significant potential risks, including spontaneous autoimmunity and 

epithelial hyperplasia, studies to date have not found this to be the case; possibly due to 

incomplete abrogation of TGF-ß biology with current anti-TGF-ß strategies. The modest 

toxicities associated to date with anti-TGF-ß strategies provide encouragement for further 
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clinical development and evaluation of such therapies for SSc. The selection of appropriate 

target populations of patients who may be responders, such as those who show a strong 

“TGF-ß signature” in affected tissues, elevated levels of circulating TGF-ß, or genetically-

determined elevations in basal levels of endogenous TGF-ß signaling, and the optimal 

timing of anti-TGF-ß intervention, most likely to be effective in early-stage disease when 

fibrosis is TGF-ß-dependent and reversible, will require carefully-designed clinical trials 

incorporating biomarkers of biological response and of clinical efficacy, and depend on 

extensive collaborations among SSc investigators.
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Figure 1. TGF-ß signaling pathway
The major components of the TGF-ß signaling pathway in normal fibroblasts. TGF-ß 

secreted from a variety of cell types is sequestered within the ECM in a biologically inactive 

form. Activation of latent TGF-ß is catalyzed by αvß6 integrin. Activated TGF-ß binds to 

the TßR1-TßR2 complex of transmembrance serine/threonine kinases. Smad2/3 are 

recruited to TßR1 by SARA. Phosphorylated Smad2/3 forms a complex with Smad4 and 

translocates into the nucleus, where it binds to SBE sequences of TGF-ß-responsive target 

genes. Cofactors such as p300 are recruited to the SBE-Smad complex and transcription is 

activated. Smad7 is an endogenous physiologic inhibitor of Smad signaling. Excessive TGF-

ß production or activation, or deregulated intracellular Smad signal transduction, result in 

collagen overproduction and fibrosis.
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Figure 2. Antagonism of TGF-ß signaling: targeting the extracellular pathway
Neutralizing antibodies to αvß6 integrin block its catalytic activity, and inhibit latent TGF-ß 

activation only at sites where αvß6 integrin is expressed. Neutralizing antibodies to TGF-ß 

sequester the active ligand, and soluble TßRs prevent its binding to cell surface receptors.
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Figure 3. Antagonism of TGF-ß signaling: targeting the intracellular pathway
Small molecule inhibitors of TßR1 such as ALK4 blocks Smad2/3 activation by preventing 

their binding to the kinase domain of ALK5. Inability to phosphorylate Smad2/3 results in 

abrogation of Smad-dependent TGF-ß responses such as collagen synthesis and 

myofibroblast transformation. Peptide aptamers displaying the Smad-binding domains of 

particular Smad-interacting proteins such as SARA (Trx-SARA) prevent recruitment of 

essential cofactors to the activated Smad complex, and selectively prevent Smad-mediated 

transcriptional responses. Commonly used drugs such as the PPAR-gamma agonist 

rosiglitazone, and the Abl tyrosine kinase inhibitor imatinib mesylate block signal 

transduction downstream from TßR1.
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Table 1

Potential strategies for interfering with TGF-ß biology for fibrosis therapy

Strategy Example

Block ligand production or activity Isotype-specific neutralizing antibodies

Soluble TßR1-3 receptors

Antibodies to αvß6 integrin

Natural TGF-ß binding proteins (eg. Decorin)

 Nucleic acid-based (antisense, ribozyme, siRNA)

Block activation of TGF-ß receptors inhibitors  Orally active small molecule TßR kinase

Block Smad function  Physiologic endogenous inhibitor Smad7

Block coactivator recruitment and function  Aptamers (Trx-SARA)
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Table 2

Drugs that interfere with TGF-ß and may have potential anti-fibrotic activity

Drug Clinical indication Putative anti-TGF-ß mechanism

Tranilast (approved in Asia) allergy; prevents mast cell 
degranulation

inhibits TGF-ß secretion, activity

Losartan Hypertension AT1 receptor 
blocker

blocks angiotensin II induction of TGF-ß; reduced levels of 
TGF-ß

HMG CoA reductase inhibitors (statins) hypercholesterolemia blocks TGF-ß stimulation of collagen synthesis

Imatinib mesylate chronic myelogeneous Leukemia 
(CML)

 blocks TGF-ß signaling; also blocks PDGF receptor 
activation, Bcr-Abl activity

PPAR-γ agonists (rosiglitazone) Type II diabetes Insulin 
sensitizing

disrupts intracellular TGF-ß-Smad signal transduction

Pirfenidone none inhibits TGF-ß production, latent TGF-ß activation

Halofuginone none unknown
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