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Idiopathic pulmonary fibrosis (IPF) is a severe disease with no cure, and a median survival 

rate of < 5 years (1). Other research indicates the cytokine IL-17 is part of the pro-fibrotic 

inflammatory response (2). The critical influence of the gut microbiome in IL-17 immune 

responses has been established (3), yet the role of the lung microbiota in lung inflammation, and 

specifically IL-17 responses that promote IPF, is overlooked. In their Immunity paper, Yang et al 

used the bleomycin model of fibrosis to determine if IL-17B, one of six IL-17 cytokines, caused 

lung fibrosis, and if the lung microbiome regulated pro-fibrotic IL-17 production. 

They report that depletion of the microbiome with broad-spectrum antibiotics alleviated 

fibrosis and rescued mortality. The authors sequenced 16s DNA from lungs of control and 

bleomycin treated mice and found bleomycin caused dysbiosis. The researchers narrowed their 

results to three species, B. ovatus (B.o), B. stercoris (B.s), and P. melaninogenica (P.m), that were 

increased in the bleomycin group. Inoculation of antibiotics+bleomycin treated mice with any of 

these bacteria restored the severity of fibrosis. The researchers further determined that bacterial 

outer-membrane vesicles (OMV) isolated from B.s, P.m, or the lungs of bleomycin treated mice 

cause more severe fibrosis when transferred into antibiotics + bleomycin treated recipients, and 

LPS packaged in the OMV mediated the fibrotic pathogenesis. This is a novel finding, and it would 

be interesting to know if these bacteria or something equivalent is found in IPF, and what role 

bacterial OMV play in IPF as OMV have been shown to be potent inducers of pro-inflammatory 

responses and cell death elsewhere (4) 



All of the microbiome-associated effects were found to be partially mediated by IL-17. 

Knocking out either IL-17A or B resulted in a 25% mortality rate in bleomycin, as opposed to 50% 

in WT, which suggests that both IL-17A and B are important drivers of fibrosis, but neither is 

solely responsible. The authors determined the signaling mechanism used by IL-17B and 

described downstream targets that are similar to IL-17A, which begs the question: why produce 

redundant IL-17 cytokines? One answer is that while IL-17 is strongly associated with T cells, the 

authors find, surprisingly, that IL-17B is produced by innate immune cells. This suggests 

complementary function in major the branches of the immune system. 

Yang et al., produced wide scope of data that opens further avenues for investigation. 

More than one new finding was described in their work. However, there were some limitations. 

Microbiome depletion consisted of oral and intranasal antibiotics, and oral antibiotics alone had 

no effect on bleomycin pathogenesis. Yet it was a curious omission not to include a group that 

was only treated with intranasal antibiotics and leave the gut microbiome intact. The authors 

also claim the IL-17B producing innate immune cells are alveolar macrophages, but the markers 

used are not sufficient to confidently label that population (5). Further study of these IL-17B 

producing cells in vitro and better characterization in vivo is needed. Even with these limitations, 

their work shows a new role for lung bacteria that promote fibrosis, describes mechanistic detail 

of IL-17B signaling and OMV, and provides evidence of innate immune cells producing IL-17. 

Correlation exists between fibrosis in humans and dysbiosis in the lung, thus pre-clinical studies 

such as this provide insight into potential mechanisms of a poorly understood disease (6). 
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Wohlfhart et al., in their recent Nature publication, have identified PU.1, an ETS family 

transcription factor, as an essential regulator of the genetic switch between extracellular matrix 

producing profibrotic fibroblasts, as seen in idiopathic pulmonary fibrosis (IPF), and catabolic 

pro-flammatory fibroblasts, as seen in rheumatoid arthritis. PU.1 has previously been 

implicated in diseases such as acute myeloid leukemia, Hodgkin lymphoma and Alzheimer’s.  

However, a link between PU.1, fibroblasts and fibrosis has been inferred by a resistence to 

thioacetamide-induced fibrosis, and apparent scar-free wound healing, in PU.1 deficient mouse 

models (1, 2). 

 The authors report that PU.1, long known for its fundamental role in hematopoiesis and 

immune system development (3), is  highly expressed in matrix producing fibrotic fibroblasts 

(isolated from pulmonary fibrosis patients), but is silenced by epigenetic mechanisms in resting 

(isolated from healthy controls) and inflammatory fibroblasts (isolated from patients with 

asthma) by repressive histone metylation and elevated expression of miR-155 respectively. This 

finding is consistent with the emerging role of miRNAs and/or epigenetic regulation in the 

pathogenesis of IPF. Manipulations of SPI1 (gene encoding PU.1 in humans) in the 

phenotypically different fibroblasts examined polarized fibroblasts towards a pro-fibrotic gene 

signature by binding to the promotors of pro-fibrotic genes (e.g COL1A1 and ACTA2) and 

induced a pro-fibrotic phenotype supporting the suggested link between PU.1, fibroblasts and 

fibrosis suggested in previous publications. 

 



Wohlfhart and collegues report that PU.1 is associated with a network of pro-fibrotic 

factors including members of the TEAD-HIPPO, canonical TGF-𝛽-SMAD and AP1 signaling 

pathways. Other transcription factors linked to fibrosis such as SNAI2 were found to bind in 

close proximity to PU.1-binding sites within the genome and may contribute to the recruitment 

of transcription factors and the switch towards a fibrotic phenotype. Of note, many of the 

transcription factors identified differ from those previously reported to interact with PU.1 in 

shaping cell phenotype in macrophages and immune cells. 

Interestingly, a recent report found that overexpression of Spi1 in fibroblasts induced 

senescence (4). The question of what is driving abnormally high numbers of fibroblasts into 

senescence in IPF remains unanswered. Transcription factors, such as STAT3 and NFB, known 

to cooperate and interact with PU.1 have been implicated in fibroblast senescence in IPF (5).  

Potentially PU.1, acting as a genetic switch, driving fibroblast polarization towards a fibrotic 

phenotype may also lead or contribute to the accumulation of senescent fibroblasts in the 

fibrotic lung.  

The authors utilized the heterocyclic dication DB1976 to show that inhibition of PU.1 

was efficacious in preventing uncontrolled fibrosis in murine models without perceptible 

inhibition of haematopoetic cell differentiation. Using DB1976, the authors report that it is 

possible to safely interfere with a transcription factor, such as PU.1, and enable the restoration 

of tissue homeostasis. This study supports the work of Antony-Debre et al. who also recently 

demonstrated that inhibition of PU.1, in experimental models of acute myeloid leukemia, was 

therapeutically benefical in decreasing tumor burden and increasing survival (6). In combination 

these studies present proof of concept that PU.1 has potential as a therapeutic strategy in a 

number of conditions currently poorly served by available therapeutic modalities. 
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 While metabolomic studies have implicated dysregulated cellular metabolism in the 

pathogenesis of Idiopathic Pulmonary Fibrosis (IPF) (1, 2), the molecular mechanisms by which 

aberrant metabolic signaling pathways contribute to lung fibrosis are not well-understood. In 

their recent work published in Nature Medicine, Yu et al. found a marked increase in expression 

and activity of thyroid hormone (TH)-activating enzyme iodothyronine deiodinase 2 (DIO2) in 

lungs of IPF patients, potentially reflecting either TH deficiency or increased cellular metabolic 

requirements. DIO2 gene expression was negatively correlated with disease severity, suggesting 

an adaptive role of DIO2 in IPF. Consistent with this observation in patients, in mouse studies, (a) 

genetic deletion of DIO2 exacerbated bleomycin-induced lung fibrosis, (b) aerosolized delivery of 

TH led to resolution of fibrosis in the bleomycin and inducible transforming growth factor 𝛽1 

(TGF 𝛽1) models, and (c) oral delivery of sobetirome, a thyromimetic drug, decreased established 

lung fibrosis in the bleomycin model. Mechanistic studies in peroxisome proliferator-activated 

receptor 𝛾 co-activator 1a (Ppargc1a)- or PTEN-induced putative kinase 1 (Pink1)- knockout mice 

and type II alveolar epithelial cells (AECs) revealed that TH acts through the PGC-1𝛼 and PINK1 

pathways to attenuate mitochondria-regulated cell death pathways in type II AECs. A limitation 

here is the lack of evaluation of the effect of TH on cell types other than type II AECs; experiments 

utilizing mice with knockdown of the thyroid hormone receptor (TR) in different fibrosis-relevant 

cell types would be beneficial in this regard.  Nevertheless, taken together, their data make a 

strong case for an antifibrotic role of TH in type II AECs in IPF.  

 In 2015, Bueno et al. found that there is prominent accumulation of dysmorphic and 

dysfunctional mitochondria in type II AECs in lungs of IPF patients, which is associated with low 



expression of PINK1(3). The current study by Yu et al. shows upstream regulation of PINK1 by TH-

mediated signaling and renders support to the idea that dysfunctional mitochondria in type II 

AECs play an important role in pathogenesis of IPF. More recently, Bueno et al. reported that 

endoplasmic reticulum (ER) stress-effector activating transcription factor 3 (ATF3) can repress 

PINK1 expression in type II AECs and lead to dysregulation of mitochondria homeostasis (4). 

Given that ER stress is a critical pathogenic mechanism in lung fibrosis(5), further studies aimed 

at determining the relationship between TH signaling, ER stress, and mitochondrial function 

could be enlightening.  

 The only two FDA-approved drugs nintedanib and pirfenidone (and saracatinib, which was 

recently granted orphan drug designation for IPF by FDA) target fibroblasts that are the effector 

cells in IPF. Since Yu et al. provide evidence for a beneficial effect of the thyromimetic sobetirome 

on the function of epithelial cells, which are important in the initiation of fibrosis, it is tempting 

to speculate about a potential role of thyromimetics in early stages of the disease or in 

combination therapy. Also, given that mitochondrial dysfunction is a hallmark of cellular aging, 

an open question is whether thyromimetics could prove beneficial in other aging-related 

conditions. However, it is important to keep in mind that animal models often fail to predict 

human responses to drugs (6), and extensive studies including those on dosing, delivery, safety, 

and efficacy would be critical in fully elucidating the clinical potential of thyromimetics in IPF.  
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