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Pulmonary fibrosis is one of the most 
devastating diseases in which scars are 
formed in the lungs in a progressive and 
non-reversible fashion resulting in breath-
lessness and respiratory failure. Some 
treatments may improve symptoms or 
slow progression of the disease, but the 
benefits are temporary. Lung transplanta-
tion can be an option for treatment but 
involves serious complications, such as 
rejection and infection. Therefore, the 
development of a new treatment is in 
urgent need.

Past studies have shown that idiopathic 
pulmonary fibrosis (IPF) is associated 
with infiltration of lungs by dendritic cells 
(DCs). DCs are best known for their role 
in bridging innate and adaptive immu-
nity. They reside in peripheral tissues, 
capture foreign antigens, produce inflam-
matory cytokines and present antigens to 
antigen-specific T lymphocytes inducing 
antigen-specific immune responses.1 Inter-
estingly, an immunohistochemical analysis 
has shown that lungs of patients with IPF 
were associated with lymphoid aggregates 
and that these aggregates were enriched 
with DCs.2 Some other studies using flow 
cytometry have reported a significant 
increase in the frequency of DCs in the 
lungs and the bronchial lavage fluid in 
patients with IPF.3 4 These findings have 
raised a possibility that DC’s immune-stim-
ulatory activity may play a significant role 
in the progression of pulmonary fibrosis.

The association of DCs with pulmonary 
fibrosis has been also observed in animal 
models. Intratracheal challenge of mice 
with bleomycin induced severe fibrosis 
in the lungs and the fibrosis was accom-
panied by a significant increase in the 
number of DCs.5 Interestingly, treatment 
of these mice with VAG539, an agent 
capable of inhibiting immune-stimula-
tory activity of DCs, attenuated fibrosis.5 
Others have shown that injection of diph-
theria toxin (DT) to CD11c-DT receptor 
(DTR)-transgenic mice resulted in deple-
tion of DCs from the mice and attenuated 
fibrosis on exposure to bleomycin.6 These 

studies have been frequently referred to 
as the evidence that supports the contri-
bution of DCs to pulmonary fibrosis. 
There is, however, limitation in both 
studies. It is unclear whether the inhib-
itory effect of VAG539 in pulmonary 
fibrosis was through its effect on DCs 
because VAG539 modulates cell physi-
ology by binding the transcription factor 
aryl hydrocarbon receptor expressed in 
many cell types other than DCs.7 It is 
unclear whether the inhibitory effect of 
DT in pulmonary fibrosis observed in 
CD11c-DTR mice was attributed to the 
depletion of DCs or macrophages. Injec-
tion of DT to CD11c-DTR mice not only 
depletes DCs but also pulmonary macro-
phages as CD11c is highly expressed in 
both.8 Pulmonary macrophages secrete 
numerous pro-fibrotic soluble media-
tors, chemokines and enzymes playing 
a crucial role in promoting and main-
taining fibrosis.9 Lastly, the relevance 
of bleomycin-induced mouse model to 
human disease has not been firmly estab-
lished. The bleomycin-induced fibrosis is 
preceded by massive inflammation in the 
lungs, whereas IPF is mostly non-inflam-
matory and resistant to immune-suppres-
sive drugs.10

Tarrés et al, published in Thorax,11 
revisited the role of DCs in pulmonary 
fibrosis using a reagent that targets DCs 
specifically and a mouse model devoid of 
inflammation. The authors first noticed 
that the concentration of fms-like tyrosine 
kinase-3 ligand (Flt3L), a cytokine that 
promotes differentiation and prolifera-
tion of DCs,12 was significantly elevated in 
the serum and the lungs of patients with 
IPF. This elevation was also observed in 
the mouse model of pulmonary fibrosis 
with limited inflammation induced by 
the adenovirus encoding transforming 
growth factor-β (TGF-β). The TGF-β-in-
duced fibrosis also accompanied a signifi-
cant increase in the number of DCs in the 
lungs. To determine the relevance in the 
increase in Flt3L and DCs to fibrosis, the 
authors altered the expression of Flt3L 
in mice and examined how the alter-
ation affects DCs, lung fibrosis and lung 
function. The authors found that mice 
depleted of Flt3L, and thus deficient in 
DCs, developed more severe fibrosis than 
control animals and that the lung functions 

of these animals were more severely 
impaired. In contrast, mice supple-
mented with recombinant Flt3L, and thus 
equipped with an increasing number of 
DCs, developed milder fibrosis and their 
lung functions were less impaired. These 
findings suggested that DCs might play a 
regulatory role in pulmonary fibrosis. To 
confirm this possibility, the authors used 
a mouse strain that expresses DTR under 
the control of the promoter of zinc finger 
and BTB domain containing 46 (Zbtb46), 
the transcription factor recently identified 
to be specifically expressed in DCs.13 14 
When treated with DT, and thus depleted 
of DCs, these mice developed more severe 
fibrosis, and the lung functions were more 
severely impaired. These data confirm 
that DCs indeed play a negative regulatory 
role in the TGF-β-induced mouse model 
of pulmonary fibrosis.

While the study presented by Tarrés et 
al11 implicates a novel role for Flt3L and 
DCs in negative regulation of pulmonary 
fibrosis (figure 1), many questions remain 
to be answered. For example, what is the 
mechanism underlying the increase in 
Flt3L in fibrotic lungs? NK and T cells 
have been shown to be the major source 
of Flt3L in haematopoietic organs, such as 
spleen and bone marrow, while epithelial 
and other stromal cells can also produce 
Flt3L in peripheral tissues, including 
lungs.15 16 Identifying the cellular source 
of Flt3L would help to understand the 
self-regulatory mechanism that may 
be activated during the progression of 
pulmonary fibrosis.

The mechanism by which DCs exert the 
anti-fibrotic effect also remains unclear. 
The authors showed that CD103+ DCs 
are dispensable for the anti-fibrotic role of 
DCs, while CD11b+ DCs upregulate the 
expression of some matrix metallopro-
teinases (MMPs) in fibrotic lungs. MMPs 
are the major group of enzymes respon-
sible for the collagen and other protein 
degradation in the extracellular matrix. 
Whether upregulation of these MMPs is 
involved in the anti-fibrotic effects, and if 
so, which specific MMPs play a major role 
will need to be defined. It is also possible 
that DCs exert the anti-fibrotic effect 
through an indirect mechanism, such as 
by modulating the activity of other pro-fi-
brotic immune cells, such as macrophages 
or type 2 innate lymphocytes.9 17

Lastly, the regulatory role of DCs in 
human pulmonary fibrosis remains to be 
determined. Apparently, DCs that infil-
trate the lungs of patients with IPF are not 
sufficient to control the disease. Neverthe-
less, whether these DCs possess the ability 
to exert anti-fibrotic effects are worthy of 
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examining. A gene expression analysis of 
DCs associated with the lungs of patients 
with IPF may help in predicting anti-fi-
brotic ability and designing in-vitro exper-
iments to test that prediction. If the DCs 
indeed have the ability to decrease fibrosis, 
one can inject patients with Flt3L, which 
has been shown to be safe and effectively 
increase the number of DCs in humans.18 
The detailed mechanistic understanding 
of the anti-fibrotic effect of DCs may also 
help in developing new options of treat-
ment for this devastating disease.

Contributors J-SS is the sole contributor.

Funding This study was funded by the UCSF Sandler 
Asthma Basic Research Center.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Commissioned; 
internally peer reviewed.

© Author(s) (or their employer(s)) 2019. No commercial 
re-use. See rights and permissions. Published by BMJ.

To cite Shin J-S. Thorax 2019;74:925–926.

Accepted 16 July 2019
Published Online First 30 July 2019

 ► http:// dx. doi. org/ 10. 1136/ thoraxjnl- 2018- 212603

Thorax 2019;74:925–926.
doi:10.1136/thoraxjnl-2019-213510

REFEREnCEs
 1 Steinman RM, Inaba K, Turley S, et al. Antigen capture, 

processing, and presentation by dendritic cells: recent 
cell biological studies. Hum Immunol 1999;60:562–7.

 2 Marchal-Sommé J, Uzunhan Y, Marchand-Adam S, 
et al. Dendritic cells accumulate in human fibrotic 
interstitial lung disease. Am J Respir Crit Care Med 
2007;176:1007–14.

 3 Greer AM, Matthay MA, Kukreja J, et al. Accumulation 
of BDCA1⁺ dendritic cells in interstitial fibrotic 
lung diseases and Th2-high asthma. PLoS One 
2014;9:e99084.

 4 Tsoumakidou M, Karagiannis KP, Bouloukaki I, 
et al. Increased bronchoalveolar lavage fluid CD1c 
expressing dendritic cells in idiopathic pulmonary 
fibrosis. Respiration 2009;78:446–52.

 5 Bantsimba-Malanda C, Marchal-Sommé J, Goven D, 
et al. A role for dendritic cells in bleomycin-induced 
pulmonary fibrosis in mice? Am J Respir Crit Care Med 
2010;182:385–95.

 6 Ding L, Liu T, Wu Z, et al. Bone marrow CD11c+ cell-
derived amphiregulin promotes pulmonary fibrosis. J 
Immunol 2016;197:303–12.

 7 Mulero-Navarro S, Fernandez-Salguero PM. New 
trends in aryl hydrocarbon receptor biology. Front Cell 
Dev Biol 2016;4.

 8 van Rijt LS, Jung S, Kleinjan A, et al. In vivo depletion 
of lung CD11c+ dendritic cells during allergen 
challenge abrogates the characteristic features of 
asthma. J Exp Med 2005;201:981–91.

 9 Byrne AJ, Maher TM, Lloyd CM. Pulmonary 
macrophages: a new therapeutic pathway in fibrosing 
lung disease? Trends Mol Med 2016;22:303–16.

 10 Moeller A, Ask K, Warburton D, et al. The bleomycin 
animal model: a useful tool to investigate treatment 
options for idiopathic pulmonary fibrosis? Int J 
Biochem Cell Biol 2008;40:362–82.

 11 Tort Tarrés M, Aschenbrenner F, Maus R, et al. The 
FMS-like tyrosine kinase-3 ligand/lung dendritic cell 
axis contributes to regulation of pulmonary fibrosis. 
Thorax 2019;74:947–57.

 12 Karsunky H, Merad M, Cozzio A, et al. Flt3 ligand 
regulates dendritic cell development from Flt3+ 
lymphoid and myeloid-committed progenitors to Flt3+ 
dendritic cells in vivo. J Exp Med 2003;198:305–13.

 13 Satpathy AT, Kc W, Albring JC, et al. Zbtb46 expression 
distinguishes classical dendritic cells and their 
committed progenitors from other immune lineages. J 
Exp Med 2012;209:1135–52.

 14 Meredith MM, Liu K, Darrasse-Jeze G, et al. Expression 
of the zinc finger transcription factor zDC (Zbtb46, 
Btbd4) defines the classical dendritic cell lineage. J Exp 
Med 2012;209:1153–65.

 15 Miloud T, Fiegler N, Suffner J, et al. Organ-Specific 
cellular requirements for in vivo dendritic cell 
generation. J Immunol 2012;188:1125–35.

 16 Barry KC, Hsu J, Broz ML, et al. A natural killer-
dendritic cell axis defines checkpoint therapy-
responsive tumor microenvironments. Nat Med 
2018;24:1178–91.

 17 Hams E, Armstrong ME, Barlow JL, et al. Il-25 and type 
2 innate lymphoid cells induce pulmonary fibrosis. Proc 
Natl Acad Sci U S A 2014;111:367–72.

 18 Anandasabapathy N, Breton G, Hurley A, et al. Efficacy 
and safety of CDX-301, recombinant human Flt3L, at 
expanding dendritic cells and hematopoietic stem cells 
in healthy human volunteers. Bone Marrow Transplant 
2015;50:924–30.

Figure 1 A model illustrating the role of 
Flt3L, dendritic cells and macrophages in 
pulmonary fibrosis. Flt3L, fms-like tyrosine 
kinase-3 ligand.
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