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B Cells in Idiopathic Pulmonary Fibrosis: Targeting Immune Cells with
Antifibrotic Agents

Idiopathic pulmonary fibrosis (IPF) is the most common and deadly
of the idiopathic interstitial pneumonias (1). Through uncontrolled
fibroproliferation and excess deposition of extracellular matrices,
IPF destroys the lung architecture, resulting in progressive decline
in lung function. No intervention has been shown to halt or reverse
this disease, and only two drugs have been reported to delay decline
in lung function (2). The limited understanding we have about how
and which lung cells mediate fibrogenesis represents an important
challenge to overcome.

Excess inflammation and activated immune mechanisms are
known to contribute to the development and/or progression of
pulmonary fibrosis in conditions such as connective tissue–related
interstitial lung diseases (3). Data in support of a role for aberrant
immunity in IPF emerged as early as 1983, when investigators
reported an increased frequency of the B-lymphocyte alloantigen
HLA-DR2 in patients with IPF, which correlated with radiographic
abnormalities (4). However, today, inflammation is considered less
relevant in IPF, as the lungs of affected individuals show a paucity of
inflammation, and antiinflammatory agents have not shown beneficial
therapeutic effect. Instead, the prevailing concept is that IPF results
from repeated injury to the lung epithelium, which in turn elicits an
aggressive repair response that drives fibrogenesis (5). Nevertheless,
the recent identification of genes coding for components of the
immune system (e.g., TOLLIP and TLR3) as contributors of IPF
pathogenesis has reignited interest in this system (6).

In this issue of the Journal, Ali and colleagues (pp. 722 733)
further our understanding of the role of adaptive immunity in IPF
while focusing on how activated B lymphocytes or B cells affect
fibroblast functions (7). Their work builds on prior observations
showing a decrease in regulator B cells in the peripheral blood of
patients with IPF, with the proportion of regulatory B cells
correlating with the annual relative change in diffusing capacity of
the lungs for carbon monoxide (8). In other work, increased B-cell
activation and an increased number of IgA1 memory B cells and
plasmablasts were found in the blood and lungs of patients with
IPF when compared with control subjects (9). Moreover, B cells
in the circulation of patients with IPF were more antigen
differentiated and had greater plasmablast proportions than in
control subjects, with the extent of B-cell differentiation correlating
with patient lung volumes (10).

Together, these observations suggest that loss of self-tolerance to
lung-specific proteins might promote or exacerbate IPF and could
represent a target for intervention (11). Consistent with this, others
have reported increased concentrations of anti–collagen V antibodies
in some patients with IPF and have shown that collagen type V
tolerance inhibits bleomycin-induced lung fibrosis (12). More

recently, a pilot study was conducted in which 11 critically ill patients
with acute exacerbations of IPF were treated with therapeutic plasma
exchanges and rituximab, which was in some cases supplemented
with intravenous immunoglobulin therapy (13); nine patients showed
improvements compared with one in the historical control.

Ali and colleagues previously reported that activation of B cells
obtained from normal donors with microbial antigens stimulates
their release of proinflammatory mediators (14, 15). This earlier
work led the group to speculate that B-cell activation with
microbial antigens might contribute to the inflammatory and
profibrotic milieu observed in IPF. To test this idea, blood samples
and B cells were collected from patients with IPF and normal
volunteers who were not undergoing an exacerbation and who
were not on antifibrotic or steroid treatment for at least 3 months
prior (7). The cells were exposed to CpG, an unmethylated
synthetic oligodeoxynucleotide similar to those found in bacterial
and fungal DNA, or b-glucans, carbohydrates present in the cell
walls of many fungi. They found that B cells from patients with IPF
produced higher amounts of IL-8, IL-6, and MMP7 in response to
CpG or b-glucan and that the supernatants of cultured stimulated
B cells promoted lung fibroblast migration and proliferation via
mTOR-dependent and independent pathways. Next, they tested the
effects of the antifibrotic agents nintedanib and pirfenidone by
incubating B cells from patients with IPF with the drugs before
stimulation with either CpG or b-glucan. Both antifibrotic agents
impaired cytokine secretion but not in an identical fashion. Of
note, the mTOR inhibitor rapamycin inhibited IL-6 secretion in
B cells stimulated with CpG but not in cells stimulated with
b-glucan. Nintedanib decreased Src phosphorylation and mTOR
activation, whereas pirfenidone decreased p38 phosphorylation.
Further work pointed to B cell–derived VEGFA (vascular
endothelial growth factor A) as being responsible for many of the
effects observed on lung fibroblast activation and migration; this
effect was inhibited by nintedanib. The findings were considered
highly relevant to the human condition, as activated CD20-positive
B cells were found to form aggregates in the fibrotic areas adjacent
to fibroblastic foci in IPF lungs.

A few intriguing observations described by Ali and coworkers
should be highlighted. First, they observed that both microbial
antigens stimulate B-cell production of soluble mediators that affect
the functions of lung fibroblasts, thereby pointing to a potential
role for B cell–lung fibroblast interactions in IPF pathogenesis.
As acknowledged by the authors, this might have important
implications for infection-mediated IPF exacerbation as well as for
understanding the role of the lung microbiome in IPF pathogenesis
(16). Second, even though both stimulants affected B cells, their
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effect differed, which is not surprising considering the intrinsic
differences between CpG and b-glucan. Third, both nintedanib and
pirfenidone reduced the impact of CpG and b-glucan stimulation
on lung fibroblasts, suggesting that these agents are capable of
affecting immune responses in IPF. However, the effect of the
antifibrotic agents differed with respect to their capacity to affect
B-cell proliferation and activation as well as the actions of B-cell
activation on lung fibroblasts, with nintedanib being more effective.
These differences might be due to the effect nintedanib has
on tyrosine kinases versus the effects of pirfenidone. Either
way, it is interesting that these agents have such divergent effects
in vitro (Figure 1) while having very similar effects in patients,
perhaps suggesting more important antifibrotic effects on other cells.

In short, the work by Ali and colleagues enhances our
understanding of the role adaptive immunity may play in IPF and how
antifibrotics might work to modulate these processes. Studies testing
these pathways in patients will be required to determine the importance
of these mechanisms of action. Emmil von Behring and Shibasaburo
Kitasato noted the importance of circulating antitoxins in immunity to
diphtheria and tetanus in 1890, which represented the first clear
indication of the existence of cells that we now know as B cells (17).
Little did they know that these cells would be implicated in the
pathogenesis of IPF more than a century later. Such new knowledge is
likely to drive further research in the field using more sophisticated
techniques capable of identifying new targets for intervention (18). n
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Figure 1. Effects of microbial antigens on B cells and their interaction with lung fibroblasts. (A) Microbial antigens promote B-cell proliferation. CpG and
Gluc act via PRR on B cells to stimulate mTOR-dependent and mTOR-independent signaling pathways leading to the expression of cytokines and matrix
metalloproteinase-7 (MMP7) as well as B-cell proliferation and IgM secretion. Nintedanib inhibits the mTOR-dependent signals, whereas pirfenidone
inhibits mTOR-independent pathways. (B) Role of VEGFA (vascular endothelial growth factor A) in B cell–mediated activation of lung fibroblasts. Microbial
antigens stimulate B cells to produce VEGFA via mTOR-dependent pathways inhibited by rapamycin and nintedanib. VEGFA stimulates the activation
and migration of fibroblasts, which is inhibited by axitinib. aSMA=a-smooth muscle actin; FN=fibronectin; Gluc=B-glucan; JNK=c-Jun N-terminal kinase;
MAPK=mitogen-activated protein kinases; PAI-1=plasminogen activator inhibitor-1; PRR=pattern recognition receptors.
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