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Idiopathic pulmonary fibrosis (IPF), a progressive, fatal

lung disease, primarily affects patients over 50 years of

age. These individuals present with symptoms of respira-

tory failure, including worsening dyspnea, cough, and

decreased exercise tolerance. Additionally, these patients

often present with bilateral, inspiratory crackles, and

demonstrate finger clubbing [1]. With the progression of

idiopathic pulmonary fibrosis, patients lose the lung elas-

ticity and normal alveolar architecture that permit normal

respiration, which results in their eventual respiratory

failure and death. In fact, between 50 and 80 % of patients

afflicted with idiopathic pulmonary fibrosis die within 5

years of their initial diagnoses [2, 3]. Additionally, annual

mortality attributable to IPF is higher than the mortality

caused by certain cancers, like melanoma or brain cancers

[4]. While risk factors like cigarette smoking have been

associated with idiopathic pulmonary fibrosis, none have

consistently presented with IPF to suggest a causative

effect [5, 6]. The pathogenesis of IPF is still a subject of

much investigation. Recent research has shown that the

development of IPF involves two sequential phases: injury

with apoptosis, followed by remodeling and an extensive

fibrotic response. However, because the lesions within an

IPF lung are temporally heterogeneous, the pathogenesis

and regulation of this disease largely remain unexplained.

A recent publication by Zhou et al. may have shed some

light on the potential mechanisms for the cycles of injury

and tissue remodeling that occurs in idiopathic pulmonary

fibrosis [7]. They examined the role of chitinase 3-like 1

(CHI3L1), a chitinase-like protein whose expression pat-

tern is altered in several inflammatory diseases, in patients

with and in murine models of IPF. At present, CHI3L1 is

known to drive inflammatory pathways while preventing

apoptosis and inducing fibrosis through molecules like

TGF-b [8–10]. Now, Zhou et al. have proposed a signifi-

cantly more complex role for CHI3L1 in the development

and progression of idiopathic pulmonary fibrosis that could

even suggest potential treatments for this devastating dis-

ease (Fig. 1).

The authors first conducted several studies involving

lung and blood samples from IPF patients to characterize

the role of CHI3L1 in this disease. When lung biopsies

from patients with IPF were compared to those of patients

with lung metastases, both the proportion of and overall

number of epithelial cells and macrophages expressing

CHI3L1 were significantly increased. This data indicates

that an elevation in this chitinase-like protein is associated

with IPF in general.

Afterward, Zhou et al. quantified CHI3L1 in IPF

patients who presented with varying degrees of severity.

This prospective cohort study found that, although CHI3L1

was elevated in the blood of all patients with IPF when

compared to age-matched controls, patients with a more

progressive form of the disease exhibited the highest levels

of CHI3L1. However, when the CHI3L1 levels in patients

suffering from acute exacerbations of IPF were quantified,

CHI3L1 appeared to be quite low. Additionally, these

patients, who were undergoing diffuse alveolar damage,

demonstrated more epithelial and inflammatory cell

apoptosis.

Based upon these results and their previous work, the

authors reasoned that an increase in CHI3L1 may prevent

tissue injury by increasing the activity of M2, or so-called
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alternatively activated, macrophages, which are character-

ized in part by the expression of CD206 on their cell sur-

faces. In fact, a cellular population that also expressed

CD206 was detected in large quantities in both the blood

and lung tissue of patients with IPF, and patients with the

poorest prognosis presented with the greatest abundance of

these cells. Of note, when these CD14hi, CD206? cells

were placed on a three-dimensional, decellularized scaf-

fold, they dramatically stimulated the proliferation of

fibroblasts. Taken together, these results demonstrate that

an increase in CHI3L1 stimulates the accumulation of

CD206 cells in the bloodstream and lungs, which then

increases the density of fibroblasts in the tissue.

To more fully understand the role of CHI3L1 in the

development of IPF, the authors conducted several exper-

iments in bleomycin-exposed mice, a classical model for

idiopathic pulmonary fibrosis. When first treated with

bleomycin, these mice exhibited a marked, transient

decrease in both CHI3L1 mRNA expression and CHI3L1

levels in bronchoalveolar lavage (BAL) fluid. However,

over time, the CHI3L1 levels normalized and continued to

increase as the mice recovered from the bleomycin-induced

injury. The researchers used YKL-40 transgenic mice to

selectively express CHI3L1 at certain points during the

injury and fibrosis phases. When CHI3L1 expression was

activated before the bleomycin treatment and was turned

off fourteen days after the insult, the mice demonstrated

hallmarks of fibrosis and inflammatory cell infiltrates.

However, when CHI3L1 was only expressed during the

initial injury phase, the mice did not develop as much

collagen deposition, and their lung tissue demonstrated

significantly lower levels of epithelial cell apoptosis.

On the other hand, when the CHI3L1 expression was

limited to the fibroproliferative repair phase of injury and

recovery, the mice demonstrated significantly higher

amounts of collagen deposition, as well as elevated extra-

cellular matrix protein and a-SMA gene expression,

markers for fibrosis. The presence of a-SMA indicated that

the mouse fibroblasts had converted into myofibroblasts, a

hallmark of idiopathic pulmonary fibrosis. Additionally,

these mice had a higher mortality rate than those from

other experiments. When the mice did not express any

CHI3L1 during their recovery from the bleomycin expo-

sure, the mice showed an increase in pulmonary epithelial

cell apoptosis, inflammatory cell accumulation in the lungs,

and death. However, these mice did not show any alteration

in collagen deposition. When these same mice had CHI3L1

activated during the initial injury phase, fibrosis develop-

ment decreases dramatically.

Based on bone marrow chimeras of null and CHI3L1-

expressing mice, bone marrow-derived cells (BMDCs) are

not required to produce CHI3L1 for normal, reparative

fibrosis. However, when BMDCs do secrete CHI3L1, more

soluble collagen can be detected, which indicates that these

cells enhance structural cells’ normal fibrotic response to

injury. When these BMDCs were examined in greater

detail, they were found to express CD206 and other M2

macrophage markers.

When macrophages from a fibrotic lung were grown

together with fibroblasts, the fibroblasts both increased
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Fig. 1 Changes in CHI3L1 expression throughout the development of idiopathic pulmonary fibrosis
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their proliferation rates and survived for longer periods.

However, these macrophages did not induce the expression

of a-SMA. Interestingly, when exposed to human, recom-

binant CHI3L1, both fibroblast proliferation and a-SMA

expression increased, which suggested myofibroblast

transformation.

Overall, Zhou et al. have begun to delineate some of the

complicated roles of CHI3L1 in the development and

maintenance of idiopathic pulmonary fibrosis. Their results

show that the regulation of CHI3L1 must be carefully

balanced. Too little expression during the injury phase can

result in subsequent, extensive fibrosis, while too much

expression in the fibrosis phase drives excessive deposition

of collagen and other extracellular matrix proteins.

Although many questions about CHI3L1 and its role in IPF

remain, this research makes significant progress toward

enhancing our clinical knowledge of IPF and toward pos-

sibly finding a treatment for acute exacerbations of IPF.
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