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Disease conditions associated with pulmonary fibrosis are pro-
gressive and have a poor long-term prognosis with irreversible
changes in airway architecture leading to marked morbidity and
mortalities. Using murine models we demonstrate a role for in-
terleukin (IL)-25 in the generation of pulmonary fibrosis. Mechanis-
tically, we identify IL-13 release from type 2 innate lymphoid cells
(ILC2) as sufficient to drive collagen deposition in the lungs of
challenged mice and suggest this as a potential mechanism through
which IL-25 is acting. Additionally, we demonstrate that in human
idiopathic pulmonary fibrosis there is increased pulmonary expres-
sion of IL-25 and also observe a population ILC2 in the lungs of
idiopathic pulmonary fibrosis patients. Collectively, we present an
innate mechanism for the generation of pulmonary fibrosis, via IL-25
and ILC2, that occurs independently of T-cell–mediated antigen-spe-
cific immune responses. These results suggest the potential of ther-
apeutically targeting IL-25 and ILC2 for the treatment of human
fibrotic diseases.
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Disease conditions associated with pulmonary fibrosis are
often progressive and have a poor long-term prognosis (1).

In the context of developing new treatments for pulmonary fi-
brosis, the cytokines associated with the pathogenic milieu that
can lead to aberrant extracellular matrix deposition are key
targets, in particular interleukin (IL)-13, TGF-β, and, more re-
cently, IL-17A (2). However, to develop more effective thera-
peutics for fibrotic lung diseases a greater understanding of the
pathogenesis and the underlying mechanisms that lead to pul-
monary fibrosis is needed (3, 4).
The cytokine IL-13 was first implicated in fibrosis using

profibrotic eggs from the type 2 cytokine-inducing pathogen
Schistosoma mansoni, in the presence of a soluble IL-13Rα2-Fc
fusion protein (5) and in Il13−/− mice (6). IL-13 is now widely
linked to a range of fibrotic conditions (7) including asthma,
where IL-13 is being targeted as a therapy (8). In the context of
the cellular source of IL-13 in the generation of fibrosis, CD4+ T
helper (h) 2 cells are implicated (9). However, more recently
innate lymphoid cells (ILC) are emerging as an important source
of IL-13 (10, 11). In this context, the type 2 cytokine IL-25 is
implicated in the generation of the recently identified IL-13–
expressing ILC, termed ILC2 (11–14).
Recent studies have implicated IL-25 and ILC2 in the path-

ogenesis of pulmonary conditions in both murine models and hu-
man conditions such as allergic asthma (12, 13, 15, 16). In murine
studies intranasal administration of IL-25 results in evidence of
pulmonary tissue remodeling including development of perivascular
fibrosis, and intratracheal administration results in increased pul-
monary Th2 cytokines and airways hyper-reactivity (AHR) (17, 18),
whereas blocking IL-25 reduces AHR severity (19). Herein we
describe a potential role for IL-25 in the generation of pulmonary

fibrosis in experimental mouse models, via the activation of IL-13–
producing ILC2. We also observe increases in both IL-25 and ILC2
in the lung of patients with idiopathic pulmonary fibrosis (IPF).
These data suggest unique mechanisms for the generation of pul-
monary fibrosis and identify an interesting area for further research
on the role of IL-25 and ILC2 in the treatment of pulmonary
fibrosis.

Results
Mice Unable to Signal via IL-25 Show Decreased S. mansoni Egg-
Associated Pulmonary Fibrosis. To address the mechanistic role
of IL-25 in pulmonary fibrosis we used the S. mansoni egg-
induced pulmonary granuloma model. In mice deficient in IL-25
(Il25−/−) and its receptor IL-17BR (Il17br−/−) there was smaller
egg granuloma formation relative to WT mice (Fig. 1 A and C)
with significantly (P < 0.05) reduced pulmonary collagen de-
position and, more specifically, less fibrosis within the egg gran-
uloma of these mice (Fig. 1 B and C). In addition, in the absence
of functional IL-25 there was reduced relative pulmonary ex-
pression of type 2 cytokines IL-4 and IL-13 (Fig. 1D), and re-
duced expression of TGFβ (Fig. 1D). Whereas pulmonary levels
of IL-17A were up-regulated in response to S. mansoni eggs in
WT mice, as previously demonstrated (2), there were compara-
ble IL-17A levels in all groups (Fig. 1D). Regarding the re-
duction in IL-4 expression, a cytokine shown to be important in
the generation of egg-associated granuloma formation (20), in
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lungs of IL-25–deficient mice all groups had comparable in-
filtration of CD4+ T cells (Fig. S1A), with no reduction in IL-4+

Th2 cells in lungs of IL-25–deficient mice (Fig. S2A). In addition
to CD4+ T cells, basophils are an early source of IL-4 and IL-13

in innate type 2 responses (21, 22). However, we found no in-
filtration of basophils into the lungs in this model (Fig. S1B);
indeed, following egg challenge of basophil-deficient mice (23)
there was no defect in the development of pulmonary fibrosis
(Fig. S1C).
Recent studies have highlighted the role for ILCs, in particular

type 2 ILCs (ILC2) in helminth-associated type 2 immunity, with
such cells potent producers of IL-13 during inflammation (11).
Assessment of ILC2 in the S. mansoni egg-induced model of
pulmonary inflammation demonstrates a significant (P < 0.01)
increase in ILC2 in both the lung and mediastinal lymph node
(MLN) of egg-challenged WT mice, with reduced number of
ILC2s in the lungs of egg-challenged Il25−/− and Il17br−/− mice
(Fig. 1E). In the lungs of WT mice, the frequency of IL-13+ILC2
peaked at day 7, with expression of such cells approximately
fivefold higher than IL-13+CD4+ T cells, with diminished IL-13+
ILC2 in the absence of IL-25 (Fig. S2B), whereas in the MLN
CD4+ T cells are the primary source of IL-13 in both the pres-
ence and absence of IL-25 (Fig. S2C).
In addition to IL-25, ILC2 are induced by the type 2 cytokines

IL-33 and thymic stromal lymphopoietin (TSLP) (24). Although
other studies have shown that IL-33 is the more prominent cy-
tokine involved in the induction of ILC2 (25), in this model we
show that whereas IL-25 is significantly (P < 0.05) up-regulated
in the lungs in response to S. mansoni eggs, the levels of IL-33
and TSLP in the lungs are markedly lower (Fig. S3A). In addi-
tion, in Il17br−/−, but not animals with defective IL-33 (Il1rl1−/−)
or TSLP (Tslpr−/−) signaling, there was a significant defect in
egg-associated pulmonary collagen deposition (Fig. S3B). Fur-
thermore, in the bleomycin model of pulmonary fibrosis, there is
also reduced collagen deposition in the lungs of IL-25–deficient
mice, with a corresponding reduction in IL-4 and IL-13 but not
TGFβ or IL-17A (Fig. S4). In combination, these data show
impaired collagen deposition in the absence of IL-25 in two
different models of pulmonary fibrosis.

Absence of ILC2 Impairs the Development of Pulmonary Fibrosis and
Associated Cytokine Production. Data presented thus far demon-
strate a role for IL-25 in pulmonary fibrosis and potential in-
volvement of ILC2. To address the role of ILC2 in pulmonary
fibrosis, ILC2-deficient staggerer (Rorasg/sg) mice, which have
RORα deficiency, were used (26). ILC2-deficient Rorasg/sg mice
(Fig. S5A) had no increase in pulmonary collagen deposition
compared with WT mice following S. mansoni egg injection (Fig.
S5B). Furthermore, Rorasg/sg bone marrow (BM) chimeras also
had defects in pulmonary fibrosis (Fig. S5 C and D). To further
investigate the role of ILC2 in the generation of pulmonary fi-
brosis, IL-25 was introduced intranasally to WT and Rorasg/sg

mice to expand ILC2 in the lungs. IL-25 treatment elicited sig-
nificant (P < 0.05) collagen deposition in the lungs of WT but
not Rorasg/sg mice (Fig. 2 A and B). IL-25–elicited pulmonary
fibrosis was associated with a significant increase in IL-13 (P <
0.01) and TGFβ (P < 0.05) in the lungs of WT mice, which was
not apparent in Rorasg/sg mice (Fig. 2C).
Recent studies into the functions of ILCs have used an anti-

CD90.2 mAb to block CD90.2 expressing ILC in Rag1−/− mice
(27, 28). To determine the role of ILCs in innate fibrosis in the
presence of CD4+ T cells, lymphocyte-replete chimeras were
generated by transfer of CD90.1 expressing T (CD3+) and B
(CD19+) cells in to Rag1−/− mice expressing the CD90.2 allele
(29). These mice were treated with anti-CD90.2 mAb or isotype-
control mAb 1d before egg injection, and every 3 d thereafter to
maintain ILC depletion. We initially confirmed that anti-CD90.2
mAb treatment effectively blocked ILC2 induction (P < 0.05) in
the lungs in egg-injected mice, while maintaining CD4+ T-cell
induction (Fig. 3A). Interestingly, whereas Rag-1–deficient mice
failed to generate granulomas, confirming the importance of
CD4+ T cells in this model, Rag1−/− mice are capable of gen-
erating pulmonary fibrosis independent of CD4+ cells (Fig. 3B).
However, following reconstitution with CD90.1+ lympho-
cytes Rag1−/− mice develop larger pulmonary egg granulomas
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Fig. 1. Decreased pulmonary collagen deposition in IL-25–deficient mice
following S. mansoni egg challenge. Pulmonary granulomas were induced in
WT, Il25, and Il17br deficient mice. (A) Egg granuloma volume on hema-
toxylin and eosin-stained slides. (B) Total lung collagen expressed per mg of
lung protein. (C) Representative histology images depicting collagen de-
position within the granuloma using Masson’s Trichrome stain (scale, 20 μM).
(D) Levels of IL-4, IL-13, TGFβ, and IL-17A in lung digests expressed per mg of
lung protein. (E) Expression of ILC2 [lineage (CD3, CD4, CD8, CD11b, CD11c,
CD19, Gr-1, F4/80, FceR1)−IL-7Rα+Sca-1+T1/ST2+ICOS+] in lungs and MLN.
Data are representative of mean ± SEM (n = 3–10) from three individual
experimental replicates (*P < 0.05, **P < 0.01).
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with significant fibrosis (Fig. 3B). In anti-CD90.2 mAb-treated
CD90-disparate Rag-1−/− chimeric mice, the deficiency in ILC2
was accompanied by significantly reduced granuloma and im-
paired generation of pulmonary fibrosis relative to mAb-isotype
control-treated mice (Fig. 3 B and C). The impaired collagen
deposition in the absence of ILC2 was also associated with
a significant decrease in pulmonary expression of IL-13 (P <
0.05) but not IL-4, TGFβ, or IL-17A (Fig. 3D). These data
suggest that specific depletion of ILCs can abrogate S. mansoni
egg-induced pulmonary fibrosis.

IL-13 Expression in ILC2 Induces Pulmonary Fibrosis in S. mansoni Egg-
Challenged Mice. To directly confirm that ILC2 can elicit pul-
monary fibrosis via their production of IL-13, we transferred
ILC2 from Il13−/− or WT mice into Il13−/− during egg challenge;
Il13−/− were used as these mice do not develop lung fibrosis in
response to S. mansoni eggs (30, 31). Transfer of WT ILC2 in-
duced collagen deposition in unchallenged mice, with marked
fibrosis in egg-challenged mice receiving ILC2 (Fig. 4). In con-
trast, transfer of IL-13–deficent ILC2 did not induce collagen
deposition in either challenged or unchallenged mice (Fig. 4).
Therefore, using cell transfer studies we demonstrate that ILC2
can induce pulmonary fibrosis in an IL-13-dependent manner.

IL-25 and ILC2 Are Present in the Bronchalveolar Lavage and Lung
Tissue of Patients with IPF. Data presented herein indicate a role
for IL-25 in the generation of pulmonary fibrosis in murine
models. To investigate the potential for IL-25 to play a role in
the generation of clinical pulmonary fibrosis, we assessed IL-25
expression in the bronchalveolar lavage (BAL) fluid of a cohort
of patients with IPF and control BAL samples from early-stage
erythema nodosum patients, with the lungs clear of fibrotic
lesions. The levels of IL-25 were significantly (P < 0.01) in-
creased in the BAL fluid of IPF patients relative to control
patients at first diagnosis (Fig. 5A). Furthermore, IL-25 levels
were further enhanced in the same patients 1 y after diagnosis
(Fig. 5A). Whereas other cytokines analyzed (IL-1β, IL-2, IL-4,
IL-5, IL-8, IL-12p70, IL-13, IL-17A, IFNγ, and TNFα) were not
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significantly enhanced at initial diagnosis, these cytokines were
significantly (P < 0.01–0.05) elevated in the BAL 1-y post-
diagnosis (Fig. 5A and Fig. S6 A and B). Interestingly, levels of
IL-25 showed a moderate positive correlation (P < 0.05; R =
0.3748) with periostin levels, an extracellular matrix protein as-
sociated with IPF and lung remodeling (32), in BAL from IPF
patients (Fig. 5B). As the mouse data showed infiltration of ILC2
in lungs of mice with pulmonary fibrosis (Fig. 1E), we in-
vestigated if ILC2 cells were in patients with IPF. A population
of lineage marker (CD3, CD4, CD8, CD11b, CD11c, CD14,
CD19, CD56, CD123, FceR1) negative cells that expressed
CRTH2, T1/ST2, CD45, ICOS, IL-7Rα, and IL-17BR was sig-
nificantly (P < 0.05) enhanced in the BAL of IPF patients
compared with control patients (Fig. 5C). The ILC2 population
in IPF patients is similar to those previously seen in human lung
tissue and BAL (16, 27), but this is an observation of these cells
in association with pulmonary fibrosis.

Discussion
Pulmonary fibrotic conditions are common and often are asso-
ciated with poor prognosis. The pathogenesis of pulmonary fi-
brosis is not fully understood, with theories based on either
a recurrent inflammatory response and subsequent tissue de-
struction and wound healing (33), or a single inflammatory phase
rapidly followed by aberrant wound healing (34). Studies into the
pathogenesis of pulmonary fibrosis have primarily focused on the
classical profibrotic cytokines TGFβ, and more recently, IL-13.
Herein we demonstrate a role for the type 2 cytokine IL-25 and
IL-25–elicited ILC2 in pulmonary fibrosis in murine models.
Furthermore, in a small cohort of IPF patients there was increased
IL-25 in the presence of lung fibrosis and an up-regulation of ILC2

in the BAL fluid, inferring a potential role for IL-25 and ILC2 in
human disease.
Murine data have already provided evidence on both the role

of type 2 cytokines and innate lymphoid cells on the progression
of inflammation and fibrosis at several mucosal sites (11, 12, 27,
28). Data presented herein demonstrate the ability of IL-25 to
drive fibrosis, confirmed by a decrease in collagen deposition in
the absence of functional IL-25 signaling in two independent
models of pulmonary fibrosis. One mechanism potentially un-
derlying these observations involves ILC2-derived IL-13 expres-
sion, confirmed by the ability of transferred ILC2 to induce
pulmonary fibrosis in an IL-13–dependent manner. Indeed, to
demonstrate the role of ILC2 in the progression of pulmonary
fibrosis we adopted several independent methods, using mice
deficient in RORα, RORα chimeras as well as blocking CD90.2-
expressing ILCs. In these mouse models a role for ILC2 in
pulmonary fibrosis was shown. As there are currently no effective
models for specifically blocking ILC2 in vivo, without also
inhibiting other CD90-expressing cell types such as other ILC
populations or innate cells such as basophils, these results could
be further interrogated once an effective specific blocking pro-
tocol is developed.
We show that in the absence of IL-25 there is a decreased

expression of the Th2 cytokine IL-4 and the profibrotic cytokine
TGFβ, in addition to IL-13, despite comparable IL-4+Th2 cell
expression between groups. Analysis of the cell populations as-
sociated with the egg-induced pulmonary granuloma suggests
ILC2 are a major source of IL-13, which is absent in IL-25–
deficient mice, whereas the frequency of IL-4+CD4+ was com-
parable in WT- and IL-25–deficient mice. Further work is re-
quired to address the reduced TGFβ in lungs of IL-25–deficient
mice in the S. mansoni egg-induced model of pulmonary fibrosis,
which is not apparent in the bleomycin model. Interestingly, IL-
25 treatment was shown to directly elicit TGFβ in the lungs of
WT mice. Studies on human fibroblasts, known as a prominent
source of TGFβ in wound healing and fibrosis (35), have shown
that fibroblasts respond to IL-25, they express IL-17BR, and
produce TGFβ (36). These observations taken in combination
with the apparent role for IL-25 in promoting fibrosis suggest
this could be an interesting avenue for further mechanistic
research in mice. Interestingly, in the models we have used,
whereas we observe increased IL-17A in response to egg chal-
lenge in WT mice, as reported previously (2), pulmonary levels
of IL-17A are not altered in the absence of IL-25 or ILC2. In
addition, despite noting a general increase in the frequency of
ILCs in the lungs of challenged mice; we do not observe an in-
crease in IL-17–producing ILC3, with the source of IL-17
detected in the lungs being Th17 cells.
Using a small cohort of IPF patients we observed that the

increased expression of IL-25 in BAL has a moderate correlation
with the levels of periostin, a marker recently shown to promote
fibrosis in IPF patients (32). In accordance with previous studies,
we also show increased expression of other cytokines, such as IL-
8, IL-4, IL-1β, and IL-17A in the BAL of IPF patients (2). In
addition, we show increased expression of ILC2 in the BAL of
IPF patients compared with BAL from patients without pulmo-
nary fibrosis. ILC2 have previously been identified both in
healthy lung tissue and tissue from asthma, rhinosinitis, and in-
fluenza patients (16), implying a role for these cells in pulmonary
inflammation. Whereas the human data presented herein pro-
vide a tantalizing insight into the potential role of IL-25 and
ILC2 in fibrosis, confirmation of the observations we have seen
would be required in a larger cohort of patients before any firmer
conclusions are made. This study highlights a unique role for IL-
25 and ILC2 in pulmonary conditions and identifies therapeutic
targets for fibrosis in the human lung as well as other chronic
fibrotic disorders.

Materials and Methods
Animals. Bagg albino (BALB/c) and C57BL/6 mice were purchased from
Harlan. IL-25– (10), IL-17BR– (11), T1/ST2- (37), TSLPR- (38), IL-13– (39), and
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Fig. 4. Transferring IL-13–expressing ILC2 induces pulmonary collagen de-
position in IL-13–deficient mice. ILC2 isolated from WT and Il13−/− were
transferred into unchallenged and egg-challenged IL-13–deficient mice. (A)
Representative histology images depicting Masson’s Trichrome staining from
PBS and egg-challenged animals (scale, 100 μM) and (B) egg-associated
granuloma volume. (C) Lung collagen expressed per mg of lung protein.
Data are representative of mean ± SEM (n = 2–4) from two individual ex-
perimental replicates (*P < 0.05).
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staggerer-Rorasg/sg–deficient mice (Jackson Laboratories) were bred in-house
on a BALB/c background. Rag-1–deficient mice and CD90.1+ mice and CD45.1+

on a C57BL/6 background were obtained from Jackson Laboratories and
bred in-house. Mcpt8Cre mice (23) experiments were performed in the
Department of Infection Biology, Universitätsklinikum Erlangen, Germany.
In all studies, female mice of 8–12 wk of age were used, with the exception
of Rorasg/sg, which were used at 4–5 wk of age. All animal experiments were
performed in compliance with Irish Department of Health and Children
regulations and approved by the Trinity College Dublin’s BioResources
ethical review board, or the UK Home Office.

S. mansoni Egg-Induced Pulmonary Granuloma Formation and Antibody
Treatment. S. mansoni eggs were isolated from the livers of mice infected
with S. mansoni, and pulmonary granulomas were induced by i.v. injection
of 5,000 S. mansoni eggs (40). For neutralizing experiments anti-CD90.2 mAb
(30H12; BioXCell), or rat IgG2b isotype control, was administered i.p. every
3 d at a dose of 250 μg per mouse starting 1 d before i.v. egg administration.

Bleomycin- and IL-25–Induced Pulmonary Fibrosis. Pulmonary fibrosis was in-
duced by intratracheal injection of 0.15 U bleomycin (Sigma), as previously
described (2). Mice were given 0.5 μg recombinant mouse IL-25 intranasal (i.n.)
on days 0, 3, 7, 10, and 13 and lung tissue and MLN harvested on day 14.

IPF Study Subjects. All IPF subjects (n = 14) were Caucasian and provided
written informed consent. Ethical approval was obtained from the Lothian
Research Ethics Committee. IPF was diagnosed according to the American
Thoracic Society/European Respiratory Society bases on multidisciplinary
consensus classification. Surgical lung biopsy and/or BAL was performed as
described previously (41). Baseline characteristics of IPF patients, in addition
to characteristics at 1-y follow-up, are presented in Table S1.

Erythema Nodosum Patients. Irish patients were diagnosed at initial hospital
presentation by the same physician (S.C.D.). All patients were classified at pre-
sentation using chest radiograph (staged 0–IV, i.e., normal to fibrosis), in accor-
dance with the Siltzbach staging system as per international guidelines. BAL
samples from patients that were subsequently diagnosed with erythema nodo-
sum (n = 3) served as a control group in this study. Ethical approval for the study
was obtained from the St. Vincent’s University Hospital Medical Ethics Commit-
tee. Informed written consent was obtained from all participants.

Lung Tissue Processing and Histology. Lung tissue from mice or biopsy samples
taken from IPF patients was perfused and fixed in 10% formalin saline, then
paraffin-embedded. Healthy control slides of human lung were from Imgenex.
Paraffin-embedded sections were cut to 4 μM and the slides stained with
hematoxylin and eosin or Masson’s trichrome to assess pulmonary fibrosis.
Histology was imaged using an Olympus BX43 with an Olympus DP25 Camera.

Lung tissue from mice was collected for cytokine and collagen analysis.
Tissue was homogenized and prepared as previously described (42). Lung
collagen was analyzed using the Sircol collagen assay (Biocolor Life Science
Assays) as described (43).

Flow Cytometry. Surface marker expression was assessed by flow cytometry
with data collection on a CyAn (Beckman Coulter). Data were analyzed using
FlowJo software (Tree Star). Murine cells were stained with BD Biosciences
mAbs; CD8-APC (Ly-2), B220-APC (RA3-6B2), F4/80-APC (BM8), ICOS-PE
(7E.17G9), Siglec-F-APC (E50-2440), Sca-1-PE-Cy7 (D7), c-kit-PE (2B8), eBio-
sciences mAbs; CD4-APC (RM4-5), CD11b-APC (M1/70), Gr-1-APC (RB6-8CS),
FceR1-APC (MAR-1), IL-7Rα-APC-Cy7 (A7R34), BioLegend mAb; LAP (TGF-β1)-
PE (TW7-16B4), and MD biosciences mAb; T1/ST2-FITC (DJ8). For intracellular
cytokine, staining cells were cultured with 50 ng/mL phorbol 12-myristate
13-acetate and 500 ng/mL ionomycin in the presence of 10 μg/mL Brefeldin A
for 4 h. Permeabolized cells were stained with eBiosciences mAb; IL-4-PerCP-
efluor 710 (11B11), IL-5-PE (TRFK5), IL-13-efluor 450 (eBio13A), and BD Bio-
sciences mAb; IL-17A-PE (TC11-18H10). Human cells were stained with BD
Biosciences mAbs; CD3-PerCP (SK7), CD19-PerCP (SJ25C1), CD14-PerCP
(MΦP9), CD45-AlexaFluor 700 (HI30) CD56-PECy7 (B159), eBiosciences mAbs;
CD11c-PerCP (3.9), CD123-PerCP (6H6), CD127-APC (eBioRDR5), Biolegend
mAbs; CD8a-PerCP (RPA-T8), FceR1a-PerCP (AER-37(CRA-a)), CRTH2-PE (BM16),
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ICOS-Pacific blue (C398.4A), Abcam mAb; CD11b-PerCP (DCIS1/18), MD Bio-
sciences mAb; ST2-FITC (B4B6), and R&D Systems mAb; IL-17BR-APC (170220).
Using appropriate isotype controls, quadrants were drawn and data were
plotted on logarithmic-scale density- or dot plots.

ILC2 Cell Sorting. BALB/c Il13+/+ or Il13−/− mice were treated with 2 μg
recombinant mouse IL-25 i.p. for 3 d and the peritoneal exudate cells were
collected and stained for ILC2 isolation. Cells were sorted on a Mo-Flo cell-
sorter-based ILC2 population (lineage−(CD3, CD4, CD8, CD19, CD11b, CD11c,
Gr-1, FceR1, F4/80)ICOS+T1/ST2+), which revealed a purity of >90% live cells.
Isolated cells were injected i.p. into Il13−/− mice at a concentration of
200,000 cells per mouse.

CD90 Disparate Rag-1−/− Chimera Generation. CD90 disparate chimeras were
generated using methods previously described (29). Briefly, 6 × 107 purified
B- (CD19+) and T (CD3+) cells were isolated from the spleen, and lymph
nodes from CD90.1+ mice were transferred i.v. into CD90.2 Rag-1−/− mice.
After 8 wk reconstitution was confirmed by examination of peripheral
blood lymphocytes.

BM Chimera Generation. Lethally irradiated CD45.1+ C57BL/6 recipient mice
(9 Gy in two doses, 3 h apart) were reconstituted with 1 × 107 BM cells from
CD45.2+ C57BL/6 mice or Rorasg/sg mice. To ensure efficient irradiation and
reconstitution, expression of CD45.1 vs. CD45.2 was assessed in the blood after
4 wk. After 6 wk C57B6/J mice reconstituted with WT or Rorasg/sg BM were
injected with 5,000 S. mansoni eggs i.v. and lung tissue harvested after 7 d.

Mouse Cytokine ELISAs. For enumeration of cytokines, murine lung sections
were prepared by homogenization as previously described (42). Samples
were analyzed by sandwich ELISAs to quantify levels of specific cytokines. All

murine cytokines (IL-1β, IL-4, IL-13, IL-17, IL-33, IFNγ, TNFα, and TGFβ) were
measured with the DuoSet ELISA development system from R&D Systems
following the manufacturer’s protocol. Expression of all lung proteins is
expressed per mg lung protein present.

Human Cytokine and Periostin ELISAs. Concentrations of IL-25 were de-
termined in human BAL fluid by ELISA (Cusabio Biotech) according to
manufacturer’s instructions. Levels of human periostin in BAL fluid were
measured using a sandwich ELISA kit from Holzel Diagnostika following
the manufacturer’s instructions. IL-17A in patients BAL fluid was quan-
tified using a human cytokine assay from MesoScale Discovery (MSD,
ultrasensitive kit). Levels of all other cytokines were assessed in BAL fluid
in this study using a Th1/Th2 10-Plex multiplex cytokine assay (MSD)
according to manufacturer’s instructions. Results for cytokine levels in
BAL fluid were standardized per ml of fluid recovered during the lavage
process. Results are expressed as fold-increase relative to basal cytokines
detected in BAL of erythema nodosum patients.

Statistics. Statistical analysis was performed using GraphPad and InStat.
Results are presented as mean ±SEM. Differences, indicated as two-tailed
P values, were considered significant when P < 0.05 was assessed by un-
paired Student t test with Welch correction applied as necessary. Pearson’s
correlation was performed on BAL fluid data comparing periostin and cy-
tokine levels; a P value of less than 0.05 was considered significant.
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