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Abstract

Idiopathic pulmonary fibrosis is a generally progressive disorder with highly heterogeneous
disease progression. The most common of the idiopathic interstitial pneumonias, idiopathic
pulmonary fibrosis is characterized by a steady worsening of lung function and gas exchange
cause by diffuse alveolar damage and severe fibrosis. We examined clinical features of patients
with idiopathic pulmonary fibrosis to classify them as exhibiting rapid or slowly progressive over
the first year of follow-up. We identified differences between the two groups in order to
investigate the mechanism of rapid progression. Previous work from our laboratory has
demonstrated that Toll-like receptor 9, a pathogen recognition receptor, promotes myofibroblast
differentiation in lung fibroblasts cultured from biopsies of patients with idiopathic pulmonary
fibrosis. Therefore, we hypothesized that TLR9 functions as both a sensor of pathogenic
molecules and a profibrotic signal in rapidly progressive idiopathic pulmonary fibrosis. TLR9 was
present at higher concentrations in surgical lung biopsies from rapidly progressive patients than in
tissue from normal controls. Fibroblasts from rapid progressors were more responsive to the TLR9
agonist, CpG, than were fibroblasts from control patients. We used a humanized SCID mouse and
demonstrated that there was increased fibrosis in murine lungs receiving human lung fibroblasts
from rapid progressors than in mice receiving normal fibroblasts. This fibrosis was exacerbated by
intranasal CpG challenges. Furthermore, CpG induced the differentiation of blood monocytes into
fibrocytes and the epithelial-to-mesenchymal transition of A549 lung epithelial cells. These data
suggest that TLR9 may drive the pathogenesis of rapidly progressive idiopathic pulmonary
fibrosis and is a potential indicator of this subset of the disease.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, generally progressive lung disease with
high mortality and inadequate and available therapy. It is widely accepted that IPF is
initiated by an unknown insult to the lung that leads to irreversible scarring marked by
severe alveolar destruction, variable inflammation accompanied by excessive deposition of
extracellular matrix, and ultimate loss of normal lung function (1). The pathogenesis of IPF
is not completely understood, although persistent fibroblast proliferation and activation are
considered to be targetable mechanisms for therapeutic intervention. Fibroblasts are
fundamental to tissue homeostasis and normal wound repair through its production of
extracellular matrix (ECM) proteins. In fibrosing diseases like IPF, their unregulated
proliferation, differentiation into myofibroblasts, and excessive production of ECM leads to
destruction of normal interstitial architecture.

There is growing evidence that, in addition to the proliferation of resident fibroblasts, these
cells also arise from other cellular sources such as bone-marrow-derived fibrocytes and
epithelial cells (2). Fibrocytes can enter damaged tissue through chemokine-dependent
mechanism and mature into collagen-producing myofibroblasts(3-6). Moreover, epithelial
structures can differentiate into myofibroblasts through epithelial-mesenchymal transition
(EMT)(7-10). These proposed mechanisms for the pathogenesis of fibrotic disease are
common among all tissues such as the kidney, liver, skin, and lung. Further investigation of
the pathways involved may improve the treatment of patients with variable forms of fibrotic
diseases.

The disease course of IPF patients is extremely variable, with some patients exhibiting
disease stability for prolonged periods of time while other exhibit rapid disease progression
(11). Although some IPF patients exhibit gradual physiological decline others experience
acute deterioration as a result of acute exacerbation of IPF (AE-IPF)(12). Disease
progression in IPF patients has been defined by using a composite approach, which includes
physiological progression, AE-IPF and/or all-cause mortality. Rigorous studies aimed at
understanding the etiology, risk factors, and pathogenesis of disease progression are required
for the accurate treatment, prognosis, and predictors of IPF. A way to predict the disease
course during an initial evaluation would have great practical value.

Several hypotheses have been proposed for the etiology of IPF disease progression but no
consensus has been reached. An accelerated variant of IPF appears to clinically distinguish
rapid progressors from IPF patients who experience a slower or more stable progressive
clinical course, however whether rapid progression equates with having a history of an acute
exacerbation has not been established (13). In addition, viral infections, especially
herpesviruses, have been associated with IPF and may be linked to AE-IPF. Specifically, the
prototypic gammaherpesvirus, EBV, has been consistently detected in IPF patients(14-16).
The Toll-like receptor system orchestrates the primary recognition of infectious agents
which leads to the innate and adaptive immune response. TLR9 recognizes unmethylated
CpG DNA motifs present in bacterial and viral DNA, and interacts with gammaherpesvirus
to mediate host immunity (17). Furthermore, gammaherpesvirus exacerbates established
pulmonary fibrosis in a fluorescein isothiocyanate (FITC) murine model of pulmonary
fibrosis (18). Our laboratory has recently reported that enhanced TLR9 expression on
pulmonary fibroblasts derived from lung biopsies of patients with IPF drives the in vitro
differentiation of myofibroblasts in response to CpG (19). Therefore, we hypothesized that
TLR9 may be a predictor of the rapidly progressive form of IPF and may render these
patients susceptible to acute exacerbations. We have here tested this hypothesis.

Sci Transl Med. Author manuscript; available in PMC 2011 December 12.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Trujillo et al. Page 3

Results

Diagnosis, Sample Collection, and Treatment of IPF Patients IPF patients

We included twenty three patients diagnosed with IPF using a multidisciplinary, clinical/
radiological/pathological mechanism (20). Baseline data for each patient in the study
included detailed clinical assessment, physiological studies, high resolution computed
tomography (HRCT), and surgical lung biopsies (SLBs). Patients were treated with a variety
of treatment regimens and followed closely with physiological studies and capture of
clinical information during acute events. The physiological criteria used to validate disease
progression during the first year of follow-up included a forced vital capacity (FVC)
decrease > 10% and a diffusing capacity for carbon monoxide (DLCO) decrease > 15%
based on baseline physiological abnormality. Acute exacerbations of IPF were defined using
criteria recently proposed by our group (21) or all-cause mortality.

Clinical Features of Rapid and Slowly Progressive Forms of IPF

Ten IPF patients in our cohort exhibited disease progression during the initial one year of
follow-up after initial diagnosis while 13 did not; mean time of follow-up for the patients
was 1154 + 603 days. Of the ten patients experiencing progressive disease during the first
year of follow-up, eight were characterized as rapid progressors on the basis of
physiological parameters (FVC decrease >10%, DLCO decrease >15%), one experienced an
acute exacerbation of IPF, and one died of respiratory causes over a time frame longer than
usually used to define an acute exacerbation. Overall survival was better in patients who did
not compared to those that did exhibit disease progression over the first year of follow-up
(p=0.003) (Fig. 1A). Table 1 enumerates the clinical, physiological, imaging, and
histological features at initial diagnosis baseline. No statistically significant differences were
noted in demographics, physiological severity, or HRCT/histological semi-quantitative
abnormality as a function of progressive disease. Figure 1B demonstrates representative
histology for slow (panels A and B) and rapid progressors (panels C and D). In both groups
of patient, the surgical lung biopsies showed heterogeneous interstitial fibrosis with
architectural distortion (Fig. 1B A and C) and multifocal fibroblast foci (panels B and D)
characteristic of usual interstitial pneumonias (UIP). None of the patients had evidence of
acute exacerbation of IPF (diffuse alveolar damage) at the time of surgical lung biopsy.

Because TLR9 is highly expressed in IPF lungs and CpG-ODN can drive a myofibroblast
differentiation of IPF lung fibroblasts in vitro (19), we tested whether TLR9 expression
differed in rapidly and slowly progressive IPF. We quantitated TLR9 expression in surgical
lung biopsies from IPF patients clinically classified as rapid or slow progressors. TLR9 gene
expression was elevated in lungs from rapidly progressive IPF patients compared to normal
and slow progressors (Fig. 1C). These results were confirmed by immunohistochemical
analysis of TLR9 in surgical lung biopsies from rapid and slow progressors, which showed
both the intensity and localization of TLR9 protein (Fig. 1D). There was no difference in
TLR9 expression based on the criterion used to define individual patient's disease
progression. TLR9 protein was increased in the interstitial areas of the lung (Fig. 1D panel
c) from rapid progressors as compared to slow progressors. The pronounced TLR9 staining
appeared to be localized to the immune cells (Fig. 1D panel a).

CpG-ODN Induces a Fibroblast-like Phenotype in Primary Human Blood Monocytes In
Vitro in the Presence of TGFB

On the basis of our previous findings that CpG induces myofibroblast differentiation of IPF
fibroblasts, we investigated whether CpG could also drive a fibroblast-like phenotype in
other cell types relevant to the pathogenesis of IPF. Studies from other laboratories have
reported that fibroblast-like cells (“fibrocytes™) can arise from purified human CD14+
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monocytes under serum-free conditions within 4 days in culture (22-24). This result is in
contrast to other reports demonstrating a fibrocyte population devoid of CD14 in human
PBMC cultures after 7 days in the presence of serum (24, 25). In these studies, the addition
of TGFp to PBMC cultures promoted fibrocyte differentiation, which is minimally defined
by spindle-shaped morphology and collagen 1 expression. Thus, in the present study we
tested whether CpG can drive a fibrocyte-like phenotype in purified CD14+ monocytes.
Peripheral blood monocytes from healthy human donors were purified for CD14-expressing
cells by negative selection that depleted T and B cells, dendritic cells, NK cells,
erythrocytes, and stem cells. Purified CD14+ cells were plated in serum-free media in the
presence or absence of 10 ng/mL TGFp for 3 days, after which they were stimulated for an
additional day with nothing, control nonstimulatory CpG-ODN (non CpG), CpG-ODN, or a
TLR3 agonist (Poly I-C) (Fig. 2A). Morphological assessment by phase- contrast
microscopy revealed that monocytes cultured in media alone or in combination with TGFj
maintained a rounded shape typical of a monocytic phenotype (Figure 2B panels a and b).
The same phenotype was observed in macrophages stimulated with non CpG (Figure 2B
panels ¢ and d) and poly I-C (Figure 2B panels g and h) both in the absence and presence of
TGF. In contrast, monocytes stimulated with either CpG alone (Figure 2B panel e) or with
CpG in the presence of TGFp (Figure 2B panel f) exhibited a distinct population of
elongated, spindle-shaped cells resembling fibrocytes. To determine whether the differences
in the cultures corresponded with the induction of fibrocyte markers, RNA was isolated and
purified from the adherent cells and subjected to gene expression analysis by quantitative
TagMan real-time PCR. Alpha smooth muscle actin (aSMA) is a specific protein marker
expressed primarily on mesenchymal cells such as smooth muscle and fibroblasts, and is
typically absent in non-structural cells. Upregulation has been linked to myofibroblast
differentiation and, more recently, fibrocyte differentiation. We observed induction of
aSMA gene transcript only in monocytes stimulated with CpG and not in those treated with
other TLR agonists (Fig. 2C panel a). TGFf did not alter a«SMA gene expression in cells that
were stimulated with CpG, suggesting that upregulation of aSMA gene expression in our
culture system is specific to CpG.

We observed that, in agreement with previous studies from other laboratories, monocytes
demonstrate upregulation of collagen 1 when cultured in the presence of TGFp (Fig. 2C
panel b). Unstimulated monocytes also express collagen, which is consistent with previous
reports that macrophages indeed express the entire repertoire of collagens (26). Although we
did not observe any differences in collagen expression that correlated with the
morphological differences we observed (CpG-induced elongated, spindle-shaped cells),
these data confirm that TGFp increases collagen expression in CD14+ monocytes but that
this effect may only be limited to TGFj.

We further tested whether CpG affects collagen protein expression in cultured CD14+
monocytes by immunofluorescence (IF) and flow cytometry. Collagen staining was
increased in CD14+ monocytes that were cultured with either TGFf alone or stimulated
with CpG alone in media (Fig. 2D). Treatment with both CpG and TGFf enhanced collagen
1 staining (panel d), which is consistent with the change in morphology demonstrated in
Figure 2B panel f. Furthermore, flow cytometry quantification of collagen-positive
CD14+CD45+ monocytes indicates that CpG enhances collagen 1 protein expression in
TGFB-cultured cells (panel f).

We next characterized these fibrocyte-like monocytes with flow cytometric analysis. Initial
observations of forward and side scatter properties of CD14+ monocytes cultured in the
presence or absence of TGFp confirmed that CpG induces morphological changes that are
consistent with a fibroblast-like cell shape. The majority of monocytes cultured in TGF
alone appeared smaller in size (Fig. 2E). In contrast, monocytes stimulated with CpG in the
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presence of TGFp have a dominant population (72.3% of total cells) comprised of cells with
increased forward scatter and side scatter, indicative of increased cellular size and
complexity (2E, b).

Monocyte-derived fibrocytes are widely characterized as CD14-negative, and PBMCs lose
CD14 expression upon differentiation into fibrocytes (27, 28). Moreover, CD14 is a cell
surface co-receptor for lipopolysaccharide (LPS), a bacterial cell wall component, along
with TLR4 and MD-2, on macrophages that can be shed during bacterial infections (29, 30).
We tested whether the presence or absence of TGFp affected the CD14+ monocyte
population during fibrocyte differentiation in our culture system. After 4 days, >95% of the
total cells were CD14- when cultured in media alone, and CpG did not affect the population
(Fig. 2E, c). When cultured in media containing TGFp or TGFp and CpG, CD14+
monocytes comprise almost 100% of the cell population (2E, d). These results demonstrate
that CD14 expression on monocytes is dynamic, and that loss or maintenance of CD14
expression does not necessarily correlate with their fibrocytes differentiation.

We next analyzed CpG effects on the CD14+ and CD14- monocyte population for
upregulation of established fibrocytes markers by flow cytometry. We found that in CD14-
cells, CpG alone or in combination with TGFp induced expression of CD45, a hematopoietic
marker widely used to characterize fibrocytes (Figure 2E panels e and f). Upregulation of
CD45 by CpG was also observed in CD14+ monocytes that were cultured with TGF
(Figure 2E panel h). No effect on CD45 expression was observed in CD14+ cells cultured in
media alone (Figure 2E panel g). Collectively, these data suggest that CpG induces a
fibrocyte-like phenotype in CD14+ monocytes as defined by induction of an elongated,
spindle-shaped morphology, and upregulation of aSMA, collagen 1 and CD45 protein.

CpG-ODN Induces Epithelial-Mesenchymal Transition in A549 Cells

Based on the CpG-mediated effects observed in monocytes (Figure 2), we postulated that
CpG may induce a classic EMT response in epithelial cells. We tested the human
adenocarcinoma type 1l alveolar epithelial cell line, A549, used to investigate TGFB-driven
EMT (31-33), with TGFp and observed cell spreading and elongation, loss of epithelial cell
markers such as E-cadherin, and expression of mesenchymal proteins including aSMA,
collagen 1, and Vimentin. Untreated A549 cells after 96 hours in culture media maintained a
cobblestone epithelial morphology and growth pattern (Figure 3A panel a). Figure 3A panel
b is a representative image of A549 cells cultured with 5 ng/mL for 96 hours and
demonstrates TGFB-induced cell spreading and a fibroblast-like morphology. To test
whether CpG can also induce these changes, we treated A549 cells with increasing
concentrations of CpG for 24, 48, 72, and 96 hours and assessed morphological changes and
expression of EMT markers. CpG treatment induced cell spreading and elongated, spindle-
shaped cells in a concentration-dependent manner during a 96-hour treatment (Fig. 3B).

Changes in cell morphology assessed under phase contrast light microscopy were observed
as early 24 hours with the lowest concentration of CpG, however the most dramatic effects
occurred after 72 and 96 hours. To confirm whether the morphological changes observed
with CpG corresponded with EMT, we next isolated RNA from the cultured A549 cells and
measured gene expression of EMT markers. CpG stimulated expression of aSMA, with an
optimal effect at 200 ug/mL CpG (Fig. 3B, panel a) and expression. CpG treatment of A549
cells also resulted in a concentration-dependent induction of vimentin with an optimal effect
at 200 pg/mL CpG (Figure 3B panel b) that is also accompanied by a loss of E-cadherin
expression (Figure 3B panel c). In addition, fluorescent immunocytochemistry revealed a
dose-dependent induction of collagen 1 by CpG in A549 cells after 96 hours (Figure 3D
panels a-e). These data show that CpG induces EMT in lung epithelial cells. To determine
whether CpG can also induce an innate immune response from A549 cells (34), we
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measured IFNa gene expression after increasing concentrations of CpG. We detected
optimal IFNa gene transcript in cells treated with 200 pg/mL (Figure 3D), indicating that the
EMT effects observed at this concentration also correlated with an innate immune response.

To determine whether CpG-DNA induction of EMT in A549 cells was TLR9 dependent, we
targeted TLR9 protein expression by RNA interference and assessed knockdown before
testing CpG-mediated EMT in these cells. A549 cells treated with an siRNA pool consisting
of 4 different specific sequences against nothing (non target), the reference protein
cyclophillin B, or TLR9 were lysed 96 hours after a 96 hours treatment. TLR9 protein
expression was ablated in cells treated with TLR9 siRNA but not non target or cyclophilin B
SiRNA (Fig. 3E). Moreover, A549 cells at this timepoint appeared similar to those cultured
in treatment media plus transfection reagent alone (Figure 3E panel b) and showed no
indication of stress response or changes in morphology microscopically in cells cultured
with non target siRNA (Figure 3E panel b) or TLR9 siRNA (Figure 3E panel c¢). After TLR9
protein silencing was confirmed by Western Blot (Figure 3E panel a) in one of the triplicate
wells from the same experiment, siRNA-treated A549 cells in the remaining duplicate wells
were stimulated with CpG-DNA for additional 72 hours and monitored throughout for
changes in morphology. The morphology of A549 cells cultured in treatment media plus
transfection reagent appeared unaltered (Figure 3E panel €). Non target siRNA had no effect
on inhibiting CpG-mediated EMT, as indicated by cell spreading and elongated, spindle-
shaped cells. In contrast, A549 cells treated with TLR9 siRNA failed to demonstrate similar
morphological changes (Figure 3E panel g). These cells appeared stressed and apoptotic,
which may indicate that complete ablation of TLR9 may drive alternative innate immune
responses in alveolar epithelial cells in the presence of CpG-DNA. To further demonstrate
that CpG induces EMT in a TLR9-dependent manner, we isolated RNA from the siRNA and
CpG-treated cultured A549 cells and measured gene expression of EMT markers. TLR9
silencing by siRNA inhibited CpG-mediated induction of vimentin expression and
downregulation of E-cadherin expression, respectively (Fig. 3E).

TLR9 Expression and Response to CpG-ODN is Increased in Rapidly Progressive IPF

Representative lung fibroblasts from surgical lung biopsies obtained from patients exhibiting
rapid disease progression were cultured in vitro with media alone or in the presence of a
profibrotic stimulus, 1L-4, to examine induction of TLR9 gene transcript. Stimulation of
fibroblast cell line 204A (rapid progressor) with unmethylated CpG-ODN, a TLR9 agonist,
resulted in increased TLR9 expression (Figure 4a) compared to that response observed with
cell line 100A (slow progressor) (Figure 4b).

In vitro cytokine production by fibroblasts from rapid and slowly progressing IPF patients
was measured in cultured cell supernatants and compared in their responsiveness to CpG-
ODN in the presence or absence of IL-4. Since type | interferons are secreted by cells upon
effective TLR9 signaling, we measured IFN-a protein in supernatants from cultured
fibroblast cell lines (35). Rapidly progressive cell line 204A (Figure 4c) demonstrates
enhanced production of IFN-a compared to the slowly progressive line 100A (Figure 4d)
when stimulated with CpG in the presence of IL-4. This observation is consistent with the
heightened expression of TLR9 by 204A the presence of both CpG-ODN and IL-4 (Figure
4a). Rapidly progressive cell line 204A also demonstrates increased secretion of the
profibrotic cytokines PDGF (Figure 4e), MCP-1/CCL2 (Figure 4g), and MCP-3/CCL3
(Figure 2h) when stimulated with both CpG-ODN and IL-4. This is in contrast to the
response observed with the slowly progressing line 100A, which does not show a
comparable effect on the production of profibrotic cytokines with CpG in the presence of
IL-4 (Figure 2f, 2h and 2j). Taken together, these data show a differential expression pattern
of TLR9 and response to CpG between lung fibroblasts from rapid and slowly progressive
IPF lungs.

Sci Transl Med. Author manuscript; available in PMC 2011 December 12.
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Rapidly Progressing Human IPF Fibroblasts Show Increased Fibrogenicity in a Humanized
SCID Model of IPF

We used a previously described humanized SCID mouse model to test the fibrogenic
potential of human lung fibroblasts from rapid versus slow progressors in vivo (36).
Representative lung fibroblasts cultured from rapid or slow progressors were analyzed in
vitro (Figure 4) and intravenously transferred into C.B.17SCID/bg mice. On Day 35 after
transfer, mice were intranasally challenged with 50 ug CpG-ODN or saline and fibrosis was
assessed on Day 63 after transfer (Figure 5A). No pulmonary histopathology was observed
in C.B.17SCID/bg mice that received normal pulmonary fibroblasts (Figure 5B panel a).
Moreover, no effect was observed in these mice when challenged with CpG on Day 35 (Fig.
5B panel b). Histological assessment of mouse lungs by trichrome stain on day 63 after
transfer revealed that rapidly progressive human IPF fibroblasts exhibited collagen
deposition and apparently disrupted the the alveolar space as a result of severe interstitial
thickening and remodeling (Fig. 5B panel c). Furthermore, fibrosis was markedly enhanced
in those lungs that received a CpG challenge on Day 35 (Fig. 5B panel d). This is in contrast
to the degree of fibrosis observed in mouse lungs that received slowly progressing human
IPF fibroblasts and a CpG challenge. Slowly progressing IPF human lung fibroblasts cause a
modest fibrotic response in mouse lungs as assessed on Day 63 after transfer (panel e) that
was not enhanced by a CpG stimulus (Fig. 5B panel f). Hydroxyproline, a commonly used
marker of de novo collagen synthesis in experimental models of fibrosis, was measured on
Day 35 in half lung samples from C.B.17SCID/bg mice that had received IPF human
fibroblasts from rapid progressors, and either challenged with saline or CpG on Day 35.
CpG challenge significantly increases hydroxyproline content only in mouse lungs
transplanted with fibroblasts from rapidly progressive IPF patients (Fig. 5C, a), correlating
with the histological assessment of increased collagen deposition in lungs from mice
adoptively transferred with rapidly progressive IPF fibroblasts. Moreover, Figure 5C panel b
confirms the histology in Figure 5B (panels e and f): CpG challenge does not result in an
increase in hydroxyproline content in mouse lungs transplanted with fibroblasts from slowly
progressive IPF patients.

Discussion

Idiopathic pulmonary fibrosis (IPF) remains a chronic and fatal lung disease with unmet
clinical needs. Increasingly, it has become evident that the disease course in IPF patients is
extremely variable with some patients exhibiting relative disease stability for prolonged
periods of time while others exhibit rapid disease progression(11). Although some IPF
patients exhibit physiological decline others experience acute deterioration, acute
exacerbation of IPF (AE-IPF)(12, 21). As such, increasingly disease progression in IPF
patients has been defined using a composite approach which includes physiological
progression, AE-IPF and/or all cause mortality. Rigorous studies aimed at understanding the
etiology, risk factors, and pathogenesis of disease progression is required for the accurate
management of IPF. As many current treatment studies emphasize intermediate term
outcomes defining disease course during an initial evaluation would have great practical
value.

AE-IPF remain poorly understood, and mortality of patients who present with this
accelerated phase of the disease face death in period of weeks to a few months. Systematic
studies of serum and BAL from patients with AE of IPF are lacking and, as such, no current
molecular investigation of the pathogenesis of AE-IPF exists. Though the causes of AE-IPF
are unknown, one possible explanation emerges from the detection of EBV in the lungs of
IPF patients(14-16): that an innate immune response to viral or bacterial infections may
enhance the underlying fibrotic response. Our present study strongly implicates the
overexpression of TLR9, a pathogen recognition receptor, for driving rapid progression in
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IPF. In this study, our aim was to identify a mechanism of action by which the TLR9
accelerates the fibrotic process through its recognition of CpG DNA.

We report that surgical lung biopsies from rapidly progressive IPF patients clinically exhibit
elevated levels of TLR9 gene transcript expression compared to those from stable IPF
patients. We provide clinical data from these patients linking TLR9 expression to the rapid
or stable phenotype of IPF. Importantly, the definition of clinical progression was defined
independently of the presence of TLR9 expression. Those patients experiencing rapid
clinical progression were similar to those exhibiting relative stability over the first year of
follow-up with regards to demographic characteristics, physiological abnormality,
semiquantitative radiological abnormality and pathological abnormality. Not surprisingly,
patients exhibiting rapid progression exhibited overall worse survival compared to those
with relative stability. Thus, our data suggests that TLR9 is a potential indicator of IPF
disease progression. Recently, annexin 1 was identified as a novel autoantigen present in
patients with AE-IPF, however it was not addressed whether these patients also possessed a
more robust measure of rapidly progressive disease(37). Interestingly, this study reported
that inflammatory infiltrates (primarily lymphocytes, neutrophils, and eosinophils) are
elevated in the bronchoalveolar lavage of AE-IPF compared to that from stable IPF patients,
which had undetectable amounts of these acute inflammatory cells(37). Elevations in
neutrophil elastase, the mucin protein KL-6, ST2 protein, 1L-8, and alpha defensin have also
been previously reported in some patients with AE, suggesting a role for activated T cells
and neutrophils(38-42). However, serum levels of these markers did not prove consistent
predictors of prognosis(43).

To dissect a mechanism by which TLR9 may function as both a pathogenic sensor and as a
profibrotic mediator in IPF, we conducted studies using peripheral blood monocytes from
healthy donors. A recent report confirmed that circulating fibrocytes (defined as
CD45+Col1+) increase to an average of 15% of peripheral blood leukocytes in IPF patients
who were evaluated during episodes of AE-IPF(44). Our current study extends the
examination of fibrocytes to identifying them as pathogenic sensors of CpG DNA. Since we
did not have access to blood monocytes from IPF patients in the midst of an acute
exacerbation, we utilized naive blood monocytes to investigate the agonistic potential of
CpG in the context of fibrosis. Previous studies have demonstrated that bone marrow
derived cells (fibrocytes) promote wound repair by migrating to wound sites and serving as
a contributing source of myofibroblasts in fibrotic disease. Whether fibrocytes arise from
monocytes remains controversial, though TGFp has been shown to induce the in vitro
differentiation of CD14+ monocytes into CD14-/collagen-1 fibrocytes. Our laboratory has
previously demonstrated that CpG induces myofibroblast differentiation in cultured lung
fibroblasts(19). Moreover, preliminary studies in our laboratory indicated that CD14+
monocytes express significant levels of TLR9 gene transcript, which was in contrast to a
previous report by Balmelli et al. that demonstrated expression of TLR7 but not TLR9 in
fibrocytes (45). In the current study we tested the hypothesis that CpG may also induce the
differentiation of CD14+ monocytes into fibrocytes. Our data demonstrates that CpG
treatment results in a hybrid monocyte phenotype, possessing both fibrocyte markers
(spindle-shaped morphology, CD45, collagen 1, and a-sma expression) and CD14. We also
show that CpG enhances TGF-driven differentiation, as demonstrated by increased cell size
and increased immunostaining for collagen. These data confirm that monocytes can respond
to CpG in a profibrotic manner, and may represent a separate cellular source for contributing
to the myofibroblast population in the lung.

Consistent with these results, we also report a CpG-mediated differentiation in the A549
human alveolar epithelial cell line that correlated with a myofibroblastic phenotype.
Moreover, our SiRNA data suggests that this process is TLR9-dependent, though the exact

Sci Transl Med. Author manuscript; available in PMC 2011 December 12.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Trujillo et al.

Page 9

mechanism that distinguishes CpG-mediated innate immune responses and EMT in
epithelial cells is unknown and under active investigation. It has been previously
demonstrated that A549 cells express functionally active TLR9, and that CpG induces an
antiapoptotic effect that may promote tumor progression(46). Though we did not measure
cytokine secretion in A549 cells in our study, production of MCP-1/CCL2 in response to
CpG may also lead to the attraction of immune cells(46). One limitation in our study is that
the CpG effects we report are from a transformed cancer cell line, and not in primary
alveolar epithelial cells from IPF patients. These studies are currently underway and require
further investigation of the mechanism involved. Still, we can speculate that alveolar
epithelial cells from IPF lungs are less comparable to normal alveolar epithelial cells as
evidenced by increased Wnt/p-catenin signaling shown to drive epithelial cell injury,
hyperplasia, and EMT in IPF lungs(47, 48). Indeed, we can conclude from these data that
CpG-DNA is recognized by TLR9 expressed on alveolar epithelial cells, promotes EMT,
and is a candidate mechanism for the pathogenesis of AE-IPF.

Culturing lung fibroblasts from surgical lung biopsies from IPF patients has been
instrumental for establishing a humanized mouse model of IPF(36). In this study, we further
extend this model to investigate the role of TLR9 activation in progressive IPF. We
determined that lung fibroblasts from patients experiencing a rapidly progressive course
demonstrate a hyperresponsiveness to CpG DNA challenge in a SCID model. A single bolus
of CpG DNA given intranasally to mice transplanted with rapidly progressive IPF
fibroblasts augmented the pulmonary fibrotic response in these mouse lungs, compared to
those transplanted with normal or stable IPF fibroblasts. In vitro studies conducted with the
same IPF fibroblast cell lines indicated that CpG stimulation results in the enhanced
production of profibrotic cytokines from rapidly progressive fibroblasts. Therefore, one
hypothesis is that in our SCID model, CpG induces the production of human profibrotic
cytokines within the mouse lung and promotes an autocrine response from the human
fibroblasts that results in increased fibrosis. These data suggest that CpG recognition by
TLR9 within fibroblasts is another potential component of the mechanism by which
bacterial or viral constituents augment fibrogenesis during progressive IPF.

TLR9 has recently been implicated in experimental models of other fibrosing diseases.
Studies investigating the role of TLR9 in experimental liver fibrosis have demonstrated that
TLR9-deficient mice show a protective fibrotic effect in the bile duct ligation (BDL) model
of liver fibrosis, indicating a pathophysiological role for bacterial DNA and TLR9 in the
development of hepatic fibrosis(49). CpG-ODN was also shown to increase renal fibrosis in
a separate study using a murine model for lupus nephritis, as measured by the amount of
interstitial fibroblast proliferation in MRL!P7IP" mice(50). Moreover, other diseases, such as
cancers, which result from aberrant cellular activation and proliferation, are susceptible to
infectious exacerbations. CpG promotes cellular invasion in breast cancer epithelial cells as
well as prostate cells in a TLR9-mediated mechanism(51-53). Chronic hepatitis C virus
(HCV) infection that is associated with hepatocellular carcinoma has been recently shown to
induce EMT in infected hepatocytes and promote cell invasion and metastasis(54). In our
current study we tested whether alveolar epithelial cells respond to bacterial or viral
components in a similar manner.

The clinical assessments utilized in our study combined with in vitro and in vivo data
acquired from IPF lung fibroblasts strongly implicate TLR9 expression in the alveolar
compartment to be an indicator of rapidly progressive IPF. We further demonstrate that
expression of TLR9 on immune cells might contribute to the exaggerated wound healing
response that might occur in IPF patients exposed to a pathogenic stimulus. We propose that
measurement of TLR9 expression in surgical lung biopsies from routine diagnostic tests can
be a predictive tool for determining whether IPF patients are susceptible to acute
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exacerbations and development of a rapidly progressive phenotype. The presence of
bacterial DNA in serum and ascitic fluid is currently under active investigation as an
indicator of poor prognosis in patients with liver cirrhosis(55, 56). Though TLR9 was not
evaluated in these studies, they provide rationale for measuring unmethylated CpG in serum
and BAL from IPF patients, as well as TLR9 expression in IPF patient lung biopsies.
Moreover, our current study provides impetus to investigate the therapeutic design of
specific TLR9 antagonists. The addition of this diagnostic parameter can potentially identify
risk, improve the treatment protocol of IPF patients, and serve as a preventative approach for
minimizing susceptibility to acute exacerbations.

Materials and Methods

Mice

All procedures described below were performed in a sterile, laminar environment and were
approved by an animal care and use committee at the University of Michigan Medical
School. We used adult aged-matched, female C.B-17-scid-beige (C.B-17SCID/bg) mice
(Taconic Farms, Germantown, NY). SCID mice were housed in a separate SPF (specific
pathogen-free) facility for immunocompromised mice at the University of Michigan Medial
School. C.B-17SCID/bg mice have two mutations: the first is the scid mutation, and the
second is a beige mutation leading to a major defect in cytotoxic T-cell and macrophage
function and a selective impairment in NK cell function.

Human-SCID Model of AE-IPF

IPF patients

Single-cell preparations of IPF/UIP (from clinically-classified rapid or slow progressors)
and normal fibroblasts were obtained after trypsinization of 150-cm2 tissue culture flasks
and labeled with PKH26 dye according to the manufacturer's directions (Sigma Co., St.
Louis, MO). Each labeled fibroblast line was diluted to 2 x 10° cells/ml of phosphate-
buffered saline (PBS), and 0.5 ml of this suspension was injected via a tail vain into groups
of five to ten SCID mice. Thirty-five days later, all groups of mice were mildly anesthesized
and received a single bolus of CpG-ODN (dissolved in sterile saline) or saline by intranasal
delivery. Mice were euthanized by cervical dislocation 63 days after the i.v. human
pulmonary fibroblast transfer. Whole-lung tissue was dissected at these times for
histological and biochemical analysis (see below).

Twenty three patients diagnosed with IPF using a multidisciplinary, clinical/radiological/
pathological mechanism(20) were included. Baseline data included detailed clinical
assessment, physiological studies, high resolution computed tomography (HRCT), and
surgical lung biopsies (SLBs). Semi-quantitative scores of HRCT abnormality were
generated using validated methodology(57). Patients were treated with a variety of treatment
regimens and followed closely with physiological studies and capture of clinical information
during acute events. Using methodology that has been validated disease progression during
the first year of follow-up utilized a composite of physiological deterioration(58), the
physiological criteria include an FVC decrease > 10% and a DLCO decrease > 15% based
on baseline physiological abnormality. Acute exacerbations of IPF were defined using
criteria recently proposed by our group(21) or all-cause mortality. This composite approach
is now common in NHLBI (ACE IPF) and industry sponsored trials (BUILD 3, Artemis)
(www.Clinicaltrials.gov).
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Cell Culture and Monocyte Differentiation Assay

Blood was collected from healthy adult volunteers in accordance with University of
Michigan Human Research Protection Program (HRPP) (Ann Arbor, MI, USA). PBMCs
were isolated from EDTA blood by Ficoll-Paque Plus (GE Healthcare Biosciences,
Piscataway, NJ, USA) according to the manufacturer's instructions. CD14+ monocytes were
purified by negative selection using the Human Monocyte Isolation Kit Il and MACS® LS
column separators (Miltenyi Biotec). Briefly, a cocktail of biotin-conjugated antibodies
against CD3, CD7, CD16, CD19, CD56, CD123, and CD235a (Glycophorin A), as well as
anti-Biotin MicroBeads, yields highly pure unlabeled monocytes obtained by depletion of
the magnetically labeled cells. CD14+ monocytes (> 97% pure as detected by FACS)
analysis were plated at a density of 2.5 x 10° cells/well in a 6-well plate containing EX-
CELL® Hybri-Max™ protein-free medium (Sigma-Aldrich) plus 0.5% sterile BSA with or
without 10 ng/mL TGFf. After 3 days, monocytes were either unstimulated or restimulated
with 50 pg/mL sterile CpG-ODN, non-CpG, or poly IC. Twenty-four hours later, monocyte
cultures were visualized under phase-contrast microscopy or processed for FACS analysis as
described. For gene expression analysis, TriZol reagent was added to each well and RNA
extraction was performed according to the manufacturer's instructions. RNA was purified
using the RNAeasy RNA cleanup kit (Quiagen) and subjected to on column DNAase
digestion (Quiagen). RNA concentration and purity was determined by Nanodrop and
confirmed by agarose gel electrophoresis. Purified RNA was subsequently reverse-
transcribed into cDNA by rtPCR and similar treatments were pooled for analysis.

A549 Cell Culture and EMT Assay

Ab549 cells were seeded at a concentration of 40,000 cells/well in 12-well culture plates
containing DMEM supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100
ng/ml streptomycin. Treatments consisted of media alone, CpG (at 5, 10, 50, 100, or 200 pg/
mL) or TGFp (0.1, 0.5, 1, 5, 10ng/mL). Cells were treated for 72 or 96 hrs (as indicated) and
then trypsinized for analysis as described.

siRNA Knockdown of TLR9

Ab549 cells were seeded at a concentration of 10,000 cells/well in 12-well culture plates
containing DMEM supplemented with 5% fetal bovine serum. Twenty-four hours later, cells
remained untreated or treated with 50 nM ON-TARGETplus non-targeting siRNA Pool, 50
nM ON-TARGETDplus Cyclophilin B Control siRNA Pool, or 50 nM TLR9 ON-
TARGETDplus siRNA SMARTpool (Dharmacon, Thermo Scientific) in DharmaFECT
transfection reagent according to the manufacturer's instructions. Cells were incubated for
48 hrs for RNA analysis or 96 hrs for protein analysis to confirm TLR9 knockdown. For
CpG-mediated EMT, CpG at the indicated concentration (s) was added to the sSiRNA-treated
cells for 72 or 96 hrs (as indicated) and then trypsinized for analysis as described.

Statistical Analysis

All results are expressed as mean + SEM or median as appropriate. Baseline characteristics
of patients were contrasted by unpaired t-tests or Mann Whitney tests as appropriate. Overall
survival characteristics were contrasted between patients experiencing disease progression
during the first year of follow-up compared to those that did not using Cox regression
analysis. The means between groups at different time points were compared by two-way
analysis of variance (59). Individual differences were further analyzed using the unpaired t-
test with Tukey-Kramer multiple comparisons test where indicated. Values of P < 0.1 (*), P
<0.01 (**), and P < 0.001 (***) were considered significant.
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List of Supplementary Materials

Supplementary Methods

Histological Analysis of Human-SCID Model of IPF—After cervical dislocation, the
right lobes from each mouse were dissected, fully inflated with 10% formalin solution, and
placed in fresh formalin for 24 hours. Standard histological techniques were used to
paraffin-embed each lobe, and 5-um sections were stained with Masson's trichrome for
histological analysis.

Isolation and Culture of Primary Pulmonary Fibroblast Lines—UIP (from
clinically-classified rapid or stable progressors) and normal SLBs were finely minced and
the dispersed tissue pieces were placed into 150-cm2 cell culture flasks containing DMEM
supplemented with 15% fetal bovine serum, 1 mmol/L glutamine, 100 U/ml penicillin and
100 pg/ml streptomycin. All primary lung cell lines were maintained in DMEM-15 at 37°C
in a 5% CO2 incubator and were serially passaged a total of five times to yield pure
populations of lung fibroblasts as previously described in detail (Hogaboam et al. 2005). All
primary fibroblast cell lines from each patient group were used at passages 6 to 10 in the
experiments outlined below and all of the experiments were performed under comparable
conditions. Each well in a six-well tissue culture plate was seeded with 2.5 x 10° fibroblasts
and at the 75% confluence were stimulated for 24 h with media alone or 10 ng/ml of human
recombinant IL-4 with or without 200 mM of CpG-ODN (Cell Sciences, CA), a synthetic
agonist of TLR9. Twenty-four hours later, cell-free supernatants were collected for analysis.

Preparation of RNA and cDNA from SLBs and Primary Pulmonary Fibroblast
Lines—After treatments as describe above, TriZol Reagent (Invitrogen Life Technologies,
Carlsbad, CA) was added to each well and total RNA was then prepared according to the
manufacturer's instructions. The same process was applied to seven (upper and lower lobes)
rapid IPF/UIP, seven (upper and lower lobes) stable IPF/UIP and seven normal SLBs after
they were thawed on ice. Purified RNA from SLBs and the fibroblasts was subsequently
reverse-transcribed into cDNA using a BRL reverse transcription kit and oligo (dT) 12-18
primers. The amplification buffer contained 50 mmol/L KCI, 10 mmol/L Tris—HCI, pH 8.3,
and 2.5 mmol/L MgCl, (Invitrogen Life Technologies, Carlsbad, CA).

Real-time TagMan PCR Analysis—Human TLR9, collagen 1, and asma gene
expression was analyzed by a real-time quantitative RT-PCR procedure using an ABI
PRISM 7500 Sequence Detection System (PE Applied Biosystems, Foster City, CA). The
cDNAs from SLBs samples were analyzed for TLR9 and the cDNAs from cultured
monocytes and A549 cells were analyzed for collagen 1 and asma. GAPDH was used as an
internal control. Primers and probe used for TLR9 were purchased from Applied
Biosystems. The primers and probes used for collagen 1 were: forward
TGGCCTCGGAGGAAACTTT and reverse TCCGGTTGATTTCTCATCATAGC, MGB
probe CCCCAGCTGTCTTAT,; for asma: forward GCGTGGCTATTCCTTCGTTACT and
reverse GCTACATAACACAGTTTCTCCTTGATG, MGB probe
TGAGCGTGAGATTGT. Gene expression was normalized to GAPDH, and the fold
increases in targets gene expression was calculated as is indicated for each experiment.

Hydroxyproline Assay—Left lobe samples from each mouse were dissected,
homogenized, and biochemically processed as described previously for the hydroxyproline
assay (ref). Hydroxyproline concentrations were calculated from a hydroxyproline standard
curve (0 to 100 pg of hydroxyproline/ml). The e levels in each sample were normalized to
the protein (in mg) present in each sample measured by the Bradford protein assay.
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Flow Cytometric Analysis—Monocytes were incubated with Accutase™ (eBiosciences)
for 15 minutes after a 4 days treatment to facilitate detachment from cell culture plates and
subjected to a previously described protocol for flow cytometric analysis (ref). Monocytes
were stained with anti-CD14-PE-Cy7, anti-CD45R0O-Pacific Blue, anti-CXCR4-FITC. For
TLR9 and collagen staining, monocytes were permeabilized using BD Perm/Wash™ and
stained with TLR9-PE and collagen-biotin labeled followed by strepavidin-APC. Cells were
analyzed using a FACSCalibur and Cell Quest software (BD Biosciences, San Jose, CA).

Immunofluorescence—Monocytes were added to 8-well glass Labtek (Nunc Inc.,
Naperville, IL) tissue culture plates at a cell density of 350,000 cells/well containing EX-
CELL® Hybri-Max™ protein-free medium (Sigma-Aldrich) containing 0.5% sterile BSA
and the indicated treatments for the specified experiment. A549 cells were added to 8-well
glass Labtek plates at a density of 20,000 cells/well containing DMEM supplemented with
10% fetal bovine serum, 100 U/ml penicillin and 100 ug/ml streptomycin and the indicated
treatments for the specified experiment. Cells were fixed with 4% paraformaldehyde and
stained overnight at 4°C with rabbit polyclonal anti-human collagen 1 (Abcam ab292) or
rabbit 1gG Isotype control (Abcam). After repeated washes in PBS, monocytes were
incubated with FITC-conjugated mouse anit-rabbit IgG for 1 h at 4°C. Cells were washed
again in PBS, mounted, and visualized using a fluorescent microscope at 40x magnification.
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Figure 1. Clinical Features of Patients with Rapid and Slowly Progressive Forms of IPF and
TLR9 Expression

A. The survival of IPF patients classified as rapid (red line) or slow progressors (black line).
B. Representative histology of IPF in a patient with slow (a,b) and rapid (c,d) progression
shown at 20x and 400x magnification. C. Quantitative TagMan PCR analysis of TLR9 gene
expression in upper lobe SLBs from rapid and slow progressors. The data shown are the
mean of all the combined upper lobe mRNA values compared to the mean of normal SLBs
MRNA values (standardized to GAPDH housekeeping gene). The error bar shows the SEM
of all the data in the rapid (n=10) and stable (n=13) progressor patient groups. The two-
tailed P value was determined by the unpaired t test with Welch correction. D.
Representative immunohistochemical staining of TLR9 in SLBs from a total of 7 slow (a)
and 5 rapid (c) progressors shown at 20x magnification. Corresponding fields stained with
isotype control (1gG) shown in b and d.
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Figure 2. Induction by CpG of CD14+ Human Monocytes to Differentiate into Fibrocyte-like
Cells. A

Experimental scheme for the in vitro differentiation of CD14+ monocytes. B.
Photomicrographs of monocytes cultured in serum-free media or serum-free media
containing 10 ng/ml TGFp and stimulated with nothing (a,b), 50 ug/mL non CpG (c,d), 50
png/mL CpG (e,f), or 50 pg/mL poly IC (g, h) on Day 3. C. gRT-PCR analysis of fibrocyte
markers. aSMA gene expression in monocytes cultured for 3 d in serum-free media +/- CpG
for 24 h (a). Collagen 1 gene expression in monocytes cultured for 3 d in serum-free media
or TGFB, +/- CpG or poly I:C (b). D. Fluorescent ICC for collagen 1 in monocytes (40x
magnification) cultured in serum-free media (a) or TGFp (b); serum-free media + CpG (c),
or TGFB + CpG (d). Isotype control for monocytes cultured in TGFp + CpG (e).
Representative (n=3) FC for collagen 1 protein as percent of CD14+ cells in CD45+ gate
from monocytes cultured in serum-free media or TGFp, and serum-free media + CpG or
TGFp + CpG (f). E. Forward and side scatter FC of monocytes cultured in serum-free media
containing TGFp (a) or TGFp + CpG (b). Representative (n=3) FC for CD14 as percent of
total cells from monocytes cultured in serum-free media (c) or monocytes cultured in serum-
free media containing TGFp (d) stained with anti-CD14. F. Representative (n=3) FC for
CD45 as percent of CD14- cells from monocytes cultured in serum-free media (e) or
monocytes cultured in serum-free media containing TGFp (f) stained with anti-CD45 and
gated with respect to CD14 expression. Representative data (n=3) is graphed as percent of
CD14+ cells from monocytes cultured in serum-free media (g) and monocytes cultured in
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serum-free media containing TGFp (h) stained with anti-CD45 and gated with respect to
CD14 expression.
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Figure 3. CpG-induced EMT in Human A549 Cells

A. Representative photomicrographs (n=5) of A549 cells cultured in media (DMEM + 10%
FCS) (a), TGFB (b), and increasing CpG concentrations of 5 pg/mL (c), 10 pg/mL (d), 50
ng/mL (e), 100 pg/mL (f), and 200 pg/mL (g) for 96 h. B. gRT-PCR analysis of aSMA (a),
vimentin (b), and e-cadherin (c) in A549 cells cultured with increasing concentrations of
CpG for 96 hours. C. gRT-PCR analysis of IFNa in A549 cells cultured with increasing
concentrations of CpG for 96 h. D. Fluorescent ICC for collagen 1 in A549 cells (40x
magnification) that were cultured for 96 h in media (a), 10 pg/mL CpG (b), 50 pg/mL CpG
(c), and 100 pg/mL CpG (d). Isotype control for collagen 1 antibody using cells cultured
with 100 pg/mL CpG (e). E. siRNA knockdown of TLR9 in A549 cells in a CpG EMT
assay: Western Blot analysis of TLR9 protein and p-actin loading control in A549 cell
lysates after SIRNA treatment with a non targeting control siRNAs, cyclophilin B control
SiRNAs (a), and TLR9 siRNAs; photomicrographs of A549 cells before CpG-DNA
treatment cultured in media and transfection agent alone (b), with non target siRNA (c), and
with TLR9 siRNA (d); representative photomicrographs (n=4) of A549 cells after sSiRNA
treatment and stimulated with media and transfection agent alone (e), non target siRNA + 75
ng/ml CpG (f), and TLR9 siRNA + 75 pug/ml CpG-DNA for 72 hrs (g); qRT-PCR analysis
of vimentin (h) and e-cadherin (i) in sSiRNA-treated A549 cells and cultured with 75 pg/ml
CpG for 72 hours. Data are mean = SD. *** p < 0.0001.
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Figure 4. TLR9 Expression in Rapid and Slowly Progressive IPF Lung Fibroblasts and Response
to CpG

A. gRT-PCR analysis of TLR9 gene expression in representative rapid UIP/IPF (n=5-8) (a)
and slow IPF (n=5-8) (b) fibroblast cell lines treated for 24 h without (untreated) or with
CpG-ODN (10 pg/ml) in the presence or absence of IL-4 (10 ng/ml). Fold increase is
calculated within each group of disease compared with the respective untreated fibroblasts.
Bioplex analyses of rapid or slow IPF fibroblast conditioned media for IFNa (c and d),
PDGF (e and f), MCP-1/CCL2 (g and h), and MCP-3/CCL3 (i and j). Fibroblast cell lines
were treated for 24 h without (untreated) or with CpG-ODN (10 pg/ml) in presence or
absence of IL-4 (10 ng/ml). Data is representative of at least 5 slow IPF and 5 rapid IPF
fibroblast cell lines. Data are mean = SEM. ** p<0.001 and *** p < 0.0001.
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Figure 5. Exacerbation of Fibrosis by CpG in a Human-SCID Mouse Model of IPF Induced by
Rapidly Progressive Human Lung Fibroblasts

A. Experimental scheme for establishing a human-SCID model of AE-IPF. B.
Representative mouse lung sections stained with Masson's trichrome to depict degree of
fibrosis from mice that received normal human lung fibroblasts and intranasally challenged
on Day 35 with saline (a) or CpG (b), rapid UIP/IPF human lung fibroblasts intranasally
challenged on Day 35 with saline (c) or CpG (d), and slow UIP/IPF human lung fibroblasts
intranasally challenged on Day 35 with saline (€) or CpG (f). C. Hydroxyproline levels in
half lung homogenates from saline-challenged or CpG-challenged mice that received rapid
UIP/IPF human lung fibroblasts (a) and stable UIP/IPF human lung fibroblasts (b). Data are
mean + SEM from five mice at each time point. Data are mean £ SEM. ** p<0.001.
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Table 1
Clinical Features of Patients with Rapid Versus Slowly Progressive IPF

Feature Rapid Progressor ~ Slow Progressor P Value
(n=8) (n=10)

Demographic

Age 647 64+6 0.9

Gender (m/f) 6/2 8/2 0.8

Physiological

FVC (% pred) 63.4 +13.9 73.2+175 0.18

DLCO (% pred) 423+17.8 58.9 +19.0 0.09

HRCT

Alveolar 1.52+0.8 1.70£0.7 0.67

Interstitial 1.16+0.6 0.89+0.3 0.3

Histological

HC score (median) 2 15 0.61

Max. HC score (median) 2 2 0.7
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