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Abstract

Stem cell factor (SCF) and its receptor c-kit have been implicated in inflammation, tissue
remodeling, and fibrosis. Ingenuity® Integrated Pathway Analysis (IPA) of gene expression array
datasets showed an upregulation of SCF transcripts in IPF lung biopsies compared to tissue
from non-fibrotic lungs that are further increased in rapid progressive disease. SCF248, a
cleavable isoform of SCF, was abundantly and preferentially expressed in human lung
fibroblasts and fibrotic mouse lungs relative to the SCF220 isoform. In fibroblast-mast cell co-
culture studies, blockade of SCF248 using a novel isoform specific anti-SCF248 monoclonal
antibody (anti-SCF248), attenuated the expression of COL1A1, COL3A1 and FN1 transcripts in
co-cultured IPF but not normal lung fibroblasts. Administration of anti-SCF248 on days 8 and 12
after bleomycin instillation in mice significantly reduced fibrotic lung remodeling and collal, fnl,
actaz, tgfb and ccl2 transcript expression. In addition, bleomycin increased numbers of c-kit+
mast cells, eosinophils, and ILC2 in lungs of mice, whereas they were not significantly increased
in anti-SCF248 treated animals. Finally, mesenchymal cell specific deletion of SCF significantly
attenuated bleomycin-mediated lung fibrosis and associated fibrotic gene expression.
Collectively, these data demonstrate that SCF is upregulated in diseased IPF lungs and
blocking SCF248 isoform significantly ameliorates fibrotic lung remodeling in vivo, suggesting

that it may be a therapeutic target for fibrotic lung diseases.
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Introduction

With a high global prevalence, chronic diseases often have severe complications,
including end-stage tissue fibrosis that can ultimately culminate in organ/tissue dysfunction.
Chronic fibrotic diseases, such as idiopathic pulmonary fibrosis (IPF), have been challenging to
treat clinically, where many affected patients eventually require organ transplantation or
succumb to the disease(9, 25, 43, 67). While many pro-fibrotic mediators have been identified,
therapeutically targeting many of these mediators have failed to modulate fibrotic progression
and promote tissue regeneration(54, 57). Recently, nintedanib (OFEV®) and pirfenidone
(Esibret®) have been FDA approved for the treatment of IPF patients(23, 39, 46, 59, 60). These
drugs have significant side effects and were only effective in slowing down, but not halting,
disease progression. Thus, great effort is underway to develop next generation therapeutics
that are more effective at halting the fibrotic remodeling of the lung and promoting lung
regeneration.

Fibrotic diseases have been often observed to have a strong inflammatory component,
suggesting a role of inflammation in tissue fibrosis. Indeed, there is evidence for inflammatory
processes and/or inflammatory cell infiltrates in fibrotic tissues, including the lung(30, 32, 50),
kidney(48) and liver(61). While the role of inflammation in lung injury and disrepair in IPF
remains controversial, clinical evidence suggests a correlation between inflammatory infiltrates
and disease progression(4) and pre-clinical studies suggest that targeting inflammatory
responses may ameliorate fibrotic lung remodeling (10, 29, 38, 56). However,
immunosuppressive therapies have failed to modulate IPF disease progression clinically(33),
suggesting that targeting profibrotic mechanisms may also be required to modulate clinical
disease progression. Stem Cell Factor (SCF) is a cytokine involved in hematopoietic cell
development of multiple lineages as well as mast cell differentiation and activation (24, 47).
SCF binds to its surface receptor, c-Kit, which is a member of the receptor tyrosine kinase
family (3, 24). Studies targeting c-kit activation using receptor tyrosine kinase inhibitors, imatinib

or nilotinib, have shown promising results in animal models but have not shown similar
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outcomes in an initial study in IPF using a non-selective patient population (2, 12, 58, 69). Since
c-kit inhibitors have broad effects on homeostatic function (as well as the off-target RTKs
inhibited), a specific and refined approach such as targeting the ligand may be more effective.
Endogenous SCF occurs primarily in 2 forms, a 248 amino acid (AA) cleavable form (SCF248)
and a 220 AA "non-cleavable" form (SCF220) that differ by the presence or absence of exon 6
that encodes for protease cleavage site(s). Both isoforms of SCF are inserted into the plasma
membrane, with the extracellular domain (ECD) of SCF248 more efficiently cleaved and shed
from the surface of the cell during inflammation. While SCF-ECD is abundantly detected in
circulation (~800 pg/ml in humans), circulating SCF-ECD is primarily monomeric that cannot
crosslink and activate c-kit (31). Thus, c-kit activation is thought to primarily occur through the
membrane-associated forms of SCF, which can efficiently crosslink the receptor leading to its
phosphorylation and activation (13) (49).

The physiological roles of membrane-associated SCF were determined using SI/SId
mice (lacking both forms of membrane associated SCF) that are runted, anemic, and have
altered myelopoiesis and inflammatory/immune responses. A fundamental study examined
whether the 2 splice variants of SCF have differential biologic effects using SI/SId mutant mice
embryonically transfected with either SCF248 or SCF220. The phenotype observed in these
mice suggests an important and non-redundant role of SCF220 in development and
erythropoiesis, as its expression corrected the defects. However, SCF248 expression in these
mice promoted normal myelopoiesis with little effect on runting and anemic phenotypes of SI/Sid
mice, suggesting that the SCF248 isoform of SCF may be associated with myelopoiesis and the
propagation of inflammation responses (36). Finally, the role of the SCF variant, SCF220, was
confirmed in another study examining mice expressing SCF220 (but not SCF248) isoform.
These mice were observed to develop normally (with no runting or anemia); however, there was
a notable alteration in myelopoiesis and an absence of mast cells (65). Together, these studies
suggest that SCF isoforms may play divergent roles in development, erythropoiesis and

myelopoiesis, where SCF220 may be required during development and erythropoiesis and
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SCF248 may be required for normal myelopoiesis and mast cell development and/or
differentiation.

In the present study, we show evidence that KITLG expression (gene name for SCF)
and protein are elevated in IPF. Further, SCF248 is preferentially and significantly elevated in
human lung fibroblasts.  Targeting this isoform using anti-SCF248 specific antibodies
significantly reduced COL1A1, COL3A1 and FNL1 transcript expression in IPF, but not normal
lung fibroblasts, co-cultured with mast cells. SCF248, but not SCF220, was markedly
upregulated in fibrotic murine lungs and targeting SCF248 with specific antibodies significantly
ameliorated bleomycin induced lung fibrosis and profibrotic transcript expression. Finally,
mesenchymal cell specific deletion of SCF significantly ameliorated bleomycin mediated lung
remodeling. Collectively, our results suggest that the ability to target the SCF248 isoform, that
is upregulated during fibrotic pulmonary diseases (including IPF), may be central to preserve
important homeostatic functions of SCF (such as erythropoiesis) while blocking the detrimental

pro-fibrotic effects of c-Kit" cell activation.
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Results

Expression of SCF in pulmonary disease.

Our previous studies using a bleomycin model of pulmonary fibrosis demonstrated that
therapeutically blocking SCF in the remodeling phase attenuated the development of
fibrosis(15). To assess potential role(s) of these proteins in clinical IPF, publicly available
datasets (GSE10667) from IPF, exacerbated IPF, and non-diseased lungs were analyzed using
Ingenuity IPA. As shown in Figures 1A-B, Ingenuity upstream regulatory analyses, which
indicate the activation of genes (orange/red), predicted enhanced activation of KITLG (SCF) in
IPF relative to normal (Figure 1A) and SCF was further increased in exacerbated IPF relative to
stable IPF lungs (Figure 1B). Upregulated KITLG downstream mediators identified by this
analysis included pro-survival and pro-inflammatory transcripts several of which have been
identified as potential therapeutic targets. Consistent with Ingenuity’s analyses, there was a
significant increase in SCF protein in IPF patients’ serum samples relative to normal donor
serum controls (Figure 1C). These data support findings from previous reports(15, 72) and
illustrate that SCF (KITLG) is upregulated in IPF patients and may play a role in IPF disease.

SCF248 is uprequlated in IPF patient derived fibroblasts and in bleomycin-induced pulmonary

fibrosis. When the expression of both SCF isoforms was examined, SCF248 was present in
lung fibroblasts from both normal and IPF patients at higher levels (10 to 20-fold) than SCF220
with increased SCF248 significantly higher (P=0.02) in IPF patient derived fibroblasts (Figure
2A). We also examined the differential expression of SCF isoforms during bleomycin induced
lung fibrosis in mice and found that the primary SCF isoform induced is SCF248, with little or no
increase in SCF220 (Figure 2B). Together these results suggest that SCF248 is highly
expressed in fibroblasts from lungs of patients and during pulmonary fibrosis and that fibroblast-
derived SCF248 is preferentially expressed in fibrotic mouse lungs. These results are
consistent with our recent publication in chronic allergen-induced asthma indicating that
SCF248 is highly upregulated in chronic remodeling disease(21) and supports the preferential

expression of SCF248 over SCF220 in fibroblasts.
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Characterization of mAb to SCF248 —

Our results suggest that SCF248 is the predominant SCF isoform expressed in the
fibrotic lungs of bleomycin treated mice and in fibroblasts from IPF patients. Thus, a
sophisticated targeting strategy was pursued to make mAb against the portion of SCF that
differentiates SCF248 from SCF220 as complete loss of SCF/c-kit signaling has adverse effects
on developmental pathways and erythropoiesis. MAb were generated against a peptide found in
exon 6 of SCF248 that is not present in SCF220 to specifically target SCF248 but not SCF220.
Due to the cleavage of exon 6 we chose a peptide on the membrane side of the cleavage
domain; thus, this mAb did not bind to the portion of SCF248-extracellular domain that is shed
into the circulation after cleavage(21). Flow cytometric analysis of ATCC cell lines that express
no SCF, only SCF220, or only SCF248 isoforms demonstrated that the mAb against this peptide
in exon 6 only binds to membrane associated SCF248 and not to SCF220 (Figure 3A). In
addition, Biacore surface plasmon resonance analysis of anti-SCF248 showed that this mAb
has an affinity to peptide of 4.5 X 10° M (4.5 nM; Figure 3B). Thus, these results demonstrate
that anti-SCF248 mAD is specific to SCF248 isoform and it binds its ligand with high affinity.

We hypothesized that antibody binding to surface SCF248 would promote the
internalization negating its ability to signal c-kit. To examine this, we used a pH sensitive
fluorescent tag (Phrodo red) coupled to our mAb where fluorescence is only observed when the
pH drops to below 6 in endosomes. SCF248 expressing cells treated with the labeled anti-
SCF248 antibody showed an increase in fluorescence starting at 5 minutes and continued to
increase by 60 minutes (Figure 3C,3D). In addition, cultured IPF patient-derived fibroblasts were
incubated with anti-SCF248 or control antibody coupled with the pH sensitive fluorescent tag
and showed a similar internalization at 15 minutes (Figure 3E). These results suggest that anti-
SCF248 mAb induce internalization of cell surface SCF248 protein into endosomes and
lysosomes allowing the clearance from the surface.

Previous studies that utilized specific expression of the different isoforms have

demonstrated that the erythropoiesis function of SCF-c-kit is due to SCF220 and not

Downloaded from www.physiology.org/journal/ajplung at Univ of Reading (134.225.001.226) on November 21, 2019.



166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

192

SCF248(36). To determine if anti-SCF248 mAb altered erythropoiesis, mice were intravenously
administered a polyclonal rabbit anti-mouse antibody (250 mg/kg) that recognizes both SCF
isoforms or anti-SCF248 mAb (100 mg/kg) every other day. At day 8 the peripheral blood was
examined for levels of circulating hematopoietic cells, with a focus on reticulocytes that have
recently entered circulation from bone marrow. The data in Figure 3F illustrate that polyclonal
anti-SCF, but not anti-SCF248 mAb, caused a significant decrease in reticulocytes in the
peripheral blood. These results support previous studies and suggest that SCF220, but not
SCF248, is required for normal erythropoiesis(36).

Mast cell induced IPF patient-derived fibroblast activation is SCF248 dependent

Previous studies from our lab have demonstrated that fibroblasts upregulate SCF and
can activate mast cells(28) and studies examining tissue fibrosis suggest that mast cells play a
role in the progression and severity of the disease (1, 8, 11, 41, 68, 72). We examined whether
IPF lung fibroblasts activated mast cells and whether anti-SCF248 was effective at blocking
activation. We utilized the LAD2 mast cell line, which is SCF-dependent(40). SCF-dependent
LAD2 cells were layered onto normal or IPF lung fibroblasts for 24 hours in the presence of
control or anti-SCF248 antibodies. Anti-SCF248 significantly reduced COL1A1, COL3A1 and
FN1 transcript expression in co-cultured IPF lung fibroblasts vs. IgG treated cells with no
increase activation when layered onto normal fibroblasts (Figure 4A). When we used the anti-
SCF248 mADb for immunohistochemical analysis, abundant staining for SCF in IPF lung tissues
especially in the fibrotic tissue (Figure 4B) was observed compared to non-fibrotic lungs
samples from respiratory bronchiolitis-associated interstitial lung disease (RBILD) patients with
staining only detected in macrophage populations. Thus, blocking SCF248 has a functional
effect on fibrotic genes and it is highly expressed in areas of active remodeling in IPF disease.

Specific inhibition of the SCF248 isoform inhibits lung remodeling responses.

Our previous data using polyclonal antibodies that recognize all isoforms of SCF
demonstrated an attenuation of bleomycin-induced fibrosis(15), however the differential roles of

SCF220 and SCF248 are not known. To assess the role of SCF248 in lung fibrosis, anti-
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SCF248 or control ab (20 mg/kg) were given by IP injection in bleomycin-exposed mice on d8
and d12 post-bleomycin treatment (fibrotic phase). Figure 5A illustrates that anti-SCF248
antibody treatment reduced the development of fibrosis and the consolidation of alveolar space.
Biochemical quantification of hydroxyproline from lung tissue indicated a significant decrease in
the anti-SCF248 vs. control antibody treated mice (Figure 5B). Transcriptomic analysis by g°PCR
demonstrated a significant decrease in several pro-fibrotic transcripts, including tgfb, ccl2,
collal, fnl, acta2, and SCF itself (Figure 5C). Pulmonary function tests performed on Day 16
demonstrate that FEV,o and FEF 25 were significantly reduced in the control IgG bleomycin mice
compared to naive mice, whereas anti-SCF248 treated animals were not significantly different
from naive mice (Figure 5D). Pulmonary pressure increases due to development of fibrosis and
was significantly ameliorated in the anti-SCF248 treated mice vs. control ab and further
appeared to fully recover to normal levels (dPpl; Figure 5D). Finally, c-kit+ mast cells,
eosinophils and ILC2 were significantly increased in the control IgG treated bleomycin mice but
not in the anti-SCF248 treated animals (Figure 5E). Together, these data demonstrate that
therapeutic targeting of SCF248 using a specific mAb attenuated the development and
progression of severe lung fibrosis.

Selective deletion of SCF in collal expressing cells attenuates Bleomycin-induced fibrosis.

Genetic proof-of-concept can be important to establish function of specific molecules during
disease. However, complete deletion of SCF is lethal having significant systemic consequences.
Therefore, we generated a mouse that lacks SCF in Collagen 1-positive cells, SCFfl/fl-Col1-
CreERT2 mouse, when induced by tamoxifen treatment. Col1-Cre” and Col1-Cre” litermates
were given bleomycin intratracheally and treated with tamoxifen daily from days 6-12 post-
bleomycin to delete SCF from mesenchymal cells in the Cre® mice. Histologic assessment at
demonstrated that the Col1-Cre” mice showed markedly less remodeling and reduced
consolidation of the lungs vs. Col1-Cre’ littermate mice (Figure 6A). The bleomycin challenged
mice showed a significant decrease in ccl2, collal and fnl expression and a trending, but not

significant, reduction in tgfb and acta2 expression in the Cre+ mice (Figure 6B). Hydroxyproline
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quantification showed a significant decrease in tamoxifen treated Col1-Cre” mice vs. Col1-Cre
littermate control mice (Figure 6C). These results suggest that fibroblast-associated SCF
promotes lung remodeling in vivo and further supports with genetic proof-of-concept that

SCF248 may be an effective therapeutic target in lung fibrosis.

Downloaded from www.physiology.org/journal/ajplung at Univ of Reading (134.225.001.226) on November 21, 2019.



224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

250

Discussion

The identification of novel therapeutic targets induced during tissue fibrosis will be
central to development of new reagents to block the progression of end-stage fibrotic diseases.
Previous studies have implicated SCF as a viable target during pulmonary fibrosis, primarily
using animal models (5, 15, 17, 18, 45, 72). However, the present studies link the
overexpression of SCF in patients with IPF, both by the examination of lung tissue microarray
data and in serum from peripheral blood of IPF patients. We have also been able to identify that
a primary isoform of SCF (SCF248, a.k.a. sSCF) is preferentially expressed in fibroblasts and
during induction of bleomycin-induced fibrosis. The overexpression of SCF248, compared to
SCF220, in both normal and IPF fibroblast is consistent with earlier results that reported
fibroblasts nearly exclusively express the longer isoform SCF248 containing exon 6 (3). By
specifically blocking the SCF248 isoform with a Mab that does not recognize SCF220 or
cleaved SCF-ECD, pro-fibrotic responses were significantly reduced in both in vitro co-culture
studies of IPF fibroblast with mast cells and in vivo after bleomycin induced lung remodeling.
Thus, during a fibroproliferative response, there would be a predominance of the longer SCF248
isoform that could be central to the progression of disease due to the expansion of
myofibroblasts. Experimentally this is supported in our studies using fibroblast- & myofibroblast-
specific genetic deletion and antibody neutralization (anti-SCF248) experiments that suggest
that SCF248 is a promising target during the progression of a pulmonary fibrotic response.

A primary role for SCF in fibrosis has been suggested to involve mast cell activation and
accumulation. Mast cells have been implicated in a number of fibrotic diseases including IPF,
kidney fibrosis, scleroderma, and others, where they have often been linked to the
overexpression of SCF in areas of active fibrosis (6, 19, 20, 34, 44, 63, 66). This link between
SCF expression and mast cells in fibrotic tissue is logical, since SCF has long been shown to be
involved in mast cell differentiation, survival and activation. In particular, mast cells release a
number of preformed mediators, such as histamine, chymase, and vasoactive amines, and

produce a number of cytokines, chemokines, and growth factors known to initiate and contribute
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to chronic inflammation and fibrosis (7, 37, 42, 51, 52, 62). In the present studies,
transcriptomic analysis showed that SCF248 was ~20 times higher in the IPF patient lung
fibroblast compared to SCF220, while normal fibroblasts showed a similar predominance of
SCF248 expression. Indeed, blockade of fibroblast-associated SCF248 reduced mast cell
mediated expression of matrix transcripts by SCF248-rich IPF, but not normal, lung fibroblasts
in mast cell/ fibroblast co-culture studies. These results suggest that SCF248 is upregulated and
preferentially expressed in fibroblasts from IPF patients, where it may mediate fibroblast
activation through interaction with c-kit on cells in the microenvironment. In addition, IHC
staining of lung tissue demonstrated that non-fibrotic RBILD tissue had some SCF248 staining
in macrophage populations and no detectable structural cell staining compared to extensive
staining of remodeled areas of the lung of IPF patient tissue.

In addition to mast cells, other immune cell populations also express the SCF receptor,
c-kit, and may be activated by SCF and contribute to the progression of fibrotic disease.
Eosinophils have also been shown to express c-kit, and when activated by SCF, produce
profibrotic cytokines including TGFB and FGF as well as a number of other lipid mediators,
proteases, and chemokines(53). In vitro co-culture studies have suggested that SCF/c-Kit
mediated eosinophil activation can promote fibroblast activation and matrix production(16).
Further, our own data have previously implicated SCF in eosinophil activation and airway
remodeling in allergic asthma models (5) and other studies have linked eosinophils to severe
fibrotic disease progression (55, 64). More recently, another c-kit" cell population, type 2 innate
lymphoid cells (ILC2), have been associated with disease progression in IPF, potentially through
the production of IL-5, IL-13 (26, 70, 71). The infiltration of the c-kit+ cells were impaired when
SCF248 was neutralized, including mast cells, eosinophils, and ILC2. While it is not clear to
what extent each of these populations contributes to the fibrotic responses in different end-stage
fibrotic diseases, the potential role for SCF in their activation and accumulation suggests a

strong correlation to disease severity.

Downloaded from www.physiology.org/journal/ajplung at Univ of Reading (134.225.001.226) on November 21, 2019.



277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

303

The biology of SCF and c-kit activation is complex and not fully understood. It is known
that membrane associated SCF isoforms (both 220 and 248), as compared to cleaved, soluble
SCF-ECD, induce the most efficient activation of c-kit by allowing crosslinking and strong
signaling (3). Furthermore, studies have shown that the majority of cleaved soluble SCF is
monomeric in biologic solutions and therefore would not be able to activate c-kit efficiently (31).
Seminal studies found that SCF220 and SCF248 have biologically different functions, with
SCF220 providing the homeostatic functions of erythropoiesis and overall growth and health in
mice, whereas SCF248 did not alter those same functions but did affect mast cells and myeloid
cell populations (36). These differences provide fidelity in the system, where based upon
regulated expression in specific cell populations or tissue, these isoforms can provide targeted
function(s). The regulation of post-transcriptional modification has not been defined under
homeostatic or disease conditions; however, it is speculated that these modifications must be
tightly regulated. It is possible that fibroblasts preferentially produce the SCF248 isoform to
modulate immune cell activation during normal growth and repair processes. The presence of
exon 6 in the SCF248 isoform (that appears to be most closely associated with inflammatory
and fibrotic responses) would allow more efficient cleavage of SCF from the surface of the
expressing cells by the immune cell derived proteases, such as mast cell chymase (14). Thus,
the removal of SCF248 by this process would limit immune cell activation at the site of the
response (unless continuously expressed on the surface such as in fibrosis) and therefore
function to limit the ongoing inflammatory responses. Our previous data have demonstrated that
SCF248, but not SCF220, is upregulated on fibroblasts by inflammatory and pro-fibrotic
cytokines, providing a "feed forward" loop in tissue fibrosis (22). Likewise, SCF220, which
appears to provide a more membrane-stable isoform (without exon 6 cleavage sites), might be
more functional during critical homeostatic processes, such as erythropoiesis (36).

Our understanding of the function of the different SCF isoforms continues to be
incomplete due to a lack of appropriate reagents, especially those specific for SCF220, as well

as the ability to properly detect each isoform's biologic function under homeostasis and disease
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conditions. Using novel genetic and antibody tools that have been generated to examine the
function of SCF248, we have identified a specific, non-redundant role for the SCF248 isoform in
lung remodeling using the bleomycin model. Together the data provided in these studies
demonstrate differential expression and disease relevance of the SCF248 isoform and suggest

that SCF248 may be an important therapeutic target in fibrotic lung diseases.
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Materials and Methods

Study approval: Institutional Review Boards at the University of Michigan approved all

experiments with primary human cells and serum. All patients were consented prior to
inclusion in the studies described herein and all samples were de-identified prior to
utilization.

Ingenuity Pathway Analysis: Publicly available gene expression datasets (GSE24206) were

mined from NCBI's geo datasets database. Groups were defined as follows — IPF lung biopsies
(n=8) vs normal lungs (n=6). Gene expression values were extracted using NCBI's Geo2R
gene expression analysis tool and the expression data were uploaded onto ingenuity IPA
(QIAGEN Redwood City, www.giagen.com/ingenuity). Ingenuity IPA was set to only consider
changes in gene expression of 1.5-fold or greater and p < 0.05. To generate KITLG interaction
network, Ingenuity’s path-designer tool was utilized. Briefly, KITLG was added to the custom
pathway designer and Ingenuity was set to grow the pathway using known direct downstream
activation molecules (based on Ingenuity’s knowledgebase). For transcription factor targets,
Ingenuity was set to grow the transcription factor network by only considering molecules known
to be direct downstream targets of the highlighted transcription factor (Based on Ingenuity’s
knowledgebase). After the generation of a KITLG interaction network, gene expression datasets
from IPF lung biopsies relative to normal lung explant were overlaid and exported.

Mice: Female C57BL6 mice (6-8 weeks old), SCF" mice and Col1-CreERT2 mice were
purchased from Jackson Laboratory (Bar Harbor, ME). The SCF" mice were crossed with the
Col1-CreERT2 mice to generate SCF"" —Col1CreERT2 C57BL6 mice that can be treated with
tamoxifen (1mg/mouse Intraperitoneally) to activate Cre in cells expressing Col1 and deleting
SCF specifically from those cells only when treated with tamoxifen. All animal studies were
reviewed and approved by the University Committee on Use and Care of Animals at the

University of Michigan, an AAALAC accredited institution.
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Bleomycin-induced pulmonary fibrosis- Mice were given bleomycin (Bleomycin, Hospira, Lake

Forest, IL) at a dose of 2.5 U/kg body weight as previously described as previously
described(15). Control mice received the same volume of sterile PBS only. Where indicated
mice were treated with monoclonal control or anti-SCF248 antibodies or given tamoxifen to
activate Cre in the SCF""—Col1CreERT2 transgenic mice by intraperitoneal injection. After 16
days the animals were sacrificed, serum and lung tissue were harvested for histologic, mRNA
and protein analyses as described below.

Production and administration of anti-SCF248 monoclonal antibodies (Mab)- A peptide from

exon 6 of SCF248 was generated and used as an immunogen in mice by a contract research
organization (GenScript, Inc., Newark, N.J.) and hybridomas were made after several rounds of
boosting immune responses. Twelve different hybridoma clones were identified as producing
SCF248 peptide specific antibody and further characterized for binding and function. A primary
antibody with high affinity, was identified, further expanded, and purified to generate endotoxin
free reagent for use in our analyses. The Mab is of the IgG1 isotype class. Since exon 6 is
completely conserved across mammalian species, the monoclonal antibody is fully cross-
reactive and binds to mouse and human SCF248. Antibody suspended in PBS was
administered into mice by intraperitoneal injection at a concentration of 20 mg/kg with a control
isotype matched control monoclonal antibody given at the same concentration.

Flow cytometric analysis- Differential binding of anti-SCF248 Mab to SCF isoforms was

determined using ATCC cell lines that specific expressed either human SCF220 or SCF248 and
flow cytometry analysis using SCF248 Mab directly labeled with Alexis Cy5 fluorescent marker.
Briefly, cells were stained with Alexis Cy5 conjugated anti-SCF248 Mab for 15 minutes and
analyzed using a BD LSRII flow cytometer (BD biosciences).

Lung Flow cytometry-The lungs were removed, and single cells were isolated by
enzymatic digestion with 1 mg/ml collagenase A (Roche, Indianapolis, IN) and 20 U/ml DNasel
(Sigma, St. Louis, MO) in RPMI 1640 containing 10% FCS. Tissues were further dispersed

through an 18-gauge needle (10-ml syringe), RBCs were lysed and samples were filtered
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through 100-um nylon mesh twice. Cells were resuspended in PBS and live cells were identified
using LIVE/DEAD Fixable Yellow Dead Cell Stain kit (Thermo Fisher Scientific, Waltham, MA),
then washed and resuspended in PBS with 1% FCS and Fc receptors were blocked with
purified anti-CD16/ 32 (clone 93; BioLegend, San Diego, CA). Surface markers were identified
using Abs (clones) against the following antigens, all from BioLegend: anti-Gr-1 (RB6- 8C5),
B220 (RA3-6B2), CD3 (145-2C11), Ter119 (Ter-119), CD11b (M1/70), CD25 (PC61), CD45 (30-
F11), CD127 (SB/199), ST2 (DIH9), c-KIT (2B8) and CD90 (30-H12). SiglecF (E50-2440) was
purchased from BD Biosciences (San Jose, CA). For innate lymphoid cell staining, lineage
markers were anti-CD3, CD11b, B220, Gr-1, and TER119. ILC2: Lin-CD45+CD25+CD90+ST2+
c-Kit +CD127+. Eosinophils: SSC"CD45+11b+SinglecF+. Mast cells:
CD45+CD11b+cKIT+FceR1+. Data was collected in NovoCyte flow cytometer (ACEA
Bioscience, Inc. San Diego, California). Data analysis was performed using FlowJo software
(Tree Star, Oregon).

Human lung fibroblast and mast cell co-cultures- IPF lung biopsies were obtained from

consented patients at the University of Michigan medical Center. Normal non-fibrotic
explanted lungs were obtained from rejected donor lungs. Lung fibroblasts were
generated and cultured as previously described(35). For in vitro studies, cells were
transferred into 6 well plates and used with or without co-culture with SCF-dependent LAD2
human mast cells, which were generously supplied by Dr. Dean Metcalfe (NIAID, NIH,
Bethesda, MD) under an MTA agreement. In experiments where the role of SCF248 was
examined in the Fibroblast:LAD2 co-cultures, anti-SCF248 or control Mab (20 ug/ml) was pre-
incubated with the fibroblasts for 15 minutes prior to adding the LAD2 mast cells, followed by an
overnight (18 hr) co-culture period.

RNA Isolation and Quantitative PCR- RNA were extracted with TRIzol (Invitrogen) following

manufacturers protocol, and total RNA were reverse transcribed to cDNA to determine gene
expression using Tagman gene expression primer/probe sets and SYBR for SCF220 and

SCF248 transcripts as described (31). Detection was performed in ABI 7500 Real-time PCR
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system. Gene expression was calculated using AACt method and normalized with 18s control
expression for all other genes.

Hydroxyproline assay

Lung hydroxyproline content was measured in whole lung homogenates as previously described

(27). The results were expressed as g of hydroxyproline per left lobe of the lung.

Statistical Analysis- Data were analyzed by Prism6 (GraphPad). Data presented are mean

values + SEM. Comparison of two groups was performed in unpaired, two-tailed, Student’s t-
test. Comparison of three or more groups was analyzed by ANOVA with Tukey’s post-tests.

Significance was indicated at the level of *:p<0.05 unless otherwise indicated.
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Figure legends:

Figure 1: SCF is highly expressed in IPF lungs and blood.

(A) Ingenuity IPA was utilized to generate KIT-KITLG interaction and transcriptional activation
network. The resulting network was then overlaid with gene expression datasets from IPF lung
biopsies relative to normal lung explants (GSE24206). KIT activated kinases and transcription
factors are shown in large font and direct downstream targets for the activated transcription
factors are shown in small fonts. Solid arrowheads indicated activation (A) or expression (E).
Significantly upregulated (= 1.5 fold change and p < 0.05) and downregulated ( = -1.5 fold
change and p < 0.05) are depicted in red and green color, respectively. (B) Serum from normal
(n=9) or patients newly diagnosed with IPF by HRCT assessment (n=41) were measured for
SCF levels using a specific ELISA (R&D Systems, Rochester, MN). Levels of SCF were

measured in serum collected after diagnosis.

Figure 2: SCF248 is highly expressed by IPF lung fibroblasts and in fibrotic mouse lungs.

(A) RNA was extracted from Normal and IPF lung fibroblasts and subject to quantitative PCR
analyses using SCF220 and SCF248 specific primer sets. Data are expressed as fold change of
SCF248 over SCF220 to compare relative levels between the isoforms in patient-derived
fibroblast cell line. Shown is the mean + SEM of 3 cell lines. (B) Full length SCF, SCF220 and
SCF248 transcript expression levels in lungs of 16-day bleomycin treated B6 mice expressed as

fold increase over control untreated mice. Data represents mean + SE from 5 mice/group.

Figure 3: Characterization of anti-SCF248 Mab.

(A) Using ATCC cell lines CRL-2452, CRL-2453, and CRL-2454 that express no SCF, SCF220,
or SCF248, respectively, the monoclonal antibody was used for Flow cytometry binding assays
to demonstrate specificity. (B) Monoclonal antibody generated to a peptide from exon 6 of
SCF248 was subjected to Biacore surface plasmon resonance (SPR) analysis to the specific

peptide. The data generated dose response curves that were assessed to have a fast on rate
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and a slow off rate with a 4.5 nM KD binding. (C) Image Flow Cytometry photos of ATCC
SCF248 expressing cells incubated for 5 or 60 minutes with anti-SCF248 or control IgG1 mAb
couple with phrodo-red pH sensitive fluorescent dye. (D) Mean fluorescent intensity (MFI) of
ATCC SCF248 expressing cells incubated with control or anti-SCF248 mAb coupled with
phrodo-red dye over time to demonstrate internalization. (E) IPF patient lung fibroblast cultures
incubated fro 15 minutes with control or Anti-SCF248 mAb coupled with phrodo-red dye
showing internalization only in the anti-SCF48 mAb incubated cells. (F) Naive Balb/c/J mice
were injected intravenous with either control 1IgG (250 mg/kg), polyclonal anti-SCF (250 mg/kg),
or anti-SCF248 monoclonal ab (100 mg/kg) on day 0, 2, 4, and 6. The peripheral blood was
assessed for reticulocyte numbers on day 8 as an indication of reduced erythropoiesis as a % of

total cells. Data represents the mean + SE from 8 mice/group.

Figure 4. Monoclonal Ab to SCF248 blocks LAD2 mast cell induced myofibroblast activation.

(A) Fibroblast cell lines from either non-fibrotic ("normal”) or IPF fibrotic lung biopsies were
plated in 48-well plates to confluent monolayers. Control or anti-SCF248 monoclonal antibodies
(10 ug/ml) were added 30 minutes prior to layering of 2 X10° LAD2 mast cells onto the
monolayers for 24 hrs and assessed for increased matrix gene expression compared to control
fibroblasts with no mast cells added to the culture. Data represents mean + SE.

*P<0.05 compared to the control ab treated cells. (B) Immunohistochemistry using anti SCF248
monoclonal antibody on tissue biopsy sections from 2 patients with IPF or RBILD. IgG control
antibodies were used in IPF patient sections and did not show any non-specific staining. A

secondary alkaline phosphatase antibody was used to visualize the staining.

Figure 5: Therapeutically targeting of SCF248 using an isoform specific Mab significantly
ameliorated bleomycin induced lung fibrosis.
(A) Representative histology from 10 week old B6 mice 17 days after exposure to intratracheal

bleomycin and treated with control or anti-SCF248 monoclonal antibody (20 mg/kg) on day 8
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and 12 after the bleomycin challenge. (B) The single left lobe was harvested from the normal
and bleomycin treated animals and assessed for hydroxyproline. (C) The upper right lobe of the
lung was used for isolation of mMRNA and assessed for expression of the indicated genes by RT-
PCR. (D) Mice were examined 17 days post-bleomycin treatment for pulmonary lung function
using anesthetized and ventilated animals with bleomycin treated animals given control or anti-
SCF248 mAb on days 8 and 12 post-bleomycin instillation. (E) Mice were treated with IgG
control or anti-SCF248 mAb on days 8 and 12 post-bleomycin instillation and examined for c-
kit+ cell infiltration by flow cytometry on day 17. Data represents the mean + SE from 6-8

mice/group.

Figure 6: SCF248 deletion in collagen 1 expressing cells significantly reduced bleomycin
induced lung fibrosis.

(A) Representative histology from lung bleomycin treated 10-12 week old B6 SCFfl/fl Col1a-Cre-
ERT mice exposed with tamoxifen (days 6-12 after bleomycin) to delete SCF expression in
mesenchymal cells (myofibroblasts). Animals were harvested on day 17 after bleomycin
instillation. (B) The upper right lobe of the lungs from day 17 bleomycin treated mice were
processed for mMRNA analysis by RT-PCR and genes expressed as fold increased over control
non-bleomycin exposed mice. (C) Hydroxyproline analysis was performed on the single left
lobe of the animals and expressed as total hydroxyproline in the left lobe. Data represents mean

+ SE from 6-7 mice/group.
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