Supplementary Table 2

Control mice GMCSFRB KO
mice
Lavaged lung unlabelled PC (nmoles/g) 50.94 +5.72 149.76 + 21.68
Lavaged lung methyl-Dy-choline labelled PC 0.96 £ 0.10 0.70 £ 0.07

(nmoles/g)

BALF unlabelled PC (nmoles/100ul)

107.07 £ 12.06

400.28 £ 91.76

BALF methyl-D4-choline labelled PC (nmoles/100pl)

1.74 +0.44

0.27 £ 0.06

Supplementary Table 2: Comparison of methyl-Dy-choline labelling of PC from control
and GMCSFRB KO mouse lavaged lung and corresponding BALF samples. PC content was
determined in extracts of lungs and BALF from 12 week old animals (n=5, means + SD)
labelled with methyl-Dq-choline for 5h. Dilution of labelled PC within the elevated pool
sizes of unlabelled PC in both GMCSFR KO lungs and BALF relative to control animals
explain the large decrease in labelling enrichments seen in Figures 6¢ and 6f.
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Abstract

Granulocyte macrophage colony stimulating factor (GM-CSF) is a key participant in, and a
clinical target for, the treatment of inflammatory diseases including rheumatoid arthritis
(RA). Therapeutic inhibition of GM-CSF signalling using monoclonal antibodies to the a-
subunit of the GM-CSF receptor (GMCSFRa) has shown clear benefit in patients with RA,
giant cell arteritis (GCA) and some efficacy in severe SARS-CoV-2 infection. However,
GM-CSF autoantibodies are associated with the development of pulmonary alveolar
proteinosis (PAP), a rare lung disease characterised by alveolar macrophage (AM)
dysfunction and the accumulation of surfactant lipids. We assessed how the anti-GMCSFRa
approach might impact surfactant turnover in the airway. Female C57BL/6J mice received a
mouse-GMCSFRa blocking antibody (CAM-3003) twice per week for up to 24 weeks. A
parallel, comparator cohort of the mouse PAP model, GMCSFRp knock-out (KO), was
maintained up to 16 weeks. We assessed lung tissue histopathology alongside lung
phosphatidylcholine (PC) metabolism using stable isotope lipidomics. GMCSFRB KO mice
reproduced the histopathological and biochemical features of PAP, accumulating surfactant
PC in both broncho-alveolar lavage fluid (BALF) and lavaged lung tissue. The incorporation
pattern of methyl-Dg-choline showed impaired catabolism and not enhanced synthesis. In
contrast, chronic supra-pharmacological CAM-3003 exposure (100mg/kg) over 24 weeks did
not elicit a histopathological PAP phenotype despite some changes in lung PC catabolism.
Lack of significant impairment of AM catabolic function supports clinical observations that

therapeutic antibodies to this pathway have not been associated with PAP in clinical trials.

Abbreviations

AM (alveolar macrophage)

BALF (broncho-alveolar lavage fluid)

BMDM (bone marrow derived macrophages)

GM-CSF (granulocyte macrophage colony stimulating factor)
GMCSFRa (GM-CSF receptor alpha subunit)

GMCSFRp (GM-CSF receptor beta subunit)



IL (interleukin)

KO (knock-out i.e. of a gene)

MS (mass spectroscopy)

PAP (pulmonary alveolar proteinosis)
PAS (periodic acid-Schiff)

PBS (phosphate buffered saline)

PC (phosphatidylcholine)

RA (rheumatoid arthritis)

SC (subcutaneous)



Introduction

GM-CSF is a pleiotropic cytokine secreted by immunologically active cells such as T-cells,
macrophages and mast cells, as well as structural cells including fibroblasts and endothelial
cells (1). Its cognate receptor (GMCSFR) complex is a heterodimer (2) consisting of the
GMCSFRa subunit, which confers specificity of GM-CSF signalling, and the GMCSFR}
chain which is also a component of the interleukin (IL)-3 and IL-5 receptor complexes. GM-
CSF has been shown to be involved in multiple biological events (1) and deficiency in GM-
CSF signalling in alveolar macrophages is a recognised prelude to PAP, a rare but
debilitating human lung disease characterised by accumulation of surfactant proteolipids in

the distal airways (3).

In mouse models, genetic ablation of the GM-CSF ligand (4) or of its receptor subunit
GMCSFRS (5) recapitulates the distinctive lung pathology of surfactant accumulation in the
alveolus and BALF (6) of patients with PAP. Although extremely rare, familial forms of
PAP have also been identified in man, arising from a loss of function mutation (7) or deletion
(8) of GMCSFRa. However, the cause of PAP in most clinical cases is GM-CSF
autoimmunity associated with presence of circulating anti-GM-CSF antibodies (9).
Underscoring the role of autoimmunity in this disease, experimental clinical studies using
either high doses of exogenous recombinant GM-CSF to saturate these antibodies (10) or B-
cell depletion using the anti-CD20 antibody rituximab (9), have had some success in restoring

normal lung function.

Notwithstanding lung-specific roles and the recognised contribution of GM-CSF to
granulocyte haematopoiesis and survival, altered expression of the pathway has been
implicated in many inflammatory conditions (1). These include synovial membranes, where
GM-CSF is significantly elevated in the synovial fluid of patients with RA (11). GMCSFRa
is also up regulated in synovial tissue and on circulating mononuclear cells from RA subjects
(12). This knowledge has led to the clinical development of the GM-CSFRa.-targeted ligand
blocking mAb, mavrilimumab (CAM-3001), for arthritis and related inflammatory diseases
(13, 14). Moreover, the distinct role of GM-CSF (15) and emerging data pointing to
mavrilimumab efficacy in the treatment of severe SARS-CoV-2 pneumonia and systemic
hyperinflammation (16) as well as the GM-CSF over expression in giant cell arteritis (17, 18)
emphasises its potential of targeting the GM-CSF axis as an important anti-inflammatory

immunotherapy. Recognition that elevated GM-CSF is a key player in severe cytokine



release syndrome (CRS) (19) affirms the targeted reduction approach. Blockade of GM-CSF
by lenzilumab moderates the neuroinflammation and enhances the cytotoxicity of Chimeric
Antigen Receptor engineered T cells (CAR-T cell) treatment in an acute lymphoblastic

leukemia xenograft mouse model (20).

Of note, whilst clinical efficacy in RA has been clearly demonstrated (14, 21) no evidence of
PAP has been reported to date (22). Nevertheless, antibody targeting of the GM-CSF axis as
a therapeutic strategy in RA raises the question of whether systemic dosing with monoclonal
GMCSFRa antibodies could adversely affect distal tissues and modulate airway surfactant
metabolism or even induce the PAP phenotype in patients following chronic administration.
In a recent primate toxicology study, mavrilimumab showed only minor changes in lung
phenotype with no evidence of PAP (23), indicating that a more detailed understanding of the
inhibition of this pathway on alveolar function is warranted.

Although clinical diagnosis of PAP is usually confirmed using biopsy material and chest X-
ray examination, analysis of lipids in BALF and tissues by mass spectroscopy (MS)-based
lipidomic techniques (24) has proven to be a powerful and sensitive tool to study lung lipid
metabolism in disease (25) and offers the scope to detect prodromal changes in lung lipid
content in vivo. In addition, when combined with deuterated lipid precursor incorporation
methods (26), they can be used to reveal the contributions of synthesis and catabolism to lipid
accumulation in vivo (25, 27), and provide detailed quantitative and qualitative

characterisation of the lipid molecular species present.

In this study we report the detailed use of lipidomic profiling of phosphatidylcholine (PC) in
a mouse model of chronic exposure to a murine GMCSFRa neutralising antibody (CAM-
3003) in parallel with a study of the temporal development of lung pathology in the
GMCSFRB KO mouse.

Methods
CAM-3003 dosing and in vivo procedures

CAM-3003 is a blocking anti mouse GMCSFRa targeting monoclonal mouse 1gG1 antibody
previously shown to inhibit collagen induced arthritis in DBA/1 mice (12). The potency of
this antibody against mouse GM-CSF in vitro was confirmed using mouse bone marrow
derived macrophages (BMDM). BMDM were pre-incubated with various concentrations
(10/1.7/0.28/0.046 nM) of CAM-3003 or an inactive isotype antibody control for 30 min



before being stimulated with 10pg/mL recombinant mouse GM-CSF (R&D Systems, UK) or
control for 4h, followed by 100ng/mL LPS (Salmonella minnesota R595, Calbiochem)
overnight at 37°C. Supernatant IL-6 was measured using an ELISA assay (DY406 from R&D
Systems, UK).

All the in vivo work reported here was conducted by Labcorp Drug Development Ltd
(formerly Covance Ltd), Harrogate, UK, in an AAALAC accredited facility, after Animal
Welfare and Ethical Review Body approval and in adherence with applicable animal welfare
regulations. Adult female C57BL/6J mice (Charles River UK Ltd) housed with access ad
libutum food and water and a 12h light/dark cycle, were dosed with CAM-3003 by SC
injection at 0 (vehicle - 50mM sodium acetate, 100mM sodium chloride, pH5.5), 5 or
100mg/kg at twice weekly intervals for up to 24 weeks. The dose volume was 5mL/kg.
Animals were allocated to endpoint groups at the start of the study as summarised
(Supplementary Table 1). Doses were selected based on previous pharmacodynamic studies
to provide a systemic exposure equivalent to therapeutic (5 mg/kg) and supra-therapeutic
(100mg/kg) doses. As this study was primarily designed to identify the dose related
biological effects of GMCSFRa inhibition, mAb isotype control groups were not included as
these would have required significant numbers of additional animals at all dose levels.
Female GMCSFRp KO mice (B6.129S1-Csf2rb™%/J) and age and strain matched controls
were obtained (The Jackson Laboratory, USA) and maintained at the same facility under the
conditions described above. Animals assigned to the 6 week necropsy were approximately 5
weeks old on arrival and were acclimatised for approximately 1 week prior to terminal
investigations. Animals assigned to the 12 week necropsy were approximately 10 weeks old
on arrival and were acclimatised for approximately 2 weeks prior to terminal investigations.
Animals assigned to the 16 week necropsy were approximately 11 weeks old on arrival and
were acclimatised for approximately 5 weeks prior to terminal investigations. This strain has
previously been shown to be unresponsive to GM-CSF (28). At predetermined time-points
throughout the study, selected groups of animals were terminally anaesthetised using
isoflurane and a blood sample obtained prior to euthanasia by exsanguination. Lungs were
removed and weighed before fixation or snap freezing. For sub-groups of animals, lung PC
synthesis was assessed by intraperitoneal injection of 0.1 mg deuterated choline (methyl-De-
choline chloride, CK Gas Products UK) at 5, 10, 24 or 48h before terminal sampling as
described previously (29). BALF samples were collected using 4 x 1mL volumes of PBS,

and plasma and BALF supernatant aliquots stored at <-50°C. Additional parallel groups of



animals were used to assess pharmacokinetic parameters. Serum CAM-3003 levels were
quantified using a sandwich immunoassay method on the Gyrolab platform. CAM-3003 in
standards, controls and samples was captured by a biotinylated murine GM-CSFR alpha at
100ug/mL (R&D Systems, UK) and detected by an Alexa-labelled rabbit anti-mouse 1gG4
Affinity Purified PADb antibody at 30nM (Invitrogen, UK) on a Gyrolab Bioaffy 200 CD
platform (Gyros AB, Sweden). Analysis was performed using the Gyrolab Evaluator software

using a 5-parameter logistical curve fit with a 1/y* weighting factor.

To confirm the immune-reactive CAM-3003 retained functional GMCSF antagonism during
the study, the GM-CSF blocking activity of serum was determined at day 108 (week 15) in a
subset of serum samples using mouse bone marrow derived macrophages (BMDM). BMDM
were pre-incubated with 10nM of CAM-3003, 10nM of an inactive isotype antibody control
or serum from dosed mice diluted to a final concentration of 10nM of CAM-3003 for 30 min
before being stimulated with 10pg/ml recombinant mouse GM-CSF (R&D Systems) or
control overnight at 37°C. Supernatant TARC was measured using an ELISA assay (DY529
from R&D, UK), to demonstrate pharmacological suppression of GM-CSF signalling.

Histological assessment

Post-mortem lung tissue samples were formalin fixed and paraffin embedded, 5pum sectioned
and stained with haematoxylin and eosin, and PAS methods to reveal structural and
pathophysiological features. Slides were assessed by a pathologist blinded to treatment.

Lung phospholipid analyses

BALF and lung tissue homogenates in PBS were extracted, in batches of 24, on a robotic
liquid handling platform using a Bligh & Dyer methodology (30) modified, after
experimental validation in house, to use dichloromethane instead of chloroform. The prior
addition of a phospholipid internal standards mix as described previously (31) permitted
quantitation of major phospholipid classes as well as individual molecular species. Butylated
hydroxytoluene (BHT, 0.01%) was used throughout extractions to minimise oxidation and
total lipid extracts were stored under nitrogen at -80°C prior to mass spectrometry. All
lipidomic analyses, including calculations of absolute rates of lung tissue PC synthesis, were
undertaken as described elsewhere (27) except that mass spectrometry was undertaken by
direct infusion of lipid extracts using a XEVO TQ mass spectrometer (Waters, Milford

Massachusetts).



Statistics

Unless otherwise stated, all statistical tests were undertaken using GraphPad Prism v8

software.
Results

Before starting the 24-week chronic study, bioactivity of the batch of CAM-3003 antibody
that was to be used throughout was confirmed. Incubation of mouse BMDMs with GM-CSF
and LPS induces the release of the proinflammatory cytokine IL-6 into the culture
supernatant (Figure 1). Pre-incubation with CAM-3003, but not isotype control antibody, to
the BMDM s elicits a concentration dependent inhibition of IL-6 release with sub-nanomolar
potency (IC50 ~10pM).

Wild-type C57BL/6J mice received twice weekly SC injection with either vehicle alone or
CAM-3003 at 5mg/kg or 100mg/kg. A separate cohort of satellite animals, which were not
analysed for histology, also received CAM-3003 at these doses and were culled at
approximately monthly intervals up to day 165 (week 24) of the experiment. Serum was
assayed for CAM-3003 concentration using an ELISA and as shown in Figure 2A, these
doses resulted in peak serum exposures of ~100ug/mL and ~1000ug/mL respectively for 5
months with no evidence of anti-drug antibody induced clearance observed. The
pharmacological activity of the serum CAM-3003 during the later phase of the study was
confirmed using in vitro cytokine release assays (Figure 2B). Serum samples from day 109
(week 16) endpoints showed marked inhibition of TARC in a GM-CSF dependent assay,

indirectly demonstrating the blocking activity of these antibodies throughout the study.

Animal bodyweight and terminal lung wet weights were measured in the CAM-3003 or
vehicle dosed cohort as well as in the GMCSFRB KO mice. GMCSFR KO mice lung wet
weight, but not bodyweight, continued to increase at 12 and 16 weeks of age compared to the
WT control mice, whilst animals receiving CAM-3003 at 5mg/kg or 100mg/kg showed no
increase in lung wet weight or body weight relative to vehicle dosed animals (Supplementary
Figure 1). CAM-3003 and vehicle dosing was continued out to 24 weeks with no further

change in lung or bodyweight (data not shown).

Lung tissues obtained from GMCSFR KO mice and their wild-type counterparts at 6, 12 and
16 weeks of age were assessed by a pathologist who was blinded with respect to their
genotype (Figure 3A). GMCSFRp KO mice displayed characteristic features of PAP-like



disease, with alveolar accumulation of PAS-positive material, which increased from 6 to 16
weeks of age. Aged matched wild-type mice showed no alveolar abnormality. Lungs from
CAM-3003 and vehicle dosed C57BL/6J mice were assessed in an identical way after dosing
for up to 24 weeks (Figure 3B). As reported by the pathologist, there was no evidence of
gross changes in the lung tissue or alveolar spaces at any of the time points examined or
doses of CAM-3003. At high power macrophages stained positive with eosin were observed
in occasional animals from all groups, including controls. The cytoplasm in these

macrophages stained positively for PAS (Supplementary Figure 2).

Measurement of the PC content of lavaged lung homogenates showed a threefold increase in
the PC recovered from GMCSFRp KO animals compared with their WT controls, 48.22
nmoles/100pL £ 5.20 nmoles/100uL versus 150.79 nmoles/100pL + 30.34 nmoles/100pL
(means £ SD, n=25 in each group). This was consistent with the lung tissue accumulation of
surfactant lipid previously seen using this methodology in the GM-CSF ablation PAP mouse
phenotype (25).

Total PC was likewise measured in the BALF of GMCSFRp KO animals compared with
their WT controls at 12 weeks of age (84 days). The GMCSFR KO animals exhibited a
clear 3.5-fold increase in the total PC recovered by lavage, 443.93 + 65.99 nmoles, compared
with the WT controls, 127.02 + 14.99 nmoles PC (mean £ SD, n = 25 in each group,
p<0.0001). Analysis of the BALF of CAM-3003 dosed WT animals after 24 weeks of
exposure (Figure 4) showed that the concentration of PC in the CAM-3003 treated and

vehicle control animals was unchanged,

A detailed comparison of lavaged lung tissue PC and the BALF PC composition from the
same lungs was also carried out to characterise the changes in specific molecular species,
particularly those which are the main components of pulmonary surfactant such as
PC16:0/16:0 and PC16:0/16:1. The actual composition of PC in BALF was unaltered across
all groups with respect to the proportions of lipid species present (Figure 5A). Mice which
had received vehicle or CAM-3003 at either dose for 24 weeks had equivalent proportions of
lipid species in BALF which were not different to the GMCSFRB KO mice or their wild-type
controls at 16 weeks of age.

In homogenates of the lavaged lungs obtained from the GMCSFR[3 KO mice the magnitude
of increase in the proportions of PC16:0/16:0 (from 29.2% + 1.47% rising to 41.17% +
1.22%) and PC16:0/16:1 (from 14.79% + 1.67% rising to 21.98% * 1.36%) relative to the



WT controls consistent with the established phenotype of tissue lipid accumulation in the
lungs of PAP mice (25, 28). Coupled with the large number of measurements made (n = 25
mice/group), this selective surfactant lipid species accumulation resulted in every other
proportion of PC molecular species differing significantly (p < 0.0001) from the control
group (Figure 5B). However, there were no significant changes in the PC compositions of
lung homogenate obtained from CAM-3003 dosed animals compared to vehicle.

In order to determine the synthetic and catabolic rates of PC turnover, deuterated methyl-Do-
choline was administered, via intraperitoneal injection, into CAM-3003 dosed mice, in weeks
16 (113 days) and 24 (169 days), or GMCSFRB KO mice and WT controls at 12 weeks of
age (84 days). Enrichment into both lung tissue and corresponding BALF samples was
followed for 48h. Detectable incorporation of the stable isotope into PC species was evident
in lavaged lungs and BALF at each sampled time point (Figure 6). The enrichment of the
lavaged lung homogenate total PC pool by these deuterated species over 48h showed that
between 0 and 6 h the proportion of total lung tissue PC containing methyl-Dg-choline had
increased to greater than 1.5% in the vehicle, 5mg/kg and 100mg/kg treated mice (Figure 6A,
6B).

Vehicle control mice showed comparable incorporation of methyl-Dg-choline into the lavaged
lung tissue PC pool indicating that CAM-3003-treated mice behave essentially identically
(Figure 6C). In the GMCSFRpB KO mice with an accumulated surfactant PC pool within their
lavaged lung tissues, however, the proportion of lung PC with methyl-Ds-choline remained
less than 0.5% (Figure 6C).

BALF from the same mice was analysed for methyl-De-choline enrichment (Figure 6 D-F).
GMCSFRp KO mice (Figure 6F) showed a reduced enrichment of methyl-Do-choline
compared to their age-matched wild-type controls at every time point, which is consistent
with dilution of newly synthesised and secreted surfactant PC into the higher total PC content
of BALF as shown in Figure 4 and supplementary Table 2. In contrast to the tissue PC
enrichment, the methyl-Dg-choline enrichment in the surfactant PC of BALF at both 10h and
24h from animals dosed with 5mg/kg CAM-3003 for 16 weeks (Figure 6D) or 100mg/kg
CAM-3003 for 24 weeks (Figure 6E) showed a significantly different profile to vehicle dosed
animals (p< 0.05 for 16 week animals and p<0.005 for 24 week animals at each dose). The

rate of appearance of methyl-Dg-choline containing PC appears lower for CAM-3003 dosed



animals compared to vehicle, with peak enrichment at 24 hours of 1.25% for mADb treated
animals compared to 1.75% for vehicle controls.

The ratio of methyl-Dg-choline enrichment in BALF and lung tissue (Figure 7) is independent
of any variation in substrate labelling. It clearly demonstrates that, while trends but no
statistically significant differences are apparent in the week 16 data (Figure 7A), both
secretion and catabolism are decreased in the 100mg/kg CAM-3003 dose group at week 24
(Figure 7B). The low values for GMCSFR KO mice compared to WT controls (Figure 7C)
are due to secretion into a much larger PC pool.

Together these static and dynamic lipidomic data show that prolonged exposure (24 weeks)
to a supra-pharmacological dose of CAM-3003 at 100mg/kg results in a slowing of newly
synthesised lung surfactant PC secretion into the alveolar space and to its subsequent
turnover. However, this is not accompanied with a PAP phenotype suggesting that such
variation is accommodated by normal homeostasis mechanisms which operate to maintain

equilibrium.
Discussion

The pleiotropic cytokine GM-CSF has multiple biological properties including involvement
in chronic tissue inflammation scenarios such as RA (11, 12), where unbalanced, excess
GMCSFR signalling is apparent. Elevated GM-CSF in RA synovial fluid (32) along with an
upregulation of GMCSFRa in synovial tissues and circulating monocytes (12) contributes to
the pathology by stimulating the proliferation and differentiation of myeloid lineage
inflammatory cells from bone marrow progenitors (33). However, genetic ablation of normal
GMCSFR signalling via GM-CSF results in a disruption in AM function (34) leading to
alveolar accumulations of the lipoproteinaceous material characteristic of PAP.

Blockade of the GMCSFR has proven to be a successful therapeutic strategy, attenuating
aberrant GM-CSF signalling in patients with RA (35). Indeed, the pharmacological targeting
of GMCSFRa with the monoclonal antibody Mavrilimumab (CAM-3001) in human RA
patients has shown significant reductions in disease activity (14). More recently emerging
data suggests that the same strategy may be effective in patients with severe SARS-CoV-2
infection (15, 16) where GM-CSF has been shown to have a key role (15). Most clinical
cases of PAP arise from GM-CSF autoantibodies, an anti-ligand phenomenon, rather than by

blocking GMCSFR engagement. Importantly, it appears that multiple polyclonal antibodies



are needed to inhibit GM-CSF bioactivity and block function (36). The in vivo binding of up
to two different, patient derived anti-GM-CSF mAbs could result in the persistence of hGM-
CSF in serum of injected mice (ie by extending the circulating half-life), whereas binding of
hGM-CSF by three non-overlapping antibodies leads to the rapid clearance of circulating
ligand-antibody complexes (36). This process appears to be Fcy-R dependent and GM-CSF
suppression by sequestration and depletion of ligand is different to the functional antagonism
of an anti-receptor monoclonal antibody, which may be one explanation for the lack of lung
pathology seen in the clinic (14, 22).

While no evidence of PAP from mavrilimumab (CAM-3001) treated patients has been
reported to date, our observations now provide important insights to the robustness of
homeostatic mechanisms in the murine model of arthritis dosed with CAM-3003, the
efficacious, surrogate mouse mAb for mavrilimumab (12). These may also inform human
use of CAM-3001 explaining the lack of currently observed deleterious effects of the

antibody therapy upon lung lipid metabolism.

Our validation of the experimental model of chronic CAM-3003 dosing of mice for up to six
months confirmed the blockade of GM-CSF signalling in vitro (Supplementary Figure 1),
sustained serum concentrations of antibody (Figure 2A) and blockade of GM-CSF responses
ex vivo (Figure 2B). Accordingly, we were able to use the model for evaluation of any lung-
specific consequences of chronic GMCSFR blockade. In parallel investigations, cohorts of
GMCSFRp KO mice maintained up to 16 weeks of age, provided a necessary reference
model for the biochemical and pathological features of the PAP-like phenotype as they

develop.

Throughout these studies the only group where lung wet weight continued to increase
(Supplementary Figure 2) were the GMCSFR KO mice. This was likely due to
accumulating lipoprotein in the lung lumen. By 16 weeks of age they had clearly
recognisable PAP-like features; alveolar accumulation of PAS-positive staining material and
lipid in the surrounding tissue (Figure 3A) characteristic of surfactant accretion. In contrast,
the CAM-3003 dosed animals, despite having supra-pharmacological levels of antibody in

circulation, showed no evidence of excess surfactant material (Figure 3B).

Lack of a PAP-like phenotype in the CAM-3003 treated animals could not preclude a shift in
the equilibrium of lung PC turnover while remaining within the normal, homeostasis range.

Accordingly, in order to probe further into the consequences of GM-CSF blockade on lung



lipid metabolism and catabolism, mass spectrometry was used to measure total PC in lavaged
lung tissue and BALF. This method has previously revealed the impact on phospholipids in

other surfactant disorders in animal and human studies (25, 27, 37).

Total PC was only increased in the BALF and lavaged lung tissue from GMCSFRf3 KO mice
(Figure 4) with molecular species patterns confirming the accumulation of surfactant PC seen
in the histology. This reflects a clear perturbation of the tissue steady-state PC homeostasis
that is manifest as PAP over time. The threefold increase in the observed tissue PC content
after 12 weeks was accompanied by proportional representations of specific PC molecular
species, PC16:0/16:0 and PC16:0/16:1, major components of surfactant. Increased

intracellular surfactant accumulation is also a PAP characteristic.

These data were consistent with the PAP previously seen in both the GM-CSF ablation and
GMCSFRp KO mouse models (4, 6, 25). In contrast, there was no histological or PC content
evidence of PAP after twenty-four weeks of WT mouse CAM-3003 exposure. Indeed, it did
not appear to have any impact on BALF total PC, nor on its molecular species composition
(Figure 5A).

The principal mechanistic consequence of AM compromise seen in PAP lies in inadequate
surfactant clearance and catabolism (34). Consequently, to confirm a mismatch in PC
catabolism versus synthesis in relation to the observed increase in BALF PC in the
GMCSFRp KO mice, incorporation of methyl-Do-choline was used to track the appearance of
newly formed PC species in lung tissue (Figure 6C) and BALF (Figure 6F). Airway alveolar
type-I1 cells continuously synthesise new surfactant phospholipids for incorporation into
lamellar bodies and later release into the airway lumen to maintain a reduced airway surface
tension that facilitates gas exchange (27). The deuterated choline is taken up in these cells
and incorporated into newly synthesised PC. Monitoring the appearance of methyl-Do-
choline containing PC species in the BALF and tissue provides a highly accurate readout of
PC synthesis in vivo (27).

In the GMCSFRP KO mice, the enrichment of lavaged lung tissue PC with newly
synthesised methyl-Dg-choline containing surfactant PC species over the 48-hour labelling
time course was lower (Figure 6C) than in the aged matched controls due to dilution in the
larger PC pool. The corresponding BALF PC measurements also demonstrated greater
dilution of methyl-Dg-choline label in the larger pool from the KO animals (Figure 6B).



When the figures are examined as BALF/Lung tissue ratio (Figure 7C) the dilution effect is

even more apparent.

In contrast, there were no differences in the lavaged lung tissue PC enrichment with methyl-
Dg-choline containing species between the CAM-3003 dosed and vehicle animals, consistent
with the similar pool sizes of their tissue PC. The 48h time-course data also indicated that
CAM-3003 exposure does not alter the synthesis of methyl-Dg containing surfactant PC
molecular species in alveolar type-I1 cells. However, time-course data did show a delayed
appearance of methyl-Dg-choline PC in the BALF of CAM-3003 dosed animals which
reached parity with that of the control animals by 48h. This observation was seen in the
supra-pharmacological dose (100mg/kg CAM-3003) and to a lesser extent at the lower,
therapeutic equivalent (5mg/Kg) dose when the data was presented as BALF/lung tissue ratio
(Figures 7A & 7B) indicating that it is independent of any inter-animal variation in
intracellular methyl-De-choline labelling. A normal equilibrium position was reached by 48h
and it seems clear that, rather than being without effect, there is a disturbance in surfactant
PC secretion/turnover, albeit one that is accommodated within normal homeostasis
mechanisms even at supra-pharmacological doses of CAM-3003. In the absence of isotype
control mAb dosed groups we cannot preclude a non-specific effect although given the
sensitivity of our analytical methods we consider this unlikely. Importantly, it should be
noted that the extent to which homeostasis mechanisms are able to maintain surfactant
turnover equilibrium could potentially be overwhelmed in patients with an already
compromised surfactant metabolism. There may therefore be a rationale for regular
monitoring of the lungs of patients with such comorbidities alongside therapeutic targeting of
the GM-CSF axis.

In summary, knowing that most clinical cases of PAP are due to autoantibodies to GM-CSF
and that use of Mavrilimumab in RA has not been linked with human PAP, we sought to
understand the effects of a monoclonal GMCSFRa antibody on the mouse lung, and to
understand at a biochemical level the impact of such pharmacological and supra-
pharmacological dosing on airway surfactant homeostasis. The clear PAP-like pathology
seen in GMCSFR KO model mice was not recapitulated by chronic exposure to supra-
pharmacological levels of a potent GMCSFRa mADb, either in airway structure or PC content.
We did, however, observe some changes in appearance of newly synthesised PC content of

BALF in mice with very high (>1mg/ml) serum exposures to CAM-3003. This was



particularly intriguing, as no change in lung tissue incorporation was seen, but appears to lie

within the range where homeostasis mechanisms are able to maintain normal function.
Clinical Perspectives

e GM-CSF autoantibodies generally result in PAP, yet clinical use of the GMCSFRa
mADb, Mavrilimumab, in RA has not currently been shown to evoke PAP.

e Chronic exposure of C57BL/6J mice to supra-pharmacological doses of the
equivalent murine GMCSFRa mAb, CAM-3003, disturbs surfactant PC turnover
without recapitulating the PAP-like pathology seen in GMCSFRf3 KO mice.

e Despite altered surfactant turnover, homeostatic mechanisms are sufficient to explain
the absence of PAP in individuals treated with GMCSFRa mAb for RA, severe

SARS-CoV-2 infection or other inflammatory over-expressions of GM-CSF.
Data availability

Curated data mass spectrometry data and any other relevant data will be supplied by the

corresponding authors upon reasonable request.
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Figure Legends

Figure 1: CAM-3003 inhibits GM-CSF potentiation of LPS induced IL-6 production in
mouse BMDM

Mouse BMDM were pre-incubated with a titration of anti-GM-CSFRa mAb, CAM-3003, or
an irrelevant isotype mAb control prior to being primed with 10pg/ml GM-CSF or not for



4hrs followed by overnight stimulation with or without 10ng/ml LPS. IL-6 levels in the
supernatant were determined. All measurements were duplicates and data shown are mean +
SD of 2 animals. Unpaired t-test comparing measured IL-6 content between CAM-3003 and

isotype control treated cells at the same concentration (* p<0.05, n.s. — not significant).

Figure 2A : Pharmacokinetic profile of CAM-3003 measure in mouse serum up to 24

weeks.

Mouse serum concentrations of CAM-3003 were quantified using a Gyrolab Workstation
(Gyros) using recombinant mouse GMCSFRa. capture and rabbit anti-mouse 1gG4 detection

antibody. Data shown as mean + SD, all points n=3.

Figure 2B: Serum from CAM-3003 dosed mice at 16 weeks (day 109) potently inhibits
TARC production in response to GM-CSF in vitro

Mouse BMDM were pre-incubated with 10nM of anti-GM-CSFRa, CAM-3003, an irrelevant
isotype control, or serum collected from CAM-3003 dosed mice at day 109 (serum obtained
prior to the next dose i.e. at trough); prior to being primed with 10pg/ml GM-CSF followed
by overnight stimulation. TARC levels in the supernatant were determined. One-way
ANOVA followed by Sidak's mutliple comparisons test (GraphPad Prism 9.0.0). (****
P<0.001; *** P<0.01). All measurements were duplicates and data shown are mean + SEM

of 2 animals.

Figure 3

Panel A shows representative histopathological images of lungs of GMCSFR mice from 6
to 16 weeks, with characteristic development of PAP-like phenotype. Note the presence of
amorphous, eosinophilic and PAS+ material in lumina of alveoli (arrow). Panel B shows

representative images from CAM-3003 or vehicle treated animals with no overt pathology.

Figure 4 BALF PC recovered from CAM-3003 dosed mice compared with GMCSFRp

KO mice

Left Panel shows PC concentrations in CAM-3003 dosed animals and their controls for each

treatment group (mean = SEM, n = 5. for each group) there were no significant differences



apparent between any dosed animal groups. The right panel shows equivalent measurements
for GMCSFRp KO mice and their controls (mean + SEM, n = 25 for each group) with a 3.5-

fold increase in recovered PC, p<0.0001

Figure 5. PC molecular species compositions of lavaged lungs and corresponding BALF

samples

(A) Proportional representation of all PC species > 0.5% total PC in BALF from control,
CAM-3003 dosed and GMCSFRB KO mice (mean + SEM, n =5 and 25). There are no
significant differences in the molecular species compositions of recovered BALF from any
groups (B) Proportional representation of all PC species > 0.5% total PC in lavaged lung
tissue from the same control, CAM-3003 dosed and GMCSFRp KO mice (mean + SEM, n =
5 and 25). Saturated, surfactant-associated PC species are significantly elevated in

GMCSFRp KO mice, p<0.0001

Figure 6 Incorporation of methyl-D9-choline into the lung and BALF PC of CAM-3003

dosed mice as a proportion of total PC

Time course determinations over 48 hours of methyl-D9-choline headgroup incorporation
into the unlabelled PC pool (% Enrichment) for groups of CAM-3003 dosed and GMCSFR}
KO mice. Panels (A) & (D) Lung and BALF PC enrichments of mice treated for 113 days
with pharmacological and supra-pharmacological doses of CAM-3003 and untreated controls
(n=5ineach group). Panels (B) & (E) Lung and BALF PC enrichments of mice treated for
169 days with pharmacological and supra-pharmacological doses of CAM-3003 and
untreated controls (n = 5 in each group). Panels (C) & (F) Lung and BALF PC enrichments

of GMCSFRB KO mice at 84 days and their age-matched controls (n =5 in each group)

Figure 7. The ratio of BALF/Lung PC enrichment with methyl-D9-choline



Incorporation of methyl-Dg-choline into PC expressed as a ratio of BALF:lung homogenate
enrichments. Panel A shows ratioed 48-hour time course data from CAM-3003 dosed
animals and controls at 113 days. Panel B shows ratioed 48-hour time course data from
CAM-3003 dosed animals and controls at 169 days. Panel C shows ratioed 48-hour time

course data from GMCSFRB KO mice at 84 days and their age-matched controls.



Figure 1

CAM-3003 inhibits GMCSF and LPS induced IL-6 production in
mouse bone marrow derived macrophages (BMDM)
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Figure 2A — Serum exposure profile of CAM-3003
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Figure 2B

Serum from CAM-3003 dosed mice at 16 weeks (day 109) potently inhibits
responses to GMCSF in vitro
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Figure 3A

GMCSFRB KO mice lungs show characteristic features of PAP-like disease.
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Figure 3B

Lungs from mice dosed with CAM-3003 for up to 24 weeks show no overt pathology
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Figure 4.

BALF PC recovered from CAM-3003 dosed mice compared with GMCSFR KO mice
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Figure 5.
PC molecular species compositions of lavaged lungs and corresponding BALF samples
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Figure 6

Incorporation of D9-choline into the lung PC of CAM-3003 dosed mice as a proportion of total PC
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Figure 7

The ratio of BALF/Lung PC enrichment with methyl-Dy-choline
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Supplementary Figure 1

Lung wet weight and bodyweight changes over time in GMCSFR KO mice,
CAM-3003 dosed mice and controls
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Supplementary Figure 1. Lung wet weight and bodyweight was recorded at termination in
GMCSFR 3 KO (B6.129S1-Csf2rbtm1Cgb/J ) and wildtype (C57BI6J) cohorts (left panels), and
CAM-3003 treated animals (right hand panels). Lung wet weight increases from 6 to 16
weeks in GMCSFR 3 KO mice relative to wildtype (Mann-Whitney 2-tailed t-test, *P<0.05,
**P<0.01, ns - not significant). No difference in lung weight is observed between CAM-3003
treated and vehicle treated animals (2-way ANOVA followed by Tukey’s multiple comparison
test). A small difference in bodyweight at termination was seen at 6 weeks of age between
the wild-type and GMCSFR 3 KO mice (Mann-Whitney 2-tailed t-test). No further significant
differences in bodyweight at termination were observed between wild-type vs GMCSFR [3
KO or vehicle vs CAM-3003 treated cohorts (2-way ANOVA followed by Tukey’s multiple

comparison test).



Supplementary Figure 2

High power images of lungs of CAM-3003 high dose animals

Supplementary Figure 2. Selected high power images of the lung parenchyma
from animals receiving 100mg/kg CAM-3003, arrows show occasional PAS+
staining in macrophages, epithelium and alveoli with minimal pathology. Panel
A — Mouse #94 showing PAS +ve macs Panel B — Mouse #96 showing PAS+
epithelium, slightly PAS+ mac and also some PAS+ material in alveoli



Supplementary Table 1

Pathology endpoint PK* | Lipid profiling endpoint
(endpoint weeks of dosing or (endpoint weeks of dosing
weeks of age for KO cohorts) or weeks of age for KO
cohorts)
Genotype Dose 4 6 8 |12 |16 | 24 6 8 12 16 24
mg/kg
Dosing C578Bl6) 0 5 - 5 5 5 5 - 5 - 25 | 25
cohort (CRUK)
C578Bl6J 5 5 - 5 5 5 5 42 - 5 - 25 | 25
(CRUK)
C578Bl6J 100 5 - 5 5 5 5 42 - 5 - 25 | 25
(CRUK)
GMCSFRB | B6.12951- - - 5 - 5 5 - 5 - 25 5
KO cohort | Csf2rbtmicet/)
(Jax, USA)
C578Bl6) - - 5 - 5 5 - 5 - 25 5
(Jax, USA)

Supplementary Table 1. Table shows number of mice allocated to study groups and endpoints in the
CAM-3003 treated and GMCSFRf KO (B6.129S1-Csf2rbtm1Cgb/J ) and wildtype (C57BI6J) cohorts.
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