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Pulmonary pharmacodynamics of an anti-GM-CSFRa antibody enables therapeutic
dosing that limits exposure in the lung
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ABSTRACT
Pulmonary alveolar proteinosis is associated with impaired alveolar macrophage differentiation due to
genetic defects in the granulocyte macrophage colony-stimulating factor (GM-CSF) axis or autoantibody
blockade of GM-CSF. The anti-GM-CSFRa antibody mavrilimumab has shown clinical benefit in patients
with rheumatoid arthritis, but with no accompanying pulmonary pathology observed to date. We aimed
to model systemic versus pulmonary pharmacodynamics of an anti-GM-CSFRa antibody to understand
the pharmacology that contributes to this therapeutic margin. Mice were dosed intraperitoneal with
anti-GM-CSFRa antibody, and pharmacodynamics bioassays for GM-CSFRa inhibition performed on blood
and bronchoalveolar lavage (BAL) cells to quantify coverage in the circulation and lung, respectively.
A single dose of 3 mg/kg of the anti-GM-CSFRa antibody saturated the systemic cellular pool, but dosing
up to 10 times higher had no effect on the responsiveness of BAL cells to GM-CSF. Continued
administration of this dose of anti-GM-CSFRa antibody for 7 consecutive days also had no inhibitory effect
on these cells. Partial inhibition of GM-CSFRa function on cells from the BAL was only observed after
dosing for 5 or 7 consecutive days at 30 mg/kg, 10-fold higher than the proposed therapeutic dose. In
conclusion, dosing with anti-GM-CSFRa antibody using regimes that saturate circulating cells, and have
been shown to be efficacious in inflammatory arthritis models, did not lead to complete blockade of the
alveolar macrophages response to GM-CSF. This suggests a significant therapeutic window is possible with
GM-CSF axis inhibition.

Abbreviations: BAL, bronchoalveolar lavage; GM-CSF, granulocyte macrophage colony-stimulating factor; GM-CSFRa,
granulocyte macrophage colony-stimulating factor receptor a subunit; i.n, intranasal; LLOQ, Lower Limit of Quantita-
tion; ND, not detectable; PAP, pulmonary alveolar proteinosis; PD, pharmacodynamics; PK, pharmacokinetics;
RA, Rheumatoid arthritis
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Introduction

Rheumatoid arthritis (RA), a chronic systemic autoimmune
disease characterized by inflammation of synovial joints, affects
approximately 1% of the population. The debilitating, painful
joint swelling and damage can be refractory to, or incompletely
modified by, current therapies, including both small molecule
and biologic disease modifying anti-rheumatic drugs.1 Conse-
quently, there is still need for novel treatments that are more
efficacious.

Antibody blockade of granulocyte macrophage colony-stim-
ulating factor (GM-CSF) and knock-out mice have revealed
that the cytokine has a pivotal role in inflammation,2 and espe-
cially in models of autoimmune inflammation such as colla-
gen-induced arthritis3,4 and experimental autoimmune
encephalomyelitis.5 GM-CSF mediates its effects by specifically
binding the GM-CSF receptor a subunit (GM-CSFRa), and
then recruiting the signaling common b-chain. Antibody
blockade of GM-CSFRa has a similarly anti-inflammatory

effect on arthritis models.6 GM-CSFRa is widely expressed on
myeloid cells and granulocytes, which are strongly associated
with the inflammation in RA.7 GM-CSF is raised in synovial
fluid from patients with RA.8,9 These data make the GM-CSF/
GM-CSFRa axis an attractive target for therapeutic interven-
tion in RA and other autoimmune diseases.

Mavrilimumab, an antagonistic antibody targeting GM-
CSFRa, recently completed a Phase 2b trial in patients with RA
who have had an inadequate response to methotrexate.10

Highly significant improvements in the signs and symptoms of
arthritis were observed in this study, which replicated the
results of an earlier Phase 2 study.11

In addition to its role in inflammation, studies in knock out
mice have demonstrated that GM-CSF has a limited role in
hematopoiesis, with steady-state effects being limited to some
tissue-resident dendritic cell populations.12-15 This was surpris-
ing because GM-CSF was originally identified as a molecule
that can expand myeloid progenitors.16 Further analysis did
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demonstrate a requirement for GM-CSF in alveolar macro-
phage function.12,13 The alveolar macrophages from mice
deficient in GM-CSF or the common b chain are less able to
catabolise surfactant lipids, which leads to the formation of
foamy alveolar macrophage and the accumulation of lipopro-
teinaceous material in the lung.17,18 The lung phenotype of
these mice and its similarity to a very rare lung condition,
known then as idiopathic pulmonary alveolar proteinosis
(PAP), led to the discovery that defects in this pathway underlie
this disease.19,20 Subsequently PAP has been shown to be
strongly associated with anti-GM-CSF autoantibodies,21 or
with mutations in either of the GM-CSF receptor subunits.22-25

Additionally, transfer of auto-antibodies from patients with
anti-GM-CSF-associated PAP to non-human primates led to
the formation of foamy macrophages.26 These results indicate
that GM-CSF plays an important role in the terminal differenti-
ation of alveolar macrophages in mice and humans.

Dosing of very high levels (� 30 mg/kg/week for 11 weeks)
of mavrilimumab in preclinical non-human primate studies
was associated with the formation of a very small number of
foamy macrophages within the lungs.27 However, there were
no demonstrable changes in lung function or lung safety in
either of the mavrilimumab trials. Notably the highest and
most efficacious dose tested in patients, 150 mg every 2 weeks,10

was considerably lower than that which gave the subtle lung
pathology preclinically.

Therefore, the aim of this study was to investigate the phar-
macokinetic and pharmacodynamic characteristics of a system-
ically dosed anti-GM-CSFRa antibody in the periphery and in
the lung. Antibodies are known to have lower penetrance into
the lung, but we wanted to specifically explore the coverage on
alveolar macrophages compared to circulating monocytes.
Thereby, we could establish whether it was possible to dose an
anti-GM-CSFRa antibody to get maximal blockade in the
periphery, but minimize the potential lung toxicity by sparing
alveolar macrophage function.

Results

Developing systemic and lung pharmacodynamic assays
for anti-GM-CSFRa

To model the lung partitioning of anti-GM-CSFRa in the
mouse, we developed systemic and lung pharmacodynamic
bioassays. First, we established a bioassay for GM-CSF added
exogenously to blood. GM-CSF is a poor direct activator of
blood leucocytes, but does potently prime these cells for lipo-
polysaccharide (LPS) stimulation.28 In this assay, the addition
of GM-CSF alone to blood did not induce interleukin (IL)-6
production, and LPS alone induced a low amount. Priming
with GM-CSF for 4 hrs followed by LPS stimulation induced a
high level of IL-6 in the range of 518 C/¡ 254 pg/ml (Fig. 1A).
To demonstrate that this would act as a pharmacodynamic bio-
assay for the mavrilimumab surrogate anti-mouse GM-CSFRa
antagonistic antibody, CAM-3003, we titrated the antibody in
the blood assay prior to GM-CSF addition. CAM-3003 dose
dependently reduced the level of IL-6 induced by GM-CSF and
LPS to that induced by LPS alone. To represent the inhibitory
effect of CAM-3003 in a blood sample, the amount of IL-6 due

to GM-CSF potentiation (the level induced by LPS deducted
from that induced by LPS and GM-CSF) was expressed as a
percentage of the average GM-CSF potentiation in the no-anti-
body controls (Fig. 1B).

We set up a similar pharmacodynamic bioassay using bron-
choalveolar lavage (BAL) cells because GM-CSF similarly
enhances LPS induction of IL-6 from macrophages. Alveolar
macrophages typically constituted greater than 95% of BAL
cells as determined by F4/80 staining (data not shown). As
shown previously, GM-CSF did not induce IL-6 production.
LPS stimulated a small release (149 C/¡ 56 pg/ml); however,
in combination high levels were detected (694 C/¡ 168 pg/ml,
Fig. 1C), similar to that observed for blood when taking into
consideration absolute cell numbers. CAM-3003, but not iso-
type control antibody, was able to inhibit the GM-CSF potenti-
ated release of IL-6 (Fig. 1E). Because BAL cell recovery varied
between mice, subsequent experiments with BAL cells
accounted for this by normalizing each well to total cell counts
as determined by Cell-titer Glo measurements as in Fig. 1D.
Thus both bioassays acted as pharmacodynamic assays for
CAM-3003, anti-GM-CSFRa.

Validating systemic and lung pharmacodynamic assays for
anti-GM-CSFRa

To understand the utility of the systemic pharmacodynamics
bioassay, mice were intraperitoneally (i.p.) administered vari-
ous doses of CAM-3003. Pharmacokinetic analysis of CAM-
3003 showed that the antibody was only detectable in plasma at
the 2 highest doses, 1 mg/kg and 3 mg/kg, and these resulted in
partial and complete blockade of the systemic bioassay, respec-
tively (Fig. 2A and B).

To validate the lung pharmacodynamics assay, we wanted to
achieve maximal coverage in the lung, so mice were administered
anti-GM-CSFRa antibody via the intranasal (i.n.) route. Two
hours after administration of 4, 40 or 400 mg CAM-3003 (equat-
ing to »0.22, 2.2 and 22 mg/kg), the antibody could be detected
at increasing concentrations in the BAL at all dose levels
(Fig. 2C). Dose-dependent inhibition could be seen in the BAL
cell bioassay in these mice, with full inhibition being seen at the
40 and 400 mg dose (Fig. 2D). These demonstrate that the BAL
cells bioassay functions as a pharmacodynamic assay for the lung
compartment, and complete coverage could be achieved.

Lung and systemic pharmacodynamics following a single
dose of anti-GM-CSFRa

To understand the pharmacodynamics of anti-GM-CSFRa in
the lung following systemic administration, we dosed mice i.p.
with 3, 10 and 30 mg/kg CAM-3003. As expected, even at the
lowest dose, 3 mg/kg, CAM-3003 was detectable in plasma
48 hrs after administration, and completely inhibited the GM-
CSF potentiation of the blood bioassay. The two higher doses
showed increased systemic exposure that equated to dose, and
similarly saturated pharmacodynamics (Fig. 3A and B), but no
functional effect on BAL cells was observed (Fig. 3C). This shows
there was no pharmacodynamic effect of systemic anti-GM-
CSFRa in the lung, even when the antibody was dosed 10 times
higher than that required to fully inhibit in the periphery.
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Lung and systemic pharmacodynamics following multiple
doses of CAM-3003

Next we tested whether repeat doses of 30 mg/kg CAM-3003
daily for 1, 3, 5 or 7 d affected the lung compartment. The levels
of the antibody continued to increase in the plasma as expected.

Likewise, the antibody was detectable in the BAL even follow-
ing the single administration, and the levels increased with the
number of doses (Fig. 4A). Repeated administration of 30 mg/
kg completely inhibited GM-CSF activity in the systemic bioas-
say (Fig. 4B). Interestingly, significant pharmacodynamics
effects of the antibody on the lung cells could be observed after

Figure 1. GM-CSF potentiation of LPS induced IL-6 as a readout of GM-CSFRa inhibition. (A) Mouse whole blood, diluted in media, was primed with 10 pg/ml GM-CSF or
not for 4 hrs followed by overnight stimulation with or without 10 ng/ml LPS. IL-6 levels in the supernatant were determined. GM-CSF potentiation was calculated by sub-
tracting LPS stimulated IL-6 levels from that induced by GM-CSF primed blood. (B) Anti-GM-CSFRa, CAM-3003, or an irrelevant isotype control were titrated in prior to
GM-CSF priming, and inhibition of the GM-CSF potentiated IL-6 release presented as a percentage of blood without antibody treatment. (C) Mouse bronchoalveolar
lavage (BAL) cells were primed and stimulated as in A. The GM-CSF contribution calculated as above. (D) IL-6 levels in C were normalized for BAL cell number by dividing
the IL-6 concentration by Cell-Titer Glo quantification of cell number after a freeze/thaw. (E) Ten nM anti-GM-CSFRa, CAM-3003, or an irrelevant isotype control were
added prior to GM-CSF priming, and inhibition of the GM-CSF potentiated IL-6 release presented as a percentage of blood without antibody treatment. All measurements
were duplicates and data shown are mean C/¡ SEM of 4 animals. � P < 0.05 and �� P < 0.01.
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5 daily doses of 30 mg/kg CAM-3003 (53% § 23% inhibition).
However, even after 7 d of antibody treatment only a partial
blockade of the GM-CSF potentiation of IL-6 from BAL cells
was observed (72% § 11% inhibition, Fig. 4C).

The lung pharmcodynamic effects seen after multiple doses
of 30 mg/kg CAM-3003 could be a function of the length of
exposure rather than the amount of antibody administered. To
test this, we compared the systemic and lung pharmacokinetics
and pharmacodynamics following 7 daily doses of 3 or 30 mg/
kg CAM-3003. As would be predicted, dosing at 30 mg/kg
resulted in higher antibody levels in both plasma and BAL
compared to the lower dose (Fig. 5A), and, consistent with pre-
vious data, both resulted in blockade of the GM-CSF potentia-
tion of IL-6 in blood (Fig. 5B). In contrast, daily administration
of 3 mg/kg did not affect the BAL cell bioassay, with the 30 mg/
kg group again showing partial coverage (34% § 13% inhibi-
tion, Fig. 5C). This indicates repeated, very high dose systemic
administration far beyond that necessary to completely block
the axis in the periphery is required for the anti-GM-CSFRa
antibody to have an inhibitory effect on alveolar macrophages.

Discussion

We developed similar pharmacodynamics bioassays to
understand functional coverage of a mouse anti-GM-CSRa
monoclonal antibody systemically and on the alveolar mac-
rophages of the lung. The data from the systemic pharma-
codynamic bioassay demonstrated that administration of
1 mg/kg CAM-3003 i.p. was only sufficient to partially
block GMCSRa in blood, and that doses of 3 mg/kg or
higher gave complete coverage. This is consistent with our
previous in vivo observations. Subcutaneous injection of
recombinant GM-CSF induces margination of both mono-
cytes and neutrophils. One mg/kg CAM-3003 dosed i.p.
partially blocked this, and 10 mg/kg completely reversed it.6

Daily administration of 10 mg/kg CAM-3003, and to a
lesser extent 1 mg/kg, over a 14-day period can reduce the
clinical score in a collagen-induced arthritis model.6 There-
fore, we believe that this assay accurately reflects systemic
efficacy in vivo. Interestingly, despite the difference in
potency between the anti-mouse GM-CSFRa antibody and

Figure 2. Ex vivo bioassays of GM-CSF potentiation of LPS induced IL-6 function as a pharmacodynamic readout of GM-CSFRa inhibition. (A) Mice were dosed i.p. with
anti-GM-CSFRa, CAM-3003, and antibody levels in plasma measured 48 hr later. LLOQ D 13 ng/ml (B) GM-CSFRa inhibition on the blood cells was quantified by stimula-
tion with 10 ng/ml LPS overnight with and without priming with 10 pg/ml GM-CSF. GM-CSF potentiated IL-6 release was the increased levels due to GM-CSF priming,
and expressed as a percentage of untreated mice. (C) Mice were dosed i.n. with anti-GM-CSFRa, CAM-3003, and antibody levels in the bronchoalveolar lavage (BAL) were
measured 2 hr later. Four, 40 or 400 mg CAM-3003 equate to approximately 0.22, 2.2 and 22 mg/kg. LLOQ D 31 ng/ml (D) GM-CSFRa inhibition on the BAL cells was
quantified by stimulation with 10 ng/ml LPS overnight with and without priming with 10 pg/ml GM-CSF. IL-6 levels in the supernatant were determined and normalized
to the number of cells as determined by Cell-Titer Glo. GM-CSF potentiated IL-6 release was the increased levels due to GM-CSF priming, and expressed as a percentage
of untreated mice. All measurements were duplicates and data shown are mean C/¡ SEM of 4–6 animals. � P < 0.05 and �� P < 0.01.
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mavrilimumab, the 1 mg/kg dose is not dissimilar to the
highest and most efficacious dose of mavrilimumab tested,
150 mg.10

Figure 3. Single dose of anti-GM-CSFRa inhibits blood but not BAL cells. Mice
were dosed i.p. with anti-GM-CSFRa, CAM-3003, or isotype control and anti-GM-
CSFRa antibody levels in plasma measured 48 hr later. LLOQ D 97 ng/ml (A). (B)
GM-CSFRa inhibition on the blood cells was quantified by stimulation with 10 ng/
ml LPS overnight with and without priming with 10 pg/ml GM-CSF. GM-CSF poten-
tiated IL-6 release was the increased levels due to GM-CSF priming, and expressed
as a percentage of untreated mice. (C) GM-CSFRa inhibition on the bronchoalveo-
lar lavage (BAL) cells was quantified by stimulation as in B. IL-6 levels in the super-
natant were determined and normalized to the number of cells as determined by
Cell-Titer Glo. GM-CSF potentiated IL-6 release was the increased levels due to
GM-CSF priming, and expressed as a percentage of untreated mice. All measure-
ments were duplicates and data shown are mean C/¡ SEM of 4–6 animals.
���� P < 0.0001 and �� P < 0.01.

Figure 4. Multiple doses of anti-GM-CSFRa completely inhibits blood but not BAL
cells. Mice were dosed i.p. with 30 mg/kg anti-GM-CSFRa, CAM-3003, or isotype
control every day for 1, 3, 5 or 7 consecutive days. (A) Anti-GM-CSFRa antibody lev-
els in plasma and bronchoalveolar lavage (BAL) were measured 48 hr later. Plasma
LLOQ D 19.5 mg/ml and BAL LLOQ D 97 ng/ml. (B) GM-CSFRa inhibition on the
blood cells was quantified by stimulation with 10 ng/ml LPS overnight with and
without priming with 10 pg/ml GM-CSF. GM-CSF potentiated IL-6 release was the
increased levels due to GM-CSF priming, and expressed as a percentage of
untreated mice. (C) GM-CSFRa inhibition on the BAL cells was quantified by stimu-
lation as in B. IL-6 levels in the supernatant were determined and normalized to
the number of cells as determined by Cell-Titer Glo. GM-CSF potentiated IL-6
release was the increased levels due to GM-CSF priming, and expressed as a per-
centage of untreated mice. All measurements were duplicates and data shown are
mean C/¡ SEM of 4–6 animals. � P < 0.05 and �� P < 0.01.
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In contrast, total coverage in the lung pharmacodynamics
bioassay was only achieved by i.n. delivery of CAM-3003. Par-
tial blockade was observed when 30 mg/kg CAM-3003 was
administered i.p. daily for 5 days, a dose tenfold higher than
that necessary to get complete coverage systemically. Indeed,
dosing at 3 mg/kg, which gives complete systemic coverage,
consecutively for 7 d did not affect the alveolar macrophage
response to GM-CSF. The lung pharmacodynamics correlated
well with the pharmacokinetics in the BAL. The BAL pharma-
cokinetics, however, could not be compared directly to the
blood because of the dilution effect of the lavage fluid.

This indicates a true disconnect between systemic and lung
effects of an anti-GM-CSFRa antibody that would indicate a
lung partitioning of considerably lower than 10% of the serum
concentration. Importantly, in this study, lung refers to the
luminal space where the alveolar macrophages reside because
these are the cells responsible for the PAP pathology. This
would explain the apparent disconnect with previous determi-
nations of the lung partitioning of monoclonal antibodies by
physiology-based pharmacokinetics using labeled antibodies in
both mice and humans, as these measured interstitial lung tis-
sue measurements.29-33 This comparison indicates the lung
epithelium further limits therapeutic antibody exposure. Con-
versely, pharmacokinetic studies that uses BAL measurements
to quantify partitioning into the lung lumen under-estimate
the partitioning due to dilution with the lavage fluid.34,35 In
contrast synovial concentration of a therapeutic antibody
in RA patients has been estimated to be within 3-6-fold of
the plasma concentration.36 This further indicates a large
therapeutic window.

Transcytosis of IgGs across the lung epithelium is predomi-
nately mediated by the neonatal Fc Receptor, FcRn,37,38 but
FcRn expression is predominantly apical,37 and transport
weighted in the apical to basolateral direction.38 Despite this,
absorptive rates across the lung epithelium are low,39 and pre-
sumably even lower from basolateral to apical. Interestingly,
modulating FcRn binding did increase BAL levels of a human
antibody in a non-human primate study, but not to a greater
extent than the increase in serum concentration.35 Modulating
FcRn binding, therefore, may not enhance lung penetrance of a
therapeutic antibody when this is considered desirable, e.g.,
respiratory indications.

RA can be associated with extra-articular manifestations,
including interstitial lung disease. Indeed, in some cases pulmo-
nary pathology precedes the joint involvement, which might
indicate the disease can initiate in the lung.40 The more com-
mon lung complications, such as interstitial lung disease and
pleural disease, do not present in the airspaces, so the observa-
tions here may not be directly applicable. However, it is possi-
ble that mavrilimumab will be less effective at treating lung
manifestations. Patients with symptomatic or uncontrolled
lung disease were excluded from the mavrilimumab studies, so
we do not know how this drug affects these co-morbidities.
Even with established biologics like the anti-tumor necrosis fac-
tor products and rituximab, it is unclear whether these improve
or worsen lung co-morbidities;40 based on our observations, it
is likely that these drugs probably also have poor penetrance
into the lung.

Figure 5. Multiple doses of anti-GM-CSFRa completely inhibits blood but not BAL
cells. Mice were dosed i.p. with 3 or 30 mg/kg anti-GM-CSFRa, CAM-3003, or iso-
type control every day for 7 consecutive days. (A) Anti-GM-CSFRa antibody levels
in plasma and bronchoalveolar lavage (BAL) were measured 48 hr later. Plasma
LLOQ D 1.9 mg/ml and BAL LLOQ D 4.9 ng/ml. (B) GM-CSFRa inhibition on the
blood cells was quantified by stimulation with 10 ng/ml LPS overnight with and
without priming with 10 pg/ml GM-CSF. GM-CSF potentiated IL-6 release was the
increased levels due to GM-CSF priming, and expressed as a percentage of
untreated mice. (C) GM-CSFRa inhibition on the BAL cells was quantified by stimu-
lation as in B. IL-6 levels in the supernatant were determined and normalized to
the number of cells as determined by Cell-Titer Glo. GM-CSF potentiated IL-6
release was the increased levels due to GM-CSF priming, and expressed as a per-
centage of untreated mice. All measurements were duplicates and data shown are
mean C/¡ SEM of 6–8 animals. � P < 0.05; �� P < 0.01; ��� P < 0.001 and ���� P
< 0.0001.
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If GM-CSF neutralization in the alveolar space is so chal-
lenging, how do the anti-GM-CSF autoantibodies drive the
PAP pathology? Possible explanations are either local produc-
tion in the lung or longevity of exposure. A recent report sug-
gests the polyclonal nature of GM-CSF autoantibodies in PAP
patients leads to immune complex formation, which has the 2
effects of very potent neutralization and rapid clearance.
Indeed, this led to a greater overall potency than a high affinity
therapeutic monoclonal antibody.41

In summary we demonstrated that the lung partitioning of a
mouse anti-GM-CSFRa is so low that we were only able to
partly neutralize the receptor on alveolar macrophages, even
when dosing mice on 7 consecutive days with a dose 10 times
higher than that need to saturate blood leukocytes. This differ-
ence in exposure could in part contribute to the lack of any pul-
monary changes observed to date following treatment with
efficacious doses of mavrilimumab, in ongoing clinic trials.

Materials and methods

Antibodies

The antibodies used were CAM-3003, a mouse IgG1 anti-mouse
GM-CSFRa, and CAT-004, a mouse IgG1 raised against an irrele-
vant antigen. These antibodies were made in house at MedIm-
mune.

Dosing

Female BALB/cmice (6–8weeks) were purchased fromHarlan and
housed at the Argenta Animal facility. All work was carried out to
UK Home Office ethical and husbandry standards under the
authority of an appropriate project license, which was reviewed
and approved by animal welfare and ethical review board.

Antibodies were diluted in phosphate-buffered saline (PBS)
to a concentration designed to give the defined dose and instilled
either i.p. (10 ml/kg) or i.n. (in 50 ml). Forty-eight hours follow-
ing i.p. or 2 hrs after i.n. dosing, animals were sacrificed by anes-
thetic overdose (pentobarbitone Na). A blood sample was taken
from each animal in turn via the sub-clavian vein, and placed in
a lithium-heparin coated tube. A BAL was then performed using
3 separate 0.4 ml volumes of PBS, which were combined.

Blood pharmacodynamic bioassay

One hundred ml of whole blood from each animal was added to
400 ml of RPMI media supplemented with penicillin and strep-
tomycin (All Invitrogen). The blood/medium mixture from
each animal was plated out at 50 ml/well into 96-well tissue cul-
ture plates. Relevant wells were stimulated with 10 pg/ml
recombinant mouse GM-CSF (R&D Systems) or nothing for
4 hr, followed by 10 ng/ml LPS (Salmonella minnesota R595,
Calbiochem) overnight at 37�C. Supernatants were removed
following centrifugation (1500 £ g for 10 mins) and IL-6 con-
centration was determined (Mesoscale Discovery).

GM-CSF potentiated IL-6 was calculated by subtracting the
concentration of IL-6 induced by LPS alone from GM-CSF
primed LPS stimulation. The effect of antibody installation was
expressed as a percentage of vehicle (PBS) treated mice.

Lung pharmacodynamic bioassay

BAL fluid cells were spun down and resuspended in 450 ml
RPMI media supplemented with 10% fetal calf serum, penicillin
and streptomycin (Invitrogen). After plating out at 50 ml/well,
cells were stimulated and supernatants assayed as above. After
a freeze/thaw cycle, 100 ml of Cell Titer-Glo substrate (Prom-
ega) was added to each well containing BALF cells and read as
per manufacturer’s instructions.

Variation in BAL cell numbers harvested was accounted for
by normalization of GM-CSF potentiated IL-6 to cell number
by dividing IL-6 concentration by Cell Titer-Glo measurement.
When Cell Titer-Glo value dropped below the normal range
(<1000 ), data was deemed unreliable and excluded. Normal-
ized GM-CSF potentiated IL-6 was calculated by subtracting
the cell-normalized concentration of IL-6 induced by LPS alone
from GM-CSF primed LPS stimulation. The effect of antibody
installation was expressed as a percentage of vehicle (PBS)
treated mice.

Pharmacokinetic assay

Maxisorb plates (Nunc) were coated overnight with 1 mg/ml
recombinant murine GM-CSFRa: After washing with PBS con-
taining 0.5% Tween, plates were blocked with 1% non-fat milk
for 1 hr. The samples, BAL fluid or plasma, or standard were
serially diluted (1 in 2) in the blocking buffer, and incubated in
the wells for 2 hrs. After washing, goat anti-mouse HRP (The
Binding Site) was added for 30 mins. The plates were washed
extensively and developed with tetramethylbenzidine (Sigma).
The reaction was stopped with 1 M sulfuric acid and the plates
were read absorption at 450 nm. CAM-3003 was used as the
standard starting at 500 ng/ml diluted to 0.48 or 0.24 ng/ml.

Statistics

Results are expressed as meanC/¡ SEM analyzed by one-way
ANOVA followed by Bonferroni post-test comparing all condi-
tions.
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