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Abstract

Background: T2 endotype asthma is driven by IL-4 and IL-13 signaling via IL-4Ra, which is
highly expressed on airway epithelium, airway smooth muscle and immunocytes in the
respiratory mucosa, suggesting potential advantages of an inhalable antagonist. Lipocalin 1
(Lcnl), a 16kD protein abundant in human periciliary fluid, has a robust drug-like structure
well-suited to protein engineering, but has never been used to make an inhaled “Anticalin”
protein therapeutic.

Objectives: to re-engineer Lcnl into an inhalable IL-4Ra antagonist and assess its
pharmacodynamic/kinetic profile.

Methods: Lcnl was systematically modified by directed protein mutagenesis yielding a high
affinity, slowly dissociating, long-acting full antagonist of IL-4Ra designated ‘PRS-060" with
properties analogous to dupilumab, competitively antagonizing IL-4Ra dependent cell
proliferation, mucus induction and eotaxin expression in vitro. As PRS-060 displayed exquisite
specificity for human IL-4Ra, with no cross-reactivity to rodents or higher primates, we created
a new triple-humanized mouse model substituting hiL-4Ra, hlL-4, and hlL-13 at their correct
syntenic murine loci to model clinical dosing.

Results: Inhaled PRS-060 strongly suppressed acute allergic inflammation indices in triple
humanized mice with a duration of action longer than its bulk clearance suggesting it may act
locally in the lung.

Conclusion: Lcnl can be re-engineered into the Anticalin antagonist PRS-060, exemplifying
a new class of inhaled topical, long-acting therapeutic with potential to treat T2 endotype

asthma.
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Clinical implications: Based on its specificity, efficacy, and favorable predictive kinetic
profile, Elarekibep (PRS-060/AZD1402) has advanced to human phase 2 clinical trials, in
moderate to severe T2 endotype asthma.

Word count: 245/250

Capsule summary:
Human lung lipocalin-1 can be reengineered into a highly effective antagonist targeting IL-
4Ra defining a new class of inhaled biological “Anticalin” medicine that has advanced to

clinical trials in T2 endotype asthma.

Key words: T2 endotype asthma; Anticalin protein therapeutic; inhaled IL-4Ra antagonist;

topical
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Abbreviations used:

BAL.: Bronchoalveolar lavage

EDC: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

ES: Embryonic stem

FCS: Fetal calf serum

hr: hour

KD: Equilibrium dissociation constant is a measure of binding affinity

Koff: Rate of dissociation is a measure of retention at the 1L-4Ra receptor

Kon: Rate of association is a measure of rapidity of binding to the IL-4Ra receptor

Lcn: LipocalinNGAL: Neutrophil gelatinase-associated lipocalin

NHS: N-Hydroxysuccinimid

PAS: Periodic-acid Schiff

PFA: Paraformaldehyde

Rt: room temperature

RU: Resonance Units

SPR: surface plasmon resonance

SD: Standard Deviation

SEM: Standard error of mean

TEER: trans-epithelial electrical resistance

TLc: tear lipocalin

5
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Introduction

Inhalation therapy is preferred for asthma because it delivers high concentrations of drug to the
epithelium and mucosa; limits systemic exposure to improve therapeutic index; allows dose
flexibility; and enables combination formulations. IL-4Ra is a highly attractive target for
inhaled biologicals because it is clinically proven to drive “T2 endotype” asthma; is highly
expressed on the airway epithelium !, airway smooth muscle and inflammatory mucosal
immunocytes; and has known ‘on-target” biomarkers 2, 3, 4, 5. However, attempts to develop
inhaled biologics to improve clinical utility and overcome the very low lung bioavailability of

monoclonal antibodies ©, 7, have been frustrated by technical challenges.

Highly stable human lipocalins ® Lenl (“Tear” lipocalin, Lipocalin 1) and Len2 (NGAL,
Lipocalin 2) are both naturally found in human airway periciliary fluid and lung tissue °, 1°,
suggesting potential utility as inhalable drug scaffolds. Unlike monoclonal antibodies, they
have a single-chain polypeptide and require no post-translational modifications. Most
importantly, their cup-like structure, which is formed by four variable beta-sheeted loops
(Figure 1), provides a binding topology that can be systematically mutated to engage diverse
targets 11, 12, The resulting molecules are known as Anticalin® proteins. Like native Lcnl and
Lcn2, Anticalin proteins retain their low molecular weight (16-20 kDa), rigid structure and
high stability, enabling epithelial saturation and mucosal penetration after aerosol delivery 8.
Several intravenously administered Anticalin proteins have proven effective target engagement
and favorable safety and tolerability profiles in human clinical trials, but an inhaled Anticalin

protein has never been created 3, 4, 15 16 17,

Here we demonstrate that cycles of directed protein mutagenesis can be used to successfully

reengineer Lcnl into a high-affinity, neutralizing, and inhalable Anticalin protein able to



124

125

126

127

128

129

130

131

Matschiner 8

selectively block IL-4Ra with picomolar affinity, very high specificity, rapid onset of target
binding and a slow dissociation rate constant conferring sustained target engagement. We
further demonstrate the activity of an optimized Anticalin protein, PRS-060, in in vitro cellular
assays and in vivo in a novel “triple humanized” hiL-4/hIL-13 + hlL-4Ra mouse asthma model.
These data reveal inhaled Anticalin proteins, exemplified by PRS-060 for T2-endotype asthma,
as a novel inhaled drug class. Based on this preclinical profile, PRS-060 has advanced into

human Phase 2 clinical trials.
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Methods

Full details of methods, in particular protein engineering and the creation of a triple humanised
mouse model for pharmacokinetic (PK) and ovalbumin-induced asthma-like

immunopathology, are presented in the online repository.
Ethics

Animals were cared for in accordance with the Guide for the Care and Use of Laboratory
Animals (U.S. National Institutes of Health) and approved by the Institutional Animal Care
and Use Committee of the University of North Carolina at Chapel Hill. Use of human epithelial
cells was approved by Munich ethics commission (MD034201) in accord with Declaration of

Helsinki on biomedical research (Hong Kong amendment, 1989).

Anticalin library generation

The first step in generating an Anticalin protein is to create a massively diverse library of
variants that can be screened for target binding using phage display methods. Briefly, a random
library of Lcnl was prepared by concerted mutagenesis of 18 selected amino acid positions
located in the 4 loops of human Lcnl and eliminating the disulfide bridge, as described 18, 1°.
A phagemid display library comprising of 2.0 x 10% variants was generated by the PCR
randomized codons gene method as described 2°, 18 This process yielded a starting variant

hereafter named “Lcn1 control”.
Anticalin protein selection and screening

To identify “lead” binders this library was screened against biotinylated human recombinant
IL-4Ra. Briefly, four cycles of filamentous phage display selection (2 x 10'? phagemids)

against biotinylated IL-4Ra were performed as described !, %2, Enriched clones were
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individually expressed in E. coli followed by high-throughput ELISA screening leading to an
initial candidate (designated ‘PRS-A’) that competitively inhibited the interaction between IL-
4Ra and its ligand IL-4. The affinity of the PRS-A variant was further improved in two cycles
of in vitro evolution. In the first cycle the central part of the PRS-A coding region was amplified
via error-prone PCR 22, 15, Key positions were refined using a site-directed PCR strategy with

degenerated primers 8, 1° yielding an intermediate candidate (designated ‘PRS-B’).

In a second cycle, key residues in loops 1, 2 and 4 of PRS-B contributing most to IL-4Ra
binding were identified by saturation site mutagenesis 23, 24, 1°. By using lower target protein
concentration, longer washing and an elevated temperature (37°C) under increased stringency,
and affinity conditions, this further improved affinity of the engineered final candidate

designated PRS-060 22, *°,

Structural modeling

Molecular Operating Environment MOE2019.0102 was used to perform homology modeling
of intermediates and PRS-060 and based on the published solution NMR structure of human
Lcnl harboring the C101S mutation (PDB ID: 5T43). The unpaired cysteine at position 101

was replaced by a serine to avoid dimerization via inter-molecular disulfide formation.
In vitro assays

Standard and competition ELISA assays; PCR; surface plasma resonance (SPR) affinity and
Kinetic assays; STAT6-phosphorylation assays revealing IL-4Ra signaling; IL-4- and 1L-13-
induced proliferation of TF-1 cells; and IL-13-induced epithelial mucus transdifferentiation,

were performed by standard, published methods described in detail in the online supplement.
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In vivo Mouse Models

Triple humanized mouse mode

A novel IL-4Ra, IL-4 and IL-13 ‘triple humanized” knock-in mouse model was established
because PRS-060 is highly specific for human IL-4Ra and does not cross react with the mouse
orthologue. Briefly, the humanized mouse was generated by syntenic replacement of the mouse
il4ra, il4 and 1113 genes with the corresponding human gene using homologous recombination.
The method ensures that the human DNA segment is present in the mouse gene as a single
copy at the correct chromosomal location. These mice were healthy and reproduced normally.
The model was primarily used for in vivo investigations in acute models of direct 1L-13
challenge and acute allergic airway inflammation after precision lung delivery (intratracheal
microspray, PennCentury) described in the Supplement. Direct light sheet “glassified” whole
lung optical tomography of Alexa-647 tagged Lcnl confirmed this method exposes the entire

respiratory tract epithelium (see Figure E10 in online repository).

Statistical analysis

GraphPad Prism 8.3.1 was used for statistical analysis. AUC was employed for titration curves.
IC50 values were determined using nonlinear, variable slope regression. Data are shown as
mean £ SD or SEM (n = 3-8 as stated in the figure legends). The appropriate, parametric, non-
parametric and multiple comparison corrected statistical tests are stated in each figure legend.
P <0.05 was considered statistically significant and P values are indicated by asterisks (*P <

0.05, **P < 0.001, and ****P < 0.0001).
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Results
Generation of a potent I1L-4Ra antagonist for inhaled delivery

Anticalin libraries with more than ten billion different combinatorial variants, were constructed
via genetic mutation of human Lcnl leading to randomization of 18 amino acid positions in
the structurally variable loop region (Figure 1A). Additional mutations were introduced during
the optimization process to further engineer specificity for IL-4Ra yielding the final candidate,
PRS-060, illustrated by overlaying residues of Lcnl and PRS-060 (Figure 1B). The Anticalin
libraries were subjected to several cycles of phage display selection against immobilized
recombinant human IL-4Ra leading to several human Lcnl variants. The initial candidate
(“PRS-A”) bound IL-4Ra with a dissociation constant (Kp) of 42 nM and competitively
inhibited IL-4 binding to IL-4Ra (see Figures E1A and E1B in online repository). To optimize
target binding, additional protein engineering was performed enhancing affinity, and extending
the dissociation rate constant (Korf) of PRS-A by additional cycles of in vitro evolution via error-
prone gene amplification and selection under conditions of increasing binding stringency
combined with phage display selection under limited target concentration and off-rate selection
pressure for binding IL-4Ra. Following this campaign, mutational hot spots were identified in
loop 1 and loop 2 (Figure 1A) and the most promising Anticalin protein, (“PRS-B”), exhibited
an affinity of 140 pM mainly owing to a 50-fold lower dissociation rate constant (Kot 1.01 X
10 s1) and a 6-fold faster association rate constant (kon 7.23 x 10° M sV, compared to PRS-
A (see Table E1 in online repository). Site-saturation mutagenesis (22) was performed to
identify key residues in loop regions of the intermediate candidate with major impact on
binding to IL-4Ra by sequentially permutating the codons coding for selected amino acid
positions in loop 1 and loop 2 followed by ELISA screening. Once key binding residues were
defined a new library with reduced combinatorial size was generated by re-randomizing seven

critical positions (26; 32; 34; 55; 56; 58; 63). This library was subjected to a further cycle of
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phage display selection under conditions of increasing stringency yielding the final candidate
(“PRS-060") which displayed 10-fold higher picomolar affinity (Ko 14 pM, kon 3.7 x 10 M
s1, kot 5.2 x 10° s, see Table E1 in online repository) and retained rapid onset and, slow-

dissociation binding.

PRS-060 dissociated 58-fold more slowly from the IL-4Ra complex and binds with 10-fold
higher affinity than the clinically tested IL-4 mutein, pitrakinra (hereafter called “IL-4 mutein”,
see Table E1 and Figure E1C in online repository). This binding was highly specific for IL-
4Ra with no binding observed to the structurally related cytokine receptors IL-6Ra, IL-18Ra,
or IL-23Ra (see Figure E1D in online repository). Indeed, PRS-060 was so exquisitely selective
for human IL-4Ra that it showed no cross-reactivity to primate or rodent IL-4Ra (see Figures
E2 and E3 in online repository), due to differences in primary sequence compared to the human
orthologue (see Figure E4 in online repository) at the sites involved in IL-4/IL-4Ra chain

interaction .

To test biological functionality, PRS-060 was assessed in a broad range of in vitro assay
systems. Phosphorylation of STAT-6 (Signal transducer and activator of transcription 6) is an
essential intermediate in IL-4Ra signaling. The PRS-060-mediated reduction in STAT6
phosphorylation was significantly greater than for the IL-4 mutein and was similar to the anti-

IL-4Ra antibody AMG317 (Table 1A, Figure 2A and 2B).

The TF1 proliferation assay was used to investigate potency of PRS-060 and reference
antagonist molecules IL-4 mutein, AMG317 % and dupilumab 2. PRS-060 inhibited TF1
proliferation induced by the cytokines IL-4 and IL-13 completely, was 2-3-fold more potent
than the IL-4 mutein and had similar potency as the benchmark anti-IL-4Ra antibodies

AMG317 (Table IB, Figure 2C and 2D) and dupilumab (Figure 2E and 2F).
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IL-4Ra signaling mediates mucus cell metaplasia in the epithelium leading to an increase in
goblet cells linked to airway mucus plugging in vivo 28, 2°, % 31 PRS-060 was more than twice

as potent as the 1L-4 mutein to suppress mucus cell transdifferentiation (Figure 3; Table IC).

Generation of a humanized mouse model for characterization of PRS-060 in vivo

Figure 4A (and Figures E5-E7 in online repository) describe the creation of the triple transgenic
mouse model. The presence of human il4ra, il4, il13 genes was evaluated by PCR (described
in the online repository) and verified by southern blot analysis (Figure 4B). To confirm
functionality of the receptor on immune cells from the humanized mice, human IL-4 induced
phosphorylation of STAT6 was similar in wild type bone marrow derived mast cells and

humanized cells when stimulated with 50ug/mL of IL-4 (Figure 4C).

PRS-060 inhibits 1L-13-induced eotaxin-1 expression in the lung

Eotaxin-1 (CCL11) expression in the epithelium is a critical driver of eosinophilic mucosal
inflammation and is therefore a pharmacodynamic (PD) marker of epithelial IL-4Ra
engagement in vivo. The effect of PRS-060 on IL-13-induced eotaxin-1expression in the lungs
of humanized mice was assessed to determine in vivo potency and duration of action when
administered via microsprayer i.t. dosing. Efficient biodistribution of an Alexa-fluor labeled
Lenl in the large and terminal bronchioles of mice at 1 and 24 hr upon intratracheal
administration has been demonstrated using the same device as here (Figure E10 in the online
repository). Mice were pre-treated with 2/10/98 pg/mouse i.t. doses of PRS-060 at multiple
time points (0.5, 1, 2, 4, 8, or 24 hours) prior to the i.t. challenge of hiL-13 (1 pg) which led to
an increase of eotaxin-1 mRNA levels. PRS-060 suppressed eotaxin-1 mRNA by 93% after 30

min. The effect was maintained over time with 79% and 38% inhibition at 8 and 24 hours
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respectively (p < 0.01) (Figure 4D). This sustained effect is remarkable given the relatively
short lung half-life of PRS-060 (~4 hours) and may reflect its sustained engagement of IL-4Ra
following saturation topical concentrations and the very slow dissociation rate constant
combined with some lung retention at these time points. Indeed, 2 pg/mouse was as effective
as a 10 pg/mouse dose to significantly suppress eotaxin-1 mRNA over all time points (86%,
73%, 58% and 47% for 0.5, 4, 8, 24 hours respectively, (p < 0.001-0.01, Figure 4D).
Importantly at these times of marked suppression, PRS-060 was barely detectable in blood
(0.1ng/mL = 0.005 nM were measured at 24 hours) which together with the fact that in vitro
we could show biological activity of PRS-060 only at IC50 concentrations of 0.1 nM and 0.9

nM in the pSTATG6 assay and TF1 proliferation, respectively, suggests a topical mode of action.

Intratracheal aerosol pharmacokinetics of PRS-060 in broncho-alveolar lavage (BAL),

plasma, and lung tissue in “triple-transgenic’ humanized mouse.

The humanized mouse was used to assess pharmacokinetic (PK) and lung biodistribution of
PRS-060 after precision intratracheal aerosol delivery to the lungs using a microspray device
as described in the methods. Increase in systemic exposure was slightly higher than dose
proportional. Pharmacokinetic profiles for plasma, BAL and lung tissue across all dose levels
appeared comparable, suggesting similar PK following i.t. administration (Figure 5). At the
highest dose level (98 pg per animal) achieved maximal levels (Cmax) in lung tissue were 85-
fold higher compared to plasma (20743 ng/g tissue vs 245 ng/mL respectively) 1 hour after i.t.
administration (Table 11). PRS-060 was shown to have comparable terminal elimination half-
lives of approximately 3 to -4 hours in all three compartments at all dose levels and depending
on dose approximately 100- to 245-fold lower exposure (AUCinf) of PRS-060 were recovered

in plasma compared to lung tissue (Table I1). PRS-060 is rapidly excreted by the kidneys and
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the observed clearance rate for PRS-060 after single iv dose to mice is close to the glomerular
filtration rate, consistent with renal filtration being the major clearance mechanism. Taken
together, these results support the hypothesis that in vivo effects can be achieved by topical
engagement rather than systemic exposure. At 24 hours, the time point used to assess effects
on acute allergic inflammation, no PRS-060 was detected in plasma at the 2 and 10 g doses.
Levels in BAL and lung tissue fell dose-proportionally with approximately 100-fold less PRS-

060 present at 24 hours compared to 1 hour (Figure 5).

Local lung delivery of PRS-060 suppressed ovalbumin-induced acute allergic

inflammation in the humanized mouse

Pre-treatment with PRS-060 significantly reduced total counts of all cell types at the 24 and 48
hr post ovalbumin challenge (71 and 78%, respectively, Figure 6A). While a significant 75%
inhibition of eosinophils was observed at 24 hr and by 79% at 48 hr, PRS-060 significantly
reduced macrophages (55% and 71%), monocytes, lymphocytes, and neutrophils (77% and
undetectable) at the 24 and 48 hr time points respectively (Figure 6A). In addition,
administration of PRS-060 reduced the severity of all histological indices of inflammation
when compared to the wildtype Lcnl response at 48 hr while the bronchiolar mucosa showed
reduced hyperplasia and metaplasia (confirmed by analysis of PAS+ cells, Figure 6B). Twenty-
four hours post ovalbumin challenge pre-treatment with PRS-060 reduced BAL hIL-13, mIL-
5, and mTarc by 48%, 43%, and 89% respectively (Figure 6C). In lung tissue, hIL-13, mIL-5,
mTarc, and mEotaxin were detectable at both 24- and 48-hours post-ovalbumin challenge and
mEotaxin and mTarc levels were significantly reduced 48 hours post challenge (p < 0.001 and

p < 0.01 respectively) by PRS-060 (Figure 6D).
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Discussion

In this paper we describe the discovery and characterization of PRS-060, a first-in-class IL-
4Ra antagonist for inhalation that was generated by recombinantly engineering Lcnl whose
small molecular size enables efficient epithelial absorption and whose structural robustness
confers high tolerance to physical stress during formulation and delivery by inhalation devices.
We demonstrate that this approach facilitates high local drug exposure in the respiratory tract,
in particular the epithelium where IL-4Ra is abundantly expressed. Indeed, the duration of
suppression of IL-4Ra dependent mucosal biology exceeded the apparent PK half-life
suggesting sustained receptor occupancy consistent with the engineered low dissociation rate
constant (Korf) of PRS-060. Our data suggest that mucosal exposure alone may be capable of
suppressing T2-driven inflammation in vivo and supports the potential utility of PRS-060 as

an inhaled therapy for T2-driven asthma.

As a drug template for inhaled therapeutics the lipocalin scaffold has several advantages over
other types of biologics including antibodies. Its robust structure based on a single polypeptide
chain, and small size, facilitate inhaled delivery to the epithelium and airway submucosa.
Native Lcnl is abundant in normal human airway periciliary fluid and physiologically
distributes through the epithelium and submucosa 32. From a protein engineering perspective,
the structurally flexible loop regions of Lcnl lend themselves to in vitro mutagenesis much like
the CDRs of an antibody but with larger binding area. This structural plasticity of the epitope
binding regions in these loops was particularly important for optimizing PRS-060 from the
initial candidate “PRS-A” because it allowed very rapid, high affinity binding and prolonged
receptor occupancy, due to a very low dissociation rate constant, to be engineered into the
molecule by evolutionary mutagenesis. The affinity and binding kinetics of PRS-060 towards

IL-4Ra is directly comparable to therapeutic monoclonals 3, 3. There is no evidence PRS-060
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interferes with natural Lipocalin in vivo in the triple engineered mice. Coupled with these
favorable drug-like properties, PRS-060 was highly specific for hlL-4Ra revealing no
detectable binding to related or non-related proteins (e.g., IL-23Ra, IL-6R and IL-18Ra) or
non-human orthologues. Accordingly, PRS-060 suppressed all in vitro models of IL-4 and IL-
13 action, including epithelial mucus cell transdifferentiation with a closely comparable

pharmacological profile in all models.

This exquisite specificity necessitated the generation of a “triple transgenic” mouse model
which was critical to assess the in vivo Kinetics and therapeutic efficacy of PRS-060. Using a
well-established ovalbumin sensitization and challenge model of acute allergic inflammation
% PRS-060 was highly effective in suppressing asthma-like inflammation. The concentrations
of PRS-060 in the lung after intratracheal administration were 84-fold higher than those in
plasma. This suggests that PRS-060 may act locally in the lung to suppress lung eosinophilia
and tissue histopathology. PRS-060 suppressed acute induction of chemokines after lung
challenge with IL-13. This is consistent with the previously reported purely topical activity of
inhaled SB010/hgd40, an inhaled DNAzyme that blocks T2 responses at the level of the STAT-
6 dependent transcription factor, GATA-3, without any systemic bioavailability 3¢, *’. The
inhaled 1L-4 mutein, pitrakinra, was also clinically active ®. Preclinical studies in an allergen
challenged primate model have previously indicated potential superior efficacy of local
delivery over subcutaneous of pitrakinra 3°. However, as pharmacologically active PRS-060
delivered there directly from airway inhalation across the respiratory epithelium and
endothelium was detectable in plasma a possible contribution from systemic exposure cannot
be formally excluded PRS-060, could for example reach splenic immunocytes and modify the
response to inhaled antigen. This could, over time, reduce indices of T2 immunity which has

been observed with Dupilumab in clinical practice 24,
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Our present results demonstrate that locally administered PRS-060 engages lung IL-4Ra
potently for a sustained duration and strongly suppresses IL-13 and OVA induced
inflammatory indices. Clinical practice has unequivocally demonstrated that systemically
administered dupilumab, which has a near-equivalent in vitro pharmacological antagonist
profile to PRS-060, is safe and effective in patients with moderate to severe asthma which is
not adequately controlled on current standard of care therapies 27, 41, 3° 42 43 44 While
dupilumab is indicated for subcutaneous (s.c.) administration (300 mg, every two weeks) it is
unclear what amount of delivered drug is bioavailable to the respiratory epithelium, although
typically less than 1% by mass balance of other IgG monoclonals reach the epithelial lining
fluid . However, only human clinical studies can resolve whether systemic therapy is non-
inferior to inhaled IL-4Ra blockade for T2 asthma that presents without systemic T2
manifestations, such as atopic dermatitis and nasal polyposis. Furthermore, as PRS-060 is a
fully human protein we were limited to short-term studies because the mouse immune system
recognizes human lipocalins as foreign proteins. Whereas mouse anti-mouse antibodies which
do not elicit cross-species immune responses can now be easily made, there is no existing
functional mouse ortholog of the human tear lipocalin and thus no technology to make an
analogous “mouse anti-mouse anticalin”. Accordingly, we were restricted to short-term in vivo
experiments. We therefore focused on pharmacokinetic studies to enable human clinical
development where the therapeutic benefit of repeated dosing of PRS-060, and its effects on

T2 endotype immunity, can be assessed in clinical asthma in the future.

The data presented herein confirm the potency, selectivity, and therapeutic potential of PRS-
060, and support its development as a targeted therapy for patients with T2 endotype asthma,
where there remains a significant unmet medical need. On the strength of this preclinical
profile, and completing relevant preclinical safety studies, PRS-060 entered clinical

development and successful phase I clinical trials in healthy volunteers (NCT03384290) *° and
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in patients with mild asthma (NCT03574805) “¢ have been concluded. PRS-060, now
designated “AZD1402/PRS-060”, is currently being investigated in a Phase 2 clinical trial in
patients with moderate asthma (NCT04643158). As the first in a new class of inhaled Anticalin
proteins, AZD1402/PRS-060 represents a new opportunity to develop effective inhaled
biological treatments for respiratory disease and this innovative new technology may prove
useful in a range of respiratory diseases. Indeed phase 1 human clinical trials of PRS-220, an
anticalin protein which targets the pro-fibrotic matrikine CTGF (Connective Tissue Growth
Factor) have commenced (NCT05473533) and PRS-400 which blocks JAG-1 (Jagged-1 a
member of the Notch signaling family), a “master epithelial regulator” of goblet cell vs ciliated
cell lineage commitment, with potential utility in diverse muco-secretory diseases, is currently

in preclinical development presaging a new class of inhaled biological therapeutics*’~°.



405

406

407

408

409

410

411

412

413

414

415

416

Matschiner 21

Acknowledgments

We would like to thank the extended Pieris team for their support in generating and reviewing
data related to the PRS-060 project. We would like to specifically thank Dr Stefan Griner for
preparing the structural models shown in Figure 1, Dr Thomas Jaquin for helping with the
figure generation and statistical analysis of data from the in vivo model, Dr Katharina
Heinzelmann for helping with the generation of updated versions of Figure 3 and Figure 4 as
part of the revision process, and Dr Andrew Jarnicki, Dr Rob O’Donaghue for proof-reading
the MS and insightful comments. The costs of publication of this article were defrayed in part

by the payment of page charges.

This article must therefore be hereby marked advertisement in accordance with 18 U.S.C.

Section 1734 solely to indicate this fact.



417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

Matschiner 22

References

1. Kotsimbos TC, Ghaffar O, Minshall EM, Humbert M, Durham SR, Pfister R, et al.
Expression of the IL-4 receptor a-subunit is increased in bronchial biopsy specimens
from atopic and nonatopic asthmatic subjects. Journal of Allergy and Clinical

Immunology. 1998;102:859-66.

2. Woodruff PG, Modrek B, Choy DF, Jia G, Abbas AR, Ellwanger A, et al. T-helper
Type 2—driven Inflammation Defines Major Subphenotypes of Asthma. American
Journal of Respiratory and Critical Care Medicine [Internet]. 2009;180:388—95.

Available from: http://www.atsjournals.org/doi/abs/10.1164/rccm.200903-03920C

3. Anderson GP. Endotyping asthma: new insights into key pathogenic mechanisms in a
complex, heterogeneous disease. The Lancet [Internet]. 2008;372:1107-19. Available

from: https://linkinghub.elsevier.com/retrieve/pii/S014067360861452X

4. Fahy J V. Type 2 inflammation in asthma-present in most, absent in many. Nature

Reviews Immunology. 2015.

5. Gandhi NA, Bennett BL, Graham NMH, Pirozzi G, Stahl N, Yancopoulos GD.
Targeting key proximal drivers of type 2 inflammation in disease. Nature Reviews
Drug Discovery [Internet]. 2016;15:35-50. Available from:

http://www.nature.com/articles/nrd4624

6. Hart TK, Cook RM, Zia-Amirhosseini P, Minthorn E, Sellers TS, Maleeff BE, et al.
Preclinical efficacy and safety of mepolizumab (SB-240563), a humanized monoclonal
antibody to IL-5, in cynomolgus monkeys. Journal of Allergy and Clinical
Immunology [Internet]. 2001;108:250-7. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0091674901779481



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

10.

11.

12.

Matschiner 23

Dall’Acqua WF, Kiener PA, Wu H. Properties of Human IgG1s engineered for
enhanced binding to the neonatal Fc Receptor (FcRn). Journal of Biological

Chemistry. 2006;

Skerra A. Alternative binding proteins: Anticalins - harnessing the structural plasticity
of the lipocalin ligand pocket to engineer novel binding activities. FEBS Journal
[Internet]. 2008;275:2677-83. Available from: http://doi.wiley.com/10.1111/].1742-

4658.2008.06439.x

Lindahl M, Stahlbom B, Tagesson C. Newly identified proteins in human nasal and
bronchoalveolar lavage fluids: Potential biomedical and clinical applications.
Electrophoresis [Internet]. 1999;20:3670-6. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1522-

2683(19991201)20:18%3C3670::AID-ELPS3670%3E3.0.CO;2-Z

Redl B, Wojnar P, Ellemunter H, Feichtinger H. Identification of a lipocalin in
mucosal glands of the human tracheobronchial tree and its enhanced secretion in cystic
fibrosis. Laboratory investigation; a journal of technical methods and pathology
[Internet]. 1998;78:1121-9. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/9759656

Kim HJ, Eichinger A, Skerra A. High-affinity recognition of lanthanide(iii) chelate
complexes by a reprogrammed human lipocalin 2. Journal of the American Chemical

Society. 2009;

Schonfeld D, Matschiner G, Chatwell L, Trentmann S, Gille H, Hulsmeyer M, et al.
An engineered lipocalin specific for CTLA-4 reveals a combining site with structural
and conformational features similar to antibodies. Proceedings of the National

Academy of Sciences [Internet]. 2009;106:8198-203. Available from:



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

13.

14.

15.

16.

17.

Matschiner 24

http://www.pnas.org/cgi/doi/10.1073/pnas.0813399106

Gille H, Hulsmeyer M, Trentmann S, Matschiner G, Christian HJ, Meyer T, et al.
Functional characterization of a VEGF-A-targeting Anticalin, prototype of a novel
therapeutic human protein class. Angiogenesis [Internet]. 2016;19:79-94. Available

from: http://link.springer.com/10.1007/s10456-015-9490-5

Hohlbaum AM, Gille H, Trentmann S, Kolodziejczyk M, Rattenstetter B, Laarakkers
CM, et al. Sustained plasma hepcidin suppression and iron elevation by Anticalin-
derived hepcidin antagonist in cynomolgus monkey. British Journal of Pharmacology
[Internet]. 2018;175:1054-65. Available from:

http://doi.wiley.com/10.1111/bph.14143

Masuda Y, Yamaguchi S, Suzuki C, Aburatani T, Nagano Y, Miyauchi R, et al.
Generation and Characterization of a Novel Small Biologic Alternative to Proprotein
Convertase Subtilisin/Kexin Type 9 (PCSK9) Antibodies, DS-9001a, Albumin
Binding Domain—Fused Anticalin Protein. Journal of Pharmacology and Experimental
Therapeutics [Internet]. 2018;365:368-78. Available from:

http://jpet.aspetjournals.org/lookup/doi/10.1124/jpet.117.246652

Kato M, He L, McGuire K, Dishy V, Zamora CA. A randomized, placebo controlled,
single ascending dose study to assess the safety, PK, and PD of DS-9001A, a novel
small biologic PCSKO inhibitors, in healthy subjects. Clinical pharmacology and

therapeutics. 2018;103:27.

Hinner MJ, Aiba RSB, Jaquin TJ, Berger S, Diirr MC, Schlosser C, et al. Tumor-
Localized Costimulatory T-Cell Engagement by the 4-1BB/HER2 Bispecific
Antibody-Anticalin Fusion PRS-343. Clinical Cancer Research [Internet].

2019;25:5878—-89. Available from:



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

18.

19.

20.

21.

22,

23.

24,

Matschiner 25

http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-18-3654

Skerra A. “Anticalins”: A new class of engineered ligand-binding proteins with

antibody-like properties. Reviews in Molecular Biotechnology. 2001;

Breustedt DA, Schonfeld DL, Skerra A. Comparative ligand-binding analysis of ten
human lipocalins. Biochimica et Biophysica Acta (BBA) - Proteins and Proteomics
[Internet]. 2006;1764:161-73. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1570963905004346

Beste G, Schmidt FS, Stibora T, Skerra A. Small antibody-like proteins with
prescribed ligand specificities derived from the lipocalin fold. Proceedings of the
National Academy of Sciences [Internet]. 1999;96:1898-903. Available from:

http://www.pnas.org/cgi/doi/10.1073/pnas.96.5.1898

Schlehuber S, Beste G, Skerra A. A novel type of receptor protein, based on the
lipocalin scaffold, with specificity for digoxigenin. Journal of Molecular Biology.

2000;

Gebauer M, Schiefner A, Matschiner G, Skerra A. Combinatorial design of an
anticalin directed against the extra-domain b for the specific targeting of oncofetal

fibronectin. Journal of Molecular Biology. 2013;

Burks EA, Chen G, Georgiou G, lverson BL. In vitro scanning saturation mutagenesis
of an antibody binding pocket. Proceedings of the National Academy of Sciences
[Internet]. 1997;94:412—7. Available from:

http://www.pnas.org/cgi/doi/10.1073/pnas.94.2.412

Skerra A. ‘Anticalins’: a new class of engineered ligand-binding proteins with

antibody-like properties. Reviews in Molecular Biotechnology [Internet].



511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

25.

26.

27.

28.

29.

30.

31.

Matschiner 26

2001;74:257—75. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1389035201000204

Hage T, Sebald W, Reinemer P. Crystal structure of the interleukin-4/receptor a chain

complex reveals a mosaic binding interface. Cell. 1999;

Corren J, Busse W, Meltzer EO, Mansfield L, Bensch G, Fahrenholz J, et al. A
randomized, controlled, phase 2 study of AMG 317, an IL-4Ra antagonist, in patients

with asthma. American Journal of Respiratory and Critical Care Medicine. 2010;

Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, et al. Dupilumab
Efficacy and Safety in Moderate-to-Severe Uncontrolled Asthma. New England

Journal of Medicine. 2018;

Constant S, Wiszniewski L, Huang S. The use of in vitro 3D cell models of human
airway epithelia (MucilAirTM) in inhalation toxicity. In: Cellular in Vitro Testing:

Methods and Protocols. 2014.

Tapparel C, Sobo K, Constant S, Huang S, Van Belle S, Kaiser L. Growth and
characterization of different human rhinovirus C types in three-dimensional human
airway epithelia reconstituted in vitro. Virology [Internet]. 2013;446:1-8. Available

from: https://linkinghub.elsevier.com/retrieve/pii/S0042682213004017

Balogh Sivars K, Sivars U, Hornberg E, Zhang H, Brandén L, Bonfante R, et al. A 3D
Human Airway Model Enables Prediction of Respiratory Toxicity of Inhaled Drugs In
Vitro. Toxicological Sciences [Internet]. 2018;162:301-8. Available from:

https://academic.oup.com/toxsci/article/162/1/301/4651806

Hoffmann W, Gradinaru J, Farcal L, Caul-Futy M, Huang S, Wiszniewski L, et al.

Establishment of a Human 3D Tissue-Based Assay for Upper Respiratory Tract



534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

32.

33.

34.

35.

36.

37.

38.

39.

Matschiner 27

Absorption. Applied In Vitro Toxicology. 2018;

Redl B, Wojnar P, Ellemunter H, Feichtinger H. Identification of a lipocalin in
mucosal glands of the human tracheobronchial tree and its enhanced secretion in cystic

fibrosis. Laboratory Investigation. 1998;

Schreiber G, Haran G, Zhou HX. Fundamental Aspects of Protein—Protein Association
Kinetics. Chemical Reviews [Internet]. 2009;109:839-60. Available from:

https://pubs.acs.org/doi/10.1021/cr800373w

Carter PJ. Potent antibody therapeutics by design. Nature Reviews Immunology

[Internet]. 2006;6:343-57. Available from: http://www.nature.com/articles/nri1837

Wills-Karp M, Luyimbazi J, Xu X, Schofield B, Neben TY, Karp CL, et al.
Interleukin-13: Central Mediator of Allergic Asthma. Science [Internet].
1998;282:2258-61. Available from:

https://www.sciencemag.org/lookup/doi/10.1126/science.282.5397.2258

Krug N, Hohlfeld JM, Kirsten AM, Kornmann O, Beeh KM, Kappeler D, et al.
Allergen-Induced Asthmatic Responses Modified by a GATA3-Specific DNAzyme.

New England Journal of Medicine. 2015;

Turowska A, Librizzi D, Baumgartl N, Kuhlmann J, Dicke T, Merkel O, et al.
Biodistribution of the GATA-3-specific DNAzyme hgd40 after inhalative exposure in

mice, rats and dogs. Toxicology and Applied Pharmacology. 2013;

Wenzel S, Wilbraham D, Fuller R, Getz EB, Longphre M. Effect of an interleukin-4
variant on late phase asthmatic response to allergen challenge in asthmatic patients:

results of two phase 2a studies. Lancet. 2007,

Tomkinson A, Tepper J, Morton M, Bowden A, Stevens L, Harris P, et al. Inhaled vs



557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

40.

41.

42.

43.

44,

45.

Matschiner 28

subcutaneous effects of a dual IL-4/1L-13 antagonist in a monkey model of asthma.

Allergy: European Journal of Allergy and Clinical Immunology. 2010;

Busse WW, Maspero JF, Lu Y, Corren J, Hanania NA, Chipps BE, et al. Efficacy of
dupilumab on clinical outcomes in patients with asthma and perennial allergic rhinitis.
Annals of Allergy, Asthma and Immunology [Internet]. 2020;125:565-576.e1.

Available from: https://doi.org/10.1016/j.anai.2020.05.026

Grinig G, Warnock M, Wakil AE, Venkayya R, Brombacher F, Rennick DM, et al.

Requirement for IL-13 independently of IL-4 in experimental asthma. Science. 1998;

Zhu Z, Homer RJ, Wang Z, Chen Q, Geba GP, Wang J, et al. Pulmonary expression of
interleukin-13 causes inflammation, mucus hypersecretion, subepithelial fibrosis,
physiologic abnormalities, and eotaxin production. Journal of Clinical Investigation

[Internet]. 1999;103:779-88. Available from: http://www.jci.org/articles/view/5909

Atherton HC, Jones G, Danahay H. IL-13-induced changes in the goblet cell density of
human bronchial epithelial cell cultures: MAP kinase and phosphatidylinositol 3-
kinase regulation. American Journal of Physiology - Lung Cellular and Molecular

Physiology. 2003;

Khurana Hershey GK. IL-13 receptors and signaling pathways: An evolving web.

Journal of Allergy and Clinical Immunology. 2003.

Bruns I, Fitzgerald M, Pardali K, Gardiner P, Keeling D, Axelsson L, et al. First-in-
Human Data for the Inhaled IL-4Ra Antagonist, AZD1402/PRS-060, Reveals a
Promising Clinical Profile for the Treatment of Asthma. In: D101 CLINICAL AND
TRANSLATIONAL STUDIES IN ASTHMA AND COPD [Internet]. American
Thoracic Society; 2019. p. A7476-A7476. Available from:

https://www.atsjournals.org/doi/10.1164/ajrccm-



581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

46.

47.

48.

49.

50.

Matschiner 29

conference.2019.199.1 MeetingAbstracts.A7476

Bruns I, Fitzgerald M, Mensing G, Tsung M, Pardali K, Gardiner P, et al. Late
Breaking Abstract - Multiple ascending dose study of the inhaled IL-4Ra antagonist,
AZD1402/PRS-060, in mild asthmatics demonstrates robust FeNO reduction and a
promising clinical profile for the treatment of asthma. In: Airway pharmacology and
treatment [Internet]. European Respiratory Society; 2019. p. PA3709. Available from:

http://erj.ersjournals.com/lookup/doi/10.1183/13993003.congress-2019.PA3709

Neiens VN, Pavlidou M, Wurzenberger C, Hansbauer EM, Wurzenberger C, Gruener
S, et al. PRS-220, a Novel Inhalable Therapeutic Intervention for IPF, Targeting CTGF
Directly in the Lung. In: D29 MECHANISMS IN LUNG INJURY, REPAIR, AND
FIBROSIS [Internet]. American Thoracic Society; 2022. p. A5232—A5232. (American
Thoracic Society International Conference Abstracts). Available from:

https://doi.org/10.1164/ajrccm-conference.2022.205.1_MeetingAbstracts.A5232

Neiens V, Pavlidou M, Wurzenberger C, Jaquin T, Hansbauer E, Konitsiotis A, et al.
Nebulization performance and lung biodistribution profile of PRS-220, an inhaled
CTGF antagonist for the treatment of IPF. European Respiratory Journal [Internet].
2022;60:2462. Available from:

http://erj.ersjournals.com/content/60/suppl_66/2462.abstract

Welk V, Pavlidou M, Wurzenberger C, Hansbauer EM, Wurzenberger C, Griiner S, et
al. Development of PRS-220, a potential best-in-class, inhaled CTGF/CCN2 inhibitor
for the treatment of IPF. European Respiratory Journal [Internet]. 2021;58. Available

from: https://erj.ersjournals.com/content/58/suppl_65/PA732

Hagner M, Wurzenberger C, Peper-Gabriel J, Jaquin D, Quilitz N, Hechinger C, et al.

Development of PRS-400, an inhaled Jagged-1 Anticalin protein for the treatment of



Matschiner 30

605 muco-obstructive lung diseases. European Respiratory Journal [Internet]. 2022;60:931.

606 Available from: http://erj.ersjournals.com/content/60/suppl_66/931.abstract

607



608

609

610

611

612

613

614

615

616

617

618

619

620

621
622

623
624

Matschiner 31

Table I: A) Inhibition of STAT-6 phosphorylation. The table reports 1C50 values for each
tested IL-4Ra inhibitor on either 0.1 nM of IL-4- or 1 nM IL-13-induced STAT-6
phosphorylation, an index of IL-4Ra receptor activation. Data are shown as mean + SD of 3
replicates. IC50 values of PRS-060 and reference curves were compared using Students t-test,
**** n<0.0001, ns not significant. B) Inhibition of h1L-4 or hIL-13 indued proliferation of
TF-1 cells. The table reports IC50 values for inhibition of IL-4Ra inhibitors for either 0.1 nM
hiL-4 or 1 nM hIL-13 indued inhibition of TF1 proliferation. Data are show as mean £+ SD of
3 replicates. C) Inhibition of hIL-13 induced human epithelial cell mucus
transdifferentiation. The table reports ICso for each tested I1L-4Ra inhibitor on blocking the
effects of 10ng/mL of IL-13 on goblet cell transdifferentiation of human bronchial epithelial
cells in culture. 1Cso values (nM) were obtained by non-linear regression of the concentration-

response inhibition curves and are reported as 1Cso (M) with 95% confidence intervals).

A
Treatment hIL-4 inhibition hIL-13 inhibition
ICso [NM] (SD) ICso [NM] (SD)
PRS-060 0.12 (0.05) 0.10 (0.01)
IL-4Ra benchmark (AMG317) 0.07 (0.02) ns 0.04 (0.00) ns
IL-4 mutein (pitrakinra) 5.74 (2.40) **** 8.01 (0.45) ****
B
Treatment hIL-4 inhibition h1L-13 inhibition
IC50 [nM] (SD) IC50 [nM] (SD)
PRS-060 0.87 (0.03) 0.92 (0.28)
IL-4Ra benchmark (AMG317) 0.71 (0.13) 0.83 (0.23)
IL-4Ra benchmark (Dupilumab) 0.35 (0.06) 0.30 (0.01)
IL-4 mutein 2.10 (0.54) 3.07 (0.00)
C
Treatment ICs0 [NM] (95% CI) R?
PRS-060 53(3.8-7.4) 0.98
IL-4 mutein 129 (11.2-14.9) 0.99
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Table I1: Multicompartment pharmacokinetics (PK) of precision aerosol delivered PRS-
060 in triple transgenic mice in vivo. The table reports standard PK parameters or PRS-060
in plasma, BAL, and lung tissue after single aerosol doses delivered by precision microspray
directly into the trachea of anaesthetized triple transgenic mice in vivo. AUCinf was calculated

as area under the mean plasma concentration versus time curve from time zero extrapolated to

infinity.
Dose level Crax T max AUCins Terminal ty
Compartment| ““nigl | [ng/mL] 1 | ihngmLl | [n]
2 2 0.5 17.5 3.5
Plasma 10 17 0.5 131.9 2.7
98 245 1.0 1749.0 2.8
2 N.d. 0.5 N.d 3.4
BAL 10 N.d 0.5 N.d 3.9
98 N.d 1.0 N.d 4.8
2 889 0.5 4292.0 3.2
Lung tissue 10 2376 0.5 177415 4.2
98 20734 1.0 171368.5 4.0




631
632
633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

Matschiner 33

Figure Legends

Figure 1. Structural models comparing Lcnl (wildtype) and intermediates (PRS-A, PRS-
B) to PRS-060 showing evolution of residue variations. (A) Structural evolution of PRS-
060 from Lcnl via intermediates (PRS-A, PRS-B) (A: top side view) Lcnl represents the
cup-like structured scaffold protein composed of a beta-sheet barrel (blue) that confers to the
molecule’s robustness and stability and the four flexible loops (L1-L4) on top that tolerate
introducing sequence diversity to engineer new target specificity. Red and orange spheres:
peptide randomization sites; blue: retained substitutions; yellow sticks: disulfide bonds. (B side
view) Superposition of Lcnl and PRS-060 aligned at Ca atoms. Dark red and light blue sticks:

residues conferring specificity for IL-4Ra in PRS-060.

Figure 2. Comparative inhibition of TF1 cell proliferation or STAT6 phosphorylation by
PRS-060 and references. STAT6: (A) vs 0.1 nM hlL-4; (B) vs 1 nM hIL-13. Proliferation:
The hIL-4 (1 nM) (C, E) vs hlL-4 (1nM) (D, F) vs hIL-13 (10 nM). MFI: mean fluorescence

intensity. Mean + SEM.

Figure 3. Inhibition of IL-13 induced goblet cell metaplasia. (A) Representative images of
Alcian blue (AB)-stained ALI cultures after treatment with six different doses of PRS-060
(Anticalin). (B) % AB positive cells per total image area were quantified using ImageJ. The
inhibitory effect of PRS-060 (blue curve) compared to IL-4 mutein (red curve) is shown. PRS-

060 1C50 = 5.33 nM vs IL-4 mutein IC50 = 12.92 nM. Mean values of n=3 + SD.
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Figure 4. Inhibition of hIL-13 induced eotaxin expression in hIL-4RA/hIL-4/hIL-13 triple
transgenic mice. (A) A triple transgenic murine system created by syntenic replacement of
segments of the mouse genome for 1L4, IL13 and IL4R with the corresponding segments of
the human genome in mice with a C129 genetic background were generated. Intercrossing of
the two mouse strains led to mice homozygous for both humanized loci. Yellow = 1l4r, red =
ILAR, blue = IL4/IL13, orange = 114/1113; I1L4/1L13 or rather 114/1113 are indicated by one color
due to their localization proximity on the same chromosome. (B) Southern blot analysis of
transgenic DNA prepared from tail biopsies (n = 5) from mice expected to be homozygous for
the human IL4R and human IL13/IL4 loci are shown. Probes have been prepared that
correspond to the mouse DNA immediately adjacent to the regions humanized on chromosome
7 (IL4R) and chromosome 11 (IL13/IL4). These probes detect a segment of DNA that spans
the transition from mouse to human at each locus. The size of the fragment detected by the
probe is different in the humanized mice from the fragment detected in the parental 129 mouse
DNA and the parental embryonic stem cell (ES) DNA. (C) Bone marrow derived mast cells
from triple transgenic mice or wildtype were stimulated with 50 ng/mL of either human or
murine IL-4 in vitro for 15 minutes and phosphorylation of STAT6 was analyzed by western
immunoblotting. (D) Suppression of hiL-13 -induced CCL11 mRNA expression in vivo: PRS-

060 (2 or 10 pg/mouse, i.t) (=5, mean + SEM; **** p<0.0001 ANOVA).

Figure 5. Pharmacokinetic properties and biodistribution of PRS-060 in human IL-
4RA/human IL-4/1L-13 knock-in mice after intratracheal instillation. Levels of PRS-060
were measured in (A), plasma (A), BAL fluid (B) and, lung tissue (C) at different time points
between 0.5h and 24h following i.t. administration of three different doses (red circle 2 ug,

blue square 10 pg and green triangle 98 g per mouse, respectively).
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Figure 6. PRS-060 PK-PD coupling in acute Ovalbumin (OA)-induced inflammation at
24 and 48h. A) BAL cells B) H&E histology at 48h. Inset: PAS staining C) BAL cytokines.
(D) lung tissue cytokine. * p < 0.05 and ** p < 0.001, Unpaired two tailed t-test. mean = SEM,

n=9-11.
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