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Abstract 
Progressive obstructive airway diseases, including asthma, chronic obstructive 
pulmonary disease, and the genetic disorder cystic fibrosis (CF), represent a major health 
burden worldwide. Cyclic AMP (cAMP) elevating agents, like β2-adrenergic receptor 
agonists and phosphodiesterase inhibitors, are a mainstay in the treatment of these 
conditions, but their clinical use is limited by unwanted side effects due to global cAMP 
elevation. Compartment-restricted cAMP modulation can be achieved by manipulating 
the function of A-kinase anchoring proteins (AKAPs) which anchor protein kinase A 
(PKA) to its substrates and regulators, including enzymes involved in cAMP generation 
and destruction, in specific cellular locations. For instance, blocking the AKAP activity 
of phosphoinositide 3-kinase γ (PI3Kγ) has been identified as a strategy to improve lung 
function by inducing cAMP-mediated bronchorelaxation, ion transport and anti-
inflammatory responses. This study focuses on the development and the characterization 
of PI3Kγ/PKA peptide disruptors as valuable tools for manipulating β2-AR/cAMP 
signaling in the lungs for the treatment of chronic obstructive airway diseases. We 
characterized the aerodynamic properties of a PI3Kg mimetic peptide (MP) that we 
previously demonstrated being effective in the airway tract of mice upon intratracheal 
administration, where it safely boosts airway cAMP without altering cAMP homeostasis 
in organs in which its elevation would not be desirable, such as in the heart. Here we 
found that this compound has favourable proteolytic stability, mucus permeability and 
aerodynamic behaviour that confirm the possibility of using this preclinical advanced 
compound for inhaled therapy of all pulmonary conditions where local cAMP elevation 
is desirable, including but not limited to COPD and CF. In parallel, we report the 
generation of a novel non-natural peptide, DRI- Pep #20, optimized to disrupt the AKAP 
function of PI3Kg. DRI-Pep #20 mimics the native interaction between the N-terminal 
domain of PI3Kg and PKA, demonstrating nanomolar affinity for PKA, high resistance 
to protease degradation and high permeability to the pulmonary mucus barrier. DRI-Pep 
#20 triggers cAMP elevation both in vivo in the airway tract of mice upon intratracheal 
administration, and in vitro in bronchial epithelial cells of CF patients. In CF cells, DRI-
Pep #20 rescues the defective function of the cAMP-operated channel cystic fibrosis 
conductance regulator (CFTR), by boosting the efficacy of approved CFTR modulators. 
These results position DRI-Pep #20 as a potent PI3Kg/PKA disruptor for achieving 
therapeutic cAMP elevation in respiratory disorders. Overall, these data point to the use 
of PI3Kγ/PKA peptide disruptors as effective tools to manipulate the cAMP/PKA 
signaling in a compartmentalized manner, paving the way for targeted therapies with 
fewer side effects and improved efficacy in the realm of respiratory obstructive disease. 
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1. Introduction 

1.1. Obstructive airways diseases 

Obstructive airways diseases, including asthma, chronic obstructive pulmonary disease 

(COPD), and the genetic disorder cystic fibrosis (CF), are a diversified group of 

pathological conditions manifesting with shortness of breath, wheezing, coughing, chest 

tightness and frequent respiratory infections. Together, these pathologies with 

approximately 4 million deaths every year, represent the third cause of mortality and the 

leading cause of morbidity worldwide 1. The World Health Organization estimates that 

currently hundreds of millions of people suffer from these diseases and a growing trend 

is expected for the upcoming years 2 and so is the number of CF patients requiring long-

term care, as survival is progressively improving as a result of intensive follow-up and 

better treatments. 

Despite the diversity in terms of etiology, pathogenetic mechanisms and clinical 

manifestations, these conditions share common features such as airway hyper-reactivity, 

persistent respiratory tract inflammation, and mucus hypersecretion with consequent 

airway mucus plugging and airflow obstruction 3,4.    

The mainstay treatment for obstructive respiratory diseases includes β2-adrenergic 

receptors (β2-ARs) agonists and PDE inhibitors, cyclic AMP (cAMP) elevating agents 

known to regulate airway inflammation and reverse airway constriction 5. β2-ARs 

agonists acts as a bronchodilator via cAMP-mediated protein kinase A (PKA) activation 

that, by phosphorylating several targets within the cell, leads to the activation of myosin 

light chain phosphatase and inhibition of myosin light chain kinase, and thus mediate 

airway smooth muscle relaxation 6. β2-ARs agonists, similar to PDEs inhibitors, also have 

strong anti-inflammatory effects on infiltrating leukocytes 7 as, by boosting cAMP levels 

in inflammatory cells, promote the production of pro-resolving mediators and anti-

inflammatory cytokines 8. In addition, PKA activation can reduce the expression of pro-

inflammatory genes via inhibiting the transcriptional activity of NF-κB 9.  

Furthermore, these drugs can also be exploited to promote the activation of cystic fibrosis 

transmembrane conductance regulator (CFTR), contributing to proper airway hydration 

and mucus clearance 10. Mutations in the gene encoding for the CFTR are responsible for 

causing CF 4 and CFTR dysfunction of non-genetic origin has been demonstrated in 

asthma 11 and COPD 12. A high percentage of severe asthmatic patients affected by airway 
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mucus hypersecretion have been found to express polymorphisms in the CFTR gene 13. 

Additionally, cigarette smoke, the leading cause of COPD, has been found to impair both 

CFTR expression and function in airway epithelia, spanning from reduced transcription 

to protein degradation, and resulting in “acquired” CFTR dysfunction 14. Overall, 

disfunction of the CFTR channel leads to defects in ion-fluid transport, in particular in 

water secretion across the airway epithelium, with the consequent production of a 

dehydrated, hyper-concentrated mucus that accumulates in the airways causing airflow 

obstruction and inflammation 12. cAMP elevating agents are potent inducers of the CFTR, 

since both channel opening and stability at the plasma membrane rely on the cAMP 

signaling pathway 15. In agreement, cAMP elevating agents can be administered to CF 

patients since they strongly improve the efficacy of the newly approved CFTR modulators 

to target the most prevalent channel mutant in CF (F508del)15.  

Unfortunately, the clinical use of current cAMP modulating agents is hindered by 

unwanted side effects, including but not limited to tachyphylaxis, arrhythmias, diarrhea, 

and weight loss, arising from global cAMP elevation in both the airways and distant 

organs  16,17,18. Therefore, there is an urgent need for novel and safer approaches to 

manipulate locally the β2-AR/cAMP signaling axis for the treatment of obstructive 

airways diseases. For instance, compartment-restricted cAMP modulation can be 

achieved by manipulating the function of A-kinase anchoring proteins (AKAPs) which 

anchor PKA to its substrates and regulators, including enzymes involved in cAMP 

generation and destruction, in specific cellular locations19,20. Pharmacological strategies 

aimed at modulating selective cAMP signalosomes rely on the design of compounds that 

can selectively affect the interactions between AKAPs and PKA. 

 

1.2. A-kinase Anchoring proteins (AKAPs) 

A-kinase anchoring proteins (AKAPs) are key players of the cAMP/PKA system, 

representing a diverse family of scaffolding proteins known for directly binding PKA. By 

tethering PKA to specific subcellular compartments, AKAPs create local signaling hubs, 

termed “signaling islands”, that prevents undesired cAMP responses and are crucial for 

normal cellular functions 21. Perturbations in the fine control of cAMP 

compartmentalization are implicated in various pathologies, including cardiovascular 

diseases, pulmonary disorders, cancer, neurological conditions, and inflammation 20. 
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Although extensive work has characterized the myriad of protein-protein interactions 

involving AKAPs and PKA, the complete picture of their impact on cellular signaling in 

physiology and in disease remains to be fully elucidated.  

AKAPs were first identified as a family of fifty structurally diverse but functionally 

related scaffold proteins that share the capacity to directly interact with the regulatory 

subunits (R) of the PKA holoenzyme 22.  The PKA holoenzyme consists of two regulatory 

subunits, each binding, and thus maintaining in an inactive state, one catalytic subunit 23. 

External signals activating G protein-coupled receptors (GPCRs) lead to cAMP synthesis, 

which, in turn, binds to the R subunits of PKA, causing the release and thus activation of 

the catalytic subunits 23. AKAPs tether PKA to specific cellular components, restricting 

the activation of the enzyme in space and in time and granting access to a limited number 

of substrates.  

The interaction between AKAPs and PKA is multifaceted, involving A kinase-binding 

(AKB) domains and distinct targeting sequences 24. Importantly, AKAPs do not only 

direct PKA action but also engage with various signaling molecules, including other 

kinases, phosphatases, and PDEs in a sophisticated regulatory framework 25. AKAPs 

coordinate and contribute to signaling specificity by their ability to interact with either 

type I (RI) or type II (RII) PKA regulatory subunits. The complexity is further heightened 

by the existence of four distinct regulatory subunit isoforms (RIα, RIβ, RIIα, and RIIβ), 

each with unique tissue distribution, cAMP sensitivity, and AKAP-mediated localization 
23. The vast majority of AKAPs selectively bind the RII isoform; however, a limited 

number can interact with RI, while a third class, termed dual-specific AKAPs, can bind 

both the RI and RII isoforms 26. Canonical AKAPs interact via their structurally 

conserved AKB domains with the dimerised N-terminal dimerization and docking (D/D) 

domains of the R subunits of PKA. AKB domains are 14–25 amino acids in length and 

form amphipathic helices that dock with their hydrophobic face into a hydrophobic pocket 

formed by the D/D domain 27. However, some AKAPs, known as “non-canonical”, can 

interact with the R subunits through regions different from the usual AKB. For example, 

pericentrin binds PKA via a 100-amino acid long motif, while other proteins such as 

RSK1 and α/β tubulin do not have the classical AKB domain 28.  

Extensive work from our group has characterized phosphoinositide 3-kinase γ (PI3Kγ) as 

a “non-canonical” AKAPs, binding to the regulatory subunit RIIα of PKA through the 
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126-150 residues of its N-terminal domain 29,30. This specific amino acid motif plays a 

crucial role in guiding the interaction with PKA in the context of the regulation of the β2-

ARs and cAMP signaling in both the heart and the lungs 29,30, as detailed in the following 

paragraphs.  

 

1.3. The AKAP function of PI3Kγ 

PI3Kγ is constitutively found in certain cell types, including leukocytes and cells of the 

airway respiratory tract 31,32, while its expression is increased by various stresses in 

cardiomyocytes, vascular smooth muscle cells, and microglia 29,33. 

As a kinase, PI3Kγ phosphorylates phosphatidylinositol 4,5-bisphosphate (PIP2) into 

phosphatidylinositol 3,4,5-trisphosphate (PIP3), a key step in the activation of various 

signaling pathways, primarily Akt-mediated pro-survival responses 34. The activation of 

PI3Kγ is typically initiated by G-protein coupled receptors (GPCRs), which in turn lead 

to the dissociation of the Gβγ dimer from the G-protein, its interaction with PI3Kg 

regulatory subunits, and the subsequent recruitment and activation of p110γ subunit, the 

catalytic subunit of PI3Kγ that is responsible of the kinase function of the enzyme.  

Interestingly, in cardiomyocytes, the catalytic subunit, p110γ serves as the anchor for 

PKA, that tethers the cAMP-dependent kinase to PDE3 and PDE4, favouring their PKA-

mediated phosphorylation and activation, eventually leading to cAMP downregulation. 

This tethering mechanism allows localized PDE stimulation for the precise modulation 

of cAMP signaling downstream of β2-ARs, influencing vital processes such as heart 

rhythm control 35.  While p110γ appears to behave like an AKAP in that it directly binds 

the RIIα subunit, its PKA-anchoring site appears to be atypical. In contrast to classical 

AKAPs that bind to PKA-RIIα through a conserved amphipathic helix 27, the p110γ 

subunit is not predicted to form a helical domain. The interaction with PKA-RIIα appears 

to rely on positively charged residues through the 126-150 residues of its N-terminal 

domain 35. However, the molecular mechanisms operating this interplay remain unclear. 

Disruption of the scaffold but not the kinase activity of PI3Kγ results in β2-AR/cAMP 

amplification in cardiomyocytes, and the ensuing development of lethal ventricular 

arrhythmias 35.   
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PI3Kγ is also expressed in pulmonary cells 32 where the AKAP function of PI3Kγ 32 is 

key to the negative regulation of the cAMP/PKA signaling cascade downstream of the 

β2-AR/cAMP axis. In this tissue, PI3Kγ serves as an AKAP that tethers PKA to PDE3 

and 4, thereby favoring their PKA-mediated phosphorylation and activation. 

Accordingly, basal cAMP levels in tracheas of mice lacking PI3Kγ (PI3Kγ-/-) are 2-fold 

higher compared to wild-type animals and to mice expressing a kinase-inactive PI3Kγ 

(PI3KγKD/KD), indicating that the same kinase-independent regulation of cAMP by PI3Kγ 

found in cardiomyocytes is also preserved in airway cells 30. Moreover, a significant 

reduction of the catalytic activity of PDE4B and PDE4D is detected in tracheas of PI3Kγ-

/- mice, while their function is maintained in PI3KγKD/KD tissues, corroborating the notion 

that PI3Kγ restrains airway cAMP levels downstream of β2-ARs through a kinase-

independent activation of PDE4 30.  Because molecules that disrupt the interaction 

between AKAPs and components of the cAMP signaling pathway show promise in 

modulating specific cAMP signals and influencing cellular responses 36, we speculated 

that pharmacological targeting of PI3Kγ scaffold activity could be exploited to achieve 

therapeutic cAMP elevation in the airways. In particular, we conceived a cell-permeable 

PI3Kγ-derived mimetic peptide (PI3Kγ MP) (Patent n° PCT/IB2015/059880- 

WO/2016/103176 by Kither Biotech S.r.l.) that disrupt the AKAP function of PI3Kg 

within the lungs and enhances β2-AR/cAMP signaling in human bronchial smooth 

muscle, immune and epithelial cells 30. 

1.4. PI3Kγ/PKA peptide disruptors in obstructive airways diseases 

The pharmacological actions of the PI3Kγ MP arise from its ability to displace PKA from 

the PI3Kγ complex, thereby preventing PKA-mediated stimulation of a pool of PDE4 and 

enhancing β2-AR/cAMP responses, lead to smooth muscle relaxation, immune cell 

inhibition, and epithelial fluid secretion in the airways 30 (Fig. A). This latter event is 

linked to the activation of the cystic fibrosis transmembrane conductance regulator 

(CFTR), which promotes mucus hydration and clearance in CF as well as other 

obstructive airway diseases like asthma COPD 37,30.  Although in the last decade 

numerous inhibitors of the kinase activity of PI3Kγ have been developed, many of which 

are currently in clinical development for treating neoplastic diseases 38,39, PI3Kγ MP 
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represents the first compound ever developed to selectively interfere with the anchoring 

function of PI3Kγ30.  

We have demonstrated that intratracheal instillation of the PI3Kγ MP in mice induces a 

significant and dose-dependent increase in cAMP in both tracheas and lungs, which 

persists in the airways up to 24 hours without altering cAMP homeostasis in other organs, 

underlying the advantage of using this compound instead of β2-adrenergic agonists or 

PDE inhibitors, that holds several systemic side effects 16,17,18. Consistent with the 

prorelaxing action of cAMP and anti-inflammatory properties of PDE4 40, PI3Kγ MP has 

been found to avert both bronchoconstriction in airway smooth muscle and neutrophil 

lung infiltration in a murine model of asthma 30.  Another effect of targeting PDE4 is the 

cAMP/PKA-dependent gating of the CFTR channel, increasing airway surface liquid and 

facilitating mucus clearance. Of note, in human airway epithelial cells the PI3Kγ MP not 

only increases CFTR gating but also restores the function of the most prevalent CFTR 

mutant in CF (F508del) by potentiating the effects of approved CFTR modulators 30. 

Overall, by disrupting the PI3Kγ/PKA interaction locally in the airways, PI3Kγ MP may 

represents a promising inhaled therapy for enhancing β2-AR/cAMP signaling in 

obstructive airways diseases. Inhalation of peptides offers a major advantage over that of 

classical small molecules, including high target selectivity and efficacy, as well as limited 

systemic toxicity 41. Nonetheless, clinical outcomes of inhaled therapies strongly depend 

on the ability of the drug to deposit along the airways and to overcome barriers imposed 

by the diseased lungs, especially mucus 42. The accumulation of an abnormally thick 

mucus layer and high concentrations of proteolytic enzymes significantly hamper peptide 

delivery in the airways of patients with obstructive airways diseases 42.  

In this context, our study was to confirm and extends our previous data indicating that the 

PI3Kγ MP can overcome, at least partially, these obstacles.  This was demonstrated via 

aerodynamic properties and thorough physico-chemical analysis of PI3Kg MP taking into 

consideration critical factors such as molecular dimensions, membrane permeability, and 

proteolytic stability were conducted.  

We found that this peptide has favourable proteolytic stability, mucus permeability and 

aerodynamic behaviour that confirm the possibility of using this preclinical advanced 

compound for inhaled therapy of all pulmonary conditions where local cAMP elevation 

is desirable, including but not limited to COPD and CF.  
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In parallel, we report the generation of a novel non-natural peptide, DRI- Pep #20 (Patent 

pending n° BIT28754-CF/PS), optimized to disrupt the AKAP function of PI3Kg. DRI-

Pep #20 acted as a potent disruptor of the PI3Kγ/PKA complex by mimicking the core of 

the native interaction of PI3Kγ with PKA, and that was characterized by nanomolar 

affinity for PKA, high resistance to protease degradation and high permeability to the 

pulmonary mucus barrier.  

Overall, our study supports the use of natural and non-natural PI3Kγ/PKA peptide 

disruptors as effective tools to manipulate the cAMP/PKA signaling complex in the lungs 

for therapeutic purposes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure A. Targeting the AKAP function of PI3Kg with a a cell-permeable PI3Kγ-

derived mimetic peptide (PI3Kγ MP) (Patent n° PCT/IB2015/059880- 

WO/2016/103176 by Kither Biotech S.r.l.) 

 

 

 

Ghigo, Murabito et al., Sci. Transl. Med., 2022 
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2. Material and Methods 
2.1. Peptides and reagents 

Peptides were synthesized by GenScript (Piscataway, NJ) at >95% purity. The sequences 

of all peptides are as follows; 
P1 RQIKIWFQNRRMKWKK  
DRI-Pep #20 RHQGK 
Pep #01 KATHRSPGQIHLVQRHPPSEESQAF 
Pep #02 KATHRSPGQIHLVQRHPP  
Pep #03 KATHRSPGQIHLVQRHP 
Pep #04 KATHRSPGQIHLVQRH 
Pep #05 KATHRSPGQIHLVQR 
Pep #06 KATHRSPGQIHLVQ 
Pep #07 KATHRSPGQIHLV 
Pep #08 KATHRSPGQIHL 
Pep #09 KATHRSPGQIH 
Pep #10 KATHRSPGQI 
Pep #11 KATHRSPGQ 
Pep #12 KATHRSPG 
Pep #13 KATHRSP 
Pep #14 KATHRS 
Pep #15 KATHR 
Pep #16 KATH 
Pep #17 KAT 
Pep #18 KA 
Pep#19 K 
Pep #20 KGQHR 
 

Pep #21 KGNHR 
Pep #22 KNLHR 
Pep #23 KSLHR 
Pep #24 KCNHR 
Pep #25 KNCHR 
Pep #26 KGSHR 
Pep #27 KATHR 
Pep #28 KNSHR 
Pep #29 KSCHR 
Pep #30 KLGHR 
Pep #31 KQCHR 
Pep #32 KLSHR 
Pep #33 KCCHR 
Pep #34 KSNHR 
Pep #35 KCGHR 
Pep #36 KSGHR 
Pep #37 KGCHR 
Pep #38 KGLHR 
Pep #39 KLLHR 
Pep #40 KCSHR 
Pep #41 KLCHR 
Pep #42 KCLHR 
Pep #43 KGGHR

 
Recombinant human PKA regulatory subunit RIIα (PKA-RIIα) and PI3Kg catalytic 
subunit (p110g) were purchased by Biaffin GmbH & Co KG (Kassel, DE) and Origene 
Technologies (TP307790, Rockville, US), respectively.  
Human neutrophil elastase was purchased from Sigma-Aldrich (CAS 9004-06-2, Sigma-

Aldrich, Saint Louis, MO) and reconstituted in 50 mM sodium acetate, pH 5.5, with 200 

mM NaCl. VX-809 (Lumacaftor), VX-770 (Ivacaftor), VX-661 (Tezacaftor) and VX-445 

(Elexacaftor) were purchased from MedChemExpress LLC (Princeton, USA). 

Propranolol, Hexafluoroisopropanol, Forskolin and CFTRinh-172 were purchased from 

Sigma-Aldrich (CAS 318-98-9, 920-66-1, 66575-29-9, 307510-92-5 Sigma-Aldrich, 

Saint Louis, MO). 
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2.2. Cell lines 

Immortalized normal human bronchial epithelial cells (16HBE14o-) were kindly 

provided by Dr. Gruenert (University of California San Francisco, San Francisco, CA). 

Cystic fibrosis bronchial epithelial (CFBE41o-) cells stably expressing F508del-CFTR 

(F508del-CFTR-CFBE41o-) were kindly provided by L. Fu from the UAB Research 

Foundation (Birmingham, AL). Cells were grown in Minimum Essential Medium (MEM) 

supplemented with 10% FBS, 5 mM L-Glutamine, 100 U/ml penicillin and 100 μg/ml 

streptomycin (Thermo Fisher Scientific, Waltham, MA) on culture dishes pre-coated with 

human fibronectin (1 mg/ml; Sigma-Aldrich, Saint Louis, MO), bovine collagen I (3 

mg/ml; Sigma- Aldrich, Saint Louis, MO) and bovine serum albumin (0.1%; Sigma-

Aldrich, Saint Louis, MO) diluted in LHC-8 basal medium (Invitrogen, Waltham, MA). 

Cells up to passage 15 were used for experiments. All cells were cultured at 37°C and 

under a 5% CO2 atmosphere.   

 

2.3. Animals 

PI3Kγ-deficient mice (PI3Kγ-/-) were described previously 30. Mutant mice were back-

crossed with C57Bl/6j mice for 15 generations to inbreed the genetic background and 

C57Bl/6j were used as controls (WT). Mice used in all experiments were 8 to 12 weeks 

of age. Mice were group-housed, provided free-access to standard chow and water in a 

controlled facility providing a 12-hour light/dark cycle and were used according to 

institutional animal welfare guidelines and legislation, approved by the local Animal 

Ethics Committee. All animal experiments were approved by the animal ethical 

committee of the University of Torino and by the Italian Ministry of Health 

(Authorization n°757/2016-PR). 

 

2.4. Isolation of murine peritoneal macrophages  

Peritoneal macrophages were prepared from 8- to 12-week- old wild-type (WT) and 

PI3Kγ-/- mice, as described previously 30. Briefly, cells were collected from euthanized 

animals by peritoneal lavage with 5 mL of PBS, supplemented with 5 mM EDTA. Cells 

were centrifuged for 3 min at 300 g and the pellet was resuspended in culture media 

including Roswell Park Memorial Institute (RPMI) media, 100 U/ml penicillin and 100 

μg/ml streptomycin, and 10% heat-inactivated FBS (Thermo Fisher Scientific, Waltham, 
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MA). Macrophages were seeded in 96-well plates (1*106 cells/well) and maintained at 

37°C with 5% CO2 for at least 16/18 h before treatment with the peptide and cAMP 

quantification.   

 

2.5. cAMP measurements 

From cells: cAMP content was measured in 16HBE14o- cells at the indicated time points 

after treatment with the indicated doses of peptides using the Promega cAMP-Glo™ 

Assay kit (Promega, Milano, IT), according to the manufacturer’s protocol.  

From tissues: lungs, tracheas and hearts were collected from euthanized mice 24 h after 

intratracheal instillation of different doses of the peptide (0 to 750 mg/kg in a final volume 

of 50 µl of PBS). Snap-frozen tissues were powdered in liquid nitrogen and extracted 

with cold 6% trichloroacetic acid. Samples were sonicated for 10 sec, incubated at 4°C 

under gentle agitation for 10 min and then centrifuged at 13000 rpm at 4°C for 10 min. 

Supernatants were washed four times with five volumes of water saturated with diethyl 

ether and lyophilized. cAMP content was detected with Cyclic AMP ELISA Kit (Cayman 

Chemical, Michigan, USA), according to the manufacturer's protocol. 

 

2.6. Cell viability assay 

Human bronchial epithelial cells (16HBE14o-) were seeded in 96-well plates (2*104 

cells/well) and incubated for at least 16/18 hours at 37°C with 5% CO2 before 

experiments. Non-adherent cells were eliminated by washing with PBS and cells were 

then stimulated with 8 different doses of the indicated peptide (0 μM – 1 mM range) for 

24h. ATP levels were evaluated as an indicator of viable cells using the Cell Titer-Glo® 

Luminescent Cell Viability Assay (Promega, Milano, IT), according to the manufacturer's 

protocol. The lethal dose (LD50) was calculated with respect to untreated control cells, 

whose viability was set to 100%. 

 

2.7. CFTR activity measurements 

CFTR-mediated anion transport was measured by using the Premo™ Halide Sensor 

(Thermo Fisher Scientific, Waltham, MA) which allows assessment of CFTR activity by 

measuring the rate of YFP fluorescence quenching caused by iodide/chloride exchange 

across the plasma membrane. Briefly, the halide-sensitive yellow fluorescent protein 
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(HS-YFP) was expressed in 16HBE14o- and F508del-CFTR-CFBE41o- cells through the 

BacMam technology, according to the manufacturer's protocol. Cells expressing the HS-

YFP were cultured on 96-well plates and treated with the indicated peptides/compounds 

for the indicated time. Fluorescence was evaluated in a plate reader immediately after 

addition of 150 µl of Halide stimulus buffer (an NaI-containing solution) leading to a 

final NaI concentration in the wells of 75 mM. Fluorescence was continuously read (1 

point per second) starting at 1 s before Halide stimulus buffer addition and up to 120 s. 

CFTR activity was expressed as ∆F/F0 where ∆F was obtained by subtracting the 

background fluorescence (fluorescence of cells not expressing HS-YFP) to the 

fluorescence measured at the specific time point after addition of NaI. ∆F was then 

normalized to the initial fluorescence F0 (fluorescence of HS-YFP-expressing cells 

immediately after addition of NaI) to obtain a measure of relative fluorescence ∆F/F0. 

 

2.8. CF sputum samples  

Spontaneous expectorated sputum samples from CF patients in stable clinical conditions 

were collected at the Bronchiectasis and Cystic Fibrosis Programs of the Respiratory 

Department of Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico in Milan 

(Italy) and processed as previously described 43. The study protocol was approved by 

local institutional review boards (594_2016bis) and all participants provided written 

informed consent to the collection and use of their biological samples. Briefly, samples 

were first processed by eliminating saliva, then sputum plugs were selected and weighted. 

Samples were diluted 8X in PBS, vortexed until sputum dissolution and centrifuged for 

15 min at 3000 g. Supernatants were recovered and stored at −80 °C, thawed overnight at 

4 °C, and all subsequent experiments were undertaken within 24h from thawing. 

Neutrophil elastase was quantified as described previously 43 and sputum samples 

containing 20 µg/mL of active neutrophil elastase were used to assess the activity of 

peptides in 16HBE14o- cells in the presence of CF sputum. Briefly, cells were seeded in 

96-well plates (2*104 cells/well) and incubated for at least 16/18 h at 37°C with 5% CO2 

before experiments. Subsequently, peptides were diluted in PBS at a final concentration 

of 25 µM and a PBS:sputum mixture (1:1) was added on the top of adherent cells (100 

µl/well). cAMP levels were quantified at the indicated time points using the Promega 

cAMP-Glo™ Assay kit (Promega, Milano, IT), according to the manufacturer’s protocol.  
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2.9. PAMPA assay 

To assess the permeability of peptides through a CF sputum layer, a parallel artificial 

membrane permeability system (PAMPA) (Corning Gentest Pre-coated PAMPA, 

353015, USA plates) that allows to measure the ability of drugs to diffuse from a donor 

compartment, through an artificial membrane, into an acceptor compartment, was used 

as described previously 44. The bottom wells of the PAMPA system (“acceptor” wells) 

were filled with 300 μL of PBS (10mM, 150 mM NaCl, pH 7.4), while “donor” wells 

were filled with 200 μL of the peptide solution (2 mg/mL in 10mM PBS, 150 mM NaCl, 

pH 7.4), in the absence or presence of CF sputum. In the latter case, 40 μL of CF sputum 

was first deposited over the PAMPA membrane, and the peptide solution was 

subsequently added over the CF sputum layer. Afterwards, the two wells were coupled 

and incubated for 5h at RT. At the end of the incubation, the plates were split, and the 

amount of peptide diffused into the acceptor well was quantified by fluorescence 

spectroscopy using a Horiba Jobin Yvon Fluorolog 3 TCSPC fluorimeter (Horiba, Kyoto, 

Japan) equipped with a 450-W xenon lamp and a R928 photomultiplier (Hamamatsu 

Photonics, Hamamatsu, Japan). Excitation was performed at 280nm while emission was 

recorded in the spectral region of 290-500 nm (maximum of emission at 362 nm). 

Excitation and emission slits were set at 4 and 5 nm, respectively. The concentration of 

the peptide was calculated using a 6-points calibration curve. The apparent permeability 

coefficient (Papp) was expressed according to this relationship:  

Papp= !"/!$
%!	×	(

 

derived from Fick’s law for steady-state conditions45, where dQ is the quantity of drug 

expressed as moles permeated into the acceptor compartment at time t (18000 sec), C0 is 

the initial concentration of the peptide in the donor well, and A is the area of the well 

membrane (0.3 cm2).  

 

2.10. PKA-RIIα bioconjugation and fluorescence spectroscopy 

Recombinant PKA-RIIα was bio-conjugated to fluorescein 5-maleimide (F5M), as 

described previously 46, using 75 μg of  PKA-RIIα and a 50-fold excess of F5M. After 

bioconjugation, the derivative was immediately purified using a Sephadex® G-25 

desalting column and phosphate-buffered saline solution (PBS) (20 mM, 150 mM NaCl, 

pH 7.2) as eluent. To evaluate F5M labelling efficiency, the dye/protein ratio (D/P) of the 
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conjugates was determined by the absorption spectra of the labelled proteins in PBS (20 

mM, 150 mM NaCl, pH 7.2), according to the following equation: 

 
"
# =

$)*+	&,-.$	
(A/01 − *$)*+)	&!23

 

where A280 is the absorption of the conjugate at 280 nm; Amax is the absorption of the 

conjugate at the absorption maximum of the corresponding F5M; c is a correction factor 

(c = 0.29); eprot (25,169 M-1cm-1) and edye (63,096 M-1 cm-1) are the molar extinction 

coefficients of PKA and F5M, respectively. PKA-RIIα presents six cysteine residues, and 

the final D/P value was 0.2. 

UV-visible absorption spectra were measured with a UH5300 spectrophotometer 

(Hitachi, Tokyo, Japan) at RT, using 1 cm pathway length quartz cuvette. Fluorescence 

emission spectra in steady-state mode were acquired at RT using a Jobin Yvon Fluorolog 

3 TCSPC fluorimeter (Horiba, Kyoto, Japan) equipped with a 450-W Xenon lamp and a 

R928 photomultiplier (Hamamatsu Photonics, Hamamatsu, Japan). Steady-state 

fluorescence spectra were recorded in the 500-600 nm range. The excitation wavelength 

was set on 490 nm and the excitation and emission slits were set on 2 and 4, respectively. 

Equilibrium binding constants (KD and KA) were obtained from steady-state data. 

Fluorescence kinetics were measured using an Applied Photophysics SX20 stopped-flow 

spectrophotometer (Applied Photophysics, North Carolina, US) fitted with a 495 nm cut-

off filter between the cell and the fluorescence detector, and equipped with a thermostat 

bath set at 25±0.2°C. Association and dissociation rate constants (kon and koff) were 

calculated from stopped-flow kinetics data. Data acquisition, visualization and analysis 

were performed with Pro-Data software from Applied Photophysics Ltd (Applied 

Photophysics, North Carolina, US).  

To assess the ability of the peptides to displace the binding between PI3Kg and PKA-

F5M, steady-state emission spectra of the PI3Kg/PKA-F5M complex in the presence of 

increasing concentrations of the peptide were acquired. Briefly, 50 nM of recombinant 

PI3Kg was added to 100 nM F5M-bounded PKA-RIIa in a total volume of 100 µL PBS. 

The concentration of the PI3Kg/PKA-F5M complex was kept constant while gradually 

titrated with increasing concentrations of the peptides (PI3Kg MP from 0 to 20 µM; DRI-

Pep #20 from 0 to 5 µM). The complex was excited at 490 nm and emission spectra were 
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recorded in the 500-600 nm spectral range, as described above. The degree of 

displacement of the PKA-RIIa-PI3Kg complex was expressed as the percentage of 

fluorescence quenching after addition of the peptide. 

 

2.11. Circular dichroism 

Circular dichroism (CD) measurements were performed on a Jasco-810 Dichrograph 

equipped with a Peltier thermoelectric controller (Jasco Inc., Easton, US). The spectra of 

peptides were recorded in the continuous mode between 260 and 180 nm at 25 °C in 0.1 

cm path length quartz cuvette (Hellma GmbH, Müllheim, DE) with a total peptide 

concentration of 0.2 mg/mL dissolved in 2 mM PBS (0.6 mM KH2PO4, 1.6 mM K2HPO4), 

pH 7.4. The CD spectrum in the 190-240 nm range was used to predict the secondary 

structural content of the peptide using the K2D3 web server 47. 

 

2.12. Transmission Electron Microscopy and Dynamic Light Scattering  

Self-assembled peptide nanostructures were analyzed by Transmission Electron 

Microscopy (TEM) analysis. Transmission electron micrographs were obtained with a 

JEOL 3010-UHR TEM operating at an accelerating voltage of 300.00 kV (JEOL, Tokyo, 

Japan). TEM samples were prepared by dissolving the peptides at 0.1 mg/mL in water 

and drying them on a carbon-coated copper grid. The nominal magnification used to 

record nanostructures were ×500000 and ×800000.  

The size distribution profile of the self-assembled peptide was determined by dynamic 

light scattering (DLS, Malvern Zetasizer, Worcestershire, UK). Samples were prepared 

at 4 mg/mL in 2 mM PBS (0.6 mM KH2PO4, 1.6 mM K2HPO4), pH 7.4. Measurements 

were performed after an equilibration time of 60 s which allowed samples to reach the 

temperature of 25°C. 

 

2.13. Next Generation Impactor (NGI) studies  

The aerodynamic properties of the peptide were assessed by Next Generation Impactor 

(NGI) (Copley Scientific, Nottingham, UK), according to the Comité Européen de 

Normalization standard methodology for nebulizer systems. The NGI equipment 

consisted of seven stages cups (S1-S7), a micro-orifice collector (MOC), an induction 

port and a vacuum pump simulating inspiration. Three nebulizer devices were tested: one 
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jet nebulizer –TurboBoy (PARI TurboBOY, PARI GmbH, Starnberg, Germany), and two 

mesh nebulizers –AeronebGo (Aeroneb® Go, Aerogen Ltd., Galway, Ireland) and –

eFlow rapid (PARI eFlow rapid, PARI GmbH, Starnberg, Germany). Briefly, the 

nebulizer reservoir was filled with 1 mL of a phosphate buffered saline dispersion of the 

peptide (1 mg/mL). The nebulizer device was connected to the induction port of the NGI 

and operated with a vacuum pump at a fixed flowrate of 15 L/min. The aerosol was drawn 

through the impactor for 5 min until dry.  

The peptide that remained aerosolized (i.e., inside the nebulizer reservoir, deposited on 

the seven stages of the NGI and in the induction port) was quantitatively recovered and 

quantified by High- Performance Liquid Chromatography (HPLC/UV) 

spectrophotometry.  

HPLC/UV involved a Waters Breexe System Liquid Chromatograph equipped with a 

Waters 717 Plus Autosampler (40 μL injection volume) and a Shimadzu UV−vis HPLC 

detector online with a computerized workstation. The column used was a Jupiter® C18 

widepore (300A, 5 mm x 25 cm), the mobile phase was a mixture of Water 0.1% TFA: 

Acetonitrile 0.1% TFA 75:25 (v/v) with a flow rate of 1 mL/min, the column temperature 

was 25 °C and the detection wavelength was 220 nm. Upon emission, the experimental 

mass median aerodynamic diameter (MMADexp) and the geometric standard deviation 

(GSD) were calculated according to the European Pharmacopoeia, by plotting the 

cumulative mass of peptide retained in each collection stage (expressed as percent of total 

mass recovered in the impactor) versus the cut-off diameter of the corresponding stage. 

At the used flow (15 L/min), the cut-off diameters of the NGI stages were 14.10 µm (S1), 

8.61 µm (S 2), 5.39 µm (S3), 3.30 µm (S4), 2.08 µm (S5), 1.36 µm (S6), 0.98 µm (S7). 

The MMADexp was determined from the graph as the peptide size at which the line 

crosses the 50% mark; the GSD was defined as:   

                                               GSD = (Size X/Size Y)1/2 

where size X was the size at which the line crosses the 84% mark and size Y the size at 

which it crosses the 16% mark. 

The emitted dose (ED) was measured as the difference between the total amount initially 

placed and the amount remaining in the stages. The fine particle fraction (FPF) was 

calculated by considering the amount of peptide deposited on S3-S6 compared to the 
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initial amount loaded in the nebulizer chamber, while the respirable fraction (RF) was 

determined by the total amount recovered from the NGI.  

 

2.14. Peptide mutagenesis 

Systematic amino acid substitutions were performed using an in-house Python script. To 

identify which variant could mimic the characteristics of DRI-Pep #20, we compared the 

ability of each peptide to adopt the same spatial arrangement and exhibit a similar surface 

charge distribution. The peptides from the library were subsequently processed using 

Omega2 (OMEGA, version 4.1.0.2; OpenEye Scientific Software: Santa Fe, NM) 48,49, a 

software that creates a multi-conformer structure database capable of reproducing 

biologically active conformations. The ROCS software (ROCS, version 3.4.1.2; OpenEye 

Scientific Software: Santa Fe, NM) 50 was employed to conduct a shape-based overlay 

method, in which molecules were aligned through a solid-body optimization process 

aimed at maximizing the volume overlap between them. Subsequently, the peptides were 

re-ranked for similarity to DRI-Pep #20 based on electrostatic properties using the EON 

program (EON, version 2.3.4.2; OpenEye Scientific Software: Santa Fe, NM) 51. The 

final score assigned to each peptide was based on a dual Tanimoto score, ranging from 0 

to 2, where a score of 2 signifies an exact match in both shape and electrostatics between 

the two molecules. Peptides with the highest scores were considered for further analysis. 

 

2.15. Protein structure prediction 

The 3D structure of residues 1-45 of PKA-RIIα was predicted using the Iterative 

Threading ASSEmbly Refinement (I-TASSER) web server 52, an on-line platform that 

implements I-TASSER-based algorithms for predictions of protein structure and 

function. Briefly, starting from the FASTA amino acid sequence I-TASSER ran a three 

steps simulation, first threading it through a representative PDB structure library to search 

for possible template folds or supersecondary-structure fragments, using a profile–profile 

alignment-based threading algorithm. In the second step, the continuous fragments 

excised from the PDB templates were reassembled into full-length models, while the 

unaligned regions were built by ab initio modeling.  Finally, the structure trajectories 

were clustered, and the lowest-energy structures selected, and an all-atom model was 

constructed by REMO41 through optimization of the hydrogen-bonding network. The 
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five best models obtained by I-TASSER were subsequently evaluated based on their 

threading template and predicted C-score. The model with the highest C-score of -0.22 

and predicted using the NMR structure of PKA-RIIa as a threading template (PDB ID 

2KYG) 53 was selected.  

The 3D structure of PI3Kg was downloaded by AlphaFold 54 and validated by Root-Mean 

Square Deviation (RMSD) alignment of all the atoms with the cryo–electron microscopy 

structure of the heterodimeric PI3Kγ complex, p110γ-p101 (PDB ID 7MEZ) 55.  

 

2.16. Peptide Structure Prediction 

The structure of the peptides was predicted with PEP-FOLD3.5 56, a de novo approach 

that predicts peptide structures from amino acid sequences. Briefly, starting from the 

amino acid sequence, first a series of 200 simulations was run, each one sampling a 

different region of the conformational space using the Generator taboo-sampling 5 (ts5), 

recommended for peptides longer than 10 amino acids. The output was an archive of 

clusters of all the models sorted out using the TM score followed by performing the 

Model Quality assessment using Apollo 57. The first five models, representing the five 

best conformation of each cluster with the best scores defined according to the lowest 

sOPEP energy and the highest TM-score value, were selected and further supported by 

RMSD. The RMDS of each model was compared to the RMDS of residues 126-150 of 

the p110γ structure, both the protein structure predicted by AlphaFold and the crystal 

structure (PDB ID 7mez, RCSB database). Finally, the best structure of the peptide was 

validated by visual analysis on PYMOL. 

 

2.17. Docking studies 

Docking studies were performed with the High Ambiguity Driven Biomolecular 

DOCKing (HADDOCK) software. Briefly, starting from the PKA-RIIα and peptide 

structures, the HADDOCK docking ran three consecutive steps, first the molecules were 

randomly oriented, and a rigid-body search was performed (it0). The output was an 

archive of 1000 models, among them the top 200 ranked structures were selected based 

on the energy function and addressed to the semi-flexible simulated annealing stage 

performed in torsion angle space (it1). In the third stage, the structures were refined in 

Cartesian space with explicit solvent layer (water) and subjected to a short molecular 
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dynamic simulation at 300K. During the refinement, both the side chain and backbone of 

interface residues were progressively allowed to move. 

The final models were automatically clustered based on the positional interface ligand 

RMSD (iL-RMSD) by fitting the conformational changes on the interface of the receptor 

(PKA-RIIα) and on the interface of the smaller partner (the peptides). Finally, the binding 

poses were assessed by the HADDOCK report and the binding affinity was evaluated by 

the Optimal Hydrogen Bonding Network. The resulting best binding pose was validated 

by visual analysis on PYMOL. 

 

2.18. Statistical analysis 

Data are presented as scatter plots with bars (means ± SEM). Prism software (GraphPad 

Software Inc.) was used for statistical analysis. Raw data were first analyzed to confirm 

their normal distribution via the Shapiro-Wilk test and then analyzed by unpaired 

Student’s t test, one-way analysis of variance (ANOVA), or two-way ANOVA. 

Bonferroni correction (one-way and two-way ANOVA) was applied to correct for 

multiple comparisons. P<0.05 was considered significant. 
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3. Results 
3.1. PI3Kg mimetic peptide (PI3Kg MP) binds selectively PKA-RIIα 

In order to disrupt the AKAP function of PI3Kγ and produce a compartmentalized β2-

AR/cAMP response, PI3Kγ MP was conceived by fusing the cell- penetrating sequence 

Penetratin-1 (P1) and the PKA-binding motif of PI3Kg (residues 126-150 

KATHRSPGQIHLVQRHPPSEESQAF), by means of a glycine (G) linker (Fig. 1a) 29,30. 

First, we sought to elucidate the determinants of the interaction of PI3Kγ MP with PKA. 

Predictions of the tridimensional structure of PI3Kγ MP suggested the presence of an α-

helix, flanked by an uncoiled region (Fig. 1b). The helical propensity of the peptide was 

confirmed by circular dichroism analyses showing a double-peak signal, with a maximum 

at 200 nm which is typical for α-helix structures, and a minimum in the 220–240 nm 

region which is characteristic for random-coil 58. As expected, the α-helical content of 

PI3Kγ MP was comparable to the helix pattern found in the PKA-binding motif of PI3Kg 

(residues 126-150) not fused to the cell-penetrating module (Fig. 1c). In silico simulations 

of the interaction of PI3Kγ MP with the AKB domain of PKA-RIIα (amino acids 1-45) 
59, revealed that the binding mainly involves hydrophilic amino acids of the PI3Kγ MP 

helical motif. R-22, H-21, H-33 and Q-21 were found to form hydrogen bonds with 

hydrophilic partners in the PKA-RIIα subunit (Fig. 1d and 2a), with a predicted 

dissociation constant (KD) of 1.34 µM (Table 3). In agreement, fast kinetic studies showed 

the peptide could associate recombinant PKA-RIIα with a good affinity, being the 

equilibrium dissociation constant in the micromolar range, KD of 2.0 µM (Fig. 3b). 

Moreover, these studies showed that PI3Kγ MP rapidly associates to PKA-RIIα forming 

a relatively stable complex with the association rate constant (kon) in the order of 10-6 M-

1s-1 while the moderate dissociation rate (koff) suggesting a certain level of stability of 

PI3Kγ MP in the bound state with PKA-RIIα (Fig. 3b). Thus, the binding of PI3Kγ MP 

to PKA-RIIα suggested PI3Kγ MP as a disruptor of PI3Kγ/PKA complex. Indeed, in a 

displaced-based assay the peptide inhibited the interaction between recombinant PI3Kg 

and PKA-RIIα up to 50%, and with an IC50 of 1.5 µM (Fig. 3d). Notably, the PI3Kg MP 

showed it was well tolerated 16HBE14o- cells, being the LD50 60-fold higher than the 

IC50 (Fig. 3e). Overall, these data confirms that PI3Kg MP acts as a moderate PI3Kg/PKA 

disruptor with micromolar affinity for PKA.    
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3.2. PI3Kγ MP overcomes the biobarriers in obstructive airways diseases  

Since we have demonstrated that the PI3Kγ MP can be topically delivered to the lungs 

through intratracheal instillation in mice, where it safely boosted airway cAMP up to 24 

hours in both tracheas and lungs, without altering cAMP homeostasis in other organs 30. 

Next, we sought to evaluate to what extent PI3Kγ MP could effectively target PI3Kγ/PKA 

complex in the lungs, especially in the context of obstructive airways diseases. 

Because the efficacy of inhaled therapies may be hindered by biobarriers imposed by 

diseased lungs, such as a thick layer of protease-rich mucus 42, we sought to determine 

the ability of PI3Kγ MP to penetrate mucus layers and resist to protease degradation. 

PI3Kγ MP penetrated the phospholipid membrane in the PAMPA system (Fig. 4a) with 

an apparent permeability (Papp) of 5.59 x 10–6 cm s-1 (Fig. 4b). While the addition of 

pathological CF sputum on top of the phospholipid layer (Fig. 4a) reduced the Papp of the 

peptide (Papp 1.46 x 10–6 cm s-1) (Fig. 4b), this value was comparable to that of 

propranolol, a standard reference compound known for being high permeable to cell 

membranes 44.  To better understand the molecular basis of the mucus permeability of 

PI3Kγ MP, we performed Transmission Electron Microscopy (TEM) and Dynamic Light 

Scattering (DLS) assays. TEM images showed that PI3Kγ MP formed irregular 

aggregates up to 500 nm in size (Fig. 4c), in agreement with the particle diameter of 200-

300 nm retrieved by DLS analysis (Fig. 4d).  Addition of hexafluoroisopropanol (HFIP), 

which is responsible for cold denaturation of proteins, reduced the size of aggregates to 

10 nm (Fig. 4d). Next, we tested whether PI3Kγ MP retained the ability to elevate cAMP 

in pulmonary cells in the presence of neutrophil elastase, the most abundant protease in 

the lungs of patients with neutrophilic airway diseases, including but not limited to COPD 

and CF 60.  

The peptide retained up to 62% of its ability to raise cAMP in 16HBE41o- cells in the 

presence of 3 µg/ml of recombinant human neutrophil elastase (HNE) (Fig. 4e), a dose 

which was previously shown to inactivate other therapeutic peptides 61. The cAMP 

elevating activity of PI3Kγ MP was similarly affected by a 10-fold higher concentration 

of HNE (Fig. 4f), an amount that is typically detected in the lungs of patients with severe 

bronchiectasis 60. The relative resistance of PI3Kγ MP to degradation was confirmed in 

the presence of CF sputum, where the peptide retained 52% of its biological activity (Fig. 

4g).  Taken together, these results provide insights into the ability of PI3Kγ MP to 
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maintain its biological activity in a challenging extracellular environment, marked by a 

mucus barrier enriched in proteases typical of diseased lungs.   

 

3.3. PI3Kγ MP is delivered to the lower respiratory airways 

Since PI3Kγ MP was originally conceived for inhaled administration 30, next we assessed 

its aerodynamic properties upon nebulization with three different devices commonly used 

for administering aerosolized compounds to CF patients 62. One jet nebulizer –TurboBoy- 

and two mesh nebulizers –AeronebGo and eFlow rapid were used. 

To evaluate the ability of the peptide to reach the lower airways, the aerosolized particles 

of the PI3Kγ MP were driven inside the Next Generation Impactor (NGI) passing through 

seven stages with defined cut-offs diameters (Fig. 5a and Table 1). After aerosolization 

with the three nebulizers, PI3Kγ MP displayed aerodynamic mean dimensions (MMAD: 

2-2.99 μm) compatible with effective delivery to the lower airways (Fig. 5b and Table 2), 

considered that a particle size of approximately 5 μm is generally capable of penetrating 

the lung during inhalation 63. Nevertheless, different deposition patterns were observed 

when the peptide was aerosolized with the different nebulizers (Fig. 5c). Notably, the 

estimated emitted dose for the two mesh nebulizers was more than 40% and 2-fold higher 

than that of the jet nebulizer (Fig. 5d and Table 2). Moreover, the respirable fraction (RF), 

representing the total amount of PI3Kγ MP recovered from NGI and thus the amount of 

peptide that potentially is delivered to the lungs, exceeded 90% (Table 2).  

Finally, we verified that PI3Kγ MP could retain its biological activity after nebulization. 

We found that the peptide recovered from Stage 4 after nebulization with eFlow rapid 

could raise cAMP in 16HBE41o- cells as effectively as the non-nebulized formulation 

(Fig. 5e). Overall, these data revealed a favourable aerodynamic behaviour of PI3Kγ MP 

positioning the peptide as an ideal candidate for targeting the PI3Kg/PKA complex in the 

airways for therapeutic purposes. Nevertheless, challenges such as optimizing binding 

affinity, permeability, stability, and efficacy to deliver intact in the airways and to shield 

its interactions at the cell target needed to be addressed. 

 
3.4. DRI-Pep #20 as a novel PI3Kg/PKA disruptor with high affinity for PKA. 

In parallel to the characterization of PI3Kγ MP we embarked on a screening for the 

identification of novel PI3Kg/PKA disruptors that led to the identification of DRI-Pep 
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#20. This is a non-naturally occurring peptide, obtained by synthesizing the all-D-

retroinverso (DRI) form of a peptide linking the cell penetrating peptide Penetratin 1 (P1) 

to the non-natural 5 amino acids sequence RHQGK, by means of a glycine (G) linker 

(Fig. 6a). The incorporation of non-natural D-amino acids in a retro-reversed sequence, 

aimed to obtain molecules mirroring the structure of the parent L-peptides while 

exhibiting novel chemical properties, such as increased half-life and resistance to 

proteolytic degradation, which could potentially enhance their in vivo potency 64.  

First, we determined the ability of DRI-Pep #20 to directly bind the PKA regulatory 

subunit RIIα (PKA-RIIα), the PKA isoform that we previously demonstrated being 

specifically bound by PI3Kg 65. In vitro steady-state fluorescence spectroscopy 

experiments revealed that the peptide could associate recombinant PKA-RIIα with high 

affinity, being the equilibrium dissociation constant (KD) in the nanomolar range (76 nM; 

Fig. 6-c). Further fast kinetic studies showed that DRI-Pep #20 rapidly associates to PKA-

RIIα forming a relatively stable complex. The association rate constant (Kon) in the order 

of 10–6 M-1s-1 indicated an extremely fast assembly of the DRI-Pep #20/PKA-RIIα 

complex, while the moderate dissociation rate (Koff) suggested a certain level of stability 

in the bound state (Fig. 6d and Table 3). In agreement with the high affinity of DRI-Pep 

#20 to PKA-RIIα, the peptide inhibited the interaction between recombinant PI3Kg and 

PKA-RIIα up to 74%, and with an IC50 of 0.16 µM (Fig. 6e-f). Next, we tested whether 

DRI-Pep #20 could disturb the anchoring of PKA by AKAPs other than PI3Kg. The 

ability of the peptide to raise cAMP levels in PI3Kg-deficient cells was used as a proxy 

of its capacity to interfere with other AKAP-based signalosomes 30. We found that DRI-

Pep #20 failed to raise cAMP in cells that did not express its target PI3Kg, demonstrating 

that the peptide retained the selectivity for the PI3Kg-directed pool of PKA, despite the 

high binding affinity for PKA-RIIα (Fig. 6g). Overall, these data identify DRI-Pep #20 

as a potent and selective disruptor of the PI3Kg/PKA complex.   

 

3.5. DRI-Pep #20 mimics the native interaction between PI3Kg and PKA-RIIα. 

Next, we sought to elucidate the determinants of the high-affinity interaction of DRI-

Pep#20 with PKA-RIIα. Predictions of the tridimensional structure of DRI-Pep #20 

suggested the presence of an α-helix, flanked by two uncoiled regions (Fig. 7a). The 

helical propensity of the peptide was confirmed by circular dichroism analyses showing 
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a double-peak signal, with a maximum at 200 nm which is typical for α-helix structures, 

and a minimum in the 220–240 nm region which is characteristic for random-coil 

domains 58 (Fig. 7b). In silico simulations of the binding of DRI-Pep #20 to the typical 

binding surface for AKAPs (amino acids 1-45 of PKA-RIIα) 59, revealed that 4 out of the 

5 amino acids of the RHQGK sequence (R-1, H-2, Q-3 and K-5) could form hydrogen 

bonds with partners in the PKA-RIIα subunit (Fig. 7c, Fig. 8a and Table 4).  

Systematic amino acid substitutions within the RHQGK sequence confirmed the 

importance of positively charged and polar amino acids in position 3 and 4 for the 

interaction of DRI-Pep #20 with PKA-RIIα. Indeed, peptide variants bearing hydrophobic 

residues in those positions had reduced ability to disrupt the PI3Kg/PKA interaction, and 

thus to elevate cAMP in human bronchial epithelial cells (16HBE14o-), as compared to 

the parent sequence (Fig. 9 and Table 4). These observations suggested that a short amino 

acid sequence enriched in hydrophilic residues could form the backbone for the anchoring 

of PKA by PI3Kg and prompted us to better characterize the native interaction between 

the N-terminal domain of PI3Kg, which encompasses the putative PKA-binding motif 
30,65, and PKA-RIIα. In silico simulations of the binding between 120-160 PI3Kg and 1-

45 PKA-RIIα identified a region enriched in hydrophilic amino acids, spanning from K-

126 to R-130 (KATHR), that could maximally interact with PKA. K-126, H-129 and R-

130 were consistently found at the core of the interaction in all of the possible binding 

poses between the two proteins (Fig. 10a and Fig. 11a) and were shown to form hydrogen 

bonds mainly with T-18 and the Q-25 of PKA-RIIα (Fig. 10a and Fig. 11b).  

Intriguingly, the KATHR sequence phenocopied the complete PKA-binding motif of 

PI3Kg in raising cAMP in 16HBE14o- cells (Fig. 12 and Table 5), indicating that the core 

of the interaction between PI3Kg and PKA-RIIα could reside within this region. In 

agreement, structural predictions and molecular docking studies revealed that the 

KATHR peptide folded in an almost complete α-helical structure (Fig. 10b), allowing the 

formation of hydrogen bonds between K-126, H-129 and R-130 and partners within 1-45 

PKA-RIIα (Fig. 10c, Fig. 13 and Table 6).  

Taken together, these results demonstrate that the non-natural peptide DRI-Pep #20 acts 

as a potent PI3Kg/PKA disruptor by mimicking the core of the native interaction of PI3Kg 

with PKA-RIIα.  
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3.6. DRI-Pep #20 has favorable mucus permeability and protease resistance.  

Next, we sought to determine to what extent DRI-Pep #20 could be used for targeting the 

native PI3Kg/PKA complex in the lungs to modulate cAMP for therapeutic purposes. 

First, we assessed the suitability for local delivery to the airways. Following intratracheal 

instillation (Fig. 14a), DRI-Pep #20 induced a dose-dependent increase in cAMP levels 

in the trachea and in the lungs of treated mice, with an EC50 of 8.06 µg/Kg and 11.78 

µg/Kg, respectively (Fig. 14b-c). Of note, cardiac cAMP concentrations were unchanged 

(Fig. 14d), suggesting that the peptide locally increased airway cAMP without systemic 

effects at the tested dose.  

Since the efficacy of inhaled therapies can be hampered by extracellular barriers imposed 

by diseased lungs, we next sought to determine to what extent DRI-Pep #20 could 

penetrate mucus layers and resist to protease degradation. DRI-Pep #20 penetrated the 

phospholipid membrane in the PAMPA system (Fig. 15a) with an apparent permeability 

(Papp) of 1.88 x 10–6 cm s-1 (Fig. 15b). Of note, the addition of pathological CF sputum on 

top of the phospholipid layer (Fig. 5a) did not significantly affect the Papp of the peptide 

(Papp 2.55 x 10–6 cm s-1) (Fig. 15b). To verify whether the favorable mucus permeability 

of DRI-Pep #20 could be ascribed to molecular dimensions compatible with the mesh 

size of CF mucus 66, Transmission Electron Microscopy (TEM) and Dynamic Light 

Scattering (DLS) assays were performed. TEM images showed that DRI-Pep #20 formed 

irregular aggregates of 5-40 nm in size (Fig. 15c), in agreement with the particle diameter 

of 10-20 nm retrieved by DLS analysis (Fig. 15d).  

Next, we tested the proteolytic resistance of DRI-Pep #20 in pulmonary cells in the 

presence of neutrophil elastase (HNE). The ability of the peptide to raise cAMP in 

16HBE41o- cells was completely unaltered by the presence of 3 µg/ml of HNE (Fig. 5e). 

Conversely, the cAMP elevating activity of the non-DRI isoform, Pep #20, was reduced 

by 26% by means of HNE (Fig. 15e). Notably, the activity of the DRI isoform was 

entirely preserved even in the presence of a 10-fold higher concentration of HNE (Fig. 

15f), the amount detected in the lungs of patients with severe bronchiectasis 60, which 

was in line with the absence of any predicted cleavage sites by HNE (Fig. 16a). The 

observed resistance of DRI-Pep #20 to degradation was confirmed in the presence of a 

more complex biological matrix containing other proteases that could potentially cleave 
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the peptide (Fig. 16b), that is CF sputum, where the DRI-Pep #20 retained 72% of its 

biological activity (Fig. 15g).  

Taken together, these data demonstrate the potential of DRI-Pep #20 to elevate lung cell 

cAMP even in the presence of the challenging extracellular environment imposed by 

diseased lungs, such as a thick layer of mucus enriched in proteases.  

 

3.7. DRI-Pep #20 promotes cAMP-dependent activation of wild-type and 

F508del-CFTR in human bronchial epithelial cells. 

Next, we aimed to assess the extent to which DRI-Pep #20 could effectively restore 

cAMP levels and consequently reactivate the function of CFTR, a cAMP-dependent 

chloride channel impaired in a range of respiratory disease, including but not limited to 

COPD and CF 67. First, we assessed the ability of the peptide to stimulate the activity of 

the wild-type channel in 16HBE141o- cells expressing the halide-sensitive yellow 

fluorescent protein (HS-YFP) (Fig. 17b), which allows quantifying CFTR activity based 

on the fluorescence quenching rate elicited by an iodide influx 68. DRI-Pep #20 induced 

a 60% reduction in YFP fluorescence, which was completely prevented by co-application 

of the CFTR inhibitor, CFTRinh-172 (Fig. 17b), demonstrating selective activation of CFTR 

channels. Dose-response experiments revealed an EC50 of 20 µM (Fig. 17c) and 

demonstrated that 25 µM DRI-Pep #20 was as effective as 10 µM forskolin, the adenylyl 

cyclase activator, in triggering CFTR gating in 16HBE141o- cells (Fig. 17d).  

Further, we evaluated to what degree DRI-Pep #20 could reinstate the activity of F508del-

CFTR in combination with the standard of care, including two CFTR correctors 

(Elexacaftor/Tezacaftor) and one CFTR potentiator (Ivacaftor), that partially rescue the 

trafficking and gating defects of the mutant channel, respectively 69. In cystic fibrosis 

bronchial epithelial cells overexpressing the F508del-CFTR mutant and the HS-YFP, 

Elexacaftor/Tezacaftor/Ivacaftor (ETI) produced a YFP quenching of 50%, which was 

further decreased down to 25% when DRI-Pep #20 was added together with ETI (Fig. 

17e). Hence, these data support the use of DRI-Pep #20 as a single agent or as an-add on 

to CFTR modulators, to therapeutically stimulate the activity of wild-type and F508del-

CFTR, respectively.   
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4. Discussions 
Our results confirm the use of PI3Kγ/PKA peptide disruptors as valuable tools for 

manipulating β2-AR/cAMP signaling in the treatment of chronic obstructive airway 

diseases. The pharmacological actions of PI3Kγ/PKA peptide disruptors stem from their 

ability to displace PKA from the PI3Kγ complex, thereby preventing PKA-mediated 

stimulation of a pool of PDE4 involved in the control of β2-AR/cAMP responses in human 

bronchial smooth muscle, immune and epithelial cells 30. Although in the last decade 

numerous inhibitors of the kinase activity of PI3Kγ have been developed, many of which 

are currently in clinical development for treating neoplastic diseases 38,39, PI3Kγ MP 

represents the first compound ever developed to selectively interfere with the anchoring 

function of PI3Kγ30. Inhalation of peptides is gaining increasing interest for the treatment 

of different pathological conditions, including but not limited to airway diseases 70,71,42. 

Inhaled peptides offer several advantages over that of classical small molecules, including 

high target selectivity and enhanced efficacy, as well as limited systemic side effects 41. 

Nonetheless, clinical efficacy of inhaled therapies, especially of biologics, depends on 

the ability of the drug to deposit along the airways and to overcome barriers imposed by 

diseased lungs, especially the mucus 42. The accumulation of an abnormally thick mucus 

layer, characterized by high concentrations of proteolytic enzymes, may importantly 

hamper the delivery of peptides in the airways of patients with obstructive airways 

diseases 42.   

The present study confirms and extends our previous data indicating that the PI3Kγ MP 

can overcome, at least partially, these obstacles. We demonstrated previously that the 

PI3Kγ MP can be topically delivered to the lungs, where it safely boosts airway cAMP 

up to 24 hours without altering cAMP homeostasis in other organs where cAMP elevation 

would not be desirable, such as in the heart 30. The present study now provides evidence 

that, despite being a large molecule (i.e., MW > 5000 g/mol), PI3Kg MP can penetrate 

the cell membrane and cross the mucus barrier that we reproduced in vitro by exploiting 

CF patient-derived sputum. Although the permeability of PI3Kg MP is slightly reduced 

by the presence of the mucus, its behavior is comparable to that of propranolol, a 

reference compound known for being highly permeable to cell membranes 44. The 

reduced permeability of the PI3Kg MP in the presence of a mucus layer could be ascribed 

to the reduced mesh size (60−300 nm) of the pathological CF mucus 72 in comparison to 
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that of physiological mucus (497−503 nm) 73. TEM and DLS analyses indicate that the 

peptide can form two populations of aggregates: one ranging from 200-300 nm, which 

could freely diffuse through the meshes of CF mucus, and a larger one with aggregates 

up to 500 nm with reduced permeability 73.  

On the other side, the ability of the peptide to form aggregates could pose a concern for 

the nebulization. Inhalable particles should meet specific requirements in order to be 

effectively deposited in the lower airways, including adequate airways distribution and 

an appropriate respirable size, namely 1-5μm, which also depends on the performance of 

the device used for the delivery 63,62. Here we show that, despite the propensity to form 

aggregates, PI3Kγ MP owns aerodynamic mean dimensions (MMAD: 2-2.99 μm) 

compatible with effective delivery to the lower airways, considered that a particle size of 

approximately 5 μm is generally capable of penetrating the lung during inhalation 63. 

However, different deposition patterns inside the Next Generation Impactor (NGI) have 

been observed following nebulization of the PI3Kγ MP with the three different devices. 

Notably, the estimated dose emitted by the two mesh nebulizers resulted more than 40% 

higher than that of the jet nebulizer (TurboBoy). Moreover, the respirable fraction (RF), 

representing the total amount of PI3Kγ MP recovered from NGI and thus the amount of 

peptide that potentially is delivered to the lungs, exceeded 90% with the two mesh 

nebulizers (AeronebGo and eFlow rapid). This high respirable fraction suggests that mesh 

nebulizers should be favoured over jet nebulizers for therapeutic inhalation of PI3Kγ MP.  

While these data revealed a favourable aerodynamic behaviour of PI3Kγ MP positioning 

the peptide as a good candidate for targeting the PI3Kg/PKA complex in the airways for 

therapeutic purposes, in parallel we decide to embark on a screening for the identification 

of novel PI3Kg/PKA disruptors that could be similarly used for the inhalation treatment 

of airway diseases. This approach led to the identification of a non-natural peptide, named 

DRI-Pep #20, that functions as a selective and potent disruptor of the PI3Kg/PKA-RIIα 

complex. Our structural predictions and molecular docking studies indicate that DRI-Pep 

#20 operates similarly to PI3Kg MP and other AKAP disruptor peptides by mimicking 

the typical α-helical structure through which AKAPs bind PKA 74. In addition, our results 

support previous research showing that, within this α-helix, the presence of polar and 

positively charged amino acids is crucial for the binding between the scaffold and the 

kinase 74. In contrast to other AKAP disruptors, DRI-Pep #20 uniquely interferes with the 
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binding between PKA and PI3Kg, without affecting PKA pools anchored by other 

AKAPs. This specificity is attributed to our earlier observation that the PKA-anchoring 

sequence of PI3Kg diverges from that of classical AKAPs 30,65. While with PI3Kg MP we 

previous pinpointed amino acids 126-150 as the PKA-anchoring sequence of PI3Kg, the 

critical residues for the interaction remained elusive, partly due to the lack of the 

crystallographic structure of the PI3Kg N-terminal domain. Interestingly, our in silico 

characterization of the high-affinity interaction of DRI-Pep #20 with PKA-RIIα sheds 

light on the native association between PI3Kg and PKA. Our computational modeling 

demonstrates that the KATHR sequence, encompassing amino acids 126-130 of the N-

terminal of PI3Kg, plays a central role in guiding the interaction with PKA. Like DRI-

Pep #20, the KATHR peptide can adopt an α-helical conformation, establishing hydrogen 

bonds with partner amino acids within PKA-RIIα, mainly through K-126, H-129 and R-

130. Despite structural similarities, DRI-Pep #20 exhibits a significantly higher affinity 

for PKA compared to the native PKA-docking domain of PI3Kg and the PI3Kg MP, with 

a KD value that is 100-fold lower than that obtained with the 126-150 region 65. Further, 

fast kinetic studies have demonstrated that, with an association rate constant (Kon) in the 

order of 10–6 M-1 s-1, both PI3Kγ MP and DRI-Pep #20 associate extremely fast to PKA-

RIIα forming a relatively stable complex. In contrast, the DRI-Pep #20 exhibit a higher 

level of stability in the bound state with PKA-RIIα, with a Koff value that is 3.6-fold lower 

than that obtained with PI3Kg MP. This results in a 25% increase in potency of DRI-Pep 

#20 to inhibit the interaction between recombinant PI3Kg and PKA-RIIα compared to 

PI3Kg MP.  

This discrepancy raises questions about why nature selected a PI3Kg sequence with low 

affinity for PKA. It is plausible that, in physiological conditions, the binding between the 

two proteins needs to be sufficiently weak to allow PI3Kg to easily leave the complex, 

thereby interrupting PKA-mediated activation of PDEs, when necessary. This could serve 

as a protective mechanism against an excessive reduction of cellular cAMP below a 

critical level. 

While the high binding affinity of DRI-Pep #20 to PKA-RIIα can be attributed to the 

numerous hydrogen bonds that this non-natural sequence can form with the kinase, its 

high proteolytic stability is a direct consequence of the presence of D-amino acids, which 

are not recognized by proteases 75. The incorporation of non-natural D-amino acids in a 
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retro-reversed sequence, as in DRI-Pep #20, aims to obtain molecules with the same 

structure as the parent L-peptides, but with new chemical properties, such as increased 

half-life and resistance to proteolytic degradation, which potentially improve their in vivo 

potency 64. These chemical features, and above all the high stability and target affinity, 

position DRI-Pep #20 as an ideal candidate for therapeutic cAMP modulation in vivo. 

Obstructive respiratory diseases, where the PI3Kg-PKA complex serves as a central 

signaling hub to multiple airway cell functions, like smooth muscle relaxation, epithelial 

ion transport and neutrophil infiltration 30, could significantly benefit from a treatment 

with DRI-Pep #20. We provide evidence that DRI-Pep #20 preserves its biological 

activity in the presence of human neutrophil elastase and after local delivery in the 

airways in mice. These observations support the potential use of this peptide for achieving 

therapeutically relevant cAMP elevation in highly inflamed lungs. This is of particular 

relevance in a range of airway diseases, including COPD, certain forms of asthma, non-

CF bronchiectasis (NCFB), and even in patients with CF who may still experience airway 

inflammation despite highly effective modulator therapies (HEMT) targeting the basic 

genetic defect of the disease 76,77. 

In addition to proteases associated with inflammation, another challenge posed by 

diseased lungs is the thick mucus layer covering respiratory epithelia 42. Our assays 

exploiting patient-derived sputum as a proxy of CF mucus revealed that DRI-Pep #20 is 

not significantly affected by the barrier activity of mucus. Moreover, in spite of being a 

relatively large molecule (i.e., MW > 2000 g/mol), DRI-Pep #20 is well below the mesh 

size of the pathological mucus. TEM and DLS analyses indicate that the peptide can form 

aggregates of 20 nm in size, which could freely diffuse through the 100-1000 nm meshes 

of the network of bundled fibers that are typically formed by biopolymers in the CF 

mucus and that are filled with a low viscosity fluid 78.  

These observations imply that, in diseased lungs, relevant doses of DRI-Pep #20 could 

reach the underlying epithelial cells wherein targeting the PI3Kg/PKA complex is 

anticipated to boost CFTR activity 30. Our data indicates that in CF bronchial epithelial 

cells DRI-Pep #20 enhances the effects of the standard combination of CFTR modulators, 

Elexacaftor/Tezacaftor/Ivacaftor, in rescuing the activity of the most common CFTR 

mutant, F508del. These findings carry significant clinical implications, especially in light 

of recent studies demonstrating that CFTR potentiators and correctors only partially 
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restore the function of mutant channels, achieving up to 60% the wild-type CFTR levels 
79-81.  Consequently, CF patients treated with HEMT may still experience residual mucus 

dysfunction, airway infection and inflammation 76,77,82 and could significantly benefit 

from the ability of DRI-Pep #20 to maximize the clinical efficacy of the standard-of-care. 

In addition, our observation that the peptide itself activates the wild-type form of the 

CFTR channel supports the prospect of extending the use of DRI-Pep #20 to treat a range 

of non-genetic conditions characterized by acquired CFTR dysfunction, including COPD, 

non-atopic asthma, and NCFB 67.  

In summary, our study supports the use of natural and non-natural peptides for 

manipulating the PI3Kg/PKA complex in the lungs for therapeutic purposes. We 

demonstrated that these compounds can act locally, providing significant added value 

over other cAMP elevating agents, i.e. β2-adrenergic agonists or classical small molecule 

PDE4 inhibitors, like roflumilast, that easily diffuse outside the lungs and trigger 

undesired brain and cardiac effects 18. Additionally, small molecule PDE4 inhibitors lead 

to indiscriminate inhibition of all the different PDE4 subtypes (PDE4A, B, C and D), 

potentially determining further side effects. Intriguingly, PI3Kγ/PKA peptide disruptors 

offer the opportunity of blocking selective PDE4 subtypes with a prominent role in the 

lung, like PDE4B and PDE4D 83, with an exquisite isoform and compartment selectivity. 

On the other hand, differently from β2-AR agonists, PI3Kg/PKA disruptors amplify β2-

AR/cAMP responses through a peculiar mechanism by impinging on cAMP degradation 

rather than on β2-AR activation, avoiding receptor desensitization that, in the long-term, 

is the major cause of reduced efficacy. Moreover, thanks to the favorable resistance to 

proteases and ability to penetrate airway mucus, the peptides hereby described hold 

promise for achieving therapeutic cAMP elevation in obstructive respiratory disorders 

where mucus accumulation and inflammatory remodeling still result in a highly unmet 

medical need. While the PI3Kg MP has already completed certified toxicological 

preclinical studies in rodents and non-rodents, future studies are expected to prove the 

feasibility and the safety of an inhaled therapy based on a non-natural PI3Kg/PKA 

disruptor, like DRI-Pep #20.  

 

 



 

5. Figures  

 

 
Figure 1. Structural prediction of the binding between PI3Ky MP and PKA-RIIα. 

a) Chemical structure of PI3Kg MP. The amino acid sequence of PI3Kg MP comprises 
the cell penetrating peptide Penetratin 1 (P1), a glycine (G) linker and the PKA-binding 
motif of PI3Kg (residues 126-150: KATHRSPGQIHLVQRHPPSEESQAF). b) PI3Kg 
MP structure prediction by PEP-FOLD3.5. P1-G and residues 126-150 of PI3Kg are 
shown as cartoons in grey and blue, respectively. R-22, H-21 and K-18 residues are 
indicated and shown as sticks. c) Circular dichroism spectra of PI3Kg MP and PKA-
binding motif of PI3Kg showing a peak at 190-220 nm in blue and red, respectively. The 
percentage of a-helical and b-sheet secondary structures calculated by the K2D3 software 
are indicated. d) Molecular docking simulation of the interaction between PI3Kg MP and 
PKA by HADDOCK 2.4. The docked pose of PI3Kg MP in complex with residues 1-45 
of PKA-RIIα (cartoon in green) is shown. The key residues involved in the binding are 
indicated and shown as sticks, with PI3Kg MP residues in bold. Hydrogen bonds between 
PI3Kg MP and PKA-RIIα are indicated by yellow dashed lines. In b and d, the structural 
models were developed using PyMOL.  
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Figure 2. PI3Kg MP /PKA-RIIα (1-45) binding analysis by Optimal Hydrogen Bonding 

Network.  

a) Number of hydrogen bonds between PI3Kg MP with partners in the PKA-RIIα subunit 
(1-45 PKA-RIIα). b) Number of hydrogen bonds between residues 1-45 of PKA-RIIα 
with partners within PI3Kg MP. Hydrogen bonds involving amino acids within the P1-G 
or the residues 126-150 of the PKA-binding motif of PI3Kg are shown in light green and 
dark green, respectively.   
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Figure 3. PI3Kg MP displaces the PI3Kg/PKA complex. 

a) Schematic representation of the fluorescence spectroscopy assays for the 
characterization of the interaction between PI3Kg MP and PKA-F5M. b) For kinetic 
analysis, fluorescence spectra of PKA-F5M in the presence of increasing concentrations 
of PI3Kg MP (0 to 20 µM) were analyzed and fitted to a single exponential function to 
obtain the observed rate constant (kobs). The binding of PI3Kg MP to bio-labeled PKA 
was investigated under pseudo-first-order conditions, and the kinetic constants, kon and 
koff, were determined. c) Schematic representation of the displacement assay between 
PI3Kg MP and the PI3Kg/PKA-F5M complex. d) Percentage displacement of the 
PI3Kg/PKA-RIIα complex by PI3Kg MP, calculated from steady-state emission spectra 
of the PI3Kg/PKA-F5M complex in the presence of increasing concentrations of PI3Kg 
MP (0 to 5 µM). The displacement efficiency was expressed as percentage of the binding 
between PI3Kg and PKA-F5M relative to that in the absence of PI3Kg MP. e) For 
cytotoxicity analysis, cell viability was evaluated in 16HBE14o- cells treated chronically 
with increasing concentration of PI3Kg MP (0 to 300 µM). n³6 technical replicates from 
N=3 independent experiments. Nonlinear regression analysis was used to determine the 
LD50. LD50 was calculated with respect to untreated control cells, whose viability was set 
to 100%. Throughout, data are means ± SEM.  
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Figure 4. PI3Kg MP can penetrate pathological mucus and resist protease degradation.  

a) Schematic representation of the Parallel Artificial Membrane Permeability Assay 
(PAMPA) with and without deposition of cystic fibrosis (CF) sputum on top of the 
artificial lipid membrane (PM). b)  Apparent permeability (Papp) measurements of PI3Kg 
MP (2 mg/mL), in the absence (blue box) and in the presence (yellow box) of CF sputum. 
The green dashed line indicates the threshold Papp for high-medium permeable 
compounds (4×10-6 cm s-1), while the red dashed line defines the limit for medium-low 
permeable molecules (1×10-6 cm s-1). c) Representative Transmission Electron 
Microscopy (TEM) images of PI3Kg MP (0.1 mg/mL in water). d) Size distribution 
profile of PI3Kg MP (1.1 mg/mL in 2 mM PBS) in blue and with the addition of 
hexafluoroisopropanol (HFIP) in red obtained by dynamic light scattering (DLS) 
analysis. e-f) cAMP concentrations in 16HBE14o- cells treated with the PI3Kg MP (25 
μM for 30 min) in the absence (blue bars) and in the presence (grey bars) of either 3 μg/ml 
(e) or 20 μg/ml (f) human neutrophil elastase (HNE). The amount of cAMP was expressed 
as percentage of cAMP accumulation elicited by PI3Kg MP without HNE. Dashed lines 
indicate the amount of cAMP (%) induced by PI3Kg MP with HNE as a reference. n³3 
technical replicates from N>3 independent experiments. *P<0.05, **P<0.01 and 
***P<0.001 by one-way ANOVA, followed by Bonferroni’s post hoc test. g) cAMP 
elevation in 16HBE14o- cells covered with a layer of CF sputum and then treated with 
25 μM PI3Kg MP for 30 min and 1 hour. The amount of cAMP was expressed as 
percentage of cAMP accumulation elicited by PI3Kg MP in the absence of sputum at 30 
min. ***P<0.001 versus PI3Kg MP without sputum by two-way ANOVA test, followed 
by Bonferroni's post-hoc analysis. n³6 technical replicates from N=3 independent 
experiments. Throughout, data are means ± SEM. 
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Figure 5. Aerodynamic behaviour of PI3Kg MP  

a) Schematic representation of the Next Generation Impactor (NGI) apparatus equipped 
with seven stages cups (S1-S7) and a micro-orifice collector (MOC).  b) Dimensional 
correlation of the different NGI stages with the different regions of the airway respiratory 
tract. c-d)	In vitro aerosol performance of PI3Kg MP after nebulization with three devices 
(one jet nebulizer –TurboBoy- and two mesh nebulizers –AeronebGo and eFlow rapid). 
In c) cumulative mass of PI3Kg MP recovered in the different stages expressed as a 
function of the cut-off diameter of the NGI and of the emitted dose. In d) the emitted dose 
of PI3Kg MP representing the total mass of peptide emitted from the NGI. This was 
measured on the difference between the total amount initially placed in the specified 
nebulizer and the amount that was deposited in the NGI. e) cAMP elevation in 
16HBE14o- cells treated with the peptide recovered from Stage 4 after nebulization with 
eFlow rapid.  ns: non-significant PI3Kg MP vs nebulized PI3Kg MP by Student’s t test. 
*P<0.05 versus vehicle by one-way ANOVA test, followed by Bonferroni's post-hoc 
analysis. N=3 independent experiments. Throughout, data are means ± SEM. 
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Figure 6. DRI-Pep #20 as a novel PI3Kg/PKA disruptor with high binding affinity for 
PKA. 
 
a) Chemical structure of DRI-Pep #20. The amino acid sequence of DRI-Pep #20 
comprises the cell penetrating peptide Penetratin 1 (P1), a glycine (G) linker and the non-
natural sequence RHQGK, wherein each amino acid is a D-amino acid. b) Schematic 
representation of the fluorescence spectroscopy assays for the characterization of the 
interaction between DRI-Pep #20 and the recombinant fluorescein 5-maleimide–labeled 
PKA-RIIα (PKA-F5M). c) Steady-state emission spectra of PKA-F5M in the presence of 
increasing concentrations of DRI-Pep #20 (0 to 20 µM). KD: dissociation constant. AU, 
arbitrary units. Inset, non-linear fitting of the fluorescence intensity maxima obtained at 
various concentrations of DRI-Pep #20 for the monitoring of bio-labeled PKA. KA: 
association constant. d) For kinetic analysis, fluorescence spectra of PKA-F5M in the 
presence of increasing concentrations of DRI-Pep #20 (0 to 5 µM) were analyzed and 
fitted to a single exponential function to obtain the observed rate constant (kobs). The 
binding of DRI-Pep #20 to bio-labeled PKA was investigated under pseudo-first-order 
conditions, and the kinetic constants, kon and koff, were determined. e) Schematic 
representation of the displacement assay between DRI-Pep #20 and the PI3Kg/PKA-F5M 
complex. f) Percentage displacement of the PI3Kg/PKA-RIIα complex by DRI-Pep #20, 
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calculated from steady-state emission spectra of the PI3Kg/PKA-F5M complex in the 
presence of increasing concentrations of DRI-Pep #20 (0 to 5 µM). The displacement 
efficiency was expressed as percentage of the binding between PI3Kg and PKA-F5M 
relative to that in the absence of DRI-Pep #20. g) cAMP concentrations in peritoneal 
macrophages from wild-type (WT, in green) and PI3Kγ-/- mice (in grey) treated with 10-
25 µM DRI-Pep #20 for 30 min. The amount of cAMP was expressed as percentage of 
cAMP accumulation observed in untreated PI3Kγ-/- cells. n³6 technical replicates from 
N>3 independent experiments. ***P<0.001 WT versus PI3Kγ-/- by one-way ANOVA, 
followed by Bonferroni’s post hoc test. Data are means ± SEM. 
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Figure 7. Structural prediction of the binding between DRI-Pep #20 and PKA-RIIα.  
 
a) DRI-Pep #20 structure prediction by PEP-FOLD3.5. P1-G and RHQGK domains are 
shown as cartoons in grey and red, respectively. R-1, H-2, Q-3 and K-5 residues are 
indicated and shown as sticks. b) Circular dichroism spectra of DRI-Pep #20 showing a 
peak at 190-240 nm. The percentage of a-helical and b-sheet secondary structures 
calculated by the K2D3 software are indicated. c) Molecular docking simulation of the 
interaction between DRI-Pep #20 and PKA by HADDOCK 2.4. The docked pose of DRI-
Pep #20 in complex with residues 1-45 of PKA-RIIα (cartoon in green) is shown. The 
key residues involved in the binding are indicated and shown as sticks, with DRI-Pep #20 
residues in bold. Hydrogen bonds between DRI-Pep #20 and PKA-RIIα are indicated by 
yellow dashed lines. In a and c, the structural models were developed using PyMOL. 
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Figure 8. DRI-Pep #20/PKA-RIIα (1-45) binding analysis by Optimal Hydrogen 
Bonding Network.  
 
a) Number of hydrogen bonds between R-1, H-2, Q-3 and K-5 residues of DRI-Pep #20 
with partners in the PKA-RIIα subunit (1-45 PKA-RIIα). b) Number of hydrogen bonds 
between residues 1-45 of PKA-RIIα with partners within DRI-Pep #20. Hydrogen bonds 
involving amino acids within the P1-G or the RHQGK domains of DRI-Pep #20 are 
shown in light green and dark green, respectively.   
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Figure 9. Biological activity (cAMP elevation) of DRI-Pep #20 variants with 2 amino 
acid substitutions.  
 
a) cAMP concentration in 16HBE14o- cells treated for 30 min with the indicated peptide 
variants carrying conservative substitutions of Q-3 and G-4 within the DRI-Pep #20 
sequence (25 µM). For screening purposes, non-DRI forms of the peptides were used. 
Positively charged, non-polar and polar amino acids are shown in orange, blue and red, 
respectively. The cAMP elevation triggered by each peptide was expressed as percentage 
of the cAMP accumulation elicited by Pep #20, which is shown as a dashed line. The 
adenylyl cyclase activator, forskolin (FSK), was used as a positive control (100 nM for 5 
min), while P1 was used as a negative control (25 µM for 30 min). UT: untreated cells. 
n³3 technical replicates from N=3 independent experiments. *P<0.05, **P<0.01, and 
***P<0.001 versus Pep #20 by one-way ANOVA, followed by Bonferroni’s post hoc 
test. Data are means ± SEM.   
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Figure 10. Structural prediction of the native binding between the N-terminal domain 
of PI3Kg and PKA-RIIα.  
 
a) Molecular docking simulation of the interaction between PI3Kg and PKA-RIIα by 
HADDOCK 2.4. The docked pose of residues 120-160 of PI3Kg (cyan cartoon) in 
complex with residues 1-45 of PKA-RIIα (green cartoon) is shown. The amino acids 
critical for the binding between the two proteins are shown and indicated as sticks, with 
the residues of PI3Kg in bold. The region of PI3Kg at the core of the interaction (KATHR) 
is shown in orange. Hydrogen bonds between PI3Kg and PKA-RIIα are indicated by 
yellow dashed lines. b) Structural prediction of the KATHR sequence by PEP-FOLD3.5. 
KATHR and P1-G domains are shown as cartoons in orange and grey, respectively. K-1, 
H-4 and R-5 residues of PI3Kg are indicated and shown as sticks. c) Molecular docking 
simulation of the interaction between KATHR and PKA by HADDOCK 2.4. The docked 
pose of KATHR in complex with residues 1–45 of PKA RIIα (cartoon in green) is shown. 
Yellow dashed lines indicate hydrogen bonds between KATHR and 1–45 PKA-RIIα. The 
amino acids critical for the binding are indicated and shown as sticks, with KATHR 
residues in bold. Throughout, the structural models were developed using PyMOL.  
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Figure 11. Analysis of the native binding between the N-terminal region of PI3Kg and 
PKA-RIIα by Optimal Hydrogen Bonding Network.  
 
a) Number of hydrogen bonds formed by residues encompassing the putative PKA-
binding motif of PI3Kg (120-160 PI3Kg) with partners in the PKA-RIIα subunit (1-45 
PKA-RIIα). b) Number of hydrogen bonds between residues 1-45 of PKA-RIIα with 
partners within the 120-160 region of PI3Kg. Hydrogen bonds involving amino acids 
within the KATHR sequence or the remainder of the 120-160 domain of PI3Kg are shown 
in dark green and light green, respectively.  
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Figure 12. Biological activity (cAMP elevation) of N-terminal PI3Kg peptides 
progressively truncated at the C-terminus.  
 
a) cAMP concentration in 16HBE14o- cells treated for 30 min with C-terminal 
truncations of the predicted PKA-binding site of PI3Kg (Pep# 01). Peptides were made 
permeable to cell membranes by conjugation with Penetratin 1 (P1) through a G linker 
(not shown) and used at a concentration of 25 µM. The adenylyl cyclase activator, 
forskolin (FSK), was used as a positive control (100 nM for 5 min), while P1 was used 
as a negative control (25 µM for 30 min). The cAMP elevation induced by each peptide 
was expressed as percentage of the cAMP accumulation elicited by the predicted full-
length PKA-binding sequence of PI3Kg (Pep #01), which is shown as a dashed line. UT: 
untreated cells. n³3 technical replicates from N=3 independent experiments. *P<0.05, 
**P<0.01, and ***P<0.001 versus Pep #01 by one-way ANOVA, followed by 
Bonferroni’s post hoc test. Data are means ± SEM. 
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Figure 13. Analysis of the binding between the KATHR peptide and PKA-RIIα by 
Optimal Hydrogen Bonding Network.  
 
a) Number of hydrogen bonds between the KATHR sequence of the N-terminal domain 
of PI3Kg with partners within 1-45 of PKA-RIIα. b) Number of hydrogen bonds between 
residues 1-45 of PKA-RIIα with partners within the KATHR sequence. A cell permeable 
version of the KATHR peptide, linked to Penetratin 1 through a G linker at the N-
terminus, was used for the docking. In b), hydrogen bonds involving amino acids within 
the KATHR sequence, or the P1-G domain of the peptide are shown in green dark and 
light green, respectively.   
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Figure 14. DRI-Pep #20 increases cAMP levels locally in vivo in the airway tract of 
mice.  
 
a) Schematic representation of the treatment schedule. BALB/c mice received DRI-Pep 
#20 through intratracheal (i.t.) instillation. (b-d) cAMP concentrations in tracheas (b), 
lungs (c) and hearts (d) from BALB/c mice 24 hours after i.t. instillation of different doses 
of DRI-Pep #20 (0 to 750 mg/kg). Values in brackets indicate the dose of DRI-Pep #20 
expressed as mg/kg. The number of mice (n) ranged from 3 to 6 per group. EC50, median 
effective concentration. In a) and b), *P< 0.05, **P < 0.01, and ***P < 0.001 by one-way 
ANOVA, followed by Bonferroni’s post hoc test. Throughout, data are means ± SEM. 
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Figure 15. DRI-Pep #20 can penetrate pathological mucus and resist protease 
degradation.  
 
a) Schematic representation of the Parallel Artificial Membrane Permeability Assay 
(PAMPA) with and without cystic fibrosis (CF) sputum deposition on top of the artificial 
lipid membrane (PM). b)  Apparent permeability (Papp) measurements of DRI-Pep #20 (2 
mg/mL), in the absence (green box) and in the presence (blue box) of CF sputum. The 
green dashed line indicates the threshold Papp for high-medium permeable compounds 
(4×10-6 cm s-1), while the red dashed line defines the limit for medium-low permeable 
molecules (1×10-6 cm s-1). ns: non-significant by Student’s t test. c) Representative 
Transmission Electron Microscopy (TEM) images of DRI-Pep #20 (0.1 mg/mL in water). 
Scale bar: 20 nm. d) Size distribution profile of DRI-Pep #20 (4 mg/mL in 2 mM PBS) 
obtained by dynamic light scattering (DLS) analysis. e-f) cAMP concentrations in 
16HBE14o- cells treated with the DRI-Pep #20 and Pep #20 (25 μM for 30 min) in the 
absence (green bars) and in the presence (gray bars) of either 3 μg/ml (d) or 20 μg/ml (e) 
human neutrophil elastase (HNE). The amount of cAMP was expressed as percentage of 
cAMP accumulation elicited by Pep #20 without HNE. Dashed lines indicate the amount 
of cAMP (%) induced by Pep #20 with HNE as a reference. n³6 technical replicates from 
N>3 independent experiments. *P<0.05 and **P<0.01 by one-way ANOVA, followed by 
Bonferroni’s post hoc test. ns: non-significant. g) cAMP elevation in 16HBE14o- cells 
covered with a layer of CF sputum and then treated with 25 μM DRI-Pep #20 for 30 min 
and 1 hour. The amount of cAMP was expressed as percentage of cAMP accumulation 
elicited by DRI-Pep #20 in the absence of sputum at 30 min. **P<0.01 and ***P<0.001 
versus DRI-Pep #20 without sputum by two-way ANOVA test, followed by Bonferroni's 
post-hoc analysis. n³6 technical replicates from N>3 independent experiments. 
Throughout, data are means ± SEM.  
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Figure 16. Prediction of protease cleavage sites within DRI-Pep #20.  
 
a) Prediction of protease cleavage sites within the DRI-Pep #20 sequence via Expasy 
PeptideCutter software. b) Prediction of protease cleavage sites within the DRI-Pep #20 
sequence via Expasy PeptideCutter software and the Protease Specificity Prediction 
Server (PROSPER). The cleavage sites within the P1-G and RHQGK regions of the DRI-
Pep #20 sequence are shown in blue and red, respectively. 
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Figure 17. DRI-Pep #20 modulates wild-type and F508del-CFTR activity.  
 
a) Schematic representation of CFTR activity measurement through the Premo™ Halide 
Sensor assay. b) Average fluorescence quenching traces of 16HBE14o- cells expressing 
the halide-sensitive yellow fluorescent protein (HS-YFP) and treated with either 25 µM 
DRI-Pep #20 or equimolar amount of the control peptide P1 for 30 min before addition 
of Premo Halide stimulus buffer. Fluorescence was continuously read (1 point per 
second) starting at 1 s before addition of the buffer and up to 120 s. The CFTR inhibitor 
CFTRinh-172 (10 µM for 5 min) was used to evaluate the selective activation of the CFTR 
channel. c) CFTR activity (expressed as the change in fluorescence ∆F/F0) in response to 
30-min stimulation with increasing concentrations of DRI-Pep #20 (31.6 nM to 316 mM) 
in 16HBE14o- cells expressing HS-YFP. To determine the EC50, nonlinear regression 
analysis was used. d) CFTR activity (expressed as the change in fluorescence ∆F/F0) in 
16HBE14o- cells expressing HS-YFP and treated with 10-25 µM DRI-Pep #20 for 30 
min in the absence or in the presence of the CFTR inhibitor CFTRinh-172 (10 µM for 5 
min). The adenylyl cyclase activator, forskolin (FSK), was used as a positive control (100 
nM for 5 min), while P1 was used as a negative control (25 µM for 30 min). UT: untreated 
cells. e) CFTR activity in F508del-CFTR-CFBE41o- cells expressing HS-YFP and 
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treated with Elexacaftor/Tezacaftor/Ivacaftor alone (ETI) or together with DRI-Pep #20. 
Cells were corrected with Elexacaftor (3 µM) and Tezacaftor (10 µM) for 24 hours and 
then exposed acutely to Ivacaftor (1 μM) for 30 min, alone (ETI) or together with 25 µM 
DRI-Pep #20. The CFTR inhibitor CFTRinh-172 was used as in (b). UT: untreated cells. 
In (b) and (e), n³3 technical replicates from N>3 independent experiments. **P<0.01, 
and ***P<0.001 versus UT and ### P<0.001 ETI versus ETI plus DRI-Pep #20 by one-
way ANOVA, followed by Bonferroni’s post hoc test. Throughout, data are means ± 
SEM. 
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5.   Tables 
 
Table 1.  Next Generation Impactor deposition pattern 
 

NGI Stages Dimension of Deposited 
Particles (micron) 

Stage 1 
Stage 2 
Stage 3 
Stage 4 
Stage 5 
Stage 6 
Stage 7 

14.10 
8.61 
5.39 
3.30 
2.08 
1.36 
0.98 

 

Table 2. Aerosol performance of PI3Kg MP after nebulization with three nebulizer 
devices (one jet nebulizer –TurboBoy- and two mesh nebulizers –AeronebGo and eFlow 
rapid)  
 

 TurboBoy AeronebGo eFlow rapid 

MMAD (µM ± SD) 
GSD (± SD)  
FPF (± SD) 
RF (± SD) 

2.00 ± 0.091 
1.94 ± 0.308 

ND 
ND 

2.70 ± 0.305 
2.10 ± 0.234 
43.2 ± 11.1 
90.3 ± 6.08 

2.99 ± 0.068 
1.85 ± 0.013 
38.9 ± 1.17 
99.0 ± 0.75 

MMAD= Experimental Mass Mean Aerodynamic Diameter; GSD=  Geometric Standard 
Deviation; FPF = Fine Particle Fraction; RF= Respirable Fraction.  

 
Table 3.  Binding energetics and kinetics of the DRI-Pep #20 with PKA-RIIα obtained 
through molecular docking analysis.  
 

 ΔG (kcal mol-1) KD (M) Number of 
H-bonds 

DRI- Pep #20 -102 3.10 E-07 7 
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Table 4. Biological activity (cAMP elevation) of DRI-Pep #20 variants with two amino 
acid substitutions. 
 

Name Sequence cAMP Elevation*  
(%) 

DRI-Pep #20 
Pep #20 
Pep #21 
Pep #22 
Pep #23 
Pep #24 
Pep #25 
Pep #26 
Pep #27 
Pep #28 
Pep #29 
Pep #30 
Pep #31 
Pep #32 
Pep #33 
Pep #34 
Pep #35 
Pep #36 
Pep #37 
Pep #38 
Pep #39 
Pep #40 
Pep #41 
Pep #42 
Pep #43 

RHQGK 
KGQHR 
KGNHR 
KNLHR 
KSLHR 
KCNHR 
KNCHR 
KGSHR 
KATHR 
KNSHR 
KSCHR 
KLGHR 
KQCHR 
KLSHR 
KCCHR 
KSNHR 
KCGHR 
KSGHR 
KGCHR 
KGLHR 
KLLHR 
KCSHR 
KLCHR 
KCLHR 
KGGHR 

105.63 
100.00 
94.75 
92.15 
88.14 
84.65 
83.25 
79.84 
78.05 
74.89 
69.53 
69.21 
68.69 
68.07 
66.61 
64.91 
61.25 
60.54 
49.99 
29.79 
19.03 
17.03 

<0 
<0 
<0 

 
*The cAMP elevation induced by each peptide was expressed as percentage of the cAMP 
accumulation elicited by the Pep #20. For screening purposes, non-DRI forms of the 
peptides conjugated with Penetratin 1 through a G linker were used. Positively charged, 
non-polar and polar amino acids are shown in orange, blue and red, respectively. 
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Table 5.  Biological activity (cAMP elevation) and energetics/kinetics of the binding of 
N-terminal PI3Kg peptides progressively truncated at the C-terminus with PKA-RIIα.  
 

 
*The cAMP elevation induced by each peptide was expressed as percentage of the cAMP 
accumulation elicited by the N-terminal region of PI3Kg containing the PKA-binding 
motif 21 (126-150 PI3Kg; Pep #01). For cell-based assays, peptides were made membrane-
permeable by conjugation with Penetratin 1 through a G linker at the N-terminus. 
 
 
Table 6.  Binding energetics and kinetics of the KATHR peptide with PKA-RIIα 
obtained through molecular docking analysis.  
 

 ΔG (kcal mol-1) KD (M) Number of 
H-bonds 

KATHR  -89 2.80 E-06 5 

 
 
 
 
 
 
 
 
 

Name Sequence cAMP Elevation* 
(%) 

Number of 
H-bonds 

ΔG  
(kcal mol-1) 

KD (M) 

Pep #01 
Pep #02 
Pep #03 
Pep #04 
Pep #05 
Pep #06 
Pep #07 
Pep #08 
Pep #09 
Pep #10 
Pep #11 
Pep #12 
Pep #13 
Pep #14 
Pep #15 
Pep #16 
Pep #17 
Pep #18 
Pep #19 

KATHRSPGQIHLVQRHPPSEESQAF 
KATHRSPGQIHLVQRHPP  
KATHRSPGQIHLVQRHP 
KATHRSPGQIHLVQRH 
KATHRSPGQIHLVQR 
KATHRSPGQIHLVQ 
KATHRSPGQIHLV 
KATHRSPGQIHL 
KATHRSPGQIH 
KATHRSPGQI 
KATHRSPGQ 
KATHRSPG 
KATHRSP 
KATHRS 
KATHR 
KATH 
KAT 
KA 
K 

100% 
125% 
108% 
110% 
59.6% 
50.5% 
46.8% 
101.3% 
104% 
83.3% 
116.5% 
75.2% 
75.3% 
73.8% 
101% 
66.3% 
74.9% 
42.2% 
29.9% 

7.15 
5.5 
4.45 
5.20 
5.70 

3 
5.03 
5.42 
4.70 
4.68 
4.75 
3.53 
4.75 
4.13 
4.98 
4.75 
3.33 
3.38 
3.98 

-102.75 
-97.50 
-101.95 
-105.33 
-96.88 

-90 
-93.53 
-92.15 
-87.90 
-92.23 
-93.50 
-83.20 
-89.08 
-87.53 

-89 
-78.22 
-71.22 
-65.33 
-67.65 

1.34 E-06 

2.62 E-06 

1.21 E-06 
8.76 E-07 
2.00 E-06 

2.60 E-06 
2.51 E-06 
1.40 E-06 

1.90 E-07        

3.85 E-06 

1.20 E-06 

7.10 E-06 

8.61 E-06 

5.85 E-06 

2.80 E-06 
2.55 E-05 
8.76 E-05 

3.58 E-04 

1.65 E-04 
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Filed on: November 29, 2023 

* * * 

TEXT OF THE DESCRIPTION 

 

FIELD OF THE INVENTION 

The present description relates to non-natural peptides 

targeting the scaffold activity of PI3KȖ and their use in the 

treatment of pathologies of the respiratory apparatus. 

 

BACKGROUND OF THE INVENTION 

The 3¶±5¶-cyclic adenosine monophosphate (cAMP) second 

messenger controls different cellular functions, including 

cell growth and differentiation, gene transcription and protein 

expression. cAMP exerts its function through activation of 

different effectors, with protein kinase A (PKA) being the most 

widely characterized. cAMP directly binds the dimer of the 

regulatory subunits of the PKA holoenzyme, promoting the 

release of the two catalytic counterparts, which are then free 

to phosphorylate various substrates. Although different G 

protein-coupled receptors (GPCR) rely on the same second 

messenger cAMP for conveying signals within the cell, a tight 

spatial and temporal regulation of its concentration ensures 

that activation of a specific GPCR results in the appropriate 
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cellular response3. This local control of cAMP signals is 

achieved through multiprotein complexes that sequester within 

subcellular microdomains enzymes responsible for cAMP 

generation (adenylyl cyclases) and destruction 

(phosphodiesterases, PDEs) as well as distinct signal 

transducers. Key orchestrators of these ³signaling islands´ 

are A-kinase anchoring proteins (AKAPs) that, by definition, 

anchor PKA to its substrates and its regulators in specific 

cellular compartments1. Perturbations of this fine control of 

cAMP compartmentalization underlies different pathologies, 

including cardiovascular and pulmonary diseases, cancer, 

neurological disorders, and inflammation. On these grounds, 

pharmacological manipulation of specific cAMP signalosomes 

with molecules blocking the interaction of AKAPs with either 

PKA or other components of the cAMP signaling pathway has been 

attempted and proven effective in preclinical models1, 4.  

Previous work from our group identified the AKAP 

phosphoinositide 3-kinase J (PI3KJ) as the orchestrator of a 

multiprotein complex which is central to smooth muscle 

contraction, immune cell activation, and epithelial fluid 

secretion in the airways2. In the lungs, PI3KJ-bound PKA 

activates PDE4, ultimately restricting cAMP responses 

triggered by stimulation of ȕ2-adrenergic receptors, the major 

GPCR mediating cAMP elevation in the airways. Displacement of 

the PI3KJ-anchored pool of PKA by a cell-permeable PI3KJ mimetic 

peptide (PI3KJ MP) inhibits PDE4 and promotes local cAMP 

elevation, eventually resulting in airway smooth muscle 

relaxation and reduced neutrophil infiltration in a murine 

model of asthma. In bronchial epithelial cells, PI3KJ MP 
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enhances cAMP in the vicinity of the cystic fibrosis 

transmembrane conductance regulator (CFTR), the ion channel 

that controls mucus hydration, thereby driving the opening of 

the wild-type channel, while synergizing with CFTR modulators 

in reinstating the function of the most prevalent mutant in 

cystic fibrosis (F508del-CFTR)2.  

 

OBJECT AND SUMMARY OF THE INVENTION  

An object of the present invention is to provide a potent 

PI3KJ/PKA disruptor for achieving therapeutic cAMP elevation 

in chronic respiratory disorders. 

According to the invention, the above object is achieved 

thanks to the products specified in the ensuing claims, which 

are understood as forming an integral part of the present 

description.  

The present invention concerns a non-naturally occurring 

peptide targeting PI3KJ with nanomolar affinity for PKA, high 

resistance to protease degradation and high permeability to 

the pulmonary mucus barrier able to disrupt the PI3KJ/PKA 

complex and to trigger cAMP elevation in the airways. 

In one embodiment the present invention concerns a non-

natural peptide having the ability of inhibiting the A-kinase 

anchoring function of PI3KJ comprising an amino acid sequence 

as set forth in SEQ ID No.: 1, wherein each amino acid is a D-

amino acid, and wherein the glutamine at position 3 and the 

glycine at position 4 can be substituted with any amino acid 

with similar hydrophobicity, hydrophilicity, charge and size, 

respectively.  

In further embodiments, the present invention concerns 
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the non-natural peptide for use as a medicament, combination 

products of the non-natural peptide as well as pharmaceutical 

compositions comprising the same. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described, by way of example 

only, with reference to the enclosed figures of drawing, 

wherein: 

- Figure 1. DRI-Pep#20 structure. 

a) Chemical structure of DRI-Pep #20. The amino acid 

sequence of DRI-Pep#20 comprises the cell penetrating peptide 

penetratin 1 (P1), a glycine (G) linker and the non-natural 

peptide RHQGK (SEQ ID No.: 1), wherein each amino acid is a D-

amino acid. b) Structural prediction of DRI-Pep#20 by PEP-

FOLD3.5. The P1-G domain is shown as cartoon in black.  The key 

residues of the RHQGK domain, R-1, H-2, Q-3 and K-5, are 

indicated and shown as sticks. c) Circular dichroism spectra 

of DRI-Pep#20 showing a peak at 190-240 nm. The percentage of 

D-helical and E-sheet secondary structures calculated by the 

K2D3 software are indicated. d) Molecular docking simulation 

of the interaction between DRI-Pep#20 and PKA by HADDOCK 2.4. 

The docked pose of DRI-Pep#20 in complex with residues 1-45 of 

PKA-RIIĮ is shown. The key residues involved in the binding 

are indicated (DRI-Pep#20 residues are in bold) and shown as 

sticks. Hydrogen bonds between DRI-Pep#20 and PKA-RIIĮ are 

indicated by dashed lines. The structural model was developed 

using PyMOL.  

- Figure 2. DRI-Pep #20/PKA-5,,Į (1-45) binding analysis 

by Optimal Hydrogen Bonding Network.  

a) Number of hydrogen bonds formed by R-1, H-2, Q-3, G-4, 
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K-5 residues of DRI-Pep#20 with residues 1-45 of PKA-RIIĮ. b) 

Number of hydrogen bonds between residues 1-45 of PKA-RIIĮ with 

DRI-Pep #20. The interactions between PKA-RIIĮ and either P1-

G or RHQGK are shown in grey and black, respectively.   

- Figure 3.  DRI-Pep#20 binds PKA with high affinity.  

a) Schematic representation of the fluorescence 

spectroscopy assay for the characterization of the interaction 

between DRI-Pep#20 and the recombinant fluorescein 5-

maleimide±labeled PKA-RIIĮ (PKA-F5M). b) Steady-state emission 

spectra of PKA-F5M in the presence of increasing concentrations 

of DRI-Pep#20 (0 to 20 µM). KD: dissociation constant. AU, 

arbitrary units. Inset, non-linear fitting of the fluorescence 

intensity maxima obtained at various concentrations of DRI-

Pep#20 for the monitoring of bio-labeled PKA. KA: association 

constant. c) For kinetic analysis, fluorescence spectra of PKA-

F5M in the presence of increasing concentrations of DRI-Pep#20 

(0 to 5 µM) were analyzed and fitted to a single exponential 

function to obtain the observed rate constant (kobs). The 

binding of DRI-Pep#20 to bio-labeled PKA was investigated under 

pseudo-first-order conditions, and the kinetic constants, kon 

and koff, were determined. d) Schematic representation of the 

displacement assay between DRI-Pep#20 and the PI3KJ/PKA-F5M 

complex. e) Percentage displacement of the PI3KJ/PKA-RIIĮ 

complex by DRI-Pep #20, calculated from steady-state emission 

spectra of the PI3KJ/PKA-F5M complex in the presence of 

increasing concentrations of DRI-Pep#20 (0 to 5 µM). The 

displacement efficiency was expressed as percentage of the 

binding between PI3KJ and PKA-F5M in the absence of DRI-Pep 

#20. f) cAMP concentrations in peritoneal macrophages from 
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wild-type (WT, in black) and PI3KȖ-/- mice (in grey) treated 

with 10-25 µM DRI-Pep#20 for 30 min. The amount of cAMP was 

expressed as percentage of cAMP accumulation observed in 

untreated PI3KȖ-/- cells. nt6 technical replicates from N>3 

independent experiments. ***P<0.001 WT versus PI3KȖ-/- by one-

way ANOVA, followed by Bonferroni¶s post hoc test. Data are 

means ± SEM. 

- Figure 4. Potency and tolerability of DRI-Pep#20 in 

16HBE14o- cells.  

a) cAMP elevation in 16HBE14o- cells in response to 

increasing concentrations of DRI-Pep#20 (31.6 nM to 316 mM 

range) for 30 min. The amount of cAMP was expressed as 

percentage of cAMP accumulation elicited by 100 mM DRI-Pep #20. 

n�9 technical replicates from N=3 independent experiments. b) 

Cell viability in 16HBE14o- cells treated with increasing 

concentration of DRI-Pep#20 (0 to 1000 µM) for 24 hours. N=3 

independent experiments. In (a) and (b), the median effective 

concentration (EC50) and the median lethal dose (LD50) were 

obtained by nonlinear regression analysis. LD50 was calculated 

with respect to untreated control cells, whose viability was 

set to 100%. Throughout, data are means ± SEM.  

- Figure 5. DRI-Pep#20 increases cAMP levels locally in 
vivo in the airway tract of mice. a) Schematic representation 
of the treatment schedule. BALB/c mice received DRI-Pep#20 

through intratracheal (i.t.) instillation. (b-d) cAMP 

concentrations in tracheas (b), lungs (c) and hearts (d) from 

BALB/c mice 24 hours after i.t. instillation of different doses 

of DRI-Pep#20 (0 to 750 mg/kg). Values in brackets indicate 

the dose of DRI-Pep#20 expressed as mg/kg. The number of mice 

(n) ranged from 3 to 6 per group. EC50, median effective 



- 7 - 

concentration. In a) and b), *P<0.05, **P<0.01, and ***P<0.001 

by one-way ANOVA, followed by Bonferroni¶s post hoc test. 

Throughout, data are means ± SEM. 

- Figure 6. DRI-Pep#20 can penetrate pathological mucus 

and resist protease degradation. a) Schematic representation 

of the Parallel Artificial Membrane Permeability Assay (PAMPA) 

with and without deposition of cystic fibrosis (CF) sputum on 

top of the artificial lipid membrane (PM). b) Apparent 

permeability (Papp) measurements of DRI-Pep#20 (2 mg/mL), in 

the absence and in the presence of CF sputum. The continuous 

line indicates the threshold Papp for high-medium permeable 

compounds (4×10-6 cm s-1), while the dashed line defines the 

limit for medium-low permeable molecules (1×10-6 cm s-1). ns: 

non-significant by Student¶s t test. c) Representative 

Transmission Electron Microscopy (TEM) images of DRI-Pep#20 

(0.1 mg/mL in water). d) Size distribution profile of DRI-

Pep#20 obtained by dynamic light scattering (DLS) analysis. e-

f) cAMP concentrations in 16HBE14o- cells treated with DRI-

Pep#20 (25 ȝM for 30 min) in the absence (black) and in the 

presence (grey) of either 3 ȝg/ml (e) or 20 ȝg/ml (f) human 

neutrophil elastase (HNE). nt6 technical replicates from N>3 

independent experiments. *P<0.05 and **P<0.01 by one-way ANOVA, 

followed by Bonferroni¶s post hoc test. ns: non-significant. 

g) cAMP elevation in 16HBE14o- cells covered with a layer of 

CF sputum and then treated with 25 ȝM DRI-Pep#20 for 30 min 

and 1 hour. The amount of cAMP was expressed as percentage of 

cAMP accumulation elicited by DRI-Pep#20 in the absence of 

sputum at 30 min. **P<0.01 and ***P<0.001 versus DRI-Pep#20 

without sputum by two-way ANOVA test, followed by Bonferroni's 
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post-hoc analysis. nt6 technical replicates from N>3 

independent experiments. Throughout, data are means ± SEM.  

- Figure 7. Prediction of protease cleavage sites within 

DRI-Pep #20. a) Prediction of protease cleavage sites within 

the DRI-Pep#20 sequence via Expasy PeptideCutter software. b) 

Prediction of protease cleavage sites within the DRI-Pep#20 

sequence via Expasy PeptideCutter software and the Protease 

Specificity Prediction Server (PROSPER). The cleavage sites 

within the P1-G and RHQGK regions of DRI-Pep#20 are marked with 

an overbar and in bold, respectively. 

- Figure 8. DRI-Pep#20 reinstates wild-type and F508del-

CFTR activity. a) Schematic representation of CFTR activity 

measurement through the Premo� Halide Sensor assay. b) Average 

fluorescence quenching traces of 16HBE14o- cells expressing 

the halide-sensitive yellow fluorescent protein (HS-YFP) and 

treated with either 25 µM DRI-Pep#20 or equimolar amount of 

the control peptide P1 for 30 min before addition of Premo 

Halide stimulus buffer. Fluorescence was continuously read (1 

point per second) starting at 1 s before addition of the buffer 

and up to 120 s. The CFTR inhibitor CFTRinh-172 (10 µM for 5 

min) was used to evaluate the selective activation of the CFTR 

channel. c) CFTR activity (expressed as the change in 

fluorescence ¨F/F0) in response to 30 min stimulation with 

increasing concentrations of DRI-Pep#20 (31.6 nM to 316 mM) in 

16HBE14o- cells expressing HS-YFP. To determine the median 

effective concentration (EC50), nonlinear regression analysis 

was used. d) CFTR activity (expressed as the change in 

fluorescence ¨F/F0) in 16HBE14o- cells expressing HS-YFP and 

treated with 10-25 µM DRI-Pep#20 for 30 min in the absence or 

in the presence of the CFTR inhibitor CFTRinh-172 (10 µM for 5 
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min). The adenylyl cyclase activator, forskolin (FSK), was used 

as a positive control (100 nM for 5 min), while P1 was used as 

a negative control (25 µM for 30 min). UT: untreated cells. e) 

CFTR activity in F508del-CFTR-CFBE41o- cells expressing HS-YFP 

and treated with elexacaftor/tezacaftor/ivacaftor alone (ETI) 

or together with DRI-Pep #20. Cells were corrected with 

elexacaftor (3 µM) and tezacaftor (10 µM) for 24 hours and then 

exposed acutely to ivacaftor (1 ȝM) for 30 min, alone (ETI) or 

together with 25 µM DRI-Pep #20. The CFTR inhibitor CFTRinh-172 

was used as in (b). UT: untreated cells. In (d) and (e), nt3 

technical replicates from N>3 independent experiments. 

**P<0.01, and ***P<0.001 versus UT and ### P<0.001 ETI versus 

ETI plus DRI-Pep#20 by one-way ANOVA, followed by Bonferroni¶s 

post hoc test. Throughout, data are means ± SEM. 

 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described in detail, by way of 

non-limiting examples. 

In the following description, numerous specific details 

are given to provide a thorough understanding of embodiments. 

The embodiments can be practiced without one or more of the 

specific details, or with other methods, components, materials, 

etc.  In other instances, well-known structures, materials, or 

operations are not shown or described in detail to avoid 

obscuring aspects of the embodiments. 

Reference throughout this specification to ³one 

embodiment´ or ³an embodiment´ means that a particular feature, 

structure, or characteristic described in connection with the 

embodiment is included in at least one embodiment. Thus, the 

appearances of the phrases ³in one embodiment´ or ³in an 
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embodiment´ in various places throughout this specification 

are not necessarily all referring to the same embodiment.  

Furthermore, the particular features, structures, or 

characteristics may be combined in any suitable manner in one 

or more embodiments. 

The headings provided herein are for convenience only and 

do not interpret the scope or meaning of the embodiments. 

In one embodiment, the present invention concerns a non-

natural peptide having the ability of inhibiting the A-kinase 

anchoring function of PI3KȖ comprising an amino acid sequence 

as set forth in SEQ ID No.: 1 (RHQGK), wherein each amino acid 

is a D-amino acid, and wherein the glutamine at position 3 and 

the glycine at position 4 can be substituted with any amino 

acid with similar hydrophobicity, hydrophilicity, charge and 

size, respectively. 

In one embodiment, the glutamine at position 3 can be 

substituted with asparagine, histidine and serine. 

In one embodiment, the glycine at position 4 can be 

substituted with asparagine, serine and cysteine. 

In one embodiment, the non-natural peptide further 

comprises a cell penetrating peptide. 

In one embodiment, the cell penetrating peptide is 

selected from Penetratin (pAntp ± RQIKIWFQNRRMKWKK ± SEQ ID 

No.: 3), HIV TAT peptide (YGRKKRRQRRR ± SEQ ID No.: 4), R7 

peptide (RRRRRRR ± SEQ ID No.: 5), KALA peptide 

(WEAKLAKALAKALAKHLAKALAKALKACEA ± SEQ ID No.: 6), Buforin 2 

(TRSSRAGLQFPVGRVHRLLRK ± SEQ ID No.: 7), MAP 

(KLALKLALKALKAALKLA-amide ± SEQ ID No.: 8), Transportan 

(GWTLNSAGYLLGKINLKALAALAKKIL-amide ± SEQ ID No.: 9), 

Transportan 10 (AGYLLGKINLKALAALAKKIL-amide ± SEQ ID No.: 10), 
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Pvec (LLIILRRRIRKQAHAHSK-amide ± SEQ ID No.: 11), MPG peptide 

(GALFLGWLGAAGSTMGAPKKKRKV-amide ± SEQ ID No.: 12). 

In one embodiment, the non-natural peptide further 

comprises a linker conjugating the amino acid sequence of SEQ 

ID No.: 1 with the cell penetrating peptide sequence. 

In one embodiment, the linker is an amino acid linker. 

In one embodiment, the linker comprises one or more 

glycines or one or more amino acids with hydrophobicity, 

hydrophilicity, charge, and size similar to glycine, e.g., 

alanine, proline, serine. 

In one embodiment, the linker is selected from the 

following sequences GG, GAG, GPA, GGGS (SEQ ID No.: 13). 

In one embodiment, the non-natural peptide comprises from 

N- to C-term the amino acid sequence of SEQ ID No.: 1, a linker, 

and a cell penetrating peptide. 

In one embodiment, the linker and/or the cell penetrating 

peptides are made of D-amino acids. 

In one embodiment, the non-natural peptide has an amino 

acid sequence as set forth in SEQ ID No.: 2 

(d(RHQGKGGKKWKMRRNQFWIKIQR) - in the following named DRI-

Pep#20). 

In one embodiment, the non-natural peptide, preferably 

the non-natural peptide of SEQ ID No.: 2, contains one or more 

modifications not altering the primary sequence, including 

chemical derivatization, e.g., acetylation, deuteration, 

Fmocylation. 

In one embodiment, the present invention concerns the non-

natural peptide as disclosed herein for use as a medicament. 

In one embodiment, the present invention concerns the non-

natural peptide as disclosed herein for use in treating 
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respiratory diseases, preferably bronco-obstructive diseases. 

In one embodiment, the respiratory diseases are selected 

from allergic asthma, cystic fibrosis (CF), chronic obstructive 

pulmonary disease (COPD), non-CF bronchiectasis, pulmonary 

hypertension (PH), and idiopathic pulmonary fibrosis (IPF). 

In one embodiment, the non-natural peptide is suitable 

for administration by inhalation. 

 In one embodiment, the present invention concerns a 

product comprising: 

  i) at least one non-natural peptide as disclosed herein, 

and 

  ii) at least one potentiator of the cystic fibrosis 

transmembrane conductance regulator (CFTR) and/or at least one 

corrector of the cystic fibrosis transmembrane conductance 

regulator (CFTR) as a combined preparation for sequential, 

simultaneous or separate use in treating a respiratory disease. 

 In one embodiment, the respiratory disease is a bronco-

obstructive disease. 

In one embodiment, the respiratory disease is cystic 

fibrosis. 

In one embodiment, the potentiator of the cystic fibrosis 

transmembrane conductance regulator (CFTR) is selected from 

Ivacaftor or VX-770 (N- (2,4-Di-tert-butyl-5-hydroxyphenyl)-

1,4-dihydro-4-ossoquilonine-3-carboxamide), Navocaftor or 

ABBV-3067 ([5-[3-amino-5-[4-

(trifluoromethoxy)phenyl]sulfonylpyridin-2-yl]-1,3,4-

oxadiazol-2-yl]methanol) and Deutivacaftor or D9-ivacaftor (N-

[2-tert-butyl-4-[1,1,1,3,3,3-hexadeuterio-2-

(trideuteriomethyl)propan-2-yl]-5-hydroxyphenyl]-4-oxo-1H-

quinoline-3-carboxamide). 
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In one embodiment, the corrector of the cystic fibrosis 

transmembrane conductance regulator (CFTR) is selected from 

Lumacaftor or VX-809 (3-(6-1(2,2-diflurobenzo[d][1,3]dioxol-

5yl)cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic 

acid), Tezacaftor or VX-661 (1-(2,2-difluoro-1,3-benzodioxol-

5-yl)-N-[1-[(2R)-2,3-dihydroxypropyl]-6-fluoro-2-(1-hydroxy-

2-methylpropan-2-yl)indol-5-yl]cyclopropane-1-carboxamide), 

Elaxacaftor or VX-445 (N-(1,3-dimethylpyrazol-4-yl)sulfonyl-6-

[3-(3,3,3-trifluoro-2,2-dimethylpropoxy)pyrazol-1-yl]-2-

[(4S)-2,2,4-trimethylpyrrolidin-1-yl]pyridine-3-carboxamide), 

Galicaftor or ABBV-2222 (4-[(2R,4R)-4-[[1-(2,2-difluoro-1,3-

benzodioxol-5-yl)cyclopropanecarbonyl]amino]-7-

(difluoromethoxy)-3,4-dihydro-2H-chromen-2-yl]benzoic acid) 

and Vanzacaftor ((3Z,14S)-8-[3-(2-dispiro[2.0.24.13]heptan-7-

ylethoxy)pyrazol-1-yl]-12,12-dimethyl-2,2-dioxo-2Ȝ6-thia-

3,9,11,18,23-pentazatetracyclo[17.3.1.111,14.05,10]tetracosa-

1(22),3,5(10),6,8,19(23),20-heptaen-4-olate). 

In one embodiment, the present invention concerns a 

pharmaceutical composition comprising at least one non-natural 

peptide as disclosed herein and a pharmaceutically acceptable 

vehicle. 

In one embodiment, the pharmaceutically acceptable 

vehicle is selected among phosphate buffered saline, saline, 

hypertonic saline, water. 

In one embodiment, the pharmaceutical composition 

comprises at least one excipient. 

In one embodiment, the pharmaceutical composition 

comprises at least one excipient selected among NaCl, HCl, 

NaOH, EDTA, Polysorbate 20, Polysorbate 80, Citric acid, Na 

citrate, K phosphate, Na phosphate, Na bicarbonate, Ascorbic 
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acid, Lactose, Glucose, Mannitol, Trehalose, Sucrose, Mg 

stearate, Glutathione, Vitamin E, Cyclodextrin, DPPC, DSPC, 

DMPC, Leucine, Isoleucine, Methionine, Histidine, Glycine, 

Poloxamer, Chitosan, Trimethylchitosan, PLGA, PEG.  

The unexpectedly high resistance to degradation and 

potency of DRI-Pep#20 renders this compound the ideal candidate 

for therapeutic cAMP modulation, especially for the treatment 

of chronic respiratory diseases, being the PI3KJ-PKA signaling 

hub central to multiple functions of airway cells, like smooth 

muscle relaxation, epithelial ion transport and neutrophil 

infiltration2. Our observations that DRI-Pep#20 can be 

efficiently delivered locally in the airways, and that its 

biological activity is completely preserved in the presence of 

human neutrophil elastase, support the possibility of using 

this peptide to ensure therapeutically relevant cAMP elevation 

in highly inflamed lungs. This is relevant for patients with 

COPD, non-CF bronchiectasis and certain forms of asthma, but 

also the lethal genetic disease CF, since airway inflammation 

is not eliminated in these patients, despite the introduction 

of highly effective modulator therapies (HEMT) targeting the 

basic genetic defect of the disease17, 18.  

In addition to inflammation-related proteases, another 

barrier imposed by diseased lungs that may hamper the 

bioavailability of inhaled therapeutics is the thick mucus 

layer covering the respiratory epithelia7, especially in CF 

individuals, as well as in patients with COPD, non-CF 

bronchiectasis and asthma. Our cell-based assays using patient-

derived sputum as a proxy of CF mucus reveal a good mucus 

permeability of DRI-Pep #20, which likely stems from its 

molecular dimensions being compatible with that of the meshes 



- 15 - 

of the pathological mucus. TEM and DLS analysis indicate that 

the peptide can form aggregates of 200 nm in size, which could 

freely diffuse through the 100-1000 nm meshes of the network 

of bundled fibers that are typically formed by biopolymers of 

the CF mucus and that are filled with a low viscosity fluid19.  

In virtue of its ability to efficiently penetrate mucus 

layers, DRI-Pep#20 can be exploited to achieve therapeutic cAMP 

elevation in CF bronchial epithelial cells, specifically in 

PI3KJ-directed subcellular compartments, which we previously 

show to positively affect CFTR activity and maximize the effect 

of HEMT2. This is supported by our data showing that DRI-Pep#20 

doubles the effects of the gold-standard combination of CFTR 

modulators, elexacaftor/tezacaftor/ivacaftor in rescuing the 

activity of the most common CFTR mutant, F508del. These 

findings have important clinical implications in light of 

recent studies showing that CFTR potentiators and correctors 

restore only partially the function of mutant channels, up to 

60% of the levels of the wild-type CFTR20-22, with consequent 

residual disease in CF patients treated with HEMT17, 18, 23. Thus, 

DRI-Pep#20 offers the possibility of significantly increasing 

the efficacy of the standard of care for CF patients.  

In conclusion, DRI-Pep#20 can be used for achieving 

therapeutic cAMP elevation locally in the lungs, in chronic 

respiratory disorders with high unmet medical need, such as 

the lethal genetic disease CF.  

 

Results 

DRI-Pep#20 structure and biological properties. 

The chemical structure of DRI-Pep#20 is shown in Fig. 1a 

(d(RHQGKGGKKWKMRRNQFWIKIQR) ± SEQ ID No.: 2). Predictions of 
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the tridimensional structure of the peptide suggested the 

presence of an Į-helix, flanked by two uncoiled regions (Fig. 

1b). The presence of Į-helix structures (18.51%) was confirmed 

by circular dichroism analyses showing a double-peak signal, 

with a maximum at 200 nm which is typical for Į-helix 

structures, and a minimum in the 220±240 nm region which is 

characteristic for random-coil regions6 (Fig. 1c). In silico 

simulations of the binding of DRI-Pep#20 to amino acids 1-45 

of PKA-RIIĮ, the typical binding surface for AKAPs, revealed 

that the kinase could form hydrogen bonds with the RHQGK 

sequence, mainly involving the arginine and the lysine in 

position 1 and 5, respectively, and to a lesser extent 

histidine 2 and glutamine 3 (Fig. 1d, Fig. 2 and Table 1). 

 

Table 1. Binding energetics and kinetics of DRI-Pep#20 

obtained through molecular docking analysis.  

 ΔG (kcal 
mol-1) KD (M) Number of 

H-bonds 

DRI-Pep #20 -102 3.10 E-07 7 

 

The high affinity of the DRI-Pep#20 for PKA was further 

corroborated by in vitro experiments showing that the peptide 

associated recombinant PKA-RIIĮ with a dissociation constant 

(KD) in the nanomolar range (76 nM; Fig. 3a-b).  Furthermore, 

stopped-flow fluorescence assays revealed that the binding of 

DRI-Pep#20 to PKA-RIIĮ was extremely fast, with a Kon of 10±6 

s, while the dissociation process was significantly slow, being 

the Koff 10±2 s (Fig. 3c and Table 2).  

 

Table 2. Binding kinetics of the interaction between DRI-



- 17 - 

Pep#20 and PKA-5,,Į. 

 Steady- state  
experiment 

Kinetic  
experiment 

kon (106 M-1 s-1) 
koff (10-2 s-1) 
KA (107 M-1) 
KD (10-8 M) 

- 
- 
1.3 
7.6 

1.5 
7.2 
2.0 
4.9 

 

In agreement with the high affinity of DRI-Pep#20 to PKA-

RIIĮ, the peptide displaced the binding between recombinant 

PI3KJ and PKA-RIIĮ with an efficiency as high as 74% (Fig. 3d-

e). Notably, despite the elevated binding affinity to PKA-RIIĮ, 

DRI-Pep#20 retained the selectivity for the PI3KJ-bound pool 

of PKA since the peptide failed to increase cAMP in cells 

devoid of PI3KJ (Fig. 3f). 

Dose-response experiments showed that DRI-Pep#20 

increased cAMP levels in 16HBE14o- cells with an EC50 of 15 µM 

(Fig. 4a) and it was well tolerated, being the LD50 10-fold 

higher than the EC50 (Fig. 4b).   

Overall, these results identify DRI-Pep#20 as a selective 

PI3KJ/PKA-RIIĮ peptide disruptor with high affinity to PKA-

RIIĮ.  

 

DRI-Pep#20 has good mucus permeability and protease 

resistance  

Next, we sought to determine to what extent DRI-Pep#20 

could be used for modulating cAMP in the lungs for therapeutic 

purposes. First, we assessed the suitability for local delivery 

to the airways. Following intratracheal instillation (Fig. 5a), 

DRI-Pep#20 induced a dose-dependent increase in cAMP levels in 

the trachea and in the lungs, with an EC50 of 8.06 µg/Kg and 
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11.78 µg/Kg, respectively (Fig. 5b-c). Of note, cardiac cAMP 

metabolism was unchanged (Fig. 5d), suggesting that the peptide 

increased cAMP locally in the lungs without systemic effects.  

Because the efficacy of inhaled therapies can be hampered 

by extracellular barriers imposed by diseased lungs, such as a 

thick layer of protease-rich mucus7, we next sought to 

determine to what extent DRI-Pep#20 could penetrate mucus 

layers and resist to protease degradation. DRI-Pep#20 

penetrated the phospholipid membrane of the PAMPA system (Fig. 

6a) with an apparent permeability (Papp) of 1.88 x 10±6 cm s-1 

(Fig. 6b). Of note, the addition of pathological CF sputum on 

top of the phospholipid layer (Fig. 6a) did not significantly 

affect the Papp of the peptide (Papp 2.55 x 10±6 cm s-1)(Fig. 6b). 

To verify whether the good mucus permeability of DRI-Pep#20 

could be ascribed to molecular dimensions compatible with the 

mesh size of CF mucus8, Transmission Electron Microscopy (TEM) 

and Dynamic Light Scattering (DLS) assays were performed. TEM 

images show that DRI-Pep#20 formed irregular aggregates of 5-

40 nm in size (Fig. 6c), which was in agreement with the 

particle diameter of 10-20 nm retrieved by DLS analysis (Fig. 

6d).  

Next, we tested whether DRI-Pep#20 retained the ability 

to elevate cAMP in pulmonary cells in the presence of 

neutrophil elastase, the most abundant protease in the lungs 

of patients with neutrophilic airway diseases, like COPD and 

CF9. The ability of the peptide to raise cAMP in 16HBE41o- 

cells was completely unaltered by the presence of 3 µg/ml of 

recombinant human neutrophil elastase (HNE) (Fig. 6e), a dose 

which was previously shown to inactivate other therapeutic 

peptides10. Notably, the activity of the DRI-Pep#20 was 
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completely preserved even in the presence of a 10-fold higher 

concentration of HNE (Fig. 6f), an amount that is typically 

detected in the lungs of patients with severe bronchiectasis9, 

which was in agreement with the absence of any predicted 

cleavage sites by HNE (Fig. 7a). The good resistance of DRI-

Pep#20 to degradation was confirmed in the presence of a more 

complex biological matrix containing other proteases that could 

potentially cleave the peptide (Fig. 7b), that is CF sputum, 

where the DRI-Pep#20 retained 72% of its biological activity 

(Fig. 6g).  

Taken together, these data demonstrate the ability of DRI-

Pep#20 to elevate lung cell cAMP in the presence of a hostile 

extracellular environment composed of a mucus barrier enriched 

in proteases, which is typical of diseased lungs.  

 

DRI-Pep#20 promotes cAMP-dependent activation of wild-

type and F508del-CFTR in human bronchial epithelial cells 

Next, we aimed to assess the extent to which DRI-Pep#20 

could effectively restore cAMP levels and consequently 

reactivate the activity of CFTR, a cAMP-dependent chloride 

channel impaired in a range of respiratory disease, primarily 

including CF11. First, we assessed the ability of the peptide 

to stimulate the activity of the wild-type channel in 

16HBE141o- cells expressing the halide-sensitive yellow 

fluorescent protein (HS-YFP) (Fig. 8b), which allows 

quantifying CFTR activity based on the fluorescence quenching 

rate elicited by an iodide influx12. DRI-Pep#20 induced a 60% 

reduction in YFP fluorescence, which was completely prevented 

by co-application of the CFTR inhibitor, CFTRinh-172 (Fig. 8b), 

demonstrating selective activation of CFTR channels. Dose-



- 20 - 

response experiments revealed an EC50 of 20 µM (Fig. 8c) and 

demonstrated that 25 µM DRI-Pep#20 was as effective as 10 µM 

forskolin, the adenylyl cyclase activator, in triggering CFTR 

gating in 16HBE141o- cells (Fig. 8d).  

Next, we assessed to what extent DRI-Pep#20 could 

reinstate the activity of F508del-CFTR in combination with the 

standard of care for CF, including two CFTR correctors 

(Elexacaftor/Tezacaftor) and one CFTR potentiator (Ivacaftor), 

that partially rescue the trafficking and gating defects of 

the mutant channel, respectively13. In CF bronchial epithelial 

cells overexpressing the F508del-CFTR mutant and the HS-YFP, 

Elexacaftor/Tezacaftor/Ivacaftor (ETI) reduced YFP 

fluorescence of 50%, which was further decreased down to 25% 

when DRI-Pep#20 was added together with ETI (Fig. 8e).  

Hence, these data support the use of DRI-Pep#20 as a 

single agent or as an-add on to CFTR modulators, to 

therapeutically stimulate the activity of wild-type and F508del 

CFTR, respectively.   

 

Material and Methods 
Peptides and reagents 

Peptides were synthesized by GenScript (Piscataway, NJ) 

at >95% purity.  

Recombinant human PKA regulatory subunit RIIĮ (PKA-RIIĮ) 

and PI3KJ catalytic subunit (p110J) were purchased by Biaffin 

GmbH & Co KG (product code: PK-PKA-R2A025, Kassel, DE) and 

Origene Technologies (TP307790, Rockville, US), respectively.  

Human neutrophil elastase was purchased from Sigma-

Aldrich (CAS 9004-06-2, Sigma-Aldrich, Saint Louis, MO) and 

reconstituted in 50 mM sodium acetate, pH 5.5, with 200 mM 



- 21 - 

NaCl. VX-809 (Lumacaftor), VX-770 (Ivacaftor), VX-661 

(Tezacaftor) and VX-445 (Elexacaftor) were purchased from 

MedChemExpress LLC (Princeton, USA). Forskolin and CFTRinh -172 

were purchased from Sigma-Aldrich (CAS 66575-29-9, Sigma-

Aldrich, Saint Louis, MO). 

 

Cell lines 

Immortalized human bronchial epithelial cells expressing 

wild-type CFTR (16HBE14o-) or F508del-CFTR (CFBE41o-) were 

purchased from Sigma-Aldrich (16HBE14o-, product code: CAS 

SCC150, CFBE41o-, product code: CAS SCC151, Sigma-Aldrich, 

Saint Louis, MO). Cells were grown in Minimum Essential Medium 

(MEM) supplemented with 10% FBS, 5 mM L-Glutamine, 100 U/ml 

penicillin and 100 ȝg/ml streptomycin (Thermo Fisher 

Scientific, Waltham, MA) on culture dishes pre-coated with 

human fibronectin (1 mg/ml; Sigma-Aldrich, Saint Louis, MO), 

bovine collagen I (3 mg/ml; Sigma- Aldrich, Saint Louis, MO) 

and bovine serum albumin (0.1%; Sigma-Aldrich, Saint Louis, 

MO) diluted in LHC-8 basal medium (Invitrogen, Waltham, MA). 

Cells up to passage 15 were used for experiments. All cells 

were cultured at 37°C and under a 5% CO2 atmosphere.   

 

Animals  

PI3KȖ-deficient mice (PI3KȖ-/-) were described previously 
2. Mutant mice were back-crossed with C57Bl/6j mice for 15 

generations to inbreed the genetic background and C57Bl/6j were 

used as controls (WT). Mice used in all experiments were 8 to 

12 weeks of age. Mice were group-housed, provided free-access 

to standard chow and water in a controlled facility providing 

a 12-hour light/dark cycle and were used according to 



- 22 - 

institutional animal welfare guidelines and legislation, 

approved by the local Animal Ethics Committee. All animal 

experiments were approved by the animal ethical committee of 

the University of Torino and by the Italian Ministry of Health 

(Authorization n°757/2016-PR) and the obligations of 

Legislative Decrees No. 206 of April 12, 2001, and No. 224 of 

July 8, 2003 have been met. 

 

Isolation of murine peritoneal macrophages  

Peritoneal macrophages were prepared from 8- to 12-week- 

old wild-type (WT) and PI3KȖ-/- mice, as described previously 2. 

Briefly, cells were collected from euthanized animals by 

peritoneal lavage with 5 mL of PBS, supplemented with 5 mM 

EDTA. Cells were centrifuged for 3 min at 300 g and the pellet 

was resuspended in culture media including Roswell Park 

Memorial Institute (RPMI) media, 100 U/ml penicillin and 100 

ȝg/ml streptomycin, and 10% heat-inactivated FBS (Thermo Fisher 

Scientific, Waltham, MA). Macrophages were seeded in 96-well 

plates (1*106 cells/well) and maintained at 37°C with 5% CO2 

for at least 16/18 h before treatment with the peptide and cAMP 

quantification.   

 

cAMP measurements 

From cells: cAMP content was measured in 16HBE14o- cells 

at the indicated time points after treatment with the indicated 

doses of peptides using the Promega cAMP-Glo� Assay kit 

(Promega, Milano, IT), according to the manufacturer¶s 

protocol.  

From tissues: lungs, tracheas and hearts were collected 

from euthanized mice 24 h after intratracheal instillation of 
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different doses of the peptide (0 to 750 mg/kg in a final 

volume of 50 µl of PBS). Snap-frozen tissues were powdered in 

liquid nitrogen and extracted with cold 6% trichloroacetic 

acid. Samples were sonicated for 10 sec, incubated at 4°C under 

gentle agitation for 10 min and then centrifuged at 13000 rpm 

at 4°C for 10 min. Supernatants were washed four times with 

five volumes of water saturated with diethyl ether and 

lyophilized. cAMP content was detected with Cyclic AMP ELISA 

Kit (Cayman Chemical, Michigan, USA), according to the 

manufacturer's protocol. 

 

Cell viability assay 

Human bronchial epithelial cells (16HBE14o-) were seeded 

in 96-well plates (2*104 cells/well) and incubated for at least 

16/18 hours at 37°C with 5% CO2 before experiments. Non-

adherent cells were eliminated by washing with PBS and cells 

were then stimulated with 8 different doses of the indicated 

peptide (0 ȝM ± 1 mM range) for 24h. ATP levels were evaluated 

as an indicator of viable cells using the Cell Titer-Glo® 

Luminescent Cell Viability Assay (Promega, Milano, IT), 

according to the manufacturer's protocol. The lethal dose (LD50) 

was calculated with respect to untreated control cells, whose 

viability was set to 100%. 

 

CFTR activity measurements 

CFTR-mediated anion transport was measured by using the 

Premo� Halide Sensor (Thermo Fisher Scientific, Waltham, MA) 

which allows assessing CFTR activity by measuring the rate of 

YFP fluorescence quenching caused by iodide/chloride exchange 

across the plasma membrane. Briefly, the halide-sensitive 
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yellow fluorescent protein (HS-YFP) was expressed in 16HBE14o- 

and F508del-CFTR-CFBE41o- cells through the BacMam technology, 

according to the manufacturer's protocol. Cells expressing the 

HS-YFP were cultured on 96-well plates and treated with the 

indicated peptides/compounds for the indicated time. 

Fluorescence was evaluated in a plate reader immediately after 

addition of 150 µl of Halide stimulus buffer (an NaI-containing 

solution) leading to a final NaI concentration in the wells of 

75 mM. Fluorescence was continuously read (1 point per second) 

starting at 1 s before Halide stimulus buffer addition and up 

to 120 s. CFTR activity was expressed as ¨F/F0 where ¨F was 

obtained by subtracting the background fluorescence 

(fluorescence of cells not expressing HS-YFP) to the 

fluorescence measured at the specific time point after addition 

of NaI. ¨F was then normalized to the initial fluorescence F0 

(fluorescence of HS-YFP-expressing cells immediately after 

addition of NaI) to obtain a measure of relative fluorescence 

¨F/F0. 

 

CF sputum samples  

Spontaneous expectorated sputum samples from CF patients 

in stable clinical conditions were collected at the 

Bronchiectasis and Cystic Fibrosis Programs of the Respiratory 

Department of Fondazione IRCCS Ca¶ Granda Ospedale Maggiore 

Policlinico in Milan (Italy) and processed as previously 

described25. The patients signed an express, free and informed, 

consent to the collection and use of their biological samples. 

Briefly, samples were processed getting first rid of saliva, 

sputum plugs were then selected and weighted. Samples were 

diluted 8X in PBS, vortexed until sputum dissolution and 



- 25 - 

centrifuged for 15᩿min at 3000᩿g. Supernatants were recovered 

and stored at í80᩿°C, thawed overnight at 4 °C, and all 

subsequent experiments were undertaken within 24h from thawing. 

Neutrophil elastase was quantified as described previously 

(31626976) and sputum samples containing 20 µg/mL of active 

neutrophil elastase were used to assess the activity of 

peptides in 16HBE14o- cells in the presence of CF sputum. 

Briefly, cells were seeded in 96-well plates (2*104 cells/well) 

and incubated for at least 16/18 h at 37°C with 5% CO2 before 

experiments. Subsequently, peptides were diluted in PBS at a 

final concentration of 25 µM and a PBS: sputum mixture (1:1) 

was added on the top of adherent cells (100 µl/well) and cAMP 

levels were quantified at the indicated time points using the 

Promega cAMP-Glo� Assay kit (Promega, Milano, IT), according 

to the manufacturer¶s protocol.  

 

PAMPA assay 

To assess the permeability of peptides through a CF sputum 

layer, a parallel artificial membrane permeability system 

(PAMPA) (Corning Gentest Pre-coated PAMPA, 353015, USA plates) 

that allows to measure the ability of drugs to diffuse from a 

donor compartment, through an artificial membrane, into an 

acceptor compartment, was used as described previously26. The 

bottom wells of the PAMPA system (³acceptor´ wells) were filled 

with 300 ȝL of PBS (10mM, 150 mM NaCl, pH 7.4), while ³donor´ 

wells were filled with 200 ȝL of the peptide solution (2 mg/mL 

in 10mM PBS, 150 mM NaCl, pH 7.4), in the absence or in the 

presence of CF sputum. In the latter case, 40 ȝL of CF sputum 

was first deposited over the PAMPA membrane, and the peptide 
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solution was subsequently added over the CF sputum layer. 

Afterwards, the two wells were coupled and incubated for 5 h 

at RT. At the end of the incubation, the plates were splitted 

and the amount of peptide diffused into the acceptor well was 

quantified by fluorescence spectroscopy using a Horiba Jobin 

Yvon Fluorolog 3 TCSPC fluorimeter (Horiba, Kyoto, Japan) 

equipped with a 450-W xenon lamp and a R928 photomultiplier 

(Hamamatsu Photonics, Hamamatsu, Japan). Excitation was 

performed at 280nm while emission was recorded the wavelength 

region 290-500 nm (maximum of emission at 362 nm). Excitation 

and emission slits were set at 4 and 5 nm, respectively. The 

concentration of the peptide was calculated using a 6-points 

calibration curve. The apparent permeability coefficient (Papp) 

was expressed according to this relationship:  

Pappൌ ௗொ/ௗ௧
஼బ ൈ ஺

 

derived from Fick¶s law for steady-state conditions27, where dQ 

is the quantity of peptide expressed as moles permeated into 

the acceptor compartment at time t (18000 sec), C0 is the 

initial concentration of the peptide in the donor well, and A 

is the area of the well membrane (0.3 cm2).  

 

PKA-5,,Į bioconjugation and fluorescence spectroscopy 
Recombinant PKA-RIIĮ was bio-conjugated to fluorescein 5-

maleimide (F5M), as described previously 28 using 75 ȝg of  PKA-

RIIĮ and a 50-fold excess of F5M. After bioconjugation, the 

derivative was immediately purified using a Sephadex® G-25 

desalting column and phosphate-buffered saline solution (PBS) 

(20 mM, 150 mM NaCl, pH 7.2) as eluent. To evaluate F5M 

labelling efficiency, the dye/protein ratio (D/P) of the 
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conjugates was determined by the absorption spectra of the 

labelled proteins in PBS (20 mM, 150 mM NaCl, pH 7.2), according 

to the following equation: 

𝐷
𝑃 ൌ

𝐴௠௔௫ 𝑒௣௥௢௧ 
ሺAଶ଼଴ െ 𝑐𝐴௠௔௫ሻ 𝑒ௗ௬௘

 

where A280 is the absorption of the conjugate at 280 nm; Amax is 

the absorption of the conjugate at the absorption maximum of 

the corresponding F5M; c is a correction factor (which must be 

used to normalize the A280 signal because fluorescent dyes (i.e. 

F5M) also absorb at 280 nm and equals the A280 of the dye divided 

by the Amax of the dye (c = 0.29); eprot (25,169 M-1cm-1) and edye 

(63,096 M-1 cm-1) are the molar extinction coefficients of PKA 

and F5M, respectively. PKA-RIIĮ presents six cysteine residues, 

and the final D/P value was 0.2. 

UV-visible absorption spectra were measured with a UH5300 

spectrophotometer (Hitachi, Tokyo, Japan) at RT, using 1 cm 

pathway length quartz cuvette. Fluorescence emission spectra 

in steady-state mode were acquired at RT using a Jobin Yvon 

Fluorolog 3 TCSPC fluorimeter (Horiba, Kyoto, Japan) equipped 

with a 450-W Xenon lamp and a R928 photomultiplier (Hamamatsu 

Photonics, Hamamatsu, Japan). Steady-state fluorescence 

spectra were recorded in the 500-600 nm range. The excitation 

2 wavelength was set on 490 nm and the excitation and emission 

slits were set on 2 and 4, respectively. Equilibrium binding 

constants (KD and KA) were obtained from steady-state data. 

Fluorescence kinetics were measured using an Applied 

Photophysics SX20 stopped-flow spectrophotometer (Applied 

Photophysics, North Carolina, US) fitted with a 495 nm cut-off 

filter between the cell and the fluorescence detector and 

equipped with a thermostat bath set at 25±0.2°C. Association 
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and dissociation rate constants (kon and koff) were calculated 

from stopped-flow kinetics data. Data acquisition, 

visualization and analysis were performed with Pro-Data 

software from Applied Photophysics Ltd (Applied Photophysics, 

North Carolina, US).  

To assess the ability of DRI-Pep#20 to displace the 

binding between PI3KJ and PKA-F5M, steady-state emission 

spectra of the PI3KJ/PKA-F5M complex in the presence of 

increasing concentrations of the peptide were acquired. 

Briefly, 50 nM of recombinant PI3KJ was added to 100 nM F5M-

bounded PKA-RIID in a total volume of 100 µL PBS. The 

concentration of the PI3KJ/PKA-F5M complex was kept constant 

while gradually titrated with increasing concentrations of the 

peptide from 0 to 5 µM. The complex was excited at 490 nm and 

emission spectra were recorded in the 500-600 nm spectral 

range, as described above. The degree of displacement of the 

PKA-RIID-PI3KJ complex was expressed as the percentage of 

fluorescence quenching after addition of the peptide. 

 

Circular dichroism 

Circular dichroism (CD) measurements were performed on a 

Jasco-810 Dichrograph equipped with a Peltier thermoelectric 

controller (Jasco Inc., Easton, US). The spectra of peptides 

were recorded in the continuous mode between 260 and 180 nm at 

25 °C in 0.1 cm path length quartz cuvette (Hellma GmbH, 

Müllheim, DE) with a total peptide concentration of 0.2 mg/mL 

dissolved in 2 mM PBS (0.6 mM KH2PO4, 1.6 mM K2HPO4), pH 7.4. 

The CD spectrum in the 190-240 nm range was used to predict 

the secondary structural content of the peptide using the K2D3 
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web server29. 

 

Transmission Electron Microscopy (TEM) and Dynamic Light 

Scattering (DLS) 

Self-assembled peptide nanostructures were analyzed by 

Transmission Electron Microscopy (TEM) analysis. Transmission 

electron micrographs were obtained with a JEOL 3010-UHR TEM 

operating at an accelerating voltage of 300.00 kV (JEOL, Tokyo, 

Japan. TEM samples were prepared by dissolving the peptides at 

0.1 mg/mL in water and drying them on a carbon-coated copper 

grid. The nominal magnification used to record nanostructures 

were ×500000 and ×800000.  

The size distribution profile of the self-assembled 

peptide was determined by dynamic light scattering (DLS, 

Malvern Zetasizer, Worcestershire, UK). Samples were prepared 

at 4 mg/mL in 2 mM PBS (0.6 mM KH2PO4, 1.6 mM K2HPO4), pH 7.4. 

Measurements were performed after an equilibration time of 60 

s which allowed samples to reach the temperature of 25°C. 

 

PKA-5,,Į structure prediction 

The 3D structure of residues 1-45 of PKA-RIIĮ (SEQ ID No.: 

14 - MSHIQIPPGLTELLQGYTVEVLRQQPPDLVEFAVEYFTRLREARA) was 

predicted using the Iterative Threading ASSEmbly Refinement 

(I-TASSER) web server30, an on-line platform that implements I-

TASSER-based algorithms for predictions of protein structure 

and function. Briefly, starting from the FASTA amino acid 

sequence I-TASSER ran a three steps simulation, first threading 

it through a representative PDB structure library to search 

for possible template folds or supersecondary-structure 
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fragments, using a profile±profile alignment-based threading 

algorithm. In the second step, the continuous fragments excised 

from the PDB templates were reassembled into full-length 

models, while the unaligned regions were built by ab initio 

modeling.  Finally, the structure trajectories were clustered, 

and the lowest-energy structures selected, and an all-atom 

model was constructed by REMO41 through optimization of the 

hydrogen-bonding network. The five best models obtained by I-

TASSER were subsequently evaluated based on their threading 

template and predicted C-score. The model with the highest C-

score of -0.22 and predicted using the NMR structure of PKA-

RIIa as a threading template (PDB ID 2KYG)31 was selected.  

 

DRI-Pep#20 Structure Prediction 

The structure of DRI-Pep#20 was predicted with PEP-

FOLD3.534, a de novo approach that predicts peptide structures 

from amino acid sequences. Briefly, starting from the amino 

acid sequence, first a series of 200 simulations was run, each 

one sampling a different region of the conformational space 

using the Generator taboo-sampling 5 (ts5), recommended for 

peptides longer than 10 amino acids. The output was an archive 

of clusters of all the models sorted out using the TM score 

followed by performing the Model Quality assessment using 

Apollo35. The first five models, representing the five best 

conformation of each cluster with the best scores defined 

according to the lowest sOPEP energy and the highest TM-score 

value, were selected and further supported by RMSD. Finally, 

the best structure of the peptide was validated by visual 

analysis on PYMOL. 
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PKA-5,,Į-DRI-Pep#20 docking 

PKA-RIIĮ-DRI-Pep#20 docking studies were performed with 

the High Ambiguity Driven Biomolecular DOCKing (HADDOCK) 

software. Within the HADDOCK process, the residues 1-45 of PKA-

RIIĮ were selected as the active residues and enforced to be 

part of the interface by applying ambiguous interaction 

restraints. Briefly, starting from the PKA-RIIĮ and the DRI-

Pep#20 structure, the HADDOCK docking ran three consecutive 

steps, first the molecules were randomly oriented, and a rigid-

body search was performed (it0). The output was an archive of 

1000 models, among them the top 200 ranked structures were 

selected based on the energy function and addressed to the 

semi-flexible simulated annealing stage performed in torsion 

angle space (it1). In the third stage, the structures were 

refined in Cartesian space with explicit solvent layer (water) 

and subjected to a short molecular dynamic simulation at 300K. 

During the refinement, both the side chain and backbone of 

interface residues were progressively allowed to move. 

The final models were automatically clustered based on 

the positional interface ligand RMSD (iL-RMSD) by fitting the 

conformational changes on the interface of the receptor (PKA-

RIIĮ) and on the interface of the smaller partner (the 

peptides). Finally, the protein±peptide binding poses were 

assessed by the HADDOCK report and the binding affinity was 

evaluated by the Optimal Hydrogen Bonding Network. The 

resulting best binding pose was validated by visual analysis 

on PYMOL. 

 

Statistical analysis 
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Data are presented as scatter plots with bars (means ± 

SEM). Prism software (GraphPad Software Inc.) was used for 

statistical analysis. Raw data were first analyzed to confirm 

their normal distribution via the Shapiro-Wilk test and then 

analyzed by unpaired Student¶s t test, one-way analysis of 

variance (ANOVA), or two-way ANOVA. Bonferroni correction (one-

way and two-way ANOVA) was applied to correct for multiple 

comparisons. P < 0.05 was considered significant. 
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CLAIMS 
 

1. A non-natural peptide having the ability of inhibiting 
the A-kinaVe anchoUing fXncWion of PI3KȖ comSUiVing an amino 

acid sequence as set forth in SEQ ID No.: 1, wherein each amino 

acid is a D-amino acid, and wherein the glutamine at position 

3 and the glycine at position 4 can be substituted with any 

amino acid with similar hydrophobicity, hydrophilicity, charge 

and size, respectively. 

 

2. The non-natural peptide according to claim 1, wherein 
the peptide further comprises a cell penetrating peptide. 

 

3.  The non-natural peptide according to claim 2, wherein 
the cell penetrating peptide is selected from Penetratin 

(pAntp), HIV TAT peptide, R7 peptide, KALA peptide, Buforin 2, 

MAP, Transportan, Transportan 10, pVEC, MPG peptide. 

 

4. The non-natural peptide according to claim 2 or claim 
3, wherein the peptide further comprises a linker conjugating 

the amino acid sequence of SEQ ID No.: 1 with the cell 

penetrating peptide. 

 

5. The non-natural peptide according to claim 4, wherein 
the linker is an amino acid linker comprising one or more 

glycine amino acids and/or one or more amino acids with 

hydrophobicity, hydrophilicity, charge, and size similar to 

glycine. 

 

6. The non-natural peptide according to any one of the 
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preceding claims having an amino acid sequence as set forth in 

SEQ ID No.: 2. 

 

 7. The non-natural peptide according to any one of the 
preceding claims for use as a medicament. 

 

8. The non-natural peptide according to any one of the 
preceding claims for use in treating respiratory diseases, 

preferably broncho-obstructive diseases. 

 

9. The non-natural peptide for use according to claim 8, 
wherein the respiratory diseases are selected from allergic 

asthma, cystic fibrosis, chronic obstructive pulmonary 

disease, non-cystic fibrosis bronchiectasis, pulmonary 

hypertension, and idiopathic pulmonary fibrosis. 

 

10. The non-natural peptide for use according to any one 
of claims 7 to 9, wherein the non-natural peptide is suitable 

for administration by inhalation. 

 

11. A product comprising: 
  i) at least one non-natural peptide according to any one 

of claims 1 to 6, and 

  ii) at least one potentiator of the cystic fibrosis 

transmembrane conductance regulator (CFTR) and/or at least one 

corrector of the cystic fibrosis transmembrane conductance 

regulator (CFTR) as a combined preparation for sequential, 

simultaneous or separate use in treating respiratory diseases. 

 

12. Product according to claim 11, wherein the potentiator 



- 39 - 

of the cystic fibrosis transmembrane conductance regulator 

(CFTR) is selected from Ivacaftor, Navocaftor and 

Deutivacaftor. 

 

13. Product according to claim 11 or claim 12, wherein 
the corrector of the cystic fibrosis transmembrane conductance 

regulator (CFTR) is selected from Lumacaftor, Tezacaftor, 

Elaxacaftor, Galicaftor and Vanzacaftor. 

 

14. A pharmaceutical composition comprising at least one 
non-natural peptide according to any one of claims 1 to 6 and 

a pharmaceutically acceptable vehicle. 

  



- 40 - 

Abstract 
 
A non-natural peptide having the ability of inhibiting 

the A-kinaVe anchoUing fXncWion of PI3KȖ comSUiVing an amino 
acid sequence as set forth in SEQ ID No.: 1, wherein each amino 
acid is a D-amino acid, therapeutic uses and composition 
thereof. 
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Abstract  
A-kinase anchoring proteins (AKAPs) are key orchestrators of cyclic AMP (cAMP) signaling that act by 
recruiting protein kinase A (PKA) in proximity of its substrates and regulators to specific subcellular 
compartments. Modulation of AKAPs function offers the opportunity to achieve compartment-restricted 
modulation of the cAMP/PKA axis, paving the way to new targeted treatments. For instance, blocking 
the AKAP activity of PI3KJ improves lung function by inducing cAMP-mediated bronchorelaxation, ion 
transport and anti-inflammatory responses. Here, we report the generation of a non-natural peptide, DRI-
Pep #20, optimized to disrupt the AKAP function of PI3KJ. DRI-Pep #20 mimicked the native interaction 
between the N-terminal domain of PI3KJ and PKA, demonstrating nanomolar affinity for PKA, high 
resistance to protease degradation and high permeability to the pulmonary mucus barrier. DRI-Pep #20 
triggered cAMP elevation both in vivo in the airway tract of mice upon intratracheal administration, and 
in vitro in bronchial epithelial cells of cystic fibrosis (CF) patients. In CF cells, DRI-Pep #20 rescued the 
defective function of the cAMP-operated channel cystic fibrosis conductance regulator (CFTR), by 
boosting the efficacy of approved CFTR modulators. Overall, this study unveils DRI-Pep #20 as a potent 
PI3KJ/PKA disruptor for achieving therapeutic cAMP elevation in chronic respiratory disorders.  
 
Keywords 
AKAP, PKA, PI3KJ, peptide, cAMP, respiratory diseases 
 
Abbreviations 
AKAPs: A-kinase anchoring proteins 
ANOVA: Analysis of Variance 
ATP: Adenosine Triphosphate 
COPD: Chronic Obstructive Pulmonary Disease 
cAMP: 3¶±5¶-cyclic adenosine monophosphate 
CF: Cystic Fibrosis 
CFTR: Cystic Fibrosis Transmembrane 
Conductance Regulator 
DLS: Dynamic Light Scattering 
ETI: Elexacaftor/ Tezacaftor/ Ivacaftor 
GPCR: G protein-coupled receptor 
HADDOCK: High Ambiguity Driven 
Biomolecular DOCKing 
HEMT: Highly Effective Modulator Therapies 
HS-YFP: halide-sensitive yellow fluorescent 
protein  
 

I-TASSER: Iterative Threading ASSEmbly 
Refinement 
IC50: Half-maximal inhibitory concentration 
Ivacaftor: VX-770 
KD: Dissociation constant 
Kon: Association rate constant 
Koff: Dissociation rate constant 
Lumacaftor: VX-809 
LD50: Lethal Dose 50% 
Penetratin 1:  P1 
PI3KȖ: Phosphoinositide 3-kinase gamma 
PKA: Protein Kinase A 
RMSD: Root-Mean Square Deviation 
SEM: Standard Error of the Mean 
Tezacaftor: VX-661 
TEM: Transmission Electron Microscopy

Introduction 
The 3¶±5¶-cyclic adenosine monophosphate (cAMP) second messenger controls different cellular 
processes, including cell growth and differentiation, gene transcription and protein expression. cAMP 
exerts its function through the activation of different effectors, with protein kinase A (PKA) being the 
most widely characterized. cAMP directly binds the dimer of the regulatory subunits of the PKA 
holoenzyme, promoting the release of the two catalytic counterparts, which are then free to phosphorylate 
various substrates. Although different G protein-coupled receptors (GPCR) rely on the same second 
messenger cAMP for conveying signals within the cell, a tight spatial and temporal regulation of its 
concentration ensures that activation of a specific GPCR results in the appropriate cellular response [1]. 
This local control of cAMP signals is achieved through multiprotein complexes that sequester enzymes 
responsible for cAMP generation (adenylyl cyclases) and destruction (phosphodiesterases, PDEs), as well 
as distinct signal transducers, in specific cellular locations. Key orchestrators of these ³signaling islands´ 
are A-kinase anchoring proteins (AKAPs) that, by definition, anchor PKA and its substrates and regulators 
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 3 

to definite subcellular compartments [2]. Perturbations of this fine control of cAMP compartmentalization 
underlies different pathologies, including cardiovascular and pulmonary diseases, cancer, neurological 
disorders, and inflammation. On these grounds, pharmacological manipulation of specific cAMP 
signalosomes with molecules blocking the interaction of AKAPs with either PKA or other components of 
the cAMP signaling pathway has been attempted and proven effective in preclinical models [2, 3].  
Previous work identified the AKAP phosphoinositide 3-kinase Ȗ (PI3KȖ) as the core of a multiprotein 
complex which is central to smooth muscle contraction, immune cell activation, and epithelial fluid 
secretion in the airways [4]. In the lungs, PI3KJ-bound PKA activates PDE4, ultimately restricting cAMP 
responses triggered by stimulation of ȕ2-adrenergic receptors, the major GPCR mediating cAMP elevation 
in the airways. In agreement, inhibition of the PI3KJ/PKA interaction promotes local cAMP elevation, 
eventually resulting in airway smooth muscle relaxation and reduced neutrophil infiltration in a murine 
model of asthma. In bronchial epithelial cells, targeting the PI3KJ AKAP function enhances cAMP in the 
vicinity of the cystic fibrosis transmembrane conductance regulator (CFTR), the ion channel that regulates 
mucus hydration, thereby driving the opening of the wild-type channel, while synergizing with CFTR 
modulators in reinstating the function of F508del-CFTR, the most prevalent mutant in cystic fibrosis (CF) 
[4].  
Here, we report the design of a non-naturally occurring peptide, named DRI-Pep #20, that acted as a 
potent disruptor of the PI3KJ/PKA complex by mimicking the core of the native interaction of PI3KJ with 
PKA, and that was characterized by nanomolar affinity for PKA, high resistance to protease degradation 
and high permeability to the pulmonary mucus barrier. Peptide-based inhibition of the PI3KJ/PKA 
interaction triggered cAMP elevation both in vitro in bronchial epithelial cells and in vivo in the airway 
tract of mice after intratracheal administration. Finally, the cAMP elevation elicited by DRI-Pep #20 
rescued the defective function of the cAMP-operated channel CFTR in in vitro models of CF.  
 
Material and Methods 
Peptides and reagents 
Peptides were synthesized by GenScript (Piscataway, NJ) at >95% purity. The sequences of all peptides 
are listed in Tables S2 and S3.  
Recombinant human PKA regulatory subunit RIIĮ (PKA-RIIĮ) and PI3KJ catalytic subunit (p110J) were 
purchased by Biaffin GmbH & Co KG (Kassel, DE) and Origene Technologies (TP307790, Rockville, 
US), respectively.  
Human neutrophil elastase was purchased from Sigma-Aldrich (CAS 9004-06-2, Sigma-Aldrich, Saint 
Louis, MO) and reconstituted in 50 mM sodium acetate, pH 5.5, with 200 mM NaCl. VX-809 
(Lumacaftor), VX-770 (Ivacaftor), VX-661 (Tezacaftor) and VX-445 (Elexacaftor) were purchased from 
MedChemExpress LLC (Princeton, USA). Forskolin and CFTRinh-172 were purchased from Sigma-
Aldrich (CAS 66575-29-9, Sigma-Aldrich, Saint Louis, MO). 
 
Cell lines 
Immortalized normal human bronchial epithelial cells (16HBE14o-) were kindly provided by Dr. 
Gruenert (University of California San Francisco, San Francisco, CA). Cystic fibrosis bronchial epithelial 
(CFBE41o-) cells stably expressing F508del-CFTR (F508del-CFTR-CFBE41o-) were kindly provided 
by L. Fu from the UAB Research Foundation (Birmingham, AL). Cells were grown in Minimum Essential 
Medium (MEM) supplemented with 10% FBS, 5 mM L-Glutamine, 100 U/ml penicillin and 100 ȝg/ml 
streptomycin (Thermo Fisher Scientific, Waltham, MA) on culture dishes pre-coated with human 
fibronectin (1 mg/ml; Sigma-Aldrich, Saint Louis, MO), bovine collagen I (3 mg/ml; Sigma- Aldrich, 
Saint Louis, MO) and bovine serum albumin (0.1%; Sigma-Aldrich, Saint Louis, MO) diluted in LHC-8 
basal medium (Invitrogen, Waltham, MA). Cells up to passage 15 were used for experiments. All cells 
were cultured at 37°C and under a 5% CO2 atmosphere.   
 
Animals  
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 4 

PI3KȖ-deficient mice (PI3KȖ-/-) were described previously [4]. Mutant mice were back-crossed with 
C57Bl/6j mice for 15 generations to inbreed the genetic background and C57Bl/6j were used as controls 
(WT). Mice used in all experiments were 8 to 12 weeks of age. Mice were group-housed, provided free-
access to standard chow and water in a controlled facility providing a 12-hour light/dark cycle and were 
used according to institutional animal welfare guidelines and legislation, approved by the local Animal 
Ethics Committee. All animal experiments were approved by the animal ethical committee of the 
University of Torino and by the Italian Ministry of Health (Authorization n°757/2016-PR). 
 
Isolation of murine peritoneal macrophages  
Peritoneal macrophages were prepared from 8- to 12-week- old wild-type (WT) and PI3KȖ-/- mice, as 
described previously [4]. Briefly, cells were collected from euthanized animals by peritoneal lavage with 
5 mL of PBS, supplemented with 5 mM EDTA. Cells were centrifuged for 3 min at 300 g and the pellet 
was resuspended in culture media including Roswell Park Memorial Institute (RPMI) media, 100 U/ml 
penicillin and 100 ȝg/ml streptomycin, and 10% heat-inactivated FBS (Thermo Fisher Scientific, 
Waltham, MA). Macrophages were seeded in 96-well plates (1*106 cells/well) and maintained at 37°C 
with 5% CO2 for at least 16/18 h before treatment with the peptide and cAMP quantification.   
 
cAMP measurements 
From cells: cAMP content was measured in 16HBE14o- cells at the indicated time points after treatment 
with the indicated doses of peptides using the Promega cAMP-Glo� Assay kit (Promega, Milano, IT), 
according to the manufacturer¶s protocol.  
From tissues: lungs, tracheas and hearts were collected from euthanized mice 24 h after intratracheal 
instillation of different doses of the peptide (0 to 750 mg/kg in a final volume of 50 µl of PBS). Snap-
frozen tissues were powdered in liquid nitrogen and extracted with cold 6% trichloroacetic acid. Samples 
were sonicated for 10 sec, incubated at 4°C under gentle agitation for 10 min and then centrifuged at 
13000 rpm at 4°C for 10 min. Supernatants were washed four times with five volumes of water saturated 
with diethyl ether and lyophilized. cAMP content was detected with Cyclic AMP ELISA Kit (Cayman 
Chemical, Michigan, USA), according to the manufacturer's protocol. 
 
Cell viability assay 
Human bronchial epithelial cells (16HBE14o-) were seeded in 96-well plates (2*104 cells/well) and 
incubated for at least 16/18 hours at 37°C with 5% CO2 before experiments. Non-adherent cells were 
eliminated by washing with PBS and cells were then stimulated with 8 different doses of the indicated 
peptide (0 ȝM ± 1 mM range) for 24h. ATP levels were evaluated as an indicator of viable cells using the 
Cell Titer-Glo® Luminescent Cell Viability Assay (Promega, Milano, IT), according to the 
manufacturer's protocol. The lethal dose (LD50) was calculated with respect to untreated control cells, 
whose viability was set to 100%. 
 
CFTR activity measurements 
CFTR-mediated anion transport was measured by using the Premo� Halide Sensor (Thermo Fisher 
Scientific, Waltham, MA) which allows assessment of CFTR activity by measuring the rate of YFP 
fluorescence quenching caused by iodide/chloride exchange across the plasma membrane. Briefly, the 
halide-sensitive yellow fluorescent protein (HS-YFP) was expressed in 16HBE14o- and F508del-CFTR-
CFBE41o- cells through the BacMam technology, according to the manufacturer's protocol. Cells 
expressing the HS-YFP were cultured on 96-well plates and treated with the indicated 
peptides/compounds for the indicated time. Fluorescence was evaluated in a plate reader immediately 
after addition of 150 µl of Halide stimulus buffer (an NaI-containing solution) leading to a final NaI 
concentration in the wells of 75 mM. Fluorescence was continuously read (1 point per second) starting at 
1 s before Halide stimulus buffer addition and up to 120 s. CFTR activity was expressed as ¨F/F0 where 
¨F was obtained by subtracting the background fluorescence (fluorescence of cells not expressing HS-
YFP) to the fluorescence measured at the specific time point after addition of NaI. ̈ F was then normalized 
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to the initial fluorescence F0 (fluorescence of HS-YFP-expressing cells immediately after addition of NaI) 
to obtain a measure of relative fluorescence ¨F/F0. 
 
CF sputum samples  
Spontaneous expectorated sputum samples from CF patients in stable clinical conditions were collected 
at the Bronchiectasis and Cystic Fibrosis Programs of the Respiratory Department of Fondazione IRCCS 
Ca¶ Granda Ospedale Maggiore Policlinico in Milan (Italy) and processed as previously described [5]. 
The study protocol was approved by local institutional review boards (594_2016bis) and all participants 
provided written informed consent to the collection and use of their biological samples. Briefly, samples 
were first processed by eliminating saliva, then sputum plugs were selected and weighted. Samples were 
diluted 8X in PBS, vortexed until sputum dissolution and centrifuged for 15ௗmin at 3000ௗg. Supernatants 
were recovered and stored at í80ௗ�C, thawed overnight at 4 �C, and all subsequent experiments were 
undertaken within 24h from thawing. Neutrophil elastase was quantified as described previously [5] and 
sputum samples containing 20 µg/mL of active neutrophil elastase were used to assess the activity of 
peptides in 16HBE14o- cells in the presence of CF sputum. Briefly, cells were seeded in 96-well plates 
(2*104 cells/well) and incubated for at least 16/18 h at 37°C with 5% CO2 before experiments. 
Subsequently, peptides were diluted in PBS at a final concentration of 25 µM and a PBS:sputum mixture 
(1:1) was added on the top of adherent cells (100 µl/well). cAMP levels were quantified at the indicated 
time points using the Promega cAMP-Glo� Assay kit (Promega, Milano, IT), according to the 
manufacturer¶s protocol.  
 
PAMPA assay 
To assess the permeability of peptides through a CF sputum layer, a parallel artificial membrane 
permeability system (PAMPA) (Corning Gentest Pre-coated PAMPA, 353015, USA plates) that allows 
to measure the ability of drugs to diffuse from a donor compartment, through an artificial membrane, into 
an acceptor compartment, was used as described previously [6]. The bottom wells of the PAMPA system 
(³acceptor´ wells) were filled with 300 ȝL of PBS (10mM, 150 mM NaCl, pH 7.4), while ³donor´ wells 
were filled with 200 ȝL of the peptide solution (2 mg/mL in 10mM PBS, 150 mM NaCl, pH 7.4), in the 
absence or presence of CF sputum. In the latter case, 40 ȝL of CF sputum was first deposited over the 
PAMPA membrane, and the peptide solution was subsequently added over the CF sputum layer. 
Afterwards, the two wells were coupled and incubated for 5h at RT. At the end of the incubation, the 
plates were split, and the amount of peptide diffused into the acceptor well was quantified by fluorescence 
spectroscopy using a Horiba Jobin Yvon Fluorolog 3 TCSPC fluorimeter (Horiba, Kyoto, Japan) equipped 
with a 450-W xenon lamp and a R928 photomultiplier (Hamamatsu Photonics, Hamamatsu, Japan). 
Excitation was performed at 280nm while emission was recorded in the spectral region of 290-500 nm 
(maximum of emission at 362 nm). Excitation and emission slits were set at 4 and 5 nm, respectively. The 
concentration of the peptide was calculated using a 6-points calibration curve. The apparent permeability 
coefficient (Papp) was expressed according to this relationship:  
                                                                         Pappൌ ௗொ/ௗ௧

஼బ ൈ ஺
 

derived from Fick¶s law for steady-state conditions[7], where dQ is the quantity of drug expressed as 
moles permeated into the acceptor compartment at time t (18000 sec), C0 is the initial concentration of 
the peptide in the donor well, and A is the area of the well membrane (0.3 cm2).  
 
PKA-RIIα bioconjugation and fluorescence spectroscopy 
Recombinant PKA-RIIĮ was bio-conjugated to fluorescein 5-maleimide (F5M), as described previously 
[8], using 75 ȝg of  PKA-RIIĮ and a 50-fold excess of F5M. After bioconjugation, the derivative was 
immediately purified using a Sephadex® G-25 desalting column and phosphate-buffered saline solution 
(PBS) (20 mM, 150 mM NaCl, pH 7.2) as eluent. To evaluate F5M labelling efficiency, the dye/protein 
ratio (D/P) of the conjugates was determined by the absorption spectra of the labelled proteins in PBS (20 
mM, 150 mM NaCl, pH 7.2), according to the following equation: 
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where A280 is the absorption of the conjugate at 280 nm; Amax is the absorption of the conjugate at the 
absorption maximum of the corresponding F5M; c is a correction factor (c = 0.29); eprot (25,169 M-1cm-1) 
and edye (63,096 M-1 cm-1) are the molar extinction coefficients of PKA and F5M, respectively. PKA-RIIĮ 
presents six cysteine residues, and the final D/P value was 0.2. 
UV-visible absorption spectra were measured with a UH5300 spectrophotometer (Hitachi, Tokyo, Japan) 
at RT, using 1 cm pathway length quartz cuvette. Fluorescence emission spectra in steady-state mode 
were acquired at RT using a Jobin Yvon Fluorolog 3 TCSPC fluorimeter (Horiba, Kyoto, Japan) equipped 
with a 450-W Xenon lamp and a R928 photomultiplier (Hamamatsu Photonics, Hamamatsu, Japan). 
Steady-state fluorescence spectra were recorded in the 500-600 nm range. The excitation wavelength was 
set on 490 nm and the excitation and emission slits were set on 2 and 4, respectively. Equilibrium binding 
constants (KD and KA) were obtained from steady-state data. 
Fluorescence kinetics were measured using an Applied Photophysics SX20 stopped-flow 
spectrophotometer (Applied Photophysics, North Carolina, US) fitted with a 495 nm cut-off filter between 
the cell and the fluorescence detector, and equipped with a thermostat bath set at 25±0.2°C. Association 
and dissociation rate constants (kon and koff) were calculated from stopped-flow kinetics data. Data 
acquisition, visualization and analysis were performed with Pro-Data software from Applied 
Photophysics Ltd (Applied Photophysics, North Carolina, US).  
To assess the ability of DRI-Pep #20 to displace the binding between PI3KJ and PKA-F5M, steady-state 
emission spectra of the PI3KJ/PKA-F5M complex in the presence of increasing concentrations of the 
peptide were acquired. Briefly, 50 nM of recombinant PI3KJ was added to 100 nM F5M-bounded PKA-
RIID in a total volume of 100 µL PBS. The concentration of the PI3KJ/PKA-F5M complex was kept 
constant while gradually titrated with increasing concentrations of the peptide from 0 to 5 µM. The 
complex was excited at 490 nm and emission spectra were recorded in the 500-600 nm spectral range, as 
described above. The degree of displacement of the PKA-RIID-PI3KJ complex was expressed as the 
percentage of fluorescence quenching after addition of the peptide. 
 
Circular dichroism 
Circular dichroism (CD) measurements were performed on a Jasco-810 Dichrograph equipped with a 
Peltier thermoelectric controller (Jasco Inc., Easton, US). The spectra of peptides were recorded in the 
continuous mode between 260 and 180 nm at 25 °C in 0.1 cm path length quartz cuvette (Hellma GmbH, 
Müllheim, DE) with a total peptide concentration of 0.2 mg/mL dissolved in 2 mM PBS (0.6 mM KH2PO4, 
1.6 mM K2HPO4), pH 7.4. The CD spectrum in the 190-240 nm range was used to predict the secondary 
structural content of the peptide using the K2D3 web server [9]. 
 
Transmission Electron Microscopy (TEM) and Dynamic Light Scattering (DLS) 
Self-assembled peptide nanostructures were analyzed by Transmission Electron Microscopy (TEM) 
analysis. Transmission electron micrographs were obtained with a JEOL 3010-UHR TEM operating at an 
accelerating voltage of 300.00 kV (JEOL, Tokyo, Japan). TEM samples were prepared by dissolving the 
peptides at 0.1 mg/mL in water and drying them on a carbon-coated copper grid. The nominal 
magnification used to record nanostructures were ×500000 and ×800000.  
The size distribution profile of the self-assembled peptide was determined by dynamic light scattering 
(DLS, Malvern Zetasizer, Worcestershire, UK). Samples were prepared at 4 mg/mL in 2 mM PBS (0.6 
mM KH2PO4, 1.6 mM K2HPO4), pH 7.4. Measurements were performed after an equilibration time of 60 
s which allowed samples to reach the temperature of 25°C. 
 
Peptide mutagenesis 
Systematic amino acid substitutions were performed using an in-house Python script. To identify which 
variant could mimic the characteristics of DRI-Pep #20, we compared the ability of each peptide to adopt 
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the same spatial arrangement and exhibit a similar surface charge distribution. The peptides from the 
library were subsequently processed using Omega2 (OMEGA, version 4.1.0.2; OpenEye Scientific 
Software: Santa Fe, NM) [10, 11], a software that creates a multi-conformer structure database capable of 
reproducing biologically active conformations. The ROCS software (ROCS, version 3.4.1.2; OpenEye 
Scientific Software: Santa Fe, NM) [12] was employed to conduct a shape-based overlay method, in which 
molecules were aligned through a solid-body optimization process aimed at maximizing the volume 
overlap between them. Subsequently, the peptides were re-ranked for similarity to DRI-Pep #20 based on 
electrostatic properties using the EON program (EON, version 2.3.4.2; OpenEye Scientific Software: 
Santa Fe, NM) [13]. The final score assigned to each peptide was based on a dual Tanimoto score, ranging 
from 0 to 2, where a score of 2 signifies an exact match in both shape and electrostatics between the two 
molecules. Peptides with the highest scores were considered for further analysis. 
 
Protein structure prediction 
The 3D structure of residues 1-45 of PKA-RIIĮ was predicted using the Iterative Threading ASSEmbly 
Refinement (I-TASSER) web server [14], an on-line platform that implements I-TASSER-based 
algorithms for predictions of protein structure and function. Briefly, starting from the FASTA amino acid 
sequence I-TASSER ran a three steps simulation, first threading it through a representative PDB structure 
library to search for possible template folds or supersecondary-structure fragments, using a profile±profile 
alignment-based threading algorithm. In the second step, the continuous fragments excised from the PDB 
templates were reassembled into full-length models, while the unaligned regions were built by ab initio 
modeling.  Finally, the structure trajectories were clustered, and the lowest-energy structures selected, and 
an all-atom model was constructed by REMO41 through optimization of the hydrogen-bonding network. 
The five best models obtained by I-TASSER were subsequently evaluated based on their threading 
template and predicted C-score. The model with the highest C-score of -0.22 and predicted using the NMR 
structure of PKA-RIID as a threading template (PDB ID 2KYG) [15] was selected.  
The 3D structure of PI3KJ was downloaded by AlphaFold [16] and validated by Root-Mean Square 
Deviation (RMSD) alignment of all the atoms with the cryo±electron microscopy structure of the 
heterodimeric PI3KȖ complex, p110Ȗ-p101 (PDB ID 7MEZ) [17].  
 
Peptide Structure Prediction 
The structure of the peptides was predicted with PEP-FOLD3.5 [18], a de novo approach that predicts 
peptide structures from amino acid sequences. Briefly, starting from the amino acid sequence, first a series 
of 200 simulations was run, each one sampling a different region of the conformational space using the 
Generator taboo-sampling 5 (ts5), recommended for peptides longer than 10 amino acids. The output was 
an archive of clusters of all the models sorted out using the TM score followed by performing the Model 
Quality assessment using Apollo [19]. The first five models, representing the five best conformation of 
each cluster with the best scores defined according to the lowest sOPEP energy and the highest TM-score 
value, were selected and further supported by RMSD. The RMDS of each model was compared to the 
RMDS of residues 126-150 of the p110J structure, both the protein structure predicted by AlphaFold and 
the crystal structure (PDB ID 7mez, RCSB database). Finally, the best structure of the peptide was 
validated by visual analysis on PYMOL. 
 
Docking studies 
Docking studies were performed with the High Ambiguity Driven Biomolecular DOCKing (HADDOCK) 
software. Briefly, starting from the PKA-RIIĮ and peptide structures, the HADDOCK docking ran three 
consecutive steps, first the molecules were randomly oriented, and a rigid-body search was performed 
(it0). The output was an archive of 1000 models, among them the top 200 ranked structures were selected 
based on the energy function and addressed to the semi-flexible simulated annealing stage performed in 
torsion angle space (it1). In the third stage, the structures were refined in Cartesian space with explicit 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 8 

solvent layer (water) and subjected to a short molecular dynamic simulation at 300K. During the 
refinement, both the side chain and backbone of interface residues were progressively allowed to move. 
The final models were automatically clustered based on the positional interface ligand RMSD (iL-RMSD) 
by fitting the conformational changes on the interface of the receptor (PKA-RIIĮ) and on the interface of 
the smaller partner (the peptides). Finally, the binding poses were assessed by the HADDOCK report and 
the binding affinity was evaluated by the Optimal Hydrogen Bonding Network. The resulting best binding 
pose was validated by visual analysis on PYMOL. 
 
Statistical analysis 
Data are presented as scatter plots with bars (means ± SEM). Prism software (GraphPad Software Inc.) 
was used for statistical analysis. Raw data were first analyzed to confirm their normal distribution via the 
Shapiro-Wilk test and then analyzed by unpaired Student¶s t test, one-way analysis of variance (ANOVA), 
or two-way ANOVA. Bonferroni correction (one-way and two-way ANOVA) was applied to correct for 
multiple comparisons. P<0.05 was considered significant. 
 
Results 
DRI-Pep #20 is a PI3KJ/PKA disruptor with high binding affinity for PKA. 
DRI-Pep #20 was obtained by synthesizing the all-D-retroinverso (DRI) form of a peptide linking the cell 
penetrating peptide Penetratin 1 (P1) to the non-natural 5 amino acids sequence RHQGK, by means of a 
glycine (G) linker (Fig. 1a). First, we determined the ability of DRI-Pep #20 to directly bind the PKA 
regulatory subunit RIIĮ (PKA-RIIĮ), the PKA isoform that we previously demonstrated being specifically 
bound by PI3KJ [20]. In vitro steady-state fluorescence spectroscopy experiments revealed that the 
peptide could associate recombinant PKA-RIIĮ with high affinity, being the equilibrium dissociation 
constant (KD) in the nanomolar range (76 nM; Fig. 1b-c). Further fast kinetic studies showed that DRI-
Pep #20 rapidly associates to PKA-RIIĮ forming a relatively stable complex. The association rate constant 
(Kon) in the order of 10±6 M-1s-1 indicated a quick assembly of the DRI-Pep #20/PKA-RIIĮ complex, while 
the moderate dissociation rate (Koff) suggested a certain level of stability in the bound state (Fig. 1d and 
Table 1). In agreement with the high affinity of DRI-Pep #20 to PKA-RIIĮ, the peptide inhibited the 
interaction between recombinant PI3KJ and PKA-RIIĮ up to 74%, and with an IC50 of 0.16 µM (Fig. 1e-
f). Next, we tested whether DRI-Pep #20 could disturb the anchoring of PKA by AKAPs other than PI3KJ. 
The ability of the peptide to raise cAMP levels in PI3KJ-deficient cells was used as a proxy of its capacity 
to interfere with other AKAP-based signalosomes [4]. We found that DRI-Pep #20 failed to raise cAMP 
in cells that did not express its target PI3KJ, demonstrating that the peptide retained the selectivity for the 
PI3KJ-directed pool of PKA, despite the high binding affinity for PKA-RIIĮ (Fig. 1g). Overall, these data 
identify DRI-Pep #20 as a potent and selective disruptor of the PI3KJ/PKA complex.  
 
DRI-Pep #20 mimics the native interaction between PI3KJ and PKA-RIIα. 
Next, we sought to elucidate the determinants of the high-affinity interaction of DRI-Pep#20 with PKA-
RIIĮ. Predictions of the tridimensional structure of DRI-Pep #20 suggested the presence of an Į-helix, 
flanked by two uncoiled regions (Fig. 2a). The helical propensity of the peptide was confirmed by circular 
dichroism analyses showing a double-peak signal, with a maximum at 200 nm which is typical for Į-helix 
structures, and a minimum in the 220±240 nm region which is characteristic for random-coil domains [21] 
(Fig. 2b). In silico simulations of the binding of DRI-Pep #20 to the typical binding surface for AKAPs 
(amino acids 1-45 of PKA-RIIĮ) [2], revealed that 4 out of the 5 amino acids of the RHQGK sequence 
(R-1, H-2, Q-3 and K-5) could form hydrogen bonds with partners in the PKA-RIIĮ subunit (Fig. 2c, Fig. 
S1a and Table S1). Systematic amino acid substitutions within the RHQGK sequence confirmed the 
importance of positively charged and polar amino acids in position 3 and 4 for the interaction of DRI-Pep 
#20 with PKA-RIIĮ. Indeed, peptide variants bearing hydrophobic residues in those positions had reduced 
ability to disrupt the PI3KJ/PKA interaction, and thus to elevate cAMP in human bronchial epithelial cells 
(16HBE14o-), as compared to the parent sequence (Fig. S2a and Table S2). These observations suggested 
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that a short amino acid sequence enriched in hydrophilic residues could form the backbone for the 
anchoring of PKA by PI3KJ and prompted us to better characterize the native interaction between the N-
terminal domain of PI3KJ, which encompasses the putative PKA-binding motif [4, 20], and PKA-RIIĮ. 
In silico simulations of the binding between 120-160 PI3KJ and 1-45 PKA-RIIĮ identified a region 
enriched in hydrophilic amino acids, spanning from K-126 to R-130 (KATHR), that could maximally 
interact with PKA. K-126, H-129 and R-130 were consistently found at the core of the interaction in all 
of the possible binding poses between the two proteins (Fig. 3a and Fig. S3a) and were shown to form 
hydrogen bonds mainly with T-18 and the Q-25 of PKA-RIIĮ (Fig. 3a and Fig. S3b). Intriguingly, the 
KATHR sequence phenocopied the complete PKA-binding motif of PI3KJ in raising cAMP in 
16HBE14o- cells (Fig. S4a and Table S3), indicating that the core of the interaction between PI3KJ and 
PKA-RIIĮ could reside within this region. In agreement, structural predictions and molecular docking 
studies revealed that the KATHR peptide folded in an almost complete Į-helical structure (Fig. 3b), 
allowing the formation of hydrogen bonds between K-126, H-129 and R-130 and partners within 1-45 
PKA-RIIĮ (Fig. 3c, Fig. S5 and Table S4). 
Taken together, these results demonstrate that the non-natural peptide DRI-Pep #20 acts as a potent 
PI3KJ/PKA disruptor by mimicking the core of the native interaction of PI3KJ with PKA-RIIĮ.  
 
DRI-Pep #20 has favorable mucus permeability and protease resistance.  
Next, we sought to determine to what extent DRI-Pep #20 could be used for targeting the native 
PI3KJ/PKA complex in the lungs to modulate cAMP for therapeutic purposes. First, we assessed the 
suitability for local delivery to the airways. Following intratracheal instillation (Fig. 4a), DRI-Pep #20 
induced a dose-dependent increase in cAMP levels in the trachea and in the lungs of treated mice, with 
an EC50 of 8.06 µg/Kg and 11.78 µg/Kg, respectively (Fig. 4b-c). Of note, cardiac cAMP concentrations 
were unchanged (Fig. 4d), suggesting that the peptide locally increased airway cAMP without systemic 
effects at the tested dose.  
Since the efficacy of inhaled therapies can be hampered by extracellular barriers imposed by diseased 
lungs, including a thick layer of protease-rich mucus [22], we next sought to determine to what extent 
DRI-Pep #20 could penetrate mucus layers and resist to protease degradation. DRI-Pep #20 penetrated 
the phospholipid membrane in the PAMPA system (Fig. 5a) with an apparent permeability (Papp) of 1.88 
x 10±6 cm s-1 (Fig. 5b). Of note, the addition of pathological CF sputum on top of the phospholipid layer 
(Fig. 5a) did not significantly affect the Papp of the peptide (Papp 2.55 x 10±6 cm s-1)(Fig. 5b). To verify 
whether the favorable mucus permeability of DRI-Pep #20 could be ascribed to molecular dimensions 
compatible with the mesh size of CF mucus [23], Transmission Electron Microscopy (TEM) and Dynamic 
Light Scattering (DLS) assays were performed. TEM images showed that DRI-Pep #20 formed irregular 
aggregates of 5-40 nm in size (Fig. 5c), in agreement with the particle diameter of 10-20 nm retrieved by 
DLS analysis (Fig. 5d).  
Next, we tested whether DRI-Pep #20 retained the ability to elevate cAMP in pulmonary cells in the 
presence of neutrophil elastase, the most abundant protease in the lungs of patients with neutrophilic 
airway diseases, including but not limited to chronic obstructive pulmonary disease (COPD) and CF [24]. 
The ability of the peptide to raise cAMP in 16HBE41o- cells was completely unaltered by the presence 
of 3 µg/ml of recombinant human neutrophil elastase (HNE) (Fig. 5e), a dose which was previously shown 
to inactivate other therapeutic peptides [25]. Conversely, the cAMP elevating activity of the non-DRI 
isoform, Pep #20, was reduced by 26% by means of HNE (Fig. 5e). Notably, the activity of the DRI 
isoform was entirely preserved even in the presence of a 10-fold higher concentration of HNE (Fig. 5f), 
an amount that is typically detected in the lungs of patients with severe bronchiectasis [24], which was in 
line with the absence of any predicted cleavage sites by HNE (Fig. S4a). The observed resistance of DRI-
Pep #20 to degradation was confirmed in the presence of a more complex biological matrix containing 
other proteases that could potentially cleave the peptide (Fig. S4b), that is CF sputum, where the DRI-Pep 
#20 retained 72% of its biological activity (Fig. 5g).  
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Taken together, these data demonstrate the ability of DRI-Pep #20 to elevate lung cell cAMP in the 
presence of a hostile extracellular environment composed of a mucus barrier enriched in proteases, which 
is typical of diseased lungs.  
 
DRI-Pep #20 promotes cAMP-dependent activation of wild-type and F508del-CFTR in human 
bronchial epithelial cells. 
Next, we aimed to assess the extent to which DRI-Pep #20 could effectively restore cAMP levels and 
consequently reactivate the function of CFTR, a cAMP-dependent chloride channel impaired in a range 
of respiratory disease, including but not limited to COPD and CF [26]. First, we assessed the ability of 
the peptide to stimulate the activity of the wild-type channel in 16HBE141o- cells expressing the halide-
sensitive yellow fluorescent protein (HS-YFP) (Fig. 6b), which allows quantifying CFTR activity based 
on the fluorescence quenching rate elicited by an iodide influx [27]. DRI-Pep #20 induced a 60% 
reduction in YFP fluorescence, which was completely prevented by co-application of the CFTR inhibitor, 
CFTRinh-172 (Fig. 6b), demonstrating selective activation of CFTR channels. Dose-response experiments 
revealed an EC50 of 20 µM (Fig. 6c) and demonstrated that 25 µM DRI-Pep #20 was as effective as 10 
µM forskolin, the adenylyl cyclase activator, in triggering CFTR gating in 16HBE141o- cells (Fig. 6d).  
Further, we evaluated to what degree DRI-Pep #20 could reinstate the activity of F508del-CFTR in 
combination with the standard of care, including two CFTR correctors (Elexacaftor/Tezacaftor) and one 
CFTR potentiator (Ivacaftor), that partially rescue the trafficking and gating defects of the mutant channel, 
respectively [28]. In cystic fibrosis bronchial epithelial cells overexpressing the F508del-CFTR mutant 
and the HS-YFP, Elexacaftor/Tezacaftor/Ivacaftor (ETI) produced a YFP quenching of 50%, which was 
further decreased down to 25% when DRI-Pep #20 was added together with ETI (Fig. 6e).  
Hence, these data support the use of DRI-Pep #20 as a single agent or as an-add on to CFTR modulators, 
to therapeutically stimulate the activity of wild-type and F508del-CFTR, respectively.   
 
Discussion 
Our study identifies a non-natural peptide that functions as a selective and potent disruptor of the 
PI3KJ/PKA-RIIĮ complex. This peptide, named DRI-Pep #20, serves as an effective tool to study PKA 
anchoring and manipulate cAMP/PKA signaling for therapeutic purposes.  
Our structural predictions and molecular docking studies indicate that DRI-Pep #20 operates similarly to 
other AKAP disruptor peptides by mimicking the typical Į-helical structure through which AKAPs bind 
PKA [29]. In addition, our results support previous research showing that, within this Į-helix, the presence 
of polar and positively charged amino acids is crucial for the binding between the scaffold and the kinase 
[29]. In contrast to other AKAP disruptors, DRI-Pep #20 uniquely interferes with the binding between 
PKA and PI3KJ, without affecting PKA pools anchored by other AKAPs. This specificity is attributed to 
our earlier observation that the PKA-anchoring sequence of PI3KJ diverges from that of classical AKAPs 
[4, 20]. While our previous report pinpointed amino acids 126-150 as the PKA-anchoring sequence of 
PI3KJ [4, 20], the critical residues for the interaction remained elusive, partly due to the lack of the 
crystallographic structure of the PI3KJ N-terminal domain. In this study, our in silico characterization of 
the high-affinity interaction of DRI-Pep #20 with PKA-RIIĮ sheds light on the native association between 
PI3KJ and PKA. Our computational modeling demonstrates that the KATHR sequence, encompassing 
amino acids 126-130 of the N-terminal of PI3KJ, plays a central role in guiding the interaction with PKA. 
Like DRI-Pep #20, the KATHR peptide can adopt an Į-helical conformation, establishing hydrogen bonds 
with partner amino acids within PKA-RIIĮ, mainly through K-126, H-129 and R-130. Despite structural 
similarities, DRI-Pep #20 exhibits a significantly higher affinity for PKA compared to the native PKA-
docking domain of PI3KJ, with a KD value that is 100 folds lower than that obtained with the 126-150 
region [20]. This discrepancy raises questions about why nature selected a PI3KJ sequence with low 
affinity for PKA. It is plausible that, in physiological conditions, the binding between the two proteins 
needs to be sufficiently weak to allow PI3KJ to easily leave the complex, thereby interrupting PKA-

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 11 

mediated activation of PDEs, when necessary. This could serve as a protective mechanism against an 
excessive reduction of cellular cAMP below a critical level. 
While the high binding affinity of DRI-Pep #20 to PKA-RIIĮ can be attributed to the numerous hydrogen 
bonds that this non-natural sequence can form with the kinase, its high proteolytic stability is a direct 
consequence of the presence of D-amino acids, which are not recognized by proteases [30]. The 
incorporation of non-natural D-amino acids in a retro-reversed sequence, as in DRI-Pep #20, aims to 
obtain molecules with the same structure as the parent L-peptides, but with new chemical properties, such 
as increased half-life and resistance to proteolytic degradation, which potentially improve their in vivo 
potency [31]. These chemical features, and above all the high stability and target affinity, position DRI-
Pep #20 as an ideal candidate for therapeutic cAMP modulation in vivo. Chronic respiratory diseases, 
where the PI3KJ-PKA complex serves as a central signaling hub to multiple airway cell functions, like 
smooth muscle relaxation, epithelial ion transport and neutrophil infiltration [4], could significantly 
benefit from a treatment with DRI-Pep #20. We provide evidence that DRI-Pep #20 preserves its 
biological activity in the presence of human neutrophil elastase and after local delivery in the airways in 
mice. These observations support the potential use of this peptide for achieving therapeutically relevant 
cAMP elevation in highly inflamed lungs. This is of particular relevance in a range of airway diseases, 
including COPD, certain forms of asthma, non-CF bronchiectasis (NCFB), and even in patients with CF 
who may still experience airway inflammation despite highly effective modulator therapies (HEMT) 
targeting the basic genetic defect of the disease [32, 33]. 
In addition to proteases associated with inflammation, another challenge posed by diseased lungs is the 
thick mucus layer covering respiratory epithelia [22]. Especially in patients with CF and NCFB, mucus 
may reduce the bioavailability of inhaled therapeutics decreasing their overall efficacy. Our assays 
exploiting patient-derived sputum as a proxy of CF mucus revealed that DRI-Pep #20 is not significantly 
affected by the barrier activity of mucus. Moreover, in spite of being a relatively large molecule (i.e., MW 
> 2000 g/mol), DRI-Pep #20 is well below the mesh size of the pathological mucus. TEM and DLS 
analyses indicate that the peptide can form aggregates of 20 nm in size, which could freely diffuse through 
the 100-1000 nm meshes of the network of bundled fibers that are typically formed by biopolymers in the 
CF mucus and that are filled with a low viscosity fluid [34].  
These observations imply that, in diseased lungs, relevant doses of DRI-Pep #20 could reach the 
underlying epithelial cells wherein targeting the PI3KJ/PKA complex is anticipated to boost CFTR 
activity [4]. Our data indicates that in CF bronchial epithelial cells DRI-Pep #20 enhances the effects of 
the standard combination of CFTR modulators, Elexacaftor/Tezacaftor/Ivacaftor, in rescuing the activity 
of the most common CFTR mutant, F508del. These findings carry significant clinical implications, 
especially in light of recent studies demonstrating that CFTR potentiators and correctors only partially 
restore the function of mutant channels, achieving up to 60% the wild-type CFTR levels [35-37].  
Consequently, CF patients treated with HEMT may still experience residual mucus dysfunction, airway 
infection and inflammation [32, 33, 38] and could significantly benefit from the ability of DRI-Pep #20 
to maximize the clinical efficacy of the standard-of-care. In addition, our observation that the peptide 
itself activates the wild-type form of the CFTR channel supports the prospect of extending the use of DRI-
Pep #20 to treat a range of non-genetic conditions characterized by acquired CFTR dysfunction, including 
COPD, non-atopic asthma, and NCFB [26]. 
In summary, our study identified a non-natural peptide that targets the AKAP function of PI3KJ, with 
unprecedented target binding affinity and potency. Due to its resistance to proteases and its ability to 
penetrate airway mucus, DRI-Pep #20 holds promise for achieving therapeutic cAMP elevation in chronic 
respiratory disorders where mucus accumulation and inflammatory remodeling still result in a highly 
unmet medical need. Although DRI peptides have been shown to be well tolerated and therapeutically 
effective in clinical trials [39], further preclinical testing in rodents and non-rodents is necessary to 
establish the feasibility of an inhaled therapy based on DRI-Pep #20 for human use. 
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Table 1. Binding kinetics of the interaction between DRI-Pep #20 and PKA-RIIα. 

 Steady- state  
experiment 

Kinetic  
experiment 

kon (106 M-1 s-1) 

koff (10-2 s-1) 

KA (107 M-1) 

KD (10-8 M) 

- 

- 

1.3 

7.6 

1.5 

7.2 

2.0 

4.9 
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Legends 
Figure 1. DRI-Pep #20 is a potent PI3KJ/PKA disruptor peptide. 
a) Chemical structure of DRI-Pep #20. The amino acid sequence of DRI-Pep #20 comprises the cell 
penetrating peptide Penetratin 1 (P1), a glycine (G) linker and the non-natural sequence RHQGK, wherein 
each amino acid is a D-amino acid. b) Schematic representation of the fluorescence spectroscopy assays 
for the characterization of the interaction between DRI-Pep #20 and the recombinant fluorescein 5-
maleimide±labeled PKA-RIIĮ (PKA-F5M). c) Steady-state emission spectra of PKA-F5M in the presence 
of increasing concentrations of DRI-Pep #20 (0 to 20 µM). KD: dissociation constant. AU, arbitrary units. 
Inset, non-linear fitting of the fluorescence intensity maxima obtained at various concentrations of DRI-
Pep #20 for the monitoring of bio-labeled PKA. KA: association constant. d) For kinetic analysis, 
fluorescence spectra of PKA-F5M in the presence of increasing concentrations of DRI-Pep #20 (0 to 5 
µM) were analyzed and fitted to a single exponential function to obtain the observed rate constant (kobs). 
The binding of DRI-Pep #20 to bio-labeled PKA was investigated under pseudo-first-order conditions, 
and the kinetic constants, kon and koff, were determined. e) Schematic representation of the displacement 
assay between DRI-Pep #20 and the PI3KJ/PKA-F5M complex. f) Percentage displacement of the 
PI3KJ/PKA-RIIĮ complex by DRI-Pep #20, calculated from steady-state emission spectra of the 
PI3KJ/PKA-F5M complex in the presence of increasing concentrations of DRI-Pep #20 (0 to 5 µM). The 
displacement efficiency was expressed as percentage of the binding between PI3KJ and PKA-F5M 
relative to that in the absence of DRI-Pep #20. g) cAMP concentrations in peritoneal macrophages from 
wild-type (WT, in green) and PI3KȖ-/- mice (in grey) treated with 10-25 µM DRI-Pep #20 for 30 min. The 
amount of cAMP was expressed as percentage of cAMP accumulation observed in untreated PI3KȖ-/- 

cells. nt6 technical replicates from N>3 independent experiments. ***P<0.001 WT versus PI3KȖ-/- by 
one-way ANOVA, followed by Bonferroni¶s post hoc test. Data are means ± SEM. 
 
Figure 2. Structural prediction of the binding between DRI-Pep #20 and PKA-RIIα.  
a) DRI-Pep #20 structure prediction by PEP-FOLD3.5. P1-G and RHQGK domains are shown as cartoons 
in grey and red, respectively. R-1, H-2, Q-3 and K-5 residues are indicated and shown as sticks. b) Circular 
dichroism spectra of DRI-Pep #20 showing a peak at 190-240 nm. The percentage of D-helical and E-
sheet secondary structures calculated by the K2D3 software are indicated. c) Molecular docking 
simulation of the interaction between DRI-Pep #20 and PKA by HADDOCK 2.4. The docked pose of 
DRI-Pep #20 in complex with residues 1-45 of PKA-RIIĮ (cartoon in green) is shown. The key residues 
involved in the binding are indicated and shown as sticks, with DRI-Pep #20 residues in bold. Hydrogen 
bonds between DRI-Pep #20 and PKA-RIIĮ are indicated by yellow dashed lines. In a and c, the structural 
models were developed using PyMOL. 
 
Figure 3. Structural prediction of the native binding between the N-terminal domain of PI3KJ and 
PKA-RIIα.  
a) Molecular docking simulation of the interaction between PI3KJ and PKA-RIIĮ by HADDOCK 2.4. 
The docked pose of residues 120-160 of PI3KJ (cyan cartoon) in complex with residues 1-45 of PKA-
RIIĮ (green cartoon) is shown. The amino acids critical for the binding between the two proteins are 
shown and indicated as sticks, with the residues of PI3KJ in bold. The region of PI3KJ at the core of the 
interaction (KATHR) is shown in orange. Hydrogen bonds between PI3KJ and PKA-RIIĮ are indicated 
by yellow dashed lines. b) Structural prediction of the KATHR sequence by PEP-FOLD3.5. KATHR and 
P1-G domains are shown as cartoons in orange and grey, respectively. K-1, H-4 and R-5 residues of PI3KJ 
are indicated and shown as sticks. c) Molecular docking simulation of the interaction between KATHR 
and PKA by HADDOCK 2.4. The docked pose of KATHR in complex with residues 1±45 of PKA RIIĮ 
(cartoon in green) is shown. Yellow dashed lines indicate hydrogen bonds between KATHR and 1±45 
PKA-RIIĮ. The amino acids critical for the binding are indicated and shown as sticks, with KATHR 
residues in bold. Throughout, the structural models were developed using PyMOL.  
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Figure 4. DRI-Pep #20 increases cAMP levels locally in vivo in the airway tract of mice.  
a) Schematic representation of the treatment schedule. BALB/c mice received DRI-Pep #20 through 
intratracheal (i.t.) instillation. (b-d) cAMP concentrations in tracheas (b), lungs (c) and hearts (d) from 
BALB/c mice 24 hours after i.t. instillation of different doses of DRI-Pep #20 (0 to 750 mg/kg). Values 
in brackets indicate the dose of DRI-Pep #20 expressed as mg/kg. The number of mice (n) ranged from 3 
to 6 per group. EC50, median effective concentration. In a) and b), *P< 0.05, **P < 0.01, and ***P < 
0.001 by one-way ANOVA, followed by Bonferroni¶s post hoc test. Throughout, data are means � SEM. 
 
Figure 5. DRI-Pep #20 can penetrate pathological mucus and resist protease degradation.  
a) Schematic representation of the Parallel Artificial Membrane Permeability Assay (PAMPA) with and 
without cystic fibrosis (CF) sputum deposition on top of the artificial lipid membrane (PM). b)  Apparent 
permeability (Papp) measurements of DRI-Pep #20 (2 mg/mL), in the absence (green box) and in the 
presence (blue box) of CF sputum. The green dashed line indicates the threshold Papp for high-medium 
permeable compounds (4×10-6 cm s-1), while the red dashed line defines the limit for medium-low 
permeable molecules (1×10-6 cm s-1). ns: non-significant by Student¶s t test. c) Representative 
Transmission Electron Microscopy (TEM) images of DRI-Pep #20 (0.1 mg/mL in water). Scale bar: 20 
nm. d) Size distribution profile of DRI-Pep #20 (4 mg/mL in 2 mM PBS) obtained by dynamic light 
scattering (DLS) analysis. e-f) cAMP concentrations in 16HBE14o- cells treated with the DRI-Pep #20 
and Pep #20 (25 ȝM for 30 min) in the absence (green bars) and in the presence (gray bars) of either 3 
ȝg/ml (d) or 20 ȝg/ml (e) human neutrophil elastase (HNE). The amount of cAMP was expressed as 
percentage of cAMP accumulation elicited by Pep #20 without HNE. Dashed lines indicate the amount 
of cAMP (%) induced by Pep #20 with HNE as a reference. nt6 technical replicates from N>3 
independent experiments. *P<0.05 and **P<0.01 by one-way ANOVA, followed by Bonferroni¶s post 
hoc test. ns: non-significant. g) cAMP elevation in 16HBE14o- cells covered with a layer of CF sputum 
and then treated with 25 ȝM DRI-Pep #20 for 30 min and 1 hour. The amount of cAMP was expressed as 
percentage of cAMP accumulation elicited by DRI-Pep #20 in the absence of sputum at 30 min. **P<0.01 
and ***P<0.001 versus DRI-Pep #20 without sputum by two-way ANOVA test, followed by Bonferroni's 
post-hoc analysis. nt6 technical replicates from N>3 independent experiments. Throughout, data are 
means ± SEM.  
 
Figure 6. DRI-Pep #20 modulates wild-type and F508del-CFTR activity.  
a) Schematic representation of CFTR activity measurement through the Premo� Halide Sensor assay. b) 
Average fluorescence quenching traces of 16HBE14o- cells expressing the halide-sensitive yellow 
fluorescent protein (HS-YFP) and treated with either 25 µM DRI-Pep #20 or equimolar amount of the 
control peptide P1 for 30 min before addition of Premo Halide stimulus buffer. Fluorescence was 
continuously read (1 point per second) starting at 1 s before addition of the buffer and up to 120 s. The 
CFTR inhibitor CFTRinh-172 (10 µM for 5 min) was used to evaluate the selective activation of the CFTR 
channel. c) CFTR activity (expressed as the change in fluorescence ¨F/F0) in response to 30-min 
stimulation with increasing concentrations of DRI-Pep #20 (31.6 nM to 316 mM) in 16HBE14o- cells 
expressing HS-YFP. To determine the EC50, nonlinear regression analysis was used. d) CFTR activity 
(expressed as the change in fluorescence ̈ F/F0) in 16HBE14o- cells expressing HS-YFP and treated with 
10-25 µM DRI-Pep #20 for 30 min in the absence or in the presence of the CFTR inhibitor CFTRinh-172 
(10 µM for 5 min). The adenylyl cyclase activator, forskolin (FSK), was used as a positive control (100 
nM for 5 min), while P1 was used as a negative control (25 µM for 30 min). UT: untreated cells. e) CFTR 
activity in F508del-CFTR-CFBE41o- cells expressing HS-YFP and treated with 
Elexacaftor/Tezacaftor/Ivacaftor alone (ETI) or together with DRI-Pep #20. Cells were corrected with 
Elexacaftor (3 µM) and Tezacaftor (10 µM) for 24 hours and then exposed acutely to Ivacaftor (1 ȝM) 
for 30 min, alone (ETI) or together with 25 µM DRI-Pep #20. The CFTR inhibitor CFTRinh-172 was used 
as in (b). UT: untreated cells. In (b) and (e), nt3 technical replicates from N>3 independent experiments. 
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A PI3Kg mimetic peptide triggers CFTR gating, 
bronchodilation, and reduced inflammation 
in obstructive airway diseases
Alessandra Ghigo1,2*†, Alessandra Murabito1†, Valentina Sala1,2, Anna Rita Pisano3, 
Serena Bertolini3, Ambra Gianotti4, Emanuela Caci4, Alessio Montresor5,6, Aiswarya Premchandar7, 
Flora Pirozzi1,8, Kai Ren1, Angela Della Sala1, Marco Mergiotti1, Wito Richter9, Eyleen de Poel10, 
Michaela Matthey11, Sara Caldrer5,6‡, Rosa A. Cardone12, Federica Civiletti13, Andrea Costamagna13, 
Nancy L. Quinney14, Cosmin Butnarasu1, Sonja Visentin1, Maria Rosaria Ruggiero1, 
Simona Baroni1, Simonetta Geninatti Crich1, Damien Ramel15, Muriel Laffargue15, 
Carlo G. Tocchetti8,16,17, Renzo Levi18, Marco Conti19, Xiao-Yun Lu20, Paola Melotti21, 
Claudio Sorio5,6, Virginia De Rose1, Fabrizio Facchinetti3, Vito Fanelli13, Daniela Wenzel11,22, 
Bernd K. Fleischmann22, Marcus A. Mall23,24, Jeffrey Beekman10, Carlo Laudanna5,6,  
Martina Gentzsch14,25, Gergely L. Lukacs7, Nicoletta Pedemonte4, Emilio Hirsch1,2*

Cyclic adenosine 3′,5′-monophosphate (cAMP)–elevating agents, such as b2-adrenergic receptor (b2-AR) agonists 
and phosphodiesterase (PDE) inhibitors, remain a mainstay in the treatment of obstructive respiratory diseases, 
conditions characterized by airway constriction, inflammation, and mucus hypersecretion. However, their clinical 
use is limited by unwanted side effects because of unrestricted cAMP elevation in the airways and in distant organs. 
Here, we identified the A-kinase anchoring protein phosphoinositide 3-kinase g (PI3Kg) as a critical regulator of a 
discrete cAMP signaling microdomain activated by b2-ARs in airway structural and inflammatory cells. Displace-
ment of the PI3Kg-anchored pool of protein kinase A (PKA) by an inhaled, cell-permeable, PI3Kg mimetic peptide 
(PI3Kg MP) inhibited a pool of subcortical PDE4B and PDE4D and safely increased cAMP in the lungs, leading to 
airway smooth muscle relaxation and reduced neutrophil infiltration in a murine model of asthma. In human bronchial 
epithelial cells, PI3Kg MP induced unexpected cAMP and PKA elevations restricted to the vicinity of the cystic fibrosis 
transmembrane conductance regulator (CFTR), the ion channel controlling mucus hydration that is mutated in cystic 
fibrosis (CF). PI3Kg MP promoted the phosphorylation of wild-type CFTR on serine-737, triggering channel gating, 
and rescued the function of F508del-CFTR, the most prevalent CF mutant, by enhancing the effects of existing 
CFTR modulators. These results unveil PI3Kg as the regulator of a b2-AR/cAMP microdomain central to smooth 
muscle contraction, immune cell activation, and epithelial fluid secretion in the airways, suggesting the use of a 
PI3Kg MP for compartment-restricted, therapeutic cAMP elevation in chronic obstructive respiratory diseases.

INTRODUCTION
Obstructive airway diseases, including asthma, chronic obstructive 
pulmonary disease (COPD) and the genetic disorder cystic fibrosis 
(CF), represent a major health burden worldwide. Over the next decade, 
prevalence of asthma and COPD is predicted to rise in developing 
countries (1) and so is the number of patients with CF requiring 

long-term care, because survival is progressively improving due to 
better treatments and intensive follow-up (2). Despite the diversity 
in etiology, pathogenetic mechanisms, and clinical manifestations, 
these conditions share common features such as chronic airway 
inflammation, mucus hypersecretion, and airflow obstruction due to 
airway hyperreactivity and/or mucus plugging (1, 2). Conventional 

1Department of Molecular Biotechnology and Health Sciences, Molecular Biotechnology Center, University of Torino , 10126 Torino, Italy. 2Kither Biotech Srl, 10126, Torino, 
Italy. 3Chiesi Farmaceutici S.p.A., Corporate Pre-Clinical R&D, 43122 Parma, Italy. 4UOC Genetica Medica, IRCCS Istituto Giannina Gaslini, 16147 Genova, Italy. 5Division of 
General Pathology, Department of Medicine, University of Verona School of Medicine , 37134 Verona, Italy. 6Cystic Fibrosis Translational Research Laboratory "Daniele 
Lissandrini," Department of Medicine, University of Verona School of Medicine , 37134 Verona, Italy. 7Department of Physiology, McGill University, Montréal, Quebec H3G 
1Y6, Canada. 8Department of Translational Medical Sciences, Federico II University, 80131 Naples, Italy. 9Department of Biochemistry and Molecular Biology, University of 
South Alabama College of Medicine Mobile, AL 36688, USA. 10Department of Pediatric Pulmonology, Wilhelmina Children's Hospital, University Medical Center Utrecht, 
3584 EA Utrecht, Netherlands. 11Department of Systems Physiology, Medical Faculty, Ruhr University Bochum, 44801 Bochum, Germany. 12Department of Biosciences, 
Biotechnologies, and Biopharmaceutics, University of Bari , 70126 Bari, Italy. 13Department of Anesthesia and Critical Care Medicine, University of Torino, Azienda 
Ospedaliera Città della Salute e della Scienza di Torino, 10126 Torino, Italy. 14Marsico Lung Institute/Cystic Fibrosis Research Center, University of North Carolina, Chapel 
Hill, NC 27599, USA. 15Institute of Metabolic and Cardiovascular Diseases, Paul Sabatier University , 31432 Toulouse, France. 16Interdepartmental Center of Clinical and 
Translational Research (CIRCET), Federico II University, 80131 Naples, Italy. 17Interdepartmental Hypertension Research Center (CIRIAPA), Federico II University, 80131 Naples, Italy. 
18Department of Life Sciences and Systems Biology, University of Torino, 10123 Torino, Italy. 19Department of Obstetrics, Gynecology, and Reproductive Sciences, University 
of California San Francisco, San Francisco, CA 94143, USA. 20School of life Science and Technology, Xi'an Jiaotong University, 710049 Xi’an Shaanxi, P.R. China. 21Cystic Fibrosis 
Center, Azienda Ospedaliera Universitaria Integrata di Verona, 37126 Verona, Italy. 22Institute of Physiology I, Life and Brain Center, Medical Faculty, University of Bonn, 53127 Bonn, 
Germany. 23Department of Pediatric Respiratory Medicine, Immunology, and Critical Care Medicine, Charité-Universitätsmedizin Berlin, 10117 Berlin, Germany. 24German 
Center for Lung Research (DZL), associated partner, 10117 Berlin, Germany. 25Department of Pediatric Pulmonology, University of North Carolina, Chapel Hill, NC 27599, USA.
*Corresponding author. Email: alessandra.ghigo@unito.it (A.G.); emilio.hirsch@unito.it (E.H.)
†These authors contributed equally to this work.
‡Present address: Department of Infectious, Tropical Diseases and Microbiology, IRCCS Sacro Cuore Don Calabria Hospital, 37024 Negrar, Italy.

Copyright © 2022 
The Authors, some 
rights reserved; 
exclusive licensee 
American Association 
for the Advancement 
of Science. No claim  
to original U.S. 
Government Works

D
ow

nloaded from
 https://w

w
w

.science.org on January 28, 2024



Ghigo et al., Sci. Transl. Med. 14, eabl6328 (2022)     30 March 2022

S C I E N C E  T R A N S L A T I O N A L  M E D I C I N E  |  R E S E A R C H  A R T I C L E

2 of 13

medications, especially for asthma, include inhaled corticosteroids 
and b2-adrenergic receptor (b2-AR) agonists, which reduce airway 
inflammation and reverse airway constriction, respectively (1). 
Whereas the primary effect of b2-AR agonists is relaxation of airway 
smooth muscle, these drugs can also engage this receptor in infil-
trating leukocytes, eventually contributing to the resolution of in-
flammation through the cyclic adenosine 3′,5′-monophosphate 
(cAMP) pathway (3). Furthermore, b2-AR agonists are potent in-
ducers of the CF transmembrane conductance regulator (CFTR) 
(4), the epithelial anion channel that drives airway surface fluid hy-
dration. CFTR dysfunction is a major cause of mucus hyperconcen-
tration that leads to impaired mucociliary clearance and mucus 
plugging not only in patients with the genetic disorder CF (2) but 
also in COPD (5) and asthma (6). Although b2-AR agonists could 
be beneficial in these chronic obstructive diseases, their efficacy is 
still limited, primarily because of tachyphylaxis and adverse events, 
such as tachyarrhythmias, stemming from systemic drug exposure. 
Similarly, inhibition of cAMP breakdown by drugs targeting phos-
phodiesterase 4 (PDE4) (7), the major cAMP-hydrolyzing enzyme 
in the airways, is clinically effective but exhibits unwanted side ef-
fects, such as emesis, diarrhea, and weight loss, likely due to system-
ic PDE4 blockade (8). Thus, safer approaches for the manipulation 
of the b2-AR/cAMP signaling axis for the treatment of chronic air-
way diseases are desirable.

Previous work from our group identified phosphoinositide 
3-kinase g (PI3Kg) as a negative regulator of b2-AR/cAMP signal-
ing in the heart. In this tissue, PI3Kg serves as an A-kinase anchoring 
protein (AKAP) that tethers protein kinase A (PKA) to PDE3 and 
PDE4, favoring their PKA-mediated phosphorylation and activation. 
This mechanism of localized PDE stimulation eventually allows re-
stricting b2-AR/cAMP responses to discrete subcellular compartments 
(9, 10). Accordingly, disruption of the scaffold but not the kinase 
activity of PI3Kg results in b2-AR/cAMP signaling amplification in 
cardiomyocytes (9). Because PI3Kg is also found in pulmonary cells 
(11), we speculated that PI3Kg could contribute to the compartmen-
talization of b2-AR/cAMP responses in the lungs and that pharma-
cological targeting of PI3Kg scaffold activity could achieve therapeutic 
cAMP elevation in the airways.

Here, we described a cell-permeable PI3Kg-derived mimetic 
peptide (PI3Kg MP) that, by interrupting the interaction between 
PI3Kg and PKA, inhibited PI3Kg-associated PDE4B and PDE4D 
and, in turn, enhanced b2-AR/cAMP responses in human bronchial 
smooth muscle, epithelial, and immune cells. Intratracheal instilla-
tion of PI3Kg MP limited bronchoconstriction and lung neutrophil 
infiltration in a mouse model of asthma. In human airway epithelial 
cells, PI3Kg MP promoted gating of wild-type (wt) CFTR and re-
stored the function of the most prevalent CFTR mutant in CF 
(F508del) by potentiating the effects of approved CFTR modulators.

RESULTS
A PI3Kg MP enhances airway b2-AR/cAMP signaling
To assess the role of PI3Kg scaffold activity in the regulation of air-
way cAMP, we compared PI3Kg knockout mice (PI3Kg−/−), lacking 
both the anchoring and the catalytic function of the p110g subunit 
of PI3Kg, with animals expressing a kinase-inactive p110g that 
retains the scaffold activity [PI3Kg kinase-dead (PI3KgKD/KD)] (9). 
The amount of cAMP was twofold higher in PI3Kg−/− than in wt 
(PI3Kg+/+) and PI3KgKD/KD tracheas (Fig. 1A), suggesting a kinase- 

independent control of airway cAMP by PI3Kg. Similar to previous 
findings in the heart (9), the increased cAMP concentration detected 
in PI3Kg−/− tracheas correlated with reduced activity of PDE4B and 
PDE4D, whereas their function was normal in PI3KgKD/KD tissues 
(Fig. 1B). Modulation of PDE4B and PDE4D by PI3Kg was also de-
tected in isolated murine tracheal smooth muscle cells (mTSMCs) 
(Fig. 1C), where PI3Kg was found to be highly abundant (Fig. 1D). 
As shown in Fig. 1D, the canonical p110g doublet was detectable in 
peripheral blood mononuclear cells and tracheas, whereas mTSMCs 
and human bronchial smooth muscle cells (hBSMCs) displayed the 
low–molecular weight isoform only. These PI3Kg forms were found 
to organize multiprotein complexes containing both PDEs and their 
activator PKA (Fig. 1, E and F). Down-regulation of the PIK3CG 
gene (encoding p110g) in hBSMCs increased b2-AR-activated 
cAMP responses by 30% (Fig. 1G), thus supporting a PI3Kg kinase- 
independent activation of PDE4, restraining airway cAMP down-
stream of b2-ARs.

These findings prompted us to design a molecule interfering 
with the scaffold function of PI3Kg and enhancing b2-AR/cAMP 
signaling in the airways. To disrupt the PKA-anchoring function of 
PI3Kg in vivo, a peptide encompassing the PKA-binding motif of 
PI3Kg (10) was fused to the cell-penetrating sequence penetratin-1 
(P1) (Fig.  2A) (12). A fluorescein isothiocyanate (FITC)–labeled 
version of this PI3Kg MP was detectable in hBSMCs within 30 min 
of administration (Fig. 2A). PI3Kg MP associated the recombinant 
RIIa subunit of PKA with a dissociation constant of 7.5 mM (Fig. 2B) 
and dose-dependently disrupted the PKA-RII/p110g interaction 
(Fig. 2C). Conversely, PI3Kg MP did not alter C5a-mediated Akt 
phosphorylation (fig. S1A), indicating that it did not interfere with 
the kinase function of PI3Kg (9). In line with the ability to disturb 
PKA/p110g association, PI3Kg MP reduced PDE4B and PDE4D ac-
tivity by 30% in primary wt mTSMCs, whereas no significant effect 
of the peptide was observed in PI3Kg-deficient cells (P > 0.9999) 
(Fig. 2D). Similarly, PI3Kg MP failed to increase cAMP in PI3Kg−/− 
macrophages (fig. S1B), confirming that PI3Kg MP specifically 
inhibited PI3Kg-associated PDEs but not PDEs anchored to other 
AKAPs (7). In hBSMCs, PI3Kg MP, but not a control peptide (CP) 
containing P1 only, increased b2-AR–evoked cAMP responses by 
35% (Fig. 2E). Furthermore, PI3Kg MP induced cAMP elevation in 
human airway epithelial cells (16HBE14o-) with a maximal effec-
tive concentration of 21.66 mM (Fig. 2F), whereas a CP containing 
P1 fused to a scrambled sequence of the PKA-binding site of p110g 
failed to affect cAMP abundance (fig. S1C).

To assess whether PI3Kg MP could enhance airway b2-AR/cAMP 
signaling in vivo, the peptide was instilled intratracheally in mice 
and found to induce a dose-dependent increase in cAMP, with 80 
mg/kg as the lowest dose eliciting a significant increase in cAMP 
concentration in both tracheas (P < 0.0001) and lungs (P = 0.0288) 
(Fig. 3A). Mice receiving FITC-labeled PI3Kg MP (80 mg/kg) showed 
fluorescence in the airways as soon as 30 min after a single intratra-
cheal administration (fig. S2A) when the amount of cAMP was al-
ready 30% higher than in tissues from animals receiving either saline 
or CP (fig. S2B). Moreover, PI3Kg MP persisted in the airways up to 
24 hours after a single-dose instillation (Fig.  3B) when maximal 
cAMP accumulation was detected (Fig. 3C). Direct intrapulmonary 
application prevented PI3Kg MP from diffusing outside of the 
respiratory tract and from altering cAMP homeostasis in the heart 
(Fig. 3, A to C). No systemic side effects were observed after chronic 
exposure to PI3Kg MP, as evidenced by histopathological examination 
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of major organs (fig. S3A), body weight monitoring (fig. S3B), blood 
biochemical tests, and cardiac function analysis (tables S1 and S2). 
Furthermore, negligible immunogenicity was observed only after 
repeated systemic administration of the peptide in the presence of 
adjuvants (fig. S3C), whereas PI3Kg MP did not elicit any antibody 
response when applied locally (fig. S3D). Thus, inhalation of PI3Kg 
MP might be safely used to boost airway b2-AR/cAMP signaling 
in vivo.

PI3Kg MP induces airway relaxation in a mouse 
model of asthma
Next, we assessed ex vivo in mouse tracheal rings if the PI3Kg scaf-
fold activity affected cAMP-dependent airway smooth muscle relax-
ation. Acetylcholine-induced contraction was lower in PI3Kg−/− tracheas 
than in PI3Kg+/+ controls, whereas PI3KgKD/KD rings exhibited nor-
mal tone (Fig. 4A). Similarly, carbachol-dependent contractility was 
35% lower in PI3Kg−/− than in PI3Kg+/+ and PI3KgKD/KD samples 

(Fig. 4B). Next, PI3Kg+/+ and PI3Kg−/− rings were pretreated with 
the selective PDE4 inhibitor roflumilast before exposure to carbachol. 
PDE4 inhibition decreased the contraction of PI3Kg+/+ rings to the 
values observed in PI3Kg−/− samples where the inhibitor was inef-
fective (Fig. 4C), thus confirming that the decreased contraction of 
PI3Kg−/− airways is causally linked to a reduction in PDE4 activity.

We then determined whether PI3Kg MP could phenocopy the 
reduced contractility observed in PI3Kg−/− airways. Lung resistance 
was assessed in healthy wt mice pretreated with an aerosol of PI3Kg 
MP, CP, or saline before exposure to increasing doses of the contract-
ing agent methacholine (MCh). MCh triggered a dose-dependent 
increase in airway resistance that was lower in mice treated with 
PI3Kg MP than in animals exposed to CP (Fig. 4D). Next, we tested 
the ability of the peptide to promote airway relaxation in ovalbumin 
(OVA)–sensitized mice, a well-established model of asthma. Single- 
dose inhalation of PI3Kg MP significantly increased the amount of 
cAMP in lungs (P = 0.0065) and tracheas (P = 0.0137) (Fig. 4E) and 

Fig. 1. PI3Kg decreases airway cAMP through kinase-dependent activation of PDE4B and PDE4D. (A) cAMP concentration in tracheas from PI3Kg+/+ (n = 5), PI3KgKD/KD 
(n = 5), and PI3Kg−/− (n = 4) mice. (B) Phosphodiesterase activity in PDE4B and PDE4D immunoprecipitates from PI3Kg+/+ (n = 5 and n = 6), PI3KgKD/KD (n = 4 and n = 4), and 
PI3Kg−/− (n = 5 and n = 5) tracheas. (C) Phosphodiesterase activity in PDE4B and PDE4D IP from PI3Kg+/+ (n = 8 and n = 5), PI3KgKD/KD (n = 4 and n = 5), and PI3Kg−/−(n = 6 and 
n = 5) independent cultures of murine tracheal smooth muscle cells (mTSMCs). Western blots (WBs) of representative IPs are shown. (D) Western blot of PI3Kg expression 
in mTSMCs, human bronchial smooth muscle cells (hBSMCs), and murine trachea. Peripheral blood mononuclear cells (PBMCs) are used as positive control. (E) Coimmu-
noprecipitation of PI3Kg catalytic subunit (p110g) with its relative adaptors (p101 and p84/87) and PKA catalytic subunit (PKA-C) in hBSMCs. (F) Coimmunoprecipitation 
of PI3Kg with PDE4B and PDE4D in hBSMCs. Immunoglobulin G (IgG) immunoprecipitation was used as control. In (D) to (F), representative Western blot images of n = 4 
independent experiments are shown. (G) Representative fluorescence resonance energy transfer (FRET) (left) traces and (right) maximal FRET changes (max DFRET) of 
hBSMCs transfected with a FRET-based sensor for cytosolic cAMP (Epac2-cAMPs), together with either a short hairpin RNA (shRNA) against the PIK3CG gene encoding 
PI3Kg (PI3Kg shRNA; n = 7) or a scrambled shRNA (scr shRNA; n = 9) vector. b2-ARs were selectively activated by isoproterenol (Iso; 100 nM for 15 s) and the b1-AR–selective 
antagonist CGP-20712A (CGP; 100 nM). Insets: Representative cyan and yellow fluorescence protein images of hBSMCs expressing Epac2-cAMPs. n indicates the number 
of cells analyzed in n = 3 independent experiments. Representative Western blot of PI3Kg expression in hBSMCs 48 hours after transfection with the PI3Kg shRNA and scr 
shRNA is shown below the graph. In (A) to (C), *P < 0.05 and **P < 0.01 by one-way ANOVA, followed by Bonferroni’s post hoc test. In (G), **P < 0.01 by Mann-Whitney test. 
Throughout, data are means ± SEM.
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reduced MCh-induced bronchoconstriction, as evidenced by mea-
surements of both tidal volume (Fig. 4F) and lung resistance (Fig. 4G). 
Thus, PI3Kg MP could alleviate bronchoconstriction associated with 
asthma via elevation of cAMP.

PI3Kg MP limits neutrophilic inflammation in a mouse 
model of asthma
Because cAMP-elevating agents have anti-inflammatory actions 
(3), we tested whether PI3Kg MP could relieve airway inflammation 
in OVA-sensitized mice. Peribronchial inflammation and mucin 
production were dampened in animals repeatedly exposed to PI3Kg 
MP (Fig. 5, A and B). Moreover, a significantly lower number of 
neutrophils was detected in the bronchoalveolar lavage fluid of PI3Kg 
MP–treated mice than in controls (P = 0.0437) (Fig. 5C), indicating 
that PI3Kg MP inhibits the neutrophilic inflammation associated 
with asthma. PI3Kg MP also inhibited chemoattractant-induced 
adhesion of human neutrophils to intercellular adhesion molecule–1 
(ICAM-1) and ICAM-2 (fig. S4, A and B) by reducing lymphocyte 

function-associated antigen 1 (LFA-1) activation (fig. S4C). PKA inhi-
bition rescued neutrophil adhesion to ICAM-1, ICAM-2, and fibrinogen 
(Fig. 5, D  to F) in the presence of PI3Kg MP, indicating that the 
impaired adhesion was dependent on PKA hyperactivation. In line 
with ICAM-1 controlling neutrophil recruitment to the airways, PI3Kg 
MP significantly reduced neutrophil chemotaxis to N-formyl-Met-
Leu-Phe (fMLP) (P < 0.0001) via PKA activation (Fig. 5G) and the 
consequent inhibition of RhoA-mediated (Fig. 5H) LFA-1 triggering 
(13). Thus, PI3Kg MP could limit neutrophilic inflammation in asthma 
by dampening neutrophil adhesion and transmigration.

PI3Kg MP promotes cAMP-dependent activation of CFTR 
and chloride efflux in airway epithelial cells
Next, we tested whether PI3Kg MP could promote chloride (Cl−) 
secretion via the cAMP-gated CFTR channel. PI3Kg was enriched 
at the apical membrane of 16HBE14o- cells (fig. S5A) and coimmu-
noprecipitated with CFTR (fig. S5B). Fluorescence resonance energy 
transfer (FRET) analysis showed that, in response to forskolin (Fsk), 

Fig. 2. PI3Kg MP enhances airway b2-AR/cAMP signaling in vitro. (A) Top: Schematic representation of the cell-permeable PI3Kg MP. The 126-150 region of PI3Kg was 
fused to the cell-penetrating peptide penetratin-1 (P1). Bottom: Intracellular fluorescence of hBSMCs after 1-hour incubation with a FITC-labeled version of PI3Kg MP (50 mM) 
or vehicle. Scale bar, 10 mm. aa, amino acid; DAPI, 4′,6-diamidino-2-phenylindole. (B) Steady-state emission spectra of recombinant fluorescein 5-maleimide–labeled PKA-RII 
(PKA-F5M) in the presence of increasing concentrations of PI3Kg MP (0 to 150 mM), revealing a dissociation constant for PI3Kg MP/PKA-RII interaction of 7.5 mM. AU, arbitrary units. 
(C) Coimmunoprecipitation of the catalytic subunit of PI3Kg (p110g) and PKA-RII from human embryonic kidney 293T (HEK293T) cells expressing p110g and exposed to 
increasing doses of PI3Kg MP for 2 hours. Representative immunoblots (left) and relative quantification (right) of n = 3 independent experiments are shown. (D) PDE4B 
and PDE4D activity in PI3Kg+/+ and PI3Kg−/− mTSMCs treated with either vehicle or PI3Kg MP (50 mM) for 30 min. For PDE4B IP, PI3Kg+/+ + vehicle, n = 4; PI3Kg+/+ + PI3Kg MP, 
n = 5; PI3Kg−/− + vehicle, n = 5; and PI3Kg−/− + PI3Kg MP, n = 5 independent cultures. For PDE4D IP, n = 3 independent cultures in all groups. (E) Representative FRET traces 
(left) and maximal FRET changes (right) in hBSMCs expressing the indicator of cAMP using Epac (ICUE3) cAMP FRET sensor and pretreated for 30 min with vehicle (n = 9), 
50 mM PI3Kg MP (n = 6), or equimolar control peptide (CP) (n = 11) before activation of b2-adrenergic receptors (b2-ARs) with isoproterenol and the b1-AR antagonist CGP-20712A 
(Iso + CGP) (100 nM each). Insets show representative intensity-modulated pseudocolor images at t = 0 and 500 s after the addition of Iso + CGP. n indicates the number 
of cells analyzed in n = 3 independent experiments. (F) cAMP elevation in human bronchial epithelial (HBE) cells (16HBE14o-) in response to increasing concentrations of 
PI3Kg MP (31.6 nM to 316 mM range) for 30 min. The amount of cAMP was expressed as percentage of cAMP accumulation elicited by 100 mM PI3Kg MP. N = 6 independent 
experiments. In (C) to (E), *P < 0.05, **P < 0.01, and ***P < 0.001 by one-way ANOVA, followed by Bonferroni’s post hoc test. In (F), nonlinear regression analysis was used. 
Throughout, data are means ± SEM.
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PI3Kg MP induced threefold higher subcortical membrane cAMP 
concentration than either CP or saline (Fig. 6A) while not affecting 
cytosolic cAMP responses (Fig. 6A).

To test whether PI3Kg MP could trigger CFTR gating, PKA-me-
diated phosphorylation of the channel was assessed by Western blot 
and found to be fivefold higher in 16HBE14o- cells treated with PI3Kg 
MP than in cells exposed to either vehicle or CP (Fig. 6B). PI3Kg MP 
increased CFTR phosphorylation to a similar extent as rolipram, im-
plying that PI3Kg MP affects the PDE4-mediated regulation of CFTR 
(14). To further characterize the CFTR phosphorylation elicited by 
PI3Kg MP, the phospho-occupancy of known PKA sites in the reg-
ulatory domain of the channel was analyzed by liquid chromatography– 
coupled tandem mass spectrometry in CF human bronchial epithelial 
(HBE) cells expressing a wt CFTR (wt-CFTR-CFBE41o-) (15), treated 
with PI3Kg MP, CP, Fsk, or vehicle. Whereas Fsk-mediated adeny-
lyl cyclase activation triggered the phosphorylation of most PKA sites, 
PI3Kg MP selectively increased the phospho-occupancy of S737 and, 
to a lesser extent, of S753 (Fig. 6C and fig. S6, A to C). In agreement 
with mass spectrometry results, the CFTR phosphorylation elicited 
by PI3Kg MP was completely abolished in cells expressing a CFTR 
mutant where the serine was replaced by alanine (Fig. 6D).

Because phosphorylation of S737 can lead to a ~25% increase in 
the open probability of CFTR (16), we anticipated that PI3Kg MP 
could activate Cl− secretion. Measurement of short-circuit cur-
rents (ISC) showed that acute application of PI3Kg MP to polarized 
wt-CFTR-CFBE41o- monolayers induced a dose-dependent increase 
in CFTR conductance (fig. S7A), reaching up to either 30 or 45% of 
the maximal channel activation when applied either alone or in as-
sociation with nanomolar doses of Fsk, respectively (fig. S7, A to C). 
Addition of the adenylate cyclase inhibitor SQ22536 and the PKA 
blocker H89 after treatment with PI3Kg MP inhibited the increase 
in CFTR conductance elicited by the peptide (fig. S7D), confirming 
that PI3Kg MP activated CFTR through PKA.

ISC measurements in primary HBE cells showed that PI3Kg MP, 
but not CP, induced a dose-dependent increase in CFTR currents 

(Fig. 6E). No further elevation in ISC was observed when rolipram 
was added to PI3Kg MP (Fig. 6E), confirming that the peptide in-
hibited the PDE4 pool associated to CFTR regulation (14). Boosting 
cAMP production with Fsk produced an additional increment of ISC 
that was blocked by the CFTR inhibitor 172 (CFTRinh-172) (Fig. 6E). 
Similarly, the nonhydrolysable cAMP analog CPT-cAMP further 
increased ISC in addition to PI3Kg MP (fig. S8, A and B) but blocked 
the effect of the peptide on CFTR currents when applied as a pre-
treatment (fig. S8, A to C), providing further evidence that PI3Kg 
MP activated the channel through cAMP and PKA.

Primary HBE cells express other cAMP/PKA-dependent ion 
channels and transporters that can indirectly influence CFTR activity 
by increasing the electrochemical driving force (17). In the presence 
of CFTRinh-172, PI3Kg MP retained the ability to induce a transient 
increase in ISC (fig. S8D), indicating the opening of Ca2+-activated 
Cl− channels (CaCCs). Furthermore, the current decreased to base-
line after application of clotrimazole (fig. S8D), an inhibitor of ba-
solateral Ca2+-activated K+ channels, and bumetanide, an inhibitor 
of the Na-K-Cl cotransporter NKCC1 (fig. S8D), suggesting that the 
peptide could also promote luminal Cl− secretion indirectly via these 
channels. To further evaluate the direct action of PI3Kg MP on CFTR 
currents, Ca2+ stores were first depleted with thapsigargin (fig. S8, E 
and F), and then, CaCCs were blocked using either a general CaCC 
inhibitor (fig. S8E) or an inhibitor targeting TMEM16A (fig. S8F), 
the major CaCC isoform in HBE cells. Without functional CaCCs, 
PI3Kg MP elicited a response that was fully abolished by CFTRinh- 
172, confirming a direct activation of CFTR (fig. S8E). This obser-
vation was corroborated in rectal organoids, where CaCCs are not 
consistently expressed, and organoid swelling in response to Fsk 
[Fsk-induced swelling (FIS)] is CFTR dependent (18). PI3Kg MP 
potentiated by twofold the swelling of wt organoids elicited by a low 
dose of Fsk (2 mM) priming cAMP production (Fig. 6F). As CFTR 
activation triggers water secretion, essential for proper mucus hydra-
tion and clearance (2), PI3Kg MP, but not CP, decreased intracellular 
water residence time, indicative of rapid water efflux, in cells expressing 

Fig. 3. PI3Kg MP elevates airway cAMP abundance in vivo in mice. (A) cAMP concentrations in tissues from BALB/c mice 24 hours after intratracheal instillation of 
different doses of PI3Kg MP (0 to 750 mg/kg). Values in brackets indicate the dose of PI3Kg MP expressed as mg/kg. The number of mice (n) ranged from three to nine per 
group. EC50, median effective concentration. (B) Tissue distribution of a FITC-labeled version of PI3Kg MP at indicated time points after intratracheal instillation of 0.08 mg/
kg (1.5 mg) in BALB/c mice. Representative images of n = 3 experiments are shown. Scale bar, 50 mm. (C) Amount of cAMP in tissues from mice treated as in (B). The number 
of mice (n) ranged from three to six per group. In (A), *P < 0.05, **P < 0.01, and ***P < 0.001 by one-way ANOVA, followed by Bonferroni’s post hoc test. In (C), *P < 0.05 by 
Kruskal-Wallis test, followed by Dunn’s multiple comparison test. Throughout, data are means ± SEM.
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wt-CFTR (Fig. 6G). Hence, PI3Kg MP could induce Cl− and conse-
quent water secretion in bronchial epithelial cells through a cAMP- 
dependent mechanism, coordinating direct CFTR gating with the 
elevation of the electrochemical driving force.

PI3Kg MP enhances the therapeutic effects of CFTR 
modulators in CF in vitro models
Next, we tested whether PI3Kg MP could rescue the function of the 
most common CF-causing CFTR mutant (F508del-CFTR). F508del- 
CFTR exhibits multiple molecular defects that require the com-
bined use of correctors (VX-809/lumacaftor, VX-661/tezacaftor, or 
VX-445/elexacaftor) and a potentiator (VX-770/ivacaftor) to re-
store the plasma membrane localization and channel gating, respec-
tively (2). In the presence of the corrector VX-809, PI3Kg MP 
enhanced subcortical cAMP concentrations by 35% in F508del-CFTR- 
CFBE41o- cells (Fig. 7A). Furthermore, primary HBE cells from a 
patient homozygous for the F508del mutation, treated with the 
first-generation combination of VX-809 and VX-770, showed a 
fivefold increase in ISC when PI3Kg MP was given after acute ad-
ministration of VX-770 (Fig. 7B). Similar results were obtained in 

F508del/F508del HBE cells from a second donor, with the exception 
that in these cells, PI3Kg MP, added in addition to VX-770, stimu-
lated a biphasic response, with a first ISC peak that indicated CaCC 
activation, followed by a plateau phase corresponding to CFTRinh- 
172–sensitive CFTR-mediated currents (Fig. 7C and fig. S9, A to D). 
In agreement with a coordinated action of the peptide on CFTR 
currents and the electrochemical driving force, ISC was completely 
abolished by sequential application of CFTRinh-172, clotrimazole, 
and bumetanide (fig. S9, A to C). The synergy between the CFTR 
potentiator VX-770 and PI3Kg MP was further supported by FIS 
assays in intestinal organoids. The effect of the peptide was first as-
sessed in organoids derived from compound heterozygotes bearing 
the F508del allele and the residual function mutation D1152H. After 
correction with VX-809, organoid size was increased by 50% in the 
group pretreated with PI3Kg MP before stimulation with VX-770 
and Fsk (Fig. 7D), and CFTRinh-172 prevented this effect (Fig. 7D). 
In F508del/F508del organoids under chronic treatment with VX-809 
and VX-770, where their interaction reduces correction efficacy (19), 
PI3Kg MP dose-dependently increased organoid size up to 6.5-fold 
the volume of controls (Fig. 7E). The maximal synergy between the 

Fig. 4. PI3Kg MP promotes airway relaxation ex vivo and in vivo in a mouse model of asthma. (A and B) Cumulative contractile response of PI3Kg+/+, PI3KgKD/KD, and 
PI3Kg−/− tracheal rings to increasing concentrations of acetylcholine (A) and carbachol (B). The developed tension is expressed as a percentage of the resting tone. In (A), 
PI3Kg+/+, n = 7; PI3KgKD/KD, n = 6; and PI3Kg−/−, n = 5 mice. In (B), PI3Kg+/+, n = 9; PI3KgKD/KD, n = 6; and PI3Kg−/−, n = 5 mice. (C) Cumulative contractile response to carbachol 
of PI3Kg+/+ and PI3Kg−/− tracheal rings pretreated with either vehicle (Veh) or the PDE4 inhibitor roflumilast (Ro) (10 mM) for 30 min. PI3Kg+/+ + vehicle, n = 10; PI3Kg+/+ + 
Ro, n = 5; PI3Kg−/− + vehicle, n = 13, and PI3Kg−/− + Ro, n = 9 mice. (D) Average lung resistance in healthy mice treated with vehicle (n = 4), 1.5 mg of PI3Kg MP (n = 4), or 
equimolar amount of control peptide (CP) (n = 5) directly before exposure to increasing doses of the bronchoconstrictor methacholine (MCh). (E) cAMP concentrations in 
lungs and tracheas of ovalbumin (OVA)–sensitized mice at the indicated time points after intratracheal administration of PI3Kg MP (15 mg). The number of mice (n) ranged 
from three to eight per group. (F) Tidal volume (VT) of OVA-sensitized mice pretreated with Veh (n = 5), PI3Kg MP (15 mg; n = 6), and CP (equimolar amounts; n = 5) and 
exposed to MCh (500 mg/kg). (G) Average lung resistance (expressed as % of basal) in OVA-sensitized mice treated with 15 mg of PI3Kg MP (n = 9) or equimolar amount of 
CP (n = 10) 30 min before MCh challenge. In (A) and (B), *P < 0.05, **P < 0.01, and ***P < 0.001 versus PI3Kg+/+ and #P < 0.05 and ##P < 0.01 versus PI3KgKD/KD by two-way 
ANOVA, followed by Bonferroni’s multiple comparisons test. In (C), **P < 0.01 and ***P < 0.001 for PI3Kg+/++ vehicle versus all other groups by two-way ANOVA, followed 
by Bonferroni’s multiple comparisons test. In (D), **P < 0.01 and ***P < 0.001 versus vehicle and ###P < 0.001 versus CP by two-way ANOVA, followed by Bonferroni’s post 
hoc test. In (E) and (F), *P < 0.05 and **P < 0.01 by one-way ANOVA, followed by Bonferroni’s post hoc test. In (G), *P < 0.05 and **P < 0.01 between groups by two-way 
ANOVA, followed by Bonferroni’s post hoc test. Throughout, data are means ± SEM.
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peptide and CFTR modulators was observed at a low nonsaturating 
dose of Fsk (0.051 mM), which was expected to minimally increase 
the amount of cAMP and which was almost ineffective in inducing 
swelling in the control VX-770 + VX-809 group.

Last, we assessed the ability of PI3Kg MP to enhance the thera-
peutic effects of the recent triple combination elexacaftor/tezacaftor/
ivacaftor (ETI) (VX-445 + VX-661 + VX-770) in F508del/F508del 
HBE cells from two different donors with CF. VX-770–mediated Cl− 
currents were 40% higher in cells treated chronically with VX-661 + 
VX-445 together with PI3Kg MP than in controls exposed to correctors 
alone (Fig. 8, A to C, and fig. S9E). In both cases, CPT-cAMP further 
increased Cl− currents, which were inhibited by CFTRinh-172, further 
demonstrating that Cl− secretion was CFTR dependent. These data thus 
suggest the use of PI3Kg MP to increase the efficacy of CFTR modulators 
and to provide bronchodilator and anti-inflammatory activities, poten-
tially beneficial to CF and other diseases like COPD and asthma.

DISCUSSION
Our results establish that targeting the PKA-anchoring function of 
PI3Kg with an MP allows therapeutic manipulation of b2-AR/cAMP 

signaling in multiple cell types participating to the pathogenesis of 
chronic obstructive airway diseases (fig. S10). These findings are con-
sistent with a model where PI3Kg acts as a scaffold protein for PKA 
(AKAP) in a complex containing the PKA-dependent phosphodies-
terase PDE4 (7). The pharmacological actions of PI3Kg MP stem from 
its ability to displace PKA from the PI3Kg complex, thereby prevent-
ing PKA-mediated stimulation of a pool of PDE4 that is respon-
sible for lowering the amount of cAMP close to neighboring distinct 
PKA-containing complexes, including those regulating CFTR 
gating (14).

Our finding that PI3Kg MP fails to increase cAMP in PI3Kg- 
deficient cells demonstrates that the peptide inhibits uniquely PI3Kg- 
dependent PDEs and does so without disturbing other AKAP-PKA 
complexes. This is supported by our previous findings showing that 
the PKA-binding sequence of the peptide diverges from that of clas-
sical AKAPs (10).

Although the AKAP function of PI3Kg has been previously 
linked to cAMP modulation in the heart (9, 10) and in vascular 
smooth muscles (20), the role and the pathophysiological relevance 
of PI3Kg noncatalytic activity outside the cardiovascular system has 
remained elusive. The present study identified the scaffold function 

Fig. 5. PI3Kg MP limits neutrophilic lung inflammation in asthmatic mice. (A) Representative images of hematoxylin-eosin (H&E) (top) and periodic acid–Schiff’s reagent 
(PAS) (bottom) staining of lung sections of naïve and OVA-sensitized mice, pretreated with PI3Kg MP (25 mg) or CP (equimolar amount), before each intranasal OVA administra-
tion (days 14, 25, 26, and 27 of the OVA-sensitization protocol). Scale bars, 50 mm. (B) Semiquantitative analysis of peribronchial inflammation in lung sections as shown in (A). 
Naïve, n = 6; OVA + CP, n = 8; and OVA + PI3Kg MP, n = 5 mice. (C) Number of neutrophils (NF), eosinophils (EF), lymphocytes (LF), and macrophages (MF) in the bronchoalveolar 
lavage fluid of mice treated as in (A). Naïve, n = 3; OVA + CP, n = 8; and OVA + PI3Kg MP, n = 5 animals. (D to F) fMLP-induced adhesion to ICAM-1 (D), ICAM-2 (E), and fibrinogen 
(F) of human neutrophils pretreated or not with the PKA inhibitor H89 (200 nM for 30 min) before exposure to vehicle or PI3Kg MP (50 mM for 1 hour). Static adhesion was induced 
with 25 nM fMLP for 1 min. Average numbers of adherent cells/0.2 mm2 are shown. In (D) and (F), n = 3 in all groups; in (E), n = 4 in all groups. (G) fMLP-triggered chemotaxis of 
human neutrophils treated with vehicle, CP (50 mM), or PI3Kg MP (50 mM) for 1 hour, without or with pretreatment with the PKA inhibitor H89 (200 nM for 30 min). n = 4 in all 
groups. (H) fMLP-induced RhoA activity in human neutrophils treated with vehicle, CP (50 mM), or PI3Kg MP (50 mM). n = 3 in all groups. In (B), **P < 0.01 and ***P < 0.001 by 
Kruskal-Wallis test, followed by Dunn’s multiple comparison test. In (C) to (H), *P < 0.05, **P < 0.01, and ***P < 0.001 by one-way ANOVA, followed by Bonferroni’s post hoc test. 
O.D., optical density. ns, not significant; Ut, untreated.
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Fig. 6. PI3Kg MP promotes cAMP-dependent gating of CFTR. (A) Representative FRET traces (left) and maximal FRET changes (right) in HBE cells (16HBE14o-) express-
ing the FRET probe for either plasma membrane (pm cAMP) or cytosolic cAMP (cyt cAMP). Cells were preincubated with vehicle, PI3Kg MP (25 mM), or control peptide (CP) 
(25 mM) before treatment with 1 mM forskolin (Fsk). R is the normalized 480 nm/545 nm emission ratio calculated at indicated time points. n indicates the number of cells 
from n = 3 independent experiments. vehicle, n = 10 and n = 12; PI3Kg MP, n = 22 and n = 11; and CP n = 3 and n = 7 for pm cAMP and cyt cAMP, respectively. (B) Represen-
tative Western blot (left) and relative quantification (right) of PKA-mediated phosphorylation of CFTR in 16HBE14o- cells treated with vehicle, CP (25 mM), PI3Kg MP 
(25 mM), and the PDE4 inhibitor rolipram (PDE4i) (10 mM) for 30 min. CFTR was immunoprecipitated, and PKA-dependent phosphorylation was detected in IP pellets by 
immunoblotting with a PKA substrate antibody. n = 4 independent experiments. (C) Relative phosphorylation (%) or phospho-occupancy of identified PKA sites of CFTR 
in wt-CFTR-CFBE41o- expressing HBH-CFTR-3HA treated with vehicle [dimethyl sulfoxide (DMSO); n = 7], PI3Kg MP (25 mM for 1 hour, n = 3), and Fsk (10 mM for 10 min, n = 7). 
n is the number of biological replicates from n = 3 independent experiments. The phospho-occupancy or the percent of relative phosphorylation of each site was calcu-
lated as a ratio of all phosphorylated and unphosphorylated peptides that contained a given phosphorylation site [% phosphorylation of site A = (area of peptides phos-
phorylated at site A/sum of areas of all peptides carrying site A) as described in Materials and Methods]. Representative fragmentation spectra from each identified 
phosphorylation site and representative chromatograms from S737-containing peptides in their unphosphorylated and phosphorylated form are provided in fig. S6. 
(D) Representative Western blot (left) and relative quantification (right) of PKA-mediated phosphorylation of CFTR in HEK293T cells expressing either wt- or S737A-CFTR 
and exposed to vehicle, PI3Kg MP (25 mM, 1 hour), or Fsk (10 mM, 10 min). n = 4 independent experiments. (E) Left: Representative trace of short-circuit currents (ISC) mea-
sured in Ussing chambers in primary normal HBE cells cultured at the air-liquid interface (ALI). The following treatments were applied at the indicated times: epithelial 
sodium channel inhibitor amiloride (10 mM), CP (30 mM), PI3Kg MP (10 to 30 mM), PDE4 inhibitor rolipram (PDE4i) (10 mM), Fsk (10 mM), and CFTR inhibitor 172 (CFTRinh-172) 
(20 mM). Right: Average current variations in response to the indicated treatments. n = 3 biological replicates from the same donor. (F) Normalized swelling curves (left) 
and representative confocal images (right) of Fsk-stimulated calcein green–labeled wt organoids pre-incubated with PI3Kg MP (25 mM) or vehicle for 20 min. Fsk was used 
at 2 mM. Scale bar, 100 mm. Vehicle, n = 25 and PI3Kg MP, n = 28 organoids from n = 3 independent experiments. (G) Water residence time (tin) determined by 1H nuclear 
magnetic resonance relaxometry (as described in the Supplementary Materials) in HEK293T cells transfected with wt-CFTR and treated with vehicle (DMSO; n = 8), CP 
(25 mM; n = 3), and PI3Kg MP (25 mM; n = 11). n indicates the number of biological replicates in n = 3 independent experiments. In (A), (B), (D), (E), and (G), *P < 0.05, **P < 0.01, 
and ***P < 0.001 by one-way ANOVA ,followed by Bonferroni’s post hoc test. In (C), unpaired t tests, followed by Holm-Sidak’s multiple comparisons test were performed 
on each phosphorylation site between two different treatment conditions. #P < 0.05, ##P < 0.01, and ###P < 0.001 Fsk versus vehicle and *P < 0.05 PI3Kg MP versus vehicle. 
(F) *P < 0.05 and ***P < 0.001 by two-way ANOVA followed by Bonferroni's multiple comparisons test. Throughout, data are means ± SEM.
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of PI3Kg as a key negative regulator of a discrete cAMP/PKA 
microdomain in different cell subsets of the airways, including epi-
thelial, smooth muscle, and immune cells. Like in cardiomyocytes 
(9), in airway cells PI3Kg-mediated reduction of cAMP is spatially 
confined to compartments that contain b2-ARs, key pharmacological 
targets for respiratory diseases. Although the effects of PI3Kg MP 
might be attained with the use of b2-AR agonists, these drugs suffer 
from efficacy and tolerability concerns linked to tachyphylaxis and 
unwanted pharmacological effects outside the lungs. Unlike b2-AR 
agonists, PI3Kg MP acts through a distinct mechanism with at least 
two advantages. First, PI3Kg MP amplifies b2-AR/cAMP responses 
by impinging on cAMP degradation rather than on b2-AR activation, 
thus avoiding receptor desensitization, which, in the long run, is a 

major cause of reduced efficacy. Second, being an inhaled peptide 
of 5 kDa, PI3Kg MP boosts lung cAMP without reaching other tis-
sues where cAMP elevation would not be desirable, such as in the 
heart (9).

In addition, the local action of the peptide provides an added value 
over other cAMP-elevating agents, such as the classical small-molecule 
PDE4 inhibitors, like roflumilast, that easily diffuse outside the lungs 
and trigger undesired brain and cardiac effects (8). In addition, small- 
molecule PDE4 inhibitors lead to indiscriminate inhibition of all four 
different PDE4 subtypes (PDE4A, PDE4B, PDE4C, and PDE4D), 
potentially causing further side effects. PI3Kg MP blocked selective 
PDE4 subtypes with a prominent role in the lungs, such as PDE4B 
and PDE4D (21), with high isoform and compartment selectivity.

Fig. 7. PI3Kg MP potentiates the therapeutic effects of CFTR modulators in CF in vitro models. (A) Representative FRET traces (left) and maximal FRET changes (right) 
in CFBE41o- cells overexpressing F508del-CFTR and the plasma membrane–targeted FRET probe for cAMP (pm cAMP). Cells were preincubated with vehicle, the CFTR 
corrector VX-809 (5 mM) alone, or together with PI3Kg MP (25 mM) before treatment with 1 mM Fsk. R is the normalized 480 nm/545 nm emission ratio calculated at indi-
cated time points. Vehicle, n = 12; VX-809, n = 22; and VX-809 + PI3Kg MP, n = 16, where n is the number of cells from n = 3 independent experiments. (B) Left: Representa-
tive trace of short-circuit currents (ISC) in primary HBE cells from a donor with CF (patient #1) homozygous for the F508del mutation (F508del/F508del HBE) and grown at 
the ALI. Cells were corrected with VX-809 for 48 hours (5 mM) and then exposed to the following drugs at the indicated times: amiloride (100 mM), CP (10 mM), PI3Kg MP 
(10 mM), Fsk (10 mM), VX-770 (1 mM), and CFTRinh-172 (10 mM). Right: Average total current variation in response to VX-770 (1 mM), CP (10 mM), PI3Kg MP (10 mM), and Fsk 
(10 mM) of n = 4 technical replicates of the same donor. (C) Average total current variation in response to VX-770 (1 mM), CP (25 mM), and PI3Kg MP (25 mM) in F508del/
F508del HBE cells from a second donor with CF (patient #2) grown at ALI and precorrected with VX-809 for 48 hours (5 mM). n = 4 technical replicates of the same donor. 
Representative ISC traces are provided in fig. S9 (A to C). (D) Representative confocal images and quantification of Fsk-induced swelling (FIS) of calcein green–labeled 
rectal organoids from a patient carrying compound CF F508del and D1152H mutations (F508del/D1152H). Organoids were corrected with VX-809 (3 mM) for 24 hours, 
incubated with calcein green (3 mM) for 30 min, and exposed to either PI3Kg MP or CP (both 25 mM) for 30 min before stimulation with Fsk (2 mM). Organoid response was 
measured as a percentage change in volume at different time points after addition of Fsk (t = 30, t = 60, and t = 120 min) compared to the volume at t = 0. n = 15 to 34 organoids 
from one donor in n = 2 independent experiments. Scale bar, 200 mm. (E) FIS responses (right) and representative confocal images (left) of calcein green–labeled rectal 
organoids from a CF patient homozygous for the F508del mutation (F508del/F508del). Organoids were preincubated with the CFTR corrector VX-809 (3 mM) and the CFTR 
potentiator VX-770 (3 mM) for 24 hours before exposure to two different concentrations of Fsk (0.51 and 0.128 mM) and PI3Kg MP (10 and 5 mM). The peptide was added to 
the organoids together with Fsk. Organoid response was measured as area under the curve of relative size increase of organoids after 60 min Fsk stimulation, t = 0 min: 
baseline of 100%. n = 12 organoids per group analyzed in n = 2 independent cultures from n = 2 different donors. Scale bar, 200 mm. In (A) to (C), **P < 0.01 and ***P < 0.001 
by one-way ANOVA, followed by Bonferroni’s post hoc test. In (D), *P < 0.05 and ***P < 0.001 by two-way ANOVA, followed by Bonferroni’s post hoc test. In (E), ***P < 0.001 by 
Kruskal-Wallis test, followed by Dunn’s multiple comparisons test. Throughout, data are means ± SEM.
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Consistent with the prorelaxing action of cAMP, PI3Kg MP 
demonstrated prominent bronchodilator effects in vivo in healthy 
and asthmatic mice, which could be explained by enhanced b2-AR/
cAMP signaling, secondary to PDE4 inhibition in airway smooth muscle 
cells. Although the bronchorelaxant action of b2-AR agonists, such 
as salbutamol and formoterol, is well established, conflicting find-
ings have been reported for PDE4 inhibitors (21). Our observation 
that roflumilast blunts PI3Kg-dependent contractility of tracheal rings 
confirms a role for PDE4 in regulating airway smooth muscle tone. 
This view agrees with previous reports of reduced airway smooth 
muscle contractility in Pde4d knockout mice (22) and of enhanced 
b2-AR–stimulated cAMP accumulation in PDE4D5 knockdown human 
smooth muscle cells (23).

PDE4 is also enriched in immune cells, and PDE4 inhibitors 
have demonstrated anti-inflammatory properties (7, 21). The find-
ing that PI3Kg MP specifically inhibited neutrophil recruitment 
suggests that this peptide might be effective in hard-to-treat chron-
ic airway disease subtypes with neutrophilic inflammation, such as 
corticosteroid-insensitive neutrophilic asthma (24), as well as COPD 
and CF (2, 25). Similar to standard anti-inflammatory drugs, such 
as inhaled corticosteroids, PI3Kg MP might increase the risk of 
respiratory infections, requiring antibiotic therapy. This is particularly 
relevant to patients with CF who already suffer from infections caus-
ing lung function decline and, ultimately, mortality (2). A limitation 
of our study is that the effects of PI3Kg MP were not tested in infec-
tion models. Hence, although genetic and pharmacologic PDE4 in-
hibition appear safe in pulmonary infections (26), future studies are 
required to define whether PI3Kg MP affects host defense.

Another effect of targeting PDE4 is the cAMP/PKA-dependent 
gating of the CFTR channel, increasing airway surface liquid and 
facilitating mucus clearance (27). CFTR functional defects and mu-
cus stasis can be observed in patients with COPD and certain forms 
of asthma (28) but are critical in CF (2). Previous reports identified 
PDE4D as a negative regulator of the cAMP/PKA-dependent acti-
vation of wt-CFTR in bronchial epithelial cells, highlighting the po-
tential of PDE4 inhibitors to stimulate the channel (14, 29). Our 
study pinpoints PI3Kg as a key AKAP orchestrating cAMP-mediat-
ed signal transduction in a microdomain involving b2-ARs, PDE4D, 
and CFTR. Accordingly, whereas a generalized cAMP elevation in-
duced by Fsk correlated with the phosphorylation of most of CFTR 

phospho-sites, PI3Kg MP triggered local cAMP elevation, resulting 
in the selective phosphorylation of S737. Although S737 phosphor-
ylation might have contrasting effects on CFTR gating (16, 30), this 
likely depends on contextual modifications of other phosphorylation 
sites (31), and our observations indicate that PI3Kg MP–mediated 
phosphorylation of S737 triggers the same activity observed after 
reintroduction of S737 in a PKA-insensitive CFTR mutant (16). PI3Kg 
MP contributes to Cl− secretion not only through a direct action on 
CFTR but also by engaging Ca2+-activated Cl− channels and baso-
lateral, clotrimazole-sensitive Ca2+-activated K+ channels increasing the 
electrochemical driving force (17). Hence, PI3Kg MP coordinates 
different mechanisms culminating in Cl− secretion, provided that suffi-
cient functional CFTR is appropriately located at the plasma membrane.

In CF, the most common CFTR mutation (F508del) leads to the 
intracellular retention of the channel (2). The function of F508del- 
CFTR can be improved by the combined administration of correc-
tors and potentiators, which enable the plasma membrane exposure 
and facilitate PKA-dependent gating of the mutant channel, respec-
tively (2, 32). In agreement, the efficacy of the potentiator VX-770 
depends on concomitant cAMP/PKA phosphorylation of the chan-
nel (33). Although Fsk has been extensively used to elevate cAMP in 
the preclinical testing of all CFTR modulators, PI3Kg MP ensured a 
more physiological and compartment-restricted increase in cAMP 
in the vicinity of CFTR that maximized the action of all combina-
tions, including both lumacaftor/ivacaftor and ETI. Despite the im-
provement in lung function achieved with ETI (2), rescue of CFTR 
activity does not reach more than 60% of physiological values (34, 35). 
Our observation that the peptide can almost double the gating of the 
F508del-CFTR mutant after correction and potentiation with ETI 
suggests that enhancing PKA-mediated CFTR phosphorylation might 
represent an avenue for reinstating F508del-CFTR activity close to 
100% of wt function, a condition potentially matching that of healthy 
carriers of CF mutations (34). Our initial preclinical toxicology studies 
in mice have shown that the inhaled PI3Kg MP remains confined in 
the lungs and is tolerable, but additional investigations in other an-
imal models are awaited to corroborate the ability of the aerosolized 
peptide to overcome the mucus barrier imposed by CF (36). Nonetheless, 
treatment with ETI is associated with a substantial improvement in 
mucus mobilization (37) and could thus facilitate the combined ac-
tion of PI3Kg MP.

Fig. 8. PI3Kg MP enhances the effect of ETI in primary F508del/F508del HBE cells. (A) Representative traces of ISC in primary HBE from a donor with CF (patient BE93) 
homozygous for the F508del mutation (F508del/F508del HBE) and grown at the ALI. Cells were corrected for 24 hours with VX-661 and VX-445 alone (10 mM + 3 mM) 
or together with PI3Kg MP (10 mM) before exposure at the indicated time to the following drugs: amiloride (100 mM), VX-770 (1 mM), CPT-cAMP (100 mM), and CFTRinh-172 
(10 mM). (B) Average total current variation in response to VX-770 (1 mM) from n = 5 to 8 technical replicates of donor BE93. (C) Average total current variation in response 
to VX-770 (1 mM) from n = 5 technical replicates of a second F508del/F508del donor (patient BE91). Representative ISC traces are provided in fig. S9E. Throughout, *P < 0.05 
and **P < 0.001 and by Student’s t test. Data are means ± SEM.
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Together, this study highlights the therapeutic potential of increas-
ing cAMP concentrations in a compartmentalized manner. With its 
pharmacological properties, PI3Kg MP might be useful for the 
treatment of airway diseases including asthma and COPD, where 
cAMP-elevating agents with broncho-relaxant properties are highly 
desirable. In addition, by inhibiting PDE4, PI3Kg MP may exert a 
selective activity on neutrophil adhesion and pulmonary recruitment. 
Last, PI3Kg MP might be used in CF where, despite the success of 
currently approved modulators, treatments allowing patients a nor-
mal life span are still lacking.

MATERIALS AND METHODS
Study design
We tested the hypothesis that targeting the scaffold function of 
PI3Kg could trigger local cAMP elevation in the lungs and could 
reduce airway smooth constriction, pulmonary inflammation, and 
mucus stasis in chronic respiratory diseases without incurring un-
wanted systemic side effects. We devised a cell-penetrating peptide 
disturbing the AKAP function of PI3Kg (PI3Kg MP), and we tested 
its ability to induce compartmentalized cAMP responses in vitro 
in hBSMCs and epithelial (16HBE14o-) cells, as well as in vivo after 
intratracheal instillation in mice. Bronchodilator and anti-inflammatory 
activities of PI3Kg MP were studied in vivo in a mouse model of 
asthma (OVA-sensitized mice). Effects on CFTR activity were studied 
in primary HBE cells and intestinal organoids from healthy controls 
and donors with CF through Isc measurements and FIS assays, 
respectively.

The sample size for each experiment is included in the figure 
legends. For mouse studies, females and males of 8 to 12 weeks of 
age were used and randomly assigned to the experimental groups. 
Experiments were approved by the animal ethical committee of the 
University of Torino and by the Italian Ministry of Health (authori-
zation no. 757/2016-PR). The number of mice in each group was 
determined by power calculations based on previous experience 
with the model system and is defined in the respective figure leg-
ends. For in vitro experiments using immortalized cell lines, at least 
three independent experiments were performed. For in vitro stud-
ies in cells and organoids derived from human subjects, the results 
of at least n = 2 independent cultures from n = 2 different donors 
are provided. Informed consent was obtained from all participating 
subjects, and all studies were ethically approved. All experiments 
were conducted by blinded researchers. When outliers were identi-
fied, they were excluded from analysis if justified based on con-
firmed technical failure in parameter acquisition. Further details 
can be found in relevant sections within the Supplementary Materials 
and Methods.

Animals
PI3Kg-deficient mice (PI3Kg−/−) and knock-in mice with catalytically 
inactive PI3Kg (PI3KgKD/KD) were described previously (38, 39). 
Mutant mice were back-crossed with C57Bl/6j mice for 15 genera-
tions to inbreed the genetic background, and C57Bl/6j mice were 
used as controls (PI3Kg+/+). For asthma studies, wt BALB/c females 
were used. Mice used in all experiments were 8 to 12 weeks of age. 
Mice were group-housed, provided free access to standard chow 
and water in a controlled facility providing a 12-hour light/12-hour 
dark cycle, and were used according to institutional animal welfare 
guidelines and legislation, approved by the local Animal Ethics 

Committee. All animal experiments were approved by the animal 
ethical committee of the University of Torino and by the Italian 
Ministry of Health (authorization no. 757/2016-PR).

Human material
Approval for primary bronchial epithelial cells and organoids cul-
tures was obtained by the different local ethics committees (University of 
California San Francisco, Istituto Giannina Gaslini, the University of 
North Carolina at Chapel Hill, University of Verona, and University 
Medical Center Utrecht), and informed consent was obtained from 
all participating subjects.

Statistical analysis
Prism software (GraphPad Software Inc.) was used for statistical 
analysis. Data are presented as scatter plots with bars (means ± SEM). 
Raw data were first analyzed to confirm their normal distribution 
via the Shapiro-Wilk test and then analyzed by unpaired Student’s 
t test, one-way analysis of variance (ANOVA), or two-way ANOVA.  
Bonferroni correction (one-way and two-way ANOVA) was applied 
to correct for multiple comparisons. In the absence of a normal dis-
tribution, nonparametric Kruskal-Wallis or Mann-Whitney tests were 
used, followed by Dunn’s correction for multiple comparisons if ap-
propriate. P < 0.05 was considered significant.

SUPPLEMENTARY MATERIALS
www.science.org/doi/10.1126/scitranslmed.abl6328
Materials and Methods
Figs. S1 to S10
Tables S1 and S2
Data files S1 and S2
MDAR reproducibility checklist
References (40–60)
View/request a protocol for this paper from Bio-protocol
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Cystic !brosis transmembrane conductance regulator (CFTR) is an anion channel 
expressed on the apical membrane of epithelial cells, where it plays a pivotal role in chloride 
transport and overall tissue homeostasis. CFTR constitutes a unique member of the 
ATP-binding cassette transporter superfamily, due to its distinctive cytosolic regulatory 
(R) domain carrying multiple phosphorylation sites that allow the tight regulation of channel 
activity and gating. Mutations in the CFTR gene cause cystic !brosis, the most common 
lethal autosomal genetic disease in the Caucasian population. In recent years, major 
efforts have led to the development of CFTR modulators, small molecules targeting the 
underlying genetic defect of CF and ultimately rescuing the function of the mutant channel. 
Recent evidence has highlighted that this class of drugs could also impact on the 
phosphorylation of the R domain of the channel by protein kinase A (PKA), a key regulatory 
mechanism that is altered in various CFTR mutants. Therefore, the aim of this review is 
to summarize the current knowledge on the regulation of the CFTR by PKA-mediated 
phosphorylation and to provide insights into the different factors that modulate this 
essential CFTR modi!cation. Finally, the discussion will focus on the impact of CF mutations 
on PKA-mediated CFTR regulation, as well as on how small molecule CFTR regulators 
and PKA interact to rescue dysfunctional channels.

Keywords: cystic !brosis transmembrane conductance regulator, protein kinase A, phosphorylation, cystic 
!brosis, VX770, VX809, F508del-CFTR mutation

INTRODUCTION

!e cystic "brosis transmembrane conductance regulator (CFTR) is a cAMP-activated chloride 
and bicarbonate channel expressed at the apical surface of secretory epithelia, including the 
airways, sweat glands, gastrointestinal tract, and other tissues (Riordan et  al., 1989; Rommens 
et  al., 1989; Riordan, 2008). !e CFTR has a critical role in transepithelial ion and $uid 
secretion and homeostasis, and mutations in this gene have been implied in the pathogenesis 
of cystic "brosis (CF; Li and Naren, 2005). CF, the most common life-shortening rare disease 
among Caucasians, is an autosomal recessive genetic disease a%ecting around 32,000 individuals 
in Europe and about 85,000 individuals worldwide (Zolin et  al., 2020). !e absence of a 
functional CFTR leads to a decrease in chloride ion secretion that, together with the consequent 
alteration of water homeostasis, results in the accumulation of dehydrated mucus, recurrent 



Della Sala et al. PKA-Mediated Phosphorylation in CFTR Regulation

Frontiers in Physiology | www.frontiersin.org 2 June 2021 | Volume 12 | Article 690247

bacterial infection, and ultimately organ failure. Although CFTR 
mutations cause a multiorgan disease, respiratory failure is the 
major cause of morbidity and mortality for CF patients (Ratjen 
et  al., 2015). Although CF nowadays remains an incurable 
disease, the identi"cation of the defective CFTR gene in 1989 
(Riordan et  al., 1989; Rommens et  al., 1989) has prompted 
signi"cant advances in the development of molecular therapies 
aimed at addressing the underlying cellular defect (De Boeck 
and Amaral, 2016; Veit et  al., 2016).

!e CFTR gene, expressed on the long arm of chromosome 
7 (Kerem et  al., 1989), encodes for a unique member of the 
large protein superfamily of ATP-binding cassette (ABC) 
transporters (Klein et  al., 1999), which carries a cytosolic 
regulatory domain that is actively phosphorylated (Collins, 
1992; Serohijos et  al., 2008). Whereas most of the ABC 
transporters are active pumps using ATP as the energy source 
for the transport of small molecules, CFTR is an ATP-gated 
ion channel where ATP hydrolysis controls channel opening 
(Dean et al., 2001). Cystic "brosis transmembrane conductance 
regulator, like other ABC transporters, is composed of two 
nucleotide-binding domains (NBDs), involved in channel 
regulation through ATP binding and hydrolysis, and two 
transmembrane domains (TMDs), containing six helices that 
span the plasma membrane to form the ion channel pore 
(Riordan et  al., 1989; Callebaut et  al., 2018). In the CFTR, 
however, the NDB1 domain is linked to the NDB2 one by 
an additional structural region, a distinctive cytoplasmic 
regulatory (R) domain with many charged residues and multiple 
phosphorylation sites that allow the tight regulation of channel 
activity and gating.

Importantly, the gating of the channel is strictly coupled 
to the phosphorylation of the R domain by protein kinase A 
(PKA; Egan et  al., 1992; Vergani et  al., 2005a,b) and protein 
kinase C (Chappe et  al., 2003; Seavilleklein et  al., 2008). 
PKA-dependent phosphorylation triggers large conformational 
changes that remove the R region from its position and allow 
NBDs dimerization to occur. Consequently, ATP binds to the 
CFTR leading to the opening and activation of the channel, 
while ATP hydrolysis closes it (Gunderson and Kopito, 1995; 
Figure  1). In addition to regulating the gating of the channel, 
PKA-mediated phosphorylation is involved in the regulation 
of multiple processes, such as CFTR tra&cking and stability 
at the plasma membrane (Chin et  al., 2017a).

!is review will discuss the role of PKA in CFTR activity 
regulation, and how this physiological mechanism of channel 
activation is disrupted by CF mutations. Furthermore, in light 
of the recent advances in the development of CFTR modulators, 
we  will discuss the impact of these novel molecules on the 
PKA-mediated regulation of mutant channels.

CFTR GATING REQUIRES 
PKA-MEDIATED PHOSPHORYLATION

Although the molecular mechanisms underlying CFTR activation 
have been studied for years, several questions remain unanswered. 
!is section discusses how channel gating strictly depends on 

the intrinsic structure of the CFTR protein and several 
posttranslational modi"cations, primarily phosphorylation.

One of the major challenges to the understanding of the 
regulation by the R region of the opening and the gating of 
CFTR has been the resolution of the CFTR structure. A crucial 
breakthrough has been represented by the construction of 
medium-high-resolution models of the 3D structures of the 
full-length CFTR, "rst from zebra"sh (Zhang and Chen, 2016) 
and then from humans (Liu et  al., 2017). !ese molecular 
structures of the CFTR, determined using cryo-electron 
microscopy, provide insights into a dephosphorylated, ATP-free 
conformation, which represents a closed and inactive state of 
the channel (Zhang and Chen, 2016; Liu et  al., 2017). Of note, 
Liu and colleagues with the resolution of the human CFTR 
structure reveal a previously unresolved helix belonging to the 
R region docked in an inward-facing conformation between the 
two halves of CFTR, where it acts as a steric block precluding 
channel opening (Liu et al., 2017). On the other hand, activation 
of the CFTR channel is strictly coupled to the formation of a 

FIGURE 1 | The impact of PKA-mediated phosphorylation on CFTR channel. 
The cystic !brosis transmembrane conductance regulator (CFTR) structure 
consists of two membrane spanning domains, two nucleotide-binding domains 
(NBD1 and NBD2), and the unique cytoplasmic regulatory (R) domain. Among 
these, the latter represents a critical site of channel regulation due to its 
enrichment in protein kinase A (PKA) consensus motifs, with multiple serines 
and threonines as phosphorylation targets. Moreover, there is an additional 
phosphorylation site in the regulatory insertion (RI) segment of NBD1. In the 
closed CFTR state (left channel), the NBD1 interacts with the R domain creating 
steric hindrances which prevent it from dimerization with NBD2. Upon PKA-
dependent phosphorylation (right channel), large conformational changes occur 
that decrease this interaction leading to the release of the R region from its 
inhibitory position and allow NBDs dimerization, ultimately ATP binding and 
CFTR-mediated chloride secretion. Thus, the open probability of the channel is 
dependent on the access of PKA to the main phospho-sites (S422, S660, 
S737, S768, S795, and S813). Phospho-sites critical for CFTR channel 
activation are shown in red. Phosphoserines S737 and S768 are shown in 
yellow since they have been shown to either activate or inhibit CFTR gating. 
The role of the major PKA consensus sites in the regulation of CFTR function is 
detailed in Table 1.
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closed NBD dimer, and thereby to the initial conformational 
changes driven by the PKA-dependent phosphorylation of the 
R domain (Liu et  al., 2017; Mihalyi et  al., 2020).

!us, the open probability of the channel is dependent on 
the access of PKA to the multiple consensus sites in the R 
domain (Liu et al., 2017), including 18 potential phosphorylation 
sites (12 serines and 8 threonines) on a 200 residues long 
domain. Speci"cally, in the fully phosphorylated protein, eight 
phosphoserines (residue positions 660, 700, 712, 737, 753, 
768, 795, and 813) and partial phosphorylation of serine at 
position 670 (Baker et  al., 2007) have been detected by mass 
spectrometry (Townsend et  al., 1996; Neville et  al., 1997) and 
NMR (Baker et  al., 2007). Recently, Lucaks and colleagues 
implemented a novel CFTR a&nity enrichment method, followed 
by an advanced mass spectrometry technique, to establish the 
phospho-occupancy of CFTR upon PKA phosphorylation 
(Schnur et  al., 2019). Among the previously described 15 
PKA consensus sites, they identi"ed 10 PKA phospho-sites 
in the R and NBD1 domain of CFTR (serine 422, 660, 670, 
686, 700, 712, 737, 753, 768, and 795; Schnur et  al., 2019). 
Table  1 provides a comprehensive description of the major 
phospho-sites and their e%ect on CFTR channel activity 
regulation. !e role of each phosphoserine in the modulation 
of CFTR activity is quite complex and multiple experiments 
have been attempted to address this problem by site-direct 
mutagenesis, where the putative phosphorylation sites in the 
R region were substituted with alanines (Kanelis et  al., 2010; 
Marasini et  al., 2012, 2013). Of note, among such studies, 
the replacement of serine at position 700, 795, and 813 revealed 
a decrease in channel open probability (Rich et  al., 1993; 
Vais et  al., 2004; Chen, 2020), whereas mutations of serine 
737 and 768 increased the activity, thus implying a phospho-
dependent inhibitory e%ect of these residues on the CFTR 
channel function (Wilkinson et  al., 1997; Kongsuphol et  al., 
2009). Accordingly, phosphorylation of these inhibitory sites 
by AMPK inhibits CFTR-mediated chloride secretion by 
maintaining the channel in a closed state (Kongsuphol et  al., 
2009). !ese "ndings appear to be  in apparent contrast with 
the results of the work by Riordan and colleagues aimed at 
investigating whether individual PKA phospho-sites act 
cooperatively or distinctly in the regulation of channel activity. 
!is study investigated the impact of the reintroduction of 

S737 and S768  in a CFTR variant insensitive to PKA, namely, 
the 15SA mutant, in which the 15 PKA consensus sites were 
replaced by alanines (Hegedus et  al., 2009). Reintroduction 
of S737 or S768 or both restored a signi"cant level of channel 
activation by PKA, thus indicating that phosphorylation of 
these sites stimulates CFTR channel activity. Furthermore, a 
mutant CFTR in which all phosphorylation sites have been 
removed, completely eliminates the PKA-dependent regulation 
of the channel activity (Xie et  al., 2002). In line with this 
"nding, a CFTR mutant containing six or more serine-to-
aspartate substitutions mimicking the e%ect of phosphorylation 
results in channel opening even in the absence of PKA 
(Rich et  al., 1993).

Overall, these experiments highlight that the e%ects of 
PKA-dependent phosphorylation of the R domain are correlated 
to conformational changes triggered by the negative charges 
of the phosphate group introduced on phosphoserines 
(Zhang et  al., 2017, 2018; Schnur et  al., 2019).

As a con"rmation, circular dichroism, X-ray scattering, and 
NMR experiments showed a reduced density of the 
phosphorylated structure, suggesting that upon phosphorylation 
the R domain becomes entirely disordered and less compact 
(Baker et  al., 2007; Bozoky et  al., 2013). Further evidence of 
the structure of phosphorylated CFTR, in its ATP-bound 
conformation, comes from cryo-electron microscopy (Zhang 
et  al., 2017, 2018). !ese images, comparing the conformation 
in a phosphorylated and ATP-bound state (Zhang and Chen, 
2016; Liu et al., 2017) with the dephosphorylated and ATP-free 
conformation (Zhang et  al., 2017, 2018), de"ne the structural 
changes of the two human and zebra"sh CFTR orthologs. 
!ese structures further reveal the clearly distinct position of 
the R domain a'er phosphorylation. Upon PKA binding, 
phosphorylation promotes the release of the R domain from 
its inhibitory position, causing NBDs dimerization and $ipping 
of the TMDs into an outward-facing conformation, ultimately 
leading to channel opening and activation of its ATPase function 
(Sorum et  al., 2015; Figure  1).

On the other hand, how phosphorylation triggers the ATPase 
activity of CFTR has remained unclear. Whereas PKA-mediated 
phosphorylation of the R domain is absolutely required (Chang 
et  al., 1993; Winter and Welsh, 1997; Seibert et  al., 1999), 
whether ATP binding is essential for CFTR gating is still 

TABLE 1 | PKA phospho-sites in CFTR and their role in channel activity regulation.

PKA consensus site Domain Mechanisms involved in PKA-mediated phosphorylation References

Serine-422 RI-domain of NBD1 Phosphorylation disrupts the interaction with S660 in the R domain promoting 
NBDs dimerization, formation of the two ATP-binding pockets and CFTR 
activation

Hudson et al., 2012; 
Dawson et al., 2013

Serine-737, 768 R-domain Phosphorylation leads to CFTR channel opening in the 15SA CFTR variant 
insensitive to PKA. In contrast, phosphorylation by AMPK of these sites 
maintains CFTR in a closed state

Hegedus et al., 2009; 
Kongsuphol et al., 2009

Serine-768, 795, 813 R-domain Phosphorylation leads to CFTR binding to the 14-3-3b isoform in the ER and 
promotes its forward traf!cking to the cell surface

Liang et al., 2012

Serine-660, 700, 795, 813 R-domain Phosphorylation leads to conformational change and release of the R domain 
from its inhibitory position, promoting NBDs dimerization and CFTR gating

Rich et al., 1993; 
Vais et al., 2004; 
Chen, 2020
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controversial. In the following paragraph, we will describe how 
phosphorylated CFTR channels are gated through ATP-dependent 
and independent mechanisms.

EFFECTS OF PKA-MEDIATED 
PHOSPHORYLATION ON ATP BINDING

!e widely accepted model of CFTR activation establishes that 
phosphorylated CFTR channels are gated through an ATP-dependent 
mechanism that is based on conformational changes (Sorum et al., 
2015). In these models, the ATP molecule powers the gating 
cycle by inducing the opening through NBD1:NBD2 dimerization 
as well as the closing through its hydrolysis (Higgins and Linton, 
2004). While PKA phosphorylation promotes the release of the 
R domain from its position, the binding of ATP triggers the 
dimerization of the NBDs that, in turn, leads to channel opening 
and  activation (Vergani et  al., 2003, 2005b; Csanady et  al., 2010). 
!erefore, the phosphorylation of the R domain increases the rate of 
channel opening by stimulating conformational changes that 
enhance the a&nity for ATP (Winter and Welsh, 1997).

Following this obligatory modi"cation, the ATP generally 
bound only to NBD1 is released, and it binds to the two sites 
at the NBD1:NBD2 interface (Aleksandrov et  al., 2018). Recent 
studies by Csana and colleagues support a model wherein ATP 
binding to both NBDs enhances their dimerization and 
consequently channel opening (Mihalyi et  al., 2016). Instead, 
the ATPase activity at NBD2 subsequently promotes destabilization 
of the NBD dimer, leading to channel closure (Mihalyi et  al., 
2016). Additionally, Lewis and colleagues have found that in 
the CFTR closed state, the NBDs dimer is prevented, due to 
the inhibitory interaction of the R domain with the regulatory 
insertion (RI) domain of NDB1 (Lewis et  al., 2004). Although 
the majority of the canonical phosphorylation sites are located 
within the R domain of CFTR, an additional residue (S422) 
in the RI region plays a key regulatory function (Lewis et  al., 
2004). In particular, S422 of the RI domain interacts with 
S660  in the R domain, creating steric hindrances on NBD1, 
which prevent it from dimerization with NBD2 (Hudson et  al., 
2012; Dawson et  al., 2013). Upon phosphorylation by PKA of 
these two serines, the alpha-helical content of both the RI and 
the R regions decreases (Hudson et  al., 2012; Dawson et  al., 
2013). !erefore, phosphorylation by PKA weakens the interaction 
between the R domain and NBD1, ultimately allowing the 
formation of the NBD1:NBD2 dimer (Aleksandrov et al., 2018).

Di%erent from the wild-type CFTR channel, where the gating 
is dependent on ATP binding, in gating mutants where ATP 
binding is impaired, the introduction of a second mutation, 
like the K978C or the NBD2 deletion, restores the open 
conformation of the channel, but PKA-mediated phosphorylation 
of the R domain is still required for full channel activation 
(Eckford et al., 2012). !ese examples of ATP-independent CFTR 
channel appear to be regulated by phosphorylation, via allosteric 
interactions between the R domain and the NBD1 region (Eckford 
et al., 2012). Nonetheless, further studies are required to understand 
the molecular basis for such ATP-independent gating and 
CFTR regulation.

Overall, phosphorylation represents an additional level of 
control of CFTR activity besides ATP binding and hydrolysis. 
Given that the ATP concentrations within a cell are high enough 
for constant activation of the channel, phosphorylation is essential 
for the prevention of futile cycling of the channel between the 
open and closed conformations (Higgins and Linton, 2004).

EFFECTS OF CF-CAUSING MUTATIONS 
ON PKA-MEDIATED PHOSPHORYLATION 
OF CFTR

Considering the essential role of PKA-dependent phosphorylation 
of the intrinsically disordered R domain in modulating CFTR 
gating (Hallows et al., 2003; Billet et al., 2015, 2016), it is plausible 
that CF-causing mutations may disturb this mechanism of channel 
regulation. !e most common CFTR mutation, consisting of the 
deletion of phenylalanine (F508del) located at the interface between 
NBD1 and the intracellular loop  4, interferes with the correct 
R domain folding and assembly (Riordan, 2005; Hwang et  al., 
2018). As a consequence, the aberrant channel is targeted to 
early ER-associated degradation (Farinha and Amaral, 2005). 
Moreover, the resulting thermal instability of this mutant form 
further contributes to its removal from the plasma membrane 
(Okiyoneda et  al., 2010), which has been shown to contain only 
2% of mature F508del-CFTR compared to the normal wild-type 
(WT) channel amount (Van Goor et al., 2011). Importantly, Wang 
and colleagues demonstrated that the phosphorylation rate of 
F508del-CFTR by PKA is signi"cantly lower than that of WT-CFTR, 
suggesting that the abnormal protein does not constitute a good 
substrate for the kinase (Wang et  al., 2000). !e same results 
were obtained from the analysis of the other two disease-causing 
CFTR mutations, R170G and A1067T, both occurring in coupling 
helices that allow the correct channel activation by phosphorylation 
(Chin et  al., 2017b).

Furthermore, a relevant study by Pasyk et  al. exploited 
mass spectrometry to quantitatively assess PKA-mediated 
phosphorylation of serine 660 of F508del-CFTR at the ER 
and reported a drastic reduction of phosphorylation upon 
forskolin stimulation in comparison with the WT form 
(Pasyk  et  al., 2009). Interestingly, COPI-mediated retrograde 
tra&cking from the Golgi to the ER, which prevents misfolded 
F508del-CFTR from successfully reaching the apical cell 
membrane (Rennolds et  al., 2008; Okiyoneda et  al., 2010), 
has been linked to phosphorylation-dependent interactions 
between the channel and 14-3-3 proteins (Liang et  al., 2012). 
In particular, selective binding of 14-3-3 protein isoforms to 
speci"c PKA-phosphorylated sites within the R region decreases 
this  retrograde retrieval, ultimately resulting in augmented 
CFTR  biogenesis. Unfortunately, whether the impaired 
phosphorylation caused by the deletion of F508 negatively 
impacts this protein-protein interaction has yet to be elucidated.

Another relevant process that contributes to the maintenance 
of channel density at the plasma membrane is the endosomal 
tra&cking of the CFTR, which ensures the internalization and 
recycling of abundant or misfolded proteins (Moore et al., 2007). 
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Notably, Holleran and collaborators revealed that cell surface 
F508del-CFTR is targeted to lysosomes and displays defective 
PKA-regulated exocytosis, consisting of signi"cantly slower rates 
of translocation to the plasma membrane from the Rab11+/
EHD1+ endosomal recycling compartment upon PKA challenge 
(Holleran et  al., 2013). !erefore, these data suggest that the 
abnormal phosphorylation of the mutant CFTR by PKA could, 
at least partly, account for the defective peripheral tra&cking 
of the channel. Moreover, it has been shown that the excision 
of the RI polypeptide from the NBD1 of F508del protein, which 
contains the additional PKA consensus site S422, may be bene"cial 
for the life cycle of the mutant channel (Aleksandrov et  al., 
2010). Speci"cally, removal of this region was found to promote 
the escape of F508del-CFTR from the ER quality control machinery 
and thus the increased apical surface stability. In addition, recent 
evidence con"rmed that the amount of phosphorylated S422, 
which represents a minor PKA target site, is decreased in the 
aberrant F508del protein (Pankow et al., 2019). However, further 
analyses are required to clarify whether the presence of the RI 
hampers the F508del-CFTR stability independently of its 
phosphorylation state and to evaluate the biological consequence 
of its reduced phosphorylation in the mutant CFTR.

Another important CFTR genetic defect that could potentially 
interfere with PKA-mediated phosphorylation of the channel 
is the G551D mutation, a class III mutation with a worldwide 
frequency of ∼4% (CFF patient registry, 2019). !e disease-
causing substitution occurs in the NDB1 domain and strongly 
impairs the ATP-dependent channel gating, without hindering 
channel tra&cking to the plasma membrane (Gregory et  al., 
1991; Bompadre et al., 2007). Interestingly, Chang and colleagues 
demonstrated that the R domain of this mutant form undergoes 
normal phosphorylation despite its lack of ATP binding (Chang 
et  al., 1993). In contrast, a very recent study showed that 
G551D-CFTR exhibits defective phosphorylation-dependent 
activation as a result of a decreased sensitivity to PKA-mediated 
phosphorylation. Stimulation of mutant channels with high 
doses of PKA induced a remarkable increase in their activity, 
thus suggesting that the intrinsic phosphorylation defect of 
G551D-CFTR might be  one of the major causes of low basal 
functionality. Moreover, phosphorylation of the serine residue 
737 of G551D occurred at a lesser extent compared to WT-CFTR, 
highlighting a possible causative factor of the slower activation 
rate of the aberrant protein (Wang et  al., 2020).

Taken together, abnormal PKA-mediated phosphorylation 
underlies multiple molecular defects observed in mutant CFTR 
channels and represents a promising therapeutic target for the 
treatment of CF. !erefore, the following paragraph will focus 
on how currently available CFTR modulators impact on the 
phosphorylation of the channel by PKA.

EFFECTS OF CFTR MODULATORS ON 
PKA-DEPENDENT REGULATION OF  CFTR

In recent years, major advances have been made in the "eld 
of precision therapy against the underlying cause of CF. A variety 
of small molecules, designed to target speci"c channel defects 

and collectively known as CFTR modulators, have been developed 
to improve or even restore the expression, activity, and stability 
of defective CFTR variants (Lopes-Pacheco, 2016). Of outmost 
relevance are CFTR correctors, which rescue the misprocessing 
of mutant CFTRs, and potentiators, that are intended to restore 
the defective cAMP-dependent chloride channel activity at the 
cell surface (Lopes-Pacheco, 2016). Nonetheless, how these 
therapeutic agents act on the PKA-mediated phosphorylation 
of CFTR mutants is still largely unaddressed.

Importantly, there are some paradigmatic exceptions of CFTR 
modulating drugs whose relationship with PKA-dependent 
phosphorylation has been investigated and will be now discussed. 
!e potentiator VX-770 (ivaca'or) is approved both as a single 
therapy for G551D mutants and as a combination with either 
the corrector VX-809 (lumaca'or; Connett, 2019) or VX-445 
and VX-661 for F508del carriers (Bear, 2020). Importantly, 
ivaca'or was found to enhance channel activity in an 
ATP-independent manner (Eckford et  al., 2012). However, 
non-phosphorylated CFTR does not exhibit any signi"cant ion 
current increase upon VX-770 stimulation, suggesting that its 
potentiating action is strictly dependent on the phosphorylation 
state of the channel (Eckford et  al., 2012). Conversely, Jih and 
collaborators demonstrated that this potentiator can increase 
the activity of a CFTR lacking the R domain, thus arguing 
with the previous hypotheses of a phosphorylation-dependent 
mechanism (Jih and Hwang, 2013). Recently, a study by Uliyakina 
et  al. revealed that the absence of the RI domain strongly 
emphasizes VX-809-mediated rescue of F508del-CFTR but 
negatively impacts the channel currents stimulated by VX-770 
(Uliyakina et al., 2020). !erefore, these two modulators display 
a contradictory behavior in the absence of the unique region 
containing the PKA phosphorylation site, S422, but future 
analyses are needed to dissect the role of RI in mutant CFTR. 
Additionally, another molecule, VRT-532, which had been 
formerly identi"ed as a potentiator (Van Goor et  al., 2006), 
showed to signi"cantly amplify the activity of G551D-CFTR 
mutants. Despite its direct interaction with the aberrant channel 
(Pasyk et  al., 2009), VRT-532 did not induce an increase in 
CFTR phosphorylation, suggesting that its mechanism of action 
occurs at stages that are downstream of the PKA kinase activity 
(Pyle et  al., 2011).

Conversely, correctors based on 3-(2-benzyloxy-phenyl)-5-
chloromethyl-isoxazoles, like UCCF-152, were found to stimulate 
potent and rapid phosphorylation of the R domain of WT, 
temperature-rescued F508del-CFTR and G551D-CFTR, while 
also increasing iodide currents, leading to their classi"cation 
as CFTR activators (Pyle et  al., 2011). !e speci"c residues 
phosphorylated upon the interaction with UCCF-152 have not 
been yet identi"ed, but this isoxazole neither raises cellular 
cAMP levels nor directly activates PKA, suggesting a possible 
enhancement of the propensity of the R domain to 
be  phosphorylated by releasing steric hindrances (Sammelson 
et al., 2003). To date, no additional analyses have been performed 
to further characterize UCCF-152 as a candidate CF-treating 
agent. !e impact of CF-causing mutations on PKA 
phosphorylation of CFTR, and the e%ect of CFTR modulators 
on the activity of mutant channels is summarized in Table  2.
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Overall, our current knowledge of how CFTR modulators 
interfere or promote PKA-dependent phosphorylation of the 
channel remains scarce, and future e%orts are needed to allow 
a better understanding of their impact on this essential molecular 
modi"cation of the channel.

CONCLUSION

In conclusion, PKA-dependent phosphorylation plays a key 
role in multiple steps during the life cycle of CFTR. While 
interactions resulting in phosphorylation at the CFTR R domain 
regulate channel opening and activity, other phosphorylation 
events at the C and N terminal ends of CFTR modulate channel 
stability and tra&cking at the PM. Importantly, CFTR mutations 
leading to CF impair di%erent steps of CFTR biogenesis that 
are regulated by these phosphorylation events. Targeting 
PKA-mediated phosphorylation thus represents a promising 
strategy to rescue the activity of di%erent CF-causing CFTR 
variants. Nonetheless, how correctors and potentiators, including 
their highly e%ective combinations, like the recently approved 
Trika'a, impact on the PKA-mediated phosphorylation of CFTR 
still needs to be  thoroughly investigated. Future studies in this 

direction might help to maximize therapeutic e&cacy, ultimately 
normalizing the life expectancy of CF patients.
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ABSTRACT  PhosphatidǇl inositol ϯ kinase gamma ;PIϯKɶͿ is 
expressed in all the cell types that are involved in airway 
inflammation and disease, including not only leukocytes, but 
also structural cells, where it is expressed at very low levels 
under physiological conditions, while is significantly upregu-
lated after stress͘ In the airǁaǇs͕ PIϯKɶ behaǀes as a trigger 
or a controller, depending on the pathological context. In 
this review, the contribution of PIϯKɶ in a plethora of respirͲ
atory diseases, spanning from acute lung injury, pulmonary 
fibrosis, asthma, cystic fibrosis and response to both bacteri-
al and viral pathogens, will be commented. 
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INTRODUCTION 
Phosphatidyl inositol 3 kinases (PI3Ks) are a family of lipid 
kinases that play key roles in a plethora of processes, in-
cluding cell growth, proliferation and differentiation, tissue 
morphogenesis, metabolism, and immune function. The 
PI3K family is divided into three classes with distinct func-
tions, among which the best characterized is class I, which 
phosphorylates phosphatidylinositol 4,5 bisphosphate in 
the third position to generate the second messenger phos-
phatidylinositide 3,4,5 trisphosphate. Class I PI3K subfamily 
is further divided into two classes: class IA, which is com-
posed of α, β and δ isoforms, and class IB, whose only 
member is PIϯKγ [1]. Class I PI3K isoforms display different 
expression patterns: while PIϯKα and PIϯKβ are ubiquitous-
ly expressed, PIϯKδ and PIϯKγ have a more restricted ex-
pression pattern. Accordingly, deficiency in PIϯKα or PIϯKβ 

is embryonic lethal in murine models, whereas PIϯKγ or 
PIϯKδ knockout (KO) mice are viable and fertile [2]. 

In particular, PIϯKγ is expressed, at very low levels un-
der physiological conditions, in cell types including cardio-
myocytes [3-9], vascular smooth muscle cells [10], and the 
microglia [11], where it is significantly upregulated after 
stress.  

On the contrary, PIϯKγ is constitutively enriched in leu-
kocytes (neutrophils, eosinophils, macrophages, T cells and 
mast cells) [12]. Consistently, PIϯKγ KO mice exposed to 
natural pathogens/microbiota display altered immune 
traits that closely mirror the human Inactivated PIϯKγ Syn-
drome (IPGS) [13]. Intriguingly, clinical signs related to loss 
of PIKϯγ include autoimmune cytopenia and infections, as 
well as pathological infiltration of T cells in barrier organs, 
including the lungs, that are hyper-responsive to microbial 
products [13]. 
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Abbreviatons: 
AHR – airway hyperresponsiveness; ASM – airway smooth 
muscle; cAMP – cyclic adenosine monophosphate; CF – 
cystic fibrosis; CFTR – CF transmembrane conductance 
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chronic obstructive pulmonary disease; IAV – influenza A; 
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Of utmost relevance for respiratory homeostasis and 
disease, PIϯKγ is also expressed in all the other cell types 
that are involved in airway disease, like endothelial cells 
[14], fibroblasts [15], and epithelial cells [16, 17].  

Besides such diverse expression patterns, class I PI3Ks 
own non-redundant roles in the response to a variety of 
stimuli. Class IA PIϯKs, exception done for PIϯKβ that can 
be also activated by G-protein Coupled Receptors (GPCRs) 
[18], are recruited to receptor tyrosine kinases through the 
SH2 domains of p85-like regulatory subunits. Class IB PIϯKγ 
is composed of the pϭϭ0γ catalytic subunit, and of the 
p101 and p84/p87 subunits. These two adapter compan-
ions have important non-redundant roles in coupling PIϯKγ 
to upstream Ras/GPCRs signaling pathways [19]. While p84 
is a component of a constitutively- expressed PI3K complex, 
p101 is part of an inducible PI3K complex [20]. Moreover, 
the pϭϭ0γ/pϴϰ heterodimer is less sensitive to the activa-
tion promoted by Gβγ subunits and depends on Ras part-
nership, while activation of the pϭϭ0γ/pϭ0ϭ variant by Gβγ 
subunits is more favorable and Ras-independent [21]. Im-
portantly, pϭϭ0γ acts as an A-kinase anchoring protein 
(AKAP), being engaged in a functional and physical interac-
tion with PKA that does not involve its kinase activity [7, 8]. 
Thus, PIϯKγ is not only a kinase but also a scaffold protein 
for PKA in a complex containing type 3 and 4 phos-
phodiesterases (PDEs). This complex acts in a negative 
feedback loop, suppressing cyclic adenosine monophos-
phate (cAMP) levels in the vicinity of the βϮ-adrenergic 

receptor, through PKA-mediated activation of PDEs [7, 8]. 
Therefore, acting at the crossroads of multiple path-

ways [1, 22], PIϯKγ is a hub of intracellular signaling. As an 
example, PIϯKγ is activated downstream of GPCRs by both 
metabolic signals acting on β-adrenergic receptors, and 
immune signals like chemokines and complement frag-
ments. Moreover, PIϯKγ can be activated by pathogen- and 
damage-associated molecular patterns downstream of 
Toll-like receptors (TLRs) in myeloid cells [23-25] and cardi-
omyocytes [5], functioning as a master regulator at the 
interface between metabolic and immune homeostasis. 
The relevance of the PIϯKγ hub as a regulator and amplifier 
for diverse and converging signaling pathways is evident in 
mast cells, where the Fc࠱RI receptor mediates PIϯKγ activa-
tion. Yet, the Fc࠱RI receptor has no direct link to GPCRs, 
but degranulation relies on PIϯKγ [26]. Intriguingly, the 
combinatorial regulation of PIϯKγ heterodimer variants can 
lead to a remarkable level of signaling specificity, which 
depends on both the tissue and the physio-pathological 
context [27]. 

Moreover, studies demonstrating the effects of knock-
ing out PIϯKγ in murine disease models (Table 1) led to 
great interest in the immunological functions and in the 
potential of PIϯKγ as a therapeutic target in inflammatory-
driven diseases [15], including those affecting the airways. 
Within this review, we intend to highlight the relevance of 
PIϯKγ as a trigger or target in a plethora of respiratory dis-
eases, spanning from acute lung injury, pulmonary fibrosis, 

TABLE 1. Differential responses of PIϯKɶ KO mouse models of respiratorǇ diseases. 

Pathology  PI3Kɶ KO phenotype References 

Airway inflammation 

Within all studies, PI3Kγ-deficient mice are healthy and viable with reduced allergic 
AHR, inflammation, and remodelling. In the absence of PI3Kγ, the chemokine-induced 
model of airway inflammation displays impaired neutrophils, eosinophils and macro-
phages chemotaxis, reduced peribronchial fibrosis and TGF-β1+ cells and lower Smad 
2/3 signaling. 

[57, 91, 116] 

Lung injury, 
Fibrosis 

PI3Kγ deficiency confers protection against bleomycin-induced pulmonary injury. PIϯKγ 
KO mice display reduced weight loss, decreased lethality, reduced deposition of lung 
collagen and lower expression of profibrogenic and proangiogenic genes. 

[51] 

Lung injury, 
Inflammation 
 

PI3Kγ KO mice display reduced accumulation of neutrophils in an LPS-induced acute 
lung injury model, and perturbation in E-selectin-mediated adhesion, in response to 
TNF-α. 

[117] 

Lung injury, 
Endotoxemia 
 

Endotoxemia-induced lung edema, neutrophil accumulation, nuclear translocation of 
NF-κB and production of proinflammatory cytokines (IL-1β and TNF-α) in lung neutro-
phils are reduced in transgenic mice lacking the catalytic subunit of PI3Kγ. 

[118] 

Lung injury, 
ARDS 

In acute lung injury and adult respiratory distress syndrome (ARDS) models, PI3Kγ KO 
mice display reduced histological evidence of lung injury after high volume ventilation 
and reduced PKB phosphorylation compared to wild-type, independently from inhibi-
tory effects on cytokine release. 

[16, 119] 

Lung vascular injury, 
Inflammation 

 

In a model where lung vascular injury was induced by bacteraemia (i.e. by intraperito-
neal Escherichia coli injection), PIϯKγ KO mice present higher levels of leucocyte accu-
mulation in the lung, and greater microvascular permeability, resulting in lung edema. 
These results point to PI3Kγ as a negative regulator of lung vascular injury in gram-
negative sepsis. 

[120] 
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asthma, cystic fibrosis and response to both bacterial and 
viral pathogens (Figure 1). 
 
PI3Kɶ ROLE IN RESPIRATORY DISEASES 
Ventilator-induced damage 
Mechanical ventilation is a life-saving therapy but can con-
tribute to the progression or even initiate lung injury per se. 
Ventilation-induced lung injury (VILI) clinically displays 
signs of alveolar edema, including increased vascular per-
meability and accumulation of fluids in the alveoli [28]. 

In VILI, the mechanical stress induced by ventilation ac-
tivates the inflammasome in macrophages and endothelial 
cells, leading to enhanced nitric oxide (NO), oxygen radicals, 
and peroxynitrite production, which contributes to the 

increase of alveolar and vascular permeability [28] and 
impairs alveolar fluid clearance [29]. In line with these find-
ings, the inhibition of PIϯKγ kinase activity specifically in 
resident lung cells attenuates VILI through the reduction of 
NO release [30]. 

Besides NO, the intracellular level of cAMP is critical for 
the modulation of endothelial permeability [31]. Since 
PIϯKγ can act as a scaffold, independently of its kinase ac-
tivity, to modulate cAMP levels [7, 8], its role in the for-
mation of edema during VILI has been investigated. Ac-
cordingly, PIϯKγ knockout lungs are protected from VILI 
[16]. Moreover, pharmacological combined regimens 
aimed at blocking PIϯKγ kinase activity while increasing 
cAMP levels attenuate VILI in PIϯKγ wild-type lungs de-

FIGURE ϭ͗ Schematic representation of the biological processes induced or mediated bǇ PIϯKɶ in the cell tǇpes that are releǀant for respira-
tory disease. PIϯKγ has been involved in almost all target cells shown in the figure using either isoform-selective PI3K inhibitors or genetic 
engineering. *Neutrophilic recruitment may be enhanced by either activation or inhibition of PIϯKγ, depending on the context. NO: Nitric 
Oxide; αSMA: α-smooth muscle actin; VEGF: Vascular endothelial growth factor; IL-13: Interleukin-13. 
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prived of circulating leukocytes [30], pointing to the central 
role of PIϯKγ in lung cell types other than the immune cells. 

Nevertheless, PIϯKγ is largely expressed in leukocytes, 
whose contribution to Vascular endothelial growth factor 
(VEGF) production, inflammation and injury in VILI is rec-
ognized [32]. A major player in the control of local and 
systemic immune response is TLR4 [33, 34]. Notably, it has 
been shown that TLR4 is overexpressed [35], and has a key 
role in experimental models of VILI [36-39]. In macrophag-
es, upon TLRϰ receptor activation, PIϯKγ is recruited by 
Rab8, and is required to activate the Akt/mTOR pathway to 
bias the cytokine response towards an anti-inflammatory 
scenario [24]. Therefore, these findings suggest that the 
contribution of the TLRϰ/PIϯKγ axis to VILI pathogenesis 
deserves further investigation. 

PIϯKγ emerged therefore as a possible therapeutic tar-
get in the treatment and/or prevention of VILI and edema. 
However, strategies aimed at blocking PIϯKγ kinase de-
pendent and independent activities only in resident in-
flammatory and parenchymal lung cells, such as airway 
epithelial cells, should be addressed. This could enable to 
mitigate potential systemic side effects on the innate im-
mune system on one side, and on different cAMP-
responsive cells, like cardiomyocytes, on the other.  

 
Idiopathic pulmonary fibrosis (IPF) 
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, 
fibrotic interstitial lung disease of unknown etiology, which 
occurs primarily in older adults (median age at diagnosis is 
about 65 years) [40]. Although it is classified as a rare dis-
ease (occurring in less than 5/10,000 persons per year), IPF 
is the most common type of idiopathic interstitial pneu-
monia, occurring with a frequency comparable to that of 
stomach, brain and testis cancers [41]. Moreover, the 
global burden of IPF is extremely high, due to the poor 
prognosis, with a median survival time of two to four years 
from diagnosis [42]. 

Historically, IPF was considered a chronic and progres-
sive inflammatory disorder, which gradually leads to estab-
lished fibrosis. However, the failure of anti-inflammatory 
therapies [43] caused a profound revision of this concept 
[44]. IPF is now thought to result from the concomitance of 
repetitive local micro-injuries to the ageing alveolar epithe-
lium, genetic factors [45], and environmental risk factors 
(such as cigarette smoke, drugs, lung microbiome, infec-
tions or environmental pollutants) [42, 46]. In turn, intra-
cellular signaling initiated by micro-injuries gives rise to an 
aberrant communication between epithelial cells and fi-
broblasts, leading to increased extracellular matrix accu-
mulation, and, ultimately, to lung interstitial remodeling 
and loss of function. 

Within this context, PI3K signaling emerged as a crucial 
pathway in models of pulmonary fibrosis [47, 48]. In par-
ticular, class I PI3Ks play key roles in the homeostasis of all 
the cell types that are involved in the pathogenesis of IPF. 
Consistently, an inhaled pan-Class I PI3K inhibitor has been 
demonstrated to have a protective effect against the rapid, 
progressive pulmonary fibrosis induced by instillation of 
bleomycin in vivo [48], by reducing the expression of pro-

fibrotic genes, including transforming growth factor-β 
(TGF-β) and connective tissue growth factor (CTGF) [49]. 
Among class I isoforms, PIϯKγ is overexpressed in myofi-
broblasts and bronchiolar basal cells in the lungs of IPF 
patients, and, ex vivo, in human IPF primary fibroblasts [50]. 
Both genetic and pharmacological inhibition of PIϯKγ are 
able to inhibit proliferation as well as α-smooth muscle 
actin (αSMA) expression in IPF fibroblasts in vitro [50]. Ac-
cordingly, mice lacking PIϯKγ are protected from the accu-
mulation of matrix and leukocytes in the lungs after bleo-
mycin injury [51], pointing to PIϯKγ as a promising thera-
peutic target for IPF. 

Recently, the need of pathway-specific biomarkers and 
genetic phenotyping has emerged in order to identify pa-
tient subtypes for new combinatorial trials [52]. In fact, 
due to its intrinsic complexity, the natural history of IPF is 
highly variable and the course of the disease in an individ-
ual patient is somewhat unpredictable, as some patients 
experience a rapid lung decline, while others progress 
much more slowly. Of note, a rapidly progressive disease 
has been associated with the upregulation of several genes, 
including TLR9 [53], downstream of which PIϯKγ is activat-
ed, at least in cardiomyocytes [5]. Moreover, in the past 
two decades, metabolic dysregulation, impaired mito-
chondrial autophagy, and mitochondrial dysfunction have 
been observed in cells of IPF lungs [54]. 

Overall, these results suggest the intriguing hypothesis 
that the activation level of PIϯKγ might act as a master 
controller in the different processes that converge on IPF 
pathogenesis and influence the fate of the lung environ-
ment. Whether PIϯKγ will be a suitable biomarker or ther-
apeutic target in IPF patients, however, still has to be in-
vestigated. 

 
Asthma 
The role of PI3K family members in asthma is well docu-
mented and pan-class I PI3K topical inhibition is effective 
against acute and, more importantly, glucocorticoid re-
sistant asthma [49]. Focusing on the specific contribution 
of PIϯKγ to asthma pathogenesis, KO of PIϯKγ or treatment 
with an aerosolized dual inhibitor of PIϯKγ and δ (TGϭ00-
115), is able to reduce eosinophilic airway hyper-
responsiveness (AHR) and inflammation in experimental 
models [54-57].  

Moreover, the PIϯKγ-specific inhibitor AS605240 
dampens eosinophilic inflammation induced by the CC 
chemokine eotaxin (CCL11), by suppressing signaling path-
ways downstream of CC chemokine receptor 3 (CCR3) [58]. 
In detail, AS605240 inhibits eotaxin-induced chemotaxis, 
adhesion to Intercellular Adhesion Molecule 1 (ICAM-1), 
and degranulation of human peripheral blood eosinophils 
by inhibiting ERK1/2 phosphorylation, without down-
regulation of surface CCR3 expression [58]. 

Mechanistically, the pathological role of PI3Kγ in asth-
ma implicates the release of inflammatory cell mediators, 
including macrophage migration inhibitory factor (MIF) and 
the T-helper type II cytokine Interleukin-13 (IL-13). 

MIF participates as a proinflammatory cytokine in both 
innate and adaptive immune responses, contributing to the 
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pathogenesis of inflammatory, metabolic, autoimmune, 
and allergic diseases. Of note, MIF plays a pivotal role in 
activating the expression of PIϯKγ regulatory (pϭ0ϭ) and 
catalytic subunits (p110) [59]. In turn, increased PIϯKγ ac-
tivity is responsible for IL-13-mediated contraction of air-
way smooth muscle (ASM) cells, the underlying mechanism 
of AHR induced by allergen sensitization or cytokines in 
asthma [59-63]. IL-ϭϯ receptor and PIϯKγ are both ex-
pressed in ASM cells, in which they control contractility by 
regulating Ca2+ oscillations [64]. Notably, IL-13, which is 
increased in the airways of asthmatic patients and corre-
lates with AHR [65], is sufficient [66] and required [67] for 
the development of allergen-induced AHR. In a translation-
al perspective, targeting PI3Kγ, either pharmacologically or 
by RNA interference, suppresses IL-13-dependent contrac-
tility of ASM cells, and, more importantly, intranasal ad-
ministration of a PIϯKγ inhibitor attenuates IL-13-induced 
AHR in mice [64]. Therefore, dampening IL-13 levels by 
targeting the upstream PIϯKγ signaling might be a feasible 
and efficient strategy to reduce Ca2+ oscillations and con-
traction in ASMs.  

Overall, these data underline the promising therapeutic 
potential of PIϯKγ inhibition in asthma [68]. 

 
Cystic Fibrosis 
Cystic fibrosis (CF) is the most common genetic disease in 
the Caucasian population, affecting ~1 in 3,500 persons. 
The basic defect of CF results from mutations in a single 
gene encoding for the CF transmembrane conductance 
regulator (CFTR), a 1,480 residues transmembrane glyco-
protein that regulates cAMP-mediated chloride (Cl-) con-
ductance at the apical surface of secretory epithelia. Im-
paired secretion of Cl- and bicarbonate triggers dehydra-
tion of the airway surface liquid, resulting in increased mu-
cus viscosity and impaired mucociliary clearance. The ac-
cumulated mucus ultimately favors colonization by patho-
gens and resistance to treatments [69]. In turn, airway 
mucus obstruction and recurrent/persistent bacterial in-
fections trigger a chronic neutrophilic inflammation, which 
are responsible for the release of neutrophilic elastases 
and for the ensuing, progressive lung damage and decline 
of function in CF patients [70]. 

In this context, the inflammatory response in CF lungs 
is non-resolving and self-perpetuating. In fact, the vicious 
cycle of neutrophilic burden and release of noxious media-
tors, further fuels inflammation and infection, and further 
contributes to disease progression towards irreversible 
lung damage. Notably, albeit chronic bacterial infections 
play a prominent role in the progression of CF lung disease, 
inflammation was observed in the lungs of asymptomatic 
CF infants without any apparent established bacterial in-
fection [71], suggesting that sterile inflammation can pre-
cede, and possibly promote, infection in early-stage CF 
lung disease, by favoring the expansion of more pathogenic 
strains among the lung microbiota. Consistently, recent 
studies suggest that, upon migration to CF airways, neu-
trophils undergo a phenotypic reprogramming, leading to 
dysregulated lifespan, metabolism and effector function, 
ultimately contributing, together with the epithelium and 

resident microbiota, to the evolution of a pathological mi-
croenvironment [72]. 

Therefore, anti-inflammatory therapy, eventually com-
bined with antibiotics, is crucial to prevent lung damage. 
However, currently used therapeutic strategies show lim-
ited clinical benefit. With the aim of filling this gap, the 
possibility to interfere with leukocyte trafficking into CF 
airways has been explored. PIϯKγ has a key role in this pro-
cess, triggering signaling pathways evoked by binding of 
chemotactic factors to GPCRs. Among these, IL-8 repre-
sents the principal neutrophil chemoattractant and its ele-
vated concentration characterizes CF lung inflammation. In 
the CF context, the biological efficacy of both genetic dele-
tion and pharmacological inhibition of PIϯKγ in reducing 
chronic neutrophilic inflammation in the lungs has been 
demonstrated in 𝛽-ENaC overexpressing CF-like mice [73].  

While most research on CF inflammation has focused 
on epithelial cells and neutrophils, macrophages play an 
important role in the initiation and resolution of pulmo-
nary inflammation. Functional abnormalities have been 
observed in CF macrophages from experimental models, 
including newborn CF pigs, and from CF patients, and 
found to display a constitutive proinflammatory status and 
hyper-responsiveness to microbial stimuli, supporting the 
presence of a primary defect in CF macrophages, which 
seems to be correlated to CFTR channel function [74, 75].  

Of note, mucus stasis per se might be responsible for 
the pro-inflammatory polarization of airway macrophages 
[76], albeit data from CF patients point to a CFTR-
dependent defect in the resolution phase of inflammation, 
due to the inability of CF macrophages to re-polarize to the 
M2 immunosuppressive phenotype [77]. Notably, blockade 
of PIϯKγ activity promotes Mϭ macrophage polarization in 
implanted tumors, and inflammation, albeit M2 polariza-
tion has been observed in obese mice lacking PIϯKγ [78], 
suggesting that the cellular context and activation level of 
PIϯKγ might be crucial to determine the fate of macro-
phages. 

Overall, these data would support the relevance of the 
immune response in CF disease, but whether abnormalities 
in immune cells, including changes to macrophage polari-
zation, could be corrected using CFTR-directed therapies 
remains an open question. Whereas blockade of PIϯKγ 
activity by small-molecule inhibitors may represent a valid 
approach to down-modulate neutrophil recruitment and 
burst in inflamed tissues, the resulting increased suscepti-
bility to infection might be a potential side effect. There-
fore, focused therapeutic windows should be defined for 
the use of these molecules in CF patients.  
 
PI3Kɶ IN INFECTIVE DISEASES 
Bacterial infections 
Streptococcus pneumoniae is the most prevalent gram-
positive bacterium causing community-acquired pneumo-
nia, septic meningitis, and otitis media. The pathogenicity 
of S. pneumoniae is largely linked to its ability to produce a 
variety of virulence factors, among which the most rele-
vant is pneumococcal virulence factor pneumolysin (PLY). 
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In addition to its ability to form pores in cell membranes, 
PLY acts as a pathogen-associated molecular pattern by 
signaling via TLR4 to induce TLR4-dependent cytotoxicity in 
lung resident macrophages, thus further promoting the 
bacterial colonization of the lower respiratory tract [35, 79]. 
Of note, TLRϰ activation acts through PIϯKγ to shift macro-
phages towards an anti-inflammatory scenario [24]. Mech-
anistically, PIϯKγ and Rabϴa control cytokine production by 
signaling through mTOR [24], which acts as a hub down-
stream of TLRϰ to bias cytokine responses, inhibiting NFκB-
dependent transcription of pro-inflammatory cytokines, 
like IL-6 and IL-12, while enhancing STAT3-mediated tran-
scription of the anti-inflammatory cytokine IL-10 [80]. Con-
sistently, either genetic deletion or pharmacologic inhibi-
tion of PIϯKγ in mice infected with S. pneumoniae causes 
an impaired recruitment of macrophages, associated with 
a reduced bacterial clearance from the lungs [81]. This, in 
turn, results in an impaired resolution/repair process and 
in progressive pneumococcal pneumonia [81]. Similar re-
sults have been observed after infection by Staphylococcus 
aureus, as a higher bacterial burden is present in PIϯKγ KO 
mice, due to the reduced recruitment of leukocytes. 

On the contrary, PIϯKγ deficiency improves the re-
sistance against Mycobacterium tuberculosis in the early 
phase of infection, by increasing T helper IL-17+ (Th17) 
cells number, production of IL-17, and expression of mole-
cules associated with Th17-ථcells differentiation and neu-
trophil recruitment [82]. These findings are in accord with 
previous data showing increased concentrations of IL-17 in 
the bronco alveolar lavage fluid of PIϯKγ KO mice chal-
lenged with intranasal instillation of lipopolysaccharide 
(LPS) [4].  

Moreover, a deficiency in expression of PIϯKγ, along 
with PIϯKδ, enhances the IL-17/G-CSF axis and induces 
neutrophilia [83]. 

Of note, the crosstalk between the IL-17 signaling 
pathway and neutrophils recruitment seems to be time-
dependent [84]: while higher neutrophil counts are protec-
tive against early tuberculosis infection [85], a pathogenic 
role of neutrophils during the late stages of tuberculosis 
has been proposed [86]. Thus, whereas pharmacological 
inhibition of PIϯKγ may be a suitable strategy to inhibit 
inflammation and limit lung damage in chronic and early-
stage lung diseases, it might raise concerns in acute and 
late-stage infections, where it could result in an impaired 
host defense against high bacterial burden.  

 
Influenza 
The role of PIϯKγ in the context of viral infections has been 
studied in Kaposi’s sarcoma-associated herpes virus-
induced tumors, where PIϯKγ is required for the viral onco-
genic signaling [87]. On the other hand, PIϯKγ is also im-
portant in the regulation of innate immune responses, as 
well as establishment and resolution of inflammation upon 
influenza infection. Influenza A (IAV) and B viruses are 
among the most common causes of acute respiratory dis-
eases of viral origin, accounting for three to five million 
cases of severe infection and up to 650,000 deaths/year 
worldwide [88]. In particular, the clinical manifestation of 

IAV infection, a highly pathogenic strain, is characterized by 
an excessive inflammatory response leading to lung dam-
age [89]. 

Response to IAV infection can be conceptually divided 
in three stages, which however occur simultaneously 
through the course of the injury [90]. First, the immune 
response against the influenza virus is initiated by release 
of type-I and type-III interferons (IFNs), mainly produced by 
epithelial cells, which are primarily targeted by IAV, and by 
dendritic cells. Second, the innate immune system (natural 
killer (NK) cells, macrophages, and neutrophils), is rapidly 
recruited to the airways by cytokines and chemokines. 
Finally, specificity and memory are provided by T cells. 
PIϯKγ plays a crucial role in all these responses, driving 
production of type-I and type-III IFNs, as well as recruit-
ment of NK and CD8+ T cells, and ultimately controlling 
viral titers in the infected lungs.  

PIϯKγ has a pivotal role in the recruitment and survival 
of macrophages and neutrophils [91, 92], which, however, 
when excessively activated, might be harmful to the host 
by leading to lung damage [93, 94]. Recently, PIϯKγ has 
been shown to be essential after IAV infection for the con-
trol of recruitment and survival of innate immune cells and 
for resolution of inflammation [95]. In fact, in PIϯKγ KO 
mice infected by IAV, the increased production of pro-
inflammatory cytokines and the accumulation of activated 
neutrophils in the lungs contribute to lung damage and 
enhanced lethality. Moreover, PIϯKγ controls leukocyte 
survival and resolution of inflammation, as shown by the 
reduced number of resolving macrophages and lower IL-10 
levels in PIϯKγ KO mice infected with IAV. Keeping with 
that, during IAV infection, this unbalance towards pro-
inflammatory signals, to the detriment of pro-resolving 
signals, finally results in increased lung injury in PIϯKγ KO 
mice. 

Recently, the contribution of PIϯKγ in regulating prim-
ing of CD8+ T cells by resident dendritic cells and 
NK/lymphocyte migration toward chemokine stimuli in 
PIϯKγ KD/KD (knockdown) [96] and PIϯKγ KO mice [45], 
respectively, has been shown to contribute to the en-
hanced susceptibility to IAV infection. 

Consistent with these findings, PIϯKγ orchestrates the 
antiviral immunity and inflammatory magnitude in re-
sponse to IAV by distinct mechanisms. Therefore, targeting 
PIϯKγ may not be useful to treat IAV infection, possibly 
leading to decreased control of the infection, but might be 
an important diagnostic marker of disease severity. Never-
theless, the contribution of the scaffold and kinase activity 
of PIϯKγ have not been dissected in this context, and atten-
tion should be paid to the fact that PIϯKγ KO and KD/KD 
mice do not necessarily have overlapping phenotypes, as 
previously suggested in the heart [8, 97]. 

Moreover, the analysis of single-nucleotide polymor-
phisms (SNPs) on PIK3CG gene might be exploited for 
prognosis. Different genetic polymorphisms on genes en-
coding for host factors have been investigated to explain 
the heterogeneity of immune responses to influenza infec-
tion and disease outcomes [98]. SNPs on PIK3CG, or close 
to the gene, have been studied in genetic association stud-
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ies in a number of diseases, like cardiovascular disease [99], 
epinephrine-induced aggregation [100] and HDL-
cholesterol plasma levels [101]. Importantly, SNPs located 
in PIK3CG gene (rs17847825 and rs2230460) have been 
associated with disease protection in influenza 
A(H1N1)pdm09-infected patients [95], thus suggesting the 
possible use of PIϯKγ as a clinical prognostic factor. 

 
CONCLUSIONS 
Following the initial characterization of PIϯKγ [102, 103] 
and the patenting of the first PIϯKγ-selective inhibitor by 
Novartis in 2003 for the treatment of respiratory diseases 
[104], drug discovery efforts in the last decade have vali-
dated the value of PIϯKγ as a promising therapeutic target, 
especially for inflammatory disease (for a chronological 
review of the patented synthetic PIϯKγ inhibitor chemo-
types see [15] and [105]). 

In particular, pharmacological targeting of PIϯKγ may 
be effective in the regulation of the immune system, and 
therefore in the control of airway diseases driven by an 
excessive inflammatory response. On the other hand, pos-
sible side effects can be expected upon long-term treat-
ment or in the co-occurrence of infections, as highlighted 
by preclinical work [81]. Similarly, infections have been 
observed as a significant side effect of the dual PIϯKγδ in-
hibitor Duvelisib [106]. However, whether and how PIϯKγ 
selective inhibitors predispose to infections is still unknown, 
as only one compound selectivity targeting PIϯKγ, IPI-549 
from Infinity Pharmaceuticals, has initiated clinical devel-
opment so far, though as an anti-cancer agent [105]. 
Therefore, it cannot be excluded that inhibitors targeting 
PIϯKγ catalytic activity may have opposite effects in the 
lungs, and only clinical trials will define the nature and the 
extent of a therapeutic window for these drugs in pulmo-
nary diseases, compared to the more advanced dual 
PIϯKγδ inhibitors. 

Among these, several compounds have reached clinical 
trial for respiratory diseases (Table 2). For example, 
Duvelisib was a candidate for mild asthma, but further 
development in non-oncologic diseases has been stopped, 

as the primary end point (changes in maximum allergen-
induced Forced Expiratory Volume 1 decrease) was missed 
in clinical trials. Significant effects were seen, however, on 
secondary end points, but at a dose potentially leading to 
serious adverse reactions [107]. Other dual γδ inhibitors 
that reached clinical development for respiratory diseases 
(like asthma and chronic obstructive pulmonary disease 
(COPD)) include RV1729 and RV6153, from RespiVert, and 
AZD8154, from AstraZeneca (Table 2). Possibly, an inhala-
tion-based delivery of PIϯKγδ (and PIϯKγ) inhibitors could 
help reducing, if not overcoming, any systemic adverse 
effect, though impairing the response to respiratory path-
ogens. In line with this approach, Chiesi Farmaceutici has 
started a clinical study to investigate the safety, tolerability 
and pharmacokinetics of the inhaled CHF6523 PI3K inhibi-
tor. As an exploratory assessment, the anti-inflammatory 
effect of CHF6523 on sputum and blood biomarkers in 
COPD subjects will be evaluated (Table 2). 

Moreover, considering that class IB isoforms can coop-
erate with class IA and IB PI3Ks in controlling, downstream 
signaling events, dual inhibition may be desirable to 
achieve a relevant therapeutic effect [15]. On the other 
hand, from a safety perspective, a high isoform selectivity 
is required, especially toward PIϯKα and β, which made 
development of PIϯKγ inhibitors difficult, due to the high 
similarity between isoform sequences. Only recently, new 
classes of increasingly more specific inhibitors have been 
generated to block PIϯKγ kinase activity [108-110]. Howev-
er, this approach may not discriminate between the two 
PIϯKγ heteromeric variants, that share the same catalytic 
pϭϭ0γ subunit combined to different regulatory subunits, 
which hypothetically exert distinct biological functions [27].  

Nonetheless, PIϯKγ is a multifunctional protein, which 
is not only involved in the modulation of the Akt/mTOR 
pathway through its catalytic action, but also in the inhibi-
tion of cAMP as a scaffold protein. As cAMP elevation in 
lungs triggers bronchodilation and anti-inflammatory re-
sponses, better definition of the protein-protein interac-
tions driving PIϯKγ-mediated cAMP modulation might open 
the way to novel therapeutic options in airway diseases. 

TABLE Ϯ͘ Clinical deǀelopment of PIϯKɶɷ inhibitors for respiratorǇ diseases͘  

Com-
pound Developer Target Disease Clinical Trial 

Identifier 
Clinical 
phase Status Subjects 

enrolled 
Duration 
(weeks) Refs. 

IP-145 
(Copik-

tra®, 
Duvelisib) 

Verastem Oncolo-
gy, licensed from 
Infinity Pharma-
ceuticals 

PIϯKγδ 
inhibitor 

Mild 
Asthma 

NCT01653756 2 Completed 50 2 
[107, 
111, 
112] 

RV1729 RespiVert 
PIϯKγδ 

inhibitor 

Asthma 
Asthma 
COPD 

NCT01813084 
NCT02140320 
NCT02140346 

1 
1 
1 

Completed 
Completed 
Completed 

63 
49 
48 

4 
2 
4 

[111, 
113, 
114] 

RV6153 RespiVert 
PIϯKγδ 

inhibitor 
Asthma NCT02517359 1 Terminated 55 4 

[105, 
111] 

AZD8154 AstraZeneca 
PIϯKγδ 

inhibitor 

Asthma 
Asthma 
Asthma 

NCT04480879 
NCT04187508 
NCT03436316 

1 
2 
1 

Terminated 
Withdrawn 
Completed 

10 
- 

78 

9 
- 
2 

[115] 

CHF6523 Chiesi Farmaceutici 
PI3K  

inhibitor 
COPD NCT04032535 1 Recruiting - 4  
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Despite efforts in developing PIϯKγ inhibitors in the last 
decades, only one compound, the dual γδ inhibitor 
Duvelisib, has received approval, and its application is lim-
ited to oncological malignancies. Therefore, a more pro-
found understanding of the biological role of PIϯKγ variants 
as well as of the impact of its non-catalytic functions in 
signal transduction is needed in order to foster new tools, 
and expand fields of intervention for PIϯKγ targeting. 
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Opinion statement

Heart failure (HF) is increasingly recognized as the major complication of chemotherapy
regimens. Despite the development of modern targeted therapies such as monoclonal anti-
bodies, doxorubicin (DOXO), one of the most cardiotoxic anticancer agents, still remains the
treatment of choice for several solid and hematological tumors. The insurgence of cardiotox-
icity represents the major limitation to the clinical use of this potent anticancer drug. At the
molecular level, cardiac side effects of DOXO have been associated to mitochondrial dysfunc-
tion, DNA damage, impairment of iron metabolism, apoptosis, and autophagy dysregulation.
On these bases, the antioxidant and iron chelator molecule, dexrazoxane, currently represents
the unique FDA-approved cardioprotectant for patients treated with anthracyclines.
A less explored area of research concerns the impact of DOXO on cardiac metabolism. Recent
metabolomic studies highlight the possibility that cardiac metabolic alterations may critically
contribute to the development of DOXO cardiotoxicity. Among these, the impairment of
oxidative phosphorylation and the persistent activation of glycolysis, which are commonly
observed in response to DOXO treatment, may undermine the ability of cardiomyocytes tomeet
the energy demand, eventually leading to energetic failure. Moreover, increasing evidence
links DOXO cardiotoxicity to imbalanced insulin signaling and to cardiac insulin resistance.



Although anti-diabetic drugs, such as empagliflozin and metformin, have shown interesting
cardioprotective effects in vitro and in vivo in different models of heart failure, their
mechanism of action is unclear, and their use for the treatment of DOXO cardiotoxicity is still
unexplored.
This review article aims at summarizing current evidence of the metabolic derangements
induced by DOXO and at providing speculations on how key players of cardiac metabolism
could be pharmacologically targeted to prevent or cure DOXO cardiomyopathy.

Introduction

Doxorubicin (DOXO) is a highly effective chemothera-
peutic drug belonging to non-selective class I anthracy-
cline family [1], widely used for the treatment of several
cancers, such as solid tumors, acute leukemia, lympho-
mas, and breast cancer [2, 3]. However, its clinical use is
hampered by its cumulative and irreversible cardiotox-
icity, which leads tomyocardial dysfunctionmanifesting
as aberrant arrhythmias, ventricular dysfunction, and
congestive heart failure, even years after chemotherapy
cessation [4–6].

As the number of cancer survivors is steadily increas-
ing, the long-term side effects of DOXO administration
are becoming ever more apparent [7]. Despite the expo-
nential growth of the field of cardio-oncology in the last
decade, the molecular mechanisms underlying DOXO-
induced cardiotoxicity have not been fully elucidated yet
[8]. The finding that antioxidants fail to prevent DOXO-
induced cardiotoxicity has challenged the classical view
according to which oxidative stress is the main determi-
nant of the cardiac side effects of DOXO, suggesting the
involvement of additionalmechanisms [8, 9]. Among the
theories that have been proposed are mitochondrial dys-
function [10], DNAdamage [11], defects in iron handling
[10], apoptosis [12], and dysregulation of autophagy
[13–15].

Although the exact mechanism of DOXO cardiotoxic-
ity remains to be defined, mitochondrial damage and
accumulation of dysfunctional mitochondria have been
shown as key hallmarks of DOXO-induced cardiotoxic
effects [13]. Mitochondria constitute around 50% of the
cardiomyocyte volume and are vitally important for energy
generation. As DOXO accumulates in the inner mitochon-
drial membrane by binding cardiolipin, this perturbs mi-
tochondrial protein function and uncouples mitochondri-
al respiratory chain complexes, eventually impairing ATP

production [16]. Moreover, the ATP deficiency linked to
DOXO cardiotoxicity has been directly correlated to alter-
ations of mitochondrial energy metabolism and
bioenergetics.

The myocardium can fulfill the elevated metabolic
requests thanks to an incredible metabolic flexibility
according to which ATP can be generated starting from
a variety of energy substrates such as glucose, fatty acids,
and ketone bodies. Of note, build-up of each of these
carbon sources is associated with increased rates of car-
diovascular diseases [17], and, in general, metabolic
dysregulations play a critical role in the pathophysiology
of heart failure (HF) [18, 19].

The association between metabolic dysregulation
and cardiotoxicity has been demonstrated with different
cancer therapies, such as copanlisib in relapsed follicular
lymphoma [20], nilotinib in chronic myelogenous leu-
kemia [21, 22], and androgen deprivation (AD) in pros-
tate cancer [17], which were found associated to glucose
dysregulation and hyperglycemia, or increased choles-
terol level. Multiple studies have shown that AD therapy
consistently increase insulin resistance, total cholesterol,
and the rate of incident diabetes mellitus leading to
increased risk of myocardial infarction and sudden car-
diac death [23, 24]. However, less is known about the
cardiac metabolic dysregulations involved in DOXO
cardiotoxicity. Important clues come from a recent clin-
ical study conducted in breast cancer patients treated
with anthracyclines [25•], where a metabolite profiling
approach has been used to define the early metabolic
changes associated with the development of cardiotox-
icity. Patients who developed cardiotoxicity display
changes in citric acid and aconitic acid, along with an
increased level of purine and pyrimidine metabolites in
the plasma, that may be related to the systemic DNA
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damage induced by chemotherapy [25]. Of note, the
identification of early metabolic changes as well as the
measurement of circulating metabolites in the plasma
could provide insight into the mechanisms associated
with the development of DOXO cardiotoxicity.

In further support of the importance of exploring
metabolic changes linked to DOXO treatment, there is
growing evidence that drugs approved for the treatment
of metabolic diseases, such as diabetes, could protect
against anthracycline cardiotoxicity. Among them, two
anti-diabetic agents, metformin (MET) and empagliflo-
zin (EMPA), have shown promising results since, along
with their glucose-lowering effects, they protect against
the development of cardiometabolic diseases as well as
DOXO-related cardiotoxicity [26, 27]. Moreover,

empagliflozin, a SGLT2 inhibitor, exhibits protective
effects in DOXO-induced HF in mice without diabetes
[27•]. Taken together, these findings suggest that an
improved understanding of the mechanisms underlying
the regulation of cardiac metabolism in response to
DOXO treatment may lead to the identification of novel
pharmacological targets as well as the development of
new strategies to prevent the cardiotoxic effects of
DOXO in cancer patients.

Here, we focus on the description of the molecular
processes governing cardiac metabolism whose deregu-
lation has been linked to DOXO cardiotoxicity. More-
over, we discuss how the identification of key players of
cardiac metabolism may be instrumental to improve
and refine current therapeutic strategies.

DOXO cardiotoxicity and iron metabolism

Impairment of cellular ironmetabolism has been suggested as a main source of
reactive oxygen species (ROS) in DOXO-induced cardiotoxicity, a theory re-
ferred to as “ROS and iron hypothesis” [28, 29]. It has been demonstrated that
inside the cell DOXO is reduced to a cytotoxic semiquinone radical (SQ) that is
rapidly converted back to the original molecule usingO2 as an electron acceptor
[30, 31]. This process leads to superoxide formation that is detoxicated inH2O2,
either spontaneously or by superoxide dismutase activity (Fig.1). The cellular
pool of chelatable and redox-active iron, defined as labile iron pool (LIP),
strongly reacts with H2O2, generating ROS through Fenton reaction. Further-
more, LIP can directly interact with DOXO, creating DOXO-Fe complexes that
drive ROS production [32, 33]. In support of this evidence, it is reported that
DOXO interferes with mechanisms involved in cellular iron homeostasis. First,
DOXO modulates the mRNA maturation of transferrin receptor and ferritin,
through irreversible inactivation of the RNA-binding activity of iron regulatory
proteins 1 and 2 (IRP-1 and 2) (Fig. 1) [34, 35]. Moreover, DOXO disrupts the
cellular localization of iron, increasing iron/ferritin binding in the cytosol [36]
and reducing its release from cellular storages, such as mitochondria (Fig. 1)
[35]. In agreement, a mouse model of hereditary hemochromatosis (HH), in
which the lack of theHfe gene drives an aberrant iron accumulation in the heart
and other organs, is characterized by increased iron accumulation into mito-
chondria and high susceptibility to DOXO cardiotoxicity. Thus, in response to
DOXO treatment, the cytosolic iron concentration is maintained at physiolog-
ical levels through reduced mobilization of cellular storages and ferritin turn-
over, but its accumulation within mitochondria compromises mitochondrial
iron metabolism [10]. Ichikawa et al. demonstrated, both in vitro and in vivo,
that overexpression of the mitochondrial transporter ABCB8 facilitates the
efflux of iron frommitochondria, reduces ROS production, and protects against
DOXO-induced cardiotoxicity [10]. Iron accumulation into mitochondria has
been linked to ferroptosis, a recently described form of iron-dependent cell
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death, which is morphologically, biochemically, and genetically distinct from
apoptosis, necrosis, and autophagy. Ferroptosis is featured by mitochondria
iron accumulation and lipid peroxidation [37] and has been previously associ-
ated with other pathologies, such as cancer [38], stroke [39], and ischemia/
reperfusion injuries [40]. Fang and colleagues revealed for the first time the role
of ferroptosis in DOXO-induced cardiomyopathy. Mice defective for canonical
activators of necroptosis or apoptosis or both, Ripk3 −/−, Mlkl −/−, or Fadd
−/−Mlkl −/− respectively, showed typical hallmarks of ferroptosis in cardiomyo-
cytes after DOXO administration. This study demonstrates that ferroptosis is
triggered by heme oxygenase-1-mediated heme degradation through an Nrf2-
dependentmechanism that drastically induces iron overload intomitochondria
and ferroptosis activation [41].

Fig. 1. Metabolic changes induced by DOXO in cardiomyocytes. DOXO interferes with Fe2+ metabolism, leading to activation of
ferroptosis through ROS production, disruption of IRP-1 activity, and iron accumulation into mitochondria. These events are
hallmarks of mitochondrial dysfunction that leads to a block of fatty acid oxidation (FAO) and an increase in glycolysis, as a
consequence of AMPK inhibition. Acetyl-CoA carboxylase (ACC), a direct downstream target inhibited by AMPK, is overactivated and
catalyzes the formation of Malonyl-CoA, blocking FAO irreversibly. At the plasma membrane, DOXO promotes glucose uptake via
GLUT4 through insulin-mediated activation of AMPK and AKT2. In addition, DOXO increases the expression of GLUT1, an insulin-
independent glucose transporter, normally absent in the adult heart. Following the insulin desensitization induced by tumor-
secreted factors, AKT1 signaling is disrupted and promotes FOXO1 nuclear translocation, inducing the activation of the apoptotic
pathway through the expression of pro-apoptotic members of the Bcl-2 family. Finally, DOXO cardiotoxicity has been linked to
autophagy dysregulation. DOXO inhibits autophagy by activating mTOR or by blocking AMPK, resulting in accumulation of
undegraded autophagosomes and mitochondrial dysfunction with increased production of ROS. This figure was created with
BioRender.com.
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Strategies to reduce iron accumulation into mitochondria in response to
DOXO, using, for example, iron chelators, have been explored. Dexrazoxane is
the unique molecule approved by FDA for the treatment of DOXO cardiotox-
icity, for its dual activity as inhibitor of topoisomerase 2β (Top-2β) [42] and
iron chelator [41]. By limiting mitochondria iron accumulation in cardiomyo-
cytes [41•], dexrazoxane prevents the activation of apoptotic and ferroptotic
pathways. Nevertheless, several side effects have been linked to the use of
dexrazoxane, including the development of secondary malignancies, myelo-
suppression [43], and reduction of DOXO antitumoral efficacy as a conse-
quence of the inhibition of the topoisomerase 2 isoform expressed in cancer
cells, Top-2α [44, 45]. Nowadays, some of dexrazoxane-associated side effects
have been retracted [46, 47], and further studies elucidate that the cardiopro-
tective effect of dexrazoxane is mainly linked to its inhibition of Top-2β than its
iron-chelating property [48].

On the other hand, specific iron chelators, such as deferiprone [10], deferox-
amine [49], and deferasirox [50], failed to counteract DOXO-mediated cardio-
toxicity, probably due to their limited lipophilic properties and accessibility to
iron mitochondrial storage [51]. Instead, a mild protection against DOXO
toxicity has been documented with the small lipophilic iron chelator pyridoxal
isonicotinoyl hydrazone and its analogue [52]. Interestingly, the ferroptosis
inhibitor ferrostatin-1 has been proved to reduce iron-mediated lipid peroxida-
tion [53, 54]. Mice treated with ferrostatin-1 are protected against DOXO-
induced cardiotoxicity, suggesting the use of this molecule as a valid alternative
to dexrazoxane [41]. Overall, this evidence suggests that specific iron chelator
molecules fail to show a significant cardioprotective effect, likely because of
their inability to reach iron storage into mitochondria. In this scenario, the
inhibition of ferroptosis may represent a new promising approach to target one
of the multiple mechanisms driving DOXO cardiotoxicity.

Cardiac metabolic changes triggered by DOXO: a focus on fatty
acid oxidation and glycolysis

Cardiac metabolism is a highly sophisticated mechanism that in physiological
conditions uses fatty acids (FAs) as a major source for catabolic reactions while
switching to glycolysis in response to several pathological insults [18]. Despite
the glycolytic switch that represents an early compensatory event, persistent
glucose usage eventually turnsmaladaptive and leads to energetic failure, where
glycolysis and impaired mitochondrial function do not allow cardiomyocytes
to meet the cellular energy demand [55]. Studies with animal models have
shown that cardiac insulin resistance and metabolic modifications, such as
reducedmitochondrial oxidation of glucose, lactate, and fatty acids, are putative
early markers of heart stress [56]. In agreement, the inhibition of glucose uptake
consequent to insulin signaling desensitization has been identified as one of the
prevalent risk factors for HF, and disruption of physiological cardiac metabo-
lism adaptation has been associated with worse prognosis [57]. Despite these
observations, the use of insulin-sensitizing agents failed to show improvements
in patients and, on the contrary, has been associated with potential risk of
cardiac side effects [58]. In line with this evidence, Taegtmeyer and co-workers
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have proposed insulin resistance as a physiological adaptation to non-ischemic
heart damage, protecting cardiomyocytes from substrate overload in dysregu-
lated metabolic states [59]. Impairment of insulin signaling has been reported
to reduce glucose uptake and activate fatty acid oxidation in an AMPK-
dependent manner [60].

Similarly, cardiotoxic chemotherapeutic drugs have been shown to impair
intracellular mechanisms controlling cardiac metabolism [61•]. Specifically,
DOXO induces the systemic insulin resistance typical of type II diabetes, with
augmented serum triglyceride and blood glucose levels [62, 63], and, at the
same time, triggers massive cardiac glucose uptake [64, 65]. Furthermore,
DOXO has been demonstrated to affect gene expression involved in aerobic
fatty acid oxidation and anaerobic glycolysis (Fig. 1) [66].

A central role in this process is exerted by AMPK, themaster sensor of cellular
energy status, that acts as a “fuel gauge” [67]. AMPK triggers long-term catabolic
pathways that generate ATP, including fatty acid oxidation and glycolysis, while
downregulating processes that are dispensable for short-term cell survival, such
as the biosynthetic metabolism that rapidly consumes the ATP pool [68].
DOXO-mediated disruption of AMPK drives metabolic disarrangements and
cellular substrate overload [69]. Experimental evidence shows that DOXO-
induced AMPK inhibition increases glucose uptake after 2 weeks of treatment
[70], probably due to concomitant expression of GLUT1 [71], an insulin-
independent glucose transporter normally absent in the adult heart. Further-
more, Malonyl-CoA overproduction by acetyl coenzyme A carboxylase (ACC),
an enzyme directly inhibited by AMPK [72], irreversibly blocks FAO and
increases lipid synthesis and accumulation (Fig. 1) [73]. In agreement,
cardiomyocyte-specific overexpression of adipose triglyceride lipase limits FA
accumulation and shows a beneficial effect on cardiac function after DOXO
treatment [74].

Additionally, in response to cellular stress, AMPK inhibits the activity of
enzymes that reduce and consume ATP, such as creatine kinase [75]. DOXO
impairs the high-energy phosphate pool through direct inhibition of AMPK
[72] and creatine kinase (CK) system [76], reducing the phosphocreatine-to-
creatine (PCr/Cr), PCr-to-ATP (PCr/ATP), and ATP-to-ADP (ATP/ADP) ratios
[77]. In line with these observations, the recovery of AMPK activity exerts
beneficial effect on mitochondria, reducing oxidative stress and preserving
mitochondrial energy production [78].

The pivotal role of the AMPK pathway in the cardiac metabolic rearrange-
ments induced by DOXO has been recently confirmed in cardiomyocytes
derived from human-induced pluripotent stem cells (hi-PSCs), which have
been established as a powerful model for drug toxicity screening on cells
isolated from cancer patients under chemotherapy regimen [79••]. In these
cells, impairment of gene modulating cardiac metabolism is one of the main
effects of chemotherapeutic agents, including DOXO [80]. The use of specific
AMPK-inducing agents was proven effective in counteracting the bioenergetic
failure linked to the use of trastuzumab [80] and might be a new strategy to
counteract the development of cardiotoxicity during chemotherapy regimens.
Among these AMPK-restoring agents ismetformin, a hypoglycemic drug used to
treat patients with type 2 diabetes, which is known to trigger the AMPK pathway
in insulin-sensitive organs, such as the heart [81]. Notably, several studies have
reported the cardioprotective effects of metformin against DOXO-induced
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toxicity [26, 82, 83]. Furthermore, metformin also displays an AMPK-
dependent antitumoral activity [84], which makes this molecule a new prom-
ising agent to treat patients that suffer both HF and cancer.

Importantly, cancer and cardiovascular diseases are known to share several
risk factors, including aging, smoking, overweight, and physical inactivity, but
whether these two disease conditions are directly linked is still to be defined
[48, 85]. In this context, metabolic diseases have emerged as a common risk
factor for both cancer and heart failure [86–89]. Moreover, a clinical study has
reported that patients with comorbidities, such as diabetes, dyslipidemia, and
obesity, exhibit higher incidence of DOXO-related cardiotoxicity [9]. All these
indications suggest that metabolic diseases affect the clinical outcome of
patients subjected to DOXO treatment. In this context, insulin signaling plays
a fundamental role, in modulating both heart metabolism and cancer growth,
with AMPK being one of the main regulators.

In the following paragraph, we will describe how advanced cancer itself
dramatically interferes with the cardiac insulin pathway further exacerbating
drug-induced toxicity.

Insulin resistance at the crossroad of tumor growth and DOXO
cardiotoxicity

Metabolic diseases, such as obesity and diabetes, significantly increase the
incidence of HF in patients, where insulin resistance is a common risk factor.
Insulin desensitization occurring in this state drastically reduces the important
effects of insulin on cardiac tissue. Insulin receptor is widely expressed on the
surface of many cell types, including cardiomyocytes, where upon ligand bind-
ing and insulin receptor substrates (IRS) 1 and 2 are recruited. IRS1 more than
IRS2 is fundamental for regulation of the PI3K/Akt pathway and the MAP
kinase cascade, such as ERK, both involved in the control of metabolism and
cell survival [90]. Three members of the AKT family are known, AKT1, AKT2,
and AKT3, but how these isoforms differentially contribute to cardiac cell
function is not completely clear. It has been established that AKT1 is required
for cardiomyocyte survival, while AKT2 is essential for the modulation of genes
involved in cardiac metabolism. Indeed, AKT2 promotes glucose uptake
through the mobilization and fusion of GLUT4-containing vesicles to the
plasma membrane (Fig. 1) [90]. Despite the role of AKT during cardiac
stress condition is still debated, it is reported that short-term AKT
activation may exert cardioprotective effects, enhancing glycolysis and
reducing oxidative phosphorylation. Controversially, chronic and long-
term activity of AKT1 in the adult heart is associated with high risk of
cardiac complications and reduced mitochondrial functions. Following
insulin stimulation, AKT1 phosphorylates and blocks FOXO1 nuclear
translocation, inhibiting the expression of pro-apoptotic proteins belong-
ing to the Bcl-2 family (Fig. 1) [91]. FOXO1 has emerged as one of the
key players in chronic metabolic diseases, promoting hyperglycemia and
glucose intolerance [92]. In physiological conditions, pro-survival stimuli
was induced by insulin repress FOXO1 activity through PI3K/AKT1
pathway. Following stress stimuli, FOXO1 translocates in the nucleus
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and induces a negative feedback on insulin pathway through a JNK-
dependent mechanism that drastically reduces IRS-1 activity (Fig.1) [93].

Although the imbalance of insulin signaling has been extensively studied in
several models of obesity and type 2 diabetes, only a few studies have addressed
its role in DOXO-induced cardiotoxicity, and the underlying molecular mech-
anisms are still poorly understood. Recent studies demonstrate that aberrant
FOXO1 activity is responsible of DOXO-induced cardiotoxicity and its specific
pharmacological targeting has been shown to ameliorate the cardiac outcome
[94, 95].

In addition to chemotherapy, the tumor itself can negatively affect cardiac
insulin signaling. Interestingly, Thackeray et al. have reported that advanced
cancer contributes to the impairment of cardiac insulin signaling through
secretion of insulin-degrading enzymes, massive glucose adsorption, and re-
duced production of pancreatic insulin. In this scenario, other cancer-mediated
mechanisms, such as promotion of proteolysis by ubiquitin-proteasome and
autophagy-related lysosomal pathways, mitochondrial dysfunction, impair-
ment of catabolism and anabolism reactions, and release of the proinflamma-
tory cytokines such as IL-6 and TNF-α [96, 97], further contribute to increasing
the risk of heart failure development [91]. In agreement with the well-
established pro-survival role of insulin-stimulated AKT1 pathway in cardio-
myocytes, administration of low-dose insulin rescues cardiac function in
tumor-bearing mice by restoring AKT signaling and autophagy inhibition in
cardiomyocytes, without affecting cancer glucose uptake [98••]. Furthermore,
expression of a constitutively active form of AKT1 by adenoviral vector prevents
heart damage and protects mice from DOXO-induced cardiotoxicity [99],
suggesting that the lack of insulin-mediated AKT1 activation during cancer
progression could aggravate the cardiotoxicity induced by DOXO. In agree-
ment, previous report shows that insulin depletion is associated with increased
accumulation of DOXO into the heart and reduced cardiac function [100].

In addition to defective insulin signaling, the massive glucose uptake by the
tumor can deprive cardiac cells of a pivotal energetic source during stress
conditions [98]. Particularly, as described by Warburg in 1920, malignant cells
based their energy production on the use of glycolysis and generate lactate. This
metabolic adaptation, called “Warburg effect”, confers the ability to cancer cells
to survive in several stress conditions, including anaerobic environment of solid
tumor inner mass. In this scenario, the use of 2-deoxyglucose (2-DG), a glucose
analogue which blocks glycolysis, represent an interesting therapeutic strategy
to treat cancer. 2-DG is phosphorylated to 2-DG-6-P inside the cell by hexoki-
nase and cannot be further metabolized. It is thought that 2-DG-6-P competes
with glucose utilization into glycolysis and drastically reduces energy produc-
tion of cancer cells. Moreover, despite that 2-fluorodeoxy-D-glucose is a more
potent glycolysis inhibitor, themain effect of 2-DG is the inhibition of N-linked
glycosylation process, causing its high structural similarity to Mannose. The
block of oligosaccharide formation required for the assembling of structural
lipids andmaturation of glycoproteins has been observed to induce tumor cells’
death even in aerobic condition [101, 102]). Moreover, further studies were
conducted to investigate the combining of 2-DG with others antineoplastic
agents. In vivo evidence established that 2-DG co-treatment with adriamycin or
paclitaxel increased their antitumoral efficacy against osteosarcoma and non-
small cell lung cancers [103]. Previous work showed that caloric restriction
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treatment based on the administration of 2-DG prevents DOXO-mediated
cardiotoxicity through several mechanisms, including activation of AMPK-
dependent mechanism [104].

Of note, the targeted therapy with a 2-DG-based adriamycin complex
showed promising results, by specifically targeting tumor growth and, at the
same time, limiting the organ toxicity of anthracyclines in vivo [105]. Overall,
these findings suggest that the tumor itself negatively impacts on cardiac func-
tion through secreted factors that act in an endocrine manner and identify
dysregulation of the cardiac insulin pathway as a major mechanism whereby
the tumor negatively affects cardiac cell survival (Fig. 1).

Autophagy at the crossroad of metabolism and cell survival in
DOXO cardiotoxicity

Autophagy is a highly conserved process which is aimed to maintain cell and
tissue homeostasis, promoting the elimination of damaged and long-lived
organelles and misfolded proteins under both physiological and pathological
conditions [106, 13]. Importantly, autophagy plays an essential role in the
regulation of cellular metabolism, both in normal conditions and in the setting
of energy depletion, since it has been involved in the regulation and mobiliza-
tion of energy stores, such as lipids and glycogen [107]. Accumulating evidence
indicates that the cardiac side effects of DOXO may be closely related to a
dysregulation of autophagy signaling and an imbalance in cellular metabolism,
leading to intracellular Ca2+ accumulation, energy depletion, andmitochondri-
al dysfunction [108]. However, there is still controversy on whether DOXO
inhibits or activates autophagy and whether autophagy activation has a bene-
ficial or maladaptive role in this process [14].

Several studies have revealed that DOXO interferes with the initiation of the
autophagic process by modulating the two main regulatory pathways [109],
AMPK and mammalian target of rapamycin (mTOR). AMPK and mTOR pro-
mote and inhibit autophagy, respectively, by finely regulating the activity of the
autophagy activating kinase Ulk-1 (Fig. 1). AMPK is the main metabolic sensor
of the cell and is sensitive to changes in AMP:ATP ratio that is indicative of the
cellular energy state. In low energy state, activation of AMPK relieves mTOR-
inhibition of ULK1, leading to induction of autophagy [110]. Conversely, in the
presence of high levels of energy substrates, AMPK activity is antagonized by
mTOR which inhibits autophagy [111].

It has been shown that cardiac AMPK is inhibited in response to DOXO [72,
112]. Although the exact mechanism of such regulation remains elusive, r-
activation of AMPK has been proposed as a therapeutic strategy to counteract
DOXO-induced HF, and the cardioprotective effects of this approach have been
linked to reactivation of autophagy [113]. Importantly, promoting a negative
energy balance before DOXO treatment, i.e., via starvation or exercise, restores
AMPK signaling and autophagy and ultimately reduces DOXO-induced cardi-
otoxicity [114]. For instance, dietary restriction in rats treated with DOXO
modulates the ATP:AMP ratio inducing AMPK activation, increasing fatty acid
oxidation rates and ATP levels, and ultimately leads to improved cardiac
function [115]. In addition, AMPK activation, and the ensuing reduction in
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apoptosis and increase in autophagy, was further achieved in DOX-treated rat
neonatal cardiomyocytes with the caloric restriction mimetic 2-deoxyglucose
[104].

Mitochondrial dysfunction at the interplay of autophagy and metabolism
The exact link between autophagy andmetabolism regulation in the pathogenic
sequelae of DOXO cardiomyopathy is still to be defined. However, the prevail-
ing view is that DOXO-induced mitochondrial dysfunction and the ensuing
production of reactive oxygen species stand at the crossroad of these two cellular
processes. As a consequence of its accumulation within mitochondria, DOXO
uncouples mitochondrial respiratory chain complexes, eventually impairing
ATP production [16]. In keeping with this model, cardiomyocytes exposed to
DOXO exhibit low levels of ATP associated with dysregulation of autophagy
[116]. Thus, DOXO cardiotoxicity directly contributes to ATP deficiency, alter-
ing mitochondrial energy metabolism and bioenergetics [117], even though it
is still debated whether ATP deficiency is the trigger or the result of autophagy
deregulation.

Compelling evidence reveals that mitochondrial autophagy or mitophagy is
defective in models of DOXO-induced cardiotoxicity [118]. DOXO disrupts
cardiac mitochondrial autophagy by inhibiting lysosomal biogenesis and fu-
sion with autophagosomes, thus preventing proper digestion of damaged
mitochondria engulfed by autophagosomes [119, 120]. Recently, a compre-
hensive study by Abdullah et al. showed a direct association between autophagy
dysregulation and defects in mitochondrial respiration in the development of
DOXO-associated cardiomyopathy [118••]. In this study, both in vivo and
in vitro analyses showed that DOXO cardiotoxicity results in a gradual accu-
mulation of autophagosomes (Fig. 1); DOXO-induced autophagosome accu-
mulation, in turn, results in altered expression of proteins involved in the
regulation of mitochondrial dynamics and oxidative phosphorylation
(OXPHOS and PDH proteins) and in mitochondrial respiratory dysfunction
[118••]. Mitochondria isolated from both DOXO-treated hearts and intact
neonatal cardiomyocytes exposed to DOXO show decreased oxygen consump-
tion rate, indicating a suppression ofmitochondrial bioenergetics [118••]. Such
mitochondrial dysfunction could result from defects inmitochondrial substrate
uptake or in the activity of the entire TCA cycle, causing cardiomyocyte death by
ATP deprivation.

In agreement, another study reports that DOXO-treated cardiomyo-
cytes exhibit decreased levels of ATP which, in turn, activate autophagy
[121]. This study demonstrates that DOXO induces the production of 4-
hydroxynonenal (4-HNE), a product of lipid peroxidation which is toxic
to the heart and that mediates autophagy activation through lipid
peroxidation-derived aldehydes [121]. On the other hand, DOXO
reduces the expression of the mitochondrial aldehyde dehydrogenase
(ALDH2) [122], which has been shown to mediate cardioprotective
effects by reducing the production of 4-HNE and ROS [123, 124].
ALDH2 controls 4-HNE-induced autophagy via the regulation of
AMPK-Akt-mTOR-signaling pathway. The ALDH2 activator Alda-1 was
shown to prevent DOXO effects in neonatal cardiomyocytes, such as
downregulation of Akt phosphorylation and upregulation of autophagy
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proteins like Beclin-1, Atg5, and LC3-II [121]. In further support of a
link between ALDH2 and autophagy regulation in response to DOXO,
the autophagy inducer rapamycin could abolish the protective action of
Alda-1 against DOXO-induced cardiomyocyte dysfunction, whereas the
autophagy inhibitor 3-MA reduced DOXO cardiotoxicity [121]. A similar
study by Ge et al. demonstrated that ALDH2 knock-in mice treated with
DOXO had better cardiac function compared to DOXO-treated wild-type
mice [125]. Taken together, these results suggest that promoting ALDH2
expression and inhibition of 4-HNE-induced autophagy may be a plau-
sible approach to reduce DOXO-induced cardiac dysfunction.

Another possible link between mitochondrial metabolism dysfunction
and autophagy dysregulation in DOXO-induced cardiotoxicity could be
represented by intracellular calcium signaling [126, 127]. Decuypere
et al. reported intracellular Ca2+ as one of the regulators of autophagy
[128]. In healthy conditions, intracellular Ca2+ signaling suppresses
autophagy, while under stress conditions and low energy production
Ca2+ signaling is enhanced and stimulates autophagy. It has been
reported that DOXO perturbs the expression of Ca2+-handling proteins
and alters Ca2+ homeostasis, causing mitochondrial dysfunction and
apoptosis in the myocardium [126]. By disrupting Ca2+ handling,
DOXO dysregulates autophagy in human cardiac progenitor cells
(hCPCs), which are important regulators of myocardial homeostasis
[127]. In hCPCs, the cytotoxic effects of DOXO induce abnormal cyto-
solic Ca2+ accumulation which, in turn, disrupts mTOR-mediated regu-
lation of autophagy. Additionally, DOXO reduces the expression of the
autophagosome marker LC3 and of an anti-senescence marker, SMP30,
leading to reduced autophagosome formation and cellular viability,
respectively [127]. Accordingly, autophagy activation with the mTOR
inhibitor rapamycin rescues DOXO cardiotoxicity in hCPCs, with a
significant reduction in DOXO-mediated cytosolic Ca2+ accumulation
and restored autophagosome formation as well as SMP30 expression
[127].

Rapamycin has been also shown to alleviate the autophagic interruption
mediated by insulin-like growth factor II receptor α (IGF-IIRα) in DOXO-
treated H9c2 cells [129]. IGF-IIRα is a novel stress-inducible contributor to
cardiac damage which has been linked to DOXO-induced oxidative stress and
autophagy alteration [129]. Interestingly, IGF-IIRα overexpression in combina-
tion with DOXO treatment increases LC3 expression and perturbs autophago-
somal formation, impairing autophagy both in vitro in H9c2 cells and in vivo
in transgenic rat models [129].

Overall, these findings suggest that DOXO-mediated dysregulation of
autophagy drives mitochondrial dysfunction via different cytosolic and mito-
chondrial signaling axes and that restoring autophagy may be a valuable
therapeutic approach to target DOXO toxicity.

Metabolic agents as potential strategies to restore autophagy in DOXO cardiotoxicity
Currently, there are no specific treatments for DOXO cardiotoxicity, and
cancer patients experiencing cardiac issues are primarily treated with
standard heart failure medications, such as renin angiotensin system
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blockers and beta blockers. As discussed above, reactivation of AMPK
has been proposed as a therapeutic option to treat heart failure associ-
ated with different metabolic diseases. Intriguingly, the anti-diabetic
drug and AMPK activator, metformin, has been shown to improve
cardiac function in a diabetic OVE26 mouse model by increasing
autophagy activity [130]. Consistent with these findings, Zilinyi and
co-workers reported that co-administration of DOXO and metformin
increases autophagic activity and confers cardioprotection in a rat model
[26]. This study shows that metformin restores LC3 levels and induces
AMPK autophagy initiation, leading to improved cardiac function and
reduced DOXO cardiotoxicity [26].

Recently, new hypoglycemic drugs like SGLT2 inhibitors have been
shown to restore DOXO-mediated dysregulation of autophagy and to
improve cardiac function [131, 132•]. Among these, empagliflozin
(EMPA) has showed important cardioprotective effects in both diabetic
and non-diabetic in vivo models undergoing DOXO treatment [27].
Previous work with diabetic animal models treated with EMPA has led
to the hypothesis that EMPA prevents heart failure by improving ATP
generation and thereby enhancing cardiac efficiency [132•, 133]. Con-
sistently, Zucker diabetic fatty rats treated with EMPA show enhanced
cardiac autophagy via increased AMPK activation [132•]. Moreover,
EMPA enhances the cardiac energy pool by increasing cardiac energy
production from glucose and fatty acid oxidation, whereas it reduces
the cardiac content of sphingolipids and glycerophospholipids, major
factors contributing to insulin resistance-induced HF [132•]. Although
the effects of EMPA in DOXO-induced cardiotoxicity are still under
evaluation, preliminary results have shown improved cardiac function
in mice treated with EMPA [27]. Of note, EMPA showed a protective
effect against DOXO in H9C2 cells and in DOXO-treated mice [27].
From a mechanistic perspective, EMPA has been shown to increase
blood ketone levels, as beta hydroxybutyrate (βOHB) which, in turn,
improves cell viability and restores mitochondrial dysfunction, ulti-
mately reducing ROS generation and increasing intracellular ATP levels
in cardiomyocytes [27].

In conclusion, these observations unravel the possibility of repurposing
metabolic drugs to restore autophagy and mitochondrial metabolism to treat
or prevent DOXO cardiotoxicity.

The emerging role of gut microbiota-derived metabolites in
DOXO cardiotoxicity

Gut microbiota has been shown to be implicated in several cardiovas-
cular and metabolic diseases, such as atherosclerosis [134], dyslipidemia
[135], hypertension [136], chronic kidney disease [137], obesity [138],
type I [139] and type II [140] diabetes mellitus, as well as HF [141]. The
novel emerging approach of metagenomic has permitted to identify new
species of bacteria colonizing human gut that were not able to be
cultured in vitro [142] and allowed to compare the gut microbiota
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composition in patients with HF [141]. It is now well accepted that
microbiota-derived metabolites from dietary metabolism influence the
pathogenesis of cardiometabolic disorders [143]. These molecules are
secreted, degraded, or modified by different metabolic pathways active
in intestinal bacteria and can directly or indirectly affect the organism,
demonstrating how the gut microbiome can be considered a new and
independent endocrine organ in the host [144]. Among the most impor-
tant metabolites produced by gut microbiota, short chain fatty acids including
acetate, propionate, and butyrate have shown an interesting effect on cardiac
function in animal models [145]. The cardioprotective effects of butyrate are
primarily linked to its epigenetic action since it functions as a potent HDAC
inhibitor, and HDAC inhibitors are known to protect the heart from maladap-
tive hypertrophy and ischemic injuries [146–149]. Furthermore, many studies
conducted by Raphaeli and colleagues have elucidated the dual activity of
butyrate and its prodrugs which, on the one hand, synergize the antitumoral
activity of DOXO in cancer models and, on the other hand, protect the cardi-
omyocytes against DOXO-induced cardiotoxicity [150–152]. Recently, it has
been demonstrated for the first time that in vivo oral administration of FBA, a
novel synthetic derivative of butyrate, is able to protect the heart from DOXO-
induced cardiotoxicity, preventingmitochondrial dysfunction [153•]. Thus, the
use of GUT-microbiota-derived metabolite as nutraceutical may represent a
new promising therapeutic approach for DOXO cardiotoxicity.

Conclusion and future perspectives

The impact of major anticancer treatments on cardiac metabolism has long
been ignored and only recently has started to be investigated. The emerging
view is that cardiac metabolic alterations may be used not only as early
markers of iatrogenic cardiac injury but also as targets for pharmacological
interventions aimed at restraining the late-onset and chronic cardiotoxicity
associated to the use of anthracyclines. In this scenario, repurposing meta-
bolic drugs for the treatment of cardiotoxicity represents an intriguing ap-
proach. The new anti-diabetic drug empagliflozin has proven effective in
reducing glucose blood levels and, at the same time, rescuing heart function.
However, despite these promising cues, the molecular mechanisms behind
the cardioprotective effects of empagliflozin are still mysterious since the
putative molecular target of the drug, the sodium-glucose co-transporter-2, is
not expressed in cardiomyocytes. Other molecules employed for the treat-
ment of metabolic disorder, such as rosiglitazone, exhibited controversial
clinical results [58], thus highlighting the need of further work to clarify
these inconsistencies. On the other hand, compelling evidence is available in
support of the use of metformin, especially given its dual ability to modu-
late cardiac metabolism on the one side and to induce cancer cell death in
an AMPK-dependent manner on the other side. In perspective, the identifi-
cation of new and previously undescribed players specifically involved in the
metabolic adaptations induced by anthracyclines will pave the way towards
the design of new therapeutics that may prevent cardiotoxicity without
affecting the antineoplastic proprieties of the drug.
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�ďƐƚƌĂĐƚ�

^ŝŐŶŝĨŝĐĂŶĐĞ͗�dŚĞ�ĐĂƌĚŝĂĐ�ƐŝĚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ŚĞŵĂƚŽůŽŐŝĐĂů�ƚƌĞĂƚŵĞŶƚƐ�ĂƌĞ�Ă�ŵĂũŽƌ�ŝƐƐƵĞ�ŽĨ�ƚŚĞ�

ŐƌŽǁŝŶŐ� ƉŽƉƵůĂƚŝŽŶ� ŽĨ� ĐĂŶĐĞƌ� ƐƵƌǀŝǀŽƌƐ͕� ŽĨƚĞŶ� ĂĨĨĞĐƚŝŶŐ� ƉĂƚŝĞŶƚ� ƐƵƌǀŝǀĂů� ĞǀĞŶ�ŵŽƌĞ� ƚŚĂŶ�

ƚŚĞ� ƚƵŵŽƌ� ĨŽƌ�ǁŚŝĐŚ� ƚŚĞ� ƚƌĞĂƚŵĞŶƚ�ǁĂƐ� ŝŶŝƚŝĂůůǇ�ƉƌĞƐĐƌŝďĞĚ͘��ŵŽŶŐ� ƚŚĞ�ŵŽƐƚ� ĐĂƌĚŝŽƚŽǆŝĐ�

ĚƌƵŐƐ�ĂƌĞ�ĂŶƚŚƌĂĐǇĐůŝŶĞƐ͕�ŚŝŐŚůǇ�ƉŽƚĞŶƚ�ĂŶƚŝͲƚƵŵŽƌ�ĂŐĞŶƚƐ͕�ǁŚŝĐŚ�Ɛƚŝůů�ƌĞƉƌĞƐĞŶƚ�Ă�ŵĂŝŶƐƚĂǇ�

ŝŶ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ŚĞŵĂƚŽůŽŐŝĐĂů�ĂŶĚ�ƐŽůŝĚ�ƚƵŵŽƌƐ͘�hŶĨŽƌƚƵŶĂƚĞůǇ͕�ĚŝĂŐŶŽƐŝƐ͕�ƉƌĞǀĞŶƚŝŽŶ�

ĂŶĚ� ƚƌĞĂƚŵĞŶƚ� ŽĨ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ĂƌĞ� Ɛƚŝůů� ƵŶŵĞƚ� ĐůŝŶŝĐĂů� ŶĞĞĚƐ� ǁŚŝĐŚ� ĐĂůů� ĨŽƌ� Ă� ďĞƚƚĞƌ�

ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ŵŽůĞĐƵůĂƌ�ŵĞĐŚĂŶŝƐŵ�ďĞŚŝŶĚ�ƚŚĞ�ƉĂƚŚŽůŽŐǇ͘����

ZĞĐĞŶƚ��ĚǀĂŶĐĞƐ͗�dŚŝƐ�ƌĞǀŝĞǁ�ĂƌƚŝĐůĞ�ǁŝůů�ĚŝƐĐƵƐƐ�ƌĞĐĞŶƚ�ĨŝŶĚŝŶŐƐ�ŽŶ�ƚŚĞ�ƉĂƚŚŽŵĞĐŚĂŶŝƐŵƐ�

ƵŶĚĞƌůǇŝŶŐ� ƚŚĞ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŽĨ� ĂŶƚŚƌĂĐǇĐůŝŶĞƐ͕� ƐƉĂŶŶŝŶŐ� ĨƌŽŵ� �E�� ĂŶĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů�

ĚĂŵĂŐĞ�ƚŽ�ĐĂůĐŝƵŵ�ŚŽŵĞŽƐƚĂƐŝƐ͕�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ͘�^ƉĞĐŝĂů�ĞŵƉŚĂƐŝƐ�ǁŝůů�ďĞ�ŐŝǀĞŶ�

ƚŽ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƌĞĂĐƚŝǀĞ�ŽǆǇŐĞŶ�ƐƉĞĐŝĞƐ�ĂŶĚ�ƚŚĞŝƌ�ŝŶƚĞƌƉůĂǇ�ǁŝƚŚ�ŵĂũŽƌ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇƐ͘��

�ƌŝƚŝĐĂů�/ƐƐƵĞƐ͗��ůƚŚŽƵŐŚ�ŶĞǁ�ƉƌŽŵŝƐŝŶŐ�ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚƐ�ĂŶĚ�ŶĞǁ�ĚƌƵŐƐ�ŚĂǀĞ�ƐƚĂƌƚĞĚ�ƚŽ�

ďĞ� ŝĚĞŶƚŝĨŝĞĚ͕� ƚŚĞŝƌ� ĞĨĨŝĐĂĐǇ� ŚĂƐ� ďĞĞŶ� ŵĂŝŶůǇ� ƉƌŽǀĞŶ� ŝŶ� ƉƌĞĐůŝŶŝĐĂů� ƐƚƵĚŝĞƐ� ĂŶĚ� ƌĞƋƵŝƌĞƐ�

ĐůŝŶŝĐĂů�ǀĂůŝĚĂƚŝŽŶ͘�

&ƵƚƵƌĞ� �ŝƌĞĐƚŝŽŶƐ͗� &ƵƚƵƌĞ� ƐƚƵĚŝĞƐ� ĂƌĞ� ĂǁĂŝƚĞĚ� ƚŽ� ĐŽŶĨŝƌŵ� ƚŚĞ� ƌĞůĞǀĂŶĐĞ� ŽĨ� ƌĞĐĞŶƚůǇ�

ƵŶĐŽǀĞƌĞĚ� ƚĂƌŐĞƚƐ͕� ĂƐ� ǁĞůů� ĂƐ� ŝĚĞŶƚŝĨǇŝŶŐ� ŶĞǁ� ĚƌƵŐŐĂďůĞ� ƉĂƚŚǁĂǇƐ͕� ŝŶ� ŵŽƌĞ� ĐůŝŶŝĐĂůůǇ�

ƌĞůĞǀĂŶƚ� ŵŽĚĞůƐ͕� ŝŶĐůƵĚŝŶŐ� ĨŽƌ� ĞǆĂŵƉůĞ� ŚƵŵĂŶ� ŝŶĚƵĐĞĚ� ƉůƵƌŝƉŽƚĞŶƚ� ƐƚĞŵ� ĐĞůůͲĚĞƌŝǀĞĚ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�
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/ŶƚƌŽĚƵĐƚŝŽŶ�

/Ŷ�ƚŚĞ� ůĂƐƚ�ϮϬ�ǇĞĂƌƐ͕�ŵĂũŽƌ�ĂĚǀĂŶĐĞƐ� ŝŶ�ŽŶĐŽůŽŐŝĐĂů� ƚƌĞĂƚŵĞŶƚƐ�ŚĂǀĞ�ƐŝŐŶŝĨŝĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�

ĐĂŶĐĞƌ�ĚĞĂƚŚ�ƌĂƚĞƐ͕�ďƵƚ�ĐŽŶĐŽŵŝƚĂŶƚůǇ�ŚŝŐŚůŝŐŚƚĞĚ�ĐĂƌĚŝĂĐ�ĚŝƐĞĂƐĞ�ĂƐ�ƚŚĞ�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�

ŵŽƌďŝĚŝƚǇ� ĂŶĚ� ƉƌĞŵĂƚƵƌĞ� ŵŽƌƚĂůŝƚǇ� ĂŵŽŶŐ� ĐĂŶĐĞƌ� ƐƵƌǀŝǀŽƌƐ͘� dŚŝƐ� ŝƐ� Ă� ĐƌŝƚŝĐĂů� ŝƐƐƵĞ͕�

ĞƐƉĞĐŝĂůůǇ�ĨŽƌ�ƉĂƚŝĞŶƚƐ�ǁŚŽ�ĂƌĞ�ŽĨƚĞŶ�ĚŝĂŐŶŽƐĞĚ�Ăƚ�ǇŽƵŶŐ�ĂŐĞ͕�ůŝŬĞ�ůǇŵƉŚŽŵĂ�ĂŶĚ�ůĞƵŬĞŵŝĂ�

ƉĂƚŝĞŶƚƐ͕� ĂŶĚ� ĂƌĞ� ĐŽŵŵŽŶůǇ� ƚƌĞĂƚĞĚ� ǁŝƚŚ� ŚŝŐŚůǇ� ĐĂƌĚŝŽƚŽǆŝĐ� ĚƌƵŐƐ� ůŝŬĞ� ĂŶƚŚƌĂĐǇĐůŝŶĞƐ�

;�EdƐͿ͘� �EdƐ� ĂƌĞ� ƉŽƚĞŶƚ� ĂŶƚŝĐĂŶĐĞƌ� ĂŐĞŶƚƐ� ƚŚĂƚ� ŶŽƚ� ŽŶůǇ� Ŭŝůů� ƚƌĂŶƐĨŽƌŵĞĚ� ĐĞůůƐ͕� ďƵƚ�

ƐŝŐŶŝĨŝĐĂŶƚůǇ�ĚĂŵĂŐĞ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƚŚĂƚ͕�ƵŶĂďůĞ�ƚŽ�ƌĞŐĞŶĞƌĂƚĞ͕�ĐĂƌƌǇ�ůŝĨĞͲůŽŶŐ�ĂůƚĞƌĂƚŝŽŶƐ�

ĐƵůŵŝŶĂƚŝŶŐ� ŝŶ� ŚĞĂƌƚ� ĨĂŝůƵƌĞ͘� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ĐŽŵŵŽŶůǇ� ŽĐĐƵƌƐ� ǁĞůů� ĂĨƚĞƌ� ĐĂŶĐĞƌ�

ƌĞŵŝƐƐŝŽŶ͕� ĂŶĚ� ŝƐ� ŐĞŶĞƌĂůůǇ� ŝƌƌĞǀĞƌƐŝďůĞ� ĂŶĚ� ƌĞĨƌĂĐƚŽƌǇ� ƚŽ� ƐƚĂŶĚĂƌĚ� ŚĞĂƌƚ� ĨĂŝůƵƌĞ�

ƉŚĂƌŵĂĐŽƚŚĞƌĂƉǇ͕�ůĞĂĚŝŶŐ�ƚŽ�Ă�ƉŽŽƌ�ƉƌŽŐŶŽƐŝƐ�;ϰϬ͕�ϭϰϬͿ͘�

�ĂƌůǇ� ĚŝĂŐŶŽƐŝƐ� ŽĨ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ďĞĨŽƌĞ� ŽǀĞƌƚ� ĐĂƌĚŝĂĐ� ĚĞƚĞƌŝŽƌĂƚŝŽŶ� ŽĐĐƵƌƐ͕� ŝ͘Ğ͘�ǁŚĞŶ� ƚŚĞ�

ĚŝƐĞĂƐĞ� ŝƐ� Ɛƚŝůů� ŝŶ�Ă� ƌĞǀĞƌƐŝďůĞ�ĂŶĚ� ƚƌĞĂƚĂďůĞ�ƉŚĂƐĞ͕�ĐƵƌƌĞŶƚůǇ� ƌĞƉƌĞƐĞŶƚƐ�ĂŶ�ƵŶŵĞƚ�ĐůŝŶŝĐĂů�

ŶĞĞĚ͘�^ŝŵŝůĂƌůǇ͕� ƚƌĞĂƚŵĞŶƚ�ŽƉƚŝŽŶƐ� ĨŽƌ�ƉĂƚŝĞŶƚƐ�ĚŝĂŐŶŽƐĞĚ�ǁŝƚŚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĂƌĞ� ůŝŵŝƚĞĚ͕�

ƐŝŶĐĞ�ƐŵĂůů�ƚƌŝĂůƐ�ŚĂǀĞ�ƐŚŽǁŶ�ŽŶůǇ�ŵŽĚĞƐƚ�ĞĨĨŝĐĂĐǇ�ŽĨ�ƐƚĂŶĚĂƌĚ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ƚƌĞĂƚŵĞŶƚƐ�ŝŶ�

ƉĂƚŝĞŶƚƐ� ǁŝƚŚ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� �ŶƚŝŽǆŝĚĂŶƚƐ� ƌĞǀĞĂůĞĚ� ƚŽ� ďĞ� ĞƋƵĂůůǇ� ŝŶĞĨĨĞĐƚŝǀĞ͕� ƚŚƵƐ�

ĐŚĂůůĞŶŐŝŶŐ�ƚŚĞ�ĐůĂƐƐŝĐĂů�ǀŝĞǁ�ŝŶ�ǁŚŝĐŚ�ƌĞĂĐƚŝǀĞ�ŽǆǇŐĞŶ�ƐƉĞĐŝĞƐ�;ZK^Ϳ�ĂƌĞ�ƚŚĞ�ŵĂũŽƌ�ĐƵůƉƌŝƚƐ�

ŽĨ�ƚŚĞ�ĐĂƌĚŝĂĐ�ƐŝĚĞ�ĞĨĨĞĐƚƐ�ŽĨ��EdƐ�;ϭϮϳͿ͘�/Ŷ�ƚŚĞ�ůĂƐƚ�ƚĞŶ�ǇĞĂƌƐ͕�ƚŚĞ�ĨŝĞůĚ�ŽĨ��ĂƌĚŝŽͲKŶĐŽůŽŐǇ�

ŚĂƐ�ŐƌŽǁŶ�ĞǆƉŽŶĞŶƚŝĂůůǇ�ĂŶĚ�ŚĂƐ�ůĞĚ�ƚŽ�ƚŚĞ�ĂǁĂƌĞŶĞƐƐ�ƚŚĂƚ�ƚŚĞ�ƐĐĞŶĂƌŝŽ�ŽĨ�ƚŚĞ�ŵŽůĞĐƵůĂƌ�

ŵĞĐŚĂŶŝƐŵƐ�ďĞŚŝŶĚ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŝƐ�ŵŽƌĞ�ĐŽŵƉůĞǆ� ƚŚĂŶ�ƉƌĞǀŝŽƵƐůǇ�ĂŶƚŝĐŝƉĂƚĞĚ͕�ĂŶĚ�

ŶŽƚ�ũƵƐƚ�ĐĞŶƚĞƌĞĚ�ĂƌŽƵŶĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�ZK^�;ϭϮϮͿ͘��

dŚĞ� ƐĐŽƉĞ�ŽĨ� ƚŚŝƐ� ƌĞǀŝĞǁ� ĂƌƚŝĐůĞ� ŝƐ� ƚŽ� ƉƌŽǀŝĚĞ� Ă� ĐŽŵƉƌĞŚĞŶƐŝǀĞ� ĚĞƐĐƌŝƉƚŝŽŶ� ŽĨ� ƚŚĞ�ŵĂũŽƌ�

ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇƐ� ƚŚĂƚ� ĂƌĞ� ĂĨĨĞĐƚĞĚ� ďǇ� �EdƐ� ǁŝƚŚŝŶ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĂŶĚ� ǁŚŽƐĞ�

ĚĞƌĞŐƵůĂƚŝŽŶ�ŚĂƐ�ďĞĞŶ�ĐĂƵƐĂůůǇ� ůŝŶŬĞĚ� ƚŽ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�dŚĞ� ƌŽůĞ�ŽĨ�ZK^�ĂƐ� ƐŝŐŶĂůŝŶŐ�

ŝŶƚĞƌŵĞĚŝĂƚĞƐ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ǁŝůů�ďĞ�ĞŵƉŚĂƐŝǌĞĚ͘��

ϭ͘��E��ĚĂŵĂŐĞ�Ăƚ�ƚŚĞ�ŝŶƚĞƌƉůĂǇ�ŽĨ�ZK^͕�ĂƉŽƉƚŽƐŝƐ�ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚǇƐĨƵŶĐƚŝŽŶ�

dŚĞ�ĂŶƚŝŶĞŽƉůĂƐƚŝĐ�ĂĐƚŝŽŶ�ŽĨ��EdƐ�ŝƐ�ůŝŶŬĞĚ�ƚŽ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�ŝŶĚƵĐĞ��E��ĚĂŵĂŐĞ͕�ƚŚƌŽƵŐŚ�

ďŽƚŚ� ĚŝƌĞĐƚ� ĂŶĚ� ŝŶĚŝƌĞĐƚ� ŵĞĐŚĂŶŝƐŵƐ͕� ƉƌĞĚŽŵŝŶĂŶƚůǇ� ŝŶ� ƉƌŽůŝĨĞƌĂƚŝŶŐ� ĐĞůůƐ� ŝŶ� ^Ͳ� ĂŶĚ� 'ϮͲ

ƉŚĂƐĞ͘� KŶ� ŽŶĞ� ƐŝĚĞ͕� �EdƐ� ŝŶƚĞƌĐĂůĂƚĞ� ŝŶƚŽ� �E�͕� ĂŶĚ� ĨŽƌŵ� ďƵůŬǇ� ĂĚĚƵĐƚƐ� ĂƐ� ǁĞůů� ĂƐ�

ĐƌŽƐƐůŝŶŬƐ� ƚŚĂƚ� ŝŶƚĞƌĨĞƌĞ�ǁŝƚŚ��E�� ƌĞƉůŝĐĂƚŝŽŶ�ĂŶĚ� ƚƌĂŶƐĐƌŝƉƚŝŽŶ͘�KŶ� ƚŚĞ�ŽƚŚĞƌ� ƐŝĚĞ͕��EdƐ�

ĐĂŶ� ĚĂŵĂŐĞ� �E�� ďǇ� ŝŶĐƌĞĂƐŝŶŐ� ƚŚĞ� ƉƌŽĚƵĐƚŝŽŶ� ŽĨ� ZK^͕� ƚŚĂƚ� ŝŶ� ƚƵƌŶ� ůĞĂĚ� ƚŽ� ŽǆŝĚŝǌĞĚ�
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Ĩ͘�

ŶƵĐůĞŽƚŝĚĞƐ͕�ďĂƐĞ�ŵŝƐŵĂƚĐŚĞƐ͕�ƉŽŝŶƚ�ŵƵƚĂƚŝŽŶƐ�ĂŶĚ��E��ƐŝŶŐůĞ�ƐƚƌĂŶĚ�ďƌĞĂŬƐ͘�>ĂƐƚ͕��EdƐ�

ŝŶƚĞƌĨĞƌĞ� ĚŝƌĞĐƚůǇ�ǁŝƚŚ� �E�� ŚĞůŝĐĂƐĞ� ĂĐƚŝǀŝƚǇ� ĂŶĚ� ƚŚĞ� ĞŶƐƵŝŶŐ� �E�� ƐƚƌĂŶĚ� ƐĞƉĂƌĂƚŝŽŶ͕� ĂƐ�

ǁĞůů� ĂƐ� ǁŝƚŚ� ƚǇƉĞ� Ϯ� ƚŽƉŽŝƐŽŵĞƌĂƐĞƐ� ;dŽƉϮͿ� ĂŶĚ� �E�� ƵŶǁŝŶĚŝŶŐ͘� dŚĞ� ƌĞůĞǀĂŶĐĞ� ŽĨ� dŽƉϮ�

ƉŽŝƐŽŶŝŶŐ�ďǇ��EdƐ�ƌĞĐĞŶƚůǇ�ĞŵĞƌŐĞĚ�ĂƐ�Ă�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�ƐŽ�ƚŚĂƚ�dŽƉϮ�ĂŶĚ�

ƚŚĞ�ŝŶƚĞƌƚǁŝŶĞĚ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƚŝĨŝĞĚ�ĂƐ�ƉƌŽŵŝƐŝŶŐ�ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚƐ͘�

KŶ� ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕� ƚŚĞ� ƌŽůĞ�ŽĨ�ZK^�ŚĂƐ�ďĞĞŶ� ƌĞĐŽŶƐŝĚĞƌĞĚ͘��ůďĞŝƚ� ŝŶŝƚŝĂůůǇ� ĐŽŶƐŝĚĞƌĞĚ�ĂƐ�

ƚŚĞ� ƚƌŝŐŐĞƌŝŶŐ� ĞǀĞŶƚ� ŽĨ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ;ƚŚĞ� ƐŽͲĐĂůůĞĚ� ZK^ͲĚƌŝǀĞŶ� ŚǇƉŽƚŚĞƐŝƐͿ͕� ŽǆŝĚĂƚŝǀĞ�

ƐƚƌĞƐƐ� ŝƐ� ŶŽǁ� ƌĞĐŽŐŶŝǌĞĚ� ĂƐ� Ă� ƐĞĐŽŶĚĂƌǇ� ĞǀĞŶƚ͕� ĂƐƐŽĐŝĂƚĞĚ� ƚŽ� ŶƵĐůĞĂƌ� ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�

�E��ĚĂŵĂŐĞ��;ϭϮϲͿ͘�

ϭ͘ϭ͘�dŚĞ�ZK^ͲĚƌŝǀĞŶ�ŚǇƉŽƚŚĞƐŝƐ�

dŚĞ� ƐƵƐĐĞƉƚŝďŝůŝƚǇ� ŽĨ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ƚŽ� ZK^ͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ� ŝƐ� ƌĞůĂƚĞĚ� ƚŽ� ƚŚĞŝƌ� ůŝŵŝƚĞĚ�

ĂŶƚŝŽǆŝĚĂŶƚ� ƌĞƐŽƵƌĐĞƐ͘� �Ɛ� Ă� ĐŽŶƐĞƋƵĞŶĐĞ� ŽĨ� ƚŚĞŝƌ� ƉƌĞǀĂůĞŶƚ� ŽǆŝĚĂƚŝǀĞ� ŵĞƚĂďŽůŝƐŵ͕� ƚŚĞ�

ĂŶƚŝŽǆŝĚĂŶƚ� ƐǇƐƚĞŵƐ� ŽĨ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĂƌĞ� ĂůŵŽƐƚ� ĐŽŵƉůĞƚĞůǇ� ƐĂƚƵƌĂƚĞĚ� Ăƚ� ƐƚĞĂĚǇ� ƐƚĂƚĞ�

;ϯϲͿ�ĂŶĚ�ĂŶǇ�ĨƵƌƚŚĞƌ�ƐŽƵƌĐĞ�ŽĨ�ZK^͕�ůŝŬĞ��EdƐ͕�ĐĂŶ�ĞǆŚĂƵƐƚ�ƚŚĞŝƌ�ĂŶƚŝŽǆŝĚĂŶƚ�ĐĂƉĂĐŝƚǇ�ŵŽƌĞ�

ƌĂƉŝĚůǇ�ƚŚĂŶ�ŝŶ�ĂŶǇ�ŽƚŚĞƌ�ĐĞůů�ƚǇƉĞ͘��EdƐ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ZK^�ŐĞŶĞƌĂƚŝŽŶ͕�ƐŝŶĐĞ�ƚŚĞǇ�ĂƌĞ�

ƌĞĚƵĐƚŝǀĞůǇ� ĂĐƚŝǀĂƚĞĚ� ƚŽ� Ă� ƐĞŵŝƋƵŝŶŽŶĞ� ƌĂĚŝĐĂů͘� dŚŝƐ͕� ŝŶ� ƚƵƌŶ͕� ƵŶĚĞƌŐŽĞƐ� ƌĞĚŽǆ� ĐǇĐůŝŶŐ͕�

ƚŚĞƌĞďǇ�ƉƌŽĚƵĐŝŶŐ�ƐƵƉĞƌŽǆŝĚĞ�;KϮоͿ�ĂŶĚ�ŚǇĚƌŽŐĞŶ�ƉĞƌŽǆŝĚĞ�;,ϮKϮͿ͘���ĨƵƌƚŚĞƌ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�

�EdͲŵĞĚŝĂƚĞĚ�ZK^�ƉƌŽĚƵĐƚŝŽŶ�ŝŶǀŽůǀĞƐ�ŝƌŽŶ͘�/Ŷ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŝƌŽŶ͕��EdƐ�ĐĂŶ�ĨŽƌŵ�&ĞϯнͲ

ĂŶƚŚƌĂĐǇĐůŝŶĞ�ĐŽŵƉůĞǆĞƐ͕�ǁŚŝĐŚ�ĐĂƚĂůǇǌĞ�ƚŚĞ�&ĞŶƚŽŶ͛Ɛ�ƌĞĂĐƚŝŽŶ͕�ǁŚĞƌĞ�,ϮKϮ�ŝƐ�ĐŽŶǀĞƌƚĞĚ�ƚŽ�

ǀĂƌŝŽƵƐ� ZK^� ƐƉĞĐŝĞƐ͕� ŝŶĐůƵĚŝŶŐ� ƚŚĞ� ĐǇƚŽƚŽǆŝĐ� ŚǇĚƌŽǆǇů� ƌĂĚŝĐĂůƐ� ;K,оͿ� ;ϭϮϭ͕� ϮϮͿ� ;&ŝŐƵƌĞ� ϭͿ͘�

dŚĞ�ĞŶƐƵŝŶŐ�ŵĂƐƐŝǀĞ�ZK^�ŐĞŶĞƌĂƚŝŽŶ�ƵůƚŝŵĂƚĞůǇ�ůĞĂĚƐ�ƚŽ�ĐĂƌĚŝĂĐ�ĐĞůů�ĚĞĂƚŚ�;ϭϳ͕�ϭϭϱͿ͘�

�ůďĞŝƚ�ZK^�ŚĂǀĞ�ůŽŶŐ�ďĞĞŶ�ƌĞĐŽŐŶŝǌĞĚ�ĂƐ�ƉŝǀŽƚĂů�ŵĞĚŝĂƚŽƌƐ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�ƚŚĞ�ŝŶŝƚŝĂů�

ZK^ͲĚƌŝǀĞŶ�ŚǇƉŽƚŚĞƐŝƐ�ŚĂƐ�ďĞĞŶ�ĐŚĂůůĞŶŐĞĚ�ďǇ�Ă�ƐĞƌŝĞƐ�ŽĨ�ƐƚƵĚŝĞƐ�ƐŚŽǁŝŶŐ�ŵŽĚĞƐƚ�ĞĨĨĞĐƚƐ�

ŽĨ� ZK^� ƐĐĂǀĞŶŐĞƌƐ� ĂŶĚ� ŝƌŽŶ� ĐŚĞůĂƚŽƌƐ� ŝŶ� ƉƌĞǀĞŶƚŝŶŐ� �Ed� ĐĂƌĚŝĂĐ� ƐŝĚĞ� ĞĨĨĞĐƚƐ� ŝŶ� ĐŚƌŽŶŝĐ�

ƐĞƚƚŝŶŐƐ͘�/ŵƉŽƌƚĂŶƚůǇ͕�EͲĂĐĞƚǇů�ĐǇƐƚĞŝŶĞ�Žƌ�ĐŽŵďŝŶĂƚŝŽŶƐ�ŽĨ�ĂŶƚŝŽǆŝĚĂŶƚƐ�ŚĂǀĞ�ďĞĞŶ�ƚĞƐƚĞĚ͕�

ǁŝƚŚ� ǀĂƌŝĂďůĞ� ŽƵƚĐŽŵĞƐ͕� ďƵƚ� ĚŝĚ� ŶŽƚ� ƉƌŽƚĞĐƚ� ƉĂƚŝĞŶƚƐ� ĨƌŽŵ� �EdƐ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ;ϭϭϰͿ͘�

/ŶƚƌŝŐƵŝŶŐůǇ͕� ŶŽŶĞ� ŚĂƐ� ŵĂƚĐŚĞĚ� ƚŚĞ� ĞĨĨĞĐƚŝǀĞŶĞƐƐ� ŽĨ� �ĞǆƌĂǌŽǆĂŶĞ� ;/�Z&Ͳϭϴϳ� Žƌ� �yZͿ͕� Ă�

ďŝƐĚŝŽǆŽƉŝƉĞƌĂǌŝŶĞ� ĂŐĞŶƚ� ƐƚƌƵĐƚƵƌĂůůǇ� ƌĞůĂƚĞĚ� ƚŽ� ��d�� ďƵƚ� ǁŝƚŚ� ŵŽƌĞ� ƉŽƚĞŶƚ�

ĐŚĞůĂƚŝŶŐͬĂŶƚŝŽǆŝĚĂŶƚ� ĂĐƚŝǀŝƚŝĞƐ� ;ϭϭϴͿ͘� dŚŝƐ� ĨŝŶĚŝŶŐ� ůĞĚ� ƚŽ� ƚŚĞ� ŚǇƉŽƚŚĞƐŝƐ� ƚŚĂƚ� ƚŚĞ�

ŵĞĐŚĂŶŝƐŵ�ŽĨ�ĂĐƚŝŽŶ�ŽĨ��yZ�ŵŝŐŚƚ�ďĞ�ŽƚŚĞƌ�ƚŚĂŶ�ŝƌŽŶͲďŝŶĚŝŶŐ͘��
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Ĩ͘�

zĞƚ͕�ƚŚĞ�ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ƌĞĚŽǆ�ĐǇĐůŝŶŐ�ĂŶĚ�ƉƌŝŵĂƌǇ�ZK^�ƉƌŽĚƵĐƚŝŽŶ�ƚŽ��EdƐ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝƐ�

ĚĞďĂƚĞĚ͕� ĂŶĚ� ƚŚĞ�ŵŽƐƚ� ƌĞĐĞŶƚ� ǀŝĞǁ� ŝƐ� ƚŚĂƚ� ƚŚĞ�ĞŶŚĂŶĐĞĚ�ZK^�ŐĞŶĞƌĂƚŝŽŶ� ŝƐ� Ă� ƐĞĐŽŶĚĂƌǇ�

ƉŚĞŶŽŵĞŶŽŶ� ƌĞƐƵůƚŝŶŐ� ĨƌŽŵ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ĚǇƐĨƵŶĐƚŝŽŶ� ;ϰϴͿ� Žƌ� ĞŶĚŽƉůĂƐŵŝĐ� ƌĞƚŝĐƵůƵŵ�

ƐƚƌĞƐƐ�ĐĂƵƐĞĚ�ďǇ�ĂĐĐƵŵƵůĂƚŝŽŶ�ŽĨ�ŵŝƐĨŽůĚĞĚ�ƉƌŽƚĞŝŶƐ�;ϴϯͿ͘�

ϭ͘Ϯ͘�dŽƉŽŝƐŽŵĞƌĂƐĞ�Ϯ�ƉŽŝƐŽŶŝŶŐ�ĂŶĚ�ŝŶŚŝďŝƚŝŽŶ�

/Ŷ�ϮϬϭϮ͕��ŚĂŶŐ�Ğƚ�Ăů͘� ƐŚŽǁĞĚ�ƚŚĂƚ� ƚŚĞ�ƉƌŽĚƵĐƚŝŽŶ�ŽĨ�ZK^�ĐŽƵůĚ�ĂůƐŽ�ďĞ�ƐĞĐŽŶĚĂƌǇ�ƚŽ�ƚŚĞ�

ŝŶƚĞƌĂĐƚŝŽŶ� ŽĨ� �EdƐ� ǁŝƚŚ� ƚŚĞ� ďĞƚĂ� ŝƐŽĨŽƌŵ� ŽĨ� ƚŽƉŽŝƐŽŵĞƌĂƐĞ� Ϯ� ;dŽƉϮͿ� ;ϭϮͿ͘� �E��

dŽƉŽŝƐŽŵĞƌĂƐĞƐ�Ϯ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ĐĂƚĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƚƌĂŶƐŝĞŶƚ�ďƌĞĂŬŝŶŐ�ĂŶĚ�ĂĚũŽŝŶŝŶŐ�

ŽĨ��E��ĚŽƵďůĞ�ŚĞůŝǆ�ĚƵƌŝŶŐ��E��ƌĞƉůŝĐĂƚŝŽŶ�ĂŶĚ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�;ϭϴͿ͘��Ɛ�ĂŶ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ŽĨ�

ƚŚŝƐ� ƉƌŽĐĞƐƐ͕� Ă� �E�ͲdŽƉϮ� ĐŽǀĂůĞŶƚ� ĐŽŵƉůĞǆ͕� ƚŚĞ� ƐŽͲĐĂůůĞĚ� ĐůĞĂǀĂŐĞ� ĐŽŵƉůĞǆ͕� ŝƐ� ĨŽƌŵĞĚ͘�

�EdƐ�ĂĐƚ�ůŝŬĞ�dŽƉϮ�ƉŽŝƐŽŶƐ�ŝŶ�ƐƚĂďŝůŝǌŝŶŐ�ƚŚĞ�ĐŽŵƉůĞǆ͕�ƚŚĞƌĞďǇ�ƉƌĞǀĞŶƚŝŶŐ�ƚŚĞ�ƌĞͲůŝŐĂƚŝŽŶ�ŽĨ�

�E��ĂŶĚ�ůĞĂĚŝŶŐ�ƚŽ�ƚŚĞ�ĨŽƌŵĂƚŝŽŶ�ŽĨ��E��ĚŽƵďůĞͲƐƚƌĂŶĚ�ďƌĞĂŬƐ͕�ǁŚŝĐŚ�ĂƌĞ�ƉŽƚĞŶƚ�ŝŶĚƵĐĞƌƐ�

ŽĨ�ƚŚĞ��E��ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞ�;&ŝŐƵƌĞ�ϮͿ͘��

dŚĞ��E��ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞ� ƚŽ�ŐĞŶŽƚŽǆŝĐ� ƐƚƌĞƐƐ� ŝƐ�ŵĂŝŶůǇ� ƌĞŐƵůĂƚĞĚ�ďǇ� ƚŚƌĞĞ�ŵĞŵďĞƌƐ�ŽĨ�

ƚŚĞ� ƉŚŽƐƉŚĂƚŝĚǇůŝŶŽƐŝƚŽů� ϯͲŬŝŶĂƐĞ� ƌĞůĂƚĞĚ� ŬŝŶĂƐĞ� ;WŝŬŬͿ� ĨĂŵŝůǇ͗� �E�ͲĚĞƉĞŶĚĞŶƚ� ƉƌŽƚĞŝŶ�

ŬŝŶĂƐĞ� ;�E�ͲWŬͿ͕� ĂƚĂǆŝĂͲƚĞůĂŶŐŝĞĐƚĂƐŝĂͲŵƵƚĂƚĞĚ� ;�dDͿ͖� ĂŶĚ� �dD� ĂŶĚ� ZĂĚϯͲƌĞůĂƚĞĚ� ;�dZͿ�

;ϲϮ͕ϲϲͿ͘�dŚĞ�ŝŶŝƚŝĂů�ƉƌŽĐĞƐƐŝŶŐ�ŽĨ�ĚŽƵďůĞͲƐƚƌĂŶĚ��E��ďƌĞĂŬƐ͕�ƉƌŝŽƌ�ƚŽ�ƌĞƉĂŝƌ͕�ŝƐ�ŵĞĚŝĂƚĞĚ�ďǇ�

ƚŚĞ� ŚĞƚĞƌŽƚƌŝŵĞƌŝĐ�DZE� ĐŽŵƉůĞǆ͕� ĐŽŵƉŽƐĞĚ� ŽĨ�DƌĞϭϭ͕� ZĂĚϱϬ� ĂŶĚ�EďƐϭ�ƉƌŽƚĞŝŶƐ͘�hƉŽŶ�

ƌĞĐŽŐŶŝƚŝŽŶ�ŽĨ�ĚŽƵďůĞ�ƐƚƌĂŶĚ�ďƌĞĂŬƐ�ďǇ�ƚŚĞ�DZE�ĐŽŵƉůĞǆ͕��dD�ŬŝŶĂƐĞ�ŝƐ�ĂĐƚŝǀĂƚĞĚ͕�ůĞĂĚŝŶŐ�

ƚŽ� ƚŚĞ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ� ŬĞǇ� ƌĞŐƵůĂƚŽƌƐ� ŽĨ� ĐĞůů� ĐǇĐůĞ� ƉƌŽŐƌĞƐƐŝŽŶ� ĂŶĚ� �E�� ƌĞƉĂŝƌ� ;ϳϴͿ͘�

,ŽǁĞǀĞƌ͕�ŝĨ�ĚŽƵďůĞͲƐƚƌĂŶĚ�ďƌĞĂŬƐ�ĂƌĞ�ŶŽƚ�ƉƌŽƉĞƌůǇ�ƌĞƉĂŝƌĞĚ͕��E��ĚĂŵĂŐĞ�ĂĐƚŝǀĂƚĞƐ�Ă�ƐĞƚ�ŽĨ�

ĂƉŽƉƚŽƚŝĐ�ƐŝŐŶĂůŝŶŐ�ƌŽƵƚĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ��dDͬ�dZͲƉϱϯ͕�ĂƐ�ǁĞůů�ĂƐ�ŶĞĐƌŽƉƚŽƐŝƐ�;ϳϴ͕�ϭϬϮͿ͘�

�E�� ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ� ĐĞůů� ĚĞĂƚŚ� ŝƐ� ƚŚĞ� ŬĞǇ� ŵĞĐŚĂŶŝƐŵ� ďĞŚŝŶĚ� ƚŚĞ� ĂŶƚŝĐĂŶĐĞƌ� ĂĐƚŝŽŶ� ŽĨ�

�EdƐ�ĂŶĚ͕�Ăƚ�ƚŚĞ�ƐĂŵĞ�ƚŝŵĞ͕�ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞŝƌ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�EŽƚĂďůǇ͕�ƚŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�

�EdƐ�ŝŶ�ƉƌŽůŝĨĞƌĂƚŝŶŐ�;ƚƵŵŽƌͿ�ĂŶĚ�ŶŽŶͲƉƌŽůŝĨĞƌĂƚŝŶŐ�;ĐĂƌĚŝŽŵǇŽĐǇƚĞƐͿ�ĐĞůůƐ�ĂƌĞ�ŵĞĚŝĂƚĞĚ�ďǇ�

ƚǁŽ� ĚŝƐƚŝŶĐƚ� ŝƐŽĨŽƌŵƐ� ŽĨ� dŽƉϮ� ;&ŝŐƵƌĞ� ϯͿ͘� tŚŝůĞ� ƚŚĞ� ĂůƉŚĂ� ŝƐŽĨŽƌŵ� ŽĨ� dŽƉϮ� ;dŽƉϮͲɲͿ� ŝƐ�

ŽǀĞƌĞǆƉƌĞƐƐĞĚ� ŝŶ� ƉƌŽůŝĨĞƌĂƚŝŶŐ� ĐĞůůƐ� ŝŶ� ^� ĂŶĚ� 'Ϯ� ƉŚĂƐĞ͕� ĂŶĚ� ŝƚ� ŝƐ� ĂůŵŽƐƚ� ƵŶĚĞƚĞĐƚĂďůĞ� ŝŶ�

ƋƵŝĞƐĐĞŶƚ� ƚŝƐƐƵĞƐ͕� dŽƉϮͲɴ� ŝƐ� ƚŚĞ� ƵŶŝƋƵĞ� ŝƐŽĨŽƌŵ� ĞǆƉƌĞƐƐĞĚ� ďǇ� ĂĚƵůƚ� ŵĂŵŵĂůŝĂŶ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ;ϭϮͿ� ĂŶĚ�ŵĂƚƵƌĞ� ŝW^�ͲĚĞƌŝǀĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ;ϰ͕� ϭϱͿ͘� dŚĞ� ŝŶƚĞƌĂĐƚŝŽŶ�ŽĨ�

ĚŽǆŽƌƵďŝĐŝŶ� ;�ŽǆŽͿ� ǁŝƚŚ� dŽƉϮͲɲ� ŐĞŶĞƌĂƚĞƐ� Ă� ƚĞƌŶĂƌǇ� dŽƉϮͲ�ŽǆŽͲ�E�� ĐůĞĂǀĂŐĞ� ĐŽŵƉůĞǆ�

ƚŚĂƚ� ƚƌŝŐŐĞƌƐ� ƚƵŵŽƌ� ĐĞůů� ĚĞĂƚŚ͘� ^ŝŵŝůĂƌůǇ͕� ƚŚĞ� dŽƉϮͲɴͲ�ŽǆŽͲ�E�� ĐŽŵƉůĞǆ� ŝŶĚƵĐĞƐ� �E��
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ĚŽƵďůĞ� ƐƚƌĂŶĚ� ďƌĞĂŬƐ� ĂŶĚ� ĂĐƚŝǀĂƚĞƐ� Ă� �E�� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞ� ƚŚĂƚ� ŝƐ� ƌĞƐƉŽŶƐŝďůĞ� ĨŽƌ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĚĞĂƚŚ͘� /Ŷ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕� ƚŚĞ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� Ɖϱϯ� ƐƚŝŵƵůĂƚĞƐ� �E�� ƌĞƉĂŝƌ�

ƉƌŽĐĞƐƐĞƐ͕� ďƵƚ� ĐŽŶĐŽŵŝƚĂŶƚůǇ� ƌĞƉƌĞƐƐĞƐ� ŐĞŶĞƐ� ŝŶǀŽůǀĞĚ� ŝŶ�ŵŝƚŽĐŚŽŶĚƌŝĂů� ďŝŽŐĞŶĞƐŝƐ� ;ůŝŬĞ�

W'�ͲϭͿ� ĂŶĚ� ŽǆŝĚĂƚŝǀĞ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ͕� ŝŵƉĂŝƌƐ� ƚŚĞ� ƌĂƚŝŽ� ďĞƚǁĞĞŶ� ďĞƚĂͲĐĞůů� ůǇŵƉŚŽŵĂ� Ϯ�

;�ĐůϮͿ�ĂŶĚ��ĐůϮ�ĂƐƐŽĐŝĂƚĞĚ�y�;ϭϰϬͿ͕�ĐƵůŵŝŶĂƚŝŶŐ�ŝŶ�ĐĂƌĚŝĂĐ�ĐĞůů�ĚĞĂƚŚ�;ϭϰϯ͕ϴϲͿ͘��ŽŶƐŝƐƚĞŶƚůǇ͕�

ƉϱϯͲŬŶŽĐŬŽƵƚ� ŵŝĐĞ� ĂŶĚ� ĂĚƵůƚ� ŵŽƵƐĞ� ŚĞĂƌƚƐ� ĞǆƉƌĞƐƐŝŶŐ� ĐĂƌĚŝĂĐ� ŵǇŽĐǇƚĞͲƌĞƐƚƌŝĐƚĞĚ�

ĚŽŵŝŶĂŶƚͲŝŶƚĞƌĨĞƌŝŶŐ� Ɖϱϯ� ĂƌĞ� ƉĂƌƚŝĂůůǇ� ƉƌŽƚĞĐƚĞĚ� ĂŐĂŝŶƐƚ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĐĞůů� ĚĞĂƚŚ� ĂŶĚ�

ŵǇŽĐĂƌĚŝĂů�ĚǇƐĨƵŶĐƚŝŽŶ�;ϭϰϳͿ͘�dŚĞ�ŽďƐĞƌǀĞĚ�ƉƌŽƚĞĐƚŝŽŶ�ŝŶ�ƚŚĞƐĞ�ŵŽĚĞůƐ�ůŝŬĞůǇ�ƐƚĞŵƐ�ĨƌŽŵ�

ďŽƚŚ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ĂƉŽƉƚŽƐŝƐ� ĂŶĚ� ƉƌĞƐĞƌǀĞĚ� ŵĂŵŵĂůŝĂŶ� ƚĂƌŐĞƚ� ŽĨ� ƌĂƉĂŵǇĐŝŶ� ;ŵdKZͿ�

ƐŝŐŶĂůŝŶŐ͕�ǁŚŝĐŚ�ŵĂǇ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƉƌĞǀĞŶƚ�ĐĂƌĚŝĂĐ�ŵĂƐƐ�ƌĞĚƵĐƚŝŽŶ�;ϭϰϳͿ͘��

/Ŷ� ĨƵƌƚŚĞƌ� ĂŐƌĞĞŵĞŶƚ� ǁŝƚŚ� ƚŚĞ� ƌŽůĞ� ŽĨ� dŽƉϮͲɴ� ŝŶ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ŵƵƌŝŶĞ� ĞŵďƌǇŽŶŝĐ�

ĨŝďƌŽďůĂƐƚƐ�;ϳϮͿ�ĂŶĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�;ϭϮͿ�ůĂĐŬŝŶŐ�dŽƉϮͲɴ�ĂƌĞ�ƉƌŽƚĞĐƚĞĚ�ĨƌŽŵ��ŽǆŽͲŝŶĚƵĐĞĚ�

ĚĂŵĂŐĞ͘�KĨ�ŶŽƚĞ͕�dŽƉϮͲɴ�ĂƉƉĞĂƌƐ�ƚŽ�ďĞ�Ă�ŬĞǇ�ƉůĂǇĞƌ�ŝŶ�ƚŚĞ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĞůŝĐŝƚĞĚ�ďǇ��EdƐ�

ŶŽƚ� ŽŶůǇ� ǁŚĞŶ� ƚŚĞǇ� ĂƌĞ� ƵƐĞĚ� ŝŶ� ŵŽŶŽƚŚĞƌĂƉǇ͕� ďƵƚ� ĂůƐŽ� ŝŶ� ƚŚĞ� ƐĞƚƚŝŶŐ� ŽĨ� ĐŽŵďŝŶĂƚŽƌŝĂů�

ƌĞŐŝŵĞŶƐ͕� ůŝŬĞ� ǁŝƚŚ� ŵŽŶŽĐůŽŶĂů� ĂŶƚŝďŽĚŝĞƐ͘� &Žƌ� ŝŶƐƚĂŶĐĞ͕� ďŽƚŚ� �ŽǆŽ� ĂŶĚ� dƌĂƐƚƵǌƵŵĂď�

ĂůŽŶĞ� ŝŶĚƵĐĞ�dŽƉϮͲɴ�ƉƌŽƚĞŝŶ�ĚŽǁŶƌĞŐƵůĂƚŝŽŶ� ŝŶ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ǁŚŝĐŚ� ŝƐ� ĞǆĂĐĞƌďĂƚĞĚ� ŝŶ�

ĐŽŵďŝŶĞĚ� ƚƌĞĂƚŵĞŶƚƐ͘� dŚŝƐ� ĨƵƌƚŚĞƌ� ƌĞĚƵĐƚŝŽŶ� ŝŶ� dŽƉϮͲɴ� ĂĐƚŝǀŝƚǇ� ůĞĂĚƐ� ƚŽ� ĞŶŚĂŶĐĞĚ� ZK^�

ƉƌŽĚƵĐƚŝŽŶ� ĂŶĚ� ĂƉŽƉƚŽƐŝƐ͕� ĂŶĚ� ŵŝŐŚƚ� ďĞ� ŽŶĞ� ŽĨ� ƚŚĞ� ƌĞĂƐŽŶƐ� ŽĨ� ƚŚĞ� ĂŐŐƌĂǀĂƚĞĚ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŽĨ�ĐŽŵďŝŶĂƚŝŽŶ�ƚŚĞƌĂƉŝĞƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƐŝŶŐůĞ�ĂŐĞŶƚƐ�;ϱϯͿ͘�KĨ�ŶŽƚĞ͕��ƚǁĂů�Ğƚ�

Ăů͘� ƐŚŽǁĞĚ� ƚŚĂƚ͕� ŝŶ� ǀŝƚƌŽ͕� ϭϬ�ђD��ŽǆŽ� ;Žƌ� ŚŝŐŚĞƌͿ� ĐĂŶ� ŝŶƚĞƌĨĞƌĞ�ǁŝƚŚ� ƚŚĞ� ĂĐƚŝŽŶ�ŽĨ� ŽƚŚĞƌ�

ĚƌƵŐƐ� ƚŚĂƚ� ĂĐƚ� ĂƐ� dŽƉϮ� ƉŽŝƐŽŶƐ͕� ůŝŬĞ� ĞƚŽƉŽƐŝĚĞ͕� ƚŚƵƐ� ŚŝŶĚĞƌŝŶŐ� ƚŚĞ� ŽǀĞƌĂůů� ĂŶƚŝͲĐĂŶĐĞƌ�

ĞĨĨŝĐĂĐǇ�ŽĨ�ĐŽŵďŝŶĞĚ�ƚƌĞĂƚŵĞŶƚƐ�;ϰͿ͘�

'ŝǀĞŶ�ƚŚĞ�ƐĞůĞĐƚŝǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ďĞƚĂ�ŝƐŽĨŽƌŵ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�

dŽƉϮͲɲ� ƐƉĞĐŝĨŝĐ� ĚƌƵŐƐ� ŵĂǇ� ƉƌŽǀŝĚĞ� Ă� ǀĂůƵĂďůĞ� ŵĞĂŶƐ� ƚŽ� ƌĞĚƵĐĞ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ǁŚŝůƐƚ�

ŵĂŝŶƚĂŝŶŝŶŐ�ƚŚĞ�ĂŶƚŝͲĐĂŶĐĞƌ�ĞĨĨŝĐĂĐǇ�ŽĨ� ƚŚĞ�ĚƌƵŐ͘�dŚŝƐ� ŝƐ�Ă�ŬĞǇ�ĂƐƉĞĐƚ� ƚŽ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ� ŝŶ�

ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĂŐĞŶƚƐ� ĂŐĂŝŶƐƚ��Ed� ƚŽǆŝĐŝƚǇ͘�KŶ� ƚŚĞƐĞ�ŐƌŽƵŶĚƐ͕� ƚŚĞ�

ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�ŽĨ�ƐĞĐŽŶĚĂƌǇ�ŵĂůŝŐŶĂŶĐŝĞƐ� ŝŶ�ƉĂƚŝĞŶƚƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ��ĞǆƌĂǌŽǆĂŶĞ�;�yZͿ�ŚĂƐ�

ůŝŵŝƚĞĚ�ŝƚƐ�ĂƉƉůŝĐĂƚŝŽŶ�ĂƐ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĂŐĞŶƚ�ŝŶ�ƚŚĞ�ƉĂƐƚ͕�ƚŚŽƵŐŚ�ŝƚƐ�ƵƐĞ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�

ĂĚŽůĞƐĐĞŶƚƐ� ŚĂƐ� ďĞĞŶ� ƌĞĐĞŶƚůǇ� ƌĞĐŽŶƐŝĚĞƌĞĚ� ;ϵϴͿ͘� DĞĐŚĂŶŝƐƚŝĐĂůůǇ͕� ƚŚĞ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�

ĂĐƚŝŽŶ�ŽĨ��yZ�ŚĂƐ�ďĞĞŶ�ƐƵŐŐĞƐƚĞĚ�ƚŽ�ďĞ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�ŝƚƐ�ĂŶƚŝŽǆŝĚĂŶƚ�ƉƌŽƉĞƌƚŝĞƐ͕�ƌĂƚŚĞƌ�ŝƚ�

ŚĂƐ�ďĞĞŶ�ĂƐĐƌŝďĞĚ�ƚŽ�ŝƚƐ�ĂďŝůŝƚǇ�ƚŽ�ĐŽŵƉĞƚĞ�ǁŝƚŚ��dW�ďŝŶĚŝŶŐ�ŽŶ�dŽƉϮͲɴ͕�ƚŚĞƌĞďǇ�ƉƌŽĚƵĐŝŶŐ�
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Ĩ͘�

Ă�ĐŽŶĨŝŐƵƌĂƚŝŽŶ�ĐŚĂŶŐĞ�ƚŚĂƚ�ƉƌĞǀĞŶƚƐ�ƚŚĞ�ĨŽƌŵĂƚŝŽŶ�ŽĨ�Ă�ĐŽŵƉůĞǆ�ǁŝƚŚ��EdƐ�;ϳϮͿ͘�/Ŷ�ĂĐĐŽƌĚ�

ǁŝƚŚ�ƚŚŝƐ�ǀŝĞǁ͕� ƚŚĞ��yZ�ĂŶĂůŽŐƵĞ� :ZͲϯϭϭ�ƐŚŽǁƐ�ƐŝŐŶŝĨŝĐĂŶƚ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĞĨĨĞĐƚƐ�ǁŚŝĐŚ�

ĚĞƉĞŶĚ�ŽŶ�dŽƉϮͲɴ�ŵŽĚƵůĂƚŝŽŶ͕�ǁŚŝůĞ�ďĞŝŶŐ�ŝŶĚĞƉĞŶĚĞŶƚ�ĨƌŽŵ�ŝƚƐ�ŝƌŽŶ�ĐŚĞůĂƚŝŶŐ�ƉƌŽƉĞƌƚŝĞƐ�

;ϭϬͿ͘��ĞƐƉŝƚĞ�ŝƚƐ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĨƵŶĐƚŝŽŶ͕�ĐĂƵƚŝŽŶ�ŝƐ�Ɛƚŝůů�ƵƐĞĚ�ǁŚŝůĞ�ƉƌĞƐĐƌŝďŝŶŐ��yZ͕�ĂŶĚ�

ƚŚŝƐ�ĚƌƵŐ�ŝƐ�ŶŽǁĂĚĂǇƐ�ŶŽƚ�ƌĞĐŽŵŵĞŶĚĞĚ�ĨŽƌ�ĐŚŝůĚƌĞŶ�ĂŐĞĚ�ϬͲϭϴ�ǇĞĂƌƐ�ǁŚŽ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�

ƌĞĐĞŝǀĞ�Ă�ĐƵŵƵůĂƚŝǀĞ�ĚŽƐĞ�ŽĨ��ŽǆŽ�;Žƌ�ŽƚŚĞƌ�ĂŶƚŚƌĂĐǇĐůŝŶĞͿ�ůŽǁĞƌ�ƚŚĂŶ�ϯϬϬ�ŵŐͬŵϮ͘��

�ŽŶƐŝĚĞƌŝŶŐ� ƚŚĞ� ŝƐŽĨŽƌŵ� ƐĞůĞĐƚŝǀŝƚǇ� ĂŶĚ� ŽƉƉŽƐŝŶŐ� ĞĨĨĞĐƚƐ� ŽĨ� dŽƉϮ� ƉŽŝƐŽŶŝŶŐ� ǀĞƌƐƵƐ�

ŝŶŚŝďŝƚŝŽŶ͕� ŝƚ� ŝƐ�ƌĞĂƐŽŶĂďůĞ�ƚŽ�ĂƐƐƵŵĞ�ƚŚĂƚ�Ăůů�ƉĂƚŝĞŶƚƐ�ƌĞĐĞŝǀŝŶŐ��EdƐ�ǁŽƵůĚ�ďĞŶĞĨŝƚ� ĨƌŽŵ�

ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶĞǁ�ƚŚĞƌĂƉĞƵƚŝĐ�ƌĞŐŝŵĞŶƐ�ŝŶĐůƵĚŝŶŐ�dŽƉϮͲɲ�ƐƉĞĐŝĨŝĐ�ƉŽŝƐŽŶƐ�ĂŶĚ�dŽƉϮͲ

ɴ�ƐƉĞĐŝĨŝĐ�ŝŶŚŝďŝƚŽƌƐ͘�

ϭ͘ϯ͘�ZĂĐϭ�ĂƐ�Ă�ŵĂƐƚĞƌ�ƌĞŐƵůĂƚŽƌ�ŽĨ��E��ĚĂŵĂŐĞ�ĂŶĚ�ZK^�ƉƌŽĚƵĐƚŝŽŶ�

�Ɛ� dŽƉϮ� ĞŵĞƌŐĞĚ� ĂƐ� Ă� ŐŽŽĚ� ƉŚĂƌŵĂĐŽůŽŐŝĐĂů� ƚĂƌŐĞƚ� ƚŽ� ƉƌĞǀĞŶƚ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ŶĞǁ�

dŽƉϮ� ƌĞŐƵůĂƚŽƌƐ�ŚĂǀĞ� ƐƚĂƌƚĞĚ� ƚŽ�ďĞ� ŝŶǀĞƐƚŝŐĂƚĞĚ͘��ŵŽŶŐ� ƚŚĞƐĞ͕�ZĂĐϭ�ŚĂƐ�ďĞĞŶ� ƐŚŽǁŶ� ƚŽ�

ĐŽŶƚƌŝďƵƚĞ� ƚŽ� �ŽǆŽͲŵĞĚŝĂƚĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞĂƚŚ� ;ĨŽƌ� Ă� ĐŽŵƉůĞƚĞ� ƌĞǀŝĞǁ� ƐĞĞ� ;ϯϴͿͿ͕� ŝŶ�

ďŽƚŚ� ZK^ͲĚĞƉĞŶĚĞŶƚ� ĂŶĚ� ZK^ͲŝŶĚĞƉĞŶĚĞŶƚ� ŵĂŶŶĞƌƐ� ;ϳϯͿ� ;&ŝŐƵƌĞ� ϰͿ͘� ZĂĐϭ� ŝƐ� Ă� ƐŵĂůů�

ŐƵĂŶŽƐŝŶĞ� ƚƌŝƉŚŽƐƉŚĂƚĞ� ;'dWͿͲďŽƵŶĚ� ƉƌŽƚĞŝŶ͕� ďĞůŽŶŐŝŶŐ� ƚŽ� ƚŚĞ� ZŚŽ� ĨĂŵŝůǇ͕� Ă� ŐƌŽƵƉ� ŽĨ�

ŵŽůĞĐƵůĂƌ� ƐǁŝƚĐŚĞƐ� ĂŶĚ� ƐŝŐŶĂů� ƚƌĂŶƐĚƵĐĞƌƐ� ƚŚĂƚ� ƚƌĂŶƐŵŝƚ� ĞǆƚƌĂĐĞůůƵůĂƌ� ƐƚŝŵƵůŝ� ĨƌŽŵ� ƚŚĞ�

ŝŶŶĞƌ�ƉůĂƐŵĂ�ŵĞŵďƌĂŶĞ�ƚŽ�ŝŶƚƌĂĐĞůůƵůĂƌ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇƐ͘�ZĂĐϭ�ŝƐ�ŝŶǀŽůǀĞĚ�ŝŶ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�

ĐĞůůƵůĂƌ� ƉƌŽĐĞƐƐĞƐ͕� ƐƵĐŚ� ĂƐ� ĐĞůůͲĐĞůů� ĂŶĚ� ĐĞůůͲƐƵďƐƚƌĂƚĞ� ĂĚŚĞƐŝŽŶ͕� ƉŽůĂƌŝǌĂƚŝŽŶ͕� ŵŝŐƌĂƚŝŽŶ͕�

ŝŶǀĂƐŝŽŶ͕�ƉƌŽůŝĨĞƌĂƚŝŽŶ͕�ƚƌĂŶƐĐƌŝƉƚŝŽŶ͕�ǀĞƐŝĐůĞ�ĨŽƌŵĂƚŝŽŶ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ͕�ǁŚŝĐŚ�ĚĞƉĞŶĚ�ŽŶ�ŝƚƐ�

ƐƉĂƚŝŽͲƚĞŵƉŽƌĂů�ĚŝƐƚƌŝďƵƚŝŽŶ�;ϵϰͿ͘�^ĞǀĞƌĂů�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ŝĚĞŶƚŝĨŝĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Ă�ŶƵĐůĞĂƌ�

ƉŽŽů�ŽĨ�ZĂĐϭ͕�ĂŶĚ�ŚĂǀĞ�ƵŶƌĂǀĞůĞĚ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�ƵŶĚĞƌůǇŝŶŐ�ŝƚƐ�ŶƵĐůĞĂƌ�ůŽĐĂůŝǌĂƚŝŽŶ�;ϵϰͿ͕�

ǁŚŝĐŚ�ŝŶĐůƵĚĞ��E��ĚĂŵĂŐĞ�ŝƚƐĞůĨ�;ϰϭͿ͘�dŚŝƐ�ŝƐ�ŝŶ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ĨŝŶĚŝŶŐ�ƚŚĂƚ�ŽǆŝĚŝǌĞĚ�

�E��ďĂƐĞƐ�ĐĂŶ�ĂĐƚ�ĂƐ�ZĂĐϭ�'�&Ɛ�;ϯϱͿ͘�/Ŷ�ƚŚĞ�ŶƵĐůĞƵƐ͕�ZĂĐϭ�ǁĂƐ�ƌĞĐĞŶƚůǇ�ĨŽƵŶĚ�ĂƐƐŽĐŝĂƚĞĚ�

ǁŝƚŚ� dŽƉϮ� ;ϭϬϴͿ͕� ǁŚĞƌĞ� ŝƚ� ŝƐ� ƌĞƐƉŽŶƐŝďůĞ� ĨŽƌ� ƚŚĞ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� Ă� �E�� ĚĂŵĂŐĞͲ�dDͲƉϱϯͲ

ĂƉŽƉƚŽƐŝƐ�ƉĂƚŚǁĂǇ�;ϭϯϵͿ͘��

WŚĂƌŵĂĐŽůŽŐŝĐĂů� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ZĂĐϭ� ƐŝŐŶĂůŝŶŐ� ǁŝƚŚ� E^�Ϯϯϳϲϲ� ŝŶƚĞƌĨĞƌĞƐ� ǁŝƚŚ� �ŽǆŽ�

ŐĞŶŽƚŽǆŝĐŝƚǇ�ďǇ�ƉƌĞǀĞŶƚŝŶŐ� ƚŚĞ� ĨŽƌŵĂƚŝŽŶ�ŽĨ� ƚŚĞ�ĐůĞĂǀĂŐĞ�ĐŽŵƉůĞǆ͕� ƚŚĞƌĞďǇ� ƌĞĚƵĐŝŶŐ� ƚŚĞ�

ŐĞŶĞƌĂƚŝŽŶ�ŽĨ�ĚŽƵďůĞ�ƐƚƌĂŶĚ�ďƌĞĂŬƐ�ĂŶĚ�ƚŚĞ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚŚĞ��E��ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞ�;ϰϲͿ͘�

KĨ� ŶŽƚĞ͕� ƚŚĞ� ĞĨĨĞĐƚ� ŽĨ� E^�Ϯϯϳϲϲ� ĐĂŶ� ďĞ� ĨƵƌƚŚĞƌ� ŝŵƉƌŽǀĞĚ� ďǇ� ƚŚĞ� ůŝƉŝĚͲůŽǁĞƌŝŶŐ� ĚƌƵŐ�

>ŽǀĂƐƚĂƚŝŶ�;ϰϲͿ͘�/ŶŚŝďŝƚŝŽŶ�ŽĨ�ƚŚĞ�,D'Ͳ�Ž��ƌĞĚƵĐƚĂƐĞ�ďǇ�ƐƚĂƚŝŶƐ�ĐĂƵƐĞƐ�ƚŚĞ�ĚĞƉůĞƚŝŽŶ�ŽĨ�ƚŚĞ�
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Ĩ͘�

ĐĞůůƵůĂƌ� ƉŽŽů� ŽĨ� ŝƐŽƉƌĞŶĞ� ƉƌĞĐƵƌƐŽƌƐ͕� ǁŚŝĐŚ� ĂƌĞ� ĞƐƐĞŶƚŝĂů� ĨŽƌ� ƚŚĞ� �ͲƚĞƌŵŝŶĂů� ƉƌĞŶǇůĂƚŝŽŶ͕�

ĂŶĚ�ƚŚĞ�ƐƵďƐĞƋƵĞŶƚ�ŵĞŵďƌĂŶĞ�ůŽĐĂůŝǌĂƚŝŽŶ͕�ŽĨ�ZŚŽ�ƉƌŽƚĞŝŶƐ�;ϮϲͿ͘�dŚƵƐ͕�ƉƌĞǀĞŶƚŝŽŶ�ŽĨ�ZĂĐϭ�

ƉƌĞŶǇůĂƚŝŽŶ� ďǇ� ƐƚĂƚŝŶƐ� ƉƌŽŵŽƚĞƐ� ZĂĐϭ� ƚƌĂŶƐůŽĐĂƚŝŽŶ� ƚŽ� ƚŚĞ� ŶƵĐůĞƵƐ͕� ƐƵŐŐĞƐƚŝŶŐ� ƚŚĂƚ� ƚŚĞ�

ƚŚĞƌĂƉĞƵƚŝĐ� ĞĨĨĞĐƚ� ŽĨ� ƐƚĂƚŝŶƐ�ŵŝŐŚƚ� ďĞ� ůŝŶŬĞĚ� ƚŽ� ƚŚĞ� ƵƉƌĞŐƵůĂƚŝŽŶ� ŽĨ� ƚŚĞ� ŶƵĐůĞĂƌ� ƉŽŽů� ŽĨ�

ZĂĐϭ� ǀĞƌƐƵƐ� ƚŚĞ� ĐǇƚŽƐŽůŝĐ� ĐŽƵŶƚĞƌƉĂƌƚ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ƚŚĞ� ŵĞĐŚĂŶŝƐŵ� ďǇ� ǁŚŝĐŚ� ŶƵĐůĞĂƌ�

ZĂĐϭ� ƌĞŐƵůĂƚĞƐ� dŽƉϮ�ĂĐƚŝǀŝƚǇ� ŝƐ� Ɛƚŝůů� ƵŶĐůĞĂƌ� ĂŶĚ�ĚĞƐĞƌǀĞƐ� ĨƵƌƚŚĞƌ� ĞǆƉĞƌŝŵĞŶƚĂů� ĞĨĨŽƌƚƐ͘� /ƚ�

ǁĂƐ� ƐŚŽǁŶ� ƚŚĂƚ͕� ŝŶ� ĂĐƵƚĞ� ;ϳϯͿ� ĂŶĚ� ƐƵďͲĂĐƵƚĞ� � ;ϯϵͿ�ŵŽĚĞůƐ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ĐĂƌĚŝĂĐ�

ZĂĐϭ� ŬŶŽĐŬŽƵƚ� ĐŽŶĨĞƌƐ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝŽŶ� ďǇ� ŵĞĂŶƐ� ŽĨ� ZK^ͲŝŶĚĞƉĞŶĚĞŶƚ� ĂƐ� ǁĞůů� ĂƐ� ZK^Ͳ

ĚĞƉĞŶĚĞŶƚ�ŵĞĐŚĂŶŝƐŵƐ͘� /Ŷ� ĨĂĐƚ͕� ZĂĐϭ� ĐŽŶƚƌŝďƵƚĞƐ� ƚŽ� ƚŚĞ� ĂƐƐĞŵďůǇ� ĂŶĚ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ƚŚĞ�

ƉŚĂŐŽĐǇƚĞ�ŶŝĐŽƚŝŶĂŵŝĚĞ�ĂĚĞŶŝŶĞ�ĚŝŶƵĐůĞŽƚŝĚĞ�ƉŚŽƐƉŚĂƚĞ� ;E��W,Ϳ�ŽǆŝĚĂƐĞ� ĐŽŵƉůĞǆ� ;ϰϮͿ͕�

ĂŶĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞͲƐƉĞĐŝĨŝĐ� ĚĞůĞƚŝŽŶ� ŽĨ� ZĂĐϭ�ǁĂƐ� ƐŚŽǁŶ� ƚŽ� ŝŵƉĂŝƌ��ŽǆŽͲŝŶĚƵĐĞĚ�E��W,�

ŽǆŝĚĂƐĞ� ĂĐƚŝǀĂƚŝŽŶ͕� ZK^� ƉƌŽĚƵĐƚŝŽŶ͕� �E�� ĨƌĂŐŵĞŶƚĂƚŝŽŶ͕� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĂƉŽƉƚŽƐŝƐ͕� ĂŶĚ�

ĨŝŶĂůůǇ� ŝŵƉƌŽǀĞ� ĐĂƌĚŝĂĐ� ĨƵŶĐƚŝŽŶ͘� �ŽŶƐŝƐƚĞŶƚůǇ͕� ŵŝĐĞ�ǁŝƚŚ� ŝŵƉĂŝƌĞĚ� EŽǆϮ� E��W,� ŽǆŝĚĂƐĞ�

ĐŽŵƉůĞǆ�ĂƌĞ�ůĞƐƐ�ƐĞŶƐŝƚŝǀĞ�ƚŽ��EdƐ�;ϭϰϱͿ͘��

KǀĞƌĂůů͕�ƐƚĂƚŝŶƐ�ŝŶƚĞƌĨĞƌĞ�ǁŝƚŚ�ƚǁŽ�ŽĨ�ƚŚĞ�ŵĂŝŶ�ŵĞĐŚĂŶŝƐŵƐ�ƵŶĚĞƌůǇŝŶŐ��EdƐ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�

ŝ͘Ğ͘�ZK^�ƉƌŽĚƵĐƚŝŽŶ�ĂŶĚ�dŽƉϮͲŵĞĚŝĂƚĞĚ��E��ĚĂŵĂŐĞ͘�dŚĞŝƌ�ďĞŶĞĨŝĐŝĂů�ĞĨĨĞĐƚ�ŝŶ�ŵŽĚĞůƐ�ŽĨ�

�Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĂŶĚ�ƚŚĞŝƌ�ĨĂǀŽƌĂďůĞ�ƚŽůĞƌĂďŝůŝƚǇ�ŵĂŬĞ�ƚŚĞŵ�ƉƌŽŵŝƐŝŶŐ�ĐĂŶĚŝĚĂƚĞƐ�ĨŽƌ�ƚŚĞ�

ƉƌĞǀĞŶƚŝŽŶ� ĂŶĚͬŽƌ� ƚƌĞĂƚŵĞŶƚ� ŽĨ� �EdƐ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ĂƐ� ĐŽŶĨŝƌŵĞĚ� ŝŶ� ƐŵĂůůͲƐĐĂůĞ� ĐůŝŶŝĐĂů�

ƐƚƵĚŝĞƐ� ;ϭͿ͘� DŽƌĞ� ŝŵƉŽƌƚĂŶƚůǇ͕� ƐƚĂƚŝŶƐ� ŵĂǇ� ƐĞŶƐŝƚŝǌĞ� ĐĞƌƚĂŝŶ� ƚƵŵŽƌƐ� ƚŽ� ĐŚĞŵŽƚŚĞƌĂƉǇ͕�

ƚŚĞƌĞďǇ� ĞŶŚĂŶĐŝŶŐ� ƚŚĞ� ĂŶƚŝͲĐĂŶĐĞƌ� ĞĨĨŝĐŝĞŶĐǇ� ŽĨ� �Ed� ƌĞŐŝŵĞŶƐ� ĂŶĚ� Ăƚ� ƚŚĞ� ƐĂŵĞ� ƚŝŵĞ�

ƉƌŽƚĞĐƚŝŶŐ�ƚŚĞ�ŚĞĂƌƚ�;ϮϱͿ͘��

ϭ͘ϰ͘�ŵƚ�E��ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ�

�ŶŽƚŚĞƌ�ŝŶƚĞƌĞƐƚŝŶŐ�ĂƐƉĞĐƚ�ƌĞůĂƚĞĚ�ƚŽ�dŽƉϮ�ƉŽŝƐŽŶŝŶŐ�ďǇ��EdƐ�ŝƐ�ƚŚĂƚ�ďŽƚŚ�dŽƉϮͲɲ�ĂŶĚ�Ͳɴ�

ŝƐŽĨŽƌŵƐ�ǁĞƌĞ�ĨŽƵŶĚ�ŝŶ�ŵŝƚŽĐŚŽŶĚƌŝĂ�;ϳϬ͕�ϭϰϭͿ͘�dŽƉϮͲɴ�ŝƐ�ůŝŬĞůǇ�ƚŚĞ�ŵŽƐƚ�ƌĞůĞǀĂŶƚ�ŝƐŽĨŽƌŵ�

ŝŶ�ĐĂƌĚŝĂĐ�ŵŝƚŽĐŚŽŶĚƌŝĂ� ;ϭϰϭͿ͘� /Ŷ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕��EdͲŵĞĚŝĂƚĞĚ�dŽƉϮͲɴ�ƉŽŝƐŽŶŝŶŐ�ŵŝŐŚƚ�

ĂĨĨĞĐƚ�ŶŽƚ�ŽŶůǇ�ŶƵĐůĞĂƌ��E�͕�ďƵƚ�ĂůƐŽ�ŵŝƚŽĐŚŽŶĚƌŝĂů��E��;ŵƚ�E�Ϳ͕�ĨƵƌƚŚĞƌ�ĐŽŶƚƌŝďƵƚŝŶŐ�ƚŽ�

ŝŶĐƌĞĂƐĞĚ�ZK^�ƉƌŽĚƵĐƚŝŽŶ�ĂŶĚ�ĐǇƚŽƚŽǆŝĐŝƚǇ͘��ĐĐŽƌĚŝŶŐůǇ͕��EdͲƌĞůĂƚĞĚ�ĐŚƌŽŶŝĐ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�

ŝƐ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ� ŝŵďĂůĂŶĐĞĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ŵĂƐƐ� ĂŶĚ� ƌĞĚƵĐĞĚ� ŶƵĐůĞĂƌ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ�

ŐĞŶĞƐ� ƉŝǀŽƚĂů� ƚŽ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ďŝŽŐĞŶĞƐŝƐ� ĂŶĚ� ŚŽŵĞŽƐƚĂƐŝƐ� ;ϱϰͿ͘� dŚĞƐĞ� ŝŶĐůƵĚĞ� ƚŚĞ�

ƉĞƌŽǆŝƐŽŵĞ�ƉƌŽůŝĨĞƌĂƚŽƌ�ĂĐƚŝǀĂƚĞĚ�ƌĞĐĞƉƚŽƌͲɶ�;WW�ZɶͿ�ĐŽĂĐƚŝǀĂƚŽƌͲϭɲ�ĂŶĚ�ɴ�;W'�Ͳϭɲ�ĂŶĚ�ɴͿ͕�

ŶƵĐůĞĂƌ� ƌĞƐƉŝƌĂƚŽƌǇ� ĨĂĐƚŽƌ� ϭ� ;EZ&ϭͿ� ĂŶĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ĨĂĐƚŽƌ� �� ;d&�DͿ͘�
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Ĩ͘�

�ĐĐŽƌĚŝŶŐůǇ͕� ƚŚĞ� ƉƌŽƚĞĐƚŝǀĞ� ĞĨĨĞĐƚ� ĞǆĞƌƚĞĚ� ďǇ� ƚŚĞ� ŚŝƐƚŽŶĞ� ĚĞĂĐĞƚǇůĂƐĞ� ĂŶĚ� W'�Ͳϭɲ�

ĂĐƚŝǀĂƚŽƌ͕�^ŝƌƚƵŝŶ�ϭ�;^/ZdϭͿ�ĂŐĂŝŶƐƚ��EdƐ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�;ϭϭͿ�ŝƐ�ůŝŬĞůǇ�ĚƵĞ͕�Ăƚ�ůĞĂƐƚ�ŝŶ�ƉĂƌƚ͕�ƚŽ�

ƚŚĞ�ƌĞŐƵůĂƚŝŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ďŝŽŐĞŶĞƐŝƐ͘�

/Ŷ� ĂĚĚŝƚŝŽŶ͕� �EdƐ� ĐĂŶ� ŝŶĚƵĐĞ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ĚĂŵĂŐĞ� ƚŚƌŽƵŐŚ� ƚŚĞ� ƵŶĐŽƵƉůŝŶŐ� ŽĨ� ƚŚĞ�

ĞůĞĐƚƌŽŶ�ƚƌĂŶƐƉŽƌƚ�ĐŚĂŝŶ͕�ĚŝƐƌƵƉƚŝŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŵĞŵďƌĂŶĞ�ƉŽƚĞŶƚŝĂů�ĂŶĚ�ŐĞŶĞƌĂƚŝŽŶ�

ŽĨ�ZK^͕�ĞƐƉĞĐŝĂůůǇ� ŝŶ�ĐŽŶũƵŶĐƚŝŽŶ�ǁŝƚŚ�ŵŝƚŽĐŚŽŶĚƌŝĂů� ŝƌŽŶ�ŵĞƚĂďŽůŝƐŵ� ;ϯϮͿ͘�,ŽǁĞǀĞƌ͕� ƚŚĞ�

ƌĞůĂƚŝǀĞ�ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ĚŝƌĞĐƚ�dŽƉϮ�ƉŽŝƐŽŶŝŶŐ�ĂŶĚ�ŽĨ�ƐĞĐŽŶĚĂƌǇ�ŽǆŝĚĂƚŝŽŶ�ŽĨ�ŶƵĐůĞŽƚŝĚĞƐ�ďǇ�

ZK^�ŽŶ�ŵƚ�E��ĚĞƉůĞƚŝŽŶ�ŚĂƐ�ǇĞƚ�ƚŽ�ďĞ�ĐůĂƌŝĨŝĞĚ͘�

ZĞĐĞŶƚůǇ͕�:ĞĂŶ�Ğƚ�Ăů͘� ;ϱϭͿ�ƐŚŽǁĞĚ�ƚŚĂƚ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ă�ŵŽĚŝĨŝĞĚ�ĨŽƌŵ�ŽĨ��ŽǆŽ͕�ǁŚŝĐŚ�

ĞǆĐůƵƐŝǀĞůǇ� ƚĂƌŐĞƚƐ� ŵŝƚŽĐŚŽŶĚƌŝĂ� ďƵƚ� ŶŽƚ� ŶƵĐůĞŝ͕� ĂƌĞ� ƌĞƐŝƐƚĂŶƚ� ƚŽ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�

ĚŽǁŶƐŝǌŝŶŐ�ƚŚĞ�ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ŵƚ�E��ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�ĚŝƐĞĂƐĞ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�<ŚŝĂƚŝ�Ğƚ�

Ăů͘�;ϱϲͿ�ƐŚŽǁĞĚ�ƚŚĂƚ�ŵŝĐĞ�ůĂĐŬŝŶŐ�ŵŝƚŽĐŚŽŶĚƌŝĂů�dŽƉϭ�;ŵƚdKWϭͿ�ĂƌĞ�ŚǇƉĞƌƐĞŶƐŝƚŝǀĞ�ƚŽ��EdƐ͕�

ĂŶĚ�ĚŝƐƉůĂǇ�ƐĞǀĞƌĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚĂŵĂŐĞ͘��ŽǆŽͲŝŶĚƵĐĞĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚĞĨĞĐƚƐ͕� ŝŶĐůƵĚŝŶŐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů� ĐƌŝƐƚĂĞ� ĚŝƐŽƌŐĂŶŝǌĂƚŝŽŶ� ĂŶĚ� ŝŵƉĂŝƌĞĚ� ƉƌŽĚƵĐƚŝŽŶ� ŽĨ� ƌĞƐƉŝƌĂƚŽƌǇ� ĐŚĂŝŶ�

ƉƌŽƚĞŝŶƐ͕� ƵůƚŝŵĂƚĞůǇ� ƌĞƐƵůƚ� ŝŶ� ĚĞĐƌĞĂƐĞĚ�KϮ� ĐŽŶƐƵŵƉƚŝŽŶ͕� ŝŶĐƌĞĂƐĞĚ�ZK^�ƉƌŽĚƵĐƚŝŽŶ͕� ĂŶĚ�

ĐĂƌĚŝĂĐ�ĚĂŵĂŐĞ�ůĞĂĚŝŶŐ�ƚŽ�ůĞƚŚĂůŝƚǇ͘�

Ϯ͘��EdͲŝŶĚƵĐĞĚ�ŝŵƉĂŝƌŵĞŶƚ�ŽĨ��ĂůĐŝƵŵ�,ĂŶĚůŝŶŐ�

dŚĞ�ĨĂŝůƵƌĞ�ŽĨ�ĂŶƚŝŽǆŝĚĂŶƚƐ�ƚŽ�ƉƌŽƚĞĐƚ�ĂŐĂŝŶƐƚ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ůĞĚ�ƚŽ�ƚŚĞ�ǀŝĞǁ�ƚŚĂƚ�ZK^�

ůŝŬĞůǇ� ƌĞƉƌĞƐĞŶƚ� ƐŝŐŶĂůŝŶŐ� ŝŶƚĞƌŵĞĚŝĂƚĞƐ� ŽĨ��ŽǆŽͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͕� ďƵƚ� ŶŽƚ� ƚŚĞ� ƚƌŝŐŐĞƌŝŶŐ�

ĞǀĞŶƚ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�/ŶĐƌĞĂƐŝŶŐ�ĞǀŝĚĞŶĐĞ�ŚŝŐŚůŝŐŚƚƐ�ƚŚĞ�ŝŵƉĂŝƌŵĞŶƚ�ŽĨ�ĐĞůůƵůĂƌ�ĂŶĚ�

ŵŝƚŽĐŚŽŶĚƌŝĂů��ĂϮн� ƐŝŐŶĂůŝŶŐ͕� ƌĂƚŚĞƌ� ƚŚĂŶ� ƚŚĞ� ŝŶĚƵĐƚŝŽŶ�ŽĨ�ŽǆŝĚĂƚŝǀĞ� ƐƚƌĞƐƐ͕� ĂƐ�ŽŶĞ�ŽĨ� ƚŚĞ�

ƉƌŝŵĂƌǇ�ƉĂƚŚŽůŽŐŝĐĂů�ĞǀĞŶƚƐ͘�

Ϯ͘ϭ͘��ǇƚŽƐŽůŝĐ��ĂϮн�ŝŵƉĂŝƌŵĞŶƚ��

/ƐŽůĂƚĞĚ�ĐĂƌĚŝĂĐ�ŵǇŽĐǇƚĞƐ�ƉĞƌĨƵƐĞĚ�ǁŝƚŚ��ŽǆŽ�ƐŚŽǁ�ŝŶĐƌĞĂƐĞĚ��ĂϮн�ƐƉĂƌŬƐ�ŽĐĐƵƌƌĞŶĐĞ�ĂŶĚ�

ĚĞĐƌĞĂƐĞĚ��ĂϮн� ƚƌĂŶƐŝĞŶƚƐ� ;ϭϬϰͿ͘�KĨ� ŶŽƚĞ͕� ƚŚĞ�ĚŽǆŽƌƵďŝĐŝŶ�ŵĞƚĂďŽůŝƚĞ͕�ĚŽǆŽƌƵďŝĐŝŶŽů͕� ŚĂƐ�

ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƚĂƌŐĞƚ� ĐĂůƐĞƋƵĞƐƚƌŝŶ� ƚǇƉĞ� Ϯ� ;�^YϮͿ͕� ƚŚƵƐ� ŝŶĐƌĞĂƐŝŶŐ� ĐǇƚŽƉůĂƐŵŝĐ� �ĂϮн�

ĐŽŶĐĞŶƚƌĂƚŝŽŶ� ĂŶĚ� ĨĂǀŽƌŝŶŐ� ĂƌƌŚǇƚŚŵŝĐ� ĐŽŶĚŝƚŝŽŶƐ� ;ϭͿ� ;&ŝŐƵƌĞ� ϱͿ͘� �ŽǆŽ� ĂůƐŽ� ŝŶŚŝďŝƚƐ� ƚŚĞ�

ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ŽĨ� ƚŚĞ� ƐĂƌĐŽƉůĂƐŵŝĐ� ƌĞƚŝĐƵůƵŵ� �ĂϮнͲ�dWĂƐĞ� ϮĂ� ;^�Z��ϮĂͿ� ĂŶĚ� ƚŚĞƌĞĨŽƌĞ�

ƌĞĚƵĐĞƐ��ĂϮн�ƵƉƚĂŬĞ�ŝŶ�ƚŚĞ�^Z�;ϮͿ͘�DŽƌĞŽǀĞƌ͕��ŽǆŽ�ĂŶĚ�ŝƚƐ�ŵĞƚĂďŽůŝƚĞ�ĚŽǆŽƌƵďŝĐŝŶŽů�ŵŽĚŝĨǇ�

ƌǇĂŶŽĚŝŶĞ� ƌĞĐĞƉƚŽƌ� ;ZǇZͿ� ĂŶĚ� ^�Z��ϮĂ� ĂĐƚŝǀŝƚǇ� ďǇ� ďŝŶĚŝŶŐ� ƚŽ� ƚŚĞ� ƉƌŽƚĞŝŶƐ� ĂŶĚ� ǀŝĂ� ƚŚŝŽů�

ŽǆŝĚĂƚŝŽŶ� ;ϯϳͿ͕� ĂŶĚ� ŝŶĚƵĐĞ� �ĂůĐŝƵŵͬ�ĂůŵŽĚƵůŝŶͲĚĞƉĞŶĚĞŶƚ� ƉƌŽƚĞŝŶ� ŬŝŶĂƐĞͲ//� ;�ĂD<//ͿͲ
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ŽŽ

Ĩ͘�

ĚĞƉĞŶĚĞŶƚ��ĂϮн�ůĞĂŬĂŐĞ�ĨƌŽŵ�ƚŚĞ�^Z�;ϭϬϰ͕�ϭϮϰͿ͘�KǀĞƌĂůů͕�ƚŚĞ�ĞĨĨĞĐƚƐ�ŽŶ�ZǇZ͕�^�Z��ϮĂ�ĂŶĚ�

ƉŚŽƐƉŚŽůĂŵďĂŶ� ;W>EͿ͕� ŵĞĚŝĂƚĞĚ� ďǇ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� W<�� ĂŶĚ� �ĂD<//͕� ƌĞƐƵůƚ� ŝŶ� ƚƌĂŶƐŝĞŶƚ�

ŝŶƚƌĂĐĞůůƵůĂƌ� �ĂϮн� ĂůƚĞƌĂƚŝŽŶƐ͘� dŚĞƐĞ͕� ŝŶ� ƚƵƌŶ͕� ůĞĂĚ� ƚŽ� Ă� ƚĞŵƉŽƌĂƌǇ� ĚĞƉƌĞƐƐŝŽŶ� ŽĨ� �ĂϮн�

ƚƌĂŶƐŝĞŶƚƐ� ƚŚĂƚ� ƉƌĞĐĞĚĞƐ� ƐƚƌƵĐƚƵƌĂů� ĚĞĨĞĐƚƐ� ĂŶĚ� ŽǀĞƌƚ� ĐĂƌĚŝĂĐ� ĚǇƐĨƵŶĐƚŝŽŶ� ŝŶ� ŵŽĚĞůƐ� ŽĨ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝŶĚƵĐĞĚ�ďǇ�ĐŚƌŽŶŝĐ�ůŽǁͲĚŽƐĞ��ŽǆŽ�;ϲϵͿ͘��ůďĞŝƚ�ŝƚ�ŝƐ�ŬŶŽǁŶ�ƚŚĂƚ�ZK^�ĂĐƚŝǀĂƚĞ�

ďŽƚŚ� W<�� ĂŶĚ� �ĂD<//� ;ϴ͕� ϭϰϭͿ͕� ƚŚĞ� ƚǁŽ� ŵĂŝŶ� ƌĞŐƵůĂƚŽƌƐ� ŽĨ� ƚŚĞ� ĞǆĐŝƚĂƚŝŽŶͲĐŽŶƚƌĂĐƚŝŽŶ�

ĐŽƵƉůŝŶŐ͕�ƚŚĞ�ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ɴͲĂĚƌĞŶĞƌŐŝĐ�ƐŝŐŶĂůŝŶŐ�ŝŶ�ƚŚĞ�ƐĞƚƚŝŶŐ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŚĂƐ�

ďĞĞŶ�ƉŽƐƚƵůĂƚĞĚ͕�ďƵƚ�Ɛƚŝůů�ƌĞƋƵŝƌĞƐ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŽŶĨŝƌŵĂƚŝŽŶ�;ϲϵͿ͘�

dŚĞ�ĞŶƐƵŝŶŐ�ĚŝƐƌƵƉƚŝŽŶ�ŽĨ�ƐĂƌĐŽƉůĂƐŵŝĐ��ĂϮн�ŚĂŶĚůŝŶŐ�ŵĂĐŚŝŶĞƌǇ�ůĞĂĚƐ�ƚŽ�ŝŶƚƌĂĐĞůůƵůĂƌ��ĂϮн�

ŽǀĞƌůŽĂĚ� ĂŶĚ͕� ĨŝŶĂůůǇ͕� ƚŽ� ƐĂƌĐŽŵĞƌŝĐ� ĚŝƐĂƌƌĂǇ� ĂŶĚ�ŵǇŽĨŝďƌŝů� ĚĞƚĞƌŝŽƌĂƚŝŽŶ͕� ƚŚĂƚ� ŝƐ� ĨƵƌƚŚĞƌ�

ĂŐŐƌĂǀĂƚĞĚ�ďǇ��ŽǆŽͲĂĐƚŝǀĂƚĞĚ��ĂϮнͲĚĞƉĞŶĚĞŶƚ�ĐĂůƉĂŝŶ�ƉƌŽƚĞĂƐĞƐ�;ϲϴͿ͘�

Ϯ͘Ϯ͘�DŝƚŽĐŚŽŶĚƌŝĂů��ĂϮн�ŝŵƉĂŝƌŵĞŶƚ��

�ĞƐŝĚĞƐ�ĞǆĐĞƐƐŝǀĞ�ĂĐĐƵŵƵůĂƚŝŽŶ�ŽĨ��ĂϮн� ŝŶ� ƚŚĞ�ĐǇƚŽƉůĂƐŵ͕� ŝŵƉĂŝƌĞĚ��ĂϮн� ĨůƵǆĞƐ�ŚĂǀĞ�ďĞĞŶ�

ƌĞƉŽƌƚĞĚ� ŝŶ�ŵŝƚŽĐŚŽŶĚƌŝĂ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ��ŽǆŽ� ƚƌĞĂƚŵĞŶƚ� ;ϭϵͿ͘� �ĂϮн� ĞŶƚĞƌƐ�ŵŝƚŽĐŚŽŶĚƌŝĂ�

ƚŚƌŽƵŐŚ�ƚŚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĐĂůĐŝƵŵ�ƵŶŝƉŽƌƚĞƌ�;D�hͿ�ĂŶĚ͕�ĂďŽǀĞ�Ă�ƉŚǇƐŝŽůŽŐŝĐĂů�ƚŚƌĞƐŚŽůĚ͕�

ŵŝƚŽĐŚŽŶĚƌŝĂů� �ĂϮн� ƚƌŝŐŐĞƌƐ� ƚŚĞ� ŽƉĞŶŝŶŐ� ŽĨ� ƚŚĞ� ƉĞƌŵĞĂďŝůŝƚǇ� ƚƌĂŶƐŝƚŝŽŶ� ƉŽƌĞ� ;DdWͿ͕�

ƌĞƐƵůƚŝŶŐ�ŝŶ�ĚŝƐƐŝƉĂƚŝŽŶ�ŽĨ�ƚƌĂŶƐŵĞŵďƌĂŶĞ�ƉŽƚĞŶƚŝĂů͕�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƐǁĞůůŝŶŐ͕�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�

ƉĞƌŵĞĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŽƵƚĞƌ�ŵĞŵďƌĂŶĞ�ƚŽ�ĂƉŽƉƚŽƚŝĐ�ĨĂĐƚŽƌƐ͕�ƐƵĐŚ�ĂƐ�ĐǇƚŽĐŚƌŽŵĞ�Đ�;ϭϰϮͿ͘� /Ŷ�

ƚƵƌŶ͕� ŝŶ� ƚŚĞ� ĐǇƚŽƐŽů͕� ĐǇƚŽĐŚƌŽŵĞ� Đ� ĨŽƌŵƐ� Ă� ĐŽŵƉůĞǆ�ǁŝƚŚ� ƚŚĞ� ĂĚĂƉƚŽƌ� ƉƌŽƚĞŝŶ� ĂƉŽƉƚŽƐŝƐ�

ƉƌŽƚĞĂƐĞ� ĂĐƚŝǀĂƚŽƌ� ƉƌŽƚĞŝŶͲϭ� ;�ƉĂĨͲϭͿ� ĂŶĚ� ĐĂƐƉĂƐĞͲϵ͕� ƚŚĞ� ƐŽͲĐĂůůĞĚ� ĂƉŽƉƚŽƐŽŵĞ͕� ǁŚŝĐŚ�

ĨŝŶĂůůǇ�ĂĐƚŝǀĂƚĞƐ�ƚŚĞ�ĂƉŽƉƚŽƚŝĐ�ĐĂƐĐĂĚĞ�;ϭϰϮͿ͘�

�� Ϯ͘ϯ͘��ŵĞƌŐŝŶŐ�ƚŚĞƌĂƉĞƵƚŝĐ�ƐƚƌĂƚĞŐŝĞƐ�ƚŽ�ƌĞƐĐƵĞ��ĂϮн�ŚŽŵĞŽƐƚĂƐŝƐ�

�Ɛ� ƚŚĞ� ƌĞůĞǀĂŶĐĞ� ŽĨ� ^Z� �ĂϮн� ůĞĂŬĂŐĞ� ŝŶ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ĞŵĞƌŐĞĚ͕� ŶĞǁ� ƚŚĞƌĂƉĞƵƚŝĐ�

ĂƉƉƌŽĂĐŚĞƐ� ŚĂǀĞ� ďĞĞŶ� ĞǆƉůŽƌĞĚ͕� ŝŶĐůƵĚŝŶŐ� ĐĂƌĚŝĂĐ� ŐĞŶĞ� ƚŚĞƌĂƉǇ� ǁŝƚŚ� ƚŚĞ� 'ZWϳϴ�

ĐŚĂƉĞƌŽŶĞ͕�ǁŚŝĐŚ� ŝƐ� ƌĞƐƉŽŶƐŝďůĞ� ĨŽƌ� ĂŵĞůŝŽƌĂƚŝŽŶ� ŽĨ� ^Z� ƐƚƌĞƐƐ� ;ϭϮϰͿ͘� /ŶƚƌŝŐƵŝŶŐůǇ͕� ĂĚĞŶŽͲ

ĂƐƐŽĐŝĂƚĞĚ� ǀŝƌƵƐ� ;��sͿͲŵĞĚŝĂƚĞĚ� 'ZWϳϴ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ƉĂƌƚůǇ� ƉƌŽƚĞĐƚƐ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�

ĨƌŽŵ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĐĞůů� ĚĞĂƚŚ� ďǇ� ŵŽĚƵůĂƚŝŶŐ� �ĂϮнͬ��D<//ͲĚĞƉĞŶĚĞŶƚ� ƉĂƚŚǁĂǇƐ� ĂŶĚ�

ƉƌĞǀĞŶƚŝŶŐ� Ɖϱϯ� ĂĐĐƵŵƵůĂƚŝŽŶ� ;ϭϮϰͿ� ͘� dŚŝƐ� ƐƚƵĚǇ� ƐƵŐŐĞƐƚƐ� ƚŚĂƚ� ^Z� ƐƚƌĞƐƐ� ŝƐ� Ă� ǀĂůƵĂďůĞ�

ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ��ŽǆŽͲŝŶĚƵĐĞĚ͕�ĂŶĚ�ƉŽƐƐŝďůǇ�ŽƚŚĞƌ͕�ĐĂƌĚŝĂĐ�ĚŝƐĞĂƐĞ͘��

&ƵƌƚŚĞƌ� ŚŝŐŚůŝŐŚƚŝŶŐ� ƚŚĞ� ĐĞŶƚƌĂů� ƌŽůĞ� ŽĨ� �ĂD<//� ŝŶ� ƚŚŝƐ� ƉƌŽĐĞƐƐ͕� ŝƚ� ŚĂƐ� ďĞĞŶ� ƌĞĐĞŶƚůǇ�

ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĂƚ� ƉŚĂƌŵĂĐŽůŽŐŝĐĂů� Žƌ� ŐĞŶĞƚŝĐ� ďůŽĐŬĂĚĞ� ŽĨ� >ͲƚǇƉĞ� �ĂϮн� ĐŚĂŶŶĞů� ;>d��Ϳ�
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Ĩ͘�

ĂƚƚĞŶƵĂƚĞƐ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĂƉŽƉƚŽƐŝƐ� ďǇ� ƐƵƉƉƌĞƐƐŝŶŐ� ŝŶƚƌĂĐĞůůƵůĂƌ� �ĂϮн�

ĂĐĐƵŵƵůĂƚŝŽŶ� ĂŶĚ� ƚŚĞ� ĞŶƐƵŝŶŐ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� �ĂD<//ͲE&Ͳʃ�� ƉĂƚŚǁĂǇ� ;ϰϵͿ͘� ,ĞŶĐĞ͕� >d���

ďůŽĐŬĞƌƐ�ŵŝŐŚƚ�ďĞ�ƉŽƚĞŶƚŝĂů�ƚŚĞƌĂƉĞƵƚŝĐ�ĂŐĞŶƚƐ�ĂŐĂŝŶƐƚ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘�

ZĞĐĞŶƚůǇ͕��ĨĞŶƚĂŬŝƐ�Ğƚ�Ăů͘�ƐŚŽǁĞĚ�ƚŚĂƚ�ƚĂƌŐĞƚŝŶŐ�ďŽƚŚ�ŝŵƉĂŝƌĞĚ�ĐǇƚŽƐŽůŝĐ��ĂϮн�ŚŽŵĞŽƐƚĂƐŝƐ�

ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĂůƚĞƌĂƚŝŽŶƐ� ŝƐ�Ă�ƉƌŽŵŝƐŝŶŐ�ƐƚƌĂƚĞŐǇ͘���ƐŝŶŐůĞ�ĚŽƐĞ�ŽĨ�>ĞǀŽƐŝŵĞŶĚĂŶ͕�ĂŶ�

ŝŶŽƚƌŽƉŝĐ�ǀĂƐŽĚŝůĂƚŽƌ�;ϵϮͿ�ƚŚĂƚ�ŝƐ�ĐůŝŶŝĐĂůůǇ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ĚĞĐŽŵƉĞŶƐĂƚĞĚ�ŚĞĂƌƚ�

ĨĂŝůƵƌĞ�;ϮϰͿ͕�ƉƌĞǀĞŶƚĞĚ�ƐƵďͲĐŚƌŽŶŝĐ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�ĂƐ�ŝŶĚŝĐĂƚĞĚ�ďǇ�ƉƌĞƐĞƌǀĞĚ�

>s� ƐǇƐƚŽůŝĐ� ĨƵŶĐƚŝŽŶ� ĂŶĚ� ƐƚƌƵĐƚƵƌĞ͕� ďǇ� ĂĐƚŝŶŐ� ŽŶ� Đ�DWͬW<�� ĂŶĚ� W>E� ƉĂƚŚǁĂǇ� ;ϮϯͿ͘�

/ŶƚƌŝŐƵŝŶŐůǇ͕�>ĞǀŽƐŝŵĞŶĚĂŶ�ĂŶĚ�ŝƚƐ�ĂĐƚŝǀĞ�ŵĞƚĂďŽůŝƚĞ�KZͲϭϴϵϲ�ĂĐƚ�ĂƐ�W��ϯ�ŝŶŚŝďŝƚŽƌƐ͕�ǁŝƚŚ�

ǁŚŽŵ�ƚŚĞǇ�ƐŚĂƌĞ�ƐƚƌƵĐƚƵƌĂů�ƐŝŵŝůĂƌŝƚǇ�;ϵϬͿ͘�KĨ�ŶŽƚĞ͕�ďĞƐŝĚĞƐ�ĐŽƵŶƚĞƌĂĐƚŝŶŐ�ĐǇƚŽƉůĂƐŵŝĐ��ĂϮн�

ĂĐĐƵŵƵůĂƚŝŽŶ͕� >ĞǀŽƐŝŵĞŶĚĂŶ� ĚŝƐƉůĂǇƐ� ĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇ� ĂŶĚ� ĂŶƚŝŽǆŝĚĂŶƚ� ĂĐƚŝǀŝƚŝĞƐ͕�

ƐĞŶƐŝƚŝǌĞƐ�dƌŽƉŽŶŝŶ���ƚŽ��ĂϮн� ;ŝŶŽƚƌŽƉŝĐ�ĞĨĨĞĐƚͿ�ĂŶĚ�ĂĐƚŝǀĂƚĞƐ�ƚŚĞ��dWͲƐĞŶƐŝƚŝǀĞ�<н�ĐŚĂŶŶĞů�

;ϮϰͿ͕�ĞǀĞŶƚƐ�ƚŚĂƚ�Ăůů�ĐŽŶǀĞƌŐĞ�ŝŶƚŽ�Ă�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĞĨĨĞĐƚ͘�

�Ɛ�ŝŶĐƌĞĂƐĞĚ�ŝŶƚƌĂĐĞůůƵůĂƌ��ĂϮн�ůĞǀĞůƐ�ĞŵĞƌŐĞĚ�ĂƐ�ŬĞǇ�ƚƌŝŐŐĞƌƐ�ŽĨ�ZK^�ƉƌŽĚƵĐƚŝŽŶ͕�ǁŚŝĐŚ͕�ŝŶ�

ƚƵƌŶ͕� ĨƵƌƚŚĞƌ� ĚŝƐƌƵƉƚƐ� ŝŶƚƌĂĐĞůůƵůĂƌ� ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů� �ĂϮн� ŚŽŵĞŽƐƚĂƐŝƐ͕� ŶĞǁ� ƚŚĞƌĂƉĞƵƚŝĐ�

ƚŽŽůƐ� ĂŝŵĞĚ� Ăƚ� ƉƌĞǀĞŶƚŝŶŐ� Žƌ� ƌĞƐƚŽƌŝŶŐ� �ĂϮн� � ďĂůĂŶĐĞ� ŵĂǇ� ƉƌŽǀĞ� ĞĨĨĞĐƚŝǀĞ� ĂŐĂŝŶƐƚ� �EdͲ

ŝŶĚƵĐĞ�ƚŽǆŝĐŝƚǇ͘��

ϯ͘�dŚĞ�ĐŽŶƚƌŽǀĞƌƐŝĂů�ƌŽůĞ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ŝŶ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

dŚĞ� ĨŝŶĚŝŶŐ� ƚŚĂƚ� ĂŶƚŝŽǆŝĚĂŶƚƐ� ĂŶĚ� ŝƌŽŶ� ĐŚĞůĂƚŽƌƐ� ĨĂŝů� ƚŽ� ƉƌĞǀĞŶƚ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

ƐƵŐŐĞƐƚĞĚ� ƚŚĂƚ� ĂĚĚŝƚŝŽŶĂů� ŵĞĐŚĂŶŝƐŵƐ� ŵĂǇ� ďĞ� ŝŶǀŽůǀĞĚ� ĂŶĚ͕� ĂŵŽŶŐ� ƚŚĞƐĞ͕� ĂƵƚŽƉŚĂŐǇ�

ƌĞĐĞŶƚůǇ�ĞŵĞƌŐĞĚ�ƚŽ�ƉůĂǇ�Ă�ŬĞǇ�ƌŽůĞ�;ϱϱͿ͘�,ŽǁĞǀĞƌ͕�ƚŚĞƌĞ�ŝƐ�Ɛƚŝůů�ĐŽŶƚƌŽǀĞƌƐǇ�ƌĞŐĂƌĚŝŶŐ�ŝƚƐ�

ďĞŶĞĨŝĐŝĂů�ǀĞƌƐƵƐ�ŵĂůĂĚĂƉƚŝǀĞ�ƌŽůĞ�ŝŶ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�;ϭϭϭͿ͘�

� ϯ͘ϭ͘��DW<ͬŵdKZ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇ��

�ƵƚŽƉŚĂŐǇ� ŝƐ� ƚŚĞ� ŵĂũŽƌ� ĐĞůůƵůĂƌ� ƌĞĐǇĐůŝŶŐ� ƉƌŽĐĞƐƐ͕� ĞƐƐĞŶƚŝĂů� ĨŽƌ� ŵĂŝŶƚĂŝŶŝŶŐ� ĐĞůůƵůĂƌ�

ŚŽŵĞŽƐƚĂƐŝƐ�;ϭϭϯͿ͘�dŚĞ�ŝŶŝƚŝĂƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ŝƐ�ƵŶĚĞƌ�ƚŚĞ�ĐŽŶƚƌŽů�ŽĨ��d'ϭ͕�ĂůƐŽ�ŬŶŽǁŶ�ĂƐ�

ĂĐƚŝǀĂƚĞĚ�ƵŶĐͲϱϭͲůŝŬĞ�ĂƵƚŽƉŚĂŐǇ�ĂĐƚŝǀĂƚŝŶŐ�ŬŝŶĂƐĞ�ϭ�;hůŬͲϭͿ͕�ǁŚŝĐŚ�ƉŚŽƐƉŚŽƌǇůĂƚĞƐ��ĞĐůŝŶͲϭ�

;ϱ͕�ϴϱͿ͕�ƚŚƵƐ�ƚƌŝŐŐĞƌŝŶŐ�ƚŚĞ�ĨŽƌŵĂƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐŽƐŽŵĞƐ͘�dŚĞ�ĂĐƚŝǀŝƚǇ�ŽĨ�hůŬͲϭ�ŝƐ�ƵŶĚĞƌ�ƚŚĞ�

ĐŽŶƚƌŽů� ŽĨ� ĂĚĞŶŽƐŝŶĞ� ŵŽŶŽƉŚŽƐƉŚĂƚĞͲĂĐƚŝǀĂƚĞĚ� ƉƌŽƚĞŝŶ� ŬŝŶĂƐĞ� ;�DW<Ϳ� ĂŶĚ� ŵĂŵŵĂůŝĂŶ�

ƚĂƌŐĞƚ� ŽĨ� ƌĂƉĂŵǇĐŝŶ� ;ŵdKZͿ� ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇƐ͘� �DW<� ĂŶĚ� ŵdKZ� ƉƌŽŵŽƚĞ� ĂŶĚ� ŝŶŚŝďŝƚ�

ĂƵƚŽƉŚĂŐǇ͕�ƌĞƐƉĞĐƚŝǀĞůǇ͕�ďǇ�ĨŝŶĞůǇ�ƌĞŐƵůĂƚŝŶŐ�ƚŚĞ�ŬŝŶĂƐĞ�ĂĐƚŝǀŝƚǇ�ŽĨ�hůŬͲϭ͘��ŽŶƐŝƐƚĞŶƚůǇ��EdƐ�
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Ĩ͘�

ŚĂǀĞ� ďĞĞŶ� ĨŽƵŶĚ� ƚŽ� ŝŶƚĞƌĨĞƌĞ� ǁŝƚŚ� ŵdKZ� ĂŶĚ� �DW<� ƌĞŐƵůĂƚŽƌǇ� ƉĂƚŚǁĂǇƐ� ůĞĂĚŝŶŐ� ƚŽ�

ĂƵƚŽƉŚĂŐǇ�ĚǇƐƌĞŐƵůĂƚŝŽŶ͘�

� ϯ͘Ϯ͘��EdƐ�ŝŶŚŝďŝƚ�ĂƵƚŽƉŚĂŐǇ��

�EdƐ� ĂĐƚŝǀĂƚĞ� ŵdKZ� ƚŚĂƚ͕� ŝŶ� ƚƵƌŶ͕� ŝŶĚƵĐĞƐ� ƚŚĞ� ŝŶŚŝďŝƚŽƌǇ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ� hůŬͲϭ� Ăƚ�

^Ğƌϳϱϳ͕�ƚŚĞƌĞďǇ�ƉƌĞǀĞŶƚŝŶŐ�hůŬͲϭͲŵĞĚŝĂƚĞĚ�ĂƵƚŽƉŚĂŐŽƐŽŵĞ�ŝŶŝƚŝĂƚŝŽŶ�;ϭϯϮͿ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�

ŚĂŶĚ͕� �EdƐ� ŝŶŚŝďŝƚ� ƚŚĞ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ� �DW<͕� ĂŶ� ƵƉƐƚƌĞĂŵ� ƉŽƐŝƚŝǀĞ� ƌĞŐƵůĂƚŽƌ� ŽĨ�

ĂƵƚŽƉŚĂŐǇ� ŝŶŝƚŝĂƚŝŽŶ͕� ĨƵƌƚŚĞƌ� ĐŽŶƚƌŝďƵƚŝŶŐ� ƚŽ� ƚŚĞ� ďůŽĐŬ� ŽĨ� ƚŚĞ� ĂƵƚŽƉŚĂŐŝĐ� ƉƌŽĐĞƐƐ͘�

/ŶƚĞƌĞƐƚŝŶŐůǇ͕�>ŝ�Ğƚ�Ăů͘�;ϲϱͿ�ƌĞĐĞŶƚůǇ�ŝĚĞŶƚŝĨŝĞĚ�ĂŶŽƚŚĞƌ�ŬŝŶĂƐĞ�ǁŚŝĐŚ�ŝƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ĂƵƚŽƉŚĂŐǇ�

ƌĞŐƵůĂƚŝŽŶ͕� ĂŶĚ� ǁŚŽƐĞ� ĂĐƚŝǀŝƚǇ� ŝƐ� ĐƌŝƚŝĐĂůůǇ� ĂĨĨĞĐƚĞĚ� ďǇ� �EdƐ͘� dŚĞ� ĂƵƚŚŽƌƐ� ƐŚŽǁ� ƚŚĂƚ͕� ŝŶ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕� �ŽǆŽ� ĞŶŐĂŐĞƐ� W/ϯ<ɶ� ƐŝŐŶĂůŝŶŐ͕� ĐŽŶǀĞƌŐŝŶŐ� ŽŶ� ĂƵƚŽƉŚĂŐǇ� ŝŶŚŝďŝƚŝŽŶ� ĂŶĚ�

ŵĂůĂĚĂƉƚŝǀĞ�ŵĞƚĂďŽůŝĐ� ƌĞƉƌŽŐƌĂŵŵŝŶŐ͘� /Ŷ� ƉĂƌƚŝĐƵůĂƌ͕� �ŽǆŽ� ĂĐƚŝǀĂƚĞƐ� W/ϯ<ɶͬ�Ŭƚ� ƐŝŐŶĂůŝŶŐ�

ĚŽǁŶƐƚƌĞĂŵ�ŽĨ�dŽůůͲůŝŬĞ�ƌĞĐĞƉƚŽƌ�ϵ�;d>ZϵͿ͕� ůĞĂĚŝŶŐ�ƚŽ�ŝŶĐƌĞĂƐĞĚ�ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ�ŽĨ�ŵdKZ�

ĂŶĚ� ŽĨ� ŝƚƐ� ĚŽǁŶƐƚƌĞĂŵ� ƚĂƌŐĞƚ� hůŬͲϭ� ĂŶĚ͕� ŝŶ� ƚƵƌŶ͕� ƚŽ� ĂƵƚŽƉŚĂŐǇ� ŝŶŚŝďŝƚŝŽŶ͘� �ĐĐŽƌĚŝŶŐůǇ͕�

ŐĞŶĞƚŝĐ� Žƌ� ƉŚĂƌŵĂĐŽůŽŐŝĐĂů� ďůŽĐŬĂĚĞ� ŽĨ� W/ϯ<ɶ� ƌĞĂĐƚŝǀĂƚĞƐ� ĂƵƚŽƉŚĂŐǇ� ďǇ� ƌĞůĞĂƐŝŶŐ� ƚŚĞ�

ŝŶŚŝďŝƚŽƌǇ�ďƌĂŬĞ�ŽĨ�ŵdKZ͕�ĂŶĚ�ƉƌŽƚĞĐƚƐ�ƚŚĞ�ŚĞĂƌƚ�ĂŐĂŝŶƐƚ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�;ϲϱͿ͘�

EŽƚĂďůǇ͕� ƚŚĞ� ĞŶŚĂŶĐĞĚ� ĂƵƚŽƉŚĂŐǇ� ƚƌŝŐŐĞƌĞĚ� ďǇ� W/ϯ<ɶ� ŝŶŚŝďŝƚŝŽŶ� ƉƌŽƚĞĐƚƐ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�

ĂŐĂŝŶƐƚ�ŵƵůƚŝƉůĞ��ŽǆŽͲŝŶĚƵĐĞĚ�ƚŽǆŝĐ�ĞĨĨĞĐƚƐ͕�ƐƵĐŚ�ĂƐ��E��ĚĂŵĂŐĞ͕��ĂϮн�ĚǇƐƌĞŐƵůĂƚŝŽŶ�ĂŶĚ�

ZK^�ƉƌŽĚƵĐƚŝŽŶ͘�/ŶĚĞĞĚ͕�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ�ƌĞƐƵůƚƐ�ŝŶ�ZK^�ĂĐĐƵŵƵůĂƚŝŽŶ͕�

ǁŚŝĐŚ� ŝƐ� ĨƵƌƚŚĞƌ� ĞŶŚĂŶĐĞĚ� ďǇ� ƚŚĞ� ĂĚĚŝƚŝŽŶ� ŽĨ� ƚŚĞ� ĂƵƚŽƉŚĂŐǇ� ďůŽĐŬĞƌ� �ĂĨ�ϭ͕�ǁŚŝůĞ� ďĞŝŶŐ�

ƌĞĚƵĐĞĚ�ďǇ�W/ϯ<ɶ�ŝŶŚŝďŝƚŝŽŶ͘�KĨ�ŶŽƚĞ͕��ĂĨ�ϭ�ĐŽŵƉůĞƚĞůǇ�ĂďƌŽŐĂƚĞĚ�ƚŚĞ�ƉƌŽƚĞĐƚŝǀĞ�ĞĨĨĞĐƚ�ŽĨ�

W/ϯ<ɶ�ďůŽĐŬĂĚĞ͕� ƚŚƵƐ�ĐŽƌƌŽďŽƌĂƚŝŶŐ� ƚŚĞ�ǀŝĞǁ� ƚŚĂƚ�W/ϯ<ɶ� ŝŶŚŝďŝƚŝŽŶ�ƉƌŽƚĞĐƚƐ�ĂŐĂŝŶƐƚ��ŽǆŽͲ

ŝŶĚƵĐĞĚ�ŽǆŝĚĂƚŝǀĞ�ƐƚƌĞƐƐ�ĂŶĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ǀŝĂ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�;ϲϱͿ͘�

�ŶŽƚŚĞƌ� ƌĞĐĞŶƚ� ƐƚƵĚǇ� ;ϭϯϭͿ� ĐŽŶĨŝƌŵƐ� ƚŚĂƚ� �ŽǆŽ� ŝŵƉĂŝƌƐ� ƚŚĞ� ĂƵƚŽƉŚĂŐŝĐ� ĨůƵǆ� ĂŶĚ� ƚŚĞ�

ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ� ŐĞŶĞƐ� ďǇ� ŝŶĐƌĞĂƐŝŶŐ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ĂŶĚ�

ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ� ŵdKZ͘� �ĐƚŝǀĂƚĞĚ� ŵdKZ͕� ŝŶĚĞĞĚ͕� ƌĞƚĂŝŶƐ� ŝŶ� ƚŚĞ� ĐǇƚŽƉůĂƐŵ� ƚŚĞ�

ƚƌĂŶƐĐƌŝƉƚŝŽŶĂů� ƌĞŐƵůĂƚŽƌ� d&��͕� ƚŚĂƚ� ŶŽƌŵĂůůǇ� ĚƌŝǀĞƐ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ĂŶĚ�

ůǇƐŽƐŽŵĂů� ŐĞŶĞƐ͕� ƐƵĐŚ�ĂƐ� >�DWϭ� ;ϱϳ͕� ϭϬϵ͕� ϭϭϬ͕� ϭϯϮ͕� ϭϰϴͿ͘� dŚĞ� ƚƌĂŶƐĐƌŝƉƚŝŽŶĂů� ĂĐƚŝǀŝƚǇ� ŽĨ�

d&��� ŝƐ� ŝŶŚŝďŝƚĞĚ� ďǇ� �ŽǆŽͲŝŶĚƵĐĞĚ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ� ŵdKZ͕� ǁŚĞƌĞĂƐ� ƚŚĞ� ŝŵƉĂŝƌĞĚ�

ŶƵĐůĞĂƌ� ůŽĐĂůŝǌĂƚŝŽŶ�ŽĨ�d&���ĐĂƵƐĞƐ�ƚŚĞ�ĚĞĐůŝŶĞ�ŽĨ� ůǇƐŽƐŽŵĂů�ďŝŽŐĞŶĞƐŝƐ�ĂŶĚ� ĨƵŶĐƚŝŽŶ� ;ϳϳ͕�

ϴϮͿ͕� ƌĞƐƵůƚŝŶŐ� ŝŶ� ŝŶĐƌĞĂƐĞĚ� ůĞǀĞůƐ� ŽĨ� �ĞĐůŝŶͲϭ͕� >�ϯͲ//� ĂŶĚ� WϲϮ͘� /Ŷ� ůŝŶĞ�ǁŝƚŚ� ƚŚĞƐĞ� ĨŝŶĚŝŶŐƐ͕�

ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ŵdKZ� ĂĐƚŝǀŝƚǇ� ǁŝƚŚ� dŽƌŝŶͲϭ� ŝŶ� ,ϵĐϮ� ĐĂƌĚŝŽŵǇŽďůĂƐƚƐ� ƌĞƐƚŽƌĞƐ� ƚŚĞ� ŶƵĐůĞĂƌ�
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WĂŐĞ�ϭϯ�ŽĨ�ϱϮ�
�
�
�

ϭϯ�

�Ŷ
ƚŝŽ

ǆŝ
ĚĂ

Ŷƚ
Ɛ�Ă

ŶĚ
�Z
ĞĚ

Žǆ
�^
ŝŐ
ŶĂ

ůŝŶ
Ő�

^ŝ
ŐŶ

Ăů
ŝŶ
Ő�
ƉĂ

ƚŚ
ǁ
ĂǇ
Ɛ�Ƶ

ŶĚ
Ğƌ
ůǇ
ŝŶ
Ő�
ĂŶ

ƚŚ
ƌĂ
ĐǇ
Đů
ŝŶ
Ğ�
ĐĂ
ƌĚ
ŝŽ
ƚŽ
ǆŝ
Đŝ
ƚǇ
�;�

K
/͗�
ϭϬ

͘ϭ
Ϭϴ

ϵͬ
Ăƌ
Ɛ͘
ϮϬ

ϮϬ
͘ϴ
Ϭϭ

ϵͿ
�

dŚ
ŝƐ�
ƉĂ

ƉĞ
ƌ�Ś

ĂƐ
�ď
ĞĞ

Ŷ�
ƉĞ

Ğƌ
Ͳƌ
Ğǀ
ŝĞ
ǁ
ĞĚ

�Ă
ŶĚ

�Ă
ĐĐ
ĞƉ

ƚĞ
Ě�
ĨŽ
ƌ�Ɖ

Ƶď
ůŝĐ
Ăƚ
ŝŽ
Ŷ͕
�ď
Ƶƚ
�Ś
ĂƐ
�Ǉ
Ğƚ
�ƚŽ

�Ƶ
ŶĚ

Ğƌ
ŐŽ

�Đ
ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

ůŽĐĂůŝǌĂƚŝŽŶ�ŽĨ�d&���ĂŶĚ�ĂƵƚŽƉŚĂŐǇ͕�ƉƌĞǀĞŶƚŝŶŐ��ŽǆŽͲŝŶĚƵĐĞĚ�ĂƉŽƉƚŽƐŝƐ�ĂŶĚ�ŝŵƉƌŽǀŝŶŐ�ĐĞůů�

ǀŝĂďŝůŝƚǇ�;ϲͿ͘��

/Ŷ� ĐŽŶƚƌĂƐƚ͕� �ŚƵ� Ğƚ� Ăů͘� ƌĞƉŽƌƚ� ƚŚĂƚ� ŵŝĐĞ� ǁŝƚŚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞͲƐƉĞĐŝĨŝĐ� ĂŶĚ� ĐŽŶƐƚŝƚƵƚŝǀĞůǇ�

ĂĐƚŝǀĞ�ŵdKZ� ĂƌĞ� ƉƌŽƚĞĐƚĞĚ� ĂŐĂŝŶƐƚ� �EdͲŝŶĚƵĐĞĚ� ĂĐƵƚĞ� ĐĂƌĚŝĂĐ� ĚǇƐĨƵŶĐƚŝŽŶ� ;ϭϰϳͿ͘� /Ŷ� ƚŚŝƐ�

ǁŽƌŬ͕�ĂƵƚŚŽƌƐ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ�ŝŶ�ǀŝǀŽ�ĚĞĐƌĞĂƐĞƐ�ŵdKZ�ĂĐƚŝǀŝƚǇ͕�ĂƐ�ĞǀŝĚĞŶĐĞĚ�

ďǇ�ĚĞĐƌĞĂƐĞĚ�ŵdKZ�ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ͕� ŝŶĚƵĐŝŶŐ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĂƚŚ�ĂŶĚ�ŵĂƐƐ�ƌĞĚƵĐƚŝŽŶ͕�

ǁŚŝůĞ� ƚŚĞ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ƚŚĞ� ŵdKZ� ƉĂƚŚǁĂǇ� ĞĨĨĞĐƚŝǀĞůǇ� ƌĞƚĂŝŶƐ� ŶŽƌŵĂů� ĐĂƌĚŝĂĐ� ŵĂƐƐ� ĂŶĚ�

ĨƵŶĐƚŝŽŶ͘�

� ϯ͘ϯ͘��EdƐ�ŝŶĚƵĐĞ�ĂƵƚŽƉŚĂŐǇ��

/Ŷ�ůŝŶĞ�ǁŝƚŚ��ŚƵ�Ğƚ�Ăů͕͘�ŽƚŚĞƌ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ƌĞƉŽƌƚĞĚ�ƚŚĂƚ��EdƐ�ŝŶĐƌĞĂƐĞ�ĂƵƚŽƉŚĂŐǇ͕�ůĞĂĚŝŶŐ�

ƚŽ�ŵĂůĂĚĂƉƚŝǀĞ�ĐĂƌĚŝĂĐ�ƌĞŵŽĚĞůŝŶŐ͘���ĨŝƌƐƚ�ƐƚƵĚǇ�ŽĨ�ϮϬϬϵ�ďǇ�>ƵŽ�Ğƚ�Ăů͘� ;ϳϭͿ�ĚĞŵŽŶƐƚƌĂƚĞĚ�

ƚŚĂƚ� �EdƐ� ŝŶĚƵĐĞ� ĂŶ� ƵƉƌĞŐƵůĂƚŝŽŶ� ŽĨ� ƚŚĞ� ĂƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ� ŵĂƌŬĞƌ� �ĞĐůŝŶͲϭ͕� ĂŶĚ�

ĂƵƚŽƉŚĂŐŝĐ�ǀĂĐƵŽůĞ�ĨŽƌŵĂƚŝŽŶ͘�/Ŷ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚŝƐ�ƐƚƵĚǇ͕�<ŽďĂǇĂƐŚŝ�Ğƚ�Ăů͘�;ϱϴͿ�ƐŚŽǁĞĚ�

ƚŚĂƚ��ŽǆŽ�ŵĂƌŬĞĚůǇ� ŝŶĐƌĞĂƐĞƐ� >�ϯͲ//� ƉƌŽƚĞŝŶ� ĞǆƉƌĞƐƐŝŽŶ͕� ůĞĂĚŝŶŐ� ƚŽ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞĂƚŚ�

ǀŝĂ� ŝŶŚŝďŝƚŝŽŶ�ŽĨ� ĂŶƚŝͲĂƉŽƉƚŽƚŝĐ�ƉƌŽƚĞŝŶ��ͲĐĞůů� ůǇŵƉŚŽŵĂ�Ϯ� ;�ĐůϮͿ͕� Ă� ŶĞŐĂƚŝǀĞ� ƌĞŐƵůĂƚŽƌ�ŽĨ�

�ĞĐůŝŶͲϭ͘� �ŽŶǀĞƌƐĞůǇ͕��ĐůϮ� ŝƐ� ĚŝƌĞĐƚůǇ� ƵƉƌĞŐƵůĂƚĞĚ�ďǇ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ĨĂĐƚŽƌ�'�d�ϰ� ;ϲϭͿ͕�

ƚŚĂƚ�ĂƉƉĞĂƌƐ� ƚŽ�ƉĂƌƚŝĐŝƉĂƚĞ� ƚŽ�ĂƵƚŽƉŚĂŐǇ� ƌĞŐƵůĂƚŝŽŶ� ;ϱϴͿ�ĂůƐŽ�ďǇ�ďŝŶĚŝŶŐ� ƚŽ�ĂŶĚ�ďůŽĐŬŝŶŐ�

�ĞĐůŝŶͲϭ�;ϵϯͿ͘�KĨ�ŶŽƚĞ͕�ƚŚĞ�ƉƌĞƐĞƌǀĂƚŝŽŶ�ŽĨ�'�d�ϰ�ĂĐƚŝǀŝƚǇ�ĂƚƚĞŶƵĂƚĞƐ��ŽǆŽ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ďǇ�

ŝŶŚŝďŝƚŝŶŐ�ĂƵƚŽƉŚĂŐǇ�ƚŚƌŽƵŐŚ�ŵŽĚƵůĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��ĐůϮ�ĂŶĚ�ĂƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ�

ŐĞŶĞƐ͘��

>ŝ� Ğƚ� Ăů͘� ;ϲϰͿ� ĨƵƌƚŚĞƌ� ŝŶǀĞƐƚŝŐĂƚĞĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� �ĞĐůŝŶͲϭ� ŝŶ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŝŶ� ǀŝǀŽ� ƵƐŝŶŐ�

�ĞĐůŝŶͲϭ�ŚĞƚĞƌŽǌǇŐŽƵƐ�ĚĞĨŝĐŝĞŶƚ�ŵŝĐĞ�;�ĞĐůŝŶͲϭ�нͬͲͿ͕�ƐŝŶĐĞ��ĞĐůŝŶͲϭ�ŬŶŽĐŬ�ŽƵƚ� ŝƐ�ĞŵďƌǇŽŶŝĐ�

ůĞƚŚĂů͘� �ĞĐůŝŶͲϭ� нͬͲ� ŚĞĂƌƚƐ� ĞŵĞƌŐĞĚ� ƚŽ� ďĞ� ƉƌŽƚĞĐƚĞĚ� ĂŐĂŝŶƐƚ� �EdͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͘�

DŽƌĞŽǀĞƌ͕� �ĞĐůŝŶͲϭ� ŝŶŚŝďŝƚŝŽŶ� ůŝŵŝƚƐ� ƚŚĞ� ŝŶŝƚŝĂƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ͕� ƚŚƵƐ� ƉƌĞǀĞŶƚŝŶŐ� ƚŚĞ�

ĂĐĐƵŵƵůĂƚŝŽŶ� ŽĨ� ĚĂŵĂŐĞĚ� ĐĞůůƵůĂƌ� ĐŽŵƉŽŶĞŶƚƐ� ǁŝƚŚŝŶ� ĂƵƚŽƉŚĂŐŽƐŽŵĞƐ� ĂŶĚ� ƌĞĚƵĐŝŶŐ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĂƉŽƉƚŽƐŝƐ� ;ϱϴ͕� ϲϰͿ͘� �ŽŶƐŝƐƚĞŶƚůǇ͕� ůĂƚĞƌ� ƐƚƵĚŝĞƐ� ĐŽŶĨŝƌŵĞĚ� ƚŚĞ� ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�

ĂƵƚŽƉŚĂŐǇ� ĂƐ� Ă� ƉƌŝŵĂƌǇ� ĐĂƵƐĞ� ŽĨ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ƉƌŽŐƌĂŵŵĞĚ� ĐĞůů� ĚĞĂƚŚ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ�

�EdƐ� ĂŶĚ� ƐƵŐŐĞƐƚĞĚ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ĂƐ� Ă� ǀĂůƵĂďůĞ� ƚŽŽů� ƚŽ� ƐŝŐŶŝĨŝĐĂŶƚůǇ� ŝŵƉƌŽǀĞ�

ĐĂƌĚŝĂĐ�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ƉƌĞǀĞŶƚ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�;ϳϭ͕�ϭϯϰ͕�ϭϰϮͿ͘��

�ůƚŚŽƵŐŚ� ĂƵƚŽƉŚĂŐǇ� ŚĂƐ� ďĞĞŶ� ƌĞǀĞĂůĞĚ� ĂƐ� ĂŶ� ŝŵƉŽƌƚĂŶƚ� ŵĞĐŚĂŶŝƐŵ� ƵŶĚĞƌůǇŝŶŐ� �EdͲ

ŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ǁŚĞƚŚĞƌ� �EdƐ� ŝŶĚƵĐĞ� Žƌ� ŝŶŚŝďŝƚ� ĂƵƚŽƉŚĂŐǇ� ;&ŝŐƵƌĞ� ϲͿ͕� ĂŶĚ� ŝĨ�
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WĂŐĞ�ϭϰ�ŽĨ�ϱϮ�
�
�
�

ϭϰ�
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ŶĚ
�Z
ĞĚ
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Ĩ͘�

ĂƵƚŽƉŚĂŐǇ�ŝƐ�ďĞŶĞĨŝĐŝĂů�Žƌ�ŚĂƌŵĨƵů�ŝŶ�ƚŚŝƐ�ĐŽŶƚĞǆƚ�ŝƐ�Ɛƚŝůů�Ă�ŵĂƚƚĞƌ�ŽĨ�ĚĞďĂƚĞ͘�&ƵƚƵƌĞ�ƐƚƵĚŝĞƐ�

ĂƌĞ�ĂǁĂŝƚĞĚ�ƚŽ�ĐůĂƌŝĨǇ�ƚŚĞ�ƐĐĞŶĂƌŝŽ͘��

ϰ͘�DŝƚŽƉŚĂŐǇ�ĂƐ�Ă�ŬĞǇ�ŵĞĐŚĂŶŝƐŵ�ŽĨ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

DŝƚŽĐŚŽŶĚƌŝĂ͕�ĂƐ�ƉƌŝŶĐŝƉĂů�ŝŶƚĞŐƌĂƚŽƌƐ�ŽĨ�ĞŶĞƌŐǇ�ŵĞƚĂďŽůŝƐŵ͕�ĂƌĞ�ƉĂƌƚŝĐƵůĂƌůǇ�ŝŵƉŽƌƚĂŶƚ�ĨŽƌ�

ŵĂŝŶƚĂŝŶŝŶŐ�ĐĞůůƵůĂƌ��dW�ůĞǀĞůƐ�ƚŽ�ƐƵƐƚĂŝŶ�ŵǇŽĐĂƌĚŝĂů�ĐŽŶƚƌĂĐƚŝůĞ�ĂĐƚŝǀŝƚǇ�ĂŶĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�

ƐƵƌǀŝǀĂů͘�'ƌŽǁŝŶŐ�ĞǀŝĚĞŶĐĞ�ĚĞŵŽŶƐƚƌĂƚĞƐ�ƚŚĂƚ�ƐƚƌƵĐƚƵƌĂů�ĚĂŵĂŐĞ�ĂŶĚ�ĚǇƐĨƵŶĐƚŝŽŶ�ŽĨ�ƚŚĞƐĞ�

ŽƌŐĂŶĞůůĞƐ�ĂƌĞ� ŝŵƉůŝĐĂƚĞĚ� ŝŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ĚŝƐĞĂƐĞƐ͕� ŝŶĐůƵĚŝŶŐ��ŽǆŽͲ

ŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ� ;ϮϴͿ͘� KĨ� ŶŽƚĞ͕� �ŽǆŽ� ƉƌĞĨĞƌĞŶƚŝĂůůǇ� ĂĐĐƵŵƵůĂƚĞƐ� ŝŶƐŝĚĞ�

ŵŝƚŽĐŚŽŶĚƌŝĂ͗�ĂƐ�Ă�ĐĂƚŝŽŶŝĐ�ĚƌƵŐ͕� ŝƚ�ďŝŶĚƐ� ƚŽ�ĐĂƌĚŝŽůŝƉŝŶ͕�ĂŶ�ĂŶŝŽŶŝĐͲĐŚĂƌŐĞĚ�ƉŚŽƐƉŚŽůŝƉŝĚ�

ůŽĐĂƚĞĚ� ŝŶ� ƚŚĞ� ŝŶŶĞƌ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŵĞŵďƌĂŶĞ� ůĞĂĚŝŶŐ� ƚŽ�ŵŝƚŽĐŚŽŶĚƌŝĂů� ĞŶŐƵůĨŵĞŶƚ� ĂŶĚ�

ƚŽǆŝĐŝƚǇ� ;ϯϭͿ͘� �� ƐĞůĞĐƚŝǀĞ� ĨŽƌŵ� ŽĨ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ĂƵƚŽƉŚĂŐǇ͕� ŶĂŵĞůǇ� ŵŝƚŽƉŚĂŐǇ͕� ƉůĂǇƐ� Ă�

ƉŝǀŽƚĂů�ƌŽůĞ�ŝŶ�ƚŚĞ�ƌĞŐƵůĂƚŝŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ͕�ďǇ�ƌĞŐƵůĂƚŝŶŐ�ĂŶĚ�ĞůŝŵŝŶĂƚŝŶŐ�

ĚǇƐĨƵŶĐƚŝŽŶĂů�ŽƌŐĂŶĞůůĞƐ� ;ϱϵͿ͘� /Ŷ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ŵŝƚŽƉŚĂŐǇ�ŽĐĐƵƌƐ�ǀŝĂ� ƚǁŽ�ƉĂƚŚǁĂǇƐ͗� ;ŝͿ�

ƚŚĞ� Wd�EͲŝŶĚƵĐĞĚ� ŬŝŶĂƐĞ� ϭ� ;W/E<ϭͿͬWĂƌŬŝŶ� ;�ϯ� ƵďŝƋƵŝƚŝŶ� ůŝŐĂƐĞͿ� ƉĂƚŚǁĂǇ� ĂŶĚ� ;ϭϭϮͿ� �,ϯͲ

ŽŶůǇ� ƉƌŽƚĞŝŶ� �ĐůϮͲůŝŬĞ� ϭϵ� Ŭ�ĂͲŝŶƚĞƌĂĐƚŝŶŐ� ƉƌŽƚĞŝŶ� ϯ� ;�E/WϯͿͬ�E/WϯͲůŝŬĞ� ƉƌŽƚĞŝŶ� Eŝǆ͕� ĂŶ�

ĞĨĨĞĐƚŽƌ� ŽĨ� ĂƉŽƉƚŽƐŝƐ� ƉĂƚŚǁĂǇ� ;ϭϬϱͿ͘� /Ŷ� ƚŚĞ� ĨŽůůŽǁŝŶŐ� ƉĂƌĂŐƌĂƉŚƐ͕� ǁĞ�ǁŝůů� ĚĞƐĐƌŝďĞ� ŚŽǁ�

ƚŚĞƐĞ�ƚǁŽ�ƉĂƚŚǁĂǇƐ�ĂƌĞ�ĂĨĨĞĐƚĞĚ�ďǇ��EdƐ͘��

� ϰ͘ϭ͘��E/Wϯ�ĂŶĚ��E/Wϯ>ͬEŝǆ�

�ŽƚŚ��E/Wϯ�ĂŶĚ��E/Wϯ>ͬEŝǆ�ĂĐƚ�ŽŶ�ƚŚĞ�ŽƵƚĞƌ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŵĞŵďƌĂŶĞ�ĂƐ�ĚŝƌĞĐƚ�ŵŝƚŽƉŚĂŐǇ�

ƌĞĐĞƉƚŽƌƐ͕�ĂƐ�ƚŚĞǇ�ŚĂǀĞ�Ă�>�ϯͲ//�ƌĞĐŽŐŶŝƚŝŽŶ�ŵŽƚŝǀĞ�;ϵϰͿ͕�ƚŚĞƌĞďǇ�ĂůůŽǁŝŶŐ�ĂƵƚŽƉŚĂŐŽƐŽŵĂů�

ĞŶŐƵůĨŵĞŶƚ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂ͘��EdƐ� ůĞĂĚ� ƚŽ�ƐĞǀĞƌĞ�ŶĞĐƌŽƐŝƐ� ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ƉƌŽŵŽƚŝŶŐ�

ƵƉͲƌĞŐƵůĂƚŝŽŶ�ĂŶĚ�ƚƌĂŶƐůŽĐĂƚŝŽŶ�ŽĨ��E/Wϯ�ƚŽ�ƚŚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŵĞŵďƌĂŶĞ�ǁŚŝĐŚ͕� ŝŶ�ƚƵƌŶ͕�

ƚƌŝŐŐĞƌƐ� ƚŚĞ� ŽƉĞŶŝŶŐ� ŽĨ� ƚŚĞ� ƉĞƌŵĞĂďŝůŝƚǇ� ƚƌĂŶƐŝƚŝŽŶ� ƉŽƌĞ� ĂŶĚ� ƚŚĞ� ŝŶĐƌĞĂƐĞ� ŝŶ� ZK^�

ƉƌŽĚƵĐƚŝŽŶ� ;&ŝŐƵƌĞ� ϳͿ� ;ϮϬͿ͘� �ŽŶǀĞƌƐĞůǇ͕� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� �E/Wϯ͕� ǁŝƚŚ� ĞŝƚŚĞƌ� ƐŚZE�� ĂŐĂŝŶƐƚ�

�E/Wϯ� Žƌ� ƚŚƌŽƵŐŚ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� Ă� ŵƵƚĂŶƚ� �E/Wϯ� ƚŚĂƚ� ĨĂŝůƐ� ƚŽ� ƚĂƌŐĞƚ� ŵŝƚŽĐŚŽŶĚƌŝĂ͕�

ƌĞƐĐƵĞƐ� �EdͲŝŶĚƵĐĞĚ� ĚĞĨĞĐƚƐ� ŽĨ� ƚŚĞ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ƌĞƐƉŝƌĂƚŽƌǇ� ĐŚĂŝŶ� ŝŶ� ǀŝƚƌŽ� ŝŶ� ĐƵůƚƵƌĞĚ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘� &ƵƌƚŚĞƌŵŽƌĞ͕� ŵŝƚŽĐŚŽŶĚƌŝĂ� ŵŽƌƉŚŽůŽŐǇ� ĂŶĚ� ĐĂƌĚŝĂĐ� ĨƵŶĐƚŝŽŶ� ĂƌĞ�

ƉƌĞƐĞƌǀĞĚ� ŝŶ� �E/Wϯ� ŬŶŽĐŬͲŽƵƚ� ŵŝĐĞ� ;�E/Wϯ� ͲͬͲͿ� ƚƌĞĂƚĞĚ� ǁŝƚŚ� �EdƐ͕� ĐŽŶĨŝƌŵŝŶŐ� Ă�

ŵĂůĂĚĂƉƚŝǀĞ� ƌŽůĞ� ŽĨ� �E/Wϯ� ŝŶ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ;ϮϬͿ͘� �ĚĚŝƚŝŽŶĂůůǇ͕� �E/Wϯ� ĂĐƚŝǀĂƚŝŽŶ� ŝŶ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ��EdƐ� ŝƐ�ĂƐƐŽĐŝĂƚĞĚ� ƚŽ� ůŽƐƐ�ŽĨ�ŶƵĐůĞĂƌ�,ŵŐďϭ�ĂŶĚ�ƌĞůĞĂƐĞ�ŽĨ�
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ĐůĂƐƐŝĐĂů�ŵĂƌŬĞƌƐ� ŽĨ� ŶĞĐƌŽƐŝƐ� ;ŝ͘Ğ͕͘� >�,� ĂŶĚ� ĐdŶdͿ͕� ƐƵƉƉŽƌƚŝŶŐ� Ă� ƉƌŝŵĂƌǇ� ƌŽůĞ� ŽĨ� �E/Wϯ� ŝŶ�

ŶĞĐƌŽƐŝƐ�;ϮϬͿ͘��

EĞǁ� ĐŽŵƉĞůůŝŶŐ� ĞǀŝĚĞŶĐĞ� ĞƐƚĂďůŝƐŚĞƐ� ƚŚĂƚ� ŶƵĐůĞĂƌ� ĨĂĐƚŽƌͲʃ�� ;E&Ͳʃ�Ϳ� ƐŝŐŶĂůŝŶŐ͕� ǁŚŝĐŚ�

ƚƌĂŶƐĐƌŝƉƚŝŽŶĂůůǇ�ƐŝůĞŶĐĞƐ��E/Wϯ�ĂĐƚŝǀĂƚŝŽŶ�ƵŶĚĞƌ�ďĂƐĂů�ĐŽŶĚŝƚŝŽŶƐ͕� ŝƐ�ĚƌĂŵĂƚŝĐĂůůǇ�ƌĞĚƵĐĞĚ�

ŝŶ�ĐĂƌĚŝĂĐ�ŵǇŽĐǇƚĞƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ��ŽǆŽ�;ϭϵͿ͘�dŚŝƐ͕�ŝŶ�ƚƵƌŶ͕�ƉƌŽŵŽƚĞƐ��E/Wϯ�ŐĞŶĞ�ĂĐƚŝǀĂƚŝŽŶ͕�

ŵŝƚŽĐŚŽŶĚƌŝĂů� ŝŶũƵƌǇ� ŝŶĐůƵĚŝŶŐ� ĐĂůĐŝƵŵ� ŝŶĨůƵǆ͕� ƉĞƌŵĞĂďŝůŝƚǇ� ƚƌĂŶƐŝƚŝŽŶ� ƉŽƌĞ� ŽƉĞŶŝŶŐ͕� ĂŶĚ�

ŶĞĐƌŽƚŝĐ� ĐĞůů� ĚĞĂƚŚ͘� /ŶƚĞƌĞƐƚŝŶŐůǇ͕� ƌĞƐƚŽƌŝŶŐ�E&Ͳʃ�� ƐŝŐŶĂůŝŶŐ� ƐƵƉƉƌĞƐƐĞƐ��E/Wϯ�ĞǆƉƌĞƐƐŝŽŶ͕�

ŵŝƚŽĐŚŽŶĚƌŝĂů� ƉĞƌƚƵƌďĂƚŝŽŶƐ͕� ĂŶĚ� ŶĞĐƌŽƚŝĐ� ĐĞůů� ĚĞĂƚŚ͕� ƚŚƵƐ� ƐƵŐŐĞƐƚŝŶŐ� Ă� ŶĞǁ� ƉŽƚĞŶƚŝĂů�

ƚŚĞƌĂƉĞƵƚŝĐ�ĂƉƉƌŽĂĐŚ�ĨŽƌ�ĐĂŶĐĞƌ�ƉĂƚŝĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ��ŽǆŽ͘��

� ϰ͘Ϯ͘�W/E<ϭͬWĂƌŬŝŶ�ƉĂƚŚǁĂǇ��

KŶ� ƚŚĞ� ŽƚŚĞƌ� ŚĂŶĚ͕� W/E<ϭ� ĂĐĐƵŵƵůĂƚĞƐ� ĂŶĚ� ƌĞĐƌƵŝƚƐ� WĂƌŬŝŶ� ƚŽ� ƚŚĞ� ŽƵƚĞƌ� ŵĞŵďƌĂŶĞ� ŽĨ�

ĚĞƉŽůĂƌŝǌĞĚ� ŵŝƚŽĐŚŽŶĚƌŝĂ͕� ŵĞĚŝĂƚŝŶŐ� ƚŚĞ� ƵďŝƋƵŝƚŝŶĂƚŝŽŶ� ŽĨ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ƉƌŽƚĞŝŶƐ� ĂŶĚ�

ƚŚĞŝƌ�ƌĞĐŽŐŶŝƚŝŽŶ�ďǇ�ƉϲϮ�ĂŶĚ�>�ϯ͕�ĐŽŶƐĞƋƵĞŶƚůǇ� ůĞĂĚŝŶŐ�ƚŽ�ƚŚĞ� ŝŶŝƚŝĂƚŝŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�

ĂƵƚŽƉŚĂŐǇ�;ϭϬϱͿ͘��

/Ŷ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͕� ŵŝƚŽƉŚĂŐǇ� ŝƐ� ĐƌŝƚŝĐĂůůǇ� ŝŶǀŽůǀĞĚ� ŝŶ� ƚŚĞ� ĞůŝŵŝŶĂƚŝŽŶ� ŽĨ�

ǀĂĐƵŽůĂƚĞĚ� ĂŶĚ� ĚǇƐĨƵŶĐƚŝŽŶĂů� ŵŝƚŽĐŚŽŶĚƌŝĂ� ;ϰϳͿ͘� ,Ƶůů� Ğƚ� Ăů͘� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĂƚ�

W/E<ϭͬWĂƌŬŝŶͲĚĞƉĞŶĚĞŶƚ� ŵŝƚŽƉŚĂŐǇ� ŝƐ� ƐƵƉƉƌĞƐƐĞĚ� ĞĂƌůǇ� ĂĨƚĞƌ� �Ed� ƚƌĞĂƚŵĞŶƚ� ;Ϯʹϴ� ĚĂǇƐ�

ƉŽƐƚͲƚƌĞĂƚŵĞŶƚͿ͕�ďƵƚ� ŝƐ�ƌĞƐƚŽƌĞĚ�Ăƚ�Ă� ůĂƚĞƌ�ƐƚĂŐĞ͕�ǁŚĞŶ�W/E<ϭ�ĂŶĚ�WĂƌŬŝŶ�ĂƌĞ�ƐŝŐŶŝĨŝĐĂŶƚůǇ�

ƵƉƌĞŐƵůĂƚĞĚ͘� /ŶƚĞƌĞƐƚŝŶŐůǇ͕� ƚŚĞ� ŵŝƚŽƉŚĂŐǇ� ŝŶŚŝďŝƚŽƌ� ƉĞƉƚŝĚĞ͕� DĚŝǀŝͲϭ͕� ƉƌĞǀĞŶƚƐ� �ŽǆŽͲ

ŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ŝŶĚŝĐĂƚŝŶŐ� ƚŚĂƚ� ĞǆĐĞƐƐŝǀĞ� ŵŝƚŽƉŚĂŐǇ� ĐŽŶƚƌŝďƵƚĞƐ� ƚŽ� �ŽǆŽͲ

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�;ϮϵͿ͘�

EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞ�ŵŽůĞĐƵůĂƌ�ŵĞĐŚĂŶŝƐŵƐ�ďǇ�ǁŚŝĐŚ��EdƐ�ŝŶŚŝďŝƚ�ŵŝƚŽƉŚĂŐǇ�ŚĂǀĞ�Ɛƚŝůů�ƚŽ�ďĞ�

ƵŶĐŽǀĞƌĞĚ͘����ƌĞĐĞŶƚ�ƐƚƵĚǇ�ƉƌŽǀŝĚĞƐ�ŶŽǀĞů�ĂŶĚ�ĐŽŵƉĞůůŝŶŐ�ĞǀŝĚĞŶĐĞ�ƚŚĂƚ�ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ�ŽĨ�

^�^EϮ͕� Ă�ŵĞŵďĞƌ� ŽĨ� ƚŚĞ� ƐĞƐƚƌŝŶƐ� ĨĂŵŝůǇ͕� ƉƌŽƚĞĐƚƐ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĂŐĂŝŶƐƚ� �ŽǆŽͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ�ǀŝĂ�ƚŚĞ�ŝŵƉƌŽǀĞŵĞŶƚ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ƌĞƐĐƵĞ�ŽĨ�ŵŝƚŽƉŚĂŐǇ�

;ϭϯϭͿ͘�KĨ�ŶŽƚĞ͕�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�^�^EϮ�ŝƐ�ƐŝŐŶŝĨŝĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ĨŽůůŽǁŝŶŐ��ŽǆŽ�ƐƚŝŵƵůĂƚŝŽŶ͕�

ŝŶ� ǀŝƚƌŽ� ĂŶĚ� ŝŶ� ǀŝǀŽ͘�DĞĐŚĂŶŝƐƚŝĐĂůůǇ͕� ^�^EϮ� ŝŶƚĞƌĂĐƚƐ�ǁŝƚŚ�WĂƌŬŝŶ�ĂŶĚ�ƉϲϮ͕�ĂŶĚ�ƉƌŽŵŽƚĞƐ�

WĂƌŬŝŶ� ƌĞĐƌƵŝƚŵĞŶƚ� ƚŽ� ŵŝƚŽĐŚŽŶĚƌŝĂ͕� ƐƵďƐĞƋƵĞŶƚůǇ� ĂĐƚŝǀĂƚŝŶŐ� ŵŝƚŽƉŚĂŐǇ͘� dŚĞƐĞ� ƌĞƐƵůƚƐ�

ĞƐƚĂďůŝƐŚ�^�^EϮ�ĂƐ�Ă�ŶĞǁ�ƉůĂǇĞƌ�ŝŶ�ƚŚĞ�ƌĞŐƵůĂƚŝŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ƉƌŽǀŝĚĞ�Ă�

ƉŽƚĞŶƚŝĂů�ƚŚĞƌĂƉĞƵƚŝĐ�ĂƉƉƌŽĂĐŚ�ƚŽ�ƉƌĞǀĞŶƚ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘��
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ϮϬ
͘ϴ
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�

dŚ
ŝƐ�
ƉĂ

ƉĞ
ƌ�Ś

ĂƐ
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Ŷ�
ƉĞ
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ǁ
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�Ă
ŶĚ

�Ă
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ĞƉ

ƚĞ
Ě�
ĨŽ
ƌ�Ɖ

Ƶď
ůŝĐ
Ăƚ
ŝŽ
Ŷ͕
�ď
Ƶƚ
�Ś
ĂƐ
�Ǉ
Ğƚ
�ƚŽ

�Ƶ
ŶĚ

Ğƌ
ŐŽ

�Đ
ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

/ŶƚĞƌĞƐƚŝŶŐůǇ͕� ŵŝƚŽƉŚĂŐǇ� ĂƉƉĞĂƌƐ� ƚŽ� ďĞ� ĐŽͲƌĞŐƵůĂƚĞĚ� ǁŝƚŚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ďŝŽŐĞŶĞƐŝƐ͕�

ƚŚƌŽƵŐŚ� Ă� ƐŚĂƌĞĚ� ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇ� ŝŶǀŽůǀŝŶŐ� ŶƵĐůĞĂƌ� ƚƌĂŶƐůŽĐĂƚŝŽŶ� ŽĨ� EZ&Ɛ� ĂŶĚ� Ă�

ĨƵŶĐƚŝŽŶĂů� ŝŶƚĞƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�W'�Ͳϭɲ�ĂŶĚ�WĂƌŬŝŶ� ;ϭϯϳͿ͘��ŽǆŽ� ŝŶŚŝďŝƚƐ� ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�

W'�Ͳϭɲ�ĂŶĚ�ŝƚƐ�ĚŽǁŶƐƚƌĞĂŵ�ƚĂƌŐĞƚƐ͕�ŶƵĐůĞĂƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ĨĂĐƚŽƌ�ϭ�;EZ&ϭͿ�ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�

ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ĨĂĐƚŽƌ� �� ;d&�DͿ͕� ƚŚƵƐ� ƌĞĚƵĐŝŶŐ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ƉƌŽƚĞŝŶƐ͘�

/ŶŚŝďŝƚŝŽŶ� ŽĨ� ŵŝƚŽƉŚĂŐǇ� ďǇ� ŵĚŝǀŝͲϭ� ĂƚƚĞŶƵĂƚĞƐ� �ŽǆŽͲŵĞĚŝĂƚĞĚ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ƚŚĞ�

W/E<ϭͬWĂƌŬŝŶ�ƉĂƚŚǁĂǇ�ĂŶĚ�ƌĞƐĐƵĞƐ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ďŝŽŐĞŶĞƐŝƐ�ďǇ�ƉƌĞƐĞƌǀŝŶŐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�

ŽĨ�W'�Ͳϭɲ�;ϭϯϳͿ͘��

ϱ͘��ƐƐŽĐŝĂƚŝŽŶ�ďĞƚǁĞĞŶ�ĂƉŽƉƚŽƐŝƐ�ĂŶĚ�ĂƵƚŽƉŚĂŐŝĐ�ĚǇƐƌĞŐƵůĂƚŝŽŶ�

dŚĞ�ƉƌĞƐĞŶƚ�ƐĞĐƚŝŽŶ�ĨŽĐƵƐĞƐ�ŽŶ�ƚŚĞ�ŝŶƚĞƌƉůĂǇ�ďĞƚǁĞĞŶ�Ă�ŶĂƚƵƌĂůůǇ�ƉƌŽŐƌĂŵŵĞĚ�ĐĞůů�ĚĞĂƚŚ�

ƉƌŽĐĞƐƐ͕� ĂƉŽƉƚŽƐŝƐ͕� ĂŶĚ� ƚŚĞ� ĐĞůůƵůĂƌ� ƌĞĐǇĐůŝŶŐ� ƉƌŽĐĞƐƐ� ŽĨ� ĂƵƚŽƉŚĂŐǇ͘� �ƵƚŽƉŚĂŐǇ� ĂŶĚ�

ĂƉŽƉƚŽƐŝƐ�ŚĂǀĞ�Ă�ŬĞǇ�ƌŽůĞ�ŝŶ�ŵĂŝŶƚĂŝŶŝŶŐ�ĐĞůůƵůĂƌ�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƌĞƐƉŽŶĚ�ƚŽ�ƐŝŵŝůĂƌ�ƚǇƉĞƐ�

ŽĨ� ƐŝŐŶĂůƐ� ĂŶĚ� ƐƚƌĞƐƐ͕� ŝŶĐůƵĚŝŶŐ� ŝŶĐƌĞĂƐĞĚ� ŝŶƚƌĂĐĞůůƵůĂƌ� �ĂϮн�ĐŽŶĐĞŶƚƌĂƚŝŽŶ� ĂŶĚ� ZK^�

ĂĐĐƵŵƵůĂƚŝŽŶ͘��

� ϱ͘ϭ��ƵƚŽƉŚĂŐǇ�ƉƌŽŵŽƚĞƐ�ĂƉŽƉƚŽƐŝƐ�

�ƉŽƉƚŽƐŝƐ� ŝƐ� ƌĞŐƵůĂƚĞĚ� ďǇ� �ĐůϮ� ĂŶĚ� Ɖϱϯ� ŐĞŶĞƐ͕� ǁŚŝĐŚ� ĂƌĞ� ĐůŽƐĞůǇ� ĂƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ�

ĂƵƚŽƉŚĂŐǇ͘�/Ŷ�ŐĞŶĞƌĂů͕�ĂƵƚŽƉŚĂŐǇ�ƌĞƐƚƌĂŝŶƐ�ĂƉŽƉƚŽƐŝƐ͕�ǁŚŝůĞ�ĂƉŽƉƚŽƐŝƐͲĂƐƐŽĐŝĂƚĞĚ�ĐĂƐƉĂƐĞ�

ĂĐƚŝǀĂƚŝŽŶ� ƐŚƵƚƐ� ŽĨĨ� ƚŚĞ� ĂƵƚŽƉŚĂŐŝĐ� ƉƌŽĐĞƐƐ� ;ϳϲͿ͘� ,ŽǁĞǀĞƌ͕� ŝŶ� ƉĂƌƚŝĐƵůĂƌ� ĐĂƐĞƐ͕� ƐƵĐŚ� ĂƐ�

ĨŽůůŽǁŝŶŐ� �ŽǆŽ� ƐƚŝŵƵůĂƚŝŽŶ͕� ĂƵƚŽƉŚĂŐǇ� ŝƐ� ĂƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ� ŚŝŐŚ� ůĞǀĞůƐ� ŽĨ� ĂƉŽƉƚŽƚŝĐ� ĐĞůů�

ĚĞĂƚŚ͘� �ƵƚŽƉŚĂŐǇ� ŝƐ� ĚƌĂŵĂƚŝĐĂůůǇ� ŝŶĐƌĞĂƐĞĚ� ŝŶ� �ŽǆŽͲƚƌĞĂƚĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕� ĂŶĚ�

ĂƐƐŽĐŝĂƚĞƐ� ǁŝƚŚ� ŝŶĐƌĞĂƐĞĚ� ĐůĞĂǀĂŐĞ� ŽĨ� ĐĂƐƉĂƐĞ� ϯ� ĂŶĚ� W�ZW͕� ǁŚŝĐŚ� ŝŶĚŝĐĂƚĞ� ĂƉŽƉƚŽƐŝƐ�

ŝŶŝƚŝĂƚŝŽŶ�;ϱϴͿ͘�^ŝŵŝůĂƌůǇ͕�ŝŶ�,hs��Ɛ͕��ŽǆŽ�ŝŶĚƵĐĞƐ�ĂƵƚŽƉŚĂŐǇ�ĞĂƌůǇ�ĂĨƚĞƌ�ƚƌĞĂƚŵĞŶƚ�;ƐŝŶĐĞ�ϯ�

ŚŽƵƌƐͿ͕�ǁŚŝůĞ�ƚŚĞ�ůĞǀĞů�ŽĨ�ĂƉŽƉƚŽƐŝƐ�ĂƐ�ǁĞůů�ĂƐ�ůǇƐŽƐŽŵĂů�ŵĞŵďƌĂŶĞ�ƉĞƌŵĞĂďŝůŝǌĂƚŝŽŶ�;>DWͿ�

ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŽƵƚĞƌ�ŵĞŵďƌĂŶĞ�ƉĞƌŵĞĂďŝůŝǌĂƚŝŽŶ�;DKDWͿ�ŝŶĐƌĞĂƐĞ�Ăƚ�ůĂƚĞƌ�ƐƚĂŐĞƐ�;ϭϮ�

ŚŽƵƌƐͿ�;ϱϮͿ͘�dŚŝƐ�ĨŝŶĚŝŶŐ�ŝŵƉůŝĞƐ�ƚŚĂƚ��ŽǆŽͲŝŶĚƵĐĞĚ�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ƚŚĞ�ĞŶƐƵŝŶŐ�ĂƵƚŽƉŚĂŐǇͲ

ĚĞƉĞŶĚĞŶƚ� >DW� ĂƌĞ� ƵƉƐƚƌĞĂŵ� ĞǀĞŶƚƐ͕� ĨŽůůŽǁĞĚ� ďǇ� ĚŝƐƚĂů� ĞǀĞŶƚƐ� ŝŶĐůƵĚŝŶŐ� DKDW� ĂŶĚ�

ĐǇƚŽĐŚƌŽŵĞ� Đ� ƌĞůĞĂƐĞ͕� ǁŚŝĐŚ� ĨŝŶĂůůǇ� ƚƌŝŐŐĞƌƐ� ĐĂƐƉĂƐĞͲĚĞƉĞŶĚĞŶƚ� ĂƉŽƉƚŽƐŝƐ͘� �ŽŶƐŝƐƚĞŶƚůǇ͕�

ŝŶŚŝďŝƚŝŽŶ�ŽĨ��ŽǆŽͲŝŶĚƵĐĞĚ�ĂƵƚŽƉŚĂŐǇ͕� ƚŚƌŽƵŐŚ�ƚŚĞ�ĂƵƚŽƉŚĂŐǇ� ŝŶŚŝďŝƚŽƌ�ϯͲD��Žƌ��ĞĐůŝŶͲϭ�

ŬŶŽĐŬĚŽǁŶ͕�ƌĞƐƵůƚƐ�ŝŶ�ƐŝŐŶŝĨŝĐĂŶƚ�ĂƚƚĞŶƵĂƚŝŽŶ�ŽĨ�ĐĞůů�ĚĞĂƚŚ�;ϱϮ͕�ϱϴͿ͘��ŽŶǀĞƌƐĞůǇ͕�ĂĐƚŝǀĂƚŝŽŶ�

ŽĨ�ĂƵƚŽƉŚĂŐǇ�ďǇ�ƌĂƉĂŵǇĐŝŶ�Žƌ��ĞĐůŝŶͲϭ�ĞǆƉƌĞƐƐŝŽŶ�ĞǆĂĐĞƌďĂƚĞ�ĂƉŽƉƚŽƐŝƐ�ŝŶ�,ϵ�Ϯ�ĐĞůůƐ�ĂŶĚ�

ŝŶ�ŵŝĐĞ�ŚĞĂƌƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ��ŽǆŽ�;ϭϯϰͿ͘�
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/Ŷ� ĂĚĚŝƚŝŽŶ͕��ŽǆŽͲŝŶĚƵĐĞĚ� ĐĞůů� ĚĞĂƚŚ� ĐŽƌƌĞůĂƚĞƐ�ǁŝƚŚ�ĚĞƉůĞƚŝŽŶ� ŽĨ�'�d�ϰ͕� Ă� ƚƌĂŶƐĐƌŝƉƚŝŽŶ�

ĨĂĐƚŽƌ�ĞƐƐĞŶƚŝĂů� ĨŽƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ŐƌŽǁƚŚ�ĂŶĚ�ƐƵƌǀŝǀĂů� ;ϴϵͿ͘�'�d�ϰ�ŝƐ�ďŽƚŚ�ƐƵĨĨŝĐŝĞŶƚ�ĂŶĚ�

ŶĞĐĞƐƐĂƌǇ�ƚŽ�ŝŶŚŝďŝƚ�ĂƵƚŽƉŚĂŐǇ�ďǇ�ĐŽŶƚƌŽůůŝŶŐ�ƚŚĞ�ŐĞŶĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��ĐůϮ͕�Ă�ƐƵƌǀŝǀĂů�ĨĂĐƚŽƌ�

ǁŝƚŚ�ĂŶƚŝͲĂƵƚŽƉŚĂŐǇ�ĂĐƚŝǀŝƚǇ�;ϵϯͿ͘��ŽŶĐƵƌƌĞŶƚůǇ͕�'�d�ϰ�ƌĞĚƵĐƚŝŽŶ�ŝŶĚƵĐĞƐ�ĂŶ�ƵƉͲƌĞŐƵůĂƚŝŽŶ�

ŽĨ� �d'� ŐĞŶĞƐ� ƚŚƌŽƵŐŚ� Ɖϱϯ͕� ůĞĂĚŝŶŐ� ƚŽ� ƚŚĞ� ĞǆĐĞƐƐŝǀĞ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐŝĐ� ĨůƵǆ͕� ƚŚĂƚ�

ƵůƚŝŵĂƚĞůǇ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĂƚŚ͘��

ϱ͘Ϯ͘��ƵƚŽƉŚĂŐǇ�ŝŶŚŝďŝƚƐ�ĂƉŽƉƚŽƐŝƐ�

dŚĞ� ĂďŽǀĞ� ƉƌĞƐĞŶƚĞĚ� ĨŝŶĚŝŶŐƐ� ĂƌĞ� ĐŚĂůůĞŶŐĞĚ� ďǇ� ƚŚĞ� ŽďƐĞƌǀĂƚŝŽŶ� ƚŚĂƚ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ�

ĂƵƚŽƉŚĂŐǇ͕�ďǇ�ƐƚŝŵƵůŝ�ƐƵĐŚ�ĂƐ��DW<�ĂĐƚŝǀĂƚŝŽŶ�ďǇ�ŐůƵĐŽƐĞͲĚĞƉůĞƚŝŽŶ�Žƌ�ŵdKZ�ŝŶŚŝďŝƚŝŽŶ�ďǇ�

ƌĂƉĂŵǇĐŝŶ͕� ƌĞƐƵůƚƐ� ŝŶ� ĞŶŚĂŶĐĞĚ� ĐĞůů� ǀŝĂďŝůŝƚǇ� ĂŶĚ� ƌĞĚƵĐĞĚ� ĂƉŽƉƚŽƐŝƐ� ĨŽůůŽǁŝŶŐ� �ŽǆŽ�

ƚƌĞĂƚŵĞŶƚ�ŝŶ�,ϵ�Ϯ�ĐĂƌĚŝŽŵǇŽďůĂƐƚƐ�ĂŶĚ�ŵŝĐĞ�ŽǀĞƌĞǆƉƌĞƐƐŝŶŐ�'&WͲ>�ϯ�;ϭϭϳͿ͘�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕�

ƚŚĞ� ŝŶĚƵĐƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ďǇ� ƌĂƉĂŵǇĐŝŶ� ƌĞĚƵĐĞƐ� ƚŚĞ�ĂĐƚŝǀŝƚǇ�ŽĨ�ĐůĞĂǀĞĚ�ĐĂƐƉĂƐĞͲϯ͕� ƚŚƵƐ�

ƐƵƉƉŽƌƚŝŶŐ� ĂŶ� ŝŶŚŝďŝƚŽƌǇ� ƌŽůĞ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ŽŶ� ĂƉŽƉƚŽƐŝƐ͕� ĂŶĚ� ŝŶĚŝĐĂƚŝŶŐ� Ă� ƚŚĞƌĂƉĞƵƚŝĐ�

ƉŽƚĞŶƚŝĂů�ŽĨ�ƌĂƉĂŵǇĐŝŶ�ĂŐĂŝŶƐƚ��ŽǆŽͲŝŶĚƵĐĞĚ�ŵǇŽĐĂƌĚŝĂů�ĚĂŵĂŐĞ�;ϭϭϳͿ͘�

&ƵƌƚŚĞƌ�ĐŽŶĨŝƌŵŝŶŐ�ƚŚĞ�ďĞŶĞĨŝĐŝĂů�ƌŽůĞ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ĂŐĂŝŶƐƚ�ĂƉŽƉƚŽƐŝƐ͕� ŝƚ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�

ƚŚĂƚ�ĂƵƚŽƉŚĂŐǇ�ŝŶŚŝďŝƚŝŽŶ͕�ďǇ�ĚĞĐƌĞĂƐŝŶŐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��DW<�Žƌ�ŬŶŽĐŬŝŶŐͲŽƵƚ��DW<ɲϭ�

ŝŶ� ŵŝĐĞ� ;�DW<ɲϭоͬоͿ͕� ŝŶĐƌĞĂƐĞƐ� ƚŚĞ� ƐĞŶƐŝƟǀŝƚǇ� ƚŽ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĂƉŽƉƚŽƐŝƐ͕� ǁŚŝůĞ�

ƌĞƐƚŽƌĂƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ďǇ�ĂĚĞŶŽǀŝƌƵƐͲŵĞĚŝĂƚĞĚ��DW<�ĐŽŶƐƚŝƚƵƚŝǀĞ�ĂĐƚŝǀĂƚŝŽŶ�;�DW<Ͳ��Ϳ�

Žƌ� ϱͲĂŵŝŶŽŝŵŝĚĂǌŽůĞͲϰͲĐĂƌďŽǆĂŵŝĚĞ� ƌŝďŽŶƵĐůĞŽƐŝĚĞ� ;�/��ZͿ� ƐŝŐŶŝĨŝĐĂŶƚůǇ� ůŝŵŝƚƐ� ƚŚĞ�

ŝĂƚƌŽŐĞŶŝĐ�ĞĨĨĞĐƚƐ�ŽĨ��ŽǆŽ� ;ϭϯϬͿ͘��ŽŶƐŝƐƚĞŶƚůǇ͕�ŐĞŶĞƚŝĐ�ĚĞůĞƚŝŽŶ�ŽĨ��DW<ɲϭ� ;�DW<ɲϭоͬоͿ�

ĞŶŚĂŶĐĞƐ� �ŽǆŽͲƌĞůĂƚĞĚ� ƌĞĚƵĐƚŝŽŶ� ŽĨ� Ɖϱϯ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ͕� ĞƐƚĂďůŝƐŚŝŶŐ� Ă� ĐƌŝƚŝĐĂů� ƌŽůĞ� ŽĨ�

�DW<�ŝŶ��ŽǆŽͲŝŶĚƵĐĞĚ�ƉϱϯͲĚĞƉĞŶĚĞŶƚ��E��ĚĂŵĂŐĞ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ�;ϭϯϬͿ͘�

^ŝŵŝůĂƌůǇ͕� �ŽǆŽ� ŝŶŚŝďŝƚƐ� ĂƵƚŽƉŚĂŐǇ� ďǇ� ĂĐƚŝǀĂƚŝŶŐ� �Ϯ&ϭͬŵdKZ�ϭ� ƉĂƚŚǁĂǇ� ĂŶĚ� ĨƵƌƚŚĞƌ�

ŝŶĚƵĐĞƐ�ĂƉŽƉƚŽƐŝƐ�ďǇ�ĂĐƚŝǀĂƚŝŶŐ��Ϯ&ϭͬ�DWͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�ɲϮ�;�DW<ɲϮͿ�ƉĂƚŚǁĂǇ�

ŝŶ�ƐƚĂƌǀĞĚ�,ϵ�Ϯ�ĐĂƌĚŝŽŵǇŽďůĂƐƚƐ�;ϯϯͿ͘�dŚĞ�ƐĂŵĞ�ƌĞƐƵůƚ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ŝŶ�Ă�ŵŽƵƐĞ�ŵŽĚĞů�ŽĨ�

�ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ŝŶ�ďŽƚŚ�ŵǇŽĐĂƌĚŝĂů� ŝƐĐŚĞŵŝĐ�ĂŶĚ�ŶŽŶͲŝƐĐŚĞŵŝĐ�ĐŽŶĚŝƚŝŽŶƐ͕� ŝŶ�

ǁŚŝĐŚ� ƌĞƐǀĞƌĂƚƌŽů� ǁĂƐ� ĂďůĞ� ƚŽ� ƌĞƉƌĞƐƐ� �Ϯ&ϭ͕� ƚŚĞƌĞďǇ� ĂĐƚŝǀĂƚŝŶŐ� ĂƵƚŽƉŚĂŐǇ� ĂŶĚ� ƌĞĚƵĐŝŶŐ�

ĂƉŽƉƚŽƐŝƐ�;ϯϯͿ͘��

&ŝŶĂůůǇ͕�Ɖϱϯ͕�ƚŚĂƚ�ŝƐ�ŵŽƐƚůǇ�ƐƚƵĚŝĞĚ�ĨŽƌ�ŝƚƐ�ƌŽůĞ�ĂƐ�Ă�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ĨĂĐƚŽƌ͕�ĚŝƐƉůĂǇƐ�Ă�ŬĞǇ�ƌŽůĞ�ŝŶ�

ĐĞůů�ĚĞĂƚŚ�ĂŶĚ�ĂƵƚŽƉŚĂŐǇ�ƌĞŐƵůĂƚŝŽŶ�;ϭϯ͕�ϭϭϵͿ͘��ĐĐƵŵƵůĂƚŝŽŶ�ŽĨ�ĐǇƚŽƐŽůŝĐ�Ɖϱϯ�ĐĂŶ�ĚŝƌĞĐƚůǇ�

ĂĐƚŝǀĂƚĞ� ��y� ƚŽ� ƉĞƌŵĞĂďŝůŝǌĞ� ŵŝƚŽĐŚŽŶĚƌŝĂ͕� ƚŚĞƌĞďǇ� ŝŶĚƵĐŝŶŐ� ĐĂƐƉĂƐĞ� ĂĐƚŝǀĂƚŝŽŶ� ĂŶĚ�

D
ow

nl
oa

de
d 

by
 L

ul
ea

 U
ni

v 
B

ib
lio

te
ke

t f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

29
/2

0.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



WĂŐĞ�ϭϴ�ŽĨ�ϱϮ�
�
�
�

ϭϴ�

�Ŷ
ƚŝŽ

ǆŝ
ĚĂ

Ŷƚ
Ɛ�Ă

ŶĚ
�Z
ĞĚ

Žǆ
�^
ŝŐ
ŶĂ

ůŝŶ
Ő�

^ŝ
ŐŶ

Ăů
ŝŶ
Ő�
ƉĂ

ƚŚ
ǁ
ĂǇ
Ɛ�Ƶ

ŶĚ
Ğƌ
ůǇ
ŝŶ
Ő�
ĂŶ

ƚŚ
ƌĂ
ĐǇ
Đů
ŝŶ
Ğ�
ĐĂ
ƌĚ
ŝŽ
ƚŽ
ǆŝ
Đŝ
ƚǇ
�;�

K
/͗�
ϭϬ

͘ϭ
Ϭϴ

ϵͬ
Ăƌ
Ɛ͘
ϮϬ

ϮϬ
͘ϴ
Ϭϭ

ϵͿ
�

dŚ
ŝƐ�
ƉĂ

ƉĞ
ƌ�Ś

ĂƐ
�ď
ĞĞ

Ŷ�
ƉĞ

Ğƌ
Ͳƌ
Ğǀ
ŝĞ
ǁ
ĞĚ

�Ă
ŶĚ

�Ă
ĐĐ
ĞƉ

ƚĞ
Ě�
ĨŽ
ƌ�Ɖ

Ƶď
ůŝĐ
Ăƚ
ŝŽ
Ŷ͕
�ď
Ƶƚ
�Ś
ĂƐ
�Ǉ
Ğƚ
�ƚŽ

�Ƶ
ŶĚ

Ğƌ
ŐŽ

�Đ
ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

ĂƉŽƉƚŽƐŝƐ� ;ϭϯͿ͘� Ɖϱϯ� ĂůƐŽ� ĨƵŶĐƚŝŽŶƐ� ĂƐ� ĂŶ� ĞŶĚŽŐĞŶŽƵƐ� ƌĞƉƌĞƐƐŽƌ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ;ϴϬͿ͘� � �Ŷ�

ĂĚĚŝƚŝŽŶĂů�ĨƵŶĐƚŝŽŶ�ŽĨ�ĐǇƚŽƐŽůŝĐ�Ɖϱϯ�ŚĂƐ�ďĞĞŶ�ĚŝƐĐŽǀĞƌĞĚ�ŝŶ��ŽǆŽͲƚƌĞĂƚĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�

;ϰϰͿ͕� ŝŶ� ƚŚĂƚ� ŝƚ� ŝŶŚŝďŝƚƐ� ŵŝƚŽƉŚĂŐǇ� ďǇ� ďůŽĐŬŝŶŐ� WĂƌŬŝŶ� ƚƌĂŶƐůŽĐĂƚŝŽŶ� ƚŽ� ĚĂŵĂŐĞĚ�

ŵŝƚŽĐŚŽŶĚƌŝĂ� ;&ŝŐƵƌĞ� ϳͿ͘� dŚĞ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� WĂƌŬŝŶͲŵĞĚŝĂƚĞĚ� ŵŝƚŽƉŚĂŐǇ� ĐŽŵƉƌŽŵŝƐĞƐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů� ĨƵŶĐƚŝŽŶ͕�ƌĞƐƵůƚŝŶŐ� ŝŶ�ĂŐŝŶŐͲƌĞůĂƚĞĚ�ĂŶĚ��ŽǆŽͲŵĞĚŝĂƚĞĚ�ĚĞĐƌĞĂƐĞ� ŝŶ�ĐĂƌĚŝĂĐ�

ĐŽŶƚƌĂĐƚŝůŝƚǇ͘� /Ŷ� ŬĞĞƉŝŶŐ� ǁŝƚŚ� ƚŚŝƐ� ŵĞĐŚĂŶŝƐŵ͕� ƉϱϯͲĚĞĨŝĐŝĞŶƚ� ŵŝĐĞ� ĂŶĚ� WĂƌŬŝŶͲ

ŽǀĞƌĞǆƉƌĞƐƐŝŶŐ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƐŚŽǁ�Ă� ůĞƐƐ�ƐĞǀĞƌĞ�ĚĞĐůŝŶĞ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů� ŝŶƚĞŐƌŝƚǇ�ĂŶĚ�

ĐĞůů�ĚĞĂƚŚ�ĂĨƚĞƌ�ƚƌĞĂƚŵĞŶƚ�ǁŝƚŚ��ŽǆŽ�;ϰϰͿ͘�

ϲ͘�/ŶĨůĂŵŵĂƚŝŽŶͲŵĞĚŝĂƚĞĚ�ĐĞůů�ĚĞĂƚŚ�ŝŶ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

/ŶĨůĂŵŵĂƚŝŽŶ� ĂƉƉĞĂƌƐ� ƚŽ�ďĞ� ƐŝŐŶŝĨŝĐĂŶƚůǇ� ŝŶǀŽůǀĞĚ� ŝŶ��ŽǆŽͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ;ϴϭͿ͕� ĂƐ�

ĂĐƵƚĞ�ĂŶĚ�ĐŚƌŽŶŝĐ�ŵǇŽĐĂƌĚŝƚŝƐ�ŽĐĐƵƌ�ŝŶ�Ă�ĚŽƐĞͲĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ�ŝŶ�ƉĂƚŝĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�

�ŽǆŽ�;ϲϯͿ͘��ŽǆŽ�ƚƌŝŐŐĞƌƐ�ƚŚĞ�ŝŶĨůĂŵŵĂƚŽƌǇ�ƐŝŐŶĂůŝŶŐ�ĐĂƐĐĂĚĞƐ�ďǇ�ƉƌŽŵŽƚŝŶŐ�ƚŚĞ�ƌĞůĞĂƐĞ�ŽĨ�

ĚŝĨĨĞƌĞŶƚ�ĐǇƚŽŬŝŶĞƐ͕� ŝŶĐůƵĚŝŶŐ� ŝŶƚĞƌůĞƵŬŝŶͲϭ�ĂŶĚ�dE&Ͳɲ͕� ŝŶ�ĐŽŵďŝŶĂƚŝŽŶ�ǁŝƚŚ�ƚŚĞ�ĂĐƚŝǀĂƚŝŽŶ�

ŽĨ��ǀĂƌŝŽƵƐ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇƐ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ŶƵĐůĞĂƌ�ĨĂĐƚŽƌͲʃ��;E&Ͳʃ�Ϳ͕�ƉϯϴͲD�W<͕�ĂŶĚ�ƚŚĞ�

ĂƵƚŽƉŚĂŐǇ�ƉĂƚŚǁĂǇƐ�;ϵϳ͕�ϭϬϳͿ͘���

E&Ͳʃ�� ŝƐ� Ă� ŵĂƐƚĞƌ� ƌĞŐƵůĂƚŽƌ� ŽĨ� ƚŚĞ� ŝŶĨůĂŵŵĂƚŽƌǇ� ĐĂƐĐĂĚĞ� ĂŶĚ� ŝƐ� ŵĂŝŶƚĂŝŶĞĚ� ŝŶ� ƚŚĞ�

ĐǇƚŽƉůĂƐŵ�ŝŶ�ĂŶ� ŝŶĂĐƚŝǀĞ�ĨŽƌŵ�ďǇ�ƚŚĞ� ŝŶŚŝďŝƚŽƌ�ŽĨ�ʃ��ƉƌŽƚĞŝŶ�;/<<Ϳ͘�hƉŽŶ��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ͕�

ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ĂŶĚ� ƚŚĞ� ĞŶƐƵŝŶŐ� ƉϲϮ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ŝŶĚƵĐĞ� /<<� ƐŝŐŶĂůŝŶŐ�

ĚŽǁŶƐƚƌĞĂŵ� ŽĨ� dŽůůͲůŝŬĞ� ƌĞĐĞƉƚŽƌƐ� ;d>ZƐͿ͕� ƚŚĞƌĞďǇ� ĞŶŐĂŐŝŶŐ� E&ͲŬ�� ĂŶĚ� ƚƌŝŐŐĞƌŝŶŐ� ƚŚĞ�

ŝŶĨůĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞ͘��ŽŶǀĞƌƐĞůǇ͕�ǁŚĞŶ�ĂƵƚŽƉŚĂŐǇ� ŝƐ�ƵƉƌĞŐƵůĂƚĞĚ͕�ƉϲϮ� ŝƐ� ƌĞĚƵĐĞĚ�ĂŶĚ�

ďůŽĐŬƐ� ƚŚĞ� E&Ͳʃ�� ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇ� ;ϭϰϲͿ͘� dŚĞƌĞĨŽƌĞ͕� ƵƉƌĞŐƵůĂƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ďǇ�

�DW<ͬŵdKZ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇ�ƌĞƐƵůƚƐ�ŝŶ�ĂŶ�ĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇ�ĞĨĨĞĐƚ͕�ǁŝƚŚ�Ă�ƌĞĚƵĐƚŝŽŶ�ŽĨ�

ŝŶĨůĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƚŝŽŶ�;ϵϳͿ͘��

/Ŷ� ĂĚĚŝƚŝŽŶ͕��ŽǆŽ� ŝŶĚƵĐĞƐ� ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ� d>ZƐ�ǁŚŝĐŚ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ĐĂƌĚŝĂĐ�ĚĂŵĂŐĞ� ŝŶ�

ǀŝƌƚƵĞ�ŽĨ� ƚŚĞŝƌ� ƌŽůĞ� ŝŶ� ƚŚĞ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ƉƌŽͲŝŶĨůĂŵŵĂƚŽƌǇ�E&Ͳʃ�� ;ϵϲͿ͘� d>ZƐ� ĂƌĞ� Ă� ĐůĂƐƐ� ŽĨ�

ƚŚŝƌƚĞĞŶ�ŵĞŵďĞƌƐ�ŶŽƌŵĂůůǇ�ĞǆƉƌĞƐƐĞĚ�ŝŶ�ůĞƵŬŽĐǇƚĞƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŵŝĐƌŽďŝĂů�ƉĂƚŚŽŐĞŶƐ�Žƌ�

ĚĞĂĚͬĚĂŵĂŐĞĚ� ĐĞůů� ƐƚƌƵĐƚƵƌĞƐ͕� ďƵƚ� ƌĞĐĞŶƚ� ƐƚƵĚŝĞƐ� ƵŶĐŽǀĞƌ� ƚŚĞŝƌ� ŝŵƉůŝĐĂƚŝŽŶ� ŝŶ� �ŽǆŽͲ

ŵĞĚŝĂƚĞĚ�ĐĞůůƵůĂƌ�ŝŶũƵƌǇ�ĂŶĚ�ƌĞůĂƚĞĚ�ŝŶĨůĂŵŵĂƚŝŽŶ�;ϭϬϭͿ͘��ŵŽŶŐ�ƚŚĞŵ͕�d>ZϮ�ĂŶĚ�d>Zϰ�ĂƌĞ�

ĨŽƵŶĚ� ĂůƐŽ� ŝŶ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĂŶĚ� ĂƌĞ� ŝŵƉůŝĐĂƚĞĚ� ŝŶ� �EdͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� d>ZϮ�

ƌĞŐƵůĂƚĞƐ�ĐǇƚŽŬŝŶĞ�ƌĞůĞĂƐĞ͕�ƐƵĐŚ�ĂƐ�dE&ɲ͕�/>ϲ�ĂŶĚ�/>ϭɴ͕�ƚŚƌŽƵŐŚ�E&Ͳʃ��ĂĐƚŝǀĂƚŝŽŶ͕�ĂƐ�E&Ͳʃ��

�E�� ďŝŶĚŝŶŐ� ĂĐƚŝǀŝƚǇ� ŝƐ� ŝŶĐƌĞĂƐĞĚ� ŝŶ� ǁŝůĚͲƚǇƉĞ� ďƵƚ� ƌĞĚƵĐĞĚ� ŝŶ� d>ZϮͲͬͲ� ŵŝĐĞ� ĂĨƚĞƌ� �ŽǆŽ�
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WĂŐĞ�ϭϵ�ŽĨ�ϱϮ�
�
�
�

ϭϵ�

�Ŷ
ƚŝŽ

ǆŝ
ĚĂ

Ŷƚ
Ɛ�Ă

ŶĚ
�Z
ĞĚ

Žǆ
�^
ŝŐ
ŶĂ

ůŝŶ
Ő�

^ŝ
ŐŶ

Ăů
ŝŶ
Ő�
ƉĂ

ƚŚ
ǁ
ĂǇ
Ɛ�Ƶ

ŶĚ
Ğƌ
ůǇ
ŝŶ
Ő�
ĂŶ

ƚŚ
ƌĂ
ĐǇ
Đů
ŝŶ
Ğ�
ĐĂ
ƌĚ
ŝŽ
ƚŽ
ǆŝ
Đŝ
ƚǇ
�;�

K
/͗�
ϭϬ

͘ϭ
Ϭϴ

ϵͬ
Ăƌ
Ɛ͘
ϮϬ

ϮϬ
͘ϴ
Ϭϭ

ϵͿ
�

dŚ
ŝƐ�
ƉĂ

ƉĞ
ƌ�Ś

ĂƐ
�ď
ĞĞ

Ŷ�
ƉĞ

Ğƌ
Ͳƌ
Ğǀ
ŝĞ
ǁ
ĞĚ

�Ă
ŶĚ

�Ă
ĐĐ
ĞƉ

ƚĞ
Ě�
ĨŽ
ƌ�Ɖ

Ƶď
ůŝĐ
Ăƚ
ŝŽ
Ŷ͕
�ď
Ƶƚ
�Ś
ĂƐ
�Ǉ
Ğƚ
�ƚŽ

�Ƶ
ŶĚ

Ğƌ
ŐŽ

�Đ
ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ� ;ϴϳͿ͘� KĨ� ŶŽƚĞ͕� ŐĞŶĞƚŝĐ� ĂďůĂƚŝŽŶ� ĂŶĚ� ƉŚĂƌŵĂĐŽůŽŐŝĐĂů� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� d>ZϮ� ŝŶ�

ŵŝĐĞ�ĂŶĚ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ƌĞƐƉĞĐƚŝǀĞůǇ͕�ƚƌĞĂƚĞĚ�ǁŝƚŚ��ŽǆŽ�ƌĞƐƵůƚƐ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ͕�ǁŝƚŚ�

ƌĞĚƵĐĞĚ� ƌĞůĞĂƐĞ� ŽĨ� ĐǇƚŽŬŝŶĞƐ͕� ĂŶĚ� ĞŶŚĂŶĐĞĚ�ŵŝĐĞ� ƐƵƌǀŝǀĂů� ;ϴϳͿ͕� ĂƐ�ǁĞůů� ĂƐ� ƉƌĞǀĞŶƚŝŽŶ� ŽĨ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĂƚŚ͕�ĐĂƌĚŝĂĐ�ĚǇƐĨƵŶĐƚŝŽŶ�ĂŶĚ�ŝŶĨůĂŵŵĂƚŝŽŶ�;ϳϰ͕�ϭϬϲ͕�ϭϯϲͿ͘��

KŶ�ƚŚĞ�ĐŽŶƚƌĂƌǇ͕�ƚŚĞ�ƌŽůĞ�ŽĨ�d>Zϰ�ŝŶ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝƐ�Ɛƚŝůů�ĐŽŶƚƌŽǀĞƌƐŝĂů͘�KŶ�ŽŶĞ�ƐŝĚĞ͕�ŝƚ�

ĐŽŶƚƌŽůƐ� ĐĂƌĚŝĂĐ� ŝŶĨůĂŵŵĂƚŝŽŶ� ĂŶĚ� ĂƉƉĞĂƌƐ� ƚŽ� ďĞ� ŝŶǀŽůǀĞĚ� ŝŶ� �ŽǆŽͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ� ƚŚƌŽƵŐŚ� ƚŚĞ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ĨĂĐƚŽƌ� '�d�ϰ͕� ƐŝŶĐĞ� ĐĂƌĚŝĂĐ�

ŝŶĨůĂŵŵĂƚŝŽŶ� ŝƐ� ĚĞĐƌĞĂƐĞĚ� ŝŶ� d>Zϰ� ŬŶŽĐŬͲŽƵƚ� ŵŝĐĞ� ;d>ZϰоͬоͿ� ;ϵϵͿ͘� KŶ� ƚŚĞ� ŽƚŚĞƌ� ƐŝĚĞ͕�

ďůŽĐŬĂŐĞ� ŽĨ� d>Zϰ� ǁŝƚŚ� ŶĞƵƚƌĂůŝǌŝŶŐ� ĂŶƚŝďŽĚŝĞƐ� ƌĞƐƵůƚƐ� ŝŶ� ĂŶ� ĞŶŚĂŶĐĞĚ� ŝŶĨůĂŵŵĂƚŝŽŶ� ĂŶĚ�

ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ;ϳϰͿ͘� EĞǁ� ĐŽŵƉĞůůŝŶŐ� ĞǀŝĚĞŶĐĞ� ĂďŽƵƚ� d>Zϰ� ŝŵƉůŝĐĂƚŝŽŶ� ŝŶ� �ŽǆŽͲ

ŝŶĚƵĐĞĚ�ĐĂƌĚŝĂĐ�ŝŶĨůĂŵŵĂƚŝŽŶ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁĞĚ�ďǇ��ĂƌŐĂŶŝ�Ğƚ�Ăů͘�;ϭϮϬͿ͘�dŚĞǇ�ĚĞŵŽŶƐƚƌĂƚĞ�

ƚŚĞ� ŝŵƉůŝĐĂƚŝŽŶ� ŽĨ� d>Zϰ� ŝŶ� Ă� ŶĞǁ� ĨŽƌŵ� ŽĨ� ƉƌŽŐƌĂŵŵĞĚ� ĐĞůů� ĚĞĂƚŚ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ�

ƉƌŽŝŶĨůĂŵŵĂƚŝŽŶ͕� ƚĞƌŵĞĚ� ƉǇƌŽƉƚŽƐŝƐ͘� /Ŷ� ƚŚŝƐ� ƐƚƵĚǇ͕� �ŽǆŽ� ĂĐƚŝǀĂƚĞƐ� d>ZϰͲƉǇƌŝŶ� ĚŽŵĂŝŶ�

ĐŽŶƚĂŝŶŝŶŐͲϯ� ;E>ZWϯͿ� ĂŶĚ� ĐĂƐƉĂƐĞͲϭ͕� ůĞĂĚŝŶŐ� ƚŽ� ŝŶĨůĂŵŵĂƐŽŵĞ� ĨŽƌŵĂƚŝŽŶ� ĂŶĚ�ƉǇƌŽƉƚŽƚŝĐ�

ĐĞůů� ĚĞĂƚŚ� ŝŶ� ,ϵĐϮ� ĐĞůůƐ� ;ϭϮϬͿ͘� DŽƌĞŽǀĞƌ͕� �ŽǆŽ� ƐƚŝŵƵůĂƚĞƐ� ƚŚĞ� ƌĞůĞĂƐĞ� ŽĨ� ĐǇƚŽŬŝŶĞƐ� ĂŶĚ�

ŝŶĨůĂŵŵĂƚŽƌǇ�ŵĂƌŬĞƌƐ͕�ƐƵĐŚ�ĂƐ�ŝŶƚĞƌůĞƵŬŝŶƐ�;/>Ϳ�;/>Ͳϭɴ͕�/>ͲϲͿ͕�ƚƵŵŽƌ�ŶĞĐƌŽƐŝƐ�ĨĂĐƚŽƌ�;dE&ͲɲͿ�

ĂŶĚ� ŶƵĐůĞĂƌ� ĨĂĐƚŽƌͲŬ�� ;E&Ͳʃ�Ϳ� ;ϯϰͿ͕� ǁŚŝĐŚ� ĂƌĞ� ĂƐƐŽĐŝĂƚĞĚ� ƚŽ� ĐĂƌĚŝĂĐ� ĚǇƐĨƵŶĐƚŝŽŶ� ĂŶĚ�

ĂƉŽƉƚŽƐŝƐ͘� /ŶƚĞƌĞƐƚŝŶŐůǇ͕� ƚŚĞ� ƵƐĞ� ŽĨ� ĞŵďƌǇŽŶŝĐ� ƐƚĞŵ� ĐĞůůͲĚĞƌŝǀĞĚ� ĞǆŽƐŽŵĞƐ� ;�^Ͳ�ǆŽƐͿ�

ŝŶŚŝďŝƚƐ�d>Zϰ�ĂŶĚ�E>ZWϯ�ŝŶĨůĂŵŵĂƐŽŵĞ�ŵĂƌŬĞƌƐ�ĂŶĚ�ŝŶĨůĂŵŵĂƐŽŵĞͲŝŶĚƵĐĞĚ�ƉǇƌŽƉƚŽƐŝƐ�ŝŶ�

ŵŝĐĞ�ƵŶĚĞƌ��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ͕�ďǇ�ŝŶĚƵĐŝŶŐ�ƚŚĞ�ƌĞůĞĂƐĞ�ŽĨ�ĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ͕�ƐƵĐŚ�

ĂƐ� />ͲϭϬ� ;ϭϭϲ͕� ϭϮϬͿ͘� DŽƌĞŽǀĞƌ͕� �^Ͳ�ǆŽƐ� ƚƌĂŶƐƉůĂŶƚĞĚ� ŵŝĐĞ� ƌĞƐƵůƚƐ� ŝŶ� ŝŵƉƌŽǀĞĚ� ĐĂƌĚŝĂĐ�

ĨƵŶĐƚŝŽŶ͕� ƐƵŐŐĞƐƚŝŶŐ� ƉƌŽƚĞĐƚŝǀĞ� ĞĨĨĞĐƚƐ� ŽĨ� �^Ͳ�ǆŽƐ� ƚŚĂƚ� ĐŽƵůĚ� ďĞ� ƵƐĞĚ� ĂƐ� Ă� ĨƵƚƵƌĞ�

ƚŚĞƌĂƉĞƵƚŝĐ�ŽƉƚŝŽŶ�ƚŽ�ƚƌĞĂƚ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝĂĐ�ĚǇƐĨƵŶĐƚŝŽŶ�;ϭϭϲ͕�ϭϮϬͿ͘�

ϳ͘��ŵĞƌŐŝŶŐ�ƌŽůĞ�ŽĨ�ŵŝĐƌŽZE�Ɛ�ŝŶ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ��

ZĞĐĞŶƚůǇ͕�ŵŝĐƌŽZE�Ɛ� ;ŵŝZE�Ɛ� Žƌ�ŵŝZƐͿ͕� Ă� ĐůĂƐƐ� ŽĨ� ĞŶĚŽŐĞŶŽƵƐ� ϮϮͲŶƵĐůĞŽƚŝĚĞ� ŶŽŶĐŽĚŝŶŐ�

ZE�Ɛ͕� ĞŵĞƌŐĞĚ� ĂƐ� ƉŝǀŽƚĂů� ŵŽĚƵůĂƚŽƌƐ� ŽĨ� ƚĂƌŐĞƚ� ŐĞŶĞƐ� ŝŶ� Ă� ǀĂƌŝĞƚǇ� ŽĨ� ŚĞĂƌƚ� ĚŝƐĞĂƐĞ�

ĐŽŶĚŝƚŝŽŶƐ͕� ƐƵĐŚ�ĂƐ�ŵǇŽĐĂƌĚŝĂů� ŝŶĨĂƌĐƚŝŽŶ�ĂŶĚ�ŚǇƉĞƌƚĞŶƐŝǀĞ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ� ;ϭϰͿ͕� ĂƐ�ǁĞůů� ĂƐ�

�ŽǆŽͲŝŶĚƵĐĞĚ�ŵǇŽĐĂƌĚŝĂů� ŝŶũƵƌǇ͘�KĨ�ŶŽƚĞ͕� ƐĞǀĞƌĂů� ƐƚƵĚŝĞƐ�ŚĂǀĞ�ƐŚŽǁŶ� ŝŶĐƌĞĂƐĞĚ� ůĞǀĞůƐ�ŽĨ�

ĐŝƌĐƵůĂƚŝŶŐ�ŵŝZE�Ɛ͕� ŝŶĐůƵĚŝŶŐ�ŵŝZͲϮϭ͕�ŵŝZͲϯϰĂ͕�ŵŝZͲϭϰϲĂ�ĂŶĚ�ŵŝZͲϱϯϮͲϯƉ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ�

�ŽǆŽ�ƚƌĞĂƚŵĞŶƚ�;ϭϮϱͿ͘��
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Ĩ͘�

�ŽǆŽ�ƚƌĞĂƚŵĞŶƚ�ƐŝŐŶŝĨŝĐĂŶƚůǇ� ŝŶĐƌĞĂƐĞƐ�ŵŝZͲϮϭ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ďŽƚŚ�ŵŽƵƐĞ�ŚĞĂƌƚ�ƚŝƐƐƵĞ�ĂŶĚ�

,ϵ�Ϯ�ĐĞůůƐ͕�ǁŚĞƌĞĂƐ��ŽǆŽͲŝŶĚƵĐĞĚ�ĂƉŽƉƚŽƐŝƐ�ƌĞƐƵůƚƐ�ĂƚƚĞŶƵĂƚĞĚ�ďǇ�ŵŝZͲϮϭ�ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ�

ŝŶ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ƚŚƌŽƵŐŚ� ƚŚĞ� ŵŽĚƵůĂƚŝŽŶ� ŽĨ� ƚŚĞ� ĂŶƚŝͲƉƌŽůŝĨĞƌĂƚŝǀĞ� ĨĂĐƚŽƌ͕� �� ĐĞůů�

ƚƌĂŶƐůŽĐĂƚŝŽŶ�ŐĞŶĞ�Ϯ�;�ƚŐϮͿ�;ϭϮϯͿ͘��

ZĞŐĂƌĚŝŶŐ� ƚŚĞ� ƌŽůĞ� ŽĨ� ŵŝZͲϭϰϲĂ͕� dŽŶŐ� Ğƚ� Ăů͘� ƐŚŽǁĞĚ� ƚŚĂƚ� ŝŶ� Ă� ŵŽĚĞů� ŽĨ� ĂĐƵƚĞ� �ŽǆŽ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� ŵŝZͲϭϰϲĂ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ĨƵƌƚŚĞƌ� ĂŐŐƌĂǀĂƚĞƐ� �ŽǆŽͲŵĞĚŝĂƚĞĚ� ŵǇŽĐĂƌĚŝĂů�

ĂƉŽƉƚŽƐŝƐ͕� ďǇ� ƚĂƌŐĞƚŝŶŐ� Ă� ŬĞǇ� ĐŽŵƉŽŶĞŶƚ� ŽĨ� ŶĞƵƌĞŐƵůŝŶͲϭͲ�ƌď�� ƐŝŐŶĂůŝŶŐ͕� �ƌď�ϰ͘� dŚĞ�

ŝŶĐƌĞĂƐĞĚ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ŵŝZͲϭϰϲĂ� ĚƌŝǀĞƐ� �ƌď�ϰ� ĚŽǁŶƌĞŐƵůĂƚŝŽŶ� ĂŶĚ� ůĞĂĚƐ� ƚŽ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞĂƚŚ͕� ǁŚŝůĞ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ŵŝZͲϭϰϲĂ� Žƌ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ŽĨ� �ƌ�ďϰ� ĐŽƵůĚ�

ƉƌĞǀĞŶƚ�ĂŶĚ�ŝŵƉƌŽǀĞ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ƐƵƌǀŝǀĂů�;ϭϮϯͿ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�WĂŶ�Ğƚ�Ăů͘�ƌĞĐĞŶƚůǇ�

ƉƌŽǀĞĚ� Ă� ƉƌŽƚĞĐƚŝǀĞ� ƌŽůĞ� ŽĨ� ŵŝZϭϰϲͲĂ� ŝŶ� Ă� ĚŝĨĨĞƌĞŶƚ� ŵŽĚĞů� ŽĨ� �ŽǆŽ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�Ă�ůŽǁͲĚŽƐĞ��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ�ůĞĂĚŝŶŐ�ƚŽ�ůĂƚĞͲŽŶƐĞƚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ�;ϵϭͿ͘�/Ŷ�

ƚŚŝƐ�ƐƚƵĚǇ͕�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŵŝZͲϭϰϲ�ŝƐ�ƐŝŐŶŝĨŝĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ƵƉŽŶ��ŽǆŽ�ƚƌĞĂƚŵĞŶƚ͕�ůĞĂĚŝŶŐ�

ƚŽ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ĚĞĂƚŚ�ĂŶĚ͕�ŽŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ƚŽ�ĂƵƚŽƉŚĂŐǇ�ŝŶŚŝďŝƚŝŽŶ͘�KĨ�ŶŽƚĞ͕�ƚŚĞƐĞ�

ƉĂƚŚŽůŽŐŝĐĂů� ĞǀĞŶƚƐ� ĂƌĞ� ƌĞǀĞƌƐĞĚ� ďǇ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ŵŝZͲϭϰϲĂ͕� ǁŚŝĐŚ� ƉůĂǇƐ� ĂŶ� ĂŶƚŝͲ

ĂƉŽƉƚŽƚŝĐ�ƌŽůĞ�ƚŚƌŽƵŐŚ�ƚŚĞ�Ɖϱϯ�ƉĂƚŚǁĂǇ͘� /Ŷ�ƉĂƌƚŝĐƵůĂƌ͕�ďǇ�ƚĂƌŐĞƚŝŶŐ�d�d�ͲďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶ�

;d�WͿ� ĂƐƐŽĐŝĂƚĞĚ� ĨĂĐƚŽƌ� ϵď� ;d�&ϵďͿ͕� Ă� ĐŽĂĐƚŝǀĂƚŽƌ� ĂŶĚ� ƐƚĂďŝůŝǌĞƌ� ŽĨ� Ɖϱϯ͕� ŵŝZͲϭϰϲ�

ĚŽǁŶƌĞŐƵůĂƚĞƐ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� Ɖϱϯ͕� ƚŚĞƌĞďǇ� ĂƚƚĞŶƵĂƚŝŶŐ� ĂƉŽƉƚŽƐŝƐ� ĂŶĚ� ƌĞƐƚŽƌŝŶŐ�

ĂƵƚŽƉŚĂŐǇ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�;ϵϭͿ͘�EĞǁ�ĐŽŵƉĞůůŝŶŐ�ĞǀŝĚĞŶĐĞ�ĂďŽƵƚ�ƚŚĞ�ŝŵƉůŝĐĂƚŝŽŶ�ŽĨ�ŵŝZͲ

ϭϰϲĂͲϱƉ�ŝŶ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŚĂƐ�ďĞĞŶ�ƌĞĐĞŶƚůǇ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�ǁŽƌŬ�ŽĨ�DŝůĂŶŽ�

Ğƚ� Ăů͘� ;ϳϵͿ͘� dŚĞ� ĂƵƚŚŽƌƐ� ĚĞŵŽŶƐƚƌĂƚĞ� ƚŚĂƚ� ŝŶƚƌĂǀĞŶŽƵƐ� ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ� ŽĨ� ŚƵŵĂŶ� ĐĂƌĚŝĂĐ�

ƉƌŽŐĞŶŝƚŽƌ� ĐĞůůƐ� ;�W�ƐͿ� ĞǆŽƐŽŵĞƐ͕� ŚŝŐŚůǇ� ĞŶƌŝĐŚĞĚ� ŝŶ� ŵŝZͲϭϰϲͲĂϱƉ͕� ĂƚƚĞŶƵĂƚĞƐ�

�ŽǆŽͬdƌĂƐƚƵǌƵŵĂďͲŵĞĚŝĂƚĞĚ�ŽǆŝĚĂƚŝǀĞ�ƐƚƌĞƐƐ� ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�,ĞŶĐĞ͕�ƐƉĞĐŝĨŝĐ�ƐŝůĞŶĐŝŶŐ�

ŽĨ�ŵŝZͲϭϰϲͲĂϱƉ�ƌĞƐƵůƚƐ�ŝŶ�ĞŶŚĂŶĐĞĚ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ�;ϳϵͿ͘�

/Ŷ� ĂĚĚŝƚŝŽŶ͕� ƌĞĐĞŶƚ� ĨŝŶĚŝŶŐƐ� ĚĞŵŽŶƐƚƌĂƚĞ� ƚŚĂƚ� ŵŝZͲϯϰĂ� ůĞǀĞůƐ� ĂƌĞ� ŝŶĐƌĞĂƐĞĚ� ĂŶĚ� ƚƌŝŐŐĞƌ�

ƐĞŶĞƐĐĞŶĐĞ�ĂŶĚ�ĂƉŽƉƚŽƚŝĐ�ŵĞĐŚĂŶŝƐŵƐ�ŝŶǀŽůǀŝŶŐ�Ɖϭϲ/E<ϰĂ�ĂŶĚ�Ɖϱϯ�ŝŶ�ƌĂƚ��W�Ɛ�ĞǆƉŽƐĞĚ�ƚŽ�

�ŽǆŽ�;ϴϳͿ͘�DĞƐĞŶĐŚǇŵĂů�ƐƚĞŵ�ĐĞůů�;D^�ͿͲďĂƐĞĚ�ƚŚĞƌĂƉŝĞƐ�ŚĂǀĞ�ďĞĞŶ�ƌĞƉŽƌƚĞĚ�ƚŽ�ŵŽĚƵůĂƚĞ�

�ŽǆŽͲŝŶĚƵĐĞĚ� ĐĞůůƵůĂƌ� ƐĞŶĞƐĐĞŶĐĞ� ŝŶ� ,ϵ�Ϯ� ĐĞůůƐ� ǀŝĂ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ŵŝZͲϯϰĂ� ;ϭϯϯͿ͘� dŚĞ�

ŵĞĐŚĂŶŝƐŵ�ƵŶĚĞƌůǇŝŶŐ� ƚŚĞ�ĂŶƚŝͲƐĞŶĞƐĐĞŶĐĞ� ĨƵŶĐƚŝŽŶ�ŽĨ�D^�Ɛ� ŝŶǀŽůǀĞƐ� ƚŚĞ�ŵŝZϯϰĂͲ^/ZdϭͲ

Ɖϱϯ� ĂǆŝƐ͕�ǁŚĞƌĞ� ƚŚĞ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ�ŵŝZͲϯϰĂ� ůĞĂĚƐ� ƚŽ� Ă� ƌĞĚƵĐƚŝŽŶ� ŽĨ� Ɖϱϯ� ĂŶĚ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ�

^/Zdϭ͕�ǁŚŝĐŚ�ĞůŽŶŐĂƚĞƐ�ƚĞůŽŵĞƌĞ�ůĞŶŐƚŚ�ĂŶĚ�ŝŶĐƌĞĂƐĞƐ�ƚĞůŽŵĞƌĂƐĞ�ĂĐƚŝǀŝƚǇ�;ϭϯϯͿ͘��
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Ĩ͘�

�ŶŽƚŚĞƌ�ŵŝZ͕�ŵŝZͲϱϯϮͲϯƉ͕�ŚĂƐ�ďĞĞŶ�ƌĞĐĞŶƚůǇ�ƐŚŽǁŶ�ƚŽ�ŚĂǀĞ�Ă�ƉƌŽͲĂƉŽƉƚŽƚŝĐ�ƌŽůĞ͕�ŝŶĚƵĐŝŶŐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů� ĨŝƐƐŝŽŶ� ĂŶĚ� ĂƉŽƉƚŽƐŝƐ� ŝŶ� �ŽǆŽͲƚƌĞĂƚĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘� DĞĐŚĂŶŝƐƚŝĐĂůůǇ͕�

ƚŚĞƐĞ� ĞĨĨĞĐƚƐ� ĂƌĞ� ĞǆƉůĂŝŶĞĚ� ďǇ� Ă� ŶĞŐĂƚŝǀĞ� ƌĞŐƵůĂƚŝŽŶ� ŽĨ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ĂƉŽƉƚŽƐŝƐ�

ƌĞƉƌĞƐƐŽƌ�ǁŝƚŚ�ĐĂƐƉĂƐĞ�ƌĞĐƌƵŝƚŵĞŶƚ�ĚŽŵĂŝŶ�;�Z�Ϳ�;ϭϮϴͿ͘�

/Ŷ� ĂĚĚŝƚŝŽŶ͕��ŽǆŽ� ŝŶĚƵĐĞƐ�ŵŝZE�ͲϯϮϬĂ�ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ͕� ƚŚĂƚ� ůĞĂĚƐ� ƚŽ� ĐĂƌĚŝĂĐ�ĚǇƐĨƵŶĐƚŝŽŶ�

ĂŶĚ� ĞŶĚŽƚŚĞůŝĂů� ŝŶũƵƌǇ� ďǇ� ĚǇƐƌĞŐƵůĂƚŝŶŐ� ƚŚĞ� ǀĂƐĐƵůĂƌ� ĞŶĚŽƚŚĞůŝĂů� ŐƌŽǁƚŚ� ĨĂĐƚŽƌ� ;s�'&Ϳ�

ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇ�;ϭϯϳͿ͘��ĐĐŽƌĚŝŶŐůǇ͕�ŵŝZͲϯϮϬĂͲŬŶŽĐŬĚŽǁŶ�ŵŝĐĞ�ŚĂǀĞ�ĂƚƚĞŶƵĂƚĞĚ�ĚĂŵĂŐĞ�

ŽĨ�ĞŶĚŽƚŚĞůŝĂů�ĐĞůůƐ�ĂƐ�ǁĞůů�ĂƐ�ƌĞĚƵĐĞĚ�ĐĂƌĚŝĂĐ�ĚǇƐĨƵŶĐƚŝŽŶ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ��ŽǆŽ͘��

KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�Ă�ŶƵŵďĞƌ�ŽĨ�ŵŝZE�Ɛ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ŵŝZͲϯϬ�ĨĂŵŝůǇ͕�ĂƌĞ�ĚŽǁŶƌĞŐƵůĂƚĞĚ�ďǇ�

�EdƐ͘�KĨ�ŶŽƚĞ͕�ƚŚĞ�ŵŝZͲϯϬ�ĨĂŵŝůǇ�ŚĂƐ�Ă�ƉƌŽƚĞĐƚŝǀĞ�ƌŽůĞ�ĂŐĂŝŶƐƚ��ŽǆŽͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

ďǇ�ƚĂƌŐĞƚŝŶŐ�ŵƵůƚŝƉůĞ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ɴͲĂĚƌĞŶĞƌŐŝĐ�ƉĂƚŚǁĂǇ͕�ƐƵĐŚ�ĂƐ�ɴϭ�Z͕�ɴϮ�Z�ĂŶĚ�'ɲŝͲ

Ϯ͕�ĂƐ�ǁĞůů�ĂƐ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĂƉŽƉƚŽƚŝĐ�ƉĂƚŚǁĂǇ͕�ůŝŬĞ�ƚŚĞ�ƉƌŽͲĂƉŽƉƚŽƚŝĐ�ŐĞŶĞ�

�E/Wϯ>��;ϭϬϬͿ͘�

KǀĞƌĂůů͕� ƚŚĞ�ĚŝĨĨĞƌĞŶƚŝĂů�ĂŶĚ�ĂůƚĞƌĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŵŝZE�Ɛ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ��Ed�ƚƌĞĂƚŵĞŶƚ�

ŚŝŐŚůŝŐŚƚƐ�ƚŚĞ�ƉŽƐƐŝďŝůŝƚǇ�ŽĨ�ĞǆƉůŽŝƚŝŶŐ�ŵŝĐƌŽZE�Ɛ�ŶŽƚ�ŽŶůǇ�ĂƐ�ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚƐ͕�ďƵƚ�ĂůƐŽ�

ĂƐ� ĚŝĂŐŶŽƐƚŝĐ� ďŝŽŵĂƌŬĞƌƐ͕� ĂƐ� ŝŶ� ƚŚĞ� ĐĂƐĞ� ŽĨ�ŵŝZͲϮϭϲď͕� ƚŚĂƚ� ŝƚ� ŝƐ� ƵƉͲƌĞŐƵůĂƚĞĚ� ŝŶ� ƚŚĞ� ĨŝƌƐƚ�

ƐƚĂŐĞ�ŽĨ��ŽǆŽͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ĂŶĚ�ŵĂǇ� ĂĐƚ� ĂƐ� ĂŶ�ĞĂƌůǇ�ŵĂƌŬĞƌ�ŽĨ� ĐĂƌĚŝĂĐ�ĚĂŵĂŐĞ�

;ϲϬͿ͘���

ϴ͘�&ƵƚƵƌĞ�ƉĞƌƐƉĞĐƚŝǀĞƐ�ĨŽƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ��

�� ďĂƐŝĐ� ƌĞƋƵŝƌĞŵĞŶƚ� ĨŽƌ� ĐůŝŶŝĐĂůůǇ� ƌĞůĞǀĂŶƚ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ� ƐƚƌĂƚĞŐŝĞƐ� ŝƐ� ƚŚĞ� ĂďŝůŝƚǇ� ƚŽ�

ƉƌĞƐĞƌǀĞ� ƚŚĞ� ĞĨĨŝĐĂĐǇ� ŽĨ� ƚŚĞ� ĂŶƚŝͲĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚ͘� �ǀĞŶ� ŵŽƌĞ� ŝŶƚĞƌĞƐƚŝŶŐ� ĂƌĞ�

ƉŚĂƌŵĂĐŽůŽŐŝĐĂů� ĂƉƉƌŽĂĐŚĞƐ� ǁŚŝĐŚ� ƉŽƚĞŶƚŝĂůůǇ� ƉƌŽǀŝĚĞ� Ă� ĚƵĂů� ďĞŶĞĨŝĐŝĂů� ĞĨĨĞĐƚ͕� ƚŚĞ� ƐŽͲ

ĐĂůůĞĚ�ĂďŝůŝƚǇ�ƚŽ�͞Ŭŝůů�ƚǁŽ�ďŝƌĚƐ�ǁŝƚŚ�ŽŶĞ�ƐƚŽŶĞ͟�;ϭϬϲͿ͕�ǁŚĞƌĞ�ƚŚĞ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĂŐĞŶƚ�ŶŽƚ�

ŽŶůǇ�ƉƌĞǀĞŶƚƐ� ƚŚĞ� ĐĂƌĚŝĂĐ� ƐŝĚĞ�ĞĨĨĞĐƚ�ŽĨ� ĐŚĞŵŽƚŚĞƌĂƉǇ͕� ďƵƚ� ĂůƐŽ� ĞŶŚĂŶĐĞƐ� ŝƚƐ� ĂŶƚŝͲƚƵŵŽƌ�

ĂĐƚŝŽŶ͘�

�ŵŽŶŐ�ƚŚŝƐ�ĐůĂƐƐ�ŽĨ�ĚƵĂů�ĚƌƵŐƐ�ĂƌĞ��zWϭ�ŝŶŚŝďŝƚŽƌƐ͕�ĚĞƌŝǀĞĚ�ĨƌŽŵ�sŝƐŶĂŐŝŶ͕�ǁŚŝĐŚ�ŚĂǀĞ�ďĞĞŶ�

ƌĞĐĞŶƚůǇ� ƐŚŽǁŶ� ƚŽ� ďĞ� ƉƌŽŵŝƐŝŶŐ� ƚŚĞƌĂƉĞƵƚŝĐ� ĂŐĞŶƚƐ� ĂŐĂŝŶƐƚ� �ŽǆŽͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

;ϯͿ͘� �zWϭ� ďĞůŽŶŐƐ� ƚŽ� Ă� ĨĂŵŝůǇ� ŽĨ� ŚŝŐŚůǇ� ĐŽŶƐĞƌǀĞĚ� ŵŽŶŽŽǆǇŐĞŶĂƐĞƐ� ƚŚĂƚ� ĂƌĞ� ƵƐƵĂůůǇ�

ƌĞƐƉŽŶƐŝďůĞ� ĨŽƌ� ƚŚĞ� ŵĞƚĂďŽůŝƐŵ� ŽĨ� ƚŽǆŝĐ� ĐŽŵƉŽƵŶĚƐ͕� ŝŶĐůƵĚŝŶŐ� ƉŽůǇĐǇĐůŝĐ� ĂƌŽŵĂƚŝĐ�

ŚǇĚƌŽĐĂƌďŽŶƐ�ƚŚĂƚ�ƐŚĂƌĞ�ƐƚƌƵĐƚƵƌĂů�ƐŝŵŝůĂƌŝƚǇ�ǁŝƚŚ��ŽǆŽ�;ϭϭϮͿ͘�
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K
/͗�
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ϵͿ
�
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ƌ�Ś

ĂƐ
�ď
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ƉĞ

Ğƌ
Ͳƌ
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ǁ
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ƚĞ
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ĨŽ
ƌ�Ɖ

Ƶď
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ŽŽ
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ŽŽ

Ĩ͘�

KŶ� ŽŶĞ� ƐŝĚĞ͕� �zWϭ� ƉůĂǇƐ� ĂŶ� ŝŵƉŽƌƚĂŶƚ� ƌŽůĞ� ŝŶ� ƚŚĞ� ŵĞƚĂďŽůŝƐŵ� ŽĨ� ƉŽůǇƵŶƐĂƚƵƌĂƚĞĚ� ĨĂƚƚǇ�

ĂĐŝĚƐ�;ϮϭͿ͕�ƐƵĐŚ�ĂƐ�ĂƌĂĐŚŝĚŽŶŝĐ�ĂĐŝĚ�ŵĞƚĂďŽůŝƚĞƐ͕�ǁŚŝĐŚ�ŚĂǀĞ�ďĞĞŶ�ƉƌĞǀŝŽƵƐůǇ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�

ƚŚĞ� ƉĂƚŚŽŐĞŶĞƐŝƐ� ŽĨ� �ŽǆŽ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ;ϳϱͿ͘�DŽƌĞŽǀĞƌ͕� �zWϭ͕� ŝŶ� ƉĂƌƚŝĐƵůĂƌ� ƚŚĞ� �zWϭ�ϭ�

ŝƐŽĨŽƌŵ�ƚŚĂƚ�ŝƐ�ŽǀĞƌĞǆƉƌĞƐƐĞĚ�ŝŶ�Ă�ǁŝĚĞ�ƌĂŶŐĞ�ŽĨ�ƚƵŵŽƌ�ƚǇƉĞƐ͕�ŝŶĐůƵĚŝŶŐ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�;ϴϰͿ͕�

ƉůĂǇƐ� Ă� ƌŽůĞ� ŝŶ� ĞƐƚƌŽŐĞŶͲŵĞĚŝĂƚĞĚ� ƚƵŵŽƌ� ĨŽƌŵĂƚŝŽŶ� ;ϵ͕� ϲϳͿ͘� dŚĞƐĞ� ŽďƐĞƌǀĂƚŝŽŶƐ� ƐƵŐŐĞƐƚ�

ƚŚĂƚ� �zWϭ� ŝŶŚŝďŝƚŝŽŶ� ŵĂǇ� ƐŝŵƵůƚĂŶĞŽƵƐůǇ� ĐŽŶĨĞƌ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝŽŶ͕� ǁŚŝůĞ� ĞŶŚĂŶĐŝŶŐ� ƚŚĞ�

ĂŶƚŝƚƵŵŽƌ�ĞĨĨĞĐƚ�ŽĨ��ŽǆŽ͕�ĂŶĚ�ŵĂŬĞ��zWϭ�ŝŶŚŝďŝƚŽƌƐ�ĂƉƉĞĂůŝŶŐ�ĐĂŶĚŝĚĂƚĞƐ�ĨŽƌ�ĨƵƚƵƌĞ�ĐůŝŶŝĐĂů�

ƚƌŝĂůƐ͘�

�ĞƐŝĚĞƐ� �zWϭ͕� ŶĞƵƌĞŐƵůŝŶ͕� ĂŶ� ĂŐŽŶŝƐƚ� ŽĨ� ƚŚĞ� ƌĞĐĞƉƚŽƌ� ƚǇƌŽƐŝŶĞ� ŬŝŶĂƐĞƐ� ďĞůŽŶŐŝŶŐ� ƚŽ� ƚŚĞ�

ĞƉŝĚĞƌŵĂů� ŐƌŽǁƚŚ� ĨĂĐƚŽƌ� ƌĞĐĞƉƚŽƌ� ;�'&ZͿ� ĨĂŵŝůǇ͕� ŚĂƐ� ĞůŝĐŝƚĞĚ� ŝŶƚĞƌĞƐƚ� ĂƐ� Ă� ƉŽƚĞŶƚŝĂů�

ƚŚĞƌĂƉĞƵƚŝĐ� ĂŐĂŝŶƐƚ� �Ed� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� �'&Z� ĨĂŵŝůǇ� ŝŶĐůƵĚĞƐ� �'&Zͬ,�Zϭͬ�ƌď�ϭ͕�

�ƌď�Ϯͬ,�ZϮ� ;ƚŚĂƚ�ŚĂƐ�ŶŽ� ůŝŐĂŶĚͿ͕��ƌď�ϯͬ,�Zϯ͕�ĂŶĚ��ƌď�ϰͬ,�Zϰ�ĂŶĚ�ĂŵŽŶŐ� ƚŚĞƐĞ͕��ƌď�Ϯ�

ĂŶĚ��ƌď�ϰ�ĂƌĞ�ĞǆƉƌĞƐƐĞĚ�ŝŶ�ĚŝĨĨĞƌĞŶƚŝĂƚĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘��ǀŝĚĞŶĐĞ�ĨŽƌ�ƚŚĞ�ŝŶǀŽůǀĞŵĞŶƚ�ŽĨ�

ƚŚĞ��ƌď��ĨĂŵŝůǇ�ŝŶ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĞŵĞƌŐĞĚ�ĨƌŽŵ�ƚŚĞ�ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�ŽĨ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝŶ�

ƉĂƚŝĞŶƚƐ� ƌĞĐĞŝǀŝŶŐ� ĐŽŶĐƵƌƌĞŶƚ� �ŽǆŽ� ĂŶĚ� dƌĂƐƚƵǌƵŵĂď� ;ϭϬϯͿ͕� Ă� ŵŽŶŽĐůŽŶĂů� ĂŶƚŝďŽĚǇ�

ƚĂƌŐĞƚŝŶŐ��ƌď�Ϯ�ƌĞĐĞƉƚŽƌ�ƵƐĞĚ�ƚŽ�ƚƌĞĂƚ�,�ZϮͲƉŽƐƚŝǀĞ�ďƌĞĂƐƚ�ĂŶĚ�ĂĚǀĂŶĐĞĚ�ƐƚŽŵĂĐŚ�ĐĂŶĐĞƌ͘�

DŽƌĞŽǀĞƌ͕� ŝŶ�ŵŽƵƐĞ�ŵŽĚĞůƐ� ŽĨ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕� �EdƐ� ĚŽǁŶƌĞŐƵůĂƚĞ� ĐĂƌĚŝĂĐ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ�

�ƌď�ϰ͕�ƉŽƚĞŶƚŝĂůůǇ�ďǇ� ŝŶĐƌĞĂƐŝŶŐ� ƚŚĞ� ůĞǀĞůƐ�ŽĨ�ŵŝZͲϭϰϲĂ� ;ϰϯͿ͘�KŶ� ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕� ĐĂƌĚŝĂĐͲ

ƐƉĞĐŝĨŝĐ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ� ŽĨ� �ƌď�Ϯ� ŝŶ� ŵŝĐĞ� ŝƐ� ƉƌŽƚĞĐƚŝǀĞ� ĂŐĂŝŶƐƚ� ĐĂƌĚŝĂĐ� ĚĂŵĂŐĞ� ;ϭϲͿ͕�

ŝŶĐůƵĚŝŶŐ�ƚŚĂƚ�ĞůŝĐŝƚĞĚ�ďǇ��EdƐ͕�ůŝŬĞůǇ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƵƉƌĞŐƵůĂƚŝŽŶ�ŽĨ�ĂŶƚŝŽǆŝĚĂŶƚ�ŵĞĐŚĂŶŝƐŵƐ�

;ϳͿ͘�

EĞƵƌĞŐƵůŝŶͲϭ�ĂĐƚƐ�ĂƐ�Ă�ƉƌŝŵĂƌǇ�ůŝŐĂŶĚ�ƚŽ�ŝŶŝƚŝĂƚĞ��ƌď��ƐŝŐŶĂůŝŶŐ͕�ĂŶĚ�ƉůĂǇƐ�Ă�ĐƌŝƚŝĐĂů�ƌŽůĞ�ŝŶ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞǀĞůŽƉŵĞŶƚ͕� ŚŽŵĞŽƐƚĂƐŝƐ� ĂŶĚ� ĚŝƐĞĂƐĞ� ;ϴϴͿ͘� � �ůďĞŝƚ� ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ� ŽĨ�

ŶĞƵƌĞŐƵůŝŶͲϭ�ƌĞĚƵĐĞƐ��EdͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĂƉŽƉƚŽƐŝƐ�ǀŝĂ�W/ϯ<ͬ�Ŭƚ�;ϮϳͿ͕�ŝƚƐ�ƵƐĞ�ĂƐ�Ă�

ĐĂƌĚŝŽƉƌŽƚĞĐƚĂŶƚ� ŝƐ� ůŝŵŝƚĞĚ� ďǇ� ƉŽƚĞŶƚŝĂů� ƉƌŽͲŶĞŽƉůĂƐƚŝĐ� ĞĨĨĞĐƚƐ� ;ϰϱͿ͘� KŶŐŽŝŶŐ� ǁŽƌŬ� ŝƐ�

ĨŽĐƵƐŝŶŐ�ŽŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂŶ�ĞŶŐŝŶĞĞƌĞĚ�ŶĞƵƌĞŐƵůŝŶ͕�ĚŝƐƉůĂǇŝŶŐ�ƌĞĚƵĐĞĚ�ŶĞŽƉůĂƐƚŝĐ�

ƉŽƚĞŶƚŝĂů͕� ďƵƚ� ƉƌĞƐĞƌǀĞĚ� ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ� ĨƵŶĐƚŝŽŶ͕� ŝŶ� ŵŝĐĞ� ;ϱϬͿ͘� EĞƵƌĞŐƵůŝŶͲŵĞĚŝĂƚĞĚ�

ĐĂƌĚŝŽƉƌŽƚĞĐƚŝŽŶ� ƚŚƵƐ� ĂƉƉĞĂƌƐ� ƚŽ� ďĞ� Ă� ƉƌŽŵŝƐŝŶŐ� ĂƉƉƌŽĂĐŚ� ĨŽƌ� ƉĂƚŝĞŶƚƐ� ƵŶĚĞƌŐŽŝŶŐ�

ƚƌĞĂƚŵĞŶƚ�ǁŝƚŚ��EdƐ�ĂŶĚ�ĚĞƐĞƌǀĞƐ�ĨƵƌƚŚĞƌ�ƐƚƵĚŝĞƐ�ĂŶĚ�ĐůŝŶŝĐĂů�ǀĂůŝĚĂƚŝŽŶ͘�
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ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

�ŽŶĐůƵƐŝŽŶƐ�

dŚĞ� ĞǆƉŽŶĞŶƚŝĂů� ŐƌŽǁƚŚ� ŽĨ� ƚŚĞ� ĨŝĞůĚ� ŽĨ� �ĂƌĚŝŽͲKŶĐŽůŽŐǇ� ŽĨ� ƚŚĞ� ůĂƐƚ� ĚĞĐĂĚĞ� ŚĂƐ� ŐƌĞĂƚůǇ�

ĞǆƉĂŶĚĞĚ�ŽƵƌ� ŬŶŽǁůĞĚŐĞ�ŽĨ� ƚŚĞ�ŵŽůĞĐƵůĂƌ�ďĂƐŝƐ�ŽĨ� ĐŚĞŵŽƚŚĞƌĂƉǇͲƌĞůĂƚĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�

dŚĞ� ĞŵĞƌŐŝŶŐ� ǀŝĞǁ� ŝƐ� ƚŚĂƚ� ĐĂƌĚŝŽƚŽǆŝĐ� ĂŶƚŝͲĐĂŶĐĞƌ� ĚƌƵŐƐ͕� ůŝŬĞ� ĂŶƚŚƌĂĐǇĐůŝŶĞƐ͕� ĂĨĨĞĐƚ�

ŝŶƚĞƌƚǁŝŶĞĚ� ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇƐ͕� ǁŚŝĐŚ� ĂƌĞ� ŬĞǇ� ƚŽ� ƐƵƌǀŝǀĂů� ŽĨ� ĐĂŶĐĞƌ� ĐĞůůƐ͕� ďƵƚ� ĂůƐŽ� ŽĨ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘� �ĞƐƉŝƚĞ� ƌĞĂĐƚŝǀĞ� ŽǆǇŐĞŶ� ƐƉĞĐŝĞƐ� ĂƌĞ� ŶŽ� ůŽŶŐĞƌ� ĐŽŶƐŝĚĞƌĞĚ� ƚŚĞ� ŵĂŝŶ�

ĚĞƚĞƌŵŝŶĂŶƚ�ŽĨ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�ƚŚĞǇ�ĂƌĞ�ĐƌƵĐŝĂů�ƐŝŐŶĂůŝŶŐ�ŝŶƚĞƌŵĞĚŝĂƚĞƐ�ƚŚĂƚ�ŝŶƚĞƌǀĞŶĞ�ŝŶ�ƚŚĞ�

ƌĞƐƉŽŶƐĞ�ŽĨ� ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ� ƚŽ�ĐĂƌĚŝŽƚŽǆŝĐ� ŝŶƐƵůƚƐ͘�dŚĞ�ĐƵƌƌĞŶƚ�ŚŽƉĞ� ŝƐ� ƚŚĂƚ� ƚŚĞ�ƐŝŐŶĂůŝŶŐ�

ƉĂƚŚǁĂǇƐ� ƚŚĂƚ� ŚĂǀĞ� ũƵƐƚ� ĞŵĞƌŐĞĚ� ƚŽ� ďĞ� ƚĂƌŐĞƚĞĚ� ďǇ� �EdƐ� ĐŽƵůĚ� ďĞ� ƚŚĞƌĂƉĞƵƚŝĐĂůůǇ�

ŵĂŶŝƉƵůĂƚĞĚ� ƚŽ� ƉƌĞǀĞŶƚ� ĂŶĚͬŽƌ� ƚƌĞĂƚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� tŚŝůĞ� ƐŽŵĞ� ƉŚĂƌŵĂĐŽůŽŐŝĐĂů�

ĂƉƉƌŽĂĐŚĞƐ� ŚĂǀĞ� ĂůƌĞĂĚǇ� ďĞĞŶ� ƚĞƐƚĞĚ� ŝŶ� ƉƌĞĐůŝŶŝĐĂů�ŵŽĚĞůƐ͕� ƚŚĞ�ǁĂǇ� ƚŽǁĂƌĚ� ƚŚĞ� ĐůŝŶŝĐĂů�

ĂƉƉůŝĐĂƚŝŽŶ�ŝƐ�Ɛƚŝůů�ĂƌĚƵŽƵƐ�ĂŶĚ�ƌĞƋƵŝƌĞƐ�ĐŽŶĐůƵƐŝǀĞ�ǀĂůŝĚĂƚŝŽŶ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ƉƌŽŵŝƐŝŶŐ�ƚĂƌŐĞƚƐ�

ŝŶ�ŵŽĚĞůƐ� ƚŚĂƚ� ĨĂŝƚŚĨƵůůǇ� ƌĞĨůĞĐƚ� ƚŚĞ� ĨƵŶĚĂŵĞŶƚĂů� ďŝŽůŽŐǇ�Žƌ� ĐĂƌĚŝŽƚŽǆŝĐ� ƌĞƐƉŽŶƐĞƐ�ŽĨ� ƚŚĞ�

ŚƵŵĂŶ� ŵǇŽĐĂƌĚŝƵŵ͘� dŚĞƐĞ� ŝŶĐůƵĚĞ� ĨŽƌ� ŝŶƐƚĂŶĐĞ� ŚƵŵĂŶ� ŝŶĚƵĐĞĚ� ƉůƵƌŝƉŽƚĞŶƚ� ƐƚĞŵ� ĐĞůůͲ

ĚĞƌŝǀĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ǁŚŝĐŚ�ĂƌĞ�ũƵƐƚ�ĞŵĞƌŐŝŶŐ�ĂƐ�Ă�ƉŽǁĞƌĨƵů�ƚŽŽů�ĨŽƌ�ĚƌƵŐ�ĚŝƐĐŽǀĞƌǇ�ĂŶĚ�

ƚŚĞ�ƌĞĂůŝǌĂƚŝŽŶ�ŽĨ�ƉƌĞĐŝƐŝŽŶ�ŵĞĚŝĐŝŶĞ�ŝŶ��ĂƌĚŝŽͲKŶĐŽůŽŐǇ�;�ϯϬ͕�ϵϱͿ͘�

�ĐŬŶŽǁůĞĚŐĞŵĞŶƚƐ�

dŚŝƐ� ǁŽƌŬ� ǁĂƐ� ƐƵƉƉŽƌƚĞĚ� ďǇ� ŐƌĂŶƚƐ� ĨƌŽŵ� WƌŽŐĞƚƚŽ� Ě͛�ƚĞŶĞŽͲ�ŽŵƉĂŐŶŝĂ� Ěŝ� ^ĂŶ� WĂŽůŽ�

;W/��E��Z�ƚŽ��'Ϳ͕�&ŽŶĚĂǌŝŽŶĞ��ĂƌŝƉůŽ�;'Z�ϮϬϭϳͲϬϴϬϬ�ƚŽ�s^Ϳ͕�ZŝĐĞƌĐĂ�^ĂŶŝƚĂƌŝĂ�&ŝŶĂůŝǌǌĂƚĂ�

;'ZͲϮϬϭϯͲϬϮϯϱϱϰϰϵ� ĨĞůůŽǁƐŚŝƉ� ƚŽ� s^Ϳ� ĂŶĚ� >ĞĚƵĐƋ� &ŽƵŶĚĂƚŝŽŶ� ;Ϭϵ�s�Ϭϭ� ƚŽ� �,Ϳ͘� tĞ�

ŐƌĂƚĞĨƵůůǇ�ĂĐŬŶŽǁůĞĚŐĞ�'ŝƵůŝĂ�WƌŽŶŽ�ĨŽƌ�ĨŝŐƵƌĞ�ůĂǇŽƵƚ͘�

�ƵƚŚŽƌ��ŝƐĐůŽƐƵƌĞ�^ƚĂƚĞŵĞŶƚ�

WƌŽĨ͘�'ŚŝŐŽ� ĂŶĚ�,ŝƌƐĐŚ�ĂƌĞ� ĐŽͲĨŽƵŶĚĞƌƐ� ĂŶĚ�ďŽĂƌĚ�ŵĞŵďĞƌƐ�ŽĨ� <ŝƚŚĞƌ��ŝŽƚĞĐŚ͕� Ă� ƐƚĂƌƚƵƉ�

ďŝŽƚĞĐŚ�ĨŽĐƵƐĞĚ�ŽŶ�

ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�W/ϯ<�ŝŶŚŝďŝƚŽƌƐ͘�

� �

D
ow

nl
oa

de
d 

by
 L

ul
ea

 U
ni

v 
B

ib
lio

te
ke

t f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

29
/2

0.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



WĂŐĞ�Ϯϰ�ŽĨ�ϱϮ�
�
�
�

Ϯϰ�

�Ŷ
ƚŝŽ

ǆŝ
ĚĂ

Ŷƚ
Ɛ�Ă

ŶĚ
�Z
ĞĚ

Žǆ
�^
ŝŐ
ŶĂ

ůŝŶ
Ő�

^ŝ
ŐŶ

Ăů
ŝŶ
Ő�
ƉĂ

ƚŚ
ǁ
ĂǇ
Ɛ�Ƶ

ŶĚ
Ğƌ
ůǇ
ŝŶ
Ő�
ĂŶ

ƚŚ
ƌĂ
ĐǇ
Đů
ŝŶ
Ğ�
ĐĂ
ƌĚ
ŝŽ
ƚŽ
ǆŝ
Đŝ
ƚǇ
�;�

K
/͗�
ϭϬ

͘ϭ
Ϭϴ

ϵͬ
Ăƌ
Ɛ͘
ϮϬ

ϮϬ
͘ϴ
Ϭϭ

ϵͿ
�

dŚ
ŝƐ�
ƉĂ

ƉĞ
ƌ�Ś

ĂƐ
�ď
ĞĞ

Ŷ�
ƉĞ

Ğƌ
Ͳƌ
Ğǀ
ŝĞ
ǁ
ĞĚ

�Ă
ŶĚ

�Ă
ĐĐ
ĞƉ

ƚĞ
Ě�
ĨŽ
ƌ�Ɖ

Ƶď
ůŝĐ
Ăƚ
ŝŽ
Ŷ͕
�ď
Ƶƚ
�Ś
ĂƐ
�Ǉ
Ğƚ
�ƚŽ

�Ƶ
ŶĚ

Ğƌ
ŐŽ

�Đ
ŽƉ

ǇĞ
Ěŝ
ƚŝŶ

Ő�
ĂŶ

Ě�
Ɖƌ
ŽŽ

Ĩ�Đ
Žƌ
ƌĞ
Đƚ
ŝŽ
Ŷ͘
�d
ŚĞ

�Ĩŝ
ŶĂ

ů�Ɖ
Ƶď

ůŝƐ
ŚĞ

Ě�
ǀĞ
ƌƐ
ŝŽ
Ŷ�
ŵ
ĂǇ
�Ě
ŝĨĨ
Ğƌ
�Ĩƌ
Žŵ

�ƚŚ
ŝƐ�
Ɖƌ
ŽŽ

Ĩ͘�

�ďďƌĞǀŝĂƚŝŽŶƐ�hƐĞĚ�

�DW<� с� �ĚĞŶŽƐŝŶĞ� DŽŶŽƉŚŽƐƉŚĂƚĞͲ

�ĐƚŝǀĂƚĞĚ�WƌŽƚĞŝŶ�<ŝŶĂƐĞ�

�DW<Ͳ���с��DW<��ŽŶƐƚŝƚƵƚŝǀĞ��ĐƚŝǀĂƚŝŽŶ

�Ed�с��ŶƚŚƌĂĐǇĐůŝŶĞ�

�d'�с��ƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ�'ĞŶĞƐ�

�dD� с� �ƚĂǆŝĂͲdĞůĂŶŐŝĞĐƚĂƐŝĂͲŵƵƚĂƚĞĚ�

ŬŝŶĂƐĞ�

�dZ� с� �dD� ĂŶĚ� ZĂĚϯͲŵƵƚĂƚĞĚ� ZĞůĂƚĞĚ�

ŬŝŶĂƐĞ�

��y�с��ĐůϮͲĂƐƐŽĐŝĂƚĞĚ�y��

�ĐůϮ�с��ĞƚĂͲĐĞůů�ůǇŵƉŚŽŵĂ�Ϯ�

�E/Wϯ� с� �,ϯͲŽŶůǇ� ƉƌŽƚĞŝŶ� �ĐůͲϮͲůŝŬĞ� ϭϵ�

Ŭ�ĂͲŝŶƚĞƌĂĐƚŝŶŐ�ƉƌŽƚĞŝŶ�ϯ�

�ĂD<//�с��ĂůĐŝƵŵͬ�ĂůŵŽĚƵůŝŶͲĚĞƉĞŶĚĞŶƚ�

ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞͲ//�

�W��с��ĂƌĚŝĂĐ�WƌŽŐĞŶŝƚŽƌ��Ğůů�

�zW�с��ǇƚŽĐŚƌŽŵĞ�WϰϱϬ�

�ŽǆŽ�с��ŽǆŽƌƵďŝĐŝŶ�

�yZ�с��ĞǆƌĂǌŽǆĂŶĞ�

�'&Z� с� �ƉŝĚĞƌŵĂů� 'ƌŽǁƚŚ� &ĂĐƚŽƌ�

ZĞĐĞƉƚŽƌ�

�^Ͳ�ǆŽƐ� с� �ŵďƌǇŽŶŝĐ� ^ƚĞŵ� �ĞůůͲĚĞƌŝǀĞĚ�

�ǆŽƐŽŵĞƐ�

/<<�с�/ŶŚŝďŝƚŽƌ�ŽĨ�N��ƉƌŽƚĞŝŶ�

/>�с�/ŶƚĞƌůĞƵŬŝŶ�

>�ϯ� с� DŝĐƌŽƚƵďƵůĞͲĂƐƐŽĐŝĂƚĞĚ� ƉƌŽƚĞŝŶ�

ϭ�ͬϭ�ͲůŝŐŚƚ�ĐŚĂŝŶ�ϯ�

�

>d���с�>ͲƚǇƉĞ��ĂϮн��ŚĂŶŶĞů�

ŵŝZE�ͬ�ŵŝZ�с�ŵŝĐƌŽZE��

ŵƚ�E��с�DŝƚŽĐŚŽŶĚƌŝĂů��E��

ŵdKZ�с�DĂŵŵĂůŝĂŶ�dĂƌŐĞƚ�ŽĨ�ZĂƉĂŵǇĐŝŶ�

E��W,� с� EŝĐŽƚŝŶĂŵŝĚĞ� �ĚĞŶŝŶĞ� �ŝŶƵĐůĞŽƚŝĚĞ�

WŚŽƐƉŚĂƚĞ�

E&ͲN��с�EƵĐůĞĂƌ�&ĂĐƚŽƌͲN��

EŽǆ�с�E��W,�KǆŝĚĂƐĞ��ŽŵƉůĞǆ�

EZ&ϭ�с�EƵĐůĞĂƌ�ZĞƐƉŝƌĂƚŽƌǇ�&ĂĐƚŽƌ�ϭ�

W'�Ͳϭ�с�WW�ZJ��ŽĂĐƚŝǀĂƚŽƌ�ϭ�

W/ϯ<�с�WŚŽƐƉŚĂƚŝĚǇůŝŶŽƐŝƚŽů�ϯͲ<ŝŶĂƐĞ�

W/E<ϭ�с�Wd�EͲŝŶĚƵĐĞĚ�ŬŝŶĂƐĞ�ϭ�

W<��с�WƌŽƚĞŝŶ�<ŝŶĂƐĞ���

WW�ZJ� с� WĞƌŽǆŝƐŽŵĞ� WƌŽůŝĨĞƌĂƚŽƌ� �ĐƚŝǀĂƚĞĚ�

ZĞĐĞƉƚŽƌͲJ�

ZK^�с�ZĞĂĐƚŝǀĞ�KǆǇŐĞŶ�^ƉĞĐŝĞƐ�

ZǇZ�с�ZǇĂŶŽĚŝŶĞ�ZĞĐĞƉƚŽƌ�

^�Z���с�^ĂƌĐŽͲ�ŶĚŽƉůĂƐŵŝĐ�ZĞƚŝĐƵůƵŵ��ĂůĐŝƵŵ�

�dWĂƐĞ^�^EϮ�с�^ĞƐƚƌŝŶͲϮ�

^Z�с�^ĂƌĐŽƉůĂƐŵŝĐ�ZĞƚŝĐƵůƵŵ�

d&���с�dƌĂŶƐĐƌŝƉƚŝŽŶ�&ĂĐƚŽƌ����

d>Z�с�dŽůůͲůŝŬĞ�ZĞĐĞƉƚŽƌ�

dE&ͲD�с�dƵŵŽƌ�EĞĐƌŽƐŝƐ�&ĂĐƚŽƌ�D�

dŽƉϮ�с�dǇƉĞ�Ϯ�dŽƉŽŝƐŽŵĞƌĂƐĞ�

hůŬͲϭ� с� hŶĐͲϱϭͲůŝŬĞ� ĂƵƚŽƉŚĂŐǇ� ĂĐƚŝǀĂƚŝŶŐ�

ŬŝŶĂƐĞ�ϭ�
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Ĩ͘�

ZĞĨĞƌĞŶĐĞƐ�

ϭ͘�������������ĐĂƌ��͕�<ĂůĞ��͕�dƵƌŐƵƚ�D͕��ĞŵŝƌĐĂŶ�^͕��ƵƌŶĂ�<͕��Ğŵŝƌ�^͕�DĞƌŝĐ�D�ĂŶĚ��ŐĂĐ�Dd͘�

�ĨĨŝĐŝĞŶĐǇ�ŽĨ�ĂƚŽƌǀĂƐƚĂƚŝŶ�ŝŶ�ƚŚĞ�ƉƌŽƚĞĐƚŝŽŶ�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘�:��ŵ�

�Žůů��ĂƌĚŝŽů�ϱϴ͗�ϵϴϴͲϵϴϵ͕�ϮϬϭϭ͘�

Ϯ͘�������������ƌĂŝ�D͕�zŽŐƵĐŚŝ��͕�dĂŬŝǌĂǁĂ�d͕�zŽŬŽǇĂŵĂ�d͕�<ĂŶĚĂ�d͕�<ƵƌĂďĂǇĂƐŚŝ�D�ĂŶĚ�EĂŐĂŝ�Z͘�

DĞĐŚĂŶŝƐŵ� ŽĨ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ƐĂƌĐŽƉůĂƐŵŝĐ� ƌĞƚŝĐƵůƵŵ� �Ă;ϮнͿͲ�dWĂƐĞ�

ŐĞŶĞ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ͘��ŝƌĐ�ZĞƐ�ϴϲ͗�ϴͲϭϰ͕�ϮϬϬϬ͘�

ϯ͘�������������ƐŶĂŶŝ��͕��ŚĞŶŐ��͕�>ŝƵ�z͕�tĂŶŐ�z͕��ŚĞŶ�,,͕�sŽŚƌĂ��͕��Śŝ��͕��ŽƌŶĞůůĂͲdĂƌĂĐŝĚŽ�/͕�

tĂŶŐ�,͕�:ŽŚŶƐ��'͕�^ŽƐŶŽǀŝŬ����ĂŶĚ�WĞƚĞƌƐŽŶ�Zd͘�,ŝŐŚůǇ�ƉŽƚĞŶƚ�ǀŝƐŶĂŐŝŶ�ĚĞƌŝǀĂƚŝǀĞƐ�ŝŶŚŝďŝƚ�

�ǇƉϭ�ĂŶĚ�ƉƌĞǀĞŶƚ�ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�:�/�/ŶƐŝŐŚƚ�ϯ͕�ϮϬϭϴ͘�

ϰ͘�������������ƚǁĂů�D͕�^ǁĂŶ�Z>͕�ZŽǁĞ��͕�>ĞĞ�<�͕�>ĞĞ���͕��ƌŵƐƚƌŽŶŐ�>͕��ŽǁĞůů�/'�ĂŶĚ��ƵƐƚŝŶ���͘�

/ŶƚĞƌĐĂůĂƚŝŶŐ�dKWϮ�WŽŝƐŽŶƐ��ƚƚĞŶƵĂƚĞ�dŽƉŽŝƐŽŵĞƌĂƐĞ��ĐƚŝŽŶ�Ăƚ�,ŝŐŚĞƌ��ŽŶĐĞŶƚƌĂƚŝŽŶƐ͘�DŽů�

WŚĂƌŵĂĐŽů�ϵϲ͗�ϰϳϱͲϰϴϰ͕�ϮϬϭϵ͘�

ϱ͘� � � � � � � � � � � � �ĂĐŬĞƌ� :D͘� dŚĞ� ŝŶƚƌŝĐĂƚĞ� ƌĞŐƵůĂƚŝŽŶ� ĂŶĚ� ĐŽŵƉůĞǆ� ĨƵŶĐƚŝŽŶƐ� ŽĨ� ƚŚĞ� �ůĂƐƐ� ///�

ƉŚŽƐƉŚŽŝŶŽƐŝƚŝĚĞ�ϯͲŬŝŶĂƐĞ�sƉƐϯϰ͘��ŝŽĐŚĞŵ�:�ϰϳϯ͗�ϮϮϱϭͲϮϮϳϭ͕�ϮϬϭϲ͘�

ϲ͘�������������ĂƌƚůĞƚƚ�::͕�dƌŝǀĞĚŝ�W�͕�zĞƵŶŐ�W͕�<ŝĞŶĞƐďĞƌŐĞƌ�W��ĂŶĚ�WƵůŝŶŝůŬƵŶŶŝů�d͘��ŽǆŽƌƵďŝĐŝŶ�

ŝŵƉĂŝƌƐ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ǀŝĂďŝůŝƚǇ� ďǇ� ƐƵƉƉƌĞƐƐŝŶŐ� ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ĨĂĐƚŽƌ� ��� ĞǆƉƌĞƐƐŝŽŶ� ĂŶĚ�

ĚŝƐƌƵƉƚŝŶŐ�ĂƵƚŽƉŚĂŐǇ͘��ŝŽĐŚĞŵ�:�ϰϳϯ͗�ϯϳϲϵͲϯϳϴϵ͕�ϮϬϭϲ͘�

ϳ͘�������������ĞůŵŽŶƚĞ�&͕��ĂƐ�^͕�^ǇƐĂͲ^ŚĂŚ�W͕�^ŝǀĂŬƵŵĂƌĂŶ�s͕�^ƚĂŶůĞǇ��͕�'ƵŽ�y͕�WĂŽůŽĐĐŝ�E͕��ŽŶ�

D�͕� EĂŐĂŶĞ� D͕� <ƵƉƉƵƐĂŵǇ� W͕� ^ƚĞĞŶďĞƌŐĞŶ� �� ĂŶĚ� 'ĂďƌŝĞůƐŽŶ� <͘� �ƌď�Ϯ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ�

ƵƉƌĞŐƵůĂƚĞƐ� ĂŶƚŝŽǆŝĚĂŶƚ� ĞŶǌǇŵĞƐ͕� ƌĞĚƵĐĞƐ� ďĂƐĂů� ůĞǀĞůƐ� ŽĨ� ƌĞĂĐƚŝǀĞ� ŽǆǇŐĞŶ� ƐƉĞĐŝĞƐ͕� ĂŶĚ�

ƉƌŽƚĞĐƚƐ� ĂŐĂŝŶƐƚ� ĚŽǆŽƌƵďŝĐŝŶ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��ŵ� :� WŚǇƐŝŽů� ,ĞĂƌƚ� �ŝƌĐ� WŚǇƐŝŽů� ϯϬϵ͗� ,ϭϮϳϭͲ

ϭϮϴϬ͕�ϮϬϭϱ͘�

ϴ͘���� �� �� � � � ��ƌĞŶŶĂŶ�:W͕��ĂƌĚƐǁĞůů�^�͕��ƵƌŐŽǇŶĞ�:Z͕�&ƵůůĞƌ�t͕�^ĐŚƌŽĚĞƌ��͕�tĂŝƚ�Z͕��ĞŐƵŵ�^͕�

<ĞŶƚŝƐŚ�:��ĂŶĚ��ĂƚŽŶ�W͘�KǆŝĚĂŶƚͲŝŶĚƵĐĞĚ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚǇƉĞ�/�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ���ŝƐ�ŵĞĚŝĂƚĞĚ�

ďǇ�Z/�ƐƵďƵŶŝƚ�ŝŶƚĞƌƉƌŽƚĞŝŶ�ĚŝƐƵůĨŝĚĞ�ďŽŶĚ�ĨŽƌŵĂƚŝŽŶ͘�:��ŝŽů��ŚĞŵ�Ϯϴϭ͗�ϮϭϴϮϳͲϮϭϴϯϲ͕�ϮϬϬϲ͘�
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�
�
�

Ϯϲ�

�Ŷ
ƚŝŽ

ǆŝ
ĚĂ

Ŷƚ
Ɛ�Ă

ŶĚ
�Z
ĞĚ

Žǆ
�^
ŝŐ
ŶĂ

ůŝŶ
Ő�

^ŝ
ŐŶ

Ăů
ŝŶ
Ő�
ƉĂ

ƚŚ
ǁ
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ŶĚ
Ğƌ
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ŝŶ
Ő�
ĂŶ
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ƌĂ
ĐǇ
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ŝŶ
Ğ�
ĐĂ
ƌĚ
ŝŽ
ƚŽ
ǆŝ
Đŝ
ƚǇ
�;�

K
/͗�
ϭϬ

͘ϭ
Ϭϴ

ϵͬ
Ăƌ
Ɛ͘
ϮϬ

ϮϬ
͘ϴ
Ϭϭ
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�
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ŝƐ�
Ɖƌ
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Ĩ͘�

ϵ͘�������������ƌƵŶŽ�Z��ĂŶĚ�EũĂƌ�s�͘�dĂƌŐĞƚŝŶŐ�ĐǇƚŽĐŚƌŽŵĞ�WϰϱϬ�ĞŶǌǇŵĞƐ͗�Ă�ŶĞǁ�ĂƉƉƌŽĂĐŚ�ŝŶ�

ĂŶƚŝͲĐĂŶĐĞƌ�ĚƌƵŐ�ĚĞǀĞůŽƉŵĞŶƚ͘��ŝŽŽƌŐ�DĞĚ��ŚĞŵ�ϭϱ͗�ϱϬϰϳͲϱϬϲϬ͕�ϮϬϬϳ͘�

ϭϬ͘� � � � � � � � � � �ƵƌĞƐ� :͕� :ŝƌŬŽǀƐŬĂ� �͕� ^ĞƐƚĂŬ� s͕� :ĂŶƐŽǀĂ� ,͕� <ĂƌĂďĂŶŽǀŝĐŚ� '͕� ZŽŚ� :͕� ^ƚĞƌďĂ�D͕�

^ŝŵƵŶĞŬ�d� ĂŶĚ�<ŽǀĂƌŝŬŽǀĂ�W͘� /ŶǀĞƐƚŝŐĂƚŝŽŶ�ŽĨ�ŶŽǀĞů� ĚĞǆƌĂǌŽǆĂŶĞ� ĂŶĂůŽŐƵĞ� :ZͲϯϭϭ� ƐŚŽǁƐ�

ƐŝŐŶŝĨŝĐĂŶƚ�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝǀĞ�ĞĨĨĞĐƚƐ�ƚŚƌŽƵŐŚ�ƚŽƉŽŝƐŽŵĞƌĂƐĞ�//ďĞƚĂ�ďƵƚ�ŶŽƚ�ŝƚƐ�ŝƌŽŶ�ĐŚĞůĂƚŝŶŐ�

ŵĞƚĂďŽůŝƚĞ͘�dŽǆŝĐŽůŽŐǇ�ϯϵϮ͗�ϭͲϭϬ͕�ϮϬϭϳ͘�

ϭϭ͘� � � � � � � � � ��ĂƉƉĞƚƚĂ��͕��ƐƉŽƐŝƚŽ�'͕�WŝĞŐĂƌŝ��͕�ZƵƐƐŽ�Z͕��ŝƵĨĨƌĞĚĂ�>W͕�ZŝǀĞůůŝŶŽ��͕��ĞƌƌŝŶŽ�>͕�

ZŽƐƐŝ�&͕��Ğ��ŶŐĞůŝƐ���ĂŶĚ�hƌďĂŶĞŬ�<͘�^/Zdϭ�ĂĐƚŝǀĂƚŝŽŶ�ĂƚƚĞŶƵĂƚĞƐ�ĚŝĂƐƚŽůŝĐ�ĚǇƐĨƵŶĐƚŝŽŶ�ďǇ�

ƌĞĚƵĐŝŶŐ�ĐĂƌĚŝĂĐ�ĨŝďƌŽƐŝƐ�ŝŶ�Ă�ŵŽĚĞů�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘�/Ŷƚ�:��ĂƌĚŝŽů�ϮϬϱ͗�ϵϵͲ

ϭϭϬ͕�ϮϬϭϲ͘�

ϭϮ͘�� � � � � � � � ��ĂƉƌĂŶŝĐŽ�'͕�dŝŶĞůůŝ�^͕��ƵƐƚŝŶ���͕�&ŝƐŚĞƌ�D>�ĂŶĚ��ƵŶŝŶŽ�&͘��ŝĨĨĞƌĞŶƚ�ƉĂƚƚĞƌŶƐ�ŽĨ�

ŐĞŶĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŽƉŽŝƐŽŵĞƌĂƐĞ� //� ŝƐŽĨŽƌŵƐ� ŝŶ� ĚŝĨĨĞƌĞŶƚŝĂƚĞĚ� ƚŝƐƐƵĞƐ� ĚƵƌŝŶŐ� ŵƵƌŝŶĞ�

ĚĞǀĞůŽƉŵĞŶƚ͘��ŝŽĐŚŝŵ��ŝŽƉŚǇƐ��ĐƚĂ�ϭϭϯϮ͗�ϰϯͲϰϴ͕�ϭϵϵϮ͘�

ϭϯ͘�����������ŚŝƉƵŬ�:�͕�<ƵǁĂŶĂ�d͕��ŽƵĐŚŝĞƌͲ,ĂǇĞƐ�>͕��ƌŽŝŶ�ED͕�EĞǁŵĞǇĞƌ���͕�^ĐŚƵůĞƌ�D�ĂŶĚ�

'ƌĞĞŶ� �Z͘� �ŝƌĞĐƚ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� �Ăǆ� ďǇ� Ɖϱϯ� ŵĞĚŝĂƚĞƐ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ŵĞŵďƌĂŶĞ�

ƉĞƌŵĞĂďŝůŝǌĂƚŝŽŶ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ͘�^ĐŝĞŶĐĞ�ϯϬϯ͗�ϭϬϭϬͲϭϬϭϰ͕�ϮϬϬϰ͘�

ϭϰ͘� � � � � � � � � ��ƌĞĞŵĞƌƐ���͕�dŝũƐĞŶ��:�ĂŶĚ�WŝŶƚŽ�zD͘��ŝƌĐƵůĂƚŝŶŐ�ŵŝĐƌŽZE�Ɛ͗�ŶŽǀĞů�ďŝŽŵĂƌŬĞƌƐ�

ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƚŽƌƐ�ŝŶ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ĚŝƐĞĂƐĞ͍��ŝƌĐ�ZĞƐ�ϭϭϬ͗�ϰϴϯͲϰϵϱ͕�ϮϬϭϮ͘�

ϭϱ͘�����������Ƶŝ�E͕�tƵ�&͕�>Ƶ�t:͕��Ăŝ�Z͕�<Ğ��͕�>ŝƵ�d͕�>ŝ�>͕�>ĂŶ�&�ĂŶĚ��Ƶŝ�D͘��ŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŝƐ� ŵĂƚƵƌĂƚŝŽŶ� ĚĞƉĞŶĚĞŶƚ� ĚƵĞ� ƚŽ� ƚŚĞ� ƐŚŝĨƚ� ĨƌŽŵ� ƚŽƉŽŝƐŽŵĞƌĂƐĞ� //ĂůƉŚĂ� ƚŽ�

//ďĞƚĂ�ŝŶ�ŚƵŵĂŶ�ƐƚĞŵ�ĐĞůů�ĚĞƌŝǀĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�:��Ğůů�DŽů�DĞĚ�Ϯϯ͗�ϰϲϮϳͲϰϲϯϵ͕�ϮϬϭϵ͘�

ϭϲ͘�����������ΖhǀĂ�'͕��ŚĂƌŽŶŽǀ��͕�>ĂƵƌŝŽůĂ�D͕�<ĂŝŶ��͕�zĂŚĂůŽŵͲZŽŶĞŶ�z͕��ĂƌǀĂůŚŽ�^͕�tĞŝƐŝŶŐĞƌ�

<͕��ĂƐƐĂƚ��͕�ZĂũĐŚŵĂŶ��͕�zŝĨĂ�K͕�>ǇƐĞŶŬŽ�D͕�<ŽŶĨŝŶŽ�d͕�,ĞŐĞƐŚ�:͕��ƌĞŶŶĞƌ�K͕�EĞĞŵĂŶ�D͕�

zĂƌĚĞŶ� z͕� >ĞŽƌ� :͕� ^ĂƌŝŐ� Z͕� ,ĂƌǀĞǇ� ZW� ĂŶĚ� dǌĂŚŽƌ� �͘� �Z��Ϯ� ƚƌŝŐŐĞƌƐ� ŵĂŵŵĂůŝĂŶ� ŚĞĂƌƚ�

ƌĞŐĞŶĞƌĂƚŝŽŶ�ďǇ�ƉƌŽŵŽƚŝŶŐ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ�ĂŶĚ�ƉƌŽůŝĨĞƌĂƚŝŽŶ͘�EĂƚ��Ğůů��ŝŽů�

ϭϳ͗�ϲϮϳͲϲϯϴ͕�ϮϬϭϱ͘�
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ϭϬ

͘ϭ
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Ĩ͘�

ϭϳ͘� � � � � � � � � � �ĞŶŐ� ^͕� <ƌƵŐĞƌ� �͕� <ůĞƐĐŚǇŽǀ� �>͕� <ĂůŝŶŽǁƐŬŝ� >͕� �ĂŝďĞƌ� �� ĂŶĚ� tŽũŶŽǁƐŬŝ� >͘�

'ƉϵϭƉŚŽǆͲĐŽŶƚĂŝŶŝŶŐ�E��;WͿ,�ŽǆŝĚĂƐĞ�ŝŶĐƌĞĂƐĞƐ�ƐƵƉĞƌŽǆŝĚĞ�ĨŽƌŵĂƚŝŽŶ�ďǇ�ĚŽǆŽƌƵďŝĐŝŶ�ĂŶĚ�

E��W,͘�&ƌĞĞ�ZĂĚŝĐ��ŝŽů�DĞĚ�ϰϮ͗�ϰϲϲͲϰϳϯ͕�ϮϬϬϳ͘�

ϭϴ͘������������ĞǁĞĞƐĞ�:��ĂŶĚ�KƐŚĞƌŽĨĨ�E͘�dŚĞ��E��ĐůĞĂǀĂŐĞ�ƌĞĂĐƚŝŽŶ�ŽĨ�ƚŽƉŽŝƐŽŵĞƌĂƐĞ�//͗�ǁŽůĨ�

ŝŶ�ƐŚĞĞƉΖƐ�ĐůŽƚŚŝŶŐ͘�EƵĐůĞŝĐ��ĐŝĚƐ�ZĞƐ�ϯϳ͗�ϳϯϴͲϳϰϴ͕�ϮϬϬϵ͘�

ϭϵ͘� � � � � � � � � ��ŚŝŶŐƌĂ�Z͕�'ƵďĞƌŵĂŶ�D͕�ZĂďŝŶŽǀŝĐŚͲEŝŬŝƚŝŶ�/͕�'ĞƌƐƚĞŝŶ�:͕�DĂƌŐƵůĞƚƐ�s͕�'ĂŶŐ�,͕�

DĂĚĚĞŶ� E͕� dŚůŝǀĞƌŝƐ� :� ĂŶĚ� <ŝƌƐŚĞŶďĂƵŵ� >�͘� /ŵƉĂŝƌĞĚ� E&ͲŬĂƉƉĂ�� ƐŝŐŶĂůůŝŶŐ� ƵŶĚĞƌůŝĞƐ�

ĐǇĐůŽƉŚŝůŝŶ��ͲŵĞĚŝĂƚĞĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƉĞƌŵĞĂďŝůŝƚǇ�ƚƌĂŶƐŝƚŝŽŶ�ƉŽƌĞ�ŽƉĞŶŝŶŐ�ŝŶ�ĚŽǆŽƌƵďŝĐŝŶ�

ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘��ĂƌĚŝŽǀĂƐĐ�ZĞƐ͕�ϮϬϭϵ͘�

ϮϬ͘�����������ŚŝŶŐƌĂ�Z͕�DĂƌŐƵůĞƚƐ�s͕��ŚŽǁĚŚƵƌǇ�^Z͕�dŚůŝǀĞƌŝƐ�:͕�:ĂƐƐĂů��͕�&ĞƌŶǇŚŽƵŐŚ�W͕��ŽƌŶ�

't͕� ϮŶĚ� ĂŶĚ� <ŝƌƐŚĞŶďĂƵŵ� >�͘� �ŶŝƉϯ� ŵĞĚŝĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝĂĐ� ŵǇŽĐǇƚĞ�

ŶĞĐƌŽƐŝƐ�ĂŶĚ�ŵŽƌƚĂůŝƚǇ�ƚŚƌŽƵŐŚ�ĐŚĂŶŐĞƐ�ŝŶ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƐŝŐŶĂůŝŶŐ͘�WƌŽĐ�EĂƚů��ĐĂĚ�^Đŝ�h�^���

ϭϭϭ͗��ϱϱϯϳͲϱϱϰϰ͕�ϮϬϭϰ͘�

Ϯϭ͘� � � � � � � � � ��ŝǀĂŶŽǀŝĐ�^͕��Ăůůŝ�:͕�:ŽƌŐĞͲEĞďĞƌƚ�>&͕�&ůŝĐŬ�>D͕�'ĂůǀĞǌͲWĞƌĂůƚĂ�D͕��ŽĞƐƉĨůƵŐ�E�͕�

^ƚĂŶŬŝĞǁŝĐǌ� d�͕� &ŝƚǌŐĞƌĂůĚ� :D͕� ^ŽŵĂƌĂƚŚŶĂ� D͕� <ĂƌƉ� �>͕� ^ĞƌŚĂŶ� �E� ĂŶĚ� EĞďĞƌƚ� �t͘�

�ŽŶƚƌŝďƵƚŝŽŶƐ�ŽĨ�ƚŚĞ�ƚŚƌĞĞ��zWϭ�ŵŽŶŽŽǆǇŐĞŶĂƐĞƐ�ƚŽ�ƉƌŽͲŝŶĨůĂŵŵĂƚŽƌǇ�ĂŶĚ�ŝŶĨůĂŵŵĂƚŝŽŶͲ

ƌĞƐŽůƵƚŝŽŶ�ůŝƉŝĚ�ŵĞĚŝĂƚŽƌ�ƉĂƚŚǁĂǇƐ͘�:�/ŵŵƵŶŽů�ϭϵϭ͗�ϯϯϰϳͲϯϯϱϳ͕�ϮϬϭϯ͘�

ϮϮ͘� � � � � � � � � � �ŽƌŽƐŚŽǁ� :,� ĂŶĚ� �ĂǀŝĞƐ� <:͘� ZĞĚŽǆ� ĐǇĐůŝŶŐ� ŽĨ� ĂŶƚŚƌĂĐǇĐůŝŶĞƐ� ďǇ� ĐĂƌĚŝĂĐ�

ŵŝƚŽĐŚŽŶĚƌŝĂ͘�//͘�&ŽƌŵĂƚŝŽŶ�ŽĨ�ƐƵƉĞƌŽǆŝĚĞ�ĂŶŝŽŶ͕�ŚǇĚƌŽŐĞŶ�ƉĞƌŽǆŝĚĞ͕�ĂŶĚ�ŚǇĚƌŽǆǇů�ƌĂĚŝĐĂů͘�

:��ŝŽů��ŚĞŵ�Ϯϲϭ͗�ϯϬϲϴͲϯϬϳϰ͕�ϭϵϴϲ͘�

Ϯϯ͘� � � � � � � � � � �ĨĞŶƚĂŬŝƐ� W͕� sĂƌĞůĂ� �͕� �ŚĂǀĚŽƵůĂ� �͕� ^ŝŐĂůĂ� &͕� ^ĂŶŽƵĚŽƵ� �͕� dĞŶƚĂ� Z͕� 'ŝŽƚŝ� <͕�

<ŽƐƚŽŵŝƚƐŽƉŽƵůŽƐ�E͕�WĂƉĂƉĞƚƌŽƉŽƵůŽƐ��͕�dĂƐŽƵůŝ��͕�&ĂƌŵĂŬŝƐ��͕��ĂǀŽƐ��,͕�<ůŝŶĂŬŝƐ��͕�^ƵƚĞƌ�

d͕� �ŽŬŬŝŶŽƐ� �s͕� /ůŝŽĚƌŽŵŝƚŝƐ� �<͕� tĞŶǌĞů� W� ĂŶĚ� �ŶĚƌĞĂĚŽƵ� /͘� >ĞǀŽƐŝŵĞŶĚĂŶ� ƉƌĞǀĞŶƚƐ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝŶ�ƚŝŵĞͲ�ĂŶĚ�ĚŽƐĞ�ĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ͗�/ŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�

ŝŶŽƚƌŽƉǇ͘��ĂƌĚŝŽǀĂƐĐ�ZĞƐ͕�ϮϬϭϵ͘�
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Ĩ͘�

Ϯϰ͘����������&ĂƌŵĂŬŝƐ��͕��ůǀĂƌĞǌ�:͕�'Ăů�d�͕��ƌŝƚŽ��͕�&ĞĚĞůĞ�&͕�&ŽŶƐĞĐĂ��͕�'ŽƌĚŽŶ���͕�'ŽƚƐŵĂŶ�/͕�

'ƌŽƐƐŝŶŝ��͕�'ƵĂƌƌĂĐŝŶŽ�&͕�,ĂƌũŽůĂ�sW͕�,ĞůůŵĂŶ�z͕�,ĞƵŶŬƐ�>͕�/ǀĂŶĐĂŶ�s͕�<ĂƌĂǀŝĚĂƐ��͕�<ŝǀŝŬŬŽ�

D͕� >ŽŵŝǀŽƌŽƚŽǀ� s͕� >ŽŶŐƌŽŝƐ� �͕� DĂƐŝƉ� :͕� DĞƚƌĂ� D͕� DŽƌĞůůŝ� �͕� EŝŬŽůĂŽƵ� D͕� WĂƉƉ� �͕�

WĂƌŬŚŽŵĞŶŬŽ��͕�WŽĞůǌů�'͕�WŽůůĞƐĞůůŽ�W͕�ZĂǀŶ�,�͕�ZĞǆ�^͕�ZŝŚĂ�,͕�ZŝĐŬƐƚĞŶ�^�͕�^ĐŚǁŝŶŐĞƌ�Z,'͕�

sƌƚŽǀĞĐ��͕�zŝůŵĂǌ�D�͕��ŝĞůŝŶƐŬĂ�D�ĂŶĚ�WĂƌŝƐƐŝƐ�:͘�>ĞǀŽƐŝŵĞŶĚĂŶ�ďĞǇŽŶĚ�ŝŶŽƚƌŽƉǇ�ĂŶĚ�ĂĐƵƚĞ�

ŚĞĂƌƚ� ĨĂŝůƵƌĞ͗� �ǀŝĚĞŶĐĞ� ŽĨ� ƉůĞŝŽƚƌŽƉŝĐ� ĞĨĨĞĐƚƐ� ŽŶ� ƚŚĞ� ŚĞĂƌƚ� ĂŶĚ� ŽƚŚĞƌ� ŽƌŐĂŶƐ͗� �Ŷ� ĞǆƉĞƌƚ�

ƉĂŶĞů�ƉŽƐŝƚŝŽŶ�ƉĂƉĞƌ͘�/Ŷƚ�:��ĂƌĚŝŽů�ϮϮϮ͗�ϯϬϯͲϯϭϮ͕�ϮϬϭϲ͘�

Ϯϱ͘� � � � � � � � � � &ĞůĞƐǌŬŽ�t͕�DůǇŶĂƌĐǌƵŬ� /͕� �ĂůŬŽǁŝĞĐͲ/ƐŬƌĂ� ��͕� �ǌĂũŬĂ� �͕� ^ǁŝƚĂũ� d͕� ^ƚŽŬůŽƐĂ� d͕�

'ŝĞƌŵĂƐǌ� �� ĂŶĚ� :ĂŬŽďŝƐŝĂŬ� D͘� >ŽǀĂƐƚĂƚŝŶ� ƉŽƚĞŶƚŝĂƚĞƐ� ĂŶƚŝƚƵŵŽƌ� ĂĐƚŝǀŝƚǇ� ĂŶĚ� ĂƚƚĞŶƵĂƚĞƐ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶ�ŝŶ�ƚŚƌĞĞ�ƚƵŵŽƌ�ŵŽĚĞůƐ�ŝŶ�ŵŝĐĞ͘��ůŝŶ��ĂŶĐĞƌ�ZĞƐ�ϲ͗�ϮϬϰϰͲϮϬϱϮ͕�

ϮϬϬϬ͘�

Ϯϲ͘����������&ƌŝƚǌ�'�ĂŶĚ�,ĞŶŶŝŶŐĞƌ��͘�ZŚŽ�'dWĂƐĞƐ͗�EŽǀĞů�WůĂǇĞƌƐ�ŝŶ�ƚŚĞ�ZĞŐƵůĂƚŝŽŶ�ŽĨ�ƚŚĞ��E��

�ĂŵĂŐĞ�ZĞƐƉŽŶƐĞ͍��ŝŽŵŽůĞĐƵůĞƐ�ϱ͗�ϮϰϭϳͲϮϰϯϰ͕�ϮϬϭϱ͘�

Ϯϳ͘����������&ƵŬĂǌĂǁĂ�Z͕�DŝůůĞƌ�d�͕�<ƵƌĂŵŽĐŚŝ�z͕�&ƌĂŶƚǌ�^͕�<ŝŵ�z�͕�DĂƌĐŚŝŽŶŶŝ�D�͕�<ĞůůǇ�Z��

ĂŶĚ� ^ĂǁǇĞƌ� ��͘� EĞƵƌĞŐƵůŝŶͲϭ� ƉƌŽƚĞĐƚƐ� ǀĞŶƚƌŝĐƵůĂƌ� ŵǇŽĐǇƚĞƐ� ĨƌŽŵ� ĂŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ�

ĂƉŽƉƚŽƐŝƐ� ǀŝĂ� Ğƌď�ϰͲĚĞƉĞŶĚĞŶƚ� ĂĐƚŝǀĂƚŝŽŶ�ŽĨ� W/ϯͲŬŝŶĂƐĞͬ�Ŭƚ͘� :�DŽů��Ğůů� �ĂƌĚŝŽů� ϯϱ͗� ϭϰϳϯͲ

ϭϰϳϵ͕�ϮϬϬϯ͘�

Ϯϴ͘����������'ĂŽ�^͕�>ŝ�,͕�&ĞŶŐ�y:͕�>ŝ�D͕�>ŝƵ��W͕��Ăŝ�z͕�>Ƶ�:͕�,ƵĂŶŐ�yz͕�tĂŶŐ�::͕�>ŝ�Y͕��ŚĞŶ�^Z͕�zĞ�

:d�ĂŶĚ�>ŝƵ�WY͘�ĂůƉŚĂͲ�ŶŽůĂƐĞ�ƉůĂǇƐ�Ă�ĐĂƚĂůǇƚŝĐĂůůǇ�ŝŶĚĞƉĞŶĚĞŶƚ�ƌŽůĞ�ŝŶ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĂƉŽƉƚŽƐŝƐ� ĂŶĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ĚǇƐĨƵŶĐƚŝŽŶ͘� :� DŽů� �Ğůů� �ĂƌĚŝŽů� ϳϵ͗� ϵϮͲϭϬϯ͕�

ϮϬϭϱ͘�

Ϯϵ͘�� � � � � � � � �'ŚĂƌĂŶĞŝ�D͕�,ƵƐƐĂŝŶ��͕�:ĂŶŶĞŚ�K�ĂŶĚ�DĂĚĚŽĐŬ�,͘��ƚƚĞŶƵĂƚŝŽŶ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶͲ

ŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ďǇ�ŵĚŝǀŝͲϭ͗�Ă�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚŝǀŝƐŝŽŶͬŵŝƚŽƉŚĂŐǇ�ŝŶŚŝďŝƚŽƌ͘�W>Ž^�KŶĞ�

ϴ͗�Ğϳϳϳϭϯ͕�ϮϬϭϯ͘�

ϯϬ͘����������'ŝŶƚĂŶƚ�'͕��ƵƌƌŝĚŐĞ�W͕�'ĞƉƐƚĞŝŶ�>͕�,ĂƌĚŝŶŐ�^͕�,ĞƌƌŽŶ�d͕�,ŽŶŐ��͕�:ĂůŝĨĞ�:�ĂŶĚ�tƵ�:�͘�

hƐĞ�ŽĨ�,ƵŵĂŶ�/ŶĚƵĐĞĚ�WůƵƌŝƉŽƚĞŶƚ�^ƚĞŵ��ĞůůͲ�ĞƌŝǀĞĚ��ĂƌĚŝŽŵǇŽĐǇƚĞƐ�ŝŶ�WƌĞĐůŝŶŝĐĂů��ĂŶĐĞƌ�

�ƌƵŐ��ĂƌĚŝŽƚŽǆŝĐŝƚǇ�dĞƐƚŝŶŐ͗���^ĐŝĞŶƚŝĨŝĐ�^ƚĂƚĞŵĞŶƚ�&ƌŽŵ�ƚŚĞ��ŵĞƌŝĐĂŶ�,ĞĂƌƚ��ƐƐŽĐŝĂƚŝŽŶ͘�

�ŝƌĐ�ZĞƐ�ϭϮϱ͗�ĞϳϱͲĞϵϮ͕�ϮϬϭϵ͘�
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Ĩ͘�

ϯϭ͘����������'ŽŽƌŵĂŐŚƚŝŐŚ��͕�,ƵĂƌƚ�W͕�WƌĂĞƚ�D͕��ƌĂƐƐĞƵƌ�Z�ĂŶĚ�ZƵǇƐƐĐŚĂĞƌƚ�:D͘�^ƚƌƵĐƚƵƌĞ�ŽĨ�

ƚŚĞ�ĂĚƌŝĂŵǇĐŝŶͲĐĂƌĚŝŽůŝƉŝŶ�ĐŽŵƉůĞǆ͘�ZŽůĞ�ŝŶ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƚŽǆŝĐŝƚǇ͘��ŝŽƉŚǇƐ��ŚĞŵ�ϯϱ͗�ϮϰϳͲ

Ϯϱϳ͕�ϭϵϵϬ͘�

ϯϮ͘� � � � � � � � � � 'ŽƌŝŶŝ� ^͕� �Ğ� �ŶŐĞůŝƐ� �͕� �ĞƌƌŝŶŽ� >͕� DĂůĂƌĂ� E͕� ZŽƐĂŶŽ� '� ĂŶĚ� &ĞƌƌĂƌŽ� �͘�

�ŚĞŵŽƚŚĞƌĂƉĞƵƚŝĐ� �ƌƵŐƐ� ĂŶĚ� DŝƚŽĐŚŽŶĚƌŝĂů� �ǇƐĨƵŶĐƚŝŽŶ͗� &ŽĐƵƐ� ŽŶ� �ŽǆŽƌƵďŝĐŝŶ͕�

dƌĂƐƚƵǌƵŵĂď͕�ĂŶĚ�^ƵŶŝƚŝŶŝď͘�KǆŝĚ�DĞĚ��Ğůů�>ŽŶŐĞǀ�ϮϬϭϴ͗�ϳϱϴϮϳϯϬ͕�ϮϬϭϴ͘�

ϯϯ͘� � � � � � � � � � 'Ƶ� :͕� &ĂŶ� zY͕� �ŚĂŶŐ� ,>͕� WĂŶ� :�͕� zƵ� :z͕� �ŚĂŶŐ� :&� ĂŶĚ�tĂŶŐ� �Y͘� ZĞƐǀĞƌĂƚƌŽů�

ƐƵƉƉƌĞƐƐĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ďǇ� ĚŝƐƌƵƉƚŝŶŐ� �Ϯ&ϭ� ŵĞĚŝĂƚĞĚ� ĂƵƚŽƉŚĂŐǇ�

ŝŶŚŝďŝƚŝŽŶ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ�ƉƌŽŵŽƚŝŽŶ͘��ŝŽĐŚĞŵ�WŚĂƌŵĂĐŽů�ϭϱϬ͗�ϮϬϮͲϮϭϯ͕�ϮϬϭϴ͘�

ϯϰ͘����������'ƵŽ�Z͕�>ŝŶ�:͕�yƵ�t͕�^ŚĞŶ�E͕�DŽ�>͕��ŚĂŶŐ���ĂŶĚ�&ĞŶŐ�:͘�,ǇĚƌŽŐĞŶ�ƐƵůĨŝĚĞ�ĂƚƚĞŶƵĂƚĞƐ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ďǇ� ŝŶŚŝďŝƚŝŽŶ�ŽĨ� ƚŚĞ�Ɖϯϴ�D�W<�ƉĂƚŚǁĂǇ� ŝŶ�,ϵĐϮ�ĐĞůůƐ͘�

/Ŷƚ�:�DŽů�DĞĚ�ϯϭ͗�ϲϰϰͲϲϱϬ͕�ϮϬϭϯ͘�

ϯϱ͘����������,ĂũĂƐ�'͕��ĂĐƐŝ��͕��ŐƵŝůĞƌĂͲ�ŐƵŝƌƌĞ�>͕�,ĞŐĚĞ�D>͕�dĂƉĂƐ�<,͕�^Ƶƌ�^͕�ZĂĚĂŬ��͕��Ă�y�ĂŶĚ�

�ŽůĚŽŐŚ� /͘� ϴͲKǆŽŐƵĂŶŝŶĞ��E��ŐůǇĐŽƐǇůĂƐĞͲϭ� ůŝŶŬƐ��E�� ƌĞƉĂŝƌ� ƚŽ� ĐĞůůƵůĂƌ� ƐŝŐŶĂůŝŶŐ� ǀŝĂ� ƚŚĞ�

ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƐŵĂůů�'dWĂƐĞ�ZĂĐϭ͘�&ƌĞĞ�ZĂĚŝĐ��ŝŽů�DĞĚ�ϲϭ͗�ϯϴϰͲϯϵϰ͕�ϮϬϭϯ͘�

ϯϲ͘�� � � � � � � � �,ĂůĞƐƚƌĂƉ��W͘��ĂůĐŝƵŵ͕�ŵŝƚŽĐŚŽŶĚƌŝĂ�ĂŶĚ�ƌĞƉĞƌĨƵƐŝŽŶ�ŝŶũƵƌǇ͗�Ă�ƉŽƌĞ�ǁĂǇ�ƚŽ�ĚŝĞ͘�

�ŝŽĐŚĞŵ�^ŽĐ�dƌĂŶƐ�ϯϰ͗�ϮϯϮͲϮϯϳ͕�ϮϬϬϲ͘�

ϯϳ͘� � � � � � � � � � ,ĂŶŶĂ� ��͕� >Ăŵ� �͕� dŚĂŵ� ^͕� �ƵůŚƵŶƚǇ� �&� ĂŶĚ� �ĞĂƌĚ� E�͘� �ĚǀĞƌƐĞ� ĞĨĨĞĐƚƐ� ŽĨ�

ĚŽǆŽƌƵďŝĐŝŶ�ĂŶĚ�ŝƚƐ�ŵĞƚĂďŽůŝĐ�ƉƌŽĚƵĐƚ�ŽŶ�ĐĂƌĚŝĂĐ�ZǇZϮ�ĂŶĚ�^�Z��Ϯ�͘�DŽů�WŚĂƌŵĂĐŽů�ϴϲ͗�

ϰϯϴͲϰϰϵ͕�ϮϬϭϰ͘�

ϯϴ͘���������,ĞŶŶŝŶŐĞƌ���ĂŶĚ�&ƌŝƚǌ�'͘�^ƚĂƚŝŶƐ�ŝŶ�ĂŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͗�ZĂĐ�ĂŶĚ�

ZŚŽ͕�ĂŶĚ�ƚŚĞ�ŚĞĂƌƚďƌĞĂŬĞƌƐ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϴ͗�ĞϮϱϲϰ͕�ϮϬϭϳ͘�

ϯϵ͘� � � � � � � � � � ,ĞŶŶŝŶŐĞƌ� �͕� WŽŚůŵĂŶŶ� ^͕� �ŝĞŐůĞƌ� s͕� KŚůŝŐ� :͕� ^ĐŚŵŝƚƚ� :� ĂŶĚ� &ƌŝƚǌ� '͘� �ŝƐƚŝŶĐƚ�

ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ZĂĐϭ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƚŽ�ĂŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ�ĐĂƌĚŝĂĐ�ŝŶũƵƌǇ͘�

�ŝŽĐŚĞŵ�WŚĂƌŵĂĐŽů�ϭϲϰ͗�ϴϮͲϵϯ͕�ϮϬϭϵ͘�
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Ĩ͘�

ϰϬ͘��� �� �� �� �,ŝůĨŝŬĞƌͲ<ůĞŝŶĞƌ��͕��ƌĚĞŚĂůŝ�,͕�&ŝƐĐŚŵĞŝƐƚĞƌ�Z͕��ƵƌƌŝĚŐĞ�W͕�,ŝƌƐĐŚ���ĂŶĚ�>ǇŽŶ��Z͘�

>ĂƚĞ�ŽŶƐĞƚ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ĂĨƚĞƌ�ĐŚŝůĚŚŽŽĚ�ĐŚĞŵŽƚŚĞƌĂƉǇ͘��Ƶƌ�,ĞĂƌƚ�:�ϰϬ͗�ϳϵϴͲϴϬϬ͕�ϮϬϭϵ͘�

ϰϭ͘����������,ŝŶĚĞ��͕�zŽŬŽŵŽƌŝ�<͕�'ĂƵƐ�<͕�,ĂŚŶ�<D�ĂŶĚ�'ƌĂƚƚŽŶ��͘�&ůƵĐƚƵĂƚŝŽŶͲďĂƐĞĚ�ŝŵĂŐŝŶŐ�

ŽĨ�ŶƵĐůĞĂƌ�ZĂĐϭ�ĂĐƚŝǀĂƚŝŽŶ�ďǇ�ƉƌŽƚĞŝŶ�ŽůŝŐŽŵĞƌŝƐĂƚŝŽŶ͘�^Đŝ�ZĞƉ�ϰ͗�ϰϮϭϵ͕�ϮϬϭϰ͘�

ϰϮ͘����������,ŽƌĚŝũŬ�W>͘�ZĞŐƵůĂƚŝŽŶ�ŽĨ�E��W,�ŽǆŝĚĂƐĞƐ͗�ƚŚĞ�ƌŽůĞ�ŽĨ�ZĂĐ�ƉƌŽƚĞŝŶƐ͘��ŝƌĐ�ZĞƐ�ϵϴ͗�

ϰϱϯͲϰϲϮ͕�ϮϬϬϲ͘�

ϰϯ͘� � � � � � � � � � ,ŽƌŝĞ� d͕� KŶŽ� <͕� EŝƐŚŝ� ,͕� EĂŐĂŽ� <͕� <ŝŶŽƐŚŝƚĂ� D͕� tĂƚĂŶĂďĞ� ^͕� <ƵǁĂďĂƌĂ� z͕�

EĂŬĂƐŚŝŵĂ� z͕� dĂŬĂŶĂďĞͲDŽƌŝ� Z͕� EŝƐŚŝ� �͕� ,ĂƐĞŐĂǁĂ� <͕� <ŝƚĂ� d� ĂŶĚ� <ŝŵƵƌĂ� d͘� �ĐƵƚĞ�

ĚŽǆŽƌƵďŝĐŝŶ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŝƐ� ĂƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ� ŵŝZͲϭϰϲĂͲŝŶĚƵĐĞĚ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ƚŚĞ�

ŶĞƵƌĞŐƵůŝŶͲ�ƌď��ƉĂƚŚǁĂǇ͘��ĂƌĚŝŽǀĂƐĐ�ZĞƐ�ϴϳ͗�ϲϱϲͲϲϲϰ͕�ϮϬϭϬ͘�

ϰϰ͘����������,ŽƐŚŝŶŽ��͕�DŝƚĂ�z͕�KŬĂǁĂ�z͕��ƌŝǇŽƐŚŝ�D͕�/ǁĂŝͲ<ĂŶĂŝ��͕�hĞǇĂŵĂ�d͕�/ŬĞĚĂ�<͕�KŐĂƚĂ�d�

ĂŶĚ� DĂƚŽďĂ� ^͘� �ǇƚŽƐŽůŝĐ� Ɖϱϯ� ŝŶŚŝďŝƚƐ� WĂƌŬŝŶͲŵĞĚŝĂƚĞĚ� ŵŝƚŽƉŚĂŐǇ� ĂŶĚ� ƉƌŽŵŽƚĞƐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚǇƐĨƵŶĐƚŝŽŶ�ŝŶ�ƚŚĞ�ŵŽƵƐĞ�ŚĞĂƌƚ͘�EĂƚ��ŽŵŵƵŶ�ϰ͗�ϮϯϬϴ͕�ϮϬϭϯ͘�

ϰϱ͘����������,ƐŝĞŚ�^z͕�,Ğ�:Z͕�,ƐƵ��z͕��ŚĞŶ�t:͕��ĞƌĂ�Z͕�>ŝŶ�<z͕�^ŚŝŚ�d�͕�zƵ�D�͕�>ŝŶ�z:͕��ŚĂŶŐ��:͕�

tĞŶŐ�t,� ĂŶĚ�,ƵĂŶŐ� ^&͘� EĞƵƌĞŐƵůŝŶͬĞƌǇƚŚƌŽďůĂƐƚŝĐ� ůĞƵŬĞŵŝĂ� ǀŝƌĂů� ŽŶĐŽŐĞŶĞ� ŚŽŵŽůŽŐ� ϯ�

ĂƵƚŽĐƌŝŶĞ� ůŽŽƉ� ĐŽŶƚƌŝďƵƚĞƐ� ƚŽ� ŝŶǀĂƐŝŽŶ� ĂŶĚ� ĞĂƌůǇ� ƌĞĐƵƌƌĞŶĐĞ� ŽĨ� ŚƵŵĂŶ� ŚĞƉĂƚŽŵĂ͘�

,ĞƉĂƚŽůŽŐǇ�ϱϯ͗�ϱϬϰͲϱϭϲ͕�ϮϬϭϭ͘�

ϰϲ͘����������,ƵĞůƐĞŶďĞĐŬ�^�͕�^ĐŚŽƌƌ��͕�ZŽŽƐ�tW͕�,ƵĞůƐĞŶďĞĐŬ�:͕�,ĞŶŶŝŶŐĞƌ��͕�<ĂŝŶĂ���ĂŶĚ�&ƌŝƚǌ�

'͘� ZĂĐϭ� ƉƌŽƚĞŝŶ� ƐŝŐŶĂůŝŶŐ� ŝƐ� ƌĞƋƵŝƌĞĚ� ĨŽƌ� �E�� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞ� ƐƚŝŵƵůĂƚĞĚ� ďǇ�

ƚŽƉŽŝƐŽŵĞƌĂƐĞ�//�ƉŽŝƐŽŶƐ͘�:��ŝŽů��ŚĞŵ�Ϯϴϳ͗�ϯϴϱϵϬͲϯϴϱϵϵ͕�ϮϬϭϮ͘�

ϰϳ͘� � � � � � � � � �,Ƶůů�d�͕��ŽĚĚƵ�Z͕�'ƵŽ�>͕�dŝƐŚĞƌ���͕�dƌĂǇůŽƌ��D͕�WĂƚĞů��͕� :ŽƐĞƉŚ�Z͕�WƌĂďŚƵ�^�͕�

^ƵůŝŵĂŶ� ,�͕� WŝĂŶƚĂĚŽƐŝ� ��͕� �ŐĂƌǁĂů� �� ĂŶĚ� 'ĞŽƌŐĞ� :&͘� ,ĞŵĞ� ŽǆǇŐĞŶĂƐĞͲϭ� ƌĞŐƵůĂƚĞƐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ƋƵĂůŝƚǇ�ĐŽŶƚƌŽů�ŝŶ�ƚŚĞ�ŚĞĂƌƚ͘�:�/�/ŶƐŝŐŚƚ�ϭ͗�Ğϴϱϴϭϳ͕�ϮϬϭϲ͘�

ϰϴ͘� � � � � � � � � � /ĐŚŝŬĂǁĂ� z͕� 'ŚĂŶĞĨĂƌ� D͕� �ĂǇĞǀĂ� D͕�tƵ� Z͕� <ŚĞĐŚĂĚƵƌŝ� �͕� EĂŐĂ� WƌĂƐĂĚ� ^s͕�

DƵƚŚĂƌĂƐĂŶ�Z<͕�EĂŝŬ�d:�ĂŶĚ��ƌĚĞŚĂůŝ�,͘��ĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶ�ŝƐ�ŵĞĚŝĂƚĞĚ�ƚŚƌŽƵŐŚ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ŝƌŽŶ�ĂĐĐƵŵƵůĂƚŝŽŶ͘�:��ůŝŶ�/ŶǀĞƐƚ�ϭϮϰ͗�ϲϭϳͲϲϯϬ͕�ϮϬϭϰ͘�
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Ĩ͘�

ϰϵ͘� � � � � � � � � � /ŬĞĚĂ� ^͕�DĂƚƐƵƐŚŝŵĂ� ^͕� KŬĂďĞ� <͕� /ŬĞĚĂ�D͕� /ƐŚŝŬŝƚĂ� �͕� dĂĚŽŬŽƌŽ� d͕� �ŶǌĂŶ� E͕�

zĂŵĂŵŽƚŽ� d͕� ^ĂĚĂ�D͕� �ĞŐƵĐŚŝ� ,͕�DŽƌŝŵŽƚŽ� ^͕� /ĚĞ� d� ĂŶĚ� dƐƵƚƐƵŝ� ,͘� �ůŽĐŬĂĚĞ� ŽĨ� >ͲƚǇƉĞ�

�Ă;ϮнͿ� ĐŚĂŶŶĞů� ĂƚƚĞŶƵĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ� ǀŝĂ� ƐƵƉƉƌĞƐƐŝŽŶ� ŽĨ�

�ĂD<//ͲE&ͲŬĂƉƉĂ��ƉĂƚŚǁĂǇ͘�^Đŝ�ZĞƉ�ϵ͗�ϵϴϱϬ͕�ϮϬϭϵ͘�

ϱϬ͘����������:ĂǇ�^D͕�DƵƌƚŚǇ���͕�,ĂǁŬŝŶƐ�:&͕�tŽƌƚǌĞů�:Z͕�^ƚĞŝŶŚĂƵƐĞƌ�D>͕��ůǀĂƌĞǌ�>D͕�'ĂŶŶŽŶ�

:͕�DĂĐƌĂĞ���͕�'ƌŝĨĨŝƚŚ�>'�ĂŶĚ�>ĞĞ�Zd͘��Ŷ�ĞŶŐŝŶĞĞƌĞĚ�ďŝǀĂůĞŶƚ�ŶĞƵƌĞŐƵůŝŶ�ƉƌŽƚĞĐƚƐ�ĂŐĂŝŶƐƚ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ǁŝƚŚ� ƌĞĚƵĐĞĚ�ƉƌŽŶĞŽƉůĂƐƚŝĐ�ƉŽƚĞŶƚŝĂů͘��ŝƌĐƵůĂƚŝŽŶ�ϭϮϴ͗�

ϭϱϮͲϭϲϭ͕�ϮϬϭϯ͘�

ϱϭ͘� � � � � � � � � � :ĞĂŶ� ^Z͕� dƵůƵŵĞůůŽ� �s͕� ZŝŐĂŶƚŝ� �͕� >ŝǇĂŶĂŐĞ� ^h͕� ^ĐŚŝŵŵĞƌ� ��� ĂŶĚ� <ĞůůĞǇ� ^K͘�

DŝƚŽĐŚŽŶĚƌŝĂů� dĂƌŐĞƚŝŶŐ� ŽĨ� �ŽǆŽƌƵďŝĐŝŶ� �ůŝŵŝŶĂƚĞƐ� EƵĐůĞĂƌ� �ĨĨĞĐƚƐ� �ƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ�

�ĂƌĚŝŽƚŽǆŝĐŝƚǇ͘���^��ŚĞŵ��ŝŽů�ϭϬ͗�ϮϬϬϳͲϮϬϭϱ͕�ϮϬϭϱ͘�

ϱϮ͘����������:ŝĂŶŐ��͕�:ŝĂŶŐ�>͕�>ŝ�Y͕�>ŝƵ�y͕��ŚĂŶŐ�d͕�zĂŶŐ�'͕��ŚĂŶŐ��͕�tĂŶŐ�E͕�^ƵŶ�y�ĂŶĚ�:ŝĂŶŐ�>͘�

WǇƌƌŽůŽƋƵŝŶŽůŝŶĞ� ƋƵŝŶŝŶĞ� ĂŵĞůŝŽƌĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĂƵƚŽƉŚĂŐǇͲĚĞƉĞŶĚĞŶƚ�

ĂƉŽƉƚŽƐŝƐ� ǀŝĂ� ůǇƐŽƐŽŵĂůͲŵŝƚŽĐŚŽŶĚƌŝĂů� ĂǆŝƐ� ŝŶ� ǀĂƐĐƵůĂƌ� ĞŶĚŽƚŚĞůŝĂů� ĐĞůůƐ͘� dŽǆŝĐŽůŽŐǇ� ϰϮϱ͗�

ϭϱϮϮϯϴ͕�ϮϬϭϵ͘�

ϱϯ͘� � � � � � � � � � :ŝĂŶŐ�:͕�DŽŚĂŶ�E͕��ŶĚŽ�z͕�^ŚĞŶ�z�ĂŶĚ�tƵ�t:͘�dǇƉĞ� //���E��ƚŽƉŽŝƐŽŵĞƌĂƐĞ� ŝƐ�

ĚŽǁŶƌĞŐƵůĂƚĞĚ�ďǇ�ƚƌĂƐƚƵǌƵŵĂď�ĂŶĚ�ĚŽǆŽƌƵďŝĐŝŶ�ƚŽ�ƐǇŶĞƌŐŝǌĞ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�KŶĐŽƚĂƌŐĞƚ�ϵ͗�

ϲϬϵϱͲϲϭϬϴ͕�ϮϬϭϴ͘�

ϱϰ͘��� �� �����:ŝƌŬŽǀƐŬǇ��͕�WŽƉĞůŽǀĂ�K͕�<ƌŝǀĂŬŽǀĂͲ^ƚĂŶŬŽǀĂ�W͕�sĂǀƌŽǀĂ��͕�,ƌŽĐŚ�D͕�,ĂƐŬŽǀĂ�W͕�

�ƌĐĂŬŽǀĂͲ�ŽůĞǌĞůŽǀĂ� �͕� DŝĐƵĚĂ� ^͕� �ĚĂŵĐŽǀĂ� D͕� ^ŝŵƵŶĞŬ� d͕� �ĞƌǀŝŶŬŽǀĂ� �͕� 'ĞƌƐů� s� ĂŶĚ�

^ƚĞƌďĂ� D͘� �ŚƌŽŶŝĐ� ĂŶƚŚƌĂĐǇĐůŝŶĞ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͗� ŵŽůĞĐƵůĂƌ� ĂŶĚ� ĨƵŶĐƚŝŽŶĂů� ĂŶĂůǇƐŝƐ� ǁŝƚŚ�

ĨŽĐƵƐ� ŽŶ� ŶƵĐůĞĂƌ� ĨĂĐƚŽƌ� ĞƌǇƚŚƌŽŝĚ� ϮͲƌĞůĂƚĞĚ� ĨĂĐƚŽƌ� Ϯ� ĂŶĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ďŝŽŐĞŶĞƐŝƐ�

ƉĂƚŚǁĂǇƐ͘�:�WŚĂƌŵĂĐŽů��ǆƉ�dŚĞƌ�ϯϰϯ͗�ϰϲϴͲϰϳϴ͕�ϮϬϭϮ͘�

ϱϱ͘� � � � � � � � � � :ŽŚŶƐŽŶ�Z͕� ^ŚĂďĂůĂůĂ�^͕� >ŽƵǁ� :͕�<ĂƉƉŽ��W�ĂŶĚ�DƵůůĞƌ��:&͘��ƐƉĂůĂƚŚŝŶ�ZĞǀĞƌƚƐ�

�ŽǆŽƌƵďŝĐŝŶͲ/ŶĚƵĐĞĚ� �ĂƌĚŝŽƚŽǆŝĐŝƚǇ� ƚŚƌŽƵŐŚ� /ŶĐƌĞĂƐĞĚ� �ƵƚŽƉŚĂŐǇ� ĂŶĚ� �ĞĐƌĞĂƐĞĚ�

�ǆƉƌĞƐƐŝŽŶ�ŽĨ�ƉϱϯͬŵdKZͬƉϲϮ�^ŝŐŶĂůŝŶŐ͘�DŽůĞĐƵůĞƐ�ϮϮ͕�ϮϬϭϳ͘�
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Ĩ͘�

ϱϲ͘� � � � � � � � � � <ŚŝĂƚŝ� ^͕� �ĂůůĂ� ZŽƐĂ� /͕� ^ŽƵƌďŝĞƌ� �͕�DĂ� y͕� ZĂŽ� s�͕� EĞĐŬĞƌƐ� >D͕� �ŚĂŶŐ� ,� ĂŶĚ�

WŽŵŵŝĞƌ� z͘� DŝƚŽĐŚŽŶĚƌŝĂů� ƚŽƉŽŝƐŽŵĞƌĂƐĞ� /� ;ƚŽƉϭŵƚͿ� ŝƐ� Ă� ŶŽǀĞů� ůŝŵŝƚŝŶŐ� ĨĂĐƚŽƌ� ŽĨ�

ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��ůŝŶ��ĂŶĐĞƌ�ZĞƐ�ϮϬ͗�ϰϴϳϯͲϰϴϴϭ͕�ϮϬϭϰ͘�

ϱϳ͘����������<ŝŵ�^,͕�<ŝŵ�'͕�,ĂŶ��,͕�>ĞĞ�D͕�<ŝŵ�/͕�<ŝŵ��͕�<ŝŵ�<,͕�^ŽŶŐ�zD͕�zŽŽ�:�͕�tĂŶŐ�,:͕�

�ĂĞ� ^,͕� >ĞĞ� z,͕� >ĞĞ� �t͕� <ĂŶŐ� �^͕� �ŚĂ� �^� ĂŶĚ� >ĞĞ� D^͘� �ǌĞƚŝŵŝďĞ� ĂŵĞůŝŽƌĂƚĞƐ�

ƐƚĞĂƚŽŚĞƉĂƚŝƚŝƐ� ǀŝĂ��DW�ĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ� ŬŝŶĂƐĞͲd&��ͲŵĞĚŝĂƚĞĚ� ĂĐƚŝǀĂƚŝŽŶ�ŽĨ� ĂƵƚŽƉŚĂŐǇ�

ĂŶĚ�E>ZWϯ�ŝŶĨůĂŵŵĂƐŽŵĞ�ŝŶŚŝďŝƚŝŽŶ͘��ƵƚŽƉŚĂŐǇ�ϭϯ͗�ϭϳϲϳͲϭϳϴϭ͕�ϮϬϭϳ͘�

ϱϴ͘� � � � � � � � � �<ŽďĂǇĂƐŚŝ�^͕�sŽůĚĞŶ�W͕�dŝŵŵ��͕�DĂŽ�<͕�yƵ�y�ĂŶĚ�>ŝĂŶŐ�Y͘�dƌĂŶƐĐƌŝƉƚŝŽŶ�ĨĂĐƚŽƌ�

'�d�ϰ�ŝŶŚŝďŝƚƐ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĂƚŚ͘�:��ŝŽů��ŚĞŵ�Ϯϴϱ͗�

ϳϵϯͲϴϬϰ͕�ϮϬϭϬ͘�

ϱϵ͘����������<ŽůĞŝŶŝ�E�ĂŶĚ�<ĂƌĚĂŵŝ��͘��ƵƚŽƉŚĂŐǇ�ĂŶĚ�ŵŝƚŽƉŚĂŐǇ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶͲ

ŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�KŶĐŽƚĂƌŐĞƚ�ϴ͗�ϰϲϲϲϯͲϰϲϲϴϬ͕�ϮϬϭϳ͘�

ϲϬ͘����������>ĂǌǌĂƌŝŶŝ��͕��Ăůďŝ��͕��ůƚŝĞƌŝ�W͕�WĨĞĨĨĞƌ�h͕�'ĂŵďŝŶŝ��͕��ĂŶĞƉĂ�D͕�sĂƌĞƐŝŽ�>͕��ŽƐĐŽ�D�͕�

�ŽǀŝĞůůŽ��͕�WŽŵƉŝůŝŽ�'͕��ƌƵŶĞůůŝ��͕��ĂŶĐĞĚĚĂ�Z͕��ŵĞƌŝ�W�ĂŶĚ��ŽůůŝŶŝ�^͘�dŚĞ�ŚƵŵĂŶ�ĂŵŶŝŽƚŝĐ�

ĨůƵŝĚ� ƐƚĞŵ� ĐĞůů� ƐĞĐƌĞƚŽŵĞ� ĞĨĨĞĐƚŝǀĞůǇ� ĐŽƵŶƚĞƌĂĐƚƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� ^Đŝ�

ZĞƉ�ϲ͗�Ϯϵϵϵϰ͕�ϮϬϭϲ͘�

ϲϭ͘� � � � � � � � � � >ĞĞ� <&͕� ^ŝŵŽŶ�,͕� �ŚĞŶ�,͕��ĂƚĞƐ� �͕�,ƵŶŐ�D��ĂŶĚ�,ĂƵƐĞƌ��͘� ZĞƋƵŝƌĞŵĞŶƚ� ĨŽƌ�

ŶĞƵƌĞŐƵůŝŶ�ƌĞĐĞƉƚŽƌ�Ğƌď�Ϯ�ŝŶ�ŶĞƵƌĂů�ĂŶĚ�ĐĂƌĚŝĂĐ�ĚĞǀĞůŽƉŵĞŶƚ͘�EĂƚƵƌĞ�ϯϳϴ͗�ϯϵϰͲϯϵϴ͕�ϭϵϵϱ͘�

ϲϮ͘� � � � � � � � � � >ĞŵƉŝĂŝŶĞŶ�,�ĂŶĚ�,ĂůĂǌŽŶĞƚŝƐ�d�͘��ŵĞƌŐŝŶŐ�ĐŽŵŵŽŶ�ƚŚĞŵĞƐ� ŝŶ� ƌĞŐƵůĂƚŝŽŶ�ŽĨ�

W/<<Ɛ�ĂŶĚ�W/ϯ<Ɛ͘��D�K�:�Ϯϴ͗�ϯϬϲϳͲϯϬϳϯ͕�ϮϬϬϵ͘�

ϲϯ͘����������>ŝ��>�ĂŶĚ�,ŝůů�:�͘��ĂƌĚŝŽŵǇŽĐǇƚĞ�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ĐĂŶĐĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ͘�:�DŽů��Ğůů�

�ĂƌĚŝŽů�ϳϭ͗�ϱϰͲϲϭ͕�ϮϬϭϰ͘�

ϲϰ͘����������>ŝ��>͕�tĂŶŐ��s͕��ŝŶŐ�'͕�dĂŶ�t͕�>ƵŽ�y͕��ƌŝŽůůŽ��͕�yŝĞ�D͕�:ŝĂŶŐ�E͕�DĂǇ�,͕�<ǇƌǇĐŚĞŶŬŽ�

s͕�^ĐŚŶĞŝĚĞƌ�:t͕�'ŝůůĞƚƚĞ�d'�ĂŶĚ�,ŝůů�:�͘��ŽǆŽƌƵďŝĐŝŶ��ůŽĐŬƐ��ĂƌĚŝŽŵǇŽĐǇƚĞ��ƵƚŽƉŚĂŐŝĐ�&ůƵǆ�

ďǇ�/ŶŚŝďŝƚŝŶŐ�>ǇƐŽƐŽŵĞ��ĐŝĚŝĨŝĐĂƚŝŽŶ͘��ŝƌĐƵůĂƚŝŽŶ�ϭϯϯ͗�ϭϲϲϴͲϭϲϴϳ͕�ϮϬϭϲ͘�
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Ĩ͘�

ϲϱ͘����������>ŝ�D͕�^ĂůĂ�s͕��Ğ�^ĂŶƚŝƐ�D�͕��ŝŵŝŶŽ�:͕��ĂƉƉĞůůŽ�W͕�WŝĂŶĐĂ�E͕��ŝ��ŽŶĂ��͕�DĂƌŐĂƌŝĂ�:W͕�

DĂƌƚŝŶŝ�D͕�>ĂǌǌĂƌŝŶŝ��͕�WŝƌŽǌǌŝ�&͕�ZŽƐƐŝ�>͕�&ƌĂŶĐŽ�/͕��ŽƌŶďĂƵŵ�:͕�,ĞŐĞƌ�:͕�ZŽŚƌďĂĐŚ�^͕�WĞƌŝŶŽ�

�͕� dŽĐĐŚĞƚƚŝ� �'͕� >ŝŵĂ� �,&͕� dĞŝǆĞŝƌĂ�DD͕� WŽƌƉŽƌĂƚŽ� W�͕� ^ĐŚƵůǌ� Z͕� �ŶŐĞůŝŶŝ� �͕� ^ĂŶĚƌŝ�D͕�

�ŵĞƌŝ�W͕�^ĐŝĂƌƌĞƚƚĂ�^͕�>ŝŵĂͲ:ƵŶŝŽƌ�Z�W͕�DŽŶŐŝůůŽ�D͕��ĂŐůŝĂ�d͕�DŽƌĞůůŽ�&͕�EŽǀĞůůŝ�&͕�,ŝƌƐĐŚ���

ĂŶĚ� 'ŚŝŐŽ� �͘� WŚŽƐƉŚŽŝŶŽƐŝƚŝĚĞ� ϯͲ<ŝŶĂƐĞ� 'ĂŵŵĂ� /ŶŚŝďŝƚŝŽŶ� WƌŽƚĞĐƚƐ� &ƌŽŵ� �ŶƚŚƌĂĐǇĐůŝŶĞ�

�ĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĂŶĚ�ZĞĚƵĐĞƐ�dƵŵŽƌ�'ƌŽǁƚŚ͘��ŝƌĐƵůĂƚŝŽŶ�ϭϯϴ͗�ϲϵϲͲϳϭϭ͕�ϮϬϭϴ͘�

ϲϲ͘� � � � � � � � � � >ŝ� �͕� WĞĂƌůŵĂŶ� �,� ĂŶĚ�,ƐŝĞŚ� W͘� �E��ŵŝƐŵĂƚĐŚ� ƌĞƉĂŝƌ� ĂŶĚ� ƚŚĞ� �E�� ĚĂŵĂŐĞ�

ƌĞƐƉŽŶƐĞ͘��E��ZĞƉĂŝƌ�;�ŵƐƚͿ�ϯϴ͗�ϵϰͲϭϬϭ͕�ϮϬϭϲ͘�

ϲϳ͘����������>ŝĞŚƌ�:'�ĂŶĚ�ZŝĐĐŝ�D:͘�ϰͲ,ǇĚƌŽǆǇůĂƚŝŽŶ�ŽĨ�ĞƐƚƌŽŐĞŶƐ�ĂƐ�ŵĂƌŬĞƌ�ŽĨ�ŚƵŵĂŶ�ŵĂŵŵĂƌǇ�

ƚƵŵŽƌƐ͘�WƌŽĐ�EĂƚů��ĐĂĚ�^Đŝ�h�^���ϵϯ͗�ϯϮϵϰͲϯϮϵϲ͕�ϭϵϵϲ͘�

ϲϴ͘����������>ŝŵ���͕��ƵƉƉŝŶŐĞƌ��͕�'ƵŽ�y͕�<ƵƐƚĞƌ�'D͕�,ĞůŵĞƐ�D͕��ƉƉĞŶďĞƌŐĞƌ�,D͕�^ƵƚĞƌ�dD͕�

>ŝĂŽ� Z� ĂŶĚ� ^ĂǁǇĞƌ� ��͘� �ŶƚŚƌĂĐǇĐůŝŶĞƐ� ŝŶĚƵĐĞ� ĐĂůƉĂŝŶͲĚĞƉĞŶĚĞŶƚ� ƚŝƚŝŶ� ƉƌŽƚĞŽůǇƐŝƐ� ĂŶĚ�

ŶĞĐƌŽƐŝƐ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�:��ŝŽů��ŚĞŵ�Ϯϳϵ͗�ϴϮϵϬͲϴϮϵϵ͕�ϮϬϬϰ͘�

ϲϵ͘����������>ůĂĐŚ��͕�DĂǌĞǀĞƚ�D͕�DĂƚĞŽ�W͕�sŝůůĞũŽƵǀĞƌƚ�K͕�ZŝĚŽƵǆ��͕�ZƵĐŬĞƌͲDĂƌƚŝŶ��͕�ZŝďĞŝƌŽ�

D͕� &ŝƐĐŚŵĞŝƐƚĞƌ� Z͕� �ƌŽǌĂƚŝĞƌ� �͕� �ĞŶŝƚĂŚ� :W͕� DŽƌĞů� �� ĂŶĚ� 'ŽŵĞǌ� �D͘� WƌŽŐƌĞƐƐŝŽŶ� ŽĨ�

ĞǆĐŝƚĂƚŝŽŶͲĐŽŶƚƌĂĐƚŝŽŶ� ĐŽƵƉůŝŶŐ� ĚĞĨĞĐƚƐ� ŝŶ� ĚŽǆŽƌƵďŝĐŝŶ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘� :� DŽů� �Ğůů� �ĂƌĚŝŽů�

ϭϮϲ͗�ϭϮϵͲϭϯϵ͕�ϮϬϭϵ͘�

ϳϬ͘����������>Žǁ�Z>͕�KƌƚŽŶ�^�ĂŶĚ�&ƌŝĞĚŵĂŶ���͘���ƚƌƵŶĐĂƚĞĚ�ĨŽƌŵ�ŽĨ��E��ƚŽƉŽŝƐŽŵĞƌĂƐĞ�//ďĞƚĂ�

ĂƐƐŽĐŝĂƚĞƐ�ǁŝƚŚ�ƚŚĞ�ŵƚ�E��ŐĞŶŽŵĞ�ŝŶ�ŵĂŵŵĂůŝĂŶ�ŵŝƚŽĐŚŽŶĚƌŝĂ͘��Ƶƌ�:��ŝŽĐŚĞŵ�ϮϳϬ͗�ϰϭϳϯͲ

ϰϭϴϲ͕�ϮϬϬϯ͘�

ϳϭ͘�� � � � � � � � �>ƵŽ�W͕��ŚƵ�z͕��ŚĞŶ�D͕�zĂŶ�,͕�zĂŶŐ��͕�zĂŶŐ�y�ĂŶĚ�,Ğ�Y͘�,D'�ϭ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�

ĂĚƌŝĂŵǇĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ǀŝĂ�ƵƉͲƌĞŐƵůĂƚŝŶŐ�ĂƵƚŽƉŚĂŐǇ͘�dŽǆŝĐŽů�>Ğƚƚ�ϮϵϮ͗�ϭϭϱͲϭϮϮ͕�

ϮϬϭϴ͘�

ϳϮ͘����������>ǇƵ�z>͕�<ĞƌƌŝŐĂŶ�:�͕�>ŝŶ��W͕��ǌĂƌŽǀĂ��D͕�dƐĂŝ�z�͕��ĂŶ�z�ĂŶĚ�>ŝƵ�>&͘�dŽƉŽŝƐŽŵĞƌĂƐĞ�

//ďĞƚĂ�ŵĞĚŝĂƚĞĚ��E��ĚŽƵďůĞͲƐƚƌĂŶĚ�ďƌĞĂŬƐ͗�ŝŵƉůŝĐĂƚŝŽŶƐ�ŝŶ�ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĂŶĚ�

ƉƌĞǀĞŶƚŝŽŶ�ďǇ�ĚĞǆƌĂǌŽǆĂŶĞ͘��ĂŶĐĞƌ�ZĞƐ�ϲϳ͗�ϴϴϯϵͲϴϴϰϲ͕�ϮϬϬϳ͘�
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Ĩ͘�

ϳϯ͘� � � � � � � � � �DĂ� :͕�tĂŶŐ� z͕� �ŚĞŶŐ� �͕�tĞŝ�D͕� yƵ�,� ĂŶĚ� WĞŶŐ� d͘� ZĂĐϭ� ƐŝŐŶĂůůŝŶŐ�ŵĞĚŝĂƚĞƐ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ƚŚƌŽƵŐŚ�ďŽƚŚ�ƌĞĂĐƚŝǀĞ�ŽǆǇŐĞŶ�ƐƉĞĐŝĞƐͲĚĞƉĞŶĚĞŶƚ�ĂŶĚ�Ͳ

ŝŶĚĞƉĞŶĚĞŶƚ�ƉĂƚŚǁĂǇƐ͘��ĂƌĚŝŽǀĂƐĐ�ZĞƐ�ϵϳ͗�ϳϳͲϴϳ͕�ϮϬϭϯ͘�

ϳϰ͘����������DĂ�z͕��ŚĂŶŐ�y͕��ĂŽ�,͕�Dŝ�^͕��Ăŝ�t͕�zĂŶ�,͕�tĂŶŐ�Y͕�tĂŶŐ��͕�zĂŶ�:͕�&ĂŶ�'�͕�>ŝŶĚƐĞǇ�

D>�ĂŶĚ�,Ƶ��͘�dŽůůͲůŝŬĞ�ƌĞĐĞƉƚŽƌ�;d>ZͿ�Ϯ�ĂŶĚ�d>Zϰ�ĚŝĨĨĞƌĞŶƚŝĂůůǇ�ƌĞŐƵůĂƚĞ�ĚŽǆŽƌƵďŝĐŝŶ�ŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ�ŝŶ�ŵŝĐĞ͘�W>Ž^�KŶĞ�ϳ͗�ĞϰϬϳϲϯ͕�ϮϬϭϮ͘�

ϳϱ͘����������DĂĂǇĂŚ��,͕��ůƚŚƵƌǁŝ�,E͕��ďĚĞůŚĂŵŝĚ�'͕�>ĞƐǇŬ�'͕�:ƵƌĂƐǌ�W�ĂŶĚ��ůͲ<ĂĚŝ��K͘��zWϭ�ϭ�

ŝŶŚŝďŝƚŝŽŶ� ĂƚƚĞŶƵĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ƚŚƌŽƵŐŚ� Ă� ŵŝĚͲĐŚĂŝŶ� ,�d�ƐͲ

ĚĞƉĞŶĚĞŶƚ�ŵĞĐŚĂŶŝƐŵ͘�WŚĂƌŵĂĐŽů�ZĞƐ�ϭϬϱ͗�ϮϴͲϰϯ͕�ϮϬϭϲ͘�

ϳϲ͘����������DĂƌŝŶŽ�'͕�EŝƐŽͲ^ĂŶƚĂŶŽ�D͕��ĂĞŚƌĞĐŬĞ��,�ĂŶĚ�<ƌŽĞŵĞƌ�'͘�^ĞůĨͲĐŽŶƐƵŵƉƚŝŽŶ͗�ƚŚĞ�

ŝŶƚĞƌƉůĂǇ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ͘�EĂƚ�ZĞǀ�DŽů��Ğůů��ŝŽů�ϭϱ͗�ϴϭͲϵϰ͕�ϮϬϭϰ͘�

ϳϳ͘� � � � � � � � � � DĂƌƚŝŶĂ� :�͕� �ŚĞŶ� z͕� 'ƵĐĞŬ� D� ĂŶĚ� WƵĞƌƚŽůůĂŶŽ� Z͘� DdKZ�ϭ� ĨƵŶĐƚŝŽŶƐ� ĂƐ� Ă�

ƚƌĂŶƐĐƌŝƉƚŝŽŶĂů�ƌĞŐƵůĂƚŽƌ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ďǇ�ƉƌĞǀĞŶƚŝŶŐ�ŶƵĐůĞĂƌ�ƚƌĂŶƐƉŽƌƚ�ŽĨ�d&��͘��ƵƚŽƉŚĂŐǇ�

ϴ͗�ϵϬϯͲϵϭϰ͕�ϮϬϭϮ͘�

ϳϴ͘� � � � � � � � � � DĂƚƚ� ^� ĂŶĚ� ,ŽĨŵĂŶŶ� d'͘� dŚĞ� �E�� ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ� ĐĞůů� ĚĞĂƚŚ� ƌĞƐƉŽŶƐĞ͗� Ă�

ƌŽĂĚŵĂƉ�ƚŽ�Ŭŝůů�ĐĂŶĐĞƌ�ĐĞůůƐ͘��Ğůů�DŽů�>ŝĨĞ�^Đŝ�ϳϯ͗�ϮϴϮϵͲϮϴϱϬ͕�ϮϬϭϲ͘�

ϳϵ͘����������DŝůĂŶŽ�'͕��ŝĞŵŵŝ�s͕�>ĂǌǌĂƌŝŶŝ��͕��Ăůďŝ��͕��ŝƵůůŽ��͕��ŽůŝƐ�^͕��ŵĞƌŝ�W͕��ŝ�^ŝůǀĞƐƚƌĞ��͕�

DĂƵƌŝ� W͕� �ĂƌŝůĞ� >� ĂŶĚ� sĂƐƐĂůůŝ� '͘� /ŶƚƌĂǀĞŶŽƵƐ� ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ� ŽĨ� ĐĂƌĚŝĂĐ� ƉƌŽŐĞŶŝƚŽƌ� ĐĞůůͲ

ĚĞƌŝǀĞĚ� ĞǆŽƐŽŵĞƐ� ƉƌŽƚĞĐƚƐ� ĂŐĂŝŶƐƚ� ĚŽǆŽƌƵďŝĐŝŶͬƚƌĂƐƚƵǌƵŵĂďͲŝŶĚƵĐĞĚ� ĐĂƌĚŝĂĐ� ƚŽǆŝĐŝƚǇ͘�

�ĂƌĚŝŽǀĂƐĐ�ZĞƐ͕�ϮϬϭϵ͘�

ϴϬ͘� � � � � � � � � �DŽůů�hD͕�tŽůĨĨ� ^͕� ^ƉĞŝĚĞů��� ĂŶĚ��ĞƉƉĞƌƚ�t͘� dƌĂŶƐĐƌŝƉƚŝŽŶͲŝŶĚĞƉĞŶĚĞŶƚ�ƉƌŽͲ

ĂƉŽƉƚŽƚŝĐ�ĨƵŶĐƚŝŽŶƐ�ŽĨ�Ɖϱϯ͘��Ƶƌƌ�KƉŝŶ��Ğůů��ŝŽů�ϭϳ͗�ϲϯϭͲϲϯϲ͕�ϮϬϬϱ͘�

ϴϭ͘����������DŽŶŬŬŽŶĞŶ�d�ĂŶĚ��ĞďŶĂƚŚ�:͘�/ŶĨůĂŵŵĂƚŽƌǇ�ƐŝŐŶĂůŝŶŐ�ĐĂƐĐĂĚĞƐ�ĂŶĚ�ĂƵƚŽƉŚĂŐǇ�ŝŶ�

ĐĂŶĐĞƌ͘��ƵƚŽƉŚĂŐǇ�ϭϰ͗�ϭϵϬͲϭϵϴ͕�ϮϬϭϴ͘�

�
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Ĩ͘�

ϴϮ͘� � � � � � � � � �DŽƌƵŶŽͲDĂŶĐŚŽŶ�:&͕�hǌŽƌ�E�͕�<ĞƐůĞƌ�^Z͕�tĞĨĞů� :^͕�dŽǁŶůĞǇ��D͕�EĂŐĂƌĂũĂ��^͕�

WƌĂĚĞĞƉ�^͕�DĂŶŐĂůĂ�>^͕�^ŽŽĚ��<�ĂŶĚ�dƐǀĞƚŬŽǀ��^͘�d&���ĂŵĞůŝŽƌĂƚĞƐ�ƚŚĞ�ŝŵƉĂŝƌŵĞŶƚ�ŽĨ�ƚŚĞ�

ĂƵƚŽƉŚĂŐǇͲůǇƐŽƐŽŵĞ� ƉĂƚŚǁĂǇ� ŝŶ� ŶĞƵƌŽŶƐ� ŝŶĚƵĐĞĚ� ďǇ� ĚŽǆŽƌƵďŝĐŝŶ͘� �ŐŝŶŐ� ;�ůďĂŶǇ� EzͿ� ϴ͗�

ϯϱϬϳͲϯϱϭϵ͕�ϮϬϭϲ͘�

ϴϯ͘����������DƵƌƉŚǇ�DW͘�DŝƚŽĐŚŽŶĚƌŝĂů�ĚǇƐĨƵŶĐƚŝŽŶ�ŝŶĚŝƌĞĐƚůǇ�ĞůĞǀĂƚĞƐ�ZK^�ƉƌŽĚƵĐƚŝŽŶ�ďǇ�ƚŚĞ�

ĞŶĚŽƉůĂƐŵŝĐ�ƌĞƚŝĐƵůƵŵ͘��Ğůů�DĞƚĂď�ϭϴ͗�ϭϰϱͲϭϰϲ͕�ϮϬϭϯ͘�

ϴϰ͘� � � � � � � � � �DƵƌƌĂǇ�'/͕�dĂǇůŽƌ�D�͕�DĐ&ĂĚǇĞŶ�D�͕�DĐ<ĂǇ�:�͕�'ƌĞĞŶůĞĞ�t&͕��ƵƌŬĞ�D��ĂŶĚ�

DĞůǀŝŶ�td͘�dƵŵŽƌͲƐƉĞĐŝĨŝĐ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĐǇƚŽĐŚƌŽŵĞ�WϰϱϬ��zWϭ�ϭ͘��ĂŶĐĞƌ�ZĞƐ�ϱϳ͗�ϯϬϮϲͲ

ϯϬϯϭ͕�ϭϵϵϳ͘�

ϴϱ͘� � � � � � � � � �EĂǌĂƌŬŽ�sz�ĂŶĚ��ŚŽŶŐ�Y͘�h><ϭ�ƚĂƌŐĞƚƐ��ĞĐůŝŶͲϭ�ŝŶ�ĂƵƚŽƉŚĂŐǇ͘�EĂƚ��Ğůů��ŝŽů�ϭϱ͗�

ϳϮϳͲϳϮϴ͕�ϮϬϭϯ͘�

ϴϲ͘� � � � � � � � � �EĞďŝŐŝů��'�ĂŶĚ��ĞƐĂƵďƌǇ�>͘�hƉĚĂƚĞƐ� ŝŶ��ŶƚŚƌĂĐǇĐůŝŶĞͲDĞĚŝĂƚĞĚ��ĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�

&ƌŽŶƚ�WŚĂƌŵĂĐŽů�ϵ͗�ϭϮϲϮ͕�ϮϬϭϴ͘�

ϴϳ͘����������EŽǌĂŬŝ�E͕�^ŚŝƐŚŝĚŽ�d͕�dĂŬĞŝƐŚŝ�z�ĂŶĚ�<ƵďŽƚĂ�/͘�DŽĚƵůĂƚŝŽŶ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝĂĐ� ĚǇƐĨƵŶĐƚŝŽŶ� ŝŶ� ƚŽůůͲůŝŬĞ� ƌĞĐĞƉƚŽƌͲϮͲŬŶŽĐŬŽƵƚ� ŵŝĐĞ͘� �ŝƌĐƵůĂƚŝŽŶ� ϭϭϬ͗� ϮϴϲϵͲϮϴϳϰ͕�

ϮϬϬϰ͘�

ϴϴ͘����������KĚŝĞƚĞ�K͕�,ŝůů�D&�ĂŶĚ�^ĂǁǇĞƌ���͘�EĞƵƌĞŐƵůŝŶ�ŝŶ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�

ĚŝƐĞĂƐĞ͘��ŝƌĐ�ZĞƐ�ϭϭϭ͗�ϭϯϳϲͲϭϯϴϱ͕�ϮϬϭϮ͘�

ϴϵ͘����������KŬĂ�d͕�DĂŝůůĞƚ�D͕�tĂƚƚ��:͕�^ĐŚǁĂƌƚǌ�Z:͕��ƌŽŶŽǁ��:͕��ƵŶĐĂŶ�^��ĂŶĚ�DŽůŬĞŶƚŝŶ�:�͘�

�ĂƌĚŝĂĐͲƐƉĞĐŝĨŝĐ�ĚĞůĞƚŝŽŶ�ŽĨ�'ĂƚĂϰ�ƌĞǀĞĂůƐ�ŝƚƐ�ƌĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�ŚǇƉĞƌƚƌŽƉŚǇ͕�ĐŽŵƉĞŶƐĂƚŝŽŶ͕�

ĂŶĚ�ŵǇŽĐǇƚĞ�ǀŝĂďŝůŝƚǇ͘��ŝƌĐ�ZĞƐ�ϵϴ͗�ϴϯϳͲϴϰϱ͕�ϮϬϬϲ͘�

ϵϬ͘����������KƌƐƚĂǀŝŬ�K͕�DĂŶĨƌĂ�K͕��ŶĚƌĞƐƐĞŶ�<t͕��ŶĚĞƌƐĞŶ�'K͕�^ŬŽŵĞĚĂů�d͕�KƐŶĞƐ�:�͕�>ĞǀǇ�

&K� ĂŶĚ� <ƌŽďĞƌƚ� <�͘� dŚĞ� ŝŶŽƚƌŽƉŝĐ� ĞĨĨĞĐƚ� ŽĨ� ƚŚĞ� ĂĐƚŝǀĞ�ŵĞƚĂďŽůŝƚĞ� ŽĨ� ůĞǀŽƐŝŵĞŶĚĂŶ͕� KZͲ

ϭϴϵϲ͕�ŝƐ�ŵĞĚŝĂƚĞĚ�ƚŚƌŽƵŐŚ�ŝŶŚŝďŝƚŝŽŶ�ŽĨ�W��ϯ�ŝŶ�ƌĂƚ�ǀĞŶƚƌŝĐƵůĂƌ�ŵǇŽĐĂƌĚŝƵŵ͘�W>Ž^�KŶĞ�ϭϬ͗�

ĞϬϭϭϱϱϰϳ͕�ϮϬϭϱ͘�
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Ĩ͘�

ϵϭ͘����������WĂŶ�:�͕�dĂŶŐ�z͕�zƵ�:z͕��ŚĂŶŐ�,͕��ŚĂŶŐ�:&͕�tĂŶŐ��Y�ĂŶĚ�'Ƶ�:͘�ŵŝZͲϭϰϲĂ�ĂƚƚĞŶƵĂƚĞƐ�

ĂƉŽƉƚŽƐŝƐ� ĂŶĚ� ŵŽĚƵůĂƚĞƐ� ĂƵƚŽƉŚĂŐǇ� ďǇ� ƚĂƌŐĞƚŝŶŐ� d�&ϵďͬWϱϯ� ƉĂƚŚǁĂǇ� ŝŶ� ĚŽǆŽƌƵďŝĐŝŶͲ

ŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϭϬ͗�ϲϲϴ͕�ϮϬϭϵ͘�

ϵϮ͘����������WĂƉƉ��͕��ĚĞƐ�/͕�&ƌƵŚǁĂůĚ�^͕��Ğ�,Ğƌƚ�^'͕�^ĂůŵĞŶƉĞƌĂ�D͕�>ĞƉƉŝŬĂŶŐĂƐ�,͕�DĞďĂǌĂĂ��͕�

>ĂŶĚŽŶŝ� '͕� 'ƌŽƐƐŝŶŝ� �͕� �Ăŝŵŵŝ� W͕� DŽƌĞůůŝ� �͕� 'ƵĂƌƌĂĐŝŶŽ� &͕� ^ĐŚǁŝŶŐĞƌ� Z,͕� DĞǇĞƌ� ^͕�

�ůŐŽƚƐƐŽŶ� >͕� tŝŬƐƚƌŽŵ� �'͕� :ŽƌŐĞŶƐĞŶ� <͕� &ŝůŝƉƉĂƚŽƐ� '͕� WĂƌŝƐƐŝƐ� :d͕� 'ŽŶǌĂůĞǌ� D:͕�

WĂƌŬŚŽŵĞŶŬŽ� �͕� zŝůŵĂǌ� D�͕� <ŝǀŝŬŬŽ� D͕� WŽůůĞƐĞůůŽ� W� ĂŶĚ� &ŽůůĂƚŚ� &͘� >ĞǀŽƐŝŵĞŶĚĂŶ͗�

ŵŽůĞĐƵůĂƌ�ŵĞĐŚĂŶŝƐŵƐ�ĂŶĚ�ĐůŝŶŝĐĂů�ŝŵƉůŝĐĂƚŝŽŶƐ͗�ĐŽŶƐĞŶƐƵƐ�ŽĨ�ĞǆƉĞƌƚƐ�ŽŶ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�

ŽĨ�ĂĐƚŝŽŶ�ŽĨ�ůĞǀŽƐŝŵĞŶĚĂŶ͘�/Ŷƚ�:��ĂƌĚŝŽů�ϭϱϵ͗�ϴϮͲϴϳ͕�ϮϬϭϮ͘�

ϵϯ͘����������WĂƚƚŝŶŐƌĞ�^͕�dĂƐƐĂ��͕�YƵ�y͕�'ĂƌƵƚŝ�Z͕�>ŝĂŶŐ�y,͕�DŝǌƵƐŚŝŵĂ�E͕�WĂĐŬĞƌ�D͕�^ĐŚŶĞŝĚĞƌ�

D��ĂŶĚ�>ĞǀŝŶĞ��͘��ĐůͲϮ�ĂŶƚŝĂƉŽƉƚŽƚŝĐ�ƉƌŽƚĞŝŶƐ� ŝŶŚŝďŝƚ��ĞĐůŝŶ�ϭͲĚĞƉĞŶĚĞŶƚ�ĂƵƚŽƉŚĂŐǇ͘��Ğůů�

ϭϮϮ͗�ϵϮϳͲϵϯϵ͕�ϮϬϬϱ͘�

ϵϰ͘����������WĂǇĂƉŝůůǇ���ĂŶĚ�DĂůůŝƌŝ��͘��ŽŵƉĂƌƚŵĞŶƚĂůŝƐĂƚŝŽŶ�ŽĨ�Z��ϭ�ƐŝŐŶĂůůŝŶŐ͘��Ƶƌƌ�KƉŝŶ��Ğůů�

�ŝŽů�ϱϰ͗�ϱϬͲϱϲ͕�ϮϬϭϴ͘�

ϵϱ͘� � � � � � � � � � WŝŶŚĞŝƌŽ� ��͕� &ĞƚƚĞƌŵĂŶ� <�� ĂŶĚ� �ƵƌƌŝĚŐĞ� Wt͘� ŚŝW^�Ɛ� ŝŶ� ĐĂƌĚŝŽͲŽŶĐŽůŽŐǇ͗�

ĚĞĐŝƉŚĞƌŝŶŐ�ƚŚĞ�ŐĞŶŽŵŝĐƐ͘��ĂƌĚŝŽǀĂƐĐ�ZĞƐ�ϭϭϱ͗�ϵϯϱͲϵϰϴ͕�ϮϬϭϵ͘�

ϵϲ͘� � � � � � � � � � WŽƉͲDŽůĚŽǀĂŶ� �>͕� dƌŽĨĞŶĐŝƵĐ� ED͕� �ĂƌĂďĂŶƚŝƵ� ��͕� WƌĞĐƵƉ� �͕� �ƌĂŶĞĂ� ,͕�

�ŚƌŝƐƚŽĚŽƌĞƐĐƵ�Z�ĂŶĚ�WƵƐĐŚŝƚĂ�D͘��ƵƐƚŽŵŝǌĞĚ�ůĂďŽƌĂƚŽƌǇ�d>Zϰ�ĂŶĚ�d>ZϮ�ĚĞƚĞĐƚŝŽŶ�ŵĞƚŚŽĚ�

ĨƌŽŵ� ƉĞƌŝƉŚĞƌĂů� ŚƵŵĂŶ� ďůŽŽĚ� ĨŽƌ� ĞĂƌůǇ� ĚĞƚĞĐƚŝŽŶ� ŽĨ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�

�ĂŶĐĞƌ�'ĞŶĞ�dŚĞƌ�Ϯϰ͗�ϮϬϯͲϮϬϳ͕�ϮϬϭϳ͘�

ϵϳ͘� � � � � � � � � � YŝŶŐ� '͕� zĂŶ� W� ĂŶĚ� yŝĂŽ� '͘� ,ƐƉϵϬ� ŝŶŚŝďŝƚŝŽŶ� ƌĞƐƵůƚƐ� ŝŶ� ĂƵƚŽƉŚĂŐǇͲŵĞĚŝĂƚĞĚ�

ƉƌŽƚĞĂƐŽŵĞͲŝŶĚĞƉĞŶĚĞŶƚ�ĚĞŐƌĂĚĂƚŝŽŶ�ŽĨ�/ŬĂƉƉĂ��ŬŝŶĂƐĞ�;/<<Ϳ͘��Ğůů�ZĞƐ�ϭϲ͗�ϴϵϱͲϵϬϭ͕�ϮϬϬϲ͘�

ϵϴ͘� � � � � � � � � � ZĞŝĐŚĂƌĚƚ� W͕� dĂďŽŶĞ�D�͕�DŽƌĂ� :͕� DŽƌůĂŶĚ� �� ĂŶĚ� :ŽŶĞƐ� Z>͘� ZŝƐŬͲďĞŶĞĨŝƚ� ŽĨ�

ĚĞǆƌĂǌŽǆĂŶĞ� ĨŽƌ� ƉƌĞǀĞŶƚŝŶŐ� ĂŶƚŚƌĂĐǇĐůŝŶĞͲƌĞůĂƚĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͗� ƌĞͲĞǀĂůƵĂƚŝŶŐ� ƚŚĞ�

�ƵƌŽƉĞĂŶ�ůĂďĞůŝŶŐ͘�&ƵƚƵƌĞ�KŶĐŽů�ϭϰ͗�ϮϲϲϯͲϮϲϳϲ͕�ϮϬϭϴ͘�

�
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Ĩ͘�

ϵϵ͘� � � � � � � � � �ZŝĂĚ��͕��ŝĞŶ�^͕�'ƌĂƚǌ�D͕��ƐĐŚĞƌ�&͕�tĞƐƚĞƌŵĂŶŶ��͕�,ĞŝŵĞƐĂĂƚ�DD͕��ĞƌĞƐǁŝůů�^͕�

<ƌŝĞŐ�d͕�&Ğůŝǆ�^�͕�^ĐŚƵůƚŚĞŝƐƐ�,W͕�<ƌŽĞŵĞƌ�,<�ĂŶĚ�dƐĐŚŽƉĞ��͘�dŽůůͲůŝŬĞ�ƌĞĐĞƉƚŽƌͲϰ�ĚĞĨŝĐŝĞŶĐǇ�

ĂƚƚĞŶƵĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ� ŝŶ� ŵŝĐĞ͘� �Ƶƌ� :� ,ĞĂƌƚ� &Ăŝů� ϭϬ͗� ϮϯϯͲϮϰϯ͕�

ϮϬϬϴ͘�

ϭϬϬ͘�������ZŽĐĂͲ�ůŽŶƐŽ�>͕��ĂƐƚĞůůĂŶŽ�>͕�DŝůůƐ��͕��ĂďƌŽǁƐŬĂ��&͕�^ŝŬŬĞů�D�͕�WĞůůĞŐƌŝŶŽ�>͕�:ĂĐŽď�

:͕�&ƌĂŵƉƚŽŶ���͕�<ƌĞůů�:͕��ŽŽŵďĞƐ�Z�͕�,ĂƌĚŝŶŐ�^�͕�>ǇŽŶ��Z�ĂŶĚ�^ƚĞďďŝŶŐ�:͘�DǇŽĐĂƌĚŝĂů�DŝZͲ

ϯϬ�ĚŽǁŶƌĞŐƵůĂƚŝŽŶ�ƚƌŝŐŐĞƌĞĚ�ďǇ�ĚŽǆŽƌƵďŝĐŝŶ�ĚƌŝǀĞƐ�ĂůƚĞƌĂƚŝŽŶƐ�ŝŶ�ďĞƚĂͲĂĚƌĞŶĞƌŐŝĐ�ƐŝŐŶĂůŝŶŐ�

ĂŶĚ�ĞŶŚĂŶĐĞƐ�ĂƉŽƉƚŽƐŝƐ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϲ͗�Ğϭϳϱϰ͕�ϮϬϭϱ͘�

ϭϬϭ͘� � � � � � �ZŽĐŬ�&>͕�,ĂƌĚŝŵĂŶ�'͕�dŝŵĂŶƐ�:�͕�<ĂƐƚĞůĞŝŶ�Z��ĂŶĚ��ĂǌĂŶ�:&͘��� ĨĂŵŝůǇ�ŽĨ�ŚƵŵĂŶ�

ƌĞĐĞƉƚŽƌƐ� ƐƚƌƵĐƚƵƌĂůůǇ� ƌĞůĂƚĞĚ� ƚŽ� �ƌŽƐŽƉŚŝůĂ� dŽůů͘� WƌŽĐ� EĂƚů� �ĐĂĚ� ^Đŝ� h� ^� �� ϵϱ͗� ϱϴϴͲϱϵϯ͕�

ϭϵϵϴ͘�

ϭϬϮ͘�������ZŽŽƐ�tW�ĂŶĚ�<ĂŝŶĂ��͘��E��ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ͗�ĨƌŽŵ�ƐƉĞĐŝĨŝĐ��E��ůĞƐŝŽŶƐ�

ƚŽ�ƚŚĞ��E��ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ͘��ĂŶĐĞƌ�>Ğƚƚ�ϯϯϮ͗�ϮϯϳͲϮϰϴ͕�ϮϬϭϯ͘�

ϭϬϯ͘� � � � � � �ZƵƐƐĞůů� ^�͕��ůĂĐŬǁĞůů�<>͕� >ĂǁƌĞŶĐĞ� :͕�WŝƉƉĞŶ� :�͕� :ƌ͕͘�ZŽĞ�Dd͕�tŽŽĚ�&͕�WĂƚŽŶ�s͕�

,ŽůŵŐƌĞŶ� �� ĂŶĚ� DĂŚĂĨĨĞǇ� <t͘� /ŶĚĞƉĞŶĚĞŶƚ� ĂĚũƵĚŝĐĂƚŝŽŶ� ŽĨ� ƐǇŵƉƚŽŵĂƚŝĐ� ŚĞĂƌƚ� ĨĂŝůƵƌĞ�

ǁŝƚŚ� ƚŚĞ� ƵƐĞ� ŽĨ� ĚŽǆŽƌƵďŝĐŝŶ� ĂŶĚ� ĐǇĐůŽƉŚŽƐƉŚĂŵŝĚĞ� ĨŽůůŽǁĞĚ� ďǇ� ƚƌĂƐƚƵǌƵŵĂď� ĂĚũƵǀĂŶƚ�

ƚŚĞƌĂƉǇ͗�Ă�ĐŽŵďŝŶĞĚ�ƌĞǀŝĞǁ�ŽĨ�ĐĂƌĚŝĂĐ�ĚĂƚĂ�ĨƌŽŵ�ƚŚĞ�EĂƚŝŽŶĂů�^ƵƌŐŝĐĂů��ĚũƵǀĂŶƚ�ďƌĞĂƐƚ�ĂŶĚ�

�ŽǁĞů�WƌŽũĞĐƚ��Ͳϯϭ�ĂŶĚ�ƚŚĞ�EŽƌƚŚ��ĞŶƚƌĂů��ĂŶĐĞƌ�dƌĞĂƚŵĞŶƚ�'ƌŽƵƉ�Eϵϴϯϭ�ĐůŝŶŝĐĂů�ƚƌŝĂůƐ͘�:�

�ůŝŶ�KŶĐŽů�Ϯϴ͗�ϯϰϭϲͲϯϰϮϭ͕�ϮϬϭϬ͘�

ϭϬϰ͘�������^ĂŐ��D͕�<ŽŚůĞƌ���͕��ŶĚĞƌƐŽŶ�D�͕��ĂĐŬƐ�:�ĂŶĚ�DĂŝĞƌ�>^͘��ĂD<//ͲĚĞƉĞŶĚĞŶƚ�^Z��Ă�

ůĞĂŬ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ŝŵƉĂŝƌĞĚ��Ă�ŚĂŶĚůŝŶŐ�ŝŶ�ŝƐŽůĂƚĞĚ�ĐĂƌĚŝĂĐ�ŵǇŽĐǇƚĞƐ͘�

:�DŽů��Ğůů��ĂƌĚŝŽů�ϱϭ͗�ϳϰϵͲϳϱϵ͕�ϮϬϭϭ͘�

ϭϬϱ͘� � � � � � � ^ĂŝƚŽ� d� ĂŶĚ� ^ĂĚŽƐŚŝŵĂ� :͘� DŽůĞĐƵůĂƌ� ŵĞĐŚĂŶŝƐŵƐ� ŽĨ� ŵŝƚŽĐŚŽŶĚƌŝĂů�

ĂƵƚŽƉŚĂŐǇͬŵŝƚŽƉŚĂŐǇ�ŝŶ�ƚŚĞ�ŚĞĂƌƚ͘��ŝƌĐ�ZĞƐ�ϭϭϲ͗�ϭϰϳϳͲϭϰϵϬ͕�ϮϬϭϱ͘�

ϭϬϲ͘�������^ĂůĂ�s͕�>ŝ�D�ĂŶĚ�'ŚŝŐŽ��͘�EĞǁ�ĂǀĞŶƵĞƐ�ŝŶ�ĐĂƌĚŝŽͲŽŶĐŽůŽŐǇ͘��ŐŝŶŐ�;�ůďĂŶǇ�EzͿ�ϭϭ͗�

ϭϬϳϱͲϭϬϳϲ͕�ϮϬϭϵ͘�
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Ĩ͘�

ϭϬϳ͘� � � � � � � ^ĂůŵŝŶĞŶ��͕�,ǇƚƚŝŶĞŶ� :D͕� <ĂƵƉƉŝŶĞŶ��� ĂŶĚ�<ĂĂƌŶŝƌĂŶƚĂ�<͘� �ŽŶƚĞǆƚͲ�ĞƉĞŶĚĞŶƚ�

ZĞŐƵůĂƚŝŽŶ�ŽĨ��ƵƚŽƉŚĂŐǇ�ďǇ� /<<ͲE&ͲŬĂƉƉĂ�� ^ŝŐŶĂůŝŶŐ͗� /ŵƉĂĐƚ� ŽŶ� ƚŚĞ��ŐŝŶŐ� WƌŽĐĞƐƐ͘� /Ŷƚ� :�

�Ğůů��ŝŽů�ϮϬϭϮ͗�ϴϰϵϱϰϭ͕�ϮϬϭϮ͘�

ϭϬϴ͘�������^ĂŶĚƌŽĐŬ�<͕��ŝĞůĞŬ�,͕�^ĐŚƌĂĚŝ�<͕�^ĐŚŵŝĚƚ�'�ĂŶĚ�<ůƵŐďĂƵĞƌ�E͘�dŚĞ�ŶƵĐůĞĂƌ�ŝŵƉŽƌƚ�ŽĨ�

ƚŚĞ� ƐŵĂůů� 'dWĂƐĞ� ZĂĐϭ� ŝƐ� ŵĞĚŝĂƚĞĚ� ďǇ� ƚŚĞ� ĚŝƌĞĐƚ� ŝŶƚĞƌĂĐƚŝŽŶ� ǁŝƚŚ� ŬĂƌǇŽƉŚĞƌŝŶ� ĂůƉŚĂϮ͘�

dƌĂĨĨŝĐ�ϭϭ͗�ϭϵϴͲϮϬϵ͕�ϮϬϭϬ͘�

ϭϬϵ͘� � � � � � � ^ĞƚƚĞŵďƌĞ��͕� &ƌĂůĚŝ��͕�DĞĚŝŶĂ��>�ĂŶĚ��ĂůůĂďŝŽ��͘�^ŝŐŶĂůƐ� ĨƌŽŵ�ƚŚĞ� ůǇƐŽƐŽŵĞ͗�Ă�

ĐŽŶƚƌŽů�ĐĞŶƚƌĞ�ĨŽƌ�ĐĞůůƵůĂƌ�ĐůĞĂƌĂŶĐĞ�ĂŶĚ�ĞŶĞƌŐǇ�ŵĞƚĂďŽůŝƐŵ͘�EĂƚ�ZĞǀ�DŽů��Ğůů��ŝŽů�ϭϰ͗�ϮϴϯͲ

Ϯϵϲ͕�ϮϬϭϯ͘�

ϭϭϬ͘�������^ŚĂ�z͕�ZĂŽ�>͕�^ĞƚƚĞŵďƌĞ��͕��ĂůůĂďŝŽ���ĂŶĚ��ŝƐƐĂ�Ed͘�^dh�ϭ�ƌĞŐƵůĂƚĞƐ�d&��ͲŝŶĚƵĐĞĚ�

ĂƵƚŽƉŚĂŐǇͲůǇƐŽƐŽŵĞ�ƉĂƚŚǁĂǇ͘��D�K�:�ϯϲ͗�ϮϱϰϰͲϮϱϱϮ͕�ϮϬϭϳ͘�

ϭϭϭ͘� � � � � � � ^ŚĂďĂůĂůĂ� ^͕�DƵůůĞƌ� �:&͕� >ŽƵǁ� :� ĂŶĚ� :ŽŚŶƐŽŶ� Z͘� WŽůǇƉŚĞŶŽůƐ͕� ĂƵƚŽƉŚĂŐǇ� ĂŶĚ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�>ŝĨĞ�^Đŝ�ϭϴϬ͗�ϭϲϬͲϭϳϬ͕�ϮϬϭϳ͘�

ϭϭϮ͘� � � � � � � ^ŚŝŵĂĚĂ� d� ĂŶĚ� &ƵũŝŝͲ<ƵƌŝǇĂŵĂ� z͘� DĞƚĂďŽůŝĐ� ĂĐƚŝǀĂƚŝŽŶ� ŽĨ� ƉŽůǇĐǇĐůŝĐ� ĂƌŽŵĂƚŝĐ�

ŚǇĚƌŽĐĂƌďŽŶƐ�ƚŽ�ĐĂƌĐŝŶŽŐĞŶƐ�ďǇ�ĐǇƚŽĐŚƌŽŵĞƐ�WϰϱϬ�ϭ�ϭ�ĂŶĚ�ϭ�ϭ͘��ĂŶĐĞƌ�^Đŝ�ϵϱ͗�ϭͲϲ͕�ϮϬϬϰ͘�

ϭϭϯ͘� � � � � � � ^ŚŝƌĂŬĂďĞ� �͕� /ŬĞĚĂ� z͕� ^ĐŝĂƌƌĞƚƚĂ� ^͕� �ĂďůŽĐŬŝ� �<� ĂŶĚ� ^ĂĚŽƐŚŝŵĂ� :͘� �ŐŝŶŐ� ĂŶĚ�

�ƵƚŽƉŚĂŐǇ�ŝŶ�ƚŚĞ�,ĞĂƌƚ͘��ŝƌĐ�ZĞƐ�ϭϭϴ͗�ϭϱϲϯͲϭϱϳϲ͕�ϮϬϭϲ͘�

ϭϭϰ͘� � � � � � � ^ŝŵƵŶĞŬ� d͕� ^ƚĞƌďĂ� D͕� WŽƉĞůŽǀĂ� K͕� �ĚĂŵĐŽǀĂ� D͕� ,ƌĚŝŶĂ� Z� ĂŶĚ� 'ĞƌƐů� s͘�

�ŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͗�ŽǀĞƌǀŝĞǁ�ŽĨ�ƐƚƵĚŝĞƐ�ĞǆĂŵŝŶŝŶŐ�ƚŚĞ�ƌŽůĞƐ�ŽĨ�ŽǆŝĚĂƚŝǀĞ�

ƐƚƌĞƐƐ�ĂŶĚ�ĨƌĞĞ�ĐĞůůƵůĂƌ�ŝƌŽŶ͘�WŚĂƌŵĂĐŽů�ZĞƉ�ϲϭ͗�ϭϱϰͲϭϳϭ͕�ϮϬϬϵ͘�

ϭϭϱ͘�������^ŝŶŐĂů�W<�ĂŶĚ�/ůŝƐŬŽǀŝĐ�E͘��ŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ͘�E��ŶŐů�:�DĞĚ�ϯϯϵ͗�

ϵϬϬͲϵϬϱ͕�ϭϵϵϴ͘�

ϭϭϲ͘�������^ŝŶŐůĂ��<͕�:ŽŚŶƐŽŶ�d��ĂŶĚ�dĂǀĂŬŽůŝ��ĂƌŐĂŶŝ��͘��ǆŽƐŽŵĞ�dƌĞĂƚŵĞŶƚ��ŶŚĂŶĐĞƐ��ŶƚŝͲ

/ŶĨůĂŵŵĂƚŽƌǇ� DϮ� DĂĐƌŽƉŚĂŐĞƐ� ĂŶĚ� ZĞĚƵĐĞƐ� /ŶĨůĂŵŵĂƚŝŽŶͲ/ŶĚƵĐĞĚ� WǇƌŽƉƚŽƐŝƐ� ŝŶ�

�ŽǆŽƌƵďŝĐŝŶͲ/ŶĚƵĐĞĚ��ĂƌĚŝŽŵǇŽƉĂƚŚǇ͘��ĞůůƐ�ϴ͕�ϮϬϭϵ͘�
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Ĩ͘�

ϭϭϳ͘� � � � � � � ^ŝƐŚŝ� �:͕� >ŽŽƐ� �͕� ǀĂŶ� ZŽŽǇĞŶ� :� ĂŶĚ� �ŶŐĞůďƌĞĐŚƚ� �D͘� �ƵƚŽƉŚĂŐǇ� ƵƉƌĞŐƵůĂƚŝŽŶ�

ƉƌŽŵŽƚĞƐ�ƐƵƌǀŝǀĂů�ĂŶĚ�ĂƚƚĞŶƵĂƚĞƐ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��ŝŽĐŚĞŵ�WŚĂƌŵĂĐŽů�

ϴϱ͗�ϭϮϰͲϭϯϰ͕�ϮϬϭϯ͘�

ϭϭϴ͘�������^ƚĞƌďĂ�D͕�WŽƉĞůŽǀĂ�K͕�sĂǀƌŽǀĂ��͕�:ŝƌŬŽǀƐŬǇ��͕�<ŽǀĂƌŝŬŽǀĂ�W͕�'ĞƌƐů�s�ĂŶĚ�^ŝŵƵŶĞŬ�

d͘�KǆŝĚĂƚŝǀĞ�ƐƚƌĞƐƐ͕�ƌĞĚŽǆ�ƐŝŐŶĂůŝŶŐ͕�ĂŶĚ�ŵĞƚĂů�ĐŚĞůĂƚŝŽŶ�ŝŶ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ĂŶĚ�

ƉŚĂƌŵĂĐŽůŽŐŝĐĂů�ĐĂƌĚŝŽƉƌŽƚĞĐƚŝŽŶ͘��ŶƚŝŽǆŝĚ�ZĞĚŽǆ�^ŝŐŶĂů�ϭϴ͗�ϴϵϵͲϵϮϵ͕�ϮϬϭϯ͘�

ϭϭϵ͘� � � � � � � dĂƐĚĞŵŝƌ� �͕�DĂŝƵƌŝ�D�͕�'ĂůůƵǌǌŝ� >͕� sŝƚĂůĞ� /͕� �ũĂǀĂŚĞƌŝͲDĞƌŐŶǇ�D͕��Ζ�ŵĞůŝŽ�D͕�

�ƌŝŽůůŽ� �͕� DŽƌƐĞůůŝ� �͕� �ŚƵ� �͕� ,ĂƌƉĞƌ� &͕� EĂŶŶŵĂƌŬ� h͕� ^ĂŵĂƌĂ� �͕� WŝŶƚŽŶ� W͕� sŝĐĞŶĐŝŽ� :D͕�

�ĂƌŶƵĐĐŝŽ� Z͕�DŽůů� hD͕�DĂĚĞŽ� &͕� WĂƚĞƌůŝŶŝͲ�ƌĞĐŚŽƚ� W͕� ZŝǌǌƵƚŽ� Z͕� ^ǌĂďĂĚŬĂŝ� '͕� WŝĞƌƌŽŶ�'͕�

�ůŽŵŐƌĞŶ� <͕� dĂǀĞƌŶĂƌĂŬŝƐ� E͕� �ŽĚŽŐŶŽ� W͕� �ĞĐĐŽŶŝ� &� ĂŶĚ� <ƌŽĞŵĞƌ� '͘� ZĞŐƵůĂƚŝŽŶ� ŽĨ�

ĂƵƚŽƉŚĂŐǇ�ďǇ�ĐǇƚŽƉůĂƐŵŝĐ�Ɖϱϯ͘�EĂƚ��Ğůů��ŝŽů�ϭϬ͗�ϲϳϲͲϲϴϳ͕�ϮϬϬϴ͘�

ϭϮϬ͘�� � � � � �dĂǀĂŬŽůŝ��ĂƌŐĂŶŝ���ĂŶĚ�^ŝŶŐůĂ��<͘��ŵďƌǇŽŶŝĐ�ƐƚĞŵ�ĐĞůůͲĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ�ŝŶŚŝďŝƚ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�d>ZϰͲE>ZWϯͲŵĞĚŝĂƚĞĚ�ĐĞůů�ĚĞĂƚŚͲƉǇƌŽƉƚŽƐŝƐ͘��ŵ�:�WŚǇƐŝŽů�,ĞĂƌƚ��ŝƌĐ�

WŚǇƐŝŽů�ϯϭϳ͗�,ϰϲϬͲ,ϰϳϭ͕�ϮϬϭϵ͘�

ϭϮϭ͘� � � � � � � dŚĂǇĞƌ�t^͘� �ĚƌŝĂŵǇĐŝŶ� ƐƚŝŵƵůĂƚĞĚ� ƐƵƉĞƌŽǆŝĚĞ� ĨŽƌŵĂƚŝŽŶ� ŝŶ� ƐƵďŵŝƚŽĐŚŽŶĚƌŝĂů�

ƉĂƌƚŝĐůĞƐ͘��ŚĞŵ��ŝŽů�/ŶƚĞƌĂĐƚ�ϭϵ͗�ϮϲϱͲϮϳϴ͕�ϭϵϳϳ͘�

ϭϮϮ͘�������dŽĐĐŚĞƚƚŝ��'͕��ĂĚĞĚĚƵ��͕��ŝ�>ŝƐŝ��͕�&ĞŵŵŝŶŽ�^͕�DĂĚŽŶŶĂ�Z͕�DĞůĞ��͕�DŽŶƚĞ�/͕�EŽǀŽ�

'͕� WĞŶŶĂ� �͕� WĞƉĞ��͕� ^ƉĂůůĂƌŽƐƐĂ� W͕� sĂƌƌŝĐĐŚŝ� '͕� �ŝƚŽ� �͕� WĂŐůŝĂƌŽ� W� ĂŶĚ�DĞƌĐƵƌŽ� '͘� &ƌŽŵ�

DŽůĞĐƵůĂƌ� DĞĐŚĂŶŝƐŵƐ� ƚŽ� �ůŝŶŝĐĂů� DĂŶĂŐĞŵĞŶƚ� ŽĨ� �ŶƚŝŶĞŽƉůĂƐƚŝĐ� �ƌƵŐͲ/ŶĚƵĐĞĚ�

�ĂƌĚŝŽǀĂƐĐƵůĂƌ� dŽǆŝĐŝƚǇ͗� �� dƌĂŶƐůĂƚŝŽŶĂů� KǀĞƌǀŝĞǁ͘��ŶƚŝŽǆŝĚ� ZĞĚŽǆ� ^ŝŐŶĂů� ϯϬ͗� ϮϭϭϬͲϮϭϱϯ͕�

ϮϬϭϵ͘�

ϭϮϯ͘�������dŽŶŐ��͕�:ŝĂŶŐ��͕�tƵ�z͕�>ŝƵ�z͕�>ŝ�z͕�'ĂŽ�D͕�:ŝĂŶŐ�z͕�>ǀ�Y�ĂŶĚ�yŝĂŽ�y͘�DŝZͲϮϭ�WƌŽƚĞĐƚĞĚ�

�ĂƌĚŝŽŵǇŽĐǇƚĞƐ� ĂŐĂŝŶƐƚ� �ŽǆŽƌƵďŝĐŝŶͲ/ŶĚƵĐĞĚ� �ƉŽƉƚŽƐŝƐ� ďǇ� dĂƌŐĞƚŝŶŐ� �d'Ϯ͘� /Ŷƚ� :�DŽů� ^Đŝ�

ϭϲ͗�ϭϰϱϭϭͲϭϰϱϮϱ͕�ϮϬϭϱ͘�

ϭϮϰ͘� � � � � � � dƐĐŚĞƐĐŚŶĞƌ�,͕�DĞŝŶŚĂƌĚƚ��͕� ^ĐŚůĞŐĞů�W͕� :ƵŶŐŵĂŶŶ��͕� >ĞŚŵĂŶŶ�>,͕�DƵůůĞƌ�K:͕�

DŽƐƚ� W͕� <ĂƚƵƐ� ,�� ĂŶĚ� ZĂĂŬĞ� Wt͘� �ĂD<//� ĂĐƚŝǀĂƚŝŽŶ� ƉĂƌƚŝĐŝƉĂƚĞƐ� ŝŶ� ĚŽǆŽƌƵďŝĐŝŶ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ĂŶĚ� ŝƐ� ĂƚƚĞŶƵĂƚĞĚ� ďǇ� ŵŽĚĞƌĂƚĞ� 'ZWϳϴ� ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ͘� W>Ž^� KŶĞ� ϭϰ͗�

ĞϬϮϭϱϵϵϮ͕�ϮϬϭϵ͘�
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Ĩ͘�

ϭϮϱ͘� � � � � � � sĂĐĐŚŝͲ^Ƶǌǌŝ� �͕� �ĂƵĞƌ� z͕� �ĞƌƌŝĚŐĞ� �Z͕� �ŽŶŐŝŽǀĂŶŶŝ� ^͕� 'ĞƌƌŝƐŚ� <͕� ,ĂŵĂĚĞŚ�,<͕�

>ĞƚǌŬƵƐ�D͕�>ǇŽŶ�:͕�DŽŐŐƐ�:͕�WĂƵůĞƐ�Z^͕�WŽŐŶĂŶ�&͕�^ƚĂĞĚƚůĞƌ�&͕�sŝĚŐĞŽŶͲ,Ăƌƚ�DW͕�'ƌĞŶĞƚ�K�

ĂŶĚ� �ŽƵƚƚĞƚ� W͘� WĞƌƚƵƌďĂƚŝŽŶ� ŽĨ� ŵŝĐƌŽZE�Ɛ� ŝŶ� ƌĂƚ� ŚĞĂƌƚ� ĚƵƌŝŶŐ� ĐŚƌŽŶŝĐ� ĚŽǆŽƌƵďŝĐŝŶ�

ƚƌĞĂƚŵĞŶƚ͘�W>Ž^�KŶĞ�ϳ͗�ĞϰϬϯϵϱ͕�ϮϬϭϮ͘�

ϭϮϲ͘� � � � � � �sĂƌƌŝĐĐŚŝ�'͕��ŵĞƌŝ�W͕��ĂĚĞĚĚƵ��͕�'ŚŝŐŽ��͕�DĂĚŽŶŶĂ�Z͕�DĂƌŽŶĞ�'͕�DĞƌĐƵƌŝŽ�s͕�

DŽŶƚĞ�/͕�EŽǀŽ�'͕�WĂƌƌĞůůĂ�W͕�WŝƌŽǌǌŝ�&͕�WĞĐŽƌĂƌŽ��͕�^ƉĂůůĂƌŽƐƐĂ�W͕��ŝƚŽ��͕�DĞƌĐƵƌŽ�'͕�WĂŐůŝĂƌŽ�

W�ĂŶĚ�dŽĐĐŚĞƚƚŝ��'͘��ŶƚŝŶĞŽƉůĂƐƚŝĐ��ƌƵŐͲ/ŶĚƵĐĞĚ��ĂƌĚŝŽƚŽǆŝĐŝƚǇ͗���ZĞĚŽǆ�WĞƌƐƉĞĐƚŝǀĞ͘�&ƌŽŶƚ�

WŚǇƐŝŽů�ϵ͗�ϭϲϳ͕�ϮϬϭϴ͘�

ϭϮϳ͘� � � � � � � sĞũƉŽŶŐƐĂ� W� ĂŶĚ� zĞŚ� �d͘� WƌĞǀĞŶƚŝŽŶ� ŽĨ� ĂŶƚŚƌĂĐǇĐůŝŶĞͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͗�

ĐŚĂůůĞŶŐĞƐ�ĂŶĚ�ŽƉƉŽƌƚƵŶŝƚŝĞƐ͘�:��ŵ��Žůů��ĂƌĚŝŽů�ϲϰ͗�ϵϯϴͲϵϰϱ͕�ϮϬϭϰ͘�

ϭϮϴ͘�������tĂŶŐ�:y͕��ŚĂŶŐ�y:͕�&ĞŶŐ��͕�^ƵŶ�d͕�tĂŶŐ�<͕�tĂŶŐ�z͕��ŚŽƵ�>z�ĂŶĚ�>ŝ�W&͘�DŝĐƌŽZE�Ͳ

ϱϯϮͲϯƉ�ƌĞŐƵůĂƚĞƐ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĨŝƐƐŝŽŶ�ƚŚƌŽƵŐŚ�ƚĂƌŐĞƚŝŶŐ�ĂƉŽƉƚŽƐŝƐ�ƌĞƉƌĞƐƐŽƌ�ǁŝƚŚ�ĐĂƐƉĂƐĞ�

ƌĞĐƌƵŝƚŵĞŶƚ�ĚŽŵĂŝŶ�ŝŶ�ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϲ͗�Ğϭϲϳϳ͕�ϮϬϭϱ͘�

ϭϮϵ͘�������tĂŶŐ�W͕�tĂŶŐ�>͕�>Ƶ�:͕�,Ƶ�z͕�tĂŶŐ�Y͕�>ŝ��͕��Ăŝ�^͕�>ŝĂŶŐ�>͕�'ƵŽ�<͕�yŝĞ�:͕�tĂŶŐ�:͕�>ĂŶ�Z͕�

^ŚĞŶ�:�ĂŶĚ�>ŝƵ�W͘�^�^EϮ�ƉƌŽƚĞĐƚƐ�ĂŐĂŝŶƐƚ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽŵǇŽƉĂƚŚǇ�ǀŝĂ�ƌĞƐĐƵŝŶŐ�

ŵŝƚŽƉŚĂŐǇ�ĂŶĚ�ŝŵƉƌŽǀŝŶŐ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĨƵŶĐƚŝŽŶ͘�:�DŽů��Ğůů��ĂƌĚŝŽů�ϭϯϯ͗�ϭϮϱͲϭϯϳ͕�ϮϬϭϵ͘�

ϭϯϬ͘� � � � � � �tĂŶŐ�^͕�^ŽŶŐ�W�ĂŶĚ��ŽƵ�D,͘� /ŶŚŝďŝƚŝŽŶ�ŽĨ��DWͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�ĂůƉŚĂ�

;�DW<ĂůƉŚĂͿ� ďǇ� ĚŽǆŽƌƵďŝĐŝŶ� ĂĐĐĞŶƚƵĂƚĞƐ� ŐĞŶŽƚŽǆŝĐ� ƐƚƌĞƐƐ� ĂŶĚ� ĐĞůů� ĚĞĂƚŚ� ŝŶ� ŵŽƵƐĞ�

ĞŵďƌǇŽŶŝĐ�ĨŝďƌŽďůĂƐƚƐ�ĂŶĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͗�ƌŽůĞ�ŽĨ�Ɖϱϯ�ĂŶĚ�^/Zdϭ͘�:��ŝŽů��ŚĞŵ�Ϯϴϳ͗�ϴϬϬϭͲ

ϴϬϭϮ͕�ϮϬϭϮ͘�

ϭϯϭ͘�������tĂŶŐ�y͕�>ŝ��͕�tĂŶŐ�Y͕�>ŝ�t͕�'ƵŽ��͕��ŚĂŶŐ�y͕�^ŚĂŽ�D͕��ŚĞŶ�y͕�DĂ�>͕��ŚĂŶŐ�Y͕�tĂŶŐ�

t� ĂŶĚ� tĂŶŐ� z͘� dĂŶƐŚŝŶŽŶĞ� //�� ZĞƐƚŽƌĞƐ� �ǇŶĂŵŝĐ� �ĂůĂŶĐĞ� ŽĨ�

�ƵƚŽƉŚĂŐŽƐŽŵĞͬ�ƵƚŽůǇƐŽƐŽŵĞ� ŝŶ� �ŽǆŽƌƵďŝĐŝŶͲ/ŶĚƵĐĞĚ� �ĂƌĚŝŽƚŽǆŝĐŝƚǇ� ǀŝĂ� dĂƌŐĞƚŝŶŐ�

�ĞĐůŝŶϭͬ>�DWϭ͘��ĂŶĐĞƌƐ�;�ĂƐĞůͿ�ϭϭ͕�ϮϬϭϵ͘�

ϭϯϮ͘� � � � � � � tŽŶŐ� WD͕� &ĞŶŐ� z͕� tĂŶŐ� :͕� ^Śŝ� Z� ĂŶĚ� :ŝĂŶŐ� y͘� ZĞŐƵůĂƚŝŽŶ� ŽĨ� ĂƵƚŽƉŚĂŐǇ� ďǇ�

ĐŽŽƌĚŝŶĂƚĞĚ�ĂĐƚŝŽŶ�ŽĨ�ŵdKZ�ϭ�ĂŶĚ�ƉƌŽƚĞŝŶ�ƉŚŽƐƉŚĂƚĂƐĞ�Ϯ�͘�EĂƚ��ŽŵŵƵŶ�ϲ͗�ϴϬϰϴ͕�ϮϬϭϱ͘�
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Ĩ͘�

ϭϯϯ͘� � � � � � � yŝĂ�t� ĂŶĚ�,ŽƵ�D͘�DĞƐĞŶĐŚǇŵĂů� ƐƚĞŵ� ĐĞůůƐ� ĐŽŶĨĞƌ� ƌĞƐŝƐƚĂŶĐĞ� ƚŽ� ĚŽǆŽƌƵďŝĐŝŶͲ

ŝŶĚƵĐĞĚ� ĐĂƌĚŝĂĐ� ƐĞŶĞƐĐĞŶĐĞ� ďǇ� ŝŶŚŝďŝƚŝŶŐ� ŵŝĐƌŽZE�ͲϯϰĂ͘� KŶĐŽů� >Ğƚƚ� ϭϱ͗� ϭϬϬϯϳͲϭϬϬϰϲ͕�

ϮϬϭϴ͘�

ϭϯϰ͘� � � � � � � yƵ� y͕� �ŚĞŶ� <͕� <ŽďĂǇĂƐŚŝ� ^͕� dŝŵŵ� �� ĂŶĚ� >ŝĂŶŐ� Y͘� ZĞƐǀĞƌĂƚƌŽů� ĂƚƚĞŶƵĂƚĞƐ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞĂƚŚ� ǀŝĂ� ŝŶŚŝďŝƚŝŽŶ� ŽĨ� ƉϳϬ� ^ϲ� ŬŝŶĂƐĞ� ϭͲŵĞĚŝĂƚĞĚ�

ĂƵƚŽƉŚĂŐǇ͘�:�WŚĂƌŵĂĐŽů��ǆƉ�dŚĞƌ�ϯϰϭ͗�ϭϴϯͲϭϵϱ͕�ϮϬϭϮ͘�

ϭϯϱ͘� � � � � � � yƵ� �D͕� >ŝ� ��͕� >ŝƵ�Y>͕� >ŝ� W� ĂŶĚ�zĂŶŐ�,͘�'ŝŶƐĞŶŽƐŝĚĞ�ZŐϭ�WƌĞǀĞŶƚƐ��ŽǆŽƌƵďŝĐŝŶͲ

/ŶĚƵĐĞĚ� �ĂƌĚŝŽƚŽǆŝĐŝƚǇ� ƚŚƌŽƵŐŚ� ƚŚĞ� /ŶŚŝďŝƚŝŽŶ� ŽĨ� �ƵƚŽƉŚĂŐǇ� ĂŶĚ� �ŶĚŽƉůĂƐŵŝĐ� ZĞƚŝĐƵůƵŵ�

^ƚƌĞƐƐ�ŝŶ�DŝĐĞ͘�/Ŷƚ�:�DŽů�^Đŝ�ϭϵ͕�ϮϬϭϴ͘�

ϭϯϲ͘�������zĂŽ�z͕�yƵ�y͕��ŚĂŶŐ�'͕��ŚĂŶŐ�z͕�YŝĂŶ�t�ĂŶĚ�ZƵŝ�d͘�ZŽůĞ�ŽĨ�,D'�ϭ�ŝŶ�ĚŽǆŽƌƵďŝĐŝŶͲ

ŝŶĚƵĐĞĚ�ŵǇŽĐĂƌĚŝĂů�ĂƉŽƉƚŽƐŝƐ�ĂŶĚ�ŝƚƐ�ƌĞŐƵůĂƚŝŽŶ�ƉĂƚŚǁĂǇ͘��ĂƐŝĐ�ZĞƐ��ĂƌĚŝŽů�ϭϬϳ͗�Ϯϲϳ͕�ϮϬϭϮ͘�

ϭϯϳ͘�������zŝŶ�:͕�'ƵŽ�:͕��ŚĂŶŐ�Y͕��Ƶŝ�>͕��ŚĂŶŐ�>͕��ŚĂŶŐ�d͕��ŚĂŽ�:͕�>ŝ�:͕�DŝĚĚůĞƚŽŶ��͕��ĂƌŵŝĐŚĂĞů�

W>� ĂŶĚ� WĞŶŐ� ^͘� �ŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ŵŝƚŽƉŚĂŐǇ� ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů� ĚĂŵĂŐĞ� ŝƐ� ĂƐƐŽĐŝĂƚĞĚ�

ǁŝƚŚ�ĚǇƐƌĞŐƵůĂƚŝŽŶ�ŽĨ�ƚŚĞ�W/E<ϭͬƉĂƌŬŝŶ�ƉĂƚŚǁĂǇ͘�dŽǆŝĐŽů�/Ŷ�sŝƚƌŽ�ϱϭ͗�ϭͲϭϬ͕�ϮϬϭϴ͘�

ϭϯϴ͘� � � � � � � zŝŶ��͕� �ŚĂŽ�z͕� >ŝ�,͕�zĂŶ�D͕��ŚŽƵ�>͕��ŚĞŶ���ĂŶĚ�tĂŶŐ��t͘�ŵŝZͲϯϮϬĂ�ŵĞĚŝĂƚĞƐ�

ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ďǇ�ƚĂƌŐĞƚŝŶŐ�s�'&�ƐŝŐŶĂů�ƉĂƚŚǁĂǇ͘��ŐŝŶŐ�;�ůďĂŶǇ�EzͿ�ϴ͗�

ϭϵϮͲϮϬϳ͕�ϮϬϭϲ͘�

ϭϯϵ͘�������zŽƐŚŝĚĂ�D͕�^ŚŝŽũŝŵĂ�/͕�/ŬĞĚĂ�,�ĂŶĚ�<ŽŵƵƌŽ�/͘��ŚƌŽŶŝĐ�ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝƐ�

ŵĞĚŝĂƚĞĚ� ďǇ� ŽǆŝĚĂƚŝǀĞ� �E�� ĚĂŵĂŐĞͲ�dDͲƉϱϯͲĂƉŽƉƚŽƐŝƐ� ƉĂƚŚǁĂǇ� ĂŶĚ� ĂƚƚĞŶƵĂƚĞĚ� ďǇ�

ƉŝƚĂǀĂƐƚĂƚŝŶ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŝŶŚŝďŝƚŝŽŶ�ŽĨ�ZĂĐϭ�ĂĐƚŝǀŝƚǇ͘�:�DŽů��Ğůů��ĂƌĚŝŽů�ϰϳ͗�ϲϵϴͲϳϬϱ͕�ϮϬϬϵ͘�

ϭϰϬ͘��������ĂŵŽƌĂŶŽ�:>͕�>ĂŶĐĞůůŽƚƚŝ�W͕�ZŽĚƌŝŐƵĞǌ�DƵŶŽǌ��͕��ďŽǇĂŶƐ�s͕��ƐƚĞŐŐŝĂŶŽ�Z͕�'ĂůĚĞƌŝƐŝ�

D͕� ,Ăďŝď� '͕� >ĞŶŝŚĂŶ� �:͕� >ŝƉ� 'z͕� >ǇŽŶ� �Z͕� >ŽƉĞǌ� &ĞƌŶĂŶĚĞǌ� d͕� DŽŚƚǇ� �͕� WŝĞƉŽůŝ� D&͕�

dĂŵĂƌŐŽ� :͕� dŽƌďŝĐŬŝ� �͕� ^ƵƚĞƌ� dD͕� �ĂŵŽƌĂŶŽ� :>͕� �ďŽǇĂŶƐ� s͕� �ĐŚĞŶďĂĐŚ� ^͕� �ŐĞǁĂůů� ^͕�

�ĂĚŝŵŽŶ�>͕��ĂƌŽŶͲ�ƐƋƵŝǀŝĂƐ�'͕��ĂƵŵŐĂƌƚŶĞƌ�,͕��Ăǆ� ::͕��ƵĞŶŽ�,͕��ĂƌĞƌũ�^͕��ĞĂŶ�s͕��ƌŽů��͕�

&ŝƚǌƐŝŵŽŶƐ��͕�'ĂĞŵƉĞƌůŝ�K͕�<ŝƌĐŚŚŽĨ�W͕�<ŽůŚ�W͕� >ĂŶĐĞůůŽƚƚŝ� W͕� >ŝƉ�'z͕�EŝŚŽǇĂŶŶŽƉŽƵůŽƐ�W͕�

WŝĞƉŽůŝ�D&͕�WŽŶŝŬŽǁƐŬŝ�W͕�ZŽĨĨŝ�D͕�dŽƌďŝĐŬŝ��͕�sĂǌ��ĂƌŶĞŝƌŽ��͕�tŝŶĚĞĐŬĞƌ�^͕��ƵƚŚŽƌƐͬdĂƐŬ�

&ŽƌĐĞ� D͕� 'ƵŝĚĞůŝŶĞƐ� �^��ĨW� ĂŶĚ� �ŽĐƵŵĞŶƚ� Z͘� ϮϬϭϲ� �^�� WŽƐŝƚŝŽŶ� WĂƉĞƌ� ŽŶ� ĐĂŶĐĞƌ�

ƚƌĞĂƚŵĞŶƚƐ� ĂŶĚ� ĐĂƌĚŝŽǀĂƐĐƵůĂƌ� ƚŽǆŝĐŝƚǇ� ĚĞǀĞůŽƉĞĚ� ƵŶĚĞƌ� ƚŚĞ� ĂƵƐƉŝĐĞƐ� ŽĨ� ƚŚĞ� �^��
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Ĩ͘�

�ŽŵŵŝƚƚĞĞ� ĨŽƌ� WƌĂĐƚŝĐĞ� 'ƵŝĚĞůŝŶĞƐ͗� dŚĞ� dĂƐŬ� &ŽƌĐĞ� ĨŽƌ� ĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚƐ� ĂŶĚ�

ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ƚŽǆŝĐŝƚǇ�ŽĨ�ƚŚĞ��ƵƌŽƉĞĂŶ�^ŽĐŝĞƚǇ�ŽĨ��ĂƌĚŝŽůŽŐǇ�;�^�Ϳ͘��Ƶƌ�:�,ĞĂƌƚ�&Ăŝů�ϭϵ͗�ϵͲ

ϰϮ͕�ϮϬϭϳ͘�

ϭϰϭ͘��������ŚĂŶŐ�,͕��ŚĂŶŐ�zt͕�zĂƐƵŬĂǁĂ�d͕��ĂůůĂ�ZŽƐĂ�/͕�<ŚŝĂƚŝ�^�ĂŶĚ�WŽŵŵŝĞƌ�z͘�/ŶĐƌĞĂƐĞĚ�

ŶĞŐĂƚŝǀĞ� ƐƵƉĞƌĐŽŝůŝŶŐ� ŽĨ� ŵƚ�E�� ŝŶ� dKWϭŵƚ� ŬŶŽĐŬŽƵƚ� ŵŝĐĞ� ĂŶĚ� ƉƌĞƐĞŶĐĞ� ŽĨ�

ƚŽƉŽŝƐŽŵĞƌĂƐĞƐ�//ĂůƉŚĂ�ĂŶĚ�//ďĞƚĂ�ŝŶ�ǀĞƌƚĞďƌĂƚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂ͘�EƵĐůĞŝĐ��ĐŝĚƐ�ZĞƐ�ϰϮ͗�ϳϮϱϵͲ

ϳϮϲϳ͕�ϮϬϭϰ͘�

ϭϰϮ͘� � � � � � � �ŚĂŶŐ�Y>͕�zĂŶŐ� ::�ĂŶĚ��ŚĂŶŐ�,^͘��ĂƌǀĞĚŝůŽů� ;��ZͿ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ĐĂƌŶŽƐŝĐ�ĂĐŝĚ�

;���Ϳ� ĂƚƚĞŶƵĂƚĞƐ� ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ďǇ� ƐƵƉƉƌĞƐƐŝŶŐ� ĞǆĐĞƐƐŝǀĞ� ŽǆŝĚĂƚŝǀĞ�

ƐƚƌĞƐƐ͕�ŝŶĨůĂŵŵĂƚŝŽŶ͕�ĂƉŽƉƚŽƐŝƐ�ĂŶĚ�ĂƵƚŽƉŚĂŐǇ͘��ŝŽŵĞĚ�WŚĂƌŵĂĐŽƚŚĞƌ�ϭϬϵ͗�ϳϭͲϴϯ͕�ϮϬϭϵ͘�

ϭϰϯ͘��������ŚĂŶŐ�^͕�>ŝƵ�y͕��ĂǁĂͲ<ŚĂůĨĞ�d͕�>Ƶ�>^͕�>ǇƵ�z>͕�>ŝƵ�>&�ĂŶĚ�zĞŚ��d͘�/ĚĞŶƚŝĨŝĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�

ŵŽůĞĐƵůĂƌ�ďĂƐŝƐ�ŽĨ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�EĂƚ�DĞĚ�ϭϴ͗�ϭϲϯϵͲϭϲϰϮ͕�ϮϬϭϮ͘�

ϭϰϰ͘� � � � � � � �ŚĂŶŐ�zt͕�^Śŝ� :͕� >ŝ� z:�ĂŶĚ�tĞŝ� >͘��ĂƌĚŝŽŵǇŽĐǇƚĞ�ĚĞĂƚŚ� ŝŶ�ĚŽǆŽƌƵďŝĐŝŶͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘��ƌĐŚ�/ŵŵƵŶŽů�dŚĞƌ��ǆƉ�;tĂƌƐǌͿ�ϱϳ͗�ϰϯϱͲϰϰϱ͕�ϮϬϬϵ͘�

ϭϰϱ͘� � � � � � � �ŚĂŽ� z͕� DĐ>ĂƵŐŚůŝŶ� �͕� ZŽďŝŶƐŽŶ� �͕� ,ĂƌǀĞǇ� �W͕� ,ŽŽŬŚĂŵ� D�͕� ^ŚĂŚ� �D͕�

DĐ�ĞƌŵŽƚƚ� �:� ĂŶĚ� 'ƌŝĞǀĞ� �:͘� EŽǆϮ� E��W,� ŽǆŝĚĂƐĞ� ƉƌŽŵŽƚĞƐ� ƉĂƚŚŽůŽŐŝĐ� ĐĂƌĚŝĂĐ�

ƌĞŵŽĚĞůŝŶŐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ��ŽǆŽƌƵďŝĐŝŶ�ĐŚĞŵŽƚŚĞƌĂƉǇ͘��ĂŶĐĞƌ�ZĞƐ�ϳϬ͗�ϵϮϴϳͲϵϮϵϳ͕�ϮϬϭϬ͘�

ϭϰϲ͘��������ŚŽƵ�,&͕�zĂŶ�,͕�,Ƶ�z͕�^ƉƌŝŶŐĞƌ�>�͕�zĂŶŐ�y͕�tŝĐŬůŝŶĞ�^�͕�WĂŶ��͕�>ĂŶǌĂ�'D�ĂŶĚ�WŚĂŵ�

�d͘� &ƵŵĂŐŝůůŝŶ� ƉƌŽĚƌƵŐ� ŶĂŶŽƚŚĞƌĂƉǇ� ƐƵƉƉƌĞƐƐĞƐ�ŵĂĐƌŽƉŚĂŐĞ� ŝŶĨůĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞ� ǀŝĂ�

ĞŶĚŽƚŚĞůŝĂů�ŶŝƚƌŝĐ�ŽǆŝĚĞ͘���^�EĂŶŽ�ϴ͗�ϳϯϬϱͲϳϯϭϳ͕�ϮϬϭϰ͘�

ϭϰϳ͘��������ŚƵ�t͕�^ŽŽŶƉĂĂ�D,͕��ŚĞŶ�,͕�^ŚĞŶ�t͕�WĂǇŶĞ�ZD͕�>ŝĞĐŚƚǇ���͕��ĂůĚǁĞůů�Z>͕�^ŚŽƵ�t�

ĂŶĚ�&ŝĞůĚ�>:͘��ĐƵƚĞ�ĚŽǆŽƌƵďŝĐŝŶ�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƉϱϯͲŝŶĚƵĐĞĚ�ŝŶŚŝďŝƚŝŽŶ�ŽĨ�

ƚŚĞ�ŵĂŵŵĂůŝĂŶ�ƚĂƌŐĞƚ�ŽĨ�ƌĂƉĂŵǇĐŝŶ�ƉĂƚŚǁĂǇ͘��ŝƌĐƵůĂƚŝŽŶ�ϭϭϵ͗�ϵϵͲϭϬϲ͕�ϮϬϬϵ͘�

ϭϰϴ͘��������ŚƵ��͕�zĂŶŐ��͕�/ǇĂƐǁĂŵǇ��͕�<ƌŝƐŚŶĂŵŽŽƌƚŚŝ�^͕�^ƌĞĞŶŝǀĂƐŵƵƌƚŚǇ�^'͕�>ŝƵ�:͕�tĂŶŐ��͕�

dŽŶŐ���͕�^ŽŶŐ�:͕�>Ƶ�:͕��ŚĞƵŶŐ�<,�ĂŶĚ�>ŝ�D͘��ĂůĂŶĐŝŶŐ�ŵdKZ�^ŝŐŶĂůŝŶŐ�ĂŶĚ��ƵƚŽƉŚĂŐǇ�ŝŶ�ƚŚĞ�

dƌĞĂƚŵĞŶƚ�ŽĨ�WĂƌŬŝŶƐŽŶΖƐ��ŝƐĞĂƐĞ͘�/Ŷƚ�:�DŽů�^Đŝ�ϮϬ͕�ϮϬϭϵ͘�
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&ŝŐƵƌĞ�>ĞŐĞŶĚƐ�

�
&/'͘�ϭ͘�dŚĞ�ZK^ͲĚƌŝǀĞŶ�ŚǇƉŽƚŚĞƐŝƐ�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�;�EdͿͲŝŶĚƵĐĞĚ�ŝŶũƵƌǇ͘�

dŚĞ� ĐůĂƐƐŝĐ� ͞ZK^ͲĚƌŝǀĞŶ� ŚǇƉŽƚŚĞƐŝƐ͟� ƉŽŝŶƚƐ� ƚŽ� ƚŚĞ� ŐĞŶĞƌĂƚŝŽŶ� ŽĨ� ƌĞĂĐƚŝǀĞ� ŽǆǇŐĞŶ� ƐƉĞĐŝĞƐ�

;ZK^Ϳ�ďǇ�ƚŚĞ�ƋƵŝŶŽŶĞ�ŵŽŝĞƚǇ�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞƐ�ĂƐ�ƚŚĞ�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ��Ed�ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͘�

dŽ�ƐĞĞ�ƚŚŝƐ�ŝůůƵƐƚƌĂƚŝŽŶ�ŝŶ�ĐŽůŽƌ͕�ƚŚĞ�ƌĞĂĚĞƌ�ŝƐ�ƌĞĨĞƌƌĞĚ�ƚŽ�ƚŚĞ�ŽŶůŝŶĞ�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚŝƐ�ĂƌƚŝĐůĞ�Ăƚ�

ǁǁǁ͘ůŝĞďĞƌƚƉƵď͘ĐŽŵͬĂƌƐ͘�
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&/'͘�Ϯ͘�EĞǁ�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�;�EdͿͲŝŶĚƵĐĞĚ�ŝŶũƵƌǇ�ƚŽ�ĐĂƌĚŝĂĐ�ĐĞůůƐ͘�

�ĐĐŽƌĚŝŶŐ� ƚŽ� ƚŚĞ� ŵŽƐƚ� ǁŝĚĞůǇ� ĂĐĐĞƉƚĞĚ� ǀŝĞǁ͕� �Ed� ƚŽǆŝĐŝƚǇ� ŝƐ� ĐĂƵƐĞĚ� ďǇ� ƉŽŝƐŽŶŝŶŐ� ŽĨ�

ƚŽƉŽŝƐŽŵĞƌĂƐĞ� Ϯ� ďĞƚĂ� ;dŽƉϮͲɴͿ͕� ǁŚŝĐŚ� ůĞĂĚƐ� ƚŽ� ĂĐĐƵŵƵůĂƚŝŽŶ� ŽĨ� ĚŽƵďůĞͲƐƚƌĂŶĚĞĚ� �E��

ďƌĞĂŬƐ͘�dŚŝƐ�ƌĞƐƵůƚƐ�ŝŶ�ƚŚĞ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚŚĞ�Ɖϱϯ�ƚƵŵŽƌͲƐƵƉƉƌĞƐƐŽƌ�ƉĂƚŚǁĂǇ�ĂŶĚ�ƚŚĞ�ĞŶƐƵŝŶŐ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚǇƐĨƵŶĐƚŝŽŶ͕�ZK^�ŐĞŶĞƌĂƚŝŽŶ͕�ŝŵďĂůĂŶĐĞĚ�ƉƌŽͲƐƵƌǀŝǀĂůͬƉƌŽͲĂƉŽƉƚŽƚŝĐ�ƐŝŐŶĂůƐ�

;�ĐůϮͬ��y� ĂŶĚ� ŵdKZͿ� ĂŶĚ͕� ĨŝŶĂůůǇ͕� ƚŽ� ĐĂƌĚŝĂĐ� ĐĞůů� ĚĞĂƚŚ� ;ůĞĨƚ� ƉĂŶĞůͿ͘� �E�� ĚĂŵĂŐĞ�

ƐŝŵƵůƚĂŶĞŽƵƐůǇ� ŝŵƉĂŝƌƐ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ďŝŽŐĞŶĞƐŝƐ� ďǇ� ĂĨĨĞĐƚŝŶŐ� ƉĞƌŽǆŝƐŽŵĞͲƉƌŽůŝĨĞƌĂƚŽƌʹ

ĂĐƚŝǀĂƚĞĚ� ƌĞĐĞƉƚŽƌ� ɲ� ĐŽĂĐƚŝǀĂƚŽƌ� ϭ� ;W'�ͲϭͿ͕� ŶƵĐůĞĂƌ� ƌĞƐƉŝƌĂƚŽƌǇ� ĨĂĐƚŽƌ� ϭ� ;EZ&ϭͿ� ĂŶĚ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ĨĂĐƚŽƌ���;d&�DͿ�;ƌŝŐŚƚ�ƉĂŶĞůͿ͘�dŽ�ƐĞĞ�ƚŚŝƐ� ŝůůƵƐƚƌĂƚŝŽŶ� ŝŶ�ĐŽůŽƌ͕�

ƚŚĞ�ƌĞĂĚĞƌ�ŝƐ�ƌĞĨĞƌƌĞĚ�ƚŽ�ƚŚĞ�ŽŶůŝŶĞ�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚŝƐ�ĂƌƚŝĐůĞ�Ăƚ�ǁǁǁ͘ůŝĞďĞƌƚƉƵď͘ĐŽŵͬĂƌƐ͘�
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ĂŶĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�
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�
&/'͘ϲ͘�KǀĞƌǀŝĞǁ�ŽĨ�ĂŶƚŚƌĂĐǇĐůŝŶĞ�;�EdͿͲŝŶĚƵĐĞĚ�ĚǇƐƌĞŐƵůĂƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇ��

�ƵƚŽƉŚĂŐǇ� ĚĞƌĞŐƵůĂƚŝŽŶ� ŝƐ� Ă� ŬĞǇ� ŵĞĐŚĂŶŝƐŵ� ƵŶĚĞƌůǇŝŶŐ� �EdͲŝŶĚƵĐĞĚ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕�

ĂůƚŚŽƵŐŚ� ŝƚƐ� ďĞŶĞĨŝĐŝĂů� ǀĞƌƐƵƐ� ŵĂůĂĚĂƉƚŝǀĞ� ƌŽůĞ� ŝƐ� Ɛƚŝůů� ĐŽŶƚƌŽǀĞƌƐŝĂů͘� �ĂƌĚŝŽŵǇŽĐǇƚĞ�

ĞǆƉŽƐƵƌĞ� ƚŽ� �EdƐ� ƉĞƌƚƵƌďƐ� �DW<͕� �Ŭƚ� ĂŶĚ� ŵdKZ� ƐŝŐŶĂůŝŶŐ� ƉĂƚŚǁĂǇƐ͕� ǁŚŝĐŚ� ĂƌĞ� Ăůů�

ƵƉƐƚƌĞĂŵ� ƌĞŐƵůĂƚŽƌƐ� ŽĨ� ĂƵƚŽƉŚĂŐǇ͘� �EdƐ� ŝŶŚŝďŝƚ� ƚŚĞ� ĂƵƚŽƉŚĂŐŝĐ� ƉƌŽĐĞƐƐ� ďǇ� ĂĐƚŝǀĂƚŝŶŐ�

ŵdKZ� Žƌ� ďǇ� ďůŽĐŬŝŶŐ� �DW<͘� &ƵƌƚŚĞƌŵŽƌĞ͕� ĚŽǆŽƌƵďŝĐŝŶ� ;�ŽǆŽͿ� ĞŶŐĂŐĞƐ� W/ϯ<ɶ� ƐŝŐŶĂůŝŶŐ�

ĚŽǁŶƐƚƌĞĂŵ� ŽĨ� dŽůůͲůŝŬĞ� ƌĞĐĞƉƚŽƌ� ϵ� ;d>ZϵͿ͕� ĐŽŶǀĞƌŐŝŶŐ� ŽŶ� ŝŶŚŝďŝƚŽƌǇ� ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ� ŽĨ�

hůŬͲϭ� Ăƚ� ^Ğƌϳϱϳ� ĂŶĚ� ƉƌĞǀĞŶƚŝŶŐ� ĂƵƚŽƉŚĂŐŽƐŽŵĞ� ŝŶŝƚŝĂƚŝŽŶ͘� �ĚĚŝƚŝŽŶĂůůǇ͕� ĂĐƚŝǀĂƚĞĚ�ŵdKZ�

ƌĞƐƚƌŝĐƚƐ�d&���ŝŶ�ƚŚĞ�ĐǇƚŽƉůĂƐŵ�ĂŶĚ�ŝŶŚŝďŝƚƐ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ŽĨ�ĂƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ�ŐĞŶĞƐ͕�

ƐƵĐŚ� ĂƐ� >�DWϭ͘� �ŽŶǀĞƌƐĞůǇ͕� �ŽǆŽ� ďůŽĐŬƐ� ƚŚĞ� ĂĐƚŝǀŝƚǇ� ŽĨ� '�d�ϰ͕� ƚŚĞƌĞďǇ� ŝŶŚŝďŝƚŝŶŐ� ƚŚĞ�

ƚƌĂŶƐĐƌŝƉƚŝŽŶ� ŽĨ� ĂŶƚŝͲĂƉŽƉƚŽƚŝĐ� ƉƌŽƚĞŝŶ� �ͲĐĞůů� ůǇŵƉŚŽŵĂ� Ϯ� ;�ĐůϮͿ͕� Ă� ŶĞŐĂƚŝǀĞ� ƌĞŐƵůĂƚŽƌ� ŽĨ�

�ĞĐůŝŶͲϭ͘��Ɛ�Ă�ƌĞƐƵůƚ͕�ƚŚĞ�ĂƵƚŽƉŚĂŐǇͲƌĞůĂƚĞĚ�ŵĂƌŬĞƌ��ĞĐůŝŶͲϭ�ĂŶĚ�>�ϯͲ//�ĂƌĞ�ƵƉƌĞŐƵůĂƚĞĚ�ĂŶĚ�

ůĞĂĚ� ƚŽ� ĐĂƌĚŝŽŵǇŽĐǇƚĞ� ĚĞĂƚŚ͘� ZĞƐƚŽƌĂƚŝŽŶ� ŽĨ� '�d�ϰ� ĂƚƚĞŶƵĂƚĞƐ� �ŽǆŽ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ďǇ�

ƵƉƌĞŐƵůĂƚŝŶŐ� �ĐůϮ� ĂŶĚ� ŝŶ� ƚƵƌŶ� ŝŶŚŝďŝƚŝŶŐ� ĂƵƚŽƉŚĂŐǇ͘� dŽ� ƐĞĞ� ƚŚŝƐ� ŝůůƵƐƚƌĂƚŝŽŶ� ŝŶ� ĐŽůŽƌ͕� ƚŚĞ�

ƌĞĂĚĞƌ�ŝƐ�ƌĞĨĞƌƌĞĚ�ƚŽ�ƚŚĞ�ŽŶůŝŶĞ�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚŝƐ�ĂƌƚŝĐůĞ�Ăƚ�ǁǁǁ͘ůŝĞďĞƌƚƉƵď͘ĐŽŵͬĂƌƐ͘�
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�
&/'͘� ϳ͘� DĞĐŚĂŶŝƐŵ� ŽĨ� ĂŶƚŚƌĂĐǇĐůŝŶĞ� ;�EdͿͲŵĞĚŝĂƚĞĚ� ŵŝƚŽĐŚŽŶĚƌŝĂů� ĚĂŵĂŐĞ� ĂŶĚ� ĐĞůůƐ�

ĚĞĂƚŚ�

EŽƌŵĂůůǇ͕�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ŝƐ�ƌĞŐƵůĂƚĞĚ�ƚŚƌŽƵŐŚ�Ă�ƐĞůĞĐƚŝǀĞ�ĨŽƌŵ�ŽĨ�ĂƵƚŽƉŚĂŐǇ͕�

ŶĂŵĞůǇ� ŵŝƚŽƉŚĂŐǇ͘� hŶĚĞƌ� ƐƚƌĞƐƐ� ĐŽŶĚŝƚŝŽŶƐ͕� Wd�EͲŝŶĚƵĐĞĚ� ŬŝŶĂƐĞ� ϭ� ;W/E<ϭͿ� ĂŐŐƌĞŐĂƚĞƐ�

ĂŶĚ�ƌĞĐƌƵŝƚƐ�WĂƌŬŝŶ�ƚŽ�ƚŚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŽƵƚĞƌ�ŵĞŵďƌĂŶĞ�ŵĞĚŝĂƚŝŶŐ�ƚŚĞ�ƵďŝƋƵŝƚŝŶĂƚŝŽŶ�ŽĨ�

ŵŝƚŽĐŚŽŶĚƌŝĂů�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ƚŚĞŝƌ�ƌĞĐŽŐŶŝƚŝŽŶ�ďǇ�ƉϲϮ͕�ĐŽŶƐĞƋƵĞŶƚůǇ�ůĞĂĚŝŶŐ�ƚŽ�ƚŚĞ�ŝŶŝƚŝĂƚŝŽŶ�

ŽĨ� ŵŝƚŽƉŚĂŐǇ͘� ,ŽǁĞǀĞƌ͕� �ŽǆŽͲŝŶĚƵĐĞĚ� Ɖϱϯ� ĂĐĐƵŵƵůĂƚŝŽŶ� ŝŶŚŝďŝƚƐ� ŵŝƚŽƉŚĂŐǇ� ďǇ�

ƐƵƉƉƌĞƐƐŝŶŐ�WĂƌŬŝŶ� ƚƌĂŶƐůŽĐĂƚŝŽŶ�ĂŶĚ� ŝŶƚĞƌĂĐƚŝŽŶ�ǁŝƚŚ�^�^EϮ�ĂŶĚ�ƉϲϮ͕� ƚŚĞƌĞĨŽƌĞ� ŝŶĚƵĐŝŶŐ�

ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ĂƉŽƉƚŽƐŝƐ͘��ŽŶǀĞƌƐĞůǇ͕� ŝŶ�ŵŽĚĞůƐ�ŽĨ�ĂĐƵƚĞ� ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ� ŝŶĚƵĐĞĚ�ďǇ�ŚŝŐŚ�

ĚŽƐĞ� �EdƐ͕� �E/WϯͲŝŶĚƵĐĞĚ� ŵŝƚŽƉŚĂŐǇ� ŚĂƐ� Ă� ŵĂůĂĚĂƉƚŝǀĞ� ƌŽůĞ͘� hƉͲƌĞŐƵůĂƚŝŽŶ� ĂŶĚ�

ƚƌĂŶƐůŽĐĂƚŝŽŶ� ŽĨ� �E/Wϯ� ůĞĂĚƐ� ƚŽ� ƚŚĞ� ƉĞƌŵĞĂďŝůŝƚǇ� ƚƌĂŶƐŝƚŝŽŶ� ƉŽƌĞ� ŽƉĞŶŝŶŐ� ĂŶĚ� ŝŶĐƌĞĂƐĞĚ�

ZK^�ƉƌŽĚƵĐƚŝŽŶ͘�dŽ�ƐĞĞ�ƚŚŝƐ�ŝůůƵƐƚƌĂƚŝŽŶ�ŝŶ�ĐŽůŽƌ͕�ƚŚĞ�ƌĞĂĚĞƌ�ŝƐ�ƌĞĨĞƌƌĞĚ�ƚŽ�ƚŚĞ�ŽŶůŝŶĞ�ǀĞƌƐŝŽŶ�

ŽĨ�ƚŚŝƐ�ĂƌƚŝĐůĞ�Ăƚ�ǁǁǁ͘ůŝĞďĞƌƚƉƵď͘ĐŽŵͬĂƌƐ͘�
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dĂďůĞ�ϭ͗�ZĞůĞǀĂŶƚ�ĂŶĚ�ĞŵĞƌŐŝŶŐ�ƚŚĞƌĂƉĞƵƚŝĐ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ĐŽƵŶƚĞƌĂĐƚ��EdͲŝŶĚƵĐĞĚ�

ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ�

�ŽŵƉŽƵŶĚͬdŚĞƌĂƉĞƵƚŝĐ�

ĂƉƉƌŽĂĐŚ�

DĞĐŚĂŶŝƐŵ�ŽĨ�ĂĐƚŝŽŶ ZĞĨĞƌĞŶĐĞƐ

�

/�Z&Ͳϭϴϳ�Žƌ��ĞǆƌĂǌŽǆĂŶĞ�

;��d��ĚĞƌŝǀĂƚŝǀĞͿ�

�

/ƌŽŶ�ĐŚĞůĂƚŝŽŶ͕�ĐĂƚĂůǇƚŝĐ�ŝŶŚŝďŝƚŝŽŶ�ŽĨ�

dŽƉŽŝƐŽŵĞƌĂƐĞ�Ϯ�

�

;ϭϭϱ͕�ϴϲ͕�

ϳϮͿ��

:ZͲϯϭϭ�;�ĞǆƌĂǌŽǆĂŶĞ�

ĂŶĂůŽŐƵĞͿ�

�ĂƚĂůǇƚŝĐ�ŝŶŚŝďŝƚŝŽŶ�ŽĨ�dŽƉŽŝƐŽŵĞƌĂƐĞ�Ϯ� ;ϱϯͿ�

E^�Ϯϯϳϲϲ� ZĂĐϭ�ŝŶŚŝďŝƚŝŽŶ ;ϭϬϴͿ�

^ƚĂƚŝŶƐ�;Ğ͘Ő͘�>ŽǀĂƐƚĂƚŝŶͿ� ,D'�Ͳ�Ž��ƌĞĚƵĐƚĂƐĞ�ŝŶŚŝďŝƚŝŽŶ͕�ƉƌĞǀĞŶƚŝŽŶ�

ŽĨ�ZĂĐϭ�ƉƌĞŶǇůĂƚŝŽŶ͕�ƚƵŵŽƌ�ƐĞŶƐŝƚŝǌĂƚŝŽŶ�ƚŽ�

ĐŚĞŵŽƚŚĞƌĂƉǇ�

;ϭϬϴ͕�ϰϮ͕�

ϭϰϱͿ�

�ĚĞŶŽͲĂƐƐŽĐŝĂƚĞĚ�ǀŝƌƵƐ�

ŽǀĞƌĞǆƉƌĞƐƐŝŶŐ�'ZWϳϴ�

ĐŚĂƉĞƌŽŶĞ�

�ŵĞůŝŽƌĂƚŝŽŶ�ŽĨ�^ĂƌĐŽƉůĂƐŵŝĐ�ZĞƚŝĐƵůƵŵ�

ƐƚƌĞƐƐ�

;ϮͿ�

EŝĨĞĚŝƉŝŶĞ͕��ŵůŽĚŝƉŝŶĞ� >d���ďůŽĐŬĂĚĞ� ;ϭϵͿ�

>ĞǀŽƐŝŵĞŶĚĂŶ� ZĞƐƚŽƌĂƚŝŽŶ�ŽĨ��ĂϮн�ŚŽŵĞŽƐƚĂƐŝƐ͕�ŝŶŽƚƌŽƉŝĐ�

ǀĂƐŽĚŝůĂƚŝŽŶ͕�ĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇ�ĂŶĚ�ĂŶƚŝͲ
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