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Abstract of Dissertation

Investigating théRkole of Exosomesn Cell-cell Signaling Contributing toAirway
Disease

Exosomes are microvesicles that contain functional proteins, messenger RNAs
(mRNAs), and microRNAsRecently, intercellular communication via exosomes has
garnered attentiom contributing toboth asthma andbesity

Obesity s oftencomplicated by cenorbid conditions, yet how excess adipose
contributego endorgan dysfunctioms poorly understoadAdiposederived exosomes
are a possible direct link contributing to end organ dysfunction in addition enggst
inflammation To understand the role of exosomes in obethty first study of this
dissertatiordescribes thedevelopnent ofexosomdechniquegor exosomeseleased by
adipose tissue frombesesubjectsHerein, br aim 1,we developed techniqués
guantify, characterizend compar¢heseadiposederivedexosomedetweerobese and
leandonors Comparison of obese vs. lean visceral adipose donors detected 55
differentially-expresse@xosomamicroRNAs ( p<0. 05 ; f Quadttativdh ange O| 1.
RealTime PCR RT-PCR) confirmed downregulation of miH&48b (ratio = 0.2 [95%
confidence interval = 0.1, 0.6]) and m#269 (0.3 [0.1, 0.8]), and upregulation of miR
23b (6.2 [2.2, 17.8]) and miR429 (3.8 [1.1 to 13.4))n obese compared to lean visceral
adipose exosomes®iological pathway analysis ideified transforming growth factor
beta(TGF-b) signaling andhe canonical WntWn t -tatehir) signalingpathwayamong
the top canonical pathwapsedictedo be altered with visceral adiposityased on
projected mRNA targets for the 55 differentially expressémtoRNAs. These data show

that viscerahdipose tissushed exosomalmediators predicted to regulate key emdan
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inflammatory and fibrotic signaling pathways.aim 2, wedemonstrat¢hatobese

visceral exosomes regulate mMRNA expression of ACVR2B, an impdr&irb

receptor. Interestingly, these exosomes doggulate ACVR2B in nomsthmatic

fibroblasts and uwpegulate ACVR2B in asthmatic fibroblasts, suggesting that obese
visceralexosomes regulate airway fibroblast gene expression and that these cells respond
differently to these exosomes dependent on disease Btatenitial study allowed us to

utilize exosomal techniques for investigation of exosomal communicationimvaro

animal model for asthma. The development of this model is described in our second
study.

For the second study of thikssertationyve introduce aewanimal model for
asthmaln aim 3,usingan immunocompromised murine host, we developed a xenograft
mockl: integratinga proliferating and differentiating human asthmatic airway epithelium
with an actively remodeling rodent mesenchyme. In this model, we shothé¢hat
presence chsthmatic epithelium alone is sufficient to drive aberrant mesenchymal
remodelhg. Moreover, these xenografts permit direct assessment of exosomal
intercellular communication between the epithefiredsenchymal trophic unitfter
developing arnn vivo animal model of asthma, we can incorporate techniques developed
in the first and second study to understand intercellular communication between the

airway epithelium and mesenchyme in asthma.

Thereforefor the third studyafter establishing exosome taghues in our
laboratoryusing the human obesity modele extendedhese techniquea aim 3to the
in vivo xenograft modebf asthmaWe isolated exaomes shed fromonrasthmatic and

asthmatic human primary bronchial airway epithelial c8lsbal micrd&RNA profiling

Xiii



of these exosomeademonstratethatexosomal microRNAs dysregulated with asthma are
predicted to upregulatte TGFb si gnal i ng pathway, an i mport e
remodeling and fibrosis in asthma. We then exposed acellular xencaredtslailyfor

12 daysat a concentration of 3 pg/ntb non-asthmatic andsthmaticbronchial airway

epithelial exosomesVeand yzed gr aft s usi forgcolldgantbsre nds Tr i c
Asthmatic bronchial airway epithelial exosome exposed grafts were thinner, and had a

scarring appearance compared to-asthmatic bronchial airway epithelial exosome

grafts that appeared stiffenc thicker.

Our findings suggest thasthmatic airway epitheli@xosomesberrantly
communicatevith the underlying mesenchymeghis aberrant inteellular
communication between the epithelium and mesenchyme in asthma may lead to improper

formation ofmatrix scaffolding necessary for epithelialization of the airway epithelium
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Chapter 1: Background and Specific Aims

1.1: Obesity

1.11: Obesity Prevalence

According to theCenters foDisease Control and PreventidddC), childhood
obesity has morthan doubled in children and quadrupled in adolescents in the past 30
years. More han onethird of adults and 17 perceat youth in the United States were
obese in 201:2014. The prevalence of obégiwas higher among women (38.3 percent
for women) than amongen (34.3 percerior men), and higher among néfispanic

black and Hispanicascomparedo other racial grougs

1.1.2: Definition of Obesity

Obesity istypically defined using cut points of body mass index (BMI)
calculated as weight in kilograntisg) divided by height in meters squargrf).
However,BMI does not measure body fat directly, and the relationship between BMI and
body fat varies by sex, age, and ric®espite being the mameasure for obesity, BMI
is an incomplete measure of onegsdiometabolihealtt?. The addition of other metrics,
such as waist circumference or neck circumference, has been shiogtteteexplain
obesityrelated health risks than BMI aldife The current definition of obesity is based
on BMI for boh youth and adults, but the definitions are not directly comparable. Among
adults, set cut poiatexistbased on health risk, while among children the definition is
statistical and based on a comparison to a reference poptil&tionder to account for
variability, BMI in children is compared to seand agespecific reference valugsA
universally acceptedefinition of childhood obesity remains problematic. BMI is useful

1



for measuring rates averweightstatusn the population, but it ia poorapproxmation
of excess adiposity. BMI varies with age in children, making it more complex for

diagnosing in children versus adult, which use singleotfutalues for all age’s

1.1.3: Childhood and Adolescent Obesity

Childhood and adolescent obesity is one of the most pressing current public health
concerns. Obesity in children and adolescenéssociated with variety of adverse
health conditions, such as Typelbetes’, obstructive sleep apnea?, hypertensiof?,
dyslipidemid® metabolic syndron® and asthmia'2 The prevalence of obesity amp
United States youth was 17.0 percen2011 2014 Risk of becoming overweight during
adolescence is higher among girls than Ba@serall boys and girls ages 2 to 19 have
similar obesity rate6l6.7 percent for boys versus 17.2 percent for §frisjowever,
among ages 6 to 11 where girls' obesity rate is 17.9 percent compared to boys at 16.4
percent. Studies showthat up to 80% of overweight adolestebecome obese addfts
Due to thispersistence of the obesity phenotypdolescence is emphasized asagor
critical period for the development of obesiglated comorbiditi€§. Obesity with onset
in adolescence is more likely to persist into or exert its health effects in addithood
Obesity in adolescence is associated with increased overall mortality and increased
cardiovascular disease risk and diab€tds a populatiorbased sample of 5 to 17 year

olds, 70% of obese youth had at least one risk factor for'’€VD

1.1.4 Treatment of Obesity

The principle strategies for the treatment of overweight in children are similar to

adults: detary modification and increased physical activity with treatment goals based on



age, sex, and severity of obeSityreatment of obesity, particularly in children and
adolescentdocuseson longterm chronic disease management, including support for
families and caregivers with obese childteframily involvement is critical in th
successfulreatment of childhood obesityObesity is a longerm health problem that
needs longerm management and care, encompassing dietary management, physical
activity, pharmacological and surgical treatmefit Treatment plans need to take into

account monitoring behavioral, psychological, and social correlates of weight for success.

1.1.5 Surgical Treatment of Obesity

Surgical intervention is a successful treatment option for seadwlescent
obesity and is currently available to obese patients at multiple centers, including
Chil drends Heal t h Sndisationsid surg@ypirclside a BMII5Sn st i t ut e
kg/m? andthe presence afevere comorbidities, such alsstructivesleep apnea, type 2
diabetes, and pseudotumor cerebri or a BMD kg/nf with minor comorbiditie¥*’. An
experienced team approach is necessary for selection of appropriate candidates and for
postoperative care, including comprehensive mddica psychological evaluations.
Limited data available suggest that dietary and behavioral interventions alone rarely
achieve significant longerm success for individuals with severe obésffy Weight loss
goals and reduction of morbidity are often achieved by bariatric surgery-t8imart
mortality appears to be low, but significant complicatioasoccuf®. Surgical
intervention must be impheented by experienced, muttisciplinary teams and
presented to families with appropriate informed consent procédutarall, surgical
therapycanhelp alleviate severebesity in patients, and resudtdrastic improvement in
metabolic health, insulin resistance, and diabetes, even prior to any significant weight

3



los<3,

1.1.6: Obesityas Chronic Inflammatory Disease

Obesity isassociated with ehronic inflammatorystaté* andportends the
development of relateshetabolic diseases impacting nearly every organ system within
thebody”>?’. Previous studieBaveshown that visceral adipocytes promote sysic
inflammation by secretingystemicmediators such as interleukin (#6) tumor necrosis
factor INF)-U, and | e pt 1 Ahesemeadmiorg areosecheted isto the

2829 andcan indirectlyaffect distant orgari§ increasing the risk of type 2

circulation
diabetes, athesclerosis, aaliovascular disease, asthnaad several forms of cancer. In
addition, obesity is known to increase systef@®~b levels, which activate fibroblasts
to differentiate into myofibroblasts, increasing the release of extracellular matrix
proteins’’. Extracellular matrix protein accumulation can disrupt physiological organ

architecture, resulting in fibrotic disease such as that seen {aloamolic fatty liver

disease (NAFLDY?* and asthmd>*,

Exosomes are also a possible direct mechanism that might work in parallel with
systemic inflammationOur groupsand others demonstrated that adipoageved

exosomes contain mediators that are capable ebegah dysfunctiofr®,



1.2: Exosomal Intercellular Communication

1.2.1: Modes of Intercellular Communication

Intercellubr communication is an essenfiahctionbetween living cells wher
cellscommunicate with eaabtherto performprocessesecessary fosurvivaf”'.
Extracellularsecreted molecules coordinate the aggregation olifneg cells for sexual
mating or differentiation under certain environmewgtaditions”. In intercellular
communication, lsemicals reeased byells canalter the behavior or gene expression of
othercells These gtracellular signaling moleculesancontrolmetabolic processethe
growth of tissues, the synthesis and secretion of proteins, and the composition of

intracellular and extracellular fluitls

Cellscommunicatéy three modes: Hubcrine2) paracrine an@) endocrine
signaling(Figure 1). In autocrine signalingcells secrete hormones or chemical
messengers that bind to autocrine receptors on that same cell, leading to changes in the

cell®

. An example of autocrine signaling is ttygokine interleukial (IL-1) in

endothelial cells. IL1 is a factor secreted by endothelial cells and can bind to the same
endothelial cellsurface receptor it was produced by to suppees®thelial growt.
Paracrine signaling i®cal conmunication letween cellsn which cells produce signals
toinduce changes in nearby c&flsAn example of paracrine signalifgcommunication
throughgap junctionsvhere signaling substancesch as ions, ATRBnd metabolites
(molecules smaller thah2 kDa in size)dissolved in the cytosol may easily pass between

joinedcells®*°. Paracrine signalinglsooccuis when cells secretsignaling molecules

(such as growth factor)at diffuse locally through the extracellular fluid and target cells



that arephysicallynearby’. Endocrine signaling isitercellular commuicationat a
physicaldistance Specialize&ndocrinecells secretedrmonesnto the circulatory

system whichreach target cid at adistancé’. The response of a cell or tissue to specific
hormones is dictated by the particular receptors it possesses and by the binding of the
ligand to that receptor. Each cell typ@ndiffer in its response to the ligand due to
differences in recepts for the same ligaril In summay, thediffering modesof

intercdlular communicatiorareessentibfor physiobgical function developmentand
survival of the organisnRecently, aother mode ofommunication exosomal

intercellular communiation- hasgarnered attentioThis dissertation focusem

exosomes agnportant celicell communicataand specifically defines their role(s) in

obesity and asthma



Figure 1: Forms of I ntercellular Communication. (a) Autocrine signaling involves a
cell producing chemical messengers that bind to and activate its own cell re€efitprs

*’. (c) Paracrine signaling

Paracrine signalingccursfrom one cell taanother nearbgel
also occus through gap junctions between c@li§d) Endocrinesignalinginvolves
communicatn between cells at a distance, with chemical messengers traveling through

the bodyvia secretion of hormones from endocrine ¢élls
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1.2.2: Discovery andCharacterizationof Exosomes

Exosomegvere originally described by Pan and Johnstone over 30 years ago in
1983, but were disregarded due to their consideration as celyd@bage camsacting
to discard unwanted molecular componéits Because of this, exosomes were
discounted for the next 10 years. After denial that these microvelsalesnportant
functions, evidence emerged that exosomes were vital intercellular commuitéatérs
Exosomeswerefirst described in themmune system, however, many different cell types
arenow known to secrete exosomescluding: neural, epithelial, muscle, and stem
cells®. Exosomesire alsgresenin multiple body fluids, including blood, urine, saliva,

bronchoalveolar lavage liqui@AL ), and cerebrgpinal fluid®.

Exosomes represent a specific subtype of secreted membrane vesicles. These
microvesicles consist of a lipid bilayer membrane surrounding a small cytosol that lacks
cellular organelles such astochondria, lysosomes, endoplasmic reticulum, nucleus, and
the Golgi apparatd® The term filexosomed is used specif
vesicles that form inside intracellular multivesicular compartments and that release upon
fusion of these compartments with the plasma membtafrosome vesieks range from
30 to 100 nm in size and adentified by the presence of proteins common to most

exosomes such as the tetraspanin proteins, CD63, CD9, and"Cb81

1.2.3: Mechanism of Exosome Release

Formation and secretion of exosomes is an active process, requiring etizymes
and ATP”. Exosane formation starts with multivesicular endosomes (MVE) budding

inward to form small internal vesicles containing proteins, mMRNAsn@anbRNAs



from the cytoplasm. These internal vesicles are released as exosomes when MVE fuse
with the cell membrarid Exosomes fuse with the plasma membrane and release their
contents extracellularly. The regulatory molecules involved in the release of exosomes
were identified by Ostrowsket al, who observed that Rab27a and Rab27b were
associated with exosome secretfoitvhen they reach their destination, deteedify

the binding of specific ligands on their surfaces, exosomes target cells in one of two
ways: 1) transmembrane proteins of exosomes directly integaeith the signaling
receptors of target ceffsor 2) by fusing to the taggt delsmembrane and releasing its

contents directly into the cytoplashifmicroRNA exosomal transfeshown inFigure 2).



Figure 2: The Generation of Exosomal microRNAsand Their Export. microRNA
(miRNA) genes are transcribed into primamnicroRNAs (primicroRNA)*2. Drosha
complexes process pmicroRNAs into precursomicroRNAs (premicroRNA)*. After
export to the cytosalia exportin 5 premicroRNAs undergo further processing into
maturemicroRNAs by the Dicer comiex, andarethenpackaged into exosomaasthin
multivesicular bodi€®. These internal vesiclesereleasedctivelyas exosomes when
MVEs fusewith the cell membrari@ Exosomes fuswith the plasma membrane and
release their contents extracelluldtlyWhen released inteecipient cells, exosomal
microRNAs can functionally target mRNAs by binding to them and either inhibiting

transcription or degrading mRNA targ&t®.
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1.2.4: microRNAs andExosomalmicroRNA Communication

Exosomes contain and transport functional messenger RNAs (MRNAS); micro
RNAs (microRNAs), and proteins between &l In 2007, Létvall et al described
exosomes containing the presence of mREAdmicroRNAS®. This group showed that
MRNASs in exosomesgan betranslated into proteins in target cells, therefore transmitting
genetic informatioff. Encapsulation of mMRNAs anmicroRNAs into membrane vesicles
protects the extracellular RNAs from degradatioming transitand allowsfor the
efficient recoveryof exosomes$rom biological fluids such as plasma, urine, milk,
seminal fluid or saliva’®. Along with mRNAdeliveryinto recipient cellsexosomal
microRNAs canfunctiondly target mMRNA%y binding to them and either inhibiting

transcription or degrading mRNA targ&tgFigure 2).

microRNAs are small noicoding regulatory RNAs that bind to complementary
sequencesgantnahbkeaBéd r egi on,leddBdptieitie) o f
translational repression orcreasedarget degradation of specific mRNranscrips®.
MicroRNAs encompass an essential component in the complex regulatory networks
controlling a wide array of cellular processes, including the timing of developmental
process, cell proliferation/differentiation, apoptosis, organ development, and immune
regulatiori®®. In diverse human diseases, certaicroRNAs are aerranly expressed,
suggeting thatmicroRNAs can béiomarkers for disease development and paknt
targes for therapy®. microRNA processing starts witianscription ofmicroRNA genes
into primarymicroRNA (pri-microRNAs), and then processed by the Drosha complex to

)42

form precursomicroRNAs (premicroRNAs)™. These prenicroRNAs are then exported

into the cytoplasm by thexportin 5 complex, where they undergo digestion by the Dicer

11
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complex to become matuneicroRNAs*’. Some naturemicroRNAs are then sorted into

exosomegshown inFigure 2).

Packaging omicroRNAs into exosomes is a selective process, asitb®RNA
profiles in exosomes do natwaysmatch themicroRNA profiles observed in parental
cell*". There are four known methods of sortmgroRNAs into exosomes: 1) the
neural spingomyelinase 2 (nSmase@®pendent pathw&y 2) themicroRNA motif and
sumoylated heterogeneous nuclear ribonucleoproteins (hnRi¥Pshdent patvay”®, 3)
the d e n d nudroRNAsequencalependent pathwawh er e t he 3 06end of
microRNA sequence contains a critical sorting sighalnd 4) thenicroRNA-induced
silencing complex (miRISGlelated pathway when mat microRNAs can interact with
assembly proteins to form a complex called the miRISC, includingitRNA,
GW182, andArgonaute RISC Catalytic Componen{A2G02). The AGO2 proteins in
humans play an important role in mediatm&NA: microRNA formation,and the
consequent translational repression or degradation of the mMRNA méftetulummary,
exosomes somicroRNAs either basedn specific sequences present in certain
microRNAs or in amicroRNA-independent fashion wheresigsecificenzymes or other

proteins may control the sorting process.

Exosomalintercellular communication hd®en implicatedh multiple diseases
such aseurological diseade cancet’, asthmé®, and obesit{. In this dissertationye
focuson exosomaintercellular comranicationin asthma and a@sity, specifically

related toexosomakontributiors to fibrotic airway disease in asthma.
1.25: AdiposederivedExosomal Contributions to ObesityComorbidities
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A previous studylemonstrated that obeadiposederivedexosomegan
contribute to the development of insulin resistance via activation of adipsisient
macrophages and secretion of{qarflammatory cytokines that result in insulin
resistanc€. Adipocyte-derived exosomes are linked to lipid metabolism and opesit
related insulin resistance. Insulin sensitivity can be promoted in adipocytes through
interactions with peritoneal macrophages. Large numbers of these cells infiltrate into
adipose tissue in obese individuals and provoke systemic inflammation and insulin
resistancé. Exosomeshedfrom adipose tissue play a major role in this process.
Monocytes take up exosomes from obese adipose tissue, edmttien differentiate into
activated macrophag@sin a recent studyyur research group shodthat exosomes
from obese individual s6 viscer al-alelbliicpose ti s
fatty liver disease in the livdy activating the TGHB  p a t°Heaeyadiposderived
exosomal microRNAsnay increas¢he expression of proteins that inhibit extracellular
matrix degradation, resulting in accumulation of extracellular mangdisrupting liver

architecturée®,

1.2.6. AdiposederivedExosomeCharacterizationin Obesity

Exosomes may benportant intercellular communicators contributing to obesity,
andobesityrelated comorbiditiesand asthmaro investigate exosomal intercellular
communicatiorin asthmawefirst develogd and optimizetechniques to isolate,
guariify, and characterize exosomesing readily available homogeneous adipose tissue
from subjectaindergoing bariatric surgerywhile devebping these techniques, we
discovered a possible mechanismwidyich obeseadiposederivedexosomes may be

capable oflirectly promoting enebrgan disease and contrimg to obesityrelated

13



comorbilities such as asthrffaThe investigation oddiposederivedexosomes iglso
importantto understanding the link betweebesity and asthma, both global epidemics

increasing rapidly in prevalence.
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1.3: Asthma

1.3.1: AsthmaPrevalence

Asthma is a chronic inflammatory disease of the airways. In the United States,
asthma affects more than 22 million persons and is one of thecorostonchronic
diseases of childhood, affectiBgmillion childrerf®. The economic burden of asthma in
the United States in 2007 was $56 billigrandpatients with uncontrolled, severe asthma
incur up to 3 times greater asthumaated costs than those with controlled, severe
diseas€’. Peoplewith asthma have more than7000 hospitalizations annudlfy Racial
and ethnic disparities exist asthma incidence ratesith disproportionally highmpact

on African American and Puerto Rican populati6ns

1.3.2: Etiology of Asthma

Asthma involves a complex interaction of airflow obstruction, bronchial hyper
responsiveness, and underlying inflammafiofihis interaction can be variable among
andwithin patients over time. The interactions of these features determine the clinical
manifestations and senty of asthma, along with the response to treatment.
Immunohistopathologic features of asthma include inflammatory cell infiltration of
neutrophils, eosinophils, lymphocytesidmast cell activatioimto the airwaysand
epithelial cell injury®. Airway inflammation contributes to airway hyperresponsiveness,
airflow limitation, respiratory symptoms, and elisse chronicity. Airway remodeling is
also a major characteristic of chronic asthma, resulting in pembatterations to the
airway structure comprised of stlasement fibrosis, mucus hypersecretion, injury to the

epithelial cells, smooth muscle hypertrophy, and angiogefieBiis permanent change
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to the airway structure cannot be preventebyully responsive tocurrently available
treatment&. Therefore, the paradigm of asthma has expanded from bronchospasm and

airway inflammation to includdysfunctionalairway remodeling in patierfts

1.3.3: Medications for Asthma

Medications for asthma are categorized into two general classes: d¢tang
control medications used to achieve and maintain conteéisistentasthma, and 2)
quick-relief medications used to treat acute symptoms and exacerbatiExesmpes of
long-term control medications are corticosteroids that blockghtese reaction to the
allergen, reduce airway hyperresponsiveness, and inhibit inflammatory cell migration and
activation. Inhaled corticosteroids (ICS) are used in the-teng contol of asthma.
Short courses of oral systemic corticosteroids are often used to gain prompt control of the
disease when initiating lorgrm therap{. Lastly, long term systemic corticosteroids
are used for severe persistent astfin@uickrelief medications include anticholinergics,
which inhibit muscarinic cholinergic receptors and reduce intrinsic vagal tone of the
airway °. ShortActing BetaAgonists(SABAS) such as albuterol are also quieiievers

that relax smooth muscle and are the therapy of choice for relief of acute syfiptoms

1.3.4: Heterogeneous Asthma Phenotypes

Although asthma is linked with various pathobiological procesgesdity
biomarkers do not exist for asthffiéSpecific phenotypes andlsgroups of asthma
remainpoorly defined due to the lack of biomarkefhie best approach tonderstanding
asthma pathobiology is through phenatgp A phenotype is grouping of

characteristics of an organism which result from the interaction of genes with the
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environmen’. Phenotypes in asthma are related to clinical/physiologic characteristics,
triggering factors, and inftamatory components Recently in asthma, phenotypes are
moving towards endotypes, defohas a subgrouping of disease associated with distinct

functional or pathalgic mechanisnfé®?.

Asthma is a heterogeneous disease with diffarederlying processes. Asthma
phenotypes consist of recognizable clusters of demographic, clinical, and/or
pathophysiological characteristié€®. Thesephenotypes include: 1) Allergic asthma,
which commences in childhood and is associated with a past and/or a family history of
allergic disease such as eczema, allergic rhinitis, or food or drug allergy. This type of
asthma is characterized by eosinophdiiwvay inflammation and responds well to ICS
treatmerft*® 2) Nonallergic asthma is prelent in adults and is not associated with an
allergy. The cellular profile of the sputum may be neutrophilic, eosinophilic, or contain
only a few inflammatory cells. This phenotype cluster is less responsive ¥6*CH
Late-onset asthma is particularly present in women in adult life. For these patients, the
first time they present with asthnsin adulthood. These patients tend to be-non
allergenic and require high doses of ICS or are refractory to corticosteroid tré&ffhent
4) Asthma with airflow limitation: this phenotype consists of some patients with long
standing asthma who develop fixed airflow limitation that is thought to be due to airway
remodelin§*®. Treatment of this particular type of asthma is diffiouith the standard
treatment usingCS failing to reverse lung function decline duarteversiblealterations

&"88 Current therapies such as ICS reduce airway inflamnftioat

in the airway
available therapiedo notexist to prevent or reverse airway remodeligy Asthma with

obesity: some obese patients with asthma have prominent respiratory symptoms and little

17



eosinophilic airway inflammation. Within éasthma with desityphenotype, there are
two sultypes: 1) earhonset obese asthmaot developed following obesity, but rather
complicated by obesifyand 2) lateonset obese asthma, whigdeveloped following
obesity®. Treatment of asthma in obese individuals is challenging, since obesity is
associated with poor response to standard tesstmedications such as I€Due to
the complexity of obese asthmatics, treatment is nosizeefits alf®. Therefore, a
personalized treatment is necessary for successful treatment of obese asthmatics
comprising pharmacological and npharmacological treatments such asght loss

exercise, and dienterventiors™.

The dstinct phenotypes of asthma are still under investigation for development of
treatments for specific phenotypes. Currently, no therapissfor the phenotypes
driven by dysfunctionairway remodeliny. This dissertatiofiocuses on asthma
specifically relating tairway remodelingProgress toward developing effective
treatments foairway remodeling irmsthma has been limited by the inadequacy of
existing preclinical animal models of asthfhaJsing xenograft techniques in this
dissertation, we have established a new animal model of asthma, with replication of many
features of human asthma. This unique model of asthma iswdl fordevelopment of
therapies for airway remodelingspeciallywith regard tgpersonalizing therapies for
predicting individual responses to drug@bis xenograft model focuses on the central role
of the airway epitheliunm promoting underlying remodeling changes in the lung,

contributing toasthma development.

1.3.5: The Central Role of the Airway Epithelium in Asthma Development

18



The airway epithelium forms the interface between the external environment and
the lung parenchyma. In addition to barrier function, the airway epithelium plays an
important role in the matenance of lung homeostdsispecificallyby interacting with
the innate and adaptive immune syst¥raad through crostalk with the underlying
mesenchym&®. Due to the complexjtof the airwaywhich consist®f multiple
interacting cell types, the development of an adequate human model to understand the
role of the airway epithelium in lung homeostasis and the pathology of obstructive lung
disease has been difficult. Thus many chronic inflammatory lung diseases the
contribution of specific cells and tissues (epithelial, immune, and connective) to aberrant

remodeling and fibrosis has been difficult to define.

Recurrent exposure of the airway epithelium to pathogens and akeadead
to repeated cycles of injury and repéair.asthmait is known that many of these repair
processes are defective including reducedaslladhesion proteins involved in barrier
functior?’, asynchrony in mitotic cell divisidf andincreased production of
inflammatory mediators and growth factors such as transforming growth factek beta

(TGF-b Y*1%2
1.3.6: Transforming Growth Factor Beta Signaling Pathway

In asthma, sensitized epithelia cells release profibrotic mediators, such ds TGF
TGFb sti mul ates fibroblasts and myofibrobl ast
glycoproteins that induce airwalyickening® TGFb i s a main profibroti
contributing to airway remodeling with subsequent structural airway changes, including
subepithelial fibrosis, deposition of extracellular matrix protgoblet cell hyperplasia,

hypersecretion of mucus, smooth muscle hypertrophy, and epithelial ddth&geGF~
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b is produced by numerous cell types includi
macrophages, and fibroblasts. This gtoféctor plays an important role in the

development of severe asthma, resulting in poor treatment resputisereased
morbidity and mortality. The TGB s uper family of | igands are n
implicated in various biological processeshiitthe airways including alveolarization,

epithelial, endothelial function, immune cell differentiation, and prolifer&tfofihe

TGF-b superfamilyconsiss of more than 33 members includingGFb, bone

morphogenetic proteins (BMP), growth and differentiation factors (GDFs), activins, and

inhibins. TheTGF-b superfamily in humans demonstrates three mammalian isoforms

(TGFb 12, and 3) that share @0% homology and share similarities in commorn cel
surfacereceptors and cellular targEts The three isoforms each have important roles in

the regulation of inflammation, cell growth, and differentiat?éf3°°.
1.3.7: TGF-b 1Signaling

TGFb 1s the ubiquitous prototype of this family and is the most prevalent in
mammalian tissué¥. Airway epihelia is a major site SFGF-b ZExpressioh ™ TG~
b 1s produced as an inactive latent complex made Uggt@fcy associated peptideAP)
and latenfTGFb-binding protein (LTBP)TGFb 1s targeted to the extracellular matrix
(ECM)™** Maturation of inactive complexes depends on the dissociation of covalent
bonds that in turn rely on pH changes enabling binding to the cell surface rece@ters.
b Tctivation requires further binding af(n) integrin to a sequence in its pcwmairt®”.
TGFb Eignal transduction occurs through Srusendent or independent pathways
(Figure 3). TGFb type | and Il receptors are transmembrane serine/threonine kinases

(e.g. activin receptelike kinase 5 (ALK5)) thastimulate a cascade of intracytoplasmic
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intermediates termed Smads, which facilitate signaling. Active@&eb Yeceptors lead
to phosphorylation of Smad proteins thatturn, are transcription factothatregulae
gene expression. Smads 2 and 3 form complexes wiHBn@ad (Smad4) and translocate
into the nucleus. In a negative feedback loop, inhibitory Smad (Smadidged by

Smad3blocks TGFb signaling by type 1 receptor binding.
1.3.8: TGF-bd solefh Promoting Airway Remodeling in Athma

IncreasedGFb Xignaling hasbeen reported in the bronchial biopsies of
asthmatic subjects®. Smad3 signaling is requirédr myofibroblast accumulatiora
component of airway remodelitg TGFb ffects subepithelial fibross by increasing
deposition of ECM such as type | and Il collagen, fibronectin, and proteoglycans, along
with inducing fibroblast differentiation to myofibroblaSts TGFb mediated
proliferation of collagen, fibronectin, serum and plateletived growth factor all play a
role in leading to stiffer airways and greafiged airflow obstruction seen in severe
asthm&®. During the induction ofibrosis, TGF-b Jromotes target genes including
connectivetissue growth factor (CTGFa-smooth muscle acti@-SMA), collagen, and
plasminogen activator inhibitd*?° TGFb 2s also another important isoform that is
expressed by eosinophils and is the predominant form in severe allergic asthma, where
TGFb Promotes profibrotic responses arahtributes to airway remodelitfg 2
TGFb isimplicated in epitheliamesenchymal transition (EM*J, acontroversial
mechanism in asthma. Current studies demonstrate that airway epithelial cells isolated
from asthmatic lungs undergo EMT up®&F~b Stimulatiodt?®'?”. Whether EMT

actudly occurs in asthma is still under investigatias, described the next section.
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Figure 3: TGF-b ISignal Transduction. TGFb 1Is produced as an inactive latent
complex made up of LAP and latéeRGFb-binding protein (LTBP)TGFb ZHctivation
requiresfurther binding ofa (n) integrin to a sequence in its pgomain. TGFb Xignal
transduction occurs through Smdependent or independent pathwayGFb type | and

Il receptors are transmembrane serine/threonine kinases that stimulate a cascade of
intracytoplasmic intermediates termeih&ls ActivatedTGFb Xecepors phosphorylate
Smad proteins thain turn, are transcription factors regulating generesgion. Smads 2
and 3 form complexes with €d@mad (Smad4) and translocate into the nucleus. In a
negativefeedback loop, inhibitory Smadidocks TGFb signaling by type 1 receptor

binding.
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1.3.9: Epithelial Mesenchymal Transition

Currently, themechanism of mesenchymatpansion in asthma is unknown.
However, the abnormal response of epithali@senchymal trophic unit to environmental
challenges may play a central role in the airway pathology and physiology in &stfana
EMT!#1% Dysregulated EMT has been linked to tumor metastasis and progression, and
it is recognized to be observed in response to strassfim the kidney™, liver**, and

lung*®***3 Whether EMT occurs in the airway epithelium and in asthma is unknown.

EMT is the tranglifferentiation of @ithelial cells into motile mesenchymal cells
and is integral in development, wound hieglistem cell behavior, anckaown
contributor to fibrosisEpithelial cells show apicdlasal polarity, adhere and
communicate with each other through specializégrollular junctions, and are
positioned on a basement membrane that helps to definduhetion**. Key events of
EMT include the dissolution of thepithelial celfcell junctions loss of apicabasal
polarity, reorganization of the cytoskeletal architecture, changes in cell shape, down
regulation of an epithelial gene expression signgexamples: loss of epithelial
cadherin (Ecadherin) anaccludinl1), and activation of genes that help to define the
mesenchyal phenotypéexamples: vimentin, fibronectin, amdSMA)'*®. Epithelial
cells undergoing EMThave increased cell @rusions and maotility, anthe ability to
degrade extracellular matrix (ECM) proteins to enable invasive behavior. In[EMT,
cadherinis cleaved at the plasma membe and subsequently degradad examplef
destabilization of adheren junctions essential for epithelial integrity and barrier
function)*®. Increased GRb landTGFRb Zxpressiorareassociated with EMT

event$®*. In response t§GFb signaling, Smadomplexes activate exmsion and

23



increase the activity of EMT transcription factdBsnad can directly activate the
expression of some mesenchymal genes (example: vimentin and fibrdffe@inling
EMT, epithelial growth facto(EGF)also induces endocytosis ofdadherin, which leads

to the reduction in Eadherin levels in epithelial celf&"°,

TGFb InducesEMT in experimental animal fibrosis models @ndhuman
alveolar epithelium. The phosphorylation oh&®/3 is essential fanductionof
EMT%1%2 Few studies demonstraEMT in airway epithelium. Ward and colleagues
suggest EMT occurs in the small airwayslifically-stable lung transplarifS. Hackett
et al provide the first evidence that human primary airway epithelial iceligro
undergo EMT in response TGF-b ¥° However, Hackett and colleagues found that
staining of patientmatched airway sectior® not express EMT markers, suchaas
SMA and vimentin in the asthmatic airway epitheliurherefore, EMT is still unde
controversy as to whether it occurs in the airway epitheiiuwvo, andif EMT
contributes to airway remodeling in asthfiawingless/Intgrasel signaling (Wnt
signaling pathway) is also another pathway implicated in EMd d/sfunctional Wnt

signalingis known to promotdibrosis->.
1.3.10: Wingless/Integrasel Signaling

Wingless/Integrasé signaling (Wnt signaling pathway) is a complex signaling
pathwaycomprised of a family of secreted cystenngh lipid-modified glycoproteins
known as WNT ligand§®. The WNT ligands signal through membrane bogridzled
(FZD) receptors, lowdensity lipoprotein receptor related prot&its, and a few typical
tyrosire kinases, includig Receptoilike Tyrosine Kinas€RYK), Prokin Tyrosine

Kinase6 and7 (PTK6 and7), andReceptor Tyrosine Kinadeke Orphan Receptor 2
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(ROR2. Classified into &atenin betdl (b-catenir)-dependent canonical abecatenin
independent neoanonical brary, Wnt signaling is critical during embryonic

development and plays a key role in maintenance ofrpasi tissue homeostakis*.

WNT-5A is critical in proper lung development, whereas WRB controls the
proliferation of the epithelium in developing luf$/sand is required fothe
mesenchymal differentiation program governing airwag @ascular smooth muscle
development in the lun§€. Aberrant Wnt signalingesults infibroproliferative,
malignant, and inflammatory disord&fsandis implicatedin pulmonary fibrosi¥®°.
TGFb and Wnt signaling interact at multiple levgi$aying crucial rolsin fibrotic
disorder$®®. b-cateninis required forTGFb-induced extracellular matrix expression in
airway smooth muscle celfé& Wnt andTGFb alsocooperate to regulate gene
expression chayes during EMT. Destabilization of adhesgunctions in response to
TGF-b enabled-catenin to accumulate in the nucleus and feed into canonical Wnt
signaling>Because of Wntoés wide and complex rol es

related to fibrosiss important in developing therapies for fibrotic disease
1.3.11: Fibrosis in the Lung

Fibrosis is prevalent in a number of chronic diseases such as idiopathic pulmonary
fibrosis (IPF}** asthm&®, and chronic obstructive pulmonary disease (COBD)
Following lung injury, a wound healing response facilitates a rapid restoration of the
epithelial cell barrier by promoting deposition of a provisional ECM layer at the site of
injury. This matrix encourages migration of myofibroblastsamg the new basal layer,
which is used by the epithelial cells to create an intact epithelial layer and regenerate the

area of damaged lufi. Tissue repair following exposure to an injurious insult is an
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essentiahomeostatic mechanismolever, fibrosisanoccurdue to dysregulation of
this normal repair response or excessive wound healing. Dysregulated or excessive
wound healingvokesexcessive accumulation of extracellular matrix components such

as collagen and fibronectit

Clinically significant fibrosis occurs within two compartments of the lungs,
namely the airway wall and the alveolar interstitium. Pathogenesis of fibrosis is not well
understood, and no single unifying mechanism exphlirtypes of fibrosis in the lung.

The current paradigm for fibrogenesis in the lungs includes repeated subclinical injury
resulting in epithelial damage with subsequent destruction of the ahcaqdliary
basement membrane. The failure to repair the subsequent destruction of theiepithel
results in excess collagen deposition and fibrosis. A key feature in the development of
fibrosis may be due to factors influeng epithelial cell proliferatioror inhibition of
epithelial repair, along with aberrant epitheliaésenchymal crosslk™’. Release of
fibrogenic growth factordike TGFb }, andactivation ofsignaling pathways such as
TGFb andWnt signaling pathways are known contributors to fibrosis in astinieGF

b is considered to be the key mediatodefective epithelial repair and fibroblast
proliferation processes fundamental to the development of airway remotféling
Currently,in vivoanimal models do not exist to investigate how the airway epithelium

promotes lung fibrosis, ctributing to airway remodeling in asthma.
1.3.12: Current Models of Asthma

A careful examination of the data connecting airway epithelial abnormalities to
asthmatic airway remodeling supports a causative relationship between abnormal

epithelial regenerative processes and fibrosis in allergic animal models of asthma using
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ovalbumh sensitizatiofr®'®°. However, human studies with truly diseased cells and
tissues have been limiteditovitro datd®*'% Further, animal models for asthma involve
immune advation thatobscurs direct examination of the epithekalesenchymal

trophic unit, thought to be critical for asthmatic airway remodéftgo directly and
adequately study the epithehalesenchymal trophic unit and its role in airway

remodeling in asthma requires ianvivo airway system of: 1) human diseased airway
epithelium, 2)areactive mesenchyme, and 3) the absence of a functional immune system.
Although attempts have been madéiiamanize animal lung$® no current abima

model meets all three of these requirements. The inadequacy of current animal models for
asthma and other respiratory diseaseamgjor factor in the failure of promising drug
candidates to translate from animal models to huffians fact, the cumulative

probability of a new respiratory drug reaching the marketplace is less than half that for

drugs targeting diseases in other organ sysf8ms

For thesecond study of this dissertatiome describe # development of an
animal model for asthmia human asthmatic airway epithelial xenograft sysf#mse
xenografts integrate a proliferating and differentiating human asthmatic airway
epithelium with a reactive rodent mesenchyme in an immunocompromis@&uenhost.
We show in this model, that asthmatic epithelium alone is sufficient to drive aberrant

mesenchymal remodeling

This modelprovides an experimental system to study intercellular communication
between the epithelium and mesenchyme that mayibotérto airway remodelm
(outlined in the third study of this dissertatioWje hypothesize that exosomal signaling

from asthmatic airway epithelium to the mesenchyme could contribute to fibrotic
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development in the underlying mesenchyme, contributiragrteay remodeling in
asthmaTo test this hypothesisve investigate intercellular communicationour in vivo
xenograft modelo determine if mediators secreted from airway epithelium promote

fibrotic changes in the underlying mesenchyme.

In order tofully investigate exosomal communication, we established techniques
using an adipose tissue ma@eudy 1) Investigation of adiposessue derived exosomes
from obese subjecfwovided useful information oa mechanism by whicxosomes

may contributeco-morbidities of obesity such as asthma
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1.4: TheRelationship of Obesity and Asthma

1.4.1: Public Health Epidemics

Obesity and asthma are both major public health epidemics in the United States,
with the increase in obesity paralleling an increaseadrirtbidence of asthm®*®’. Both
of the epidemics are poorly investigated and #imesinclear in their relationship to each
other. Obese asthmatics comprise one of the main phenotypes of asthmaisistohgy
the International Panel of Experts in 2014 Global Initiative for Asthma Guid&fhes
Preexisting obesity is a risk factor for developing asthma in both atopic andtapit

individuals.

Two types of asthma are prevalent in obese subjects, distinguished by age of onset
and clinical presentation. The first type is earhset asthma in obese, which presents
before the age of 12 years old withsexpreference and is characterized by sdyere
decreased pulmonary functiasignificant airway hyperresponsiveness, and poor asthma
controf®®. This type of asthma is atopic with increased serum immunoglobin E (IgE) and
airway inflammation is eosbphilic. The second type, in contrast, is obesedatet
asthmatics, which become symptomatic after the age of 12 and are predominantly
females without atopic characteristits These obese asthmatiwsve the poorest
response to standard asthma thet&piiormones such as leptin and adiponeati
implicated in asthma development as a result of od&%itycreased levels of leptare
associated with severity of exerciseluced bronchoconstrictioff, higher prevalence of
asthma in preoubertal boys™", as well as periand posipubertal girld’% Decreased

levels of adiponectin, an aftifammatory hormone that is low in obese populatibhs
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may also account for the higher prevalence of asthma in obese sibjétts
Adiponectin inhibis pro-inflammatory cytokines such as ThNFandinterleukin 16 (IL)-

16)"* whichareimplicated in asthm&>!"™.

1.4.2: Treatment of Obes@sthmatics

Management of asthma coexisting with obesity is more difficult and less effective
than asthmananagemerin normatweight ashmatics®. The reasonfor these treatment
effectsare unclear. Bwever, it is thought that obesitgsults in more sevessthma
symptons suchaswheezing and shortness of bredtle toobesitydependent changes on
lung mechanical properties (increased work of breathing) and altered responses to asthma
medications. Obesasthmatics also experience attenuated clinical response ¥{d1€s
The possible role of inflammatory cytokines, mediators, and hormmagexplain this
resistance to medications. Asthimedated outomes in obese asthmatics amgroved
with weightloss therefore weight loss should be an important intervention in the
treatment of obese asthmatiéslipocyte-derived exosomes may be a signaling
interference to the lung, making treatment difficult without welgb$ and therefore

alteration of adipocytélerived exosomal signaling

1.4.3 Exosomnal Contributions to Asthma

Recent studiedemonstrat¢hat exosomes frooronchoalveolatavage fluid
(BALF) of patients with asthma differ in phenotype and funcisaomparedo those
from healthy subjecf& In lung epithelial cells, exosomes induce cysteinyl leukotriene
andinterleukin 18 (IL)-18) release, an effect that was shown to be significantly higher in

asthmatic patients compartshealthy control subject In addition, a study
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demonstrate the dysreguléion of exosomaimicroRNAs in exosomes from BALF due to
asthmd®. This study revealed that these differentially altered exosonitabRNAS in
asthmaegulatedcytokines important in the development of asthma suchtedeukin

13 ((IL)-13). The let7 family*** was also among the most prominericroRNAs driving

the separation between the asthmatic and healthy control subjects, along with-the miR

200 family (involved in EMT and implicated in airway rembdg)*®>
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1.5: Significanceand Specific Aims

Exosomes are important intercellular communicators contributing to obesity,
obesityrelated comorbidities, and asthma. To investigate exosoteatellular
communicationwefirst develoged and optimizetechniques to isolate, quiiy, and
characterize exosomesing readily available homogeneous adipose tissue from subjects
undergoing bariatric surgerwhile devebping these techniques, wescovered a
possible mechanism by which obeskposederivedexosomes may be capable of
directly promoting enebrgan disease and contrimg to obesityrelated comorldlities
such as asthma. The investigatioradiposederived exosomes is also importamt t
understanding the link between obesity and asthma, both global epidemics increasing

rapidly in prevalence.

Our xenograft model is the firgt vivosystem to decipher possible mediators
between the epithelium and mesenchyme, contributing to airway edimgpd A study by

Swartz,et al*®®

utilized a model of compressive stress on airway epithelial cells that
includeda layerof reporter fibroblasts at the base of the transwell used feLiguid
Interface (ALI) culture. In thign vitro model, the reporter cells were bathed in culture
medium condioned by epithelial cells in ALI culture that had been mechanically
stressed. This model demonstrates that mechanical stress on the epithelial cells in ALI
culture was associated with the release of fphidse signals/mediators contributing to

the proliferation of reporter fibroblasts and the production of collagen type | and 1l from
these cells (a feature of fibrosis and airway remodeling in asthma). This study indicates

that airway remodeling is inducédvitro with the absence of inflammatory cells and is

induced by mediators present in conditioned media from stressed/injured airway
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epithelial cells. To daten vitro studies only exist demonstrating airway epithelial cell
mediators promoting fibrosis and airmamodeling in the mesenchyme. Our laboratory
suggestshat intercellular communicationa exosomes are the mediators resulting in
fibrotic changes in the underlying mesenchymducing airway remodeling and

underlying matrix deposition in asthma.

We testedthis hypothesisvith the following aims bylevelopingexosomal
techniquegStudy 1) developing arnn vivo xenograft model for human airwagStudy
2), and then utilizing this model to elucidate a possible mechanism via exosomal
intercellular communiation between the epithelium and mesenchyme contributing to

airway fibrosis and remodelintudy 3). These aims are outlined below:

1.5.1:Aim 1 (Study 1)- Develop techniques to isolate, characterize, and quantify

adipocyte exosomes shed from oberd Eanex vivoadipose tissue cultures.

Rationale:Recently, extracellulasommunication vi®@xosoms has garnered
attention as an importantethodof intercellular communication. Exosomes are
actively shed endocytic vesicles that contain and transport functional mMRNAs,
microRNAs, and proteins between cells, both in the microenvironment and over
larger distances within the bad§'®°>. Exosomal RNAs are functional and may
influence the phenotgs of the recipient c&fi Exosomes play an important role
in intercellular communication thabuld directlycontributeto the pathogenesis

of diseasesuch as asthma and obesity.

HypothesisWe hypothesize that visceral obese adipocytes shed exosomes that

contain mediators capable of activating @mdan inflammatory and fibrotic

33



signaling pathways.

A Aim 1a. Develop techniques to isolate, characterize, and quantify

exosomes.
A Aim 1b. Validateselectdifferentially expressethicroRNAS.

A Aim 1c. Identify target biological pathwayaffected by obesitypased on

predicedmRNA targetsof differentially expressethicroRNAs.

1.5.2:Aim 2 (Study 1) Determine mRNA expression @iGF-band Wnt / b catenin
signaling pathway mediators in airwafybroblastsafter exposure to exosomes from

obese visceradipose

Rationale We expect that the lung is exposed to spenifitroRNAs known to
targetTGFband Wnt /b catenin signaling pathway
cell types We aimed to understand which obese visceral microRNAs target

specific MRNAs inthdGFband Wnt / b cateninarway gnal i ng |

fibroblasts, important cells involved in aiay remodeling and fibrosis.

HypothesisWe hypothesize that obese viscerdiposederivedexosoms target
TGFRbandWnt / b cateni n si gniadrwvaygfiprobiasts hway medi

resulting in functional mMRNA changes.

A Aim 2a. Demonstrate uptake afliposederivedexosomes ifuman

airwayfibroblasts.
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A Aim 2b. Exposeairwayfibroblasts to obese visceral adipocyte exosomes
for 24 hours. WaisedmicroRNA predicted targets (Aim 1) to identify

TGFband Wnt /-dsodated mRNAT

1.5.3:Aim 3 (Studies 2 and 3) Develop clinically relevanin vivo Xenograftmodel

Rationale Our preliminary studiegsedin vitro human primary differentiated
asthmatic airway epithelia #teair-liquid interface. Howevetto directly and
adequately study the #pelial-mesenchymal trophic unit and its role in airway
remodeling in asthmeequirad anin vivoairway system of: 1) human diseased
airway epithelium, 2) reactive mesenchyme, and 3) the absence of a functional
immune systemTherefore, waim todevelop ann vivoxenograft model
incorporating all three components: a human asthmatic airway epithelium, a
reactive mesenchyme, and the absence of a functional immune system. In effect,
this xenograftmodelwill addto underlying tissues to our airwapiéhelia in anin
vivo setting. We can use thkenograftmodel to validate our initiah vitro model

of asthmatic airway epithelial induced fibrosis and matrix deposition via@ GF
and then usthis xenograftmodel tosee if exosomahtercellular commauaication
occursbetween the epithelium and mesenchypremoting underlying matrix

deposition

HypothesisWe hypothesize that in our developedivo xenograft model that
epithelial regeneration in asthma induces underlying matrix fibrdgesalso
hypothesizeéhat exosomal intercellular communication occurs between the

airway epithelium and the underlying mesenchyme, contributing to airway
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fibrosis and remodeling.

A Aim 3a. Development oin vivoxenograft model demonstrating asthmatic
epithelial alteed morphological differentiation and regeneration driving

underlying changes in matrix.

A Aim 3b. Define the sequence of asthisyecific activation of GF
b Wising the xenograft asthmatic model time series (2, 4, and 6 weeks).
Outputs will assess protein@ession of receptaeregulated SMAD (R

SMAD) andTGFb activity.

A Aim 3c. Determine airway epithelial exosome effect on matrix fibroblasts

usingin vivo xenograft model.
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Chapter 2: Materials and Methods

2.1:Study 171 Adipose-derived Exosomes

2.1.1:StudyParticipants for AdiposeDerived Exosomes

Participants wergoungfemales, 1119 yearsold. Obese subjects were recruited
from our adolescent bariatric surgery program and lean subjects were selected from a

convenience sample of patients undergoing unrelated abdominal procedures. The clinical

criterion for obesity was a BMI >30 kg/'w"mnd fo lean was a BMI <25 kg/?n These
measures were used since definition by childhood obesity measures would not provide
adequate differentiation between obese subj@tisse participants underwent-avR
proteinsparing modified fast in the immediate perfibr to surgery. All patients (both
lean and obese) were fastedditsprior to surgery. Patients were not on any noteworthy
medications. BMI was calculated from height and weight measurements taken on day of
surgery for all patients. Visceral adiposasiexcised from the omentum and
subcutaneous adipose from the anterior abdominal wall incision site. All clinical
investigations were Institutional Review BodHB) approved. Informed consent was
obtained from participants assent fronparental guardias. The study enrolled only
female participants with agmatched lean controls in an effort to eliminate confounding

effects due to sex differences, as in previously published sttfdies

2.1.2 Adiposederived Exosome Isolation

Visceral and subcutaneous adipose samples collgttadperatively from obese
and lean patients were promptly cultured using a published prbtdEolisolate
exosomes, visceral and subcutaneous adipose tissue were washed with PBS and cut into 4
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millimeter cubed mm3) pieces, transferred to 4&2ell plates containing 3 mwell of

Dul beccods modified Eagles medium (Il nvitroge
€ g L gentamicin (Sigma Aldrich, St. Louis, MO). The culture supernatant was

centrifuged at 3,0apfor 15 min to remove cells and cellulards. Exosomes were then

isolated from cultured supernatants using ExoQui€kPrecipitation Solution (System

Biosciences, Mountain View, CA) and filtered through a 286ometerr{m) filter

(Sarstedt, Nimbrecht, Germar{gchematic shown iRigure 4).
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Figure 4: ex vivo Surgically -Acquired Human AdiposeCulture. Obese and Lean

visceral andsubcutaneous adipose tissue was cultured faut in serum free media.
Supernatant was collected with secreted exosopaeged in a 50 mL conical tuband
thenaliquoted andstored in-80°C in 1 mL aliquots. Exosomes were isolated using

ExoQuickTC and filteredhrougha 200 nm filter.

Pooled adipose secretion
media (50mL)

4mm? adipose sections

Adi g | in 12 well plate ExoQuick-TC £
ipose tissue sample i Xosomes
" " By e
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2.13: Nanoparticle Tracking

The sizes and zeta potentials of the exosomes were determined using a Zetasizer
Nano ZS (Malvern Instruments, Worcestershire, UK). Sizing of exosomes was performed
using a 10 rd thenekossnasandveip wakeoMillipore, Billerica, MA).
Zeta potential of the exosomes was measured using the Smoluchowski diffusion
equation. The Smoluchowski diffusion equation describes the flow of ions dissolved in a
liquid, with anelectric fieldpulling the ions in a direction to measure their zeta

potentiald®’.

2.1.4 Quantification of Exosomes

A novel beaebased flowcytometry quantification assay was adapted from Lasser

et al%8

(shown inFigure 5). Isolated adipse-derived exosomes and exosomal standards
(HansaBiomed, Tallinn, Estonia) (0.6, 3, 4.5, 6, 10, an@hii@ogram)e g

concentrations) were labeled with PKH67 Green Fluorescelht.@ker Kit for General

Cell Membrane Labeling (Sigma Aldrich, St Louis, MO) using exosdemeted Fetal
Bovine Seum (Lonza, Walkersville, MIF® and bound to latex beads (Invitrogen,
Carlsbad, CA) coated with arfiD63 clone H5C6 (BD Biosciences, San Jose, CA). Data

were acquired using a FACSCaliber flow cytometer and analyzed Eisiwgjo

(TreeStar, Ashland, OR).
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Figure 5. Exosome Quantification Technique (a) Isolated exosomes and exosomal
standards (HansaBiomed, Tall i /mb, Estonia) (GO
concentrations) were labeled with and bound to latex beads coated wi@D&d#iData

were acquired using a E¥SCaliber flow cytometer and analyzed ushigwJa (b)

Depiction of the beathased flow cytometry techniqueidreasing exosomal

concentration results in increased number of exosomes attached to beads, therefore

proportionally increasing geometric meamditescence intensity of PKH67 staining.

A

-PKH67: Membrane Labeling
-CD63: Exosomal Marker,
expressed on adipocyte
exosomes

Exosome

o

Exosomes (Og/mL)

Fluorescence Intensity (Geometric Mean)
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2.1.5 Characterization of AdipseDerived Exosomes

Adiposederived exosomes were chaexzed using the Lasset al protocol for
characterizing exosom&8 (shown inFigure 6). Isolated adipse-derived exosomes were
bound to latex beads (Invitrogen, Carlsb@d,) coated with antCD63 clone H5C6 (BD
Biosciences, San Jose, CA). The bbadnd exosomes were then characteraetb
their cells of originusing the following antibodie$or a mature adipocyte marker we
stained forPolyclonal Rabbit AntFABP4 (Bioss, Freiburg, Germanydr a macrophage
marker we stained foAnti-CD14-PE Clone M5E2 (BD Biosciences, San Jose, CA), and
for a preadipocyte marker we stained Aotti-DLK/Pref-1-FITC Clone 2411 (MBL
International, Woburn, MA) bound to Goat AiiRabbit IgGAlexa Fluor 700 (Life
Technologies, Carlsbd, CA) with appropriate isotype co
G155178 (BD Biosciences, San Jose, CA), Rabbit Ag@ (antibodiesonline.com,
Atlanta, GA), and Rat AntilgG1-FITC Clone LODNP-1 (MBL International). We also
stained for endothelial magk Anti-CD31-Alexa 488 Clone M89D3 (BD Biosciences,

San Jose, CA) with appropriate isotype control: MouselgG @ Al exa Fl uor 488

G155178 (BD Biosciences, San Jose, CA).
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Figure 6: Exosome Characterization Techniquelsolated adiposeerived exosmes
were bound to latex beads coated with-&iD63. The beatbound exosomes were then
characterized using FABP4, CD14, and PreintibodiesData were acquired using a
FACSCaliber flow cytometer and analyzed udhlgwJoto determine expression of cell

type specific markers

+ FABP4: Differentiated
Adipocyte Marker

+ Pref1: Preadipocyte Marker

CD14: Macrophage Marker

Exosome
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2.1.8 Isolation of circulating adipecytederived exosomes in blood

We alsoisolated total exosomes from blood (10 mL of blood, n = 4). From total
blood, we isolated serum (5 mL each donor). W tisolated exosomes using the
ExoQuick Precipitation Solution (Systems Biosciences). We filtered the total exosomes
through a 200 nm filter (Saexit) to ensure that the vesicles isolated are within the
typical size range of exosomes. We characterizesbthgosomesgsing methodsimilar
to thosedescribed above for FABP4. As shown previously, FABP4 is the standard
adipocytederivedsurfacemarker forexosomes isolated froex vivoadipose tissue

secretion®.

2.1.7 Macrophage Immunohistochemistry Characterization of Adipose Tissue

Visceral and subcutaneous adipose were stained for M1 and M2 macrgphages
since adipose macrophage activation state (proinflammanol]1, vs. anti
inflammatory, or M2) has been shown to plasegrole in obesitymediated mechanisms
in previous studié€® Flash frozen visceral and subcutaneous adipasplea were cut
into 5 em sections (Histoserv, Germantown,
immunohistochemistry staining using a previously established protdomhtibodies
targeting Mland M2 macrophages subtypes, respectively, were used: CD40 Clone 5C3
(BD Biosciences, San Jose, CA), CD206 Clone 19.2 (BD Biosciences, San Jose, CA),
and CD163 Clone EDH( (Abdserotec, Oxford, UK). Stained cells were counted in
three sections per conditi and adipose depot at 20x magnification and the mean was

then calculated.

2.1.8: Exosome Uptake Immunofluorescence
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Non-asthmatic and asthmatic airway fibroblasts (from endobronchial biopsy
tissue) (n = 2) were applied (6,500 cells/well) to eigktl Millicell EZ slides. Cultures
were proliferated in standard med2ulbecco's Modified Eagle Mediu(®@MEM):
1x DMEM plus 4.5 g/L Dglucose and iglutamine; minus sodium pyruvate (Life
Technologies, Carlsbad, CA) to 80% confluence overd2tshWe labeled olse
visceral adipocyte exosomes with PKH26 for 30 min followed by washes and
resuspension at a final concentration of 2 ¢
to the PKH26 labeled exosomes for 24lrs We then fixed the slides using 4%
paraformaldbByde and added DAPI nuclear stain for viewing and imaging. The chamber
slides and exosomes were visualized with an Olympus BX61 upright bright

field/fluorescent imaging microscope (Olympus, Center Valley, PA).

2.1.9 RNA Extraction and Amplification

We extactedtotal RNA fromadipasederivedexosones anchon-asthmatic and
asthmatic human bronchial epithelial exogsmsing mirVanamicroRNA Isolation Kits
(Life Technologies, Carlsbad, CA) and amplified total RNA with the Complete Seramir
Exosome RNA Amplification K& from Media and Urine (System Biosciences,
Mountain View, CA) according to manufacturer
ex os omal RNA using 1.5% agarose gel electrop
instructions and using appropriate validated endogenous controls fePGRT
validations(u6snRNA). Norasthmatic and asthmatic airway fibroblast cellular RNA was
isolated and prified using the mirVana Total RNA Isolation Kits (Life Technologies,
Carl sbad, CA) according to manufacturer6s i n

|l 1l uminaE Total PrepE RNA Amplification Kit (
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MA). We accepted samgs of RNA quality determined by Nanodrop1000 (Thermo
Scientific, W I mington, DE) with absorbance

between 1.8 and 2.2.

2.1.10: AdiposederivedExosomalmicroRNA Global Analysis

We used the Agilent 2100 Bioanalyzer RIR/kco Chip (Agilent Technologies,
Santa Clara, CA) and TagMan Gene Expression Assays (Applied Biosystems, Foster
City, CA) for detection of GAPDH mRNA. We used TagMan Small RNA Assays
(Invitrogen, Life Technologies) to verify ubsnRNA expression. We lakieNA with
Affymetrix FlashTag Biotin HSR RNA Labeling Kit (Affymetrix, Santa Clara, CA) and
ran according to standard procedures. Labeled RNA was hybridized to Affymetrix
GeneChipmicroRNA 3.0 arrays which were run using the Fluidics Station 450 Protocol
(FS450_002) (Affymetrix, Santa Clara, CA). Resulting data were analyzed in Expression
Console using RMA+DMBG (Affymetrix) and then exported it to Partek Genomics Suite
(Partek Incorporated, St. Louis, M@y analyses. Only mature humamcroRNAs (N =
1,733)were retained for statistical comparison between groups (as the Affymetrix 3.0
microRNA arrays contaimicroRNA from multiple species). Threfactor Analysis of
covariancd ANCOVA) (ID*group (obesers. lean*adipose depot; with age covariate)
was used teomparemicroRNA expression, using unadjusttdd 0. 05 and f ol d ch
Ol 1. 2| as filters. Jgtate)and essué depot veere femaerated r ou p (O
along with their interaction term. As a part of the overall ANCOVA, specific within
group (dept effects within obese or lean) and witlissue (obesity effects within depot)
contrasts were used. Given the relatively small number of comparisons for array analyses,

we did not use a False Discovery Rate cutoff, as the purpose of this initial 8m wa
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generate a robust list for pathway analysis (in which type | or false positive results are
minimized given the improbability of finding related elements as independent errors).

Instead, we used lower cutoffs within downstream pathway analyses.

In Ingenuity Pathways Analysis software (Ingenuity), predicted targets were
generated from significantly dysregulat®itroRNAs using bioinformatics databases
First, significantmicroRNAs were uploaded from ANCOVA into Ingenuity Pathways
Analysis software (Ingenuity- These wer e pr oniceoRNATargeb y
Filter analysis tool, generating target mRNA lists from only experimentally verified or

highly conservative predicted targets (a stringent Eutdesultant mMRNA lists were

ngen

analyzed for the representation of common bi

analysis function and a stringent cutoff for pathway representat®®at 0'*. UHe p
value associated with biological pathway is a measure of the likelihood that the
association between a set of focus genes in the experiment and a given process or
pathway is due to random chance. The smaller Weye the less likely that the
association is randgrand themore significant the associatidh The pvalue is
calculated using the righéiled Fisher Exact TesThis test calculates thevalue by
considering (1) the number of focus genes that participate in that process achlolog
pathway and (2) the total number of genes that are known to be associated with that
process or biological pathway in the selected referent®. seite more focus genes
involved, the more likely the assod@t is not dugo random chancand thus the more

significant the pvalue™®.

2.1.11 Non-Asthmatic and Asthmatic FibroblagBlobal mMRNAProfiling
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Exosomes from surgicalgicquired obese visceral adipose depots (n = 4) were
isolated from original donors previously testedrfocroRNA expression (Affymetrix
microRNA 3.0 array). 2. §ig/ml concentration of exosomes were then incubated with
80% confluehnonasthmatic and asthmatic fibroblasts (n = 1) (cultured in séreen
DMEM (Thermo Fisher Scientific, Waltham, MA)) for 24 hoansd compared to vehicle
controlto identify gene expressigmRNA) changes using lllumina HumanHP v4
Expression BeadChgy(lllumina, San Diego, CA). We generated microRMRNA
interaction treamaps using miRTarVis (a visual analytics tool for integrated analysis of
microRNA and mRNA expression profiles with microRNA target prediction
algorithms}®% One of the major advantages of miRTarVis is that it enables application of
multiple analytical algorithms to the data. Normalized, backgraudracted microRNA
and mRNA expression data were imported into miRTarVis and filigetth
differentially expressed microRNAs and mRNAs were signifigant O ) for.a @dred
two-tailedtt e st with p O 0.05. Multiple prediction
MINE, GeneMiR++, and TargetScan) were applied, selecting for the top Ag@@dive
correlations or top 100 opposite change direction in’8ackhe intersection among them

was identified.
2.1.12 qRT-PCR

Individual MicroRNA Assays (Life Technologies, Carlsbad, @/reused for
confirmationof the following microRNAs miR-23b, miR148b, miR4269, and miR
4429. Specifications for the TagMan MicroRNA Assays include: TagMan MicroRNA

Reverse Transcription Kit (Life Technologies, Carlsbad, CA), TagMan PreAmp Master
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Mix (2X) (Life Technologies, Casbad, CA), and the TagMan Universal Master Mix Il,

No AmpErase UNG (2X) (Life Technologies, Carlsbad, CA).

Nonasthmatic and asthmatic fibroblast RNA was processed with the High
Capacity cDNA Reverse Transcription Kit (Life Technologies, Carlsbad, CAM&aq
Gene Expression Master Mix (Life Technologies, Carlsbad, CA), and the TagMan Gene
Expression Assays for ACVR2B and GAPDH (endogenous control) (Life Technologies,
Carlsbad, CA). AlmicroRNA and mRNA results were analyzed with SDS (Applied
7900HT Fast RalTime PCR System/{fe Technologies, Carlsbad, GAand Microsoft

Excel 2013 (Microsoft, Redmond, WA).
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2.2: Study 2i Development ofin vivo Xenograft Model

2.21: StudyApprovalfor Animals

All animal studies were approved by tmstitutional Animal Care and Use

Committeg(IACUC)at Chi |l drends National Heal th Syste

2.2.2 Cells and Tissues for in vivo Xenogrdftodel

Non-asthmatic it = 5) and asthmatiai(= 5) human primary bronchial airway
(i.e., tracheobronchial) epithelia were obtained commerdj@i+2540, 1914911; Lonza
Inc., Walkersville, MD).The cells were then grown to 85% confluence in T25 flasks
(Corning Inc., Corning, NY) coated with bovinellagen type 1 (100
microgram/milliliter € g / )ratlpH 7.4+0.2) (Lfie Technologies, Carlsbad, CRpat
tracheas were harvested fromBek old male 20@50 gram(g) Fisher 344 rats
(Charles River Lab, Inc., Wilmington, MA) and decellularized via three é&ésaw
cycles. Nortransplantable human lungs from rasthmatic and asthmatic donors were
donated for research through the International Institute for the Advancement of Medicine.
Large conducting airways were isolated via blunt dissection then forfinedith and
paraffin embeddedVe comparedontransplantable human lung biopsy tissue to our
xenograft modeto establish a new animal model of asthma, with replication of many

features of human asthma

2.2.3 XenograftConstruction

Xenograft cassettes were constructed from segments of silicone elastomeric
tubing (Dow Corning, Midland, MI), polytetrafluoroethylene tubing (Thomas Scientific,

Swedesboro, NJ), adapter tubing (@limeter (mm) barbto-bard connector) (Bidrad
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Laboratores, Inc., Hercules, CA), and chrome wire plugs (Chromel A steel wire, 0.035
inch diameter) Fisher Scientific, Waltham, MA)The assembled cassettes were placed in

a 100mm tissue culture plate (Sigma, St. Louis, MO) in a sterilization pouch (Fisher
Sciertific) for ethylene oxide sterilization (Blue Line Sterilization Services, Novato, CA).
Thedecellularized tracheas were ligated to the adapter tubing at both ends and securely
tied with 20 silk sutures (Ethicorfomerville, NJ)The assembledenograftcassettes

were seeded with 2 x 1Buman airway epithelial cellsnd then implanted

subcutaneously in the flanks of male 28y Nu/Nu athymic mice (The Jackson

Laboratory, Bar Harbor, MAjFigure 7). Additional xenografts served as acellular

controls and wre seeded with media only. Xenografts were flushed weekly with
prewarmed (37°C) 1 mL Ham's F12 (Lonza Inc.) and twice with 1 mL of room air.
Xenografts were harvested at two, four, and six weeks after seeding and split for storage
as either flastirozenor formalinfixed and paraffin embedded (FFPE) tissue. All
experimental protocols were approved in compliance with institutional human and animal

subject protections.
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Figure 7: in vivo Xenograft Model of Human Airways. Xenograft of human airway
epithelial model for investigating fibrosis. The assembled plastic xenograft cassettes were
seeded with human nasthmatic and asthmatic airway epithelial cells (N = 5) and then

implanted subcutaneously in the flanks of male AtltyNude(Nu/Nu) mice.

Human airway
epithelial cells

Plastic cassette

Decellularized
rat trachea
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2.2.4 XenograftImmunohistochemistry

Xenograft and human airway FFPE sections were deparaffinized, hydrated
through a graded ethanol series, immerseatistilled water dH,O) for five minutes
followed by heainduced target retrieval for 15 minutes in citrate buffer. Slides were
cooled to room temperature for 30 minutes. Sections were rinsed in dH20 three times for
five minutes each and then in 0.3% Triton in RXosphatduffered salindPBS for five
minutes. Sections were stained for immunohistochemastigescribed previoushy
using an antE-cadherin monoclonal antibody (Clone Number84@6, Santa Cruz
Biotechnology, Dallas, Texas), Alcian blue (counterstained with 1% neutral red),
hematoxylin,anddas sonds Tri chrome. For each group fi
captured by phaseontrast digital microscopy (Spot Imaging Solutions, Sterling Heights,
MI) and two sections from each xenograft were analyzed (n=5 xenografts per group) by a
blinded observefor % positive staining per unit length of basement membrane using
ImagePro Plus (Media Cybernetics, Rockville, MD). In Alcian bitained sections,
ciliated and mucus positive cells were determined by point counting using-Pnage

Plus.

2.2.5. Xenograft Immunofluorescence TGF-b ISmad3TGF-b ZEGF)

FFPE sections were blocked with 5% normal goat serum (Life Technologies) and
5% normal rat serum (Life Technologies) in 0.3% Triton in 1X PBS for one hour. Biotin
conjugated atTGFb Jolyclonal antibodyl(ifeSpan BioSciences, Inc., Seattle, WA),
rabbit anttSmad3 (phospho S423 + S425) monoclonal antibody (Clone Number:
EP823Y, Abcam, Cambridge, England, UK), or unconjugated rabbiT@#ib 2
polyclonal antibody (Thermo Fisher Scientific, Waltham, MA),/andhicken antEGF
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(Epidermal Growth Factor, N Term) polyclonal antibody (antibcdee, Inc.,

Atlanta, GA) were hybridized overnight in a humidified chamber. Sections were washed
three times in 0.3% Triton in 1X PBS for five minutes, and incubatedhumidified
chamber with secondary antibodies: Streptavidin Alexa Fluor® 488 (Life Technologies),
goat antirabbit IgG H&L (Texas Red ®) polyclonal antibody (Abcam), aabbit IgG

H&L (Texas Red ®) polyclonal antibody (Abcam), or goat aiicken IgYH&L (Alexa
Fluor® 488) (Abcam). Nuclei were counterstained witle-diamidina2-phenylindole

(DAPI) and slides were mounted with Prolong Gold Aatie reagent (Life

Technologies). We used Image J softwir® determine average pixel count for each
fluorescent channel and then converted to a ratio of expression by dividing by total pixel

count in the visualized area of tissue.

226 Xenograft | mmunS3MA) uorescence (U

Immunoperoxidase aining was performed on rehydrated xenograft sections
using heabased antigen retrieval with citric acid pH 6.0 (Antigen Decloaker, Biocare
Medical, Concord, CA) followed by incubation in a 1:800 dilution of a rabbit polyclonal
anti-U-SMA monoclonal antibdy (Clone Number: ab5694, Abcam) and 1:800 dilution of
AlexaFluor donkey antiabbit IgG antibody (Life Technologies). Nuclei were
counterstained with DAPI and slides were mounted with Prolong Goldféddgireagent

(Life Technologies).

2.2.7: Xenograft Huorescence in situ hybridization

Xenograft tissue sections from six weeks pgasgraftment were deparaffinized,

hydrated through a graded ethanol series, immersed for one minute in 1% Tween 20
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followed by heainduced target retrieval for 15 minutes itrate buffer. Slides were

cooled to room temperature for 30 minutes and placed into PBS with 0.1% Tween (MP
Biomedicals Inc., Santa Ana, California) for five minutes. Fluoresoesitu

hybridization was performed on sections byhydridization of a cusm made N

Terminal Cy3labeled peptide nucleic acid (PNA) probe that recognizes all mammalian
telomeres (TelC telomere probe (CCCTAACCCTAACCCTAA)i€h/leading strand

(PNA Bio Inc., Thousand Oaks, CA) and tweTérminal FAMlabeled PNA probes (N
ATTCGTTAAACGGGA-C and N_CACAAAGAAGTTTCTGAGC (PNA Bio Inc.) that
recognize both human and murine centromeres, but do not recognize rat centromeres.
PNA probes were applied simultaneously at 300 ng/mL in 70% formamide (Promega,
Madison, WI) with 10 mM Tris pH 7.894SB Corporation, Cleveland, OH), and 0.5%
Blocking reagent (Roche, South San Francisco, CA). Tissue was denatured at 83 °C for
four minutes followed bywo-hour hybridization at room temperature. Sections were
washed twice at room temp for 15 minutes viAthA wash buffer containing 70%
formamide, 10 mM Tris pH 7.5, and 0.1% BSA (Sigma, St. Louis, MO), followed by
three fiveminute washes with PBS with 0.1% Tween. Nuclei were counterstained with

DAPI and slides were mounted with Prolong Gold Aatlie reagein(Life Technologies).

2.2.8 XenograftSecond Farmonic Generation

FFPE sections were counterstained with hematoxylin for visualization and then
imaged using second harmonic generation (SHG) microscopy to determine fibrillar
collagen as previously desceitf*>. A modelocked femtosecond TBapphireTsunami
(SpectraPhysics, Newport Corporation, Irvine, CA) was used for the experimemgs.

excitation wavelength was tuned to 800 fithe laser beam was focused on the specimen

55



through a Leica water immersion objective, 63X/1.2NA. Leica Software (Leica
Microsystems, Heerbrugg, Canton St. Gallen, Switzerland) was used for the image
acquisition. A short pass filter was used to prevent the scattering radiation from reaching
the detector and a long pass dichroic beam splitter was used to separate SHG signal from
the multiphoton excited fluorescence (MPEF) signal. SHG signal in forward direction

was captured using a nale scanned detector. All SHG and MPEF spectral

measurements were performed using theaeneghotomultiplier tubedetector

located inside the scan head. For each gfimepmages per section were captured and

two sections fromach xenograft (n=5 xenografts per group) were analyzed by a blinded
observer. Thé@nmage analysis was performed using Volocity software (Improvisions, Inc.,

Coventry, England, UK

2.2.9. Xenograft Statistical Aalyses

All statistical tests were performéu SPSS 23 software (IBM Corp., Armonk,
NY) using twotailed ttest functions of logransformed data within time points. Results
are reported as mean * one standard deviation unless otherwise noted. Significance level

was pOO0. 05,

2.3: Study 3- Application of Airway Epithelial Exosomes to Xenograft Model

2.3.1 Non-asthmatic and Asthmatic Bronchial Epithelial Exosome Isolation

Non-asthmatic it = 3) and asthmatia(= 3) human primary bronchial airway
(i.e., tracheobronchial) epithelia were obtained commerdj@i+2540, 1914911; Lonza
Inc., Walkersville, MD). Allnon-asthmatic and asthmatic human primary bronchial

airway epithelia were grown in exosofdepleted meéia. Media secretions were
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collected from each donor, pooled, and then aliquoted into 1 mL aliquots for further
exosome isolation. 1 mL of cultured supernatant was centrifuged ag3d@d®» min to
remove cells and cellular debris. Exosomes were théaiesbfrom cultured supernatants
using ExoQuickTC Precipitation Solution (System Biosciences, Mountain View, CA)
and filtered through a 200 nm filter (Sarstedt, Numbrecht, Germany). Asthmato=and
asthmatic bronchial epithelial exosomes were quantifigd the same techniquaes

above insection 2.1.4Kigure 6).

2.3.2 Non-Asthmatic and Asthmatic Bronchial Epithelial ExosomaticroRNA

Analysis

We labeled RNA with Affymetrix FlashTag Biotin HSR RNA Labeling Kit
(Affymetrix, Santa Clara, CA) and ran according to standard procedures. Labeled RNA
was hybridized to Affymetrix GeneChipicroRNA 4.0 arrays which were run using the
Fluidics Station 45®rotocol (FS450 002) (Affymetrix, Santa Clara, CA). Resulting data
were analyzed in Expression Console using RMA+DMBG (Affymetrix) and then
exported it to Partek Genomics SuiRartek, St. Louis, MOfpor analyses. Only mature
humanmicroRNAs (N = 2,578) were retained for statistical comparison between groups
(as the Affymetrix 4.0microRNA arrays contaimmicroRNA from multiple species).
ANCOVA (ID*group (asthmatic vsnon asthmatic) with agand sex asovariats) was
used to compamicroRNA expression, using unadjusttd® 0. 05 and f ol d
as filters. As a part of the overall ANG, specific within group @sthmatic vsnon
asthmatic) contrasts were used. Given the relatively small number of comparisons for
array analyses, we did nose a False Discovery Rate cutoff, as the purpose of this initial

scan was to generate a list for pathway analysis (in which type | or false positive results
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are minimized given the improbability of finding related elements as independent errors).

Insteal, we used lower cutoffs within downstream pathway analyses.

In Ingenuity Pathways Analysis software (Ingenuity), predicted targets were
generated from significantly dysregulat®itroRNAs™:., We followed simila analysis to

above section (2.10).

2.3.3 Xenograft Human Bronchial Epithelial Exosome Exposure

Xenografts were constructed as descrieadier However, we only used
acellular grafts for exosome xenograft exposures. We isolatedstbmatic and
asthmatic bronchial epithelial exosomes (n = 3, original donors previously tested for
microRNA expression (AffymetrixmicroRNA 4.0 array)). After 48 hag postsurgery of
acellularin vivo xenograftswe injected a concentratiah 3 ng/mL into each graft (6
grafts total, n = 3Nomasth/3Asth) daily for 12 days, along with appropriate acellular
control without exosomes (media only injections). Xenograétee harvested at 14 days
postsurgery and split for storage as either flgtzen or formalirfixed and paraffin
embedded (FFPE) tissue. Foll owing sections
(foll owing similar pr oc e thgasdescridedbaboveMa s sonds T

Xenograft immunohistochemistry sectioBxperimental timelinshown inFigure 8.
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Figure 8: in vivo Xenograft Timeline of ExosomeExposure toAcellular Grafts.
Acellular xenografts were injected wition-asthmatic andsthmaticbronchial epithelial
exosomes (N = 3) 4Bours possurgery for 12 days. Xenografts were harvested at day

14 for analysis of Massonds Trichr ome.

Q‘:j 48 hours / 12 days of Injections
Xenograft  First Exosome Harvest
Surgery Injection Analysis: Masson’s
Trichrome
Asthmatic
Exosomesand

Non-Asthmatic
Exosomes (n=3)
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Chapter 3: Results

3.1: Study 17 Adipose-derived Exosomes

3.1.1: Obese and Lean Subject Demographics

Obe® (n=7) and lean (n=5) adolescents were enrolled on the day of surgery. The
mean age at the time of surgery was 15.0+0.7 years (tSEM) for obese participants and
15.6x1.4 years for lean participants (p=0.70). Obese participants had@geey mean
BMI of 39.8+2.0 kg/riand for lean participants the mean BMI was 23.2+0.5 kg/m
(p<0.001). All participants were female and from diverse racial backgrounds. Selected

clinical characteristics are shownTable 1.
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Table 1. Demographicsof Patients Enrolled inAdipose Study

Age (years) Sex BMI Race

Lean

11 F 22 Hispanic

13 F 22 Hispanic

17 F 24 White

18 F 23 African American
19 F 25 African American
Obese

12 F 49 African American
13 F 33 Hispanic

14 F 40 White

15.5 F 39 African American
16 F 43 African American
17 F 35 Hispanic

17.5 F 50 African American
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3.1.2: Macrophage Activation State in Obese and Lean Adipose

Adipose macrophages have different activation statespfieanmatory (known
as M1 and classically activated by interfeon or | i popol y-sacchari de)
inflammatory (known as M2 and alternatively activated byl8 orinterleukin (L-4))*%.
We characterized the activation state of infiltrating macrophages in the adipose from all
participants by immunohistochemistry for M1 (i.e. CD4® macrophage surface
receptor involved iproinflammatory pathways*'°9) and M2 (CD163or CD206)
activation statesHigure 9). Obese visceral adipose shows a higher number of TD40
macrophages than lean visceral adipose {lgaRneou{meantSEM)=1.3+0.5 events per
field (range=0.0 to 3.3), leaera=1.3+£0.4 (0.7 to 2.3), obesseutaneors3-3£0.6 (0.0 to
3.3), obes@cera5.0+0.8 (2.7 to 8.0); comparison of IgaravsS. 0beS@scerap=0.028]
(Figure 10). In additon, obese subcutaneous adipose showed a higher number of
CD163 macrophages than lean subcutaneous adipose {ghgaseos1.0+0.3 (0.3 to
2.0) vs. leafipcutaneos0.2£0.1 (0.0 to 0.3); p=0.04]. No differences were found for
CD206 macrophages. Consistt with previous studié¥'?’, the obese visceral adipose

depot showed the highegl1:M2 ratio compared to every other condition (M1:M2 ratios:

Obes@scera=18.9, obes@pcutaneors4-2, 1€@Bubcutaneos-0, |eaﬂscerai:3-3) Q:igure 11)-
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Figure 9: M1:M2 Macrophage | mmunohistochemistry of AdiposeTissues Frozen
sections of adiposieom visceral and subcutaneous (SQ) depots were stained for CD40
(M1), CD206 (M2), and CD163 (M2), in 7 obese and 5 lean individ&apresentative

samples are shown at 20X magnification.

Lean SQ Obese Visceral Obese SQ » Obese Visceral
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Figure 10: M1:M2 Macrophage Immunohistochemistry ofAdiposeTissues Obese
visceral adipose shows a higher number of C{#l) macrophages than lean visceral
adipose. In addition, obese subcutang@(3)adipose has a higher number of CD163
(M2) macrophages than lean subcutaneous adipassignificant differences were
found forCD206 (M2) macrophages.P-values <0.05 determined by a tsmled
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Figure 11: M1:M2 Macrophage mmunohistochemistry of AdiposeTissues The
obese visceral adiposiepot showed the highest M1:M2 ratio compared to other

conditiors.
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