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ABSTRACT
Mechanisms by which differentiated, contractile smooth muscle cells become
proliferative and secretory is one way airway smooth muscle (ASM) cells respond to
mechanical and environmental stress and contributes to inflammatory responses in the
lung that reslt in airway disease. Ratation by microRNAs (miRNAs) has emerged as
an mportant postranscriptional mechanism nelgting gene expression that may
modulate ASM phenotype but little is known about the expression and functions of
MiRNA in smooth muscleTheoverallhypothesiof this thesis is that ASMxpresses a
specific miRNA signature and the iIRNA contained within participates the regilation
of smooth muscle phenotypé order to study miRNA expresd in ASM a survey was
conducted using miRNA arrays consisting of all 385 known human and mouse miRNAs
at the time of th experimentWe consistently detect&a?2 miRNAin 4 different human
ASM tissue samplesFurther experiments were performed to determine miRNA
expressed inudtured human ASM cells and how these might be altered by-a pro
inflammatory stinulusrelevant to inflammatory airway diseadae ASM cellsexposed
toll-1 b6, TNFU, and | FNo, we f o-weguthtedhrd furtherRNA s i
verified decreased expression of R, miR140*, mir-188 and miR320by
guantitative PCR Further aalyss of miR-25 expression indicates that it has a broad role
in requlating ASM phenotype by maothting expression of inflammatory mediators such
asRANTES, eotaxin and TNF Uarmare turacver;iamdv o | v e d
contractile proteins, most ndig myosin heavy chain. miRNA binding algorithms

predict that miR25 targets Krippédike factor 4 (KLF4), a potent inhibitor of smooth



muscle specific gene expression and iawed of inflammation in vasdar smooth muscle
cells. Experiments were designedest and support the hypothesis thatithéition of
miR-25 in cytokinestimulatedASM cells p-requlatesKLF4. Furtherexperiments were
performed to tedargeting otthe KLF4 3 -@ntranslated region (UTR)y miR-25.

Luciferase assay experimenisre designed in which the two predicted m#8 binding

sites were mutatedDecreased expression of luciferase from site 1, site 2, and to a
greater degree doubleutant support the binding of MBS to these sites. Functiah
assays weralso performed imiR-25 and KLF4 overexpressiigSM cells. miR25
overexpressingells showed a decrease in proliferation and increase in contpaotiéen
expression Collectively, his dataprovides novel evidence that mi targetKLF4 in

ASM cellsand proposes #t miR-25 isan important mediator of AShenotype.In

addition we decided to look at another possible transcription factor/miRNA relationship.
T-bet is a transcription factor shown to play a role in Th1/Th2 phenotype determination
in T-cells which shifts T cells to the Th1 typA.role for T-bet controlof miRNA and

the significance of this role ihh1/Th2 differentiation wasexplored.
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INTRODUCTION

The central dogma of molelar biologywas first enunciated in 1958 by Francis
Crick and restated in a Nature paper in 19f@rick, 1970; Crick 1958) The dogma is
the framework for understanding haegoxyribonucleiacid (DNA) replicates to pass on
the genetic information stored in the nucleotide sequence, is transcribed into messenger
ribonucleic acid (RNA) and finally is translated into proteins to determine functions
within the cell. This central dogma is taughfreshman biologynd in every other
subsequentlass that deals witlhe subject A previously unappreciated mechanism of
gene reglation has been uncovered over the last denadessitating a modification of

this DNA to RNA to protein paradigmThis nmechanism is miRNA ragation (Figure 1)

DNA
R
miRNA  RNA

>/ Prgtein

Figure 1. Modified central dogma of molealar biology

The objective of this dissertation is to exaniime expression and role of miRNA
in airway smooth musclASM). Chapter 1 determines the miRNA expresgatiern in
ASM and studies the effect of an inflamatory stinulus on ASMcell miRNA
expression. Chapter 2 focuses on the effect of one miRNA2%iBn airway smooth
muscle phenotype. Chapter 3 illustrates one of the mlalemechanisms for mi25

regulation of smooth muscle phenotype through its inhibition of Krupgelfactor 4



(KLF4), a powertll transcription factar Chapter £xamines how #n T-cell transcription
factor, T-bet, controlsniRNA expression in ASM cellsAccordingly, thisintroduction
will provide broad discussions regarding what is know about miRNA discovery and
function, miRNA and smooth muscle, and miRNA as it relates toldpeeent and

disease in the lung.

Discovery and Function of miRNA

The first miRNA (lin4) found inC. elegansvasdescribedn 1993by Lee and
colleagues in the Victor Ambros Idbee et al., 1993)This lab showed that li4
negatively reglated the expression of {4 protein. They also illustrated that-Bnvas
not an expressed protein and thatlilh had compl i mentary sSequen
4. Theysuggestedthisn hi bi t i on wa<SRRNtAhr od ¢ RFoaseven @R N A
years the importance of this finding was underestimated, thertheittiscovery of the
highly conserved lef small RNAthe field took of (Reinhart et al., 2000Reinhart and
colleagues studied the model organiSnrelegansand reported evidencemeorting the
idea that le7 and lir4 regilated developmental timing by binding to and repressing the
expression of developmental tegtory proteingReinhart et al., 2000%ince this time
thousands of mMiRNA have been identifiethe rapid rate of miRNA gene discovery led
to two basic needs. One, a meahsroformly naming miRNA, to avoid confusion and
inadvertent ovéap of nomenclature and two, ap-to-date and comprehensive
repository for published miRNA sequences amnotation which wad allowthe rapid
development of computational approaches fergrediction of miRNA genes and

targets. For this reason the miRBase online database was created in 2003 originally



called Rfam(Ambros et al., 2003) As of September 2009 there are 10,833 miRNA
entered into the miRBase registrgliimding 851 human miRNAmany of which are
conserved in other organisr{Griffiths-Jones, 2004; Griffithdones et al., 2008)Each
of the® miRNA are predicted to interact with more than 100 target miBd#tel,
2009)
mMiRNAs are small, nogoding RNAs that are regators of many celilar events,
including the balance between proliferation and differentiation during tumorigenesis and
organ developmer{Kloosterman et al., 2007; Calin and Croce, 2006; Zhao and
Srivastava, 2007)miRNA sequences can be found in introngres, and nowtoding
regions and can be transcribed in either direction. They can have individual promoters,
or can be transcribed as Theydraistilgr sd6 wi t h a
transcribedby RNA polymerase Il as long primary transcripts. texRNA undergo
sequential processing by the RNAselilke enzymes Drosha and Dig@artel, 2004)
Originally it was believed that the thermodynamligcééss stable miRNA of the Dicer
processed hairpiwas selected by the cell and the otsteandwas degraded. It has since
been reported that both miRNstrandscan function to inhibit gene expression depending
on physiologic conditions. This supports the idea that noeghanismsare involved in
the tissuedependent miRNA biogenesis and target selection pr¢Resst al., 2007)
Mature miRNAs (2123 nt ) bind to complimentary bindi
MRNA. This binding of nucleotide cal | ed the O0Oseed sequence
binding power and is thus given the most weighbinding algorithmgLee and Ambros,

2001)



mMiRNA function in the form of riboncleoprotein complexes, miRNPs.
Argonaute(AGO) proteins are the moshportant and best characterized proteins within
this complex. GW182 proteins are another group of proteins in the miRNP crucial for
mMiRNA-induced repression. Both AGO and GW182 proteins repress protein synthesis
when artificiall y UTIR4RIlaietale2004Rehwinkdl e almMRNA 30
2005; BehmrAnsmant et al., 2006)This supports the notion that miRNP proteins
function as effectors of repression, while miRNAs function as guides identifying mRNA
targets. miRNP components including miRNAs, AGO proteins, and GQWdd@eins
have been found enriched in processing bodidso(ies) along with repressed mRNAs.
P-bodies, also known as GW bodies, are cytoplasmic structures involved with the
degradation and storage of translationally repressed mRINést al., 2005a; Liu et al.,
2005b; Sen and Blau, 2005; Jakymiw et al., 2005)

Most miRNASs reglate protein expression by translational repression, but some
function by degrading mRNALim et al.,2005; Baek et al., 2008; Selbach et al., 2008)
While there is considerable agreement about how miRNAs bring about mRNA
degradation by deadenyl ation, theula@ is not
mechanism of action in translational inhibitioBome experiments point to initiation of
translation as a target of repression, but evidence also exist that miRNA inhibition occurs
at various postinitiation steiggulalio et al., 2008; Filipowicz «dl., 2008) Ongoing and
future experiments have been designed to determine if this discrepancy is an artifact of
different experimental procedures or if there are in fact different mechanisms by which
MiRNA can repress protein synthesiRecently it las been reported that some miRNAs

might activate mRNA translation under certain welt conditions. For example, {&t



was shown to induce translationalrggulation of target mRNAs on cell cycle arrest, but
represses translation in proliferating cell$ie authors of this study proposed that
translational reglation by miRNAs oscillates between repression and activation during

the cell cyclgVasudevan et al., 20Q7)

Role of miRNA in homeostasis and disease

Animals without miRNA cannot live or reprodu@@ernstien et al 2003
Ketting 2001, Wienholds 2003Mechanisms behind this observation are m&ay.
examplemiRNAs are reglators of developmental timing. They are also involved in
signaling pathways, apoptosis and metabolism, myogenesis and cardiogenesis, brain
functioning, cancer, and viral infectian§ome key earlyliscoveries of miRNA include
illustrating arole for in-4 in regulating life span(Boehm and Slack, 2006; Boehm and
Slack, 2005) Studiesn Drosophila havalsoshown that Notctiargeed genes are
regulated byconserved motif¢Lai et al., 2005and fhotoreceptor differentiatiom the
Drosophila eye is mediated by miRLi and Carthew, 2005)Further work has
determined thamiR-14 functions as a cell death suppreg3ar et al., 2003) miR-375 is
expressed in the pancreatstdtsand suppresses gluceseluced inslin secretionPoy
et al., 2004; Aboobaker et al., 2005)hese early miRNA studies point to the varying
and powertl role miRNA play in homeostasis.

The importance of miRNA to tissue specific functionslistrated by the role of
miR-1 in myogenesiaiR-1 is conserved from worms to mammals. It is highly
expressed in the muscles of flies and the muscles and heart Anambaker et al.,

2005; Zhao et al., 2005)n the mousemuscle specific ragators such as serum



response factor, Myoand Mef2 direct miRL so that miRL targets HandgZhao et al.,
2005) miR-1 promotes myogenesis in celllure by targeting histone deacytylase 4
(HDACA4), a transcriptional repressor of muscle differentiation and overexpression of
miR-1 resilts in developmentarrest, thinwalled ventricles, and heart failure due to
premature differentiation and proliferation defects of myoctyes.-Iidtalizes in a
genomic cluster with miRL33. Of partialar interest is the fact that these two miRNA
differ in seed sequen@and have opposing functions. miR3 inhibits muscle
differentiation and promotes proliferatig@hen et al., 2006)miR-181 inhibits the
expression of H®A11, which is a repressof muscle differentiation, this provides
evidence that miRL81 is nvolved in establishing a calar phenotypgNaguibneva et
al., 2006)

Targeting of miRNA has the potentiallead to the development of new therapies
for a varety of diseaseOne of the earliest uses sifencing of miRNA expression as a
means oftterapy involved thenhibition of endogenoumiRNA expression This study
demonstrated that blocking miE22 expression with miRNA inhibiting agents termed
6antiirgsobm | o w eholesterolpnkeasisemants in m{gautzfeldt and Stoffel,
2006) This work was expanded on by another grevtpch published a paper three
years later using lockeaucleicacid-modified oligonucleotided (NA -antimiR) to
antagonize miRL22 expression iAfrican-green monkeys. This inhibition of mik22
led to a longlasting and reversible decrease in total plasma cholesterol without any
evidence of toxicity or histopathologic changes in ¢h@smategElmen et al., 2008)
Two more relevant papers inclu@aiba et al. 2009 that demonstrates i3

downregilation contributes to upregation of RhoA in bronchial smooth muscle cells



and Nakasa et al. 2009 which demonstrated that injection of injured satemwith miR
133, miR1, and miR206 accelerated muscle regenerafiChiba et al., 2009; Nakasa et
al., 2009) Finally, adiscussion omiRNA therapy wald notbe complete without
mention of recent worlka which injection of one dose of miB6a into the tail vein of a

mouse liver cancer model significantly lowered tumor buléera et al., 2009)

MiRNA expression in the lung

In the lung, miRNA expression has been examined in tumors and under
inflammatory conditions. Lung cancer is the mosvalent cancer worldwide and lacks
effective therapies. Many recent studies have shown thatdets as a tumor suppressor
gene in the lung by targeting thers oncogen@&umar et al., 2008; Johnson et al.,
2007) A very interesting recent study using botlvivoandin vitro studiesshows that
let-7 directly represses tumor growth in the lung. In this study, an intrana3al let
administration was shown to reduce tumor formaimovivoin an established mouse lung
cancer mode{EsquelaKerscher et al., 2008)Another recent paper examined miRNA
signature in lung cancer paits which was used to predict survival and reldJ¥seet
al., 2008b) Inflammatory stimlation oflung alveolar epithelial cells res in rapid
changes in miRL46a expressioand downrregulation of IL-1 bnduced #8 and
RANTES releas¢Perry et al., 2008) These effects were observed onlhigh
concentrations of L1 psuggesting that rapid changes in ri#6a may negatively
regulate severe inflammation. Exposure to LIRSivocauses rapid changes in the
mouse lungxpression of mltiple miRNAs that correlate with reduction of inflammator

medi at or s, iamd mhcrophage igflamndateny protein, (MPJMoschos et



al., 2007) miRNA biding sites have been iddmd in the asthmausceptibilitymarker
HLA-Gwherete3 6 UTR c ont aila8s, miRi4Bbe and mMikL52 (TamietR
al., 2007) Disruption of miRNA expression in human airway cells by diesel exhaust
particles has been linked to tumorigenesssociated pathway3ardim et al., 2009)
Antagonismof miR-126 suppresses the effector function of Th2 cells and the
development of allergic airway diseagbtattes et al., 2009)Analysis of mMIRNA
expression in epithelial cells, ASM cells, macrophages and lung fibrellastrecently
documented a miRNA expression profile specific to individual cell types. However, a
comparison of miRNAexpressionn lungbiopsiesirom mild asthmatics did not reveal
any changes in miRNA and short term treatment with the corticosterdesonide in
these same patients also did not significantly alter miRNA expre@sitiams et al.,
2009) An analysis of asthmatic patients with more severe phenotype or a longer
duration of treatment may vyield different uéts. Taken together these studies
demonstrate that miRNA are important in a variety of lung functions and play a role in

airway disease

Normal physiologic functions of smooth muscle

Smooth muscle cellare the structural cells found in the walls of the stomach,
intestinesmyometrium bronchi, and blood vessel3he primary function of smooth
muscle is to contract, thereby altering stiéfness and diameter of the hollow or tldr
organs. They do not contain sarcomeres, spendleshaped, and are controllbg the
autonomic nervous systeim contrast to skeletal muscle which is controlled by the

somatic nervous systenT.he surfacef smooth muscle contains invaginations called



caveolae. These caveolae contain a host of receptors (prostacyclin, endstiatbnjn,
muscarinic receptors, adrenergic receptors), second mesgengeators (adenylate

cyclase, pospholipase C), Gpreti ns ( Rh o @GboRinasepgotem &irase<<, ( R
protein knase A ion channelgL type @cium channels, ATP sensitive potassium
channels, calcium sensitivetassium channels).n®oth muscle contains actin and

myosin, but it does not have the wégory protein troponifound in cardiac and skeletal
muscle. Instead, calmadlin takes on the geilatory role in smooth muscle in which

calcium binds to calmadin and activates myosin light chain kinage.smooth muscle

the ratio of actino myosin vaies depending on type of smooth musgleere as in

skeletal muscle it is 6:1Also, the arrangement of smooth muscle is not organized into
distinct sarcomeres as other muscle types, but they are highly organized and well suited
for their role in maintaimig tonic contractions and reducing lumen diametdrs

organization is maintained by adherens junctions that hold individual smooth muscle
cells together in the proper order within their respective tissues and mechanically couples
the cells. Gap junctits couple adjacent cells chemically and electrically, facilitating the
spread of chemical or action potentials between smooth m&algton A.C. and Hall

J.E., 1996)

Contraction of smooth muscle can be theiltesf mechanical, electrical, and
chemical stimli. Passive stretching of smooth muscle can cause contraction originating
from the smooth muscle itée Norepinephrine, angiotensin Il, vasopressin, endiottie
histamine, acetylcholin@nd thromboxanean elicit contraction. This is initiated by an
influx of calcium that binds calmadin. This calciumcalmodilin complex then binds to

and activates myosilight chain kinase. Myosttight chain kinase phosphorylates
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myosin light chain, causing themitderad with actin filaments resultingp contraction.
Relaxation of smooth muscle occurs upon decreased intriacelhlcium concentration
and increas® myosinlight chain phosphatasetivity, which removes the phosphate
from myosin and thus inhibithe actinmyosin Il interaction. The dynamic process of
relaxation and contraction of smooth muscleutatgs movement of food, waste, air and

blood through the bod{webb, 2003)

miRNA and smooth muscle

At the orset of this dissertation very littlgas known about the relationship of
mMiRNA and smooth muscleli et al. 2007 published a paper wha#gmonstrated the role
of miR-21 in regulation of vascular smooth muscle pheno(Jpet al., 2007) This was
the first time miRNA was shown to be involved with the regulation of smooth muscle
phenotype. In this studyiR-21 was shown to be aberrantly overexpressed after balloon
injury. Additionally, the knoclkdown of this miRNA negatively affected neointimal
formation. This led to the conclusion that miRNA are an exciting new target for
proliferative vascular diseas such aatherosclerosis, postangioplasty restenosis,
transplantation arteriopathy, and str@¢&eet al., 2007) Through much effort and some
luck, our lab was the first to publish a paper showing a relationshigeetmiRNA and
airwaysmooth muscle phenotype in June 2009. A month later, two papers cameesout, on
in Scienceand the other ittenes and Developmenttherdemonstrated the importance
of mIRNA expression to smooth muscle phenoty@eir paper demmstrats that miR25
regulates smooth muscle phenotype in the airwayich is discussed in detail herein

These later papers show a similar relationship for-R and miR143in the
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vasalature(Cordes et al., 2009; Xin et al., 2009 ordes et al., demonstrated that miR
143 and miR145 directly target the network of transcription factors that are important in
SM-specific genexpressionncluding serunresponse factor, myocardin , and KLF4. In
this study, inhibition of miRL43 stinulated proliferation of vascular smooth muscle cells
(VSMC), while expression of miRR45 decreased proliferation. Also, this study found
that altering expression of miR45 further modlated expression of contractile proteins
such as satkactin, myosin heaychain (MHC), and calponin. In the other miRNA
regulation of smooth muscle phenotype study, Xin et al. demonstrated that mice deficient
in miR-143 and miR145 display reduced neointima formation in response to ifjiry

et al., 2009) Recently, another miRNA regation of smooth muscle paper reported that
IL-13 dependent upretation of RhoA is reglated by miR133& the airway(Chiba et

al., 2009) These papers represent the growing in interest in miRNAatgn of

smooth muscle phenotype.

miR-25

Many of the known nRNAs are encoded in polycistronic transcripts. faBRis
no exception. It is part of the miRO6b-25 cluster which contains miRO6b, miR93,
and miR25 located at chromosome 7g22 Significantly, this cluster is one of several

miR-17 cluster bmologs (Figure).
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miR-17a  miR-18a miR-19a miR-20a miR-19b-1 miR-92-1

Chromosome 13g31.3
90.8 MB

miR-106a miR-20b miR-19b-2 miR-92-2 miR-363

Chromosome Xq26.2

133.1 MB

miR-106b miR-43 miR-25

Chromosome 7g22.1

99.5 MB

Figure 2. miRNA gene clusters The miR17-92 miRNA gene cluster is located at
chromosome 13qg31.3. The miR-92 cluster has homologous clusters on the X

chromosome and chromosome 7

The history of the cluster governedoy an initialphaseof local (tandem) duplications, a
series of duplications of entiréusters and subsequent lossrafividual mMRNAS
reailting in paralogous clusters. The complex history of the-triRnicroRNA family
appears to be closely linked to the early atioh d the vertebrate lineagdanzer and
Stadler, 2004)

mMiR-17-92 is the most extensively studied cluster. Much data supports a role for
the miR17-92 cluster in promoting taorigenesis, but there is also evidence showing
this cluster haantrtumorigenic effects also. Some of this evidence includes a recent
genomewide analysis of copy number alterations in cancer which revealed that the miR
17-92 cluster was deleted in 18650f ovarian cancers, 21.9% of breast cances 28%

of melanomagZhang et al., 2006)Consistent with these observations, introduction of
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mMiR-17 into breast cancerlténes reduced proliferation dhe cancer cell@Hossain et

al., 2006) Two recent papers are also evidence of thistantorigenic effect of the
miR-17-92 cluster. One, when one miRNA was specifically studied;h7iRhis

MiRNA was found to retard tissue growth and représstiectin expressio(Ghan et al.,
2009) Two, miRNA17-3p is decreased in high grade prostate tumors and foundato be
tumor suppressqZhang et al., 2009)Collectively, this data supports an anti
tumorigenic for the cister and seems to contradict the data for @yprmrigenic effect

of which there is plenty (not reported here). This supports the idea that this cluster
exhibits both preand antitumorigenic effects which may be dictated by which targets
are expresseith a given setting To date there has been limited study of the 1Z®Bb

clusterandtothimut hor 6 s k nowl edstgeyoftmiRRSrsgecifitadlys b e en

Phenotypic switching and role in disease
It has been establishédat smooth muscle (SM) cellsdergo reversible
switching between a contractile phenotype and a more immature proliferative, synthetic
or secretory phenotyfdélalayko and Solway, 2001Chronic inflammatory eventsear
mediators of these procesgeslayko and Amrani, 2003; Hirst et al., 2@)0In
vascular smooth muscle phenotypically unique subpopulations of smooth muscle cells
have been shown to contribute to injimguced vascular remodelif§tenmark and
Frid, 1998) In vascular diseases such as atherosclerosis there is marked alterations in the
differentiated state of smooth mus¢{@wens, 1995) Also, after balloon catheter injury
during neointima formation in rat wvascul ar

type of smooth muscle reappe@lvé&ajesky and Schwartz, 1990Recently, evidence has
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been published which illustrates that cell proliferat®nat necessary for gralocyte
macrophageolony stinulating factor (GMCSF) production, although cytokine

secreting cells are more likely to be actively prolifera{i@gkkar et al., 2004)

Acquisition of a synthetic phenotype is characterized by abundant organelles, lipids and
mitochondria with diminished expression of contractile proteins and increase
proliferative capacityHalayko et al., 2008 Maturation to a contractile phenotype is
marked by an abundance of contractile proteins including®Mc t i nacta,SM 2
myosin heavy chain, calponin,daldesmon, SM22, desmin, and smooth@Halayko

and Solway, 2001) This is coupled with an increased number of caveolae and their
associated caveolin proteiftdalayko et al., 2008nd increased responsiveness to
contractile agonists. The presence of growth factors, contractile agonists and eddracell
matrix proteins reglates SM phenotype, which can be easily maaipd in wlture. A
contractile phenotypeisisp por t ed by t h,ensupnramddaminicc, @hereads T GF b
a proliferative phenotype is favored upon exposure to pladelgted growth factor

(PDGF), serum and fibronect{ibekkers et al., 2007; Hirst et al., 2000a; Schaafsma et
al., 2007; Tran et al., 2006)rhis phenotypic ragation of smooth muscle is the uisof

the induction and/osilencing of phenotypspecific genes through transcriptional and

posttranscriptional mechanisms.
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Hypothesis

Mechanisms by which differentiated, contractile smooth musclewsdlergo
Ophenotypi c becomeobfdrative gnd searetaly one way airway smooth
muscle (ASM) cells respond tbechanical and environmental stress and contributes to
inflammatory responses in theng that reslt in airway diseaseRegulation by
microRNAs (miRNAS) has emerged as important postranscriptimal mechanism
regulating gene expression that mapdulate ASM phenotype but little is known about
the expression and functionsrafRNA in smooth muscle The overall hypothesis of this
thesis is that ASM expresses a specific miRNA signature and the mi@htAined

within participates in the regation of smooth muscle phenotype.

KLF47?

" Phenotypic Switching>

miR-257

Contractile Synthetic/Secretory

Figure 3. Moleaular mechanismhypothesizedfor role of miR-25 in smooth muscle

fate.
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RESEARCH AIMS

AIM 1: miRNA expression in ASM
1. What miRNA are expressed in hASM tis8ue
2. How does an inflammatory stirfus effect miRNA expression?
3. What are the differences seen in miRNAmssed in hASMCs treated with
inflammatory stinuli?

4. What are the similarities and differences in miRNA expressed in tissue vs. cells?

AIM 2: Role of miR-25 on ASM phenotype
1. How does miR25 effect contractile protein expression?
2. How does miR25 effect extracelilar protein expression?
3. How does miR25 effect inflammatory mediators?

4. How does miR25 effect proliferation?

AIM 3: miR-25 targets KLF4
1. Does miR25 inhibit expression of KLF4?
2. How does KLF4 affect smootinuscleproliferation?
3. Does miR25 bind KLF?

4. Does miR25 bind KLF4 at the predicted binding sites?

AIM 4: Role of T-beton miRNA expression and away smooth muscle phenotype

1. How doed -beteffect global miRNAexpressiofd
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2. What is the eff eTebetonaniRNA éxpession™ t he cont
3. What effect does-bet and Thet in context with miR25 have on eotaxin?
3. What is the relationship betwe€&sbet, extracelllar matrix expression and

MiRNA?

4. What role doe$-betand miRNA have on contractile protein expression?



CHAPTER 1

MiRNA EXPRESSION IN AIRWAY SMOOTH MUSCLE (ASM)

18
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INTRODUCTION

Over the last several years it has become apparent that each tissue type has a
mMiRNA signature.At the onset of this project nothing was known about miRNA
expression in airway smooth muscle (ASkfsue. Since that time, a festudies have
been completed, including oukghich determined this expression pattern. As of today, a
PubMed search of miRNA AND airway yields 14 papesome of the more compelling
include the following publicationd.u et al. 2009 demonstrate tmatR-21 is up
regulated in allergic airway inflammation and tegtes IF12p35 expressiofLu et al.,
2009) Schembri et al 2009 illustrates microRNAs are uaidrs of snokinginduced
gene expressioin human airway epitheliurfSchembri et al., 2009)Moschos et al.
2007 show rapid changes in lung miRNA levels following lipopolysacchamuigced
inflammaion but not in the antinflammatow action of glucocorticoiddMoschos et al.,
2007) Williams et al. 2009 published a paper profiling miRNA expression in mild
asthmatics and the effect adrticosteroidreatment on this expression. In their study, no
change was found in miRNAs expressed in the airway biopsies of normal vs. mild
asthmatics or following one month wéatmenwvith the corticosteroid, budesonide
(Williams 2009). Interestingly, their analgof bronchial and alveolar epitied cells,
ASM cells, alveolar macrophages, and lung fibroblasts demonstrated a miRNA
expression profile that was specific to individual cell types which demonstrated a
complex cellilar heterogeneity even within wholegue samplesThe most recent paper
regarding miRNA and airway is a paper by Mattes et al. which demonstrates that miR
126 suppresses the effector function of Th2 cells and the development of allergic airway

disease¢Mattes et al., 2009)
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Some have suggested that miRNAs act byhiting genes which shud not be
expressed in a partitar cell type and therefore function to reinforce orfinee gene
expression.Correspondingly, it has be@noposed that as many as 30% of all mMRNA
may be under the control of miRNABartel, 2004; Farh et al., 2005}t has also been
shown that miRNA usually dgenot celocalize with the high expression of a predicted
target either spatially or temporall$tark et al., 2005)This phenomenon most likely
reultsr om mMRNAs in a given tissue evolving 360
seed sequences. The overall effect of miRNA appears to beifiimg of gene
expression

Previous work in our lab and others has established the rolecotlsmuscle and
inflammaton. Persistent inflammaticeiffecs the hollow organs containing smooth
muscle and contributes to atherosclerosis,Mascestenosis after angioplasty,hasa,
inflammatory bowel diseasand interstitial cystitisSmooth muscle treated with an
inflammatory stinulus in wlture has been shown to secrete cytokines, chemokines, and
growth factors and switch to a proliferative phenotyphis study set out to determine
the miRNA expression pattern of human airway tissukued human airway smooth
muscle cells (hRASMC), and how cytokines affect miRNA in hASM®B& chose to look
at aultured hASMCs as a means of silating how these cells wdd respondn vivoin
the asthmatic state and how theyultbcontribute to inflammatiomiRNA array
technologyand reaitime PCR were used to determine miRNA expressibe
inflammatory stinulus used in these studi@as1 0 n g/ ml -1 ® NF & pwhich F N2
has been extensivelsal in our lab an others, and Hasen shown to siolate an

inflammatory environmergeen in smooth muscle disease states, such as asthma.
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MiRNA expression observed in these inflammatory stimulated human ASM cells shoul

have similaritiego the expression of miRNA seen in asthma.
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MATERIALS AND METHODS
Human ASM RNA
Total RNA from human tracheal smooth muscle was obtained from Ambion
(Austin, TX). The sex, age, race and cause of death were noted for each donor as
follows; male, 20 years old, African American, suicide; male, 59 years old, Caucasian,
lung cancer; ma, 68 years old, unknown race, lung cancer; female, 87 years old,

myocardial infarction.

Cell Culture

Primary wltured human airway myocytes were obtained from-2ihdgeneration
mainstem bronchi of patients undergoing lung resection surgery @nthersity of
Manitoba as previously describ@daureckas et al., 199%lternatively, human
bronchial snooth muscleells were obtained from Lonza (Walkersville, MD). Cells from
passages four througieven were used and grown in a humidified 5% CO2 atmosphere at
37°C in M199supplemented with 10% new born calf serum (Invitrogen, Carlsbad, CA),
0.5 epige/rtmal growth factor and uBureswefeL f i brob
grown toconfluence and growthrrested for 48 hours in serum free media consisting of a
50:50mi x of F12/ DMEM supplemented with 10 ml/
insulin,5  enlgransferrin, and 5 ng/ml selenium (BD Bioscience, Bedford, MA). Cells
werethen treated with 10 ng/ml#L b, TNFU, and | FNo for- 24 ho
1bTNFU and other growth factors were purcha

waspurchasd from R&D Systems, Inc. (Minneapolis, MN).



23

MiRNA Arrays

Expression of miRNAs in intact human ASM and in ASM cells was evaluated
usingmirVana miRNA bioarrays V2 (Ambion, Austin, TX). The probes available on the
arrays were spotted in quadruplicate widsitive controls for labeling and orientation.
Two arrays were spotted on each slide. For experiments using human ASM tissue,
mi RNA was purified from 20 g of tot al RNA
as directed by the manufacturer (Ambion, AusiiX). This system uses capillary gel
electrophoresis to isolate small RNA < 50 nucleotides. This was experimentally verified
by following fractionation of a small nucleotide RNA marker in control experiments. The
filter-based flashPAGE cleaup kit was used to concentrate the purified miRNA.
mMiRNA was then polyadenylated and labeled with Cy5 usingninéana miRNA
labeling kit and arrays hybridized and washed as directed. For miRNA from ASM cells,
total RNA was extracted using TRIzol reagent and purifigdg the PureLink miRNA
isolation kit (Invitrogen, Carlsbad, CA). Purified miRNA was quantified using
RiboGreerand the quality of RNA estimated by absorbance ratios of 260/280 nm > 1.8.
Analiquotof 2 e€g mi RNA was | yophtElbfiRiAselfreand r esu
water forlabeling. The NCode miRNA labeling system (Invitrogen, Carlsbad, CA) was
used forlabeling and polyadenylation of miRNA followed by ligation of a capture
sequence pridio hybridization overnight. Hybridized arrays were washed acubated

with AlexaFluor capture reagents to amplify signal intensity in these samples.

MiRNA Array Analysis

Hybridized slides were scanned using a Perkin Elmer ScanArray 4000
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Microarray Scanner at the Nevada Genomiest€r. GenePix 4.1 softwafielden et

al., 2002)wasused to quatify raw signal intensities. The remaining analysis and
normalization wagompleted in collaboration with the Nevada Bioinformatics Center at
the University oNevada. For the ASM tissue arrays, the local background as computed
by GenePixvas subtracted dm each signal value as a first quality control step. A noise
thresholdwas computed using the empty wells included on the arrays. The noise
threshold foreach array was computed independently as the sum of the mean and ¥z the
standarddeviation of the baakoundcorrected positive signal levels of the 194 empty
wells oneach arrayYounossi et al., 2005All spots with expression greater than this
threshold were retained, atite remaining set of parrray replicates of each miRNA was
examined for outlierbased on the coeffient of variation. Only one replicate of one spot
was deleted due @n abnormally large coefficient of variation >0.08, which is
approximately 1% of all setsf detectable replicates. Remaining replicated spots were
then averaged, and averaggubt intesities were normalized per array by division of the
median array signaNormalized intensities were then averaged across sample replicates,
except for thdemale patient, which was only analyzed on one array. Heat maps of

normalizedexpression levels weggenerated using Java TreeView v.1.1.3.

Quantitative PCR

RNA was extracted using TRIzol reagent and enriched for the miRNA fraction
using the PureLink miRNA isolation kit (Invitrogen, Carlsbad, CA) or enriched for the
total RNA fraction containing miRNAsingmiRVana isolation protocols (Ambion,

Austin, TX). Purified miRNA was quantified using RiboGreen and the quality of RNA
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estimated by absorbance ratios of 260/280 nm > 1.8. TagMan miRNA assays (Applied
Biosytems, Foster City, CA), were utilized to prepaDNA from 250 ng RNA and Ct
values from standard curves used to quantify relative expression of specific miRNA

normalized to U6.

in silico Analysis of Predicted miRNA Targets

Publicly available algorithms (PicTar, pictar.raderlin.de; TargetScan 4.1,
www.targetscan.orgniRBase, microrna.sanger.ac.uk; miRNA.osgyw.microrna.org;
Patrocles, www.patrocles.org) were used to determine potential binding sites of miRNA
to mRNA of target proteins. Al al gDrithms
of miRNA (Krek et al., 2005; Lewis et al., 2005; Griffitdenes, 2004; Betel et al., 2008;

Bartel and Chen, 2004)

Statistics

Paired ttests were conducted using GraphPad software (LaJolla, CA).
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RESULTS

MiRNA expresson in human airway smooth muscle

We initially wanted tasurvey miRNA expression in intact ASM tissue since
MiRNA expression has not bedascribed in detail in ASM tissue samplssng miRNA
arrays Total RNA was obtained from trachesahooth macle of 4 donors ranging in age
from 20 years old to 87 years old. Tdenors included one female, were of varying races
and care was taken to ensure thatcause of death was not due to clinical signs of
asthma. These arrays containquhael of 328 hum@n, 114 mouse, and 5atMmiRNA
from the Sanger miRBaseguence database version 8.0 along with 152 novel human
mMiRNA with the possibilityof overlap between species for some probes. We found 60
MiRNA expressed at@etectable level in all four donors aadother 118 miRNA
expressed in three of the fadwnors(Appendix1). Normalized median signal intensities
were used tgenerate a heat map of normal miRNA expression in ASM tissue from
MiRNA expressed in all fowtonors (Figure L This figure was saip as a means to
depict the miRNA which are exmsed in the average human ASbsue. There were 18
MiRNAs with expression levels >fld above normated expression values (Figurg 2
which illustrate the miRNA which were highly expressed in airwayés3hese
MIiRNA represent a list of miRNA which are most likely important to maintaining airway
homeostasis. These miRNA are {msiR-let-7b, hsamiR-let-7c, hsamiR-16, hsamiR-
23b, hsamiR-24, hsamiR-26a, hsamiR-12b, hsamiR-126, hsamiR-143, hsamiR-145,
hsamiR-200c, hsamiR-205, mmumiR-99a, mmumiR-140-AS, mmumiR-379, ambi

mMiR-13143, ambmiR-13232, ambmiR-13268. hsa is the designation of human
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Figure 1. miRNA expression in human airwaytissue Heatmap of miRNA present in
all 4 samples miRNA expression was normalizeithreshold, and background subtracted.
MIRNA are expressed as log2 expression on the heat map. 60 miRNA out of 640 were

expressed in all four subjects.
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Figure 2. miRNA highly expressed in human airway tissue These miRNA were

highly expressed in all four samples from four donors. Age range83.20here was

one female and three male donors. The race of the donors was two Caucasian, one
African American, andme unknown. The cause of death of the donors was myocardial
infarction, suicide, and two lung cancers. Total RNA from these deves®btained

from Ambion. miRNAwas fractionated by capillary geleetrophoresiand quantified

for labeling and array tyidization. Each sample was hybridized in duplicate, except for
the 87 year old myocardial infarction female donor which was hybridized to one array.

Data was normalized across all four samples.
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mMiRNA, mmu is the designation for mouse miRNA, amabi is the designation for

mMiRNA which have been discovered by Ambion and spotted onto the miRNA array.

Cytokine-stimulated miRNA expression in ASM cells

The effects of cytokingeatment on miRNA expression were examined in ASiNuces
stimulated withlIL-1 BT, NFU, and |1 FNo2, which has been pr
induce expression afiflammatory nediators in these cel(Singer et al., 2003; Hedges et
al., 2000) This inflammatory stimlus was originally chosdmecausehese cytokines are
found in thebronchialalveolar lavage fluid of asthmatics and sladoprovide an
inflammatory environment similar to the vivo mileiu found in theairway of asthmatics.
A comparison of miRNA expressiamder cytokinestimulated and no#treated

conditions from hybridized miRA arrays isshown in Figure 3 and Appendx We

also used this data to compare the miRNA expressadtured ASM cells with those
MiRNA expressed imitact tissue (Table)10f the 640 miRNA spotted on the array, 134
MiRNA were expressed in aktplicates. A majority of the miRNAs on the array
exhibited very low signal intensity amsbne of the miRNA expressed were significantly
up-requlated with cytokine treatmefAppendix2). We did observe 11 miRNA down
regulated > 2fold in bothcultures withcytokine tratment(Figure 43. These miRNA
include described humaniRNA miR-23a,-23b,-25,-188,-320,-363,-489, as well as
mouse and rat miRNAomologous to miRL40*, mouse miR329 and a novel miRNA,
abi13268. We verifiedhe expression of select RWNA downregulated with cytokine
stimulation using humaaspecificTagMan expression assays (Figure.4fs seen on the

array, miR25, miR140* and miR188 were significantlglownregulated with cytokine



31

® Sample 1
© Sample

-

|
T
=+ " (o]

ST WSV Pale[uumg-aunyo}s)

[an]

(o]

Control Non-Treated ASM Cells



32

Figure 3. Scatter plot of miRNAexpressed in cytokine stimalated vs. nontreated

human airway smooth muscle cellsHuman ASM altures were grown to confluence

and serunstarved for 48 hours prior wytokine treatment with 10 ng/mldL b, TNF U,
and | FNo, f or i2ohtechad miRNA arradgd\ngbrided and analyzed as
described.A scatter plosummarizes the mean signal intensity on a log2 scale from the
134 miRNA expressed iwo different ASM ailtures (shown in black and open circles)
assayed in duplicateDotted lines indiate a twefold expression change between
cytokinestimulated anchontreated altures; the black line indicates no changéstay

contains 662 miRNA and controls.
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Figure 4. Cytokine-stimulation affects miRNA expression in human ASM cells

Human ASM altures were grown to confluence and sestarved for 48 hours prior to

cytokine treatment with 10 ng/miiL b, TNFU, and | FNo, for 24
isolated and miRNA arrays hybridized and analyzed as desd&ilRdtios of mMiRNA

expression in cytokinstimulated vs. notireated altures were generated from miRNA

array analysis. Normalized ratios of the 11 miRNA dewgulated > 2fold with

cytokine treatment are showB. TagMan miRNA expression assays were used

verify changes in miRNA expression seen on the arrays. Human ABies were

treated as above, RNA extracted with TRIzol and miRNA further purified for cDNA
synthesis. RIPCR were performed with TagMan miRNA assays using 250 ng RNA
enriched for mMIRNAmMIRNA expression was normalized to U6 expression in each

sample. Data is expressed as the % change in miRNA expression franeated

cultures (100%), n =-8 + SEM; * indicates a statistically significant difference from

control, nontreated altures;A i ndi cates a statistically s

cytokinestimulated ailtures, p < 0.05.

{
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stimulation, whileexpression of miF829 was also markedly decreased.

Differences in miRNA expressed in celldture vs. tissue

When the miRNAexpression data was compared between intact tissue and
cultured cells, there were sewédifferences listed in Table IThose differences
included 18 human, 8 mouse, 4 rat and 12 amBRs seen inwture but not tissue.
There were also 2 human and #maRNAs expressed in intact tissue but nattare.
These miRNA were hsaiR-141, hsamiR-498, mmumiR-7b, mmumiR-217, and
mmumiR-383.While some of these differences may be attributed to changes in ASM
cellsin culture, it is diffiault to study the miecular biology and biochemistry of miRNA

functionsin vivowithout a working knowledge obtain@dvitro.



Table L miRNA Expressed in Cultured ASM Cells but not Intact Tissue

miRNA Expressed in Cultured ASM cells but not Intact Tissue
hsa-miR-15a
hsa-miR-33
hsa-miR-105
hsa-miR-122a
hsa-miR-220
hsa-miR-302c
hsa-miR-302c”
hsa-miR-367
hsa-miR-369-3p
hsa-miR-373"
hsa-miR-433
hsa-miR-448
hsa-miR-485-3p
hsa-miR-512-3p
hsa-miR-513
hsa-miR-518a-2*
hsa-miR-520a
hsa-miR-520c
mmu-miR-9
mmu-miR-155
mmu-miR-291b-5p
mmu-miR-292-5p
mmu-miR-329
mmu-miR-350
mmu-miR-542-5p
mmu-miR-543
rmo-miR-333
rmo-miR-374
rmo-miR-382*
rno-miR-409-5p
ambi-miR-685
ambi-miR-3121
ambi-miR-5021
ambi-miR-6374
ambi-miR-7038-1
ambi-miR-7070
ambi-miR-7075
ambi-miR-7920
ambi-miR-8027
ambi-miR-9134
ambi-miR-13205
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Discussion

We set out talefine the set of mMIRNAs expressinhuman airway ASMby
conductinga surveyusing miRNA arrays.Total RNA fromfour human tracheal smooth
muscle samples was obtained from a commeroiaicg and microRNAs isolated.
mMiRNAs were tailed with modified nucleotides, labeled with Cy5 and hytwdito glass
arrays containing targets for 385 known human and mouse miRNAs. After correction for
background and threshibhg we consistently detected B0RNAs in RNA from 4
different humans. Several miRNAs were detected that target proteuiatieg
proliferation, cell migration and cytokine gene expression. We detected several
commonly expressed members of the-let& family (a, b, ¢ and d) that target members
of the Ras family and numerous other proteins. -idg& 24 targets MAPK14 (p38
MAPK alph3g, a signaling kinase known to promote proinflammatory gene expression.
HsamiR-143 targets MAPK7 (ERKS5), which controls proliferation, VEGF expression
and angiogenesis. HsaiR-23A and B family members target chemokine CXCL12,
which mediates migration drcancer metastasis. HsaR-145 targets poly(ADRPibose)
polymerase 8, a member of a family of proteins that contribute to genomic stability by
ribosylating proteins pécipating in DNA nick repair. It has also been reported that
miR-145 and miR143 aranvolved in reglation of vasalar smooth muscle phenotype
(Cordes et al., 2009; Xin et al., 2009)hese reglts are consistent with the hypothesis
that some miRNAs in differentiadeairway smooth muscle have aptoliferative,ant-
inflammatory and antmigratory effects.It is important to determine miRNA expression
in the lung tissue to compare with uéis from individual cells types because of the

complex cellilar heterogeneity of miRNA expression of different cell types within
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different tissues. A subsequent analysis of miRNA of different cell types in the lung
illustrates the variance of miRNA expreassiprofiles within bronchial anadlveolar
epithelial cellsairwaysmooth muscle cells, alveolar macrophages and lung fibroblasts
within whole tissue samplg®Villiams etal., 2009)

The next part of the study examingtlether inflammatory stioation modilated
MiRNA expression. In examining the rédgtion of miRNA expression following an
inflammatorystimulus, we treateduttures with a cocktailof k1 b, TNFBNoand
This stimuluswas chosen to more closely approximate the environmeio since it
has beeriound in bronchoalveolar lavage fluid from symptti asthmatic patients
(Mattoli et al., 1991; Broide et al., 1992his inflammatory cocktail has alsodre
previously used by our laboratory and otherslicit the production of inflammatory
mediators in ASM cells, including L b , -6, IL-B, cyclooxygenas@ and monocyte
chemotactic protein€Salinthone et al., 2004a; Hedges et al., 208Gtudy oflung
tissue haseported rapid woegulationof miRNA, including miR25, in response to L
1 fand LPS within 3 hour@Voschos et al., 2007purprisingly, under the conditions
reported here, onlgownregulation of miRNA expression was observed withiburs of
exposure to amflammatory stinulus. This suggests that profiles of miRNA expression
are likely timeand cell typedependenand the 11 miRNA downegulated in our study
may represent a subsetroiRNA affected by chronic environmental changesmooth
muscle cells

Further studies on these 11 miRNA mightigienportant reslts in airway
research The recent study by Chiba et al. 2009 in which dowrleggn of miR133a

was shown to contribute to upgulation of RhoA in a mouse experimenrdgdiergic
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asthma model is an example of how downfatpd miRNA lead to airway disease
(Chiba et al., 2009)RhoA is a key protein in bronchial smooth muscle contraction and
up-regulation of RhoA has been demoraded in rodenasthma models. A study of
TargetScarshows that there is not a binding site for any of our 11 miRNA in RhoA, but
binding algorithms do predict binding sites foany other proteins undergoingsearch
in the airway field. These predictethargetsnvolved with ASM phenotype regation
include myocardin related transcri plini on
4, serum response factor binding protein 1, and eotaxin precursor. Another example of
downregilation of miRNA and away disease is Mattes et al. 2009 which demonstrates
that downreglation of miR126 suppresses Th2 cells and the development of allergic
airway diseas@MVattes et al., 2009)Additionally, arecent airway paper illustrates the
differences in miRNA expression between the differersaelthe airwayWilliams et
al., 2009which highlights the need for concentrated study on each of teéséypes to
further understand the miRNA expression in the airway and how specifitaceiiRNA
expression may relate to disease.

It is appreciated thaudtured ASM cells behave differently than those found
vivo because of the differences in cytokines, chemokines, growth factors, etc. which
smooth muscle cells are exposedhnteivo. Thus it was not surprising thate found a
difference in miRNA expressed in tissue compared to miRNA expressatured cells.
This may be attributed to differences witare environment and the vivo environment
but this does not discount the value of data gatheretiro. In vitro datais an important
starting point for these types of studies, so valuable time and monewtlle wasted

on costlyin vivo experiments without any empirical data to determine experimental

f

a
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design and fromwvhich to fornulate hypothesesThe data gatred from these
experiments cahe expanded on ansed as the basis of designing experimends an

hypothess in furtherstudies.



CHAPTER 2

ROLE OF miRNA ON ASM CELL PHENOTYPE

41
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INTRODUCTION

In the lung, miRNA expression has been examined in tumors and under
inflammatoryconditions. Members of the {&tfamily have been identified as
suppressors of lung tumor growthvivoand in altured cells, which may lead to novel
moleailartherapies for lung cancé@EsquelaKerscher et al., 2@) Kumar et al., 2008)
Expression profiling in lung cancer patiehtss also identified a miRNA signature that
predicts survival and relapg®u et al., 2008a)Duringinflammatory stinulation of lung
alveolar epithelial cells, rapid changes in riilB6aexpression occur and negatively
regulate the relase of interleukin (ILYL Bnduced IL-8 and reglated upon activation,
normal T cell expessed and secreted (RANTHSBErry et &, 2008) Exposure to
lipopolysaccharide (LPSh vivocauses rapid changes in mouse largression of
multiple miRNAs that correlate with reduction of inflammatory mediasoich as tumor
necrosis factor (TNFY and macr ophage ilR{(Maschosetab,r y
2007) Additionally, miRNA bindingsites have been identified in the asthma
susceptibilitymarker HLAG w h e r antranslated 8egion (UTR) contains sites for
mMiR-148a,miR-148b and miRL52(Tan et al., 2007)

Little is known of the role of miRNA in airway smooth muscle (ASM), although
other smooth muscle tissues have b&tedied. For example, miR43 is highly
expressed in leiomyosarconf@ubramanian et al., 2008hd the reglation of miRNA by
ovarian steroids hdseen demostrated inlile myometrium and leiomyon{Ran et al.,
2008) In the vasulature, g o | y mo r p h i- TR of the artgibtensirBligype |
receptor (AT1R) has beassociated with cardiovadar disease and has recently been

identified as a target faniR-155(Martin et al., 2007)Inhibition of miR-155 in vasalar

pro
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smooth muscle cel(VSMC) represseAT1R expression and decreases receptor

mediated activationMicroarray analysis haalso recently demonstrated aberrant

MiRNA expressia following vasalar injury (Ji et al., 2007) This study identified miR

21 as a mediator of neointimal lesion formation that incrgaséi$eration and inhibits

apoptosis in VSMC Also, it has been found that dowegulation of miR133a

contributes to wwegulation of Rhoa in bnachial smooth muscle. Uprelgtion of RhoA

has been observed in the bronchial smooth musclkespefimentabsthma in mice.

These studies demonstrate some of the reasoning and knowledge advancement which can
be achieved by studying miRNA in relation to@th muscle cells.

It is recognized that chronic inflammatory events in the lung mediate processes
by which ASM cells undergo reversible switching between a contractile phenotype and
more immature proliferative, synthetc secretory phenotygdélalayko et al., 1999;

Hirst et al., 2000b)hat produce3h1/Th2 cytokines, CC and-K-C chemokines,
chemotactic proteins and peptigiowth factorgSinger et al., 2004; Hal&g and

Solway, 2001) The molealar mechanisms regating this phenotypic plasticigre not

well understood. We undertook the present studies to determine wiegjliation of
MiRNA expression may p¥ a role in these processes. Previouslyexaming miRNA
expression inwtured ASM cells exposed to a pirdlammatory stinulus of IL-1 b
TNFU, and i mtThe dbjective of thé follGwiny studies is to determine if
miRNA play a role in phenotypic switching of ASM cells. In order to studsyile

chose to control the expression of one miRNA, fB8Rand observe the effects of several
phenotypic markers such as inflammatory mediagxsacellulamatrix (ECM) and

contractile proteins. mi5 was chosen because it vpasviouslyshown to be
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downregilated by an inflammatory stumus and search of online databases predicted
miR-25 targets many proteins involved with smowthscle phenotype determination
such as vitronectin receptor, myosin 1B, myocyte enhancer factor 2D, suppressor of

cytokinesignaling 5, and Kruppdike factor 4.
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MATERIALS AND METHODS

Cell Culture

Primary wltured human airway myocytes were obtained from-2ihdgeneration
mainstem bronchi of patients undergoing lung resection surgery at the University of
Manitoba as previously describ@daureckas et al., 199%lternatively, human
bronchial smooth muscleells were obtained from Lonza (Walkersville, MD). Cells from
passages four througieven were used and grown in a humidified 5% CO2 atmosphere at
37°C in M199supplemented with 10% new born calf serum (Invitrogen, Carlsbad, CA),
0. 5 epidetmalgrowthdct or and 2 eg/ L fultubeswebel ast gr o
grown toconfluence and growthrrested for 48 hours in serum free media consisting of a
50:50mi x of F12/ DMEM supplemented with 10 ml/
insulin,5 € g/ ml ,&anda mgént selenium (BD Bioscience, Bedford, MA). Cells
werethen treated with 10 ng/ml#L b, TNFU, and | FNo for- 24 ho
1bTTNFU and other growth factors were purcha

waspurchased from R&D Sysms, Inc. (Minneapolis, MN).

Anti-miR Transfections

RNA oligonucleotides that inhibit m#25 or a norbinding negative control were
designed and synthesized by Ambion (Austin, TX). ASM cells were grown to ~80 %
confluence prior to transfection with 90 ravit-miR miRNA inhibitors using

siPORTMNeoFX(Ambion, Austin, TX) diluted in OptiMEM. After 48 hoursulktures were
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treated with 10 ng/ml#1 b, TNFU and |1 FNo for 24 hrs and
proteinisolated as described. Using FAlRbeled negative cordl antrmiR

oligonucleotideswe estimate 40% transfection efficiency enthese conditions

Pre-miR transduction

Lentivirus encoding precursor miRNA (pmiRjgs obtained from System
Biosciences (Montain View, CA). For the pmiR5 virus, the hsmiR-25 pre
microRNA construct wasloned into a human immunodeficiency virus (HIV) lentiviral
vector that contains a copGFP repotteder the control of a constitutiverhan
elongation factot) ( EF 1) amdras the miRNA precursor under control of a
CMV promoter The construct consists of a stem loop structure with approximately 200
base pairs of upstream and downstream flanking genomic sequence. The native structure
ensures interaction with endogenous RNA processing machinery arnatoeg partners,
leading to properly cleaved RINAs. The tite for the pmiR25 was 1.0 x 10IFU/m.
The pmiR H1 is the same virus but with an empty veatal the titer was 8.72 x 10
IFU/ml. HEK 293 or telomerized human smooth muscle cells were tranduced with
pmiR-25 and pmir H1 virus under the following conditionBor 293 cells, cells were
plated in three 35 mm diss at a concentration of 5.0&" cells/plate(determined from
previous experiments) and grown in DMEM + 10% FBS media and incubated for 24 hrs.
The nex day, cells were infected with virus in 8 ug/ml polybrene, 1 ml DMEM + 10%
media, and 28 Adish virus/PBS mixture The virus/PBS mixture wasel pmiRH1 in
75¢ PBS and 1@ bmiR25 in 75 PBS. The next day the media was changed to

remove the viruand fresh DMEM + 10% FBS added. Cells were split into 100 mm
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dishes (1 drop/ dish) or frozen and grown to confluency. Individual clones were then
picked and grown in 6 well plates. From these clones, cells with close to 100%
transduction as determinég fluorescento bright field comparison were chosen for
further passage and future experimeriisr proliferation assays, hASM cells

immortalized by stable expression of telomer@san et al., 2006yvere transduced by

the same method, with the following exception: 5 ug/ ml polybrene was used and M199

complete media was used.

Western Blots
Whole celllysates were mpared as previously describ@alinthone et al.,
2004b; Singer et al., 2003 roteinconcentrations were determined by the bicinchoninic
acid method using bovine serafbumin asthestaadr d. Tot al protein (1
separated by-20% SDSPAGE andransferred to nitrocallose. Blots were blocked in
Odyssey blocking buffer diluted 1id PBS for 1 hour (Licor Biosciences, Lincoln, NE)
prior to incubation with primargntibody. Anti-GAPDH antibody was obtainefiom
SantaCruz Bioechnologies (Santa Cruz, CA).n#kmyosin heavy chaiantibody was
obtainedfrom BiomedicalTechnologies, Inc (Stoughton, MA). Secondary antibodies
were conjugated tAlexaFluor® 680 (Molealar Probes,tgene, OR) or | RDy e
(Rocklandimmunochemicals, Gilbertsville, PA) for fluorometric detection using an
Odysseyinfrared imaging systemAll densitometric analyses took place within the linear

rangeof the immunoreactive signal using Odyssey systemvaoé.
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Quantitative PCR

RNA was extracted using TRIzol reagent and enriched for the miRNA fraction
using the PureLink miRNA isolation kit (Invitrogen, Carlsbad, CA) or enriched for the
total RNA fraction containing miRNA usingiRVana isolation protocolgAmbion,
Austin, TX). Purified miRNA was quantified using RiboGreen and the quality of RNA
estimated by absorbance ratios of 260/280 nm > 1.8. TagMan miRNA assays (Applied
Biosystems, Foster City, CA), were utilized to prepare cDNA from 250 ng RNA and Ct
values from standard curves used to quantify relative expression of specific miRNA
normalized to U6. Expressiaf contractile proteinsvas evaluated using
TagMan gene expression assays from-Brstr and c¢DNA prepared from
diluted1:5 as previously describg¢8alinthone et al., 2004land normalized relative to
18S rRNA. Thespecific TagMan gene expression assays were as follows: myosin heavy
chain(MYH11), Hs00224610; calponin (CNN1), Hs00154543; TAGLN (SM22),

Hs001&558.

PCR Arrays

PCR arrays (SABIiosciences, Frederick, MD) were used examine expression
levels of extracelllar matrix proteins (ECM) and THIh2-Th3 inflammatory mediators
affected by miR25. Firstss t r and c¢DNA was synthesi ®d fron
(Salinthone et al., 2004bjhe reactions contained 1X SYBR PCR master mix and 2
diluted cDNA in afinal volume of 2% knd were amplified at 95°C, 15 seconds; 60°C, 1

minute for 40cycles. Cytokinestimulated ASM cells transfectemith the negative anti
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miR control orantFmiR-25 were compared and analyzed acrosHipie plates using the

ppCt merndormdor mettin.zed to b

ELISA
Cell aulture media was assayed for eotaxin (R&D Systems, Minneapolis, MN),
RANTES or TNFRU CanvsbadgeCA) by ELISA accol

protocols.

MTS Assay

pmiR-25 transduced and pmiRh1 cells were plated inev@6plate at a density
of 1.0 x 18 cells/well (determined in previous experiments to be optimal) in 16 wells/cell
type This protocol was followed for a total of three plates. The plates were then
incubated at 3¥C for 24 hours. All media was changed to growth arrest media
(DMEM/F12 + ITS + glutamate) and incubated ax @%or an additional 48 hrs. The
cells were tbn either treated with 10% FBS or rpeated (growth arrest media) and
incubated for 24, 48, and 72 hours at which time a MTS assay was performed via
manufactures protocol. Briefly, cells were incubated witls ZATS reagent and 109 |
media for 2 hourat 34 C and then 490 nm absorbance determined with BioRad 680

Microplate reader using the MTS protocol setting.

BrdU Assay
pmiR-25 transduced and pmiRh1 cells were plated inev@l6plate at a density

of 1.0 x 16 cells/well (determined in previous experiments to be optimal) in 16 wells/cell
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type. This protocol was followed for a total of three plates. The plates were then
incubated at 3¥C for 24 hours. All media was changed to growth arrest media
(DMEM/F12 +ITS + glutamate) and incubated ax&7for an additional 48 hrs. The

cells were then either treated with 10% FBS or-treated (growth arrest media) and
incubated for 24, 48, and 72 hours. Cells were then labeled witi @@ll 10X BrdU
labeling reagnt in 10Ce bf appropriate medium. The plates were placed back in the 37
CO2 incubator for 16 hours. We then discarded titeie medium and added 260bf
Fixing/Denaturing solution and let stand for 30 minutes at room temperature and
discarded theolution. Next, we added %0 bnti-BrdU monoclonal antibody and
incubated for 1 hour at room temperature. Then we washed the cells, and addefl 50
HRP conjugated antnouse IgG. We incubated this for 1 hour at room temperature and
then washed. Rally, we added 56 bf substrate reagent, incubated for 12 min at room
temp, and added 50 bf stop solution.BrdU was then quantified using the ELISA

setting on a BlOrad 680 plate reader to measure the 450 nm absorbance.

in silico Analysis of Prediced miRNA Targets

Publicly available algorithms (PicTar, pictar.raderlin.de; TargetScan 4.1,

www.targetscan.orgniRBase, microrna.sanger.ac.uk; miRNA.augyw.microrna.org

Patrocles, www.patrocles.org) were useddtermine potential binding sites of miRNA

to mMRNA of target proteins. All alg®rithms

of MIRNA (24-28).


http://www.microrna.org/

Statistics

Paired ttests were conducted using GraphPad software (LaJolla, CA).

51
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RESULTS

miR-25 targets genes which ragate airway smooth muscle phenotype

To further understand the role of miRNA in ASM, we searched publicly available
MiRNA targeting algorithms for possible targets relevant to ASM func{ibalislel).
Thesealgorithmsfind complimentarytarget i n t he 36 UTR moré mMRNA &
weightont he compl ementarity 9ff bhietdeeend ®RNAe gi
UTR. Wefocused omiR-25 for further functional analysia these experimentsnce it
is predicted to tayet a varietyof genes that may retate ASM plasticity These targets
include vitronetin receptor, myosin 1B, myo®/enhancer factor 2D, suppressor of
cytokine signaling 5, and Kruppbke factor 4. Vitronectin in abundant in both plasma
and serumird is capable of transforming smooth muscle cells to the synthetic,
proliferative phenotypéDahm and Bowers, 1998Myoctye enhancindactors have
been implicated in coronary artery dise@stang et al., 2003) Suppressor of cytokine
signaling 5 has been shown to play a protective role in the progression of smooth muscle
disease¢Tian et al.2008) Kruppetlike factor 4 is a transcription factor which is the
subject of much investigation and its role in smooth muscle phenotypic switching is well
establishedzZheng et al., 2009)Clearly tlrese targets are important to smooth muscle
biology. The role miR25 plays in smooth muscle phenotype may be through one or a

combination of many of these targets.

anti-miR-25 inhibits miR-25 expression
To study function®f miR-25, we optimized a systeto manipulate endogenous

MiRNA expression using RNA oligonucleotides designeidhdit miRNA, known as



53

antFmiRs. As shown in Figure 1, transfectioiithe miR25 specific antmiR down-
regulated miR25 in both nortreated and cytokinstimulated cultures. This validates the
use of antmiR-25 in subsequent experiments and furthaidates previous data which

showed thathis cytokine stimlus downregulates miR25 expression.

miR-25 expression can be regulated by lentiviral transduction

In order to further study mi#25, we optimized a system to manipulate MR
expression using commercially available lentiviruses. -2bRvas upregulated by
expressing the precursor miRNA, pm#8. Figure 2illustrates expression of copGFP in
human ASM cells (inset). TagMan miRNA assays were used to quantifgiiR
expression following 7 days of lentiviral transduction (bottom panel) compared to

transduction with the control pmiR1 virus.

miR-25 regulates expression of selected contractile protein

In order todetermine whether mi25 targeted any proteins important in
regulating contractile ASMphenotype, we analyzed gene expression of selected
contractile proteins following anthiR-25 transfection. Figurea@summarizes
guantitative RTPCR analysis omiRNA expression for myosin heavy chain (MHC,
MYH11) SM22 or calponin (CNN1) followingytokine treatment with 10 ng/mliL b ,
TNF U a n dredtnteit with inflammatorgytokines incresed gene expression of
MHC andSM22, but not calponinTransfection with artimiR-25 decreased cytokine
stimulated myosin heavghain expression by 25%. This uéswas verified by

immunoblotting analysis (Figui@g) where antmiR-25 decreased MHC by 50%M22
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expression was also decreabgcanttmiR-25, although the negative ntamding anti

miR control also had an effect expression levels. Calponin expression was not affected
by anttmiR-25. These rastsindicate the miR25 plays a role in madating mRNA
expression of these contractdeoteins, partialarly MHC. Next, we determined the

effect of pmiR25 on contractile protein expression. prR#R significantly upregulates
expression of MHC, observed Byesterrblot analysis (Figure)4 Thereare no

predicted binding sites for miR5 inthe3 6 UT R o fThu§/ &h¢ reglation of MHC

by this miRNA is likely to be indirecfossibly through a transcription factor that

modulates ASM phenotype.

miR-25 regulation of cytokine expression

We used samlps of cytokinestimulated ASM cellgransfected with the anti
MIRs to survey expression of a wide variety of inflammaioegliators or extraceilar
matrix (ECM) genes using PCR arrayshe inflammatorymediator PCR array contained
primers for a varietypf Thl and Th2 mediators amelceptors, transcription factors and
signaling moleales associated with immumnesponseéTable 3. Inhibition of miR-25
in cytokinestimulated cells dowanegulates expression of RANTES,-IL8 and eotaxin
greater tha foldwhile upregulat i ng expression of TNFU as
RANTES, IL-6 and IL-12. Effects of miR25 on secretion of RANTES, eotaxin and
TNFU wer éyBLISA (Figuies). dSecretion of these mediators was not

detectable in notreatedculturesbut was induced by treatment with 10 ng/miliLb |,
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Figure 1. Anti-miR oligonucleotides downrregulate miR-25 expression

Cultureswere transfected with 90 nM antiiR miRNA oligonucleotide inhibitors

specific for miR25 (Anti-miR-25) or anegative norbinding control (Neg AntmiR)

using siPORNed~X for 48 hrs. Control altures received mock transfection conditions.

Cultures were thetreated with 10 ng/mlH1 b, TNFU and | FN2 (Cyt ok
treated (NT) for 24 hoursniRNA expressionssays used to analyze expression of-miR

25 normalized to U6 ithe same samples. Data was expressed as the % control from

control, NT cells, n =5 +SEM. * indicates a statistically significant difference from

miRNA expression levels seaontreated altures, p<0.05A i ndi cates signi

difference from levels seen in noreated, antmiR-25 cultures p<0.05.
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Figure 2. pmiR-25 upregulates miR25 expression.TelomerizechumanASM cells

were transduced with pmiR5 and pmiRH1 control virus. Inset demonstrates co
expression of copGFP in pmiBS transduced cells. Cells were plated on 6 well plates
and allowed to grown to confluency. RNA was then extracted by TRIzol and miRNA
waspurified from the total RNA. cDNA was prepared from this and used in miRNA RT
PCR assays to determine ritRB and U6 expression in cells normalized to U6,

n=3+xSEM.
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Predicted Targets

PicTar, TargetScan, miRBase, Patrocles

miR-25 ITGAV, vitronectin receptor

MYO1B, myosin 1B

MEF2D, myocyte enhancer factor 2D

SOCS5suppressoof cytokine signaling 5

KLF4, Krippetlike factor 4

Table 1. Predicted miR25 targets.
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Fig 4. Anti-miR effects oncontractile protein expressionA. mRNA expression of
smooth muscle markers after asaatment, ne@ntirmiR, or antimiR-25. Gene
expression assayed by TagmaniRTR normalized to 18S. Smooth muscle markers
were myosin heavy chain (MHC), sm22, angoain. N=3B. Representative western
blot analysis of MHGn pmiR-25 or pmiRh1 transduced smooth muscle cells after
treatment with cytokines or ndreated controlC. Densitometrianalysis of MHC

normalized to GAPDH of western blot in part B, n=3+SEN<0.05
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Figure 5. pmiR effects on contractile proteinexpression. A. Representative Western
blot of myosin heavy chain in pmiR25 and prtR human ASM cells. B. Densitometry
of myosin heavyhainnormalized to GAPDHexpressionn pmiR-25 and pmiRH1

human ASM cells, n=3+SEM.
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TNFU IaFmNcb f or 24 htrassfedted dtures and in atlres transfected

with thenegative antmiR. Transfection with antmiR-25 dramatically reduces cytokine
stimulatedsecretion of RANTES and eotaxinand stlmt es s ecr eThesen of
reailts demonstrate that expression of R2iRdoes affect the inflammatory response of
ASM cells by modilating secretion of both piimflammatory mediators and chemokines

associated with indmmatory airway remodelin@inger et al., 2004)

miR-25 regulation of extracellular matrix

Accunulation of extracetilar matrix (ECM) proteins is another feature of airway
remodeling and bronchoalveloavhge fluid from asthmatics contains increased levels
of fibronectin, laminin and hyaluronate, reflecting increased E@Mover(Altraja et al.,
1996; Bousqet et al., 1991) We again chose to use PCR arrays to survey whether miR
25 had effects on expressiong#nes encoding ECM and basement membrane proteins,
their receptors, or othstructural proteins associated with cell ECM inteaxgi(Table
3). Inhibition of miR-25 in cytokinestimulated ASM cells dowanegulates expression of
a wide variety of these proteins with greater than 2 fold deegnlation of delta catenin,

type Xl collagen, thrombospondin and ADAMTS8 metallopeptida3esa lesseextent,

TN

Ecadherin, types V and XV c oétdllgprgteimases i nt egr

(MMP) 9, ADAMTSL1 and fibronectin are also dowagulated. Additionally, inhibition
of miR-25 also upregulated expression of tenascinCar cogl ycan Uterman d
than 2 fold and to a lesser extentregulatedexpression of tissue inhibitor of

met all oproteinase ( TIsglétn)lL, MMPaaml MViPT4. U2 ,

M M|

s el
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These reglts demonstrate that expression of A@Raffects expression of a wide variety

of ECM proteins that add affect ECM turnoveand airway remodeling.

miR-25 regulation of smooth muscle proliferation

Upontransductiorwith pmiR-H1 or pmiR25, we noticed differences in the morphology
of telomorized ASM cells (Figure)6 It appears thgimiR-25 expressing cellske on a
more differentiated elongated shape and do not proliferate as well as thélpmeRs.
Based on the observationgwet up a series of proliferation assays to quantify the
differences in growth rate between pmHRL andpmiR25 transduced hASMCdnitially,
we assessed proliferation by measuring the incorporation of MTS in viable cells exposed
to serum as a growth stimulus (Figur@)7 Over a period ofZ hours of serum exposure,
a 50% *SEMdecrease in MTS incorporation was measured in gpgilRxpressing cells
compared to pmifd1 cells. This indicates that pmiBS expressing cells are
proliferating at a slower rate than the control cells. We verified this observation by
further measurin@®rdU incorporation into newly syndsized DNA (FigureB3). Using

this measure, again a%t:SEM decrease iBrdU incorporation is seen in pmiR5

expressing cells compared to control prHR cells.



TABLE 2. Inhibition of miR -25 regulates expression oinflammatory mediators in

cytokine-stimulated ASM cells.

Gene

Gene Name

Fold Regulation
by Anti-miR-25

Chemokine (C-C motif) ligand 5; CCL5
Interleukin 18; IL18
Chemokine (C-C motif) ligand 11; CCL11
Interleukin 23, alpha subunit p19; IL23A
Chemokine (C-C motif) receptor 2; CCR2
CD86 molecule; CD86
Interleukin 18 receptor 1 ; IL18R1
Fas ligand; FASLG
CD40 ligand; CD40LG
Inhibin, alpha; INHA
Signal transducer and activator of transcription 1; STAT1
CD28 molecule; CD28
Surfactant, pulmonary-associated protein D; SFTPD
Secreted phosphoprotein 1; SPP1
Chemokine (C-C motif) ligand 7; CCL7
Protein tyrosine phosphatase, receptor type, C; PTPRC
CD4 molecule; CD4
Inducible T-cell co-stimulator; ICOS
Interleukin 15; IL15
Mitogen-activated protein kinase 8; MAPK8
CD80 molecule; CD80
Signal transducer and activator of transcription 6; STAT6
GATA binding protein 3; GATA3
Tyrosine kinase 2; TYK2
Interleukin 4; 1L4
Mitogen-activated protein kinase kinase 7; MAP2K7
Interleukin 5; IL5
Interleukin 13 receptor, alpha 1; ILI13RA1
Interleukin 1 receptor, type I;IL1IR1
Interferon regulatory factor 4; IRF4
Glomulin, FKBP associated protein; GLMN
Transmembrane emp24 protein transport domain containing 1 ; TMED1
Suppressor of cytokine signaling 1; SOCS1
Chemokine (C-C motif) receptor 3; CCR3
YY1 transcription factor; YY1
Chemokine (C-C motif) receptor 4; CCR4
Interferon, gamma IFNG
Interleukin 7; IL7
Nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 1; NFATC1
Janus kinase 1; JAK1
T-box 21; TBX21
Interleukin 1 receptor, type II;IL1R2
Cytotoxic T-lymphocyte-associated protein 4; CTLA4
Interleukin 6; IL6
Interleukin 2 receptor, alpha; IL2ZRA
CCAAT/enhancer binding protein (C/EBP), beta; CEBPB
Interleukin 4 receptor ; IL4AR
Janus kinase 2; JAK2
Immunoglobulin superfamily, member 6; IGSF6
Suppressor of cytokine signaling 5; SOCS5
Polycomb group ring finger 2; PCGF2
Interferon regulatory factor 1; IRF1
Interleukin 9; 1L9
NFATC2 interacting protein; NFATC2IP
Chemokine (C-X-C motif) receptor 3; CXCR3
Transcription factor CP2; TFCP2
Granulocyote-macropharge colony stimulating factor; CSF2
Inhibin, beta A; INHBA
Transforming growth factor, beta 3; TGFB3
Toll-like receptor 6; TLR6
Interleukin 2; IL2
Signal transducer and activator of transcription 4; STAT4
V-maf musculoaponeurotic fibrosarcoma oncogene homolog; MAF
Tumor necrosis factor receptor superfamily, member 9;TNFRSF9
CREB binding protein; CREBBP
Tumor necrosis factor superfamily, member 4; TNFSF4
Tumor necrosis factor receptor superfamily, member 8; TNFRSF8
G protein-coupled receptor 44; GPR44
Toll-like receptor 4; TLR4
Interleukin 10; 1L10
Interleukin 13; IL13
Lymphocyte-activation gene 3; LAG3
Interleukin 12B; 1L12B
Interleukin 17A; IL17A
Suppressor of cytokine signaling 2; SOCS2
Nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 2; NFATC2
Growth factor independent 1 transcription repressor; GFI1
CD27 molecule ; CD27
Interleukin 6 receptor; IL6R
Hepatitis A virus cellular receptor 2; HAVCR2
Interleukin 12 receptor, beta 2; IL12RB2
Chemokine (C-C motif) receptor 5; CCR5
Tumor necrosis factor; TNF
Linker for activation of T cells; LAT

D17S136E/RANTES
IGIF/IL-18
SCYA11
IL-23/IL-23A
CC-CKR-2/CCR2A
B7-2/B70
CD218a/CDw218a
APT1LG1/CD178
CD154/CD40L
LOC388931
DKFZp686B04100/ISGF-3
Tpaa
COLEC7/PSP-D
BNSP/BSPI
FIC/MARC
B220/CD45
CD4mut
AILIM/CD278
IL-15
JNK/INK1
CD28LG/CD28LG1
D12S1644/1L-4-STAT
HDR
JTK1
BSF1/IL-4
JInkk2/MAPKK7
EDF/IL-5
CD213A1/IL-13Ra
CD121A/D2S1473
LSIRF/MUM1
FAP/FAP48
ILIRLALG/HArILI
CIS1/CISH1
CC-CKR-3/CD193
DELTA/NF-E1
CC-CKR-4/CD194
IFG/IFI
IL-7
NF-ATC/NFAT2
JAK1A/JAK1B
T-PET/T-bet
CD121b/IL1RB
CD152/CELIAC3
BSF2/HGF
CD25/IDDM10
C/EBP-beta
CD124/ILARA
JTK10
DORA
CIS6/CISH6
MEL-18/RNF110
IRF-1/MAR
HP40/1L-9
FLJ14639
CD182/CD183
CP2/LBP-1C
GMCSF
EDF/FRP
ARVD/TGF-beta3
CD286
IL-2/TCGF
STAT 4
MGC71685
4-1BB/CD137
CBP/KAT3A
CD134L/CD252
CD30/D1S166E
CD294/CRTH2
ARMD10/CD284
CSIF/IL-10
ALRH/BHR1
CD223
CLMF/CLMF2
CTLAS8/IL-17
CIS2/Cish2
NFAT1/NFATP
ZNF163
S152/T14
CD126/IL-6R-1
KIM-3/TIM3
RP11-102M16.1
CC-CKR-5/CCCKR5
DIF/TNF-alpha
LAT1/pp36

-44.76
-2.53
-2.05
-1.98
-1.83
-1.77
-1.69
-1.60
-1.56
-1.55
-1.45
-1.44
-1.43
-1.41
-1.41
-1.37
-1.33
-1.29
-1.28
-1.28
-1.26
-1.25
-1.24
-1.21
-1.20
-1.20
-1.20
-1.20
-1.19
-1.17
-1.17
-1.15
-1.14
-1.13
-1.12
-1.11
-1.11
-1.11
-1.10
-1.07
-1.07
-1.06
-1.06
-1.05
-1.04
-1.01
1.00
1.01
1.02
1.02
1.04
1.05
1.05
1.07
1.08
1.09
1.10
1.11
1.13
1.14
1.16
1.16
1.17
1.17
1.17
1.18
1.22
1.29
1.34
1.38
1.44
1.46
1.46
1.47
1.64
1.74
1.88
1.95
2.21
2.23
2.30
2.32
2.57
2.72
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Figure 6. miR-25 regulates expression of inflammatory mediators

ASM cellswere transfected with the negative amiR control or antmiR-25 as

described andtimulated with ing/mlIL-1 b, TNFU, and | FNo, for 2
culturesreceivetnoc k transfection conditions. RANTE
measured imedia samples by ELISA, n = 6 + SEM. * indicates a statistically significant

differencefrom control, cytokne-stimulated ailtures, p < 0.05.
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pre-miR-H1 D12, tel pre-miR-25 D12, tel

Figure 7. Initial observation of pmiR-25 vs. pmiR H1 cells pmiR-25 take on a more

differentiated elongated shape and do not proliferate as well as the pmiR H1 cells.
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Figure 8. miR-25 inhibits cell proliferation. Telmorized human ASM cells were
transduced with pmifi1 or pmiR25 as described previously. Cells were plated in 96
well plates at 1000 cells/well for assessment of proliferation by (A) MTS incorporation or

(B) BrdU incorporation. Time points are 0, 1, 2, and 3 days. N=3+SEM.



TABLE 3. . Inhibition of miR-25 regulates expression of extracallar
matrix proteins in cytokinestimulated ASM cells.

Gene

Gene Name

Fold Regulation
by Anti-miR-25

Catenin, delta 1; CTNND1
Collagen, type XlI, alpha 1; COL11A1
Thrombospondin 2; THBS2
ADAM metallopeptidase with thrombospondin type 1 motif, 8; ADAMTS8
Cadherin 1, type 1, E-cadherin;CDH1
Collagen, type XV, alpha 1; COL15A1
Secreted phosphoprotein 1; SPP1
Integrin, beta 2; ITGB2
ADAM metallopeptidase with thrombospondin type 1 motif, 1; ADAMTS1
Integrin, alpha M; ITGAM
Fibronectin 1; FN1
Matrix metallopeptidase 9; MMP9
Collagen, type V, alpha 1; COL5A1
Laminin, gamma 1; LAMC1
Integrin, alpha L (CD11A);ITGAL
CD44 molecule; CD44
Intercellular adhesion molecule 1 (CD54); ICAM1
ADAM metallopeptidase with thrombospondin type 1 motif, 13; ADAMTS13
Matrix metallopeptidase 7; MMP7
Laminin, beta 3; LAMB3
Collagen, type VI, alpha 1; COL6A1
Extracellular matrix protein 1; ECM1
Collagen, type XllI, alpha 1; COL12A1
Versican; VCAN
Integrin, alpha V (CD51); ITGAV
Matrix metallopeptidase 12; MMP12
Collagen, type 1V, alpha 2; COL4A2
Integrin, alpha 4 (CD49D); ITGA4
Collagen, type VI, alpha 2; COL6A2
Laminin, beta 1; LAMB1
Integrin, beta 1 (CD29); ITGB1
Connective tissue growth factor; CTGF
Thrombospondin 1; THBS1
Integrin, alpha 3 (CD49C); ITGA3
Integrin, beta 3 (CD61); ITGB3
Integrin, alpha 6; ITGA6
Neural cell adhesion molecule 1; NCAM1
Integrin, alpha 1; ITGA1
Matrix metallopeptidase 11; MMP11
Integrin, alpha 2 (CD49B); ITGA2
Laminin, alpha 1; LAMAL
Thrombospondin 3; THBS3
Integrin, alpha 7; ITGA7
Hyaluronan synthase 1; HAS1
Transforming growth factor, beta-induced; TGFBI
Integrin, beta 4; ITGB4
TIMP metallopeptidase inhibitor 3; TIMP3
Integrin, alpha 5; ITGAS
Collagen, type VII, alpha 1; COL7A1
Platelet/endothelial cell adhesion molecule (CD31); PECAM1
Contactin 1; CNTN1
Catenin, alpha 1; CTNNAL
Matrix metallopeptidase 10; MMP10
Collagen, type |, alpha 1; COL1A1
Laminin, alpha 3; LAMA3
Collagen, type VIII, alpha 1; COL8A1
Matrix metallopeptidase 13; MMP13
Kallmann syndrome 1 sequence; KAL1
Matrix metallopeptidase 16; MMP16
Catenin, delta 2; CTNND2
Integrin, beta 5; ITGB5
Selectin E; SELE
Integrin, alpha 8; ITGA8
Catenin, beta 1; CTNNB1
Vascular cell adhesion molecule 1; VCAM1
Matrix metallopeptidase 1; MMP1
Matrix metallopeptidase 2; MMP2
Secreted protein, acidic, cysteine-rich,SPARC
TIMP metallopeptidase inhibitor 1; TIMP1
Vitronectin; VTN
C-type lectin domain family 3, member B CLEC3B
Matrix metallopeptidase 8; MMP8
Collagen, type XVI, alpha 1; COL16A1
TIMP metallopeptidase inhibitor 2; TIMP2
Matrix metallopeptidase 14; MMP14
Laminin, alpha 2; LAMA2
Collagen, type X1V, alpha 1; COL14A1
Matrix metallopeptidase 3; MMP3
Selectin P (CD62); SELP
Selectin L; SELL
Spastic paraplegia 7; SPG7
Tenascin C; TNC
Sarcoglycan, epsilon; SGCE
Matrix metallopeptidase 15; MMP15

CAS/CTNND
CO11A1/COLL6
TSP2
ADAM-TS8/METH2
Arc-1/CD324
FLJ38566
BNSP/BSPI
CD18/LAD
C3-C5/METH1
CD11B/CR3A
CIG/DKFZp686F10164
CLG4B/GELB
COL5A1
LAMB2
CD11A/LFA-1
CDW44/CSPG8
BB2/CD54
C90rf8/DKFZp434C2322
MMP-7/MPSL1
LAMNB1
OPLL
ECM1
COL12A1L
CSPG2/DKFZp686K06110
CD51/DKFZp686A08142
HME/MME
DKFZp686114213
CD49D/IA4
DKFZp586E1322/PP3610
CLM
CD29/FNRB
CCN2/HCS24
THBS/TSP
CD49C/GAP-B3
CD61/GP3A
CDA49f/ITGA6B
CD56/MSK39
CD49a/VLAL
SL-3/ST3
BR/CD49B
LAMA
TSP3
FLJ25220
HAS
BIGH3/CDB1
CD104
HSMRK222/K222
CD49e/FNRA
EBD1/EBDCT
CD31/PECAM-1
F3/GP135
CAP102
SL-2/STMY2
ol4
E170/LAMNA
C3orf7
CLG3
ADMLX/HHA
MMP-X2/MT-MMP2
GT24/NPRAP
FLJ26658
CDG62E/ELAM
Integrin a8
CTNNB/DKFZp686D02253
CD106/DKFZp779G2333
CLG/CLGN
CLG4/CLG4A
ON
CLGI/EPA
V75/VN
DKFZp686H17246/TN
CLG1/HNC
447AAIFP1572
CSC-21K
MMP-X1/MT1-MMP
LAMM
UND
MMP-3/SL-1
CD62/CD62P
CD62L/LAM-1
CAR/CMAR
HXB/TN
DYT11/ESG
MT2-MMP/MTMMP2

-5.74
-3.31
-3.10
-2.22
-1.88
-1.81
-1.69
-1.60
-1.60
-1.60
-1.57
-1.55
-1.51
-1.49
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DISCUSSION

In the survey of miRNA in ASM cells reported earlier, determined that hsa
mMiR-25, hsamiR-188, hsamiR-23a, hsamiR-23b, hsamiR-320, hsamiR-363a, hsa
miR-489, mmumiR140AS, mmumiR-359, rnemiR-140-AS, adn ambmiR-13268
wereaffected by a pranflammatory stimulus. In this study, we set out to determine the
effects of miR25 on smooth muscle phenotype. This miRNA was singled out since it
was predicted to target proteins important in ASM phenotype and in the studies described
we have deterined thatmiR-25 does indeed havepawerful effect on the phenotype of
human ASM cells.

One of the approaches we used wasutvey gene expression of a wide variety of
inflammatory mediators, extracelar matrix(ECM) genes and selected contractile
proteinsinvolved in maintaining and altering ASphenotype in gltures transfected with
miR-25 inhibitors. Since miRNA generalfynction as translational repressors, this
approach was not designed to directly exarnangets of miR25 binding but rather to
determne whether miR25 has any widspreadeffects on gene expression. Theutts
indicate that inhibition of miR25 does affeatxpression of inflammatory mediators by
decreasing expression and secretioRANTES and eotaxin, while increasing levels of
T N E The function significance of these changes to the inflammatory response of ASM
remains to be determined. However in other cell typegeral miRNA have been found
to be involved with regulation of inflammation lekzated levels of miRL46a havdreen
found in the tissues associated with inflammatbsgasesuch as psoriasis and

rheumatoid arthritigNakasa et al., 2008; Stanczyk et al., 200BJevated levels of miR

155 were induced in fibr obHKSheedyandONelmul at ed
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2008) miR-203 was found to be associated with inhibition of SOCS3 (suppressor of
cytokinesignaling3) specifically within keratinocytes, whereas riiR6a was most
highly expressed in CD4+CD25+ T cells. This observation may suggest thddeR
has an important function in the differentiation andanaintenancef T regulatory cells,
which emphasizes its role as a negative regulator of inflammation. It is very interesting
that miR146a levels were not increased in tissues obtained from patients with other
chronic inflammatory diseases such as skin from atopic eczema or lung bfopsies
mild asthmaticgSonkoly et al., 2007; Perry et al., 2008)his last observation further
emphasizes thdifferences in the roles of miRNA between different tissue types.
Inhibition of miR-25 alsoaffected expression of numerous ECM genes with a
number of targeascolghmicannUU2 or aumtioachp | e,
or identified as, rarkers forpherotypic plasticity of ASM(Tran et al., 2006; Tran et al.,
2007; Sharma et al., 2008CM components have been found to regulate smooth muscle
phenotype. Short monomeric peptide fragments of depolymerized typegerodad
fibronectin ECM substrates have been found to support a proliferative phenotype
(Nguyen et al., 2005)Recent data suggests thatvgito factors bind ECM componenis
form complexes that enhance subsequent growth factor activity through integrin
collaboration with growth factor receptors. It has also been suggested that targeting
multiple betal integrins may be a useful therapeutic approach to control pathologic
growth in asthma. It has also been found that thepaaoliferative effects of
glucocaticoids on ASM are impaired when these cellssmedon ECM rich in type |
collagen or in th@resence of il U  a n din tie Nuftwde medigBonacci et al., 2003;

Vlahos and Stewart, 1999)Collectively, this data supports a role for ECM in smooth
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muscle phenotype regulation and illustrates why miRNA involvement in ECM expression
was addressed in this study.

Alterations in miR25 expressioaffected expressioof contractile proteins,
most notably myosin heavy chain, whietay have profound implications on
development of a mature, contractile phenotypeng airway remodelingkKuhn et al.,

2009) This highlights a role for miR25 in regulating smooth muscle phenotype. In
disease states smooth muscles exhibit a phenotypic change characterized by loss of
contractility and abnormal proliferation, migration and matrix synth@ssgna et al.,
2007; Owens et al., 2004)f miR-25 forces higher expression of contractile proteins,
then this miIRNA may play a powerful role in increasing the differntiated, contractile
phenotype and inhibiting the secretory, proliferative phenotype.

Regulation of ASM proliferation is an important proeés understand. Airway
diseases such as astharacharacterizedby reversible airway obstruction, bronchial
hyperresponsiveness to contractile stimuli, chronic inflammation and structural changes
that lead to remodeling ¢he airways, creating increased resistance to airflow and more
work for breathingAn et al., 2007; Wiggs et al., 1992Airway remodeling includes
loss of epithelial integrityNaylor, 1962) thickening of the basement membrgReche
et al., 1989)fibrosis(Elias et al., 1999)ncreased mucosal secretiqAskawa et al.,
1989)and increased smooth nales masgCarroll et al., 1993) Increases in ASM mass
may be explained by several different processes. Increases in cell number or hyperplasia
may occur through increased rates fliferation, which have been documented in serial
sections from autopsied lungs of asthmaigisina et al., 1993ndin vitro cultures

(Gosens et al., 2008)Conversely, decreased rates of apoptosis could lead to increased
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ASM cell numbers. Thikas been demonstrated in animmaidels of inflammatiotAn

et al., 2007put has thus far proven to be more difficult to document in biopsies from
asthmaticgDruilhe et al., 1998) It has also been speatdd that increased migration of
mesenchymal cells into airway bundles may account for increased cell nhiiostret

al., 2000b) Increased ASM mass may also be attributed to hypertrophy of ASM cells
(Gosens et al., 2008) The processes involved in increasing ASM mass vary with disease
severity. In the airways of mild to moderate asthmatics, ASMWhoehber was found to

be nearly two found higher with no increase in cell size, indicating hyperplasia
(Woodruff et al., 2004) However, in more severe cases, ASM cell diameter is increased
with no evidence of increased cell number, indicative of hypertr@pagayoun et al.,

2003. The molecular mechanisms regulating these processes have been extensively
studied in ASM cell cultures from different sources, although a correlation between these
in vitro studies and the behavior of ASM in asthmatic airways is still a matter of
discussion.Our results show that miR5 leads to decreased proliferation which

highlights the potential use of pmiES as an antiprolierative therapy in asthma.

Recently, there l®been much interest in miRNAs and theutagion of smooth
muscle phenotype. Cordes et. al. 2009 report thatIMbBrand miR143 reglate smooth
muscle cell fate and @acity. The knockout of these two miRNAs in mice altered
smooth muscle cell mairmtance and vasitar homeostasilia et al., 2009) miR-145
directs intestinal maturation in zebrafigteng et al., 2009)miR-143 and miR145
modulate cytoskeletal dynamics aresponsivenessf smooth muscle cells to injufXin
et al., 2009) These findings highlight miRNA as a new therapy for atherosclerosis,

reviewed in Zhang 200&hang, 2009) Becausd¢hese miRNA are found in abundance
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in lung tissugKuhn et al., 2009; Williams et al., 20Q0%¥eir functions in airway smooth
muscle shold be explored as a potential asthma therapy asawelill be the focus of

future experiments
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INTRODUCTION

The ability of ASMCs to switch from a contractile, differentiated phenotype to a
proliferative,inflammatoryphenotype is an area of active research. ldgégreneity of
smooth muscle was first observed uitared canine ASM cells, and it was revealed tha
two distinct poplations were found to be preséhta et al., 1997) Elongate, spindie
shaped cells, expressing la@ounts of smooth muscle contractile anditairy
proteins were found to eexist with a second pajation of cells which consisted of flat,
satellitecells which expressed much less of the smooth muscle markers. Since this time,
mature ASM cells havengerged as pluripotent cells that retain the ability to switch
bet ween phenotypeswi ttehlimegd .6 phehtoiexsrtpe cabl e s
contractile, proliferative, migratory, and synthetic functiceaponses whicban
contribute to asthma pailogy (Halayko et al., 2006) Smooth muscle cells are distinct
among the myogenic lineages in their ability to exHug plasticityof phenotype
(ChamleyCampbell et al., 1979; Owens, 1993)he extentd which ASM cellsexhibit
this plasticity is usually stinlus and phenotypdependent as is a profile of the secreted
compoundgHalayko et al., 1997)

Previous work determined that mi was one miRNA downregulated by
inflammatory stimulation of ASM cells. Additionally, mamilating miR25 expression
with ant-miR oligonucleotides or with expression of precursor {dfRaffected ASM
phenotype by regulating expression of inflammatory mediators, ECM proteins and
myosin heavy chain along with inhibiting proliferation. Bioinfotros analysis in

Chapter 2 highlighted several predicted targets of-BRhat may be relevant to ASM
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phenotype. We chose to further examine 128_functions by studying mi5 to
Kruppeltlike factor 4 (KLF4).

KLF transcription factors are a powerfalmily of proteinscontaining three
carboxyterminal zinc finger DNA binding domains with the remaining molecule
conferring structural heterogenei§lF4 is involved with induced pluripotent stem cell
dedifferentiation from fibroblast@ark et al., 2008nd has been shown to be a repressor
of axon growth in retinal ganglion cells and other central nervous system nédamre
et al., 2009)In vascular smooth muscle cells (VSMC), KLF4 is proposed to play an
important role in inflammation, proliferation and differentiat{@wam et al., 2000;

Autieri, 2008) Several of the online miRNA binding algorithms predict two binding
stesformiR25 in the 36 UTR of KLF4 (Fwilgure X).
explore (1) howmiRRr 5 affects KLF4 expression, (2)
for this interaction, (3) how KLF4 affects miES expression and (4) correlate expression

of KLF4 to miR-25 expression and effects on proliferation. We will use gnalifon

assays, luciferase assays, western blotting, andimealPCR to perform these studies of
effects of miR25 overexpression and inhibition in airway smooth muscle. The data
presented here will be useful in future studies and possibly clinidalafianiR-25 as a

therapy for proliferative and inflammatory disorders in airway smooth muscle.
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HumanKLF-4 3'UTR
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Figure 1. miR-25 binding sites inK L F 4 3 6 Th&JtWdRbinding sites of mi25 in
the KLF4 36 UTR are highl i goamueatkdforthd hese ar

luciferase binding studies.



82

MATERIALS AND METHODS

Western Blots

Whole cell lysates were @pared as previously describ@alinthone et al.,
2004b; Singer et al., 2003 roten concentrations were determined by the bicinchoninic
acid method using bovineserial bumi n as the standard. Tot a
separated by-20% SDSPAGE andransferred to nitrocallose. Blots were blocked in
Odyssey blocking buffer diluted 1id PBS for 1 hour (Licor Biosciences, Lincoln, NE)
prior to incubation with primargntibody. AntiKLF4 was obtained from Millipore
(Billerica, MA), anttGAPDH from Santa&ruz Biotechnologies (Santa Cruz, CA) and
antFmyosin heavy chain from Biomedicaéchnologies, Inc (Stoughton, MA).
Secondary antibodies were conjugatedlExaFluor® 680 (Molealar Probes, Eugene,
OR) or | RDy e EBnMnochemicaiskGilemsvlle, PA) for fluorometric
detection using an Odysseyrared imaging system. Alensitometric analyses took
place within the linear rangd the immunoreactive signal using Odyssey system

software.

Cell Culture

Primary awltured human airway myocytes were obtained from-£ihdgeneration
mainstem bronchi of patients undergoing lungertion surgery at the University of
Manitoba as previously describ@daureckas et al., 199%lternatively, human
bronchial smooth muscleells were obtained from Lonza (Walkersville, MD). Cells from
passages four througieven were used and grown in a humidified 5% CO2 atmosphere at

37°C in M199supplemented with 10% new born calf serum (Invitrogen, BaallsCA),
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0.5 emi/der mal growth factor amwmltire2wereg/ L f i br
grown toconfluence and growthrrested for 48 hours in serum free media consisting of a
50:50mix of F12/DMEM supplemented with 10 ml/liter ITS+Premix contairbng € g / ml
insulin,5 e€g/ ml transferrin, and 5 ng/ ml seleni
werethen treated with 10 ng/ml#L b, TNFU, and | FNo for- 24 ho
1bTTNFU and other growth factor sM@)e.r el PNixr c h a
waspurchased from R&D Systems, Inc. (Minneapolis, MRar time course

experiments the same protocol was followed, but cells were protein or RNA extracted at

0, 2, 4,8, 12, and 24 hours.

Anti-miR Transfections

RNA oligonucleotides that inhibmiR-25 or a norbinding negative control were
designed and synthesized by Ambion (Austin, TX). ASM cells were grown to ~80 %
confluence prior to transfection with 90 nM antiR miRNA inhibitors using
siPORTMNeoFX(Ambion, Austin, TX) diluted in OptiMEMAfter 48 hours, altures were
treated with 10 ng/ml#L b, TNFU and | FNo for 24 hrs and
proteinisolated as described. Using FARbeled negative control antiiR
oligonucleotideswe estimate 40% transfection efficiency under theselitions

(unpublishedbservation).

Pre-miR transduction
HEK 293 or telomerized human smooth muscle cells were transduced with pmiR

25 and pmiRH1 virus. pm#25 and pmiR H1 virus was obtained from System
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Biosciences (Mountain View, CA). For the prai virus, the hsaniR-25 pre

microRNA construcand part of pmiF93is cloned into a human immunodeficiency

virus (HIV) lentiviral vector that contains a copGFP reporter and has the miRNA
precursor under control of a CMMomoter The construct consists afstem loop

structure with approximately 200 base pairs of upstream and downstream flanking
genomic sequence. The native structure ensures interaction with endogenous RNA
processing machinery and tegory partners, leading to properly cleaved microRNASs.
The tite for the pmiR25 was 1.0 x 1DIFU/ml. The pmiR H1 is the same virus but with

an empty vectoand the titer was 8.72 x 10FU/ml. For 293 cells, cells were platad
three35 mm dshes at a concentration of 5.0 X t8lls/plate(determinedrom previous
experimentsand grown in DMEM + 10% FBS media and incubated for 24 hrs. The next
day, cells were infected with virus in 8 ug/ml polybrene, 1 ml DMEM + 10% media, and
25¢ Ndish virus/PBS mixture. The virus/PBS mixture was pmiRH1 in75¢ PBS

and 10e pmiR25 in 75 PBS. The next day the media was changed to remove the
virus and fresh DMEM + 10% FBS added. Cells were split into 100 mm dishes (1 drop/
dish) or frozen and grown to confluency. Individual clones were then picked@md gr

in 6 well plates. From these clones, cells with close to 100% transduction as determined
by fluorescento bright field comparison were chosen for further passage and future
experiments. Human airway smooth muscle cells were transduced by the shod me
forpmiR25wit h t he f ol | o wym gplybeerecwagused and M199 5 ¢

complete media was used.
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Generation of plasmids

KLF4 306 UTR was amplified from ATCC KLF
primers: forward +who TACTCGAGATCCCAGACAGTGGATand reerse + not 1
TAGCGGCCGCCAGATAAAAT. The KLF4 36 UTR was then |
vector (Promega). The plasmid was then sent for sequencing using a forward primer
designed from the 36 end of renillaslucife
were the following: forward ATGAAATGGGTAAGTACATC and reverse
CCTCGCGGGGGCCGCTTAAG. Once the proper insert was determined, the plasmid
was transformed into XL10 gold cells. A transformed colony was then picked and grown
overnight for maxiprep using Qiag columns. Finally, the concentration was
determind by spectrosgkolpy lanedg sweats ttoheltoceut wi t h
recheck proper orientation which was determined to be correct.

Oncepsi Check2/ KLF4 3,Ghi$plesmidaas usgdrtbed u c e d
creation of psiCheck2 with mutated mi# binding sites. The Stratagene Quickchange
XL kit was wused to create psiCheck2 with m
miR-25 binding site, the second predicted A2iRbinding site, and one in v both
sites were mutated. The mutations were changes i2®ilnding sequence to BPM1
for site 1 and xhol for site 2. Site 1 used the following primers for mutation: forward
CCCTTGAATTGTGTATTGACTGGAGATAAGCATAAAAGATCACCTTG and
reverse CAAGGTGATCTTTTAGCTTATCTCCAGTCAATACACAATTCAAGGG.
Site 2 used the following primers for mutation: forward GCACTGTGGTTTCAGATIGT
CTCGAGATTTGTACAATGG. These plasmids were maxiprepped and speced as

described above and used for subsequent luciferase assays.
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Luciferase assay

Luciferase assays were performed using the Promega Dual LuciRepsger
AssaySystemf ol | owi ng manuf ac tmediewasrenmpvedftomc ol . B
transfected 12vell plates and all wells were rinsed with 1x cold PBS. N&®s0e bf
1x PLB (prdein lysis buffer) was added to each well and plates were placed on a rocker
at room temperature for 15 minutes. Lysates were then transferred to labeled clear
microcertrifuge tubes. A Zylux Corporation Femtomaster FBirGinometemwas used
for fluoresceice measurement. A tube containing just lysis buffer was used as a
backgound control. Tubes weteaded one by one into the luminometer in the
appropriate order using the following sequencee 2ff lysate was added to the tube
followed by 100 Lysae assay reagent ILARII). The tube was inserted into the
luminometer and fireflyuciferase fluorescenaelative luciferase unitfRLU) was
recorded. Next, we added 190Lx Stop and Glo reagent to the same tube, inserted the
tube into the luminomet, and read Renilla luciferase fluorescence. This was repeated
for all samples Renilla RLU normalized to Firefly RLU were plotted using Excel

software.

KLF4 adenovirus

ATCC Catalog no. MG€E34918, Image number 5111134 human KLF4 clone in
pCMV-SPORT6was digested with Notl and Sacl to obtain the ~2500 bp. KLF4 was
then used to construct a recombinant vector using the AdEasy system following

manufacturers protocol. In addition to encoding KLF4, the resulting adenovirus encodes
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for green flourescent ptein (GFP) behind a separate promoter, thus overexpression for
the transgene can be followed by examining GFP florescence as well as by

immunoblotting for KLF4.

293 transfections

24 hours before transfection pmiRH1 and pmiR25 transduced HEK 293 cells
were plated onto 12 well plates at a concentration of x/well and incubates at®3%
CO2in DMEM + 10% FBS mediaNext, TransitLT1 reagentMirus Bio Corporation
(Madison, Wl)was warmed to room terapatureand vortexed. 5 ml polystyrene tubes
were ldeled and arranged accordingly. Each transfection was carried-tweHs,
depending onxgeriment. Manufacturgecommends 100 bptimem, 3 TransitLT1.
Previous experiments determined 1 ug DNA to be optimal using manufacturers
recommendations. Transfection reagents were added sequentially to the labeled 5 ml
polystyrene tubes and incubated for 30 minutes at room temperature. Transfection
mixture from polystyrene tubes was then added drop by drop to labeled wells and gently
rocked back and forth so the plasmidsudobe evenlydistributed 12well plates were

then inculated for 48 hours before luciferase assays were performed.

MTS assay

AdKLF4 and AdIRES human ASM cells were plated in an@ll plate at a
density of 1.0 x 1cells/well (determined in previous experiments to be optimal) in 16
wells/cell type. This protocol was followed for a total of three plates. The plates were

then ircubated at 3¢C for 24 hours. All media was changed to growth arrest media
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(DMEM/F12 + ITS + glutamate) and incubated ax @7for an additional 48 hrs. The

cells were then either treated with 10% FBS or-treated (growth arrest media) and

incubated ér 24, 48, and 72 hours at which time a MTS assay was performed via
manufactures protocol . Briefly, cells wer
media for 2 hours at 3 and then 490 nm absorbance determined with BioRad 680

Microplate reader sing the MTS protocol setting.

in silico Analysis of Predicted miRNA Targets
Publicly available algorithms (PicTar, pictar.rderlin.de; TargetScan 4.1,

www.targetscan.orgniRBase, microrna.sanger.ac.uk; miRNA.augyw.microrna.org

Patrocles, www.patrocles.org) were used to determine potential binding sites of miRNA
to mRNA of target proteins. Al al gDrithms
of mMiRNA (Krek et al., 2005; Lewist al., 2005; GriffithsJones, 2004; Betel et al., 2008;

Bartel and Chen, 2004)

Statistics

Paired ttests were conducted using GraphPad software (LaJolla, CA).


http://www.microrna.org/
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RESULTS

miR-25 requlates KLF4 expression

Bioinformatics analysis usinguitiple miRNA binding site algorithms identified
two possible miR25 binding regionsinthe 6 UTR of human KL¥8 at
and 674681. As KLF4 has potentiahhibitory effects of smooth muscle contractile
phenotype gene expression, weestigated whéier inhibition of miR25 affected KLF4
expression.In theseexperiments, cytokinstimulation of ASM cells regited in down
regulation of KLFAmMRNA expression (Figure 2aHowever, transfection with antniR-
25 did not furtheaffed KLF4 mRNA expressiolfFigure 23. Analysis of protein
expression leveldetermined that KLF4 immunoreactivity decreased with cytekine
stimulation, althougmot as dramatically as that seen with mRNA expression levels. In
nontreated altures,antrmiR-25 did not have any sigicant affect on KLF4 expression.
However, incytokinestimulated eiltures transfection with ariniR-25 upregulates
KLF4 proteinabundance considerably (Figure)2Bonsistent with current understanding
of themechanism of action of miRs, miBS plays ghosttranscriptional role in silencing
KLF4 expression in ASM cells, thus inhibition of mE represses these silencing
mechanisms, allowing for KLF4 protein acculiation.

We also studied theffect of overexpression of mir5. We obtained a
commerciallyavailable lentivirus which overexpressesiR-25 along with a marker
GFPand a lentivirus which overexpresses a control miRNA along with GFP, termed H1.

These viruses were used to transduce telomerized human ASM cells, as well as 293 cells,
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Figure 2. Effects of miR-25 on KLF4 expression

ASM cells were transfected with the negative-amfR control or antmiR-25 as

described and stidated with 10 ng/mlik1 6, TNFU, and | FNo, (Cyto
treated (NT) for 24 hour#\. KLF4 gene expression wanalyzed using TagMan assays

and normalized to 18S rRNA. KLF4 immunoreactivity was quantified following SBS

PAGE and normalized to GAPDH, as shown in representative immunoblots. All data was
expressed as the % control from roeated, mockransfectd cells (Control, 100%), n =

6 + SEM. * indicates a statistically significant difference from contutilices or altures

transfected with the negative amiR, p < 0.05.
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which were used for subsequent experiments. In the hASMCs, a very interesting
phenomenon was noticed soon after transduction. The cells transduced witi2ZpmiR
took on a more differentiated phenotype and grew at a much slower rate, even though
they were grown in growth media and were not confluent. The control H1 cells appeared
to grow normally as you would expect in cells cultured in growth media. Subsequent
experiments were designed to test this difference phenotype of the2dna&ls and
further test miR25 inhibition of KLF4.

The next experiment performed tested the expressgigihF4 and miR25 in
growth arrested cells to see how KLF4 was expressed relative t@5niRthese cells.
As predicted by the previous data there was a direct relationship between this miRNA
and is putative target mRNA (Figure) 3 In this experimenive observed a rapid
induction of miR25 at the 2 hour time point withcarrespondingeduction in KLF4
protein expression. This increase in rRER expression remained at the 4 hour time
point, as did the reduction in KLF4 protein expression. By theu time point both
miR-25 and KLF4 expression began to return to baseline levels. At the 12 hour and 24
hour time point miR25 and KLF4 expression was very similar being tsihtly
diminishedfrom baseline levels. These findings indicate a+4&8Ra rgid induction of
miR-25 most likely at théranscriptionalevel and acorrespondingdplock of KLF4
expression at the translational level.

The growth arrest time course experiments were expanded upon by looking at
miR-25 and KLF4 expression during a 2dun inflammatory stiralus experiment during
which protein and RNA were isolated at 0, 2, 4, 8, 12, and 24 hours. Again, there was the

same relationspibetween miR25 and KLF4 (Figure
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KLF4 expression and proliferation

In this experiment, aadenovirus which overexpressed KLfMgure5) was used
to determine the affect of KLFgn aultured ASMC proliferatior{fFigure §. Proliferation
of ASM cells transduced with AdKLF4 virus was compared to ASM cells transduced
with AdIRES control. Prolifertgon was determinelly MTS and cell counting.By both
measuresAdKLF4 diminished the ability of sam to stimulate growth (Figurg.6The
results of this experiment were a paradox. Maybe there is a threshold effect at which
overexpression of KLF4 leads diminished proliferation which has evolved to pit
against oncogenesis? Or does experimental design delus to observe effects which
were at time points that do not correspond to realistiivo physiology? Or the
upregulation of KLF4 causetie cells to grow to confluence very fast and use up all the
nutrients, so by the time we measured at 24 hours they were already starting to be
nutrient depleted? Also the effect of KLF4 on smooth muscle phenotype is a complicated
story depending on wheiin the cell cycle KLF4 is present. New experiments are being
designed with different time points and with ledsKLF4-function to gather more data

on KLF4 and proliferation.

miR-25 binds to KLF4
To determine if miR25 directly bound KLF4, and to aatnine if it was binding
at the putative binding sites from the various miRNA binding algorithms several

luciferase plasmids were constructed and luciferase assays performed. We obtained a
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Figure 3. Effects of growth arrest on miR-25 and KLF4. ASM cells were grown to
confluence and growth arrested by removing serum. KLF4 expression was analyzed by

Western blot and mi25 by gPCR at the time points indicated on the graph, rsEM.
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Figure 4. Cytokine treatment time course andexpression of miR25 vs. KLF4.
Human ASM cells were treated with inflammataetymulul and the expression levels of
miR-25 and KLF4 protein were examined. 2B was determined by RFCR
normalized to U6 and KLF4 expression level was determined by Widster

normalized to GAPDH, N=3+SEM
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Figure 5. ADKLF4 upregulates KLF4 expression and inhibits proliferation

Adenoviral mediated KLF4 (AdKLF4) expression is shown from Western blots in the top
panel. ASM cells were transduced at\61 and plated for proliferation assays.
Proliferation was measured by MTS converstion at 72 hours and express as % control
from AdIRES, netreated cells, n=8+SEM, *indicated significant difference from

AdIRES.
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Figure 6. KLF4 effects of cell proliferation. Proliferation of cells was determined
between cells transduced with ADKLF4 and a control AdIRES viResults of cells
proliferation assay in netreated and serum treated ADKLF4 and AdIRE34, 48, and

72 hour tme points asleterminedy (A) cell counting or (B) MTS assay.
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commercially available plasmid, psiCheck?2
or the KLF4 36 UTR reverse downstream of t
which was under contraf the T7 promoter on the plasmid. This same plasmid has a
firefly under the control of the HSYK constuitively active promoter. Because of this
design we can normalize the renilla luciferase expression to that of the firefly. We then
used the 293 callwhich had been transduced with the pfaiRor the H1 control virus
for luciferase assays. Both the H1 and the p2bReells were transfected with either
empty vector, KLF4 30 reverse, or KLF4 360
another 24 hours and the harvested and tested for luciferase activity. We saw a
significant decrease in luciferase activity in the pratiRcells transfected witthe KLF4
36 UTR JFigure 7
To more specifically determine if miR5 was binding to its twputative binding
sites in the 36 UTR of KLF4, we designed t
these plasmids, we used the psiCheck2/ KLF4
site directed mutagenesis on site one, site two, and both sites, ikedpedt/e then
transfected 293 cells and 24 hours later peréat luciferase assays (Figure As
expected, we saw a drop in luarise activity in the pmiR2&lls compared to pmiRH1
in the cells transfected with the psiCheck2/KLF4 wilde plasmid.Also as predicted,
when the putative mi25 binding sites were mutated we saw an increase in luciferase
activity with each mutation and the double mutation. The delta 2 mutation showed more

increase in luciferase activity than the delta 1 mutation.
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Fig7. mR-25 targets t wo s iLucieemse activitykvasimeas@eéd inUT R .
pmiRh1 or pmiR25 transduced HEK293 cells which were transfected with

psi Check2/ KL Ftype, deftal,ddlté&2 omdoubld mutant. Cells were

transfected 48 hours before lysis and assayed withldcigdrase assa. KL F4 30 UTR
inserted 30 to Renilla luciferase. Reni | |
expressed firefly luciferase on the same vector. pmiR25 n=9+SEM, pmiRh1 n=3

6+SEM, *p<0.05.
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DISCUSSION

KruppetHlike factor (KLF) transcription faors are a poweut family of proteins
KruppekHlike factor 4 (KLF4) isnvolved with induced pluripotent stem cell
dedifferentiatiorfrom fibroblast(Park et al., 2008) KLF4 has been shown to be a
repressor of axon growth in redinganglion cells and other central nervous system
neurongMoore et al., 2009) KLF13 has been demonstrated to be involved idiaar
progenitor cell proliferation and heart morphogen@ésamer and Horb, 2007)KLF4
gene expression wasiregulatedn a human progastraverexpressing mouse model
where goblecell hyperplasia was observétheng et al., 2009)KLF4, KLF5, and
KLF6 are often dysragated in tumors of the gastrointestinal tr@@&haleb and Yang,
2008) A further review of KLF is beyond the scope of this dissertation, but clearly they
are important reglators of proliferation andifferertiationand a means of controlling
their protein expression is an important advancement.

KLF4 includes at least 16 mammalian members with homology tDrieophila
gene product Krippel, which is important in segmentation of the developing embryo. All
family members contain three carbetgrminal zinc finger DNA binding domains with
the remaining molade conferring structural heterogeneity. KLF4 was cloned
independently by two groups from the intestamd skin epitheliunfGarrettSinha et al.,
1996)but has since been found in many cell types, includingulassmooth muscle
cells (VSMC), where it has been proposed to play an important role in inflammation,
proliferation and differentiatio(Adam et al., 2000; Autieri, 2008 KLF4 is not
normally expressed in VSMC but is transiently induced by injury from balloon

angioplasty(Liu et al., 2005c)It has been shown to inhilptoliferation of VSMC by
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inducing p53 expression and suppressing cell cycle progrg®8mssmann et al., 20Q7)

KLF4 also participates in phenotypic switching in several ways. Smooth raystdic

gene expressn is primarily reglated by seruanesponse factor (SRF) and its chief co
activator myocardin binding together at CArG boxes, which are common to all SRF

target genefMiano et al., 2007) KLF4 functionsbyb i ndi ng tcontrdl he TGFD
element (TCEjJound near CArG boxesinsida c t i n a mhereStiM@sasla

repressor of expressigadam et al., 2000; Liu et al., 2003KLF4 also represses

expression of myocardifiiu et al., 2005dand recruits histone H4 deacetylase activity

to SMC genes, thereby blocking SRFasation with methylated histones and CArG

box chromatigMcDonald et al., 2006 Myocardintrelated transcription factor A

(MRTFA) has been shown to bind directly to a protein in the SWI/SNF nuctenso
remodeling complex and dominant negative expression of this protein blocked expression
of smooth muscle specific gen@hang et al., 2007)The role for miRNA and KLF4

has not been explored in this modeladdition to its effects on smoathusclespecific

gene expression, KLF4 participates in the inflammatory response, where it is a key
regulator of monocyte differentiation and cooperates in the transactivation-of pro
inflammatory genegAlder et al., 2008) In macrophages, KLF4 is induced in response to
theproi nf | ammat ory cyt ok amlesdecréabedbygantt PS or TNF
i nfl ammat o r.yltalsoantetacts withlti@ @b N#B subunit to transactivate
inflammatory gene expression while competing with @mea t o r signlalingl GF b
Smada, to ihibit anttinflammatory gene expressi¢Reinberg et al., 2005)n

endothelidcells, KLF4 also bindstoNB B s ubuni t seBimediatedn hi bi t NF

inflammatory gene expression and transactivation ofiafitimmatory genes including
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nitric oxide synthaséHamik et al., 2007)Thus the effects of KLFduring inflammation
may be cell and stiolus specific.

The effects of miR25 on KLF4 expression were studied with both krdokvn
and overexpression of miB5 using antmiRs and premiRs, respectively. Under both
conditions KLF4 protein behaved as glicted for the hypothesis that m#Eb is a post
transcriptional inhibitor of KLF4 protein expression. In both cases, mRNA levels were
not affected by miRR5 whereas protein levels of KLF4 demonstrated an inverse
relationship with miR25.

For the final sebf experiments, luciferase assays were designed to test the
predictedmiR2 5 binding sites in the uKsloRhese3 0 UTR.
experiments support the hypothesis that there are two binding sites, but site 2 binds miR
25 with greater dinity. Site 2 is the more functionally powattinding site. This
correlates well with the fact that TargetScan 5.1, the mest-dpte binding algorithm
predicts this as the only mi5 binding site. The latest tdts of binding algorithms use
themost recent miRNA data and contrasts with all earlier algorithms which predicted the
two sites. One of the differences is that site 1 is not as conserved as site 2 and thus was
rejected from the latest prediction. Although it is not conserved, itlipgent in the
human KLF4 36UTR and thus functional. For
maybe the site is not in the proper orientation for optimal-25mRinding, or when bound
to site 1 the miRISC complex is not in an optimal repressi@mi@tion. Regardless, of
these obgwations the luciferase studiespply excellent evidence for the malér
mechanism of miR25 inhibition of KLF4 being that miRR5 binds to both binding sites

and posttranscriptiondly inhibits KLF4 expressionTheseexperiments studied miR5
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binding to the KLF4 306 UTR with-14hhphasi s o
been shown to regulate KLF4 along with SOX2 and OCT4 to repress pluripotency in
humanembryonicstem cell{Xu et al., 2009) The studies described here were
performed to see if miR5 regulates smooth muscle cell differentiation similarly.

In conclusionwe investigate gredicted interaction between m#® and
KrippetHlike factor 4 (KLF4), a transcriptiofactor that participates in the ndgtion of
serumresponse factor (SRiglependensmooth muscle specific gene expression and is a
mediator of thenflammatoryresponse in macrophag@sdder et al., 2008)Because of
KLF4s role in 6phenotypic switchingdé, miRN
addition to the knowledge of smooth muscle physiology. It could also be valuable for
other fields such as stem cell ahé study of the nervous system, for KLF4 has been
shown to be a very important transcription factor in these fields in their developmental
biology. These data support a role for riéR in posttranscriptionaegulation of KLF4
expression and illustratedtpotential of miR25 as anovel modilator of smooth muscle
phenotype.This provides novel evidence thatR-25 targets KLF4 in ASM cells and

suggests that this may be one mechanismviigh miR-25 modilates ASM phenotype.
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Chapter 4

Role of T-bet on miRNA expression and airway smooth muscle phenotype
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Introduction

T-bet (TBX21) is a nuclear transcription factor belonging to tie®X gene
family of DNA-binding proteingSzabo eal., 2000) T-bet has been identifiezs a key
regulatory element in the promotion of Th1 helper cells and Th1l cytokines,yartyc
| F NFnotto et al., 2002)It is recognized that an inapmeate balance between T
helper (Th) cell 1 and Th2 cytokine production is a contributing factor in airway disease.
T-bet deficient mice exhibit many of the same symptoms as human asthma patients.
They haveairway hyperresponsiveness, airway inflaniorg airway remodeling, and
i mpaired Th1l functi on due/Pehg20@6)Iltthasalsoe ase i n
been shown that polymorphisraEsT-betare associated with airway hypercontiléyg
and asthmgRaby et al., 2006)Although T-bet is expressed only in Thl cells, it also
affects Th2 ells by suppressing production of interleukin ¢4_and IL-5 (Robinson and
Lloyd, 2002) T-bet contributes to the overproduction of4land IL-5 and the
dominance of Th2 cells found in asthma patieBtadies have shown that the production
of specific cytokines, including K4 and IL-5, are linked to the asthnrlike phenotype
present in the bet deficient mic€Finotto et al., 2002) T-bet is also produckin
antigenpresenting cells, including dendritic cellsghvani et al., 2001) T-bet is
essential for opti mal production of I FNo2 b
specific Thl activatiom vivo (Lugo-Villarino et al., 2003) T-bet is a powerl
transcription factor which yields Th1l cells.

Much recent work has focused on an added layer of orchagtth# immune
response. This additional layer is miRNA u&gion (Asirvatham et al., 2008; Welker et

al., 2007; Cobb et al., 2006niRNAs reglate the repertoire of genes expressed in the
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immune cells and duration of responses to paergathogengO'Connell et al., 2007;
Baltimore et al., 2008) The knockdown of miRL55in mice, reslts in enhanced H4
production and mitiple defects in adaptive immuni{yhai et al., 2007; Vigorito et al.,
2007; Rodriguez et al., 20Q7)t has also recently been shown that miRNAs control the
differentiationof IL-17-producing h cells (Martin et al., 2009) Mice lacking Dicer (the
endonucl ease which produces mi RNl exhi bi't
development and function, and other defects in T cell differenti@tatjo et al., 2005;
Cobb et al., 2005) A recent study found 275 immune gené&RNA interactions using a
computational approach including transcription factors, chromatin modifiers and genes
involved in immune signaling pathways and inflammation including cytokines. So,
clearly miRNA expression is important to tégtion of cytokinesand chemokines.
Cytokines and chemokines are involved in the Th1/Th2 balance, so miRNA involvement
in this bdance shald not be overlooked.

Previous workn our lab demonstratélat interferon IFN stimulation of human
airway smooth muscle (ASM) celisduces Fbet expression and stifates production
of IFNy and decreases@etion of RANTES and eotaxin. The goals of the current study
are to determine (1) how-Bet effects globaniRNA expression(2) what is the effect of
| FNo2 i n t A-betoo miRNAexptessior, (3) what is the relationship between
T-bet, extracelilar matrix protein expression and miRNA) what role does-bet have
on contractile protein expressiand (5) what effect -bet has on inflammatory

mediators and howoesthis correlates to the ahge in global miRNA expression?
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MATERIALS & METHODS

Cell Culture and Drug Treatments

Human airway smooth muscle cells (ASMC) were obtained from Lonza
(Walkersville, MD). ASMC were kept in a humidified 5% g&mosphere at 37°@
M199 media containing 5% normal calf serum (NCS), 0.5 ng/mL epidermal growth
factor, 5 pg/mL inslin, and 2 ng/mL fibroblast growth factor. When the celtures
were confluent, they were infected wizh MOI T-bet adenovirus in growth arrest M199
meda containing ITS+Premix (5ug/mL iogn, and 5ug/mL transferrin, and 5 ng/mL
selenium) and 0.1% NCS by overlaying the appropriate virus concentration (pfu/mL).
The cells were incubated at 37°C feR hours, rocking the plates every-18 minutes to
ensue all cells are being infected. The virus is then diluted by adding growth arrest
media. The media was changed evefydays and the cells were harvested with the
appropriate extraction buffer according to the desired protéea@.r | FNo2 tr eat ed
the awltures werestimat ed wi th 10 ng/ ml | Th&Nlebetat speci f
adenovirus described in these experiments was previously constructed in the laboratory

(Singer, 2010Q)

Western Analysis

After appropriate treatmentsjltures weravashed with a phosphate buffered
solution and the cells were lysed with an extraction buffer containing 20 mM Tris, pH
7.5, mM EDTA, 150 mM NacCl, 1% NP40, 0.1 mM N&@,4, 1 mM NaF, 10 mM sodium
b-glycerophosphate, 0.1 mM AEBSF, 1 ug/ml leupeptin, 1 pg/mstain A, 10 pg/mi

trypsin inhibitor, and 10 pg/ml aprotinin. The cell lysates were clarified by centrifugation
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at 4°C for 30 minutes at 14,000x g and protein concentrations were determined by
bicinchoninic acid (BCA) assay with bovine albumin serum asstandard. 10% sodium
dodecyl silfate-polyacrylamide gel electrophoresis (SP8GE) was performed to
separate five ug of total protein and was transferred to nitubos#l paper in 25 mM

Tris, 192 mM glycine, 10% methanol at 120 V for an hour at roonpéeature. Blots

were blocked in Odyssey blocking buffer diluted 1:1 in PBS for 1 hour (Licor
Biosciences, Lincoln, NE) prior to incubation with primary antibody fdret or

GAPDH (Santa Cruz Biotechnologies, Santa Cruz, CA) at a dilution of 1:5000 in
PBSTweenr20 (T20) diluted 1:1 in blocking buffeiSecondary antibodies were
conjugated to AlexaFluor® 680 (Molea r Pr obe s, Eugene, OR) or
(Rockland Immunochemicals, Gilbertsville, PA) for fluorometric detection using an
Odyssey infrared imagingystem. All densitometric analyses took place within the linear

ranger of the immunoreactive signal using Odyssey system software.

mMiRNA Arrays

Expression of "RNAs inASM cells was evaluatagsingmirVana miRNA
bioarrays V2 (Ambion, Austin, TX). Therobes available on trerays were spotted in
guadruplicate with positive controls for labeling and orientaflevo arrays were spotted
on each slide-or miRNA from wildtype ASMCs and Ad¥bet cells total RNA was
extracted using TRIzol reagent and fied using the PureLink miRNAsolation kit
(Invitrogen, Carlsbad, CA). Purified miRNA was quantified using RiboGaseithe
guality of RNA estimated by absorbance ratios of 260/280 nm > 1.8. An afiguot 2 ¢ ¢

MiRNA was lyophilized and resuspended in5l6.bf RNAse free water fdabeling.
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The NCode miRNA labeling system (Invitrogen, Carlsbad, CA) was uséabieing
and polyadenylation of miRNA followed by ligation of a capture sequencetprior
hybridization overnight. Hybridized arrays were washed incubated withlexaFluor

capture reagents to amplify signal intensity in these samples.

MiRNA Array Analysis

Hybridized slides were scanned using a Perkin Elmer ScanArray 4000
Microarray Scanner at the Nevada Genomiest€r. GenePix 4.1 softwafeielden et
al., 2002wasused to quafy raw signal intensities. The remaining analysis and
normalization wagompleted in collaboration with the Nevada Bioinformatics Center at
the University oNevada. For the ASM tissue arrays, the local background as computed
by GenePixvas subtracted dm each signal value as a first quality control step. A noise
thresholdwas computed using the empty wells included on the arrays. The noise
threshold foreach array was computed independently as the sum of the mean and ¥z the
standarddeviation of the baakoundcorrected positive signal levels of the 194 empty
wells oneach arrayYounossi et al., 2005All spots with expression greater than this
threshold were retained, atite remaining set of panrray replicates of each miRNA was
examined for outlierbased on the coefiient of variation. Only one replicate of one spot
was deleted due &n abnormally large coefficient of variation >0.08, which is
approximately 1% of all setsf detectable replicates. Remaining replicated spots were
then averaged, and averaggubt intesities were normalized per array by division of the

median array signaNormalized intensities were then averaged across sample replicates,
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except for thdemale patient, which was only analyzed on one array. Heat maps of

normalizedexpression levels wegenerated using Java TreeView v.1.1.3.

T-bet adeno virus

The T-bet cDNA clone isolated from hBSMC was used to construct a recombinant
adenovirus using the AdEasy system. In addition to encodinglbet,the resulting
adenovirus encodes for green flascent protein (GFP) behind a separate promoter, thus
overexpression of the transgene can be followed by examining GFP fluorescence as well
as by immunoblotting for -bet. Figurel demonstrates-bet overexpression, as
visualized by immunoblotting, wittncreasing multiplicity of infection (MOI) of the-T

bet adenovirus (AdTBET) following 3 days of infection.

Quantitative PCR

RNA was extracted using TRIzol reagent and enriched for the miRNA fraction
enriched for théotal RNA fraction containing miRNA usingiRVana isolation
protocols (AmbionAustin, TX). Purified miRNA was quantified using RiboGreen and
the quality of RNAestimated by absorbance ratios of 260/280 nm > 1.8. TagMan
MiRNA assays (Applie@iosytems, Fagr City, CA), were utilized to prepare cDNA
from 250 ng RNA and Gtalues from standard curves used to quantify relative

expression of specific miRNAormalized to U6.

PCR Arrays

PCR arrays (SABiosciences, Frederick, MD) were used examine expression
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level of extracelular matrix proteins (ECM) and Thh2-Th3 inflammatory mediators
affected by Thbetand | FNO i n -HethFaststramehdDEAwas synthesized
from 2 eg t ot dSalintRoNetet all,i2004byhe rkactionsbntained 1X
SYBR PCR master mix ande2 diluted cDNA in afinal volume of 2% kand were
amplified at 95°C, 15 seconds; 60°C, 1 minute focytles. Cytokinestimulated ASM
cells transfected with the negative amiiR control orantFmiR-25 were compad and

analyzed acrossuit i pl e pl ates usinmdg ntolh enzadiip@te dme toh dd

ELISA

Cell culture media from samples of ATBET, AdGFP and these cells after anti
miR-25 and negntimiR were assayed for eotaxin by ELISA according to the
manufacturerdéds protocols (R&D Systems, Min

CA).
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RESULTS
Overexpression of Fbet By Adenovirus
ASM cells, under normal conditions, contain low quantities -tsetwhich can be
induced by tr éSamgem20hQ) Thusiintorder tb study functions oftiet
in ASM cells we decided to use aden@timediated overexpressicystemA
representative example ofl¥et expression using this virus is showirigure 1 In
subsequengxperiments, ASM cells were transduced with AzEl at a concentration of

20 MOlI.

0 1 5 10 MOl

— 4 - a0

Figure 1. T-bet expression with increasing MOI AdTbet. Human ASMC were
treated with differing concentrations of an adenovirus, measured in plague forming units
(pfu), in order to see the optimum amount ebdt expressioat 20 MOI Cells lysates

were prepared for Western blots fob&t expression as shown here.
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MiRNA regulated by T-bet

In order b determine if Toet regulatedhe expression of miRNA in human ASM
cells we designed a set of experiments using miRNA arrays withmoation by RTF
PCR of certain miRNA. The 640 miRNA on the array consisted of known human, rat,

and mouse miRNA along with 152 novel miRNA. Human ASM Cells were transduced

withT-bet adenovirus (AdTBET) foll owed by st

hours. Expression of ADTBET significantly upregulated expression of 55 miRNA and

downregulatedexpressiorof 21 miRNA (Figure 2, Appendix B Treat ment wi

further downregulated most miRNA expression and upregulated 7 miigure 2,
Appendix 3. The upregulation of mi43 and dowsregulation of miR320 and miR25

by T-bet was confirmed by RIPCR.

mi RNA regul ated by | FNo

We al so studied mi RNA downregul ated by
because of its exposure is known to be involét T cell differentiation to a Thl
response which has a significant role in airway disease which could relate to smooth
muscle.l n hASMCs stimul ated with | F Mdbgreatdron e
than 2fold (Figure 3 and 2 miRNA, miR363-AS and niR-212, were ugegulated

greater than two fold. When miRNA downregulation was compared between cytokine

3 2

stimul ated hASMCs and | B20wasshe onlmmiRNAtined hASM

common. Cell culture experiments indicate that enforced +8#R expressio can
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Fig 2. miRNA regulation by Thet (a)Heap map of miRNA expression ABBET vs.
ADGFP and AOD-BET vs. ADT-BET + IFN. miRNA expression determined by miRNA
Bioarray. Heat map generated with Javatree freeware from miRNA array experiments
n=2.(b) gRT-PCR analysis of miRNA expression for mi#, miR143, and miR320

normalizedio U6. N=5
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suppressell proliferationin a human leukemia cell linG&chaar et al2009)
Interestingly,letf b, c,d, and e were all significant|
which has implications for cancer because of the previously mentioned relationship

between the RAS oncogene andiet

T-bet requlation of contractile protein expression
Since TFbet has such a profound effect on T cell differentiation, we chose to study
whether Fbet could affect ASM cell phenotype as wellle decided to use the AdJet
virus to overexpress-ibet and compare contractile proteirpgession in human ASM
cells transduced with the Adfet virus, compared to those transduced with a control
AdI RES virus. These experiments were per-f
to study the effects of-bet in relation to this cytokine omwotractile protein expression.
The results show that sm22, calponin, and myosin heavy chain were all upregulated by T

bet and that thesmsntractile protein markers were all down regulatgdhe addition of

| F N(Bigure 4.

T-bet regulation of eotaxin

Previous work had determined that expression-béflregulated secretion of
eotaxin in ASM cellgSinger, 201Q) Thus, wealso set out to determine the effect ef T
bet, | F N-25 on eotaxdn expression. Again, we used cells transduced with
AdTBET and treated the cells for 48 hours
the transfection of ADTbet human ASM cells with amiR-25 and negntirmiR

control. W have shown in previous experiments thatraif®25 reduces the expression
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of miR-25 in human ASM cellgKuhn et al., 2009) ADTBET cells showed a significant
downregulation of eotan with anttmiR-25 showing more downregulation (Figure 5).

| FNo treated cell s respo-miRedFiguies.i | arl y to

T-bet regulation of extracellular matrix proteins

Because of much interest in extracellular matrix (ECM) prot@nustheir role in
smooth muscle phenotype regulation, we designed experiments to determine the role of
T-bet on ECM proteins. In order to study this effect we used SuperArrays which are 96
well plates that have primers preloaded with the most studied [iGfdins. We used
these arrays to study the mRNA differences in ECM proteins between AdTBET cells vs.
control AGFP. We also transfected AdTBET cells with-amfR-25 in order to
determine that inhibition of mH25 had any further effects on ECM generesgion. T
bet downregulated the expression of collagen 5al, collagé, laminin 3, and TIMP
metapeptidase inhibitor 1. -bet upregulated the expression of matrix metallopeptidase
12 (MMP12) (Figure 6a). The inhibition of miS had significant effés on most ECM

proteins (Figure 6b).
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Fig 5. Secretion of inflammatory mediators regilated by T-bet and miR-25.
(a)Secretion of eotaxin in AAGFP vs. AdTbet cells ass&ld&A, n=2.(b) Secretion of

eotaxin in AdGFP + | FN2 vs. AdTbet + | FND?
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Figure 6. Thbet, miRNA, and extracellular matrix protein expression. (a)Heat map of
MRNA expression oéxtracelular matrix proteins iAdT-BET vs. AdGFP transfected
hASMCs. Data generated from SA Bioscience PCR array, (iiyBleat map of mRNA
expression of extraceillar matrix proteins in hASMC transfected with AniR-25 vs.
Negative AntimiR in the pesence of A@-BET. Data fran SA Bioscience PCR array,

N=3. (c)Chart showing layout of extracelar matrix protein primers in SuperArray.
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DISCUSSION

Previous work has demonstrated that interferon (fFEdmulation of human
airway smoothmuscle (ASM) cells induces-bBet expression and stutates production
of IFNy and decreases secretion of RANTES and eotaxin. We have also demonstrated
that preinflammatory stinulation of human ASM cells alters expression of microRNA
(miRNA) that may targt genes critical to redation of the ASM inflammatory
responses. In the present study, we use microarrays to determine whetthet aftérs
MiRNA expression profiles in ASM celldduman ASM cells were transduced witha T
bet adenovirus (AB-BET) followed by stinulation with 10 ng/ml IFN for 48 hours.
MIiRNA isolated from these cells were then hybridized to miRNA expression arrays and
reaults compared to expression seendtiwres transduced with the control virus. The
640 miRNA on the array consist of known human, rat, and mouse miRNA along with
152 novel miRNA. TFbet expression cause apregulated expression of 55 miRNA and
downregulated expression of 21 miRNA anmagatment witHFNy further upreglated 7
miRNA and dowrregulated 74 miRNA.

The airways of asthmatic patients have increased amounts and altered
composition of extracellular matrix protei(Brewser et al., 1990) Biopsies from
patients who died from asthma show a significant thickening of the subepithelial area
beneath the basement membrane and an increased abundance of extracellular matrix
(Zhang et al., 1996)This includes increases in ttepositionof collagen types | andl)
l aminin subunits U2 an(taitibedeth 197 Rabartsand , and
Burke, 1998) Increased ECM deposition can be observe in asthmatic airway tissue as

rapidly as 24 hours after exposure to aller(fempps et al., 2004)Whether the
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deposition of the extracellular matrix is secondary to inflammation or if it occurs as a
result of an exaggerated repair process is the subject of debate; however, maximal
thickening of be reticular basement membrane is already observed in children-aged 6
with sever asthma, and abnormal thickening of the reticular basement membrane can
appear as early as agéHbshino ¢ al., 1998; Jeffery et al., 1989Yhe diverse elements
that compromise the ECM influence cell functions as varied as migration and
localization, differentiation, proliferation, apoptosis, and mediator re(@&saandes et
al., 2006) Extracellular matrix protein dynamics is an important mediator of the airway.
In previously pblished and ongoing studies our lab has studied the effect of Thl
cytokines in smooth muscle as it relates to airway disease. Here is some of what is
known in T-cell differentiation in the airway as it relates to asthma. Mature CD4+ Thl
and Th2 lymphodges arise from naive T cell precursors that differentiate upon exposure
to specific cytokine signals and remain divided into functional subsets based on the
cytokines that are expressed upon activationotto and Glimcher, 2004)Th1
differentiation is driven by exposure to-lI2, IL-1 8 and | FN2 and acti va
continue to synthesize-4, 1I-12 and F N g.. Th2 cells develop under the influence of
IL-4 and express K4, IL-5, IL-10 and 11-:13. It has been suggested that an imbalance
between Th1/Th2 cytokine production may underlie inflammagissociated changes
that lead to airway diseafidakonarson et al., 1999}t is known that the Th2 cytokines
IL-4 and IL-5 stimulate immunogloblin (Ig) E synthesis and contribute to the
recruitment and activation eosinophils, while the Thl cytokinel#@¢treass IgE
production(Koning et al., 1997; Lack et al., 1994; Pene et al., 1988ipport of this

concept, BAL fluid from atopic asthmatic patients contains significantly increased levels
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IL-4 and IL-5 and decreased levels IFfRobinson et al., 1992; Ying et al., 1995)
Furthermore, corticosteroid treatment reduces airway hyperresponsiveness and BAL fluid
levels of Il-4 and IL-5 while increasing the number of cells expressingolfMung et
al., 1995; Bentley et al., 1996)An understanding of thest types that produce Th1/Th2
cytokines in the lung, as well as the mechanismsla¢éigg Th1/Th2 cytokine production
in a variety of cell types that contribute to airway inflammation, may therefore prove to
be of therapeutic interest.
One of the maimgoals of these experiments was to determinelié®® reglation
of mMiIRNA might correlate withthe stimla t i o n o f-bel. BriNooth rougcleT
regulation of mMiRNA and the redting changes in inflammatory mediators may be an
important contributory factao thein vivomilieu in the varying cells within lung tissue
to the development of asthma, and other inflammatory lung diseases. One of the miRNA
which we show to be downrelated by Fbet expressiommiR-146a,has been shown to
inhibit the expression dfpe-1 interferon(Hou et al., 2009) If miR-146a was shown to
inhibitl FNo2 di r ald$shbwone ofitlee mecbanisms behinbel stimulation of
| F N9 .ther idkemesting pointisthatmiR5 has a binding site in
This site is conserved in human, rat, mouse, and dog; but not chicken. Our study
illustrates a significant downratation of miR25 with T-bet overexpressionAnother
MiRNA which fits this pattern of -bet downreglat i on and t amsQ®&t site i
453. This downreglation shalld contribute tothe upre¢gp t i on of | FNo.
T-bet was found to upredpte MMP12 and downregate laminin 3, collagen 5
alpha 1, collagen 1 alphadnd TIMP MMP inhibitor 1. In these extraaghr matrix

proteins there were correlations between miRNAll&ipn by T-bet and ECM protein
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expression. Col |l agen 5 -26 bnd miR25.1Thé® UTR 1 s
MIiRNA are significantly upragated ly T-bet and miR26 is downreglated in rat lungs
exposed to cigarette smolezotti et al., 2009) When miR25 is inhibited by arkimiRs
in the context of Tbet there is an additional change in ECM expression which proves the
changes in miRNA expression bybEt may have a sgrgistic effect on pathways. This
shauld further increase the ratationof inflammatory and ECM protes by the
transcription factor.

T-bet is a powetl transcription factor which has been found to shift Th cells in
the Thl direction. One of the means by whiehel might reglate this switch is by
changing the miRNAexpression pattern within a given cell type. This study found that
T-bet controls global miRNA expression within smooth muscle cells, as well as ECM and
inflammatory mediator expressiomterestingly, this study found thatet antagonizes
miR-126 expession. This finding fits well with the recent finding that antagonism of
miR-126 suppresses the function of Th2 cells and the development of allergic airway
disease via negative nelgtion of GATA3(Mattes et al., 2009)This study adds much
needed information about@et and miRNAexpression to the literature, and may be used
in future studies to determine miRNA regtion of ECM and inflammatory mediators.
This data shald prove to be important because of the function of miRNA as a fine
tuningmechanisnof gene reglation. Thisshauld lead to more precise control of Thl
and Th2 balanceThese cald be in the form of therapies which mdate Fbet, miRNA

expression, or a combination of the two.
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SUMMARY

Over the last decade it has become clear that miRNA are an importamtughgv
overlooked lagr of gene reglation The expression of miR in muscles, miRL24 in
the central nervous systeand miR10 in anterioiposterior patterning is conserved
(Nguyen and Frasch, 2006; Cao et al., 2007; Woltering and Durston, 20pBprting
the idea that miRNAs are involved in determining and maintaining tissue ideniity.
is further supported by the work reported here, which is one of thenfitse world to
show miRNA regulate smooth muscle phenotypic expression. Currently, there is much
enthusiasm that regulation of miRNA in smooth muscle miRNA will be a powerful tool
in treating the various diseases caused by aberrant smooth musclggessien.

Because miRNA have evolved as a fine tuning mechanism of gene expression,
there has been much enthusiasm focused on miRNA as a drug target. Several companies
have been founded in hopes of capitalizing on the power of miRNAs including miRNA
Therapeutics and the collaboration of ISES and Rossetta Genomics. The power of
mMiRNA can be sumarized by five main points. First given miRNA controls several
pathways which might give it segor therapeutic activity. Seconitthas been shown
that miRNA contribute to cancer development by functioning as onasgand tumor
suppressors. ThiraniRNAs are dysegulated and expressed at different levels in
diseased tissues when compared to normal tissuesthFadministration of miRNAs
induces a thepgeutic response by blocking or reducing tumor growth irchnécal
animal studies. Finally, miRNAs are natural maoles, so they do not induce an immune

response.
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The studies reported here sought to define the miRNA expressed in ASM and
determineeffects of mMiRNA on ASM cells functions. In initial studiesiRNA
expresson in human ASMissuewas examined There were 60 miRNA out of 640
mMiRNA contained on the array which were expressed in RNA extracted from four
different human subjects. Of tH8® miRNA, 18 miRNA were expressed greater than 2
fold compared to all other miRNAThis data gave ain vivobaseline miRNA expression
which we cailld use to compare subsequentivodata. miRNA has been shown to be
tissue and stimlus specifiqWang et al., 20070 it is important to determine miRNA
expression in intact tissue to later studies of miRNA expressiantured cells.

Studiesfurther examinedniRNA expression inwtured cells andudtured cells
treated with an inflammatory stirtus. This cocktail of IlL BT, NF U, and | FNo
chosen because these inflammatory mediators are found in the BAL fluid of asthmatics
and they have been extensively used by our lab and others to minmow/ibe
inflammatory environment of asthmati@dattoli et al., 1991; Broide et al., 1992; Hedges
et al., 2000; Salinthone et al., 2004@)he inflammatory stimlus in this study found 11
mMiRNA were significantly downragated by the treatmenthis correlates to the fact
that miRNA are downmgulated in most cancers, since chronic inflammation has been
linked to oncogenesi®\ggarwal and Gehlot, 2009; Ono, 2008)his data can be
compared to previous studies of miRNA in the lung in which a rapictggation of
MiRNA was reported in response tocllb a n d ulafo8 withirt 3 haurg§Moschos
et al., 2007) A possible conclusion from this discrepancy is that miRNA expression is
time-dependent and the miRNA downtdgted in our study represent miRNA expression

affected by a clumic inflammatory state.
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Experi ments were also performed to dete
you compare the combination of cewltso32i nes w
mMiRNA were significantly downragated and 2 were significantipregilated. When
you compare miRNA ragated by the inflammatory cocktail vs. miRNA tégted by
| F Nione, miR320 is the only miRNA rgulated by both treatments. Seveyapers
are of more interest irelation to these refts. Duan et. al2009 shws miR-320 is
involved in G1/S transition through CDKBuan et al., 2009Huang et al. 2007
demonstratethat KLF13 plays a role in regation of CCL5 (RANTES)Huang et al.,

2007) Search of online algoriths shows miR320 targets KLF13.This is probably an

indirect means of miB20 reglation of RANTES Also, duPre et. al 2008
affects tumor phenotype, growth, and metast(duPre' et al., 2008)Cauld miR-320

play a role in this effect? There is much work to be done in the miRNA field and these

papers are a sample of potential avenues for future research.

After verifying array reslts with qRTPCR specific for miRNA of interest, we
chose to focus on miR5 because it was predicted, by several of the oalg@ithms to
bind interesting targetsvolved with ASM phenotypeWe illustrated the ability to
control the expreson of miR25 with premiR virus or antmiR transfection and
observed the effects of overexpression or inhibition of-@BR Data reported here shows
that miR25 expression upregates contractile protein expression. We also report a role
for miR-25 incytokine expression and extracgdlr matrix expressioand inhibition of
ASM cell proliferation.Taken together this data documents a role for-26Rn smooth

muscle fate thaténhances a differentiated, contractile smooth muscle phenotype.
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Anothergoalwas to determine the moldar mechanism involved with miR 5 6 s
regulation of this phenotype. In reviewing the predicted targets of2BiRve decided to
focus on KLF4 because of the reported role of this transcription factors in smooth muscle
cell fate. Assays reported here give convincing evidence that2biRindsKLF4 and
represses KLF4 translation

In conclusion, airway smooth muscle and smooth muscle cells display a distinct
MiRNA expression signature. Treatment of airway smooth muscle céilswi
inflammatorymi x o f c yt calone neglates the exgreSdidn of a distinct set of
MiRNAs. One of the miRNAs regated by the inflammatory stunfus, miR25 has been
show to reglate smooth muscle phenotype. This was the first publishedliatang
mMiRNA control smooth muscle phenotype. r#R regilation of smooth muscle
phenotype might be used in future work to design therapy for asthma and other

pathologies in which aberrant smooth muscle proliferation is a target.
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FUTURE DIRECTI ONS

Role of miRNA in Lymphangioleimyomatosis

The smooth muscle (SMike cells found in lymphangioleiomyomatosis (LAM)
have been described as myofibrobléet, spindle shaped cells that express-§bdécific
proteins and exhibit abnormal growth patterrat titimately contribute to a loss of
pulmonary functionGoncharova et al., 20068pne way in which normal SM cells
respond to mechanical and environmental stress is by switching between a mature,
contractile state to an immature, proliferatstate. Our laboratory has identified rER
as a candidate miRNA that tdgtes airway SM phenotype and alters the proliferative
state of airway SM, while in vaglar SM other laboratories have demonstrated SM fate
is regulated by miR143 and miR145. To date, there has been no study of the
contribution of miRNA to LAM. These future studiesill address the overall hypothesis
that miRNA are important mediators of phenotypic differentiation irl&®LAM cells.
The proposed experiments will addresshwiile of miR25, miR143 and miR145 on
proliferation of SMlike LAM cell and examine whether mTOR/S6K1 signaling
pathways are involve(Figure 1) Further experiments will address whether potential
protein targets of these miRNA such as TSC1 and maok&® differentiation are
affected by miRNA expression in Skke LAM cells. Search of online algrorithms
predicts a binding siteformiR5 i n t he 306 UTRIhesdpropocSedl ( Fi g u
studies willidentify a role for miRNA in LAM that cold lead b the development of

diagnostic, prognostic, and therapeutic additions to the LAM arsenal.
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miR-25 effects on other miRNA involved in phenotypic regulation of airway smooth
muscle

MicroRNAs are regulators of multiple cellular events. Recent miRNA research
has established a role for miRNA in regulation of sthanuscle phenotype. miRNA
can be transcribed individually, or as part of a polycistronic cluster.-2%ilR part of
the miR106b cluster which includes mig5, miR93, and miR106b. Previous work
from our lab has shown miR5 directs smooth musclefidirentiation and that airway
smooth muscle (ASM) miRNA expression is altered by inflammatory stimulation with
IL-1b6, TNFU, and | H4%has alsoheem eutidated irovascutai sRiooth
muscle phenotype regulation. Krupitige factor 4 (KLF4, a potent transcription factor,
has been the target of intensive research in both the smooth muscle and stem cell fields.
On going smooth muscle research illustrates a role for KLF4 in smooth muscle
differentiation, proliferation, and inflammation. éméstingly, binding site algorithms
predict the 306 UTR45asdmeR25 Hhagbedn edtablishedotlat h mii
ASM cells exposed to a proinflammatory stimulus express and secrete cytokines and
chemokines and under dlehypahessrfoo theycpriert stuslyis t ¢ h i
that miR25 regulates the expression of other miRNA in the i€@ster and other
mMiRNA involved in smooth muscle fate. To test this hypothesis, human ASM cells were
treated with this proinflammatory stimulus ortlehtreated and miRNA expression was
determined. Lentviruses overexpressing (pmiR) or inhibiting (mfiip) miR-25 were
used to manipulate miR5 expression. mi#R3, miR106b, and miRL45 expression was
determined using quantitative FACR in miR25 oveexpressed or inhibited ASM cells.

mMiR-93 and miR145 expression is upregulated by rRER overexpression and
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downregulated by miR25 inhibition. miR106b expression is not significantly effected
by miR-25. The preliminary datsuggests that mi#25 hasa regulatory effect on other

mMiRNA which may be involved with ASM cell fate.

Generation of miR-25 conditional knock-out mouse

These foundation studiegere performed in order to formulate testable
hypotheses for future work developingiarvivo model. We are in the process to
developing two transgenic mouse models wineifR-25 expression is either
conditionally knocked out or overexpressed in smooth muscle cells using the MHC
promoter. These mice will be characterized in studies to examine effectR-@b5m
vivo. This work will be completed withelp of the Nevada Transgenic Facility, headed
by Dr. Burkin and partially funded by a Center for Biomedical Research Excellence

(COBRE) in the department.
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle

Mean
Sa"gﬁru’:f;:rss"’" miRNA Donor 1 Donor2 Donor3 Donor4  Normalized
|nten5|ty

MIMATOD00062 hsa-let-7a 9263 0826 0841 1195 303 ¢ 208

MIMATO0D0DE3 hsalet7b 15868 9222 1432 5965 812 + 304

MIMATO000D64 hsadet-7c 12415 2188 0885 2167 441 + 268

MIMATOD00DES hsalet-7d 2516 1384  0.891 _ 160 + 048

MIMATO0D0DE6 hsalet-7e 1.361 _ - 0.962

MIMATOD00067 hsa-let-7f 1115 0871 1385 1610 125 + 019

MIMAT0000414 hsalet-7g 0859 : 3 ;

MIMAT0000415 hsalet.7i 1543 0704 _ ;

MIMATO000416 hsa-miR-1 1383 0656 _ ;

MIMATO000252 hsa-miR-7 1.371 : 0.911 ;

MIMATO000441 hsa-miR-9 1.204 - - ]

MIMAT0000442 hsa-miR-9* _ _ - _

MIMATO000253 __ hsamiR-10a__ 0765 0656 0869 - 076 + 0.06

MIMATO000254 __ hsa-miR-10b 0641 1070 _ ;

MIMATODO0068 __ hsa-miR-15a ; ; 2 ;

MIMATO000417 _ hsa-miR-15b 0723 - - ]

MIMATO00006S nsamiR-16 _ 9.003 2032 2560 1151 369 + 207

MIMATO000071 __ hsa-miR-17-3p __ 0.760 _ - _

MIMATO000070 __ hsamiR-17-5p 1428 1110 0939 1396 122 + 0.12

MIMATO000072 __ hsamiR-18a 0926 _ - _

MIMATO002891  hsa-miR-18a* 1116 _ _ _

MIMATO001412 _ hsamiR18b __ 0.823 _ _ 1497

MIMATODD0073 ___ hsa-miR-19a _ 0715 - _

MIMATO000074 __ hsamiR19b __ 1.556 _ 0.882 _

MIMATO000075 ___ hsa-miR20a___ 0.872 _ 1289 0811 099 + 0.15

MIMATO001413  hsa-miR-20b ] - _ ]

MIMATOD00076 hsamiR-21 3952 1655 1641 ; 238 + 078

MIMATO000077 hsa-miR22 1457 0715 0828 1082 102 + 019

MIMATOO00078 __ hsa-miR-23a 5206 1814 1167 1170 _ 2.34 + 0.97

MIMATODD0418 _ hsamiR23b 8332 2288 1528 2222 359 + 184

MIMATO000DE0 hsamiR24 9518 3975 1550 1868 423 + 184

MIMATO000081 hsamiR-25 1032 0763 1028 ; 094 + 009

MIMATO000082 __ hsa-miR-26a 20694 4882 3477 3747 820 + 4.18

MIMATO000083 __ hsa-miR-26b 0968 0844 B 0805 087 + 0.05

MIMATOD00084 __ hsa-miR27a 1021 1210 1.100 : 111 + 0.05

MIMATO000419  hsa-miR27b 1874 0871 0816 1333 122 + 0.25

MIMATO000085 hsamiR-28 0787 0855 - _

MIMATOO00086 __ hsa-miR29a 4189 0913 1659 0931 192 + 0.78

MIMATOD00100 ___ hsa-miR-29b _ 0769 - _

MIMATOD00681 hsa-miR29c __ 0918 : _ 0836

MIMAT0000088  hsa-miR-30a-3p 0863 1634 1262 - 125 + 0.22

MIMATO000087  hsa-miR-30a5p 2698 1343 1973 1292 183 + 038

MIMATO000420 __ hsa-miR300 1611 _ 1121 1195 131 + 0.15

MIMATO000244 __ hsamiR30c___ 2395 0935 0908 0830 127 + 038

MIMATO000245 __ hsa-miR.30d 3405 1626 1288 0969 182 + 054

MIMATOD00693 __ hsamiR-30e-3p__ 1503 _ - _

MIMATO000692 _ hsa-miR-30e-5p _ 1.146 : 1663 1031 128 + 0.19

MIMATOD00DES hsa-miR-31 1810 1.070 - _
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle (cont.)

Mean
Sang:lrua:qc;eerssmn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMATO000090 hsa-miR-32 - 0.785 - -

MIMATO000091 hsa-miR-33 - - - -

MIMATO000255 hsa-miR-34a 0.927 0.688 - 0.780 0.80 + 0.07

MIMATO000685 hsa-miR-34b 1.175 3.850 - 0.874 1.97 + 0.82

MIMATO000686 hsa-miR-34c¢ 1.574 - - 0.821

MIMATO000092 hsa-miR-92 1.142 1.274 0.937 0.755 1.03 + 0.11

MIMATO000093 hsa-miR-93 0.800 1.073 - 1.126 1.00 + 0.09

MIMATO000094 hsa-miR-95 - - 0.841 1.145

MIMATO000095 hsa-miR-96 - 0.817 - -

MIMATO000036 hsa-miR-98 - 1.489 1.196 - 1.34 + 0.12

MIMATO0OD0037 hsa-miR-99a 5.185 1.562 1.233 1.394 234 + 1.10

MIMATO000689 hsa-miR-99b 1.000 0.836 - 0.994 0.94 + 0.05

MIMATO000098 hsa-miR-100 3.711 1.925 0.955 1.302 1.97 + 0.71

MIMATO000099 hsa-miR-101 0.699 0.919 - -

MIMATO000101 hsa-miR-103 3.244 1.270 1.030 1.368 1.73 + 0.51

MIMATO000102 hsa-miR-105 - - - -

MIMATO000103 hsa-miR-106a 1.487 1.040 1.094 1.107 1.18 + 0.12

MIMATO000680 hsa-miR-106b 0.891 1.145 - -

MIMATO000104 hsa-miR-107 2.256 1.264 1.333 1.208 1.52 + 0.29

MIMATO000421 hsa-miR-122a - - - -

MIMATO000422 hsa-miR-124a 0.910 - - -

MIMATO000443 hsa-miR-125a 4.125 1.431 1.455 1.304 2.08 + 0.79

MIMATO000423 hsa-miR-125b 14.055 4.749 3.044 5.505 6.84 + 2.84

MIMATO000445 hsa-miR-126 8.049 3.076 1.675 1.268 3.52 + 1.80

MIMATO000444 hsa-miR-126" 0.982 - - -

MIMATO000446 hsa-miR-127 0.936 0.839 - - 0.89 + 0.04

MIMATO000424 hsa-miR-128a 1.228 - - -

MIMATO000676 hsa-miR-128b 0.920 1.250 - - 1.08 + 0.13

MIMATO000242 hsa-miR-129 1.225 1.145 - - 1.18 + 0.03

MIMATO000425 hsa-miR-130a 0.885 1.366 - - 1.13 + 0.20

MIMATO000691 hsa-miR-130b 0.705 - - -

MIMATO000426 hsa-miR-132 1.013 - - -

MIMATO000427 hsa-miR-133a 1.246 2.438 0.938 0.887 1.38 + 0.42

MIMATO000770 hsa-miR-133b 1.257 1.608 3.474 - 211 + 0.69

MIMATO000447 hsa-miR-134 1.296 - 0.915 - 1.11 + 0.16

MIMATO000428 hsa-miR-135a 1.404 0.954 - - 1.18 + 0.18

MIMATO000758 hsa-miR-135b 1.129 1.237 - - 1.18 + 0.04

MIMATO000448 hsa-miR-136 0.904 0.683 - - 0.79 + 0.09

MIMATO000429 hsa-miR-137 0.907 0.984 - - 0.95 + 0.03

MIMATO000430 hsa-miR-138 0.876 1.043 0.893 - 0.94 + 0.05

MIMATO000250 hsa-miR-139 0.929 - - -

MIMATO000431 hsa-miR-140 0.698 0.710 - - 0.70 + 0.00

MIMATO000432 hsa-miR-141 - 0.645 - -

MIMATO000434 hsa-miR-142-3p 0.958 - - 0.925 0.94 + 0.01

MIMATO000433 hsa-miR-142-5p 0.997 0.841 0.773 - 0.87 + 0.07

MIMATO000435 hsa-miR-143 9.530 2.570 2.011 2.302 410 + 2.09

MIMATO000436 hsa-miR-144 0.937 - - -

MIMATO000437 hsa-miR-145 30.329 15.278 8.649 5.918 15.04 + 5.46
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Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang:ru?qcl;::fsmn miRNA Donor 1 Donor2 Donor 3 Donor 4 Normali.zed
Intensity
MIMATO0000449 hsa-miR-146a 1.927 - 1.243 - 159 + 0.28
MIMATO0002809 hsa-miR-146b 1.365 1.457 - 1.673 150 + 0.09
MIMATO000251 hsa-miR-147 1.186 - - -
MIMATO0000243 hsa-miR-148a 0.990 0.661 - - 083 + 0.13
MIMATO000759 hsa-miR-148b 0.647 - - -
MIMATO0000450 hsa-miR-149 - - 0.927 -
MIMATO000451 hsa-miR-150 2.603 1.084 - - 1.84 + 0.62
MIMATO000757 hsa-miR-151 0.948 0.731 - 0.821 0.83 + 0.06
MIMATO000438 hsa-miR-152 1.203 0.849 1.311 - 112 + 0.14
MIMATO000439 hsa-miR-153 - - - 0.736
MIMATO000452 hsa-miR-154 0.901 1.215 - - 1.06 + 0.13
MIMATO000453 hsa-miR-154" 0.909 0.683 0.793 - 0.79 + 0.06
MIMATO000646 hsa-miR-155 0.949 1.226 - - 1.09 + 0.1
MIMATO000256 hsa-miR-181a 0.987 1.753 - 1.421 139 + 0.19
MIMATO000257 hsa-miR-181b 0.794 0.846 - - 0.82 + 0.02
MIMATO000258 hsa-miR-181¢c - 1.274 - 0.742 1.01 + 0.22
MIMATO0002821 hsa-miR-181d - 1.898 - -
MIMATO000259 hsa-miR-182 1.032 - 0.940 - 099 + 0.03
MIMATO000260 hsa-miR-182" 1.019 - - 0.931 0.98 + 0.04
MIMATO000261 hsa-miR-183 0.997 1.038 0.773 0.780 090 + 0.08
MIMATO000454 hsa-miR-184 0.707 0.737 - - 072 + 0.01
MIMATO0000455 hsa-miR-185 1.089 1.000 0.828 1.000 098 + 0.06
MIMATO000456 hsa-miR-186 - - 1.088 -
MIMATO000262 hsa-miR-187 0.809 0.903 1.049 1.031 0.95 + 0.07
MIMATO000457 hsa-miR-188 0.923 0.704 - - 0.81 + 0.09
MIMATO000079 hsa-miR-189 0.799 - - -
MIMATO000458 hsa-miR-190 1.051 0.667 0.815 1.220 094 + 0.14
MIMATO000440 hsa-miR-191 3.616 1.170 0.977 1.491 181 + 0.70
MIMATO001618 hsa-miR-191~ - 0.694 0.980 - 084 + 0.12
MIMATO000222 hsa-miR-192 - 0.890 - -
MIMATO000459 hsa-miR-193a 0.635 0.957 - - 0.80 + 0.13
MIMATO0002819 hsa-miR-193b 1.468 0.858 1.036 - 112 + 0.16
MIMATO000460 hsa-miR-194 0.799 1.328 - 0.811 0.98 + 0.17
MIMATO000461 hsa-miR-195 3.278 1.176 1.166 - 1.87 + 0.70
MIMATO000226 hsa-miR-196a - 0.774 - 1.509 114 + 0.26
MIMATO001080 hsa-miR-196b 1.192 - - -
MIMATO000227 hsa-miR-197 0.993 - - 0.969 0.98 + 0.01
MIMATO0000228 hsa-miR-198 0.826 - - 0.843 0.83 + 0.01
MIMATO000231 hsa-miR-19%9a 1.157 1.306 - - 123 + 0.05
MIMATO0000232 hsa-miR-199a” 1.511 0.801 0.822 0.925 1.01 + 0.19
MIMATO000263 hsa-miR-199b 1.462 2.844 - - 215 + 0.56
MIMATO000682 hsa-miR-200a 1.804 - - -
MIMATO001620 hsa-miR-200a” 0.692 1.172 0.807 - 0.89 + 0.14
MIMATO000318 hsa-miR-200b 3.366 - 1.493 1.267 2.04 + 0.67
MIMATO000617 hsa-miR-200c 10.663 4.985 1.643 3.708 525 + 2.23
MIMATO0002811 hsa-miR-202 1.180 1.113 1.240 - 1.18 + 0.04
MIMATO0002810 hsa-miR-202" 0.662 0.801 1.324 - 093 + 0.20
MIMATO000264 hsa-miR-203 - 0.782 - -
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle (cont.)

Mean
Sang:rugcl;::rssmn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMATOQ000265 hsa-miR-204 1.994  0.903 - - 145 + 0.45

MIMATO000266 hsa-miR-205 5887 3.107 1.858 3.796 3.66 + 0.97

MIMATO000462 hsa-miR-206 1.074  1.127 - - 1.10 + 0.02

MIMAT000024 1 hsa-miR-208 - 1.134 - 1.013 1.07 + 0.05

MIMATO000267 hsa-miR-210 - - 0.810 1.214 1.01 + 0.16

MIMATO000268 hsa-miR-211 0.812 - - -

MIMATO000269 hsa-miR-212 - 1.144  1.233 - 1.19 + 0.04

MIMATOQ000270 hsa-miR-213 - 0.903 - -

MIMATQ00027 1 hsa-miR-214 1.970  1.841 0.989 - 0.72 + 0.02

MIMAT0000272 hsa-miR-215 - 0.895 - -

MIMAT0000273 hsa-miR-216 - - - 0.899

MIMATO000274 hsa-miR-217 - - - 0.799

MIMATO000275 hsa-miR-218 0.981 - 0.890 - 0.94 + 0.04

MIMATO000276 hsa-miR-219 0.679  1.022 - - 0.85 + 0.12

MIMAT0000277 hsa-miR-220 - - - -

MIMAT0000278 hsa-miR-221 1.967 1.306  0.804 - 1.36 + 0.34

MIMATO000279 hsa-miR-222 1.744 1460 0874  1.239 1.33 + 0.21

MIMATO000280 hsa-miR-223 1.130 - - -

MIMATQ00028 1 hsa-miR-224 - 0.790 - -

MIMATO000690 hsa-miR-296 0.746  1.204 - - 0.97 + 0.19

MIMATO000687  hsa-miR-293-3p - 1.360 1.290 - 1.33 + 0.02

MIMAT0002890  hsa-miR-299-5p - - .859 -

MIMATO000688 hsa-miR-301 1.026 - - -

MIMATO000684 hsa-miR-302a 1.147 - - -

MIMATO000683 hsa-miR-302a*  0.680  1.538 - 1.025 1.08 + 0.22

MIMATO000715 hsa-miR-302b 0.859 - - -

MIMATO000714 hsa-miR-302b*  0.976 - - -

MIMATO000717 hsa-miR-302¢c - - - -

MIMATO000716 hsa-miR-302¢" - - - -

MIMATOQ000718 hsa-miR-302d - 0.849 - -

MIMATO000510 hsa-miR-320 2623  1.194 - 1.626 1.81 + 042

MIMATO000755 hsa-miR-323 - 1.051 - -

MIMATO000762  hsa-miR-324-3p  0.862  0.839 - - 0.85 + 0.01

MIMATO000761  hsa-miR-324-5p  0.888 - - -

MIMATQ00077 1 hsa-miR-325 - 1.285 - 0.912 1.10 + 0.15

MIMATO000756 hsa-miR-326 - 0.812 - -

MIMATO000752 hsa-miR-328 1717 0.833  0.930 - 1.16 + 0.28

MIMATO001629 hsa-miR-329 3.179 - - -

MIMATQ000751 hsa-miR-330 1.171 0.699 878  0.950 0.92 + 0.11

MIMATO000760 hsa-miR-331 0.692 - 1.110  1.113 0.97 + 0.14

MIMATO000765 hsa-miR-335 0.724 - - -

MIMATO000754 hsa-miR-337 0.832  0.882 - -

MIMATO000763 hsa-miR-338 0.901 - - 0.761

MIMATO000764 hsa-miR-339 1.080 - - -

MIMATO000750 hsa-miR-340 1.213 - - -

MIMATO000753 hsa-miR-342 1.870 0.908  2.257 - 1.68 + 0.40

MIMATQ000772 hsa-miR-345 0.667  0.667 - -

MIMATO000773 hsa-miR-346 1.159 - 1.036  0.994 1.06 + 0.05




Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang:lrua:ncl:::fsmn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMAT0O000703 hsa-miR-361 - - 1.175 -

MIMATO000705 hsa-miR-362 0.673 - - -

MIMATQ000707 hsa-miR-363 0.671 0.989 - -

MIMAT0003385 hsa-miR-363" 0.718 0.828 - -

MIMATQ0000710 hsa-miR-365 1.314 0.737 - -

MIMATQO000719 hsa-miR-367 - - - -

MIMAT0O000720 hsa-miR-368 33.141 0.656 1.002 - 11.60 + 10.77

MIMAT0000721 hsa-miR-369-3p - - -

MIMATO001621 hsa-miR-369-5p 0.677 - -

MIMAT0O000722 hsa-miR-370 6.572 - - -

MIMAT0O000723 hsa-miR-371 - 0.704 0.867 - 0.79 + 0.07

MIMATO000724 hsa-miR-372 0.788 1.774 - - 1.28 + 0.40

MIMATO000726 hsa-miR-373 - 0.971 -

MIMAT0O000725 hsa-miR-373" - - -

MIMATQ000727 hsa-miR-374 - 4.025 - 0.830

MIMATQ000728 hsa-miR-375 1.207 - - -

MIMAT0O000729 hsa-miR-376a 1.228 0.753 - 0.805 093 + 0.15

MIMATO0003386 hsa-miR-376a" 3.263 0.985 - 0.906 1.72 + 0.77

MIMATO002172 hsa-miR-376b 0.744 0.661 - -

MIMATQO000730 hsa-miR-377 - 0.855 - -

MIMAT0000731 hsa-miR-378 1.346 0.901 - -

MIMATO000733 hsa-miR-379 0.723 - - 1.025

MIMATO000735 hsa-miR-380-3p 1.263 0.938 - -

MIMAT0000734  hsa-miR-380-5p  0.897  1.194  0.862 - 0.98 + 0.11

MIMATQO000736 hsa-miR-381 0.886 1.140 - 1.314 1.11 + 0.12

MIMATQ000737 hsa-miR-382 0.668 - - -

MIMAT0O000738 hsa-miR-383 0.889 - - 0.899

MIMATQ0001075 hsa-miR-384 - 0.903 - -

MIMATO001639 hsa-miR-409-3p 0.741 1.435 - 0.997 1.06 + 0.20

MIMATO001638 hsa-miR-409-5p 0.763 - - -

MIMAT0002171 hsa-miR-410 1.077 - - -

MIMATO002170 hsa-miR-412 0.615 - - -

MIMATO001339 hsa-miR-422a 1.359 0.710 - -

MIMAT0O000732 hsa-miR-422b 1.417 1.167 0.813 - 1.13 + 0.18

MIMATQ001340 hsa-miR-423 0.942 - - -

MIMATO001341 hsa-miR-424 0.795 - 0.912 -

MIMAT0001343 hsa-miR-425 0.635 1.161 - -

MIMATQ0001536 hsa-miR-429 1.287 - - -

MIMATQO001625 hsa-miR-431 1.180 - - -

MIMAT0002814 hsa-miR-432 0.707 1.032 1.274 - 1.00 + 0.16

MIMATO0002815 hsa-miR-432" - 1.533 -

MIMATO001627 hsa-miR-433 - - -

MIMATO001532 hsa-miR-448 - - - -

MIMATO0001541 hsa-miR-449 1.067 2.575 - -

MIMATQ001545 hsa-miR-450 0.846 - 1.117 -

MIMATO001631 hsa-miR-451 1.382 4.339 1.314 0.969 2.00 + 0.91

MIMAT0O001635 hsa-miR-452 2.000 - 0.968 -

MIMATQO001636 hsa-miR-452" 0.686 - 1.005 -
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Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang:ru»:«ncl;:::smn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMATO001630 hsa-miR-453 0.819 0.831 1.039 - 0.90 + 0.07

MIMATO003150 hsa-miR-455 0.686 - - -

MIMATO002173 hsa-miR-483 0.793 - 30.359 1.160 10.77 + 9.79

MIMATO0002174 hsa-miR-484 0.686 0.839 - -

MIMATO002176 hsa-miR-485-3p - - - -

MIMATO002175 hsa-miR-485-5p  0.750 - - -

MIMATO002177 hsa-miR-486 1.123 1.102 1.214 - 1.15 + 0.03

MIMATO002178 hsa-miR-487a 0.930 0.825 0.958 - 0.90 + 0.04

MIMATO003180 hsa-miR-487b 0.635 - 1.622 0.767 1.01 + 0.31

MIMATO002804 hsa-miR-488 - 0.828 1.243 -

MIMATO0002805 hsa-miR-489 - 1.011 - -

MIMATO002806 hsa-miR-490 - 0.683 0.961 1.176 094 + 0.14

MIMATO002807 hsa-miR-491 1.006 - - -

MIMATO002812 hsa-miR-492 0.763 - 1.059 -

MIMATO003161 hsa-miR-493-3p  4.955 - - -

MIMATO002813 hsa-miR-493-5p - - - 1.009

MIMATO002816 hsa-miR-494 1.583 0.724 - 0.818 1.04 + 0.27

MIMATO0002817 hsa-miR-495 0.782 1.188 - -

MIMATO002818 hsa-miR-496 - - 0.947 2.767

MIMATO0002820 hsa-miR-497 0.889 0.901 - -

MIMATO0002824 hsa-miR-498 0.724 - - -

MIMATO002870 hsa-miR-499 - 2.124 - 0.893

MIMATO00287 1 hsa-miR-500 0.768 1.151 - -

MIMATO002872 hsa-miR-501 1.069 - 0.911 -

MIMATO0002873 hsa-miR-502 1.084 - 0.948 -

MIMATO002874 hsa-miR-503 - - 1.068 -

MIMATO002875 hsa-miR-504 0.724 - - 0.849

MIMATO002876 hsa-miR-505 0.662 1.156 0.792 - 0.87 + 0.15

MIMATO002878 hsa-miR-506 1.455 1.118 - -

MIMATO002879 hsa-miR-507 - 1.323 - -

MIMATO002880 hsa-miR-508 1.051 - - -

MIMATO0002881 hsa-miR-509 0.913 0.840 - -

MIMATO002882 hsa-miR-510 - - 0.928 -

MIMATO002808 hsa-miR-511 - 0.720 1.175 0.981 0.96 + 0.13

MIMAT0002823 hsa-miR-512-3p - - - -

MIMATO002822 hsa-miR-512-5p - - 1.105 -

MIMATOQ002877 hsa-miR-513 - - - -

MIMATO002883 hsa-miR-514 1.269 - - 1.261

MIMATO002827 hsa-miR-515-3p 1.340 - - -

MIMATO002826 hsa-miR-515-5p - - 1.787 -

MIMATO002860 hsa-miR-516-3p - 1.478 0.767 -

MIMAT0002859 hsa-miR-516-5p - 0.780 - -

MIMATO002851 hsa-miR-517a 0.849 - - -

MIMAT0002852 hsa-miR-517" 1.058 1.194 - -

MIMATO002857 hsa-miR-517b - - 0.836 0.767

MIMATO002866 hsa-miR-517c 1.269 - - -

MIMATO002863 hsa-miR-518a 0.830 - - -

MIMATO002865 hsa-miR-518a-2" - - - -




Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang:lrua:qcl;::fsmn miRNA Donor 1 Donor2 Donor 3 Donor 4 Normali_zed
Intensity

MIMATO0002844 hsa-miR-518b 0.843 1.033 - -

MIMATO0002848 hsa-miR-518¢ - - 0.974 -

MIMATO0002847 hsa-miR-518¢c” - 0.688 - -

MIMATO0002864 hsa-miR-518d - 0.828 - -

MIMATO0002861 hsa-miR-518e 0.949 - - 5.881

MIMATO0002842 hsa-miR-518f 2.910 - - -

MIMATO002841 hsa-miR-518f" 0.772 - - -

MIMATO0002869 hsa-miR-519a 0.885 - - -

MIMATO0002837 hsa-miR-519b 0.833 0.718 - -

MIMAT0002832 hsa-miR-519c¢ - - 0.977 0.881

MIMAT0002853 hsa-miR-519d 1.214 - - 1.189

MIMATO002829 hsa-miR-519%e 0.866 - - -

MIMAT0002828 hsa-miR-519e* 1.246 1.011 - 0.906 1.05 + 0.10

MIMAT0002834 hsa-miR-520a - - - -

MIMAT0002833 hsa-miR-520a* 0.802 - - -

MIMAT0002843 hsa-miR-520b - - 0.875 1.038

MIMAT0002846 hsa-miR-520c - - - -

MIMATO0002856 hsa-miR-520d 0.898 1.285 0.895 0.736 095 + 0.13

MIMAT0002855 hsa-miR-520d™ 0.852 - 0.835 0.994 0.89 + 0.05

MIMAT0002825 hsa-miR-520e - - - 0.777

MIMAT0002830 hsa-miR-520f 0.749 - - -

MIMAT0002858 hsa-miR-520g 0.744 1.511 - -

MIMAT0002867 hsa-miR-520h - - 1.252 -

MIMAT0002854 hsa-miR-521 0615 1.823 - -

MIMAT0002868 hsa-miR-522 1.024 0.973 - -

MIMAT0002840 hsa-miR-523 0.786 - 0.813 -

MIMAT0002850 hsa-miR-524 - 0.704 - -

MIMAT0002849 hsa-miR-524* 0.997 - 0.789 -

MIMAT0002838 hsa-miR-525 0.731 - 1.087 -

MIMAT0002839 hsa-miR-525 0.713 - 1.258 -

MIMAT0002845 hsa-miR-526a 0.892 1.253 - 1.000 1.05 + 0.11

MIMATO0002835 hsa-miR-526b 0.686 1.097 - 1.101 096 + 0.14

MIMAT0002836 hsa-miR-526b™ 1.057 - - 1.038

MIMAT0002831 hsa-miR-526¢ - - 1.079 -

MIMATO0002862 hsa-miR-527 1.182 0.699 1.956 - 1.28 + 0.37

MIMATO0003163 hsa-miR-539 - 0.710 - -

MIMATO0003389 hsa-miR-542-3p - 0.860 - 1.340

MIMAT0003340 hsa-miR-542-5p 1.064 1.102 - -

MIMATO0003164 hsa-miR-544 - 1.478 0.770 -

MIMATO003165 hsa-miR-545 0.700 1.129 - 0.736 0.85 + 0.14

MIMATO0000521 mmu-let-7a 8.487 0.916 1.242 1.319 299 + 212

MIMATO0000384 mmu-let-7d” 0.889 - - -

MIMATO0000525 mmu-let-7f 1.256 0.699 1.102 - 1.02 + 0.17

MIMATO000678 mmu-miR-7bh 0.647 - - -

MIMATO0000142 mmu-miR-9 - - - -

MIMATO0000208 mmu-miR-10b - 1.059 1.143 1.082 1.09 + 0.03

MIMATO0000650 mmu-miR-17-3p 0.674 1.435 - -

MIMATO0000549 mmu-miR-30e” - 0.995 - 0.918 0.96 + 0.03
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle (cont.)

Mean
Sangzrua:ncl;::rssmn miRNA Donor 1 Donor 2 Donor 3 Donor 4 Normali.zed
Intensity

MIMATO000538 mmu-miR-31 1772 0.798 0.988 - 1.19 + 0.30

MIMATO000540 mmu-miR-93 1.224 1.046 0.853 0.742 0.97 + 0.12

MIMATO000541 mmu-miR-96 1.237 0.731 0.807 - 0.93 + 0.16

MIMATO000131 mmu-miR-99a 6.061 1.699 1.333 1.449 264 + 1.32

MIMATOQ00616 mmu-miR-101b 0.973 1.097 - -

MIMATO000385 mmu-miR-106a 0.823 2.005 0.946 - 1.26 + 0.38

MIMATO000134 mmu-miR-124a 0.796 0.941 1.385 - 1.04 + 0.18

MIMATO000139 mmu-miR-127 1.057 - - -

MIMAT0000209 mmu-miR-129-5p  1.440 0.887 - 6.088 281 + 165

MIMATO000146 mmu-miR-134 0.829 1.030 - -

MIMATO000149 mmu-miR-137 0.793 0.677 - -

MIMATO000151 mmu-miR-140 0.668 1.360 - -

MIMATO000152 mmu-miR-140" 6.759 1.981 1.346 1.314 2.85 + 1.52

MIMATO000155 mmu-miR-142-3p 1.212 - 0.955 - 1.08 + 0.10

MIMATOO000161 mmu-miR-151 - 1.564 1.194 - 1.38 + 0.15

MIMATO000163 mmu-miR-153 0.856 1.000 2177 - 1.34 + 042

MIMATO000165 mmu-miR-155 - - - -

MIMATO000216 mmu-miR-187 1.090 - 0.828 0.959 0.96 + 0.08

MIMATO000517 mmu-miR-192 0.865 - 0.954 -

MIMATO000672 mmu-miR-199b - - - 1.031

MIMATO0000234 mmu-miR-201 0.821 0.688 - -

MIMATO000235 mmu-miR-202 1.506 0.941 - -

MIMATO000236 mmu-miR-203 0.767 1.118 0.759 - 0.88 + 0.12

MIMATO000237 mmu-miR-204 - 0.919 - -

MIMAT0O000240 mmu-miR-207 0.897 - - -

MIMATO003187 mmu-miR-20b 0.837 - 1.063 0.786 0.90 + 0.09

MIMATO000668 mmu-miR-211 1.030 1.005 - 0.824 0.95 + 0.06

MIMATOQ000904 mmu-miR-215 - 1.048 0.776 1.264 1.03 + 0.14

MIMATO000679 mmu-miR-217 0.874 - 1.113 -

MIMATO000669 mmu-miR-221 1.564 1.204 - -

MIMATO000671 mmu-miR-224 1.135 - - -

MIMATO000366 mmu-miR-290 - 0.761 - 1.025

MIMATO000368 mmu-miR-291a-3p 1.234 - - -

MIMATO000367 mmu-miR-291a-5p - 1.161 - -

MIMAT0003190 mmu-miR-291b-3p 0.692 0.688 - -

MIMATO003188  mmu-miR-2391b-5p - - - -

MIMATO000370 mmu-miR-292-3p 0.880 0.925 0.770 - 0.86 + 0.05

MIMATO000369  mmu-miR-292-5p - - - -

MIMATO000371 mmu-miR-293 - 0.849 1.005 -

MIMATO000372 mmu-miR-294 1.467 - - 0.937

MIMATO000373 mmu-miR-295 0.823 0.667 - -

MIMATOQ000375 mmu-miR-297 1.126 0.763 1.379 - 1.09 + 0.18

MIMATO000376 mmu-miR-298 1.744 1.005 - -

MIMATOQ00378 mmu-miR-300 0.689 - - 1.031

MIMATO003373 mmu-miR-302b* 1.269 1.153 - -

MIMATO003376 mmu-miR-302¢ - 0.663 - -

MIMATO003375 mmu-miR-302¢” 0.667 - - -

MIMATO000249 mmu-miR-322 - 1.011 0.939 -
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle (cont.)

Mean
Sangzrl.la:nc;:rsslon miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMATO000555  mmu-miR-324-5p  1.548 - - -

MIMATO000558 mmu-miR-325 1.596 - - -

MIMATO000559 mmu-miR-326 0.724 - 0.807 0.774 0.77 + 0.02

MIMATO000567 mmu-miR-329 - - - -

MIMATO000569 mmu-miR-330 0.769 - - 0.931

MIMATO000578 mmu-miR-337 0.712 0.777 - -

MIMATO0000588 mmu-miR-341 - 2.624 - -

MIMATO0000593 mmu-miR-344 - 1.516 - -

MIMATO000595 mmu-miR-345 0.897 - - -

MIMATO000597 mmu-miR-346 - - 0.836 -

MIMATO000382 mmu-miR-34b 2.683 - 1.150 0.774 1.54 + 0.58

MIMATO0006805 mmu-miR-350 - - - -

MIMATO000609 mmu-miR-351 0.851 - - -

MIMATO000706 mmu-miR-362 - 1.000 - -

MIMATO0000708 mmu-miR-363 0.744 1.134 - -

MIMATO003186 ~ mmu-miR-369-3p  1.222 0.925 - -

MIMATO003185  mmu-miR-369-5p - 0.753 - 0.792

MIMATO001095 mmu-miR-370 2.039 0.823 1.125 - 1.33 + 0.37

MIMATO000740 mmu-miR-376a - - - -

MIMATO0001092 mmu-miR-376b - 1.099 - -

MIMATO0003388 mmu-miR-376b" - 1.774 - 0.780

MIMATO0003183 mmu-miR-376¢ 1.266 - - 1.040

MIMATO0000743 mmu-miR-379 12.500 1.123 4.473 1.160 4.81 + 3.09

MIMATO0000745 mmu-miR-380-3p  0.622 - 0.836 - 0.73 + 0.09

MIMATO000748 mmu-miR-383 0.923 2.081 - -

MIMATO001076 mmu-miR-384 0.733 - - -

MIMATO001090 mmu-miR-409 0.962 - 0.890 1.044 0.97 + 0.04

MIMATO001091 mmu-miR-410 - 0.952 - -

MIMATO0001093 mmu-miR-411 1.045 0.661 - 1.340 1.02 + 0.20

MIMATO0000548 mmu-miR-424 - - 1.567 1.116

MIMATO001537 mmu-miR-429 1.917 - - -

MIMATO001418 mmu-miR-431 1.027 0.699 - 1.440 1.06 + 0.21

MIMATO001419  mmu-miR-433-5p - - 2.890 -

MIMATO001422 mmu-miR-434-3p  0.667 0.857 - -

MIMAT0001421  mmu-miR-434-5p  0.757 1.285 - -

MIMATO0001632 mmu-miR-451 0.968 1.153 1.011 0.789 0.98 + 0.09

MIMATO0002104 mmu-miR-463 0.886 - - -

MIMATO0002105 mmu-miR-464 - - - 1.157

MIMATOQ002106 mmu-miR-465 - 0.855 0.807 0.855 0.84 + 0.02

MIMATO002107 mmu-miR-466 - - 1.564 -

MIMATO0002108 mmu-miR-467 0.859 1.296 11.386  1.233 3.69 + 2,96

MIMATO0002109 mmu-miR-468 0.721 0.683 - 1.119 0.84 + 0.14

MIMATO0002110 mmu-miR-469 1.017 - - -

MIMATO0002111 mmu-miR-470 1.077 1.121 - -

MIMATO0002112 mmu-miR-471 - - 1.406 -

MIMATO0003120 mmu-miR-483 0.872 0.726 0.958 - 0.85 + 0.07

MIMAT0003129  mmu-miR-485-3p 0.701 - - 0.975

MIMATO003184 mmu-miR-487b 0.987 - 0.983 -
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Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang:rua:ncl;::rssmn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

MIMATO003112 mmu-miR-489 0.756 1.849 1.011 0.736 1.09 + 0.30

MIMATO003182 mmu-miR-494 1.389 1.140 0.903 1.805 1.31 + 0.22

MIMATO003188 mmu-miR-503 0.743 0.785 - 0.792 0.77 + 0.02

MIMATO003167 mmu-miR-540 1.000 0.973 - -

MIMATO003170 mmu-miR-541 - - 0.828 -

MIMATO0003171  mmu-miR-542-5p - - - -

MIMATO003168 mmu-miR-543 - - - -

MIMATO003166 mmu-miR-546 - - - 0.994

MIMATO003173 mmu-miR-547 0.731 0.973 - -

MIMATO003125 rno-miR-1 - 1.016 - -

MIMATO003162 rno-miR-1* - 1.640 0.963 - 1.30 + 0.28

MIMATO000606 rno-miR-7 1.437 - - -

MIMATO000607 rno-miR-7* - 0.925 - -

MIMATO000603 rno-miR-203" - 1.065 - -

MIMATO000875 rno-miR-20b 0.919 - - 0.969

MIMATO003212 rno-miR-20b" - - 0.946 -

MIMATO003152 rno-miR-22" - 1.454 - -

MIMATO003154 rno-miR-29¢” 1.534 0.935 0.983 0.975 1.11 + 0.16

MIMATO000574 rno-miR-140" 5.857 1.471 1.218 1.245 245 + 1.31

MIMATO000614 rno-miR-151 1.005 0.839 - -

MIMATO003115 rno-miR-207 0.676 - - 0.786

MIMATO00083939 rno-miR-297 - 0.886 - -

MIMATO000552 rno-miR-301 1.087 1.371 0.822 - 1.09 + 0.16

MIMATO000561 rno-miR-327 2.609 - - 0.881

MIMATO000572 rmno-miR-333 - - - -

MIMATO000576 rno-miR-336 1.388 1.237 - 1.943 1.52 + 0.21

MIMATO000591 rno-miR-343 - 1.308 - -

MIMATO000592 rno-miR-344 - 0.790 - 0.981

MIMATO000596 rno-miR-346 0.776 0.683 - -

MIMATO000598 rno-miR-347 0.808 - - -

MIMATO000599 rno-miR-349 0.671 - 1.082 1.075 094 + 0.14

MIMATO000604 rno-miR-350 - 0.710 - 0.799 0.75 + 0.04

MIMATO000610 rno-miR-352 1.244 0.927 0.903 - 1.02 + 0.11

MIMAT0003210 rno-miR-363-3p - 0.925 - -

MIMATO0003208 rno-miR-374 - - - -

MIMATO003198 rno-miR-376a 1.596 1.075 - -

MIMATO003196 rno-miR-376b 0.988 - 0.766 0.893 0.88 + 0.06

MIMATO003123 rno-miR-377 - 0.946 - -

MIMATO003199 rno-miR-381 - 1.242 - -

MIMATO0003201 rno-miR-382 0.923 0.856 - -

MIMATO0003202 rno-miR-382" - - - -

MIMATO003205 rno-miR-409-3p - 0.957 1.740 0.799 1.17 + 0.29

MIMATO003204 rno-miR-409-5p - - - -

MIMATO001320 rno-miR-421 1.038 - - 1.604

MIMATO003379 rno-miR-422b - 1.511 0.810 -

MIMATO001547 rno-miR-450 1.078 0.672 0.909 - 0.89 + 0.12

MIMATO003113 rno-miR-489 1.171 - 1.468 -

MIMATO003383 rno-miR-497 0.977 - - -
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Appendix 1. miRNA Expression in Intact Airway Smooth muscle (cont.)

Mean
Sang:::qcl;:eefsmn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity
MIMATO003381 rno-miR-499 - - 1.068 -
MIMATO003116 rno-miR-501 0.819 - 1.255 -
MIMATO0003213 rno-miR-503 1.051 1.274 1.029 - 1.12 + 0.08
MIMATO003380 rno-miR-505 - 0.839 - -
MIMATO003179 rno-miR-542-3p 1.397 - 0.939 -
MIMATO003382 rno-miR-664 1.506 0.661 1.422 - 1.20 + 0.27
ambi-miR-5 0.929 - - -
ambi-miR-14 1.194 - - -
ambi-miR-16 1.161 1.000 - - 1.08 + 0.07
ambi-miR-48 0.756 - - -
ambi-miR-279 0.931 - 0.902 -
ambi-miR-358 - 1.247 - 0.761 1.00 + 0.20
ambi-miR-371 0.782 - - -
ambi-miR-408 1.308 1.613 - -
ambi-miR-444 0.772 - 0.780 -
ambi-miR-562 1.066 - - 1.258
ambi-miR-685 - - - -
ambi-miR-693 1.677 0.914 - 1.132 1.24 + 0.23
ambi-miR-801 1.057 - - -
ambi-miR-917 0.919 - - 0.799
ambi-miR-1006 - 0.737 - -
ambi-miR-1137 2.949 - - 0.862
ambi-miR-1481 - - - 0.761
ambi-miR-1265 1.407 0.688 - 1.066 1.05 + 0.21
ambi-miR-2537 0.695 1.419 - 1.044 1.05 + 0.21
ambi-miR-2660 0.840 - - -
ambi-miR-2825 1.006 0.688 - 1.044 0.91 + 0.11
ambi-miR-2837 1.367 0.849 - -
ambi-miR-3046 0.847 0.833 1.949 - 1.21 + 0.37
ambi-miR-3121 - - - -
ambi-miR-3135 0.641 0.938 1.045 - 0.87 + 0.12
ambi-miR-3898 1.449 0.763 0.937 0.928 1.02 + 0.17
ambi-miR-3998 0.622 - 0.825 -
ambi-miR-4209 1.799 0.645 1.056 - 117 + 0.34
ambi-miR-4400 0.677 1.968 - -
ambi-miR-44382 - 1.102 - 0.758
ambi-miR-4517 - - 0.799 1.604
ambi-miR-4622 0.660 - 0.937 -
ambi-miR-4629 0.872 - - -
ambi-miR-4944 - 0.957 - -
ambi-miR-4983 1.904 0.683 - 0.997 119 + 0.37
ambi-miR-5021 - - - -
ambi-miR-5074  61.301 - 1.239 -
ambi-miR-5723 0.821 0.726 - -
ambi-miR-5856 2.673 1.204 - -
ambi-miR-5893 0.679 - - -
ambi-miR-6058 0.994 1.669 0.761 - 1.14 + 0.27
ambi-miR-6117 1.058 0.726 - -




Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sangzru»:ncl;:eefswn miRNA Donor 1 Donor 2 Donor 3 Donor4  Normalized
Intensity

ambi-miR-6374 - - -

ambi-miR-6775 0.925 - -

ambi-miR-7026 1.043 - - -

ambi-miR-7027 1.018 - 1.295 -

ambi-miR-7029 0.692 0.747 0.983 0.887 0.83 + 0.08

ambi-miR-7036 1.312 - 0.987

ambi-miR-7038-1 - - -

ambi-miR-7039 0.726 - 0.950

ambi-miR-7054 - - - 1.025

ambi-miR-7055 0.991 - - -

ambi-miR-7058 0.983 0.925 - -

ambi-miR-7059-1 - 0.762 - 0.811

ambi-miR-7062 0.692 1.597 - 0.852 1.05 + 0.28

ambi-miR-7067 - 1.108 1.283 0.981 1.12 + 0.09

ambi-miR-7068-1 0.904 0.672 - 0.906 0.83 + 0.08

ambi-miR-7070 - - - -

ambi-miR-7074 0.622 - 0.834 -

ambi-miR-7075 - - - -

ambi-miR-7080 0.795 0.774 - 1.107 0.89 + 0.11

ambi-miR-7081 0.814 0.699 - -

ambi-miR-7083 0.719 0.720 0.875 - 0.77 + 0.05

ambi-miR-7084 0.836 0.755 0.930 0.987 088 + 0.06

ambi-miR-7085 - - 0.853 0.918

ambi-miR-7086 0.965 0.710 - 0.818 0.83 + 0.07

ambi-miR-7089 0.673 0.656 - 1.000 0.78 + 0.11

ambi-miR-7095 1.596 0.677 - -

ambi-miR-7037 - - 1.038

ambi-miR-7098 - 0.973 1.379 1.591 1.31 + 0.18

ambi-miR-7100 4.545 0.731 - -

ambi-miR-7101 - - - 0.855

ambi-miR-7103 0.827 1.067 0.848 - 0.91 + 0.08

ambi-miR-7105 1.128 1.443 0.844 - 1.14 + 0.17

ambi-miR-7317 0.744 1.011 0.813 - 086 + 0.08

ambi-miR-7425 1.048 0.817 - -

ambi-miR-7510 0.782 0.720 - 2.067 1.19 + 0.44

ambi-miR-7912 0.863 - -

ambi-miR-7920 - - -

ambi-miR-8027 - - - -

ambi-miR-8370 1.107 0.747 - -

ambi-miR-8396 0.628 - - -

ambi-miR-8488 1.880 1.015 1.105 0.975 124 + 0.25

ambi-miR-8518 - 0.860 - 0.969

ambi-miR-8656 1.244 0.672 - -

ambi-miR-8684 0.735 - 0.806 -

ambi-miR-8819 0.647 0.688 - -

ambi-miR-8870 0.628 - - -

ambi-miR-9125 0.914 - - -

ambi-miR-9134
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Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean

Sangzrl;:ncl;:;erssmn miRNA Donor 1 Donor 2 Donor 3 Donor 4 Normali.zed

Intensity

ambi-miR-9451 1.474 - - 1.553

ambi-miR-9508 1.382 0.903 0.890 - 1.06 + 0.16
ambi-miR-9534 0.879 0.909 0.995 - 0.93 + 0.04
ambi-miR-9565 0.821 - - -

ambi-miR-9630 1.188 - 1.189

ambi-miR-9638 0.841 - -

ambi-miR-9651 0.806 - -

ambi-miR-9873 - - 0.971 -

ambi-miR-9881 0.900 - - 0.767

ambi-miR-10064 0.740 2.108 0.949 - 1.27 + 043
ambi-miR-10133 1.004 1.215 - -

ambi-miR-10202 1.112 - - -

ambi-miR-10203 - 0.756 0.799

ambi-miR-10394 - - - -

ambi-miR-10411 0.747 - - -

ambi-miR-10594 1.216 0.817 0.796 1.660 1.12 + 0.24
ambi-miR-10617  0.851 - 0.845 - 0.85 + 0.00
ambi-miR-10751 0.722 1.124 - 0.956 0.93 + 0.12
ambi-miR-10766 0.744 - 0.838 0.912 0.83 + 0.05
ambi-miR-10769 - 1.371 - -

ambi-miR-10994 0.898 - - 1.178

ambi-miR-11040 - - 0.953 -

ambi-miR-11143  0.942 0.952 - -

ambi-miR-11146 1.097 0.936 - 1.02 + 0.07
ambi-miR-11168 0.704 - -

ambi-miR-11541 - - - -

ambi-miR-11576 1.128 - - -

ambi-miR-11700 - - - -

ambi-miR-11786 1.093 0.683 - -

ambi-miR-11835 0.699 - - -

ambi-miR-12061 6.484 - - 1.061

ambi-miR-12110 0.756 2.371 0.878 1.277 1.32 + 042
ambi-miR-12152 0.744 0.984 1.059 - 093 + 0.10
ambi-miR-12180 - - -

ambi-miR-12314 0.731 - -

ambi-miR-12628 - - - 0.943

ambi-miR-12897 1.180 - - 0.890

ambi-miR-12902 0.655 0.672 - 1.270 0.87 + 0.20
ambi-miR-12969 0.772 - -

ambi-miR-13090 - - - -

ambi-miR-13100 1.211 - - 1.503

ambi-miR-13118  0.907 - - -

MIMATO000601 ambi-miR-13124 1.066 1.285 1.021 - 1.12 + 0.08
ambi-miR-13143 24.302 17.108 15.097 53.885 27.60 + 10.37
ambi-miR-13145 - - - -
ambi-miR-13156 0.885 0.731 - -
ambi-miR-13178 1.103 - - -
ambi-miR-13182 1.505 - 0.818 1.16 + 0.28
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Appendix 1. miRNA Expression in Intact Airwvay Smooth muscle (cont.)

Mean
Sang;ru:ncbc:rssmn miRNA Donor 1 Donor 2 Donor 3 Donor 4 Normali;ed
Intensity
amhi-miR-13190  0.679 1.280 - -
ambi-miR-13193  1.830 - - -
ambi-miR-13196  2.557 1.618 - -
ambi-miR-13197  1.359 1.097 1.204 - 1.22 + 0.08
ambi-miR-13203 1.081 - 1.151
amhi-miR-13205 - - -
amhi-miR-13209 - 0.712  0.947 - 083 + 0.10
ambi-miR-13232 25723 7.068 17.208 16.369 16.59 + 4.40
ambi-miR-13237 - 0.827 -
ambi-miR-13255 1.403 - 1.082 1.24 + 013
ambi-miR-13258 - 1.559 - -
ambhi-miR-13259 0.673  0.753 - 0.736 0.72 + 0.02
amhi-miR-13260  1.087 - - -
amhi-miR-13266  0.995 - - -
ambi-miR-13268 6.293 1.597 1.570 1.176 266 + 1.40
ambi-miR-14204 0.910 - - 0.761
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Appendix 2. miRNA Expression in Cytokine-Stimulated ASM Cells

Sange_nr . Culture Culture Culture Culture Mean Mean
Accession miRNA

Number A1 A2 B1 B2 Culture A Culture B
MIMATO000062 hsa-let-7a -0.122 0.077 -1.573 -0.155 -0.019 -0.697
MIMATO000063 hsa-let-7b - - -3.658 -0.472 - -1.322
MIMATO000064 hsa-let-7¢ 0.048 0.101 -1.740 0.266 0.075 -0.413
MIMATO000065 hsa-let-7d 0.101 0.077 - -0.054 0.089 -0.054
MIMATO000066 hsa-let-7e -0.020 -0.062 -1.192 -0.263 -0.041 -0.654
MIMATO000067 hsa-let-71 - 0.111 -0.408 -0.876 0.111 -0.623
MIMATO000414 hsa-let-7g - 0.236 -0.079 -0.880 0.236 -0.425
MIMATO000415 hsa-let-7i -0.119 -0.033 - -0.300 -0.075 -0.300
MIMATO0000416 hsa-miR-1 0.006 0.022 - 0.238 0.014 0.238
MIMATO000252 hsa-miR-7 0.235 0.149 0.270 - 0.193 0.270
MIMATO0000441 hsa-miR-9 0.237 - -0.005 0.051 0.237 0.023
MIMATO0000442 hsa-miR-9" - - - - - -
MIMATO000253 hsa-miR-10a -0.175 0.074 - -0.793 -0.045 -0.793
MIMATO0000254 hsa-miR-10b 0.055 - - -1.296 0.055 -1.296
MIMATO000068 hsa-miR-15a -0.030 - -0.134 -0.301 -0.030 -0.215
MIMATO000417 hsa-miR-15b - -0.056 0.152 -0.648 -0.056 -0.193
MIMATO000069 hsa-miR-16 -0.054 - 0.205 -0.607 -0.054 -0.145
MIMATO000071 hsa-miR-17-3p -0.011 0.058 0.591 -0.161 0.024 0.263
MIMATO000070 hsa-miR-17-5p -0.217 - -0.123 -1.400 -0.217 -0.625
MIMATO0000072 hsa-miR-18a - 0.106 -0.120 - 0.106 -0.120
MIMATO0002891 hsa-miR-18a” - -0.043 - 0.400 -0.043 0.400
MIMATO0001412 hsa-miR-18b - - - 0.026 - 0.026
MIMATO000073 hsa-miR-19a 0.357 -0.062 0.515 0.016 0.162 0.287
MIMATO0000074 hsa-miR-19b - -0.048 -0.014 -0.019 -0.048 -0.016
MIMATO000075 hsa-miR-20a 0.348 0.153 - - 0.254 -
MIMATO001413  hsa-miR-20b 0.163 0.035 - 0.084 0.100 0.084
MIMATO000076 hsa-miR-21 - 0.006 -0.880 0.635 0.006 0.068
MIMATO000077 hsa-miR-22 -0.196 -0.023 - -0.218 -0.107 -0.218
MIMATO000078 hsa-miR-23a -2.404 -1.843 -1.035 -0.214 -2.096 -0.567
MIMATO000418 hsa-miR-23b -2.487 -1.397 -0.317 -0.152 -1.841 -0.232
MIMATO0000080 hsa-miR-24 -0.092 - -3.210 -0.890 -0.092 -1.627
MIMATO000081 hsa-miR-25 -1.385 -1.415 -0.922 -1.965 -1.400 -1.351
MIMATO000082 hsa-miR-26a -0.018 0.077 -1.806 -0.244 0.030 -0.823
MIMATO0000083 hsa-miR-26b - -0.032 - -0.651 -0.032 -0.651
MIMATO000084 hsa-miR-27a -0.053 - 0.528 -0.535 -0.053 0.092
MIMATO0000419 hsa-miR-27b - - -0.098 -0.780 - -0.399
MIMATO000085 hsa-miR-28 -0.160 0.015 - -0.664 -0.070 -0.664
MIMATO000086 hsa-miR-29a -0.031 - -1.004 0.469 -0.031 -0.087
MIMATO000100 hsa-miR-29b - -0.045 0.051 0.362 -0.045 0.215
MIMATO000681 hsa-miR-29¢ 0.081 0.146 0.231 0.064 0.114 0.150
MIMATO000088 hsa-miR-30a-3g 0.030 -0.058 -0.422 -0.007 -0.013 -0.200
MIMATO000087 hsa-miR-30a-5¢ -0.078 - - -1.528 -0.078 -1.528
MIMATO0000420 hsa-miR-30b - - - -0.084 - -0.084
MIMATO0000244  hsa-miR-30c 0.084 0.016 -0.016 -1.092 0.050 -0.456
MIMATO0000245 hsa-miR-30d - - -0.541 -1.867 - -1.057
MIMATO000693 hsa-miR-30e-3g 0.031 -0.209 0.277 -0.157 -0.084 0.076
MIMATO000692 hsa-miR-30e-5¢ - 0.092 - -0.138 0.092 -0.138
MIMATO000089 hsa-miR-31 -0.317 - -1.276 -1.498 -0.317 -1.383
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Appendix 2. miRNA Expression in Cytokine-Stimulated ASM Cells (cont)

Af:gsgjgn miRNA Culture Culture Culture Culture Mean Mean
Number A1 A2 B1 B2 Culture A Culture B

MIMATO000030 hsa-miR-32 0.121 0.042 - - 0.082 -
MIMATO000091 hsa-miR-33 0.280 -0.043 - 0.081 0.128 0.081
MIMATO0000255 hsa-miR-34a  0.009 0.191 -1.314 -1.397 0.103 -1.355
MIMATO000685 hsa-miR-34b - -0.096 -0.043 - -0.096 -0.043
MIMATO000686 hsa-miR-34c - 0.007 -1.533 0.032 0.007 -0.548
MIMATO000092 hsa-miR-92 - -0.239 0.114 -0.906 -0.239 -0.308
MIMATO000093 hsa-miR-93 -0.079 -0.048 - -0.858 -0.064 -0.858
MIMATO000094 hsa-miR-95 -0.127 -0.007 0.333 0.104 -0.065 0.223
MIMATO000095 hsa-miR-96 0.147 - - - 0.147 -
MIMATO000096 hsa-miR-98 - 0.162 - -1.158 0.162 -1.158
MIMATO000097 hsa-miR-99a - 0.039 - -1.749 0.039 -1.749
MIMATO000689 hsa-miR-99b -0.146 - - -1.414 -0.146 -1.414
MIMATO000098 hsa-miR-100 0.183 0.046 -1.903 -1.036 0.116 -1.406
MIMATO000099 hsa-miR-101 0.145 -0.088 0.120 - 0.033 0.120
MIMATO000101 hsa-miR-103  0.029 - -0.605 -2.292 0.029 -1.215
MIMATO000102 hsa-miR-105 -0.051 -0.215 - - -0.131 -
MIMATO0000103 hsa-miR-106a 0.103 0.101 -0.402 -0.983 0.102 -0.663
MIMATO000680 hsa-miR-106b 0.080 -0.029 -0.089 -0.806 0.027 -0.404
MIMATO000104 hsa-miR-107 -0.011 0.0%4 - -2.455 0.042 -2.455
MIMAT0000421 hsa-miR-122a - - - 0.139 - 0.139
MIMATO0000422 hsa-miR-124a -0.271 -0.047 - 0.443 -0.155 0.443
MIMATO000443 hsa-miR-125a -0.037 -0.040 -0.658 -1.747 -0.039 -1.102
MIMATO000423 hsa-miR-125b 0.008 0.038 - -0.148 0.023 -0.148
MIMATO000445 hsa-miR-126 - -0.095 0.821 -0.002 -0.095 0.467
MIMAT0000444 hsa-miR-126" - 0.033 0.296 - 0.033 0.296
MIMATO000446 hsa-miR-127 - 0.174 0.166 - 0.174 0.166
MIMATO0000424 hsa-miR-128a -0.045 -0.089 - 0.197 -0.067 0.197
MIMATO000676 hsa-miR-128b 0.174 - - -0.715 0.174 -0.715
MIMAT0000242 hsa-miR-129 -0.532 - 0.071 0.088 -0.532 0.079
MIMATO0000425 hsa-miR-130a -0.058 -0.091 - -1.596 -0.075 -1.596
MIMATO000691 hsa-miR-130b - - -0.317 -1.283 - -0.721
MIMATO000426 hsa-miR-132 0.132 0.190 -0.022 -0.496 0.161 -0.240
MIMAT0000427 hsa-miR-133a -0.048 -0.060 - - -0.054 -
MIMATO000770 hsa-miR-133b 0.042 -0.052 - 0.408 -0.004 0.408
MIMATO000447 hsa-miR-134 -0.005 0.112 1.098 -2.159 0.055 0.241
MIMATO000428 hsa-miR-135a - -0.268 - 0.010 -0.268 0.010
MIMATO000758 hsa-miR-135b 0.000 - - 0.320 0.000 0.320
MIMAT0000448 hsa-miR-136 -0.138 0.030 -0.095 -0.233 -0.051 -0.163
MIMATO000429 hsa-miR-137 - - -0.068 - - -0.068
MIMATO000430 hsa-miR-138 - - - 0.206 - 0.206
MIMATO000250 hsa-miR-139 - - - -0.150 - -0.150
MIMATO0000431 hsa-miR-140 0.011 - -0.206 - 0.011 -0.206
MIMATO000432 hsa-miR-141 - - - - - -
MIMATO000434 hsa-miR-142-3¢ -0.059 - 0.014 - -0.059 0.014
MIMATO000433 hsa-miR-142-5¢ - 0.006 - 0.077 0.0086 0.077
MIMAT0000435 hsa-miR-143 - - -0.632 -1.127 - -0.859
MIMAT0000436 hsa-miR-144 - 0.005 - 0.250 0.005 0.250
MIMATO000437 hsa-miR-145 0.187 - -0.872 -1.537 0.187 -1.166
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MIMATO000449 hsa-miR-146a 0.018 - -0.087 - 0.018 -0.087
MIMATO002809 hsa-miR-146b 0.031 -0.178 -0.660 0.165 -0.070 -0.189
MIMATO000251 hsa-miR-147 - - -1.017 - - -1.017
MIMATO0000243 hsa-miR-148a -0.021 -0.099 - 0.028 -0.059 0.028
MIMATO000759 hsa-miR-148b - -0.300 0.605 -0.429 -0.300 0.178
MIMATO000450 hsa-miR-149 - - - -0.828 - -0.828
MIMATO000451 hsa-miR-150 -0.012 0.166 0.165 0.152 0.079 0.158
MIMATO000757 hsa-miR-151 -0.154 - -0.089 -1.049 -0.154 -0.490
MIMATO000438 hsa-miR-152 - -0.038 - -2.309 -0.038 -2.309
MIMATO000439 hsa-miR-153 0.133 -0.011 0.146 -0.098 0.063 0.029
MIMATO000452 hsa-miR-154 -0.104 - - -0.275 -0.104 -0.275
MIMATO000453 hsa-miR-154" (0.024 -0.171 -0.374 -0.270 -0.070 -0.321
MIMATO000646 hsa-miR-155 -0.063 0.167 -0.684 0.333 0.057 -0.088
MIMATO000256 hsa-miR-181a - -0.105 -0.350 -1.636 -0.105 -0.854
MIMATO000257 hsa-miR-181b - - -0.233 -1.781 - -0.809
MIMATO000258 hsa-miR-181¢ -0.078 0.000 - 0.146 -0.038 0.146
MIMATO0002821 hsa-miR-181d 0.074 -0.193 - -0.219 -0.053 -0.219
MIMATO000259 hsa-miR-182 -0.006 -0.050 - 0.091 -0.028 0.091
MIMATO000260 hsa-miR-182" -0.031 - 1.464 - -0.031 1.464
MIMATO000261 hsa-miR-183 - -0.074 - - -0.074 -
MIMATO000454 hsa-miR-184 -0.084 -0.455 - 0.052 -0.258 0.052
MIMATO0000455 hsa-miR-185 0.021 - - -1.118 0.021 -1.118
MIMATO000456 hsa-miR-186  0.063 -0.085 - 0.414 -0.009 0.414
MIMATO000262 hsa-miR-187 -0.083 0.022 - -0.006 -0.029 -0.006
MIMATO000457 hsa-miR-188 -3.066 -2.175 -1.428 -0.507 -2.553 -0.895
MIMATO000079 hsa-miR-189  0.067 - 0.114 -0.064 0.067 0.027
MIMATO000458 hsa-miR-190 -0.091 -0.079 - 0.331 -0.085 0.331
MIMATO0000440 hsa-miR-191 0.045 0.162 -0.541 -2.249 0.105 -1.156
MIMATO001618 hsa-miR-1917 - -0.092 - 0.113 -0.092 0.113
MIMATO000222 hsa-miR-192 0.162 -0.096 - 0.634 0.039 0.634
MIMATO000459 hsa-miR-193a - - -0.513 -0.565 - -0.539
MIMATO002819 hsa-miR-193k -0.040 0.034 - -2.048 -0.003 -2.048
MIMATO000460 hsa-miR-194 0.025 0.064 -0.008 0.408 0.045 0.215
MIMATO000461 hsa-miR-195 -0.160 -0.063 -0.069 -0.153 -0.110 -0.110
MIMATO0000226 hsa-miR-196a - -0.135 - - -0.135 -
MIMATO001080 hsa-miR-196b (0.209 0.106 - - 0.158 -
MIMATO0000227 hsa-miR-197 0.076 -0.006 0.120 -1.247 0.036 -0.407
MIMATO000228 hsa-miR-198 0.173 - -0.183 -0.195 0.173 -0.189
MIMATO0000231 hsa-miR-199a - -0.031 -0.323 -1.295 -0.031 -0.729
MIMATO000232 hsa-miR-199a" -0.099 -0.058 -0.178 -1.982 -0.078 -0.814
MIMATO000263 hsa-miR-199b - 0.192 - 0.102 0.192 0.102
MIMATO000682 hsa-miR-200a 0.006 - - - 0.006 -
MIMATO0001620 hsa-miR-200a* 0.092 -0.113 0.167 - -0.007 0.167
MIMATO0000318 hsa-miR-200b -0.005 0.230 - - 0.117 -
MIMATO0006817 hsa-miR-200c 0.005 0.177 0.176 - 0.094 0.176
MIMATO0002811 hsa-miR-202 0.045 -0.030 -0.253 - 0.008 -0.253
MIMATO0002810 hsa-miR-202" 0.043 -0.152 - - -0.051 -
MIMATO000264 hsa-miR-203 - - 0.155 0.119 - 0.137
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MIMATO000265 hsa-miR-204 (0.081 - - 0.016 0.081 0.016
MIMAT0000266 hsa-miR-205 -0.060 0.078 -0.158 0.109 0.011 -0.018
MIMATO000462 hsa-miR-206 -0.083 0.048 0.329 0.203 -0.016 0.267
MIMAT0000241 hsa-miR-208 -0.025 - 0.232 0.086 -0.025 0.161
MIMATO000267 hsa-miR-210 - -0.103 - -0.978 -0.103 -0.978
MIMATO000268 hsa-miR-211  -0.038 -0.019 0.103 0.271 -0.029 0.189
MIMAT0000269 hsa-miR-212 - - - -0.107 - -0.107
MIMAT0000270 hsa-miR-213 - -0.578 - - -0.578 -
MIMATO000271 hsa-miR-214 - - -0.601 -2.571 - -1.273
MIMAT0000272 hsa-miR-215 - 0.105 - - 0.105 -
MIMATO0000273 hsa-miR-216 0.121 0.087 - 0.387 0.104 0.387
MIMATO0000274 hsa-miR-217  0.063 -0.229 -0.132 - -0.075 -0.132
MIMATO000275 hsa-miR-218 - 0.111 - 0.136 0.111 0.136
MIMATO000276 hsa-miR-219 - 0.013 0.042 0.096 0.013 0.069
MIMATO000277 hsa-miR-220 0.144 0.037 - - 0.092 -
MIMATO000278 hsa-miR-221 - -0.012 - -0.824 -0.012 -0.824
MIMATO000279 hsa-miR-222 - - -2.788 -0.611 - -1.323
MIMATO000280 hsa-miR-223 0.082 - 0.071 0.556 0.082 0.334
MIMATO000281 hsa-miR-224  -0.077 0.063 -0.182 -0.221 -0.006 -0.201
MIMATO000690 hsa-miR-296 - 0.006 -0.130 0.096 0.006 -0.013
MIMATO000687 hsa-miR-299-3¢ - - - -0.032 - -0.032
MIMATO002890 hsa-miR-299-5¢ 0.003 0.017 0.170 -0.747 0.010 -0.217
MIMATO000688 hsa-miR-301 - - - - - -
MIMATO000684 hsa-miR-302a - - 0.492 - - 0.492
MIMATO000683 hsa-miR-302a" - 0.077 -0.053 - 0.077 -0.053
MIMATO000715 hsa-miR-302b 0.020 -0.103 0.240 0.405 -0.040 0.325
MIMATO000714 hsa-miR-302b" - 0.047 0.239 0.234 0.047 0.237
MIMATO000717 hsa-miR-302¢c 0.005 0.096 - - 0.051 -
MIMATO000716 hsa-miR-302¢™ 0.030 -0.012 - - 0.009 -
MIMATO000718 hsa-miR-302d 0.223 0.086 - - 0.156 -
MIMATO000510 hsa-miR-320 -1.172 -1.332 -2.110 -1.238 -1.250 -1.609
MIMATO000755 hsa-miR-323 -0.162 0.001 - 0.000 -0.078 0.000
MIMATO000762 hsa-miR-324-3¢ -0.011 -0.049 - -0.328 -0.030 -0.328
MIMATO000761 hsa-miR-324-5¢ 0.254 -0.196 - - 0.046 -
MIMATO000771 hsa-miR-325 0.156 -0.035 - - 0.064 -
MIMATO000756 hsa-miR-326 -0.103 -0.022 0.169 0.155 -0.062 0.162
MIMATO000752 hsa-miR-328 1.204 - 0.123 - 1.204 0.123
MIMATO001629 hsa-miR-329 0.073 - - -0.762 0.073 -0.762
MIMATO000751 hsa-miR-330 -0.202 -0.006 0.002 0.191 -0.101 0.100
MIMATO000760 hsa-miR-331 -0.012 -0.202 0.103 -0.049 -0.104 0.029
MIMATO000765 hsa-miR-335 -0.036 -0.013 0.096 0.120 -0.025 0.108
MIMATO000754 hsa-miR-337 0.049 - 0.119 -0.998 0.049 -0.334
MIMATO000763 hsa-miR-338 - -0.116 - - -0.116 -
MIMATO000764 hsa-miR-339 -0.065 -0.041 - -0.701 -0.053 -0.701
MIMATO000750 hsa-miR-340 -0.032 -0.059 - - -0.045 -
MIMATO000753 hsa-miR-342 -0.178 0.039 - -1.116 -0.065 -1.116
MIMATO000772 hsa-miR-345 - -0.036 - 0.121 -0.036 0.121
MIMATO000773 hsa-miR-346 -0.242 0.059 - - -0.084 -

158



Appendix 2. miRNA Expression in Cytokine-Stimulated ASM Cells

Affgsg;;n miRNA Culture Culture Culture Culture Mean Mean
Number A1 A2 B1 B2 Culture A Culture B

MIMATO000703 hsa-miR-361 - -0.062 -0.291 -1.872 -0.062 -0.875
MIMATO000705 hsa-miR-362 - - -1.497 -0.001 - -0.563
MIMATO000707 hsa-miR-363 0.212 - - - 0.212 -
MIMAT0003385 hsa-miR-363" -0.075 -0.076 -2.582 -2.711 -0.076 -2.645
MIMAT0O000710 hsa-miR-365 - - 0.308 -0.060 - 0.136
MIMATO000719 hsa-miR-367 -0.178 -0.070 - -0.018 -0.123 -0.018
MIMATO000720 hsa-miR-368 -0.050 - -0.560 -1.008 -0.050 -0.767
MIMATO0000721 hsa-miR-369-3p -0.155 0.057 0.126 0.075 -0.045 0.101
MIMATO0001621 hsa-miR-369-5¢ - 0.053 0.098 0.069 0.053 0.083
MIMATO000722 hsa-miR-370 0.171 0.206 - -1.361 0.188 -1.361
MIMATO000723 hsa-miR-371 - 0.008 -0.184 0.110 0.008 -0.030
MIMATO000724 hsa-miR-372 - 0.151 0.152 - 0.151 0.152
MIMATO000726 hsa-miR-373 -0.112 0.005 - 0.183 -0.053 0.183
MIMATO000725 hsa-miR-373" 0.093 0.040 - - 0.067 -
MIMATO000727 hsa-miR-374 0.089 0.081 0.396 -0.074 0.085 0.180
MIMATO000728 hsa-miR-375 -0.149 - 0.189 0.154 -0.149 0.172
MIMATO000729 hsa-miR-376a -0.044 0.052 -0.162 -0.207 0.005 -0.184
MIMATO003386 hsa-miR-376a" -0.045 -0.078 0.049 0.108 -0.062 0.079
MIMAT0002172 hsa-miR-376b -0.153 - -0.111 - -0.153 -0.111
MIMATO000730 hsa-miR-377 -0.178 0.168 -0.325 0.222 0.005 -0.026
MIMATO000731 hsa-miR-378 -0.138 - - 0.091 -0.138 0.091
MIMATO000733 hsa-miR-379 -0.055 -0.113 -0.062 -0.629 -0.084 -0.318
MIMATO000735 hsa-miR-380-3p -0.132 -0.063 - - -0.097 -
MIMATO000734 hsa-miR-380-5¢ - - 0.036 -0.341 - -0.140
MIMATO000736 hsa-miR-381 0.062 0.097 - 0.193 0.080 0.193
MIMATO000737 hsa-miR-382 0.243 0.070 -0.738 -1.275 0.159 -0.982
MIMATO000738 hsa-miR-383 0.262 -0.496 -0.021 0.187 -0.068 0.086
MIMATO001075 hsa-miR-384 -0.152 0.011 0.180 - -0.068 0.180
MIMATO001639 hsa-miR-409-3¢r 0.069 0.039 0.130 -1.358 0.054 -0.430
MIMATO001638 hsa-miR-409-5¢ 0.080 -0.111 - -0.603 -0.012 -0.603
MIMAT0002171 hsa-miR-410 - 0.070 -0.253 - 0.070 -0.253
MIMATO002170 hsa-miR-412 -0.137 0.007 -0.062 0.038 -0.063 -0.011
MIMATO001339 hsa-miR-422a - 0.043 0.208 0.226 0.043 0.217
MIMATO000732 hsa-miR-422b -0.120 - - -0.011 -0.120 -0.011
MIMATO001340 hsa-miR-423 -0.323 -0.052 -0.370 -0.020 -0.181 -0.184
MIMATO001341 hsa-miR-424 -0.201 -0.123 -1.318 -1.479 -0.161 -1.397
MIMATO001343 hsa-miR-425 - 0.184 0.369 0.013 0.184 0.202
MIMATO001536 hsa-miR-429 0.005 0.010 - 0.226 0.008 0.226
MIMATO001625 hsa-miR-431 - - - - - -
MIMATO0002814 hsa-miR-432 -0.041 - -0.307 -0.136 -0.041 -0.219
MIMATO0002815 hsa-miR-432" - - - - - -
MIMAT0001627 hsa-miR-433 -0.035 -0.267 - -0.258 -0.146 -0.258
MIMATO001532 hsa-miR-448 0.031 - - 0.164 0.031 0.164
MIMATO001541 hsa-miR-449 0.196 -0.270 - -0.407 -0.018 -0.407
MIMATO001545 hsa-miR-450 0.019 -0.090 - 0.429 -0.034 0.429
MIMATO001631 hsa-miR-451 0.136 - - - 0.136 -
MIMATO001635 hsa-miR-452 -0.165 0.038 - - -0.060 -
MIMATO001636 hsa-miR-452" - -0.196 0.389 -0.108 -0.196 0.162
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MIMATO001630 hsa-miR-453 0.190 - - 0.189 0.190 0.189
MIMATO003150 hsa-miR-455 - - 0.125 0.232 - 0.179
MIMAT0002173 hsa-miR-483 0.046 -0.089 0.037 -0.127 -0.020 -0.043
MIMAT0002174 hsa-miR-484 0.153 - 0.123 -0.034 0.153 0.047
MIMATO002176 hsa-miR-485-3r 0.013 -0.080 - -0.080 -0.033 -0.080
MIMAT0002175 hsa-miR-485-5¢ -0.072 0.193 - -0.128 0.066 -0.128
MIMAT0002177 hsa-miR-486 -0.039 0.149 - 0.025 0.058 0.025
MIMAT0002178 hsa-miR-487a -0.023 0.227 -1.033 -1.005 0.108 -1.019
MIMATO003180 hsa-miR-487b 0.006 -0.195 -0.182 -1.122 -0.091 -0.576
MIMATO0002804 hsa-miR-488 0.017 0.076 - - 0.047 -
MIMAT0002805 hsa-miR-489 -0.798 -0.502 -2.566 -2.549 -0.643 -2 557
MIMATO0002806 hsa-miR-490 0.048 0.031 - 0.137 0.039 0.137
MIMATO0002807 hsa-miR-491 0.042 - 0.103 -0.190 0.042 -0.036
MIMATO0002812 hsa-miR-492 -0.148 -0.349 -0.209 -0.240 -0.245 -0.224
MIMAT0003161 hsa-miR-493-3¢ 0.017 0.105 0.389 -0.154 0.061 0.143
MIMAT0002813 hsa-miR-493-5¢ 0.016 0.162 -2.672 0.079 0.091 -0.721
MIMAT0002816 hsa-miR-494 - - - -1.457 - -1.457
MIMAT0002817 hsa-miR-495 - - 0.014 -0.502 - -0.221
MIMATO002818 hsa-miR-496 -0.049 -0.201 - 0.026 -0.123 0.026
MIMAT0002820 hsa-miR-497 0.061 -0.009 0.199 - 0.026 0.199
MIMAT0002824 hsa-miR-498 - - - - - -
MIMAT0002870 hsa-miR-499 - - 0.175 0.220 - 0.198
MIMAT0002871 hsa-miR-500 - -0.054 - - -0.054 -
MIMAT0002872 hsa-miR-501 0.050 - - - 0.050 -
MIMATO0002873 hsa-miR-502 0.038 0.011 0.075 -0.023 0.024 0.027
MIMATO0002874 hsa-miR-503 - 0.002 - -2.429 0.002 -2.429
MIMATO0002875 hsa-miR-504 -0.101 0.158 -0.012 - 0.035 -0.012
MIMAT0002876 hsa-miR-505 0.008 0.092 0.226 - 0.051 0.226
MIMAT0002878 hsa-miR-506 - - - 0.092 - 0.092
MIMATO002879 hsa-miR-507 -0.073 0.145 -0.217 - 0.040 -0.217
MIMATO0002880 hsa-miR-508 -0.160 0.144 - 0.068 0.000 0.068
MIMATO002881 hsa-miR-509 - -0.400 0.018 0.214 -0.400 0.119
MIMAT0002882 hsa-miR-510 0.071 -0.241 -0.027 -0.031 -0.077 -0.029
MIMATO002808 hsa-miR-511 -0.049 -0.111 0.004 -1.251 -0.079 -0.491
MIMAT0002823 hsa-miR-512-3¢r -0.049 -0.078 0.006 0.397 -0.063 0.215
MIMAT0002822 hsa-miR-512-5¢ - - 0.168 0.165 - 0.166
MIMAT0002877 hsa-miR-513 - -0.197 -0.122 0.071 -0.197 -0.022
MIMAT0002883 hsa-miR-514 -0.005 - -0.067 - -0.005 -0.067
MIMATO0002827 hsa-miR-515-3¢ 0.167 - -0.027 - 0.167 -0.027
MIMAT0002826 hsa-miR-515-5¢ - -0.101 - - -0.101 -
MIMAT0002860 hsa-miR-516-3¢p 0.030 -0.145 - 0.164 -0.055 0.164
MIMATO0002859 hsa-miR-516-5¢ -0.033 0.002 - -0.083 -0.015 -0.083
MIMATO0002851 hsa-miR-517a 0.150 - 0.078 - 0.150 0.078
MIMAT0002852 hsa-miR-517" -0.025 - - -0.099 -0.025 -0.099
MIMAT0002857 hsa-miR-517h - - - 0.106 - 0.106
MIMAT0002866 hsa-miR-517c¢ - 0.094 - - 0.094 -
MIMATO002863 hsa-miR-518a 0.070 -0.003 - - 0.034 -
MIMATO0002865 1sa-miR-518a-2 -0.108 -0.194 -0.310 0.125 -0.151 -0.076
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MIMATO002844 hsa-miR-518b 0.152 - -0.054 0.039 0.152 -0.007
MIMAT0002848 hsa-miR-518c - -0.084 - -0.060 -0.084 -0.060
MIMAT0002847 hsa-miR-518c” - 0.014 0.278 -0.644 0.014 -0.111
MIMATO0002864 hsa-miR-518d -0.281 - 0.057 -0.272 -0.281 -0.098
MIMATO002861 hsa-miR-518e - - -1.198 1.861 - 1.024
MIMATO002842 hsa-miR-518f -0.012 - - 0.242 -0.012 0.242
MIMATO0002841 hsa-miR-518f* 0.035 0.018 0.103 - 0.027 0.103
MIMATO0002869 hsa-miR-519a 0.200 - - 0.167 0.200 0.167
MIMATO002837 hsa-miR-519b 0.102 - 0.670 0.087 0.102 0.408
MIMATO002832 hsa-miR-519¢c 0.048 - - -0.005 0.048 -0.005
MIMAT0002853 hsa-miR-519d - 0.085 - 0.340 0.085 0.340
MIMAT0002829 hsa-miR-519e -0.060 0.151 - -0.016 0.049 -0.016
MIMATO0002828 hsa-miR-519e" 0.030 0.011 -0.073 - 0.021 -0.073
MIMATO002834 hsa-miR-520a -0.144 0.132 - 0.276 0.000 0.276
MIMAT0002833 hsa-miR-520a" -0.093 0.073 0.332 0.089 -0.008 0.216
MIMATO002843 hsa-miR-520k -0.049 - - -0.178 -0.049 -0.178
MIMAT0002846 hsa-miR-520c¢ - - - -0.031 - -0.031
MIMATO002856 hsa-miR-520d - - 0.002 - - 0.002
MIMAT0002855 hsa-miR-520d" - 0.078 - - 0.078 -
MIMAT0002825 hsa-miR-520e -0.074 0.204 - -0.086 0.072 -0.086
MIMATO0002830 hsa-miR-520f 0.123 - - 0.011 0.123 0.011
MIMAT0002858 hsa-miR-520g - - - 0.406 - 0.406
MIMAT0002867 hsa-miR-520h -0.263 0.049 0.127 0.140 -0.099 0.133
MIMAT0002854 hsa-miR-521 -0.145 -0.165 0.307 0.105 -0.155 0.209
MIMATO002868 hsa-miR-522 0.575 -0.110 0.021 - 0.273 0.021
MIMATO0002840 hsa-miR-523 - -0.038 - -0.085 -0.038 -0.085
MIMAT0002850 hsa-miR-524  0.053 - - - 0.053 -
MIMAT0002849 hsa-miR-524" - - - 0.276 - 0.276
MIMATO002838 hsa-miR-525 - - - - - -
MIMATO0002839 hsa-miR-525" 0.151 - 0.009 0.003 0.151 0.006
MIMATO0002845 hsa-miR-526a 0.110 - 0.176 - 0.110 0.176
MIMAT0002835 hsa-miR-526b 0.033 0.031 - - 0.032 -
MIMATO002836 hsa-miR-526b" 0.104 -0.143 - - -0.014 -
MIMATO0002831 hsa-miR-526¢c 0.155 0.087 - 0.282 0.121 0.282
MIMATO002862 hsa-miR-527 - 0.043 0.204 - 0.043 0.204
MIMAT0003163 hsa-miR-539 -0.042 - - 0.005 -0.042 0.005
MIMATO003389 hsa-miR-542-3¢ - -0.082 - 0.110 -0.082 0.110
MIMATO003340 hsa-miR-542-5¢ 0.033 - - - 0.033 -
MIMATO0003164 hsa-miR-544 -0.084 - 0.065 0.261 -0.084 0.166
MIMAT0003165 hsa-miR-545 - 0.099 0.183 -0.056 0.099 0.068
MIMATO000521 mmu-let-7a 0.072 0.025 -1.206 0.017 0.049 -0.469
MIMATO0000384 mmu-let-7d” - - 0.059 0.145 - 0.103
MIMATO000525 mmu-let-71 - -0.190 - -0.645 -0.190 -0.645
MIMATO000678 mmu-miR-7h - - - - - -
MIMATO000142 mmu-miR-9 0.142 0.273 - 0.279 0.209 0.279
MIMATO000208 mmu-miR-10b - - -0.282 0.182 - -0.031
MIMATO000650 mmu-miR-17-3¢ - -0.041 -0.169 0.301 -0.041 0.085
MIMAT0000549 mmu-miR-30e* -0.129 - - -0.069 -0.129 -0.069
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MIMAT0000538 mmu-miR-31 - -0.017 - -1.764 -0.017 -1.764
MIMATO0000540 mmu-miR-93 0.159 -0.036 -0.049 -1.849 0.065 -0.685
MIMATO000541 mmu-miR-96 -0.013 -0.026 -0.043 0.390 -0.020 0.190
MIMAT0000131 mmu-miR-99a -0.098 0.010 -0.219 0.212 -0.043 0.012
MIMAT0000616 mmu-miR-101b 0.019 0.034 -3.318 -0.002 0.027 -0.864
MIMATO0000385 mmu-miR-106a - -0.191 -0.032 0.145 -0.191 0.059
MIMAT0000134 mmu-miR-124a - 0.000 - -0.097 0.000 -0.097
MIMAT0000139 mmu-miR-127 - - -1.396 -0.282 - -0.734
MIMAT0000209 nmu-miR-129-5 -0.069 0.080 -0.263 -0.183 0.008 -0.222
MIMAT0000146 mmu-miR-134 - -0.184 - -2.123 -0.184 -2.123
MIMAT0000149 mmu-miR-137 -0.078 -0.047 0.010 -0.012 -0.062 -0.001
MIMATO000151 mmu-miR-140 -0.160 -0.049 - - -0.103 -
MIMAT0000152 mmu-miR-140* -1.407 -1.394 -2.824 -2.146 -1.400 -2.445
MIMAT0000155 nmu-miR-142-3 -0.078 0.055 - - -0.010 -
MIMATO000161 mmu-miR-151 0.016 0.000 - 0.025 0.008 0.025
MIMATO000163 mmu-miR-153 0.023 -0.025 - 0.098 -0.001 0.098
MIMATO000165 mmu-miR-155 0.012 - - 0.723 0.012 0.723
MIMATO0000216 mmu-miR-187 0.068 -0.124 -0.004 0.327 -0.025 0.171
MIMATO000517 mmu-miR-192 0.003 - 0.111 - 0.003 0.111
MIMAT0000672 mmu-miR-199b - - 0.142 0.101 - 0.121
MIMAT0000234 mmu-miR-201 0.004 0.008 - -0.034 0.006 -0.034
MIMAT0000235 mmu-miR-202 - - - 0.256 - 0.256
MIMAT0000236 mmu-miR-203 - 0.166 - 0.054 0.166 0.054
MIMATO000237 mmu-miR-204 0.094 0.102 - -0.064 0.098 -0.064
MIMATO0000240 mmu-miR-207 0.125 0.020 - 0.202 0.073 0.202
MIMAT0003187 mmu-miR-20b -0.202 -0.165 - 0.278 -0.184 0.278
MIMATO000668 mmu-miR-211 -0.009 - - 0.198 -0.009 0.198
MIMATO0000904 mmu-miR-215 -0.060 0.171 0.429 - 0.060 0.429
MIMATO000679 mmu-miR-217 - - - - - -
MIMATO000669 mmu-miR-221 0.014 - -1.724 -0.199 0.014 -0.768
MIMATO000671 mmu-miR-224 - -0.061 0.139 -0.051 -0.061 0.047
MIMATO000366 mmu-miR-290 0.068 -1.597 -1.696 -1.028 -0.537 -1.324
MIMATO0000368 imu-miR-291a-3 -0.031 - 0.158 0.302 -0.031 0.232
MIMATO000367 1imu-miR-291a-£ - 0.105 - -0.875 0.105 -0.875
MIMATO0003190 1imu-miR-291b-3 0.004 - 0.123 -0.066 0.004 0.031
MIMAT0003189 imu-miR-291b-£ -0.139 - 0.058 - -0.139 0.058
MIMATO000370 nmu-miR-292-3 -0.023 -0.020 -0.697 - -0.021 -0.697
MIMATO000369 nmu-miR-292-5 -0.090 - 0.011 -0.463 -0.090 -0.207
MIMATO000371 mmu-miR-293 0.102 0.145 0.211 -0.036 0.123 0.093
MIMATO000372 mmu-miR-294 -0.032 0.012 - 0.276 -0.010 0.276
MIMATO000373 mmu-miR-295 0.077 0.075 - -0.170 0.076 -0.170
MIMATO000375 mmu-miR-297 0.060 -0.009 0.508 0.109 0.026 0.322
MIMATO000376 mmu-miR-298 - -0.047 -0.378 0.030 -0.047 -0.159
MIMATO000378 mmu-miR-300 - 0.022 0.055 -0.173 0.022 -0.055
MIMATO003373 mmu-miR-302b° 0.112 0.015 0.164 - 0.064 0.164
MIMATO0003376 mmu-miR-302c 0.132 0.096 - 0.148 0.114 0.148
MIMATO003375 mmu-miR-302¢’ -0.195 0.247 -0.048 0.810 0.043 0.444
MIMATO0000249 mmu-miR-322 - 0.055 -0.050 - 0.055 -0.050
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Number A1 A2 B1 B2 Culture A Culture B
MIMATO000555 nmu-miR-324-5 -0.020 -0.083 0.084 0.143 -0.051 0.114
MIMATO000558 mmu-miR-325 0.037 0.113 - 0.148 0.076 0.148
MIMATO000559 mmu-miR-326 - 0.076 0.294 - 0.076 0.294
MIMATO000567 mmu-miR-329 -0.706 -0.301 -3.922 -3.756 -0.489 -3.836
MIMATO000569 mmu-miR-330 - 0.104 - 0.103 0.104 0.103
MIMATO000578 mmu-miR-337 - - -0.138 0.355 - 0.129
MIMATO000588 mmu-miR-341 -0.248 -0.125 -0.369 -0.121 -0.185 -0.240
MIMATO0000593 mmu-miR-344 (0.362 -0.024 0.600 0.028 0.181 0.342
MIMATO000595 mmu-miR-345 0.093 0.042 0.020 - 0.068 0.020
MIMATO000597 mmu-miR-346 -0.165 0.068 - - -0.044 -
MIMATO000382 mmu-miR-34b -0.092 - - - -0.092 -
MIMATO000605 mmu-miR-350 0.036 -0.027 - - 0.005 -
MIMATO000609 mmu-miR-351 - -0.218 - - -0.218 -
MIMATO000706 mmu-miR-362 - 0.090 0.030 -0.251 0.090 -0.103
MIMATO000708 mmu-miR-363 - -0.117 - - -0.117 -
MIMATO003186 nmu-miR-369-3 0.066 - - 0.046 0.066 0.046
MIMAT0003185 nmu-miR-369-5 -0.158 -0.120 0.204 0.007 -0.139 0.109
MIMATO001095 mmu-miR-370 -0.044 -0.074 - -1.334 -0.059 -1.334
MIMATO000740 mmu-miR-376a 0.043 - - - 0.043 -
MIMATO001092 mmu-miR-376b 0.119 - - - 0.119 -
MIMATO003388 mmu-miR-376b° 0.095 - - - 0.095 -
MIMATO003183 mmu-miR-376c -0.207 -0.129 - 0.030 -0.167 0.030
MIMATO0000743 mmu-miR-379 0.058 0.066 - -1.135 0.062 -1.135
MIMAT0000745 nmu-miR-380-3 -0.054 0.093 - - 0.021 -
MIMATO000748 mmu-miR-383 - - - - - -
MIMATO001076 mmu-miR-384 - 0.191 0.217 -0.014 0.191 0.106
MIMATO001090 mmu-miR-409 -0.112 - -0.285 -1.055 -0.112 -0.619
MIMATO001091 mmu-miR-410 - - - -0.013 - -0.013
MIMATO001093 mmu-miR-411 - - 0.301 - - 0.301
MIMATO000548 mmu-miR-424 0.034 -0.095 - -0.074 -0.029 -0.074
MIMATO001537 mmu-miR-429 - - - 0.091 - 0.091
MIMATO001418 mmu-miR-431 0.109 -0.081 - -0.111 0.027 -0.111
MIMAT0001419 nmu-miR-433-5 -0.013 - - 0.093 -0.013 0.093
MIMATO0001422 nmu-miR-434-3 - 0.130 - - 0.130 -
MIMATO0001421 nmu-miR-434-5 0.064 0.130 - 0.152 0.098 0.152
MIMATO0001632 mmu-miR-451 0.470 - - 0.153 0.470 0.153
MIMATO002104 mmu-miR-463 0.028 - - 0.184 0.028 0.184
MIMATO002105 mmu-miR-464 - - - 0.122 - 0.122
MIMATO002106 mmu-miR-465 -0.178 -0.065 - 0.107 -0.121 0.107
MIMATO0002107 mmu-miR-466 0.127 - - - 0.127 -
MIMATO002108 mmu-miR-467 - -0.040 -0.002 - -0.040 -0.002
MIMAT0002109 mmu-miR-468 0.000 - - 0.041 0.000 0.041
MIMATO0002110 mmu-miR-469 -0.047 -0.027 -0.812 0.317 -0.037 -0.140
MIMAT0002111 mmu-miR-470 0.067 0.056 -0.016 0.033 0.062 0.009
MIMATO0002112 mmu-miR-471 -0.021 - - -1.284 -0.021 -1.284
MIMATO003120 mmu-miR-483 - 0.161 -0.005 0.211 0.161 0.107
MIMATO0003129 nmu-miR-485-3 - - 0.203 - - 0.203
MIMATO003184 mmu-miR-487b -0.049 -0.091 -0.544 -1.732 -0.070 -1.019
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Number A1 A2 B1 B2 Culture A Culture B
MIMAT0003112 mmu-miR-489 -0.118 - -0.249 0.145 -0.118 -0.038
MIMAT0003182 mmu-miR-494 - 0.115 -0.457 -1.181 0.115 -0.774
MIMATO003188 mmu-miR-503 0.090 - 0.228 -1.683 0.090 -0.432
MIMATO003167 mmu-miR-540 0.060 -0.124 0.178 -0.081 -0.029 0.055
MIMAT0003170 mmu-miR-541 -0.040 0.232 0.002 0.266 0.102 0.140
MIMATO003171 nmu-miR-542-5 0.040 -0.067 - - -0.013 -
MIMATO003168 mmu-miR-543 - - 0.110 -0.534 - -0.176
MIMATO0003166 mmu-miR-546 (0.133 0.011 0.094 0.126 0.074 0.110
MIMATO0003173 mmu-miR-547 (0.138 - - 0.348 0.138 0.348
MIMATO003125 rno-miR-1 - - -0.296 - - -0.296
MIMATO003162 rno-miR-1" 0.057 -0.146 - 0.237 -0.041 0.237
MIMATO000606 rmo-miR-7 - 0.017 - -0.036 0.017 -0.036
MIMATO000607 rno-miR-7" - -0.011 0.230 -0.035 -0.011 0.103
MIMATO000803 rno-miR-20a™ 0.009 -0.073 - - -0.031 -
MIMATO000875 rno-miR-20b 0.059 0.059 -0.071 - 0.059 -0.071
MIMAT0003212 rno-miR-20b™ - -0.102 - - -0.102 -
MIMATO0003152  rno-miR-22" - - - 0.045 - 0.045
MIMAT0003154 rno-miR-29¢* -0.732 -0.640 -2.762 -2.131 -0.685 -2412
MIMATO000574 rno-miR-140" - -0.095 -0.245 0.303 -0.095 0.055
MIMATO000614 rno-miR-151 -0.037 - - - -0.037 -
MIMATO0003115  rno-miR-207  -0.061 - -0.045 0.524 -0.061 0.268
MIMATO000899 rno-miR-297 - -0.196 -0.041 0.006 -0.196 -0.017
MIMATO000552 rno-miR-301 - 0.099 0.263 0.017 0.099 0.146
MIMATO000561 rno-miR-327 - -0.099 -1.558 - -0.099 -1.558
MIMATO000572 rno-miR-333 -0.076 - - - -0.076 -
MIMATO000576 rno-miR-336 -0.009 0.000 - 0.178 -0.004 0.178
MIMATO000591 rno-miR-343 0.023 0.162 - 0.014 0.095 0.014
MIMATO000592 rno-miR-344 - - - 0.169 - 0.169
MIMATO000596  rno-miR-346 0.172 0.025 - 0.117 0.100 0.117
MIMATO000598 rno-miR-347 0.087 0.029 - - 0.058 -
MIMATO000599 rno-miR-349 -0.056 -0.064 - 0.184 -0.060 0.184
MIMATO000604  rno-miR-350 - 0.035 - - 0.035 -
MIMATO000610 rno-miR-352  -0.021 -0.039 0.081 -0.200 -0.030 -0.053
MIMAT0003210 rno-miR-363-3p -0.002 - 0.152 0.065 -0.002 0.109
MIMATO0003208 rno-miR-374 0.093 - 0.247 0.083 0.093 0.167
MIMATO003198 rno-miR-376a -0.071 - - 0.125 -0.071 0.125
MIMATO003196 rno-miR-376b -0.140 - - 0.508 -0.140 0.508
MIMAT0003123  rno-miR-377 0.048 -0.178 0.056 0.076 -0.060 0.066
MIMATO0003199  rno-miR-381 - 0.138 -0.119 - 0.138 -0.119
MIMATO0003201 rno-miR-382 -0.016  -0.073 - -1.088 -0.044 -1.088
MIMATO0003202 rno-miR-382" -1.154 -1.278 -0.599 0.750 -1.215 0.228
MIMATO0003205 rno-miR-409-3p 0.173 0.144 -0.503 -1.525 0.159 -0.926
MIMATO0003204 rno-miR-409-5p - 0.051 0.241 -0.666 0.051 -0.143
MIMATO001320 rno-miR-421  -0.099 0.000 - - -0.049 -
MIMATO003379 rno-miR-422b 0.086 0.044 0.042 -0.026 0.065 0.008
MIMAT0001547  rno-miR-450 0.168 0.092 - 0.534 0.130 0.534
MIMAT0003113  rno-miR-489 -2.205 -1.463 0.312 0.064 -1.787 0.193
MIMATO0003383 rno-miR-497 -0.135 0.162 - - 0.021 -
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MIMAT0003381 rno-miR-499 0.118 - - 0.014 0.118 0.014
MIMATO003116  rno-miR-501  -0.047 - - - -0.047 -
MIMAT0003213  rno-miR-503 -0.054  0.153 - -1.016 0.053 -1.016
MIMAT0003380 rno-miR-505 - -0.094 - -0.232 -0.094 -0.232
MIMATO003179 rno-miR-542-3g 0.320 - -0.038 - 0.320 -0.038
MIMATO003382 rno-miR-664 0.035 -0.198 -0.398 -0.114 -0.077 -0.249
ambi-miR-5 0.019 -0.015 0.072 - 0.002 0.072
ambi-miR-14 - - - 0.210 - 0.210
ambi-miR-16  0.502 0.034 0.026 - 0.287 0.026
ambi-miR-48 -0.073 -0.155 - -0.036 -0.113 -0.036
ambi-miR-279 - - - 0.440 - 0.440
ambi-miR-358 -0.016 - - -0.009 -0.016 -0.009
ambi-miR-371 0.056 0.090 -0.043 -0.076 0.073 -0.060
ambi-miR-408 -0.036 - - 0.395 -0.036 0.395
ambi-miR-444 -0.179 - - -0.767 -0.179 -0.767
ambi-miR-562 - -0.050 - - -0.050 -
ambi-miR-685 - -0.139 0.135 - -0.139 0.135
ambi-miR-693 0.122 - - 0.179 0.122 0.179
ambi-miR-801 - 0.126 0.046 - 0.126 0.046
ambi-miR-917 - -0.041 - -0.087 -0.041 -0.087
ambi-miR-1006 0.055 -0.052 - 0.176 0.002 0.176
ambi-miR-1137 -0.134 0.142 - 0.226 0.011 0.226
ambi-miR-1481 0.042 - - 0.049 0.042 0.049
ambi-miR-1265 - - - 0.739 - 0.739
ambi-miR-2537 - - -0.123 - - -0.123
ambi-miR-2660 - -0.080 - 0.017 -0.080 0.017
ambi-miR-2825 -0.025 0.058 - 0.088 0.017 0.088
ambi-miR-2837 0.047 - 0.063 - 0.047 0.063
ambi-miR-3046 0.016 0.071 - 0.023 0.044 0.023
ambi-miR-3121 0.205 0.178 - - 0.191 -
ambi-miR-3135 0.081 -0.043 - - 0.020 -
ambi-miR-3898 - -0.065 - - -0.065 -
ambi-miR-3998 -0.002 - - -0.055 -0.002 -0.055
ambi-miR-4209 - 0.094 - -0.062 0.094 -0.062
ambi-miR-4400 0.248 - -0.024 -0.234 0.248 -0.125
ambi-miR-4482 0.049 0.035 -0.215 - 0.042 -0.215
ambi-miR-4517 - -0.171 0.235 0.392 -0.171 0.316
ambi-miR-4622 - - -0.082 -0.130 - -0.106
ambi-miR-4629 - - 0.133 0.277 - 0.207
ambi-miR-4944 - 0.096 - - 0.096 -
ambi-miR-4983 - 0.073 - - 0.073 -
ambi-miR-5021 0.012 - 0.093 -0.886 0.012 -0.315
ambi-miR-5074 - 0.139 - -0.900 0.139 -0.900
ambi-miR-5723 - 0.013 0.108 0.091 0.013 0.100
ambi-miR-5856 -0.069 0.285 0.130 0.098 0.119 0.114
ambi-miR-5893 -0.002 0.055 - 0.325 0.027 0.325
ambi-miR-6058 -0.049 -0.216 -0.238 - -0.130 -0.238
ambi-miR-6117 - -0.154 - -0.054 -0.154 -0.054
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ambi-miR-6374 -0.094 0.004 0.013 - -0.044 0.013
ambi-miR-6775 0.046 0.275 - - 0.165 -
ambi-miR-7026 0.000 0.012 0.324 0.130 0.006 0.230
ambi-miR-7027 0.091 -0.116 0.138 - -0.009 0.138
ambi-miR-7029 0.083 0.064 - - 0.073 -
ambi-miR-7036 0.031 - - - 0.031 -
ambi-miR-7038- 0.036 - - 0.178 0.036 0.178
ambi-miR-7039 -1.182 -0.818 - -1.575 -0.989 -1.575
ambi-miR-7054 -0.154 -0.054 - 0.298 -0.103 0.298
ambi-miR-7055 -0.032 -0.010 0.195 -0.061 -0.021 0.073
ambi-miR-7058 1.083 - - -1.228 1.083 -1.228
ambi-miR-7059- - - 0.236 - - 0.236
ambi-miR-7062 - - - 0.222 - 0.222
ambi-miR-7067 -1.864 -1.400 0.504 -0.057 -1.614 0.251
ambi-miR-7068- 0.141 0.015 -1.080 -0.452 0.079 -0.732
ambi-miR-7070 - 0.094 0.140 -0.676 0.094 -0.211
ambi-miR-7074 -0.141 -0.207 - - -0.174 -
ambi-miR-7075 -0.176 - - - -0.176 -
ambi-miR-7080 - 0.011 - 0.043 0.011 0.043
ambi-miR-7081 0.117 - - - 0.117 -
ambi-miR-7083 0.066 0.003 -0.324 -1.870 0.035 -0.899
ambi-miR-7084 -0.085 -0.444 -0.561 -0.886 -0.253 -0.714
ambi-miR-7085 -0.102 -0.082 0.029 0.145 -0.092 0.088
ambi-miR-7086 0.091 0.068 - 0.107 0.080 0.107
ambi-miR-7089 - -0.088 0.216 - -0.088 0.216
ambi-miR-7095 - 0.096 - 0.176 0.096 0.176
ambi-miR-7097 -0.004 0.053 0.336 - 0.025 0.336
ambi-miR-7098 -0.315 -0.104 - - -0.206 -
ambi-miR-7100 - -0.147 0.156 0.342 -0.147 0.252
ambi-miR-7101 -0.144 -0.105 0.054 0.155 -0.125 0.106
ambi-miR-7103 -0.030 -0.086 -0.025 - -0.058 -0.025
ambi-miR-7105 -0.167 -0.020 0.159 0.143 -0.091 0.151
ambi-miR-7317 0.025 - -0.061 -0.100 0.025 -0.080
ambi-miR-7425 - 0.005 -0.405 0.123 0.005 -0.117
ambi-miR-7510 0.042 0.048 - -0.599 0.045 -0.599
ambi-miR-7912 -0.095 0.047 -0.006 0.121 -0.022 0.059
ambi-miR-7920 -0.145 0.002 - 0.117 -0.070 0.117
ambi-miR-8027 0.104 0.038 0.088 - 0.072 0.088
ambi-miR-8370 -0.130 - - - -0.130 -
ambi-miR-8396 -0.307 - -0.032 -0.060 -0.307 -0.046
ambi-miR-8488 - -0.983 - -1.547 -0.983 -1.547
ambi-miR-8518 - - 0.221 - - 0.221
ambi-miR-8656 -0.061 - - 0.120 -0.061 0.120
ambi-miR-8684 0.038 0.037 -0.049 0.095 0.037 0.025
ambi-miR-8819 0.025 - - - 0.025 -
ambi-miR-8870 -0.058 - 0.049 0.064 -0.058 0.057
ambi-miR-9125 0.140 0.102 - 0.012 0.121 0.012
ambi-miR-9134 0.074 0.179 0.178 -0.039 0.127 0.073
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ambi-miR-9451 -0.002 -0.082 0.166 0.377 -0.041 0.275
ambi-miR-9508 - -0.011 - 0.238 -0.011 0.238
ambi-miR-9534 -0.146 0.129 - 0.429 -0.002 0.429
ambi-miR-9565 -0.018 -0.141 - 0.142 -0.078 0.142
ambi-miR-9630 - 0.342 - - 0.342 -
ambi-miR-9638 - -0.017 0.086 - -0.017 0.086
ambi-miR-9651 - - - -0.045 - -0.045
ambi-miR-9873 0.000 0.024 - - 0.012 -
ambi-miR-9881 -0.096 -0.057 - - -0.076 -
ambi-miR-1006¢ 0.094 -0.023 -0.002 - 0.037 -0.002
ambi-miR-1013: - - - -0.374 - -0.374
ambi-miR-1020: 0.001 - - 0.016 0.001 0.016
ambi-miR-1020: 0.026 -0.042 0.008 - -0.007 0.008
ambi-miR-1039¢ - -0.046 - 0.708 -0.046 0.708
ambi-miR-1041" 0.021 0.037 - 0.104 0.029 0.104
ambi-miR-1059¢ 0.152 0.064 -0.066 -0.126 0.108 -0.096
ambi-miR-10617 - 0.264 - 0.143 0.264 0.143
ambi-miR-1075" 0.153 -0.111 0.015 0.153 0.027 0.086
ambi-miR-1076¢ 0.183 -0.251 0.188 - -0.018 0.188
ambi-miR-1076¢ - -0.203 -0.914 - -0.203 -0.914
ambi-miR-1099: -0.017 -0.097 0.065 -0.739 -0.056 -0.282
ambi-miR-1104( - 0.030 - 0.362 0.030 0.362
ambi-miR-1114. 0.123 - - 0.043 0.123 0.043
ambi-miR-1114¢ - 0.207 0.117 0.066 0.207 0.092
ambi-miR-1116¢ -0.090 0.046 - - -0.020 -
ambi-miR-1154- 0.315 -0.183 -0.065 -0.130 0.088 -0.097
ambi-miR-1157¢ - 0.054 - - 0.054 -
ambi-miR-1170( 0.109 -0.144 -0.229 0.303 -0.012 0.062
ambi-miR-1178¢ 0.038 - 0.756 0.321 0.038 0.555
ambi-miR-1183¢ -0.088 0.025 - 0.247 -0.030 0.247
ambi-miR-1206" -0.173 -0.029 -0.021 -0.252 -0.099 -0.132
ambi-miR-1211( -0.075 - - 0.197 -0.075 0.197
ambi-miR-1215. 0.027 - - - 0.027 -
ambi-miR-1218( - -0.137 0.028 0.489 -0.137 0.277
ambi-miR-1231¢ 0.026 0.130 - - 0.079 -
ambi-miR-1262¢ 0.095 0.003 -0.018 0.046 0.050 0.015
ambi-miR-12897 - 0.039 0.220 0.254 0.039 0.237
ambi-miR-1290: -0.511 -0.467 -1.174 -1.435 -0.489 -1.299
ambi-miR-1296¢ - -0.268 - 0.230 -0.268 0.230
ambi-miR-1309( -0.013 0.071 - -0.122 0.029 -0.122
ambi-miR-1310( -0.004 - - -0.151 -0.004 -0.151
ambi-miR-1311¢ -0.089 0.010 -0.249 - -0.038 -0.249
MIMATO000601 ambi-miR-1312« 0.003 0.329 0.194 - 0.175 0.194
ambi-miR-1314. -0.063 -0.699 -3.311 - -0.346 -3.311
ambi-miR-1314¢ 0.088 - 0.012 -0.102 0.088 -0.044
ambi-miR-1315¢ -0.203 -0.037 - - -0.118 -
ambi-miR-1317¢ 0.048 - - -0.189 0.048 -0.189
ambi-miR-1318. 0.076 -0.034 - - 0.022 -
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Appendix 2. miRNA Expression in Cytokine-Stimulated ASM Cells
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Afca:sgsei:m miRNA Culture Culture Culture Culture Mean Mean
Number Al A2 B1 B2 Culture A Culture B

ambi-miR-1319( - - 0.146 -1.846 - -0.530
ambi-miR-1319. -0.060 0.029 -0.037 -1.333 -0.015 -0.544
ambi-miR-1319¢ -0.713 -0.727 -0.364 0.087 -0.720 -0.121
ambi-miR-13197 0.178 - - 0.263 0.178 0.263
ambi-miR-1320. -0.114 - - - -0.114 -
ambi-miR-1320¢ - -0.122 - -0.444 -0.122 -0.444
ambi-miR-1320¢ -0.055 -0.097 0.061 - -0.076 0.061
ambi-miR-1323. 0.040 0.055 -3.366 -0.766 0.048 -1.546
ambi-miR-13237 -0.001 - - 0.036 -0.001 0.036
ambi-miR-1325¢ - 0.004 0.1186 - 0.004 0.116
ambi-miR-1325¢ - 0.059 -0.302 -1.572 0.059 -0.802
ambi-miR-1325¢ -0.200 0.125 - 0.304 -0.028 0.304
ambi-miR-1326( - 0.097 - - 0.097 -
ambi-miR-1326¢ -0.013 0.087 - - 0.038 -
ambi-miR-1326¢ -0.780 -0.943 -2.716 -2.261 -0.859 -2.470
ambi-miR-1420: 0.116 0.000 -0.017 0.155 0.059 0.071
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Appendix 3. miRNA regulatedby T-bet and | FN2



