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JIMMARY

Endothelial cells form a sespermeable barrier that fies all blood and lymphatic vessels in the

body, and regulates exchange of fluid and nutrients between the blood and surrounding tissues.

Charges in vasculapermeability can be initiated by inflammatory mediators or growth factors that bind
receptors on endothelial cells and trigger internal signaling cascadasreased endothelial permeability
in the lungscanresult inunchecked leakage of liquid and proteins into tissues, edema formatioh
impaired gas exchangdJnderstanding the olecular mecharsims regulating permeability imperative

in order to identify therapeutic targets to treahflammatory disorders, reduce edema and prevent

diseases such as AcuRespiratoryDistress Sydrome (ARDS).

Interendothelial junctions are important in reguilag endothelial permeabilityThe majority of
interendothelial junctions in the lung vasculature aaelherens junctions (AJsyhich are formed
through vascular endothelial (VEadherin adhesions. plzfatenin (p120) binds and stabilizes-VE
cadherin atthe junction,and inhibitsVEcadherin internalizationbut the mechanism regulating p120
association with VAEadherin is not well understood. Rnaflammatbory mediators, such as thromband

LPS, bind endothelial cells and induce disassembly of intetieglild junctions to increase permeability.

This thesis is divided into two parts. The first part focuses on the role of protein kir{es&pC
h on VEOF RKSNAY adroAftAdGeT oF NNASNJ ¥Fdzy OisAagtiyated y R
downstream of inflammatory mediatorand causesincreasel permeability. t Y /h&s been shown to
induce changes in phosphorylation sfveral AJ proteindut the effect of these modifications is not

clear In/ KIFLJASNJ o> ¢S Ay@SadAarisS GKS NRf Sind® t Y/h

Xi
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SUMMARY (continued)

1y2012dzi Y2dzaS Y2RSt3> IyR 206aSNIBSR (KI Gvastuf SGA2Y
permeabilityin response to protease activated receptor (PAR)eptide stimulation by almost 50%.

''aAy 3 t Y/ 'obseérvedhhtbelsdepl&edoft Y/ M YIEAYyGFrAYySR Aydl ©4d edzyO
cadherin at the junctiorafter thrombin stinulation. We ¥ 2 dzy R 0 KI & t Y dissociatighR dzO S a
from VEcadherin andt Y frégulateddisassemblypf the p120MEcadherincomplexincreased binding

of VEcadherin to a clathrin adaptor protein, causing-6églherin internalization. Walso found that

t Y/ h LIK2ALIK2NEBT I §Sa & SebdbngeSto thirantbinydithyotedrs in éosjundtiimu n A Y
with p120 dissociation from VB RK S NR y @ CAylLttes 6S OSNAFASR (KLI

permeability, and phosphorylation of S879 on p120esponse to LPS as well as thrombin.

¢tKS aS02yR LI} NI Ay @Bediakdphosphatylatioik @ S8XNRoh 12 and t Y/ h
the resulting effect on p120/VEadherinassociatiorand endothelial permeability. Chapterekamines
the effect of S87%Phosphorylation on p120binding affinity forVEcadherin, VEEadherinstability and
endothelial barrier function We expressed phosphodefective p120, as weld prosphomimic p120, in
endothelial cells and found that pkphorylation of S879 caused pl120 to stisiate from AJs, and
disrupted monolayer integrity. Inhibition of S879phosphorylation of p120 in mouse lung vessels
significantly reduced the permeability increase seen in response to thénflasnmatory mediators

thrombin and LPS.

In both sections w exploited a variety of methodologies and approaches, including expression
of p120 phosphenutants in primary endothelial cells and mouse lungs, quantitative fluorescence

microscopy and biochemistry, functional assessments of barrier function and measntrefrvascular

Xii



SUMMARY (continued)

permeabilityin vivee G 2 dzy RS N& -inediated pKaaphorytation 6f S879 on p120 affects VE
cadherin stability and vascular permeability. We found that inhibitiont of fnediated S879
phosphorylation on p120 is sufficient to decrease edema formationl identifieda novel potential

anti-inflammatory target.

Xiii



1. LITERATURE REVIEW

1.1 Endothelial Permeability

The endothelium is a semiermeable barrier which lines all blood and lymphatic vessels, and
regulatesexchangeof fluids and solutebetweenthe bloodandthe surrounding tissu€¢l). Regulation
of endothelial perneability is imperativefor transfer of nutrients and oxygenas well agransmigration
of white blood cellsand angiogenesis Dysfunction of the endothelial barrieesults in protein-rich
tissue edema(2), adult respiratory distress syndrome (AROS) and increased metastasis(4).
Circulatingnflammatory mediators, such as thromb{h), lipopolysaccharideLP36) and histaming7),
bind to receptors on the surface ofndothelial cells and activate signaling cascades tiesult in

increasedbermeability across the vasculatuf®).

The endothelim is permeablesia two routes. The transcellular pathwagllows passage across
the endothelial barrier viaesiculartransport, carrier proteinsor ion channels The paracellular route
goes betwea endothelial cells, throughnterendothelial junctions. Unlike transctosis, transport
through the paracellular route is passive addven by gradient$8), and thereforehas lower selectity.
Paracellulampassages controlledby the integrity ofcellcell junctions. The junctions function to control
movement acros the endothelial barrier andhaintain gradients. Decreased barrier integyitvhich
occursduring an inflammatory response, & result ofdisassembly of imrendothelial junctionsand
leads tounchecked transporof proteinrich fluidthrough the endothaum. The aim of this thesis is to
understand regulation of paracellular peeability by interendothelial junctionsso henceforthall

references to adothelial permeability refeonly to paracellular permeabty.

Influx of proteinrich fluid into cells through the paracellular pathway is a passive process that

relies on gragents and differences ironcotic pressure (9). The Starling equatiodescribes the

1



hydrodynamic forces that regulat fluidl movement across the endotheliufFigure } (10) The
equation was recently revised to account for the effect the giatyx has on restricting permeability

(11,12) The new equation states:

J//A:Lp[(Pc'Pi)" Q) i' g)]

where J is the fluid volume filtration rate (mL/shis the endothelial surface area (AnP.is the

hydrostatic pressure inside the capillary (mm Hg)s the hydrostatic pressure in the interstitium

outside the capillary (mm Hg),, is the oncotic pressure of the plasma (mm Hd),is the hydraulic
O2yRdzOUAQGAGE O0OYKAKYY 1303 YR °~ A& GKS NBTESOUGA?2
OFLIAETEFNRE gttt o6 T n YSIya O2YLX SGSt €,12JSTNSE 6t ST
revision comes wh ", whichis interstitial oncotic pressuref the intercellular cleffmm Hg) but was

previously™;, the oncotic pressre of the interstitum (Figure 1(11). This change was implemented to

account forthe previously unknown effects of the glycocalyxThe glycocalyx is a network of
glycoproteins and polysaccharides, primarily proteogylcans and glycoaminoglycans, which sit on the
luminal side of the endotilium and form an additional sengermeable barrier due to the extensive

branching and negative chardé1,13) A healthyinflux of proteinrich fluid can becleared away by

lymphatics, buif the rate of fluid enéring exceeds a critical amourdy offsetting the increase in fluid

by changing the interstitial pr&sure or increasing lymphatic flow in the arfedls to reduce accumulating

fluid, edema occurg2). This can occur duringfiammation, when endothelial cells are signaled to

disassembl&\Js tacreate interendothelial gaps)lawing proteinrich fluid to flow unchecketietween



Lymphatic capillaries

.

. Interstial fluid
“=*  outflow

Hydrostatic Oncotic
AP >All Pressure Pressure
AP=(P_-P)  Al=(I, -II)

JVA=Lp[(P -P)-o (Il - IL)]

Figure 1: Effect of t8rling forces on endothelial barrier function.The Starling equation describes the
hydrodynamic forces that regulate fluid movemeint the endothelium Starling forces describe the
difference in hydrostatic pressure and oncotic pressure between the lumen and the interstitum,
factoring in hydraulic conductivity and the permeability of the vessel wall to fluid. Lymphatic vessels
clear away kcess interstitial fluid. wS LINR RdzZOSR gAGK LISNX¥A&aAzy TFTNRY
OYR2GKSEtAIE . FNMASNI CdzyOlA2yEéS HAMM



cells (2). Interendothelial gaps are morphological changesweein cellsdue to disruption of
interendothelialjunctions and a gap can fon as a result of a single poog multiple pores combined
(14,15) Gap formatimm and reassembly of junctions ateansent processes than can occur without
disrupting cell behaviofl6), and reassembly can reinstate fluid homeostasis across the endothelium.

1.2 Structure and Function ofnterendothelial Junctions

Cdl adhesion iscontrolled by the strength of celtell junctions andhe intracellular bnding
partners(17). Endothelial cells fornight junctions (TJs) and adherens junctions (fJsjeate asemtk
permeable barrier, as well as asignaling interfae between cells TJassociatedMARVEL proteins
(TAMPs) claudins andoccludin, are the structural core of TJ48). Claudinsare the mainadhesive
component of TJs, forming both homand heterotypicinteractions. Expression of claudindigsue
specific, ancclaudin5 the only endotheliaspecific isoform(19,20) but endothelial cells also express
claudin3, 12 (21) and 15 (22). Occludin was previously thought to also be a structural protmin
evidence now suggests its major rolesigral transduction(23,24) Generally, TJs reside on the apical
border of endothelial cells and are more restrictive than AJs, wioich onthe basolateral side.There
is crosstalk between the junctions, and there is mounting evidence that Tdtgteuand function is
regulated by AJ&0,25,26)

AJX are the primary intercellular junction the lung micovasculature. Alre formed through
cadherirs clustering and biidingcadherirs on adjacent cell® a C&-dependent manne(Figure2)(27).
Cadheris are comprised ofive ectodomains, which areharacterizedby 110 repeating amino acids
(27,28) The ectodomains control cis and trans cadherin bindingragdire C&" to link the domains

together (29,30) Cadherins also contaa transmembrane domain and an intracellular domain, which



contains the highly conserved juxtamermabe domain (JMD) and thé&terminal domain (CTD)
Intracellularly,cadherins bind catenins, which regulad@d stabilityand signaling. pl26atenin (p120)

binds cadherins at the JM{31) and regulates cadherin stability at A32,33) The CTD of cadherins

anchors AlstotheactBe 1241 St Sti2y (ONBEE&IRYORWRAN¥ H|{2BH{R20AY>X 0o
catenin,and connect the junction to the actin filaments protruding from the cortical actin (ayd - "

catenin is the onlgateninthat contains a defined actihinding domain(34), that allows it to bind and

actively regulate the association between the actin cytoskeleton and jun¢bp It shifts between a
Y2Yy2YSNJ FYR RAYSNI (2 NB3dz taedin, theyebySaddtribufing 2ofie ¢ A (G K |
dynamic nature of AJ86,37) A connection between AJs @he actin cytoskeleton allows intracellular

signaling and coordination between the cytoskeleton and the junction. It has recently been suggested

0 K I-daterfin interacts directly with p120, and reinforces the p120/cadherin interaction, however the

importance of this interaction is still uncle&s8).

Endothelial cells express both Vascular Endothelial- (8 Neuronal (Nyadherins (39).
Cadherins have similar protein expression in endothelial dalisthey differ in their localization within
the cell(40). Ncadherin is distributed over the entire plasma membrane and is vital for organization of
the junctions during development, as well as cell proliferation and moiii§;41) Functionally, N
cadherin stabilizes mature blood vessels through homotypic binding of cadhenmsmooth muscle
cells and pericyte§42,43) VEcadherin resides at interendothelial junctions, regulating barrier function
by binding surrounding endothelial cel{44-46). Both cadherin knockouts are embryonic let(28,47)

stressing the independent yet necessary functions of both cadherins despite some functional overlap.



Extracellular l\ Intracellular

Figure 2 Adherens junction Bucture. VEcadhern clusters bind cadherins on adjacent cells in &-Ca

dependent manner, primarily through interaction of EC1 and EC2 domains. Intracellularly, AJs are

stakilized by the CTD of WME RK S NA Yy 6k FYURSAYWATY i1 22 NJ LI | {-c@t@nin2 6 Ay X S KAO
connecting the junction to the actin cytoskeleton. -sé&glherin is stabilized at the junction p120 binding

to the JMD, and preventing internalization. Reproduced with permission ¥epna, E. et al. J Cell Sci

2008;121:2118122(17)



Increased expression of-®é&dherin has been shown to compensate for depletedcatherin in cell
culture, and viceversa, however thiss dependent on maturity of the endothelial monolay@8). Both
VE-cadherin and Ncadherinbind p120,and it has been suggested thdte surface expression of Vé&nd

N-cadherinare inverselyelateddue to competition for p120 binding in mature vessgl8,49)

1.3 Requlation of Mscular Permeability During Inflammation

Regulation of endothelial permeability is criticdliring animmune responsgl). Increased
permeability allows invasion of neutrophils into tissue, as well as prateinfluid containing nutrients
and other supportfor the dfected tissue. Circulating inflammatory agents, such as thronthi)
increase vascular permeability via activation of their respective G protipled receptors (GPCR)
expressed on endothelial cell&l). Inflammatory mediators act on the endmtlium to form
interendothelial gaps throughJ disassembly(16), as well as induce rearrangement of the actin
cytoskeleton into stress fiberg52). Specifically, trombin binds and activates pradse activated
receptor (PARY on endothelial cell$50), and inducesa transientintracellular signaling cascade that
results in increased intracellular ¥aactivation ofprotein kinase C (PK&)and a reversiblencrease in
permeabiity through AJ disassembly and increased RhoA GTPase activéib)d tY/h aAadyl |
increases enothelial permeability through several diverging pathwaiyxluding RhoA activatioand
phosphorylation of AJ protein&igure 2Y5). RhoA is a small GTPase that regulates actin dynamics by
reorganizing cortal actin into stress fibers in response to inflammat{é8). The stress fibers, with
phosphorylatednyosin light chain (MLG%4), causemyosinractin crossbridge cycling. Thesults incell

rounding and contretion, andincreasespermeability(55). MLC is phosphorylated by myosin light chain



kinase (MLCK) in a Taalmodulindependent manner. RhoA also increasesCMihosphorylation by
inhibiting the MLC phosphatase RRand activation of Rho Kinase (ROGBgII contraction alone is not
sufficient to create interendothelial gag$6), so to elicit the maximum increase in permdiy both
cell contraction and AJ disassembly must o€2,57) This signalingathway is outlined in Figure 3

LPS is an endotoxin that resides on gram negative bacteria and causes inflammation. It binds
toll-like receptors (TLRQ initiate an innate immune rgsonse(58). TLR activation causes the release of
pro-inflammatory mediators into the blood, which bind and cause increased permeability of the
endothelium (59). TLR activation can lead to sepsis, which has a mgrtatié approaching 25% and is
the leading cause of death in critically ill patie(d®). LPS specifically increases vascular permeability in
endothelial celldy activatingTLR4 and CD1461), leading to activation oSrcfamily kinases (SFK§2)
and myeloid differentiation factor (My88 (6), among other things.LPSnduced activation of TLR
increases Cathrough activation otransient receptor potentiatationchannel (TRPC)&nd expression
of TRPC6 is required to increase permeability following LPS stimul&8)n AJprotein p120 was
recently implicaded inLPS signaling by suppressing-#la’sociation with MyD8@4), thus reducing the
inflammatory response to LPSLR1 Kl & 0SSy akK2gy (2 | (6b) andrhoteS t Y/ b
recentlyin brain enathelial cells where it disrupts interendothelial junctiof&5), however the effect of

tY/h OGABIGAZY R26yAGNBLY 2F [t{ Ay G(KS fdzy3 &I &

Endothelial cells have intrinsfeedback mechanisms to combat increased permeability and
reform junctions during inflammatior(37,67) Thrombinincreases sphingosidkphosphate (S1P)
signaling to increase AJamnealing(37,68) possibly in a PKdependent mannel(69). Activation of

monomeric GTPases Cdc42 and Racl rearrange the actin cytoskeleton to promote reas$éxdblgnd
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reestablishendothelial barrier integrity(71) Activation of small GTPase Cdc42 contributes to AJ
reformation of AJsby nONB I & Ay 3 @K i BN\ Fcatéhih (TR VEcadherin outsidén
signaling as well as S1P receptor 1 signalingtivate Racl, whiclnduaes remodeling of actin into
cortical bundlesto stabilize AJ$73-75). Changes in phosphorylation of AJ proteins have also been
implicated in junctionafeannealing Src homology 2 domain containing tyrosine phosphatase (SHP2)
decreases tyrosm phosphorylation2 T -cateninto allow reassembly oAJs(76), and activated focal

adhesion kinase (FAK) associates with p120 to promote reannealing 6fAJs

1.4  AJ Regulation and Signaling

Maintaining endothelial permeability in the lung microvasculature relies \@acadherin
expression at AJs. Cadherins are continuously reorganizing, laterally and through esidoapd
recycleback to the membrang€78), which is essentidbr proper tissue organizatio(80). Stimulation of
endothelial cells by inflammatory mediators increases disassembly of AJs and inaioralaf VE
cadherin(79). Internalization of Vieacherin occurgprimarily throughclathrinrdependentendocytosis
although caveolagnediated endocytosis has also been sho{@0,81) During clathrirmediated
internalization, VEeadherin binds adaptor protein (ARR, whid recruts VEcadherin into clérin-
coated pits, resulting irendocytosis(81). AR2 functions as a cargo adaptor for clathrin, and
nonspecifically binds to tyrosiAgased sorting signalsn the cytoplasmic régns of transmembrane
proteins to induce endocytosi82). Because permeability increasean bereversble, VEcadherin is
often recycled back to thplasmamembrane, allowing AJs to reassemble andpeability toreturn to

prior levels.
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p120 is known to regulate cadherin stability and turnoy8e,33,83) Decreasedorotein
expression ofpl20leads toa decrease in the surface expression of cadhef@®. Loss of p120 binding
at the JMD causesadherininternalization(32,80,81,84,85)and subsequent disassembly of £313,85)
As shown in Figure, 4inding of p120 to thecadherinJMD physically blocks binding of-ABy masking
the AR2 binding site on cadherin®1,86) inhibiting VEcadherin recruitment into clathricoated pits
and subsequentinternalization (80,81) TheJMD is the most conserved region on cadhgriand
therefore p120 is hypothesized to bind all cadherins in the same maf@Yr The crystal structure of
the pl20/Ecadherin binding iteraction was recently published, anddkposedtwo different binding
motifs between p120 and cadherirf86). The stronger, static interaction encompasses a greater portion
of p120boundto the JMD, whereas the dynamic interaction masks the2 Afhdingsite onE-cadherin
andforms aweaker interaction lhat is subject to regulatio(B6). Itconfirmsthat p120 binding sterically
hinders binding of endocytotic machinery to prevent internalizatainvEcadherin and thedynamic
interaction is weak enouglthat single residue mutatiof p120could besufficient touncouple p120

from the IMD(86).

Regulationof VEcadherinmembrane stabilithas long beer speculated to be the result of pest
translational modifiations, mainly phosphorylation. It was commonly tight that Sremediated
tyrosine phosphorylatiof VEcadherinon tyrosine 658 and 731 induced formation of interendothelial
gapsvia AJ disassenly by inhibiting p120F y Rcaténin binding to VEcadherin (7,17,88,89) but
recently this view has been challengedAdamet al. published that Srinduced phosphorylation was
not sufficient to decrease barrier function of the estbelium alone (90). Interestingly enough,

phosphorylation of tyrosine residues degulateleukocyte extravasation in endothelial celfd), but
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not overall vascular permeability. Phosphorylation of p120 has also been hypothesized to regulate
cadherin binding and stability, which we discuss in depth in Section 1.6, but again, the results are
inconclusive. SY AGNR A& G A2y 2 Fcaténd,lc&usedJoyHan indregsRd in nitric oxide in
response to platelet activating factor (PAF), is yet another -pasislational modification that was
recently shown to reduce binding to M&adherin, and induce hyperperrability (93). Overall, there

have been many podtanslational modifications of cadherins and catenins identified, but most are still

poorly understood.

Not only do cadherins regulate AJ integritjrey also function assignaling hotspd to
communicate with sarounding cells. Signal transduction occurslibéctionallythrough the cadherin
(30) both outsidein and insideout signaling istransduced through AJs. Insideut signals are
transducedfrom the cellthrough changes in intracellular binding of cateniaed through changes in
the actin cytoskeletorf94). Extraellular signals are exchanged througlterationsof cellcdl adhesion
and the resultingconformational changes in cadherin ectodomainare relayednto the cell(95). These
signals are vital to coordinatéssue architecture and remodelingnd both VEcadherin and Neadherin
can be involved in endothelial signaling based on the requireroéribhe cell(27,96) . This type of
signaling, orchestrated through cadherins to communicate amordinate mowemert, is vital to the

integrity of the vasculature

Regulation of AJ integrity alsaffects transaiption. Increased \(Eadherin expression at
2dzy Ol A 2 vy & -caReBiOtistriftiénal adtivitpy sequestering -cateninat the jurction (97)® - |

cateninis a ceactivator ofthe canonical Wnt signaling pathway, which regulates vascular development,
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proliferation and cell survivgD7,98) Transcriptional activitg ¥  dc&téhin/Wnt pahway upregulates
claudin5 (20) and Ncadherin expressiorf96), as well as genefinked to angiogenesis and cancer
(99,100) VEcadherinsimilarly regulatep120 transcriptional activitthrough bindingcytoplasmic p120,
preventing translocation into the nuclewmnd transcriptional regulatiorfl01) In the nuckus, p120
bindstranscriptionsuppresorKaisg and removesthe suppressiorfrom targetgenes(102) pl20also
increased -catenin nuclear actity by inhibiting Kaiso suppression iofcatenin transcriptional activity
(103,104 wSt Sl asS 2 Fcaténid frdth AlSMallowing tiyfdnbim stimulatiman result in
translocation of both to the nucleus, resulting in an angiogenic responsactedased permeability

(104)

15 Protein Kinase C

PKC is a serine/threonine kinase thiatknownto be involved in the formation of pulomary
edema(105) PKChas 10 differenisoforms and theyare sepaated into threedifferent groups based
on structure andmethod of activain (Figure 5) Classical isoforn{s Y / ihZ 3 i y Rrequire binding
of C&" and diacylglycerol DAQ, while the novel isoformé§t = ¥ ¥ R reduibe only binding to DAG
(106) The atypical isoform& ¥ ‘I laB¥% the C& binding domainaltogetherand the mechanism of
activation is unknown, althoughhey still bind phospholipids such as phosphatidylserine, #te
membrane(107) PKCFigure 5illustrates K S & Of | & a Apathviay to @duc@RKICActivafich
downstream of GPCRs or Receptor Tyrosine Kinases (RTKSs), both of which actistielipase €
(PLG 0 ( 2 phodptttid@itbsitol 4,Bisphosphate(PIR) into DAG andnositol trisphosphatglPy)

(106) IR binds the endoplasmic reticulum amdleases intracellular storesf C&*, which bindsthe C2
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domain on classicdKCisoforms (108) DAG binds the Cdomain on both the classical and novel
isoforms, and removes the pseudosubstrate inhibition on the catalytic do(d@B) DAG also increases
the affinity of PKC for phospholipi§$09) Receptor to Activated C KinafeACKSs) proteins also bind
the Cldomain during activation of PKC and different RACKS proteins are thought to lecificsp
isoforms of PKC to influence PKC callnlar localization(110) Furthermore, PKCs undergo
autophosphorylation on 8lifferent residues after removalf the pseudosubtrate inhibition, which are
important for prolonged activation(108) Activation of PKC occurs withird $econds of GPCR
activation, and can last upwards of an hqdrll) Termination of PKC activity occurs with reverse

translocation of PKC away from the membrghé8)

Despite the structural differences in isoforms, there are still overlapping substrates and
functions of PKCs. PKC signaling has been implicated in chiangredothelial permeabilit{5). Back in
the 1980s, it was observed thphorbol 12myristate 13acetate PMA), a potent PKC activator, induced
a pathophysitogy that was similar to ARDS in terms of increased endothelial permeability followed by
edema(105,112) Since then, PKC has been studied for its role in regubaisgulampermeability. PKC
has been shown to psphorylate AJ proteins, as well as increase RhoA actiwiipcreasesndothelial
permeability (113116) Nephropathy and vascular abnornités in renal, retinal and cardiovascular
tissues in diabetic patientsalve all been linked to activation of PKC, as has transitioning to a malignant

cancerphenotype due to loss of integrity of cekll junctiong117,118)

tY/h A& | dzooAljdzAG2dzate SELINBE&ASR A&2F2NY (KL

responsible for increasing endothelial permeability in the lung vasculature in response to inflammatory
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Figure 5 Structure and ativation of PKGsoforms (A) PKCesontain a regulatory domain, which varies
between different isoforms, and a catalytic domaiThe regulatory domain is consedsramong PKC

isoforms, and contains a C3, AiRding domain and a C4, substrdilnding domain. The catalytic
domain may contai a C1, DAG/phorbal estbinding domain and a C2, Thinding domain. The

catalytic domain also contains a pseudosubstrate (PS) domain, Wwinidk the catalytic domain in the

inactive state, and is released upon activation. (BPCR or RTK activieeG@  ®LC) to cleave RBIP

into DAGandIP;. IR binds theendoplasmic reticulumER, causing it to release intracellularGavhich

binds the C2 domain on classical PKC isoforms. PKCs translocate to the membrane to bwdidDAG,

removes the pseudkubstrate inhibition on the catalytic domain, allowingKC to bind and
phosphorylatesubstrates. Reprinted from Drug @&istance UpdatesReviews and Commentaries on

Antimicrobial and Anticancer Chemother&@py ¢ 6 c 0 X [ 2 NBYy 1 Moduldting IPofeiy t ! 5§

Kinase C (PKC) to increase the efficacy of chemotherapy: Stepping into the darkness n s889%
with permission from Elsevi€i19)
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mediators (114,120%% ' OGAGEFGA2Y 2F tY/h AYONBI 4Sa wkK2! I Ot
phosphorylation of p115RhoGEFE16) and RhoGDB1 (115X tY/h FOOGAGIGAZY KIF & I
alter the phosphorylation state of MBI R K S-Ndkeyfirk and p120, resulting in digtion of VE

cadherin adhesiorf114) however the mechanism in WhOK t Y/ h  RA & NHzLJ(i & ful®dzy OG A 2y

eluadated.

1.5.1 Statement of Am 1

t Y/ h KIFa 0SSy &aKz2gy (teablf ArakfAshoveved yh& 2 G K St A
medhanismis unclear. Thiss inpart due tothe lack ofa relevant physiologic model to determine the
effect oft Y /aétivation on increased permeability and resultedema. IrSection3,we addréi a t Y/ h
regulation of endothelial permeability, specifically regulationAdintegrity. W& dzi A€ AT S | t Y/ h
Y2dzaS Y2RSts Fyzy3a 20KSNJ YSGK2Rasz (G2 akK2g GKS A

deterYAY S | GKSNYLISdziAO dFNBSG G2 NBRdAzOS SRSYl Ol dza$s

16 pl20-catenin

pl20wasoriginallydiscoveredas a Src substratnd classifiedas an oncoproteif121) Later, it
was found to bind cadherins andaw placedas a member of the catenins family due to the repeated,
highly conserve amino acid sequence it contains to bind cadherins, known as armadillo repeat motifs
(ARM). p120 cantains10 ARMs, and uses ARMs 10 bind cadhering86) (Figue 6). The ARM repeats
are flanked by a short CTD, wigim unknownfunction, anda regulatoryN-terminal domain(NTD) which

contains a phephorylation domain There arel ATG start sites, resulting 4p120 isoformg122) with
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p120-1 and p12@3 the most widely expressed in humafi®3) p1201 is the only isoform that contains
the coiledcoil domain, which recety has been suggested @sobind cadherirs (124) It alsois able to

bind other coiledcoilcontaining proteins, such as delta interacting protein A (D(B25) highlighing

the functional diversity of p120 isoform$120 also contains 3 alternatively spliced exons (A, B and C),
giving rise to different splice varian{422) however tle functional consequence of different splice

variants is under investigation.

p120 stabilizes cadherins by bindirtg the JMD, preventing internalization of the cadherin
(126) Itis a ubiquitously exessed member of a subset of tHeRMfamily ofproteA ya G KIF & Ay Of d:
catenin (127) ARVCF (Armadillo Repeat gene deleted in-ZedmialFacial syndrome}128) p0071
(129) and plakophiling130). There arefunctional redundancies between proteins within the family,
however pl20expressionis essential in vertebratesvhile the loss of other family members are
tolerated (131) p120 has a homolog in Drosophila, which is saggential, and two splice variants in
mice, M1 and M3, which corresportd human p1261 and p12€e3 (123,131) p120 isoforms exhibit
tissuespecific localization, with the long isoform (pX2Dexpessed in vascular endothelial junctions,
and p1203 in epithelial cells and fibroblas{d23) Isoform p12&4 lacks the NTD phosphorylation

domain altogether, and is rarely expressed in tisEL&l)

In the last 20 years, p120 downregulation has been attributed to disease states such as ARDS,
diabetest 3 82 OAl G SR @I & O dibdaddland sedeBal différént cAnk@SR-138 4 Mouse
models using p120 deletion and cell depletion of p120 have provided interesting insights to the diverse

function of p120. Global knockout of p120 in micedadyeembryonic lethal due to impaired
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Figure 6 p120structure. p120 is subdivided into domains. The NTD regulatory domain contains the
majority of the phosphorylatiorsites, which is termed the phosphorylation domain, and contains 9
tyrosine resilues and 6 serine/threonine residudisat have been shown to bphosphorylated The
armadillo repeat domain contains 10 ARM repeats, which bind cadhatirspeats 15. The CTRail
contains 2 phosphorylation sites, S8@8d threonine 910 with an unknown function There are 4
different ATG start sites, which gamse to 4 different isoforms. While they all contain the ARM domain
and the CTD, p120 is the only isoform to contain the oced-coil domain and p1264 lacks the

phosphoryétion domain
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microvessel formation(135) Conditional p120 knockout mouse models dashownthat p120 is

essantial for regulating cadherin expression during vascular developrfidi) as well as assembly of

AJs(136,137) Loss of p120 in the neonatal intestinal barrier leads to catastrophic inflamm@ia)
and loss of p120 in other tissues has been shown to lead to develapof a tumor méroenvironment
by increasing immature myeloid cel{$37) Decreased p120 in tumor cells linpsedicts a more
invasive phenotypgpresumablydue tothe resulting decrease isurface expression of cadheri$33)
Similarly, a decrease in pl120 results in more severammation and increased mortality64).
Conditional knockout of p120 increases inflammation ibgreased cytokine productiof136) and
increased NF . | ((IBA) Qihals@ reduces the response to LPS by interfering wil4Tdignaling

(64)

The mechanisms behind these phenotypes are not completely understood, but it is clear that
different cellular pools of p120 have different functionsAs previously mentioned, utlear p120
regulates expression of prmflammatory genes through binding transcription suppressor K@if@)
pl20suppressesranscription of pranflammatory mediatorsincluding Intercellular Adhesion Molecule
(ICAM)1, NF¢ . -1 and E and Beledins (138,139) which may be part of a feedback mechanism to
reduceinflammationonce p120 is lost from AJCybplasmic p120 igvolved in cadherin trafficking
the cell surface during junction reassembés well as regulatiomf RhoA activity(126,140) p120
regulates cadherin traffickingy acting as a scaffold andecruiting the microtubule motor protein
kinesin then moving in a unidiretional manner on microtubule® relocate cadherinsto AJs(141)

p120 inhibits RhoA activity by directly functioning as a Rho Guanine nucleotide Dissociation Inhibitor
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(GDI),which p120 is only able to do if not bound to cadher{hd40) p120 can alsandirectly inhibit
RhoA activity while incorporated in Atlsough binding ad suppressing p190RhoGARI2) Finally,
p120 was recently shown to affect cell cycle prog@ssn cancer cells by causing-tggulation ofcyclin

DlandcycinER aaA0t & Ay O2yunmnilaAsy 6AGK YIA&2 2NJ |

Studes examining pl120 regulation of cadherin stabilitgve focused on podtanslational
modifications of is NTCthat contains multiple phosphorylation sit¢$44) Tyrosine phosphorylation of
p120 NTD entrols p120 binding to RhofL45) allowing p120 to function as a Rho GDI, yet it is
insufficient to incease endothelial permeabilif90). Furthermore, p120 maintains \Bdherin surface
expression and endothelial permeability independent of the presence of (46 We focuse on the
CTDof p120, thedomain containingtwo phosphorylation sitesthreonine 916 and serine 879 (S879)
(147) Threonine 91@hosphorylationdoes not appear to affect V&adherin interactionwith p120
(148) However,S879is of particular interestsinceit in is a PKC consensuwtif. Phosphorylation of
S879 isPY / -dependent, andS879is phosphorylated irresponse to inflammatory mediators and
growth factors in endothelial cells, epithelial cells, and fibroblg4#7,149,150) but no functional
signifcance of S879 phosptrylation has even been shownThe majority of serine or threonine
phosphoryétion on p120 is constitutivé148) and S879 isa rare site that is unphosphdgted under
resting condtions andphosphorylated during inflammationLikewise while PKC activation causes-de
phosphorylation ofseveralresidues S879 is the only site that is phosphorylated in response to PKC

activation(147)
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1.6.1 Statement of Am 2

S879 on pl20 is phosphorylated in response to many differentiflammatory
mediators, however no downstream mechanisms have even been elucidated. p120 is vital to regulation
of VEcadherin stability at AJs, dnfor the integrity of interendothelial junctions and vascular
permeability.2 S {y2¢ GKIFIG {yTd Aad LK2ALIK2NEBfIlIGSR o6& tyY/h
cause disssembly of AJs during inflammation.In Section4, we address the role of S879
LIK2 3 LIK2NEBE | GA2Y regllatideHendotifeBal perividability, Aspeciily regulationof
p120 binding affinity toward VVEadherin We utilizeprimary cell cultureas well as expression of p120
mutantsin mice,to dissect the effect S879 phosphorylation has on the pl2@&therin complex, and

the resulting effect it hasmAJ integrity.



2. MATERIALS AND METHODS

2.1 Materials

Primary R2 i KSt Al f OStta FyR YSRAIFI gSNB 266G AySR
thrombin was olained from Enzyme Resear¢8outh Bend, INand LPS from Sigma (St. Louis, MO).
PAR1 agonist peptide (TFLLRNPNiH;) was  synthesized (151) t Y/ n aAwb!
(UAAGGAACCACAAGCA@WAand mismatch (MMkontrol (UAAGGAGCCACGAGUBSUU) siRNA
were puchasedfrom Dharmacon (Lafayette, CO). Apnti20, anti-VEcadherin, andanti-GAPDHvere
purchasedrom Santa Cruz Biotechnologi€afita Cruz, CA) and antiY / antEp-t Y / h SantiNgR
ATPase from Cell Signaling (Beverly, Mp$879%120 was purchasedrom BD Biosciences (San Jose,
CA)and antiGFPfrom GeneTex (San Antonio, TXEZLink SulfeNHSSSBiotin and high capacity
Streptavidin Agarose Resin were from Thermo Fisher (Rakkior AlexaFluor 488 and 594 secondary
antibodies and ProLong were from litfdgen (Grand Island, NY). S8#2R01A and WTFpl20-1A
cDNA were gifts from Dr. Al Reynolds (Vanderbilt Univeraitd) S879Ep120-1A was generatedising
the QuikChange sitdirected mutagenesis kit frorBtratagene (Santa Clara,)CArimers used to create
p120-S879D mudtion were 5° CCCCTCATTGACCGGAATCAAAAAGATGATAAGAAACCTGACCGG 3'(sense)

and 5' CCGGTCAGGTTTCTTATCATCTTTTTGATTCCGGTCAATGAGGGG 3' (antisense).
2.2 Mice

prkca” mice were a gift from Dr. Jeffrey MolkentifUniversity of Cincinngti(152) Genetic
badground ofprkca’” miceis C57/BI6.prkca” micehad no overt phenotypethrough 16 weeks of age
(152) and appeared normal in terms of viability and fertilit€¢ontrol mice were ofC57/BI6 gnetic

background (obtained from Jackson Laborgt@ar Harbor, ME). Egpgments were made using-B0

23
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week oldmales. All mice were bred and maintained in the Association for Assessment and Accreditation
of Laboratory Animal Cai&ccreditedfacilities at the University of lllinois at Chicagcaccordace with

NIH guidelines. Approval for animal care and for all experimentgveaed bythe IUCAGT University

of lllinois at Chicago

2.2.1Genomic Analysis of Mice

Genotypeof prkca micewas confirmedusing DN/Aextracted from atail snipfrom 10
14 day old pups. DNA was extracted and amplified using the REDEkkagp tissue PCR kit from
Sigma (St Louis, M@jpd primers p-GCGCATCGCCTTCTATCGEZEAGCTAGGTCCTGTTGGTARCQ

CCAAGTGTGAAGTGTGT& M5 according to the protocol.

2.3 Mouse Lung Peparation and Permeability Measuement

2.3.1Microvessel Filtration Coefficient

Wild-type control(WT) andprkca™ mice were placed in chamber and anesthetized with
3% habthane with an air flow rate of 2 ml/min. The microvessel filtration oemnt (K ) is a measure
of pumonary microvascular permeability to fluid and is defined as the rate of weight gain over the
imposed change in capillary pressyfi®). Mouse Llngs wereperfusedin situusing a pristaltic pump,
excised andglaced ona forcedisplacement transducer. h€& lung weight was electronically null@sd
the outflow pressure was then elevated by 10 ce®Hor 30 minutes. The weight gain was recorded,
Kic (ml x min* x cm HO)was calculted from the slope of he weight gain and normalizeio the dry

lung weight (lungs were dried overnight at 60°C).
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2.3.2Evans Blue Albumin Extravasation

Evans Blue Albumin (EB2) mg/kg) was injected using a retoobital i.v. injection
together with PA&R-1 peptide TFLLRNPNENH,, 1 mg/kg) 30 minutes before euthanag8). Blood was
collected from the right ventricle into heparinized syringes and plasma was separated by centrifugation
at 1,300x gfor 10 minutes. The lungs were fesed with PBS containing 5nM EDTA via thoracotomy,
exciseden blo¢ blotted dry, weighed and snap frozen. The right lung was homogenized in PBS (1
ml/100 ug tissue), incubated with 2 volumes formamide for 18 hours at 60°C, centrifuged atxog00
for 30 minutes, and the optical density of the supernatant was measured with a spectrophotometer at
620 nm. The extravasated EBA concentration was calculated agaitstyaRt NR OdzNBWS o6>3 9
dye/lung). Finally, the left lunfom the same mousavere exésed and dried at 60°C overnight for

calculation of wetdry ratio.

2.4 LiposomePreparation and Blivery of cDNA

Cationic liposom& omnn >t 0 $SNBE LINB LI diBliRethgidioktgdacyl I MY ™
ammonium bromide(DDAB; Sigmpand cholestero(Calbiochem, La Joll€A in chloroform(77). The
solution was dried with a Rotavaporator (Brinkmann, Westbutyj, dissolved in 5% glucose and
sonicated for 20 mimtes p 1 >3 O5b! g &> {YAEB R ¥ AgeitedmBiantetror Yy R A

orbital i.v.
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25 Cell culture and transfection

Human Ilung microvascular endothelial cells (HLMVECs) and human pulmonary artery
endothelal cells (HPAB) were cultured in 75 flasks on 0.1% gelatin in EEMr EGM2 (Lonza)
respectively, supplemented with 10% FE=Xlls were kepat 37°F in humid air with 5% g@nd all cells
were used btween passages-4. HLMVECswvere transfected with siRNA at 80% confluence by
nucleofection, using theAMAXA kit (Lonza)and used 72hours posttransfection. HPAB wee
transfected at 70%confluence using Turbofect (Fermentas, Glen Burnie, )MI3 according to the

instructions, and used 48 houp®st-transfection.

2.6  Transendothdial Electrical Resistance

Transfectedcells were seeded on a gelativated gold electrode (5.0x4@8m? and grown to
confluence The small electrode and the larger countdectrode were connected to a phasensitive
lockin amplifier.! O2y a il yi OdzZNNBy (i 2&/F00@HzAC sigaa connectazl sedially SR 0 &
toalam NBaAadul thdldledtrSdisg Bhé yoltage was monitoredy a lockin amplifier, stored
and processed by eomputer. The same computer cirolled the amplifier output and switched the
measurement to differentelectrodes during an experiment. Before each experiment, endothelial
monolayers were washed with serufree medium and used for measuring changetramsendothelial
electrical resistranceTER TER was meaared in realtime using ECIS software (AgpgliBiophysics,
Troy, NJ) anéxprest SR | & & LISOATAO S1). Data A& fidsdnted\sB thel chandeyn0S 6 m

resistancenormalized to its value at time O.
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2.7  Fluorescent Imaging

Cells were grown to confluence on glass coverslips, sastamed,andtreated with thrombin (4
U/ml). Cells were fixed in 4% paraformaldehyde and permeabilized with 0.05%-Xrit@ells were
incubated in primary antibodies, thesecondary, fluorescently labeled secondary antibady finally
mounted on slides with ProLong aifitide reagent (Invitrogn). Cells were visualized using a 63x 1.2 NA
objective on a LSM 510 Meta confocal microscope (Carl Zeiss, Inc.) with Ar ion and dual HeNe lasers,

driven by LSM software.

2.7.1 Timelapse Imaging

Cells were serum starved in phenfstte EBM media (Longand maintained at 37°C
with a stage heater (Tempcontred7, Zeiss, Thornwood, NJ). Images were acquireaye¥0 gconds
using theNikon Eclipse FTEI00S microscope equipped with UltraView confocal head (PerkinElmer Life
Sciences), OREZR1394 cameralamamatsu, Bridgewater, NJ), AR/K&f | 8 SNJ 6<I'nyy X pcy
nm) Plan Apo 100x 1.4NA objective and Volocity 5 software (Improvision, Waltham, MA). Thrombin (4
U/ml) or PBS was applied to cells after tsecond exposure. As webserved no significant

photobleachingno correcion for photobleachingwas required

2.7.2 Image Analysis

Interendothelial gap area and average fluorescence intensity of p120 acddfterin at
AJs was quantified using MetaMorph software (Molecular Devices, SunnyvijleP@jection images

were generatedy collecting the maximum pixel irtsity from each image of thestack and pujecting
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pixel intensity onto the single (projection) imagd&he relative accumulation of Madherin or p120
(mean fluorescence intensity) at AJs and the area of gaps wersureghon projected imageslThe 12

bit images were thresholded by subtractitige intracellular background, and the mean fluorescence
intensity at AJs was measure@he area of intercellulagaps was quantified using MetaMorph 7.1.0 by
manually outliningcells and selecting for gapshe values are expressed as a percentage of the total
surface area.The dissociation of p12GFP and mutants from AJs was quantified by kymograph analysis
and expressed as fluorescence decay.

2.8 Biochemical Analysis

Cellswere lysed with a modifie@DGbuffer (50 mM TrisHCI, pH 8150 mM NaCl, 1% Tritonr X
100, B gycerol,10 pg/ml leupeptin, 10 pg/ml aprotinin, and 0.1 mM PM$B)3) centrifuged at
14,000 rpm for 20 minutes at 4°Gnd pellets were removed and discardedEqual protein
concentation of the resulting lysatevas determined using a BCA protein assay kit (Pierce) following the
YI ydzF I O dzNB N S8ampley avera\dz© anA 2% Fredient NUPAGE gels (Invitrogen) as
according to the protocol. Proteins wereatrsferred to a PVDF membrane, blocked with 3% BSA and
incubated in primary antibody.For immunoprecipitation experiments, 350 ug of total protein was
incubated witha primaryantibody at 4°C, and precipitates were collected with protein A/G agarose
beads (Santa Cryzand analyzed by Western Blot Densitometry of scanned protein bands was
perfomed using ImageJ software (NIH, Bethesda, MD), and changes in protein expresston

normalized to loading controls.
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2.8.1Cell Fractionation

Cells were washedith cold PBSnanuallyscrapedoff plates using PB&nd centrifuged
at 7,000 rpm for 10 minutes at 4°CCells were resuspended in Lysis Buffer A (50 mM HERES pH
7.4, 1 mM DTT10 pg/ml leupeptin, 10 yonl aprotinin, and 0.1 mM PMSF) ahdates wee sonicated
briefly, then centrifuged at 40,000 rpm for 20 minutes at 4°C. The supernatea$ collectedand set
aside as thecytosolic portion. Theemainingpellet was resuspended in Lysis Buffe5B (nM HEPES
NaOH pH 7.4, 10 mM DTT, 1% Tr¥qriL% DC, 0.1% SDH) pg/ml leupeptin, 10 pg/ml aprotinin, and
0.1 mM PMSF), thecentrifugedat 55,000 rpm for 40 minutest&°C. The supernatant containgake
membranebound fraction. Both lysates were assayed ftotal protein, andwere analyzed by Western
Blotas previously described

2.8.2Biotinylation

Cells were placed on ice and rinsed with PBS containifigg@&Md*. Cells were then
labeled with 0.2 miml sulfo-NHSSS biotirin C&" and Md*-containing PBS for 45 minutes on ice. Cells
were rins@ with C&" and Md*-containing PBS on ice, then incubated in Torminutes in 50 mM Tris
(pH 8) with100 mM NaCl to quench unbound biotin. Cells were rinsed again withtiB88ysedas
described for immunoprecipitation. Biotinylated proteins were g@p&ated overnight with streptadin
agarose resimat 4°C, and precipitated proteins were analyzed by Western Blot as previassigiaed.

2.9 Surface Plasmon Resonance

Proteins were generated from cDNA usingitro protein expression kit (Pierc®ockford, ILs

according to the instructions Surface plasmon resonanc8HR biosensor mding experiments were
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done at 25°@n a CM5 sensor chigGE Healthcare, Burr Ridgg,uking al50 mM NaCl (pH 7.4), 10mM
HEPES, 3 mM EDTA &1@D5% Surfacta P20 running buffer. \\@adhein was immobilized directly on

the chip, andwas achievedat pH 5.0. p120 wasprogrammedto flow ove VEcadherin at rate of 10
>g/min for 180 gcondsfor binding analysisBetween samples,hips were washedavith running buffer

to remove bound p120, ancegeneration was done at pH 2.5. Nspecific binding was calculated by
subtracting the response @120 binding to an empty cellom p120 binding to Vi€adherin. At least 7
different concentrations of each analyte were used to assess binding affinity, and the ligand was not
allowed to be saturated to avoid binding to nfunctional or dead ligandsMeasurements wee made
usingBiacore T100 (GE Healthcarahd calculations dbinding affinity were made using thBiacore

T100 Evaluation Software

2.10 Peptide Generation and Application

t Y /blocking peptide (Myt.IPDPKNESKQKTKTiR8)e seque®@S 2F t Y/ h FTNRBY
200217, and was generated based on the peptide used by Martelli al (2002) (154) Varying
concentations of the peptide were directly applied to HR&EN serurdfree medium, prior to thrombin
stimulation, for 30 minutes. Antennaped&@QIKIWFQNRRMKWKK), a cell permeable peptideysed

as a control.

2.11 Statistical Aalysis

StuR S ytite@t@nd ANOVA with Bonferroni pelsbc tests were used to determine significance.

P <005 denoteda significant difference.



3¢ t RHEGULATES ADHERENS JUNCTION INTEGRITY

*Portions of the textand figures 8, 9, ¥14 and 1621 were reprinted with permission from
Vandenbroucke St Amant, E., Tauseef, M., Vogel, S.M., Gao, X., Mehta, D., Komarova, Y. and Malik, A.B.
(2012) PKCalphactivation of pl2€catenin serine 879 phospkewitch disassembles Wadherin

junctions and disrupts vasculantégrity. Cirallation Regarch 111, 739749.

3.1 t Y /Akttivation Incresses Endothelial meability

TORSGSNXYAYS (KS N ngSasaulr pernreabiliin viyg 65y @NaRilF3AA SRt Y
knockout mice(prkca’). Theknockout micewere createdto investigated KS N2t S 2F t Y/ h )
contractility (152) and showedthatt Y/ h RSt SGA2Yy A ViDRPonseSIR preSsprg (i NI Ol A
induced overload in murine hearts due to changes in ‘asignaling, and protected against
cardiomyopthy and heart failure(152) Before we assessed the effects offPK RSt SGAz2zy 2V
permeability,genotypes ofprkca’ mice were verified with PCR (Figune Theprkca' ™ cassette is 100p
longer than theprkcd” (WT) and we confirmed that aliransgenicmice wereprkca™. UsingWT and
prkca’ mouse lungs, weneasured the change in tal PKC actity andfoundRS €t SG A2y 2F t Y/ h
50% reduction in total activit{Figure &). We also looked for possitdempensation in expression of
PKC isoforms = 1+ X , whichlarg Blsoexpressedn mouse lungs Howewer, western blot analysis
showed no change in protein expression ather PKC idorms in the lung (Figure $B

Tol 3aSadaa GKS ST7TS @ndotelll barrier finctighde measiredtiye K 2iyWT
and prkca” mice. K. is a measure of veek wall permeability to fluigd based on the hydraulic
conductivity and the surface area available foclkange(50). We usedPARL agonistpeptide, which

activatest Y/ M R 2 ¢ yRARNBdndGtheliar celldo stimulate increased permeabili(,113)
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350 bp—>
250 bp—>

Figure 7. Genomic analysis pfkca’ mice. PCR oprkca mouse tail snips, used to extract DNA and
confirm expression of the targeting vector and deletion of PKC ~ { |-7lele Baiasgamic mice, and
WT, plasmid (KO) and@were used as controls.
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Figue®& t Y/ h RStSGA2y RSONBIFasSa G201t tY/ FOUAGAGRE &
610 2¢ 2NJtY/h ydzZ f f da B adiviyNds déteriviged Gsifidrhy8liRbasicy R
proteins. WT lung homogenates show 50% more PKC enzyme activity as comppriechtomice. (B)
Immunoblots of lung homogenates show no alteration in protein expression of any other PKC isoforms
known o be expressed in the lunBeproduced with permission froiandenbroucke St Amant, E. et al.

Circ Re2012;111:737749(155)



