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Effect of angiotensin II inhibition on the epithelial to

mesenchymal transition in developing rat kidney
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=Abstract=

Purpose:To investigate the effects of angiotensin II inhibition on the epithelial to mesenchymal transition (EMT) in the develo-

ping kidney, we tested the expression of EMT markers and nestin in angiotensin converting enzyme (ACE) inhibitor-treated 

kidneys. 

Methods:Newborn rat pups were treated with enalapril (30 mg/kg/d) or a vehicle for 7 days. Immunohistochemistry for the 

expression of α-smooth muscle actin (SMA), E-cadherin, vimentin, and nestin were performed. The number of positively-stained 

cells was determined under 100 magnification in 10 random fields.

Results:In the enalapril-treated group, αSMA-positive cells were strongly expressed in the dilated tubular epithelial cells. The 

number of αSMA-positive cells in the enalapril-treated group increased in both the renal cortex and medulla, compared to the 

control group (P<0.05). The expression of E-cadherin-positive cells was dramatically reduced in the cortical and medullary tubular

epithelial cells in the enalapril-treated group (P<0.05). The number of vimentin- and nestin-positive cells in the cortex was not 

different in comparisons between the two groups; however, their expression increased in the medullary tubulointerstitial cells in 

the enalapril-treated group (P<0.05). 

Conclusion:Our results show that ACE inhibition in the developing kidney increases the renal EMT by up-regulating αSMA and

down-regulating E-cadherin. Enalapril treatment was associated with increased expression of vimentin and nestin in the renal 

medulla, suggesting that renal medullary changes during the EMT might be more prominent, and ACE inhibition might differen-

tially modulate the expression of EMT markers in the developing rat kidney. (Korean J Pediatr 2009;52:944-952)
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1)jtj

Introduction

Dynamiccellulartransitions,switchingbetweentheepi-

thelialandmesenchymalstates,arepivotaleventsduring

embryogenesisandorganogenesis
1)
.Theepithelialtomesen-

chymaltransition(EMT)andthemesenchymaltoepithelial

transition(MET)occuratmultipleoccasionsduringdevelop-

ment,tumorprogressionandorganfibrosis
2,3)
.Overthepast

severalyears,therehasbeensubstantialprogressindemon-

stratingthesignificanceoftheEMTinchronickidneydis-
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ease
4)
.Theenhancedconversionoftherenaltubularepithelial

cellstomyofibroblasts/fibroblastsviatheEMTleadstothe

disruptionofpolarizedrenaltubularepitheliallayersandan

increaseinfibroticscarformation
5)
.

Ofnote,isthattheconversionofthemetanephricmesen-

chymeintoepitheliumviatheMETisafundamentalprocess

duringkidneydevelopment.Reciprocalinductiveinteractions

between themetanephricmesenchymeand uretericbud

transform theuretericbudintotherenalcollectingsystem;

thisoccurswhilethemetanephricmesenchymecondenses

andsubsequentlyundergoesMETtogiverisetonephrons
1)
.

Inthiscontext,therenalEMTmaybecharacterizedasa

processofreverseembryogenesis.Thereisagreatdealof

experimentaldataonthemodulationoftheEMT,asanovel

therapeutictarget,inthesettingofchronicrenalfibrosis
6,7)
.

A substantialnumberofEMT inducersandmediators

havebeenstudiedandamongthem,αSMA,E-cadherin

andvimentinhavebeenidentifiedasmarkersofboththe
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EMTandtheMET.DuringtheEMTassociatedwithrenal

fibrosis,tubularepithelialcellslosetheepithelialcellmarker

E-cadherinandacquiremesenchymalfeatures,characterized

byαSMA andvimentinmarkers
8,9)
.Cadherin-mediatedad-

hesionisavitalcomponentfordeterminingandmaintaining

theepithelialphenotype;therolethatE-cadherinplaysin

modulatingtheepithelialphenotypeandexpressionpatterns

duringkidneyMETisofgreatinterest
1)
.

Nestinisconsideredamarkerofneurogenicandmyogenic

precursorcells;however,relativelylittleisknownaboutits

roleinthekidney.Inthedevelopingkidney,nestinhasbeen

detectedinimmatureglomerularpodocytesandproximal

tubularepithelialcells
10,11)
.Nestinhasbeenshowntobeas-

sociatedwithvimentinin,invivoandinvitrostudies,sug-

gestingthepossibilityofnestinexpressioninvimentin-posi-

tivecellsofinjuredkidneys
12)
.Intheanti-Thy1nephritis

experimentalmodel,mostmesangialcellshavebeenshown

toexpressnestinassociatedwiththeactivationmarkerα

SMAandtheproliferationmarker
13)
.

Therenin-angiotensinsystem(RAS)hasbeenimplicated

asapotentmitogenfortheregulationofgenesinvolvedin

cellproliferationandgrowthofthedevelopingkidney;in

addition,itisamajorfactorinvolvedinthedevelopmentof

renaldisease
14)
.Weandothershavedemonstratedthatthe

neonatalinterruptionofangiotensinIIinducesrenalgrowth

impairmentthatislinkedtorenalpapillaryatrophyand

tubulointerstitialdamage;theseabnormalitiesarecharacte-

rizedbytubulardilatation/atrophyandinterstitialinflamma-

tion/fibrosis
15,16)
.Giventhefactthatabnormalrenaldevelop-

mentislinkedtosubsequentsusceptibilitytocardiovascular

diseaseinadulthood,andRASisacandidateforperinatal

programming,theRAS-mediationofrenaldevelopmentis

animportantfocusofstudy
17)
.

Theneonatalratisausefulmodelforkidneydevelop-

mentalstudies.Ratsarebornwithimmaturekidneysand

theyundergoconsiderablepostnatalrenaldevelopment.The

developingratkidneyisdependentonanintactRASfrom

gestationalday15topostnatalday13.Allcomponentsofthe

RASarecruciallyexpressedinthedevelopingkidneyina

spatialandtemporalpattern
18)
.Inthepresentstudy,we

investigatedtheeffectsofangiotensin(Ang)IIinhibitionon

theEMT inthedevelopingratkidney.Weexaminedthe

expressionofEMTmarkersandnestininangiotensincon-

vertingenzyme(ACE)inhibitor-treatedratkidneys.

MaterialsandMethods

Neonatalratpupsfrom pregnantSpragueDawleyrats

werebreastfedbytheirmothersthroughoutthestudy.They

weretreatedwith30mg/kgofenalapril(theenalapril-treated

group,n=22)orvehicle(thecontrolgroup,n=16)viaanoro-

gastrictubedailyfrombirth.Thisdoseofenalaprilisknown

toblocktheeffectsofAngII
19)
.Theratsweresacrificedat

eightdaysofage(N8),andtheirkidneyswereprocessed

forthestudy.Allratswereusedinaccordancewiththere-

commendationsintheGuideforCareandUseofLaboratory

AnimalsandbyguidelinesestablishedbytheAnimalCare

CommitteeoftheKoreaUniversityGuroHospital.

1.Immunohistochemicalstaining

Forassessingexpression,fivekidneysineachgroupwere

selectedforrepresentativeimmunohistochemicalstainingof

αSMA,E-cadherin,vimentinandnestinusinganavidin-

biotinimmunoperoxidasemethod(VectastainABCkit,Bur-

lingame,CA,USA).Theharvestedkidneysweretreatedin

10% formalin solution (Sigma ChemicalCo.,St.Louis,

U.S.A.)andembeddedinparaffin.Thesampleswerethen

cutinto4-µmsectionsanddriedandplacedontosilicanized

slides(Muto-Glass,Japan).Theparaffinsectionswerede-

paraffinizedwithxylene,followedbyrehydrationinades-

cendingseriesofethanols.Then,theendogenousperoxidase

activitywasquenchedin0.6% hydrogenperoxidefor15

min.Antigenretrievalwasperformedwith0.1% citricacid

(DAKOCo.,CA,USA).Thefollowingstainingandimmuno-

histochemicaltechniqueswereused.

2.IdentificationofEMTmarkersandnestin

Afterquenchingandantigenretrieval,thesectionswere

incubatedwithprimaryantibodiesagainstαSMA (Santa

CruzBiotechnology,SantaCruz,CA;dilution1:800),E-

cadherin(SantaCruzBiotechnology;dilution1:400),vimentin

(SantaCruzBiotechnology;dilution1:400)andnestin(Santa

CruzBiotechnology;dilution1:200).Asnegativecontrols,the

primaryantibodywassubstitutedwithPBS.Theincubation

timewasovernightat4°C.Afterincubation,thesections

werewashedtwiceinPBSfor5min.,andincubatedfor30

minwithsecondaryantibodies[peroxidase-conjugatedanti-

rabbitIgG(VectastainABCkit,Burlingame,CA,USA;dilu-

tion1:200)].Then,theslideswerewashedinPBS,andin-

cubatedfor50minwiththeVectastainABCreagent.The
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Fig. 1. Immunohistological examination of αSMA in the rat newborn control kidneys (A, 
C, E) and in the enalapril-treated kidneys (B, D, F). Low magnification of the kidney
shows that αSMA is more intensely detected in the medullary and cortical cells in the 
enalapril-treated group, compared to the controls (A, B). αSMA is faintly observed only 
in the vascular smooth muscle cells and some interstitial cells in the control kidneys (C, 
E) (arrows); however, αSMA was more strongly stained in the renal cortex and medulla,
especially in the dilated tubular epithelial cells in the enalapril-treated group (D, F) (ar-
rows). The number of αSMA-positive cells was increased in both the renal cortex and 
medulla of the enalapril-treated group (G, H) (

*P<0.05) (black bar: control, white bar: 
enalapril- treated group) (A, B original magnification ×40; C, D ×200; E, F ×400).

immunoreactionproductsweredevelopedusing3,3-diami-

nobenzidineasthechromogen,atthestandarddevelopment

times.Thesectionswerecounterstainedin0.5% methyl

greensolution(Trevigen,Gaitisburg,MD,USA)for5min,

dehydrated,and evaluatedusing lightmicroscopy (×400).

Thenumberofpositively-stained cellswas determined

under100magnificationin10random fields.

3.Statisticalanalysis

Dataarepresentedasthemean±SEM.Differencesbe-

tweenthegroupswereanalyzedbytheStudent　st-test.

StatisticalsignificancewasdefinedasaP<0.05.TheSigma-

Statversion2.0forWindowswasusedfortheanalysis.

Results

1.ExpressionofαSMA

Fortheimmunochemicalstaining,αSMA wasmorein-

tenselyexpressedinthemedullaryandcorticaldilatedtubular

cellsintheenalapril-treatedgroup,comparedtothecontrols

(Fig.1A-F).Inthecontrolgroup,αSMA wasweaklyde-

tectedonlyinthevascularsmoothmusclecellsandinsome

interstitialcells;therewasscantexpressionofαSMAinthe

tubularepithelialcellsandglomeruli(Fig.1A,CandE).In

theenalapril-treated group,αSMA wasobserved tobe

highlyexpressedinthedilatedtubularepithelialcells(Fig.

1B,DandF).ThenumberofαSMA-positivecellssignifi-

cantlyincreasedinboththerenalcortexandmedullainthe

enalapril-treatedgroup(P<0.05)(Fig.1GandH).

2.ExpressionofE-cadherin

Inthecontrolgroup,E-cadherinwasintenselyexpressed

inthedevelopingmedullaryandcorticalregionsandinthe

maturingtubularepithelialcells,comparedtotheenalapril-

treatedgroup(Fig.2A-F).Theimmunohistochemicalstai-

ningshowedthatE-cadherinexpressionwaseasilydetected

withinglomeruliandtubularepithelialcellsthroughoutthe
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Fig. 2. Immunohistological examination of E-cadherin in the newborn control kidneys (A, 
C, E) and in the enalapril-treated kidneys (B, D, F). Low magnification of kidney shows 
E-cadherin staining in the control group was highly expressed in the renal cortex and 
medulla, compared to the enalapril-treated group (A, B). E-cadherin was clearly 
detectable within the glomeruli and the developing and maturing tubules in the cortex and
medulla of the control kidneys (C) (E) (arrows). In the enalapril-treated kidneys, E- 
cadherin expression was faintly observed at some dilated cortical and medullary tubular 
epithelial cells (D, F) (arrows). E-cadherin-positive cells were considerably reduced in the
cortex and medulla of the enalapril-treated group (G, H) (

*P<0.05) (black bar: control, 
white bar: enalapril-treated group) (A, B original magnification ×40; C, D, E, F ×400).

cortexandmedullainthecontrolN8kidneys(Fig.2A,Cand

E).Intheenalapril-treatedgroup,E-cadherinwasweakly

observedinsomedilatedtubularepithelialcells(Fig.2B,D

andF).TheexpressionofE-cadherin-positivecellswas

dramaticallyreducedinthecortexandmedullaintheenala-

pril-treatedgroup(P<0.05)(Fig.2GandH).

3.Expressionofvimentin

Intheenalapril-treatedgroup,vimentinexpressioninthe

renalmedullawasmoreprominentthaninthecontrolgroup,

andalmostallmedullaryinterstitialcellsshowedstrong

positivevimentinstaining(Fig.3A-F).Inthecontrolgroup,

vimentinwasdetectedin thevascularendothelialcells,

glomeruliandmedullaryinterstitialcells(Fig.3A,CandE).

Theexpressionofvimentinwasstrongerinalmostallof

themedullaryinterstitialcellsintheenalapril-treatedgroup,

comparedtothecontrols(Fig.3B,DandF).Thenumberof

vimentin-positivecellswasnotdifferentintherenalcortex

betweenthetwogroups;however,theexpressionincreased

in themedullarytubulointerstitailcellsin theenalapril-

treatedgroup(P<0.05)(Fig.3GandH).

4.Expressionofnestin

Nestin-positivecellsweremorestronglyexpressedin

themedullarytubulointerstitialcellsintheenalapril-treated

group,comparedtothecontrols(Fig.4A-F).Theexpression

ofthenestin-positivecellsintherenalcortexwasobserved

intheglomeruli,endothelialcellsofarterioles,andafew

tubularcells;itwasnotmuchdifferentfrom thatofthe

controlgroup(Fig.4CandD).Nestinwasmoreabundantly

detectedinthedilatedmedullarytubularepithelialcellsin

theenalapril-treatedgroup(Fig.4EandF).Thenumberof

nestin-positivecellswasnotdifferentintherenalcortexof

thetwogroups;however,theexpressionofnestinincreased

inmedullarytubulointerstitialcellsoftheenalapril-treated

group(P<0.05)(Fig.4GandH).
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Fig. 3. Immunohistological examination of vimentin in the rat newborn control kidneys 
(A, C, E) and in the enalapril-treated kidneys (B, D, F). Low magnification of the kidney
shows vimentin expression in the renal medulla was detected significantly more in the 
enalapril-treated group, compared to the controls (A, B). In the cortex of the both groups,
vimentin was detectable within the glomeruli, vascular endothelial cells and some inter-
stitial cells (C, D) (arrows). In the renal medulla of enalapril-treated kidneys, almost all 
interstitial cells had  strong positive vimentin staining and more vividly expressed than 
in the control group (E, F) (arrows). The number of vimentin-positive cells in the renal 
cortex was not different between the two groups; however, their expression in the me-
dulla was increased in the enalapril-treated group (G, H) (

*P<0.05) (black bar: control, 
white bar: enalapril-treated group) (A, B original magnification ×40; C, D, E, F ×400).

Discussion

ThemainfindingofthepresentstudywasthatACEin-

hibition,inthedevelopingratkidney,increasedtherenal

EMT.WedemonstratedthatACEblockade,inthenewborn

ratkidney,up-regulatedthedilatedtubularexpressionofα

SMA,arepresentativemesenchymalmarker,anddown-

regulatedtheexpressionofthemostcommonepithelialcell

marker,E-cadherin.Enalapriltreatmentwasassociatedwith

increased expressionofvimentinandnestinintherenal

medulla;however,therewerenosignificantchangesnoted

intherenalcortex.TheseresultssuggestthattheRASis

importantformodulatingtherenalEMTofthedeveloping

kidney,andthatmedullarytubulogenesisviarenalMETor

EMTmightbeaffectedbyneonatalACEinhibition.

AngII,themainpeptideoftheRAS,hasbeenimplicated

asapotentmitogenicregulatorofgenesinvolvedincellpro-

liferationandgrowthofthedevelopingkidney,aswellasin

theprogressionofrenaldamage.Thispeptideactivatestu-

buloepithelialcells,interstitialfibroblasts,andglomerular

cells,thatregulatecellgrowthandextracellularmatrixsyn-

thesis
20)
.AccumulatingevidencesuggeststhatAngIIisthe

keymodulatorofrenalfibrosisandEMT.Inculturedtubulo-

epithelialcells,AngIIinducesαSMA expressionandme-

senchymalfeatures
21)
.InfusionofAngIIintoratscauses

tubularinjuryassociatedwiththeneoexpressionofαSMA

andvimentinintherenalinterstitialcells
22,23)
;therefore,it

isreasonabletospeculatethatAngIImightbeinvolvedin

theEMTofthekidney.

Theresultsofthepresentstudyindicated,forthefirst

time,thatenalapriltreatmentpromotesrenalEMT and

hindersrenalMETinthedevelopingratkidney.Inaccor-

dancewithtubulardilatationandinterstitialdamagecaused

byACEinhibition,theexpressionofmesenchymalmarkers

(αSMAandvimentin)andnestinincreased,andtheexpres-

sionoftheepithelialmarker(E-cadherin)decreased.These

changesweremoreevidentintherenalmedullathaninthe
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Fig. 4. Immunohistological examination of nestin in the rat newborn control kidneys (A, 
C, E) and in the enalapril-treated kidneys (B, D, F). Low magnification of the kidney 
shows nestin expression in the renal medulla was more strongly stained in the enalapril-
treated group, compared to the controls (A, B). In the cortex of both groups, nestin was 
detectable within the glomeruli, vascular endothelial cells and a few tubular cells; the 
immunoactivities did not differ between the two groups (C, D) (arrows). In the renal 
medulla of the enalapril-treated kidneys, nestin was more highly detected at the dilated 
tubular epithelial cells, compared to the controls (E, F) (arrows). The number of nestin- 
positive cells in the renal cortex was not different between the two groups; however, 
their expression in the medulla was increased in the enalapril-treated group (G, H) (

*
P< 

0.05) (black bar: control, white bar: enalapril-treated group) (A, B original magnification 
×100; C, D, E, F ×400).

cortexoftheenalapril-treatedrats.Consistentwithourfin-

dings,priorreportshaveindicatedthattheinterruptionof

AngIIsignalingduringnephrogenesisinneonatalratsper-

turbsrenaltubulardevelopment.Lasaitieneetal
24)
showed

thatneonatallosartantreatmentcausedsignificantchanges

inthephenotypeofthedevelopingmedullaryandcortical

regionsaswellasathickascendinglimbofHenle.ACE

inhibitionintheneonatalrathasadetrimentaleffectonthe

tubularmitochondrialstructureandfunctionduringrenal

morphogenesis
25)
.Enalapriltreatmentalsocausedareduced

expressionofE-cadherinindilatedmedullarycollectingtu-

bules,suggestingthatsuppressedE-cadherinlevelscouldbe

involvedinthedevelopmentoftubulardilatationandthat

RASisimportantinmediatingnormalmedullarytubuloge-

nesis
26)
.

TheexpressionofαSMAhasbeenusedasamarkerfor

myofibroblasts,asubsetoffibroblaststhatareamajorsource

ofcollagensynthesis
27)
.Indeed,increasingnumbersofα

SMA-positivemyofibroblastshasbeenassociatedwithpro-

gressiverenaldysfunctioninmanyexperimentalstudies
28)
.

αSMA mayprovideastructuralfoundationnotonlyfor

definingthemorphologyof transformedcells,butalsofor

theirmigration,invasion,andtheircapacityforcontractility.

αSMA-positivetubularepithelialcellsareastable,termi-

nally-differentiated,irreversible,transformedcelltype
29)
.In

thepresentstudy,positivestainingforαSMAwasdetected

exclusivelyinthevascularsmoothmusclecellsofthecon-

trolgroup.DenovoαSMA expressionmightbedetected

primarilyinthedilatedcorticaltubularepithelialcellsand

medullarytubulointerstitailcellsofenalapril-treatedneonatal

rats.

E-cadherinisanepithelialcellspecificintracellularadhe-

sionmoleculethatcaninduceMET,whenoverexpressedin

cellsofmesenchymallineage
30)
.ThesuppressionofE-cad-

herinexpressionisregardedasakeystepthatprecedes

othermajoreventsduringrenalEMT.Theimportanceof
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E-cadherininthedevelopmentofnormalepithelium has

beenestablishedingeneknockoutmice
31)
.Wefoundthatthe

expressionofE-cadherinwassignificantlydecreasedinthe

corticalandmedullarydilatedtubulesoftheenalapril-treated

group.Undernormalconditions,E-cadherinexpressionwas

easilydetectedwithintheglomeruliandtubularepithelial

cellsthroughoutthecortexandmedulla.Thedenovoex-

pressionofαSMAandthelossofE-cadherinimplythatthe

mesenchymalprogrammedgenesareturnedonwhilethe

epithelialprogrammedgeneshavebeenturnedoff.

Ourfindingsshowedthatup-regulationofvimentinand

nestinexpressionwasobservedonlyintherenalmedullaof

enalapril-treatedrats.ThemedullaryEMT maybemore

susceptibletoneonatalACEinhibitionthanthecortex,or

vimentinandnestinexpressionmayplaydifferentroles

duringEMT.Vimentinandnestinareintermediatefilament

(IF)proteinsthataretypicallyfoundinmesenchymeandin

neuroepithelialstem cells,respectively.Amongtheknown

cytoskeletalproteins,IFproteinsarethemostcharacteristic

ofpodocytes
12)
.IFscontributetothemesenchymalintegrity

ofcellsandtissues,andplayakeyroleinavarietyofcel-

lularfunctionsthatrangefrom thedeterminationofcell

shapeandmotilitytocellcyclecontrolandsignaltransduc-

tion
32)
.AlterationofIFgeneexpression,isoftenaccompanied

bytissueinjury;thisincludesitseffectsonthekidneys
12)
.

Vimentinwasnotfoundinthetubularepithelialcellsat

anydevelopmentalstage.However,thecellsofthecollecting

ductsshowedtransientexpressionofvimentininthefetal

kidneys
33)
.Interstitialstainingofvimentinindiseasedkidney

tissueshasshownincreasedfibrosis
34)
.Expressionofvimen-

tinbytubularcellshasbeenfoundinacutetubularnecrosis

duringwhichtransienthighlevelsofvimentinexpression

havebeenseeninproliferatingtubulesduringtherepair/re-

generativephase;however,thisisreversibleandisnotas-

sociatedwithprogressivetubulointerstitialfibrosis
35)
.Inthe

presentstudy,vimentinwaseasilydetectedintheglomeruli

andinsomeofthemedullarycollectingductsoftheneona-

talcontrolkidneys.Enalapriltreatmentincreasedthemedul-

laryinterstitialexpressionofvimentin,suggestingsomerole

inrenalmedullaryEMTofneonatalrats.

NestinisanotherIFproteinandamarkerforneuroepith-

elialandnon-neuralstem cells.Itspresenceincellsmay

identifymulti-potentialityandregenerativepotential
36)
.Sa-

kairietal
37)
showedthatthedegreeofnestinexpressionwas

correlatedwiththedegreeoftubulointerstitialfibrosisinthe

adultratkidneyfollowingunilateralureteralobstruction.The

nestin-positivetubularcellsexpressedvimentin,indicating

thatthesecellsrevertedtoamesenchymalphenotype.After

experimentalmesangialcellinjuryinvivo,glomerularnestin

wasalsotransientlyincreasedduringtherepopulationphase.

Nestinpromotedmesangialcellproliferationinvitro,suppor-

tingarolefornestinduringrepairreactions
13)
.Inthisstudy,

wefoundthatnestinwasexpressedinglomeruli,endothelial

cellsofarterioles,andafew tubularcellsinvolvedinthe

controlofthedevelopingkidneys,consistentwiththefin-

dingsofothers
10,11)
.InACEinhibitedneonatalrats,nestin

wasre-expressedandincreasedsignificantlyinthemedul-

larydilatedtubularandinterstitialcells,suggestingthat

nestinplaysanimportantroleinrenalmedullaryEMT.

However,theresultsofthepresentstudydonotprovide

enoughdatatoconfirmthis.Furtherinvestigationsinvolving

theprecisemechanism ofvimentin-ornestin-associated

renalEMTinthedevelopingkidneyarenow needed.

Theresultsofthisstudyshowedforthefirsttimethat

AngIIinhibitionwasinvolvedinrenalEMT,indeveloping

ratkidneys,throughenhancedexpressionofαSMA,vimen-

tinandnestin,andsuppressedexpressionofE-cadherin.

Therewerenosignificantcorticalchangesassociatedwith

vimentinandnestinexpressionafterenalapriltreatment.

TheinteractionbetweenRASandrenalMET/EMTinthe

developingkidneymightprovideaclueforimprovedunder-

standingofthenovelmechanismsinvolvedinrenalgrowth

anddevelopment.Tofurtherclarify theRAS-associated

MET/EMTchanges,wenowneedtoinvestigatethesignal

cascadesinvolvedinthedevelopingkidneys.

요 약

발생 중인 백서 신장에서 AngiotensinII

억제가 epithelialtomesenchymal

transition에 미치는 효과

고려대학교 의과대학 소아과학교실

임형은․유기환․배인순․홍영숙․이주원

목 적:Epithelialtomesenchymaltransition(EMT)은 태

생기에 있어 필수 불가결한 발달과정일 뿐 아니라,신 섬유화에

있어서도 중요한 역할을 하며,nestin은 고전적인 줄기세포 표지

자로 신 세뇨관 간질 손상에 있어 새로운 표지자로 밝혀지고 있

다.신생 백서 신장에서 Angiotensin(Ang)II가 EMT에 미치

는 영향을 알아보고자,안지오텐신 전환 효소 억제제를 투여한

신생 백서의 신장에서 EMT표지자 및 nestin의 발현 양상을 조

사하였다.
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방 법:7일 동안 신생 백서에게 enalapril(30mg/kg/d)또는

vehicle을 투여하였으며,α-smoothmuscleactin(SMA),E-

cadherin,vimentin및 nestin에 대한 면역 조직 화학 염색을 시

행하였다.

결 과:enalapril투여군에서 대조군에 비해 신 피질 및 수질

모두에서 α-SMA발현이 증가하였으며,이는 확장된 세뇨관 상

피 세포에서 뚜렷하였다(P<0.05).E-cadherin발현은 enalapril

투여군의 신 피질 및 수질의 세뇨관 상피 세포에서 확연히 감소

하였다(P<0.05).vimentin및 nestin발현은 신 피질에서는 양

군간의 차이가 없었으나,신 수질에서는 enalapril투여군에서 세

뇨관 간질 세포에서 발현이 의미있게 증가하였다(P<0.05).

결 론:신생 백서 신장에서 AngII억제는 α-SMA 발현을

증가시키고,E-cadherin발현을 감소시킴으로써 발달하는 신장

의 EMT를 증가시켰다.Enalapril투여는 또한 신 수질에서

vimentin과 nestin의 발현을 증가시켰으며,이는 신생 백서 신장

에서의 AngII억제로 인한 EMT과정 중 신 수질의 변화가 더

욱 뚜렷한 것을 시사하며,AngII억제가 EMT표지자들의 발현

을 다르게 변화시키는 것으로 사료된다.
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