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ABSTRACT

Thedifferentialexpressionofnephrinaccordingto
glomerularsizeinearlydiabetickidneydisease

Hyung-JongKim

DepartmentofMedicine
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorShin-WookKang)

BBBaaaccckkkgggrrrooouuunnnddd:::Diabeticnephropathy(DN)isclinicallycharacterizedby
proteinuria. The underlying pathologic change responsible for
proteinuriainvariousglomerulardiseasesisthelossofsize-selective
and/orcharge-selectivepropertiesoftheglomerularfiltrationbarrier.
Traditionally,the GBM has been considered a coarse filter that
restricts largemolecules,whiletheslitdiaphragm wasthoughtto
functionasafinefilterthatcontributestoultimatesize-selectivity,
permitting permeabilityonlytomoleculessmallerthanalbumin.The
molecularstructureoftheslitdiaphragm isstillunclear,butrecent
studieshaverevealedafew geneslocatedattheregionoftheslit
diaphragm.Nephrin,a productofthe NPHS1 gene was the first
protein demonstrated tocomprisetheslitdiaphragm.Many studies
triedtodemonstratearelationshipbetweenproteinuriaandchangesin
nephrininvariousformsofglomerulardiseasesincludingDN,butthe
resultsarenotconsistent.Glomerularhypertrophyisacharacteristic
finding ofDN,butitdoes notseem to develop in allglomeruli



-iv-

concurrently.Ihypothesized thatdifferentialgene expression might
occur depending on glomerular size,and that the differences in
glomerularsizeasaresultofdiverseisolationtechniquescouldlead
to apparent discordance of gene expression. In this study, I
investigatedthedifferencesinnephrinexpressionbetweensmalland
large(hypertrophied)glomeruliisolatedfrom diabeticrats.Ifocusedon
the expression of nephrin, the most important filtration
barrier-associated molecule,due to the conflicting reports on its
expressionpatternsinearlydiabeticnephropathy.

MMMeeettthhhooodddsss::: To investigate the differences in nephrin expression
accordingtoglomerularsize,glomeruliwereisolatedfrom 10control
(C)and10streptozotocin-induceddiabeticrats(DM)at6-weeksafter
theinduction ofdiabetesby asieving techniqueusing sieveswith
poresizesof250㎛,150㎛,125㎛,and75㎛.Wethenclassified
glomeruliintolargeglomeruli(onthe125㎛ sieve,LG)andsmall
glomeruli(onthe75㎛ sieves,SG)groups.Glomerularvolumewas
determined using an image analyzer, and mRNA and protein
expressionbyrealtime-PCRandWesternblot,respectively.

RRReeesssuuullltttsss:::ThemeanvolumesoftheDM-LG (1.68±0.08x106㎛3)
andC-LG (1.47±0.09x106㎛3)weresignificantlyhigherthanthose
oftheDM-SG(1.08±0.04x106㎛3)andC-SG(0.97±0.03x106㎛
3)(p<0.01).Nephrin mRNA expression wassignificantly reducedin
DM-LG (0.49 ± 0.10)compared to DM-SG (1.71 ± 0.21)and C
glomeruli(C-SG,reference value 1;C-LG,1.05 ± 0.16)(p<0.05),
whereasitsexpressionwassignificantlyhigherinDM-SG compared
to DM-LG and C glomeruli(p<0.05).In contrast,there was no
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statisticallysignificantdifferenceinglomerular18smRNA expression
among the fourgroups.Glomerularnephrin,both extracellularand
intracellular,protein expression was increased in DM-SG,whereas
there was a significantreduction in nephrin protein expression in
DM-LG comparedtoC-SG andC-LG,asshownbynephrinmRNA
expression.Densitometricquantitationrevealed56% and92% increases
in extracellular and intracellular nephrin protein expression,
respectively,in DM-SG compared to C-SG (p<0.05).In contrast,
extracellularandintracellularnephrinproteinexpressionwasdecreased
by 77% and 86%,respectively,in DM-LG versus C-SG (p<0.05).
There was no significantdifference in nephrin protein expression
betweenC-LGandC-SG.WT-1and β-actinproteinexpressionwere
similaramongthefourgroups.

CCCooonnncccllluuusssiiiooonnn:::Thesedatasuggestthatthenephringeneisdifferentially
expressed according to glomerularsize.Furthermore,hypertrophied
glomeruliwith lesser nephrin expression may be responsible for
albuminuriaintheearlystageofDN.
����������������������������������������������������������������������

Keywords:Diabeticnephropathy,Proteinuria,Nephrin,Glomerularhypertrophy,
Glomerularsize
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Thedifferentialexpressionofnephrinaccordingto
glomerularsizeinearlydiabetickidneydisease

Hyung-JongKim

DepartmentofMedicine
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorShin-WookKang)

I.INTRODUCTION

Diabeticnephropathy,theleadingcauseofend-stagerenaldisease
intheUS1,isclinicallycharacterizedbyproteinuria2.Theunderlying
pathologic change responsible forproteinuria in various glomerular
diseasesisthelossofsize-selectiveand/orcharge-selectiveproperties
oftheglomerularfiltrationbarrier3-7.Theglomerularfiltrationbarrier
is comprised of three layers: a fenestrated endothelial layer,a
glomerularbasementmembrane(GBM),andpodocytefootprocesses
connected by a slitdiaphragm.Traditionally,the GBM has been
consideredacoarsefilterthatrestrictslargemolecules,whiletheslit
diaphragm wasthoughttofunctionasafinefilterthatcontributesto
ultimate size-selectivity,permitting permeability only to molecules
smallerthanalbumin8.
Nephrin,aproductoftheNPHS1genethatismutatedinpatients

withcongenitalnephroticsyndromeoftheFinnishtype9,wasthefirst
proteindemonstratedtocomprisetheslitdiaphragm10,11.Experiments
designed to demonstratea relationship between changesin nephrin
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expression and/or localization and proteinuria in various forms of
glomerular diseases, including diabetic nephropathy, have been
inconsistent12-19.A reductioninnephrinexpressionhasbeenobserved
in experimentalglomerular diseases12 and in adult patients with
primary acquired nephroticsyndrome15,butnotin pediatricpatients
with glomerular diseases16. In cases of experimental diabetic
nephropathy,onestudy demonstrated areduction in nephrin mRNA
and protein expressions in streptozotocin-induced diabetic
spontaneously hypertensive rats14, whereas another study in
streptozotocin-induced diabetic rats and in nonobese diabetic mice
revealedanincreaseinnephrinmRNA levels13.Thereasonsforthe
divergenceofchangesinnephrinexpressionindiabeticnephropathy
arenotclear,butdifferencesbetweenspecies,durationofdiabetes,or
accompanyinghypertensionmaycontributetothesedisparities.
Moststudiesontheglomerularexpressionofcertainmoleculeshave

beenperformedwithglomeruliisolatedbyeithermicrodissectionora
sievingtechnique.Atthetimeofmicrodissection,especiallyinstudies
withdiabeticglomeruli,itisapparentthatalltheglomeruliarenotthe
sameinsize.A differenceingeneexpressionaccordingtothesizeof
theglomerulimayexist,buthasneverbeenstudied.Wehypothesized
thatdifferentialgeneexpressionmightoccurdependingonglomerular
size,andthatthedifferencesinglomerularsizeasaresultofdiverse
isolation techniques could lead to apparent discordance of gene
expression.Inthisstudy,weinvestigatedthedifferencesinnephrin
expressionbetweensmallandlarge(hypertrophied)glomeruliisolated
from diabeticrats.Wefocusedontheexpressionofnephrin,themost
importantfiltrationbarrier-associatedmolecule,duetotheconflicting
reportsonitsexpressionpatternsinearlydiabeticnephropathy.
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II.MATERIALSANDMETHODS

1.Animals

Allanimalstudieswereconductedusingaprotocolapprovedbythe
committee forthe care and use oflaboratory animals ofYonsei
University CollegeofMedicine.Twenty maleSprague-Dawley rats,
weighing250-280gwerestudied.Tenratswereinjectedwithdiluent
(Control,C)and 10 with 65 mg/kg streptozotocin intraperitoneally
(DM). Blood glucose levels were measured 3 days after the
streptozotocin injectiontoconfirm thedevelopmentofdiabetes.The
ratsweregivenfreeaccesstowaterandstandardlaboratorychow
during the 6-weeksstudy period.Allrats weresacrificed after6
weeks.Whenwemeasuredtheurinaryalbuminexcretionindiabetic
rats,statisticallysignificantincreaseinurinaryalbuminexcretionwas
observedforthefirsttimeat6weeksafterstreptozotocininjection.
Since the purpose ofthis study was to examine the changes of
nephrinexpressioninapointofalbuminuria,weused6-weekdiabetic
rats.
Body weights were checked weekly,and kidney weights were

measured atthe time ofsacrifice.Serum glucose was measured
weeklyand24-hoururinaryalbuminatthetimeofsacrifice.Blood
glucosewasmeasured by glucometerand 24-hoururinary albumin
excretion was determined by ELISA (Nephrat II, Exocell,Inc.,
Philadelphia,PA).
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2.Glomerularisolation

Glomeruliwereisolatedby asieving techniqueusing sieveswith
pore sizes of 250 ㎛,150 ㎛,125 ㎛,and 75 ㎛.Since the
juxtamedullaryglomeruliareknowntobelargerthansuperficialand
midcorticalglomeruliin controland streptozotocin-induced diabetic
rats20,wetriedtouseonlythecorticaltissuesforglomerularisolation.
Inaddition,glomeruliwerecollectedunderaninvertedmicroscopeto
minimize tubular contamination.We classified glomeruliinto large
glomeruli(onthe125㎛ sieve,LG)andsmallglomeruli(onthe75㎛
sieve,SG)groups.FortheCglomeruli,glomerulionthesievewitha
poresizeof125㎛ from 3-4ratswerepooled,becausetherewerefew
glomerulionthe125㎛ sievefrom theindividualsamplesoftheC
rats.

3.Morphometricmeasurementofglomerularvolume

Glomerularvolume(VG)wascalculatedaccordingtothemethodof
Weibel21.Briefly,photographs of50 glomeruliwere taken using a
digitalcamera atthetimeofsieving and thesurfaceareaswere
tracedusingacomputer-assistedcolorimageanalyzerImage-ProVer.
2.0(MediaCybernetics,SilverSpring,MD).
VG wascalculatedusingtheequation:

VG=β/kx(Area)3/2,
whereβ=1.38istheshapecoefficientforspheres,andk=1.1isthesize
distributioncoefficient.
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4.Reversetranscriptionpolymerasechainreaction

A.TotalRNA extraction

Glomerulion the125㎛ (C-LG and DM-LG)and 75㎛ sieves
(C-SG andDM-SG)wereputinasolutionofvanadylribonucleoside
complexandthreehundredglomeruliwerecountedat4℃,rinsedand
transferredtothreetubes(100glomerulipertube)containingRNAse
inhibitor.TotalRNA wasextractedaspreviouslydescribed22.Briefly,
100㎕ ofRNA STAT-60reagent(Tel-Test,Inc.,Friendswood,TX)
wasaddedtotheglomeruliwhichwerelysedbyfreezingandthawing
threetimes.Another700 ㎕ ofRNA STAT-60 reagentwas then
addedandthemixturewasvortexedandstoredfor5minutesatroom
temperature.Next,160㎕ ofchloroform wasaddedandthemixture
wasshakenvigorouslyfor30seconds.After3minutes,themixture
wascentrifugedat12,000X gfor15minutesat4℃ andtheupper
aqueousphasecontainingtheextractedRNA wastransferredtoanew
tube.RNA wasprecipitatedfrom theaqueousphasebyadding400㎕
ofisopropanolandthenpelletedbycentrifugationat12,000X gfor30
minutesat4℃.TheRNA precipitatewaswashedwith70% ice-cold
ethanol,dried using a Speed Vac,and dissolved in DEPC-treated
distilledwater.GlomerularRNA yieldandqualitywereassessedbased
onspectrophotometricmeasurementsatthewavelengthof260and280
nm.
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B.Reversetranscription

Firststrand cDNA wasmadeby using aBoehringerMannheim
cDNA synthesis kit (Boehringer Mannheim GmbH, Mannheim,
Germany).TotalRNA extracted from 100 glomeruliwas reverse
transcribedusing10 μM random hexanucleotideprimer,1mM dNTP,
8 mM MgCl2,30 mM KCl,50 mM Tris-HCl,pH 8.5,0.2 mM
dithiothreithol,25 U RNAse inhibitor,and 40 U AMV reverse
transcriptase.Themixturewasincubatedat30℃ for10minutesand
42℃ for1hourfollowedbyinactivationoftheenzymeat99℃ for5
minutes.

C.Realtime-polymerasechainreaction(RT-PCR)

Theprimersusedfornephrinand18samplificationwereasfollows:
nephrin sense: 5'-CCTGCACCACCAACTGCTTAGC-3'

antisense: 5'-CCAGTGAGCTTCCCGTTCAGC-3'
18s sense: 5'-CGTGAGAGTGTCTAACGGG-3'

antisense: 5'-CGAGTCAGGCATTTGGTCC-3'
cDNAsfrom 0.5glomeruliperreactiontubewereusedforthenephrin
and18samplification.
Using theABIPRISM 7700SequenceDetection System (Applied

Biosystems,FosterCity,CA,USA),PCR wasperformedwithatotal
volumeof20 μLineachwell,containing10 μLofSYBRGreenⓇ PCR
MasterMix(AppliedBiosystems),5 μLofcDNA,and5pmolsense
and antisense primers.Primer concentrations were determined by
preliminary experimentsthatanalyzed theoptimalconcentrationsof
eachprimer.Eachsamplewasrunintriplicateinseparatetubesto
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permitquantification ofthegenenormalized to the18s.ThePCR
conditionsusedwereasfollows:for18s,35cyclesofdenaturationat
94.5℃ for30sec,annealingat60℃ for30sec,andextensionat72℃
for1minute;andfornephrin,40cyclesofdenaturationat94.5℃ for
30sec,annealingat57℃ for30sec,andextensionat72℃ for30sec.
Initialheatingat95℃ for9minutesandfinalextensionat72℃ for7
minuteswereperformedforallPCRs.
AfterRT-PCR,thetemperaturewasincreasedfrom 60to95℃ ata

rateof2℃/mintoconstructameltingcurve.A controlwithoutcDNA
wasrun in parallelwith each assay.ThecDNA contentofeach
specimenwasdeterminedusingacomparativeCT methodwith2-△△CT.
Theresultsaregivenasrelativeexpressionofnephrinnormalizedto
the 18s housekeeping gene.Signals from C-SG were assigned a
relative value of1.0.In pilotexperiments,PCR products run on
agarosegelsrevealedasingleband.

5.Westernblotanalysis

Counted glomeruliwere lysed in sodium dodecylsulfate (SDS)
samplebuffer(2% sodium dodecylsulfate,10mM Tris-HCl,pH 6.8,
10% [vol/vol]glycerol),treatedwithLaemmlisamplebuffer,heatedat
100℃ for 5 minutes, and electrophoresed in an 8% acrylamid
denaturingSDS-polyacrylamidegel.Proteinswerethentransferredto
aHybond-ECLmembraneusingaHoeffersemidryblottingapparatus
(HoefferInstruments,SanFrancisco,CA),andthemembranewasthen
incubatedinblocking bufferA (1x PBS,0.1% Tween-20,and8%
nonfatmilk)for1houratroom temperature,followedbyanovernight
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incubation at4℃ in a 1:2000 dilution ofpolyclonalantibodies to
extracellularorintracellulardomain ofnephrin (Progen,Heidelberg,
Germany)orpolyclonalantibodiestoWT-1or β-actin(SantaCruz
Biotechnology,Inc.,SantaCruz,CA).Themembranewasthenwashed
oncefor15minutesandtwicefor5minutesin1xPBSwith0.1%
Tween-20.Next,themembranewasincubatedinbufferA containing
a1:1000dilutionofhorseradishperoxidase-linkedgoatanti-rabbitIgG
(Amersham Life Science,Inc.,Arlington Heights,IL).The washes
were repeated, and the membrane was developed with a
chemiluminescentagent(ECL;Amersham LifeScience,Inc.).

6.Statisticalanalysis

Allvaluesareexpressedasthemean standarderrorofthemean
(SEM).Statisticalanalysiswasperformedusingthestatisticalpackage
SPSSforWindowsVer.11.0(SPSS,Inc.,Chicago,IL).Resultswere
analyzed using theKruskal-Wallisnon-parametrictestformultiple
comparisons.SignificantdifferencesbytheKruskal-Wallistestwere
furtherconfirmedbytheMann-WhitneyU test.P valueslessthan
0.05wereconsideredtobestatisticallysignificant.
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III.RESULTS

1.Animaldata(Table1)

Allanimalsgainedweightoverthe6-weekexperimentalperiod,but
weightgainwashigherinCcomparedtoDM rats(p<0.01).Theratio
of kidney weight to body weight in DM (1.07 ± 0.04%) was
significantlyhigherthaninCrats(0.64±0.02%).
ThemeanbloodglucoselevelsofCandDM ratswere101.7±1.9

mg/dland483.3±7.3mg/dl,respectively(p<0.01).ComparedtotheC
group(0.29± 0.04mg/day),24-hoururinaryalbuminexcretionwas
significantlyhigherintheDM group(1.09±0.17mg/day)(p<0.05).
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Table1.Bodyweight,kidneyweight,kidneyweight/body
weight,bloodglucoseand24-hoururinaryalbumin
excretionofthetwogroups

Dataareexpressedasmean±SEM
*;p<0.01,vs.Control
#;p<0.05vs.Control

Control
(n=10)

DM
(n=10)

Bodyweightafter
6weeks(g) 418±5 295±4*

Kidneyweight(g) 2.69±0.05 3.15±0.07#

KidneyWt/BodyWt(%) 0.64±0.02 1.07±0.04#

Bloodglucose(mg/dL) 101.7±1.9 483.3±7.3*

24-hoururinaryalbumin
excretion(mg/day) 0.29±0.04 1.09±0.17#
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2.Glomerularvolume

Wefirstexaminedthevolumeofglomerulifoundonthe125㎛ and
75㎛ sieves.ThemeanvolumesofDM-LG (1.68±0.08x106㎛3)
andC-LG (1.47±0.09x106㎛3)weresignificantlyhigherthanthose
ofDM-SG (1.08±0.04x106㎛3)andC-SG (0.97±0.03x106㎛3)
(p<0.01)(Fig.1,2).

Figure 1.A representative photograph ofsieved glomerulifrom a
diabeticrat.DM-LG (on the 125 ㎛ sieve)(B)weresignificantly
largerthanDM-SG(onthe75㎛ sieve)(A).
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Figure 2.Mean glomerularvolume in C-SG,C-LG,DM-SG,and
DM-LGgroups.ThemeanvolumesofDM-LG(1.68±0.08x106㎛3)
andC-LG (1.47±0.09x106㎛3)weresignificantlyhigherthanthose
ofDM-SG (1.08±0.04x106㎛3)andC-SG (0.97±0.03x106㎛3).
*;p<0.01vs.C-SGandDM-SG.
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3.GlomerularnephrinmRNA expression

We next examined the changes of glomerular nephrin mRNA
expression according to the size of glomeruli. Nephrin mRNA
expression was significantly reduced in DM-LG (0.49 ± 0.10)
comparedtoDM-SG (1.71±0.21)andC glomeruli(C-SG,reference
value1;C-LG,1.05± 0.16)(p<0.05),whereasitsexpression was
significantlyhigherinDM-SG comparedtoDM-LG andC glomeruli
(p<0.05)(Fig.3).In contrast,therewasnostatistically significant
differenceinglomerular18smRNA expressionamongthefourgroups
(Fig.4).Even aftercorrecting for18s mRNA,the differences in
nephrin mRNA expression between groups remained significant
(p<0.05)(datanotshown).
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Figure3.Nephrin mRNA expression in C-SG,C-LG,DM-SG,and
DM-LG groups.NephrinmRNA expressionwassignificantlyreduced
inDM-LG (0.49± 0.10)comparedtoDM-SG (1.71± 0.21)andC
glomeruli(C-SG,referencevalue1;C-LG,1.05± 0.16),whereasits
expressionwassignificantlyhigherinDM-SG comparedtoDM-LG
and C glomeruli.Data are expressed as relative fold changes of
nephrinmRNA expressionrelativetoC-SG.*;p<0.05vs.Cglomeruli
andDM-LG,#p<0.05vs.CglomeruliandDM-SG.
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Figure4.18smRNA expressioninC-SG,C-LG,DM-SG,andDM-LG
groups.Therewasnostatisticallysignificantdifferenceinglomerular
18smRNA expressionamongthefourgroups.Dataareexpressedas
relativefoldchangesof18smRNA expressionrelativetoC-SG.
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4.Glomerularnephrinproteinexpression

Figure5showsarepresentativeWesternblotwiththelysatesof
C-SG,C-LG,DM-SG,andDM-LG at6-weeksafterstreptozotocin
injection. Glomerular nephrin, both extracellular and intracellular,
protein expression wasincreased in DM-SG,whereastherewasa
significant reduction in nephrin protein expression in DM-LG
compared to C-SG and C-LG, as shown by nephrin mRNA
expression.Densitometricquantitationrevealed56% and92% increases
in extracellular and intracellular nephrin protein expression,
respectively,in DM-SG compared to C-SG (p<0.05).In contrast,
extracellularandintracellularnephrinproteinexpressionwasdecreased
by 77% and 86%,respectively,in DM-LG versus C-SG (p<0.05).
There was no significantdifference in nephrin protein expression
between C-LG and C-SG.WT-1 and β-actin protein expression
tendedtobehigherinbothC-LG andDM-LG,butdidnotreach
statisticalsignificance.
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Figure5.A representativeWesternblotwiththelysatesofC-SG,
C-LG,DM-SG,and DM-LG.Glomerularnephrin (both extracellular
andintracellular)proteinexpressionwasincreasedinDM-SG,whereas
there was a significantreduction in nephrin protein expression in
DM-LG compared toC-SG and C-LG.WT-1and β-actin protein
expressiontendedtobehigherinbothC-LGandDM-LG,butdidnot
reachstatisticalsignificance.
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IV.DISCUSSION

Inthisstudy,weshow thatnephrinmRNA andproteinexpression
indiabeticglomerulivariedaccordingtothesizeofglomeruli.These
findingssuggestthatglomerularisolationbyasievingtechniquewith
sievesofdifferentporesizesorvariouskidney sizesmay lead to
diverseresultsintheexpressionofcertaingenes.Finally,basedon
the finding thatnephrin expression is diminished in hypertrophied
diabetic glomeruli,we suggestthatalbuminuria may arise firstin
hypertrophiedglomeruliintheearlystageofdiabeticnephropathy.
Diabeticnephropathyisclinicallycharacterizedbyproteinuria2.The

underlying pathologic change responsible forproteinuria in various
glomerular diseases is the loss of size-selective and/or
charge-selectivepropertiesoftheglomerularfiltrationbarrier,whichis
comprised ofthe glomerularendothelium,basementmembrane,and
podocytes connected by a slit diaphragm3-7. Podocytes play an
importantroleinthesynthesisandmaintenanceofthesubepithelial
GBM andinthemaintenanceofglomerularpermselectivity8.Theylie
ontheurinarysideoftheglomerularbasementmembraneandextend
severalprimaryprocessesthatbranchintosecondaryfootprocesses.
The slitdiaphragm,which bridges adjacentfootprocesses derived
from differentpodocytes,functionsastheultimatemolecularsizefilter
with 4x 14nm-sized pores23.Themolecularstructureoftheslit
diaphragm isstillunclear,butrecentstudieshaverevealed a few
geneslocatedattheregionoftheslitdiaphragm.Nephrin,aproduct
ofthe NPHS1 gene thatis mutated in patients with congenital
nephrotic syndrome of the Finnish type9,was the first protein
demonstrated to comprise the slit diaphragm10, 11.In addition to
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nephrin,P-cadherin24,NEPH125,andFAT26arealsoknowntoexistat
the slitdiaphragm region,and catenin24,CD2-associated protein27,
podocin28,and ZO-129 are identified to be associated with the slit
diaphragm.
Ithasbeen suggestedthatchangesin theseglomerularfiltration

barrier-associatedmoleculesplayacriticalroleinthepathogenesisof
proteinuriainglomerulardisease.Basedonthisview,therehavebeen
severalreportson thechangesofthesefiltration barrier-associated
moleculesinvariouskidneydiseases,howevermostoftheprevious
studieswerefocusedon thechangesin nephrin12-19.Notonly have
decreasesinnephrinmRNA andproteinexpressionbeendescribed12,14,
17,19,butalsoredistributionofnephrinproteinhasbeenobservedin
experimental glomerular diseases induced by puromycin
aminonucleosideormercuricchloride12.In thelatter,thechangesin
nephrin mRNA expression preceded the developmentofproteinuria.
Similarchangesinnephrinproteinexpressionwerealsoobservedin
adultpatientswithprimaryacquirednephroticsyndrome15,butnotin
pediatricpatientswith glomerulardiseases16.Sinceproteinuriais a
cardinalfeatureofdiabeticnephropathy,thecontributionofchangesin
nephrinexpressiontoproteinuriaindiabeticnephropathyhasalsobeen
studied, but the results were not consistent. Bonnet et al14

demonstratedareductioninnephrinmRNA andproteinexpressionin
streptozotocin-induceddiabeticspontaneously hypertensiveratsat32
weeks after the induction of diabetes. A recent study also
demonstrated diminished nephrin expression and altered nephrin
localizationinbiopsiesofpatientswithnephropathyfrom bothtype1
and type 2 diabetes17.In contrast,Aaltonen etal13 observed an
increase in nephrin mRNA levels in streptozotocin-induced diabetic
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ratsandin nonobesediabeticmiceeven beforethedevelopmentof
significantalbuminuria.Inanotherstudy,angiotensinII,animportant
mediator in the pathogenesis of diabetic nephropathy,infused by
mini-pumpinratsincreasednephrinmRNA expression assessedby
real-timePCRandquantitativeinsituhybridization30.Thereasonsfor
the divergence of changes in nephrin expression in diabetic
nephropathymaybeduetoavarietyofunderlyingcauses,including
butnotlimited to differences in species,duration ofdiabetes,or
accompanyinghypertension.
However,Whenthesievingtechniquewasusedfortheisolationof

DM glomeruli,manyofthehypertrophiedDM glomerulicouldnotpass
throughthesecondtothelastsieve,thusleadingtodatareflecting
changesinonlythesmallerbutnotthelargerglomeruli.
Recently,ithasbeen suggestedthatnephrin actsasasignaling

molecule which can activate the mitogen-activated protein kinase
pathway and may influence podocyte survival31-33.Furthermore,a
recentstudy using transgenicmicedemonstrated thatnephrin was
transcriptionally activated by WT-134.In this study,however,we
observed thatchanges in nephrin and WT-1 expression did not
coincide.EventhoughWT-1expressionwasincreasedinglomerulion
125㎛ sieve,nephrin expression wassignificantly reduced in those
glomeruli.Furtherverificationisnecessarytodeterminewhetherthe
datafrom transgenicmiceareapplicabletonon-geneticallymodified
animalexperiments in the future.Moreover,we also observed an
increase in nephrin expression in glomerulifrom the 75 ㎛ sieve,
whichagreeswiththeresultsofthestudybyAaltonenetal13.Itwas
difficulttointerpretthemeaningofanincreaseinnephrinexpression
indiabeticglomeruliofsmallersize,butacompensatoryphenomenon
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for decreased nephrin expression in hypertrophied glomeruli or
increasedsignalingeventscouldbeexplanationsforthisobservation.
Kidneysizeistypicallyincreasedindiabetes,evenatthetimeof

diagnosis35. This is primarily due to glomerular and tubular
hypertrophy.A recentstudyusedX-raymicro-computedtomography
to measure the glomerular volume of the Otsuka Long-Evans
TokushimaFatty(OLETF)rat,ananimalmodelofhumantype2DM,
at27 to 28 weeks ofage36.This study revealed thatglomerular
volumewassignificantlylargerintheOLETF ratscomparedtothe
age-matched controlsoftheLong EvansTokushimaLean (LETO)
rats.However,when glomerularvolumewas normalized to kidney
weightorbodyweight,thetwogroupswerecomparable.Interestingly,
scatteringofglomerularvolume,expressedasacoefficientvariation
(SD/mean),was significantly larger in OLETF rats compared to
LETO ratsevenafternormalization,suggestingmoreheterogeneityin
the glomerular volume distribution.Many other investigators also
observedthatpatientswithtype2DM showedmuchvariabilityin
renal changes37,38. Such variation has resulted in difficulty in
determiningasensitivehistologicparameterforascertainingtheearly
stageofdiabeticnephropathy.Incontrast,glomerularabnormalitiesin
type1DM areknowntobemoreuniform comparedtotype2DM38.
In this study,however,we demonstrated thatearly hypertrophied
glomeruli,whichmaybemoreaffectedbydiabeticconditions,showed
differentnephrinexpressionpatternscomparedtorelativelysmallsized
glomeruli.Theseresultssuggestthatthesameinconsistentglomerular
changesoccurintype1DM asintype2DM.A recentstudyfound
thatvariation in nephrin expression in biopsies ofpatients with
nephropathy from both type 1 and type 2 diabetes was larger
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comparedtocontrolpatients17.Thisfindingpartlysupportsourresults
describing changes in nephrin expression.Further study willbe
necessarytodeterminethelocationwithintherenalcortexofearly
hypertrophiedglomeruliaswellasthefactorsdictatingthischange.
Thenumbersofpodocytesareknowntodecreaseintheglomeruli

ofpatientswithtype1diabetesofallages,withreducedpodocyte
numbers even in diabetes ofshortduration39.Analysis ofkidney
biopsiesfrom PimaIndianswith type2diabetesalsodemonstrated
that subjects with clinical nephropathy exhibited broadening of
podocytefootprocessesassociatedwithareductioninthenumberof
podocytes per glomerulus40. To exclude the possibility that the
decreaseinnephrinexpressioninhypertrophieddiabeticglomeruliwas
associated with a reduction in podocyte number,we reevaluated
nephrin protein expression by normalizing it with WT-1 protein
expression.Even afternormalization,nephrin protein expression in
hypertrophieddiabeticglomeruliremainedsignificantlylowercompared
to controlglomeruli.On the other hand,encapsulated glomeruli
containing the Bowman' capsule are larger than decapsulated
glomeruli.Ithasbeen reported thatwhen glomerularisolation was
performedusingthesievingtechnique,theproportionofdecapsulated
and encapsulated glomeruliwere 86.0 ± 6.0% and 11.0 ± 5.0%,
respectively41.Inthisstudy,weobservednearlythesameproportion
ofdecapsulated glomeruli(about90%)from the125㎛ and 75㎛
sieves.ThesefindingssuggestthatthereductionofnephrinmRNA
andproteinexpressioninlargeDM glomeruliisneitherattributedto
thedecreasein podocytenumbernortothepresenceofagreater
numberofencapsulatedglomeruli.
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V.CONCLUSION

We hypothesized that differentialgene expression might occur
depending on glomerular size,and investigated the differences in
nephrinexpressionbetweensmallandlarge(hypertrophied)glomeruli
isolatedfrom diabeticrats.

1.ThemeanvolumesofDM-LG (1.68±0.08x106㎛3)andC-LG
(1.47 ± 0.09 x 106 ㎛3)weresignificantly higherthan thoseof
DM-SG (1.08±0.04x106㎛3)andC-SG (0.97±0.03x106㎛3)
(p<0.01).

2.Nephrin mRNA expression wassignificantly reduced in DM-LG
(0.49± 0.10)comparedtoDM-SG (1.71± 0.21)andC glomeruli
(C-SG,referencevalue1;C-LG,1.05±0.16)(p<0.05),whereasits
expressionwassignificantlyhigherinDM-SGcomparedtoDM-LG
and C glomeruli(p<0.05).In contrast,therewasnostatistically
significantdifferencein glomerular18smRNA expression among
thefourgroups.

3.Glomerular nephrin,both extracellular and intracellular,protein
expression was increased in DM-SG, whereas there was a
significant reduction in nephrin protein expression in DM-LG
compared to C-SG and C-LG,as shown by nephrin mRNA
expression. Densitometric quantitation revealed 56% and 92%
increases in extracellular and intracellular nephrin protein
expression,respectively,inDM-SG comparedtoC-SG (p<0.05).In
contrast,extracellularand intracellularnephrin protein expression
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wasdecreasedby 77% and86%,respectively,inDM-LG versus
C-SG (p<0.05).There was no significantdifference in nephrin
protein expression between C-LG andC-SG.WT-1and β-actin
proteinexpressiontendedtobehigherinbothC-LG andDM-LG,
butdidnotreachstatisticalsignificance.

Nephrin mRNA and protein expression are decreased in
hypertrophiedglomeruliinearlyexperimentaldiabetes,whereasnephrin
expressionisincreasedintherelativelysmallerglomeruli.Thesedata
suggestthattheexpressionofcertaingenesisdifferentiatedaccording
to the size ofglomeruliand thathypertrophied glomerulimay be
responsibleforalbuminuriaintheearlystageofdiabeticnephropathy.
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ABSTRACT(IN KOREAN)

초기 당뇨 백서에서 사구체 크기에 따른 nephrin의 발현 차이

<지도교수 강 신 욱>

연세대학교 대학원 의학과

김 형 종

배배배경경경:::당뇨병성 신병증은 투석이나 신이식이 필요한 말기 신부전증의 원
인 질환 중 가장 많은 빈도를 차지하는 질환으로,임상적으로는 단백뇨가
특징적인 소견이다.최근의 연구에 의하면 당뇨병성 신병증을 포함한 대
부분의 사구체 질환에 의한 단백뇨는 사구체 여과 장벽의 이상에 의하여
발생하는 것으로 보고되고 있다.사구체 여과 장벽 중 알부민보다 크기가
작은 분자에 대한 여과 장벽 역할을 하는 것으로 알려져 있는 세극막은
서로 다른 족세포에서 기원한 족돌기들을 연결시켜 주는 섬유상의 구조
로,4x14nm의 세공을 가지고 있다.이러한 세극막을 구성하는 대표적
인 분자로 nephrin이 있는데,단백뇨를 동반하는 여러 실험적 동물 모델
과 성인 신증후군 환자에서 nephrin의 발현이 감소되었다는 보고들이 있
다.그러나 당뇨병성 신병증의 경우 연구자에 따라 nephrin의 발현이 감
소 또는 증가되었다고 보고하여,서로 상반된 결과가 있는 실정이다.이에
본 연구자는 당뇨병성 신병증에서 사구체 비후가 모든 사구체에서 동시에
일어나지 않을 것이라는 가정 하에 뇨단백 배설이 증가되기 시작하는 당
뇨병성 신병증 초기에 비후된 사구체와 정상 크기의 사구체 사이에
nephrin의 발현에 차이가 있는 지를 알아보고자 하였다.
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방방방법법법:::Streptozotocin으로 당뇨를 유발시킨 백서 (Sprague-Dawleyrats)
10마리 (DM)와 대조군 배석 10마리 (C)를 대상으로,당뇨 유발 6주 후
에 체공 크기가 250㎛,150㎛,125㎛,그리고 75㎛인 sieve를 이용하여
사구체를 분리하였다.이 과정을 통하여 분리된 사구체 중 125㎛ sieve
에 걸린 사구체를 비후된 사구체 (largeglomeruli,LG),그리고 75㎛
sieve에 걸린 사구체를 작은 사구체 (smallglomeruli,SG)로 분류하여 실
험하였다.사구체 용적은 영상 분석기를 이용하여 산출하였으며,nephrin
의 mRNA 발현은 실시간-중합효소 연쇄반응 (realtime-PCR)으로,그리
고 단백 발현은 Westernblot을 이용하여 분석하였다.

결결결과과과:::
1.사구체의 평균 용적은 DM-LG(1.68±0.08x106㎛3)와 C-LG(1.47
±0.09x106㎛3)에서 DM-SG(1.08±0.04x106㎛3)와 C-SG(0.97
±0.03x106㎛3)에 비하여 유의하게 컸다 (p<0.01).

2.C-SG의 nephrinmRNA 발현을 1로 하였을 때,DM-LG와 DM-SG에
서의 nephrin mRNA 발현은 각각 0.49 ± 0.10과 1.71 ± 0.21로,
nephrin의 mRNA 발현이 DM-LG에서 의미있게 감소되었던 반면에
DM-SG에서는 의의있게 증가되었다 (p<0.05).한편,18s의 mRNA 발
현은 모든 군에서 유사하였다.

3.Nephrin의 단백 발현도 mRNA의 발현과 유사하였다.C-SG에 비하여
DM-LG에서 세포외 및 세포내 nephrin의 단백 발현이 각각 77%,
86% 감소되었던 반면에 DM-SG에서의 발현은 각각 56%,92% 증가
되었다 (p<0.05).한편,Wilm'stumor-1과 β-actin의 단백 발현은 모
든 군에서 유사하였다.



-33-

결론적으로,사구체 크기에 따라 nephrin유전자의 발현에 차이가 있었으
며,nephrin의 발현이 감소되어 있는 비후된 사구체가 초기 당뇨병성 신
병증에서 동반되는 단백뇨와 관련이 있을 것으로 생각된다.
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핵심되는 말 :당뇨병성 신병증,단백뇨,nephrin,사구체 비후,사구체 크기
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