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Relationship of Intrarenal Gene Expression and the
Histological Class of Lupus Nephritis — A Study on
Repeat Renal Biopsy
JIANXINLU,CHEUK-CHUNSZETO,LAI-SHANTAM,FERNANDMAC-MOUNELAI,EDMUNDKWOK-MINGLI,
KAI-MINGCHOW,PHILIPKAM-TAOLI,andBONNIECHING-HAKWAN

ABSTRACT. Objective. To study the role of tumor necrosis factor (TNF)-like weak inducer of apoptosis
(TWEAK)/Fn14andtheinterferon-inducibleprotein(IP-10)/CXCR3axisinlupusnephritis(LN).
Methods.Westudied113patientswithLNwhohadhadrepeatrenalbiopsies.Glomerularandtubu-
lointerstitialmessengerRNAexpressionofTWEAK,Fn14,IP-10,andCXCR3werequantified.
Results. GlomerularFn14expressiondecreasedwhenchangedfromproliferativeormixednephri-
tistomembranousnephropathy(p=0.016),andincreasedwhenchangedfrommembranoustopro-
liferativeormixednephritis(p=0.0006).Ontheotherhand,tubulointerstitialTWEAKexpression
decreased when changed from proliferative or mixed nephritis to membranous nephropathy
(p=0.004),andincreasedwhenchangedfrommembranousnephropathytoproliferativenephritis
(p = 0.010). Tubulointerstitial IP-10 expression decreased when changed from proliferative or
mixednephritis tomembranousnephropathy (p<0.0001).Histological activity indexcorrelated
significantlywiththeglomerularexpressionofFn14(r=0.421,p<0.0001)andtubulointerstitial
expressionofTWEAK(r=0.413,p<0.0001)andIP-10(r=0.472,p<0.0001).
Conclusion. Glomerular Fn14 and tubulointerstitial TWEAK and IP-10 expression appeared to
haveconsistentchangesinrelationtothehistologicalclassofLNandcorrelatedwiththehistologi-
calactivity index.Ourfindingssuggestaspecificroleof thesegenes in thepathogenesisofLN.
(JRheumatolFirstReleaseAugust152012;doi:10.3899/jrheum.120177)
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Systemic lupus erythematosus (SLE) is a multisystem
autoimmune disease characterized by aberrant cytokine
milieu. Although almost all organs in the body can be
involved,lupusnephritis(LN)remainstheleadingcauseof
morbidity and mortality in SLE. The precise pathogenic
mechanismsofSLEandLN,however,arenotcompletely

understood.Cytokineaberration isacardinalphenomenon
ofLN.Cytokinesmaybeinvolvednotonlyinthegenera-
tionofaberrantimmuneregulation1,butalsoparticipatein
thelocalinflammatoryprocessesthatultimatelyleadtotis-
sue destruction. Unfortunately,most studies have focused
onthecytokineprofileofperipheralbloodinpatientswith
SLE,andtheresultsareofteninconsistent2,3.Sincespecific
organortissueinvolvementinSLEprobablyinvolveslocal
cytokineaberrationsthatdonotappearinthesystemiccir-
culation,a studyof the immunopathogenesis should focus
onthespecificsitesofdiseaseinvolvement.

Tumornecrosisfactor(TNF)-likeweakinducerofapop-
tosis(TWEAK)isoneoftheTNFligandsuperfamilymem-
bers. It mediates important biological effects, including
upregulationofmultiple chemokines, cytokines and adhe-
sionmolecules4,inductionofapoptosis5,andenhancement
ofcellsurvival6 throughitssolereceptor,Fn147.Interferon-
inducible protein (IP-10; CXCL10) belongs to the CXC
family of chemokines. IP-10, togetherwithMig and their
receptor, CXCR3, promotes mesangial cell expansion in
proliferativeglomerulonephritis8. Ithasbeen reported that
TWEAK/Fn14caninducehumankidneycellstoexpressIP-
10 and promote kidney cell proliferation9. Zhao, et al10
found that kidney diseasewas significantly less severe in
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Fn14knockoutmice;kidneyimmunoglobulinGdeposition
andcytokinelevels,aswellasmacrophageinfiltration,were
significantlydecreasedinFn14-deficientmicewithinduced
lupus; mice with induced lupus treated with an anti-
TWEAKneutralizingantibodyhadsignificantlydiminished
kidneyexpressionofinflammatorycytokinesaswellaspro-
teinuria.InhumanSLE,Schwartz,et al11 foundthaturina-
ryTWEAK levelsmaybeuseful as a novel biomarker in
LN.Inanotherstudy,thesamegroupfoundthathighurina-
ryTWEAKlevelsareindicativeofLN,incontrasttoSLE
patientswithoutnephritisorotherhealthyanddiseasecon-
trol populations, and urinary TWEAK levels reflect renal
disease activity in longitudinal followup12. Our previous
studyshowedthatthereisanincreaseinintrarenalexpres-
sion of TWEAK and Fn14, and a decrease in CXCR3
expression13.However,thepreciseroleofTWEAK,Fn14,
IP-10,andCXCR3inthepathogenesisoftheindividualhis-
tologicaltypeofLNremainsunclear.

Inourhospital,ithasbeenthepolicyforover20yearsto
performrenalbiopsybeforetreatingrenalflares.Although
thispracticemaynotbeconsiderednecessarybyallautho-
rities14,15, itprovidesanopportunity toexamine the intra-
renal gene expression in relation to specific histological
typesofLN.

MATERIALS AND METHODS
Patient selection. Wereviewed118patientswithSLE,eachwith2kidney
biopsies, for independent disease flare. For each patient, the 2 biopsies
wereatleast6monthsapart;patientswiththesecondbiopsyforroutinefol-
lowupmonitoringorresistantdiseasewereexcluded.Allpatientsfulfilled
theAmericanCollegeofRheumatologydiagnosticcriteriaforSLE16.We
performed chart review to collect clinical data, which included baseline
serumcreatinine, albumin, urea, proteinuria, complement levels (C3 and
C4),anti-dsDNAantibodytiter,andthediseaseactivityofSLEasrepre-
sentedbytheSystemicLupusErythematosusDiseaseActivityIndex(SLE-
DAI)16,17.Glomerularfiltrationrate(GFR)wasestimatedfromastandard
prediction equation18.The studywas approved by theClinicalResearch
EthicalCommitteeoftheChineseUniversityofHongKong.
Assessment of renal pathology. Kidneybiopsywasevaluatedaccordingto
the International Society of Nephrology/Renal Pathology Society
(ISN/RPS)classificationofLN19.TheActivityIndexandChronicityIndex
of each biopsywere scored by standardmethods20,21.All biopsieswere
assessed by 2 renal pathologists by lightmicroscopy, each blinded from
eachother’sconclusions.ISN/RPSclassificationsbetweenfirstandsecond
biopsywerecompared.Inourexperience,assessmentsofthe2pathologists
hadexcellentagreement.
Laser microdissection. Themethodoflasermicrodissectionhasbeendes-
cribedinourpreviousstudies22,23.Briefly,cryosectionsof10µmthickness
werepreparedonacryostat(LeicaMicrosystems,Wetzlar,Germany)using
disposablemicrotomeblades (Leica) inRNase-freeconditions,andwere
mountedonMembraneSlide0.17PENslides(CarlZeissPALMMicrolaser
Technologies,Bernried,Germany).Immediatelyaftertakingtheslidesout
ofthecryostat,thesectionswerefixedin70%ethanolanddehydratedin
100%ethanol.Sectionswereair-driedatroomtemperature.Lasermicro-
dissectionofthesnap-frozenkidneybiopsyspecimenswasthenperformed
usingthePALMMicrolaserSystem,whichisequippedwithapulsedhigh-
qualitylaserbeam,computer-controlledmicroscopestage,andmicromani-
pulator.Underdirectvisualcontrol,areasofinterestinthehistologicalspe-
cimens were selected through the PALM RoboSoftware by moving the

computermouse,andmicrodissectedbycuttingthecontouroftheselected
areaswiththeadjustedlaserbeam.Theisolatedtissuewasthenlaser-cata-
pultedintoamicrocentrifugecapfilledwithguanidinethiocyanatecontain-
inglysisbufferforthesubsequentRNAisolation.About20to30glomeru-
lus and 20 randomly selected tubulointerstitial areas were isolated from
each specimen. The tissue lysate of glomerulus and tubulointerstitium
were kept at −80°C until RNA extraction was performed with the
RNAqueous-MicroKit(AppliedBiosystems,FosterCity,CA,USA),fol-
lowingmanufacturer’sinstruction.
Quantification of intrarenal gene expression. Themethod of total RNA
extraction, reverse transcription, and real-time quantitative polymerase
chainreaction(RT-QPCR)wasasdescribed22,24.Inthepresentwork,we
quantified the messenger RNA expression of TWEAK, Fn14, IP-10,
CXCR3, TLR9, and NGAL in glomerulus and tubulointerstitium by
RT-QPCR.Taqmanprimersandprobesofeachtargetwerepurchasedfrom
Applied Biosystems. RT-QPCR was performed with the ABI Prism
7900HT SequenceDetector System (Applied Biosystems) following the
manufacturer’s instruction.ThemessengerRNA (mRNA) expression for
eachsignalwascalculatedusingtheΔCtprocedureaccordingtomanufac-
turer’sinstructions,withGAPDHusedasthehousekeepinggenefornor-
malizationamongsamples.ForGAPDHandeachtarget,therelativeeffi-
ciencyofamplificationovervariousstartingtemplateconcentrationswas
determined.NearlyequalefficienciesforothertargetswithGAPDHampli-
ficationswereverifiedbyanabsolutevalueof<0.1for theslopeof log
input complementary DNA amount versus ΔCt, whichwas obtained by
subtractingthethresholdcycle(Ct)valueofGAPDHfromthatofthetar-
get.Therefore, it was possible to detectGAPDH in the same tubewith
othertargets.Therelativequantificationofmultiplexreactionwithacom-
parativemethodwasdeterminedbytheformula2−(ΔΔCt),whereΔΔCt
wascalculatedbysubtractionofΔCtofthecalibratorfromΔCtofthesam-
ple.AllprimersandprobesweretestedwithpurifiedDNAasthetemplate
inRT-QPCRtoensurethattheydidnotamplifygenomicDNA.Allresults
were analyzed by Sequence Detection Software version 1.7 (Applied
Biosystems).
Statistical analysis. DatawereanalyzedusingSPSSforWindowsversion
15.0(SPSSInc.,Chicago,IL,USA).Resultswerepresentedasmean±SD
unless otherwise specified. Data were compared by paired or unpaired
Student’sttest,1-wayANOVA,Kruskal-Wallistest,Mann-WhitneyUtest,
orWilcoxon signed-rank test as appropriate. P values < 0.05were con-
sideredstatisticallysignificant.Allprobabilitieswere2-tailed.

RESULTS
Westudied118patientswithSLEwhohadhadrepeatrenal
biopsies.Theyweredividedinto4groupsaccordingtothe
patterns of histology in the first and second renal biopsy
specimens.Theirbaselinedemographicandclinicaldataare
summarizedandcomparedinTable1.
Change in clinical and histological measures. Thedegreeof
histologicalchronicityindex,activityindex,estimatedGFR,
andproteinuriaatthetimeofthe2biopsieswerecompared
andare summarized inFigure1.Activity indexdecreased
when changed from proliferative or mixed nephritis to
membranousnephritis(Group2;p<0.0001),andincreased
whenchangedfrommembranoustoproliferativeormixed
nephritis(Group3;p=0.0008;Figure1A).Incontrast,his-
tological chronicity index increased from the first to the
secondbiopsywhentheinitialoneshowedproliferativeor
mixednephritis(Group1and2:p=0.0005andp=0.001,
respectively;Figure1B).
Comparison of gene expression levels. The glomerular

2 The Journal of Rheumatology 2012; 39:11; doi:10.3899/jrheum.120177

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

 www.jrheum.orgDownloaded on April 17, 2024 from 

http://www.jrheum.org/


3Lu, et al: Repeat renal biopsy in SLE

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

Table 1. Comparisonofbaselineclinicalandhistologicalcharacteristics.Dataaremean±SD,exceptwhereotherwiseindicated.

Group
1 2 3 4 p

Firstbiopsy Proliferativeormixed Proliferativeormixed Membranous Membranous
Repeatbiopsy Proliferativeormixed Membranous Proliferativeormixed Membranous
Numberofcases 45 38 18 17
Age,yrs 29.2±11.4 29.2±9.0 32.9±10.5 31.9±9.1 0.5
Sex(M:F) 3:42 5:33 1:17 2:15 0.7
DurationofSLE,mo 26.5±34.6 27.6±42.9 55.0±55.2 36.0±41.9 0.09
Timebetweenbiopsies,mo 30.9±19.8 53.2±44.7 60.7±38.9 51.0±44.7 0.007
Attimeoffirstbiopsy

Creatinine,µmol/l 129.5±73.0 110.1±41.9 111.2±56.3 134.9±103.7 0.4
Proteinuria,g/day 3.8±2.2 4.4±3.1 2.6±1.3 3.9±1.3 0.09
GFR,ml/min/1.73m2 63.9±37.5 68.2±31.8 65.7±26.3 65.0±30.7 0.9
SLEDAI 10.4±4.6 10.5±3.4 10.1±3.7 11.0±4.4 0.9
Therapyresponse(CR:PR:NR) 18:26:1 24:13:1 9:7:2 6:8:3 0.06

Attimeofsecondbiopsy
Creatinine,µmol/l 164.6±127.5 153.2±128.6 170.2±105.6 188.0±271.8 0.9
Proteinuria,g/day 3.9±2.9 2.9±1.8 4.0±2.5 4.3±2.4 0.15
GFR,ml/min/1.73m2 51.9±28.3 60.0±30.8 48.1±31.5 68.3±44.9 0.2
SLEDAI 9.2±4.9 9.0±4.3 11.1±5.7 12.7±2.6 0.02
Therapyresponse(CR:PR:NR) 17:21:7 21:11:6 3:13:2 4:6:7 0.008

SLE:systemiclupuserythematosus;GFR:glomerularfiltrationrate;SLEDAI:SLEDiseaseActivityIndex;CR:completeresponse;PR:partialresponse;
NR:noresponse.

Figure 1. Comparisonbetweenthefirstandsecondrenalbiopsiesinthedifferentgroups:(A)histologicalacti-
vityindex;(B)chronicityindex;(C)estimatedglomerularfiltrationrate(GFR);and(D)proteinuria.Group1,
proliferativeormixednephritisinbothbiopsies;Group2,fromproliferativeormixednephritistomembranous
nephropathy;Group3,frommembranousnephropathytoproliferativeormixednephritis;Group4,membra-
nousnephropathyinbothbiopsies.DataarecomparedbypairedStudent’st-test.
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mRNA expression levels of TWEAK, Fn14, IP-10, and
CXCR3 are summarized in Figure 2. In short, glomerular
Fn14expressiondecreasedwhenchangedfromproliferative
ormixednephritis tomembranousnephropathy (Group2;
p=0.016),andincreasedwhenchangedfrommembranous
toproliferativeormixednephritis(Group3;p=0.0006).In
contrast,glomerularFn14expressionremainedstaticwhen
thefirstandsecondrenalbiopsyshowedthesamplehisto-
logical pattern (Groups1 and4).Therewasno consistent
patternofchangeintheglomerularexpressionofTWEAK,
IP-10,orCXCR3(Figure2).

The tubulointerstitial mRNA expression levels of
TWEAK, Fn14, IP-10, and CXCR3 are summarized in
Figure 3. In short, tubulointerstitial TWEAK expression
decreasedwhenchangedfromproliferativeormixedneph-
ritis to membranous nephropathy (Group 2; p = 0.004),
increasedwhenchangedfrommembranousnephropathyto
proliferativenephritis (Group3; p=0.010), but remained
static when the first and second renal biopsy showed the
sample histological pattern (Groups 1 and 4). Similarly,
tubulointerstitialIP-10expressiondecreasedwhenchanged
fromproliferativeormixednephritistomembranousneph-
ropathy(Group2;p<0.0001).Therewasnoconsistentpat-
ternofchangeinthetubulointerstitialexpressionofFn14or
CXCR3(Figure3).

Relationship between gene expression and disease activity.
Becausesomeoftheintrarenalgeneexpressionswererela-
tedtohistologicalclassofLN,wefurtherinvestigatedintra-
renalgeneexpressionanddiseaseactivity.Whenallsamples
werepooledforanalysis,wefoundthatthehistologicalacti-
vity index correlated significantly with the glomerular
expression of Fn14 (r = 0.421, p < 0.0001) and tubuloin-
terstitialexpressionofTWEAK(r=0.413,p<0.0001)and
IP-10(r=0.472,p<0.0001).Incontrast,systemicdisease
activity,asrepresentedbytheSLEDAIscore,didnotcorre-
latewithanyoftheintrarenalexpressions(datanotshown).

DISCUSSION
Weidentifiedsometargetgenesthatappearedtohaveacon-
sistentchangeinexpressioninparallelwiththealterationin
histological pattern of LN. Specifically, glomerular Fn14
and tubulointerstitialTWEAKexpression tend todecrease
when changed from proliferative or mixed nephritis to
membranous nephropathy, while an opposite pattern of
changewasobserved in tubulointerstitialTWEAKexpres-
sionwhenchangedfrommembranousnephropathytoproli-
ferativenephritis.

The result of our study is consistentwith our previous
work13,whichshowedthatthereisanincreaseinintrarenal
expression of TWEAK and Fn14 in LN. Thus, the
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Figure 2. ComparisonofglomerularmessengerRNAexpression levelsof (A) tumornecrosis factor-likeweak
inducerofapoptosis(TWEAK);(B)Fn14;(C)interferon-inducibleprotein(IP-10);and(D)CXCR3betweenthe
firstandsecondbiopsyindifferentgroups.Group1,proliferativeormixednephritisinbothbiopsies;Group2,
fromproliferativeormixednephritis tomembranousnephropathy;Group3, frommembranousnephropathy to
proliferativeormixednephritis;Group4,membranousnephropathyinbothbiopsies.Boxesindicatemedian,25th
and75thpercentile,with5thand95thpercentiles;circlesindicateoutliers.DataarecomparedbyMann-Whitney
Utest.
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TWEAK/Fn14pathwaymayplayan important role in the
determination of the specific histological pattern of LN,
withhighTWEAK/Fn14expressionnecessaryforprolifera-
tivenephritis.Ourresultisalsoconsistentwithpreviousani-
malexperiments,whichshowedthatlupusmicetreatedwith
anti-TWEAKneutralizingantibodyhadreducedproliferati-
veglomerularlesions10.Alternatively,becausetheglomeru-
lar expressionofFn14 and tubulointerstitial expressionof
TWEAK and IP-10 also correlated significantly with the
histologicalactivityindex,itisalsopossiblethatthesegenes
may be related to intrarenal disease activity rather than a
specifichistologicalpattern.However,thereisacloseasso-
ciation between histological class and activity index (i.e.,
proliferative nephritis almost always has a high activity
index),soitisdifficulttoseparatetheeffectsofthetwo.

Wefoundnoconsistentpatternofchangeinglomerular
ortubulointerstitialCXCR3expressioninrelationtothehis-
tologicalpatternofLN.Theresultmayseemcontradictory
toourpreviousreport13,whichshowedareducedglomeru-
lar or tubulointerstitialCXCR3expression inLN.Amore
carefulexaminationofourpreviousdatashowedthatintra-
renalexpressionofCXCR3correlateswithproteinuriaand
renalfunction13 ratherthanthehistologicalpatternofneph-
ritis.OurfindingsseemtosuggestthattheCXCR3pathway
isimportantinthedeterminationofclinicalseverity,rather
thanthehistologicalpatternofLN.

Thehistologicalclassswitchisthoughttobeacharact-
eristicfeatureofLN15.Thereisahighfrequencyoftrans-
formationofhistologicalpatternuponrepeatbiopsy25,26,27.
However, the pathogenesis of the transformation remains
elusive.Itisimportanttonotethatourpresentstudytakes
advantageonlyofinvestigatingSLEpatientswithrepeated
renalbiopsies,sothatgeneexpressionprofilesbetweendif-
ferent histological types of LN could be compared by an
“internalcontrol.”Otherstudiesareneededtodeterminethe
factors that govern the longitudinal changeof histological
pattern,aswellastheeffectoftimeper se (i.e.,theeffectof
thedurationofdisease)onLN.

Several limitations of our study need to be addressed.
First, the sample size of many groups was small, so that
thereisnotsufficientstatisticalpowertocompareallhisto-
logicalclassesofLN.Amuchlargersamplesizewouldbe
necessarytoallowsophisticatedstatisticalanalysissepara-
tingtheeffectsofhistologicalpatternandtheeffectoftime
(i.e., duration of disease) on the gene expression profile.
Second,thecytokinesweselectedarelargelybasedonour
previous studies and are limited; many other possibly
involvedpathwayswerenotexamined.Becausetheamount
ofRNAavailablefromtissuemicrodissectionislimited,itis
difficulttousemicroarrayorotherhypothesis-freetechno-
logytoexplorethegeneexpressionprofileofthespecimen.
Intheory,ourresultcouldbestrengthenedbyconcomitant
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Figure 3. ComparisonoftubulointerstitialmessengerRNAexpressionlevelsof(A)tumornecrosisfactor-likeweak
inducerofapoptosis(TWEAK);(B)Fn14;(C)interferon-inducibleprotein(IP-10);and(D)CXCR3betweenthe
referenceand repeatbiopsyamongdifferentgroups.Group1,proliferativeormixednephritis inbothbiopsies;
Group2,fromproliferativeormixednephritistomembranousnephropathy;Group3,frommembranousnephro-
pathy to proliferative or mixed nephritis; Group 4, membranous nephropathy in both biopsies. Boxes indicate
median,25thand75thpercentiles,with5thand95thpercentiles;circlesindicateoutliers.Dataarecomparedby
Mann-WhitneyUtest.
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urinary gene expression studies or immunohistochemical
studiestodeterminethecorrespondingchangeinintrarenal
protein level.Theseapproacheswerenotpossiblebecause
ofthelimitationsintheoriginalstudydesign.

Finally,weusedtheclassic1992SLEDAIscoreinthis
study rather than the more current SLEDAI-2K28 or the
Safety of Estrogens in Lupus Erythematosus: National
Assessment-SLEDAI29 scores because the former system
hasbeen incorporated intoour routinepatient assessment.
Manyofthebiopsiesinourstudywereperformedbeforethe
publicationoftheSLEDAI-2Ksystem.

Our study suggests that tubulointerstitial IP-10 expres-
sionconsistentlydecreasedwhenthehistologychangedto
membranous nephritis in the second biopsy. In contrast,
tubulointerstitial TWEAK expression tends to decrease
whenchangedtomembranousandincreasewhenchanged
from membranous. Our findings suggest that IP-10 and
TWEAKappearedtohaveaconsistentchangeinexpression
in parallel with the alteration in histological class of LN,
suggestingaspecificroleinpathogenesis.
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