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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. GlomerularFn14expressiondecreasedwhenchangedfromproliferativeormixednephritis
tomembranousnephropathy(p=0.016),andincreasedwhenchangedfrommembranoustoproli-
ferativeormixednephritis(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
haveconsistentchangesinrelationtothehistologicalclassofLNandcorrelatedwiththehistolo-
gicalactivityindex.OurfindingssuggestaspecificroleofthesegenesinthepathogenesisofLN.
(FirstReleaseAugust152012;JRheumatol2012;39:1942–7;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
of LN. Cytokinesmay be involved not only in the gene-
rationofaberrantimmuneregulation1,butalsoparticipatein
the local inflammatory processes that ultimately lead to
tissuedestruction.Unfortunately,moststudieshavefocused
onthecytokineprofileofperipheralbloodinpatientswith
SLE,andtheresultsareofteninconsistent2,3.Sincespecific
organortissueinvolvementinSLEprobablyinvolveslocal
cytokine aberrations that do not appear in the systemic
circulation, a study of the immunopathogenesis should
focusonthespecificsitesofdiseaseinvolvement.

Tumornecrosisfactor(TNF)-likeweakinducerofapop-
tosis (TWEAK) is one of the TNF ligand superfamily
members.Itmediatesimportantbiologicaleffects,including
upregulation of multiple chemokines, cytokines and
adhesion molecules4, induction of apoptosis5, and enhan-
cement of cell survival6 through its sole receptor, Fn147.
Interferon-inducible protein (IP-10; CXCL10) belongs to
theCXC family of chemokines. IP-10, togetherwithMig
and their receptor, CXCR3, promotes mesangial cell
expansion inproliferativeglomerulonephritis8. Ithasbeen
reportedthatTWEAK/Fn14caninducehumankidneycells
to express IP-10 and promote kidney cell proliferation9.
Zhao,et al10 foundthatkidneydiseasewassignificantlyless
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severe inFn14knockoutmice;kidney immunoglobulinG
depositionandcytokinelevels,aswellasmacrophageinfil-
tration,weresignificantlydecreasedinFn14-deficientmice
withinducedlupus;micewithinducedlupustreatedwithan
anti-TWEAKneutralizingantibodyhadsignificantlydimi-
nishedkidneyexpressionofinflammatorycytokinesaswell
asproteinuria.InhumanSLE,Schwartz,et al11 foundthat
urinaryTWEAKlevelsmaybeusefulasanovelbiomarker
in LN. In another study, the same group found that high
urinaryTWEAKlevelsareindicativeofLN,incontrastto
SLEpatientswithoutnephritisorotherhealthyanddisease
control populations, and urinary TWEAK levels reflect
renal disease activity in longitudinal followup12. Our
previousstudyshowedthatthereisanincreaseinintrarenal
expressionofTWEAKandFn14,andadecreaseinCXCR3
expression13.However,thepreciseroleofTWEAK,Fn14,
IP-10, and CXCR3 in the pathogenesis of the individual
histologicaltypeofLNremainsunclear.

Inourhospital,ithasbeenthepolicyforover20yearsto
performrenalbiopsybeforetreatingrenalflares.Although
thispracticemaynotbeconsiderednecessarybyallauthori-
ties14,15,itprovidesanopportunitytoexaminetheintrarenal
geneexpressioninrelationtospecifichistologicaltypesof
LN.

MATERIALS AND METHODS
Patient selection. Wereviewed118patientswithSLE,eachwith2kidney
biopsies, for independent disease flare. For each patient, the 2 biopsies
wereat least6monthsapart;patientswith thesecondbiopsyfor routine
followup monitoring or resistant disease were excluded. All patients
fulfilled the American College of Rheumatology diagnostic criteria for
SLE16.Weperformedchartreviewtocollectclinicaldata,whichincluded
baseline serum creatinine, albumin, urea, proteinuria, complement levels
(C3andC4),anti-dsDNAantibodytiter,andthediseaseactivityofSLEas
representedbytheSystemicLupusErythematosusDiseaseActivityIndex
(SLEDAI)16,17. Glomerular filtration rate (GFR) was estimated from a
standard prediction equation18. The study was approved by the Clinical
ResearchEthicalCommitteeoftheChineseUniversityofHongKong.
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. The method of laser microdissection has been
described in our previous studies22,23. Briefly, cryosections of 10 µm
thickness were prepared on a cryostat (Leica Microsystems, Wetzlar,
Germany)usingdisposablemicrotomeblades(Leica)inRNase-freecondi-
tions,andweremountedonMembraneSlide0.17PENslides(CarlZeiss
PALMMicrolaser Technologies, Bernried, Germany). Immediately after
takingtheslidesoutofthecryostat,thesectionswerefixedin70%ethanol
anddehydrated in100%ethanol.Sectionswereair-driedat roomtempe-
rature.Lasermicrodissectionofthesnap-frozenkidneybiopsyspecimens
wasthenperformedusingthePALMMicrolaserSystem,whichisequipped
with a pulsed high-quality laser beam, computer-controlled microscope
stage,andmicromanipulator.Underdirectvisualcontrol,areasofinterest
in the histological specimens were selected through the PALM

RoboSoftware by moving the computer mouse, and microdissected by
cuttingthecontouroftheselectedareaswiththeadjustedlaserbeam.The
isolated tissuewas then laser-catapulted intoamicrocentrifugecapfilled
withguanidinethiocyanatecontaininglysisbufferforthesubsequentRNA
isolation.About 20 to 30 glomerulus and 20 randomly selected tubulo-
interstitial areaswere isolated from each specimen.The tissue lysate of
glomerulusandtubulointerstitiumwerekeptat−80°CuntilRNAextraction
was performed with the RNAqueous-Micro Kit (Applied Biosystems,
FosterCity,CA,USA),followingmanufacturer’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’s instructions, with GAPDH used as the housekeeping gene for
normalization among samples. ForGAPDHand each target, the relative
efficiency of amplification over various starting template concentrations
wasdetermined.Nearlyequalefficienciesforother targetswithGAPDH
amplificationswereverifiedbyanabsolutevalueof<0.1fortheslopeof
loginputcomplementaryDNAamountversusΔCt,whichwasobtainedby
subtracting the threshold cycle (Ct) value of GAPDH from that of the
target.Therefore,itwaspossibletodetectGAPDHinthesametubewith
other targets. The relative quantification of multiplex reaction with a
comparativemethodwas determined by the formula 2− (ΔΔCt),where
ΔΔCtwascalculatedbysubtractionofΔCtofthecalibratorfromΔCtof
thesample.AllprimersandprobesweretestedwithpurifiedDNAasthe
templateinRT-QPCRtoensurethattheydidnotamplifygenomicDNA.
All results were analyzed by Sequence Detection Software version 1.7
(AppliedBiosystems).
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 (Group 3; p = 0.0008; Figure 1A). In contrast,
histologicalchronicityindexincreasedfromthefirsttothe
secondbiopsywhentheinitialoneshowedproliferativeor
mixednephritis(Group1and2:p=0.0005andp=0.001,
respectively;Figure1B).
Comparison of gene expression levels. The glomerular
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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. Comparison between the first and second renal biopsies in the different groups: (A) histological
activityindex;(B)chronicityindex;(C)estimatedglomerularfiltrationrate(GFR);and(D)proteinuria.Group
1, proliferative or mixed nephritis in both biopsies; Group 2, from proliferative or mixed nephritis to
membranousnephropathy;Group3,frommembranousnephropathytoproliferativeormixednephritis;Group
4,membranousnephropathyinbothbiopsies.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 (Group 2; p < 0.0001). There was no consistent
patternofchangeinthetubulointerstitialexpressionofFn14
orCXCR3(Figure3).

Relationship between gene expression and disease activity.
Because some of the intrarenal gene expressions were
related tohistologicalclassofLN,wefurther investigated
intrarenal gene expression and disease activity.When all
sampleswerepooledforanalysis,wefoundthatthehistolo-
gicalactivityindexcorrelatedsignificantlywiththeglome-
rularexpressionofFn14(r=0.421,p<0.0001)andtubu-
lointerstitialexpressionofTWEAK(r=0.413,p<0.0001)
and IP-10 (r = 0.472, p < 0.0001). In contrast, systemic
disease activity, as represented by the SLEDAI score, did
notcorrelatewithanyoftheintrarenalexpressions(datanot
shown).

DISCUSSION
We identified some target genes that appeared to have a
consistent change in expression in parallel with the alte-
rationinhistologicalpatternofLN.Specifically,glomerular
Fn14 and tubulointerstitial TWEAK expression tend to
decreasewhenchanged fromproliferativeormixedneph-
ritistomembranousnephropathy,whileanoppositepattern
of change was observed in tubulointerstitial TWEAK
expressionwhenchangedfrommembranousnephropathyto
proliferativenephritis.

The result of our study is consistentwith our previous
work13,whichshowedthatthereisanincreaseinintrarenal

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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expression of TWEAK and Fn14 in LN. Thus, the
TWEAK/Fn14pathwaymayplayan important role in the
determination of the specific histological pattern of LN,
withhighTWEAK/Fn14expressionnecessaryforprolifera-
tive nephritis. Our result is also consistent with previous
animalexperiments,whichshowedthatlupusmicetreated
with anti-TWEAK neutralizing antibody had reduced
proliferativeglomerularlesions10.Alternatively,becausethe
glomerular expression of Fn14 and tubulointerstitial
expression of TWEAK and IP-10 also correlated signifi-
cantlywiththehistologicalactivityindex,itisalsopossible
thatthesegenesmayberelatedtointrarenaldiseaseactivity
ratherthanaspecifichistologicalpattern.However,thereis
a close association between histological class and activity
index(i.e.,proliferativenephritisalmostalwayshasahigh
activityindex),soitisdifficulttoseparatetheeffectsofthe
two.

Wefoundnoconsistentpatternofchangeinglomerular
or tubulointerstitial CXCR3 expression in relation to the
histological pattern of LN. The result may seem contra-
dictory to our previous report13,which showed a reduced
glomerularortubulointerstitialCXCR3expressioninLN.A
morecarefulexaminationofourpreviousdatashowedthat
intrarenalexpressionofCXCR3correlateswithproteinuria
and renal function13 rather than thehistologicalpatternof
nephritis. Our findings seem to suggest that the CXCR3

pathway is important in the determination of clinical
severity,ratherthanthehistologicalpatternofLN.

Thehistologicalclassswitchisthoughttobeacharact-
eristicfeatureofLN15.Thereisahighfrequencyoftrans-
formationofhistologicalpatternuponrepeatbiopsy25,26,27.
However, the pathogenesis of the transformation remains
elusive.Itisimportanttonotethatourpresentstudytakes
advantageonlyofinvestigatingSLEpatientswithrepeated
renal biopsies, so that gene expression profiles between
differenthistologicaltypesofLNcouldbecomparedbyan
“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
necessary to allow sophisticated statistical analysis sepa-
rating the effects of histological pattern and the effect of
time (i.e., duration of disease) on the gene expression
profile.Second,thecytokinesweselectedarelargelybased
onourpreviousstudiesandarelimited;manyotherpossibly
involvedpathwayswerenotexamined.Becausetheamount
ofRNAavailablefromtissuemicrodissectionislimited,itis
difficult to use microarray or other hypothesis-free tech-

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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nology to explore the gene expression profile of the
specimen. In theory, our result could be strengthened by
concomitanturinarygeneexpressionstudiesorimmunohis-
tochemicalstudiestodeterminethecorrespondingchangein
intrarenalproteinlevel.Theseapproacheswerenotpossible
becauseofthelimitationsintheoriginalstudydesign.

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
expression consistently decreased when the histology
changedtomembranousnephritis in thesecondbiopsy. In
contrast, tubulointerstitial TWEAK expression tends to
decreasewhenchangedtomembranousandincreasewhen
changedfrommembranous.OurfindingssuggestthatIP-10
and TWEAK appeared to have a consistent change in
expressioninparallelwiththealterationinhistologicalclass
ofLN,suggestingaspecificroleinpathogenesis.
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