4. msAnsaRFNRRsTInI19szauldsfn  VEGF uaznisudnsaanzadinlu
Waidela saa feadaskisYaIngIfanmeadla
PINRANMTANINILEAIAONYBIEYN VEGF G‘Jﬁaaﬂaalu%mi{ai@maa;&'ﬂw lupus
nephritis ﬁmul@nﬁnmmmﬁmaanmaalﬂ‘sﬁu’lu"‘é’mf{mﬁavl.slmaaﬁ'ﬁwl.mznfcjumuqu
§183% Immunohistochemistry lagld Anti-VEGF antibody Radnmnanuduwuiszniig
szaulUsdunsznsuaasaanwedfiy  VEGF wuldiy  lupus  nephritis  Kszdunas
uaadpanvesllsdu VEGF lwt“‘ful,i{avlﬂamauﬂmﬂ%amﬁmuﬁ'wnéumuquﬁoLLﬁ@dlugﬂﬁ
6 Gman1InasasuaasliiFuimaieasoanuos VEGF lusduraandasiumauaniasn
199 VEGF mRNA lamawizathebaluudim glomerulus %ot.ﬂuﬁag’mmwaéﬁmmm

9 r 1 - W 2 4 o a
e VEGF ldlula (glomerular visceral epithelial) uszazfisnadavasludiuniinet

#NWULY endocapillary proliferation LLee crescent formation

p v ¥ aa

317 6 nsuansnanzasldséan VEGF lusniilalaaau38 tmmupohistochemistry
= ﬂq‘ !

RINYLRA A uae C fio Tuiitale control (kidney transplant donor)

Xy ..
B ugs D A8 ‘ﬁumavlmmaaggﬂm lupus nephritis
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5. MsdnsANaFuRKSTIn TUERIBanYadiu VEGF AumTiialaiisdass
REAEL CUR Y

‘luﬂ’}iﬁﬂﬂﬂﬂﬁﬁﬂﬂ’mnﬂi?ﬂﬂ’lLLﬂ‘.:LﬁU'ﬂIJ‘i"JUT]'a}‘JJEi‘ﬂENFEﬂ’]EJ?lﬂﬂLILfJu
T2UTIAT 6 W@anud N e nsEhanuKan suaadaanwadin VEGF %qgji’ﬂ'ma:gn
wisnaniiw 2 ndu fe naiuﬁf}mmamaanmaa VEGF mRNA §4 (high level VEGF) uay
¢ (low level VEGF) laswdsnnfeaugihoduszozm 6 @au wohdgsdwau
wiolimaadiuasdn serum creatinine ugaariandassulmfounsn (doubiing
serum  creatinine) uanmnfuﬁhwui’]ﬁgﬁwmaﬂuLﬁﬂm'::'l@mUL"’ara%'e'szuzqﬂﬁw
(end-stage renal disease; ESRD) Taidiahanmanuduiusizniiniiusaiaanuasin
VEGF WaY outcome ﬁ'anéwﬁﬁﬂﬁuﬁ'mjﬂw WLINTURAIAONTEY VEFG mRNA
aadmsdimanialdlumatiuisninfie doubling serum creatinine wWia ESRD wiam
FB98LN9TINAU Lﬁ'aﬁﬂmuqmuﬁ‘lﬁ’%’un’rﬁ'ﬂmﬂmw:nm 6 \daulddndly duwal
Tu survival curve (p-vaiue = 0.04, 0.01 uas 0.005, AWFIAL) ﬁ'suaﬂo‘lugﬂﬁ 7-9

1.0 no= 013
81
LRI
:I.Il---l.l..~
UL
'6 :--Irl.:l?:‘IYII-.IIlll-I.
p=00
&
g 49 VEGF expression
s —
a high level
Q
-
)
E anms
=
:E, ) ow level
O 0.0 . ] _ . i .
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Time after renal biopsy, days

] a 3 e ’
sUf 7 asluaasmsiianiizlanmioSiszuzganie (ESRD) udilae lupus
a a 1 et ar )
nephritis \fladaeadiuiluszazian 6 ok Auszdunisudasnanyay VEGF
mRNA .
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6. nrwinluvyvasiiv VEGF 1a83§ PCR-Restriction Fragment Length

Palymorphism (RFLP) (1)

Lo 1 A [-3 L]
mnm‘sﬁnmgﬂuuwmﬁu VEGF 'lup‘}rmu SLE wu'ngﬂuuwaaﬁunwmuo -

460C/T waz +405C/G ludihouazndumuguliddnuiiuadnitodan: dusaaly

A
TN 5-8

A =l d‘ 3 [
#1979M 5 Uaad Genotype Gar allele frequencies ¥ad8% VEGF nNenuviud 460 C/T u

@'ﬂm SLE uszngusuny

SLE patients
n =193

Heaithy controls

n =234

Genotype frequencies
cic
T
T
Allele frequencies
C
T

18 (9.33%)
74 (38.34%)
101 (52.33%)

110 (28.50%)
276 (71.50%)

20 (8.55%)
97 (41.45%)
117 (50.00%)

137 (29.27%)
331 (70.73%)

Mz eignificant acceciation

m‘s'm‘ﬁ 6 Risk of SLE associated with VEGF (-460C/T) genotype according to different

madels of inheritance.

SLE patients

n =193

Healthy controls

n =234

C dominance, T wild type
CiCorCIT -
T

C recessive, T wild type

CiC
T/T or CIT

92 (47.87%)
101 (52.33%)

18 (9.33%)
175 (90.67%)

»

117 (50.00%)
117 (50.00%)

20 (8.55%)
214 (91.45%)

No significant association
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@15187 7 URAI Genotype Uat allele frequencies a9t VEGF fisnunid +405 C/G lu
Q’ﬂm SLE ussnguniug

SLE patients Healfhy controls
n =193 n =234

Genotype frequencies

CiC 26 (13.47%) 29 (12.39%)

CIG 97 (560.26%) 118 (50.43%)

G/G 70 (36.27%) 87 (37.18%)
Allele frequencies

C 149 (38.60%) 176 (37.61%)

G 237 (61.40%) 292 (62.39%)

No significant association

m‘ﬁe‘ﬁ 8 Risk of SLE associated with VEGF (+405C/G) genotype according to different

models of inheritance.

SLE patients Healthy controls
n=193 n =234
C dominance, G wild type
CiC or CIG 123 {63.73%) 147 {62.82%)
GI/G 70 (36.27%}) 87 (37.18%)
C recessive, G wild t;«pe
C/C 26 (13.47%) 29 (12.39%)
G/G or C/G 167 (86.53%) 205 (87.61%)

No significant association
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7. wan1sdnsiilosdniiaaiuiu angiopoeitin-1 as TGF-beta

PINNINUIRITINSTURBEURL I IMIuEsI0anvasfin angiopoetin-1 wasfin
TGF-beta Hmfinidasfiddneenmsuansaanasiiu  VEGF Aunswledinudnadn
Fntunadialevnsdnsmsurasanuasiuwsesiindy  wamsdnwwyn
AUMILENIDONYBIEY TGF-beta Waz Angiopostin-1 'la]ﬁm*mu@m@mﬁm:wmg‘{ﬂ'}u
UAZNRUALAY 'E’J'nﬁ':ot]'a'lajwum'mé'uﬁuﬁﬁ'um’m;umwao'[?ﬂﬁ'zU uantNelsfiany
WirsseUMILEaIennTostuala N FIRu iU Ed UM SuAaIaanusIfu  VEGF
(TGF-beta : r=0.58, p=0.00001 w8 Angiopoetin-1 : r=0.33, p=0.02)

2

0 r=0.58 . -
p=0.00001

Relative expression of Ang~1 mRNA (log expression)

-+ -3 -2 -1 0 i

Relative expression of VEGF mRNA (log expression)

Relative expression of TGF-beta mRNA (fog expression)

Relative expression of VEGF mRNA (log expression)

-

P W s ] -
31]7110 Llaﬁdﬂ'l'l&lﬂ&l'ﬂ“‘nf‘i:ﬂ'l'ld [l x11% e ) nuaoﬁu TGF-beta usy Angiopoetin-

1 NU NURITUAASBONVDITW VEGF
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= 4
F3UUazIMNIUNANITNARDY

Lupus nephritis 1Juntirladniauludihe SLE Failuarmsuaasiinyldisy
wrsdiuit UM Rsturasdanmaduihouandedie  (morbidity and  mortality)
toatudslinmuainquaznalnmafialsa lupus  nephritis fidalan  @andlany
ﬁﬂﬂnﬁﬂaaszunqﬁfj’uﬁu 11’1'[1J§ﬂ’11ﬁ'10 autoantibody uazll immune complex IV
imszadaragmulula  Immune complex mﬁmﬁﬂﬁ'ﬁmmwuﬁwawnaﬁé’mau
Teuanzdi glomerulus  §UaIN17V89170 Lupus nephritis wudanumainnanueoue bl
flovmmmeniiiniasudnumsayisdamiziiound TUandangueins nephrotic #ia o
MuataTIalin (Rapidly progress glomerulonsphritis) frlunnutfadpimmuanmaifie
liauazAMuTuLsI183lT0 lupus nephritis L%ﬂ'jwunmwaaﬁun;nﬁuLLa:ﬂﬁuufmﬁ‘an
Wiaslianudrdn miﬁnmﬁﬁamgﬁpm’wﬂaﬁ’uﬁmuqum'sn.ﬁmtimam‘?qﬂ'mguun
maﬂmé’mﬂﬁognﬁwudﬂﬂmummﬁmaanmmﬁumonsiumulmifa“lm {intra-renal
gene expression) £ Vascular Endothelial Growth Factor (VEGF) L‘ﬂuﬁwﬁﬁﬂﬁ‘lﬁ
nanvae laun 1) muqummwémwaommmﬁaam‘é‘aﬂ (vascutar permeabitity} 2)
dabhliiAamsaiivsandoaini (angiogenssis) 3) TnihliiansaBeufivesioad
imEa9111 (leukocytes chemotaxis) &wiuaululafuiliiluuAfiununadglums
\ie proteinuria Way renal failure Winldgannmisanwinisiy VEGFE dasnumsifia
wm%amwmaa"l.mwm‘%ra%'q'lﬁ‘luﬁhmﬂaaa VEGF Lﬂuﬁuﬁﬁuﬁﬂﬁqua?nm
(cytoprotection) glomerular endothelial cell Laz epithelial cell nsusaIsanYadaull
aufuRusiumaialsalanaosiia  Sanituiinonumsly ant-VEGF antibody
nszqumafialusdulutlaans  (proteinuria) lugilslsauzds L"E‘a’hgﬂuuwmﬂu
(genotype) UAZMIURANDBNVBIIU (gene expression) ﬁﬂﬂmmmn@mﬁu‘luﬂ'ﬂ'zUusia:
Nufigutmuanisiinliauszweinsallsaldlugig lupus nephritis ﬁqfug‘%ﬁuﬁaﬁub
#NWIUNUINUAIEW  Vascular Endothelial Growth Factor (VEGF) fiunmiifialiauas
wenosailsaludiaglaaniaugils

NNEAaMSANWLaeAT real-time PCR wuitszauniuaasasnwasiiu VEGF 1w
Fuifiola {intra-renal VEGF mRNA}) 'uaog}’ﬂw lupus nephritis aﬂﬁwmnfhnéjummu
(kidney transplant donor) (-0.83 £ 0.7 W&y -0.001z 0.39 log copies $NUR AU, p-vaiue =
0.002) FvmaandasrunisaaatvenRaina VEGE Tﬂiﬁu'lu%un’fa'lwaar;]’ﬂ'nﬂﬂmam:
ot9BIhaTad podocytes WASITAR tubular epithelial %mﬂmmaﬁﬁwé’tylummﬁo VEGF
molwla wensminmanasTasdin VEGF ﬂ'aaaﬂﬂﬁaqﬁ'uwm%anﬁwﬁ;mmn'lU'luvlﬂ

oty lupus nephritis duldun mafa glomerular endocapillary proliteration,
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crescent formation War renal activity score IMMIANK animal model V83 Kung W&y
ame (37, 38) wamdlWiduinsanadwad intra-renal VEGF fanauduwusnumsdian
TUMUNUYEY macrophage cells molule Tasfinnufudutniumsfovievemaaniion
mulwlauazmsiAe glomerulosclerosis wasvniiald VEGF protein 1 RK mice
FNIT0RANIIAA renal fibrosis uazgoriiivny mice Smsvhaemasladitiwlesan 9
LAY ULNL MDY VEGF Tumsvimiafitiin eytoprotective gene nelula

mIdmIusasnanustiv VEGF 'F'i@‘i'mo'lug?j'ﬂdUuanﬁ@\wm‘ﬁﬂmwﬁguu.mmulu
'lmfummﬁﬂmnﬂaammquﬁnﬁa

1) SNSRI IDUALNAADBILTSN podocytes pananluilamar Fuaadamainiiu
adnwihfifstumsnsesnislule fna@nswuillssnzvesing  lupus
nephritis BUTWOMTRE podocytes ﬁqﬂﬂuaanu'lmnn'i'ﬂuﬁﬁm'zzmamuﬂnﬁ lagiwie
aﬂ’loi‘iﬂugj‘fﬂduﬁﬁmmmaokﬂgmm (34, 33) ﬁ":umqﬁﬂ’m:tﬂun&lﬁ'&ﬁuﬂm VEGF
anasuas laviuiaundaas ‘

2) wasmululasansosiie proinflammatory cytokine W8T chemotattractant
cytokine 184 MGCP-1, MiP-1alpha Waz MIP-1beta "ﬁq‘[manama"lﬁaz'i'fnmlﬁ'ﬁn'mﬁwm
’ﬂuuunwuad monocytesln'lacrophage cells LLﬂ“Hmmimﬁ‘]‘num IL-1beta, IL-6 usz
TNF-alpha Fsmansafudamssse VEGF lusanle (37)

hm'sﬂnmurp%v‘lﬂmmmnmmuLﬂulumumm Short-term  outcome  1ag
%‘mmuﬁ'ﬁ’amﬂm: 1987 6 LAau wm"lg'ﬂ'amnn'lULﬁmm'scﬁauamwn'nﬁwmwaa'lm
{oun ensRaduuesszdu serum creatinine (I 2 1rin (doubling serum creatinine)
u.a:mo'mLﬁﬂ‘l@muf%a%'a's:u:q@ﬁw Tmug‘{ﬂ'zunéud’onénﬂﬂugﬂaUﬁﬁmmamaan
098% VEGF ag'l.m:ﬁ'nG‘i'ﬁn'hrgﬂ?uﬁ'laitﬁﬂmqmmiﬁmdwﬁgﬁu uanmn'lfmﬁa;ﬁﬁ'ﬂ

1

AN INUNIUITTUNTTURNLENWLINEU TGF-beta uR: Angiopoetin-1 1Dufiunguiiil

b

' i [ w - - ' 4
i\"mLﬁU’J'IIENn‘U VEGF @]{luuﬁﬂll}ﬂﬂﬂn’ﬁﬁﬂﬂqﬂqn VEGFR Uql,ﬂuﬂdﬂﬂ']']l.l.ﬂu HIAN

MsAnELD s UK aMURURUTUBINITURAIDBNTBIE TGF-beta usz Angiopoetin-1
AUNIURAYDBNYBIEU VEGF )

fwmiumsinszuunesiin VEGF finms@nmnlay wewegy.er.99nadl 26fi-
BEUIY 'quwuiﬁﬁ‘:agﬂu.uwaaﬂuﬁs‘huum 460C/T Uax +405C/G wulaifanadmusny
nmufalia SLE Tudszminylng

daiusEAUMsuaRIDanYaIin VEGF ﬁaaaaua:é’uﬁ’uﬁﬁ'ﬁwm“ﬁﬁmwﬁ‘;uusolu
Hthy lupus nephritis YN mw:ﬁm“ﬂ'ﬁ‘lumﬁhLLumjﬂ’m Lupus Nephritis A3A21M
Musvaslindie giule -smﬁ:amw:mu’rsnmuﬂﬁtﬂué‘nmmu'[:;ﬂﬁ'ﬂmﬂé{ (novel

prognostic marker)
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Measurement of urinary chemokine and growth
factor messenger RNAs: A noninvasive monitoring

in lupus nephritis

Y Avihingsanon', P Phumesin', T Benjachat', S Akkasilpa', V Kittikowit?, K Praditpornsilpa’,
J Wongpiyabavorn?, S Eiam-Ong’', T Hemachudha®, K Tungsanga' and N Hirankarn®

'Lupus Research Unit, Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand; *Department of Patholagy, Facuity of Medicine, Chulalongkorn University, Bangkok, Thailand and *Department of
Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Noninvasive molecular tests of urine cells have been
developed to monitor the activity of kidney diseases, We
evaluate whether measurement of urinary messenger RNA
{mRNA) levels of chemokine and growth factor genes could
distinguish between diffuse proliferative lupus nephritis
{class IV LN) and others and whether it is able to predict the
response to therapy. Prebiopsy urine samples were collected
from 26 LN patients. Urine specimens were serially collected
over a pericd of 6 months from class IV LN patients who were
receiving standard immunosuppressive treatments. Urinary
interferon-producing protein 10 and its CXC chemokine
receptor (CXCR)3, transforming growth factor-§ (TGF-g}, and
vascular endothelial growth factor (VEGF) mRNA levels were
analyzed by quantitative real-time polymerase chain reac-
tions. Levels of chemokine or growth factor mRNAs in urine
could distinguish class IV LN frem others, with a sensitivity of
85% and a specificity of 94%. The receiver-operative
characteristic curve demonstrated that urine mRNA levels of
these genes could identify active class IV LN with an accuracy
greater than the current available clinical markers, namely
systemic lupus erythematosus (SLE) disease activity index,
proteinuria, renal function, or urinalysis, A significant
reduction of interferon-producing protein 10 (IP-10), CXCR3,
TGF-8, and VEGF mRNA levels from baselines was observed in
patients who responded to therapy, whereas the levels
tended to increase in those who resisted to treatment
Measurement of urinary chemokine and growth factor
mRNAs can precisely distinguish class IV LN from others.
Temporal association between these markers and therapeu-
tic response is demonstrated. This noninvasive approach
serves as a practical tool in diagnosis and management of LN,
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Clinical manifestations of lupus nephritis (LN) could vary
from asymptomatic urinary abnormalities to rapidly pro-
gressive renal fajlure. Severity of LN can fluctuate during the
course of the disease and treatment; thus, it requires serial
monitoring.”* Although urinalysis or quantification of
urinary protein levels is simple and may aid the diagnosis,
it cannot distinguish among various LN classes. Assessments
of serum auto-antibodies and complement levels also have
limited value.™ Knowing the nature or type of glomerular
pathology is crucial in predicting the prognosis of the
patients, For example, a patient with class [V LN usually
turns into an advanced state of chronic kidney disease within
a few months, whereas a class Il or class V patient may
maintain nearly normal renal function.® Therefore, kidney
biopsy is necessary not only for establishing the diagrosis but
also for confirmation of relapse® Although essential,
repeated renal biopsy is not practical due to its invasiveness
and potential unacceptable complications. Therefore, a
noninvasive tocl to monitor relapse as well as to guide
treatment decision is extremely warranted.

Substantial evidence suggests that T-helper 1 (Th-1) type
chemokines, in particular y-interferon-inducible protein (1P-
10), contribute to the inflammatory cell infiltration of
affected organs in SLE patients.”® IP-10 is expressed and
secreted by monocytes and endothelial cells. In a lupus
mouse model, this chemokine regulates the Thi-cell migra-
tion into kidney and lung via interaction with CXC
chemokine receptor (CXCR)3.° Neutralizing mono-
clonal antibodies or small-molecule inhibitors that disrupt
CXCR3 function markedly attenuates the inflammatory
response, resulting in reduction of kidney damages”'® In
human SLE, serum levels of IP-10 protein were high,
particularly in patieats with active nephritis.'' The increased
urinary levels of monocyte chemoattractant protein-1 and
[EN-y proteins in active LN patients support the pathological
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roles of these Th-1 type chemokines.'*'’ Growth and

sclerosing factors such as transforming growth factor-f
(TGF-8) may also play a pivotal role in the initiation of
inflammation and the progression of renal fibrosis.'**¢ TGE-
£ is a potent inducer of vascular endothelial growth factor
(VEGF) expression.'”'® VEGF can increase vascular perme-
ability and lead to proteinuria, Coexpression of both genes
has been demonstrated in renal tissue containing accelerated
tissue repair and fibrosis.'> One study has revealed increased
VEGF gene expression in both plasma and renal tissue from
LN pz:ttients.m

Determination o¢f cytotoxic T-lymphocyte messenger
RNAs {mRNAs) of urine cells has been shown to be useful
in the diagnosis of acute renal allograft rejection.** Similarly,
urinary mRNAs of some Th-1 cytokines, chemokines, and
growth factors correlate with SLE disease activity index
(SLEDAI) and clinically defined renal flare. However, this
approach cannot precisely distinguish diffuse proliferative LN
(class IV LN} from other types.'™"’ Importantly, 15-20% of
patients with class IV LN respond poorly to the standard
therapy and cannot be predicted by currently available
markers,”>?* Therefore, a new surrogate marker is needed.

Measuring mRNA from urine cells can partly reflect the
molecular milieu of the whole kidney.?'®* Thus, the levels of
such gene candidates could be employed to study pathophy-
siologic mechanisms and disease processes. Fluctuating levels
of the urinary mRNA of some genes may be markers of the
severity or chronicity of the disease. The present study is
aimed to determine whether the mRNA levels of chemokine
IP-10 or CXCR3 and growth factor TGF-§ or VEGF in urine
cells could be applied individually or in combination for
routine clinical use,

RESULTS

Patlent characteristics

We studied urine samples (n=352) at baseline from 26
patients. In all, 10 urine samples from healthy females served
as controls. The demographic and clinical data of studied
patiemts are summarized in Table 1. There were 14 patients
with class IV, three with class II, three with class 111, four with
class V, and two with class VI LN. The mean + standard

Table 1| Patient characterlstics®

Y Avihingsanon et al: Urine mRNAs in severe lupus nephritis

deviation of baseline pathological activity and chronicity
indices for class 1V group were 1246 and 434, respectively,

Elevation of urinary chemokine, IP-10, and CXCR3, mRNA
tevals in class IV LN

The mRNA levels of chemokine, IP-10, and CXCR3 in
urinary cells were higher in patients with class IV LN as
compared with those in other classes (2.44+0.14 vs
1.06 £0.19; P<0.001 and 1.81+0.17 vs 0.9940.16 copies/
ug total RNA; P = 0.002, respectively) (Figure 1a and b). The
natural log-transformed chemokine mRNA levels were used
as the dependent variable in one-way ANOVA to test the
differences between the LN classes. The urinary IP-10 and’
CXCR3 mRNA levels from patients with class IV LN,
measured within 2 weeks befoce renal biopsy, were sig-
nificantly higher compared to those of class II, IlI, V, and VI
{Table 2). No significant difference of the housekeeping gene
18s receptor RNA (rRNA) levels was observed among the five
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Figure 1|Levels of mRMA in urine cells. Dots and bars show
{logImRNA levels and means for {a) IP-10, {b) CXCR3, (¢) TGF-§, and
{d) VEGF in urine samples from patients classified as having class IV
LN or non-class IV LN, The levets of IP-10 (P <0,001), CXCR3

(P =0.002), TGF-§ (P<0.001), and VEGF (f <0.001) were significantly
higher in patients with class IV than in patients with other classes of
LM.

Class ¥ Other classes P-value

Number 14 12 (3:3:4:2) {11

Number of urine samples 28 24

Age (year) 29+ 1 30+2 0.95
Gender (F/M) 131 10 0.80
Serum creatinine (mg/dt) 1.48+035 1.4440.25 0.92
Creatinine ¢learance {ml/min) 629472 484+94 0.23
Proteinudia {g/day) 22405 28407 043
Urinary erythrocyte count {per high powe 28490 14+ 69 0.22
SLEDAI 68+09 54410 0.32
Steroid dosage (mg/day} 3346 30+7 0.75

*The groups of patients were identified by kidney biopsy based on WHO classification.
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Table 2 |Levels of mRNA in urine cells*®

Class |l Class 1l Class iV Class V Class Vi P-value
1P-30 086 £0.27 1.55 £ 0.50 2.34+014 1.25+0.26 1.140.4 «0.001
CXCR3 1024026 1.53£0.24 1.81+017 0.84+0.20 0.5+0.1 0.005
TGF-# 1.64 £0.26 204052 3.244013 140 +0.44 3.03+0.38 <0.001
VEGF 0.27 +0.27 1.914+015 2.39+0.20 0.29+0.29 3.0340.62 <0.001
‘Data expressed as meant s.em. of log copies/ng total RNA,
“The groups of patients were identilied by kidney biopsy based on WHO classification
IP-10: interferon-praducing protein 10, TGF-fi: wansforming growth factor-A, VEGF: vascular endothalial growth lacter.
groups (P =0.56). The urinary mRNA levels of IP-10 and 8100 b oo T
CXCR3 were not detected in the controls {data not shown). ik v

075 L 0.5 r f" —e
N [ -
Elevation of urinary growth factor, TGF-§, and VEGF, mRNA £ : £ P
levels in class IV and class VI (diffuse glomerulosclerosis) LN Z 050 Foso P = et
- o o
The mRNA levels of growth facter, TGF-f, and VEGF in @ — Reisrance lna| < Y . —
urine cells were higher in patients with class IV LN as 0.25 % ‘?,.g'_:g? 025 = U_prol
. . . Ry
compared with those in other LN classes (3.24+0.13 vs H e e — eEon
1.8140.26; P<0.001 and 2.39 4 0.20 vs 0.99 3 0.29 copies/ug 0000 o2 tm0 o7 100 "%Boo o025 o050 o075 100
1-Specificty 1-Specificity

total RNA; P<0.001, respectively) (Figure 1c and d). The
urinary TGF-f and VEGF mRNA levels from patients with
class [V LN, measured within 2 weeks before renal biopsy,
were significantly higher compared with class II, Iil, and V.
However, there was no significant difference between the
mRNA levels from class IV and class VI LN (Table 2).
Interestingly, the two patients of class VI LN formerly had
biopsy-proven class IV LN, Both had a history of multiple
nephritis flares and had progressive deterioration of renal
function despite aggressive immunosuppressive therapy.

Urine chemakine and growth factor mRNAs distinguish class
IV LN from other LN classes

The receiver-operator characteristic (ROC) curves (Figure 2)
depicted the true positive fractions (sensitivity} and false-
positive fractions (1—specificity} at various cut points for
mRNA levels for IP-10, CXCR3, TGF-§, and VEGF (Figure
2a) and other diagnostic markers: SLEDAI, creatinine
¢learance, 24-h urine protein excretion, urinary leucocytes,
and erythrocytes (Figure 2b). The natural log-transformed
cut point (threshold) that maximized the combined sensi-
tivity and specificity for IP10, CXCR3, TGF-B, and VEGF was
2.08, 1.65, 2.50, and 1.82 copies/ug total RNA, respectively. At
these thresholds, the sensitivity and specificity were 73 and
94% for IP-10, 65 and 83% for CXCR3, 85 and 83% for TGF-
£, and 77 and 76% for VEGF, respectively. The calculated area
under the ROC curve for 1P-10 was 0.89 (95% confidence
interval = 0.78-0.99), for CXCR3 was 0.79 (95% confidence
interval = 0.65-0.93), for TGF-§ was 0.87 (95% confidence
interval = 0.76~0.97}, and for VEGF was 0.82 (95% con-
fidence interval = 0.68-0.96). Given the fact that class VI LN
can probably be recognized by prebiopsy parameters such as
treatment failure and irreversible deterforation of renal
function, it might be interesting to assess the usefulness of
these markers by leaving out the class VI patients from the
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Figure 2|ROC ¢curves of mRNA levels and other diagnostic
markers. The fraction of true-positive results (sensitivity) and that
false-positive resuilts (1-specificity) for (a) IP-10, CXCR3, TGF-8, and
VEGF mRNA levels, and {b) other diagnostic markers as markers of
class IV LN are shown. The calculated area under the curve was 0.89
for (P-10, 0.79 for CXCR3, 0.87 for TGF-B, 0.82 for VEGF mANA levels,
0.598 for SLEDAI, 0.554 for creatinine clearance, 0.536 for 24-h urine
protein, 0.589 for urine leukocyte count, and 0.741 for urine
erythrocyte count. A value of 0.5 {reference line) is no better than
expectad by chance and a value of 1.0 reflects a perfect indicatar.

analyses. Indeed, removing class VI from the analyses
increased diagnostic accuracy of these genes, particularly
TGF-$ and VEGF. The sensitivity and specificity increased to
85 and 94% for TGF-8 and 85 and 84% for VEGE
respectively.

Figure 2b shows the ROC curves for other conventional
diagnostic markers with respect to class IV LN. Comparing
with the urine mRNA levels, these markers poorly discrimi-
nated class [V LN from other classes of LN, as could be
demonstrated by the calculated area under the curve at 0,598,
0554, 0.536, 0.589, and (.741 for SLEDAI, creatinine
clearance, 24-h urine protein excretion, urinary leucocytes,
and erythrocytes, respectively.

Pearson correlation analysis revealed that there was a
significant correlation between IP-10 and CXCR3 mRNA
levels in urine (R =0.78, P<0.001). There was a correlation
between TGFE-§ and VEGF mRNA levels in urine as well
(Figure 3a and b) (R=0.877, P<0.0001).

An overlapping of urinary mRNA levels between class IV
and other classes (Figure 1) was observed in three patients.
Among non-class IV group, two of class VI and one of class
III patients showed mRNA levels comparable to those of class
[V LN. Using the threshold levels described above, the
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patients with class V1 LN had high urinary levels of TGF-§
and VEGE, but not IP-10 and CXCR3 mRNAs. One patient
with class IIT1 LN had high urinary levels of all studied genes.
Interestingly, this patient had subsequently developed class
IV LN despite steroid therapy and required a potent
immunosuppressive regimen a few months later.

serfal monitoring of urinary chemokines and growth factor
mRNA fevels predicts response to therapy

Serial measurements of urine mRNA levels were performed
monthly from baseline 1o the fifth month in 10 responders
and four nonresponders of class [V LN according to the
criteria described below. The baseline mRNA ievels did not
significandy differ between these two groups. The IP-10,
CXCR3, TGF-f, and VEGF mRNA levels were markedly
reduced in the responder group after treatment (Figure 4a)
(P-value=0.01, 0.05, 0.0, and 0.03, respectively). In
contrast, the IP-10, CXCR3, TGF-§, and VEGF mRNA levels
tended to increase in the nonresponder group (Figure 4b)

(P-value = 0.85, 0.66, 0.65, and 0.46, respectively), All
a b 5
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Figure 3| Coordinated expression of mRNAs for chemokines and
growth factors In urine cells. (a} The relationship between the levels
of IP-10 and CXCR3 was significant at £<0.0001 (R =0.78}). (b) The
TGF-§ and VEGF urinary mRNA was significantly correlated at
P<0.0001 (4 =0.88).

patients in the nonresponder group had additional kidney
biopsies, which showed worsening of renal pathologies. One
of these patients developed crescentic glomerulonephritis
with diffuse proliferative nephritis.

DISCUSSION

Successful management of LN requires a prompt diagnosis

and early treatment. Abnormal urine sediments or protein-

uria regardless of its degree or pattern (persistently or

episodically) may be found in association with progressive

renal pathology despite stable renal functions. Multiple

urinary biomarkers have been shown to correlate with
clinical criteria such as SLEDAI or clinically defined renal

flare.'®'>* The present study verifies the potential utility of
novel urinary biomarkers in patients who had pathologically

confirmed proliferative {class [V) LN. Importantly, the

application can be extended to the use in early prediction

of therapeutic response in class [V LN patients. [t should be

emphasized that the class IV LN patients require potent

immunosuppressive treatment. This monitoring tool may

provide a better optimization of immunosuppressive agents

in order to avoid their toxicities.

In this study, the measurement of urinary mRNA levels of
IP-10 and CXCR3 chemokine genes, and TGF-# and VEGF
growth factor genes is practical and should be useful in
diagnosing class IV LN and in predicting clinical therapeutic
response with high sensitivity and specificity. IP-10 appears
to be the best candidate, followed by TGF-f, despite the fact
that some overlapping levels of these mRNA can occur
among patients with class [V and others, particularly class V1
{diffuse glomerulosclerosis) (Figure 1). It should be noted
that the two patients of class VI LN actually transformed
from class IV LN and they showed resistance to prior
cytotoxic therapy. [nterestingly, the patients with class VI LN
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Figure 4} Changes in urinary mRNA levels of IP-10, CXCR3, TGF-§, and VEGF over the 6-month period of treatment in patients with LN
class IV, Dots and bars show means and s.e.m.’s of (logmRNA levels for iP-10, CXCR3, TGF-§, and VEGF in urine samples from baseline through
the fifth month of treatment. {a) The levels of IP-10, CXCR3, TGF-f, and VEGF were significantly decreased in the responder group, (b) whereas
the levels of these genes were not changed in the nonresponder group.

750

Kidney International (2006} 69, 747-753



Y Avihingsanon et al.; Urine mRNAs in severe lupus nephritis

aviginal article

had high urinary mRNA levels of TGF-f and VEGF, but not
of [P-10 and CXCR3. The above findings suggest that the
growth factors, not chemokines, reflect an ongoing process of
tissue repair and fbrosis in the kidney. In contrast, the
patient with class 1t (focal proliferative), which subsequently
progressed into class 1V, LN showed high urinary mRNA
Jevels of both chemekines and growth factors. Taken together,
monitoring of utine cells gene expression with combined
biomarkers may serve as a reliable tool to distinguish class IV
LN from other classes.

Currently, renal histopathologic study is the standard
method of determining the presence of inflammatory process
in nephritis patients. However, studying renal pathology may
not give details on the progression of nephritis over a time
span unless the hazardous renal biopsies are repeated.
Monitering gene expression in urine cells over time gives
additional information, which would be complementary to
the pathological study in understanding the ongoing
inflammatory process of nephritis. Increased urinary mRNA
levels of IP-10 and CXCR3 in only class IV LN support the
role of Th-1 chemokines in intrarenal inflammation.
Alternatively, the upregulation of TGF-§ and VEGF in class
IV and VI (diffuse glomerulosclerosis) may reflect tissue
repair and Abrosis, [t would be of interest to study whether
molecwar signaling couid predict long-term renal function.
Although the present cohort’s follow-up period was short, we
believe that the highly sustained expression of IP-10 and
CXCR3 distinguishes an ongoing renal inflammation. In
agreement with the study reported by Rovin e al.,*® serial
measurement of urine chemokine, monocyte chemoattrac-
tant protein-l1 protein, predicts clinical renal flare and
response 1o therapy in their prospective study. It remains
intriguing as to which parameters could predict fong-term
renal function. Upregulation of TGF-# and VEGF found in
class TV and VI in this report may reflect tissue repair and
fibrosis. Alternatively, such persistent expression may predict
poor outcome in the future, with sclerosis and fibrosis of the
entire kidney.

Multiple conventional markers as shown here, such as
proteinuria and SLEDAI, ineffectively discriminate class IV
LN from others. Only urine erythrocyte count can reliably
distinguish class [V renal pathology. Nevertheless, variable
numbers of urine erythrocyte counts could be found in most
fernale patients during each visit. Therefore, the presence of
erythrocyte in urine cannot predict the response to
treatment. There are pressing needs for a short-term LN
treatment trial to compare the outcome, since current
management relies on more rigid criteria, such as renal or
patient survival, which require at least 5 years to complete.
Given the key functions of the studied genes, the measure-
ment of their gene transcripts may replace the conventional
markers being used as surrogate markers in the clinical trials
of molecularly targeted therapy such as cytokine or growth
factor blockade.

Repeated attacks of LN, particularly diffuse nephritis, is
the worst prognostic factor in the development of end-stage
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renal disease.’® Most SLE patients, however, die from
complications and infections partly from overuse of im-
munosuppressive agents. The monitoring of urine cell
chemokines and growth factors described herein may be
another useful approach for early detection of the critical
stage of inflammation in the kidney of SLE patients and for
tailoring immunosuppressive therapy.

MATERIALS AND METHODS

Patients

In total, 26 patients who had been diagnosed with SLE according 10
the American College of Rheumatology diagnostic criteria for SLE
were recruited between August 2002 and September 2004. A total of
52 urine samples were obtained. Two urine samples were collected
from each individual patient approximately 2 weeks and 1 day
before renal biopsy. Renal involvement was documented by having
one of the following criteria: a total urinary protein level of more
than 0.5 g/day, an increment of serum creatinine levels of more than
0.5mg/d] during 1 month peried of follow-up, or presence of
pyuria, hematuria, or urinary cast by microscopic examination. All
biopsy specimens were examined by one pathologist {VK) who was
not aware of the results of the molecular study. Using the
classificaion of the histologic types of LN by World Health
Organization,”*®* 14 of 26 biopsy specimens were identified as
class [V, whereas the remaining 12 specimens were categorized into
other classes. All 26 patients received prednisolone (0.5 mg/kg/day)
without other cytotoxic drugs, prior to renal biopsy for at least |
month. Four patients received 5-10 mg per day of enalapril. In all, 10
urine samples from healthy women served as controls.

This study has been approved by the Ethics Committee for
Human Research of the Faculty of Medicine, Chulalongkom
University, and written informed consents were obtained from all
subjects.

Of the 26 patients, 14 patients with dass [V LN were
prospectively followed. These patients received oral prednisolone
at the dosage of 8.5 mg/kg/day plus a 6-month regimen of either
monthly intravenous puise cyclophosphamide or oral mycopheno-
late mofetil. Urine samples were collected monthly from pretreat-
ment baseline to the fifth month of treatment. Therapeutic response
was defined either by the improvement of pathological scores of
activity and chronicity based on repeated kidney biopsies, or by the
following clinical criteria, including: (1) stabilization or improve-
ment in renal fun¢tion; (2) = 50% decrease in hematuria to less than
10 RBC per high-power field; and (3) significant reduction in
proteinuria {>50% decrease to less than 3g/day if baseline
nephrotic range, £ 1g/day if baseline non-nephrotic) for at least 3
months.?’

Collectlon of urine sample and RNA isolation

Urine was immediately centrifuged after collection at 1000y for
30min at 4°C. Toral RNA was isolated from the cell pellets using an
RNA blood mini kit (Qiagen, Chatworth, CA), measured for
concentration and reverse-transcribed into complementary DNA as
described previousty.”’

Analysis of urinary mRNAs

The mRNA levels of [P-10, CXCR3, TGF-8, VEGFE and the
housekeeping gene, 18s rRNA, were measured by a Light Cycler
machine (Roche Molecular Biochemicals, Indianapolis, BN). The
sequences of primers and fluorescence probes are as follows: IP-10
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sense 5'att ttg tec acg 1gt tga gat ca?, IP-10 antisense 5'1gg cct tcg att
cig gat tc3 and [P-10 probe 5 6-carboxy-fluorescein (FAM) aca 1ct
€1t €tc acc cii < 1ty cat tgt age a 6-carboxy-tetramethylrodamine
(TAMRA)3; CXCR3 sense 5'acc cag cag cca gag cacd¥, CXCR3
antisense 5'caa cct cgg cgt cat tta ge¥, and CXCR3 probe 5'FAM ctt
£E1 gt cac tca ¢kl caa gga cca 1 TAMRAY; TGF-f sense 5'cce tge cec
tac att 1gg ag3’, TGF-f antisense 5 ccg ggt tat get ggt tgt acad’, and
TGF-fi probe 5'FAM cac gea gla cag caa ggt <ct gge ¢ TAMRAJ;
VEGF sense 5'cct aca gea caa caa atg tga atgd’, VEGF antisense 5’ caa
atg ctt tee ccg ctc tgad’, and VEGE probe 5'FAM caa gac aag aaa atc
cct gig gge ¢t TAMRA; 185 rRNA sense ¥ gec cga age git tac ttt ga3’,
[8s rRINA antisense 5tce att att cct age tge ggt atc3’, and 18s rRINA
probe 5'FAM aaa gea gge ccp age cge ¢ TAMRAY. The probes were
labeled with FAM at the 5’ end, and with TAMRA at the 3’ end. FAM
serves as the reporter dye, and TAMRA serves as the quencher dye,
All primer pairs were designed to span across an intron-exon
boundary 1o distinguish an amplification of genomic DNA. Each
polymerase chain reaction was set up for 204l reaction volume
comprising of 18 ut of polymerase chain reaction mastermix (Roche
Molecular Biochemical, Mannheim, Germany), 2 u of complemen-
tary DNA template (diluted 1:1000 for 185 rRNA), 600 nm of primer,
and 200nm of probe. Polymerase chain reaction amplification
incjuded an initial denature at 95°C for 2 min, followed by heating
at 95°C for 10s and 60°C for L0s repeated for 40 cycles. The TGE-§
and VEGF plasmids (kindly provided by Karumanchi SA, Harvard
Medical School, Boston, MA} and polymerase chain reaction
amplicon for 18s rRNA (kindly provided by Ding R, Cornell
University, New York, NY) were used for developing standard
curves. The standard curves were based on the principle that a plot
of the log of the initial target copy of a standard vs threshold cycles
results in a straight line. Levels of mRINA were expressed as number
of copies per microgram of total RNA isolated from the urine cells.

Kldney blopsy

Kidaey biopsy specimens were scored for activity and chronicity
index. The activity index was calculated from the sum of
semiquantitative manual scores {0-3 each) of the following
parameters: endocapillary hypercellularity, leucocyte infiltration,
subendothelial hyaline deposits, interstitial inflammation, necrosis,
and cellular crescents. Scores of the last two parameters were
counted double, yielding the total range for the activity index of
0-24. The chronicity index was the sum of scores of the following
parameters: glomerular sclerosis, fibrous crescents, tubular atrophy,
and interstitial fibrosis.>® The maximum score of the chronicity
index was 12.

Statistical analysis

Statistical analysis was performed using the $PSS software (version
11.5). The tevels of all studied mRNAs deviated significantly from
normal distribution (P £0.001), which was substantially reduced by
the use of a log transformation. The natural log mRNA levels were
used as dependent variables in comparison for any variable
difference by Student's t-test (between two groups) and one-way
analysis of variance with Bonferrini’s correction (between groups).
The relationship between the mRNA levels of each gene was
estimated with Pearson’s correlation. To distinguish class IV LN
from others, receiver operator characteristic curve analysis of mRNA
levels was used to determine the cutoff levels that maximized the
combined sensitivity and specificity. The area under the curve was
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calculated, and sensitivity and specificity at the selected cutoffs were
determined.
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1 kidney hiopsies of seleroderma renat erisis by immunohistochemisiry,
;pit“f at-vWE anubodies, Results were compared 1o cenal bopsies in the
A '-'""} :mgies ; typical hemoiytic and uremie syndrome {HUS, n=3), ann-
! :;rr:—;mc (n=6). disbetic aephropathy (n=5}, Minimal Change Disease
: ity (=3k and 1schemia (pre-transplant biopsies with nephroangiosclerosis,
< jpt0
&
ing Was increased oniy in glorgcruii with _microangiopathic lesions in
e ;.uduHUS cases. In sclerodemma, it was also increased in vascular lesions
o “'mgr'ms- « onion skin » artertes). In the other pathologies tested, vascular ET-1
ool entd o5 less increased, and even decreased wn HUS compared o normai contrals
R \‘I’ art of nephrectomy for malignancies, n=3).
,,.c\-“’mnntusiom Ihus is the first srady showing ET-1 overexpression in glomeruli and
n wn:dcmdcnna renal ensis. Qur finding suggests that ET-1 may be an interesting
p ¢ reatrnent of scleroderma renal crisis, as already used in scleroderma-assoctated
hypertension, which impraves under endothelin ceceptor biockade (bosentan,
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gridence for Activation of the IFN Palhwny in K_ldneys of Proliferative
Lupus Clomerulonephritis (LGN} K)«'nakoqs A. Kirou,' Kleio Mavragani,'
pee Dee W, Pamela Cole,' Surya V. Seshan,® Mary K. Crow.! 'Hospitai for
§pecial Surgery. New York, NY: *New York-Preshyterian Hospital, Weill Medical
It' sllege o/((jgme” Universiry, New York. NY.

Our pmv'\om data have mdicated _llh:u peripherat blood mononclear cells (PBMC)
gum SLE patients overexpress [FNa-indueible genes (IF1G)Y, and that activarion of the
{FN pathway is assopisted with active disease and repal involvement. In this study, we

© jgestigated whether activatinn of fhe TFN p:fthw:ty zan be detected locally s kidneys af
seqts with hupus nephritis and whether it is assoctated with the clinically more active
pulifertive form of LGN. _ _ _

Fresh Foren kidney biopsies from 28 SLE patients with nephritis, and 3 normal kidoey
jissut {contzols), were assessed by real-time PCR for expression of IFN-inducible genes
(FiTL, IFT44, MCP1, otc), several [FN gene subrypes, 2cd inflammatory genes (IL8. TLIb,
L1, TNF, defensin-aiphal, ew}.

There wete 4 cases of pure class ¥ {membranous), and 24 cases of proliferative GN
(8,10, and 5 cases of ISN/RPS class [V-Glubal, [V-Segmental, and 1T respectively) with
o without membranous lesions.

Expression of IF1G was not elevated in any of the class V cases, but was increased in
| G(IV-G), 4 (IV-8), and 3 ([T} cases of proliferative nephritis, In contrast to our previous
" PRMC daa, kidneys with high IFIG also cxpressed type | (several IFNa subtypes, IFNG,

Nty and type T1 IFN (IFNY) genes. Notably, expression of inflammanon-associated

cytokines IL8. 1L10, TNF, (but not IL1b) and defensin-alphal (neutrophil microbicidal
" peptide) comretated with IFIG. Cnly two cases (111 and [V-G) demmonsirated isolaced type |
- IFN gene without evidence for IFIG or other inflammatory gene expression.

These data deenonstrate that sctrvation of the IFN pathway may be asspciated primarity

- wilh proliferative versus membranous lupus nephritis. These renal ussues appear to

" pocapress various other inflammaticn-associated genes, perhaps indicating (sequential
o paradlel) activation of multiple mflammatory pathways. Unlike PEMC, several type 1

 ad BN genes were detected in the tssue, suggesting local production by infiliraring or
sctivated resident IFN-producing cells.

Funding Source: NIAMS, NIAID
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Decreased Intra-Renal Expression of Yascular Endothelial Growth
Factor (VEGF) in Patient with Severe Proliferative Lupus Nephritis.
¥ingyos Avihingsanon,'? Thitima Benjachat, 1 Vipawee Kittikovit, Nattiya
Nirankamn,\* 'L ypus Research Unit, Facudty of Medicine; *Medicine, Facultvof
Medicine: *Pathology, Faculty of Medicine; *Microbiolagy, Faculty of Medicine,
Culalongkorn University, Bangkok, Thailand.

; VEGE plays a pivotal role in mechanism of albumninuria in many glomerular diseases.
olre-renal gene and protein expression of VEGF in lupus ncphritis remains controversy, Qur
um 51 study the correlation between infra-renal.gene and protein expression of VEGF and
-:\‘:n:y Olf renal pathology. Forty-one renal biopsy samples from lupus nephritis patienis
r;"" studied b;:' real-time palyreerase chain feaction and immunohistechemistry for VEGF.
‘;'“m{nc renai bmp.v.ly core was used to study both VEGF expression and histopathology.
dPil!cms had received the same immunosuppressive treawnent including predaisolone
M crelophospharmde. The VEGF genc expression was normuatized by 185 RNA. All
; Wete expressed as medtan and inter-quartile mnge (IQR). The median age (IQR} of
Wenls was 27 (23.34) years. The 24-houc urinary protein excretion was 2,0 (1.0-3.3)
f"“da)* and erythroeyturia was 17 (2-48) ccl/HPE. The serum creatinine was 0.9 (9.7-1.8)
r'gdjc;\“ biopsy samples ware lassified in focal er diffuse proliferative lupus nephritis,
= r“’f‘)‘ and chronicity indices were 6 (1-11) and 2 {1-5), respectively. VEGF gene
PRl exprossion were significantly decreased as compared to control {transplant

"0 biopsy) (-1 2 # 0.7 vs. 0.5 ¥ 0.4 lag copies; p=0.006). VEGF gene expression was
e mg 3350ciatcd_with high_ perceniage (22!:}%) of glomenlar cr_:dacapillary proliferation
""‘-Sl)ch A ¢Ir9scg-nlzc formation (p=0.01} high (7.5 activity index (p=0.02) and high
asm“:zmmy index (p=0.02}. Conclusion. Intra-renal expressian of VEGF is negatively
Mol with severe pathologic changes of lupus nephnus, VEGF may be used as a aew

4 prognostic marker in prokiferative lupus nephntis.
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Glomerulenephritis, Molecular ivlechanisms and Histeparhoelogic Expression
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Pregnancy, Chimerism, and Lupus Nephritis: A Multi-Center Study.
M. Koopmans.' I C. Kremer Hovinga,' C. Grootscholten,® A. M. van der Wal'
M. Bijl. R. H W, M. Derksen.’ A. E. Voskuyl,! E. de Beer,' ). A, Bruijn,'
J.H. M. Berden,® L M. Bajema.' 'Parkology, LUMC, Leiden, Netheriands:
*Neprwology, UMCN, Niymegen, Netherlunds, 'Clinical Immunology, UMCG,
Gromingen, Netherlaneds; *Clinical Immunology, UMCU. Utrechi, Netheriands;
‘Rheumatology. VUMC, Amsterdam, *on Behalf of the Dutch Workang Purry

on SLE.

Chimensnt may be involved in the pathogenesis of systormte lupus erythematosus (SLE).
We demanstrated that chimeric cells are present twice as often in kidneys of women with
lupus nephriris as in nomnat kidneys (JASN 2004:38A), Pregnancy is considered the mast
impartan source of chimerism, but the exact relationship between pregnancy, persistence

of chimenc cells and the development of SLE has thusfar not been investigated.

Renal biopsics and clinical data came from patients included in the First Dutch Lupus
Nephrins Study. Chimerie cells were identified in tissue by in sing hybridization of the
Y-chromesome. A questionnaire was used to obtain detailed informatian on reproductive

dam including pregnancy listory and miscarriages.

Chimerism was found i 12 of 26 (46%;) renal biopsies, which is consistent with our
previous resulls in anather study group. Of {2 women who were chimeric, 5 reparted a
pregnancy: of 14 womee who werte not chimere, 8 rported a pregnancy (not significant).
Chimenc women who had been pregnant reported significanily more pregnancies than
non-chimeric women who had been pregmant (p=0.04). The median age of the youngesi
child was bigher n chimeric women (19 yrs) than in zen-chimeric wormen (6 yrs). Chimeric
and aon-chimeric women did net differ with respect to age, age ar diagnosis, lime since

diagnesis, and number of miscariages.

Despite the attention Lhat has been paid to preguancy histories with respect 1o
chimerism and SLE, this stady shows that a clear-cut relationship is nut appacent. There
was 3 considerabie number of chimeric women without repunted pregnancies: in these
women, other sources of chimerisrn must be considered, e.g. unrecognized pregnancies.
Our daa provide evidence for the chimeric cell pepulation in patients with SLE being
heterogeneous, with ather sources than reported pregnancies contributing to the presence

of chimerism as well.

SA-FC106

Chimerism in Childhood Lupus Nephritis. [. C. L. Kremer Hovinga,'
M. Koopmuns,! H. J. Baelde,! D. Cohen,' R. Goldschmeding,? T. . Nguyen,?
K. Cransherg.” E. de Heer,' 1. A, Briin,' I. M. Bajema.) 'Fathology, LUMC,
Leiden, Netherlands; *Patholegy, UMCU, Utrecht, Netheriands; *Nephrology,

EMCR, Rottardam, Netherlands.

Pregnancy-dertved Y-chromosorme-positive chimeric cells are sipnificantty more often
present in kidneys of women with Jupus nephritis than in kidoeys of normal women (JASN,
2004:38A), pointing towards an important role of chimeric cells in this disease. If chimeric
cells are really essennai for the development of upus acphritis, they would also bave to be
present in patients who have never been pregnant, and in whom chimeric ceils would be
derived from other sources. Therefore, we investigated whether in childhood lupus nephritis,

chirmene cells were also significantly more often present than in normal conrrols.

In situ hybridization of the Y-chromosome was performed on 36 kidney biopsies of
29 girls (age: 4-16) with SLE and on 11 ¢opuol kidneys autopsy specimens of girls (age:
1-11). Results are shown in table. For comparison, resuits on aduli patients and adult

conwrols are also given.
children: STE™ [children: controls Jadults: SLEadults: comrols ~ |
{N=16) (N=11 = JN=3,

ﬁi | 1 30’ 4
ihlmcmm absmwdgtl : -{t?‘éﬁ——-? 0

Y-chromosome-positive chimeric cells were not significantly more often present
in girls with SLE than in normal controls, and chinrerism was not related to clinical or
histological parameters. Our data indicate that Y-chromosome-positive chimeric cells
are not pathogenic in childhood lupus nephritis. This is in conwast to our findings that in
adult lupus nephritis, chimeric cells could be mvolved in a host-versus-graft-like reaction
(JASN 2005:51A). In adult lupus neplritis, Y-chromosome-pasitive ceils are most likely
pregnancy derived. In childhood lupus, Y-chromesome-positive cells arc probably derived
from brothers {ransferred from the maternal circulation in utero). Apparently, sibling to
sibling chimerist has a different pathogenic potential than chimerism from chitd 1o mother.
This is probabiy due to 2 complex interaction of inherited and non-inherited HLA antigens,
leading 1o a bost-versus-graft reaction in only a setected number of combirations, like in

transplaitation pathology.
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0-Intra-renal expression of vascular
ﬁ;,‘,‘ﬂolhe“al growth factor is associated with poor

| 'Eijffﬂme in lupus nephritis
%;?mﬁl Benjachat!, Yingyos Avihingsanon'?, Patcharin
T haroen, Vipawee Kittikavit!?,
Jangwanc 1.4
Tiya Hirankarn™
g Rescarch Unit, 2Department of Medicine "Department of
s ﬁma'lo gy and 49,;?mcm of ?\rhcroblology. Faculty of Medicine,
o longkom University, Thailand
tss':k:gmund: Vascular endotbelial growth factor (VEGF)
phfsa pivotal role in delayed progression of renal diseases
i s&ﬁ-“ss remnant kidney model and thrombotic microan-
; g;,l;‘ghy_ It protects vascular endothelial and tubular epithelial
5% 1lc from apoptosis, hypoxia a_nd inflammation.
rposes This study determines an association between
ia-renal VEGF gene expression and shori-term renal
icome in patient with active lupus nephritis.
Mfethod: Forty-one renal biopsy samples from lupus nephritis
F,"I]&\s were studied by real-time polymerase chain reaction
for VEGF. The same renal biopsy core was used to study both
SVEGF expression and histopathology. Most patients had
Jjved the same immunosuppressive treatment including
Sorednisolone and cyclophosphamide or mycophenolate
- ainfetil capsules, The VEGF gene expression was normalized
L §by 13 IRNA. Receiver operating characteristic (ROC) curves
i mi;zz was used to define the cutoff level of VEGF that give
FlE lg_f'ﬁésitivc predictive value (PPV) and negative predictive
"% ke (NPV) for the outcomes. The outcomes at 6-month post-
)4 %ﬁs&m were doubling serum creatinine and end-stage renal
{§disease (ESRD).
- REEI]IAH data were expressed as median and inter-quartile
150 'raz’g_g {IQR). The median age (IQR) of patients was 27 (23-34)
_;' The 24-bour vrinary protein excretion was 2.0 (1.0-3.3)
g ’g'lgmfday and erythrocyturia was 17 (2-48) cell/HPF, The
Visem creatinine was 0.9 (0.7-1.8) mg/dl. Eighty percent
4§ biopsy samples were classified in focal or diffuse proliferative
lupls nephritis. The activity and chronicity indices were
‘gf_!:__l!}and 2(1-5), respectively. VEGF gene expressicn were
significantly decreased as compared to healthy control
iransplant doror biopsy) (—1.2 + 0.7 vs, —0.5 + 0.4 log
sopies, p = 0.006). VEGF gene cxpression was inversely
isociated with high percentage (>>20%) of glomerular
fdocapillary proliferation (p = 0.006), crescentic formation
= 0.01), high activity index (p = 0.02) and high chronicity
“&f(p = 0.02). The levels of intra-renal VEGF mRNAs at
_ d&ﬂlpsy could prediet ESRD (p= 0.005) and trend toward
; .ﬁ.ﬁhng serum creatinine (p = (7.23). The calculated area
“r the ROC curve for ESRD was 0.76 (95% confidence”
Cgtrval = 0.61-0.91). The PPV and NPV for the ESRD was
; Ea.ﬁ 100%, respectively. _ ] .
iy tCuslons: Inira-renal expression of VEGF is negatively
h230ciated with severe pathologic changes of lupus nephritis.
b el0Sequently, decreased intra-renal expression of VEGF

; “’“519 predict patient at risk for ESRD.
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NYU Schoot of Medicine, New York, NY, USA

Purpose: Candidate biomarkers for renal disease in systemic
lupus ervthematosus (SLE) include a subset which reflect
involvement of the endothelium. We have previously reported
that soluble endothelial protein C receptor (SEPCR) levels
and EPCR gene polymorphisms may predict and/or reflect
vasculopathy in SLE. This study sought to correlate plasma
and urine levels of SEPCR and disease manifestations/
severity with a focus on lupus nephritis.

Methods: 121 patients whe fulfilled at least 4 ACR criteria for
SLE and 51 healthy controls were recruited, eGFR was
calculated by the Modification of Diet in Renal Disease
equation. Plasma and vrine specimens from subjects were
assessed for sEPCR (ELISA). Circulating endothelial celis
(CEC, isolated by immunomagnetic separation); and DNA were
isolated for assessment of EPCR gene polymorphisms (FCR-
RFLP). Patients were assigned to four clinical categories: 1)
active renal disease (= 2 + protein spot urine or > 500mg
protein/24 h) 2) patients with active extrarenal disease (= 4
points on SELENA-SLEDAI (not serologies alone); < 500mg
protein/24 k; inactive sediment) 3) patients with inactive disease
but history of repal involvement: < 4 points on SELENA-
SLEDAI {not serologies alone); = 1+ protein spot urine (<
500 mg protein/24 h); inactive urinary sediment and 4) patients
with inactive disease and no renal history.

Results: Mean sEPCR in plasma was significantly higher in
active nephritis than inactive SLE without nephritis
(p = 0.009). In controls and nonrenal patients, urine sEPCR
positively correlated with plasma values, suggesting that
sEPCR is eliminated via a renal pathway. In repal patients,
eGFR <70 is associated with low sEPCR in wurine
(<100 ng/mng creatinine). For these patients, plasma sERCR
negatively correlated with urine sEPCR, independent of
proteinuria. In patients with active renal disease but normal
renal function, SEPCR was elevated in plasma and in urine,
independent of proteinuria. The high-shedding SNP of
EPCR was meore frequent in repal SLE than nonrenal or
healthy controls, CECs were evident at significantly higher
levels in active renal patients compared to inactive nonenal
patients (39 = 7 versus 9 x 2, p = 0.05).

Conclusion: High levels of sSEPCR in patients with active
pephritis may increase the extent of vasculopathy as refiected
by bigh levels of CECs. Shedding of EPCR may contribute
to the progression of renal injury in patients with z filtration
abnormality.

PO252-Irbesartan for the treatment of hepatitis B
associated glomerulonepritis associated

with quiescent lupus nephritis and

persistent proteinuria

Zhan Feng, Chen Ru, Fu Ke-ying, Huang Lie-cheng
Depariment of Nephrology, Hainan Province Peoples Hospital,
Haikou 570311, China

Object: To investigate the effects of Irbesartan on persistent
proteinuria in hepatitis B virus-associated glomerulonephritis
(HBV-GN) associated with guiescent lupus nephritis,
Methods: Nine cases of HBV-GN associated with quiescent
lupus nephritis diagnosed by the clinical data and renal
biospy were included, the proteinuria of the patients was
abave 3.5 g/d after 24 weeks of treatment with prednisone



