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Abstract

Project Code: RMU5080076

Project Title: The molecular profiling of urine and kidney tissue: biomarkers discovery in
lupus nephritis

Investigator: Assoc. Prof. Yingyos Avihingsanon
Faculty of Medicine, Chulalongkorn University

E-mail Address: yingyos.a@gmail.com

Project Period: 3 years (1 June 2007 — 31 May 2010)

SLE is the most common autoimmune disease in Thailand and Asian countries. Lupus
nephritis, the severe form of SLE, could lead to the end-stage kidney disease or death.
We formerly studied urine mRNA expression of chemokines and growth factors as
diagnostic / prognostic markers of lupus nephritis. In this project, we aimed to discover
biomarkers in serum, urine and kidney tissue of patients with lupus nephritis. These
markers might be associated with severity of renal histology, renal function or response
to treatments. The project was divided into part 1. mMRNA expression study, 2. Urinary
cell-surface marker study, and 3. Proteomics study. We found Vascular endothelial
growth factor (VEGF), Heme oxygenase-1 (HO-1), Wilm’s tumor suppressor gene (WT-
1), Fox-head box P3 (FoxP3) and Notch-1 associated with LN. In particular, VEGF was
associated with disease severity and end-stage kidney disease. The reduction of VEGF
expression was partly caused by podocytes loss into urine. The decreased VEGF
levels were associated with poor renal outcomes. This may lead to the novel molecular
classification which may be complement to the current diagnostic method of renal
biopsy. In proteomics study, the 2-D PAGE method was used and discovered
Prostaglandin-H2D isomerase. Furthermore, urine Interferon-inducible protein-10 (IP-

10) was found to be useful urinary biomarkers for monitoring response to treatment.

In conclusion, this project discovered and validated a number of biomarkers for

development of diagnostic / monitoring / prognostic tests.

Keywords: Vascular Endothelial growth Factor, Forkhead box P3, Notch-1, Interferon
gamma-induced protein 10 kDa, Podocyte, gene expression, Real-Time PCR,

Proteomics
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Primary Objectives

1. To determine whether urine mRNAs of selected genes could identify active
nephritis (class IV versus Non-class IV LN by WHO criteria).

2. To determine whether serial measurement of urine mRNAs could early
predict response to standard treatment.

Secondary Objectives

1. To determine whether urine mRNAs of selected genes could predict short-
term clinical outcomes such as renal flare, ESRD or death.
2. To determine different pattern of gene expression between conventional
treatment (cyclophosphamide) and novel treatment (MMF).
5. 32108135998
Study design
Prospective study

Patients



All SLE patients who were planned for kidney biopsy would be asked for urine
samples

Sample collection

- Pre-biopsy samples

Two urine samples were collected from each individual patient approximately
two weeks and one day before renal biopsy.

- Prospective samples in class IV LN

Urine samples were collected monthly from pre-treatment baseline to the 5th
month of treatment.

Experimental methods

Gene expression: quantitative real-time PCR

Protein expression: Proteomics, ELISA
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No Scheduling plan Fiscal year

1 st 2nd 3rd

1 Sample collection and
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patient consent

2 Database collection
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3 Technical development

4 Extraction RNA and

realtime expression

Proteomics and ELISA
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Therapeutic drug
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Data analysis
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Two peer-reviewed journals

a. Title “gene expression profile predict renal outcome of lupus nephritis”



Journal. Kidney International Impact factor 4.9
b. Title “urine molecular profile predict renal flare in SLE”
Journal. J Am Soc Nephrol Impact factor 7.2
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WTuMTane ladae I@ﬂﬁﬁiﬁmuﬁaamﬂmagﬂﬁoﬁ
I@mmogﬂmaamﬂu 4 gy N910821D A5
1. fjthngw active lupus nephritis (ldTun1saftasisilenmauussaglu
class Il wae class 1V)
2. ;jﬂmﬂ@:m inactive lupus nephritis (non-class 11l or 1V)
3. ﬂéuﬂauQuﬁLﬂuﬂiz"mniﬂﬂa
1 . . A CZY n; a 1
4. N§w kidney tissue control fialaanguiiafivInalildlumsdgnde
. 4 g . X
adviz Walfidunduiuiialaaiuqu

[ % e aa 1 Y 1 .
muuuﬁnﬂizfmLLa:ﬁaQamaﬂa%ﬂmnnauma 219 (Database collection)




slumil,ﬁuéhaﬂ'ijﬂaULL@ia:mmﬁ%’ﬂﬁﬁwmimmwﬂi:ﬁLLa:ﬂ”agamaﬂﬁﬁn
vasthennme lasdaysazgnifiumuruadifiszuy uaziimianaseuanuasuiiu
lagwenu1a3ay mﬂﬁ?mzﬁ'uﬁﬂaﬂugmﬁaga Online 7ilé3arhiu 1iaaMuazanly
mildnuuszaaninibhanldlumadiensddayaiaunule

% o

a A em v ' =) | o @ A ' [ & v v
Iuﬂ’ﬁi’) El%cu’l sl'lmmamsmmaamﬂu 4 AIVD (ﬂ’]&mﬂa’]’JVL’SiL%’J@]QﬂiZﬁGﬂT’NGI%

a

L A a =
PINUINURLLDYAAI

2. Bnaaag
Part 1: mRNA Expression Study
1) nsdnslSeufisunisuaasaanvasinfigwle (mRNA Expression) Tugilae
lodnisugila uazandn@n935 Real-time PCR
1.1)@nNalan RNA 31neagiiies, Jaans LLa:%”uLf:amaa@ﬂm LN uazaudnd
L1Ra@ (Whole Blood)

1. 6128819 Whole blood ﬁvl,ﬁ%'mnﬂﬁﬂaml,a:ﬂuﬂﬂa azgniiulunaea
EDTA dssnansnilasiumudsdrvassaale

2. w19 Whole blood aaniilugasdin drufiniteildusnidafiviasside
(Total Leukocytes) l@sin3Lt Erythrocytes lysis buffer (QIAGEN,
GmbH Hilden, Germany) fangLdaiReaiad Lazhanianizidalfan
gnInuAenin waztfadanunaranuailaluaie total RNA
auda (4) dmsuidealudiniisas axhldusnaasidadaauizie
ICRHE R (Peripheral Blood Mononuclear Cells; PBMCs) laguen
PBMCs é”mmsﬂum%muu Ficoll-Hypaque reagent (Sigma,St Louis,
Missouri, USA).%amé'ﬂqmauﬁaﬁmaﬁ&hwﬁmﬁmwwmuﬂu
LaneNIin 598un30usn PBMCs lalasmstiuindesum density
gradient uszsh lfnsnlutuaaude 9y

3. AaLdan T-cells : PBMCs ﬁ"[ﬁmuﬁﬁwzgﬂﬁ’]mﬁ@Lﬁamo‘,wmsnaa’l,ﬁ@
\iaavziia T-cells lasld Magnetic Beads (Miltenyi Biotech,
Bergisch Gladbach, Germany) fsumza aINLaqal}uﬁ’J T-cells
Was NI T-cells AlFUNIWIIALY (culture) SBNATLRDIITRE
RPMI1640 ‘ﬁﬁ 10% fetal bovine serum (Hyclone, Logan, Utah, USA),
penicillin L8 streptomycin ﬁqm%nﬂﬁ 37°C, 5% CO,

4. @na RNA 910 total leukocytes, PBMCs LLamaﬁﬁmﬁﬂm‘sﬁﬂmﬁaU‘*zqm
&N® QIAGEN RNA mini kit (QIAGEN, GmbH Hilden, Germany) lag



V‘hmuiy'umaumaamaﬁh%amﬁwé’nmwad Silica-gel-based
membrane #83twin RNA fianalaluiausinmenududuuas
qmmwﬁwm‘%ad NanoDrop® ND-1000 UV-Vis Spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA, USA)

ilaa13e (Urine)

1. LﬁuéhaLmﬂam’;zmamgﬂ’;Uﬁﬁmmigmm (active LN) LLa:Qﬂwﬁﬁ
mmﬂ&igmm (inactive LN) 130167 50 Uadfa3

2. ﬁum%mﬂamazmﬁﬁqmwgﬁ 4 93FLTALTER, AT 10009, 30 Wl
w§L LAz nawaas T T ud19d 88138z PBS 1x

3. TaznawTaad lauana RNA duYaaNa QIAGEN RNA mini kit
(QIAGEN, GmbH Hilden, Germany) [Twdgniutunauwmsana RNA
NNLROA

Fuiiiala (Kidney biopsy)

1. ynmafudetsduiie lanasannisrinnsianzla (renal biopsy) lu
At ladnisugila LLaz“‘f?uLf:a"lm'mVmeaa;ju‘%mﬂ"l@ (Normal tissue
control) ‘%ﬂﬁ%’umiéfwﬁuﬁa%ﬁaumimﬁ@ﬂgﬂdw% Taouiitof e
azgnuuailn 3 &

- gl 1 fﬂ:gﬂv‘l’]mLﬁuvl,’i”%aa@Lﬁﬂ%%ﬁﬂﬁﬁﬁ’]iaza’]ﬂ%'m:n
§NTW RNA (RNAlater) LLa:QmLﬂummu:ﬁmsﬁﬁﬂLL%GLLﬁa WAL
ﬁg’ﬁm _70% ialdlumyania RNA uaz@nsmIusaioanuesiin (gene
expression)
- §niEes Qmﬁﬂm‘fwm%’nmamw%mﬁa (Fixative solution)
wazsin LA Ui mlysAua 1835015888 Immunohistochemistry (IHC)
- gl 3 éﬁaziwa%uLf:aﬁ]zgﬂLﬁULmtﬁa (frozen) wazii lUdAnmA
SNHUENINENTRAW (pathology study) V89T HItE
2. @na Total RNA mﬂ%mf:avlmﬁvlﬁﬁwq@aﬁ'@ MuPANA QIAGEN
RNesy mini kit (QIAGEN, GmbH Hilden, Germany) I@]&lﬁ’l@ﬂ&l"ﬁumau
maamaﬁ'@%amﬁwé’ﬂmﬂaa Silica-gel-based membrane a3HIn
RNA ﬁaﬁ'@"[@wl,ﬂi'mﬂ%mmmwLiuiuLLazqmmwﬁamﬂ%iaa
NanoDrop® ND-1000 UV-Vis Spectrophotometer (Thermo Fisher
Scientific Inc., Waltham, MA, USA)



1.2) &34 complementary DNA (cDNA) I@ﬂﬂﬁﬁ%m reverse-transcription

polymerase chain reaction (RT-PCR)

1. aalsuadiegis RNA 118 0.5 ug TasnilSuiesdes  linu 11.5 ul

Y Y v
mindsunasdesniniulidsudsas iy 115 ul Tasldihndsisainns

Y
1ua)ouuod RNase

a . £ q9 . 4 . 4. ®
2. 19583 master mix_ %419 random primer uazmu‘lw Multiscribe ~ reverse

® 1
transcriptase (TagMan _ RT-PCR, Applied Biosystem, CA.. USA.) tWoa319a18

DNA _TaelFae RNA  @wwivuy e ldlumsmiudiuauludude 'l

(Condition: 25°¢ 10 min, 48°c 30 min, 95°c 5 min)

1.3) Jalsmamsuantoanuesdunauladliemaiin Real-time polymerase chain

reaction (real-time PCR)

1. 19583 PCR master mix (QuantiTech Probe PCR, Qiagen, Canada) #41/52n91

hl‘ﬂ@sf?lﬂ 2xQuantiTech probe PCR , primer forward, primer reverse, probe i

o 1T A d‘ =<
uMzaedunaulafnen

2. 11 cDNA template Y93Usaz@206198311 PCR master mix 1111991/5u1a

MIuandoonuoIdunauladlieming Real-time PCR machine

Part 2: Urinary cells type specific by Flow Cytometry

3w 1 1 A 1 { ]
1. wudednilaanzvesdieniieinisumsd (active LN) wazdithehiioinis l

JULIA (inactive LN) 31103 100 Hadans

Y A AN YA a ~ < ~ ]
2. ﬂmmmﬂﬁﬁnzﬂwqquu 4 DALY, AIT1NLTI 1000g, 30 UIN LAUNY

P o y
aznowsadn lginiludradleaisazais PBS Ix

o I a 7 & a
3. iheznewsaan 14 lidnrtiaveusaassrgaluunluilaanzaae3s Flow

[ { o Aa o & o 1 -4
cytometry Tagedy Juanand umizuuAIyad lagmniz WT-1 398 unizaosaa

podocytes U946

Part 3: Proteomic Study

< % 1 P ] I 1A ] 9 . . .
3.Linudednau ldimiseemilunguie nquau 14 active 118 inactive lupus

.. = k4
nephritis anaznouUsauale 75% ethanol

3.2 mauen lUsaudie 2 1@ (2 dimension electrophoresis)




AYAAZNOUAE lysis solution 4A21 11 an1udutu TR ud1875 Bradford 19

anudutu Tdsau 200 ug wrunszue i lusaisvsnsiaves Tusauaen luilaaoy

1ueneonINAUAIY isoelectric point AZAIN molecular weight ud2NM3doud lUsaudoe

Coomassie Brilliant Blue R-250

aga d 9y
33 A5IIATITHUBYA

Tun31#1 two-dimensional gel electrophoresis 923in3 14¥ngualegiavesau 14 2 ngu
4 I { [
olumanlssuisumsnlasunlasuedlisdu naa1nmsdeudis Coomassie Brilliant

1 1 ' Ed
Blue 1182 TsAuiiimsnfasumlaunuiunioanas wzgni hiamsizdwiriavelisau

[ 1 9 A, { 4 4 o a [
A4NA1292835 mass spectrometry 7l FUHIATINONA N PWNAINTVUNIINGIAY 1AL/HT0

v Aavu A J 1 a
anuuINeINMansLazing 1u Tagusiama

3.4 Candidate biomarkers validation

A Ay Y ) a s A 1 o o v 4?’ 9y as
Tﬂmum"lﬂaﬂummﬂiwmwawmamLmuaﬂummuﬂu"lwmﬂmu AIYIFELISA

Part 4: Therapeutic drug monitoring

v d
1. ﬂﬁﬁﬂ‘lﬂ!ﬂﬁ‘l’ﬂﬁuﬂ"lﬁﬂﬁﬂl@ﬂﬂ"l mycophenolic acid

ludiheusazAuna93ze21524319 1-6 1ADY 1139185181 mycophenolate 921iN151912

A a 1 Y Ao . A @ . . £
enlsuia 3 mllaluviaeauning heparin INOATIVHITEAVVDY mycophenolic acid TSN

active metabolite Y99 mycohephenolate 1 0, 30 U191, 1, 2, 3, 4. 8 uaz 12 %2 1u91a3

5U1)32n1181 mycophenolate taz IATLAUUDI mycophenolic acid Tuna1au1d1835 enzyme

multiplied immunoassay technique (EMIT) uﬁaﬁmszﬁ’um 8 9AAINA1INT plot curve %llﬁ}

nlaaaadlugii 2

d‘ Yy Y A J
EII‘VI 2 pNUEAINNMUNIUYBI MPA °lumaﬂ ¢ PALIAIN N

Y o Y . . o 1 til ~ 9 Y I VA 1
LA UIUHITEAVUYDI mycophenolic acid Iﬂﬂﬂ?ﬁﬂWU?mﬁ’]ﬂ’]WHﬂﬁl@ﬂﬁWV‘Ivlﬂl‘]J‘L!ﬂ'WllﬁfJﬂ'J']

MPA AUC , , Tnol¥gas

0-12

Area= % x (Cn+ Cn-1) x (tn — tn-1)

C = concentration of mycophenolic acid (ug/ml)

t = time (hour)

2. MIIAILAUYDI mycophenolic acid luNWa1a1193835 enzyme multiplied immunoassay

technique (EMIT)




Y
YUADUNITI

-NIA3 IUAIDE

R o y o Y ! <
LmJ@]’J’éJfJNLﬁ’f)ﬂ 3 ml ‘]Jﬁ'iﬂclu EDTA tube Lﬁ’f)“l/nﬂﬁ“ﬂullﬂﬂ plasma ﬁﬂﬂmﬁ’li@‘ﬂ 1200 g

3 a g 1 Ag Y a gy . ' o a ¢
Ay 15 U AT A TNIINIAY] plasma "lﬂuwamwmmm"lm -80 "'C IUNNITUINNUATIEH

MPA Ia#773 total mycophenolic acid

-N19A33911 MPA

gl ' | Y
yarewiaeently 3 ga lszneuale

. . k4
working solution 158 NDUAE enzyme reagent LLQ1¢ substrate reagent

Total MPA calibrators ﬁﬁmwm%’u%’u 0.1,3,5.10, 8% 15 meg/ml

Total MPA control

MINMSHANAITIZHIN enzyme reagent 185 mcl. N1 substrate reagent 19 mel. BaZWINIHTNN1

@ 1 o a o 9 4 . { 4
$39814 3 ul ‘Lﬂulﬂillﬂﬂg“l’i?ﬂ MPA ﬂ’JEJLﬂ?’EN cobas integra 400 ﬁmmﬂnﬂﬁu 340 nm.

3. MsUszivNanmssnn

=

-mamslasuulainienddn lasaszgunnmanlasumlasvessua ldsauluilaaiigh

9 < o o ] 3| [ [ = o A
ulﬂﬁ]”lﬂﬂ']ﬁ!’ﬂﬂllﬁﬁ']'lg 24 615'3111\1 ﬁu’)ﬂlﬂUﬂﬁl\lﬂﬂju. minJaEJumesummﬁfmmeum"lm/l

ADUUAZHAINITSABIUIY 6 1Y, MIUsztiuaAInIinuYed la lasmiziaeaiaizal serum

creatinine HALAIUINUHIA estimated glomerular filtration rate (¢GFR) Ia EJGI,GIS)'}ﬁ’ UNITUBN
Modification of Diet in Renal Disease (MDRD) 4 variables 118 Cockcroft-Gault formula {UagN13

AOUAUDIADMITNINYAINT 185181 mycophenolate WU 6 ADY

A aa Qy Ay a Qy Ay A
-Wflﬂ”ﬁL‘]_Iaflul,L‘]Jﬁ\‘WINWEJTﬁ’JTIEﬂ‘U@Q‘Hum@ll@] ‘]Ji%muiﬂflﬁ]13%“&1&61@&W@¢]53%W1ﬂ’31ﬂ

aa Y L. { o @
‘guLLi\i‘I/lNanﬁ’J'I/lEJﬂﬂEJGlﬂf activity index score ﬁﬂﬂullagﬁaﬁﬂ'ﬁiﬂﬂ'lu'lu 6 Lﬁammzﬂmi

A L.
Lﬂaauuﬂawm activity index score

Hanl1Inaaay

Part 1: mRNA Expression Study

J a
1. MIUAAIDINUBIEYU Notchl Gluwaammﬁamn%uﬂ T-cells

11 T-cells ¥o941]28 SLE filio1matusi (active SLE) in15uani90nu8d Notchl

mRNA #1n91nquAUAL (healthy control) 08 19HNBA AT (p=0.025) uaziadntTuIw

= <3 = Y1 9 ] [ dyo; 1
158U Notchl ﬂW‘UﬂnlfﬂﬁLlﬁﬂ\‘]ﬂﬂﬂﬁﬂﬁﬂu@ﬂ?ﬂ active SLE A38%UNY UBNIINUYIWDI

{ g 1 <}
Tuanafiluihnineuss Notch (Notch targeted gene) 1Aun Hesl 1482 deltex mRNA A{ins

U 1 @ { 2 a (
uaasoenanadludihedresunu (Ua 3) wamsanwil lagnAnulunsens Lupus 1)




2008, volume 17, ?i‘lfﬁ 645—-653. (Defects in Notchl Upregulation upon Activation of T Cells

from Patients with Systemic Lupus Erythematosus are related to Lupus Disease Activity,

Pimpavao Sodsaia. Nattiva Hirankarna, Yingvos Avihingsanon. and Tanapat Palaga)

3191 3 M3IAAILBNVBI Notchl tiag Hesl mRNA 11 T-cells

= I
2. DNSUAANDDNVDIYU WT-1 1umzﬂaumaaﬂwqﬂﬂunﬂuﬂﬁﬁnz

A P A o s A o Y A gy
FHBNINNITNUNIUVDHANAIU N podocytes Lﬂuwaaﬂmﬁlullm/wnﬂuwmsn

Y ]
VEGF siiiuilasagsananvgamnluilaanizisidanuiimsudasesnyes VEGF lu'la

3 E4
2Ry (MRG4880103) ianN13LLaA00NUDd VEGF mRNA %Lﬁwﬁualuﬂﬁﬁnz (Avihingsanon
£ 9 o 1 dy o Y 1 Y0 Aaw =l & J
et al., 2006) FIVINVBHAANINATIY ﬂﬂfﬁﬂ'sjllFj“V]TJfI]‘(’Jﬁ'uslfﬂﬂWﬂlﬁﬂﬁ’ﬂ@ﬂGU@Qﬂu WT1 Fuilu

E4
@219% (cell surface marker) Y84 podocytes 111N T1LEAIDDNYBY VEGF mRNA Tuilaeiy
wunluilaazuesdilie class IV LN finsudaiesnyod WT1 mNRA uag VEGF mRNA

A 3 v o d A 4 q’j 1 v o w
muﬁu IﬂﬂW‘]JﬂTﬂ?JﬁiJWH‘ﬁﬂl@QﬂﬁLWN%uﬂlﬂﬂiﬂJlaﬂaﬂﬂﬁﬂﬂiuﬂﬁﬁn%ﬂﬂﬁﬁu&lﬁﬁﬂiyﬂﬁ

aad A £ = dy Yo o A
afAN (Spearman’s rho; p=0.002, r=0.51) (311 HFwamsanuiiilasusiadad 1 lums

ﬁnauawaqm“lumiﬂﬁwmzﬁummmﬁ World Congresses of Nephrology 2009 wazla

Ananitiuaumtaly Kidney International. 2009; 12: 1340-1348 (Decreased renal

expression of vascular endothelial growth factor in lupus nephritis is associated with worse

prognosis, Avihingsanon Y, Benjachat T, Tassanarong A, Sodsai P, Kittikovit V, Hirankarn N)

D

v v d
1 4 MIANNFUNNRUFVDINTUTAWONUDY WT-1 #ta2 VEGF mRNA Gl‘l!

aanzuazFuitelnvesdihe class IV LN

o 2 X
3. mssaasenvastunaulalusuiela

iesnnlumsanneuninil (MRG4880103) §I98WUN5anasued VEGF mRNA
& CA % 33 = dwd = = d‘ d‘ Y U ]
Tuitelavesdilae class IV LN asiulumsanuniidsaulofinmnauiineidosnumsiay
V038U VEGF 1#isnfin 119184 Heme Oxygenase-1 (HO-1) 1ilueiuninmshnhedtesnums
HaA99eNVBIEH VEGF aaugidedsanlefinuimsuanaseonvestiy HO-1 mRNA Twisela

(intra-renal HO-1) Sawungile LN ifio1msguussdaogli class 11 uaz class IV 223



U = Av IS ) <; ' J g’/ .&’ d' v Y U
szauMstanseanvasdu HO-1 lwdelafitSinaiindinguniugu Netinaiilaaeandesiu

(Y] o v v do
ITAUMINAAIDINUDY intra-renal VEGF Tﬂﬂmsuamaanmmﬁumamﬁmmauwuﬁnu

[
ISR

9193 1ATY (Spearman’s rho; R=0.65, P<0.001) 49N 1nHRIDLTINLNNMSUTAI00D

Y
v

V238U TGF-f§ mRNA luilelavesiile Class Iv LN fSmnahndhngunivgu nazd
ANUFURUEAUMSHAAI9DAYE VEGF mRNA Glmﬁa"lﬂadnﬁﬁﬂﬁﬁtymeaaﬁ
(Spearman’s rho; R=0.41, P=0.02) (gﬂ‘ﬁ 5)

msanmnidldafasidludmmidu Kidney International. 2009; 12: 1340-1348
(Decreased renal expression of vascular endothelial growth factor in lupus nephritis is

associated with worse prognosis, Avihingsanon Y, Benjachat T, Tassanarong A, Sodsai P,

Kittikovit V, Hirankarn N)

D-

v v ¢

311 5 msanudiusveImsuanieanued TGF-f , AGPT-1 taz VEGF
mRNA Tugwifelavesdilae class IV LN

Part 2: Urinary cells type specific

favaladuiesifaaizvesdiheniensgunse (active LN) nazfihaiisienms

. o A - el a g o

Taiguusa (inactive LN) snihimisnusHave swaafiawledsmgausnludfaaa:z luiil
A a v dal 1 R Iy d A o YA
fIvedanafg I naaivganluiaanzaunianezsiusaamealulafiviminlums

a513 VEGF 'laun podocyte cells sfosnnainwamsanuniiunve s ddearivayuasi

v
U

Y ' o 2K =X 2 d A o '
F1UAINATN (’Nuuﬂlﬂﬂﬂﬁﬁﬂﬁ1‘ﬂ1ﬂ‘§3ﬂml"“ﬁﬁ podocytes “luﬁaanzmmgﬂmmamnqu
= = U Y a Y .
nfSsumeunulaslyimaiin Flow cytometry ey Wilms' tumor suppressor gene-1 (WT-1)
o d
11l surface marker Y04 podocyte cells ‘I/\ITJ’J'm:}‘I'hEI active LN Hidw2maaa podocytes 1iga

203NN inactive LN aenaliriad fiyneadd (p=0.02) (317 6)

r A B

51/ 6 msTadSunauaad podocytes Tuilaanzueagilae active LN (A) nfSaufieunugile control
inactive LN (B) (p=0.02) 2875 Flow cytometry Taely wWT-1 11y specific surface marker WT1
UD3 podocyte cells

Part 3: Proteomic Study



Y o 1 \ Y \J Y o I Y
lanmsiiuifaaizvesnguaulduazngunivguudninnuenlisaudie 2D-

LY 23 o d !
PAGE 1azgnéiondeg Coomassie Brilliant Blue #83910H11110153A512# spot NN

HAAILINNUANAIIIZH 1NN T3N3 image master 2D platinum WUNHANNUANAI

g.’l (Y] Y d' o g’l d A A
NariuA 11 spots M99 1 iesihnanualifinsizriviinvesllsau As albumin,

transferrin, immumoglobulin, kininogen, alpha-beta-glycoprotein, Zn-alpha-2-glycoprotein

iag prostaglandin H2 D-isomerase AIn519N 1

Table 1. Spot intensity of differentially expressed proteins

Spot

No

9744

9107

9105

9791

10265

10331

11572

11750

11798

11633

15338

15533

LN: Active

53.405+12.145

3.519+2.972

13.841+9.472

0.922+0.082

1.20+.075

0.7899+0.354

0.4745+0.4697

0.0721+0.055

0.1634+0.080

0.1219+0.1209

0.2253+0.1451

0.0819+0.076

LN: Inactive

63.944+9.276

1.993+1.634

11.978+3.614

1.061+1.041

0.85+0.401

0.7375+1.026

0.3482+0.402

0.1451+0.1654

0.0632+0.0145

0.1694+0.079

0.043+0.038

0.029+0.014

Spot intensity (mean = SEM)

Normal

34.478+14.075

0.000+0.000

2.714+1.387

0.467+0.291

0.26+0.24

0.1927+0.097

1.3191+0.7664

1.0255+0.360

1.0289+0.6413

1.6295+0.992

0.063+0.053

0.052+0.017



All of spots had p > 0.05 by ANOVA with T- test.

Table 2. Physical Properties of the Differentially expressed proteins

Spot Protein Number Accession no. Mw pl Protein  score
9744 Serum albumin gi|28592 71361  6.05 2802
9107 serotransferrin precursor gi|4557871 79280 6.81 1119
9105 Orosomucoid gi|219519923 23817 4.93 904
9791 Kininogen-1 isofrom 2 gi|4504893 48936 6.29 460
10265 Zn-alpha2-glycoprotein gi|38026 34946 5.71 696
10331 Zn-alpha2-glycoprotein gi|38026 34946 5.71 806
11572 Immumoglobulin light chain gi|218783338 24162 5.95 736
11750 IgG kappa chain gi|4176418 23690 6.92 460
11633  Prostaglandin-H2 D-isomerase gi|3217249 21243  7.99 109
15497 Chain A, The X-ray crystal structure Refinements gi|44329 13810 5.35 530

of normal human transthyretin
15533  Serum albumin variant gi|456784 2975 5.61 85

prostaglandin H2 D-isomerase dudafiiminiias cyclooxugenase-1 #as 2 (COX-

2K o

1 9z COX-2) B39 COX-2 MHINNNIVINUM IO MY AIHUFINLD 1IN validate Vo3

T1i/3@u prostaglandin H2 D-isomerase @3835 ELASA lunguéioeaiannUu Wy

W

A T . Al A . . v A 1 AW oo =
nguiheM active HU33Nasnnn 118 inactive Auaunfoensliiedngyaazln 7

o
v

Zn-alpha-2-glycoprotein (ZAG) 15983199849 ZAG Jvinauazinviniesni
albumin 31711501 ZAG 9wazilulidsaunrasesnuuilaarizneu)isAu albumin

g’J U Y o | d’ dq’ T A
wonnniugdvelamhimsasieaevlungulsznnsimnniununiimsuaasves ZAG lu

[ o

aanzveanguauld active 3nnnnguauldy inactive naznguauln@ agaliviad Ay ¢



p<0.01
1000- p < 0.001

750

500+

PGD2 (ng/ml)

250+

0-
Active LN Inactive LN Cor:trol

3U0 7 szdiumsuanseanves PGD, Tullaanz vesdihumeununguauing

31N 8 szaumsuanseanves ZAG luifaaz vesihumaununguauilnd

Y

wennmtunguiBdedaldnuminssanssamunimsuansoenvedllsiiy Interferon-
inducible protein-10 (IP-10) awmsfnmn ﬁ;j’gsﬁ'ﬁ'mmsﬁnm%mm 28 51 niaugihangs
Insnauanlsngilafiiemsmizuildsumsanedfedelaensaseiuiielagnnenion 18 5w
wazdihanguladniauanlsagifaegluszezasy 10 518 vaznguaiugn 10 518 Jeyaludihanguln

snaunnlsngifaermsiuSunuyd dilas 199218581914 23.75-33.50 1 HANNEFIUTDIAZUUY renal
SLEDAI agi#l 15 lngaeAzuuuatsznIng 11-16 Azuul dayaludilangulnanauainlsagilad
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Number 18 10 10

Urine IP-10 (pg/mg Cr) 0.49 (0.31-1.16) 0.13 (0.07-0.16) 0.05 (0.01-0.09) <0.001

Class of LN 1V(15); 111(3) Not done -

Gender (F/M) 17/1 10/0 10/0

Age (Year) 29.5 (23.75- 28.5 (25.50- 245 (22.75- 0.140

SLEDAI score* 33.50) 34.75) 27.50) <0.0001

Urine erythrocyte count* (per 15 (11-16) 0 - <0.0001

HPF) 12 (6.50-32.50) 2 (0-2.50) 0 (0-2.25) <0.0001

Proteinuria* (g/day) 3.17 (2.16-5.02) 0.12 (0.04-0.49) 1.5 (0-3) <0.0001

Serum creatinine (mg/dL) 0.9 (0.71-1.23) 0.65 (0.60-0.80) 0.6 (0.52-0.68)

Drug treatment, No. (%) of patients 18 (100%) 10 (100%) - <0.0001
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Mycophenolate mofetil 6 (33%) 1 (10%) - 0.025
Enteric-coated mycophenolate 8 (44%) 0 -
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Table 4: Pharmacokinetic parameters of mycophenolic acid (MPA) after oral
administration of 1-1.5 g/day MMF and 1,080-1,440 mg/day EC-MPS in patients with

class Ill or IV lupus nepbhritis



Parameters MMF (n=12) EC-MPS (n=6)
Means + SD. Means + SD.
C, (mg/L) 247 £1.33 2.73 +1.46
C 5 (mglL) 7.08 +7.16 2.68 £ 1.46
C, (mg/L) 18.3 £ 13.28 2.02+0.7
C, (mg/L) 6.72 + 2.26 7.48 + 5.83
C , (mg/L) 4.05+264 6.23 + 4.85
C, (mg/L) 3.37 £ 2.11 3.59 + 1.99
C, (mg/L) 3.38 +£2.19 2,92 + 2.04
C ,, (mg/L) 259+1.9 2.14 + 1.54
AUC , (h*mg/L) 57.97 + 29.38 42.44 + 9.86
C..ox (mgll) 19.43 £ 12.01 10.12 £ 5.13
1oy (OUIS) 1.54 + 1.03 3.25 £ 2.52
Dosage (mg./day) 1,416.67 + 194.63 1,260 + 197.18
Dosage/ IBW (kg.) 28.07 + 5.39 2537 +7.19

MMF: mycophenolate mofetil; EC-MPS: enteric-coated mycophenolate sodium; AUC

: area under the

concentration-time curve for 0 to 12 hours; C__ : maximum concentration of drug; T, : maximum drug concentration;

C,: trough plasma concentration of mycophenolic acid; C ., C,, C,, C,, C,, C,, and C,,: plasma concentrations of

mycophenolic acid at 0.5, 1, 2, 3, 4, 8 and 12 hours post-dose, respectively; IBW: ideal body weight.
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Decreased renal expression of vascular endothelial
growth factor in lupus nephritis is associated with

worse prognosis
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Recent studies suggest that vascular endothelial growth
factor (VEGF) plays a crucial role in the preservation of renal
function and may also serve as a useful biomarker in
monitoring the progression of lupus nephritis (LN). Here we
sought to correlate intrarenal VEGF expression with renal
histopathology and prognosis of LN. Biopsy specimens from
35 patients with Class Ill or IV LN (ISN/RPS categorization)
were found to have lower levels of intrarenal VEGF than
those found in biopsy tissue taken from 10 donor kidneys
sampled at the time of allograft reperfusion. This reduced
amount of VEGF mRNA in the patients with LN negatively
correlated with glomerular endocapillary proliferation,
crescent formation, and a high histologic activity index but
was positively associated with increased numbers of urinary
podocytes. The level of intrarenal VEGF mRNA accurately
predicted the deterioration of renal function in these patients
within 12 months. Our study shows that expression of VEGF
in renal tissue may serve as a molecular marker of renal
damage and may be a predictive factor for short-term loss of
kidney function in patients with LN.
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Proliferative lupus nephritis (LN) is the most common and
severe histology of LN." Steroids and cytotoxic drugs remain
the most commonly used treatments despite the many
associated adverse events.” Renal histology is essential for the
selection of proper treatment and prognostication of the
disease.” Specific histological findings, such as crescent
formation, may determine prognosis.” However, immunosup-
pressive therapy could mitigate such pathology and therefore
improve renal prognosis.* Since the discovery of the molecular
mechanisms of systemic lupus erythematosus (SLE), novel
immunosuppressive therapies have been introduced.” Never-
theless, the mechanism of the loss of renal function remains
unknown.® Studies of intrarenal molecular signatures could
reveal the molecular mechanism of the disease and predict
renal prognosis.”” Finally, molecular classification may be
integrated into the histological classification of LN.

The integrity of the glomerular and peritubular capillaries
is vital for renal function. Progressive capillary loss, with
obliteration of the microvasculature, frequently accompanies
fibrosis, which is a characteristic feature of progressive renal
disease.'™'" Progression of glomerulopathy is, at least in part,
due to loss of glomerular integrity. Vascular endothelial
growth factor (VEGF) promotes survival, proliferation, and
differentiation of glomerular endothelial cells.'” Decreased
expression of VEGF has been associated with various
glomerulopathies such as crescentic glomerulonephritis, focal
glomerulosclerosis, IgA nephropathy, pre-eclampsia, and
aging kidneys.'®'*'* Administration of VEGF has been
shown to stabilize kidney function in many models including
the remnant model, thrombotic microangiopathy, and
chronic cyclosporine nephropathy.”>™® The protective
actions were principally mediated through preservation of
glomerular and peritubular capillary structures.'® A recent
study in human diabetic nephropathy has confirmed the role
of VEGF in maintaining renal vasculature and identified it as
a novel biomarker."” The growing evidence supports the
potential role of VEGF in SLE and nephritis, but the studies
remain inconclusive.'>**>

Kidney International (2009) 75, 1340-1348
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Intrarenal quantitative gene expression may be used
for grading of disease severity.® For instance, intrarenal
transforming growth factor-f (TGF-f) gene expression could
determine progression of chronic kidney disease.” In LN, it is
difficult to determine prognosis at the time of renal flare. In
an earlier study, we suggested a serial non-invasive measure-
ment of urinary mRNA for chemokines and growth factors
that could predict the prognosis of this disease.”* In this
study, we aim to determine an association between intra-
renal molecular signatures and renal histology. Furthermore,
we determined whether the molecular signature in the kidney
could predict the progression of LN.

RESULTS
Patients
Fifty-one biopsy samples were obtained during a diagnostic
process of clinically active LN. Ten samples were excluded
due to an inadequate number of glomeruli (less than five) or
chronic scarring glomeruli. Six samples from patients with
LN class V were excluded. Thirty-four samples were from
female patients. Mean (s.e.) age was 31 (1.27) years. The
mean (s.e.) SLE disease activity index (SLEDAI)*® and level of
serum creatinine, 24 h urine protein, and erythrocyturia were
10.58 (0.91), 1.74 (0.26) mg per 100ml, 3.53 (0.47) g/day,
and 32.70 (15.47) cells per high power field, respectively
(Table 1).

Ten samples of implantation biopsies from donor kidneys
were used as controls. Six kidney samples were from living

donors, and four were from deceased donors (Table 1).
Histological examination of the wedge-biopsies showed
unremarkable findings except for minimal tubular injury.

Renal histology of LN

Eight samples were class III and 27 were class IV by the ISN/
RPS classification of LN, respectively. More details of renal
histology are shown in Table 1. The mean (s.e.) of renal
activity and chronicity indices were 7.49 (0.85) and 4.06
(0.53), respectively. Crescent formation was observed in 12
samples (34%). Other pathologies observed in the samples
were endocapillary proliferation (82%), fibrinoid necrosis
(34%), glomerular neutrophil infiltration (65%), and
thrombotic microangiopathy (16%).

Intrarenal expression of VEGF in LN
The levels of VEGF mRNA in the kidneys of LN patients
(n=35) were decreased as compared with the implantation
biopsies of kidney donors (n=10) (—0.64£0.05 vs
—0.08 £0.13 log copies; P<0.001) (Table 1). The levels of
heme-oxygenase-1 (HO-1) were decreased in LN
(—0.45£0.06 vs 0.30+£0.26 log copies; P=0.002), whereas
the levels of TGF-B and angiopoeitin-1 (ANGPT-1) were not
different between patients and controls (—0.13£0.06 vs
—0.03£0.15 log copies; P=0.22 and (0.60%0.08 vs
0.16 £ 0.38 log copies; P=0.44).

Intrarenal VEGF mRNA levels were lower in samples with
crescent formation (—0.98 £ 0.03 vs —0.62 + 0.05 log copies;

Table 1] Clinical and histological variables at the time of biopsy®

Controls® Patients P-value
Number 10 35
Gender (female/male) 2/8 34/1
Age (years) 3340+3.76 31.74+£1.27 0.74
Clinical parameters
Serum creatinine (mg per 100 ml) 1.18£0.13 1.74+£0.26 0.93
Proteinuria (g/day) 0 3.53+047 <0.001
Urinary erythrocyte count (per high power) 0 32.70+15.47 <0.001
MDRD-GFR (ml/min per 1.73 m?)© 81.10£9.80 66.36 £ 6.84 0.49
SLEDAI NA 10.58 £0.91
Steroid dose (mg/day) 0 3220+ 6.64 <0.001
Activity index NA 7.49%0.85
Chronicity index NA 4.06+0.53
Renal histology
111 (S), (G) NA '
IV (S), (G) NA 10,17
Il (A), (A/Q) NA 4,4
IV (A), (A/Q) NA 16, 11
Intrarenal mRNA levels
VEGF —0.08£0.13 —0.64 £0.05 <0.001
HO-1 0.30+0.26 —0.45 £ 0.06 0.002
TGF-B —0.03+0.15 —0.13+0.06 0.22
Angiopoeitin-1 0.16 £ 0.38 0.60 +0.08 0.44

Data are expressed as mean * s.e.

bControl: implantation biopsy from six living donors and four deceased donors.
‘MDRD-GFR, glomerular filtration rate at the time of biopsy.

9SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.?®

A, active; C, chronic; G, global; HO-1, heme-oxygenase-1; NA, not applicable; S, segmental; TGF-, transforming growth factor-; VGEF, vascular endothelial growth factor.
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P=0.04). The biopsy samples with diffuse endocapillary
proliferation (>25% of glomeruli) expressed lower VEGF
levels (—0.72%0.05 vs —0.44 £ 0.06 log copies; P=10.003).
Samples with a high activity score (score >3 of total 24)
expressed lower VEGF levels (—0.70 £ 0.05 vs —0.40 £ 0.07
log copies; P=0.009). However, samples with glomerular
neutrophil infiltration (>25% of glomeruli) showed no
difference in VEGF levels (—0.67 £ 0.08 vs —0.62 £ 0.05 log
copies; P=0.09). Figure la-d shows that the presence of
crescent formation, endocapillary proliferation, and a high
activity index were associated with decreased VEGF mRNA
levels.

Correlation between VEGF, TGF-p, AGPT-1, and HO-1

As there is a functional relationship among genes in the
hypoxia-inducible pathway, such as VEGE, TGF-§3, AGPT-1,
and HO-1, we attempted to determine the association
between each mRNA level in the biopsy tissues. Figure 2a—
shows that mRNA levels of VEGF were associated with TGF-
B (R=0.41, P=0.02) and HO-1 (R=0.65, P<0.0001), but
not ANGPT-1 (R=0.15, P=0.41) mRNA levels.

Immunohistochemistry localization of VEGF within renal
biopsies

In kidney donors, the VEGF protein was expressed on
podocytes and markedly expressed on tubular epithelial cells
(Figure 3¢ and e). In LN, weak VEGF staining was observed
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in all samples (Figure 3b, d and f). The VEGF protein was
scarcely seen on glomeruli and tubular epithelial cells of
samples with diffuse endocapillary proliferation (Figure 3b)
or crescent formation (Figure 3d).

Intrarenal VEGF mRNA levels predict a loss of renal function
within 12 months

Active LN patients were treated with standard therapy (see
Materials and Methods) and were followed for 12 months
after kidney biopsy. Of all 35 patients, 10 patients
experienced a loss of their renal function within 12 months
(doubling serum creatinine levels or end-stage renal disease
(ESRD)). We performed receiver operating characteristic
analysis to determine the best cutoff that had the maximal
sensitivity and specificity based on a loss of renal function.
The mRNA cutoff level of —0.63 log copies could predict a
loss of renal function with negative and positive predictive
values of 100 and 53%, respectively. We observed that 53% of
patients with low VEGF mRNA levels, but none of the
patients with high levels, experienced loss of their renal
function within 12 months. Patients with low VEGF mRNA
levels had a significantly increased risk of loss of renal
function, including doubling serum creatinine levels, ESRD,
or both events combined (P <0.001 by log-rank test) (Figure
4a—). In contrast, crescent formation and a high renal
activity index were not associated with ESRD (data not
shown).
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Figure 1| Intrarenal vascular endothelial growth factor (VEGF) mRNA and renal pathology. Box and whisker plots show the 10th, 25th,
50th (median), 75th, and 90th percentiles of values (log) for VEGF mRNA levels in the kidney tissue of patients with class Ill/IV lupus
nephritis. The levels of VEGF mRNA were significantly lower in samples with the presence of crescentic formation (a), endocapillary
proliferation (>25% of glomeruli) (b), and high activity index (Al > 3) (c), but not glomerular neutrophil infiltration (> 25% of glomeruli) (d).
(P-value by Mann-Whitney test.) Numbers in the parentheses indicate the number of biopsy samples.
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Figure 2 | Coordinated expression of intrarenal VEGF and related genes. (a) The relationship between the levels of VEGF and TGF-$ was
significant at P=0.02 (R =0.41). (b) The relationship between the levels of VEGF and ANGPT-1 was not significant (P=0.41, R=0.15). (c) The
relationship between the levels of VEGF and HO-1 was significant at P<0.0001 (R=0.65).

Urinary loss of podocytes is associated with active LN

In an earlier study, we reported an increase in urinary VEGF
levels in patients with biopsy-proven proliferative LN.**
Although tubular epithelial cells are the main source of VEGF
in the kidney, we hypothesized that the reduction of intra-
renal VEGF in this study may partly be explained by a loss of
podocyte cells into the urine. We therefore analyzed the
relationship between mRNA levels from urine cells and renal
tissue during active LN. To perform a proper comparison,
urine samples were collected from patients (n=21) on the
day of renal biopsy. There was a significant association
between urinary WT-1 (podocyte marker) and VEGF mRNA
levels (Figure 5a) (R=0.51; P= 0.02). Urine WT-1 and
VEGF mRNA levels were increased in active LN (urine
WT-1=2.8810.25 and VEGF=2.1410.23 log copies). In
contrast, intrarenal WT-1 and VEGF mRNA levels were
decreased in active LN (renal WT-1=—0.56+0.08 and
VEGF = —0.73 £ 0.14 log copies) (Figure 5b).

DISCUSSION

Renal histology study is essential for guidance of patient
management and for predicting prognosis of renal disease.*®
Patients with proliferative LN (ISN/RPS class III or IV) are
inevitably destined for chronic or end-stage kidney dis-
ease.””*® The use of currently available immunosuppressive
treatment has significantly improved renal prognosis.*’
However, physicians have been unable to readily predict
individual responses until patients finish a 6-month course of
immunosuppressive treatment.”® In general, a loss of renal
function within 6 months after induction of treatment could
determine long-term prognosis.” In this retrospective study,

Kidney International (2009) 75, 1340-1348

intrarenal VEGF expression was decreased in severe LN.
Moreover, VEGF expression at the time of renal flare may be
a useful predictor of poor renal function within 12 months.
Molecular biomarkers may be useful in the diagnosis and
prognosis of LN in the future.

Several studies have suggested that VEGF plays a key role
in endothelial cell proliferation and capillary repair.'®'®*° In
the model of membranoproliferative GN, blockade of the
VEGF;5 protein could lead to progressive renal damage.’! In
the remnant kidney model, VEGF is reduced in both
glomeruli and tubular cells, which could be corrected by
VEGF replacement."” VEGF could enhance endothelial cell
repair as well as increase angiogenic response of peritubular
capillaries.” It is known that VEGF can alter endothelial cell
growth, integrity, and function and may eventually con-
tribute to glomerulopathy.'>'®° It is expected for reduced
endocapillary proliferation to be associated with decreased
VEGE. This study could not determine such an association.

Vascular endothelial growth factor has been shown to
stabilize kidney function in animal models of thrombotic
microangiopathy'® and chronic cyclosporine nephropathy.'”
The protective actions were principally mediated through
preserved glomerular and peritubular capillary structures.'®
This may help to preserve glomerular filtration rate by
maintaining glomerular capillary filtration surface area as
well as preventing tubulointerstitial fibrosis.'® This vascular
protective action of VEGF could explain, in this study, an
association between intrarenal VEGF and a loss of renal
function in 12 months. Furthermore, histological evidence in
this study showed expression of VEGF in both the glomeruli
and the tubular cells of kidney donors, whereas there was a
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Figure 3 | Immunohistochemistry localization of VEGF within renal biopsies of patients with lupus nephritis or kidney donors
(implantation biopsy). (a) Sections were not stained with control monoclonal antibodies. (b) VEGF protein was absent in crescentic
glomeruli of patients with lupus nephritis but markedly expressed in glomeruli of implantation biopsies of kidney donors (c); inset shows
VEGF = podocyte cells (arrows). (d) VEGF was scarcely seen in glomeruli with endocapillary proliferation of lupus nephritis. (e) VEGF was
ubiquitously expressed on tubular epithelial cells of donor kidney tissues but was reduced in the tubulointerstitium of kidneys of patients
with lupus nephritis (f). (Original magnification x 400, except inset x 600).

marked reduction of VEGF in both structures of kidneys with
active LN."*?? A study of renal tubular cell lines found that
VEGF acts as a survival factor by induction of cell
proliferation and antiapoptotic responses.”* The expression
of VEGF in renal tubules may result to protect against injury
such as hypoxia, ischemia/reperfusion, hypokalemia, or
oxidative stress.”*?°

In this study, intrarenal HO-1 expression was well
correlated with VEGF expression. The mRNA levels of both
genes were decreased in LN as compared with kidney donors.
In human kidney transplantation, both HO-1 and VEGF
mRNA levels have been shown to be decreased in deceased
donors (prolonged ischemia time) as compared with living
donors (short ischemia time).*® In this study, the levels of
VEGF decreased as the severity increased; therefore, further
studies are needed to clarify the role of hypoxic injury in LN.
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Studies of serum VEGF in SLE patients have shown higher
levels of VEGF in patients with active SLE than in patients
with inactive SLE or healthy individuals.”*>* It is difficult to
compare VEGF expression among the studies, as the
quantification methods and studied samples (serum versus
tissue) were different.”> The local effects of VEGF may be
different from the systemic responses. The variation of
patients’ characteristics and immunosuppressive treatments
may be considered to be confounding factors. It should be
noted that patients received a moderately high doses of
steroids in this study, although we did not find a relationship
between steroid dose and molecular profiling. Furthermore,
serum VEGF levels may not be associated with intrarenal
VEGF levels, as we may detect VEGF expression from
different cell sources. For instance, the serum VEGF may
originate from vascular endothelial cells, whereas renal VEGFE,
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Figure 4| Analysis of the relationship between VEGF mRNA levels and a loss of renal function in 12 months. (a) Shows Kaplan-Meier
estimates of the time to doubling serum creatinine in all patients with class Ill/IV LN, as defined by two groups of VEGF mRNA levels (the
best cutoff mMRNA level identified by ROC analysis). (b) Shows Kaplan-Meier estimates of the time to end-stage renal disease (ESRD).

(c) Shows Kaplan-Meier estimates of the time to both outcomes combined (doubling serum creatinine or ESRD). According to

log-rank analysis, P-values were <0.001 for the model based on the two groups shown in all panels.
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Figure 5| Study of a podocyte marker (WT-1) and VEGF from urine samples of lupus nephritis patients. (a) The relationship between
the levels of VEGF and WT-1 was significant at P=0.02 (R=0.51). (b) Box and whisker plots show the 10th, 25th, 50th (median), 75th,
and 90th percentiles of values (log) for WT-1 and VEGF mRNA levels in the urine as compared with their levels in the kidney tissue

of patients with class Ill/IV lupus nephritis (n=21). The dotted line represents normal values.

in this study, originates from tubular epithelial cells and
podocytes.>*” Finally, patients with different stages and
levels of severity of SLE may show different patterns of VEGF
expression.' >

We previously reported an association between urinary
VEGF expression and active proliferative LN,** whereas in
this study, an inverse relationship between intrarenal VEGF
and histological activity was found. This has been validated
by performing mRNA studies from same-day collection of
urine and renal tissue. Figure 5 shows an inverse relationship
between urine and intrarenal VEGF mRNA levels. We
hypothesize that there may be a significant urinary podocyte

Kidney International (2009) 75, 1340-1348

loss in the active LN.?” Although tubular epithelial cells are
the main source of VEGF in the kidney, urinary podocyte loss
may partly contribute to a reduction of VEGF in crescent
formation.”” Selective knockout of VEGF in the podocyte
showed impaired glomerular capillary formation due to a
loss of endothelial cells, supporting the important role of
VEGF in podocytes in maintaining capillary integrity.”® Yu
et al.>® showed that urinary podocyte loss is associated with
glomerular damage in both primary and secondary glomer-
ulonephritis in mice. We confirmed that there was urinary
podocyte loss in LN by demonstrating an increase in urinary
WT-1 mRNA levels of patients with active nephritis
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(Figure 5). It would be interesting to further determine
whether urinary podocyte numbers might be a functional
biomarker for disease activity.

In conclusion, this study shows the pivotal role of renal
VEGF expression in human LN. Patients with proliferative
LN who had decreased intrarenal VEGF expression are at risk
for a rapid decline of renal function. At the time of renal
flare, the combination of renal pathology such as class III/IV
LN and reduced VEGF expression could predict poor renal
survival. Intrarenal VEGF may become a candidate surrogate
marker for targeting therapy and in development of clinical
trials.

MATERIALS AND METHODS

Patients

A total of 51 patients underwent renal biopsy for diagnostic
evaluation of active LN between 2002 and 2005. All patients
had been diagnosed with SLE according to the 1997 American
College of Rheumatology criteria. All biopsies were examined
by one pathologist (VK) who was not aware of the results of
the molecular study. The samples were classified according to
the histological types of LN using the ISN/RPS classification.*’
Six samples from patients with LN class V were excluded from
the study. Ten samples were excluded because of inadequate
number of glomeruli (less than five) or chronic scarring
glomeruli. In class III or IV LN, patients were treated with
oral prednisolone plus a 6-month course of intravenous
cyclophosphamide*' or oral mycophenolate mofetil.** In
rapidly progressive renal failure from crescentic LN, three
consecutive doses of intravenous methylprednisolone were
given and three sessions of plasmapheresis were performed.
The patients then received oral prednisolone plus a 6-month
course of intravenous cyclophosphamide.*’

The control group consisted of kidney samples from
implantation biopsies after reperfusion of kidney allografts.
Inclusion criteria were living or deceased donors with normal
serum creatinine levels and donor age of less than 55 years.
The kidney samples from patients with delayed graft function
or prolonged ischemia time were excluded.

The study was approved by the Ethics Committee for
Human Research of the Faculty of Medicine, Chulalongkorn
University, and written informed consent was obtained from
all patients.

Renal histology

Paraffin sections were stained with hematoxylin and eosin,
periodic acid-Schiff, trichrome, and silver for light micro-
scopy. The specimens were scored for activity and chronicity
indices as described earlier.' The maximum scores of the
activity index and chronicity index were 24 and 12,
respectively. The activity index was the sum of semiquanti-
tative scores of the following parameters: endocapillary
proliferation, fibrinoid necrosis, cellular crescents, leukocyte
infiltration, hyaline thrombi, and interstitial infiltration.
The chronicity index was the sum of semiquantitative
scores of the following parameters: glomerular sclerosis,
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fibrous crescents, interstitial fibrosis, and tubular atrophy.
A percentage of each parameter was calculated by the
equation:

Percentage of each pathology = (Number of involved glomeruli/

Total number of obtained glomeruli)x100%

RNA isolation from renal biopsy samples

Diagnostic renal biopsy specimens from LN patients were
obtained and stored at —80°C. RNA isolation, quantification,
and reverse transcription into complementary DNA were
performed as described earlier.®

Quantification of mRNA

The mRNA of 18s rRNA, VEGF, ANGPT-1, TGF-B, and
HO-1 were measured using a Light Cycler machine (Roche
Molecular Biochemicals, Indianapolis, IN, USA). The
sequences of primers and fluorescence probes are as follows:
18s rRNA sense, 5'-gcccgaagegtttactttga-3'; 18s rRNA anti-
sense, 5'-tccattattcctagetgeggtate-3'; 18s rRNA probe, 5’'FAM-
aaagcaggcccgagecgec-TAMRA3'; VEGF sense, 5'-cctacagcacaa
caaatgtgaatg-3’; VEGF antisense, 5'-caaatgctttctccgetctga-3';
VEGF probe, 5FAM-caagacaagaaaatccctgtgggect-TAMRA3';
ANGPT-1, sense 5'-tgcaaatgtgccctcatgtta-3’; ANGPT-1 anti-
sense, 5'-tcccgeagtatagaacattcca-3'; TGF-3 sense, 5 -ccctgecce
tacatttggag-3'; TGF-f antisense, 5'-ccgggttatgctggttgtaca-3';
TGF-B probe, 5FAM-cacgcagtacagcaaggtcctggec-TAMRA3';
HO-1 sense, 5 —gcccttcagcatcctcagttc—3’ ; HO-1 antisense,
5'-ggtttgagacagctgecacat-3'; HO-1 probe, 5’ FAM-tgcagcaga
gcctggaagacaccc-TAMRA3'. All primer pairs were designed to
span across an intron-exon boundary to distinguish ampli-
fication of genomic DNA. Each PCR was carried out in a
20 pl reaction volume composed of 2 pl of cDNA template
and 18 pl of a real-time PCR mastermix that contained 10 pl
of 2 x QuantiTech Probe Mastermix (Qiagen Inc., Chat-
worth, CA, USA), 0.5um forward primer, 0.5puM reverse
primer, and 0.2um probe. No fluorescent signal was
generated by these assays when genomic DNA was used as
a substrate, which confirmed that the assays measured only
mRNA. The levels of mRNA were analyzed by a comparative
method.** The reference RNA was a pool of RNA from
implantation kidney biopsies of live-donors. To control
possible variation among PCR runs, VEGF and an 18s rRNA
plasmid (housekeeping gene) were used as calibrators. The
PCR amplicon for 18s rRNA was 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 versus threshold cycles results in a straight line. The
levels of mRNA were expressed as the number of copies per
microgram of total RNA isolated from renal biopsy tissues.

Immunohistochemistry

For immunohistochemistry, tissue samples were fixed in 4%
buffered paraformaldehyde and embedded in paraffin.
Deparaffinized sections were heated in a microwave oven
with sodium citrate buffer. The rabbit anti-VEGF-A antibody
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sc152 (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA;
dilution of 1:100) and an Envision reagent kit (Dako,
Carpinteria, CA, USA) were used. The color product of
peroxidase was developed by the 3,5 diaminobenzidine
substrate and counterstaining with hematoxylin. Negative
controls included normal rabbit IgG.

Quantitation of the urine podocyte marker and VEGF

To properly compare intrarenal and urinary gene expression,
a 50ml urine sample was collected on the day of kidney
biopsy. The urine sample was immediately centrifuged after
collection at 1000 g for 30 min at 4°C. Total RNA was isolated
from the cell pellets using an RNA blood mini kit (Qiagen,
Chatworth, CA, USA), measured for concentration, and
reverse transcribed into complementary DNA as described
earlier.>>*> The mRNA levels of VEGE, WT-1 (podocyte
marker), and 18s rRNA (housekeeping gene) were measured
as described above.

Statistical analysis

Statistical analysis was performed using the SPSS software
(version 11.5, SPSS Inc., Chicago, IL, USA). The levels of
mRNA deviated significantly from the normal distribution
(P<0.001) and were reduced by log-transformation. All data
are given as mean and s.e. The Mann-Whitney test was used for
comparison between the two groups. The relationship between
the mRNA levels of each group was estimated with Spearman’s
p correlation. A loss of renal function was determined by a
doubling of serum creatinine calculated from the renal biopsy
date or ESRD. The criteria of ESRD included having a
calculated MDRD-GEFR below 15 ml/min or initiation of renal
replacement therapy (dialysis or transplantation). To distin-
guish patients who had a loss of renal function, a receiver
operating characteristic curve of mRNA levels was used to
determine the cutoff levels that maximized the combined
sensitivity and specificity. We estimated the probabilities of a
loss of renal function using the Kaplan-Meier method and
compared them using a log-rank test. All P-values below 0.05
were considered statistically significant.
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Defects in Notchl upregulation upon activation
of T Cells from patients with systemic lupus erythematosus
are related to lupus disease activity

P Sodsai!-2, N Hirankarn!-23, Y Avihingsanon!# and T Palaga®>
"Lupus Research Unit, Chulalongkorn University, Bangkok, Thailand; 2Inter-Department of Medical Microbiology, Graduate School, Chulalongkorn
University, Bangkok, Thailand; 3Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; “Department of
Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; and Department of Microbiology, Faculty of Science,

Chulalongkorn University, Bangkok, Thailand

Systemic lupus erythematosus (SLE) is an autoimmune disorder characterized by the production of
autoantibodies and deposition of immune complexes in various organs. T cells play a central role in
driving disease progression, and multiple defects in T cells from patients with SLE have been uncov-
ered. Notch signalling is an evolutionarily well-conserved signalling cascade involved in the prolif-
eration, differentiation and apoptosis of T lymphocytes during development and peripheral effector
functions. In this study, we investigated the correlation between expression of Notch receptor and
the severity of SLE disease. On the contrary to T lymphocytes from healthy controls (7 = 11),
T lymphocytes from patients with active SLE (rn = 12) failed to upregulate Notchl upon in-vitro
stimulation as quantified by quantitative real time RT-PCR (P < 0.025). Among patients with inac-
tive SLE (n = 10), those with late onset of flare exhibited significantly less Notchl upregulation
compared with SLE patients with remission. Expression of the Notch target genes, Hesl and deltex,
was also lower in patients with active SLE. The decrease in Notch] mRNA expression was consis-
tent with less Notchl protein expression in patients with active SLE. The defects in Notchl upre-
gulation correlated with decreased proliferation, CD25 and Foxp3 expression upon stimulation in
vitro. Taken together, the failure of T cells to upregulate Notchl upon activation may be a key
feature of active SLE and a potential therapeutic target. Lupus (2008) 17, 645-653.

Key words: activation; disease activity; notch receptor; SLE; T cells

Introduction

Systemic lupus erythematosus (SLE) is an autoim-
mune disorder characterized by a wide spectrum of
clinical manifestations. It is prominently characterized
by abundant production of autoantibodies and the
deposition of immune complexes in various tissues
such as the kidney, central nervous system, and
skin.! Because of the nature of autoantibody produc-
tion in this disease, hyperactivation of B lymphocytes
are considered to play a central role in disease onset.?
In addition to B lymphocytes, evidence suggesting the
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involvement of T lymphocytes in pathogenic events
leading to disease flares have been reported.® Cyto-
kines derived from T-helper lymphocytes have been
implied in driving affinity maturation of immunoglob-
ulin present in high levels of serum from patients with
SLE.* Furthermore, defects in signalling molecules of
the T-cell receptor (TCR) complex and co-stimulatory
molecules have been reported in SLE.> Although still
controversial, the abnormalities in regulatory T cells
with essential immune regulatory functions have also
been suggested in SLE.®® Therefore, T lymphocytes
are considered to play an important role in the aetiol-
ogy of SLE and knowledge of the T-cell defects may
lead to a novel therapeutic intervention of autoim-
mune disorders, including SLE.®

Notch signalling is an evolutionarily well-
conserved signalling pathway. It was first discovered
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and studied in Drosophila melanogaster as a neuro-
genic gene involved in cell fate decision during neuro-
nal development.!® Extensive studies have uncovered
and broadened its role in regulating differentiation,
proliferation and apoptosis in a wide spectrum of tis-
sues, including haematopoietic cells. Various target
genes of Notch have been identified such as Hesl
and Deltex. Mammals have four Notch receptors,
Notch1-4, and five distinct Notch ligands, Jagged1-2
and d-like 1, 3 and 4. During the development and
differentiation of T lymphocytes, Notch signalling
plays an essential role in governing T/B lineage deci-
sion and cell proliferation, as well as influencing posi-
tive and negative selection and CD4/CD8 lineage
choices.!! Notch signalling also regulates the develop-
ment and functions of T lymphocytes in the periphery
during Th1/Th2 differentiation.!? In addition, Notch
has also been implied in regulating development of
naturally occurring regulatory T cells as overexpres-
sion of the activated form of Notch3 enhances the
generation of regulatory T cells.!3 Furthermore, over-
expression of Notch ligands in APC leads to the devel-
opment of antigen-specific regulatory T cells and the
Notch/Hes axis is reported to be essential for the sup-
pressive functions of TGFB+ regulatory T cells.!#15

Defects in Notch signalling have been linked to sev-
eral models of autoimmune disorder. Decreasing
Notch signalling with pharmacological approaches
protects animals from experimental autoimmune
encephalomyelitis through down-regulation of 7-bet
expression.!® Partial loss of presenilins, components
of the enzyme y-secretase, which is responsible for
Notch receptor processing upon ligand engagement,
results in severe autoimmune disease phenotypes.!”
In addition, presenilin2 is differentially expressed in
human SLE T lymphocytes.!® A direct link between
defects in Notch signalling and SLE, however, is still
missing. In this study, we investigated the expression
of Notchl and one of its target genes, Hesl, in in-
vitro-activated T lymphocytes from patients with
SLE. Upregulation of Notchl was significantly
decreased in patients with active SLE, suggesting a
role for Notchl in the disease activity of SLE.

Materials and methods

Patients and controls

Twenty-two patients with SLE, diagnosed based on
the American College of Rheumatology classification
criteria, were included in this study. According to the
MEX-SLEDAI (Mexican-SLE disease activity
index), 12 of these patients were classified as active
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SLE (MEX-SLEDALI 2 3) and 10 patients were in an
inactive stage (MEX-SLEDAI < 3).1920 Patients with
inactive SLE received low doses of prednisolone at less
than 10 mg/day within at least 1 month and patients
with active SLE received low to intermediate doses of
corticosteroids (2.5-25 mg/day of prednisolone with
or without mycophenolate, mofetil or azathioprine).
In the inactive group, remission was defined as those
who experienced inactive discase MEX-SLEDAI < 3
for at least 2 years before and more than 6 months
after sample collection with low doses of steroid and
normal urine analysis and stable renal function,
whereas patients with late onset of flare were defined
as those who experienced inactive disease within
3 months before or after blood collections. Twenty-
one patients with SLE were women and the ages of
all patients were in the range of 16-41 years old.
Eleven sex and age-matched healthy volunteers were
included as controls. This study was approved by
the Ethics Committee for Human Research of the
Faculty of Medicine, Chulalongkorn University, and
written informed consents were obtained from all
subjects.

Cells and cell cultures

Peripheral blood mononuclear cells (PBMC) were
isolated using Ficoll-Hypaque reagent (Sigma,
St Louis, Missouri, USA). T lymphocytes were puri-
fied using a positive selection strategy with magnetic
beads (Miltenyi Biotech, Bergisch Gladbach, Ger-
many). Cells were cultured in RPMI1640 medium
supplemented with 10% fetal bovine serum (Hyclone,
Logan, Utah, USA) and penicillin and streptomycin.
For stimulation experiments, cells were stimulated
with either phytohemagglutinin (PHA) (10 pg/uL) or
plate bound anti-human CD3 (clone UCHTI,
2.5 pg/ul) for indicated durations at 37 °C, 5% CO,.

Quantitative real time RT-PCR

A quantitative real time RT-PCR assay was devel-
oped for the detection and quantification of Notchl
and Hes-1 transcripts using f-actin as an endogenous
control. Total RNA was isolated from treated cells
using Trizol reagent (Invitrogen Life Technologies,
Carlsbad, California, USA). To avoid genomic
DNA amplification, primers used in this study were
designed to span intron-exon boundaries as follows:
Notchl forward 5-CAG

CCTGCACAACCAGACAGA-3; Notchl reverse
5"TGAGTTGATGAGGTCCTCCAG-3'; Hesl for-
ward 5'-ACCAACTGGGACGACATGGAGAA-3';
Hesl reverse 5-GTGGTGGTGAAGCTGTAG
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CC-3'; Foxp3 forward 5-TCACCTACGCCACGC
TCAT-3"; Foxp3 reverse 5-ACTCAGGTTGTGG
CGGATG-3'; B-actin forward 5-ACCAACTGGG
ACGACATGGAGAA-3"; B-actin reverse 5-GTG
GTGGTGAAGCTGTAGCC-3'. PCR amplification
was performed with 2x QuantiTect SYBR Green
PCR Master Mix with 0.5uM primers, 16 ng
cDNA, and nuclease-free water according to the
manufacturer’s protocol (Qiagen, Hilden, Germany).
The PCR conditions were as follows: 95°C for
15 min, followed by 40 cycles of 95°C for 155,
55 °C (Notchl) or 57 °C (Hes-1 and Foxp3) for 30 s,
and 60 °C for 30 s. Levels of mRNA were measured
by a Light Cycler (Roche Molecular Biochemicals,
Indianapolis, Indiana, USA). Levels of mRNA were
expressed as threshold cycle (Ct) and the comparative
Cr method was used for analysis. For relative quanti-
fication, expressions of Notchl, Hesl and Foxp3 were
normalized to the expression of S-actin. The amount
of target was calculated by 2 -2ACT,

Expression of Notchl was confirmed by conven-
tional RT-PCR. The PCR conditions were as follows:
hot start 94 °C for 5 min, followed by 30 cycles of
94 °C for 30 s, 55 °C (for Notchl gene) or 60 °C (for
GAPDH) for 30 s, 72 °C for 30 s and a final extension
at 72 °C for 10 min. Amplification was performed in a
Perkin Elmer/GeneAmp PCR system 2400 (Perkin
Elmer, Waltham, Massachusetts, USA). The PCR
products were analysed in 1.5% agarose gels.

Cell proliferation assay

PBMC:s were stimulated with various concentrations
of PHA for the indicated times at 37 °C in 5% CO,
conditions. Cells were pulsed with 1 uCi/mL of 3H-
methyl-thymidine (3H-TdR) during the last 6 h of
incubation. After incubation, cells were harvested and
3H-TdR incorporation was measured with a scintilla-
tion counter (Packard Instruments, Downers Grove,
Illinois, USA).

Western blot

Treated cells were harvested and cell lysates were pre-
pared as described previously.?! The total amounts of
protein were measured using BCA protein assay kit
(Pierce; Rockford, Illinois, USA). Cell lysates (30 ug)
were separated by 8% sodium dodecyl sulphate poly-
acrylamide gel electrophoresis using the Protein III
system (Bio-Rad, Hercules, California, USA). After
gel separation, proteins were transferred to PVDF
membranes (Amersham Biosciences, Piscataway,
New Jersey, USA) and blocked in PBS containing
3% nonfat dry milk and 0.05% Tween 20. Blots were

Defects in Notchl upregulation upon activation of T Cells in SLE
P Sodsai et al.

probed with rabbit anti-Notchl Ab (Santa Cruz Bio-
tech, Santa Cruz, California, USA) at a 1:1000 dilu-
tion, or anti-Bactin mAb (Chemicon, Billerica, Massa-
chusetts, USA) at a 1:5000 dilution, followed by
washing and probing with HRP-conjugated donkey
anti-rabbit IgG Ab or sheep anti-mouse IgG Ab at a
1:4000 dilution. After washing, signals were detected
using the ECL Western blotting analysis system
(Amersham Biosciences).

Flow cytometric analysis

T lymphocytes stimulated with PHA as described
above were harvested. Cells were stained with cocktail
containing FITC conjugated anti-CD3 Ab (clone
S4.1), PE conjugated anti-CD4 Ab (clone S3.5),
PE-Cy5.5 conjugated anti-CD8 Ab (clone 3BS5) and
APC conjugated anti-CD25 Ab (clone CD25-3G10)
(Caltag, Burlingame, California, USA) for 20 min at
room temperature. After washing, cells were fixed
with 1% paraformaldehyde in PBS followed by
analysis on a FACSCalibur flow cytometer using
Cell Quest software (Becton Dickinson, Franklin
Lakes, New Jersey, USA).

Statistical analysis

Mean + SD of independent experiments was ana-
lysed. Inter-group comparisons in all experiments
were analysed using independent ¢ tests with SPSS
software (version 11.5). A P value of < 0.05 was con-
sidered statistically significant.

Results

Notchl has been shown to be upregulated in T lym-
phocytes upon stimulation in vitro.?! To investigate
the expression of Notchl in T lymphocytes from
patients with SLE upon activation in vitro, we stimu-
lated purified T lymphocytes using the mitogenic stim-
ulus PHA for 72 h, and the level of expression was
measured by quantitative real time RT-PCR. As
shown in Figure 1A, activated T lymphocytes from
patients with active SLE showed a significant decrease
in Notchl expression, compared with those from con-
trols (P <0.025). On the contrary, T lymphocytes
from patients with inactive SLE did not show a signif-
icant decrease in Notchl expression compared with
controls. When all SLE samples were combined
regardless of disease stage, the level of Notchl was
significantly lower in patients with SLE compared
with controls (P < 0.05). Among patients with active
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Figure 1 Decreased Notchl expression in activated T lymphocytes from patients with SLE. A) Purified PHA-stimulated
T lymphocytes from healthy controls (z = 11), inactive SLE (n = 10) and active SLE (n = 12) patients were subjected to real time RT-
PCR analysis for expression of Notchl and S actin as described in the ‘Materials and methods’. The results shown are relative
expression of Notchl normalized to f actin. B) Patients with active SLE were divided into those who received low doses (n = 3) or
moderate doses of steroids (n =9). Expression of Notchl was examined in PHA-stimulated T lymphocytes as described in ‘a’.
C) Patients with inactive SLE were grouped based on disease flare as remission (n = 3) and late onset of flare (n = 7). Expression of
Notchl was examined in PHA-stimulated T lymphocytes as described in ‘a’.

SLE included in this study, no significant differences
in Notchl expression were observed between patients
(n=3) who took low doses of steroids (less than
10 mg/day of prednisolone) and those who took mod-
erate doses of steroids (10-30 mg/day of prednisolone)
(n =9) (Figure 1B). Interestingly, among the patients
with inactive SLE, T lymphocytes from remission
SLE patients, as defined in ‘Materials and methods’
showed comparable levels of Notchl upregulation as
controls (Figure 1C). On the contrary, patients with
late onset of flare, as defined in ‘Materials and meth-
ods’, exhibited a significant decrease in Notchl expres-
sion as compared with healthy controls and remission
patients with inactive SLE (P < 0.008 and P < 0.001,
respectively). Expression of Notch2 in stimulated T
lymphocytes between patients with SLE and healthy
controls was similar, whereas the level of Notch3 was
significantly decreased in patients with active SLE
(P < 0.05) (data not shown).
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Because Notch expression can be regulated post-
transcriptionally, we examined the expression patterns
of Notchl protein in activated T lymphocytes. The
Notch receptor exists on the cell surface as a hetero-
dimer of an extracellular domain and an intracellular
plus transmembrane domain (ICT). The ICT domain
is detectable using antibodies specific for the intracel-
lular domain of Notch, which has a molecular weight
of approximately 110 kDa. Consistent with previous
reports, Notchl protein was similarly upregulated
upon stimulation of T lymphocytes from healthy con-
trols and patients with inactive SLE. Lymphocytes of
patients with active SLE, however, failed to upregu-
late Notch1 (Figure 2A). When the level of expression
was quantified, lymphocytes from patients with active
SLE showed a significant decrease in Notchl expres-
sion upon stimulation compared with those from con-
trols (P = 0.001) (Figure 2B). Interestingly, the level of
Notchl in unstimulated cells showed an inverse rela-
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Figure 2 Decreased Notchl protein expression in activated lymphocytes from patients with SLE. A) Peripheral blood mononuclear
cells from patients with SLE or healthy controls were stimulated with PHA for 72 h and cell lysates were analysed for Notchl
expression by Western blot. 3 actin was used as a loading control. A representative Western blot is shown. B) The quantification of
Notchl protein in lymphocytes with or without PHA stimulation was measured. The level of Notchl protein was normalized to the
level of B-actin and measured as the density of Notchl protein bands. C) Hes! expression in activated T lymphocytes was analysed

using real time RT-PCR as described in the ‘Materials and methods’.

tionship with disease severity, where patients with
active SLE showed the lowest expression and healthy
controls showed the highest expression. The lympho-
cytes from patients with active SLE exhibited a signif-
icant decrease in Notchl expression compared with
those from controls (P = 0.007).

Upregulation of Notchl by T lymphocytes is cou-
pled with proliferation and the upregulation of target
genes of Notch signalling including Hes! and
deltex 2122 Therefore, we examined Hesl and deltex
expression and the proliferation of T lymphocytes
from patients with SLE and healthy controls. Expres-
sion of one of the Notch target genes, Hesl, showed a
tendency to decrease in patients with SLE, but the
differences between controls and SLE groups were
not statistically significant (Figure 2C). In addition,
a lower, but not significant, expression profile of del-
tex was observed in patients with SLE compared with
controls (data not shown). When proliferation assays
were performed with T lymphocytes, as shown in
Figure 3A, PBMC from patients with active SLE
showed significantly decreased proliferative responses

upon stimulation with PHA compared with control
and inactive SLE PBMC, confirming previous
reports.>? Stimulation with plate-bound anti-CD3
Ab did not yield any differences in T-cell proliferation
between controls and patients with SLE (data not
shown). Therefore, defects seen in proliferation of
T cells in PBMC may be the results of misregulation
of co-stimulatory molecules on accessory cells such as
dendritic cells from patients with SLE. Because Notch
signalling has a role in augmenting CD25 expression
in stimulated T cells, we examined the expression of
cell surface CD25. As shown in Figure 3B, T lympho-
cytes from patients with SLE showed decreased CD25
expression. Finally, we determined cell populations
based on the cell surface markers CD4 and CD8
after stimulation. T lymphocytes from patients with
SLE showed decreased CD4* population and
increased CD8* population profiles compared with
healthy controls (Figure 3C). This result is consistent
with a previous report showing abnormalities of
CD4* and CDS8* populations in patients with active
SLE.?* Because abnormalities in Foxp3* regulatory

649

Downloaded from lup.sagepub.com at Chulalongkorn University on March 20, 2011

Lupus


http://lup.sagepub.com/

Defects in Notchl upregulation upon activation of T Cells in SLE
P Sodsai et al.

650

Figure 3 Proliferation and expression of CD25 and Foxp3 in T lymphocytes from patients with SLE. A) PBMC from healthy controls
or patients with SLE were stimulated with PHA at 1, 2.5, 5 and 10 pg/mL for 72 h before subjecting to TdR incorporation assay as
described in the ‘Materials and methods’. The results shown are mean + SD of triplicates of all tested subjects. * and ** indicate
statistical significance where P < 0.5 and 0.25, respectively. B) Purified T lymphocytes were stimulated by PHA and subjected to cell
surface staining of CD4/CD25 for FACS analysis. The results shown are representative of two normal controls and two patients with
active SLE. C) PBMC from healthy controls or patients with SLE were stimulated with PHA at 10 pg/mL for 72 h and CD4/CDS cell
population analyses were carried out by FACS. The results shown are mean £ SD all tested subjects. * and ** indicate statistical
significance where P <0.01 and 0.002, respectively. D) Purified PHA-stimulated T lymphocytes from healthy controls (z = 10) and
active SLE (n = 10) patients were subjected to real time RT-PCR analysis for expression of Foxp3 and f actin as described in the
‘Materials and methods’. The results shown are relative expression of Foxp3 normalized to 8 actin.

T cells have been reported, we examined the expres-
sion of Foxp3 in stimulated T lymphocytes from
patients with SLE.®% As shown in Figure 3D, the
expression of Foxp3 in T lymphocytes from patients
with SLE is significantly decreased in comparison
with normal controls. Therefore, defects in Notchl
upregulation in T lymphocytes from patients with
SLE correlated with decreased CD25 and Foxp3
expression and coupled with defects in proliferation,
but it did not significantly affect Hes! and Deltex
expression.

Discussion

The rationale behind this study is based on the
mounting evidence suggesting crucial roles for Notch
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signalling during T-cell activation, its involvement in
autoimmune disorders and the central role of T cell-
driven hyperactivation of immune responses in SLE.
First, Notch signalling governs multiple choices
during thymic development.'! Therefore, anomalies
in Notch signalling, by way of abnormal expression
of Notch receptors and ligands, are expected to influ-
ence the ontogeny of T lymphocytes. The link between
anomalies in Notch signalling during T-cell develop-
ment and autoimmune disorders, however, is still
missing. Second, Notch signalling is involved in helper
T-cell development, particularly Th1/Th2 lineage
choice.!? Conflicting evidences have been reported
on this issue. Some studies suggest that Notch signal-
ling favours Th2 development by directly regulating
IL-4 expression and conditionally targeted deletion
of a Notch-specific scaffold protein encoding gene,
MAML, results in compromised Th2-type immune
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response against helminthic infection.>>?¢ However,
several studies suggested that Notch signalling regu-
lates Thl-type cytokine IFNy via direct regulation of
the Th1 master regulator, T-bet.!%21-27 The questions
addressed by these conflicting reports remain unre-
solved. SLE is generally considered a Th2-driven
disorder through the hyperactivation of B cells, but
studies of cytokine patterns in patients with SLE
were not conclusive in determining if it is a Thl or
Th2 type immune response.?®2° Third, Notch signal-
ling is reported to be involved in the generation and
suppressive functionality of regulatory T cells.!3-15-30
There has been a recent resurging interest in these
regulatory T cells in the pathogenesis of autoimmune
disorders, including SLE. Multiple studies suggest
that there are defects in the frequency of regulatory
T cells and their suppressive functions in patients with
SLE.®%17 Fourth, differential expression of presini-
lin2, one of the components of the Notch receptor
processing enzyme y-secretase, is reported in SLE,
and partial loss of presenilinl in a presenilin? null
background results in systemic autoimmune pheno-
types similar to human SLE.17-18

In this study, we investigated the expression of
Notchl in T lymphocytes of patients with SLE upon
activation and discovered that decreases in Notchl
upregulation correlated well with disease activity.
These defects are intrinsic to T cells, because both
PBMC and purified T lymphocytes from patients
with active SLE showed similar phenotypes. Multiple
signalling pathways, including Notch signalling, and
cell cycle regulators govern proliferation in stimulated
T cells.?!3132 T lymphocytes from patients with active
SLE exhibited decreased CD25 expression, confirm-
ing previous reports.!” Overexpression of activated
Notch is reported to enhance CD25 expression in
primary T cells, linking Notch signalling and CD25
expression in T lymphocytes.?? In line with CD25
expression in T lymphocytes from patients with
SLE, PBMC from patients with SLE showed a signif-
icant decrease in proliferative responses upon in-vitro
stimulation. Proliferation of T lymphocytes have been
reported to be defective in SLE through multiple
signalling pathways, including co-stimulatory mole-
cules on antigen presenting cells;?>33 however, in
some instances, normal T-cell proliferation was
observed.3*33 In our study, defects in Notchl upregu-
lation were coupled with decreased proliferation.
Notch signalling is involved in the proliferation of var-
ious cell types including activated T lymphocytes
through the regulation of cyclin D and c-myc, and
defects in Notchl expression may impinge upon cell
cycle entry.?1-32:36-38 Defects in Notchl upregulation
may contribute to disease activity in SLE partly
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through dysregulation of CD25 expression. It is
currently unclear whether impaired Notch signalling
in T cells from active SLE directly affects CD25
expression and cell proliferation.

Defects in Notchl upregulation led to decreased
Hesl expression but were not statistically significant
different from controls. The normal expression of
Hesl in stimulated T cells from SLE, despite the
marked decrease in Notchl expression, may be the
result of functional redundancy among Notch recep-
tors or through Hes/ activation by other signalling
cascade.®® Notchl, 2 and 3 have been shown to be
upregulated in activated T lymphocytes.?!?>27 We
observed decreases in Notchl and 3 expression, but
expression of Notch2 remained intact in T lympho-
cytes of patients with SLE.

On the basis of our observations and the reported
roles of Notch signalling in regulating the effector
function of T lymphocyte, there are potential links
that need to be further investigated. Notch signalling
may regulate Th1/Th2 differentiation and skew cyto-
kine profiles to be pathogenic in patients with SLE.
The generation and suppressive function of regulatory
T cells also involve Notch signalling, a process that
needs to be further explored. Interestingly, Notchl is
upregulated in antigen-tolerized T lymphocytes upon
activation, whereas T cells from airway inflammation
animal models fail to do so.!> This is intriguing in light
of the observation that the regulatory function of reg-
ulatory T cells is mediated through Notchl and the
membrane form of TGFf. Therefore, it may be that
T lymphocytes from active SLE escape regulatory
mechanisms of regulatory T cells by down-regulating
Notchl. In this study, we observed a correlation
between Notchl and Foxp3 expression in patients
with SLE. In addition, Notch signalling interacts
with various signalling pathways, notably NF-kB.4°
In fact, defects in NF-«B signalling have been reported
in SLE.#! Therefore, defects in Notch signalling may
affect the NF-xB activation status in T lymphocytes
from patients with SLE.

In conclusion, we provide evidence in this report
for the first time that Notchl upregulation in stimu-
lated T lymphocytes is significantly defective in
patients with active SLE.

Although T lymphocytes from patients with active
SLE completely failed to upregulate Notchl upon in-
vitro stimulation, those from inactive SLE showed
intermediate phenotypes. T lymphocytes from active
SLE displayed decreased CD25 expression and
decreased proliferation. Therefore, defects in Notchl
upregulation in T lymphocytes may indicate SLE
disease activity and are likely to be involved in
immune dysregulation in SLE. The consequence of
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this defect in T-cell functions remains to be deter-
mined. The uncovered link between Notch signalling
and SLE may lead to a new therapeutic intervention
for correcting T-cell functions.
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Major lupus organ involvement: severe lupus nephritis
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"Lupus Research Unit, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; *Department of Medicine, Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand; and *Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand

Lupus nephritis is a common and severe complication of systemic lupus erythematosus.
A number of patients have nephritis as a presenting feature that, in its severe form, can shortly
lead to end-stage renal disease and/or death. Renal flare usually occurs a few years after the
first episode and is remarkably predominant in the Asian population. Frequent monitoring for
renal flare enhances early recognition and timely treatment. The mainstay therapy continues
to be the prolonged use of cytotoxic/immunosuppressive drugs that have a number of unde-
sirable effects, particularly ovarian failure and development of opportunistic infections.
This review will focus on the pathogenesis and the unique genetic factors found in Asian
patients with lupus nephritis. Here, we propose an appropriate management scheme for the

treatment of lupus nephritis in Asian patients.

Lupus (2010) 19, 1391-1398.

Key words: Asia; genetic; immunosuppressive therapy; lupus nephritis

Introduction

Renal disease is a common and serious manifesta-
tion of systemic lupus erythematosus (SLE). The
presentation can range from asymptomatic urinary
abnormalities to rapidly progressive renal failure
leading to end-stage renal disease (ESRD). Renal
failure remains an independent risk factor for death
in patients with lupus nephritis (LN). Currently
available immunosuppressive regimens are toxic
due to their broad immunosuppressive effects.
Cyclophosphamide (CY) plus prednisolone is the
standard regimen for the severe form of LN.
However, this regimen has several side effects
and, as SLE usually affects women of child-bearing
age, one of its serious adverse effects, gonadal tox-
icity, is of concern. Nevertheless, evidence from
randomized controlled trials supports the use of
CY as a remission induction therapy as it appears
to have advantages in early therapeutic response
and dramatically improves long-term outcomes. '
Unfortunately, most of the therapeutic data
on LN and SLE are not applicable to the Asian
population because they were conducted in
African-Americans and Caucasians. There is a
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need to assess the appropriate dosage and genetic
variations in Asian patients to avoid unnecessary
toxicities and financial expenditure. Even though
the mortality rate of LN in Asia has improved
since the 1980s®> with a 5-year survival rate of
76.5%, which is similar to that of Western coun-
tries, > there can be room for improvement.

In order to improve the supportive care and kidney
specific therapy for LN and SLE, it is important to
first understand the pathogenesis of the disease.
Hopefully this information will help us direct treat-
ment to specific and appropriate areas of the body.
Recent progress in LN treatment includes the use of
monoclonal antibodies, anti-cytokine therapies and
other components of the complement-system block-
ade.® An example of this treatment is mycophenolate
mofetil (MMF) and its potential use as an alternative
agent. Unlike CY, MMF has a more specific immu-
nosuppressive action and, therefore, causes fewer
adverse events than CY. However, MMF is expensive
and, in the long run, may not be feasible in resource-
limited settings. Therefore this paper will review the
immunopathogenesis of LN and the appropriate
treatment from an Asian perspective.

Epidemiological and clinical outcomes in Asia

In Asia, the prevalence rate of SLE (per 100,000)
varies from 19.3 to 60.” A study conducted in the
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USA looked at the rate of nephritis among hetero-
geneous populations of SLE patients, which
showed a prevalence of 17% in Caucasians and
50% in Asian-Americans.® However, this number
is higher in Southeast Asian countries ranging
between 70-80%.° Shayakul er al. retrospectively
reviewed 569 cases of LN at a tertiary care hospital
in Thailand and showed that 60% of the cases had
a creatinine clearance <50mL/min. From the study,
the S-year patient survival was calculated to be
76%. The most common causes of death were
opportunistic infections (OI) and uremia.

Although in the last decade, the overall mortal-
ity rate of SLE patients has decreased in most
parts of the world with a 5-year patient survival of
over 90%,'"!" yet patients with severe LN have
a poorer S5-year survival outcome of 70-80%.°
Factors associated with poor outcome were:
co-existence of cardiopulmonary involvement,
anti-phospholipid syndrome nephropathy,'> male
gender, impaired renal function, and poor socio-
economic status.'”

Pathogenesis of LN

The pathogenesis of LN has been elucidated either
by studying the immune effector mechanism or by
genetic approach. The immune effector that causes
damage to the kidney is mediated mainly by auto-
antibodies that are nephritogenic. In addition to
immune complexes that filter through a glomerulus
and deposit there non-specifically, autoantibodies
against the nucleosome are also deposited in the
kidney through the absorption of the nucleosome
to certain proteins in the glomerular basement
membrane (e.g., heparin sulfate, collagen type 1V,
fibronectin and laminin). It is these autoantibodies,
not the immune complexes, that can directly cross-
react with kidney antigen'® and induce the inflam-
matory responses by activating neutrophils and
macrophages. This deposition will ultimately
result in activation of the complement system
resulting in tissue destruction. However, not all
SLE patients with anti-dSDNA will develop LN
and the level of this autoantibody does not
always correlate with the severity of LN. It is
hypothesized that the quality of the antibodies'*
as well as chemokines and cytokines such as inter-
feron-inducible protein 10 (IP-10) and its receptor
chemokine (C-X-C motif; CXCR3), vascular
endothelial growth factor (VEGF) and transform-
ing growth factor beta (TGF-B)'® are important in
the pathogenesis of LN. Identification of infiltrated
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T cells and macrophages in the kidney suggests that
cellular immunity is also involved in the pathogen-
esis of LN.'°

Other factors responsible for initiating lupus are
driven by an interaction between the environment
and certain genes. Genetic predisposition is firmly
established as a key element in disease susceptibil-
ity.!” Three defective pathways have been pro-
posed. First, a defect in the apoptosis pathway
will increase the apoptosis of immune and renal
cells and can serve as a source of nuclear antigen
in situ that traps autoantibodies in the kidney.'® It
has been shown that mutations or susceptible poly-
morphisms of genes can contribute to this defect,
i.e. tumor necrosis factor receptor superfamily,
member 6 (TNFRSF6 or FAS), Fas ligand
(FASL), deoxyribonuclease I (DNASEI), three
prime repair exonuclease 1(TREXI), and pro-
grammed cell death 1 (PDCDI) genes. On the
other hand, environmental factors such as ultravi-
olet (UV) light can also increase the apoptosis rate
in lupus patients. It has been suggested that drugs
and UV light may effect the methylation profiles of
certain genes in T cells, resulting in a defective
T-cell control.” The second defect causes the
body to lose its self tolerance to widely available
nuclear antigen. There are a number of abnormal
immune responses due to overstimulation of the
innate immunity involving interferon (IFN) type
I, regulatory T cells, and overactivity of T and
B cells. Other factors such as gene polymorphisms
of human leukocyte antigen (HLA), interferon reg-
ulatory factor 5 (/RF5), signal transducer and acti-
vator of transcription 4 (STATH4), protein tyrosine
phosphatase non-receptor type 22 (PTPN22),
B lymphoid tyrosine kinase (BLK) and B-cell scaf-
fold protein with ankyrin repeats 1 (BANKI) and
viral infections may contribute to an overstimula-
tion of IFN type I response.'”?* Moreover, in the
later stages of the disease, epitope spreading exac-
erbates autoantibody production against various
self antigens. Third, the body is unable to clear
the formation of immune complexes. In fact, this
defect has been attributed to a link found between
genetic mutation in the early component of com-
plement genes and the immune complex diseases
such as Clg, C3, C4, FCGR (Fc fragment of IgG
low affinity receptor) and MBL (mannose-binding
lectin).!” Several genetic studies have shown an
association between polymorphism within FCGR
gene and LN. Interestingly, it was suggested that
copy number variation in inhibitory FCGR3B gene
may contribute to LN.?!

Another novel gene discovered by a recent lupus
genomewide association study (GWAS) showed

Downloaded from lup.sagepub.com at Chulalongkorn University on March 20, 2011


http://lup.sagepub.com/

that integrin-otyy (/TGAM) was associated with the
susceptibility to LN.?*23

Along the same lines, a genetic study conducted
in Hong Kong Chinese and Thai confirmed the sig-
nificance of this gene in causing LN.?* Other genes
identified to increase the risk of acquiring LN
included angiotensinogen (AGT), interleukin §
(IL8), plasminogen activator inhibitor-1 (PAI-1),
endothelial nitric oxide synthase (eNOS), monocyte
chemotactic protein 1 (MCP-1), angiotensin-con-
verting enzyme (ACE), and endothelial protein
C receptor (EPCR).*> However, these last groups
of LN-specific genes need to be validated in a
bigger study with a larger sample size. Recently,
GWAS in two Asian populations reported some
novel genes contributing to lupus pathogenesis
including: (1) genes involved in signal transduction
of lymphocytes (V-ets erythroblastosis virus E26
oncogene homolog 1 (ETSI), Ikaros family zinc
finger 1 (IKZFI), RAS guanyl releasing protein 3
(RASGRP3)); (2) the solute carrier family 14
(SLC15A44) gene, which is involved in immune
complex processing; and (3) tumor necrosis factor
alpha induced protein 3 interacting protein 1
(TNIPI) gene which involved with toll-like recegtor
and the production of interferon type I.°%%7
However, the GWAS studies declared that infor-
mation on genes contributing to LN pathogenesis
in patients with severe LN was lacking. A genetic
study that compares mild and severe cases of LN is
needed to accomplish this search.

Renal histology as a diagnostic tool

Aside from clinical manifestations, renal histology
is important in diagnosing LN because it has been
shown that glomerular lesions, i.e. crescentic for-
mations or fibrinoid necrosis, are associated with
poor renal outcomes. Even the World Health
Organization (WHO) pathologic classification of
LN is based on the extent and severity of glomer-
ular inflammation, which has been the cornerstone
of diagnosing and treating LN.**-*

Several previous studies have shown semiquanti-
tative analysis to be helpful in assessing the activ-
ity and chronicity of nephritis.?*** The maximum
activity score is 24 and the maximum chronicity
score is 12. The score may be used as a prognostic
index as well as for research purposes. Even though
there are inter- and intra-observer variations in the
scoring, certain pathologic findings, such as cres-
centic formation and/or thrombotic microangiopa-
thy, are useful prognostic indicators that can help
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reduce this variability. Another prognostic factor
that has been associated with the worsening of
LN is anti-phospholipid nephropathy.'**' Despite
these established and well accepted classifications,
recently, a newer classification, modified from
WHO classification, was proposed.>” It remains
unclear whether this new classification is correlated
with long-term outcome. Perhaps in the future,
molecular classification will be incorporated in the
diagnostic process of renal biopsy. A perfect exam-
ple of this proposal can be seen through the use of
intra-renal gene expression to determine if the
patients are at risk of a declining renal function
within 12 months.*”

Aside from the above, clinicopathologic diagno-
sis of LN is essential for selecting the appropriate
treatment protocol. Severe histologic forms of
nephritis are usually correlated with worse clinical
manifestations. However, so-called silent nephritis
was clinically undetectable and had a number of
abnormal renal histology results* while, on the
other hand, non-specific findings of mild protein-
uria, hematuria and proteinuria with bland urine
sediment can be found in focal or diffuse prolifer-
ative lesions or membranous type. Hence, renal
biopsy is recommended in most SLE patients with
the first episode of renal involvement regardless of
clinical symptoms. As for late progressors, repeated
biopsy may be required to distinguish between
active lupus and scars of previous inflamma-
tory injury. This differentiation is important in
the treatment of LN because patients with active
lupus would require an immunosuppressive ther-
apy, whereas patients with scarring may use anti-
hypertensive therapy like angiotensin converting
enzyme inhibitor.

An appropriate treatment for severe LN

In this review, severe LN is defined as diffused or
severe focal proliferative glomerulonephritis (WHO
type III or IV). The treatment for severe LN
focuses on: (1) achieving immediate renal remis-
sion; (2) preventing renal flares; (3) avoiding
chronic renal impairment; and (4) fulfilling these
objectives with minimal drug toxicities. The treat-
ment for severe LN is divided into two distinct
parts. The first part of the induction treatment
relies heavily on immunosuppressive drugs
whereas, in the second part, the treatment focuses
on preventing relapse and minimizing the side
effects of treatment as much as possible. It should
be noted that many studies looking at treatment for
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LN were conducted in the USA whose study cost of patient care due to the adverse effects of
populations were consisted mostly of African-  suppressing the immune system and the need to
Americans. In contrast, studies from FEurope treat acquired Ols. Aside from the NIH cohort, it
included more Caucasians. Hence, it should be  has been shown that IVCY is very effective in Asian
warned that utilizing such data in Asian patients  patients with severe LN.**
may not be suitable or applicable. Needless to say, this indiscriminate use of the
so-called ‘NIH regimen’ to treat all LN patients
Induction treatment has recently raised some concerns within the scien-
. .41 .
It is important to note that the S-year patient sur- juﬁc commlunlty.. Flrst,.hlgh-dose ;X‘SY treatment
vival for Asians is still 75-80%.> Hence, there is a g exltrem}el y toxic, Cdu'smg up t§60/ o patients to
great deal of room for improvement. The morbid cvelop fefPeS Zostgr, up to e fexperlence a
events in these patients are OI and severe impair- ~ ScVere infection; and up to 52% o women are
ment of a vital organ, which usually appears early at risk of developing ovarian failure.” Second,
in the course of the disease. It has been shown that ~ because of prompt assessment of early renal
inducing remission early can improve the long-term  involvement, aggressive treatment for clinical mild
outcome in these patients.'’ cases of biopsy-proven proliferative nephritis is no
CY has remained the standard of treatment for  longer justifiable (Table 1). This situation is further
LN since 1960. Its alkylating property inhibits  supported by the results obtained from a multicen-
DNA replication and transcription and is thus a  ter, prospective, randomized study known as the
; i i Euro-L Nephritis Trial (ELNT),** which
good immunosuppressive agent, especially when uro-Lupus INephritis 11ial , whic
used with high-dose prednisolone (1-2mg/kg/  showed no difference in remission and flare between
day).® The intermittent use of pulse intravenous low-dose IVCY regmmen (six fortmghtly pulses of
cyclophosphamide (IVCY) seems to have the best 500 mg; cumulative dose 3 g) an_d high-dose IVCY
therapeutic effect in reducing mortality and risk of ~ treatment therapy for proliferative lupus glgme.ru-
ESRD. Two prospective, randomized controlled  lonephritis. In both treatment arms, azathioprine
trials performed by the National Institutes of (AZA) was used as long-term immunosuppressive
Health (NIH), as well as a recent meta-analysis, therapy. The severity of acquired OlIs was less
support the use of IVCY over that of pulse meth- common in the low-dose group. This finding there-
ylprednisolone or prednisolone alone.***” Two  fore calls into question the current practice of treat-
other reports showed that a combination of pulse ing all LN patients with an extended course of
methylprednisolone and IVCY was associated with IVCY.* Furthermore, the current doses used may
a better outcome®®>? (Table 1). Unfortunately, asa  not be applicable in the Asian population with a
result of using this technique, there is an increased  smaller build and lower body weight. Therefore, it
Table 1 Proposed therapeutic regimen for different categories of severe lupus nephritis
Clinical categories Definition Preferable regimen Alternative
RPGN and/or severe Rapid decline in IV Pulse methylprednisolone IVIG
extra-renal renal function and plus IV pulse cyclophosphamide
manifestation crescentic formation and/or plasmapheresis
more than 30% of
involved glomeruli or
thrombotic
microangiopathy
First episode of severe Classical nephritic-nephrotic MMF plus steroid® or IV low-dose CY
LN, intact GFR syndrome and newly IV pulse cyclophosphamide®
diagnosed lupus nephritis
Relapse or refractory Multiple episodes of renal Combined FK-506 plus Should consider
case flares and/or cumulative MMF and steroid participating in
high doses of CY and/or (multi-target) or clinical trials
failure to respond to MMF plus steroid
1V pulse CY or EC-MPS plus steroid
CY: cyclophosphamide; EC-MPS: enteric-coated mycophenolate sodium; GFR: glomerular filtration rate; IV: intravenous; IVIG: intravenous
immunoglobulin; MMF: mycophenolate mofetil; RPGN: rapidly progressive glomerulonephritis.
“Females of child-bearing age can avoid ovarian failure by using this regimen.
This regimen is preferred in resource-limited settings.
Lupus
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is essential that a low-dose regimen and its efficacy
be explored.

On the other hand, an alternative treatment for
severe LN is needed. The reason for this need is the
side effects of the current treatment of CY in
patients of reproductive age. A newer, alternative
immunosuppressive agent such as MMF has been
shown to selectively inhibit activated lymphocytes
and renal mesangial cells.** Its safe profile in solid-
organ transplantation and superiority to AZA in
the prevention of acute graft rejection make
MMEF an ideal candidate for alternative therapy.
Data from experimental models of immune-
mediated glomerulonephritis, particularly LN,
have shown that MMF ameliorates autoimmune
phenomena, retards renal damage, and improves
outcome.*> Controlled studies further show that
MMF is as effective as CY in the induction of
renal remission in the short term.*® Current dosages
of MMF also appear to be well tolerated with no
serious toxicities reported. MMF significantly
causes less ovarian toxicity compared with CY
and has made this agent particularly attractive for
the treatment of LN.*® Unfortunately, the costs of
long-term MMF therapy (Table 1) may not make it
the treatment of choice for severe LN in a resource-
limited country. As a result of this situation, we
will assess the efficacy, safety, affordability and
quality of life in patients using mycophenolate
sodium (MPS) versus pulse IVCY in a multi-
center study known as the CONTROL lupus trial
(ClinicalTrials.gov NCT# 01015456).

As for those patients with mixed class IV and V
histology patterns, it was shown that a combination
of FK-506 (Prograf) and MMF had better results
compared with CY when used to treat Chinese
patients with LN, yielding high rate of remission.*’
In patients refractory to treatment with IVCY,
our preliminary data found enteric-coated MPS
effectively controlled the activity of the disease.*®
(Table 1) This finding will aim to be validated
in a large-scale, randomized-controlled study
that begins in 2010 (CONTROL lupus study;
ClinicalTrials.gov NCT# 01015456).

Maintenance treatment

One of the most perplexing aspects of the natural
history of LN is its remitting and relapsing course.
Modern treatment neither cures lupus nor comple-
tely prevents exacerbations. Approximately one-
third to one-half of patients have a relapse of
nephritis after achieving partial or complete remis-
sion of proliferative nephritis.*” In our tertiary care
center, the relapse rate of LN is close to 50% with a
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median time to relapse of 30 months (unpublished
data). Several studies have shown that CY, AZA or
even MMF are more effective than steroid alone in
preventing relapse.>%*>°° However, the risk—bene-
fit of prolonged treatment, particularly with CY,
remains controversial. At the present time, one
can justifiably choose between quarterly pulses of
IVCY, AZA or MMF. Although maintenance ther-
apy with MMF a?pears to be more efficient and
safer than IVCY,>'? but its high cost limits its
use in many resource-limited settings.

How to monitor for relapse

The clinical course of LN usually consists of recur-
rent episodes of relapses and remissions. The cumu-
lative rate of relapse of LN is approximately 25%
at 5 years.’™? In contrast, Asian patients have
a higher relapse rate of 30% at 2 years.*>* In our
center, the relapse rate was as high as 50% at
3 years. The relapse was significantly associated
with subsequent renal function deterioration.>*
Follow-up renal biopsy studies have shown that
patients who experience multiple episodes of active
nephritis are at risk of progressing to ESRD,
because after each episode of nephritis there is a
residual and cumulative irreversible parenchymal
damage.™

It is imperative to recognize an early manifesta-
tion of relapse and provide an appropriate treat-
ment. Unfortunately, there are no clinical or
laboratory tools that can precisely predict a nephri-
tic flare. However, identification of cellular casts or
an increase in proteinuria may be useful. Other pre-
dictors include serological markers such as comple-
ment C3 or C4 components and anti-dsDNA levels,
which are typically associated with the activity of
the disease. At present, strict monitoring of urinar
findings and serological activities is recommended.”>

Fortunately, recent advances in molecular diag-
nostic technologies have provided new tools in
diagnosis and prognosis of disease. The study of
molecular signals from urinary cellular components
is a logical approach in diagnosing an early relapse
of nephritis and monitoring response to ther-
apy.'>>® It has been shown that urinary cytokines,
like IP-10 and its receptor, and growth factors, like
VEGF and TGF-B, in LN are associated with the
severity of renal pathology.'> Furthermore, the
cytokine mRNAs of urine cells has been shown to
be associated with response to therapy. It is likely
that early treatment based on urinary molecular
signals may alter the course of the disease.
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Clinical trials in Asian patients with LN

Genetic and demographic differences may influence
patients’ responses to treatment. Several factors can
be associated and influenced by ethnicity such as
the severity of the disease, pharmacokinetics and
pharmacodynamics of medicines, adverse events
and socio-economic background. Asia has the
most number of lupus patients, it is therefore
good to know that clinical trials are now acknowl-
edging the need to incorporate more Asian patients
into their studies.

The first randomized controlled study of MMF
treatment was conducted in Chinese patients with
LN and successfully demonstrated the benefit of
MMEF as an induction to remission therapy.*®
Following this elegant trial, many studies on MMF
treatment for luspus nephritis started to report long-
term outcomes.”' Contreras ef al. demonstrated a
significant advantage MMF use in reducing death
and chronic renal failure.’! On the other hand, a
comparable study conducted in Asian patients
showed no difference between sequential use of
cyclophosphamide—azathioprine and that of MMF
therapy.”” Interestingly enough, in another multi-
national, randomized controlled trial, known as
the Aspreva study, a high number of Asian patients
receiving MMF therapy were reported to have died
from acquired infections.”’” The highest dose of
MMF used was 3 g/day, which may have been too
high for the Asian population. Despite this factor,
this trial also supported the previous finding that
there was no difference in efficacy and safety between
CY and MMF therapy in Asian patients. From an
Asian perspective, MMF should be judiciously used
in severe LN. A continued use of high dose MMF
and steroids can contribute to overwhelming infec-
tions. At the moment, pharmacokinetics study of
mycophenolic acid (MPA), the active metabolite of
MMEF, is warranted in this subgroup of patients. Itis
imperative to find the appropriate dose that will
yield maximum efficacy with very little toxicity asso-
ciated with the therapy. A prospective study in Thai
patients with severe LN demonstrated, for the first
time, the benefit of monitoring the 12-h area under
the time—concentration curve for MPA (MPA-
AUQ). It is likely that therapeutic drug monitoring
of MMF would improve its therapeutic efficacy.’

Conclusion

In order to provide optimal therapy for patients
with severe LN, patients at risk are recommended
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to have renal histology. SLE patients with con-
firmed biopsy of the proliferative lesion (WHO
type III or 1V) should be considered for treatment
with a combination of corticosteroids and immuno-
suppressive therapy. Monotherapy on corticoste-
roids is not recommended because it requires high
doses that can disfigure and disable the patient and
contribute to other life-threatening side-effects.
Prolonged use of CY, given either intravenously
or orally, may result in ovarian failure, bone
marrow toxicity, bladder toxicity, alopecia, Ols
and cancer. MMF has been suggested as an alter-
native agent but its cost is so staggering that its
affordability in resource-limited settings remains
questionable. Even though there are several options
available for the treatment of severe LN, the most
important thing is to make sure that the initial dis-
ease is treated aggressively and for a short period
of time to prevent flares, and that maintenance
therapy is administered at low doses to reduce
severe iatrogenic morbidity. This strategy will
protect the kidneys and other organs from the del-
eterious effects of SLE. Clinical trials in Asia are
the most valuable resources for developing the
appropriate therapy for Asian patients suffering
from LN.
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Pharmacokinetics of mycophenolic acid in severe
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Mycophenolic acid (MPA) is an effective treatment for active
lupus nephritis despite its variable efficacy in different ethnic
groups. Here we tested whether pharmacokinetic monitoring
may help to optimize dosing of MPA in an Asian population.
Patients with biopsy-proven class Il or IV lupus nephritis
(ISN/RPS category) were treated with mycophenolate mofetil
or enteric-coated mycophenolate sodium. One month after
initiating treatment we measured plasma MPA levels in eight
samples taken over a 12-h period after drug administration.
The mean area under the time-dependent curve for MPA of
responding patients was significantly higher than those not
responding. Successful treatment was seen in patients with
areas >45mgh/l. The dosage of the drug was not related to
MPA pharmacokinetics. In the mycophenolate mofetil group,
however, MPA-area under the curve was positively, and
significantly, correlated with trough or 1h after dose
concentrations and associated with a therapeutic response.
Thus, our study shows that MPA pharmacokinetics were
positively correlated with therapeutic responses of
mycophenolate, suggesting that controlling the
concentrations may improve its therapeutic efficacy in lupus
nephritis. As the absorption and pharmacokinetic peak of
enteric-coated tablets is slower, it is important to take
different formulations into account when determining
optimal MPA concentrations.
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Proliferative lupus nephritis (International Society of
Nephrology/Renal Pathology Society class III/IV categoriza-
tion) is the most common and serious complications of
systemic lupus erythematosus (SLE). Without the appro-
priate treatment, this complication can turn into an end-
stage kidney disease within a few months. The standard of
care for lupus nephritis is cyclophosphamide and steroids,
even though it has many drug-related adverse events.' The
most common causes of death for SLE patients are fatal
infections acquired in consequence of using immunosup-
pressive therapy.” Therefore, a more effective and safer
treatment for lupus nephritis is needed.

Recently, the first-line treatment for proliferative lupus
nephritis cyclophosphamide was replaced by mycophenolate
mofetil (MMF), because its efficacy was comparable and less
toxic.”* Furthermore, results from a recent multicenter,
randomized-controlled study showed that African Americans
responded poorly to cyclophosphamide.® In contrast, the
results from the Aspreva Lupus Management Study showed
that Asians responded equally well to both MMF and
cyclophosphamide, even though there were more deaths
reported in the MMF group.'' It should be noted that the
Aspreva Lupus Management Study trial was the largest
multinational study in lupus nephritis, which increased target
MMEF dose to 3 g per day. Although most studies used 2 g per
day of MME"* the high-targeted MMF dose in this Aspreva
Lupus Management Study trial may be too much, particu-
larly for Asians. It has been pointed out that ethnicity may
partly explain the different pharmacokinetic profiles seen in
MMEF and variation in the treatment responses.”'" Therefore,
therapeutic drug monitoring (TDM) study may help to
optimize dosing of MMF in different ethnicities.

It has been shown that TDM of mycophenolic acid (MPA)
can improve clinical outcomes in organ transplant recipients.'*
Acute rejection rate was reduced in kidney allograft recipients,
who had achieved MPA therapeutic levels consistently and early
after transplantation. Similar to that observed in organ trans-
plant recipients, severe lupus nephritis also requires early and
maximal therapeutic efficacy to stop the inflammation process.
As MMF became the mainstay immunosuppressive drug with
steroid minimization, thus we determined the correlation

389


http://dx.doi.org/10.1038/ki.2010.170
http://www.kidney-international.org
mailto:Yingyos.a@gmail.com
mailto:Yingyos.a@gmail.com

original article

P Lertdumrongluk et al.: Mycophenolic acid levels in lupus nephritis

Table 1| Comparisons between responder and nonresponder groups in demographics, laboratory results, and treatments

received during the study

Patient characteristics All (N=18) Responders (n=11) Nonresponders (n=7)
Sex, female: male 16:2 10:1 6:1
Age, years 331776 341942 3141
Body mass index 222+4.04 206+1.4 2451549
Duration of disease, years 7.514.68 75+t4.79 741489
SLEDAI-2K score 1514.01 144144 17 £3.26
Serum creatinine (mg/dl) 1.26 £ 0.56 1.37 £0.66 1.09+0.33
eGFR (CG) (ml/min) 70.71 £ 4291 62.14 £ 35.67 84.18 £5245
eGFR (MDRD) (ml/min) 69.94 £ 42.09 65.02 £39.23 77.66 £ 48.38
Serum albumin (g/dl) 2.6£0.70 2.8+0.73 2310.58
24-h urine protein (g/day) 6.31+442 48+3.38 87150
Hemoglobin level (g/dl) 10.5+1.86 10.3+1.77 10.7+£2.13
White blood cell (cell/mm3) 9144 + 4703 10,443 £ 4665 7102 £ 4296
Serum total bilirubin (mg/dl) 0.29+0.07 0.33£0.05 0.25+0.06
ISN/RPS classification

Class lll, n 4 2 2

Class IV, n 9 6 3

Class IV+V, n 5 3 2
Activity index (0-24) 12+4.84 12+495 11+4.96
Chronicity index (0-12) 3+2.07 2+1.95 3+2.06
Dosage of steroid at baseline (mg/d) 39+19.67 43+21.5 32%15.61
Dosage of steroid at 6 months (mg/d) 91161 91224 91248
Cumulative dosage of steroid (mg) 3400 + 461 3175 + 646 3738 + 668
Number of patients on MMF/EC-MPS 12/6 8/3 4/3
Dosage of MMF (mg) 1416 £ 194.63 1375+ 231.45 1500 £ 0.0
Dosage of EC-MPS (mg) 1260+ 197.18 1080+ 0 1440+ 0
Dosage of MMF (mg)/IBW (kg) 28.07 £5.39 27.69+5.85 28.84 £ 5.05
Dosage of EC-MPS (mg)/IBW (kg) 253717.19 19.24+3.4 31.51+£2.17
Patients formerly received CY (n) 13 7 6
Number of patients on ACEI/ARB 13 8 5

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker; AUC, area under the concentration-time curve; CG, Cockcroft-Gault; CY,
cyclophosphamide; EC, enteric coated; eGFR, estimated glomerular filtration rate; IBW, ideal body weight; ISN/RPS, International Society of Nephrology/Renal Pathology
Society; MDRD, Modification of Diet in Renal Disease; MMF, mycophenolate mofetil; MPA, mycophenolic acid; SLEDAI, SLE disease activity index.

All P-values for comparison (responder vs nonresponder) were > 0.05.

between the MPA levels of MMF or enteric-coated (EC)-
mycophenolate sodium (MPS) and its therapeutic response in
patients with proliferative lupus nephritis.

RESULTS

Patient characteristics

Out of a total of 18 patients, 2 patients were recently
diagnosed with proliferative lupus nephritis, whereas the rest
had renal relapse. In all, 15 patients had received cyclopho-
sphamide therapy in the previous episodes of renal flare
(Table 1). All patients had either class III or IV lupus
nephritis at the time of enrollment. In addition, five patients
had class IV + V lupus nephritis. A total of 12 patients were
treated with MMF and 6 patients received EC-MPS.

After 6 months of mycophenolate therapy, 11 patients
responded to treatment (responders) and 7 patients did not
(nonresponders). The responder and nonresponder groups
were generally comparable in age, body mass index, duration
of lupus nephritis, disease activity, serum creatinine,
estimated glomerular filtration rates, serum albumin, 24-h
urinary protein, exposure to steroid, cyclophosphamide or
ACEI/ARB, and renal pathological indices (Table 1).

390

MPA-area under the concentration-time curve (AUC)
predicted the response to the therapy

The mean (s.d.) MPA-AUC of the responders was signifi-
cantly higher than the nonresponders (65.98 (23.77) versus
32.08 (7.97); P=0.002) (Figure 1). The MPA-AUC level
above 45 mgh/l can precisely predict the patient’s response to
therapy. With respect to treatment response, the receiver—
operator characteristic curve (ROC) depicted the true-
positive fractions (sensitivity) and false-positive fractions
(1-specificity) at various cut points for MPA-AUC levels
(Figure 2a). The calculated area under the ROC curve was
0.96 (95% confidence interval =0.87-1.05). On the other
hand, the therapeutic responses can not be predicted on the
basis of daily doses of MMF or EC-MPS or other clinical
parameters such as renal histology indices, pretreatment
levels of urinary protein, serum complement, or estimated
renal function (Figure 2b). The ROC-AUC and 95% con-
fidence interval were 0.20(0.05-0.45), 0.25(0.01-0.51), 0.66
(0.38-0.94), 0.40(0.10-0.71), 0.65(0.37-0.93), 0.53(0.23-0.84),
and 0.63(0.33-0.92) for urine protein, SLE disease activity
index (SLEDALI), systolic blood pressure, estimated glomerular
filtration rate, serum albumin, complement level, and activity

Kidney International (2010) 78, 389-395
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Figure 1| Mycophenolic acid (MPA)-area under the
concentration-time curve (AUC) levels and the response to
therapy. Bars and lines represent the means and s.e. of the
MPA-AUC levels. The responder (white bar) had significantly
higher MPA-AUC levels than the nonresponder (black bar). AUC of
MPA (0-12h).
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Figure 2| Receiver-operator characteristic curve (ROC) curves
of mycophenolic acid (MPA)-area under the concentration
-time curve (AUC) levels to predict the response to therapy.
The fraction of true-positive (sensitivity) and that of false-positive
results (1—specificity) for (a) MPA-AUC and (b) other parameters
as predictors of the response to therapy are shown. The area
under the curve of ROC curve was 0.96 for MPA-AUC. The area
under the curves of ROC curves were 0.20, 0.40, 0.65, 0.53, and
0.63 for urine protein, estimated glomerular filtration rate (GFR),
serum albumin, complement level, and activity index.

A value of 0.5 (reference line) is no better than by chance and a
value of 1.0 reflects a perfect indicator.

index, respectively. A value of 0.5 (reference line) is no better
than by chance and a value of 1.0 reflects a perfect indicator.
According to the MPA-AUC target levels used in organ
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Figure 3 | Patients with high mycophenolic acid (MPA)-area
under the concentration-time curve (AUC) levels have better
therapeutic response rates. Patients were divided into three
groups on the basis of their MPA-AUC levels of <30, 30-60, and
>60mg h/l.

transplantation, patients with MPA-AUC levels of > 60,
between 30 and 60 and < 30 mg h/I had response rates of 100,
60, and 0%, respectively, (P=0.02) (Figure 3).

Association between plasma MPA concentrations at trough
(Co) or 1h after dose (C;) and response to therapy with MMF
In the MMF group, the plasma concentration of MPA at
trough, 1, 4, and 8 h after dose were significantly correlated
with MPA-AUC (r=0.90, 0.92, 0.70, and 0.80, respectively;
all P<0.05) (Table 2, Figure 4). On the other hand, there was
no correlation between each single-time point of MPA levels
and MPA-AUC in the EC-MPS group.

Interestingly, the plasma MPA concentrations at trough
and 1h after dose (C;) in the MMF group were associated
with the response to MMF therapy. The mean C, and C; of
the responders were significantly greater than the nonrespon-
ders (3.09£1.07 versus 1.23+0.85; P=0.01 and 24.48
11.82 versus 5.96 + 3.93 mg/l; P=0.01). However, there were
overlapping data of individual Cy and C; levels between both
the groups (Figure 5).

Adverse events

Majority of the patients reported one or more adverse events.
Common events were gastrointestinal events, hematotoxicity
(anemia or leucopenia), and infection, which occurred in 50,
28, and 11% of the patients, respectively. There were no life-
threatening adverse events. MPA-AUC was not associated
with infectious episodes, gastrointestinal, or hematological
adverse events (Table 3).

DISCUSSION

This study showed, for the first time, the association between
MPA exposure and its therapeutic efficacy for active lupus
nephritis. Favorable treatment response rates, without any
additional adverse events, were associated with MPA-AUC
above 45 mg h/l. This study showed a pivotal role of TDM of
MPA for the treatment of lupus nephritis. ROC analysis
(Figure 2) showed that the MPA-AUC was far superior as
compared with other clinical or laboratory profiles in

391



original article

P Lertdumrongluk et al.: Mycophenolic acid levels in lupus nephritis

predicting therapeutic responses. Furthermore, MPA-AUC
was not associated with dosages of MMF or EC-MPS.
Therefore, a direct measurement of blood MPA levels in each
patient is required to determine MPA exposure.

On the basis of results obtained from transplant recipients,
it has been suggested that TDM of MPA should be carried out
to minimize the risk of allograft rejection.'” In a randomized
controlled trial known as APOMYGRE, it was shown that

Table 2 | Pharmacokinetic parameters of mycophenolic acid
(MPA) after oral administration of 1-1.5 g/day MMF and
1080-1440 mg/day EC-MPS in patients with class Ill or IV
lupus nephritis

MMF (n=12) EC-MPS (n=6)
Parameters Means *s.d. Means = s.d.
Co (mg/l) 247 +1.33 2.731+1.46
Cos (mg/)) 7.08+7.16 268+ 1.46
C; (mg/l) 18.3+13.28 2.02+0.7
G, (mg/l) 6.72+2.26 7.48 £5.83
Cs (mg/l) 4,05+264 6.23 £4.85
C4 (mg/l) 3371211 3.59+1.99
Cg (mg/l) 3.38+2.19 2921204
Ci> (mg/l) 259+19 214+ 154
AUCy_1> (mgh/l) 57.97 £ 29.38 42.44 +9.86
Cmax (mg/l) 19.43 £12.01 10.12£5.13
Tinax () 1.54+£1.03 3.25+£2.52
Dosage (mg/day) 1416.67 £ 194.63 1260 £ 197.18
Dosage/IBW (kg) 28.07 £5.39 2537+7.19

Abbreviations: AUCq_;,, area under the concentration-time curve for 0-12 h; Cax
maximum concentration of drug; Co, trough plasma concentration of mycophenolic
acid; Gy, Gy, Gy, G3, Gy, Cg, and Gy, plasma concentrations of mycophenolic acid at
05, 1, 2, 3, 4 8 and 12h post-dose, respectively; EC-MPS, enteric-coated
mycophenolate sodium; IBW, ideal body weight; MMF, mycophenolate mofetil;
Tmax Maximum drug concentration.
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TDM of MPA can reduce risks of allograft rejection and
treatment failure in renal transplant recipients.'> In organ
transplantation, the target therapeutic levels of MPA-AUC
was above 45 mg h/1."> When we used this value for our study,
we noticed that it can precisely predict a good response to
therapy as well. Similarly, MPA-AUC of 30-60 mgh/l and
> 60 mg h/l that were used for transplantation,'” when used
in this study, were associated with increased response rates
(60 and 100%, respectively) as well.

It should be noted that reports from transplant recipients
recommended having TDM of MPA carried out at several
time points because of its large inter-subject variability in
MPA exposure.'* There are many factors that may influence
the large inter-subject variability seen in MPA pharmaco-
kinetics such as renal impairment, liver dysfunction, hypo-
albuminemia, genetic factors, and concurrent use of
calcineurin inhibitors.'*"® As we did not aim to test
influences of these factors, therefore in our study, our sample
size was too small to answer this type of question.

Nevertheless, our results showed MPA at trough levels and
1h after dose were closely associated with MPA-AUC in
patients receiving MME. This finding is consistent with
studies conducted in patients with autoimmune diseases and
glomerulopathy.'”” Neumann et al.”® conducted a pharma-
cokinetic study comparing autoimmune disease with kidney
transplantation, which showed a better correlation at a
single-time point and full AUC for autoimmune disease.
Along the same lines, another study showed that high MPA
trough levels (Cp) in SLE patients receiving MMF treatment
had lower recurrent rates.'
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Figure 4| Correlation between area under the concentration-time curve (AUC) and single-time point of plasma mycophenolic
acid (MPA) levels from patients taking mycophenolate mofetil (MMF, n = 12). (a) The relationship between the AUC and C,

was significant at P<0.001 (r=0.90). (b) The relationship between the AUC and C; was significant at P<0.001 (r=0.92). (c) The relationship
between the AUC and C,4 was significant at P<0.01 (r=0.70). (d) The relationship between the AUC and Cg was significant at P<0.01
(r=0.80). Co, C;, C4, Cg: plasma concentrations of MPA at trough, 1, 4 and 8 h after dose, respectively.
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Figure 5| Plasma mycophenolic acid (MPA) concentrations at
trough (Co) or 1h after dose (C;) and the response to therapy
with mycophenolate mofetil (MMF). Dots and lines represent
the individual and means of the MPA levels. (a) The responder
(n=28) had significantly higher MPA trough levels than the
nonresponder (n = 4). Likewise, (b) the mean MPA level at 1 h after
dose was higher in the responder.

In addition, our study confirmed that pharmacokinetic
profiles of MPA were different between MMF and EC-MPS.
The maximum MPA level had an earlier peak for MME
These results indicated that the drug absorption of EC-MPS
was slower and its pharmacokinetic peak was consistent with
that of EC-formulated tablets. Therefore, it is important to
take different tablet formulations in to account when
determining optimal TDM of MPA.*'

Aside from that, we demonstrated that there was a positive
correlation between MPA trough levels or at 1h after dose
and the therapeutic response to MMF, even though there was
an overlapping data for the MPA levels (Figure 5). This
finding is in contrast to the results obtained from the renal
transplant recipients, which showed weak correlations
between MPA-AUC and trough level of MPA.*>** It was also
pointed out that MPA trough levels obtained from renal
transplant recipients were not specific and sensitive in
predicting acute rejection compared with MPA-AUC.***®
This difference may be because of the fact that our lupus
nephritis patients were only on MPA therapy without
concomitant use of other immunosuppressive drugs. Other
differences such as degree of renal impairment and serum
albumin levels may have contributed to this discrepancy.
Taking in to account our participants’ mild degree of renal
impairment and almost normal serum albumin levels, we
noticed that these different factors did not significantly
influence the pharmacokinetics of MPA.

Kidney International (2010) 78, 389-395

Table 3| Number of MPA-related adverse events for three
different MPA-AUC levels

MPA-AUC (mg h/l)

Adverse events Patients N (%) <30 30-60 >60
Gl symptoms 9 (50%) 2 4 3
Hematological symptoms 5 (28%) 1 1 3
Infections 2 (11%) 1 0 1
Total 18 (100%) 3 10 5

Abbreviations: AUC, area under the concentration-time curve for 0-12h; Gl
symptoms, gastrointestinal symptoms such as diarrhea, nausea, vomiting; hemato-
logical symptoms, anemia (Hb<11g/dl) and leucopenia (white blood cell count
<4000/mm?); infection, Herpes infection; MPA, mycophenolic acid.

The limitation of this study is our small sample size.
Although this study may not be applicable to majority of the
lupus patients, however, these results are relevant to those
patients with class III or IV lupus nephritis. The immuno-
suppressive use in this study was relatively low dose of MPA
with corticosteroids. In order to validate the benefit of MPA
exposure in an immunosuppressive regimen, we had to use
high doses of MPA without steroid. Another limitation of the
study is that the pharmacokinetic profiles of MPA were
assessed only once during the 6-month period. These results
could not determine within-patient variability. However, it
has been shown that there was minimal within-patient
variability in patients taking MMF after transplantation.'*
On the other hand, multiple blood samplings of MPA-AUC
may maximize the efficacy and minimize its toxicity but
repeated measurements of MPA levels in real life is not
practical and feasible. Therefore, single point or limited
sampling strategies have been proposed to monitor MPA in
the blood.

Despite these limitations, our study showed that MPA
exposure is a good predictor for early therapeutic responses
in patients who have biopsy-proven class III or IV lupus
nephritis. Thus, we recommend maintaining MPA-AUC
levels above 45mgh/l in severe lupus nephritis patients
taking mycophenolate treatment. It is important that MPA
monitoring is carried out to ensure optimal dosing of the
immunosuppressive drug in lupus patients.

MATERIALS AND METHODS
Patients and study design
This 6-month prospective study enrolled Thai patients with SLE as
defined by the criteria of American College of Rheumatology.”
Renal biopsy showed proliferative lupus nephritis class III or IV
according to the 2003 International Society of Nephrology/Renal
Pathology Society classification.’® All participants were required to
have any combinations of the two clinical criteria present: (1) 24-h
urine protein >2 g/day, (2) active-urine sediments (red blood cells
>5 or white blood cells >5 per high-power field) or estimated
glomerular filtration rate <60ml/min, and/or (3) a biopsy-
confirmed diagnosis of ISN/RPS class III/IV LN within 12 weeks
of study.

Patients were treated with a fixed dose of 1.0-1.5g per day of
MMEF or 1080-1440 mg per day of EC-MPS for 6 months based on
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the physicians’ prescription. The highest dose was given within
2 weeks and then no dose change was allowed unless there was
intolerance. All patients received oral prednisolone; starting dose of
prednisolone was 0.7 mg per kg of body weight per day and this dose
was reduced every 2 weeks by 5 mg/day until the dose was 5 mg/day.
A short course (<2 weeks) of moderate steroid dose (<30 mg/d)
was allowed in one patient (responder group) because of presenta-
tion of hemolytic anemia. The pharmacokinetic study was
performed after 1 month of treatment. We excluded patients who
were pregnant or had serum creatinine >3 mg/dl. Those who were
nonadherent to the protocol or had a history of mycophenolate
treatment, gastrointestinal disorders, or concurrent administration
of medications that disturbed the MPA pharmacokinetics such as
antacids, cholestyramine, acyclovir, and rifampin, were excluded
from the study as well. The participants were asked to take the
medicine on time with a 12h interval and at least 1h apart from
meals. Drug pill count was carried out by the study team at every
clinic visit. The follow-up period was for 6 months.

The study was approved by the Ethics Committee for Human
Research, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand, and written informed consents were obtained from all the
participants.

The pharmacokinetic study of MPA

We measured MPA plasma levels 1 month after initiating
mycophenolate treatment. Venous blood samples were drawn at
baseline, 30 min, 1, 2, 3, 4, 8, and 12h after oral administration of
mycophenolate. A volume of 3ml of blood was collected in an
ethylenediaminetetraacetic acid-treated vaccutainers and was cen-
trifuged at 1200g for 15min. All plasma samples were stored at
—80°C until further analysis was carried out.

MPA plasma concentration was measured by the new enzymatic
method (Roche Total MPA Assay, Hoffmann-La Roche, Basel,
Switzerland) on the basis of inhibition of inosine monophosphate
dehydrogenase, the in vivo target of MPA. It is a rapid and reliable assay
for determining plasma MPA concentrations when compared with the
standard assays of LC-MS/MS. The method can be performed using
fully automated COBAS INTEGRA analyzers and using the Cobas
modular platform (Roche Diagnostics GmbH) in combination with
routine clinical chemistry. Results can be obtained in 20 min.*"** The
area under the plasma concentration-time curve (MPA-AUC) was
calculated by using the linear trapezoidal rule. We assessed whether
there was any relationship between single-time point and MPA-AUC.

Patient outcome assessment

The primary outcome of the study was to assess the correlation
between MPA-AUC and treatment response. This was defined by the
following criteria: (1) have a normal or increased estimated
glomerular filtration rate by 25% if the baseline estimated
glomerular filtration rate was abnormal, (2) have inactive-urine
sediments (red blood cells <5 cells per high-power field and white
blood cells <5 cells per high-power field), and (3) have a 50%
reduction of 24-h urine protein resulting in a level <2 g/day.”> The
secondary objectives assessed the number of adverse events and their
association with the drugs studied. Serum creatinine, complete
blood count, serum albumin, liver function test, fasting blood sugar,
lipid profiles, anti-nuclear antibodies, anti-double-stranded DNA,
complement levels, and 24-h urine protein were assessed at baseline
and the 6th month of treatment. Glomerular filtration rates were
estimated using the Modification of Diet in Renal Disease study
equations®* and the Cockcroft-Gault formula.®® All patients under-
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went medical history and physical examination, which included
measurements of systolic and diastolic pressure, body weights, and
vital signs. All adverse effects of mycophenolate were recorded.

Statistical analyses

This study had an 80% power to detect a 40% difference in mean
MPA-AUC between responders and nonresponders with an o error
of 0.05 (two-sided). According to the power or sample-size
calculations, 18 patients were needed. We enrolled a total of 20
patients into the study, among whom 2 were excluded at the
screening visit. Statistical analyses were performed by using the SPSS
software version 16 (SPSS Inc., Chicago, IL, USA). Continuous data
were tested for normal distribution by using Kolmogorov-Smirnov
and Shapiro-Wilks tests. The normally distributed continuous data
were expressed as mean and standard deviation (s.d.) unless
otherwise specified. Differences in mean MPA-AUC in responders
and nonresponders were analyzed by an independent sample t-test.
To predict therapeutic response, ROC of MPA-AUC levels was
analyzed. The area under the curve was calculated. After the
therapeutic ranges in kidney transplantation,'”> MPA-AUC was
categorized into three ranges (<30, 30-60 mgh/l, and > 60 mgh/l),
and the response rates of the patients from the three different groups
were compared by using Chi-square test. Pearson’s correlation
analysis was used to determine whether there was any correlation
between MPA-AUC and each single-point level of MPA plasma
concentration. o was set at 0.05 and all tests were two-sided.
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