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HaMIAnElagasuny USinaues TWEAK wag TWEAK normalized ludaaneiimnudusiug
U eGFR Tnefinuindrusunames TWEAK lutlaaneifisdul miheazsilien eGFR anasdosas 6.5
yonanigmuin3ina APRIL Tuidesdinuduitusiua eGFR Tnanuing APRILTuEonfiniy 1
yhefirnuduiudiue eGFR anasiosar 7 uazlunguithefilinouauswion1sinw (non-
remission) n&slesun1ssnendunaegeiion 6 Wou asiu3una TWEAK ludlaanns a Jusudu

o w

nssnwgenigUieineuaussion1ssnwegellleddnmneada

TusuranarsauInsTditdnaned (APRIL & TWEAK) Tuidaaviatiaanizluns
wensain1sidenvadla (declined GFR) Tngenduanudeulssvesumamuiseiaiuayy
Tasansiatsinedaniwvastsaln Wansnsoysannisaausinisdunuly mmsBudunnsinluld
F3mendlin wazmswanlildazainuazsania

ABSTRACT This study is to determine the use of therapeutic monitoring of biomarkers in
lupus kidney disease. It is known that lupus is one of the leading causes of chronic kidney
disease in Thailand. Prevention of CKD can reduce the burden of long-term renal

replacement therapy.



Gold standard of diagnosis is kidney biopsy study which is invasive. The procedure may be
harmful. Therefore, urine and blood samplings for biomarkers could be used. This was a
multicenter study to evaluate the efficacy of 4 biomarkers in diagnosis/prognosis of lupus

kidney disease.

Most studies were cross-sectional study to show an association between severity or activity
of disease and the potential biomarker(s). However, a longitudinal study is required to
demonstrate the clinical use as a prognostic index in a longer term follow-up. Moreover,
multiple biomarkers rationally are better than single marker in terms of accuracy and
reliability of test. This study used 4 markers with relevant functions in the progression of

lupus kidney disease.

In brief, urine TWEAK and normalized TWEAK was associated with decreased kidney function
(estimated GFR). One unit of urine TWEAK was determined a 6.5 % reduction of eGFR.
Moreover, serum APRIL was associated with 7 % reduction of eGFR as well. Urine TWEAK was
also associated with treatment response. Higher urine TWEAK was found in the non-

responder group.

In the near future, the combined biomarkers (TWEAK and APRIL) should be useful in the
therapeutic monitoring of lupus kidney disease. The integration of funding supports can
support biomarker researches from the discovery, validation and development of point-of-

care testing.

A1d1Agy (Key words)
Biomarker,
Lupus nephritis,

Therapeutic monitoring
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1. UNu

Tsalasniauga (Lupus nephritis) 1ugUwuuI8s8INTUERS (clinical manifestation) 7

o

dinyoeramilsvadlsngla (systemic lupus erythematous) nelviAannwaninLagLfisdnsinis
FeTinsedine ilesanlsaladniaugtiadelmannsideuvesmsianuvesls ausrainanzle
MeFesszoranineld end stage renal disease) n1sduiuvedlsaladniavgiladuld 2 uuy
oA lannegunsadunauluy Rapid Progressive Glomerulonephritis (RPGN) Fanlimouause
msinwnazihluglamessergavinenslunalifiieu Tuvagifihedndnauniaduuuuiiaes
FafnnstiFuing vareedaudifinndouameddadinauinglanesseraaihemuiu dafuiigm

LY

fidfyuadsalasniaugilafionisiisu (renal flare) Fudnlsvssuasdusiusiudnsnindulae
Go¥uandedin ufenisfamunisnouaussienisinwenuInsgu (therapeutic monitoring)
Fadushtedfaliunngnsuimensaivedsalasnsae
nsAnmuMImeuauswiensinwfisglaiadudsddnesmils lesandnuaznis
sufulsaiifiaudess flhesdosdinnunissnmtuunnslunaondin InefesfinnaidisyTans
\NnAsuredlsa (renal flare) mﬂmaaaawmwmslﬁmlmwL%@%’qLﬁmqﬁuLﬂué’méaummaﬁ’m’;uﬂ%
voansiiFuvedlasniau Tnsfinsiiduisnialugag 13 Yusnanevdaladniauadausn uaznis
sisuindsalininieisiinlule (scaring, fibrosis) Liudwaunntunng ads Belundadunis
Snwinnssnsulundazadedniudosldsinngidufu Cyclophosphamide eRPRATEN
Corticosteroids 91nA15ANYINUIINITIAET Cyclophosphamide $amfiusn Corticosteroids v
ansnsovililsnasuliUszam 80 % uddsdified 200% Alinevaussionisinuilliluadausn
uenaniulungutheilsrasuainmslieraiausnilonanduidudn (relapse) I¥dawdsluan

1 Ly

Wiegdalasuenagiidnuniuey dwunisfaniuranissnwkasnisiisuvedlsaasdieliunme

—

F¥nuRnnunisilasuulasmsduiulsavesiineldegagnieanazdnduladnwinisiisule
sniavgilaldiusfiuaziminzan Fadunisansnsiniadenvesmaitauvedls (renal failure)
uagannadifsaninnisldenngiduiu iy nngRndounsndou (nfection),  nszqny
(osteoporosis), NMAAUNATEITEULETALS (ovarian failure), SamTlansznUsogUdNUAILYES

AURY 19U ntard1dIuI (cushing syndrome)

Tullagiunisfinwmavesnisinmaunsadiuunmsneuauewonssnevesiileeanduy
complete remission, partial remission, W&z non remission FansmauauesenIsinyusay
Uszunniinensallsaluszazeniivansnstuesnlu Wy complete remission f8ns1n15kiiAnle
Nuszevgaveieiesay 94 vesfireinan 10 U luvnsfigiae non remission Tnsinslifnle
MesvezgaTeiiiies Sovay 13 ity uasBnuilimsfnuiiRamugtasuiy 10 U Sauigied

l9Fun1sshwauls complete remission Inensallsadiign laud gUaeiidnsinissenddng 10 U



= [ v

Winiu Seaz 95 wardnIIN1ITendNleIeTEeLdnviny (renal survival) 7 10 Uwiiiu Seeas 94

IS [ b4

Turnedifinefinansinuléifies partial remission 1 isasnszendini 10 Yy Sevaz 76
wardaTINITTnInlanesszaane (renal survival) 10 Ty fesay 45 wirdu Tuma
nssfudrugineflingld remission astuiinensaflsafiianiian Ao f8msn1ssendind 10 ¥
\lga evaz 46 uazsmsinnszenaInlaneszeraane (renal survival) 10 Uwirdu Sevay 13

WINTIU

nndeyatiwuivihliiuiwalsslenilunsfinwddeiudulunisinaunisnevaues
MaN133nw (therapeutic monitoring) 1salndniaugla ieandnsinisinlaneisesissuggaving
guazthlldaaunmInnavu andnsinsiinAnuiinisuagmnanin wazandlda1eninainnis

UrTanauwnulanasndin

TutlagiudsnisAnaunisaiiulsanazn1ssnyffian (sold standard) veslsaladniauy

q

<3 Y

a¥afio nnngdudolafadunisnmaiifaudsaasdioniui (nvasive procedure) wazan
AelAnnzunsndounnfuasdeiunisasamiausdmedanin@iomarkerlutiaaizdaduns
n59ftineuarlivin i Uae1 Ui (non-invasive  procedure) nazinuszlomiognage et
nsfnuidsaduluiflenaaeuisusyanamiasUssanSuaresiausimadann(Biomarker) i
annsoldlumsinnunmsnuuasneinsallsalasniaugUals Weifinuszansamlunsnuuas

gy inun TN UIeATY

n1sfnwaggninvinludnwazuuy multicenter  lunguguagladniavglaainananidu
Usgnousme Isame1uiagunadnsal 1sane1unasssuaansiafunseiiess, lsameuiaasuasuns
UINYIREVOULAY, 1IN UIagUEToULAY Uaglsang1uraunsnus1¥sil Feasdunsinuii
cytokine wag chemokine lutlaanzgtnelndniauglia §3n13m57a cytokine wag chemokine lu
Haanzdnazdusiisdnissnavveslaldfiniluden mszlulusiuiindalule (ntra-renal

cytokine) Tunmganlainnseniay



2. NISNUNIUISTTUNSTUTNLNBIVBS

n53fudum biomarkers waslsaladniavglarisludenuaslutiaansiifuduu
wn dilmgiiunisfnulunguiiaelusedu cross-sectional study Anuanuduiusvesszeiu
biomarkers U SLE renal disease activity #3o5zfuanuuusvesmedanindla usogslsh
AIUNI5ANEY biomarkers WUU longitudinal  cohort  study  fafides Fudunis@nwiia
Uszavsnmlunisun biomarkers wldldasmnndiinidiefiamunisaiivvedlse, nsnevaues
Aan1ssnw), nisviunenensailsa Tudagdunisd biomarker WgsdaieIuttdlunisinniy
nsdnfulsaladniaugdanuiniussansamitlifvn dsduiaiudauaulelunis
biomarker #a1g9AITILAUIATIZA Lﬁalﬂuﬁy’qmmh, ALY WavUsEaNS AN fati
nsAnuIiiseaula biomarkersé & fie NGAL, TWEAK, APRLWAZ  SL00AS/S100A9
complex(CalprotectiniiosarnidulusiusindalulanasTunuinlunisiinnisdniay

(inflammation) Fadunediliaiiddguedsaladniaugla

o

2.1 NGAL (Neutrophil Gelatinase-Associated Lipocalin)

NGAL (Neutrophil Gelatinase-Associated Lipocalin) W glycosylated protein gn
wurlugadidiadony1 neutrophil wazlueTenzeneg Tne NGAL iReadeslunansunumniii
19U iron transportation, apoptosis, bacteriostasistulaguunuusunn NGAL untuluwadle
fiflne acute renal injury %ﬂmﬂmm&; inflammation, ischemia Wwag infection (1-
amonarndudanuinseiu NGAL luidenuazlulaannzduiusfudnsinisnsesaadls
(glomerular filtration rate) Fawilanine creatinineluidon (5)a1nn1sAnwil in vitro model
WU’j’lLﬁaﬂizéju kidney mesangial cell ¥@y lupus ¢18 Anti-ds DNA antibody taawuindl
N1WARUY NGAL mm‘fnaa“lmqﬂ%u (6)

nsfnwtudiielsaladniaualanuu cross-sectional study (7, 8)Wu3nsesiu NGAL
Tuilaanazveafiaglndniaugdaiageningiasieaweadilifinnglasnay,  fUaslsn
autoimmune BuuazAuUn® Sanudnin urine NGAL fianuduiusiunisinauuesa wu a
UPCI (urine protein to creatinine ratio) lutla@nig uaga creatinineluidon wazdslninduen
urine NGAL §3duiusiua serology UasliALOaLABENA1E LU Anti-ds DNA, complement
C3,C4

MsAiny1 longitudinal-sectional study (9laeRnnmuitennlsaladniauadadiuau

111 auyn 9 3 Weu wuad3ua NGAL lullaanizanunsaviinenisnisuredlsals lagan NGAL

lulaanizasilAngeu 104% fAounazdnisiisy 3 Wy wazdnuilans@nw (108udunanisly
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al

Vs NGAL Tullaamzanunsavhwenisiisuvedlsaladniaugtaien AUC Wu 0.76 Falviri
g9n31A1 AUC w84 anti-ds DNA titer

2.2 TWEAK (Tumor necrosis factor like weak inducer of apoptosis)

TWEAK (Tumor necrosis factor like weak inducer of apoptosis) WJu pro-
inflammatory cytokine aglunguvas TNF-lisand superfamily Fanulgluwadidndonviwazils

o w

Mg ANNsAnwINUI1 TWEAK Hduddglunisiialsaladniauala lag TWEAK a1unsansseu
wadln (mesangial cell) ﬁwamg lupus wazwespu(ll, 12)l¥nan pro-inflammatory cytokine
4 1P-10, MCP-1, RANTES ffatu TWEAK t{u primary mediator finsedfuliinnisadna cytokine

Aa i a )
niinasansiintasniaugda

ns@nwtudiielsaladniaualanuy cross-sectional study (13)wuinseRu TWEAK
Tulaanzannsausniithefiinnyledniauluszeslsnfigu (active flare) way szazasy (inactive)
IgeenafitedAeyn19adf (p-value = 0.029) uazA1 AUC 1 0.724 saudiaszau TWEAK ludiaele
sniavgtlatidnganinguaelsa autoimmune 3w 1 TsArheumatoid  arthritis wagAuUNAkAT s
WUIUIns TWEAK figedufinnnuduiusiuanusuusvesladniau (renal SLE disease activity
index score) MifinAuBnde drunsfnyiwuuinaugUae (longtitudinal cohort study) 31uu
a5 aunn9 3 Weuduna 1 Y wuitsiina TWEAK Tutlaanigiinisiasuuuasmu renal disease

activity lngisufiangeulugiensuvedsauazAiaiisaglutimeuauesansinuw(14)
2.3 APRIL (A Proliferation-inducing Ligand)

APRIL (A Proliferation-inducing Ligand) vioBnTewilsAe Tumor necrosis factor
ligand  superfamily member 13 (TNFSF13) ilulusiudignasisunanwadisinidenyiivin
monocytes/macrophages, dendritic cells, neutrophils, activated T cells, B cells wag non-
hematopoietic cells(15)%3 APRIL daifiu B-cells activating factor lUshulunguuadaTNF-lisand
superfamily ¥mthfitAeafu B-cell survival Tngazdfuda B cell apoptosis warduasunsiia B-
cell proliferation Wag maturation sensadng antibody uaglgG class switching(16-18)
n13Anw1luanimal model wuinleriinasknockout gene APRILTulupus-prone
mice(NZM.April”") agvinlsimyiionnisiiFureslsadnas waziileviin1s Knockout gene APRIluAY
BAFF (NZM.Baff " April " m¥auiusiians cenes wwﬁwm%amwiulmﬁ%uﬂ’jmg lupus-prone
mice Unfi(19)dmTunisfnyiluaunudngdae autoimmune disease laun SLE, primary Sjégren's
syndrome uag rheumatoid arthritisasdu3unalusiu APRILuaz BAFF Tu serum gendnaudnily
U 2013 fikruaPetri MA. wazanzldvinn1s@newuy multivariate analysisnuinUSunauBAFF i3

Anududugely serum vasgUgladniavgdaaunsaldviuieniusuwssvedlsa(moderate-to-
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severe) ¢ lowdlAn cutoff AMUTNTU >2 ng/ml (20)89@8AAABIAUNITNAABIDUGANUIINT
WLAUUDY serum BAFF @uwWusiu flare lupus nephritis wavistinis@nwiiganu APRIL fAulsals
sniavgladafiegtiosunnuazlifitoyafediuninuduiusves APRIL AuAMUTULTwedlsATINmg

NMSMUIBLAZAAAIUNANITINYIAY
2.4 S100A8/S100A9 complex(Calprotectin)

S100A8/S100A9 complex (CalprotectinilulusAulungu calcium-binding protein
fadeaneadifadenv1iuidn monocytes/macrophages az  neutrophils vutiiidu Pro-
inflammatory protein 4184n11 inflammatory cells wusnadifonnssniau Dluannizund

a A

WU heterodimer 489 S100A8/S100A9  waziilesnantefiuuias calcium Lﬁmqqﬁu
S100A8/5100A9 azanunsaduiuldifu tetramers 18(22) eiiwihiifiddydnedamiisves 510048
1w innate immunity fewfiy anti-oxidantlagainnisaneimuiialusiy S100A8 uag S100A9 9%
anNTEAUNIUNI Toll-like receptor uae IL-1 pathway(23)lugUqe Rheumatoid arthritis (RAUaE
ostecarthritis (OAWUNTLsANTUYDIUTINA S100A8 uay S100A9lutilude (synovial fluid) wes
faedlefsutuautnd siailugtas RA asiuTinudsnaniainndr OA 8310 wi2a) Tufiae

o w d‘

SLE, Tyden HuawAmy nud3uins S100A8/A9 Tu serum  vesfitheifiudueesiidoddnydle
WisusuiuauUn@ (1412 +/- 664 ng/ml  versus 339 +/- 35 ng/ml, p=0.004) LaZWU
muduiugosediTdfyvecuSutn S100A8/A9 TiiiuTuiurn SLEDAI score (r = 0.219; p =
0.015)(25) fipsN1sANYIVBILood CluarAMEaINNTIAUTININNTUAAIDBNYBY ST00AB/AY LY
wadilindenunvesiae SLE ¢eis Flow cytometrylagiawizlugiheifennisdisuedsa
(active) waziilevinisuen plasmacytoid dendritic cells nFUwLANYY in vitrowuineas
fananiazanunsnadns 510088/A9  IdiAutuluanneiignnasdudae immune  complex(26)
dmsunsAnuilukidney biopsy vewUagladniauglanieds immunohistochemistry wunas
uandeen S100A8/A9 \iingatuluudia glomeruli Aifingdanmvedlsa uazaInn13¥i1 double
staining  wuitutaasanaraduinfiltrating macrophagescelts(Z?)1uﬂﬁﬂ1uuw;§3%’suammﬂﬁ
ymIAnsINILAnI08NTs MRNA Tiavislu kidney biopsy Tasiihelasniaugilafeds whole
genome expression microarray #ui1 S100A8 tay S100A9 mRNA ﬁﬂ%mmﬁuqvﬁuﬁlu kidney
biopsy vesttheillinevaussemssnviiiofisufuitasfinevauesionisnwm (Ui 1) fefuae
Winlédn S100A8/5100A9  iluluanaftnaulauazeraazannsotunliidu biomarker d1wu

Anmunanssnulugtheladniauglala
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nephritis NLNAN1IIABUAUDINENITINWILANANAUAElUSEYELIAN 6 Lhau (# P = 0.007, * P =

0.02)

log S100A8

i

Nonrel.';pond

Status

Respond

log S100A9

0

1
Nonrelspond Res;mnd

Status

U 15efunsuanseanyad S100A8 Lay S100A9 mRNA Tuguiilelnvestie active lupus

12
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3. 9aUseaIAYa9IUIY

3.1 dnguszasAnan (Primary objectives) UBIMHUIIUINY

1. WenadaunisilUlgase (biomarker validation) wagAnwisusz@nsnin (efficiency)
wazUseandsna  (effectiveness) ¥a9iaUwMsTInmnaulaluseauanaandy  Iaunsalslunns

AnmunsSnwnasmsnensailsatugilelasniaugla

2. Wenageunuwiugivesbiomarker lun1sviuienisivasunlasresnisvinauaesle

Tnefnmn1uaInA1 Estimated Glomerular Filtration Rate (eGFR) Nauwasnadlasuni1ssnyl

3.2 IngUs¥adATa (Secondary objectives) VBILAUITUIY

1. AnwanuduiusuasUsuia biomarkers Maulatuaugulsswamensanimila (renal

histology) tietiunldatvayuiunanedine1vesuiiels

2. @nwienudunusvesUSuias  biomarkers fauladunisvinauvede, seeulusiulu
Jaanie, seaumundwuiC3, C4 wag anti-ds DNA #ilgnsiaiamulsalutaquu wetdunldluns

YMUNYNNTANSUVBILSA
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4. 52 08U25ALIUN15IRY

4.1 sUnuumsAnen

TAssnsiunisAneneos (substudy) U99N1SANBILUY multicenter (lBAEITWUU)IAY
Aasnunudaangangiaelsaladniauaiabiopsy-proven class lIHV fiflinausives active
nephritis wUstheeandu b nqun1ssnwildun intravenous cyclophosphamide %39

mycophenolate sodium MUUNUYHTIA

Lupus Nephritis Class lll / IV
Relapse / Resistant

*Criteria 1) General Criteria
enal Criteria

<

Exclusion Criteria YES

»
~
e —

1. Exclusion related to SLE ol ..-> EXCLUDE
2. Exclusion related to Medications
3. Exclusion related to General Health

4. Fxclusion related ’rTJlahora’mrv Findines J

4L

Enrollment to Study by

Randomization

il

[ Induction phase ]
I
v v
Treatment Control
Myfortic 1,440 mg/day Pulse Cyclophosphamide
6 Mopths 6 MPnths
[ Maintenance immunosuppression 2 Years ]

U7 2 inausives active nephritis wusdUaseenilu 2 ngunnssnwn
4.2 0 uifiaziin153de neass vsaiudaya

- @0UUgN5IUNSANE TN SWUNSAUS1UEI, SW.ASUASUNS UIINUIFUVIULAL,

TN.AUGVOULAY, TH.NTTUINGHNA
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Tngfoehsgnasndsdiunans (Central lab) ma protocol nienfuilaanyildmsram
UPCI uag renal function

- aonuilusegiaenld

Audifo fin oUs $u 9 lamerutagiasnsal

- Msdnnsveyalag

niguImsianisteya 1asev1eideniandinanan1du (Data  Management  Unit,

Clinical Research Collaborating Network)

4.3 ngugUaeniaunasilunisandengUae (Inclusion / Exclusion criteria)

Adrelsaladniaugdalupus nephritis) Nlasunisiansdiuiiiale (biopsy-proven) Buduna
N1539988 wazlasuni1ssnwinnsgIuaieen cyclophosphamide %38 mycophenolate sodium

SUAVYN corticosteroid

Avrendsalulasinsszutenndu 2 nquasll flhefieglusseelsaladniauglanisu
(active lupus nephritis patients), HUlefinavaussianisinwwazlineuausianissnu

induction therapy UL 6 Wau (response and non-response to treatment)

[

1) active lupus nephritis patients Sinalunsindonsai
- ushusludaanizannnda 0.5 ndu wie
- Hdadeauaslutlaaizuinndn 5-10 cells per HPF wisawu urinary casts
Tudaaney 3o
- msvhauveslaugas Wiuldannen serum creatininelfisdy

2) Responded and Non responded to treatmentlaiinausinny American

£%
P

College of Rheumatology (ACR) #9il
2.1 Response to treatment

_ Amsvheuedladtu (1 serum creatininenie GFR anas 25%)
- nudadenuastiosnia 10 cells perHPF

- Dusiulutdaanizanas 50% WawWigununaunissne

2.2 Non response to treatment
- AINSNuvedlefkgaaA serum creatinineyss GFR LANTIW 25%)
- flUshuludaaniziinadu 2 10 1NnuNISSNY

nawilunisAnidenyUigaaniainlasenis Tdnumnvedasenisudnauluenaiswuy
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4.4 3501598

1) ftheladniauglaniiunaeinmsdnidendzgniiinisaisidenuaziiufiogng
Uaamznng 1 e dwsnowdudiiunssne wazaasasseznanflisunssnvilunaisiiou
warAneusislusniluszesiig 6 wew (siuviadu 12 Wew) lnefegudonuazdaanizvesyae
Tuusiaziouazgniuiimiuga 1,000g Wiewiu serum waz urine supernatant 1891NTUUAIDENS
& a =3 P a o ! v 3
4 2 ylinazgniiuliigamgil -80 C aundnagmiusiuauldldnsumudnnulazseeaIng

Ansunssnwnmualy (3Ua 3)

Jufinnnudiseu 1000 ¢ 7 4°C ww 30 Wi

I 1 1

Jaanzviasnag 50 ml Urine supernatant,

\on(EDTA tube)3 ml serumifiufigaungdl -

(%
Y [y

U7 3 dupsunisinuiiegadilanniasinisidendtnanaadu 5 aadu

2) ¥msTavsinalusauiiauladne 1eun NGAL, TWEAK APRIL wazS100A8/S100A9

complex (Calprotectin) aewnatia enzyme-linked immunosorbent assay (ELISA) (g‘dﬁ a)

E
&
o) {‘!#

. suemm{;ﬁp (—«’ £ e substcate
5 e N
Detection Ab k m m ﬁgﬁ

4 &
Target Protein é’ % %

v R, L, X
h SOR AN (Bh

RabMAb coated Microwells

'gﬂﬁ 4 my¥nUsinalusiuiiavladaemaia enzyme-linked immunosorbent assay (ELISA)

4.5 n'ﬁi'm'a"ml,l,azﬁ'lLLunntjuﬁ%ashq

Toyaily, deyavnepdda  uasnamaissuuRnisvesthelsaladniauglaniinsiu

lassmaynaeazgniiusiusluusasasinfUisannuwnmdnaensseziian12  Weuvallidlodugn
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mssnedl 6 weudtheszgniewesndu 2 ngu fe HUreiineuaueswonissnyl (response

group) wazlinouausin1ssnen (nonresponse group) MM criteria AinauLalude 3.3 419AU

4.6 NM3ATITToNaNsann (Statistical analysis)

v

Mslnsziteyamsafinlald dede @uidsauumangw) uaz mnas (17 quartile, 3°
quartile) lun1sesunensnszeuazdoyatiugiu anduldvhmaulastoyaues biomarkers
fastaluilleglusuns Log transformation Ao eGFR, NGAL, TWEAK, APRIL, S100A8/S100A9
complex (Calprotectin), NGAL normalized ez TWEAK normalized Lﬁ@lﬁsﬁa;ﬁaﬁaﬁﬂugﬂ%m log
transformation ka2 YNASIATIETANNAURUSUDY biomarkers (NGAL, TWEAK, APRIL,
S100A8/S100A9 complex (Calprotectin), NGAL normalized wag TWEAK normalized) U eGFR
Tngllunanisafiffio Mixed linear regression model A1 coefficient wag 95% confidence
interval fildanTunansedia szgnuiastoyanduliieglustanmsgiu @ntilog)



[
a Ya o

yuaranzlaluINsEnw Y 3 Parts Iaswuady

n539eluAselli
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5. Han1533y

1) Part 1: MsfinwUsunadusiu NGAL uay TWEAK lushegadaanvvestheln

dniauglanmevausuazlinauauswion1ssnw

2)  Part 2: M3@nwUSnalUsAu APRIL waz S100A8/S100A9 complex Tufoe1335u

vosUaelndniauglanmevausuazlinauauswion1ssnm

3)  Part 3: MSANEIANUEURUSYRIUSLIUSAY APRIL way TWEAK Tusiaeg1935ueed

Adreladniaugla dunanisnevauewion sinwimeensgu

INNITIUTETENTILATINTNMUAFIRN AT LA a0 s ARl

1)
2)
3)
4)
5)
6)

[

(%
Y VA o

[

159ng1U189WIANTal 31U 16 578

TSNEIVIAETTUANERSIRANNTELAYTA 91U 1 579

TSMNEIVIAUNS AUV 31U 12 578

1SINYIUIBATUASUNS UMINY1BLVBULAY F1UIU 10 578

lsangunagudvauliu 91uU 10918

IN‘WEJ’]U’]G‘W?S&NQJ;] U 2 57

MaifIdulausuasudnnugUieidisiulasens wazvlinveiiegie(Biological sample)

A o Y o = 1 =
Vlu’]ﬂJ'ﬂsUV]']ﬂ'ﬁﬁﬂU'] QUEJLWG!NQQQUF’]@

(1)

Tugrnamdhnulasinsgiisunnedteulvilidunauivenis
(v = a v Y < yal o
Shwndsdinsangieeanantasainisiluanvg isinsanaswesdtuau
M0819 BNNEITeNUINUTAY NGAL warTWEAK lusnegsdaanei
AUDINLSAINEIVIAUBNUANTANHUNIUATIIUL SIS UATUNS
UININYIGUVDULAL, T,sa‘wmma@uémaumuﬁﬂ%mmﬁwﬁ@ﬂﬂﬁ%ﬂma
Anannisaateluvediusiufinanilluseninnsdndandagudy
ﬂqqmwwmmmaﬂmsﬁ%ﬁaﬁaﬁmﬁaaEmmﬂiiqwmmauaﬂwm
NIVNUMUATEONTIAUNTDTIUINMBE N 28 TuuazAnLioNI0E1
¢ o v Y | Py
YDILTINENVIATHIAINTAUIIU 37 eldduunuiiegiidneanty
Fafusiusiegradu 65 518
Ya v v Q‘ a d‘ [y a d‘ 1 d‘ [
HIdulasusdeyaiiniufgiulusiunuaulanonndu
biomarker  alsludUreladniaugdatenaeiideldiaeyinnisfinm

\Wesunaziinamsanwiiaulovedusiu  S100A8/S100A9 (Uii1)
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uar  APRL Tuffumesitheladniaugilaedudiseddldvhmanu
Uhinalusiiuie2 slatunuduin (P-10 uay TGF-beta) fildlaniaue
Usdiisulévin pilot study tovUTinm IP-10 way TGF-beta Tu
Haamzvostheuduhiamnsaiauinalidieraiesnainnis

aangfvadlusiululaansamumarauieiute (1)
Part 1: n13AnwUTanaulusiu NGAL uas TWEAK ludaeenstaanizvasieladniaugls

mungIdeloingsenululumenuseu2  weuusnudity  dmsunisnuiusunalusiy
NGAL waz TWEAK TusegslaanizvesiisladniaugUanedidelausudeudmuiieganly
lumsideanaundeiiios 60 ganTuIudienamuaiinsinlasns (100 18 T 5 @andu)

Wesnnmawadedn 1) Alananilitneiu

Mnmsdndensegnadihennananitu Tnedenldfegnaianun 3 gaan Tdun
EufuwasniAelsn, 3 Weu uaz 6 Weu uswugiheiidunasinisinuiadu 65 1
wndumamds 62 579 Wumee 3 518 MeideldihdoameadinvesiaefmuninasUlass
9197 1 uagannsthiegmesitieiamund i 65 fegaminmsinsedulusiu NGAL

Ay TWEAK laNanim1s19 2

MN51991 1 WaRg Patient Characteristics

Female 90.6% 96.3%



Age (year)

Renal pathology
- WHO class lll
- WHO class IV

Serum creatinine (mg/dL)

Urine protein/Cr ratio

Nephrotic range proteinuria (>3.5

g/day)

MDRD eGFR (mL/min/1.73m’)

Serum albumin

29.5+6.0

10%
90%

0.8 (0.5-2.4)

5.6 (0.4-20.3)

67%

915
(25.9-159.8)

2.940.7

20

35.8+12.7

4%
96%

0.9 (0.5-2.1)

6.3 (2.1-22.3)

93%

84.0
(28.9-165.5)

2.7+0.7

M9 2 LERIKANITIIASIEAN Estimated Glomerular Filtration Rate (eGFR) wagseaulusiu

NGAL waz TWEAK lulaanzveuthellaisunssng, 3 uag 6 lnounain1ssnwidnuiu 65 11e

(shows descriptive statistics of urine biomarkers)

Visit 1 (N=65) Visit 5 (N=65) Visit 8 (N=64)
Mean (SD) Mean (SD) Mean (SD)
Median (Q1,Q3) Median (Q1,Q3) Median (Q1,Q3)
Raw data
eGFR 85.57 (36.59) 89.9 (31.9) 85.95 (36.76)
83.22 (56.97, 101.28) 86.94 (66.85, 120.42) 84.77 (56.44, 113.24)
NGAL 59247.62 (71708.67) 39784.16 (58712.92) 44579.02 (58281.23)

22236.60 (9105.7,

14791.32 (5782.68, 48484.24)

17825.08 (4423.93, 67498.62)
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90991.20)
TWEAK 173.36 (386.81) 103.4 (230.95) 132.02 (312.47)
70.23 (16.45, 155.25) 43.15 (16.45, 97.75) 50.59 (16.27, 113.66)
NGAL 834.75 (994.33) 707.6 (1119.28) 698.65 (1331.08)
normalized 357.94 (160.45, 1083.63) 272.04 (69.53, 695.12) 198.6 (55.49, 834.63)
TWEAK 4.17 (17.39) 2.23(6.93) 3.68(12.41)
normalized | 0.94 (0.25, 2.09) 0.61(0.16, 1.7) 0.71(0.18, 1.42)
Transformed
data
log eGFR 4.38 (0.42) 4.46 (0.36) 4.41 (0.41)
4.42 (4.07, 4.64) 4.47 (4.21, 4.79) 4.44 (4.14, 4.73)
log NGAL 10.20 (1.32) 9.56 (1.85) 9.78 (1.9)
10.01 (9.12, 11.42) 9.69 (8.69, 10.85) 10.1 (8.78, 11.17)
log TWEAK | 4.18 (1.39) 3.89 (1.15) 4.15 (1.20)
4.37 (2.92, 5.05) 3.94 (2.92, 4.59) 4.22 (2.95, 4.80)
log NGAL 6.01 (1.28) 5.4 (1.96) 5.36 (2.02)
normalized 5.88 (5.08, 6.99) 5.67 (4.25, 6.57) 5.40 (4.29, 6.80)
log TWEAK | -0.05 (1.51) -0.28 (1.4) -0.06 (1.48)
normalized | -0.02 (-0.67, 0.81) -0.14 (-1.28, 0.58) -0.13 (-1.19, 0.57)

Q1= 1" quartile; Q3= 3" quartile

a3Unan1533y Part 1: AnudniusvesinunsdinmlulaanizvesiUls (NGAL wag TWEAK) fiu

AN5¥9uYedln (estimated GFR)

Mnmamenesitoyaioiunds (mefl 3) Wit TWEAK uag TWEAK normalized i
AMUEUTUSAU eGFR Tainudn 81 TWEAK fiudu 1 wiheassiilddn eGFR anas 65 %
(coefficient; 0.935; 95%Cl: 0.906, 0.965) waxwui1 f1f1 TWEAK normalized tiadu 1 wiaeagiii
191 eGFR anad 6.0% (coefficient; 0.940; 95%Cl: 0.908,

6

0.974) UDNAIMNUULAINANITIATIE

Toya linuanuduiusuas NGAL wag NGAL normalized

A519% 3 LARINANTITIATEININENAILNIN TWEAK AU TWEAK normalized wag NGAL uag NGAL
normalized AUAMNENNUSAU eGFR (shows the results from mixed linear regression model

(random effects))

Coefficient 95% Confidence Interval p-value
NGAL 0.972 0.945, 1.001 0.057
TWEAK 0.935 0.906, 0.965 <0.001
NGAL normalized 0.997 0.967, 1.028 0.843
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TWEAK normalized

0.940

0.908, 0.974

0.001

*All model were adjusted for visit
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Part 2: n15ANYIUSINAIUSAUAPRIL waz S100A8/S100A9 complex lufegnadiuvesiiiaeln
antaugds

NMIenUluTaU 6 Weunnuun NwEldelalauslusiu APRIL wag S100A8/A9
complex (Calprotectin)fisnfinanTUsAUNGAL uaz TWEAKauwanadilsidrsdulude (2a1nn1si
fegaveitheviavsnuviinsinsedulusiu APRIL wag S100A8/A9 complexlinadansnadl 4

ey 5

AN5197 4 LEAAINANITIASIZUAN Estimated Glomerular Filtration Rate (eGFR) wagseaulushu
APRIL Uag S100A8/A9 complex tutlaanvvewrthedinisun1ssny, 3 uag 6 Wounaansinwm

U 53 578 (shows descriptive statistics of urine biomarkers)

Visit 1 (N=53) Visit 5 (N=47) Visit (N=45)
Mean (SD) Median Mean (SD) Median Mean (SD) Median
(Q1,03) (Q1,Q3) (Q1,Q3)
Raw data
eGFR 94.69 (31.08) 96.46 (70.49, 95.31 (29.25) 88.99 (74.13, 99.04 (32.35) 90.44 (79.57,
116.01) 120.42) 121.65)
APRIL 11.07 (29.56) 3.78 (2.54, 6.57 (13.24) 3.69 (2.01, 6.48 (12.56) 3.01 (1.19,
6.65) 5.79) 6.52)
S100A8/A9 318.65 334.73(199.7, | 316.3(119.91) | 302.43 338.62 336.85
complex (131.87) 429.05) (235.29, (147.17) (236.05,
413.25) 442.95)
Transformed
data
log eGFR 4.49 (0.38) 4.57 (4.25, 4.51(0.31) 4.49 (4.31, 4.54 (0.34) 4.5 (4.38, 4.8)
4.75) 4.79)
log S100A8/A9 | 1.46 (1.09) 1.33(0.93, 1.24 (0.98) 1.31 (0.7, 1.13(1.11) 1.1 (0.17,
complex 1.89) 1.76) 1.87)
log APRIL 5.65 (0.53) 5.81 (5.3, 5.67 (0.46) 5.71 (5.46, 5.7 (0.56) 5.82 (5.46,
6.06) 6.02) 6.09)

Q1= 1" quartile; Q3= 3" quartile

a3UNan1539e Part 2: AwdNTusvasiUimsInmlunatanvesUle (APRILUAE S100A8/A9

complex) funsvinauedla (estimated GFR)




24

PNNANMTIATIETaYALUBRULAY (N51991 5 wazguN 5) MTlaTiendeyanuin APRIL §

AMUFUNUSAUAT eGFR TagnU31 81 APRIL WiNTYW 1 BievinliiA eGFR anad 7% (coefficient ;

0.93 wlay 95% confidence interval:0.87,0.98)

[

AITIN 5 WARSHANITIATZYNINADATENINS APRIL uwag S100A8/A9 complexfiuaudunusiy

eGFR (shows the results from mixed linear regression model (random effects))

Coefficient | 95% Confidence Interval p-value
APRIL 0.930 0.870, 0.980 0.013
S100A8/A9 complex 0.980 0.910, 1.060 0.560

*All model were adjusted for visit

o -
Fe———— e —— Fom T
<t —
[<5]
S ™o
<
>
~
I T T
o T 1
T T T T T
(0] 2 4 6
Visit
_____ log eGFR logAPRIL

—— 959% Confidence Interval

SUTl 5 uansarmduiusese eGRR fu TUsiu APRIL Tasnudn 61 APRIL st 1 viaevilsian
eGFR amad 7% (coefficient ; 0.93 WLag 95% confidence interval:0.87,0.98)

fatuanangIdeagiinsfinulusiu S10048/A9  lumanadnvesdtasuda §35ueld
yhmsAinuniswansenvesiusiudandlugudeln uay mRNA Tudenvesiielndniaugtiadn
fe TnemudrseduTusiu $10088/A9 Tusuiilolafimnuduiusiunesanmaglulavasdiiae
wardamudnitsesu S100A8/A9  Tuidenduiusiunisiisurestsa (my manuscript 1304
“Elevated expressions of myeloid-related proteins-8 and -14 are danger biomarkers for
lupus nephritis” AuuuaTeseauil dals submitted TU7 Lupus journal Seudosudn)
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Part 3: n13An¥ANNFURUSYaIUTINTUSAY APRIL uag TWEAK luddetnedisuvasiuagln
anieugla AuKan1InaUALaLRaN1TFNYIAIBENINTFIU

WieAnmuduiusvesUIunaldusiu APRIL way TWEAK funmiznsasuaedlsa
(remission) Tuffthe wiamnfnmugihefidsulasamsuagldsunssnudesia 2 vl uas
ssozaen 2 U §Adelihnssuundiasimuniiihislasinisnunnenisawvedlsn (remission)
fio fUhefineuaussiemssnwnaglineuausiionisinumndaanlssu induction therapy Tuudn
6 wou Tngldinaust filde Ansviauveslafidduvdeliiadsuuadumisiiugas (stabilization or
improvement of renal function) , imsmeluresfindenuwnauay casts Tullaanaz (resolution of
urine sediment abnormalities ; RBC <= 5 /HPF or cellular casts), miamawaﬂmi%}’maﬂﬂiﬁﬂu
Yaanizilosnin 1.5 nSumoiu Mseanasdnauunnninseyay 50 lngresiiateunia 3 nSunedu
Tunsalfiedadumnnnin 3.5 n3usiotu

ﬁgqﬁjmﬂmﬁmiwﬁsﬁayjaLﬁuLauLﬁ'mﬁummamaaﬂmaﬂiﬂiauﬁﬁﬂmL‘U%UL%U#’TU
amezmsasuvedlseluithelndniauglia Ingldasinalsiuludsuuasdaanzvesiasusas
visit A visit 1 ('«qm'%'uéfusuaaﬂmﬁmiiﬂ), visit 5 (3 1f19W) Wag visit 8 (6 LAowW) W1YINN1TIATITH
N9EdALUY independent-sample t-test (compare mean two groups) kaztUIeutiisu A1 log
mean TadlUsiuwiazi nglirAnuunneiegadfudfymeadnn p-vale <0.05 wuiUsuia

nswanseanvedlusiu TWEAK TusegnlaanizvesiUlsinnuduiusiunisnevauesssonisinwm

1 =

ag il Ayneatian p-value < 0.05 lngnaudtieninsnevauswian1ssnYIA (remission) A¥

)=

fUsuna TWEAK lullaangiyasuauveimsiialse (visit 1) sandgiieninisnevaussianis

$nwniilald (non-remission) (Log scale; Mean +/- SD= 4.0+/-0.6 Uay 4.8+/-0.6, ATLaAU) DAY

(% '

VadaiFeuiisuusunas TWEAK Tutlvianizvesiieiaaeanguil 6 wow (visit 8) ANUAINWANANY

pgnslitdAgsedfAuAY (Log scale; Mean +/- SD= 4.0+/-0.6 Wag 4.4+/-0.7, HuUaIAU) A

v 6w

wandlumsei 6 urviailf3delinuanuunneiavesUsunu APRIL Tudisuvesthenduiusiu

HAN135NYINTlUgALAISNAUTILIA, 3 LHOU Uag 6 LHou

agnelsnnnmsiaseimuduiusvesySinalysfiuduiinge wud3unm NGAL Tu
Uagangfigniian 6 wiau (visit 8) veaiUleineuausiaslineuauawonsinw Ianuunansaniu

[y a

ogailfadndnyMeadi pvalue < 0.05 8nd (Log scale; Mean +/- SD= 10.3+/-1 Uag 10.9+/-

o

[y

1.1, @Ua1AY)



MTNN 6 LERINaNMTIATEINERRTEn ISl UsRunfnwAiun1sneuausionissnw (Remission stage) TugUae LN

Remission

Log transformed: Mean(SD)

Median(Min,Max)

Non-remission

Log transformed: Mean(SD)
Median(Min,Max)

Beginning (Visit 1) M3 (Visit 5) M6 (Visit 8) Beginning (Visit 1) M3 (Visit 5) M6 (Visit 8)
GFR 4.4(0.4) 4.4(0.4) 4.5(0.3) 4.3(0.5) 4.4(0.4) 4.3(0.5)

4.5(3.4,5) 4.4 (3.7, 5) 4.5 (3.6, 5.1) 4.4 (3.5, 5.1) 4.4 (3.6, 5.1) 4.4 (3.2,5.1)
NGAL 10.7(1.3) 10.3(1) 10.3(1) 10.9(1.1) 10.8(1) 10.9(1.1)

10.5 (8.8, 14.2) 10 (8.7, 12.6) 10.1 (8.5, 12.3) | 11.1 (8.6, 12.4) 11 (8.8, 12.3) 11.2 (8.8, 12.4)
TWEAK 4(0.6) 4(0.6) 4(0.6) 4.8(0.6) 4.4(0.8) 4.4(0.7)

4 (2.7, 5.2) 3.9 (3.1, 5.6) 3.9 (2.6, 5.2) 4.6 (3.8, 5.8) 4.2 (3.1, 6.2) 4.2 (3.4, 6.1)
APRIL 1.2(0.7) 1.1(0.7) 1(0.7) 1.5(1.3) 1.2(1.2) 1.2(1.4)

1.4 (0, 2.6) 1.2 (-0.2, 2.5) 1.1 (-0.2, 2.3) 1.4 (-0.8, 4.6) 1.1 (-0.3, 3.9) 0.9 (-0.3, 4.2)
Ratio April /TWEAK -2.7(0.6) -2.9(1) -2.6(0.9) -3.1(1.4) -2.8(1.7) -2.8(1.3)

-2.7 (-3.5,-1.4) -2.6 (-4.4,-1.6) -2.3(-4.1,-1.2) -3.5(-5.1, -0.6) -2.6 (-5.3,-0.5) |-3.4(-4.3,-0.7)
S100 5.7(0.5) 5.7(0.4) 5.6(0.6) 5.7(0.5) 5.7(0.5) 5.7(0.5)

6 (4.1, 6.4) 5.7 (4.8, 6.3) 5.8 (3.9, 6.6) 5.7 (4.5, 6.2) 5.7(4.3,6.2) 6 (4.6, 6.3)
NGAL Normalized 6.8(1.2) 6.3(1) 6.1(1.3) 6.7(1.1) 6.7(1.1) 6.5(1.2)

6.9 (4.8,9.7) 6.3 (4.7, 8.4) 6(3.4,9) 7(4.7,8.4) 6.5 (4.6, 8.5) 6.5(4.3,8.2)
TWEAK Normalized 0.2(0.7) 0.2(0.7) 0.1(0.8) 0.6(0.5) 0.4(0.6) 0.2(0.3)

0 (-0.8, 2.2) 0(-1, 1.8) 0 (-1.5, 2) 0.7 (-0.1, 1.4) 0.7 (-0.8, 1.4) 0 (-0.2, 0.7)

26
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6. a3U,0AUT8uazIRT0INAN1IITY

INNANTANYININUAAINTDATUANUEUTUS UagAn1eadflinimIs1en 6

M5 7 @UANNdTUS uarAmeaifvedlusiundnulufiigladniaugla lWisuiieusening

naufneUauaswian1ssny waslineuauesiansinwm

Coefficient 95% Confidence Interval p-value
NGAL 0.972 0.945, 1.001 0.057
TWEAK 0.935 0.906, 0.965 <0.001
NGAL normalized 0.997 0.967, 1.028 0.843
TWEAK normalized 0.940 0.908, 0.974 0.001
APRIL 0.930 0.870, 0.980 0.013
S100A8/A9 complex 0.980 0.910, 1.060 0.560

1) TWEAK uasTWEAK normalized fimuduiusiueGrRInefinuingr TWEAK wiiniul
ez vilia1 eGFR anad 6.5 % (coefficient; 0.935; 95%Cl: 0.906, 0.965) WasNU7
&A1 TWEAK normalized Windul wiasagyinlien eGFR anas6.0% (coefficient:
0.940; 95%Cl: 0.908, 0.974)

2) msnsgideyanuin APRL Sleuduiustua eGPR TnsnudtdAPRILIRLTU IV
YA eGFR anad7% (coefficient ; 0.93 ka¥95% confidence interval:0.870,0.980)

3) WANMTILATIEYITeLa NGAL way S100A8/S100A9 Tunaiasn ldwuaiiuduiusves
TUsfuduansineuresle (estimated GFR)

4) mi"ﬁlmwsﬁmmé’mﬁus‘iwdmmﬂ%mzuiﬂiauﬁﬁgmL%' AUNITSNYY, 3 LADU WAL 6
Wou nuinIina TWEAK luilaanizigaisusunsinuilanuduiusiunisneuauss
AeN155NYT (Rimission) nadlasun1ssnenduian 6 ey egsidediAymieada (p-
vale <0.05) usiliinumuduiussinaniliulusiudunfidne

5)  auduldnsidedannsanuanuduiuasssudslussiulusiundulaansuas

§3u sustuiiiels dsor19arunsathualdlunisneinsallsalusuinnld waluwinng
afiulsanaznisnevauenoni1ssne lnganized1edinisasiatausualusiu
TWEAK Tuilaany Safuundssognefilaviiliiiandud (honinvasive) uenaind
afigAselatuaslitheiu Sedlygmidoimafuiediminaniufioguonannginwa |

1y bilusAunauladnwdsaninly Fedosansnuiudlegailalun1sAneasiy win
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Ans@EnwnideludiiegaiiiuunIuwasusuldsuislunisvudeiiag gl mungauuin
Tu 913YevlinsAnwilveyaniuaulaiiudume

MnMInuMsTINIIRuRnAAUTURu TWEAK uaz APRIL §isewuinlusiuiiaes
yinilfinsvhnunsiusasfedestuneisanmuadlsn autoimmune WufuBsinmsanuil
s TWEAK wag APRIL genes agutilashalenil 17 wareglusmumisiiinfiu(2s) ud
2009 Schwartz N wagaugAnyUIinalusiu TWEAK Tulaeandz wudngde SLE-LN 2gilusunm
TWEAK (fiigatiundigtias SLE-non LN wazasfiugatulugisiifing SLE-LN fermssiiduredisn

(% v ¢

(flare) wana1NLINNNSYN linear mixed-effects model WUANMUEUNUSUYDIUSUI TWEAK LAy

' '
Ya o =) a Ya o

disease activity MivUAguwUad(29) Mitlasnndesiurnan1sAnwinaneITeny 1o ngUenilde

Y Y

Ya v =

dnfnwiianuety WWugtieifiensiisuredsa (flare) wasidefnwnisiudsuulasuSunu
TWEAK Midguudastlunyanaidequainisinwuaglanuanuduiusiunisiawedaniuila

SNYIULHUY

dusumsinuuiinalusiu APRIL §3deinansinundiinaulandeunhdlud 2012 3
WUIINIUANI08NTBY APRIL mRNAkaslUsAuliauduiusiurnann1sshulugUleladniaugda
(30) windstudunisAnwannguitasanlssenuiagnasnsaiiies cohort e fedulu
msfnwiitadoniivsAnuiinalusiu APRIL Tungusaegns Multi-center study uagléa

AsAnENUNaUlININTI89UTIIAY

uenndannsmumuasunss syl T-, B- cells line wag monocytic cell
lines Uil TWEAK waz APRIL a@nsnsauanseansaufiudiu fusion protein ladnde osanits
2genes aq'uuiﬂi‘[uisemLﬁaf;ﬁ’u‘iuﬁumzﬁﬁmﬁumumi intergenicsplicing ¥as genes v 2 1ALy
TUsFu TWE-PRIL 3sdi cytoplasmic and transmembrane domains 41310 TWEAK Wag receptor-
binding domain 11910 APRIL (31) Safuihinawladtniswunisuanseenveslusiusisaodlugiag
lndniavgilangisodnu iasdulusiuiidfyuazenaannsnihluldidu biomarker Aidlugae
nsniaugaldsiolulusuan fuandllunuduiusvestsiu TWEAK Aunanissnw Taof o
Wiuuresnsinuitelunguiineuauswion1sinu aiiusana TWEAK Tudlaanzsnitly
naufteitlsinovauswsion1sinum wWenaruly 6 ey ierananlainusualusiu TWEAK Ty

Jaanzenvaunsathunldiluivinenisnevauesionisinw (Remission) Tuitheladniaugda

1o

MnmsITefiusntueiaguuselenioes biomarker 19l

1. Wunsesieidadouaznensalsalaeisfldsunsne, mmsammé’fﬂﬁ, LAYEINTIIRIN
Tsamgrurannuidldvialy Tnsnsianzidesviedsiaanzandsfes joRnisdiunans uddeainisud
wiadsdensranegainsay
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2. dpnuduiusiunisaniiulsa o remission 38 estimated glomerular filtration
rate (eGFR) @dldauannensallsalé
2.1 urine TWEAK &uusau remission uag eGFR
2.2 serum APRIL TUsAU waz blood S100 mRNA duiusiunisiisuuaznesaninlu
n
3. gUrgannsalasumssnuwimeeinagiiegamingay ldunnuaylidesauiuly ldifaxa
adsavsselurasiilsalifisu
a. \Huduwuumsimun biomarkers dmiulsalaiesedus (Chronic Kidney Diseases)
JulgmdAnmaasegiouasderuvosdseine

o o

ag13lsAnmunisAnenuvananTuiivadidaluuisdiu lawn

1. 92928UaznIzUIUNTIUNTIREIRI08199 AR ntdianlun1svuaiuIuay
fraronmnmuawiedns fuiulumsifedsuiudesusuandmausesaanlsmeiuiasedamin
a3 esnnasiataviunalusiufiaulalusiegisfindldroudiein Feeraiinansenusenis
AATEN wavklana fil

n. wan19adn . onadinadonisimntdAyegiing ualidelds et Teldidy
F1unusegnann sw.naensal liluueafegiavininnauwuliifu

9. wasenmsiluliusslew | unsinansenuidlosanniassmsiunisuilulduss o
faiiAfeldiundsuannsinuniluimuiwamisniniuiegswesdiine (common protocol
for blood and urine collection) FaufuanItuuY lHun AmgunneAIand SW.5131307 uae
Inendeumgnszangund wd Weimaiusedduanusuiioifvanantutsiunaduia
Tuewan vauzidldsunuativauuain ame. 1vinlasen1s Chronic Kidney Disease Biomarker @4l
foyaugumarilunisiamusely

2. Biomarker ueshiildauslulunuuiauslasinsiseeaiinanuatioss saileun
IP-10 way TGF-beta vhlililanmnsatausinald eawnannisaanesivedtusiuludlaansay
wanaAeatude (1) fdunsifedisndudesuiuuasu Bomarker Aifinw Tnsnisusuds
Biomarker aguuiiugILTBININUNILITIUNTIY (Literature search) wazdoyaluuszaunisaives
AuydIdy udlAn TGF-beta  wag IP-10  tu \Ju Biomarker  figndfasilusisaruluuda
(“Measurement of urinary chemokine and growth factor messenger RNAs: A noninvasive
monitoring in lupus nephritis” Y Avihingsanon et al., Kidney International, 2006) Giam;ﬁaﬁ'ﬂ
wuimsaran st 2 afialulaanisilonadesaansls, lainamu sl Biomarker 7lidonun
Anwilvaidu ffeyaluuszaunsaiveadiseludaed we.2555 41 S100A8/A9 wag APRIL tu marker
fuanseanluidon vilinuidoiannsonseunquineguwesdasiifivisluilaanis (NGAL  uas
TWEAK) uazluidon (S100A8/A9 waz APRIL) lnedefives Bomarker 92 ldun Non-
invasiveness sngldidandudingns, dnuamu (stable) wszaiunsaldsagreannrateaniduy
19 wardlanuduiusiunalnuedlsa (innate immunity) wagldneinsalnisnevausswranissnelsa
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[
Y [

VafiranansliifiunnnauRiud (manuscript) Ailduuundeduds (“Elevated expressions of
myeloid-related proteins-8 and -14.” P Tantivitayakul et al. Accepted in Lupus. 2015)
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7. BHUNISIUBUIAR

AuunAIIUSs “urine and serum biomarkers of progression of chronic kidney
disease from lupus nephritis” (f&an3eadsluansans Arthritis Rheumatism #iiAn
Impact factor 7.5)
FeulasimsiseuuulUdraminiiothduluilasazuandonlunisifadeuaznensel
IiﬂlmﬁﬂL%‘Uﬁnﬂgﬂﬂ(Biomarker-Guided Strategy Treatment and Evaluation Process
of Lupus Patients: BIGSTEP study)

AAT12%N1519 combined biomarkers (serum APRIL & TWEAK) Tun1sweansainig
\douvadla (declined GFR)

\Weulosranun1sisearnunadausingg (luasied 8) wievlugnnsléusslevildasdy
auAn laun A5n1snsreiteasTndiluduy
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M13197 8 wanIAMUYaNlEsvaLMaMUITENaTUaYUlATINTIIUINITInINYalsala Taeil
gaUszasAuaIsn1sITeNAaauAguasLinIsAuNUln Mstudunisinluldasmnendtin waznis
W lildazainuazdte

Discovery Genome-wide gy 10 targets

chemokine, growth factor,

immune response

Validation Multi-center clinical kil NGAL/TWEAK
trial hort
rial / cohor HITAP/  APRIL
CRCN
Point-of-care Bio-sensor %Y NGAL

Testi
esting Micro-fluidic



10.

11.

33

8. ussaUIunsy (Bibliography)

Trachtman H, Christen E, Cnaan A, Patrick J, Mai V, Mishra J, et al. Urinary neutrophil
gelatinase-associated lipocalcin in D+HUS: a novel marker of renal injury. Pediatr
Nephrol. 2006 Jul;21(7):989-94.

Rubinstein T, Pitashny M, Putterman C. The novel role of neutrophil gelatinase-B
associated lipocalin (NGAL)/Lipocalin-2 as a biomarker for lupus nephritis. Autoimmun
Rev. 2008 Jan;7(3):229-34.

Mishra J, Mori K, Ma Q, Kelly C, Barasch J, Devarajan P. Neutrophil gelatinase-
associated lipocalin: a novel early urinary biomarker for cisplatin nephrotoxicity. Am J
Nephrol. 2004 May-Jun;24(3):307-15.

Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi K, Yang J, et al. Identification of
neutrophil gelatinase-associated lipocalin as a novel early urinary biomarker for
ischemic renal injury. J Am Soc Nephrol. 2003 Oct;14(10):2534-43.

Bolignano D, Donato V, Coppolino G, Campo S, Buemi A, Lacquaniti A, et al.
Neutrophil gelatinase-associated lipocalin (NGAL) as a marker of kidney damage. Am J
Kidney Dis. 2008 Sep;52(3):595-605.

Qing X, Zavadil J, Crosby MB, Hogarth MP, Hahn BH, Mohan C, et al. Nephritogenic
anti-DNA antibodies regulate gene expression in MRL/lpr mouse glomerular mesangial
cells. Arthritis and rheumatism. 2006 Jul;54(7):2198-210.

Brunner HI, Mueller M, Rutherford C, Passo MH, Witte D, Grom A, et al. Urinary
neutrophil gelatinase-associated lipocalin as a biomarker of nephritis in childhood-
onset systemic lupus erythematosus. Arthritis and rheumatism. 2006 Aug;54(8):2577-
84.

Pitashny M, Schwartz N, Qing X, Hojaili B, Aranow C, Mackay M, et al. Urinary lipocalin-
2 is associated with renal disease activity in human lupus nephritis. Arthritis and
rheumatism. 2007 Jun;56(6):1894-903.

Hinze CH, Suzuki M, Klein-Gitelman M, Passo MH, Olson J, Singer NG, et al. Neutrophil
gelatinase-associated lipocalin is a predictor of the course of global and renal
childhood-onset systemic lupus erythematosus disease activity. Arthritis and
rheumatism. 2009 Sep;60(9):2772-81.

Rubinstein T, Pitashny M, Levine B, Schwartz N, Schwartzman J, Weinstein E, et al.
Urinary neutrophil gelatinase-associated lipocalin as a novel biomarker for disease
activity in lupus nephritis. Rheumatology (Oxford). 2010 May;49(5):960-71.

Campbell S, Burkly LC, Gao HX, Berman JW, Su L, Browning B, et al. Proinflamsmatory
effects of TWEAK/Fn14 interactions in glomerular mesangial cells. J Immunol. 2006
Feb 1,176(3):1889-98.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

34

Gao HX, Campbell SR, Burkly LC, Jakubowski A, Jarchum I, Banas B, et al. TNF-like
weak inducer of apoptosis (TWEAK) induces inflammatory and proliferative effects in
human kidney cells. Cytokine. 2009 Apr;46(1):24-35.

Schwartz N, Su L, Burkly LC, Mackay M, Aranow C, Kollaros M, et al. Urinary TWEAK
and the activity of lupus nephritis. J Autoimmun. 2006 Dec;27(4):242-50.

Schwartz N, Rubinstein T, Burkly LC, Collins CE, Blanco I, Su L, et al. Urinary TWEAK as
a biomarker of lupus nephritis: a multicenter cohort study. Arthritis Res Ther.
2009;11(5):R143.

Scapini P, Bazzoni F, Cassatella MA. Regulation of B-cell-activating factor (BAFF)/B
lymphocyte stimulator (BLyS) expression in human neutrophils. Immunology letters.
2008 Feb 15;116(1):1-6.

Batten M, Groom J, Cachero TG, Qian F, Schneider P, Tschopp J, et al. BAFF mediates
survival of peripheral immature B lymphocytes. The Journal of experimental
medicine. 2000 Nov 20;192(10):1453-66.

Do RK, Hatada E, Lee H, Tourigny MR, Hilbert D, Chen-Kiang S. Attenuation of
apoptosis underlies B lymphocyte stimulator enhancement of humoral immune
response. The Journal of experimental medicine. 2000 Oct 2;192(7):953-64.

Gross JA, Johnston J, Mudri S, Enselman R, Dillon SR, Madden K, et al. TACI and BCMA
are receptors for a TNF homologue implicated in B-cell autoimmune disease. Nature.
2000 Apr 27;404(6781):995-9.

Huard B, Tran NL, Benkhoucha M, Manzin-Lorenzi C, Santiago-Raber ML. Selective
APRIL blockade delays systemic lupus erythematosus in mouse. PloS one.
2012;7(2).e31837.

Petri MA, van Vollenhoven RF, Buyon J, Levy RA, Navarra SV, Cervera R, et al. Baseline
predictors of systemic lupus erythematosus flares: data from the combined placebo
groups in the phase Ill belimumab trials. Arthritis and rheumatism. 2013
Aug;65(8):2143-53.

Foell D, Wittkowski H, Vogl T, Roth J. S100 proteins expressed in phagocytes: a novel
group of damage-associated molecular pattern molecules. Journal of leukocyte
biology. 2007 Jan;81(1):28-37.

Teigelkamp S, Bhardwaj RS, Roth J, Meinardus-Hager G, Karas M, Sorg C. Calcium-
dependent complex assembly of the myeloic differentiation proteins MRP-8 and
MRP-14. The Journal of biological chemistry. 1991 Jul 15;266(20):13462-7.

Perera C, McNeil HP, Geczy CL. S100 Calgranulins in inflammatory arthritis.
Immunology and cell biology. 2010 Jan;88(1):41-9.

Baillet A, Trocme C, Berthier S, Arlotto M, Grange L, Chenau J, et al. Synovial fluid
proteomic fingerprint: S100A8, S100A9 and S100A12 proteins discriminate rheumatoid



25.

26.

27.

28.

29.

30.

31.

35

arthritis from other inflammatory joint diseases. Rheumatology (Oxford). 2010
Apr;d49(4):671-82.

Soyfoo MS, Roth J, Vogl T, Pochet R, Decaux G. Phagocyte-specific ST00A8/A9 protein
levels during disease exacerbations and infections in systemic lupus erythematosus.
The Journal of rheumatology. 2009 Oct;36(10):2190-4.

Lood C, Stenstrom M, Tyden H, Gullstrand B, Kallberg E, Leanderson T, et al. Protein
synthesis of the pro-inflammatory S100A8/A9 complex in plasmacytoid dendritic cells
and cell surface S100A8/A9 on leukocyte subpopulations in systemic lupus
erythematosus. Arthritis Res Ther. 2011;13(2):R60.

Frosch M, Vogl T, Waldherr R, Sorg C, Sunderkotter C, Roth J. Expression of MRP8 and
MRP14 by macrophages is a marker for severe forms of glomerulonephritis. Journal of
leukocyte biology. 2004 Feb;75(2):198-206.

Kawasaki A, Tsuchiya N, Ohashi J, Murakami Y, Fukazawa T, Kusaoi M, et al. Role of
APRIL (TNFSF13) polymorphisms in the susceptibility to systemic lupus
erythematosus in Japanese. Rheumatology (Oxford). 2007;46(5):776-82.

Schwartz N, Rubinstein T, Burkly L, Collins C, Blanco I, Su L, et al. Urinary TWEAK as a
biomarker of lupus nephritis: a multicenter cohort study. Arthritis Research &
Therapy. 2009;11(5):R143.

Treamtrakanpon W, Tantivitayakul P, Benjachat T, Somparn P, Kittikowit W, Eiam-Ong
S, et al. APRIL, a proliferation-inducing ligand, as a potential marker of lupus nephritis.
Arthritis Res Ther. 2012;14(6):R252.

Kolfschoten GM, Pradet-Balade B, Hahne M, Medema JP. TWE-PRIL; a fusion protein
of TWEAK and APRIL. Biochem Pharmacol. 2003;66(8):1427-32.



