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# # 5674068930 : MAJOR MEDICINE

KEYWORDS: BLYS, ANTIBODY MEDIATED REJECTION, KIDNEY TRANSPLANTATION, PATHOLOGY, BIOMARKER, IMMUNE

MONITORING
WANNARAT PONGPIRUL: Association between Post Transplant Serum BLyS and Kidney Allograft
Rejection. ADVISOR: ASST. PROF. DR. NATAVUDH TOWNAMCHAI, CO-ADVISOR: PROF. DR. YINGYOS
AVIHINGSANON, 96 pp.

Association between Post Transplant Serum BLyS and Kidney Allograft Rejection

Background: The prediction of Antibody mediated rejection (ABMR), the major cause of allograft loss,
has depended mainly on the Donor Specific Antibody (DSA). As only 30-40% of recipients with DSA developed
ABMR, additional biomarkers are needed for better prediction. As a crucial factor for B-cell activation,
differentiation, and antibody production, the B Lymphocte Stimulator (BLyS) is a potential candidate with limited
evidence on its role in kidney transplantation (KT). Herein, we explored the association between perioperative

BLyS level and ABMR.

Method: This prospective cohort study was conducted in all new KT recipients at King Chulalongkorn
Memorial Hospital during June 2013 and December 2014. BLyS was measured at the 7th and 180th day post-KT,
using ELISA method. Pre-KT DSA was measured by solid phase Luminex® platform. The transplanted kidney
biopsy was performed at 180th day for detection of ABMR. Recipients were stratified by pre-KT DSA (negative vs
positive) and BLyS (low vs high, using 500 pg/mL cut point) into four groups. The risks of ABMR between high and

low BLyS KT recipients were compared using Cox proportional hazard ratio (HR).

Results: Seventy-six KT recipients were included with no loss to follow up. The 6-month incidence of
ABMR by surveillance biopsy was 17.1%. Overall mean BLyS level at day 7 was 392.3 + 318.8 pg/mL. Eighteen
recipients with high BLyS level at 7th day have significantly higher incidence of ABMR than 58 recipients with low
BLYS level (44.4% and 8.62%, respectively, p<0.05). Thirty-nine percent of recipients with positive DSA developed
ABMR. The risk of ABMR was significant higher in high BLyS group (HR = 2.07 [1.35-3.20] with pre-KT DSA adjusted).
The rates of ABMR among negative DSA / low BLyS , negative DSA / high BLyS , positive DSA / low BLyS , and
positive DSA / high BLyS recipients were 0, 17.9, 16.7 and 41.7%, respectively (p<0.05).

Conclusion: Post-KT ABMR can be predicted by perioperative BLyS level. The high BLyS level on day
Tth post-KT was significantly correlated with pathological diagnosis of ABMR in both positive and negative pre-KT

DSA status. BLyS can be used as a biomarker and a noninvasive immune monitoring for ABMR in KT.

Department:  Medicine Student's Signature

Field of Study: Medicine Advisor's Signature

Academic Year: 2014 Co-Advisor's Signature
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APRIL A proliferation-inducing ligand
AFCs Antibody-forming Cells

ATG Anti-thymocyte Globulin
ATN Acute Tubular Necrosis

BAFF B Activating Factor

BAFF-R BAFF-Receptor

BCMA B Cell Maturation Antigen
BCR B Cell Receptor

BLyS B Lymphocyte Stimulator

BR 3 B cell Receptor 3

CIT Cold Ischemic Time

CNI Calcineurin Inhibitor

CRD Cystein-rich Domain

CVID Common Variable Immunodeficiency Disease
DGF Delay Graft Function

DSA Donor Specific Antibody
ESRD End-Stage Renal Disease

FDC Follicular Dendritic Cell

GC Germinal Center

GFR Glomerular Filtration Rate
HLA Human Leukocyte Antigen
IgM Immunoglobulin M

IL-2 Interleukin-2

IL-4 Interleukin-4

IFN Interferon

IVig Intravenous Immunosglobulin

LLPC Long-Lived Plasma expanding Cell
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Aaniun1sideetuieinguszasd Uselevuilasu uazdunsieNonainduienindd
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1.7 999700 1UN1SIY

NATeilfeINTinsedu BLyS Weuiuraniamensinevesuilelavdinisugnaiy

Y

6 weu gUreenvaglilafunisinnstullonsaniuiiviun Aatudide agandunis

Y

UszanuligUaglasunsinzduilelaniuam

1.8 wansausslevinaininazlasuainnisive

MlAnsuieAuduRusUnIsEAU serum BLyS AU subclinical/clinical - allograft
rejection agglunismvuaiieniwesnisivienagilivingiussaugiquiuly

AUrewsazau uaziludeyaieldlunsfnwuwelvglusuian
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2.1 Uadenlinaineatassanisineuveslaildsunisuanane (Risk factors of graft

failure in kidney transplantation)

ﬂa%’aﬁﬁNaLﬁ'aa%’awiamsﬁwmsuaqlmﬁlé’%’unﬁﬂgndwszﬂ:gu (Short term)
1. Delay graft function (DGF)

DGF munefis msiidesinisnenden wiedslanamiiiies deswnainnis
nuveslanainisugnanelalifine A@suaTesitiuanas dosnin fevar 10 oy
ﬁwiﬁ;li%’uimﬁﬁaﬂqs?}jiuﬂﬁiﬂﬂﬁ’wmLmu"l,mé’w%%ﬁmﬂm nely 7 Jundnsandn n1s
\An DGF dnasio eraft survival Missezduuazsyezven lussozdu onadwaliiie
early graft rejection lng DGF tAna1ntladesige fall 1) Yadeanifiusnuetons
1A Wdldnanguinaitilavgasiu cold ischemic time (CIT) Tay CIT Aifindy
nne 6 Hlag Azifiunudeavesnisiin DGF | wae CIT fiwnnndn 22 dalus L
Amnudsasionsiia DGF *2) Yadeainduianale léud enguesuianela Tsa

%

Usgdia e ApSesftiu nsuiniduvenileieln 3) Yadedinnangsuls laun

) a . v ' 2-6
21 ANAUlain mean arterial pressure UayNIN 100 Uy U8

2. Human leukocyte antigen antibodies
Q%Ulmﬁﬁuauauaﬁﬁia human leukocyte antigen (HLA) fausiiou viseiiin
vasEAnUgnangl wurnfinaudsstonsiinnsvinuvededumailussezioa
1 Yusn " uenan wouliuadse HLA nén 19wA HLA-A HLA-B uay HLA-DR w2 &4l
waURUBAse Major-histocompatibility-complex class I-related chain A (MICA) 7

[

WnAudsssoni1sinn1suiasle waznisvinnuveslaaumad lussesiiaimds

Y

1 = 8 1 U Y i
H1sim 1 U dnsAnuily 13 Usena lag Zou uazAniy WUl ngudUdendl
LauRuafsa MICA Manau wsenundininnisiidn ddnsinisegsenveslailasu

nmsugnaelulusn whiuiesas 88 Fetleenitnguilinuueusived (Sevay 93) 8n

1% '
v v a v o

mdanuanudsssionisufiastauinniinguilinvweus vedtiegaliedAngmi

anm



3. Usznnvasduianale

lalasunisusanad 2 Yssanmdn Ae lalasuusanaanguianaiidin

a

(living  donor) uazlaflasuusaimannguieanednie (cadaveric donor) lagle

Y Ha

lAFuusANguINeidInasiidnsin1ssendinvedla  (survival rate) fndnled

Yo  a v ] ) 9 a Y i
losuusnanngtheanee Nessevdunassseveny  a1unsaesuiglaainnisid
tissue injury 1nnIttulaiilasuuiaeandiisaneswie uwilulanldsuuiainain
AUrgaNDIMIETY a1saduunlanuanvurveauINAlaall
3.1 Standard-criteria-donor kidneys

I3 av v Y a av Yo aa o a 2R
Wuleiildunainguiaianlasunisitadeanssnieniudsni lddene
expanded criteria-donor kidney uag expanded-criteria-donor kidney 238031
aa N i a Y PPN & & A
nssentinvatlaunniiantu 3 nau lagesursliainnsninisuiaiuveiletols
3.2 Expanded-criteria-donor kidney

<

Julanldunanguinaaueinmeiionsuinnil 60 U wse 818 50 - 59 I

[

fauffuiitade 2 1u 3 4o Mueluil Tsnmnudulafings Fedinanlsadudonauss
viordsuedioftuluguinniiniu 15 fadndudeindans lneffuuianaldi
léjﬁjulmﬂizmwﬁ WU graft survival #1n9 standard-criteria-donor kidneys
wiidlaluFsuifisugUaslanededsiidesenidonse fuguaedldulnain
expanded-criteria-donor 9%l patient survival ngm’i’l 12
3.3 Donation after cardiac death
DuladilFunanduineddlifiannzansne uissuulnaiouladin
Fuwan Inevhly Tafhnanduineladsaaniinasdnmuaduiidedelmnni
Usziandu uinnsanwiluusumasangy wWisuiflsugiulneiguing fu ddade

v Y a 1

maduyulnaifssiunlasulaainguinadssinniiugusanaueswmig wuii graft

Y

survival laikansineiy welunsaind cold ischemic time WARNAUNUI A 24 FI19

Tulafiunan donation after cardiac death i graft survival fiwgnan CIT # 12

o w a

Y A a 13
139 e 9lvsdAgYNI9atA
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lafildanguianpanesmeifienguinndt 55 U wudndiauduiusiunis

Y a -

a . P ] U IS 4 ! 14 Y a PN
i@ delay graft function WIS UNUKUIINANNDIYUDENIT  FIUNUINIANDE

Y

i N A N i 1Y 4
11nA31 60 U LW@JF‘]'NJJLﬁ&ﬂ%@ﬂﬂ?iﬂ@ﬂﬂ?&lmaﬂL‘Ma’J

5. lsauszdnnavasguianale

J { & alaa |

ladlasunisusaenngndadidined aslinnsAnnsadlsaniedinisinaule

Y

1%
=]

Judsnd galesulaussianiasd eraft survival 918 wiladildangUasanesmie

e

v Y

lnglamegusaandlsadsydds loun anudulaings v azfia delay graft

% t%4 1

function annIunios wazdldng eraft survival 1 1 T teendn ledildanguiana
avsaeiiliilsadovay 50 wazdovaz 90 mudwu Wiefnmwly 3 U Sns oraft
survival Tugudanalnauesmefiflsadendn wiriufevay 65 iteuiudesas 75
Tastamzguineiidulsarusulaiingsuiunit 10 T graft survival axifosnings

v 9,15
3988y 36

Uadeniinangadassanisyiteuveslanldsunisugnanessezenn (Long term)

1. Yadeiifgadesiussuuduyy
1.1 nsinn1suaste
PNMsTIUTINTeyatuein wul1 dvnianisuiasinlussegndadaneng
Tolugae 6 euuwsn anfinanudssionisinulafianadluszezens (chronic
allograft nephropathy) e
1.2 m3ddulaves human leukocyte antigen (HLA)
Tnevly HLA  mismatch 3der;:IU'%mmLaz;§%’Ulmfu 288n1951997U 6

(% s

funils FedlmsAnuduinsuiufindain msilidl HLA mismatch aglvinadng
yosnsUgnarelanningSudial HLA mismatch 1nndn wazanndigaluauiisl 6
AL
1.3 Sensitization

Tufthefifiseta nedsnsss nelgniieeteasandeu weldsudemnneou

Uszifmanilonaziludigiedn Jiheiredudadowaufinuuineu 81adn1sasng



weufvernaulasunisUgnateeiear (preform antibody) Feanunsansaalaneunis

H1ARLALLA panel reactive antibody (PRA) 138 donor specific antibody (DSA)

2. Yaduitlitieadasiuszuuduyy
2.1 msuaiureailadela
nsinnsumdureaiiodeols 919ziAnInslafldinangeiivila
ngALAUY 138i5vey cold ischemic time fiunuiuly 1An ischemic reperfusion
injury Wag acute tubular necrosis #wanseAUse adhesion molecule way MHC
class I
2.2 msl@sutBinauilelaiivgnanelaiifiome
nsfilgsulafifoundn Tasamedsulafitiutnannnd 100 Alansu
2.3 masianelunsfuUsEmMusnagiidu iy
Judtuddadin §Uaeifudsemiueildagnaueiia antibody- mediated
rejection 11N
2.4 amzanusulafingeniendinisgnanele
finsAnunlufUaedildsunisugndrelaanguianaussnieiiuinnit 19
WU’jwmmﬁuIaﬁmqaﬁga systolic, diastolic Wag mean arterial pressure WA
dosronisvhanuvedafianas
2.5 manaunndulmivedsaladniaundinisugnaels
Tuftheidulsalasniauauinlaieisess enassifnlsaisulilussoends
nsugnangle laglsalasniavusviineravilviin graft loss 1o 1y lsalnain
LU membroproliferative glomerulonephritis
2.6 Uselanvawusanale
2.7 @1 resistive index
miﬁﬂwﬂuﬂﬂawé’qmﬁmﬂqﬂmaimﬁ 0,3, 6 WAy 12 AU NUIN AN
resistive index Taaduidenunsiiasdlnuinnit 0.8 duusdenisiinnsreuses

i 19
TaNanadlussezen
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2.2 avu3iUagiu 1Rgafu B lymphocyte

Aa v
213G IALALNUNNYDY B cell
B cell Hunummanlunisadtaweuiued Ninddedudantasusiuieeivaz alasu
n15Ugnene fanu NMsannsasekeuivefssygllanlasunisugnane Teneeniunuau
Tneunf B cell wuaedu 2 9dn Ao B-1 cell wag B-2 cell Tny B-1 cell fdndrutioonin B-2
cell usgnimuITunouLazingRsTInTeIUIUNT a1 Nwadduvessn nuldgey
| A voow v A - a 20 o a =
Uanuazyaadeuries nutlssunnideninmasuazlunsegn = B-1 cell agaiisuaudivef
AILINVBII1INY @B immunoglobulin M (IgM) waz immunoglobulin A (1gA) {Wudulua)
[ v { o o [ a . 21 o 1 F2
i amdalifasasuuafiieriiaualya uaz apoptotic cells ~ B-1 cell dauudlgdnidu
2 %ila lawn B-1a uag B-1b vimtfinouaussououfauniuinszdu aiuouved Tuns
° ' ) 22 i ¢ [
naaadluny Wun15¥N9uYes B-la uar B-1b agedaian  wiluuyudaiunsavenlaua
~ Y ) | Y aa & w | o 23, 24 v A
LWBINITAS IgM Wity dduningidus dudsbidaau Tunyuazgelsaglanuing
a a 3 25 1 [y Vv Yo 1 LY a . .
USunas B-1 cell wingedu = wwdenivlunyilasunisuanaieeieds 1inns rejection Tu
- 26, 27
nauvd B-1 cell
B-2 cell dmsimunegnasniial Iauaiunsoaiaweuivedlavatsviin ai1anle
nszgnuazinIsimudy pro-B cell pre-B cell waz immature B cell udarosUaoyaanu
wenlunszgn lagdvuiumdn B cell Mvangueumilauredsnaniy (central tolerance)
o o o ] o o 28 v v = e
wuReAunswmu T-cell Tunausesia = B-2 cell %aaﬂmﬂimﬂixaﬂmmmm SIRPEAIEA]
1 .. al o w a . 29 .
11 transitional stage finudAgylun1siAa peripheral tolerance ~ immature B-2 cell 9%
QﬂLLﬂﬂLﬂu follicular B cell wag marginal zone B cell (MZ-B cell) follicular B cell @158
waeufluuNszInuaen Aoulwdes 11U uag Peyer’s patches Hninillausdudiu
a Vo 30 A i i H = N v oA v o
wouRAUliU T cell — Tuvaue MZ-B cell azaglusionunnies uaziinthnadeiu B-1
cell
Mature B cell 30 follicular B cell awufiukeumiausiuiunisnseauan T

helper cell auildeuluidu activated B cell waziaunseluidu plasmablast #39 plasma

[%
o

Ao 31 = & = ) ' v
cell Mi@8aU  plasmablast U1GFU LY 2-3 TU LAZHDUAUDIND pathogen Tasun

9

UN9dIUT0Y activated B cell 9ziadauidng germinal center fiusznaulumie follicular
dendritic cells (FDCs) Mvintnii@usIudIunauAay usiil activated B cell 9z
| = . ' ° v 32

meluilu plasma cell uazazdl chemokine receptor 91811 plasma cell anansn ~ U

aflulunseanuazaziiongen?u 15un1 long-lived plasma cell plasma cell 9w
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. oy : 31 .
AMNENIaTUAIIIAY immunoglobulin Taunnnan plasmablast ~ plasma cell UngdIUaY
AWy memory B cell memory B cell aglidanouiaunladuia uazazulasnoidu
plasma cell laluszagiandudulaziuSuiauuin 719 plasma cell uag memory B cell tiu

fiongenunndul lne199stinues B cell vianun uanalalugud 2.1

sUR 2.1 2995739904 B cell

Y]
a Bl lineage Natural

ﬁ w antibodies

Central and

peripheral
lolerance

% /H

Self

renewal i
%Ornfgtgﬁir;g‘r" Mature Short-lived Slhomlveclll
B1 cell plasma cell plasma ce!

Extrafollicular
response

b B2 lineage E
(s}
Central Peripheral (5) —— o GC GC reaction
tolerance tolerance 2 \B cell (after T-cell reaction)

* * Mature T cell Activated
@ —— B2 cell B cell -
EEm—
Immature / Memory
B cell —

©

©

B cell
MZ B cell Short-lived
plasma cell

Q/

Plasma cell Long-lived
plasma cell

v o [ = ¥ a a oA [y a LY Y] [~
PNAENUDY B cell ABN15as19wauRuamiNanauaUaInuLaUmMAY wazdunuduy
immune complex la8a1AEATEUIUNTT phagocytosis  WIRRIABNIEUIUNITIRDILY
complement fiaf1dnuaudiaueanil Tunsunarlaviidaidenviuieitesyinliin
N1IONLAY LazLile pathogen anfian ANSoNLEULElU ADINTEUIUNITONLAULLAAT
aigeilasunisuananevseaieisyessneniy (self antigen) Uy agvilvioTetvduafinnig
[ ‘3 [ ) v = [ v & & = ] av Yo 1
gntauisese enaviagdeeiovls nsnuwadidadenviivuedeisnlasunisugnane
| ) PRy o 'Y v} P a a a a33 a 1
Fwumsninyheuvesedivtug Feld lnsamznisuaslaviaieuives damandl
Jundngrududulafaunuimves B cell Tunisiinnnsufasle
PN9UVee B cell Tawn NsutauaIuaIuwaumauwn CD40 T cell HIUNIG
peptide major compatibility complex class Il §in15%a4 interleukin 2 (IL-2) interleukin 4
(IL-4) way interferon gamma v lidialdanvINTINAAUNNNTY Y TAARNSENEULTD5

34-36 b ' . s 1 .
gaving B cell UNMNGFUAINTALAAY lymphotoxin-a/B ARIHIUNITHGT cytokines Uag
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nseeulyi follicular dendritic cell (FDC) wissiidausausuwvianinisdniay dewalviiinig

o a oA 37,38 v A & Yo =i
NIAYLLDUANLIUADLUBD NUINVDY B cell VNMNG]LL?WN"LGWNE‘UVI 2.2

;;‘U‘ﬁ 2.2 Unu Ml B cell

a Autoantlbody production
Immune

o v o

Plasma cells O 3
Killing or remaoval
£ y 5 of self
B
Autoantibodies

Kidney deposition
Effector mechanisms
FcR, complement,
Inflammation

Antigen-positive
target cell

b Autoantigen presentation to T cells Actiated
autoreactive

Auto-
Auto- Imimusne © T eells
antigen Tcells Cytokine
production
—_—
B cells Activated © More help for
Tcells B cells

€ Cytokine production
o

o0
o Effects on
COF i@ [Emm-
o 9] — stromal cells
o O o
o0 (s Inflammation
Activated B cells 8

d Induction of ectopic architecture

Surface
Crganized lymphold
@ kymphotoxin FOC tissue In chronic
- Inflammation
B cells @
Increasad efficlency

a. @sueufvenlaenisduiuneuiiau iaidu immune complex agnidnlag Fc-

receptor-bearing effector cells #3932UU complement
b. B cell ¥humihAvnauaBudiuwouiauliiy T cell iadu activated T cell ¥utiiingds

cytokines 199 nduxnszau B cell imunsialuidu activated B cell
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o

c. activated B cell &4 cytokines nszduidaiony1s wag stromal cell Tiunguyuiiug
UTUNANTONLEY
d. B cell @m190a313 lymphoid tissue  TusiumilsaiAnn199nt@uLsase Ineans

R P A4 o a a 39
lymphotoxin #1eguuiiives B cell 1ileLfilnsnauauasuesduy

2.3 B lymphocytic cell uag BLyS fiunisugnanela

TuefnluzrsUndatia.m. 1980 n3aruAn T-cell mediated autoimmunity Tugftaei
Ugnanels Tasmsldenagiduiuifiuszansam * vinlsietRnisalves T-cell mediated
rejection waz T-cell mediated rejection Fsanadluagiaun lavadfnisalves acute T-
cell mediated rejection wdsugnanelatiesnin fovaz 10 * usidlianansoannisiia
antibody-mediated rejection Favzsilnin graft loss léjﬁyjﬂizwgu A ITYLHD éﬁ’ﬂﬁ?u B

lymphocyte Faluiaulaindulutiagiu

N13MBUHUBIYBY B cell Li‘iaﬁmsﬂgndw‘lm

nasniinisgnansle azlinnsmevaussieusuiauaineislzilaiunisugnane
Na1IM® major histocompatibility complex (MHC) class | wag Il #1un1s T cell activation
uway B cell activation N13noUAUBIEY B cell B3uannsiadousives antigen presenting
cells; APCs (d@ulugilu dendritic cell) suaqr;EU%mﬂ 970 graft U1 secondary lymphoid
organs ¥8d3U lnedin1snsedu T cell Y09F5U W1Un4 direct pathway 7 T cell zone ¥4
secondary lymphoid organ LLazs’hUé'hﬂé’umﬁlmﬁlﬁ%’umsﬂgﬂdw RIS GBI LRIGIGE
msufaslalel e APCs vasunaviaiuanas APCs vesgiuazituniiunumnauny lag
B cell agvimthilidu APCs iAnmsnsedu B cell uazaiawoudvodliluiign

deflupuRiaudnunlusnenie Tuiidfde Tusfuan MHC class | uag Il fu3analn ag
Ann1snszAu B cell azlasunistomdsain T cell lngasidu T helper cell loun T
follicular helper (Tg) cells N13nsEAU B cell 01dE 2 dyay1u FyayIuusniinaNAITIUY
99 CD4O ﬁasﬂjuuﬁwaq B cell AU co-stimulatory CD40 ligands (CD154) Uuivee T
helper cell &yauitaas finswds cytokines 1éur interleukin-4, 5 uag 6 370 T helper
cell 1nnsedu B cell Tnensedu B cell & enaiAna1nn1sfi B cell vhdudu APCs 1o3 n3avis
ey uvieriissiadnyuild vli B cell Wlnuariaunluidu memory B-cell uag

42-46 o =

waALwaaNansoaeuAuedla | fAagun 2.3
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2.3 NMSWEUIVRY B cell

€aN
(=l
=2

T helper cells nsu B cells lalneruuanisanyas CDA0 ligands UWHI8Y T helper
cells ¥TiN15983 cytokines louA IL-4, IL-5 uag IL-6 naulunszduly B cell lny B cell
duluanisiasguaziaunlliunaranwadaiuisaadrsweuvenls druilinaeas

Wasuludu memory B cell “

weufvefiassnnnataueas dnuaunselunisviatedwlanUasulned
wa133 loun nMssusfudsudanUasuudivhans (neutralization) Wushgaeldiinnis
phagocytosis 138111 opsonization i’mﬁaﬂ'ﬁﬁumuiswﬂamwﬁLﬁulﬁl,ﬁmmsv‘iflaw?iq
wlanUasuiu 9 é’ﬂgﬂﬁ 2.4 Tunsalnisugnanele wouAvaRfiAnTukunsEUILNNS

antibody-mediated rejection @® HLA-antibodies 138 donor specific antibodies (DSA)
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U 2.4 Myvhauveweuruef

|~

01010(0

oot iy o || B 22 e
bacterial adherence phagocytosis 00 /e Boies bkl

wauRved Prelesfudwvantaould 3 33 1. Neutralization fia n33aufIfUA
wlanUasu  wdhate 2. Opsonization  fe nisfiweuRvedidusiielminnis
phagocytosis Wlviinnsyianedsulantaey 3. LOURUDALYILNTLAURIUTEUUADUNG
wwrilifuiaeduanUasy

n1smevauesTEnInnIsvanaeladiunyiien (ABO-incompatibility  kidney

transplantation)  n13igsulaaiiaueufivefdeusufilaureduiane wie n1sngsulad
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weuAvefneun1sUanatale (preexisting antibody) Wumaddgynaziiiliaanisufasle
d’ a a a o (Y t% . d’ VU 1 48 L 1
WeluouAveduiuniaves endothelial cell vatlanlasunisugnate — nssfuRuIEUY
= ¢ v o 49 a o @
ABUNALUY macrophage War monocyte laadufiu Fc receptor  LAAN1svatentisvaen
donroy willerhliwaddadenyn waddniau tniadenunguuuiu vilidenudiives
vdenlutduifondosdnedu indufonandu tdudant1evielndniau (peritubular
. . Y oA i @ .y 33,50 ¥ a a
capillaritis; PTC) dudenelagluniiglndniauy (glomerulitis) awa‘lmﬂmmsﬂgmﬁlm
a a = o N N ] a 51 o a
yiauouAved Mavihanulnanas wasiiuanudewionisagdeln ~ daguil 2.5

gﬂ‘ﬁ 2.5 N3uA donor specific antibody

Interaction of antibodies Complement components Caplllaritis
with cell-surface antigens

. o q;/;%

\
FcyRINE

O
CbHa or C3a O
MHC or other
antigens receptor IFN-y o
TNF
Granzyme B

t Chemotactic cytokines
VW and chemokines

t P-selectin (IL-1a, IL-8, CCL2 and CCL5)
t Tissue factor t Adhesion molecules
t PDGF (VCAM-1, ICAM-1, E-selectin)
tBCLXL t DAF t Chemotactic cytokines
tBCL-2 ) and chemokines
tcoso =T eraten (IL-1p, IL-6, IL-8 and CCL5)
1 FGFR
Resistance to aukocyte migratio
Proliferation omplemel and adhesion

DSA viliiiAn endothelial injury 1u1m7'i1éf%’umsﬂqﬂfha Annnsiifiueuiivende
MHC molecule fikanenseinliiduifendassniay Inan19eeulagnsnseAussUUABUNG
WUl LR antibody-mediated rejection »

fadu nsvgnansladnduasdodliienagfifuiu ieannisnevauasda non-self
antigen isnmiiulunosia T cell way B cell mediated response Tne3anisanueufivedvh

Tananedslawn n1sliien corticosteroids bortezomib eculizumab rituximab intravenous



immunoglobulin 113911 plasmapheresis  #39n15%1 immunoabsorption

$hw1 antibody-mediated rejection Aagldndnn1sn1san B-cell uay wouRUaRAWULAEITU

52 o &

IneusiayIBhoangrisuaneeiuly dannsei 2.1 ua3un 2.6

M99 2.1 UARIN1T00NENEVRIETMD B-cell LazITN133N11 antibody-mediated rejection

A155AEN

nalnn1seangns

Plasmapheresis (PP)

Decrease the titer and block the effect of

DSA

Immunoadsorption (column)

Decrease the titer of DSA

Intravenous immunoglobulin (IVIg)

Decrease the titer and block the effect of

DSA

Bortezumib

Decrease production of DSA

Corticosteroids

Decrease inflammation caused by DSA in
graft and decrease production of DSA,

suppression of T cells

Anti-thymocyte globulin (ATG)

Reduce production of DSA by decreasing

Helper T cells, suppression of T cells

Eculizumab Block complement activation resulting from
DSA activation
Mycophenolate Block the effect and decrease production of

DSA, suppression of T cells

Rituximab, Cyclophosphamide, IL-2

Decrease production of DSA

Tacrolimus

Decrease production of DSA, Suppression of

T cells

Splenectomy

Decrease production of DSA

A9t AN
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;J‘U‘ﬁ 2.6 N33 antibody-mediated rejection

i Epratuzumob
ATG
o/ W,
Rituximab ¥ Arti-CD154 g
Ocrelaumab |
1.8 cell Ofatumumab moDsom | CD154
depletion/ . Anti-CD19 > [EEIE
inhibition VIG—> (EREV
Belimumeb
L Atacicept
2. Plasma cell
depletion 7 FeyRIB-cross
linking
Plasmo
3. Antibody i exchange - y * {
depletion “<— AbDegs 5
Ecvl'm;mob Enccfh;hul cell
g Ye \ A Y
IVIG Actvatory
4. Inhibition of c,.* FerR vie =
antibody : ..
function
o%-u
| Mocrophage

a aa g A [ . a

LL@W}‘U@@%L‘U‘U&WLwﬁgmaﬂiﬁﬂaus] laun systemic lupus erythematosus tNAINAT
M91uvee B cell uag T cell HaUsnd Anai1eeelalaufuaf LaLAANIINTEAUYDY innate
. 53 Y a Y o gj 1 @ %
immune response ~ AallAnaIn1smuule fadulunissnwilsa SLE Afe n1sanseiu B
cell waz salawpuAvoANuINAULY WUREIAUNANNITVEINITTAE antibody-mediate
rejection Tun1sugnaneln weilulse SLE #n15l4en belimumab eglungy B lymphocyte
stimulating (BLyS) antagonist @1315alUan B-cell activation uagduda B cell lailviwaun

5 o & = A A i )
TUi8u plasma cell ™ s BLyS Fadugasihaulaluninsignaneeieney
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mwiﬁmé’wﬁmﬁu BLyS

dlofinnsadis pro-B cell 1ag hematopoietic stem cells Iulmﬂszaﬂ pro- B cell
mdwﬁ%ﬁmﬁm’%mgﬂéw heavy chain 284 immunoglobulin yilwwaunlUdu pre B
cell lny pre B cell 9in159A3Use light chain ¥®s B cell receptor (BCR) R
immunoglobulin @ulvgfikansesniifnwadasidusila lgM s3u58n77 immature B cell
* udiuilaviinszuiunisasavaeuneuiiouindy self anticen %50 non-self antigen
Sunouiizendn central tolerance weuRtauitanusaduiu BCR 167 fazanely azdidiuves
immature B cell Uszanauosay 10 azoananlunsegn WasuwUaudu transitional B cell
(TR B cell) azﬁwésﬁ”’umau peripheral tolerance fiardn selfreactive B cell Taglu
funouiimugulag cytokine Tunga tumor necrosis factor (TNF) ifieasimmusaliidu

mature B cell > é’fﬂgﬂﬁl 277

g‘lJ‘ﬁ 2.7 B cell tolerance

Periphery

Bone Marrow

Antigen-BCR/
BLyS-Dependent Survival

5 BLyS/APRIL Independent Survival
CXCL12

TNF ligands §a.8u type 2 transmembrane protein aglugu homotrimer lngdu
AuRaLas 4 2 gULLU‘UﬁE} soluble form Wag membrane form @3 TNF receptors Adu
transmembrane protein fldufiduaniueadlusu ligands Usznaumie cystein rich
domain (CRD) ~ TNF receptor Un#aiidau cytoplasmic death domain nsrAulUsAu
%o TNF receptors-associated death domain (TRDD) 1¥u Fas pathway vlviiAn
NIEUIUNIT apoptosis @2u TNF receptor UN49612 Al TNF receptors-associated factors

(TRAFs) vilviwadluszuuduyuianisimuinazegseald faty iliaunsaesuiglad
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MINsEAUNIL TNF  family dnnsmevaussléimatouuy 1flesan ligands Aunduuazug
ligands anunsaduldvane receptors vhliAamsvheiinanananeuniy

B lymphocyte stimulator (BLyS) family daduau@narunilsves TNF ligands Tng
71 BLYS family QNAUNUIINNTANB1VEIEU uazAunulngUeLdey nliinsSenTeuarade
Viudeutu enamasufivuin n1s3esiivensnesiily Ussneudielushiu 2 ligands Ao B
lymphocyte stimulator (BLyS) %38 B cell activating factor (BAFF) waz A proliferation-
inducing ligand (APRIL) wulaly neutrophils monocytes macrophages dendritic cells
La osteoclasts 919 BLyS/BAFF uaz APRIL azgnasnseglusyu monomer wazazdniiees
Ju trimers wazunsdiuazgningeslieglugudasziieiouled fuin  wiragluduiv
receptors 19A BAFF-receptor (BAFF-R) %38 B cell receptor 3 (BR3) transmembrane

activator and CAML interactor (TACI) gz B cell maturation antigen (BCMA) et

BLyS

BLyS hlusAuiiuszneuldsensasylu 285 ¢ dvuianaluiana 32 Alanas
usidlegneessetoulasl furin azivunn 17,038 anadu BLyS azegluzuuuu soluble form
uwar membrane form Tudnismnndauaglnezilassadindedulunuiazauuinnii 76%

2-6

= v o i ° Y a A o 62-64 65 i A
Fanthiludniusazussianivimtinnmilous fu BLyS unn@191nlusAuau Tu TNF

ligands Tuwdlassasandivnuduiasuund aunsaviudisendusuniideulas wasiviau
nfinnudunsaas azviliduiu BR3 1adndn APRIL
BLyS a$1eanlastulousunus 13g34 Tunywd war 8 Tuny wuldluwadviangyiin

Town neutrophils, dendritic cells, monocytes, macrophages Iﬂaﬁﬂﬁﬂﬁzﬁum%a%ﬁﬂmu

cytokines LU interferon-gamma (IFN-Y), IL-4 ag 1L.-10 ceor

APRIL

APRIL wupSausnlunisnmaosainwadain B lymphoma luny uag embryonic
kidney cell Tuay a1ansanszdu fibroblast * Fuves APRIL eguulastaleangd 11 luwy
wazluALILRY UUAWMLY 17p13.3 ? faruuandneenn TNF ligands 8uq leun 1) fid
299 exon ﬁw%fangﬂﬁmé’wwu%ﬁ furin wdvilef exon dauthuauiseadradu soluble
form 2) fidmaes exon wnndwilssus 3) Siuvisdulndiu TNF lisands #ide31 TNF

Weak Inducer of Apoptosis (TWEAK) lagvisaasduilaunsasiusinuasislusauiiiienin
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TWE-PRIL ianu13aduiu receptor Iéivilou APRIL usinnuautAfidu soluble form ag
adafu TWEAK "

APRIL Usznaunie 250 oxilukedn ddnwuznilassasisaaisdulusiulu TNF
family Wi 20-30% uird1eiu BLyS 89 50% "> APRIL @nunsaduldiu receptors 2 6
laun B Cell Maturation antigen (BCMA) @z Transmembrane Activator and Calcium
signaling and cyclophilin ligand (CAML) Interactor (TACI) lala@unsaduriu BLyS receptor
3 (BR3) I wonand ms APRIL Shuadansanedululnsiau (N-terminal) vilwanunse
WnUA3e1MU surface proteoglycans waddldnsumddiuddn " wihilves APRIL 7
lpSumsiiaauds fie Judiunilwesnisiiin B cell activation way isotype switching uaz
yUfATeT plasma cell Tuwadlunsegnaiu BOMA dstu APRIL oraidudunilefiviilif
wadlulunszgniiongiueniiu uenainil APRIL forvasvhliuadussedinisasedld Idun 8
7,78

cell lymphoma, Hodgkin lymphoma )

N19UEA98NYDY BLYS wag APRIL Uu B cell unnarsiulumiuszezangg ve B cell

'
a

faguit 2.8

gﬂﬁ 2.8 Msikaneaanyad BLyS family uu B cell lineage

Pre-Immune B Antigen Experienced
lineage subsets B lineage subsets

8-

Memory

B cells
Germinal\-

CenterB
Cells

FO
T-dependent
stimuli |
- Long Lived
Short lived Plasma cells
Plasma Cells
R |

T-independent
stimuli

BLyS
APRIL

)eRs |Taci {BCMA
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BLyS family receptors

Receptor 494 BLyS way APRIL 3 3 receptors 6un Boma ” TAC * waz BR3
Tnevaly receptors Iuﬂa;mﬁ quuaneafiu TNF family receptor aumsezillassadneves
ligand-binding CDDs aeni1 vinlwinAuduwizeas ligand (ligand-binding specificity)
lagUsn receptor AvoguuRITadluzu monomer wdeaININ1sIUAU BLyS ligand A
Lﬂ?iaulﬂa&ﬂugﬂ trimerization U84 receptor @sdQ1adN1U TRAF receptor 984 BLyS Way

APRIL anafaguyl 2.9 AasaudRued receptor wingdaznaniwensivazdensoluil

g‘lJ‘ﬁ 2.9 Receptor ¥83lUsAU BLyS Wwag APRIL

BAFF APRIL |||
@ Cleaved intracellularly
= — Ny

Membrane-bound

@ o 3 mer ({0 LG
@ @ bound

L )

BAFF- BCMA TACI

60 mer

Primarily expressed on B cells and plasma cells*

Astrocytes and neurons
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B Cell Maturation Antigen (BCMA)

BCMA 1Uu transmembrane protein type3 wundausnlu T cell lymphoma g
yun 20 Alanadu sguulaslulengd 16 Tumy wazdumis 16p13.1 Tuau Tusiu BLyS
LAY APRIL 8111503 receptor ¢ uiazduiu APRIL léusiunda

Tunguwes TNF receptors Tusulassa¥ns BOMA azuansnaann receptor du &
single CRD motif As1eiu BR3 a11150n38Aus1U TRAFL, 2, 3 uaz NF-B 14 " dauunum

BCMA §alaiuidn fassanisAnwsaly

Transmembrane Activator and Calcium signaling modulating and
cyclophilin ligand (CAML) Interactor (TACI)

TACI \Ju transmembrane protein type3 L%NﬁUWUﬂ%QLLiﬂmﬂmiﬁﬂm cAaML %
Usznaume 293 ninazillu aguuiﬂﬂuiezmgjﬁ 11 Tuny uagsuvis 17p11.2 Tuaw TACI &
@109 CRDs 2 funia wazdldau intracytoplasmic domain ianunsaduiu TRAF2, 5
WA 6 dn13nTERURIY CAM-independent pathway (NFAT, AP-1 wag NF-kB) vil¥ BLys
way APRIL anunsaduiu TACH Taweaiu® druunuinmiidives TAC udslddaau s
unumitatuayuazsudansrhaiues B cell wu vyitlififu TAC wui1iAn B cell
hyperplasia Lﬁﬂmmsmaﬂsﬂaﬂm%mgu lauA anti-dsDNA autoantibodies, proteinuria

..., 84 =i v o q v Ada A &
waz glomerulonephritits — wAENAINNISA APRIL N3eAU TACI vl B cell IInduen Ity
85

BLyS Receptor 3 (BR3)

BR3 w38 BAFFr U receptor Mdunudagnving a1nmsiiwuinsinisnszdunis
W B cell s receptor lallaiha BOMA waz TACH anunsanuldlu B cell #usniia waz
mature B cell " Tasea319ved BR3 Usenausie d1uved CRD uenead 1 suvius saufu
dudiduiu TRAF3 Tuiwad Tunsnunluvywudn msdufuves BLyS uaw BR3 shunns
n3gAUNIU nonclassical NF-kB pathway uawiln1s upregulation %8s Bcl-2  family
members ¥tk B cell il survival Faumnsinsannnisvaiusiiu TACH @ Bel-2 family azdfud

oA Y] s A ! Y] a 89,90
apoptosis NsgauwaauiioninseiuvesiulnaauLnie
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wiidiwae BLyS family wag preimmune B cell

ANSNAILIYBY primary B cell

B cell afananigadduriuiin (stem cell) Tususausogluassst lushudfousSeidn
wazlulunszgnisletadydulauglng szvinedl B cell oglulvnszgnagiinisiamiuazaiis
immunoglobulin W lisht chain lLa¢ heavy chain Bonszeziiin BM pro kag pre B cell
#1911 immunoglobulin faosaneiar s loa ua 1gB 48w B cell receptor (BCR) 7
n1suanceaninIead 3enseesiin immature (IMM) BM subset 910ty B cell 9z00n91n
lunszgnludasing Sunsvesiiin transitional (TR) development iofsszezdl B cell oz
e aind wazvhuiildognsanysal wisléilu 2 ngu fe follicular (FO) uas
marginal zone (MZ) oo

Tusgwinemsiaun B cell aziidunsunisiden (selection) B cell iitefiazanii
wﬂﬂﬁiuizw%m%u %uagjﬁ’wmmﬁ’%wqmm BCR Tuszey IMM uaz TR lutunew positive
LA negative selection v fifles IMM B cell %opay 10 Tziausouazeanunainly
nszgnls dhutlosfivdoasiaiasioluidu preimmune B cell pool =7

Msida B cell A¥Fnuauftauvessiane (negative selection) B cell #i¥uify BCR
wisnnazgnidnoen nluszewsia IMM wag TR dau positive selection ag1den B cell 7
fimnuannsaduiuueuRaunieuenstsnie sxinlutag TR ulU wudn msdt primary B

' v o D] v i ST 95, 96
cell avagsontitu Induazdealinisnsedu BCR agiusreyq Livutuwadazaneg

N15ULEN9DDNVUDY BLYS receptors LazNISNAILIYDY primary B cell

finsfinwfigaiudsnn B cell agimunluiu TR, FO uas MZ B cell tu fosld

[

Y YD9 BLyS H1u BR3 Buusnlulunszgn immature B cell azil TAC wag BR3 U3ua

o

d
gaasiinTuluge TR wazazdivunageiignlugis preimmune d@iuszey FO waz MZ f

wuindlseduves TACH uag BR3 guuifedniu wazliaulisesedu BLyS u1n dsdu dyayn

v ! aaa

1993 BLyS wag BR3 FaiimudnAgsan13daingonted preimmune B cell AiagWaunun

97,98
NTrey TR
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BLyS e BR3 signal

BLyS war BR3 i5n1senaiulunszuiunisedsenves B cell na1ifie BCR azduriu
Src ey tyrosine kinase ﬂisﬁu receptor Viagblugﬂ oligomerization Lﬁmﬁmﬁgmmﬁ'mﬂﬂﬁ
fnnglwenisnsziuuaaifoy 1n15a3579 MALT/Bcl-10/CARMA complex fin1snsgauniy
classical NFkB ~~ wauzdi BR3 enfuausiuilonss TRAF3 was NF-kB inducing kinase
(NIK) nsgdusing nonclassical NF-kB 1AaLdu p52 91nnnsdesaats p100 Fadu substrate
W BR3 anaualiiiAn B cell survival

uaﬂmﬂm'ﬁﬂizﬁu&imﬁgﬂ classical NF-kB 1@z nonclassical NF-kB pathway a1
BLyS Samunun1setsenuad B cell w1y BR3 signal Tavl¥359u 1wu mTOR (mammalian
target of rapamycin) FlmAnnafinveslusiiu anti-apoptotic protein o myeloid cell
leukemial dwaliAansdudimamevesead

faifu annsoasuléin BCR way BLyS saviausandledu fegnatu B cell fivin

BR3 azliWaunluidu mature B cell winaziin1sianioonyad BCR Tunisndudu B cell #

AN1SUENIB0nUBs BCR Inefiflduauain BR3 B cell wantunlianunsanmunluidu

mature B cell g

wiifivas experienced B cell AU BLyS

Antigen-experienced B cell wuUsgowq launa antibody-forming cells (AFCs),
memory B cells, short and long-lived plasma expanding cell (SLPC, LLPC), germinal
center (GC) way peritoneal B cell

nsnevauawwe B cell TiAavdaniunauves pre-immune B cell wusluaes
nau Aa T-dependent response (TD) wag T-independent response (T1) TD response 9
o Inseuduyuriy T cell Juman wulu follicular B cell (FO) ndsanduriu
wouRauLds axdoadulusiuansdy Wuiniiaue T cell sumis MHC class I wdsandy
9zLAANIT class switching recombination (CSR) Wag somatic hypermutation (SHM) 1a
Hunoudvedlu germinal center  fAudmizgs IiuA LLPCs  aglulunsgn waz
memory B cells ﬁlﬂwiwﬁaqwﬁﬂ @ Tl responsebiiifinly GC Fmudimnzsiniy L
annsawaundu LLPC 18 Tne T1 asuvadu T1 way T2 Inevidewweufiauiiaznuly Mz

o

wag B1 cell @w1saduiu BCR lanuilounu lag T-1 aznseAun1y Toll like receptors

9

(TLRs) 1ngfld T-1 du TI-2 Usenausng epitope fiaansansesiu BCR ¢
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IS 1

H9TiN19MeUaNeIUIN SN ALIUALIUYY TD waz TI 9:in15hUesie81957a157

a

Ay short-lived plasma cells (SLPCs) iuwadasrauauduenmdu igM 1Jundn 1gG
Wudiules wdaanduneudl T avmeeq aanada anelu 8-14 Ju @ TD response 84
alliusie iliAan1sassuweufveRnwadaengy wanssiuaunIsUsmsedn i

inelu GC fidnwauznenSanimidu dark zone wag light zone

BLyS receptors nu Tl activation

W&l B cell duiatuwoufiau T-1 %Se T-2 B cell 9z4fin upreeulation Uo4
TACH * wnndnidu TAC expression NI AFCs A1U1E3 TI-2 response - UNUN
YoIMInTzduNITAL B cell iffongdusimma TAC th dslimsueasdenditaiau e
11 TAC %ﬁﬂmuiﬁﬁ?u Ao99UAU multimeric ligands 1@ oligomerized BLyS #3® surface
bound APRIL " Unf SLPCs lai313191n T1 %130 TD response fnsfiuanioan TACH Ui
gty deduauunniiees receptor lunsiasisad o19azsiliinasienisegson

miﬂizél:u TACI agdaman1u classical NF-kB Iagnaln post mitochondrial anti-
apoptotic mechanism, stress response protein L4 XIAP " yilsinnsmsavaeu cell cycle
checkpoint Aanana ¥liAn B cell wussuarvasweufivefsoll winssain BR3 fiande

naln pre-mitochondrial survival AMsUEAIERNKAERUNAVDY BLYS family U89 antigen

experienced B cell

BLyS signal LLaig germinal center reaction

naln negative Way positive selection 91dAMUIMIZYBI BCR Tu GC nilou

(%
(% [

TUADUNITWAUN primary B cell Tu ﬂ;ﬁ;ml,%'adw BLYS family wnsildruieadasiu
nszUIus Tdun BR3 upregulation 911 BCR engagement 31U CD4O0 ligation ' Qian
wazanizuanslifiuin Actl fivhaiiiguds BR3 waz CDAO (negative selection) dawaly B
cell Tu GC vnuanadluld ' da TAQH fnuhilinduidesinsnszduain T wagwuld
Hoelu Tl response

ety BLyS wa BR3 fesofe TD response tHumndn watins@nwnlumy A/WySnJ

A I o aa a a 107 oA Y] = i
71910 BR3  WUMHAITHAIUN GC NUUSZENTAINANAS LGUULWEJ'JﬂUﬂ'ﬁﬂﬂU"IGU@\TﬂQQJ

o w

Vo JURN1S Manser wudn BR3 lalle@sdrdnylunisiiia GC udiiunumlunisaniiy GC

o

reaction laens@Anwilly BOMA-Fc 1uueuRvedvlududanisyinaiuaes BLyS wag APRIL
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108 109

NuMbaRaLauuUNISYIA BR3 14ana1Nd AR FDC network wuln GC agluwsmiun

o & 1104 oqv a ] B 1%
N BLyS wag APRIL gndfuga  gavilviedunawnues B cell antawadlu GC la

BLyS signal Tu LLPC uazmemory cell

[ d‘

flvanguiiLansdn BLyS receptors Aarudndusio LLPC  uaz memory cell
nafFo BOMA Hdwraglunisasegues LLPC ' wagn13u7n BLyS wie APRIL fladamile
syl LLPC Songduas ' APRIL gnadslut3anaannil osteoclasts silst LLPC a7éy
Jutadonstnene 59U APRIL fsanansaduifu proteoglycans ﬁa%?mmmm%aéagiulm
nszgnlévne " nalnves BCMA signal Tu LLPC galimsnuuidn usnuin B cell uay
plasma cell fnmsnsedusitu NF-kB Fafina1auuds uazfinsailusiuiinaueusudiau
uagtiunsaing IL-2 asafudruiu LLPC

a

W31 plasma cell Azdlsgauved TAC a¢ usilainuaduduiusiu BLyS wag APRIL

112 | v . ' o w v 114
WY LaEWUIINSIA anti-BLyS luianunsandn memory B cell wag Bl g

2.4 BLyS receptors uag cytokine Tunisiialsaluuywe

ANUNUIMUDY BLYS family Nilsio primary B cell wag antigen-experienced B cell
o a1 v O | - a v ) ' ) Y oAl
ANVINATIUILAIUU WUIN BLyS famlly u@ﬂf\]ﬂﬂf\]SLﬂf—J’JﬂJmﬂUﬂﬁUQﬂmEJEJ’JEJ’JSLLm YAUHAIU

Nennetosiulsaniag liun Tsafesdesiuduyu lsauzss lsafne Jusu

BLyS family fulsraalnduyuy
1u;§ﬂw SLE Sjogren’s syndrome uag rheumatoid arthritis 1n15M59aWU BLyS
waz APRIL Tuszdvgeluden wnlate annninaudsni nglugUieniiennisdesnaululsa

SLE fnsaanu BLyS Tuszdugs duiusludunisdniaurentoude wudeaiuainueinis
v . . 115116 117

wananaszuuUsEamlugdie multiple sclerosis

INNSANYIV8Y Zhang wudn JUhediilu SLE asdinsifiuduwes BLyS uae duiud

) . 118 Y 1Y) = = = ) A
U anti-dsDNA — lpeaenndedtunisdneives Stohl wWisuifisusesu BLyS luidenves

IS LY

AUy SLE  Auauusnd wudn luaudsniaelisesiu BLyS msfiagnaen diugUle SLE ¢

1 ¥ L2

AU BLyS getiefeway 50 Waweguiugiienduisieniu InenasiidndiuvesUienilseiu
BLyS g9Ane Soeaz 25 uaveway 25 \Uuitrenifisedu BlyS auduiing auvuinvesa

Y 119

Ay TREATEAUE
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[

Treamtrakanpon WazAny lavinsdnen BLyS ludtheladniauglanewiinis
ShwndTeuiisudundainissnuin 6wy wudl APRIL  dimnuduiiusiussaulusauly
Jaaniz seauanusulsvasdnvuzne1dInevadls Tuvaen BlyS duiusiuseiunaund

(3 2 A al (% 120
i wardSunaenanintglunisshw

AaiunssnwgUaslsrealnduyuiuila Jujatunisusunseannisnsedu B cell

pathway Ldundn laun belimumab uweufivefse BLyS lanafluiUie SLE uidwosse

= Y o ' 121,122
msfnulugreladniauglasely

BLyS family fiulsandiAufiuunnsas

3nnrsAnyr lugUlelsagifuiuunnseayilan common variable

9

1 1

immunodeficiency disease (CVID) wuin guiewanil T8uRausnd viliangnsneziilui
a a a . 123 & v {
wanseanidu BAFF receptors Rausnily 1in B cell deficiency s UaeivIn TAC

Flillanunsonouausse BLyS uaz APRIL uaz IeA deficiency '

BLyS family fiu B cell malignancies

Asiiitumes BLyS, APRIL wa receptors tlunabnnilsvesnisimuneadusiss
1Aun non-Hodgkin’s lymphoma, chronic lymphocytic leukemia, Waldenstrom’s
macroglobulinemia  lngigadusiSeiidu B cell azfinisuanseanves BLyS family
receptors vl¥ BLyS 138 APRILINGU wasinnsimuisedusaduzseiiuniy 2 20

TungiSsunawila laun Burkitt lymphoma, Hodgkin lymphoma Wag post-
transplant lymphoma fuduiusfunisinide Ebstein-barr virus vl% B cell 1finnns
Wasuwlasduwadussald 2 W@uiivnauladn Sjogren’s disease Aiflszdu BLYS qﬂﬁ?u Agl
muduusTun1sAn lymphoma sme 2 feifu B cell uaw BLyS family Safldauddnli
Lﬁmﬁgﬂiﬂaa‘[mﬁuguuazLﬁummL?iﬂwiaﬂmﬁmmﬁﬁw

WenNUzSTie ety B cell wd BLyS family §afimnuduiusiuuzideia

« Y o o . 130 . 131
du9 loun uziSedu (hepatocellular carcinoma)  wgiSawadla (renal cell carcinoma)

BLyS family fiulsafnLye
fnsAnwlusesauduiugved BLyS family luwiyuveslsnfniae nudelisa
a al a & a = kg 'Y v v v o ~ 132 ) ~133
WUATISE warn1sAnRaUsan men1senwluialsalawn hiadusnaud — lhsaewle?

v Y o v g 134 ] v 19 & i
h¥aldninanaiug HiN, 1 Ansnsedula BLyS  dnisuanseanuindu luvaei
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coronavirus-induced encephalomyelitis Lﬁmﬁ]’mmiﬂiw’ju N3UEAIO8NTOY APRIL LT871

£ 1

fiunn3veuees BLyS  family LﬁmmﬂamL%ala%’al,l,a”aﬂsz@umwu monocyte laga1dY
Interferon (IFN) Tngmundngnilunisinwiesled 7ld IFN-a saufunsldendulaia wui
Ienarninsldendulidaegrafen iewnain IFN-O agildrutaglunmsnsgdunisaing
anti-HIV antibody 1

fafinadnaluuds Tugflaefisl mutation ves TACI 3o BAFF-R 1imLdulsa CVID fe
fharfiensindemadumeladiuuuteny > drunsinidouuaiizedu Atnnuduiug
iU BLyS family laun msAndetailsa danalaiiunemsifisduwes IFN N3EAUNITYINIU

137+« Y a & o
Va3 BLyS wag APRIL Wulhganunshnialsa

BLyS family Aulsalaaei3a5s

Judinsuiuidn fielannesesissezgaving (end-stage renal disease: ESRD) 92
= o a a a A = Y ' N A | =
fin19uvessEuLBuyuNRaUsNR Wewnaniivesdentlusnanig wieseniniinnizys

4
We Q’ﬂaEJﬂzjmf’;ja]zﬁmaﬁmwaw&aéﬁwﬁwLauaLLauawu 1@un macrophage  wag
monocyte M3euvasszuy T cell Tnsaniznsadrsuaufivedlae B cell 0
nsAnwwes B cell Tufflhe ESRD thy iiufinisfinwndn gae ESRD aediuiunm B-
cell lymphopenia v‘iﬂﬁﬁﬂwmjmﬁﬁ humoral immunity Fisninauysh Lwimmaﬁ?ué’ﬂ;i
NsIULTR TinsAnwIves Pahl wasaaiz . @nwn B-cell subpopulations waz IL-7, BLYS
uaz BAFF receptor Tugfthelannedilssunisweniden 21 au Wisuiisuauusni 21 Ay
U1 B-cell subpopulations tawn Total B cells (CD19+), memory B cells
(CD19+/CD27+), naive B cells (CD19+/CD27-), innate Bl cells (CD19+/CD5+) way
conventional B2 cells (CD19+/CD5-) #iusunateeningUlsusni uniiu transitional B
cells (CD19+/CD10+) lavhn1s3insnzsiides B cell apoptosis AlifAuuansnsiusa 2
nau d3unN15inA BLyS wag IL-7 wudl fvae ESRD dimaeninaudsnisgedidedidgmni
adf lneanizidloTn BAFF receptor wae IL-7 nduanadlug Uiy ESRD nMsAneEsadedn
AzgSlleyiliann1syiaues BLyS wag IL-7 AANsTUMuTURaUnITRAIL transitional

B cell lUidlu mature B cell
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2.5 BLyS family receptors wag cytokine fiu kidney transplantation Tuszazangg

[

B cell fmnudAgilunisvanaiels lae BLyS family faefldmAsitostuninesy
waziau U unanauwad wazindu DSA Fadudsddayronisiin antibody mediated
rejection denalieTeneiliiumsugnanesinisinuveudas

msfnwluvyfivgnanesiila wuinnguwydisl BLyS -deficient recipients 1Annns
Ufasifoidodininguiid BLyS wie BAFF-R luwmedl TACH wag BOMA finatesnit lneil
ﬁy’qaaqmjmlé’%’um cyclosporine  wiflaufu wazneunsiudeuilall BlyS Tusedusn
Wudeatu JaduinlfiAansAnuilunsugnansetoizdu wWunsdinwives Parsons
LA AY 12 naaeslilaufivenne BLyS (neutralizing anti- BLyS monoclonal antibody)
aufumslien rapamycin lunyumiuiilddunsugnaneduseu nuindldfuanseenis
AMz tolerance AU uAn1vneIuYes islet cell Sslslanunsnasunalfidesandesend
Hadedudn

et BLyS family Fadlanudidglunisugnareeieds Jasufinnsfinwives BLyS
family funsdgnaneladisludninanssuazaywd aunsoaguldmuszesinaivesnisgn
ehele il

1. szeznaunisugnangla

1.1 NM5ANWIYeY Banham wasAmy

Banham  wazAnz ¥nsAnwwuulldenddausd w.e. 2542-2551
Tnouvstheduassngy nquusnidudunefifiannuidesdensinueuived
G il donor-specific  HLA class | %38 Il antibodies (antibody-
incompatable transplantation: Ai) 32 Ay ﬁﬁgﬂw 1 ﬂuﬁ'lﬂumiﬂgﬂdwlm
si’ljmﬂ’q'mﬁaﬂ (ABO-incompatible transplantation) hagdllives 1 AuTilFTu
lnanngvasanssms fUasnnaulunguiiegldiunisidnonisiiioan
wauURAUBA (antibody reduction protocol) Lk n15¥i1 double-filtration
plasmapheresis (DFPP) 3-6 A3 daumjuﬁaaqLﬁuﬂﬂaaﬁﬁmmﬁmﬁma
N5LARLOURAUDA (antibody-compatable transplantation; Ac) 319 Au
feisaoanguaglésunsnaa BAFF Tuiden #2838 ELISA deuvhnisiidn
wazNauvin DFPP

wawes BLyS lungu Al idnade 2293 ng/mlL wagngu Ac dAnade

17.35 ng/mL PMNNTIAATIEHRLUU univariate analysis WUI152AU BLYS 7
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1NNd1 100 ng/ml lungu Al dusiusiunisiin antibody mediated
rejectcion ¥MNNINGN Ac 1.4 W1 d@un1siia acute cellular rejection,
pre-transplant  DSA way n1svineiuvedlalussey 12 wag 24 heu Tl
uaneinaiy ulungu Ac limuanuduriussedudsiinannandnasu

fathu pre-transplant BLys faelunisuenanudesiiasin ABMR Tu
fasfiinnu Feegasintu warluduiusiunisifia donor-specific
antibodies (DSA) Bnviadslaitapvinunenisvauvedladldsunmsugneareia
Tuszozeniuazsvesdu 019vzdesendeiedsduusenouiu wion15mnsa9

BLyS Tutemdenisugnatelaluuaa

1.2 M3AN®1v89 Snanoud; wazAny

Snanoudj kagAy YN15ANYY JUIg 101 aufifiuoufivedse HLA lag
7% single antigen bead, B cell subsets 1n833 flow cytometry wagz BLyS
#8735 ELISA Tungugfthelaeiiv danaunla luiuilasldsunissindaugn
doln wudifaefifueufuefirio HLA Ve class | wag Il A1 mean
fluorescent intensity (MFI) 170031 3,000 ALRABYBISEHU BLYS WU
1,412 + 1,083 pg/mL Iay BLyS Liduwushiu B cell subsets Wideuazuay
USHeU WASEAU BLyS %Lmﬂﬁhﬂuﬁﬁﬁuauauaﬁﬁia HLA §@1 (1,651 =+
1,297 pg/mL) mrm’im&juﬁhjﬁLLauauaaaéWQﬁﬁaﬁwﬁmwﬂqaaa Tnefl BAFF

vaa a

Aradlugiilueufivedse HLA guduidieniu us pretransplant BLyS laidl

Y

v 6

ANUFTTUGABNSLAR DSA Wag antibody mediated rejection niasugnang
Iolutag 1 Yusn

#4n19@nw1989 Banham waz Snanoud) Ssldaruisnagulii
pretransplant  BLyS 9@11150%11U18AUFUNUSYDIN15LAA antibody
mediated rejection %30 nsifia DSA ndsnsugnanelald 1oin BLyS
danasio B cell Tapazdostunioduds B cell luwas transitional form
immature B cells Tifu mature B cell Tulunszgn dadu unumves BLyS

lugneunslasulaiu Giliaunsoasunanmendtinldegndniau
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2. szezudansUgnanglagaeusn

2.1 M3ANWIYBY Xu uazAmy

Xu uazAz Anw1syuuted BLyS wisuiisuluauusnd guaelaned
lesunsieniden wazgivgnanglaluudasnnndt 5 U wudn msuandesn
294 BLyS Ul T lymphocyte wag monocyte a1e35 flow cytometry Wuan
fivgnanelpaziinisuanioonves BlyS vuiwadunndigaluanungy uay
Ao RnTundsDT 5 uasiilouvsdihemueeiioftu nduusniiasndn 1.63
mg/dL ngufi@esunnniyinfy 1.63 meg/dL naufiaesinisuanseenves
BLYS vuiwadunninguitiindioftutiosndt fatiu weazeyuuléin fn
msvihnuvedlaiinadonisuanteonves BLyS UuRIwaE

Tunsnsaa BLyS Tudendaeds ELISA Hu wuiildunnsefulugdaeis
AUUTTAY WA BLYS MRNA 719572678733 realtime polymerase chain
reaction (RT-PCR) #A1uuan#1997n BLyS ELISA na1Ae BLyS mRNA Qg
Agslunguiiugnatels 1-4 U wazannndt 5 U usidefiorsanauduiug
WUUANFURUSSENINeNIsUEnIeanees  BLyS vuRawadaulnleaiunisiin
anti-HLA antibodies ¥ class | uay Il wudrdiauduiusfunaada us
agdlsfinnu deldannsauenlaindiauduiusiialugisssesnailandinis

Ugnaneln

2.2 M3fnw e Bloom WagAy

Bloom uazAnlz vnsAnuilugiheszesndagnaielaiade 2-16
o 40 au Wisuiilguiuauaunme (nguatuay) 7 au lngynauazlasy
61 alemtuzumab Fuduneufivefine CD52 fignnat B waz T cell Tny
Sudfu nguauaNazilan BLyS Ainsaaldluidenseds ELISA did1 700-800
py/mL  luwmgdisedv BlyS  vesgUrodsunsugnanelanazdalails
alemtuzumab 1,245 pg/mL leAnaafuan 6 ey naugugnanslaus
1ail#%u alemtuzumab A1 BLyS 10d8 801 pg/mL drugfgnaielauay

163U alemtuzumab ile1 BLyS 1088 2,228 pg/mL sty neazaguléin B

[ '
= A

Ugnanelauaglasu alemtuzumab agvilvien BLyS g9y uagiilefnniy

aa

mewlios 2 U A1 BLyS Aldidsuwladaglifiveddnymseadia (Auede 1,792

pg/mL, SD=1,342, p=0.35) wiiUrenguiiagldsuenagiiduiuunnsineiy

q
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duszdy APRIL 1¥asneds ELISA  laiflmnuuandnsfuudiinazlesuniolsl
105U alemtuzumab

Tunsfinwil §n159579 BLyS mRNA 1a838 RT-PCR Litogsziuros
BLyS fleguuiwadlululed (protein-bound) wuigugnaielawaglésu
alemtuzumab g3 BLyS mRNA A1geNIINGNAIUAL 2-7 Win Haduduiug
ffusedu soluble BLyS figeiudag Anwdu Frandiusiug 0.74 (= 0.74) Tng

1l v @ v v fu [y

BLyS mRNA aganauilefnnuly 2 U ualufinnuduiusdunusiusesu

vYa o =

soluble BLyS  #ILaatAgfiu Al A3983985U77 alemtuzumab dinans

9

e

soluble BLyS wiiiu laifiuasio BLyS leguufiead

g7 N1339 receptor ¥a4 BLYS auA BCMA uag TACI lngldaved
vuinwadifiadenu1n (CD194)  wuin @i 24 ieundeannlden
alemtuzumab Wu31 JUSuned BAFF-R wag TACI anastauninaudsnd we

Wodaeuly 2 U fUSuned BAFF-R way TACI anadtasnInauusna weadl

'
C 1o

Wudhdymeadfaniznguindsyau BLyS 9031 2,500 pg/mL windy dau
receptorfitidaved BLyS Ao BAFF-R uay TACH fiuantesnuuwadiinden
1vila CD3+ wunlulimnuduiusiusesu BLyS

Tunsinei I8vinisaassdaeds mixed lymphocyte reactions
(MLR) Ingguinsenlunasnnaasives peripheral blood mononuclear
cell (PBMC) ld recombinant human BLyS 5,000 pg/mL Lﬁaammmmm
lun1sna BLyS vesgnail Usinginseduen tacrolimus 10 ng/mL #1310
nAsERUTed BLyS 1§ duen sirolimus 7 10 ne/mL ldanunsanasediu BLyS
19

Tunguitaeiiléfuen  alemtuzumab 20 Ay fln1svgae
calcineurin inhibitors (CNI withdrawal) #u?1 ﬁﬁﬂwiumjm‘iﬂfﬁuﬁ
nsufastaviiaueudived wilianansaasuladninannisveneivsalil e
nndeyaluvasanaass venlsifivsud CNis liilsiuAsundassysuves BLyS
Flelsuiuen alemtuzumab witluiindanaingiaeiiianisufiasta &
5¥6U BLYS ganinaudsnf

agunsfnwdl Tidagadisedu BLys iisduluduasugnanglad

1$%uen alemtuzumab Teenalnidednelung B cell vilvszsu BLYS
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WisFu uazluvily receptor ves BLyS amasmnuludne udnalndanunsa
osuneldlanignguiifl BLyS gennwiiiu
2.2 MIANWIDY Zarkhin uazaniy

Zarkhin wazamz ladAnwInareInslien rituximab 1useuRived
sio CD20 B cell luffthveny 2-23 U Mdsulaudifnnsufiasle Taody
wuadu 2 nqu Aenquusn lasunisshwimuuinsgiu lawn nsliadesasd
JuIngs thymoglobulin $3AUI#FU rituximab (RIS) 10 AU naNTidesfie
naumUANTlFTUNMISNvInmLIRsg LAl lATY rituximab (CIS) 10 Ay
wuin mavhavesladtulundy Cs iefnnnuly 12 eu Swilelands
ns¥nuiiluden D20+ Faduiunures B cell wud1 Susunuanaq
doust Heudl 1 uamfeudl 6 uamdlefinniu CD19+ Tudonvaandu RIS
wuhiivinuanasgaaniauideunsnilowioutugeiiinnisufiastn ua
Aoy Wiiwdu  (repopulation) aunduadlndqaiiianisufiastelu 12
Fou daungu CIS aglifinsivdsundaias dau €03 andaslilunisle
thymoglobulin Mnmsineiinuildunnsineiuiie 2 NaY KaYILNAUNG
seiuiivsnAlsluszozina 6 feu

msfnwildifiuninans BLys ludenvesiithengy RIS wuth sz
¥99 (D19 Aiflvunngvazinnisufiasls wazazand uruasilolsien
rituximab anaunniiand 3 ey uazazAesiinduaunduundlndsed
Al 12 feu (repopulation)  Tuwaued BLyS Lﬁmqqsﬁwé’amﬂlé’m
rituximab uazazLiingfigai 3 ey wazazAos anas uUsuadufudy
sydiu CD19 Wlawneseduen rituximab Wisuifleuiu BLyS fAnudn seduen
famasuusundufusedu BLyS Tifiniu uazszeviia1meen1sneUaALedTas
BLyS iU repopulation ¥84 CD19 ‘Luﬁﬂamﬁﬂﬁmqmﬂmﬂﬂ'jfl 129

Tunsnuianunsavenl@ifiesus nslal rituximab agvinlsszdy
BLyS ludenifintu envvzinainmsiieniliinnisviate peripheral B

cell ka2 BLyS nduLiuduauLiead1s B cell w3avilvi B cell fd3nmnlula
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2.3 MIANYIVY XU UATAE

ASANEIUEY XU UAZANE TMSANUNSN YL SIne1ve ity
dole lufvrovdaddsulaadousndaudd we. 2544-2550 uazdA1ng
sralaiivsng Tnensienzduilelmdunisiazauszezaatiinnun
(protocol biopsy) 531 22 578 Wuuastanudnuaen1ame1dingl 10 58
intersitial fibrosis/tubular atrophy 3 518 wazdn 9 18 linsvanve g
ihdwilelmndeu cad Adunilslunasinisidadoves antibody-mediated
rejection M1y Banff 1997 wag BLyS A1876 immunoperoxidase WUiﬂ%u
delavesuaeifinisufiasiannauazdoudia BLys  fdumisuos
perinephric  tubular epithelial cell cytoplasm Wag cytomembrane
Wity Cad Tuvaigh fUaeilidnvanesine1usnd laifa BLyS way
Cad 1ag TngArandunus () 5¥1ine BLyS wag Cad windu 0.923 (p<0.001)

ety nsAnwnduenldifiosud BLyS  finnuduiusiunisdoudin
Cad 114;3’113aﬁﬁmiﬂﬁLaﬁlmﬂgﬁwmﬁwwé’uuazL'%ja%’ﬁ INNANFIUVDY
MsAnEd Wodn BlyS unesdidruieadesiunisiia antibody-mediated

rejection

= 150
2.4 MFANYIVBN Lehnhardt wayAaly
Lehnhardt  wazAy Miin15AnwIUS8ULBUTEUU BLYS Wag
v 2 av vo 1 < =1 [y |
receptor lugtheaniilasumsuanaigle 43 au wWisuiisuiunguatuny

<

Judnguam@ 22 aw sgiu BLyS Twdenseds ELISA giniingumiunu
agnafifudfuvneadf (1,375:418 pg/mlL wleufu 894+189 pg/mL) 1ile
AnwiAeafuiinidenunifieds flow cytometry wuin fieiiugnanelnd
\A3eamaneves Treg Tagld CDA+, CD25+, FoxP3+ ninnguaiunu @
\A0IINETR9 B cell receptor (BR3) fiogitau B cell uaz T cell Tngld
CD19+ dm3U B cell CD3+ dwifu T cell wuinguilugnanelniinig
uanseenyed CD19+ amaadlerlSeuifisuiunguaiuay @ CD3 Twuns
LLamaam/]zqﬂ&jmﬂgﬂdwlmt,azﬂajmqmmwﬁ agulddn An BLys Mifiutuly

AUeUgnanglaliineddesiunisuanseanyes B cell uag T cell
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2.4 m3Anw1wes Comoli uavany

Colmoli wazanuy ¥n1sAnwIANEUNUSsEWINe BLYS uay DSA 7
Aemdainnisiasule (de novo DSA) Tugfthewfinfifianudsienisufias
1as (low risk) 87 e Inefianmszdu BLyS #e38 ELISA wag DSA sgyn
7999 single antigen Mé’ﬂﬂ’liﬂgﬂﬁi’mim 3, 6, 12, 18, 24, 36, 48, 60, 72
Fou wudn A1 BLyS 1 3 wiew e 380 + 285 pe/mL laefiazifinu3una
gefigail 12 oundamsugnaneln (616 + 382 pg/ml) lneudean 12
eundvzhifinsdsuutasnniin waziilowonnguiidl DSA  nguitladl
DSA  uaznguitlaidl anti-HLA  antibody U161 BLyS luidenlsifininu
LANAATY o ALIaLAEIIY

wililoudiasnzsinsiin anti-HLA antibody (13 DSA @ non-
DSA) ﬁumjmﬁhjl,ﬁm anti-HLA antibody fifidnnisvieuled (@n1svineu

v03laMe38 Schwartz 19131 50 mL/min) WU NguwsnIzdla BLYS &9

|
o w aa & A 1 o 1

niegsiitivddnmead Wuiindunninguilia anti-HLA antibody 9%
fif1 BLyS Aane getunds 6-12 euuazazasfiogiisedugedaly uwinguitlsl
\AM anti-HLA antibody @1 BLyS %qa%ﬂuﬁm 6 LieunsnivituLazes
anaq WloTiangnuduiusseninansiuAsuulauesdn BlyS funis
ueN134fin de novo DSA waz n1sinn1suiaslastinuousiven wuinly

Tanudunus iy
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3. szgzudanisugnanglauinndt 5

3.1 MIANWIVDI Xu LazALE

Xu uazauy Anwilufireanungy nguusnifugtiedilasunisugnanele
wnni 5 Y 69 au nguftaeadutaslaneiFesiszeranineiivendon 17 au
nduflaanduauusniguamd 13 au vinnsinszuuves BLyS edanis
LAAIOONUDY BLYS UURA T cell lymphocyte (CD3) fae33 flow cytometry
wui1 nauirlenidon uazgiudsula 1-4 U finnsuanioonves BLyS uuila T
cell lluananaainauUsnd uiaziiintuauiiuanuunnsiseg1efided iy
adffledsulaluud 5 U waniouslagldaadiofiiuf 1.6 me/dLanindu

4 1

AUsnAveIn1sAnyil wisitheeenduaasieffiutesnit 1.6 me/dL uagngu

a a

firnasieftiuunnnit 1.6 me/dL BLyS Tudenditndae3s flow cytometry wu

Aoy

AUrenilAasieAtiuinnndt 1.6 mg/dL Aeiin1sianiaanyes BLyS vuiy T cell
wnninguiifisnatiefiiuiosndt 1.6 me/dL fafu msuansesnves BLyS vu
i T cell medinaannsvhaulaiionaesadls

At BLys Megluidadenynitinlaenisadn mRNA veslululyd i
1n83% RT-PCR lanasonuiad1eiunisin flow cytometry LLGiﬁ]%LéiJfgjﬂgﬁuﬁélﬂ

[

msUgnangleatin 1 1 Juduld msta BLyS Neglugudase Taseis ELISA fidn
9E5eM119 30.26-2,411 peg/mL  walaifiauuansmsadaAvaunay Jalag
d ] v g ] a a = v o W
ns@nwneuntiinudm BLyS eglugudase liflanuduiusiunisuansesn
a 66
¥4 BLyS UuRILaa
TunsAnwflanmianuduiusvosnisuanionnves BLyS Uuil T cell 7
dindulugieugnaglanudn anti-HLA | uag || igeduiusiunisuanieanyes

BLyS LW T cellfin@u (p=0.08) usdnanduius (Pearson correlation) ¢

aa

e 0.59 aetunsanwiifenauenlain BLyS iududinnisiia anti-HLA 73

naldeman1synuredlnlussezen

3.1 n15Anw19ad Thibault-Espitia wazAny

Thibault-Espitia waganie vinsfnwiaaulugiiendavandiglaginnda
5 Ulusvoziian 6-8 ¥ 1ulafiunanguinaauenie fdnisihaulaneh
(MDRD GFR 110n31AU 40 mL/min) 593 143 Ay lag@nwianuduiusues

J¥UU BLyS AUT2821a1n154AA graft dysfunction N15LAA anti-HLA antibodies
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way DSA Q’ﬂwﬁgq 143 au WieRamuluny graft dysfunction 21 Au \Aa anti-
HLA antibodies il (de novo anti-HLA antibodies) 23 A tiady donor-
specific antibodies (DSA) 10 AU

n15ANW graft dysfunction Tuszeze waz s¥UU BLyS WUI1 ASHLAAID8N
VB9 BAFF-r ﬁqqsﬁummfjmhﬁu 0.1 fimmidesion1siin graft dysfunction
1NTU 3.6 Wi daunsFnwAEsTiazAn DSA Tnesyu BLyS-transcripts
fin5296m838 RT-PCR fitfosnin 0.36 anifinanudes 4 windlewFeufisuiu
ﬁﬂwﬁﬁmgaﬂdﬁmﬁu 0.36 \ilovaaou BLYS ﬁagiugﬂﬁaizéha‘i% ELISA WU
A BLyS #11nnd11.01 fiAandes 4.8 iideniaiin DSA Faneasuldin
56U BLyS-transcripts Wag BLyS-s HAMNFUNUSAUNISIAA anti-HLA
antibodies LLGiLﬁaaiuLLﬂ'sua\‘i graft function ®1435 cox proportional hazard
model wudn Suites BAFFr #iunnndn 0.1 wihduiineszvinnenisiiie eraft

dysfunction Tusuanla

'
=

Welaaguin Weandenisugnaslaliuiuunniu asiinisuanseanaes

eX2p

£

BLYS 103U waznafieenuilunisnwidenvaslidmilonunisdnwineu laun
152 A = 5 o v Y] ! = ]
Xu wazamz - LlewinsdnwiibinlugUiendagnatelamdeuiunit uaz

aa [y < ! v Y
9901990V BLYS ALANHINNUAILY

segzfisinnsaanla (graft failure)
4.1 M3ANwI99 Thaunat wazAy

Thaunat wazamy ynsAnwisudeladiunangiaeildfunsugndrela
wanAnNIsaanlnaINnsUGLastavila chronic antibody-mediated rejection
Immﬁﬁmlmﬁlﬁ%’uﬂ’ﬁﬂqﬂmmt,azmawiamﬁwmﬁaq (tertiary lymphoid organ)
flogusnadnaudss wudinsuanioonves BLyS mRNA Iusiauﬁwmﬁmqmdw
nauUsnd uarluduiolafifinnsuanioonvos BLyS mRNA  gaiduiieniy
Tngiannggteildiunsinuses rituximab

Giamﬁﬂmﬁawmﬁﬂw chronic antibody-mediated rejection 7il#§unis
$nwde rituximab wu3n §anu B cell lymphocyte dledfausie CD20 unsnén
otjsousduldon waziiledex anti-human BLyS Aldnatuiietu B cell

Fefunisfnuiineasvenlduadinisinuigiae chronic  antibody-

mediated rejection #1881 rituximab wiii1avagdelaluudandmsiany BLysS
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[ [y L3

Mdudyanwalvonsimun B cell uiinludenaznu B cell Tuldontoyaiuad

@
AN

2.6 d3U

Naﬁ'lL%R)‘Uaﬂﬂ’l'ﬁﬂqﬂdﬂﬁim%H@@jﬁ’Uﬁﬁ’lBﬂﬁ]% uitladoiddnyAenistosiuldliia
weuivefrelnildsunsUgnars(alioantibody) %3 DSA fiad1ea191n B cell tunalawdn
7l#An  antibody-mediated rejection Iag B cell azilusiiufignalunisimuluidu
WanauLwaanae BLyS sy ilowu BLyS ﬁqamnsﬁu 9199¢FUNUSABNSLAA antibody-
mediated rejection My warn135nwlulagtu dedddisnisanueufvefsiuiunaieds ue
wans¥ndalaifdn usdh BLyS Sanudusiudingn e1eaglduuameiivszendainainlsa
ooladuyu leun nslvien belimumab Aiinalaemssio BLyS

AsAnwfidunanumdunisAnwauduiusvessruu BlyS funisiia
antibody-mediated rejection uaunsld surrogate marker Wity videldnaniamens
Inerfifnisiaureslnanasiuunda dedu fiTesiesnsfinuszdures BLyS Turausn
waansEAnUgnatele funisiiin antibody-mediated rejection e 3fiadenng pathology

14 clinical rejection Wag subclinical rejection
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9N137398

3.1 JUuUUMsIY

n9Ivsuuulud1ent (Prospective observational cohort study)

3.2 52 U8UNI1539¢

3.2.1 Uszunnsetvang

Adreflasunsiisinugnanele

3.2.2 nqunauailumsaadanidisnnisiine (inclusion criteria)

AUrelsalanesefdslasumsindnugnatelalusn.gansalnnau Nidyydlng
wazangsaue 18 Vauly Toenuady 2 &
1. JUeiiiomsmluuaziimniwissdjuiniseglunasiunalaun
a X Y] A aa a P a ) A aa a I a v
O MsiNIuvsIsTauAsERtuludanUSsuisuiuaSeRtuRullRuSaeay 10
Tua9 1 WeunuIuun
o seaulusiuludaanziaenii 0.5 nSusaiu %39 0.5 NSUABNSY ASLERTUY
AUrevnau vasanaiele 6 ey aglasunisnsiatulledls auunsgunsIny
vowhelsals w.aaenTel Liedaguiloionsianenesine
2. gUrenilonmvaslgnanglaiinunivseiidmeiesd JUanisiaund sgreudela
YN
a < a a v 1
o Hemsiuuinalailasunisugneng
A £ ) A aa a P ~ ) A aa a v
O MsinIuvessrauaseftuludenUssuisuiuasIeAtuRALLINNINSEas 10
Tuga9 1 WounrIuun
o seaulusiuludaanzuinninyinu 0.5 nSusaiu 138 0.5 NSUADNSY ASLORTU
o‘d' =1 <@ 1 Yo Qy dy d' d' [
O unndguainnuiuiinaslasumnsntuienls Weusenaunissnw

AUgeElasuN1InTIaTullefile 1vasnaunIenaenIsiatelan 6 ey M

WMIFIUMITNY L TedduLileLiionsian1ane 1§ inen
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O N9ItaRENINEI5ING191U Banff grading schema Un.a. 2556 LiloUsziiuansae

Ay dy A v !
vosuilalaflasunisugnany

anusauuslaldunguaunsidedelaednvaznanensine ladeil

[

O Un# (normal)

@) ﬂﬁmﬁim (rejection) M1 Banff grading schema Uw.A. 2556

O T-cell mediated rejection

O
O

Acute/active antibody-mediated rejection

Chronic active antibody-mediated rejection

O Calcineurin inhibitor nephrotoxicity

O Acute calcineurin inhibitor nephrotoxicity

O

Chronic Calcineurin inhibitor nephrotoxicity

O Viral infection lawA CMV nephropathy tag BK virus nephropathy

O Interstial fibrosis Wag tubular atrophy

©)
©)
©)

Mild («25% of cortical area)
Moderate (26-50% of cortical area)

Severe (>50% of cortical area)

3.2.3 nqunasilunsanidanaanainnisdne (exclusion criteria)

1. gthenldanunsansinduienlalawn

O

O

O

O

Vo r-:l'd & 1 a a
AUreninneidenseniglinung
Adreilianunsalinnusiuiield
v aa o a av o v
AUrefianusulainadiliannsaniuaula

EZ g.J/ I3
WU8AIATIN

2. gUrgivihmsvanaielnsuiuedeisdu (multi-organ Transplantation)
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3.2.4 AN3ANUAVUIAADYTS

lEEAnavniegdaggnsildmanuynvensiiamansal dlunil nuneis

n1sufasle
n= Z;2Pq
d2
2
N 1.96 xé).i.ZZ x0.88 4057 ~ 41

Fadutszensiinsthun@nuidu 41 ey

Z o = A Z AlFnnsuaaasunfipssiudlormunsesuaudesiuviniu 95% e
Wiy 1.96 (type | error 7i 5%)

p = dndnvesiheildsunsnsatudelelasfisslionisieinafiuduvesmaiioniy
(subclinical  rejection) MNNITNUNIUITINNTIUYDY Rush  wazAle  nun1sufasie
JzyzlIn Useanal 12%

qg=1p

d = sefumnueaAAAuRsonsUlFvinAY 10%

3.3 N15ALEUNI5IY

3.3.1 35M13338
dUrglanenlasumsidauanaielaaglasunisguaniuuinsgiunissnvivemiag
Tsale Tsangruragansal eraadnsaglasunisesuieded dedelunisinieiion uazas
SuAdunTIendnlasuanusugeuneaading lundwidniun 7 azlasunisiany
A - Y |y = a a - =
Haniiens1958AU BLYS wag APRIL laglidasansifoniiuainidy esanagiinisiany
Heoniionsiafanunisvinuvetanniuegudd lagldifenusuu 5 ua. uazidwmsindn
32U BLyS waz APRIL A4na1291835 enzyme-linked immunosorbent assay (ELISA)

ol URAnTsin aus. sw.wansal

lugramdandin 6 e gurenldiiterulunisnsduiels ndwanaglnazlasu
N"311Tuileln M1u standard of care vewmlelsaln InudUieazlasunisiusdnieiy
nsUfURRU naukasnaan1sanzle daguleiiansnaniane singl nAlvIneIsIngl su.

INAINTA UATITNITIAILADAINDNTIVTEAU BLyS waz APRIL 8nase lnglidaaaiziien
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dunnidu desanasimanedonitlififeruvesnsianstudeln ieldnaudraziiun
WIAIANUFUNUSAUTEAU BLYS wag APRIL Aganglddauduit 7 udinsnaga wavane
Tudheszezinani 6 1oy mngUhediennisuans Amsvinuveslaiinysnd Tnouwndin
msdnwazdstasumiinisastudelanou faginafudeyavesiihsuasdufinuama

NYFINY 1Y

sU# 3.1 TMTIAY

Study Period . Post-Study Periog
Day 0 Day 7 : Month 6 Year |
| | |
Sx BLYS Level e Biopsy
: E BLyS Level
BLYS Level
Biopsy
3.3.2 fawUsTun1939

2

O ANWUTNNNYITINININ Banff grading schema Un.A. 2556

O 26U BLyS Tuldonnae3s ELISA

O 5¥AU APRIL Tuldenmeas ELISA

o msinesefduluden wiedu un./ aa.

o sysulusaululaanie 1neds 24-hour urine protein nulelunsuseiunioldis
UPCI Tnafiudlaanizuuy spot urine iatanAwaluaunis [urine protein (un./
Aa.) / urine creatinine (Un./ Aa.)]

LY a v a ! 14 ! a 4 a 1 [d [
O szavgnagiiAuiuyiagieg laun erlelaaveiud nilasdya vdeiduuiluniy/

ans

)
DD

a

3.2.2 p3eslanldlunisin
O NMINTIINMBIUJURNS

O ANBUENNNYITINGINY Banff grading schema Uw.f. 2556 41998 UTIE8EN YUY

1
Yo A

ManenSInenlanadl
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Glomerular abnormality (g)
g0 = No glomerulitis
gl = Glomerulitis in less than 25% of glomeruli
g2 = Segmental or global glomerulitis in 25 to75% of glomeruli
g3 = Glomerulitis (mostly global) in more than 75% of glomeruli
Chronic glomerular abnormality (cg)
cg0 = No glomerulopathy - double contours in <1 % of peripheral
capillary loops in most severely affected glomerulus
cgl = Double contours affecting up to 25% of peripheral capillary
loops in the most affected of nonsclerotic glomeruli
cg2 = Double contours affecting 26 to 50% of peripheral capillary
loops in the most affected of nonsclerotic glomeruli
cg3 = Double contours affecting more than 50% of peripheral capillary
loops in the most affected of nonsclerotic glomeruli
Interstitial abnormality (i)
i0 = No or trivial interstitial inflammation (<10% of unscarred
parenchyma)
il =10 to 25% of parenchyma inflamed
i2 = 26 to 50% of parenchyma inflamed
i3 = More than 50% of parenchyma inflamed
Chronic interstitial abnormality (ci)
ci0 = Interstitial fibrosis in up to 5% of cortical area
cil = Mild interstitial fibrosis in 6 to 25% of cortical area
ci2 = Moderate interstitial fibrosis in 26 to 50% of cortical area
ci3 = Severe interstitial fibrosis >50% of cortical area
Tubular abnormality (t)
t0 = No mononuclear cells in tubules
t1 = Foci with 1 to 4 cells/tubular cross section (or 10 tubular cells)
t2 = Foci with 5 t010 cells/tubular cross section
t3 = Foci with >10 cells/tubular cross section, or the presence of at

least two areas of tubular basement membrane destruction
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accompanied by i2/i3 inflammation and t2 tubulitis elsewhere in the
biopsy

Chronic tubular abnormality (ct)
ctO = No tubular atrophy
ctl = Tubular atrophy in up to 25% of the area of cortical tubules
ct2 = Tubular atrophy involving 26 to 50% of the area of cortical
tubules
ct3 = Tubular atrophy in >50% of the area of cortical tubules

Vascular abnormality (v)
vO = No arteritis
vl = Mild to moderate intimal arteritis in at least one arterial cross
section
v2 = Severe intimal arteritis with at least 25% luminal area lost in at
least one arterial cross section
v3 = Transmural arteritis and/or arterial fibrinoid change and medial
smooth muscle necrosis with lymphocytic infiltration in vessel

Chronic vascular abnormality (cv)
cv0 = No chronic vascular changes
cvl = Vascular narrowing of up to 25% luminal area by fibrointimal
thickening of arteries + breach of internal elastic lamina or presence of
form cells or occasional mononuclear cells
cv2 = Increased severity of changes described above with 26 to 50%
narrowing of vascular luminal area
cv3 = Severe vascular changes with >50% narrowing of vascular
luminal area

Arteriolar hyalinosis (ah)
ah0 = No PAS-positive hyaline thickening
ahl = Mild to moderate PAS—positive hyaline thickening in at least one
arteriole
ah2 = Moderate to severe PAS—positive hyaline thickening in at least

one arteriole
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ah3 = Severe PAS—positive hyaline thickening in at least one arteriole
Mesangial matrix abnormality (mm)
mmO = No mesangial matrix increase
mml = Up to 25% of nonsclerotic glomeruli affected (at least
moderate matrix increase)
mm2 = 26 to 50% of nonsclerotic glomeruli affected (at least
moderate matrix increase)
mm3 = >50% of nonsclerotic glomeruli affected (at least moderate
matrix increase)
Peritubular capillaritis (PTC)
ptcO = No significant cortical PTC, or <10% of PTCs with inflammation
ptcl = >10% of cortical peritubular capillaries with capillaritis, with
max 3 to 4 luminal inflammatory cells
ptc2 = >10% of cortical peritubular capillaries with capillaritis, with
max 5 to 10 luminal inflammatory cells
ptc3 = >10% of cortical peritubular capillaries with capillaritis, with
max >10 luminal inflammatory cells
Complement 4d staining (C4d)
C4d0 = Negative: 0%
C4d1 = Minimal C4d stain/detection: 1-9%
C4d2 = Focal C4d stain/positive: 10-50%
C4d3 = Diffuse C4d stain/positive: >50%

O LLUUﬁuﬁﬂmiLﬁU%’au‘Ja (case record form)
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3.3.3 A1SATUIN

1. N159A52AU BLyS Tutdandae3s ELISA

N19M593958AU BLyS Tuldenaae7s ELISA U99USEN R&D  system Wag Bender

MedSystems GMbH Tagfivdnnsaugud 3.2

JURDUNITYIN

1.

WTEUUIET WAEN1Y0IRUIENILVINITNAABY kazyAuInsgIud1mTuriinas
Ll a

WIgungy

neadules (diluents RD1-111) aﬁlﬂiuu@iawqmm BLyS microplate @3ail

mouse monoclonal antibody #® BLyS LﬂﬁaUngﬁﬁUMqu

nananvesUlieNaznaaey U1nau (control) kagyanaaaUiInsgIu (standard

sample®sUsznausie recombinant human BLyS) Usuau 50 pL asluusasviay
' val a v o

gulingaumgiviesuu 2 Tl

AnU18198N kavd1e microplate 191U 4 Ase srgdwinesdmsuadlaeaniy

nARINa1Esa A1 microplate seluii

Wi polyclonal antibody #e BLyS 7ladau hourseradish peroxidase aslululsay

wqu suliNgaumgiivieauu 2 Talus

Nsiheeenlivun waga1s microplate 919U 4 A53 MeUWWasAmMTUANS

LAY substrate Mmesould Qagvinniswan hydrogen peroxide 1y

tetramethylbenzidine TuuSsunauvingduiield 15 uiineuld) Usuw 200 pL asly

Tuvay gulingaumgiviesunu 30 Ui Inedunsuilfessyislilvignuas

Wnen sulfuric acid 50 pL dwsungaufisenmindu Fluusiazvauniswdeu

a5 a & a a ° [y Ao & aa A o q' @ A A Y v

ndRududmdes dwsuvgunduluddevseduddeududmaecling iene

Pavguiunite e nauium

9IUNAAIBLATEY optical densitometry nelu 30 w19 Iaeldadunasit 540 ullu

wes ianlaluiisuduaiilaain calibrator (Mm3ulaen1ai1nsIMaAINAI9L39

979078 calibrator diluent RD6Q wageuNalae optical densitometry) Laziigy

1 [

Aduiilansusioladdng Aegy 3.3 uwae 3.4



Ul 3.2 M3nTI9586U BLyS Tuidon

STEP 1

S5TEP 2

Analyte
M

‘e
05-
“e

."".

e T — :\:___.--' e —— —
Antibody-
coated microplate HRP
STEP 3 LEGEMND
Tr-.f}kB Substrate © Analyte
_ \ Y Capture Antibody
HRP prp HRP| HRP
P T | HRP-conjugated
[ ; T Detection Antibody
 TMB

HRF Substrate

g

| Stop
Yellow

a8
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A9 AUAEIR 98T UN1INTI8 BLYS Tnelfundanndisndl 75U uwaswdwndn 6 e
suvidlunsdifiunmdagyinniafuiuiele
1. \iuidensegsangihsudihundunenivadidaidonsenlaslfiedestuuensie
AM3Y 1,000 59U UL 10 Wit wastiudumananiignmgil -20°C v

2. YSunauseeedile 50 L

gﬂﬁ 3.3 35115190974 calibrator diluent waginen optical densitometry

500 pL 500l 500 L 500pL 500 pL 500 pL
o YUY an Wan YW Wan YW \
o T
100 pL Std.
B
.
STANDARD

40,000 pg/mL 4000 pg/mL 2000 pg/mL 1000 pg/mL 500 pg/mL 250 pg/mL 125 pg/mL 62.5 pg/mL

gﬂﬁ 3.4 M3IAAUTNTUVDY BLYS 910 optical densitometry

(pg/mL) 0.D. Average Corrected
0 0.018 0.018 —
10 0.018
625 0.074 0.075 0.057
0.076
125 0.131 0.131 0113
g " 0.131
& 250 0.246 0.251 0233
3 0.256
2 500 0.465 0.466 0.448
o 011 0.466
1000 0.856 0.859 0.841
0.862
2000 1471 1486 1468
o 1.500
10 100 1000 10000 4000 2.656 2656 2638
Human BAFF/BLyS Concentration (pg/mL) 2.656
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3.4 M37IUTUTRYA

3.4.1 Uayauguvasgiae

Y

el 81y amnuedlanesest lsnusednfidus stugnatnaunsUgnaiele way

Toyay A Lsruseindivesfuinale

3.4.2 Uayanfin

1. 91msvall (rnuduladie Uimin nzuanid anuddniduile)

2. doyanatumsine (nslasuenagiiviiaieg Uuadaaniz msldnisunda

Y aad 1 2 A v | v
V]@LLV]UVLG]WJEVJﬁ@u LYY W@ﬂLa@m'ﬁi@a’ml@ﬂqﬂsﬁaﬂmaﬂ)

3. ANaeIufuRng

O
O
O
O

O
O

CBC

Serum creatinine

UPCI/ 24-hour urine protein

Immunosuppresive drug level (CO tacrolimus, everolimus,silorimus %58
C2 cyclosporin)

Fasting blood sugar

Serum BLyS LLagAPRIL

4. Kidney allograft indices

Banff grading schema w.A. 2556

O T-cell mediated rejection
- 1A (i2 or i3 with t2)
: 1B (12 or i3 with t3)
: 1A (moderate intimal arteritis, v1)
: IIB (severe intimal arteritis, v2)
- Il (transmural arteritis and/or arterial fibrinoid necrosis, v3)

O Antibody-mediated rejection



M1914 3.1 Banff grading schema W.A. 2556 Nltd1mUNITITRENIINYITINE

Type of rejection DSA Histologic C4dd Clinical
(Cr, proteinuria)

Subclinical AMR Yes | Yes Yes No
g, ptc, v, ATN

Acute AMR Yes | Yes Yes Yes
g, ptc, v, ATN

Acute TCMR type IA No | Yes No Yes
i2 ori3and t2

Acute TCMR type IB No | Yes No Yes
i2 ori3and t3

Acute TCMR type 1A | No | Yes No Yes
vl

Acute TCMR type IIB | No | Yes No Yes
v2

Acute TCMR type |l No | Yes No Yes
v3

Chronic active TCMR | No | Yes No Yes
Arterial intemal fibrosis,
neo-intema

IF/TA grade | No | Yes No Yes
Mild (<25% of cortical area)

IF/TA grade |l No | Yes No Yes
Moderate(25-50% of cortical
area)

IF/TA grade lll No | Yes No Yes

Severe(>50% of cortical

area)
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3.5 M3Aszidaya

nsasudeya: Toyaieusunn tokA seAU BLYS wazAPRIL A1estaftiy An1svineu
vo4ln (glomerular filtration rate; GFR) SonaduAadsianin LLazd’;uLﬁmmummgm

n1suLauataya: baseline characteristics A1 score vowmane ST wdola uln
Banff grading schema unaualugUuuunIsIekag Box-plot NIMLAAIAINFURUSITS
USuauaiu BLyS wagAPRIL Auseauen tacrolimus BLyS uagAPRILAUSEAulUsAulullaaniy
Waueluguiuy scatter diagram

N1INAdeUANNAFIU: N1TWWSBULBUTENINsaeanguly independent  T-test
(normal distribution data) wag Mann-Whitney-U test (non-normal distribution data)
ﬁﬂ%%’ﬂﬂaﬂuﬁuﬁuﬁ%aﬂsﬁagaw Pearson’s correlation (normal distribution  data)
Spearman’s rank correlation (non-normal distribution data) Way @1A1IOANBELTINIA
wuuladafnd (Multiple Logistic Regression) fAvua p-value <0.05 fioinfltodAyniseiia

AR felUsLNSU STATA version 13/SE
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¥

4.1 Jayanugruvasgirendisaunisin

faeildsunmstgnareladnsunsfnuiomn 76 518 uarienudiaeldasy
aaoan1sany wundugUieumawie 33 18 inands 43 518 To18581319 39.35 89 45.15 U
ogade 4225 U annnvesiaineiieds Ae luvsiuanvg (3553%)  presumed
glomerulonephritis (15.79%) Wag IgA nephropathy (11.84%) L‘f]urid:ﬂw living-related
transplantation 39 5178 living-unrelated transplantation 7  $78 cadaveric
transplantation 30 518 fthedulnyldsunmseidingnaiglandausn (96.05%) szewiaan
SS‘VI’J"NL%Nﬂﬁﬁﬂﬁjm/lﬂLLV]UIGW’]%QLLiﬂfﬂuﬁx‘iUQﬂﬁ’]Ulm (dialysis vintage) AntduATsugu

WINAU 24 LHBU

Souvsdthenumsiiden vyjidond 34 au (44.74%) wnijidenle 26 AU (34.21%) i
msUgnanelatiuvgiden 4 Ay (5.26%) M panel reactive antibody (PRA) neuni1suan
aelalaiiu 3 Weu flAdseguindu 0% fUaef anti-HLA antibody 24 Ay (31.58%)
A1 mean fluorescent intensity (MFI) WAy 3,745.18 (1,467.547 — 6,022.81) ﬁéﬂwiﬁ%’u
nsvimanIsifiean antibody fawvinsHdR 14 Av (18.42%)

Ausnaladunaye 47 au (61.84%) wie 29 AU (38.16%) To1g5ening 35.39 f
40.37 U 1ade 37.88 U Jfu3ealn 12 au (15.79%) e expanded criteria donor

Y

(ECD) S1/agtdennunns ed 4.1-4.2



M1319 4.1 uandeyarUisuaziuianalanounisiida kidney transplantation

Characteristics Value % 39 95% confidence
interval
N 76 100%
Recipient gender N (%)
Male 33 43.42%
Female 43 56.58%
Recipient age (years) 42.25 36.35 — 45.15
First KT N (%) 73 96.05%
Type of transplantation N (%)
Living-related 39 51.32%
Living-unrelated 7 9.21%
Cadaveric 30 39.47%
Cause of ESRD N (%)
Presumed chronic glomerulonephritis 12 15.79%
IgA nephropathy 9 11.84%
Diabetic nephropathy 7 9.21%
Lupus nephritis 6 7.89%
Membranous nephropathy 4 5.26%
ADPKD 2 2.63%
Stone 2 2.63%
Other 5 6.58%
Unknown 27 35.53%




55

M1319 4.1 uandeyaUisuaziusanalanouniswida kidney transplantation (sig)

Characteristics Value % 39 95% confident
interval
Dialysis vintage (months) (median) 24 -
Blood group
A 8 10.53%
B 34 44.74%
AB 8 10.53%
O 26 34.21%
ABO-incompatability KT (N, %) il 5.26%
HLA mismatches N
0 5 6.58 %
1 8 10.53%
2 11 14.47%
3 31 40.79%
a4 10 13.16%
5 7 9.21%
6 a4 5.26%
HLA mismatches (mean) 2.92 259 - 3.25
Panel reactive antibody (%)
Current (median) 0
Peak (median) 0
Positive anti-HLA antibody (N, %) 24 31.58%
Mean fluorescent intensity (MFI) 3,745.18 1,467.55 - 6,022.81
Prior desensitization' (N) 14 18.42%

T Wnedis N5 plasmapheresis waz/13e 195U intravenous immunoglobulins (1Vigs)

Way/use rituximab Aew kidney transplantation liitAu 3 1oy
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M1319 4.2 wanadeyaruinnalanaun1sHIAn kidney transplantation

Characteristics Value % %58 95% confident

interval

Donor age (years) (mean + SD) 37.88 35.39 - 40.37

Donor gender

Male (N, %) ar 61.84%
Female (N, %) 29 38.16%
Expanded criteria donor'' (N, %) 12 15.79%
Negative crossmatching (N, %) 76 100%

1 Expanded criteria donor n1edia fusanalafiongannnininiiu 60 U wseengunnniniiiu 50 U
Safud 2 Tu 3 o Al 1. anuduladings 2. adsuasesAtiuinnniwindu 1.5 me/dL 3.

Cerebrovascular accident

Tumssindin fUeilszey cold ischemic time Lade 7.84 2l (5.66 - 10.02) 3oz
warm ischemnic time 1ad8 0.63 413 (0.58 - 0.67) FUawdrvlvay 62 Au (81.58%) 165y
induction therapy #7881 basiliximab vdansH6A §Uein1g delay graft function
(DGF) 23 Au (30.26%) HUrennaulasuenagiinuiumniieuiu laun mycophenolate
mofitil, tacrolimus ae prednisolone

m%%’uﬂ%maﬁmawﬁﬂwﬁ%ﬁ 7 n&an15vede 1de me/dL  sedu tacrolimus
ne/dL  wuAesen prednisolone fofuiade 48.03 mg A1 white blood cell iads
11,402.89 cell/mm” 1 total lymphocyte count \ade 1,479.95 cel/mm” iawfiuilaanie
24 41319 WU M1 creatinine clearance @@y 47.14 mL/min waznulusiulutlaaneiads

1.38 ¢/day wazidunfanisned 4.4



M1319 4.3 uanadayaluriessernoulazadanIsiIdn kidney transplantation 7 Ju

Characteristics Value % 39 95% confident
interval

N 76 100%
Ischemic time (mean) (hours)

Cold 7.84 5.66 - 10.02

Warm 0.63 0.58 - 0.67
Induction therapy N (%)

Basiliximab 62 81.58%

Thymoglobulin 14 18.42%
Delay graft function N (%) 23 30.26%
Maintenance immunosuppressive drugs

Mycophenolate mofetil + Tacrolimus 76 100%

+ Prednisolone
Mean prednisolone dose (mg) 48.03 46.09 - 49.97
CO tacrolimus (ng/dL) (mean) 5.64 4.94 - 6.35
Serum creatinine (mg/dL) (mean) 3.75 2.82 - 4.68
White blood cell count (cell/mm 3) 11,402.89 8,009.18 - 14,796.61
Total lymphocyte count (cell/mm %) 1,480.00 116.05 - 9,742.06
24-hour urine protein (g) (mean) 1.38 0.15-7.20
24-hour urine creatinine clearance 47.14 0.02 - 102.90
(mL/min)
eGFR by CKD-EPI (ml/min/1.73m ‘) 47.68 3.14 - 116.60
eGFR by MDRD Thai (ml/min/1.73m ’ ) 47.42 6.37 — 106.66
eGFR by MDRD Asian (ml/min/1.73m ’ ) 50.14 331 -117.02
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4.2 @1 BLyS WAINIAA 7 U UaL 6 AU

Study Period . Post-Study Perior
Day 0 Day 7 : Month 6 Year |
| | |
Sx BLYS Level = Biopsy
¥ BLYS Level
BLYS Level
Biopsy

s¥iu BLyS wesiftheluiudl 7 ndaanmsindnugnansla fdiadewiniu 392.29
pg/mL (319.43-065.13) lutawidanseein 6 dou flhoagldsunmansatudeln wioury
MM3M599A1 BLYS 526U BLYS #&3n1sWdiadl 6 weu faadewindu 787.67 pg/mL (673.87-
939.46) WinTLINILHU BLYS MaWISA 7 TuegltudAgyn19ada (student’s paired t-
test; p < 0.001)

FeusngUaonudnunzne siner wuin flaeiifidnvarwe1dinersnd aile
BLYS 1 7 i’uué’qmﬁmﬂaaﬁqﬂ WAy 179.78 pe/mL (96.08-263.49) ﬁﬂaaﬁﬁé’mmzwm%
Anendu antibody-mediated rejection axiian BLYS 71 7 5’u1/i5'<1r;h€fmmﬂ‘i‘71lfj® \de 735.30
pg/mL (488.69-981.92) djué’ﬂ‘t}mzwm'ﬁawmgug] luA acute tubular necrosis, T cell-
mediated rejection, calcineurin inhibitor nephrotoxicity &A1 BLyS 7 7 Sunduindande
297.92 (196.64-399.19), 381.58 (119.17-643.99), 395.08 pg/mL (266.72-523.45) A uasu
F1vazldunAILanslUnIT 4.5

Slefinnsane BLys o Juinstwileln 7 6 iieu wlauengUlgnuanwalenens
Inen wu fUrefiidnuazne13ine1usnd agilan BLyS fesiian 1ade 291.32 pg/mL
(96.08-263.49) éﬂwﬁﬁé’mmzwmﬁ%m%ﬂu antibody-mediated rejection 2¥ilA1 BLyS
maﬁqﬂ \dy 1,225.50 pg/mL (867.21 - 1,583.8) audnuauenendinenduq léun acute
tubular necrosis, T cell- mediated rejection, calcineurin inhibitor nephrotoxicity e

BLyS 71 7 Yundsdniaie 655.73  (431.82-879.64), 763.35 (353.63-1,173.1),

932.37pg/mL (544.13 - 1,320.6) MUAIAU T1UazLD8afIanslun1Te 4.6
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Pathology BLyS level Range*

(N) (pg/mL) (pg/mL)
Overall (76) 392.29 319.43 - 465.13
Normal (11) 179.78 96.08 — 263.49
ATN (21) 297.92 196.64 — 399.19
TCMR (7) 381.58 119.17 - 643.99
CNI toxicity (22) 395.08 266.72 — 523.45
ABMR (13) 735.30 488.69 — 981.92

%A1 95% confident interval

M1919 4.5 ¢ BLyS 71 6 ieunasinn Weowlaienudnyasnensine

Pathology BLyS level Range* p value'
(N) (pg/mL) (pg/mL)

Overall (76) 788.67 637.87 — 939.46 <0.001
Normal (11) 291.32 211.71 - 370.92 0.004
ATN (21) 655.73 431.82 - 879.64 0.003
TCMR (7) 763.35 353.63 - 1173.1 0.09

CNI toxicity (22) 932.37 544.13 - 1320.6 0.006
ABMR (13) 1225.50 867.21 — 1583.8 0.002

*4A1 95% confident interval

HSeusfisue BLyS 71 7 $u wae 6 e lagld student’s paired t-test
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4.3 AMUFUNUSTZNINAT BLyS MA%INAR 7 TU LaZHang15Inegn
AUrenTIUTluMsAnwddduiunmun 76 Ay walldUleduan 8 audifia
antibody-mediated rejection ludanaen1sNen 1 wou desUln 68 AW LaNaITN
J2AUVRd BLyS ndwdaiun 7 wungileiilidnvasnen3ingnwlu antibody-mediated
rejection wana1efuEUrgNanwagne15Ine1Usnieg19lded1Ayneana (p<0.001)

NUALLDYARINNT NN 4.7 AN 4.1

M1379 4.6 ANULANANYBITEAU BLyS 71 7 Tumdwidnvedtasluusazdnuazng1dine,

TngiUSeuiiiguiiuan BLyS Tugthenianuugnedingsni

Pathology BLYS level Range* p valuet
(N =68) (pg/mL) (pg/mL)
Normal (11) 179.78 96.08 — 263.49 Reference
ATN (19) 311.94 226.09 - 420.91 0.08
TCMR (7) 381.58 119.17 - 643.99 0.05
CNI toxicity (21) 399.85 265.21 — 534.49 0.03
ABMR (9) 819.04 502.28 - 1135.80 < 0.001

* 9@ 95% confident interval

t student’s unpaired t-test
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UM 4.1 szau BLyS 71 7 Tundadavesieluudazdnuaene1sing

BLyS level (pg/mL)

g1 [ - l

-

o

1,

1,000
1

T1L
g B

Normal ATN TCMR CNI Toxicity ABMR

* student’s unpaired t-test
nU8Le ATN: acute tubular necrosis, TCMR: T cell-mediated rejection, CNI toxicity:

Calcineurin inhibitor nephrotoxicity, ABMR: antibody-mediated rejection
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¥ o A LY s

NVOYARIMILAAWNTIAY WUIIA BLyS  Auduiusiu antibody-mediated
rejection  3Radelnenanianendinen Wefiarsana Blys  luszdusieg wanadun
reciever operating charteristic (ROC) curve ﬁﬂg‘dﬁ 4.2 Tuniswennsaln1siia antibody
mediated rejection wawiiien cut off fiszsu BLYS fiwanndn 499.98 pg/mL @11150
wensain1siin antibody mediated rejection 7 6 Wou laee cut off fananaziiniula

Soway 77.78 wariAuINNIzioeay 92

5U# 4.2 ROC curve 904586 BLyS 71 7 Tunasidnlun1snensalnisiia antibody-

mediated rejection 91 6 LAau

2 |

Sensitivity
0.50 0.75

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - Specificity

dlofinnsanan BLyS fiunnndn 500 pg/mL $aufiudn DSA Mduiadediddyfiagi
1An antibody mediated rejection Iué’ﬂwﬁm’himmiﬁﬂm wudﬂ@:ﬂ’wﬁﬁm DSA 1Ju
U2n FUAUAT BLYS Faust 500 pg/mL 1AM antibody-mediated rejection mmﬁqm 35%
dau@ﬂwﬁﬁm DSA Juausiuiual BLyS Uesnin 500 pg/mL lainuinia antibody

mediated rejection $18az1B8ARIFUN 4.3
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JUM 4.3 dn31dIu83n19n antibody-mediated rejection WUIMLNAYBY DSA 3UY

BLyS

100%
50%
B0%
0%
B0
50%
405
0%
20%
1085

DS BAFF- DS/ BAFF+ DSa+BAFF- DSA-+ BAFF+

WAGBMR W pnon ABMA normal

Fatu Wodinszriaudssanisiin antibody-mediated  rejection A1 BLyS
s¥AuUA1ee) 191931189 multivariate Cox proportional hazard model Inglddauysi
Aedes 1neld35 forward stepwise wuse BLyS 18U 3 933 fim 0-300 pe/mL 301- pg/mL
WAYUINAIT 500 pg/mL Lﬁaﬂw@uﬁmﬂimq WU31A7 BLyS 0-300 pe/mL fauidesse
An94An antibody-mediated rejection $oay 64 @1 BLyS 301-500 pg/mlL Tminandsse
n151AA antibody-mediated rejection $98az 112 A1 BLYS 11nA31 500 pg/mL fianudes

[y

Ran154iin antibody-mediated rejection $awaz 251 fatiu agulainsesu BLyS Miinauas

IS

WinALEEeNT15An antibody-mediated rejection agaiiuddgmsadiann ddlunis

a7
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M1319 4.7 Cox proportional hazard ratio ¥83A1 BLyS LlaAiunumilUsmeeie

BLYS level Adjusted hazard ratio | Confidence interval* P value
(pg/mL)
0-300 1.64 1.06 — 2.54 0.03
301-500 212 1.37 -3.27 0.01
11AN31 500 2.51 1.57 - 4.00 <0.01

*9@A1 95% confident interval

dlepruauinUsiidutladeddgsonisiin antibody mediated rejection #i9

pretransplant anti-HLA 594AU818 Wy BLyS 0-300 pg/mL fianudsssianisiin

antibody-mediated rejection $o8az 64 @1 BLyS 301-500 pg/mL finnuidssionisin

antibody mediated rejection $awaz 112 @1 BLyS 41nn71 500 pe/mL finudesionns

\in antibody mediated rejection Seea 251 Al ajuladnAn BLyS MiinduagiiuaIy

\@e9san194An antibody mediated rejection g 9HTYEAYNATA AIluNITI9N 4.8

M1314 4.8 Cox proportional hazard ratio 841 BLyS aAiuAufIkUIAIgaIekay DSA

BLYS level Adjusted hazard Confidence interval* P value
(pg/mL) ratio
0-300 1.35 (0.97 - 1.01) 0.18
301-500 2.07 (1.34 - 3.20) 0.01
1NN 500 2.60 (1.63 - 4.16) <0.01

*4A1 95% confident interval
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4.4 AMUFUNUSTZNINA BLyS haginfn 180 U UazHang15INen

Wioa151AY BLyS o Tuilngduilels lundeniseidin 180 Ju wiawengUigny
anvuEneI5IN1FIN1519N 14 wudgUaenddnvagne1dinendu antibody-mediated
rejection AilTEAUYDY BLyS MaIHGRTUN 180 wand1afudUeilanwayne13IneUsna

Y

pgslitdAYNI9EnR (p<0.001) AN 4.9

M1519 4.9 ANUUANANYBITEAU BLYS ¥ 180 Tundsrdinvesiielunsazanuaenes

e TngluSeuiieuiuan BLyS Tugthenidnvaugneding1usni

Pathology BLYS level 95% Cl p value*
(N) (pg/mL) (pg/mL)
Normal (11) 291.32 211.71 - 370.92 Reference
ATN (21) 655.73 431.82 — 879.64 0.02
TCMR (7) 763.35 353.63 - 1173.06 0.003
CNI toxicity (21) 932.37 544,13 — 1320.62 0.02
ABMR (13) 1225.50 867.21 — 1583.80 < 0.001

* student’s unpaired t-test
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A3UNAN538 aAUTIeHa YadnnauasUaLauauue

5.1 #3UNan15Y

A1 BLyS snftaarisluszegvdamaridnugnaiele 7 Yuuar 6 ou lunguidaed
\Ju antibody-mediated rejection 7 6 Lieu Iuﬂduﬂﬂaaﬁﬁizﬁu BLyS g9 wugUAnisel
antibody-mediated rejection Se8ag17.1 S8AU BLyS Viqwé’qmﬁﬂ 7 Tullpudunusiu
SnuwaiznenSine1idu antibody-mediated rejection Wlow3auisufiudnuaznensine
Usnf Tnetanizsedu BLyS flunnnineiifu 499.98 pe/mL laefien sensitivity Sovas 77.8
uag specificity Soway 92 Fatu nsienesedy BLYS #adHIAnagd18v1uI8n15LAN

antibody-mediated rejection 1]

5.2 aausieua

A1 BLyS Viqa Lﬁmmﬂﬂizﬁuﬁ BAFF-R luszuy late transitional B cell vl BLyS &

sensitivity 11nTU S¥AU BLYS FgLiindu tinn1siuasullasann late transitional B cell U

¥
= a

\Ju mature B cell szAuva BLyS §9nsgavudnuaz BAFF-R &I sensitivity iiadu 1loin1s

[ [y (v [y

udaraneufuifenislasu allograft  sziu BLyS Afadlseiuiigauay BAFFR
sensitivity N111n AIBYSTaENly Fadussezaziinlid mature B cell Wasuuvadluidu
memory B cell uay plasma cell Tuthiasrsounuefinlimtia antibody-mediated

rejection %)

v v 1w 1 @A [V Y] a L7 A a [y
ﬂ’]iV]I}‘\JIU'JEJMﬁQN’W]@U@JﬂO']EJIW AABNITAUNANULLDUALIU IUE&UUSVINﬂWﬁLWM“UaﬂﬁgﬂU

BLyS fnazuavendenizdifinisnszsunsimuiaes mature B cellluidu memory B cell

v
1A IS

A a X = c{' . dl SV v
way plasma cell MWUYU ¥39N1T9 B-cell tna1uazieng (survival) N81UIUTU ASUU 11T
M57aNUA1 BLyS MNP ulugUrenden1safn a1u130938v1u1en1siia antibody-
mediated rejection 19 lagfin1sANWI@1LNTOLEAIDIANUFUNUSVDY S¥AU BLYS ML

nagndn 7 Ju Aun1siin antibody-mediated  rejection  Mudnweug subclinical

rejection M1528£1I81 6 LHBU FIULANANIINAITANYIDUNLAAIDIAIUFURUSVOITZAU BLYS
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150 153 148 « aa A a
NIBNANYIFINYNUBENADINTITILALDINTG

143, 146, 152

1g9fiu surrogate marker du9 laA DSA

wanaaIn1suaslaues (indicated biopsy)

I

Praalunsinzsedu Blys Tudon a1nmsdnedl fidedanudiuin msang
5¥AU BLyS vaaW1dn 7 Ju dauduiusiunisiia antibody-mediated rejection 984l
Hudhfeyneadn manguieildnariluneusutu BLys fiteuidn 1 Sanuduiusdens
/AR antibody-mediated rejection lusgszndsnsugnaglaluudunnnit 5 T lunguid

ANNEIgRIEY 91998 inannTNzeunsHdnUgnaneladugandaldladudady

a = ) v A v b4 1 1 o J [ 140
wauAlunInnlalasu wazdaliadeniu laun Amsiauveslaneuniskidn

WANISLRSEAU BLYS “8InISYNNISHIGR 3 LU 6 Whou way 12 e luflniw
LL@ﬂﬁiﬁﬂﬁJuiuQ’ﬂ’JﬁJﬁﬁﬂ’J’mL%BM@ﬂﬁLﬁ@ antibody-mediated rejection Wis¥AU BLYS 9%
Qqsﬁwé’a 12 ewduduly warlinuanuduiusveasyau BLyS wagnnsiin antibody-
mediated rejection luszszenidneY o Lwimiﬁﬂmﬁa%maﬂmﬁﬂ antibody-mediated
rejection e’hamﬁﬁaﬁw’hEJWEJW'%%wsJﬂuQﬂaaﬁmﬁa antibody-mediated rejection iy

Jeldarmnsavenlane subclinical rejection 1o

n15l7 pre-transplant DSA Wag de novo DSA azanunsagiglun1siiuienisiia
allograft dysfunction léifies 20-30%  wazlunsdifinsaalinu DSA e19agliianung
exclude l4iAn antibody-mediated rejection # ﬁﬂﬁ?u mﬂmsﬁﬂ‘mﬁf WUI1 A1 BLyS i
4911131 500 pg/mL 3 pre-transplant DSA azaunsagiglunisduungiedngiae
fifianudsasionisiin antibody-mediated rejection uﬂﬂﬁq@ﬁa Qjﬂwﬁﬁm BLyS geuay
pre-transplant ~ DSA tHuuan dauﬁﬂwﬁﬁmwm%am'amil,ﬁm antibody-mediated

rejection G?Tﬁ?jﬂﬁa ﬁgﬂ’aﬂﬁﬁﬂ'ﬁ BLyS #9811 500 pg/mL tag pre-transplant DSA Juau

5.3 423719

nsAnwivhnsAneame soluble BLys dlaild@nuwstiszuuves BLys suldun
receptor, transcription ZsagviilianunsavenauduiusunsiAn antibody-mediated
rejection l¢ABau uazmsldan BLyS wanee A ®1998UBN kinetics V@9 BLyS FiviliAn
antibody-mediated rejection 1fBetu uaziilosanszezandivnisnuniAeudesaia

Jaldanansaveniensvinnuvestalussereivesiiisudazngula
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5.4 UYpLduDUY

Tutlagiunisnsvseau BlysS Tudeadsldiduiiunswae uiidunsasiafildiada ELISA 9

laigsen @wnsailaluaardusieg windnislalunispdiinerazdesyinnisanwiiiuiy

9

Y]

A82AU A1 BLyS MI58821181989N1SHIAARINNAUY %38 SLAUAISAY LagAMNAUNUSAUNIS

ARUN

5.4.1 My Wlgluesf s (Implication for practice)

n15ldAvee BLyS wawidn 7 Jusiuiu DSA aganansausnyUignuniude s
n3AA antibody-mediated rejection 16 waztieiduwuimslunistesiunsiiaiazsnwn

antibody-mediated rejection &

5.4.2 M lulgludssnuideluewian (Implication for further research)

(%
)= [ [

Tudlagdu Jemduganisvinauvesseuu BlyS leuA Belimumab 7fugsnisyineu

v94 BLyS laflduriu B cell receptor Falemalunissnu systemic lupus erythematosus

1Y

N
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