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B FER
AAALAC International; The Association for Assessment and Accreditation of Laboratory

Animal Care International

APC; Allophycocyanin

APC; Antigen presenting cell

ATP; Adenosine triphosphate

AUC; Area under the curve

BAFF; B cell activating factor belonging to tumor necrosis factor family

British Isles Lupus Assessment Group Index; BILAG Index

BLys; B lymphocyte stimulator

BCR; B cell antigen receptor

DMSO; Dimethyl sulfoxide

DNP-KLH; Dinitrophenylated keyhole limpet hemocyanin

dsDNA; Double stranded DNA

ELISA; Enzyme-Linked Immuno Sorbent Assay

FACS; Fluorescence-activated cell sorting

FCS:; Fetal calf serum

FDA; Food and Drug Administration

FITC; Fluorescein isothiocyanate

GC; Germinal center



Geo MFI; The geometric mean fluorescent intensity

GPCR; G-protein-coupled receptor

HLA; Human Leukocyte Antigen

HTRF; Homogeneous Time-Resolved Fluorescence

ICs0; Half maximal Inhibitory Concentration

IGF1R; Insulin-like growth factor 1 receptor

IMPDH; Inosine monophosphate dehydrogenase

LPS; Lipopolysaccharide

MC; Methyl cellulose

MHC; Major Histocompatibility Complex

MMPF; Mycophenolate mofetil

mTOR; Mammalian target of rapamycin

MZ; Marginal zone

NP-CGG; NP-chicken gamma globulin

PAS:; Periodic Acid Schiff

pBUN; Plasma blood urea nitrogen

PBS; Phosphate Buffered Saline

pCre; Plasma creatinine

PE; Phycoerythrin



PI3K; Phosphatidylinositol 3-kinase

PIP2; phosphatidylinositol 4,5-bisphosphate

PIP3; Phosphatidylinositol 3,4,5-trisphosphate

PD; Pharmacodynamics

PK: Pharmacokinetics

SRI; SLE responder index

SLE; Systemic lupus erythematosus

TCR; T cell receptor

TI antigen; Thymus-independent antigen

TNP-Ficoll; Trinitrophenylated aminoethylcarboxymethyl-Ficoll

UCre; Urinary creatinine

UPro; Urinary protein
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EMET Y 5~ h—F 2 (Systemic lupus erythematosus; SLE) 1%, fZf&g. B, &
Mk, Jilfi, FPAXERRRIC R SZ RS A R 5 B CREIRE TH D, HIPE FTREAElin
DML R T 15~44 1% 8B 1T Dtk & BHEDHEIT 13:1 Th B [1],
SLE OJRREIT LM & FFEAHR D KT, BH D 30~40%3/L— 7 ZER LIFEN
DREREBERETIEL, 203 b —/LIFPRICEET S[2, 3], SLE OifE
T, Biam, BEMEROS & Tk, BMaoRE EHlEE, A0
FOSHED B S HUAEAM~ & 77{kd %5 Z & T, anti-double stranded DNA
antibody (T dsDNA LK) 1ITf8FR b A CHEDBEAE SN D, B Ik & HiR
DOFPEEARIT, B, BE, i & Ol ILE L, WBOIIEICIRN 5 [4]
(Fig. 1), L7=23->T, THllE, BHIfROIEMA L, HIEA MG L. B RO REA
D 2 LY SLE DIRIRIZ ORI DH L EZXbID,
SLE DIBFIT. AT 1A FEEZFEARIT, Sl 2 0 92 2 & CREMIS %
mH L, mEE 2 br— L LTEZ, Ll AT A FETREER BN
T, SIERGME, BHRRE. BERP . AINIE, B8 OIEH L, (REHIIN & OB
DEIWERBRE L 72 > TOB[5-7], T4E, HCHUREAMSIZ HAO L L7z B A
i FE A SLE OB LWAIEIERY & L THER Sh T, fl2i3 Bl
KPR CThd 5 CD20 # ik 5 E / 7 = —F /LK Rituximab (X, W\ < DD

/NRBBERIREERIZ I W T, SLE BEICKT 2 G0N HER SN TW5[8, 9], L



7> L. Rituximab 13, #ERFEOGQEIHIA 2 0 L7z REBEERAGERIZ W T
7T BARBE L L, SLE O R BIEEME ORI TdH %5 British Isles Lupus
Assessment Group Index (BILAG Index) % it K72 SLE i SiE & L7z,
7 AU AEMNERKSE (Food and Drug Administration; FDA) O A&AGRITA H AL TW
72\ [10],

BAFF (B cell activating factor belonging to tumor necrosis factor family)/BLys (B
lymphocyte stimulator) (3, B #Miflc D 417 - 53k« GURPE LIS B 4B &2 R4,
PL BAFF/BLys & / 7 1 —F /LUK TdH % Belimumab 1%, FEAHERIERBTED SLE
BFZEIRNE L, AEHRAIE LCHIH T 2011 45, FDA OAGEE 1T T\5, L
A>L. Belimumab (X, SLE & A XI5 L7256 3 MHERBRICI W T, 52 o=
KA > s @, Safety of Estrogens in Lupus Erythematosus National Assessment—
Systemic Lupus Erythematosus Disease Activity Index 35 & T BILAG Index (Z3£5<
B R REOBHBIEHEBIZONWT, 778 AR L R LAEREETRD D
T, — T AR T HERAN RISV EE 2 B H[11], £7- SLE O
FICONTHAERMEN T4 & 138 2RV [12-14], 5%, V— T ABREZUGEL,
BREZMALHZLDOTE HMFEEOMENEENTND

HRATZ 7 FVNA ) b—/3-FF—+E (Phosphatidylinositol 3-kinase: PI3K) I%.
HINEBSIE N ICAFAE L, MR DR > CTH DA /¥ =) UFEDA ) v

F—VBR 3 Lz U kT 5 2 & T, Ml Y gAML L. B
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JRZ TR D IEE ¥ — 8 TdH 5H[15,16], PIBK [FHEIEIZ LY Class|, Classll 35
KO Class Nl D 352D 7 T RS540 (Table. 1), MlAN T 7 F U miE
HEL SNDHDIE Class | @ PIBK TH Y [15], Ffi L& 7% —OfififZ % F T
MRBEDOR S THHA ) > b= U UFEDA 7 F—/VEB 3 Dk RrFx
VI (-OH 2&) DU VRRILZEITV, BAT 7 F VA )2 =)L 45-E AR
= — K (Phosphatidylinositol 4,5-bisphosphate: PIP;) 7225, IRA 7 7 F T /vA
v b=/ 345-F ) ARAT =— | (Phosphatidylinositol 3,4,5-trisphosphate: PIP3)
AT D, PIP3Id, Akt 722 EDOLEERMANY 7 UGS T ED Ry &
YT RAALELTHERI L, EBICTIROME 2 7253291 LT, Ml oAk,
HOE, R EFR L OWE OmER W E ST e EOBRBICES LT D
(Fig. 2) [15].
Class | PIBK (22 D% 77 F A IAB LIV IB 2SIV (Table. 2), Class 1A
PIBK IZ R (Z PI3Ka, PIBKB, PIBKED 3 >D 7T A V 7+ — ATk S 4L, £
Z i, pl10a, p110B. pl108Dfikifk+~ == k (Catalytic subunit) & =EIZ p85 ™
FHEIY 7 2= ; (Regulatory subunit) "5 5 ~T 0 ¥ A ~—"Td %, ClassIB
PIBK (21X PIBKy R S 4, filfE 7= N TH D pllOy &, i 7 2= v
FC®H 5 p110 b L < I1E p87 B %D, PI3Ka, PISKBIE = B # A2 4 D
IZHBLLTEY ., PIBKaldA v AV o7 iz, PIBKBILIL/ MR EEE I

TNEIEZE 2 R L CTEB Y, PI3BKal L O PIBKBZ T2 = & 13k~ 75
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PEDORR ST N 5[17,18], — 5 T PIBKSHE L OWIEEIZ B Mllfiads KOV T fifnss:o
U U RERCROMEIZHEEL L TE Y [19]. PISKSE L Oy XKIE~ T A%, U v ERk%R
AR OTEMEL I K OHESE O I 23 7= 541 5 [20], PISKylX, RIEEAL TO H IR
PR ORI EICRIZEE TH Y | PIBKSIL, PR LT ¥ —=, THIE IO
B Alfa D o3OS RE IS B A B &2 72 97[21]), SLE I3\ Cid, B EGED
B M, T MURADIEMEAL, £2Z2NICrED BHEHURDEAENIRK TH 5729,

PIBKS & B IRANIZIHE T 5 Z &3, SLE DIRRIEIZEN LD TRV E B R T,
A TIET A7 7 ARSI TR L7284 PIBKSIEIRAYPH 7 A AS2819899
(Fig. 3) Z FH\ T, PIBKSEINAIFLEHID invitro (281 5 T Mg X OB Mg~
DOYER . invivo FUAEAEIZB T H1EM. ~ 7 A NL—F ZABRKET L& =L —
TABRIZKT HAERZ R L. PISKSZRINWIFHEHR O SLE 1R E L TR

BEMEIZ DUV THEEE LT,
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TCR; T cell Receptor
Auto-reactive
SLE

B cell and T cell activation

Fig. 1. Pathogenesis of SLE

This Figure is adapted from Ref.[4]and edited.
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Table 1. Classification and function of PI3K

PI3K
Class Class | Class Il Class 111
Subclass Class 1A (o, B, ) C2a, C2, C2y Vps34
Class IB (y)
Major Cell survival Unknown Vesicular traffic
function Cell cycle

Glucose metabolism
Protein synthesis
Migration

This table is adapted from Ref. [21] and edited.
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Receptor

PIP,; Phosphatidylinositol 4,5-bisphosphate
PIP,; Phosphatidylinositol 3,4,5-trisphosphate

/o\
/ / ) \.\
AN
proliferation survival differentiation migration

Fig. 2. Function of Class | PI3K
This figure is adapted from Ref. [22] and edited.

12



Table 2. Distribution and function of Class | PI3K isoform

Class | PI3K

Subclass Class IA Class IB
Isoform PI3Ka PI3Kp PI3Kd PI3Ky
Catalytic p110a p110pB p1105 p110y
subunit
Regulatory p85 p85 p85 p110
subunit p87
Distribution Ubiquitous Ubiquitous Lymphocyte Lymphocyte
Major Cell Platelet T/B cells Innate immune
function proliferation agglutination proliferation cells migration

Insulin activation

signaling

This table is adapted from Ref. [23] [18] [17] and edited.
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Fig. 3. Chemical structure of AS2819899

.
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% 13 ; PISKSTBIRAIFAEH] AS2819899 O invitro a7 7 A V> F

1 =

PIBK #2B&IE. 23 AARIZ I W THEME(L S LTI Y | Class I PIBK IZ L D ARk &
% PIP3 1% Akt <>, Rapamycin OFER)T#H % mTOR (Mammalian target of rapamycin)
EIEMEAE L, BBAERET 5720, PIBK EEANIZ N E THRADIRREKL L
THEHA S TEZ[16], #IHD PIBK FHEAITEH % LY294002 33 £ O Wortmannin
% Class | PIBK D 4 5>DT A V7 — L 2T HET % pan-PI3K JLEH|TH 5
A% (Table. 3) [24]. F5h21355 < | BwMEDN TR © 7o To OERIRRBR O FERIZ T 5727 o
7-[16], 2006 412 ZSTKA74 NE S5 & PISK FLEHRI DN AJRIERIKE LTD
PR BE A b L. BUE S . EEOLE WD BRI % i H T & 5 [25].
ZSTKA474 1% pan-PI3K FHEHKITH Y (Table. 3), in vivo & k2B AMMBH~ 7 A
BT VIR TEE R EMER < PUBEIERH 278 L72[26], ZSTKA74 1@ A
EIEIE & U, 5 U2 FRERBR A S hE L7223, R EICIEE - TR0,

PI3K BHEA & L THRMIC FDA IZ & 0 7GR S 7= D1, Idelalisib T& %, Idelalisib
1% PIBKS ERAHEHITdH D (Table. 3), FHFMEAEME Y >/ B IIIH I KN &R
9[27], Idelalisib 23 ErilcpPh L8 & LT, PIBKSZ#INAICIHET H 2 &
(R0 BWERZEGES L, —J7 TV 2 ERRFRAY 22 PSS L ONEME LA E R %
FETEZEREEZIDBND,

PIBK&SEIRHIPLFANC L 5. T, B Mg & U o EROMSIME- L, S
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TEPEALOI ENE B SR EAEOMITNI SR D720 MR A DR &
LTETTIER< . BOARERBOIRKIEL U TEILOAERERDH D,
T AT 7 AIE (BK) TIE B ARRIEME(L A FERAIZIEIT 2B ORI A& B
& L, UL E ORBNIZE 2 FEh L, HrHl PIBKSZERAMHIAI TH 5
AS2819899 # KL L7z, A TIL, AS2819899 |22\ T PI3K R [HEIGM: & 7
AV T —LERME R LT,
F£7-. PI3KSIZ B sz 2544 (B cell antigen receptor; BCR) 3 L OV T filfsz 244
(T cell receptor; TCR) @ FEICHFIE L, MIENY 7T IUBREIZHF G L TWAH 9
(Fig. 4)., B, Tz T 21FERIZOWTHREREL 72,
B AR, UL AT (Antigen presenting cell; APC) & L ThO&E I H£H ., BCR
IZAEE LB A BUD A, MHC class 1l & SHICHIIRE mICHE R 3 5 [28], &7
ENHUH E MHC class 1HiE, ~ L 3—T flllgd TCRIC X W8k S, T #ifE
X DA NI A UHIRTR &A% CL B RIRaASTEE L U, TEHUAEE A M~ &
b %, £ o T, MHCclass Il FEBUIHUAPEAEMIT~DOMLICEETH D L&
2 BbN5, RFETIE, $1IgM 12 X 5 BCR #ill41% . MHC class Il 38812 %4 5
ERIZOW T, e, TMla~OfER & LT, TCRAIZ LD, T Hiflaiy

JH Z Rl L7,
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2 ML TTIE
21 HBIEEW

AS2819899. [(3S)-3-({6-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-2-(morpholin-4-
yDpyrimidin-4-yl}amino)pyrrolidin-1-yl](oxan-4-yl)methanone (%, 7 A 7 7 A #l3K
(BR) 1o TARL L7z, AS2819899% dimethyl sulfoxide (DMSO) (ZiafE L, akbi 2l

ALz, M7 v AI2B1F5, KGR OREDMSOEE X, 0.1% & L7,

2.2 PI3K |Zxtd AP

AS2819899 DEEEBHETETEIZ-DOUVNT, Class I PIBK (Z 2V TiX, PI3Kinase 4-Step
Assay Reagent kit (Merck Millipore, MA, USA) z W CTHllE L7,

Class Il PI3BK {22 TiX, PI3K-Kinase (Class 1) HTRF Assay 1-plate kit (Merck
Millipore) % FVCHlE L7=,

KHlAHLZ Class | PIBK 71 Y 7 4+ —24 (o, B, v, 8) BL W Class Il PIBK 7 A
7 #—2A (C20, C2B, C2y) I Merck Millipore 76, 77 / > > = U Vg (ATP) 1,
V=T VR T (MO, USA) NHZENEIUEALT-,

t ~Class | PIBK 74 YV 7 +—2A (a, B, v, 8) BEILUP~ T A PIZKS (22T,
AN D K5 72051 THRIE L7z, AS2819899, ATP, PIP, 15 L VS FEAHH#L 2 PIBK %
384 Uz LT L— MWL, Z|IRT30 A rFax—rL7, ®v MIE

@ Stop Solution & Detection Mix Z ¥l L, =i T 3 RFflA »F =2 X— M L7,
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PEAE S UTe PIPs M % ML 5 ¥y —Kef#] 43 i  t (Homogeneous Time-Resolved
Fluorescence: HTRF) 7'} /L% ArtemisK-101 /v F 7 L— F ) — % — (HEE
SR, L) A6 L CHE L7,

PIP3 DREA B KD < A FLEIERIE R 7 L2 b ILE EH (Ki) Z SAS VY
7 k7 =7 (SAS Institute, NC, USA) % HWCHEH L7z, EBriTt b ClassIPI3K
[ZOWTIE 43T, ¥ T A PIBKSIZ DWW TIE 3 7ML, & FEBRO KifaD %
a2ty & 950 E XMl 2 L7,

t bk ClassIPI3K 7 A ¥ 7 #—2A (C2a,C2, C2y) IZ2WCiL, LLFD X 5 12l
7E L 72, AS2819899., ATP. Phosphatidylinositol 3 & OV Flifi#4 %2 PI3K % 384 7 =
T L— MZHINL, IR T 30 ofilA v FaX—F L7z, v MIED Stop
Solution & Detection Mix Z ¥R L, S T 3 BEfElA »F 2 X— K L7z, FEAS
#1U7= Phosphatidylinositol 3-monophosphate & % 7~ % HTRF 7} /L % | Artemis
K-101 v~ v F 7L — b U =& — (HHEXKRARL) THIE L7,

BERIEUIN T = /L DILERZ 100%, BEARIT THEEORZRIN LT Y =10
PHERZ 0% & L, HEREZRH L, HERIZOWT, Sigmoid-Emax non-linear
regression analysis (Z & ¥ . Half maximal Inhibitory Concentration (ICso) 1% % H L
Teo HEBRWVE D F IR EE TOHNHIFED 50% A Th - 12356, HBRWE D &K

B A2 £ LT,
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23 PBK L4toFri X F—BBLOtRY) VA LVEF=rFF—RBITxT 5
iEke=

AS2819899 @ PIBK LIAhDFri v FF—EB IOt M/ ALVF=0FF—E

28 FEIAIC 69 A IHETEMEIL, Carna Biosciences (ftfi) (ZZE#E L. Mobility Shift

Assay Z i L CHIE L7,

24 HBFEL BT EZ— A FF ¥R T UAR—FZ =TT DHESTENE
AS2819899 DHFEL S X — A AL F ¥ XV b T AR—F—TxT HFEH
TEMEIZ DWW TIE, BKRAT o v (K3R) ICRFE L, FrRIY72 Y Y FiZxtd %

fit & DFLE 2 /IE Lz,

25 b [ BffilalZisiF 5 Major Histocompatibility Complex (MHC) class 11 5L
)

AEHEL, 7 A7 7 A8EE (BR) 12817 2 b MU MR A Z B SITTRR

Tz b2 B CHEM L (KiRE S ; S1111204), AT 7 ¢ 7 HIMHIEIZ

UNTERE L 7o ARSI %, 10%IEM@{k ™~ 1y (Fetal calf serum; FCS), 10

MM L-Z V43> X2V U UA R LT h~A VU BLONES UM 2-A L H 7 K

T & ) —/VE&E Ty RPMI1640 E5 I T 3 fFICAR L7z, AR D AS2819899

DAFE T £ TIIEAAE IS T, Ao 30 pg/ml ¥ FHI3k F@@b')2 #ik k 1gM

19



(Jackson ImmunoResearch Laboratories, PA, USA) THIlI% L. 37°C. 5% CO, DA
T 22 WEfEIEEEE U7, fIlE ORI % . Fluorescein isothiocyanate (FITC) #2575k
~ 7 A 3HT Human Leukocyte Antigen (HLA) -DP, DQ, DR $if& (BD Biosciences,
CA, USA) ¥ X T Allophycocyanin (APC) ik~ 2 3kHit b CD20 Hifk (BD
Biosciences) TYuft, L7z, Ytttk WAL T =7 L% T4y & 5 il TR I
L. 05% HR/ALT AT REHRICTREE LT,

B 4l > MHC class 1l %% . APC (CD20) Bl o>, FITC (MHC 2 5 =
1) @ Geometric mean fluorescent intensity (Geo MFI) S EFE L T, 72— A KA
kU — (Fluorescence-activated cell sorting; FACS) (Z CHIE L 7=,

AS2819899 FEFFAE F T IgM #iliE 72 L ™ Geo MFI % 100% [HLFE. IgM #iliEd v
® Geo MFI % 0% FHFEE L, BHERLZHH Lz, HFRIZ-DOVT Sigmoid-Emax
non-linear regression analysis (2 & ¥ ICso fE & 5 H L7z, FEHRIE 3 AT 5N L . 1Cso

O & 5% EHE XM 2 F H L7,

26 ~ A BMIEIZISIT D MHC class I FE B

18 D NZBIWFL1 = 7 A (AART AT /L —RkREth, §i) X v £ L 721
Wa, 10mML-Z V% Iy R U VA RLT <A BLUNE5 UM 2- £
NHT N K ) — ) EET RPMIL640 E5HIZ T 10 ISR Lz, SHERED

AS2819899 DIFFE F F 71T FETFAE FIT T, HRIRFE 65 pg/ml v 5 HK F(ab')2 #t
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~ 7 A IgM (Jackson ImmunoResearch Laboratories) CTHiliik L. 37°C, 5% CO, D5
R C 4 FEREREE Uiz, HRIBLEE o Mk 2. Phycoerythrin (PE) 25~ » b H kT
CDA45R /B220 #if& (BD Biosciences) 33 & O FITC #E##%f1~ 7 & I-A/I-E Hiik (BD
Biosciences) THefa L7z, 30 witatk, b7 =0 L& TG & T 53K T
WL L, 05% A/LAT LT b R CHEE Lz,

B il > MHC class I 3$#i% . PE (CD45R / B220) Byitfartho . FITC (1-All-
E) @ Geo MFI & &# L C. FACS |[Z CHIE L7=,

AS2819899 FETFTE . TABED Z IO 1IgM Hili 72 L Geo MFI % 100% P,
IgM Hili & W @ Geo MFI % 0% PR & L, BRERLAZEH Lz, HERICONT
Sigmoid-Emax non-linear regression analysis % IV T ICso &2 FH L7z, FEBRIT 4
ARATFEML L. A5 FZBRD 1Cso IE DA & 950 F X M &2 5 Lz,

T AT T ARG IFEFgEE v ¥ —1X, AAALAC A > ¥ —F v a )L
(The Association for Assessment and Accreditation of Laboratory Animal Care
International) DFREZ =T TEY . BWERITT X7 7 AREERA SO

FEBMEE ST X VER AR LS L CTHEM L7z (BWFEBEGRE 5 D-T14081),

2.7  HUCD3/28 Flit b T A EFE M)
it b CD3 Hifk (BD Biosciences) % 96 7 =/L 7L — k (Corning, NY, USA) (Z

0.15 pg/well DIREETHIN L, 4°CT—HrEAEL LTz, 7 b — NIz fEfEd 5

21



Hi7tZ Phosphate Buffered Saline (PBS) (2 CHlmyie L7=, BEAE b pan-T fifa
(AllCells, CA, USA) % ik 270 D FMAFICHEWIRER L 7=,

1x10° cells/well DHEfIET, _=2 U /A ML T h~A | 10% FEEIE FCS
Z & Te RPMI1640 K52 gl L 7= fifia 2 . H1 CD3 Hik @Ak L7 7 L — MiZ
FERE L. 508 B2 0D AS2819899 fA7E N TR L 0.5 pglwell D4t CD28 #iifk (BD
Biosciences) & ¥4 % Z & TR L7z, 7' L — h % 3 HI# 37°C, 5% CO, D54
TR LTz, K5, CellTiter-Glo® (Promega, WI, USA) (Z LV, ATP 2 (il
fa%k) % KMed D3 mE LA, vV FE— K7 L— U —%— EnVision (/X—
v —T XXy EI) RO CTHE LT,

AS2819899 FEAF(E T TORFE L L DN FECHRE A 100% HE. HliEdH » D
BRI Z 0% HEE L, BEREZRH Lz, HEFERICOWT Sigmoid-Emax
non-linear regression analysis % T ICso fEZ SR H L7z, FEBRIE 3 54730 L,

B EBRD |Cso H D AT & 95%EFEX 2 HEH LT,

3 AR
AS2819899 (% in vitro PI3K BEFFHET v A 128V T, & b PI3Ka, B. 8. yiZ

DONTENEN 37nM, 110 nM, 0.29 nM. 32nM @ KifEZ 7~ L, PISKSD il
X, i ClassIPIBK 74 Y 7 #—2A & 100 5Ll EO@ERMEEZ R L7- (Tabled), £

7-. =7 A PI3KSD Ki X, 0.36nM TH V. b FPIBKSL[RI%ETH-T-, MMz

22



Tk bk Class Il PISK 7 A V7 % — L DEEFEFLEVEH D 1Cs0 1% PI3KC20, C2.
CyIZ DN TENZEIL, >10uM, 0.98uM, 0.82uM TH Y . PISKSIHEIEM &t
;LT85 < . AS2819899 (X, Class I PISK 7 7 4 — ATk LT WO BRI
DD EIRENTZ (Table 5), & 512 28 FFHD PIBK USADF 11 v ) —
BRIt Y VAL =% —BITxrd R EEH 280 L7223, 10 uM
DIEICBNT, FMBLEZE2TOFF—¥ T, AEFERIIRD LR -T2
(Table6), F7=, FHL T X — - A F L F ¥R/ hTUAR—H—IZHT 5
AS2819899 DOFEATEMEIX, 10 uM DIRFEIZIHB W T, 1ZEFATT, 10%LL FTh-
7= (Table 7), Z4U 5 D#EF A5 AS2819899 (X PISKS % EIRHIIZ L E T B/ AW
ThiHZ EhRIhT,

PISKSIZEIC U V7 ERRAIIC I HL L T D 2 &5, AS2819899 0 B il &
O T il ~DE ] 2 s L7z,

F9°. BBICxTA1EMA E LT, Bt IgM HLikic L 5 BCR il % > MHC class
I FEFNZ DWW TYER 2 s L 7=, AS2819899 (X fd i A D ARRYIM B HIfEIZ I\ T,
P 1gM H11% MHC class 11 58 51 & B 2> S 40 L. ICs (% 1.8nM T~ 7= (Fig.
BA), 7o~ U ARMIMAE HAWZFEEOERIZIB WV TH, AS2819899 [X[FIZE DR
FE (ICso ; 4.3 nM) CTHIRINA HiTZZ &5 (Fig. 5B), B ffEPLEFIZH VT,
YUACLDFERTE N TOERZHRTE L LB BN

T, T RISk 2 ERIC O W TR L=, s AR T #ifinzd . TCRES
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K TdH 5 CD3 & T A ILAIIN-R T 5 CD28 % Hillif L 7= BRDHIFHIZ DOV TR
L7z, AS2819899 |FiR K AFAY7e T IR FHINHIMEH 27~ L 1Cs0 1 55.1 nM T
-7 (Fig. 6),

bz &t AS2819899 1%, BCR B LN TCR HliE A fHET 5 Z & T, B

fads L O T MaOIEME L, OWTIEIEIGEIER 2355 Z L 2 b NI Lz,

AS2819899 (X, L& TV % PIBKSEINMIPALEHEAITH 5 Idelalisib & [R5 D
PIBKSHLEEM: % 7k L7~ (Table 3, Table 4), —J5 C Idelalisib & ki L, PISKyBHE
TERIZR LT EmOWEIRMERH D Z &N 50T 7% > 7= (Table 3, Table 4),

PIBKyD A, F 713 PIBKS & PIBKyD 5 A BHE T 534 (PISKS/YBEEA) (2o
WT, v T AW V=T ABRET VORENH 5[29-31], B 21X, PIBKS/y
PHEHRITH D IPI-145 | NZBW/ F1 ~ 7 R L—FZABRETF VBN T, T
dsDNA Fiifili z2 80 L. BREZ dE 25 2 AR SN TR Y | PIBKS/yFHEA
O SLE RIFH & L COFREDNRE SN TVWSH[3L], —F57 T PIBKSy KB~ 7 A
(% SO U L REIZ RV THRW U S RERIBD IS F D AL 2D 23 RERARAR A~ T
Jad KO RRER DR, IgE L~ v D B 70 8 Th2 I0& 25| & 292 L B3
INTEY ., PIBKSE PRBKyD M7 242 Z &%, Rl Th2 JRZIT-27e 0

LA REMED N ® H[32], MZ T, PIBKSDAEZPLET HHEAITHH-TH, ¥ 7 A
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BT ICEBNT, =T ZABERIZHET HDHENMEN RSN TND Z &5 [33,34].
PIBKSERHYTd> 5 Z & 1d, PIBKSNFHE & thig L T, R E D720 SLE O
TRIFEIRDOAIHIZORN DD TII IRV E B 2T,
AHFFED B H)IE PIBKS DB AIFHE R O SLE {5%IE & L COEEM 2 MGET 5
L ThY, RETHEMLIEEET v A 12T, AS2819899 78 b STV
DI6EMED b S HIT PIBKSEIRAI R FIEM 2R L2 Z & 2v 6 AS2819899 13,
MRFEFEBR 21T 5 DITEYIRMEEMTH D LB BT,
AS2819899 |LfEH A DA ML B MAAICIIT 5, HT IgM Hil¥E MHC class 11 R 8%
IRIRE 2 BHHI L, 1Cs (X 1.8nM TH o7z, HITF 4 1%, MHCclass Il FEHL & [A]
SEDPEEICFBV T, AS2819899 73 anti-IgM HII B HIIBHTE 2 45 = & &R
BLTWD (T —HARIEF), pan-PI3K [LEHITH 25 LY294002 (Table 3) I
vitro (23T BCR HI4#% % @ MHC class Il FEELZNHI4 2 Z L N STk
D [28]. MHC class Il ZEHLZ KT 5 PIBK OB E 0V REN TV D, ARFEIZEBWT,
PIBK&ZIRAJFAEAITd 5 AS2819899 73 ifilfE 2R L7z Z &6, BCR HllEL
2351 D MHC class I F8HUZ X PIBKSOFH G MM RKE W ERE b,
F7-. AS2819899 Dt CD3/28 HIIKIZ K32 T A 5E AN 0> ICs0 1 55.1nM T
bHol, PIBKSIE, fitilitr7 2= N Th 5 pllosL ., Ffir=> FTHD p85
INDIRBA~NT R A ~—ThbHN (Table2), ikt 7 == N Th 5 pl106% KX

H L=~ T A TiE Wild type O~ T R &G LT, B MfO#FEAME Sh, T
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FMICOWT S B A L el 95 L8503, BFEAIHI Sh D 2 L Sh
TUW5[20], ARFZEICEWTHER Sz AS2819899 O B #IADIEHI(LB LN T
MR DI~ DI E 1L, plI08KIE~ 7 A TH B LT e & [FIARIZ  PIBKS 73
BCR B LW TCR %4 L7-iEmM b L OMEFHICEE R & EH 2 RI- L TW\WbH Z &

WCERT D EEZ BT,
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Table 3. Half maximal inhibitory concentration (ICso) Class | PI3K inhibitors

ICs0 (NM) Human

PI3K$ PI3Ka PI3Kf PI3KYy
Idelalisib™! 2.5 820 565 89
ZSTK474%2 4.6 16 44 49
LY294002%2 1600 550 11000 12000

% 1; 1Csp is adapted from Ref. [27].
% 2; 1Csp is adapted from Ref. [35].
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B cell T cell

B cell receptor T cell receptor
(BCR) » 4 (TCR)
\/ A
CD28

S @B @D

R | (@D — Pi3ks inhibitor
B @D @D

Akt A/
'l' Akt

'PIBK3 inhibitor  pgjteration

Survival

Differentiation Proliferation

Survival

PIP, ; Phosphatidylinositol 4,5-bisphosphate Differentiation

PIP5; Phosphatidylinositol 3,4,5-trisphosphate

Fig. 4. Functions of PI3Ké downstream of B cell receptor and T cell receptor
This figure is adapted from Ref. [36, 37] and edited.
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Table 4. Inhibition Constants (Ki) of AS2819899 on human and murine Class | PI3K

isoforms
Human™* Mouse**
PI3Ks PI3Kd PI3Ka PI3Kp PI3KYy PI3Kd
Ki (nM) 0.29 37 110 32 0.36
(95% confidence interval) (0.23-0.36) (23-58) (54-220) (18-57) (0.23-0.56)

*Each value represents the geometric mean and 95% confidence interval of 4 separate
experiments performed in duplicate.
**Each value represents the geometric mean and 95% confidence interval of 3 separate
experiments performed in duplicate.
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Table 5. Inhibitory effect of AS2819899 on human Class 11 PI3K isoforms

PI3KC2a PI3KC2p PI3KC2y

I1Cs0 (UM) >10 0.98 0.82

Data are expressed as the mean of duplicate wells.
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Table 6. Inhibition of Tyrosine and Serine/threonine kinases by AS2819899

Tyrosine %inhibition %inhibition Positive Control
kinases by 10 uM of by 10 uM of
AS2819899 positive control
ABL 0.1 101.5 Staurosporine
AXL 04 103.2 Staurosporine
BMX -3.6 95.2 Staurosporine
BTK -8.5 100.0 Staurosporine
EGFR -3.3 101.8 Staurosporine
EPHAZ2 -2.0 97.2 Staurosporine
FAK -9.1 102.6 Staurosporine
FLT3 0.4 103.1 Staurosporine
FMS -71.6 99.6 Staurosporine
HER?2 -3.7 97.8 Staurosporine
ITK -4.6 102.1 Staurosporine
KDR -3.2 102.7 Staurosporine
LCK -2.1 102.6 Staurosporine
PDGFRa -1.7 104.3 Staurosporine
PDGFRp -5.4 102.6 Staurosporine
TRKA -3.2 102.4 Staurosporine
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Serine/threonine %inhibition %inhibition Positive Control

kinases by 10 uM of by 10 uM of

AS2819899 positive control
AKT1 -4.8 102.3 Staurosporine
AurC -6.3 102.4 Staurosporine
CDK2/CycA2 -1.8 102.4 Staurosporine
CK1o 0.6 98.7 5-lodotubercidin
Erk5 -6.2 96.3 Staurosporine
GSK3p -2.3 101.4 Staurosporine
IKKp -5.3 93.9 Staurosporine
JNK1 -2.2 714 JNK Inhibitor IT
NEK?2 -1.6 67.9 Staurosporine
p38p -4.3 102.2 SB202190
p70S6K -8.1 103.0 Staurosporine
PIM1 1.3 100.7 Staurosporine
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Table 7. Inhibitory effect of AS2819899 on radioligand binding to various
receptors, ion channels and transporters

Inhibition (%)

Assay name

AS2819899 Positive substance
Adenosine Al (Rat) 11.73 100.00 (DPCPX)
al-Adrenergic (Non-selective) (Rat) 6.89 100.00 (Prazosin)
a2-Adrenergic (Non-selective) (Rat) 22.78 98.69 (Yohimbine)
B-Adrenergic (Non-selective) (Rat) 6.44 100.00 ((z)-Propranolol)
Angiotensin AT1 (Human) 1.35 98.73  (Angiotensin II)
Angiotensin AT2 (Mouse) 17.60 100.00 (Angiotensin II)
Bradykinin B2 (Human) 0.26 99.61 (HOE140)
Ca Channel (Type L, Dihydropyridine) (Rat) 2.19 100.00  (Nitrendipine)
Ca Channel (Type N) (Rat) 1.12 100.00 (w-Conotoxin GVIA)
CCK A (Human) 0.00 95.95 (CCK-8)
CCK B (Human) 0.00 100.00 (CCK-8)
CRF1 (Human) 0.00 100.00 (Urocortin human)
Dopamine D1 (Rat) 0.50 100.00 (R(+)-SCH-23390)
Dopamine D2 Short (Human) 5.81 100.00 ((+)-Butaclamol)
Dopamine Transporter (Human) 0.03 99.54 (GBR12909)
Estrogen (Rat) 0.00 100.00 (B-Estradiol)
Endothelin ETA (Human) 0.00 100.00  (Endothelin-1)
Endothelin ETB (Human) 0.66 99.00  (Endothelin-1)
GABA A (Agonist Site) (Rat) 5.84 98.42 (Muscimol)
GABA A (BZ Central) (Rat) 1.16 100.00 (Diazepam)
GABA B (Rat) 0.00 99.87 (GABA)
Glutamate (AMPA) (Rat) 12.05 100.00 ((S)-AMPA)
Glutamate (Kainate) (Rat) 4.68 100.00 (Kainic acid)
Glutamate (NMDA Agonist Site) (Rat) 0.00 99.98 (L-Glutamic acid)
Glutamate (NMDA Glycine Site) (Rat) 3.83 98.55 (MDL105,519)
Glycine (Strychnine-sensitive) (Rat) 5.41 100.00 (Strychnine)
Histamine H1 (Central) (Guinea pig) 0.00 100.00 (Pyrilamine)
Histamine H2 (Rat) 3.25 98.34 (Cimetidine)
Histamine H3 (Rat) 8.88 o737 (RO

Methylhistamine)

33



Assay name

Inhibition (%)

K Channel KATP (Rat)

K Channel SkCa (Rat)
Leukotriene B4 (Guinea pig)
Leukotriene D4 (Guinea pig)
Melatonin MT1 (Human)
Muscarinic (Non-selective) (Rat)
Muscarinic M1 (Human)
Muscarinic M2 (Human)

Na Channel Site 2 (Rat)
Neurokinin NK1 (Human)
Neurokinin NK2 (Human)
Neurokinin NK3 (Human)
Norepinephrine Transporter (Human)
Nicotinic (Ni Neuronal) (Rat)
Opiate (Non-selective) (Rat)
Opiate p (Human)

Oxytocin (Rat)
PAF (Rabbit)

Serotonin 5HT1 (Non-selective) (Rat)
Serotonin 5HT2B (Human)

Serotonin Transporter (Human)
Sigma (Non-selective) (Guinea pig)
Testosterone (Human)

Vasopressin V1 (Rat)

VIP 1 (Human)

AS2819899 Positive substance
11.48 97.41  (Glybenclamide)
12.85 100.00 (Apamin)
7.95 100.00  (Leukotriene Ba)
13.72 99.92  (Leukotriene Da)
9.18 100.00 (Melatonin)
1.27 100.00 (Atropine)
5.12 100.00 (Atropine)
0.00 100.00 (Atropine)
38.11 100.00 (Dibucaine)
7.96 100.00 (L-703,606)
21.46 99.61 (Neurokinin A)
28.07 100.00 (Senktide)
1.99 98.48 (Desipramine)
2.60 100.00 ((x)-Nicotine)
0.59 97.27 (Naloxone)
0.00 100.00 (DAMGO)
0.70 100.00 (Oxytocin)
19.48 98.10 (PAF)
8.08 100.00 (Serotonin)
8.97 100.00 (Serotonin)
0.00 99.21 (Imipramine)
2.61 100.00 (Haloperidol)
0.00 99.24 (Testosterone)
17.54 93.23 ([Arg®]-Vasopressin)
0.00 98.91 (VIP)

Test substance concentration: 10 uM; positive substance concentration: 1 uM for
leukotriene By, leukotriene D4 and VIP, or 10 uM for the others.

Data are expressed as the mean values of duplicate samples.

The inhibition rate was calculated as “100 — binding ratio”.
Binding ratio: [(B — N)/(Bo — N)] % 100 (%)

B: Bound radioactivity in the presence of test substance (individual value)

Bo: Total bound radioactivity in the absence of test substance (mean value)

N: Non-specific bound radioactivity (mean value)
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Fig. 5. Inhibitory effect of AS2819899 on anti-IgM antibody-induced upregulation

of major histocompatibility complex (MHC) class Il on human and mouse primary

B cells.

(A) MHC class Il on human primary B Cell.

Human peripheral blood samples were cultured with AS2819899 and stimulated with

goat F(ab’)2 anti-human IgM. After incubation for 22 h, the geometric mean fluorescence

intensity (Geo MFI) for the expression of HLA-DP, DQ, DR on CD20-positive-gated

lymphocytes was determined using flow cytometry. The inhibition rate of Geo MFI and

the 1Cso of the inhibition rate were calculated. Three independent experiments were

performed in duplicate. The geometric mean with 95% confidence interval (CI) of ICso

in three independent experiments was calculated. Values in parentheses represent 95% CI.

(B) MHC class Il on mouse primary B Cell.

Mouse peripheral blood samples were cultured with AS2819899 and stimulated with goat

F(ab’)2 anti-mouse IgM. After incubation for 4 h, the Geo MFI for the expression of

MHC class Il on CD45R/B220-positive-gated lymphocytes was determined using flow

cytometry. The inhibition rate of Geo MFI and the ICso of the inhibition rate was

calculated. Four independent experiments were performed in duplicate. The geometric

mean with 95% CI of ICso in four independent experiments was calculated. Values in

parentheses represent 95% ClI.
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100+
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|C50:55.1 nM
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Fig. 6. Inhibitory effect of AS2819899 on anti-CD3/CD28 antibody-induced human
T cell proliferation.

Human peripheral T cells were cultured with AS2819899 and stimulated with anti-
CD3/CD28. After incubation for 72 h, cell proliferation was examined using a
luminescent cell viability assay. The inhibition rate of cell viability and the ICso of the
inhibition rate were calculated. The geometric mean with 95% confidence interval (CI)
of 1Cso in three independent experiments was calculated. Values in parentheses represent

95% CI.
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%2 3 ; PISKSRIRAIFAEH] AS2819899 DHLEEAIZH T B EM

1 =

SLE DJRREIZITH CHAEORAGENM RSN TR Y . B OHURIL SLE O W
SO BIEIMEDE =% — 12 STV 5 [1], SLE O FEJE BECHEIEBE T,
H CHUED—>TH 551 dsDNA HLIRAT A EifE & 72 5[38], & 51T dsDNA Hiikix
N—T ZEROBEIZIBNT 40~90% THEMEIZ72 v | FRETEEME & o BRE A
RINTWVDH[BR9], ZbDZ Lrn, HOHUADEAMTGIA, SLE OIRHIZD
RNDHEEZBND,

51 FEIZEB\ T, PISKSEINAYFHEHI T d 5 AS2819899 i, invitro (2331 T BCR
BIOTCRFIMZHET S5 Z & T, B#ifdd> MHC class Il ZE8L3 L O T Mg
HE5H 2 P L 7=, B MERIX, MHC class Il 241 LC, ~/ 8—T Mgz & 2 #iBh
AT, PUREAMIC T 2 2 Evh . AS2819899 (2 K25 B o> MHC
class 11 FEELOIHIRC T ML OHFEIENL, FURPEADOIHEHERIZ 72013 5 L&
ZAbND, £ T, AETIE, TMRIHAFTURI LT MR HRIC X
%~ U APURPEA T T V% VT AS2819899 DHLIRFEAIZ %3 5 1EH % 54 L
7

T M B JERfF 09 BLIKEA = 5 v & L T . Trinitrophenylated
aminoethylcarboxymethyl-Ficoll (TNP-Ficoll) #%E 34 5 €7 V& %EH L7z, FUR

FI % OPUREAIZRW T, @H B Mifalx. IEM b~ =T fifa o mibh 2
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LT H0, —HOTURATIE T MEOMB &2 LZ L EFIURZEET D Z L

HMHNTWD, O XD iz MK AFRHUR (Thymus-independent antigen,
HUR) &S [40], TIHURIE, S HIZ BCR IFFFEAICIEMN T2 TI-L Ui & |

BCR FrEMICIEHT 5 TI-2 FURIZZFESI L, TI-1 HFURIZIE lipopolysaccharide

DANEEERL 73 T % B2 &

H#

(LPS) <. MliEHI kD DNA A3, TI-2 HUlst i
PRSI D [40], A IEERERIZ IV 72 TNP-Ficoll 13 TI-2 HUil & L THEBRITIA
RSN TEY, REICLY BAIKAD S T AL v F2Eb/anizh, HLTNP
IgM HUAATh 2 1 7E 2 2 & THUREAICKT T 2 B2 il L7z,
WA, T Rk AFHUR C& % Dinitrophenylated keyhole limpet hemocyanin (DNP-
KLH) #~ 7 222 [\l E 3 5 U a— VInEPUREAETT V&5 LT,
T MR AFAOFUARE AR 3T B MIIERIRI O HUF A 2521 . MHC class 11
DHURZRRA L, FUHUREZRHT D T Ml s oM E/EH (T-B ML
HAEH) &8 CTIEMEAL S 2 JEME L S L7z BAIRRIZ 2k U > 7$fkIZ 3800 T
farly (Germinal Center; GC) ZTER L. HUIZR LT X 0 AED E Wik %
FEAET DRI~ & b U (AP RS Affinity maturation), & B IZHUAD &5 18
A IgM 519G ICEH SN D (7 T A AA »F: Class-switch), & 5HI2—H
I HUAPE AL TH 2 TEM A~ L REOHUAEZEAT D08, —#iE
AEV—BMEE LT2RY /S HRICAEL, PUREZREL TV D, FREHUR

WWEIEEND &, AF Y —B fifalx MHC class I Z474 % T fafECH A K
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A ORI A 32 T PHIBIEER L0 b LRI E M~ & k2 (U =—
JVIGZE; Memory recall response) (Fig.7), AXF Tld, DNP-KLH % 2 [E6a#E L, 2 [H]
HDO%E% )6 AS2819899 #5952 LT, U a— ULEIZ X S HuRpEAE~
OYEFIZ OV THERE L7z, #BRIbE# & LT, AS2819899 IZN%x, S22 7=/ —
JVEEE 7 = F L (Mycophenolate mofetil; MMF) % 5-1L7-, MMF iX. fggsfim
BLON—=TZBROIWBHIE L L THEH ST L0 IHIAITH Y . DNA &
FEPHEIC X0 . T Al X OB Moo #5il & gl 4= 2 [41].

SLE 162815 MMF @t ML PREICHIST 5~ 7 A0 581 25
mg/kg & & 2 BB T=0[42]. FOEDIEE TR L, AS2819899 & DE # Lt

B L7,

2 MELE HIk
2.1 #ERILAw)

AS2819899-CL (AS2819899t5 ) 5 L U'MMFIX, 7 A7 7 AHFK (BF) I TH
% L7-, AS2819899-CL¥ J. O'MMF % 0.5% # 5 /L& L1 — A (Methyl cellulose;
MC) WIKIZIRfRE L. RBRICHEA L7=, AS2819899#k 5 f&IZ 7 Y — (kL LT

R L, KL,
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2.2~ U A TNP-Ficoll #%% T MR KFROPLIEREAET L

HEME BALB/C ANNCYICH] ~ &7 21X, HARTF ¥ —/L & « U S—HRA S (0 43)1)
XA L=, 7##Ho BALB/c ANNCrICrlj = 7 21Z TNP-Ficoll (Biosearch
Technologies, CA, USA) % 100 pg/ml O¥EEEIZ 72 % K 5 PR K ICERfE L.
200 pl/mouse THEWENIR G35 Z & CTHuE & El U=, BEREAIL. XFIREE,
AS2819899 #:H-#E (0.3, 1. 3. 10mg/kg) @ 5 #f (n=4) & L7=, AS2819899 £
BREIZIE. TNP-Ficoll 0% H 725 3 HIR £ T, &M &E0D AS2819899 = 1 H 2
B e L7z, RHHBEEICIZIALEE (0.5% MC /KIRIKR) % #e5-L7-, TNP-Ficoll
E 4 HZIC, ~ 7 ADERM L, A OB TNP IgM HLiARE E % Enzyme-
Linked Immuno Sorbent Assay (ELISA) 7512 & 0 JliE L7z, ELISA LD ERRIC
IZ. Bl TNP-Ficoll Z40 % L=~ AmbEEL7=Y 7 0% 100 U/ml & &

L. 1 L7z (@i 3EoKaEa 7= C-T12263),

23 U A DNP-KLH #5% T MIRKAFH ) = — VISEDUAEAE T L

e BALB/C ANNCHICH] = &7 21X, HAF v —/L &« U =Rt (#5)10)
KO U=, AAFRRE/KIZ, 1 mg/ml OFREEZ/2 5 K 9 fiE L7~ DNP-KLH
(ZAE - A A, HR) &, 10mg/ml OREEIZ/D X DI LT Alum 7
TVanyh (TARE LK) LB BEITTCEHERERAL 30 MR L, 6

T i O MEME BALB/C ANNCrICrlj < ™7 212, 200 pl/mouse THEFEN#EEE- L, #IE]
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RILZATIR ST, MBS 19 HEIZ, ELISA {AIZ LY gt o4t DNP
IgG L~ULZHIE L, HLDNPIGG L~ULNEEIC 72 % K 9 I~ T R B KRR
DT U, BERERIE., XTHRRE. AS2819899 ¢ H-AE (1. 3. 10 mg/kg) . MMF 20-
50 mg/kg (B 5-FAtA B~ 5 10 H B £ CTix 20 mg/kg, #4511 HH~#5- 14 H
H % CTix 50 mg/kg) @ 5% (n=7-8) & L7z, #EI%ENS 21 H HIZ DNP-KLH
Z 500 pg/ml OPREE THEBEIE KL, 7V 230 FOGFHI#E L T 200
ul/mouse THEMENIRG-4 5 Z L2k 2 HORIEEIT 72, 2 [FHDOHIED
H72>6 2 . eHBEECIZAEE (0.5% MC KiRiK)Z 1 H 110, AS2819899 #: 5
FEICITAIREE D AS2819899 A 1 H 2 [0, MMF &G FEIZIE MMF Z 1 H 1 [\l
D45 Uiz, #IEGeED 5, 19, 25, 28 3K U835 HHIZ, ¥ U AMNG iK%
BRI L . MR 5T DNP 1gG #2 4 ELISA JEIZ X - THIE L 7=, ELISAJED A
& o2 — RiE, BRI GBI L7 iS4 100 Uiml &EF LEH L7z, #llEl%
E S 19 HHOPUAMZ 21 HH ERIC SREL, ZOMEEERE/RE LT, )
[Bl5E 6 25, 28 B L UN35 H HDOME[EN G D B4 % isEHHt DNP 1gG
T — WiRHh AR T AE (Area Under the Curve; AUC) & L CHH L7- (i35

87 5 D-T12366),

2.4  HEEHEEAT

HeatiEMTIZ. Graph Pad Prism (Graph Pad Software) % iV TAT\, DT —
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X mean = SEM. T/R L 7=, XHREELE OHFMFAEZ 1L Dunnett’s multiple
comparison test (= J ¥ f#HT L, P<0.05 & A E/K#EL LTz,

272U, = A DNP-KLH &% T MBUEFRY Y 2 — VIS FUAEA T T /MICE
WL XHREEE MMF & 58 & ORREIZ- DU T, Student’s t-test (2 & 0 fi#AT L |

P<0.05 #fH BKH#EL LT,

3 R
3.1  ~ 7 & TNP-Ficoll % T MBRIEKAFRIPUREA T T L

~ 7 A2 TNP-Ficoll Z 1 [AI%fE L, BEL/ZH 225 AS2819899 % 0.3, 1, 3k
FUN10mglkg OG5 ETLIH 2[E#E L, 4 HEOH TNPIgM Z]IE L= & 2
A, 0.3mglkg DL EDOEHEOFREEREZIHB VT, T TNP IgM FTIAA A3 A B (20
Sz (Fig. 8), 1AM Gt BEEICHKT 4 24T, 0.3, 1. 3 LT 10 mg/kg
BHEEHCRBWT, 22381, 437, 700 8LV 87.8% ThH o7z, Z DfEREMN
5. AS2819899 (I T Mt FEIKAFINHUAPEA 2 & G- FH BEAKAFHZINGI 2 Z & 23

~ENT,

32 <7 ADNP-KLH#% T MUK U = — VIREHURRE LT T L

DNP-KLH % 21 HOIMa% &HF T 2 \Bl5eE L7, 2 BB 0% . #RFRICER L

M AEF DT DNP IgG HUiAAlhi 2 HIE L7, xFREEETIL, w6 25 A H

43



O T, L DNP1gG HLiifii D EH- 258 S v, Fef&ERif A o 35 A B £ THifk
i > B3 HERF STz (Fig. 9A), AS2819899 (1, 3, 10 mg/kg) % 2 [A1H D4
EHPHL B HEETLIH2MEE LZE A, ML TOMET, miEd
DHL DNP 1gG HLIAI O Il A FEFR S 4172 (Fig. 9B), 1. 3. B LN 10 mg # 5-5
D, KHEE T 2 MfilRIT L, 559, 65.1 B LU T788% TH -7, —J7
T, MMF ® 20-50 mg/kg CTOHURMOINEIZRIL, 25.4% ThH 0 . AEREHITIX
o To, MMFIIERBRE 25 T MR X OB Mla o8 2 s+ 5 & 5 %
HAIVDH DS, 20-50 mg/kg (2B W THERGURTOIENIA BT, HrREAIH
YEHIE AS2819899 D J7 38R\ Z & 3R iz,

VI EOFER IV | PISKSEIWFHEAITH 5 AS2819899 1%, B Aifldd U 22— Lk

BPUREAZIHI L. £ OERIE MME & Bl L TRV 2 L AVR ST,

4 B

AS2819899 X MIIRIEMRAFIIBUR Td 5 TNP-Ficoll (Z & 2 HUAFE A 2 i L7,
FIRRIFEAFROFURIL B MR 5 &, FITHE CIEREICZ < AT 5 Bl <0,
el D k%A (Marginal Zone; MZ) B Ml Z 7858k S 41, FURKFRAOPUAN EA S
15 [43,44), PIBKSOfiitt 7 = K Th 5 pll0sK{E~ 7 A TiL, JEED Bl
HIiE<e MZ B I3 8 L, & 512 TNP-Ficoll #IIF4IZ X % 51 TNP IgM i £

DI S D Z LA STV A[20, 45], ARRBRIZI T D HUissE A &
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AS2819899 (T X % PIBKSFHEIZ L V|, BLMifa<> MZ B M3 L7z 2 LT
K92 AIRetED R S 7,

W T AR AFRIHUR TH D DNP-KLH (2 X2 U a2 — VISE Pk A B 4 5
fiti L. AS2819899 D 1 mg/kg LA E D Fe5-F THt DNP FLIAM O il S HesE S A7,
AE Y —B Mg OIEHEACITIIRSS Y v RHize LD 2 WU 2o FiLEE O R L
(Germinal Center; GC) TiTii 5, PIBKSOfEY 7= N TH 5 pl10§KIE
~ 7 AT, DNP-KLH fili## 0 GC DOFZALA NG S 4L, HUlRFRFE A HUARE A
Ml S5 Z ERHE STV A0, 45], AFBRICEHWTH ., AS2819899 (2 &
D, THEIROBSE, 35X OB Mifio> MHC class I BB S 47z 2 & T GC @
eI S 4L, EORER, SUREAPIHEI SN bD EE X b,

SLE IR¥EICHBWT, IWIEDO I ZMZ 5 2 LITIERICEE CTH D, SLE ORI
1%, AT U —BMROEME (U a—Vn) L EE4 %, Cyclophosphamide 73
W) CTd o 7= SLE BF % %412 L 7=, Rituximab ($1 CD20 $i1K) DERKRERIZE
W, Rituximab 2ZA# T o 7o B &, BRI ZHEIEIC 2 DO 7 V—T 15
IFCHENT L 7=, Rituximab OFFENS 6~12 » HLUWNIZEIR LI=7 v —7 (B
FREE). & 12 7 HUBEOBRO 7L —7 (BRELER) 5 &, RHiF
FERETIE AT Y —B # (CD19" CD27** CD38) DRENAR T4 Th-o7=Z &
DR IILTUVD[46], Z OFERIZ, SLE OFFEICAE VU —B M OHENEE T

HDHZEEREL TS, £7-50 BAFFBLYs £/ 7 o —F L HIKTH D
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Belimumab % SLE B2 & %52 L7253 2 MEBRIZI VT, MIEFA) SLE (2 —E
DHFEGN R LTe . — T CHBERZUEE T KGR —F5% ORM O IZ
BWT, 74 —7 B ZHD SETWEHLOD, AF Y —B flllukkz il
X W20 o 7[14], I Z TH BAFF HUEIZIANTT > NP 2 2MicfiEAS L7-=7 b
U H v~ 171 (NP-Chicken Gamma Globulin; NP-CGG) # ¥ D~ 7 & U
I — VISEPUEFEAT T VZBN T, U 3 — VIREIC L D HUREA & I L 72
W[47], s OFEFIE Belimumab @ B fifia V) = — VIR EIZ X A ER BN A+4
TohHHZ LA, Belimumab @ SLE FFREIHEI~DIERBTHN EDO—KTHDH Z
EHRELTWD,

— 57, Fex IZLLRTOME T, B0 PIBKSEINAIFHEH AS2541019 % DNP-KLH 7%
DTy FPUREAET VBN T, U a— VIR X D PURREEA 2 14 %
L EHERLTVWA[48], S HIT, AEIZEBW T, AS2819899 AU 2 — LA D
PURPEAEZINHI L7 2 & T PIBKSEIRAIPHE Y B AR Y = — /VIREIT 25T
REAZIHT D 2 LR ENT, ZOFREND, PISKSERALER2S, Bl
Ja U a— VR mfl3 5 2 & T, SLE OFEMENIh R A2 /R T AIREMENRE 2

bl
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Fig. 7. T cell-dependent memory recall response in secondary lymphoid organ
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(A)

100- }
*% *% Kk Kk ® Vehicle
T 80 m 03
S 38.1% inh A 1 AS2819899
S . (o] . .
o % A e 10
|CZ_L 40+ mm % 70.0% inh.
: v
2 20- v%, 87.8% inh.
{%v
O 1) 1) 1) 1) 1)
Vehicle 0.3 1 3 10

(MC)

AS2819899 (mg/kg b.i.d.)

Fig. 8. Inhibitory effect of AS2819899 on TNP-Ficoll-induced antibody production
in mice

BALB/c mice were sensitized with TNP-Ficoll on day 0. AS2819899 at the indicated
doses was administered from day 0 to day 3. Blood was collected and plasma anti-TNP
IgM titers were measured on day 4. Each symbol indicates individual data (n=4).
Horizontal lines indicate mean + S.E.M. in each group. **P<0.01 compared with the
vehicle-treated group using Dunnett’s multiple comparisons test.

Inh.; Inhibition, b.i.d.; Twice daily administration
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Fig. 9. Inhibitory effect of AS2819899 on DNP-KLH-induced memory-recall

antibody production in mice

BALB/c mice were sensitized with DNP-KLH on day 0 and day 21. AS2819899 at the
indicated doses was administered from day 21 to day 34. MMF was administered at 20
mg/kg from day 21 to day 30, 50 mg/kg from day 31 to day 34. Blood was collected and
plasma anti-DNP IgG titers were measured on days 19, 25, 28 and 35.

(A) Time course of anti-DNP antibody titer after the secondary immunization.

Values are mean + S.E.M. (AS2819899 1 mg/kg group; n=7, Other groups; n=8).

(B) The AUC (d21-35) of anti-DNP IgG.

The value on day 19 was extrapolated as the value on day 21 and defined as the basal
value. The increase from the basal value on days 25, 28, and 35 after day 21 was
calculated as the AUC. Each symbol indicates individual data (AS2819899 1 mg/kg
group; n=7, Other groups; n=8). Horizontal lines indicate mean £ S.E.M. in each group.
AS2819899 treated groups; **P<0.01 compared with the vehicle-treated group using
Dunnett’s multiple comparisons test.

Inh.; Inhibition, u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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55 3 E ; AS2819899 M~ U R BRARRKIEN — S ABRET NMTEBIT 57 -

[EEN
=1

i

if{

1 BB L O 2 BEIZHE W T, PIBKSIEINAIFHEAITH 5 AS2819899 7% B il
DIEME LI LOPUREAZ M2 Z E 0 B E 7257, SLE X B filad 52
FIEMAEC. HUdSDNA ik 2 e H CHURDPEARFIED FEK & & % 5T
WD T2D[1], PISKSE-RAUBLEANT SLE OFRIREA 7> a v & LTI S
%,

SLE (. EiniYk L OBRE kA RBER P EGHO IV RBIET 2 HORERTH
D ZOIFRIKLCIEFRIEIC T 25811, BiE 7 L TORMIIAEZE TH 5 [49,
50], AETIX, vV RE AW BARRBIEL— 7 ZABRET VAW T AS2819899
DHFh % FEAM L. PISKSTERIRIBAERI D SLE 1R E L CORREMEIC DV TR
AE L7z, —7 AKX SLE ITER L THRIET 2 R EKEE R TH D, HOPUEA
EHUR DGR ARERIRIZILAE L, RIEZEET D Z & TIHEBAZFIET D[51],
EEARAEIR & L C, EFH OBHEEE~ — 1 — DEALO, ¥ U X T JRP A B SH[51],
W I B AR X D IWBERHIIC K v T, JERDETe & RERIR DL 7 &
n5[52],

N—T AR E BIRBIET 28 & LT, NZB/WF1 ~ 7 A & MRL/lpr ¥ 7 A3

L AEA SN TWA, NZB/W F1 <™ A1V L 3HilElE. JiE. H1 dsDNA Hifk
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o B PURPLAEARICEN T 2 R RIEE R 2 IET 5, FIAEE T & LT
BEOBLETOREN D DD, TNENDOEMLET LHHE L OBRHEMEIZ OV TIX
RIZHEm DR MR 5[49,50], NZB/WF1 ~ 7 ADJRHEIL. SLE DJFHE & [FIEEIC
MEMEICRIE L, TEARHT 2 2 & CTOWBORIENEN, B CPURDEA B IR
59952 LD, WRBORIEIZT A a7 ORERH H 2 &R E T
%49, 50],
—J5. MRU/lpr ~ D A Ti&, 7K b=V 2R &R T 5 Fas @I FICEENAELT T
B, BB S 7R = 2 &2kN D720, BOPEBSEESND,
BEE LCU Y/ BRIEZC, B LY U RHIOIER, SRERIEE R, —EB0 8 TIk
RGN & FIET 549, 50], MZ T, Z OFRMTIIEER L OHRR OSER & %
JET D Z ENFHILTVD[53], MRUIpr iZA B 5 EED U >/ FEi DR & i
JEIX, FAS &{n A ¥I2X 5, CD4CD8 CD3"B220" T fifid (¥ 7N AT 47
T i) BRI L TWD 2 &R 0> TV A[49,50], ZiuH D Z &
5. MRI/lpr = 7 Z (%, NZB/WF1 < 7 2 & Heiz L, T HIfE O BEBFEIC X - T,
Zlgar B T 2 HEERIERPBIET 2RHETHLH EWZ D, —F T MRlpr v
BT D, TIVHHEDOFIEIZITE b SLE & R0 | MEZEITER O H 720 [49,
50l & HIZk b SLE I[ZRWTRBOIRIEEN A FAS B FREICE D Z LT
EFNTH 5[54].

bz et Foxld MRUIpr ~ o7 A Ll L, NZB/W F1 ~ 7 AIZBIT 5
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N—T AEROFIEN E N SLE OIFREIZ L VTV & B X NZB/WFL ~ 7 A L—
TAERET N AER L, AS2819899 Z 2kl L 72,

ZAVE TIT PIBKSEIRAFHEH D~ 7 A SLE JRHEEE 7 /VIZH T 2 ITV< D
W HHOD, MRUIpr =7 AET /LR, IFN-o78 E CALBMICEREFE LT
ETF/LTH VY [33,34]. NZB/W FL ~ 7 2% - BRIIET T /L OHE TR,
Tk 4 1% PISKSTERMIBLEAIZ NZB/W F1 ~ 7 2D HIRFIED )L — T ABRKICE
WD TR L, eI R E TG 5 2 & L BRRIS A~ ATREME 2
AEL 7=,

MMF (%, L —7" 2B ROIGEIEL L TEH SR TV A %Eii#ch 5, AR
BRIZF VT, AS2819899 D HA) & BEAFTRIRAE & i 9™ % HAYT MMF Z ¢ 5- L
7=. SLE {GHEICHBIT S5 MMF @t MR HREICHST 5~ 7 A0 58 L
LT 25mg/kg #EA % E L[42]. BT, LV EHETH D 100 mg/kg 5 5-HE % 5%

ELT,

:

il AR AF 21235105 Pharmacokinetic- Pharmacodynamic (PK/PD) fE#TIE. 505,

un|

BERBEIOMEE D M EEW IR LA F~— T — L DFEBEZ G, FEW)
[l ZEMEE B W TERRRBROHEE 2722535, PISK SR A B2 71| oD i R i
X0 BRI T 5720, PD v~ — B —ICOWTHHREF L, & 1 ETBWT,
AS2819899 |3 B iDL IgM HIITIZI51F 25 MHC class 1l 7814 in vitro THIHIL

722D 5, MHC class 1 78 B1% in vivo AR IZEUVWTH PD ~— 7 —E L THEHTES
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D TITIRVIINEE 2 RREE T T T2,

2 MERETTiE

21  HEBIEAEY

AS2819899-CL¥ L O'MMFIZ, 7 27 T AHHK (#k) 1T TAR L7-, AS2819899-
CLE X U'MMF#% | 0.5% MC/KIEIRICAME £ 72 13%E L, RERICEH L7,

AS2819899D H &L 7 V —fk L L CTHE LEFTL L1,

22  NZB/WF1~ U AHRFIEN—T ABFRET IV

MEPENZB/W Fl~ v R T AT A )Ly —REt FRi) KA L, 198
ERIRELZ . PLASDNABUAANG & (R E & FEARICHE 1T U, BERERRIE. STRREE (I
E#f), AS2819899#¢ 5-#f (0.01. 0.1. 0.25, 0.5, 13 XU mglkg). MMF# 5-#%
(2533 L UM00 mg/kg) DRE (n=10) & L7=, 19MREF 2> 5 AS2819899% H-REIZ
(T1H2[E, MMFREGRECITIH LR, #E ke aft NG Uiz, BB,
I (0.5% MCIKISIR) Z1H MR Db Lo, ARBRIZEB T 2581, 1hlH
720 OG5 ETRIL LT,

19.28.32, 34,36, 3835 L VMOl s CIRIEIKZ BRI L JR ¥ X7 (Urinary Protein;
UPro) &JRZ L7 F = (Urinary Creatinine; UCre) Z#IE L7-, UProlZ~7' a7 A

»T7 v EACBBEIK (T 747 AV F &) MW T, UCrelXAqua-auto CRE
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reagents (7 A / A, HI) ZHWTHIE L7, UPro®UCrelxt ¥ 5 &I &
(UPro/UCre) &L, # o RV JROFEEE LT,

19, 24, 28, 32, 34, 36 BL U 40 BRI KM Z TR L, ELISA JEIC XV #T
dsDNA HLiA 2 HE L7z, ELISA SEORERT Y > 7 & LT, Bilid, RILE
D NZB/W F1 = 7 A7 b £ U 7= ifi 4% 2 ¥fii L | 2 D4 dsDNA HifAffi 2 10 U/ml
EEFRL, R LK,

M AfEFR %35 E (Plasma blood urea nitrogen; pBUN) B X OMILEZ L7 F = i
(Plasma Creatinine; pCre) I3E L RI7 A X A AT A (L7 40 A, HR) & H
WCHIE LT, MBROGEMEBILZ AT 408 s Lz, 72720, ZALHEITH > T
b, BOWVEARRRH DG (PBUN > 140 mg/dl) 1%, EEREMW B OBLEN D

B & 2RI ST, 79, UPro/UCre, pCre, pBUN. ILigHMARAGNIE ., M E
A b A EF KO BT (C 3 1 2 RERIRRE AL 2 =2 722 T,
fRAT I B P2 B b Z DT,

RASBLES HICIR W T BRI T CEM 2 PRI U7-1% ., Bligids & OV &2 £/ B L 72,
gL, 10%AR VLT VT RICKVEELZOSL, T 7 ¢ ool W@ fr
%Z1T7\>, Periodic Acid Schiff (PAS) Y35 L OY Periodic Acid-Methenamine silver
(PAM) Zefazfii L. JERARRRMR AT L7z, SEEICHOW T, Tiio A c A

Dz DRERABELIEE) 2R L7,
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SRERIAREALFE S

0 : O RiLIT A 5720

1: T< —5oRERIKIZ 7y HitkmE{L (Segmental sclerosis) 737 515
2 UL B SRERIRIC A EitERE(L (Segmental sclerosis) 237 5415
3 &HiEm{L (Global sclerosis) 723t i &4 5

4 : UL B SRERIR I 2HiPERE{L (Global sclerosis) 737 515

g, Bl L, A MEROBHEEZ 1TV SRS TYE LT, FACS IZ
K 0 iEHT L7z, PE #Zi#kHt CD45R/B220 $Hifk & APC #Eikbi~ v A 1gG1 HifkT
Yuft, L, CD45R/B220 [GEfMAR F o 1gGL Bt D&l % 7 7 A AA »F Bl
fal EFR L, FIE (%) ZHEMH L,
FITC ffakdi~ v A CD19 Hitfk, PE ffak#i~ v A CD38 #ifkds L UF Alexa Fluor®
647 1k~ 7 A GL7 PUiRkCYefa L, CD19 Biitfifat o>, CD19* CD38™ GL-
KA GCB MiflmE: LCEIS (%) ZEH L,
BHREIMERRT A —HZ 2OV TIE Sysmex XT-2000i (3 A A v 7 A, ki) 2 Hn
CHHIE L7z, RMAEIMIZIs T % B Milad, FACSIZ X b U v 3k o> B220 Bhtk:
=R 2B H L. Sysmex XT-2000i (3 A A » 7 A) ([Z X 0 lE Lz U v 3BkEIC
L TEAREM L,

MmAEF 4 s A1 > (IL-10, IL-12) % The Bio-Plex Pro Mouse Cytokine 23-Plex
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Immunoassay (BIO-RAD, CA, USA) % fl\WTHIE L7z (B 35K %E 5 D-

T13173).

2.3 PIBKSENAFHEAID PD R DR

HEME NZB/W F1 w0 A% A A= 2o Ly — At () JOBEA L TEFL7Z,
13~15 > NZB/W F1 <7 A1, AS2819899 % 0.5, 2 5L} 5mglkg D5 & T
OG-, B L7-, BRIMARA NI, 0.5 BE OS5 mglkg #% 5-8F Tl 54 0.5, 3
FBEO6 i t4, 2 mglkg ¢ 5-% T3 5% 0.5, 1, 2, 4, 8, 16 351 U* 24 W[tk L
L7z B3 & R 5 EOKRANT 5 LT DML, 1 PCoBhimnbi 56 (pre-
sample) &# 5-1% (post-sample) D&t 2 [EIEIfL L7, L7k o 1/3 %
AS2819899 D ifil i EDWMIELT, 2/13 % MHC class 1l FBlA 835725 FACS
FEATIZHE L 72, KR A MTIBWNT 2-4 IEDOEEXTHRENY) (0.5% MC KR E % 5-)
EYEHL . K RA R MHC class 11 F8EANH =R OB HITE A L=,

FACS ¥ 7 A DOWTIE FRED IR L 7=, BRI L 7= Mg 2551 (10 mM
L-Z Vs Iy NV Y UA RV T b~ VU BLOEE UM 2-A v H 7 h X
J —)V& 4 RPMI-1640) TH#7 1%, 48 7= /L 7L —NIIRIL . H &I 66.1 pg/ml
ERBIIT, YXH K F (ab') 2 Hi~7 A IgM (Jackson ImmunoResearch Laboratories)
THNK L=, 7L —h% 37°C, 5% CO, DL T C 4 FEFIRG R LT,

% O IR, PE #2385t CD45R/B220 Hifk (BD Biosciences) 3550 FITC #3#

57



P~ 2 I-A/I-E Hi{& (BD Biosciences) TH:faL7-, 30 4y 4etats, A ML, 0.5% 7~
VLT VT ERKERICTHEELZ, B Ml o MHC 772 1l FHliX, PE
(CD45R/B220) BtE#iia o> FITC (I-A/I-E) @ Geo MFI LEFEL T, FACS (ZCHl
ELT,

[F—H T TN, BT IgM B L7237 LD Geo MFI 25, it IgM #IlEL T
WRW 7LD Geo MFI Z 5 W fii% | delta Geo MFI & L7z,

MHC class Il ZEELDOPHESR (Inhibition) (Z>WTIZRORUTHESTHE L=,
Inhibition (%) = 100 - [delta Geo MFI of post-sample] / [delta Geo MFI of pre-sample]
x 100

AS2819899 DIMAEHIREEIL, o T NN ERZ L 7 EER% . Acquity UPLC® system
(Waters Corp., MA, USA) 15X T API 4000 LC/MS/MS System with an electrospray
ionization source (AB SCIEX, MA, USA) % fWCHIEL Tz, MHRFLL FTho7-

613 0.1 ng/ml EUCTHEATL 7= (B0 5260 KR 5 D-T13130),

2.4 FALEHEAT

NZB/W F1 ~ 7 2 HRFIEN — T AR ET /VTHOWT, THRIE S AS2819899
BeHRE, FII AL MMF 57 & OFEH 24 E 75 % . Graph Pad Prism
(Graph Pad Software) % H V>, Dunnett’s multiple comparison test (Z J 0 f#Z4T L .

P<0.05 #HE/KHEL L7-, dsDNA HUifRflids TV /37 JRIZHOWTIL, HIEE
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Ze SR 25 Ha U L2 OV T, Dunnett’s multiple comparison test (2 & V) i
Mraefr-o7,

BT FACS fifdTds KO A b 1 A AREEIC ISV T, 6 fE S MMF 100
mg/kg #%5-8E E DREIZ SV TIL, Graph Pad Prism (Graph Pad Software) %
VN, Student’s t-test (2 K D fi#dT L, P<0.05 & A EAKHEEL LTz,

F72. BIEHRELORERIKIEL A 271X, EXAS Ver.10 software (CAC 7 27, H
R) Z . Steel multiple comparison test (2 & Y f#4T L. P<0.05 ZHE/KHEL L
7=

MAE TGP L. MHC class 1 FEEBLOFH BIPEAMF#AT X, Graph Pad Prism (Graph

Pad Software) % H\>"C. Pearson correlation coefficient ()% & H L 7=,

3

31 NZBWF1~UZXHRBIEN—T AHRET L

3.1.1 #i dsDNA HriAffh

HL dsDNA HiiATi 2 19 8 fin DAREHIE Lz, stRRBEICISV T, 24 Wl LARE OBl 52
H T 19 Hfs & i U, ER-BSA 672 (Fig. 10A), 24 HELIEOBIEEH T,
AS2819899 ® 5 mg/kg G- HEIZ I VT, HL dsSDNA Hrifii 2340 < 71 T3 v (Fig.
10A). 40 HEDORMEBILZE R IZHB VTS, HLASDNA FLRi O, #HEdtrIic

AR S vz (Fig. 10C), MMF & 5-#£Tik. 25mg/kg. 100 mg/kg W4 41D
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BRI IB W TH BRI 28 L THUR Mo Msili 3R S g d - 72 (Fig. 10B,
10C), LA EDOFERENS . AEF MU T, AS2819899 % dsDNA HiiA A A

T 508, MMF [3HURAM 26 L7222 E R ST,

3.12 1% RE IO B EE~ — b —

PL dsDNA HLIRIZEEEN) F 72 1 3B IROPUR &S L, SRk CHIESE N
REINDZ LT, BROBIEICEND LEZ LN TUVWAH[EE], W—TABFRT
13, SREREA~OHURPLIERE AR O LD R BRI A2 L, #2237 R8BI
N5[56], ARRBRDO G BEEIZIBNT, X X7 JROIBETH D UPro/UCre @ 5
IZ. dsDNA Hiikffioo B X v <. 28 BIBLIEEICHER S (Fig. 11A),
AS2819899 ™ 0.5 mg/kg UL EDOHEDEGEECTHE /R Z /X7 JROJGI DI Z B i
7= (Fig. 11C),

MAEF OBKERERT A —H TH 5, pCre BLUpBUN » LH -, BEBILZHIC
BT, AS2819899 ™D 0.5mg/kg LA ED HEOFGHET, *FHHREE & bhik L CHpH|
MAH- BT (Fig. 12A, 12B), T b OFERN G AS2819899 (%, 0.5 mg/kg LA |-
DOREOEERITIH T, N—7 ABFRO B RBIEIC X D BHERE D EAL 2 M)
Lo5bZ EnREni,

MMF $ 5-H#E12-20Tidk, 100 mo/kg #GHEICI W T, fTREES il L, # o

J& (Fig. 11B, 11C), pCre ¥ X U pBUN (Fig. 12A, 12B) D HIHI 234 41, BHEEE
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DOEALDIHIZI R RSNz, —F7 T, 25mglkg Tl £ D X 9 ZREIIMER S

n7ein-7- (Fig. 11B, 11C, 12A, 12B),

3.1.3 B ER R R AT

=T AR TR, PURHURE S RO R ERIE A~ DR DNFFBBIZRIR A THY | FIK
ZWZRBNTH, AT =P TV TR BRI A T SRER IR A AR L
WO FLAELL THWD, RERIBIEALIX, HEPEITL 7oL — T AR THLNDT
R CHD[5T], ARBRIZIB T, SREREDORF(LIZOWTEIEL, 2aT7 Vo7& F L
720 WA 720 B 12O TC, Fig. 13 ISR LT,

AFRER D FABLEE HIZ 1T 2 BIROIFR B ZIMENTIZ 35\ ) CL st BREE T 7/10 41
THRERIEREL D R S 7= (Fig. 14), SRERIREELFE%RIE. AS2819899 ™ 0.5 mg/kg
BHERETIERMMEMICH VY . 1B L5 mglkg TIEFHEFHFIICH BRI TN AL
72 (Fig. 14), Z D#fEFIZ X v | AS2819899 D #e 52 L v | MHARFAIIC & BYR AN
BELTND I LRI, MMF #5RETiX, 100 mg/kg £ 5-8E CTHRERIK
AL DK T 28 Z S 7223, 25 mg/kg # 5HETIEZ O X 5 2 ERITmER S
727 7= (Fig. 14),

UbDZ Ent, Z o3 7 RE XOUHE T B/ ST XA —F OWEDR LIV
BRIV T EBRICEIROMBRIC BN T, — 7 A RO BIRFIEIC L DR
BADBGEINTWD Z ENHER ST,

61



314 AfFs

NZB/W F1 =7 ATiL, BRED=H, 10~12 » Al TR LENED S 5H[49],
AERIZB W TIL, BB OBLEN G . MR OBEE YT A —4% TéhH % pBUN
ZARRFAICHIE L, pBUN > 140 mg/dl & 725~ 7 AT HOWTREARA & L,
RHFEZ T LTe, HEFRORMITIT, KEEEM S Z DT LT,
SFRBEIZIW TR 32 DD, 2SO0 FIERG - TEMWARO LI, 40 #ilinE
T, O EY (5/10 ) AT L7- (Fig. 15A), — 5T, AS2819899 @ 0.5
mg/kg LA EOFERECIBWLTIE 40 BB ORAEBIZ A £TIC, 22U TEL -
BIIERO LR 5T (Fig. 15A), ZORE S 6, AS2819899 D 51T LY | B
RED AL RIS, EFRPUESN LRSI,

MMF £ 5.8 Cld, 25 mg/kg C. 40 BEETIZ 5 (5/10 i) OB HNZZR5E FLUE
L, XFHRBEL LLEG L TR OUGEIIR O bIe) ~7- (Fig. 15B), — T, 100
mg/kg % 5-HETIE, 40 BN E TR IEEIZBZE L 28T\ e -7 (Fig.

15B),

3.1.5 JERming FACS fi#hT
311 THRIN7Ht dsDNA HiiRfli o fndlix, 25 1 |ICBWTHER I N

AS2819899 |Z & % B Ml DIEMHEALIIHIERICER T 5 L& %, 40 HimiZH 5
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ik B HEfE % FACS (2 CTRENT L 7=,

B ffIE, T MIREIFR 22 PUERRRIC K v, b, 85 L. @Blfniko 1gG fiik
EPEAT HIEMIE~ LT 5, T oEfRIE, MY oRH#iEO 2 )Y v
SRR S A Ly (Germinal Center; GC) Tithoi 5, Bl B #IIC
PEAET D PR O EFTEIIL IgM Tod 5 23~/ =T flifa s & O Rl 2 5217 T
IgG ~& BHa+ 5 (7 7 A AA »F; Class switch),

ARERIZBW T, BIgCB T 527 7 A AL v F Bl (1gG %! BCR #3894
% B i) ¥ X O GC B fifanEiz >\ C, HIE L7,

75 AAA v F B ML, AS2819899 O 0.5mglkg Lh L EOHEGREIZB T
XPIREE & i LT, #ERFERICAH BRI S A b (Fig. 16A), —77 T MMF
B GRECB O TE, BAMEANZIE S D B OO 100 mglkg THEREFHFINA B 720
IR T X 7o 7= (Fig. 16A),

GC B #ffifl%kix. AS2819899 ® 0.25mg/kg LA DO EOFHHET, KFIRAE & bk
L CHERHAMICH BRI 3 b= (Fig. 16B), MMF @ 100 mg/kg #% 5-BE(12
BWTH, xR L b U CTH BRI 03 R Shiz (Fig. 16B),
LLEDOTERMN G, AS2819899 13\ T, GCB AR LN T A AL v F
Bz &5 Z ENH BN E R 5T, — T MMF X GC B Al djsid &
b OD, 7T AAAL vTF B MIIZOW CTIIRMEFIICH B 72 il LR <

XMoo Tlz, TOREEI, 3.1.1 128\ T, AS2819899 Ik dsDNA HifAfih 2 il L
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7ZH. MMF IS L TR E OB O—>Th b EHE 2 b,

MMF I3 B it KO T Ml o 3E5E A fii 3 26 &% TH Y | T-B HHAMEH
fil S 772, GC DR FATE S 4, GC B Milas sl L=, —J7. AS2819899
TiE, T AR L OB Ml OHEFEMEIERIZIIZ . MHCclass I FEELZ DWW T
M4 52 & T, MMF &l L TiR< B MlaOEHE(LIH S, 7 T X A

A v F Bl ~D b MH S D L F 2 il

3.1.6 IMmAEHH AN A PREE

=T R R DOPRETIL, REDEACIT S M A N A DEE A A HND
ZERFNBITND, IL-10 BEOVIL-12 (p40) 1E, /L—T7 ALK O BIREMEA E
BEIZBNWT, ERNRALND[58], REIMIZHITH, ZNbD YA A 2R IEL
7z, AS2819899 @ 0.5 mg/kg LL EoFE#EE MMF @ 100 mg/kg G- HEIZFW\ T
KEFRRELEEEEL . IL-10 38X TN IL-12 (p40) DIEEIME FL T = (Fig. 17A, 17B),
TNBHOFERIT, AS2819899 B LN MMF (2 L 2 BEHRED U L BT 5D b

Zx b,

317 KERBIVEIEE
40 HENIZB T DEGFEIMIZHOWT, RE, MikER, BEE (FEK) 20EL,
AS2819899 B LN MMF O TOEGHIZE W T REOZFE LW IEALIR
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otz (Fig. 18A),

J¥R i FE L DU T, AS2819899 D135 TN 5 mglkg £ -5-# . MMF @ 100 mg/kg #
THUDEIN S RSN 722Y (Fig. 18B), ZOZALIE, TRhE (Vo SERES M ] /E
) ICERT L2 THLHEB B,

B EEIIETCORGEETELUNEINEIL, B IEHbe0 -7 (Fig. 18C),

3.1.8 MLER/ ST A—Z AT

FRRIRE D RAY MAZ DUV T, U 8BRS B MBSk, ~E7 uer BB IO/ Mk s
HELT=,

AS2819899 ® 5 mg/kg ¥ 5-HEICIVNT, UL NBkEE B MiRER O 3RO BT
(Fig. 19A, 19B), 2D 2 ki, MUl & & [RIERIZ, AS2819899 DU/ SERHASEHIHI/E
HICERT 5B 2 b,

NEZBEVREIZOWT, RREECRBWT, IR FLEER A 54723, AS2819899
® 0.5 mg/kg L EOHBEOHGEE, B3O MMF @ 100 mg/kg BB\ T, 2D L5
IR EARIERERR S L2 o7 (Fig. 19C), NZB/W F1 ~ o A CIIMER S & I 23R8
DALY, ZHUTH CE A AR MIZE AL TR, IRBIEICLDEILTH
HEEHNTWAB[S9], ARBRICKITD, ~Er/ e EOEL, AS2819899 L
MMF OG-80 6 IREFE i L TR RE DB LA MHl S Z LIS I & i 234

HISNT-HDEEZ BN,
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M/ IMREAZ DUV TH | it BB I W T D MR S AL B R A UL S e (Fig.
19D), — 5 C AS2819899 #¢ 5- £ 1 mg/kg LA E & A 3 KUY MMF @ 100 mg/kg
HETIEZ DI EIRITERD BN -7 (Fig. 19D), MRL/Ipr = A2, i, SLE &
TN A TS (NZBXBXSB) F1 <~ AT, HFL/vIA Ve R fii/ MRt
DM/ MRIZHE G T 28RO _EA 23S TV5 2360, 61], NZB/W F1 <~
ATIEZED LI WG 1T\, ARERERO x EEIC 31T D M/ MR OAR T 1L, B
LI E DR TOML/ RO IR T 20 Tldle W inEHER S, B RED AL
A SN G RRIC BV, MR b IS izb 0 LE 2 BTz,

—J57C, AS2819899 ® 1 LN 5mg IZBW T, ~EZ ot B/ MUK T
IO -T7= (Fig. 19D), ZOfE RS, AS2819899 #:5-12 LA I ER R MR IZ %9

AR P MEN RN L RIBE T,

3.2 EMERIGHICHNT T PISKSER AL EFHID PD S DREST

SHIZ, TN —TABERICEHT IR L b MEARBR~LBIT 5720, PD
~— W —ERE LT, 1 EICBV T AS2819899 (X invitro (235 T B IR OHT
IgM #IIPEIZ K 5. MHCclass I F8ELZ#1 L 7o, AFEIZBWTIX, ZOHEEZ in
vivo ERIZIBW T PD v — 7 — & L THEHTE 20 TIER0 B 2 (LEWMOD
IMAE R & OB & OMGE L7-, AS2819899 % 0.5, 2, 5mg/kg Tk A& 4

L. BRI A > b TR L, HTIgM HUATHIZE L, R & B #ilfldd> MHC
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class Il ZE8L 2 & L7z,

VRIEH FRIE DB Z DU T, MHC class | J8 3L R LI TR S IR o T2,
{bEMOIMAEREEIX, 5 mg/kg % 57E, 2 mg/kg $¢5-8E, 0.5 mg/kg #ED# 5 &
DNAZ E Ay - 7= (Fig. 20A), MAEFRREIL, £ TOREREICB VTR 5% 0.5 K
MRk bE <. FO%EAD Loz (Fig. 20A), AS2819899 D #5512 k- T,
U IgM I L % B Al MHC class 1 F8HLE L E S v, BEE O <13 5 mg/kg
BeH-RE, 2mglkg % 5-8#F. 0.5mg/kg BEDNEToH - 7= (Fig. 20B), 7K 58T,
FHETETEN R IR > 7o DX, 5% 05 K TH D . & DHBREREIIIZIHGS L T
Vo 7z (Fig. 20B), AS2819899 o ififEHiRSE & B A4t IgM il MHC class 11
FHIITMER Ao, ©7 Y o OMBEREIE 0.7892 THh > 7= (Fig. 20C), A%E
Bl B D AS2819899 % 5 L =@ 0 Mk ic B\ T, ALEH O I R & 4
RH9-2% B filno> MHC class Il FEHPLESHER ST,

UL EOFREREMN G REMIZIIT % B #ifdo> MHC Class Il #8ii1%, PD ~— 71— &

MV RDHTEDTRINT,
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4 B

NZB/W F1 v 7 AiZt h SLE [ZHL L 72WiEZ BARARBIET 5~V A ThH D, )
20 W finTHL dSDNA FUEM D LRA-2R A B, 5~6 » HislZB W CHURPUAE S
RORERIE~DLEIC L > TEREZFRIEL, BARDD 10~12 » Al THT
T 5[49], BERDFIEIEICHENL - T, dsSDNA FURL D FFENRHABND Z &b, A
BT MZET LB RIL, dSDNA FUEDEAICERT 2 Z EARB IS5, B
FRIEET IV TH DT80, fHEHIFIZE VY, SLE OEERFRIETHL T L K=Y
7 & MMF OOFRES N E R 2 & n | B MR THIEOmWET L
ThdEBEZHILDH[56], ARBRIZISNT, HT dsDNA HLIRAT 2 19 18 fis AR I &
L7=23, RRREECIBWT, 24 B OBIZLH T 19 #ln & i L, HT dsDNA
PUEMM O ERN R Sz (Fig. 10A), % > 237 JROFERETH % UPro/lUCre DfEIZ
28 W LIRS T EAN R 7 (Fig. 11A), F7o, SEBIZHIZB W T, MO
FERERT A —H T D pCre BL O pBUN & EH LR & 7= (Fig. 12A, 12B),

40 BRI EET S R1IC, pBUN MNZEEIE D FEHEME (>140 mg/dl) 2z /=72, %t
FERE 10 PCoo 9 B 5 PLA 2244 L 7= (Fig. 15), Z AU DIRAEDIIE DUV THERIT

ZNETO NZBIW F1 ~ 7 Z/L— 7 2B HIRFIE T T /L DR REFRIE DS &
K Z IR FEIL 2 Do 72 [56],

AFRBRIZFBUV T, AS2819899 (3 0.5 mg/kg 75 & /87 JR % 1 mglkg LA b T

ARERIRIRZE DI Z T2l L, 0.5 mg/kg LA EOFGHE TITAA R 2 U
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L7z, ZORERMNE . AS2819899 78 0.5 mglkg & W\ D KA &N HL—F 2B %
DOEACZIHI LI Z LR b7 o7, —FTMMF X, BREGEES X
b5 25 mg/kg (ZBW T, —TFABFREZIMEET, S HIZmEmMAED 100
mg/kg TOHIMHI NI STz, HURPEEAIZ OV T, AS2819899 I3 5 mg/kg £ 5-
BT dsDNA HUiAfl & #1] L7223, MMF (% 100 mg/kg % T 5 L C% dsDNA
PURAE Z B3, MMF @ B 2BURICx 3 2 /Ef 1% AS2819899 & kil L TH5
WHODEEZ BLTZ, AS2819899 ™ 5 mg/kg ¥ 5-RETIL, MURE R, RAMLO
U L SERES L OVB MR DA A A B TR Y L BURMOBHNITFERN Y
PREREFEIGIER S LB TH D Z ENRE S LT,

MMF |3 — 7 2 R OEGIK TOIRIFRIZIBN T, AT A R0, fsnz #ii 4l
EHFHSND Z L DEZWERITH H, AREBRTHEM L2, NZBIWF1L~ 7 2 H
RIETEN — T ABFRET MIZBWNTH, 7L F=Y 1 (1 mglkg/day) & MMF
(17 mg/kglday) ZOFH#& G L7chmE. BHEREOUGEEDN B 5H[56], AR DM
RInD| AS2819899 (3L — T ZE R DBEAFERIETH 5 MMF & AL 73 5
720 . dsDNA FLiffli Z #niil+ 2 = & T, HAITL D MmO 273 2 L3 6
meiroil,

NZB/W F1 = 7 ZADREREERITHUFIEEEEIC L > Tl g IS b & &
NTEY[B0]. ARBRICIIT D AS2819899 D BHERE D i 1L dsSDNA Hiik D FE

AIHNERS D Z LR S vz, — 77T AS2819899 ™ 0.5 mg/kg LA Eodx
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HBRETIR A o3 RPFES L, 1 mglkg BE CHICRERIRII LB MR F L. B
BREDOEAL I SN TV DIZHE b b, 2O RIZKIT %5 dsDNA i
REEENH STV ho 7z, £72. MMF @ 100 mg/kg (2B T, dsDNA
PURMIIZHINH e o 7203, BHEEEO B LITIHI SNz, ZO/RENS, K
ETMCET 20— ABEROIENL, HAGIC dSDNA FTAAT O B D 7124k
FLTWRNWZ EREZDBND,

Y UAETIICKEIT S HCPTUEROEAEN IR SN HEE ., BHEREO L
fil S & & DTFEHZ OV TIX, WSO EERH D, Kahn 51, (NZW x
BXSB) F1 L —7 2R ARBIE~ U AET /LT T, BAFF [HEHZFEAh L
7= & 2 A, BAFF [HEANZ., HOHAD —>TH % H1 Sm/Ribonucleoprotein T4
Mz4E Lo 72l b b b7, B Z M6 L7z & @i LT 5[62),

Z OfERIE. BMIOGUEREALSOER OIS L0 | BHRESUGE L= 2
ExRRLTHEY, Kahn H1x, MK T MOl 255330 7T A RORIE
Pt A NI A U PEATED BRIl 7 = 7 X —HEEEDS BAFF BREANIZ L 0 4
fil Sz Z & T, BHREDEMNUESNIZDOTITRWINEBRL TN D,
PISKSPHEHI 2 §FAl L 728512 >\ T, [FEROME N H 5, Haselmayer &%
IFN-a# % D~ 7 A SLE &7 /WIZE T, PISKSERRAIFHE 4] MSC2360844 (%
BAREAIHE L7223, dsDNA HUidAli 2 A IS ms Lie o 72 L LT D

[33], 7= Winkler & 1% PIBKS/YFLEHITH 5 IP1-145 28 H S HUIRM &2 #ifil) L 7=

70



HELV S, LVEHEICTEREOE/ZIMEI L& LTWAH[3L], 51
S OTEEEIC OV T, TCR X2 Toll-like L& 7% —3 7 /L% D BCR LA D
PIBK /X2 7 = A DEGNH DD TiHn &R ~<Tu5[31, 33],

SLE BFIZHBW T, GC DMENEMHAL N A LND Z ERRESNTEY ., TH
fid & B Ml OF EAEH 2 LT 5 2 & 13 SLE DIREIZBW T, A2 Th o &
EZBILH[63,64], B S—T HEFAHRAIC PIBKSZ KB S5 Z &1,
GC B Hilad Z i) &, HUARPEAEDIHNICEN D Z L RHE ST\ 5[65], =
D &lE, THMIIZIT S PIBKSOIEMN, GC DRI EHE A kE 2 K7 L T
WHZEERLTWD, —FH T, NZBWFL~ 7 RZBWT, THIREMERIC
H Y72 B7/CD28 & B il Ak E ¥ 22 CDA40/gp39 % i /7 il L 7= % &l 4.
B7/CD28 D4 Ml L7236 K 0 &, iR IHAEDFIEZMH T2 Z & A &
ITWBH[66], Z ORI, THIIRE BMARAZ® HFIHIT 25 2 & 23, NZB/W F1
T ATBWT, L DRUVIFEOIENZ /N D Z L ERBLTND EEXD
N5, EEIZ, ARBRICBWTH, THINEE B IR OBHEZ i 5 #0425
MMF | 100 mg/kg D51 TEEREDE(L Z4Msil L7z, 5 1 EIZBWT
AS2819899 |3 B it > MHC class Il FE8L 2 58 < #fi] L, 1Cs01d 4.3nM ToH -
7oo FETZRSEOPRETH IgM FIIC X 5 B Ml s im] & F o« 13 LT
b RETIMTEWTH, AS28129899 (X B il DO FHE, TEMEAL % 58] < il

L. ZOREIA M A VEASFZ G BMROT Y = 7 7 —iens it S h
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722 LT, dsDNA HLiAi 23 fiii S e WK G EIZRE W TS, BHRE D L 2
L2 ERBZ LN, 512, AS2819899 (X, T HEfEIEFEZ MiH 425 Z &
PR LFEIZRBWORSATEY, Blas THMIOmTNMmsl Sz & T,
GC B il LY 7 A A A v F B AIMENE < #iifil S 4, KV BN EHRED
TAL A L= AR 2 b, ZORE RS, AS2819899 (138U B i
PHIERIIN 2 T MAHHIVER % OFRs> Z & ¢, Rituximab <> Belimumab 7
E o B MDA % P4 2 KA & i L, BHAIT, LMV ERETE S
ZEMRB I,

ARFRERIZISN T, AS2819899 D512 L0 | (A, BEEIZHEIL /A<, A~
7B EUVERMIVIMIE ORI b o2 oTc, 2 ORERIT AS2819899 £ 5
IZ K DBEE R EN IR o 2 L DO—HiE R LTS EE X T,

UL EORER G, AS2819899 1T LR E HNMEDNT L AD LoV —T X
ROREIRIC T2 D B % T,

AR RERIZI VT, PKIPD T &2 £ L T < 2 &1k, & MEEROHEL)D
F=F—ZAMRRIC L, BB A RIS LRITHED D5 2 LT 2 5[67]. &K
E|ZIB\NT, AS2819899 4 L7=Bhiyh HER I L7 ik & FAV T, B Mifao
MHC class | FBELOMG R TEHZ LR BMNE 2T,
H1FET/RLIZEY . AS2819899 (T invitro [IZH W\ T, & h BHICE W TH~

7 A B fifE L AFIE R OB T Bt IgM HIl MHC class 1 78812 B LTk 0 |
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AS2819899 ¥ E%ICERM L7~ MILEIZBW T, RO EZSEONDLZ L

PRSI D,

IO ORERIT, RIEIMICIKIT S B MHC class 11 ZEELA, FRERERICE

WThH, PD¥— D —IRV 252 2R THBY, KMz HAWT, (L&D

WoNaee=F—F25Z LT, MRRBOLEMNELDRE LIF LR TED L

EZ 5T,

AREBEIZBW T, PIBKSERNAIFIAERTH 5 AS2819899 73, NZB/W F1 HIRKIEIE £

TINIBWTHIM 2RI Z EDR I T, ZOREENG, PIBKSEEIR I FHEH

N, N—T ARG ZN 7 SLEVRIRIE L7200 2 5 2 LR I iz,

F7-. AS2819899 % & 5- L /=@ D ik & F v, KRNI B #lio> MHC class 11 3§

BzPEST D2 LT ALEY O TR ERF 2B ZETE L2 L &

HHLE, Z2oZ i, PD~—F—& LT, R MHC class 11 78 5% 1 &

THZ LI ALEURGHROES ZET=F —TEH LA L TEY | WK

AR OB, REVEOHERICEN S EEZ 6N,
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(A)

Anti-dsDNA 1gG

(B)

Anti-dsDNA 1gG

(mU/ml)
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(©)

Anti dsDNA-IgG (mU/ml)

6
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AS2819899 MMF.
(mg/kg b.i.d.) (mg/kg u.i.d.)

Fig. 10. Anti-dsDNA 1gG titer

+ X O O ¢ « » H o

Vehicle (n=5)
0.01 (n=7) =
0.1 (n=7)
0.25 (n=8)
0.5 (n=10)
1 (n=10)
5(=10)
25(n=5) =

100 (n=10) —

(A) Time course of the anti-dsDNA IgG titer of AS2819899 treated groups.

(B) Time course of the anti-dsDNA IgG titer of MMF treated groups.

AS2819899

MMF

Data are expressed as the geometric mean with 95% CI in each group (n=5-10).

(C) Anti-dsDNA 1gG titer at the 40-week endpoint of the study.

Each symbol indicates individual data (n=5-10, Survival animals only at the 40-week

endpoint). Horizontal lines indicate geometric mean.

**P<0.01 show significant difference analyzed by logarithmic transformation data

followed by Dunnett’s multiple comparison test compared with the vehicle-treated

group.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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(A)

UPro/UCre

(B)

UPro/UCre
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(©)

® \/ehicle
m 0.01 7
105 UPro/UCre A 01
v 025 | As2819899
* *% *% *% ¢ 05
A %
e L T o X o1
3 = R o5 -
S iy — " o X 25 | MMF
z °* = + 100 -
- e
100 o = Af: —
& X
PR XYY BT
10-14 T T T T T T T T T
4@0\& NN NN
AS2819899 MMF
(mg/kg b.i.d.) (mg/kg u.i.d.)

Fig. 11. Urinary protein (UPro) normalized to urinary creatinine (UCre)

(A) Time course of UPro normalized to UCre (UPro/UCre ratio) of AS2819899 treated
groups.

Data are expressed as the geometric mean with 95% CI in each group (n=10).

(B) Time course of the UPro/UCre ratio of MMF treated groups.

Data are expressed as the geometric mean with 95% CI in each group (n=10).

(C) The UPro/UCre ratio for each treatment group at the endpoint of the study.

Each symbol indicates individual data (n=10). Horizontal lines indicate the geometric

mean.
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*P<0.05, **P<0.01 show significant difference analyzed by logarithmic transformation

data followed by Dunnett’s multiple comparison test compared with the vehicle-treated

group.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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pCre (mg/dl)

(B)

pBUN (mg/dl)
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Fig. 12. Plasma renal parameters

(A)Plasma creatinine (pCre) concentration at the endpoint of the study.

(B) Plasma blood urea nitrogen (pBUN) concentration at the endpoint of the study.

Each symbol indicates individual data (n=10). Horizontal lines indicate mean + S.E.M.
*P<0.05, **P<0.01 compared with the vehicle-treated group using Dunnett’s multiple
comparisons test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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Score 3. AS2819899 0.1 mg/kg group

81

Score 4. MMF 25 mg/kg group



(B)

Score 0. AS2819899 1 mg/kg group Score 2. AS2819899 0.5 mg/kg group

Score 3. AS2819899 0.1 mg/kg group Score 4. Vehicle-treated group

Fig. 13. Typical microscope image of kidneys at the endpoint of the study

(A)Periodic Acid-Methenamine silver (PAM) staining, x 280.

(B) Periodic Acid Schiff (PAS) staining, x 280.

82



70000\
[5) *% * *k
-
o —
(&}
175)
®2 31 e AA [m] X
n
(@]
e
£
R 24 — v * X
-
S
>
o
v 14 ee [ | —k— V
e
°
O
O S . S R T L R E——

Vehicle 0.01 0.1 0.25 0.5 1 5 25 100

AS2819899 MMF
(mg/kg b.i.d.) (mg/kg u.i.d.)

Fig. 14. Glomerular sclerosis score in the pathological kidney examination at the

endpoint of the study

The glomerular sclerosis score was classified according to the following scale:

0, absent

1, segmental sclerosis in < 50% of glomeruli

2, segmental sclerosis in > 50% of glomeruli

3, global sclerosis in < 50% of glomeruli

4, global sclerosis in > 50% of glomeruli

Each symbol indicates individual data (n=10). Horizontal lines indicate median.
*P<0.05, **P<0.01 compared with the vehicle-treated group using Steel multiple
comparison test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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(A)

100 ]
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< 807 = 001
g 701 - 0.1 AS2819899
Z 604 (mg/kg b.i.d.)
= - 0.25
8 504
5 —— 05,1,5
a 40/
O ] ] ] ] |
20 25 30 35 40
Age (weeks)
(B)
100 +
904 —e— \/ehicle
804 ¢ MMF 25 mg/kg

= MMF 100 mg/kg

Percent survival (%)
\l
o
1

40/

20 25 30 35 40
Age (weeks)

Fig. 15. Mouse survival rate (percent)
(A) Mouse survival rate (percent) of AS2819899 treated groups (n=10).
(B) Mouse survival rate (percent) of MMF treated groups (n=10).

b.i.d.; Twice daily administration
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Fig. 16. FACS analysis of splenic B cells at the 40-week endpoint of the study

(A) Class-switched B cells in spleen.

Class-switched B cells were defined as 1IgG1" in B220".

(B) Germinal center B cells in spleen.

Germinal center B cells were defined as CD19*, CD38™ and GL-7"" splenic B cells.
Each symbol indicates individual data (n=5-10. Survival animals only at the 40-week
endpoint.). Horizontal lines indicate mean + S.E.M.

AS2819899 treated groups; *P<0.05, **P<0.01 compared with the vehicle-treated group
using Dunnett’s multiple comparisons test.

MMF treated group; **P<0.01 compared with the vehicle-treated group using Student’s
t-test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration

86



(A)

IL-10 (pg/ml)

(B)

IL-12 (p40) (pg/ml)

250+

= N
(o) o
T T

-
a1 o
T T

o
1

1L-10
L 14 * *% k% *%
Y v
v
A
v
AL * o
¢ &= e
[ [ VvV ? "ﬁ
o M vV o +
Vehicle 0.1 0.25 0.5 1 5 100
AS2819899 MMEF
(mg/kg b.i.d.) (mg/kg u.i.d.)
IL-12 (p40)
°
2000+ * *%k *% *
°

v
A
1000+ D v .
T+ 3

ol 7 L &
\/
0q0® R

vaﬁgﬁﬂr

K
L) L) L) L)
Vehicle 0.1 025 05 1 5 100
AS2819899 MMF
(mg/kg b.i.d.) (mg/kg u.i.d.)

87



Fig. 17. Plasma cytokine levels at the endpoint of the study

(A) IL-10 levels in plasma.

(B) 1L-12 (p40) levels in plasma.

Each symbol indicates individual data (n=10). Horizontal lines indicate mean + S.E.M.
AS2819899 treated groups; *P<0.05, **P<0.01 compared with the vehicle-treated
group using Dunnett’s multiple comparisons test.

MMF treated group; *P<0.05, **P<0.01 compared with the vehicle-treated group using
Student’s t-test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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Fig. 18. Body weight and organ weight at the 40-week endpoint of the study

(A) Body weight.

(B) Spleen weight.

(C) Kidney weight (Right Kidney).

Each symbol indicates individual data (n=5-10. Survival animals only at the 40-week
endpoint.). Horizontal lines indicate mean + S.E.M.

*P<0.05 compared with the vehicle-treated group using Dunnett’s multiple comparisons
test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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Fig. 19. Hematological analysis

(A) Peripheral blood lymphocytes at the endpoint of the study.

Each symbol indicates individual data (n=10). Horizontal lines indicate mean + S.E.M.
(B) Peripheral blood B cells at the 40-week endpoint of the study.

Each symbol indicates individual data (n=5-10. Survival animals only at the 40-week
endpoint.). Horizontal lines indicate mean + S.E.M.

(C) Peripheral blood hemoglobin at the endpoint of the study.

Each symbol indicates individual data (n=10). Horizontal lines indicate mean = S.E.M.
(D) Peripheral blood platelets at the endpoint of the study.

Each symbol indicates individual data (n=10). Horizontal lines indicate mean + S.E.M.
*P<0.05, **P<0.01 compared with the vehicle-treated group using Dunnett’s multiple
comparisons test.

u.i.d.; Once daily administration, b.i.d.; Twice daily administration
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Fig. 20. AS2819899 suppression of the PD marker in mice and the PK/PD

relationship

(A)Time course of the plasma AS2819899 concentration in NZB/W F1 mice after
AS2819899 administration.

Data are expressed as mean + S.E.M. at each point (n=5).

(B) Time course of the inhibition rate of anti-lgM-induced MHC class Il upregulation in
NZB/W F1 mice after AS2819899 administration.

Data are expressed as mean + S.E.M. at each point (n=4-5).

(C) Relationship between the inhibition rate of MHC class 11 upregulation and the plasma
concentration in AS2819899-treated mice.

Pearson correlation coefficient (r) was calculated (p<0.01).
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eHMT ) 7~ h—F A (Systemic lupus erythematosus; SLE) (%, FZf&. Bfi. &
g, B, SPRXARRRIC R SZIEARIR A 2 BT 0 H OERA TH D, SLE ORHEIE
TR L PR A KT, BE ORI — T ABRERIEL, D3 ha—
T TFRITECEET 5, BIED T IZIE, H ERISPED B Al OTEME(LRS, $T double
stranded DNA (dsDNA) FiificfE 2 B CHURDOEAERH 5,

SLE DIEHRIE. THE TRV, AT oA FIEOREMHERICKFEL TE 2, L
2L 2 6 OFEANIRIMEAIZB W T Z28HWE-RRBE & 2> T o,

I, B OHUREAMT 2 Br9 & L7z B RO MIA SLE OFr LU VAR &
LTHEASNTWD, Flxid B Mo RrRm» /327 T D CD20 Zadikd
% /7 v —F LK Rituximab 1%, SLE 2 IGE L L7727 A U & hER G R
(Food and Drug Administration; FDA) ORI ARIZ GBIV TR, /NBUEES
RRBRIZB W T, SLE BAICH T2 AMMENER SN TV D, MA TH
BAFF/BLys € / 7 1 —J /LR TH % Belimumab (%, HEHERPEEIEHIIED SLE
ZuEjs s LT, 2011 4F, FDA D&z 3217z, —J7C, Belimumab (X, SLE &
P IR B 2 %9 SELENA-SLEDAI A 27 ik L7nd, A— 7 ABRITKT
HAER D EEZRT5 < . SLE O FFETHHIZOW T HAIEN 03 L I35 220, £
DIeOSHK, V=T ABRZUE L, HIEZMH TE DIREDOHENEENT
W5, Foxld, BAdoEME L, HEIEMENIC K 5 B CPuRoEAEMT 8, LV—T
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BROYGESLHIEOMENZ DN D EEZ, RAT 7 FINA ) ¥ h—)L 3-
%) —E& (Phosphatidylinositol 3-kinase; PI3K) 8iZ74%4 H L 723t 217> 7,
PIBK (XD NN AFAET HIRE X —ETH Y Class I~ T EI D,
PIBKSIZ.Class IPIBK 7 A V 7 #—ALD—>To 5, Class | PI3K 21, PI3Ka,
PI3KB. PI3KS, PIBKYD 4 DD T A V7 5 — ABEAE L, Milaosr{b, Ha5E, #2
HEENZFFE LT D, PIBKak K OVPIBKBIZ= B3 & A ZHIRIZ L L TV DD

126t L, PIBKSEB LR PIBKyIZ EIC U v 78 BRR OIS IEEL L TW AT, FE
W2 X0 U o NERGRM AR B 2R MR 3 K ONEM EHl s R S S, B MEIC
BT, PI3KSIE B Mifasz 231K (B cell Receptor; BCR) ® FiftiZ, PISKylX G # v
NI EIBEZREDO TRICENENAAAE L TR Y . JURIAFR 72 B Mifll OFERE
ICEBEREEZ R LTHDDIE, PIBKSTH D, £ THAIL, PIBKSZIER
FPINCPRET 5 Z &3, BCR 7o fifil, OWNTIZHE CHURDEA DO IIHNIC
DR B L REMDNRT o AD LT SLE B OAIHIC SN D b
Z 2T,
ARIFFENC I T2 1%, Hi#l PISKSER IS E A AS2819899 (AS) % VT,

PIBKSIZEIRIIPEEH D SLE {RHEH & L TOREEMEIZ DWW TRET L 7=,

%12 ; PIBK&BIRAYFLEA] AS2819899 (AS) D invitro 7u 77 A U7

13 CTIEARRER T HVZ AS D invitro 72 7 7 A LT DWW TRREE L7,
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AS 1 in vitro PIBKSFLSE T v A 128\ T, 0.29 nM @ KiffZ 7/~ L, f Class |
PIBK 7 A ¥ 7 % — 2k 100 f5Lh EO@RMEE 7~ LT, 1% T Class Il PI3K 7 A
V7 — LOREFBEERA O ICs EIFH L uM L ETH Y | PISKSFHEIEA & b
LTI LRS-, EHIZPBK S OTFrY Y Y v ALt =
FF—E 28 FIHIZ DOV T 10 uM DIREEIZEB W TIHEMFEMITRR O b ian o7z,
bEDZ &0 AS 1T PIBKSZEIRMICIHET 2ILEHTH 5 Z L BRI
77

I, AS © B Mifld e T #Mila~D1EM % in vitro THEFR L 72, Major
Histocompatibility Complex (MHC) class 11 |& B fifii2 3\ T, HUHE & BCR OfES
(2D RBDTTHET 5720, BMifaiEMEb~—H—& LTHWSLN D, /EFAD
RAF I B HIRIZ 3T, AS 1, T 1IgM HLikiz X % BCR #IlEIZ 39 % MHC class
I FBLAIH L, ICso fEIL 1.8 nM Th o7z, £/, T HILOEETE~DIEH %
N7 R NHSR T M2 vy, 51 CD3/28 HUARIMIZ L 28T v A %

FEhi L7, AS I T s insER 2~ L, £ ® ICs fEIX 55.1 nM THh - 7=,

2 & ; PISKSBIRAIPHEH] AS2819899 (AS) DFUMEEEA Iz A 1EH
1 EICB T, PIBKSENWFLERITH 5 AS 1X. B #inod MHC Class 11 28
Z W) U7=, MHCClass I 38811, T HMROIEMHALC, A MO A VEAR E %

FHH L. PUAPEAEMILOEEGE~ & DRI 5T AS & 2 D0 invivo HUAEAE
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T TR L7, £9. T MRIEKFHTR TH 5 Trinitrophenylated
aminoethylcarboxymethyl-Ficoll %z i\ 7=~ 7 AHURFEAET VT T, AS Z il
L7=& 2 A, AS 1% 0.3 mglkg UL EOF G5B THURFEEA: 24l LT-,

W, TR T % Dinitrophenylated Keyhole Limpet Hemocyanin % 2
BISaRe 5 Z LI L D ) 3 — /VISEPUAREATT /WIS T AS Zalii L7, AS I
2 [A1 B OFGIEREDN S OEHIZ X 5T, 1 mglkg UL EOF 5 & CTHURMEA & il L
7o ZOREREG . AS 23 BMID Y 2 — LISEIZOW T b IfIfER 2R 2 &
MBI Ir 2Tz, U 3= VIREIC X2 PUAEAL, SLE OFFREICEET 5 L5
ZHiILD T, PIBKSIEIRAFHLEANL SLE OFFEOMEN AL =T 2 & a3

R S T,

25 3 ; AS2819899 (AS) D~ U A BRRIEN—T ABGRET NMITEIT 5 i
B 2 FIZBWT, AS IIHUAEEAZ I L7z, SLE 134T dsDNA Fifk7r Eo A C
PURDPEAEDIRIEERIED A =X LEBZZ HDHT2D, AS B3 SLE OTEH IR
ERVIGDHEEZZ, U ARRBIEN— T ABRET VA O THAHE L7,
NZB/WF1 ~ U X%, —7 ZAFRIAL LIIWEBZ BARRIET L2~V A TH S,
SLE OIEEIREILETHDH T L F=yrr bt Iaryzc ) —BE7 =T LOHH
BENZO~ 7 A L THEIMEZ T Z D, RET VT bR THIM

DEWETILTHD EEZHILD, 2 E TIZ PIBKSIEIRAIFLEA| D~ 7 A SLE
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FREE T VIR WAL 29 D23, MRLIpr ~ 7 ZET /LR, IFN-a72
ETANANCEREFELIZET L THY  NZBIWFL v U 2% H o B IRFEIE
T NORETR, Al Frox X PIBKSERIRPILER 2, F1O TRET MCE
WCRHIT L, SRR & T G- 5 Z & TRRRIC A~ I REM: 2 FGiE L 7o,
AS [ 0.5mglkg 725 Z X7 JRZIH L, BIROFERAEIZB VT H 1 mglkg 2
OARERIRII L A 27 2t Lz, HGRIERGHETIEL, 40 B £ T 50003

FERBIR FIC K DYWL D7 A T U TICE ST=DIZHk L, AS @ 0.5 mg/kg LA
FOBRERTIE, 2027 74TV TIZESTZEBIIN R0 o T2, 2 H OFERD
5. AS DB —T A ROIIEZME L, FECEERLZUGET D LRI,
—J7CHL dsDNA FLiAfl o4l i 5 mg/kg CTHERE S, BHEREO WX, LK
RENOH LN LN, RET/VIZET 2 BHEEOUEIL, HITHT dsDNA
PURIOMENARTT L TORNZ EDURIB S L7z, B MIIEHUAREAELIAMNT § |
YA A OEAFLT =7 2 —Hfilldl L TORELZH > T ASIZLD
ZD &5 A OMBINBREDO W EICHFE L TVWDZ EnEx bz, Nz
T, BLETORINZEY AS X, THROBEEIHER AT 006, T
AR OEESEINEI 2N o D Z L3, — T A RITKT T DDA DMEICEED > TN
LERBMESRIB ST, Fo. AS OFEGITE D | KERMIK/NT A —Z DY
REITH LT AS DG L D EmMEOREITIRN S O L HERE I,

HTEEERBFE 12 31T 5 PK (Pharmacokinetics) /PD (Pharmacodynamics) fi#hrix. L&
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W G% OBBSLAMEOE=F —Z2 A REIC L, MKABROHEEIZ SRS &
EZOND, %1 ETAS TP IgM FIEIZ X 5 B il o> MHC class 1l 388 %
in vitro Tl L7272, ZOfEEE PD v~ — U — & L THEHTE 20Tl n
MmEZ X RRE LT, v~ U AT AS 5L, RRRFAIZEE L 72 1Lk % ex vivo (2
BWT, B IgM HUETHIE L., B i o> MHC class 1| 882 01E Lz, =D
FEFR. AS O 52XV, B #INE MHC class I BB OIH SRS X v, IHIfE
LSO M HREE & FHEA L Tz, YL Eo#s a6 RA . B Ml MHC class

I EBULPD ~—H—& LT T D ATREME DV RIR S U7z,

¥
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Abstract

Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease which

causes dysfunction of multiple organ systems with a relapsing-remitting course. About

fifty percent of SLE patients develop lupus nephritis (LN), which affects the prognosis of

SLE. In particular, autoreactive B cell activation and anti-double stranded DNA (dsDNA)

antibodies play a crucial role in the development of LN.

For many vyears, therapies for SLE have been based on broad-spectrum

immunosuppression, including corticosteroids and immunosuppressants, which often

induce moderate to severe side-effects upon long-term use. In recent years, therapeutic

methods which suppress B cells have attracted attention as potential treatments for SLE.

Rituximab, which targets the B cell surface protein CD20, has been reported to show

efficacy for SLE in minor clinical studies. However, rituximab has not been approved for

SLE by the Food and Drug Administration (FDA). Belimumab, a human monoclonal

antibody to B-cell activating factor (BAFF)/B lymphocyte stimulator (BLyS), was

approved by the FDA for the treatment of SLE in 2011. Belimumab shows significant

therapeutic effects in the treatment of active autoantibody-positive SLE patients who do

not respond to conventional therapies. However, the effects of belimumab are considered

modest, especially in LN. In addition, belimumab reduces SLE disease activity but not

116



flares. Therefore, additional effective therapies for SLE which can lead to improving LN

and reducing flares are worth exploring.

Here, we hypothesized that suppression of activating B cells and autoantibody production

would lead to an improvement of lupus nephritis and suppression of flare, and conducted

a study focusing on phosphatidylinositol 3-kinase (PI13K) &. The PI3Ks are the lipid

kinases involved in intracellular signal transduction. The PI3Ks are divided into three

classes, Class | — I11. PI3KS3 is one of the Class | PI3K isoforms. Class | PI3K contributes

to cell differentiation, proliferation and adhesion, and is classified into four isoforms:

PI13Ka, PI3Kp, PI3K3, and PI13Ky. While PI3Ka and 3 are ubiquitously expressed, PI3Kd

and y are mainly expressed in lymphocytes. Inhibition of PI3Kd and y is expected to

suppress lymphoid cell-specific proliferation and activation. In B cells, PI3K3 is activated

by B cell receptor (BCR) stimulation, while PI3Ky is activated by G protein-coupled

receptors. PI3K& plays an important role in antigen-dependent B cell activation.

Therefore, we hypothesized that PI3K4-selective inhibition may be a promising treatment

option for SLE in terms of balancing efficacy and safety. In this study, we investigated

the potential of PI3Kd selective inhibitors as therapeutic agents for SLE using the novel

PI3K3 selective inhibitor AS2819899 (AS).
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Chapter 1: In vitro profiling of the PI3K8 selective inhibitor AS2819899

In this chapter, we examined the in vitro profile of AS2819899 (AS). AS inhibited the

activity of human Class | PI3K enzymes. The Ki value of AS for PI3Kd was 0.29 nM,

which was about 100 times more potent than that for the other Class | PI3K isoforms. In

contrast, the 1Cso of AS for inhibition of Class 11 PI3K isoforms was about 1 uM or more,

which was weaker than the PI3K3 inhibitory effect. Further, kinase panel assays against

28 serine/threonine and tyrosine kinases other than PI3K revealed that AS had no

inhibitory activity for any of these kinases at 10 uM. These results show that AS is a

potent and selective inhibitor of PI3K3. Since PI3Ka is mainly expressed in lymphoid

cells, the effect of AS on B cells and T cells was confirmed in vitro. Major

Histocompatibility Complex (MHC) class 11 is expressed on the surface of B cells, and

its expression level is upregulated by B-cell activation via BCR crosslinking in vitro.

Therefore, the expression level of MHC class 11 can be used as a biomarker of B-cell

activation. We investigated the effect of AS in anti-IgM antibody-induced upregulation of

MHC class Il in human and murine B cells. AS suppressed the expression level of MHC

class Il in a concentration-dependent manner, with an 1Csp value of 1.8 nM on human B

cells.

To examine whether AS inhibits T cell proliferation, we examined the effect of AS on

anti-CD3/CD28 antibody-induced proliferation of human peripheral blood-derived T
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cells in vitro. AS suppressed anti-CD3/CD28 antibody-induced proliferation of human T

cells with an I1Csp value of 55.1 nM.

Chapter 2: Effect of the PI3K3 selective inhibitor AS2819899 on antibody

production

In Chapter 1, the PI3K& selective inhibitor AS2819899 (AS) suppressed MHC class 11

expression in B cells. Since MHC class Il expression induces T cell activation and

cytokine production, leading to proliferation of antibody-producing cells, we examined

AS in two antibody production mouse models in vivo. For T-cell-independent antibody

production, we examined the effect of AS in the Trinitrophenylated

aminoethylcarboxymethyl-Ficoll (TNP-Ficoll) -induced antibody production mouse

model. Four days after immunization with TNP-Ficoll, groups treated with AS above 0.3

mg/kg b.i.d. showed significant suppression of anti-TNP IgM production compared to the

vehicle-treated group.

For memory recall reaction in T-cell-dependent antibody production, we examined the

effects of AS in the Dinitrophenylated Keyhole Limpet Hemocyanin (DNP-KLH) -

induced antibody production mouse model. Treatment with AS above 1 mg/kg

significantly suppressed the AUC of anti-DNP-IgG in a dose-dependent manner. These

results suggest that AS suppresses T cell-dependent memory recall antibody production.
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Given that memory recall response is considered to be involved in the flare of SLE, these

findings indicate that PI13K&-selective inhibitors might be effective in suppressing SLE

flare.

Chapter 3: Effect of AS2819899 in a NZB/W F1 mouse lupus-like nephritis model
In Chapter 2, AS2819899 (AS) suppressed antibody production. Since the production of
autoantibodies such as anti-dsDNA antibodies is considered to be the mechanism of
pathogenesis in SLE, AS is considered to be a potential therapeutic drug candidate for
SLE. We evaluated AS in a NZB/W F1 mouse lupus-like nephritis model. NZB/W F1
mice develop lupus-like phenotypes that resemble SLE in humans. Treatment with
prednisolone plus mycophenolate mofetil (standard therapy for SLE) is efficacious in this
mouse model. These findings suggest that the NZB/W F1 mouse model has high clinical
predictability. A few reports have evaluated PI3Ka-selective inhibitors in several SLE
models. However, these reports are about MRL/Ipr mouse model and artificially IFN-a.
accelerate mouse model, no reports have evaluated PI3Ko-selective inhibitors in a
spontaneous NZB/W F1 mouse model. Therefore, we evaluated the effect of AS in a
NZB/W F1 mouse model at various doses to predict its efficacy in clinical settings.
Treatment with AS at more than 0.5 mg/kg ameliorated proteinuria excretion, and at more

than 1 mg/kg improved the glomerular sclerosis score in histopathological examination
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of the kidney. No animals treated with more than 0.5 mg/kg of AS met the cessation
criteria regarding kidney failure. These results suggest that AS has a strong suppressive
effect against lupus-like nephritis, resulting in an improved survival rate in this model.
On the other hand, suppression of anti-dsDNA antibody titer was confirmed only at 5
mg/kg, while improvement of renal function was observed from a lower dose. These
results suggest that the AS-mediated improvement in renal dysfunction may not be
completely due to a reduction in anti-dsDNA IgG production. Since B cells play a role as
effector cells, such as in cytokine production, the suppression of such function by AS may
contribute to the improvement of renal function. In addition, as shown in Chapter 1, AS
inhibited anti-CD3/28 antibody-induced human T cell proliferation; this effect may also
contribute to the strong efficacy of AS for lupus nephritis.

In this study, no significant changes were observed in body weight or blood cell
parameters due to the administration of AS. These results suggest that there is little cause
for concern about toxicity due to the administration of AS.

PK (Pharmacokinetics) / PD (Pharmacodynamics) analysis in preclinical studies enables
monitoring of kinetics and efficacy after compound administration, which in turn
facilitates the conduct of clinical trials. As noted in Chapter 1, AS suppressed anti-IgM
induced MHC class Il expression on B cells in vitro. We considered that this response

could be used as a PD marker. Mice were administered AS, and blood was collected and
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stimulated ex vivo with anti-lgM Ab. MHC class Il expression was then detected on B
cells, indicating that the administration of AS suppressed the expression of MHC class 11
in B cells. Further, this inhibitory effect was correlated with the blood concentration of

AS. These results suggest that B cell MHC class Il expression may be used as a PD marker.

Conclusion

The novel PI3KS selective inhibitor AS2819899 inhibited antibody production and
improved lupus nephritis in a mouse spontaneous lupus nephritis model. These results
indicate that PI3K3d-selective inhibitors are candidates for effective SLE treatments for
lupus nephritis. In addition, AS2819899 suppressed antibody production in a mouse
memory recall antibody production model, suggesting that PI3Kd-selective inhibitors
may be effective in suppressing the flare of SLE. We also found that AS suppressed the
expression of MHC class Il in peripheral blood B cells in a blood concentration-dependent
manner, suggesting that the expression of MHC class 11 on B cells in peripheral blood can
be used as a PD marker for PI3K3 inhibitors. Use of this PD marker will improve the

efficiency and safety of clinical trials.
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