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Phosphoinositide 3-kinase (PI3K) as a New Therapeutic Target for Rheumatoid Arthritis

Hae-Rim Kim

Division of Rheumatology, Department of Internal Medicine,
Konkuk University School of Medicine, Seoul, Korea

Dysregulated activation of immune and synovial cells and
their reciprocal action play a key role in the pathogenesis
of rheumatoid arthritis (RA). Various signal transduction
molecules regulate cellular responses and small molecular
inhibitors targeting the signal molecules, such as Janus kin-
ase (JAK) and spleen tyrosine kinase (Syk) inhibitors, which
have been developed for treating RA. Phosphoinositide
3-kinase (PI3K) is one of the signal molecules, which regu-
lates innate and adaptive immune systems and is over-ex-
pressed in RA. PI3Ks phosphorylate phosphoinositide-4,5-
bisphosphate (PI-4,5-P,) generates phosphoinositide-3,4,5-
triphosphate (PI-3,4,5-P3) at the cell membrane. PI3Ks are
divided into class I, II and III. Two catalytic subunits, p110
7 and p110 8 of PI3K, modulate cellular development, dif-
ferentiation, proliferation, migration, cytokine synthesis and
antibody production in both innate and adaptive immune
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systems. In RA synovium and synovial fibroblasts, the ex-
pression of pl107 and pl11068 is increased, and their
up-regulation results in the abnormal activation of cellular
immune responses. In preclinical animal models for RA, ge-
netic deletion of p110 7 and p1106 and selective inhibitors
decrease the clinical arthritis score, synovial inflammation,
cellular infiltration, bone and cartilage erosion and osteo-
clast activity. There is a synergistic effect for controlling ar-
thritis by dual inhibition of PI3K 7 and PI3K ¢ . Through
reviewing the function of PI3K in the immune system and
the effect of PI3K inhibition in preclinical arthritis animal
models, we can expect the PI3K inhibition as a new ther-
apeutic target for treatment of RA.
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i)

W E 2] el A He} (2). o] 3k Wl Zksle] sk
%] Z9Fk¥] ALl R} (tumor necrosis factor, TNF) # s}l A, <1E]
FZ1(IL)-6 XpehA] 2| A vhofst W] Al Al Aleh 2
AL AAle] £l & 201 7F Fule] A2TA
ol gk X5+ 7] WHIlE ZA =AUk (3). 71EY
gute] 2A A BFES HhE& Kol oA -

st A BaE Hda, 34 kol sk wie AF
B3 335 vehliglon, Qldd P32 o2& X
BEE 99 27 Aekat 2719 AFH kg @

1t

rlo

o2

Holghe X5 dichel e Wats Qs Folel =34
o B ZIE7HA vk A =k 4,5). 22U o]# 3
A A AT HESHA] o5 AT A2 gbAl EA)
th= A, Aoy T 984 59 £, F4E o
Fole ol W] A543 514, =2 oAl 7}
4 5o FARS kAL ek (6). olell vlsl AFAF A AA|
(small molecular inhibitor)= - A|EW A3 A 7
Ao} AR F=&A9 A} &Ae-& A FE
2, A2 Z Janus kinase (JAK) A3l A|} spleen ty-

N oofo (o ox o2 ko fu 1o M
%‘

rosine kinase (Syk) A s A7} L4 AFg2] 598 Hok
o 94 AT A ER ool ek (78). ol FEE
WEE o] 2] Wit Fol glolE AT Al v
Fhe BAe) 24 9E B P ohel, AT Fol7}
7heall Fol7t Helsha, vl A 73 vjd o g ol
sHEe] Aol sbseltlis A AT gleh WAl
SIP lyase A3 A2 1.X33059} AlR7FQl 84 =) A2l
CCX354-C 52 87 AAAZE G4 AT Foll glem,
Welol 71 xd AT Fal ASH oz AL oFEEol
M= AL Qel (9). B =wellA s AlE AS AR &4
% 3}l}9l phosphoinositide 3-kinase (PI3K)7} " A& =
Aok 247} Fupel 208 W alel Fojekiz 71Hol
el gopilar, o] TAel 3k &EA; A AA7} o] At
Aol AZE el B 5 e A w el

X

o
| .

N

= =
PI3KS] E79} A5 A A
PI3K+= A& A3 7| olAe] s} Z phosphoinositide (PI)

Table 1. Classification of phosphoinositide 3-kinases (PI3Ks). Catalytic and regulatory subunits of PI3Ks and their substrates and products

Catalytic subunit Regulatory subunit Substrate Product
Class TA
PI3K @ pll0«
PI3K 8 pl1043 p85a, p50a, p55a, p8548, p557 PI-4,5-P, PIP;
PI3K ¢ pll0o
Class IB
PI3K 7 pl10y p110, p84 PI-4,5-P, PIP3
Class 1I PI3K-C2 a PI-4-P PI-3,4-P,
PI3K-C2 8 PI PI-3-P
PI3K-C2 ¢
Class III VPS34 p150 PI PI-3-P
Receptor G-protein-coupled

Plasma membrane
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oooco Figure 1. Simplified  scheme  of
class 1 phosphoinositide 3-kinases
00000 (PI3Ks) and their intracellular cas-
cades. Class IA PI3Ks are activa-
ted by tyrosine kinase receptor or
by protein tyrosine kinase and class
IB PI3K is recruited to G-protein-
coupled receptor. After activation,
class I PI3Ks phosphorylate phos-
phoinositide-4,5-bisphosphate (PI-4,
5-P») to generate phosphoinositide-
3,4,5-triphosphate  (PI-3,4,5-P3) at
cell membrane. The generation of
PI-3,4,5-P; activates downstream
phosphorylation cascades, resulting
in the induction of various cellular

Class IB PI3K

biologic functions.
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inositol L2]9] 3-slo|EFAV|E QlAs} sl Fioldh
(10). PI3K+= &4} F28} 715, 7138 EolAldl ule} class 1,
IL 9] A 72 & 1353, Class I PI3K+E thHA] class 1A%}
class IBE EFEt} Class 1A PI3K ¢, PI3K 3 2|2
PI3K & 7} 43}aL, class IBoll= P3K 7 7} &8k} (11,12).
Class I PIBKT 110 kDa®| #Aba 7hd a4 4xhe]
(catalytic subunit)®} ZAHA 4F$](regulatory subunit) Z ©]F
o] 71 o] A o] gtA|(heterodimer)o|tl. ZriA A£%H$IE pll0 e,
pl1053, p1100, Al 714 Z577F om olF shtel =44
Z=ek91Q) p85 e, p50 @, p55a, p85 A, p55r = st ZAdt
slo] PI3K o] Ao|gAE o] FA ElcKTable 1). PI3K F L
Fzzo} WelAle] 7)ol 2 etelAls At Bels 7Hol
ATE AL F class 1 PBKOIW, 0] 5& AL2] 44, 2
A, B3}, A7, 3A3) o) ol Thojdit

Class 1A%} class IB PBKE &4 5 A% A2 7 Zell
Z}ol7} Q)=dl, class IA PI3K+= SZ tyrosine kinase re-
ceptorel] &J3ll 21 H A3} =] 7Y protein tyrosine kinase S
uj7fsto] ARzt A 27kQ) &l olsl 2433 =
o} (13). W pl103} pg4 ¥ EFe] 2A LRAE T
+ class IB PIBKE AR 84 52 GehiZAg &
A|(G protein-coupled receptor)ol] 2]s] A3} ml= ol &
Holt}h (14). A3} 2 class I PI3KE PI-4,5-diphosphate S
PI-3,4,5-triphosphate 2 Q1 AH3} A|A, AL AR T Z4],
AET} ATLAR, B4} o)% 5 vhket A5 S 2R
H] Fodgkeh(Figure 1). PI-3,4,5-triphosphate #-2] 7] ] Al
oA e WHAE A gfort 2h=oll oal AikEw o] &3
of sheh ARe Bk A A%, Felo] A, A
A3k, AgE A3 Sol Folehuz PRKS] Tk wE
AR A8} 24 el s 2L BARS 2
AR} (15). P3Koll 23] 143} ® AEQ PI-3,4,5-tri-
phosphate= pleckstrin homology (PH) domaing & s}l+=
Qg sk EQekiovl oleld BAZE PDKI,
Akt (protein kinase B2} &-2]7] % g}t}), guanine nucleotide
exchange factors (GEF), Btk, GAP 5°] it} (16). o] = Akt
7b 7h & kA QA o] EAL vkt 71 S 4k}
st=dl tHxEZ 9l }¢] 4 o] mTOR (mammalian target of
rapamycin)®]t} (17). X%+ PI-3,4,5-triphosphate®] AJAF-2
SHIP (SH2 domain-containing inositol phosphatase)¥} PTEN
(phosphatase and tensin homolog deleted in chromosome ten)
off olal| 7t =ALE Wk, o] F4 52 PI-3,4,5-triphos-
phateE t}A| PI-4,5-diphosphate 2 7}l 3tc} (18,19).
Class IA PI3K®] pl10@ 9} p110 8 £%HE Ao BE A
EgollA o] H, o] &Gk E AR AAYS
uff wjo} A]7]el] o]u] XAl Aoz Hol o] 5 WA
Aol ARl A 3l 2o F Bl (20,21). WH4,
plI07 9 pl100 ARESIE F2 Wal T AEell4] uhals]
o A% Wzt FH wele] V)5 A e sl

ol ¥t £ 5 FAH R AAY A TE B A

Of

& A A thekst WgH o] 4dg HolA
cwhebA pl10y 9 pl1106 &%kl gk of 8
A 2244 Aot ARE Q] &gke] A Al Fol & o] &
TollA o] €] Xgto] W wiNAg Agka}t T4 A
FRA o2 Ao F Y5S & T AU, o]H3
Thol] whe} o] &£tk EE Awksls L8R JAA AT
P4 A7 HbslA| o] FolA 3 ik HEH LY294002
1} wortmannine class I, II, 119 PI3KE E5 A8tz
mTOR ¥ o}zl PI3K 29} #HA gle E2A7MA At
stEE, v 5ol Al Al Aite} ol dx] T P Fo] B
A 7hgAd o] ot £FA AAAZA Q] Aubo] njE A

oA Fstet (25).

[N )
~ e
N1
5 9
£ i

B %% oo i ox
Nlo o
[P

TAZ 4 PI3Ky ¢ PI3KS o] &4

TAIZE ] Wb 3 of|A] 7+ PI3K £%k9e] HEs B,
pl10y A A7 vh-22= 7FE A E (thymocyte) At
o] L fribsle] Ao g whx THAIES] 74 s
Z#st, p1107 2k p1106 FAA}F FA A3 whg-2=oll A
= oA 7FFAAIE Ao Zart B Al3kE ) (26).
pl10y 7 o] CD4CD8ll4] CD4'CD8" TAHIE=2] o]
< Afjsla CD4'CDS” TAHIES] AES whEA]7]& Zlo]
o} (27,28). TAIE G=EA|(T cell receptor, TCR)S =&}
27] A% AL pl10y T4 A3} vhg-2ofl A B &
s Ho|Auk TCRE A= ¥ TAIZ FA4 ol A 2714
Aol Aslul= 2o E B uff pl10y 7} TCRY 2= <Q1
3l (downstream)ol] A= For} o] xHQl A3 5 =4
slo] A o2 ke Fv ZoE HRlth 26). ¥
PIBK 6 &whl= F2 TAE F4], &4 3}, 3ol Jho]
slo] o] Akl A ARk vk A AAlE F
oJ&} ™ interferon (IFN)- 7, IL-4, 2| 1 IL-172] AlAlo] 7+
2-5}0] Thl, Th2, Th17 AZE29] B3}7} A= a1, 2ol
A]9] CD4'CD25'FOXP3" 274 TAIE2] AES &A1
(29-32). ]9} ZFo] TAIZES] Aol PI3K 7 7} AR A <
o2 shar, WA o] % TAIE 9| 23kt FA1 PIBK 0 7L =

AsA ek,

I

BA|3Z o)A PI3Ky 9} PI3KS 9] 4

BA|ES] E3}e} A stell= PBK 6 7} BFH o0& FQ
s, TAIZ9= 22 PI3K7y 9 932 ol ®eld)
pl106 AR A vhg-2u; AdH AAA FoJA] As
" EF BAES] 7t Zaslkar, AR f 23] o] 5ol
A=, BAEZ FEAB cell receptor, BCR) A% Hl
BCR "i7HA A|Z FA)o] Zrastar, & A A ER Q)
3o} A AHE F W FEH] AAte] ghadhrh
(33-35). T PI3K 6 = BCR w7l DNA @43 24, IL4
2 fE5= AFE, 28l TLRY w74 g Al = 2
AA dgg 3t (36). PI3BK O A7 wh-2=ollA] 1gGet
IgM x| 2] AYsto] ZhaslA|ut o] 9F vt &2 IgE ] A4k
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o] Z7}slEd, p1106 & AH o] IgGl oA IgEE 2] Z
2 A%k Az3e A7) wiEeltt (37,38). kAl
g 24 TAIES] 7449 BAIE w4 IgE A4te] Z71=
PI3K 6 F+AA A3 w27} Arpd s A& Z2A =&
Fagk el Art (29,39).

377X PI3Ky ¢} PI3KS 9] 2§

pll0y AR A3 vpg2e AR, B, Al e
E 59 318595 A (chemoattractants) 2] A}=rol] HE-S-&
= TATY o]FAle] A}=|aL, reactive oxygen species
(ROS) A Akel] Aol S Kt} (24,26,40,41). B=gH ROSE] Y
Aoll&= PI3K @ & PIBK S &= HEA 0 7 ot} (42).
2|3l pl10y FAAF A3F vl PI3K 6 9] A &3 o4
Al Foi Al AT Jzﬂé“‘ Aol a3k} 43). pl10y
= 9T oA FATE 5T ¥ obdE TATY
&5 AT o2 AF ko Ao Ty = el
PI3K 7 = TAT W ohel F&Z AE, A AE d3
ol Aol EAs 44), S NI A ZeA pl10y
A A selectin mI/NA FA T HLHbo] AslE|o] FA T
9] A Sxrt wekAa, 3k T4 pl1oy ZAEA
o kg El Kol o4 ko] =2 o079 o]
gl Zfo] ZrA&sAl H) 45). =3 PIBK y = AlE £
(cell polarization)®} Trel=l el Wislol| = A= el o
= 3t 46).

S AN Z 0| A PISKy 9} PISKS o] &4
pl10y AR A vkl FAGAES] 3= A
AL HolAuk o] H|EQ] o]Xo] & ATS Hol oI=4]
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Aol A FZAZ 9| o]Fo] FrAsta, 3] AT
x99 H=ZAY CD8a” TXVWPA TH FAEE Hvh
o] 2 <l H3A IgIHk-S-(contact hypersensitivity)©] 1} A
91 F}H1A4) (delayed type hypersensitivity) BH-5-9] F5E7}
ol A7 A4 HH o] uhg BHloA FAHe
o] A= s W] 24 adE Halvh (47,48). =3
pl106 & Zdlet FA4 2F=oll 23k A A= 1L-69] A
Aol| F 28 QS 3} (49). Table 2= 2 W A E oA
o] PI3KE] F& %5 vepfich

FulE|A0E Y 58 2do)A PISKy 9} PI3KS 9] 94| &3}
Fnle]l AT AG L AH Hdy 3l Wl FEEE F
A, el FAGAE, TAE, BAIE, BIWHAE ol
H;G;G ],7]] ﬂx«lgﬂu:]/q xl— Z %——% 019‘7;] %%LULO:I o]
dAstn Ao J,].—:—/q]:TL__g xg* Z Qe BAol
A3 wi 2] o)7L i AEl =
¢ Y AES2 PBKy 9 PI3K5 S

t

A Frosh= o]
LA ‘é% ‘ﬂzﬂoPOia} .\Jr‘:*} e ‘l—%-o] ZAH L
Aol gk A= FAA A TE Rolw AuF] L8

A A FoAE 3l o] FoiA ket

WA PAd FE Bl Fiol wiEl PBKy o] JE
AW dFebA A 54 -« Cll-induced ar-
thritis) #-% A PI3K 7 & #3414 Aol 9= vp9-29F 41
2] AAAE FoIgt vh-LollA] AFQI A B
7b o2 W oY et =F ]l bl dE vigke] A
o gasa B 240 AT A&l Aek (50
K/BxN €* Z3l(serum transfer) EHol|A] #AEF FEA]

Table 2. The roles of PI3K 7 and PI3K ¢ subunits on hematopoietic cells

PI3K 0

PI3K 7

T cell - Development of thymocytes

- Proliferation

- Cytokine synthesis

- Immunological synaps organization
B cell
Neutrophil - Chemotaxis

- Adhesion

- ROS production
Cell polarization
Macrophage/monocyte - Chemotaxis

- ROS production
Mast cell Degranulation (late phase)
Eosinophil - Chemotaxis
NK cell

Maturation and differentiation into Thl, Th2, Th17 cells
Clonal expansion

Lymph node homing

Survival of Treg cell

T cell trafficking

Development and maturation

- Proliferation

Activation

Antibody production

- Immunoglobulin switching
Chemotaxis

Degranulation (early phase)

Chemotaxis
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plloy A 2 vhw HA Tl A, FIEE
B4 (LTB4) i AT =4 Hfol 743t (51).
o 54 <3 (antigen-induced arthritis) -4 PI3K 7
o A ZHje] e F & AR AAAE FoA% A5
7] FAde Wy AEr} Fela thAAIES] o] &
A7) Astsm A =27 o 2o tAAIEY FAT] A

ol Zhas Zlo] P} (52). o] ZE] - T A&

A

U BAIE 5 34 "ol Fofete AEHYE= FAHAT S
A W A JAGS dske 718 E PBKy ¢
AL T A4 oo =dvtens: AAdgde] IAHE

HolFo}h vbd F8Al 554 4 (collagen-induced ar-
thriis) vH9-229] 73 A W ohizh B9 FolHe]
T AES] B4 BAES] B43H 2 A ALE B
A WA w2 P sdo] WAllshe, 7ke] Frubel =

o

o

Table 3. Preclinical animal models and the effect of specific inhibitors for the determination of PI3K 7 and PI3K 6 activity in rheumatoid

arthritis

Method of PI3K

Targeted PI3K inhibition

Animal models

Effect of PI3K inhibition

PI3K 7 Pik3cg” mice (50)

PI3K 7 AS-605240 (50)

PI3K 7 AS-605240 (50)

PI3K 7 p110 7 " mice (51)

PI3K 7 p1107 7 mice (53) hTNFtg mice

PI3K 7 AS-605240 (52)

PI3K 7 p110 7 " mice (52)

PI3K 0 IC87114 (54)

PI3K ¢ p1108 7 mice (51)
PI3K IC87114 (51)

PI3K 6 pl10 767 mice (51)

a Cll-induced arthritis

a Cll-induced arthritis

- Very mild paw swelling with a reduced number of
infiltrating cells

- Less severe cartilage erosion

- Low histopathological scores in synovial inflamma-
tion and cartilage erosion

- Few neutrophil in the arthritic joints

Collagen-induced arthritis - Semitherapeutic protocol: mild arthritis with no in-

crease in digit inflammation or paw thickness

- Therapeutic protocol: reverted digit inflammation and
paw thickness, reduced synovial inflammation and
cartilage erosion, fewer infiltration of neutrophils in
arthritic joints

- Reduced clinical and histological signs of joint
inflammation

K/BxN serum transfer model - Reduction in the extent of paw edema

- Reduced LTB4-mediated neutrophil tissue accumu-
lation

- Reduced severity of arthritis

- Less severe joint inflammation in histological analysis

- Less formation of TRAP-positive synovial osteoclasts

- Reduction of total cell number in synovial tissue

- Less cartilage damage

- Reduced MMP expression and invasive properties in
synovial fibroblasts

Antigen-induced arthritis (AIA) - Marked decrease of clinical symptoms in early AIA

- Diminished macrophage migration and activation
- Impaired macrophage and neutrophil infiltration into
the knee joint

Antigen-induced arthritis (AIA) - Decrease of clinical symptoms in early AIA

- Inhibited migration of macrophages towards C5a
- Decreased activity of peritoneal macrophages

Collagen-induced arthritis - Decrease of osteoclast formation

- Inhibited bone resorption activity of osteoclasts

K/BxN serum transfer model - Reduction in the extent of paw edema

- Reduced LTB4-mediated neutrophil tissue accumu-
lation
- Slow migration velocity of neutrophils

K/BxN serum transfer model - Reduction in the overall extent of inflammation and

associated bone and cartilage erosion

K/BxN serum transfer model - Minimal paw swelling

- Relatively normal articular surfaces, intact joint
spaces, and absence of significant periarticular inflam-
mation

- Limited movement of neutrophils




PI3K as a New Therapeutic Target for RA

7P 7P 71AE Hele Erlolvt. EeHAll
54 W ed ErlollA] s o] AlEE 7]l PI3K 7 <]
A o AAQ AS-605240F Folgk 7§ Ao ATl

HA @b, QUEE[ER] Foftell s E
grtedst odF wigte] fefiAl | ubAete] ol w3t
Helek ofw] A3k W sdo] R & AS-605240 Foi &

oy pot

e o & ¢ do n
ofN
o
L
ofN
N
o

A £ A TS B 71 et (0.
QUZFe] TNE 74 8} vh-2=ell4] pll0 7 #24HE 23
al

DAY FFE, 2999 funge] 4%,

alloproteinase (MMP) ¥F& 1)l =2 2™ A (invasiveness) 2] &
7} ZrAaget (53).

HAA A TF ZlollA PBK O 9] AH8-5 v H,
FEHll f 24 WA s] fbA] PIBK 6 9 A9H A ARl
IC871145 FolshH s}E A ] YA} sEA ] 25
o] zat=ct (54). K/BxN B4 A%k 2ellellA] 3] &
SA] p1106 o] A% Aot AvA A sfiA] FoiA] <l
A WA Fo] Frasla gl B8 2@ dE v
ghe] A=) Zhazsle] LTB4 wi/lA 479 =24 A& 4
£ 9 2 &5 ASET ). 23 F A 284S
EA0l AdSE A4S el Aol Lot BS F7Eo]
vebk=rl, pl10 70 A7 SA A w2 B pll0y
SR A vh92of PIBK O AMASE Folste] WA
FrEAl A o] Fogo] A9l glo] WA A Tl
ululslar, 2283 Pl A e Fauted S EikebA] o
Aol 7W7h B =2F &S Holw, FATE] o]&o]
uf-g- Ald e} (51). o3t AIE & wlf 74 £EAHE Al
ke Akt 7 7HA £&RAE Al Asfishe o] Azt
< 24 glo] v mabERl WS A3 T 2l
o}, Table 3 Fubel =99 4in el A4 B2 2o
o4 PIIKS] jdtoll et A7 .ok olck

Fole| AR A Y A9 27} N ZojA PISKy £} PI3KS 2
L]

otA A Fulel 2R A AT B E A ZF o} A|E
of 4] 7} PI3K 4&=xk9] 9] WAy 753 Bl 7]ojst=
A ehol] 3t A= FaEehA B AAolrk 7 ] AF
of A 3kA}e] Fut 22T A|EolA] 7t LEALS] WS
zAE ), Frukel =kl ed gate] g3et =243 A
A Zol| A PI3K 7 9} PI3K ¢ ] Wh3lo] &34 ] 5 =
Foll w3l §-93A] Z7lxle] 9t (53,55). ¥E3F PI3K 7 9
WL fulel s F8uh ARRAZEE olvel &3t
WA A Zoll A = F7bE] o] et (53). 719 BE Aol &
Ash= PI3K @ 9F PI3K B 9= 2&] PI3K 7 9} PI3K 6 &
T AE T LR A Zo A EAgth= Zlo] Yut

Aol Fok AEL} Frbels et 44 2AEol A

2
oo 2

o] FAEo] o W
gk &= & 7heA S AlEl
AA7F Aol A FEgE H AE
S Azl SolHl Axe HANE
EZF AT ANA 2AFo w2 O A8 wadvt S
=2 g dg Aok w3k F89t AfFEAZEAA TNFU
L-1 5 AA54 A&7 A=l €3 PI3K 6 o] %3
o] shAl S7ksbe AlEe] AT 27 AEel d g
vlE] 2~ FEE AlEe] FAE =A% (55). o
oA AE Fulel 2~ 87 AFEAZE TNFE A5
BK 7 XAAE &7 Foishd MMP-39] Hhady}
| Adfisl= Aoz vheht o] &FHe] A7) w
375 zAste] BAE B3I AHE HY F PSS
1A gk} (53). 2l w4 A ghxbe] oo
23t Al TE anti-CD3E A3 uwf] PI3K & X}ghA]
FoalH IFN-7, TNF-a¢ 283 IL-17 9] o] 4
T Aog Hol, ¢1FA A<dolA PI3K 67} Thidt
Th17 T AlE 933 E3}el] 2R AR A5 ke A e
Al A} (56). AA] gAke] Z=A] 3} AlZollA] PI3K r ¢+
PI3K 6 o] Wglo] ZF7lxlo] 9l o]#]st E49 A4to]
TNFU IL-1 5 AAFA A&7 AFE where A
Aol A o] et AEAES] AA7} Fulel 23] Shatel]

A Agke] APS 24T F J5S AR

0|

N
=

{

—

o

=4

Su o o

22 ¥
o m &

A

2 !
my o=

o2 £ 0 b oaet rfu 4N
ox 4o
of

ob o

AY X 2A) 24| PI3Ky 9} PISKs A d|A|2] A}t A
PI3K 7 &} PI3K 6 = A4 18]a T mod Aol 2F8sl=
AEZ9] AEH} AETH A gol dgs Fv T2 4
2, A7t Ak opyel Fok, A4 A3, w73t
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