ekl okl A A 23 RE A E 20044

=X ]

Calcineurin Inhibitor ©]%¢] WA x| 59} FF A

N st o zhehs} jahetinal

yed

guielel ) w7 wgaydes 2% dAls
AN 7009 o
#ohat govl dd ke A 3% g, =

F ojme e A A
AQlvhe @xgs}s- iz ofF) 1 Al e

F 7H7H°1° A

"i% OMT
2718 7 gxEs sy HH ﬂ }o]
3y g sdAx FHAE
AFI U, 1954 v
Apolell 317o) o]
o ol F é,moms: REEER:E
ko Seuhetel A
1969 43 olF st} *lé A7} F7kstel wd
1,000 ’391 gapel A A gE 3 ek, o4 ¥ szt
op o)A B7]el el AT

[s 3
chpek ANt A AR E o dsta

HEA x5

X]A 7]

o]2 & msl ok gwol siAolgl 3 2 9l
19505t o)% chpek Wl Ao oa
Hez ARgHe ghem™, of F cyclosporined®
calcineurin inhibitor+= ]2 #v]9] ARukg-o] ol
o} o)a #Fvle] &7 HES Fvzonr H7iA 7 ok
Az AQ7z AGd AR zme] T4 okd® AlgE

duh. mrely @A) AREE L iz welolx) Hl-é;—O] ot
7)gke) 014 AY] WFEo = FpHo KTk o)A v
o) G I HEL 2 TS Ve Ran glont Y
ofA 7} b AEAY Wonkg Gwel vl R
Aol Ag” Log Qlste] A 5 1ol A A o) Ak
s oA o] Mg Fo) olAuie] Rofoi] 4]
i8] sl Asteler @ Aol B mAo A it ¢
ahell A} ARE¥] 7] Alm 4] l 5 l A AE e
g @AS okl AQAAES AXR A Fo)

2721 o

A
o 2 T

Az ALY AgEel A FAES EstnA
1. Sirolimus
1) 3E71d
Sirolimus (rapamycin)i* streptomyces hygro-

scopicusol A 3%3%t macrolided 34 E@olt}
FK5063 #4271 frAksted Al el A FK5062
T3 ohdl (FKBP-12)ol d3std 24RH 2 olF
&2k FK506°14 cyclosporineo] [L-2¢] AHALE 9
AsHz A= 2, sirolimust™ mammalian Target
of Rapamycin (mTOR)o| Agsled [L-29 &3
A% F A3 HAGE 2edt o 24 cytokineo 218 T
Axet BAEe F4& oA (Fig. 1)
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Fig. 1. Mechanism of action of sirolimus.

a3ty 98 (27-37%), # ZAF (13-30%),
T A %‘ A EE (38- 57(V), W] (28-36%), /jS
A} (25-42%) E9 HZEEo] glod, sirolimus ©E

oz AMEE FE AE4o]l A AR eyclosporine
W BE FAshs A A54E S/ des
2 olo] i Fot I8
aF32 Qlate] &N A YL A &
A,

3) dlolAjoiMel HE

23t} ®E3F anti-angiogenic

3 7 F8% 9 4P Aok Bz Aol
N9l sirolimus®] A& 4A3 A& WA ey
ohm At gk,

R EEE

O A¥PFE BANA sirolimusE  azathioprine
%2 MMF4 #& %o 39S o d9dA ass
cyclosporine® #5259 o} sirolimus& AREEF o
oA Al7l%se] o B

@ Steoid + cyclosporine+ sirolimus$} steoid +cy-
closporine+placebo® &3 nli3td S o 671L5)
FAAES (AR HI=E #dA35 2ard 5+ 9l

At} (2 mg/day; 15% reduction, 5 mg/day; 20%

reduction)’".

@ Steoid +cyclosporine + sirolimus®}t steoid +cy-
closporine +azathioprine®} AR®] RHlZi= sirolimus
2 mg 16.9%, p=0.002; 5 mg 12.0%, p<0.001; aza-
thioprine 29.8% = sirolimus”} azathioprine .t} &
7} woyte?,

(2) Calcineurin inhibitor ojA].&%

D Delayed graft function®] #go| U= AHA
o2l &xE A #o2 o XNEE % F A
Hlaatg e o'

Group 1 : sirolimus/basiliximab/PD +delayed cy-

M >

closporine (Scr <2.5 mg/dL)

Group 2 : cyclosporine/basiliximab/PD

Group 3:anti-lymphocyte preparations/PD+de-
layed cyclosporine for 7 to 14 days

1270gA #@xpe} o)A ie) AEg 2 gAY Ado}
Ede] X M el zo)l7h fllevt AR W1
3= group 191A 16%, group 2904 52%, group 3
oAl 39%E sirolimus/basiliximab/PD9 ZE#H7F =
ojwtch

@ Cyclosporine + sirolimus(trough level >5 ng/
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mL)+steroid H-E29 3 cyclosporine® 371Y # ol
283l sirolimus (trough level 20-30 ng/ml.)+
AHEE T3 eiaEts W ARS A7
42%9} 9.8% (p=0.035)°1AA R cyclosporine Ab-4-&
FA 8 el A JiHoE GFRe] A FAHRoy
LEL"“}‘J;U‘# T S WEsh s,

3 YTt AbA oA BAAE SR siroli-
mus -based calcineurin inhibitor-sparing regimen

29E )

steroid &

¥} calcineurin inhibitor-free regimens
W@ A Aeltt (Table D'

Table 1914 Vel R} 2] sirolimusE AHE$
ol A al7Ige] o 2 AElolA FHE Ll v o
A Aol wrdol A A el

4) ROy

g o] B F2 &% (2-5 mg/day)el 3l

B2 ’\l“—‘}?‘?ﬁl cyclosporine® & Foidliz 9 of

"

ol ¥ol & 4A7F F sirolimus® Foksl= Aol
2t} Trough level® 5-15 ng/mL A%} A 3sic}

2. IL-2 83 AN (receptor blockers)

fﬁ-’é%&%cﬂl wes TAZE: BAHAAL A5

HEZEW IL-2 $84 wf‘m IL-2 784
a. 8. ,o] q] 7FA 7} 28 o] % o subunito]
IL-20] Boj#xow urgsich thj} o] A 7}FAl sub-
anit Bk ATolok 2ol UH AT A
Z7bsls How odeld Qul rejuE L2 S84
@ subunit (CD25)E Adhelt= 2e IL-29] &3}
A gty v ® Ausis Ad W ooln Exg
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oA Asish G5 Al —

9 Eoldow @A3tE THEDNS A4AT + due
ol & WAL XA ut ofd iz wd FE I}
A AAEE e o] AE7F dlevt 719 murine
monoclonal antibody® W17} Far o] Fuhd o
digk A7 A7 GdEE] 3o} gk o3 vy
€ H&317] 93l humanized A (daclizumab)t
chimeric @3 (basiliximab)7} g =o] A AH&-=
3 o). Basiliximab® daclizumab®] & dHL
meta-analysis 237 w&ZW placebost w3l
HAAFREY HEE Y F UAAN GEH
RR 066, CI 059-0.74, 12714A RR 067, CI
0.60-0.75) °]4] 2l &L W Aol7} gk =3
g FAARNE AMYE, delayed graft function,
o)A Al VA ¥ol tlE HE 3y xu ARt
BASA fode §UAT RlEst o w2y, wd
o Hage Hor} Lyclosporine sparing &
#E B 98] 459 #BAE R PD+my-
cophenolate mofetil +daclizumabZ® AH&3t& ),
120dR ol AEES AA Aol7t YUY
(95%) z3&gHog FoeE ARdEEo BILE= 3]1%
2 vy 54 debdt” @47 o] okAle] awt
o otdAdel it FEE A8 §lE
H g Algole= A gto] Tq"ﬂa]a]' Azt o}, Basilixi-
mab?l A5 Ao o F &S 40 mgolH

Aol g 3P

e A 2412 ool 20 mge FodEa £ F 4
AA 20 mge Fogit}l ojYolo Aol ehHAe sy
Ho] 2l# 2t} Daclizumab AAE AF 1 kg T 1
mge AW g e 23E Fae W 2427 o

Table 1. Comparison of Sirolimus-based Calcineurin Inhibitor-sparing and Calcineurin Inhibitor—free

Regimen

Cl-sparing group

Cl-free group

Regimen

(trough level 10-15 ng/mL)

One-year patient and graft survival

Biopsy -proven AR
Cer”
Interstitial fibrosis and CAN on protocol biopsy”

PD+ATG
Sirolimus

PD+ATG+
Sirolimus
(trough level 12-15 ng/mL)
+ tacrolimus

(trough level 3-6 ng/ml.) +MMF
100% 98%
89% 80%
7% 10%
529 224 mL/min 72.4%20.0 ml/min
53% 15%

AR T acute rejection, ATG * anti-thvmocyte globulin, CI: calcineurin inhibitor, PD : prednisolone, CAN : chronic

allograft nephropathy
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M ddE Bed F dsol HuHgu itk o
&A= OKT32 complementary determining region
& AA IgGel HEAIZ AR 71E] AAdA
Eibe R2EEE @ol £Y 4 Aden 14 944
ol AR dAdA EHrt Bgol Rudupt . w
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3. FTY720

FTY720 (2-amino-2-(2-[4-octylphenyllethyl)-
1,3-propanediol) ascomycete Isaria sinclairii®}
thAMAEEQl myriocin (ISP-1)3 F%7F #AMS A

AZ 19929 A& AEHATE (Fig. 2). o] kA=
Aatrol @As F4 2 Vsde dgs #A @
I, Y4FTE secondary lymphoid organol 7 Hs}A
sto] W HAd FH AR o]FE WAFoE
# AAqA 2HE v (Fig. 3).

FTY7202 sphingosine-1-phosphate (S1P)9}
%9} 7]%o] #A}slth S1IPE GPCRs (G protein
coupled receptors, SIP;5)¢ ZAgsl=d], Aol
ulg <lakslE FTY720-P3y SI1P receptorel agon-
istic activity® 7FAtu} Naive TAE7F &7 HE
ste] gAEEA YA Hoeg SIPo] down-modula-
tion el €ZTE PxA ol HAAA FHE
=} 22o] dojt Fof SIP2 up-regulation
of BA4stE THXEo FrAoA Tx HRog
g4a <+ 3tk FTY720-P2 S1Pol
2 #gsle 2839 internalization 2 7]% vhu]E
7HAexm A= dxd Jo) d=FE JMHEEe 24
& ZHgrh TAHXE 9 opE BAE, §A40A9

SN

“super—agonist”

mature thymocyte® &8 A A spxjut
TARES BAEY 7153 gdol ug 3o &3 F
e TS FA g Aoz o8 FE APA

wE zih 208 9]
2a A7 Al wt

w
Aol g5 thider § phase
29 FTY7209) &3+ &3 o9&

& A 2% 2004

FHollom MMF9 vlatdted WA gt A
& & zol7h IR (AR:FTY720 25 mg 9.8%,
MMF 17.1%). kAl AHAe] 713 wjgo gZ2F b
S Mg ¢ dAL FAE FEEE viE 3 Eo
A, A (A E EAEE SIPFEAe &
Adstz Qg FAor FH)9 e FAge] By

u} )k,
4. JAK-3 inhibitor

71 &4 °”°—17ﬂlxﬂ7} MR oy RALE (AE
A, AAEA, Fud, aXP8F)S olE Ao ¥
3}= molecular targetEo] Thokdk x| %L%’ETW]

gzolch TelBE BEol4 ¥ gAseE

Sphingosine

HO
s o~ A
P P N \E_r-.U”
N,

FTY720
"\ - N
P W I‘f ]1““
R N T
\II.‘
De nove
synthesis
v SMoase

Ceramide *—  Sphingomyelin

Sthsyilhasu
Car synthase Il Caramin dase
Sphingosine FTY720
'Y &
SiP } Sph 2| Sph
chosphatase | | kinases , Kinases
SiP FTY720-P

Fig. 2. Metabolic conversion of parent FI1Y720 to
FTY720-P by sphingosine-kinases. FTY720
is a structural analog of sphingosine (Sph)
and sphingosine 1-phosphate (SIP). SIP is
generated via the intracellular ceramide
(Cer) pathway, where Cer is formed
through de novo biosynthesis or degrada
tion of the cell membrane constituent
sphingomyelin (SM). Cer is N-deacetylat-
ed to yield Sph, and both Sph and FTY720
are phosphorylated by sphingosine-kinases
to vield SIP and FTY720-P, respectively.
FTY720-P represents the biologically ac
tive principle of the drug.
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Fig. 3 SIP/SI1P;-dependent egress of T-cells from lymph nodes: mod-

ulation by FTY720-P.
Loluk A&3stel AAAH 7S VERITE 7]E
AAZE 7k o] dHES Bekd
Aefsta Avf. FEHQ gamma -r%iﬂ:—::_-
o v} cytokine¥ (IL-2, 4, 7, 9, 15, 2D& @
of welshiz gaFe] FAF A FAe
2l Metelriolih of#i 3k cytokineo] 8o
W M E2e] tyrosine kinase?l JAK37} %
oh orelug JAK3WHE HoldhAl oA
Halol QA5 o] gahH 7o WAAAA L 7}1
o] FAEEE WREtHA weagze] g45vs
A4t o] A7|e AVAEE FEE F
gl 71hskar gk o)gdt EHoE o] EdEo
utrjel o] o} F (CP-352,664, CP-690,5502 (Fig.
4) ®H JAK3E
#H2 ol& HAAAR of&slelir A%

Agor A4 & glgel ¢

7 olgol

¥ dedddd el mlEel AR JAKS o
Ao kgL PFol9d 22 non-human primates
o] B& Aol BVAES FEE ¢ Aol B
aEgoh (Fig, 577
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oA Az G5 A
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Fig. 4. Structure of JAK-3 inhibitors.

kAo dhste] s @Vl H e ZE sirolimusE
o]-85te] calcineurin inhibitor®] AMS-S- TAFA
U Abgalx] o= xg ZEEZLS ol&ste Aol &
duwon Azhgict. 2 oA A$5E
sirolimus& AFE-8ht Aol tish kg a3 ALE-Ad Aol
ek o AYR B o2l Balar glo] oo thdk =g
7} gesittn AT g ol e 7
dAANAE AFReHs AL ddHom AFgsn
HAghe] A

FHjgle] o]

i

PR
v ol

oqHow

O]‘—;
AR

o4 (minimal immunosuppression)<}
HEolgty WAE H¥ste o
dER A4 gk olg|d &AE sEshe
o)A Z7]el cis)ARt B Qojuia] oF
gk ARk

I

1}7]

r&"-‘

U
1.2
[

H T



— ek g A ;

Al 23 H

2 A 2% 2004 —

H

A 0
L]
m L]
-
L]
f=l .
g -
- Ll
w0
1
[ v v .
5 5 » & a0 7% 90

Duys post transplem

Fig. 5. JAK-3 inhibitor (CP-690,550) prevents rejection of allogeneic kidneys in NHPs. (A) Survival of
NHP (non human primates) recipients of life-supporting kidney allografts treated with vehicle (dotted
line) or CP-690,550 (low dose, thin line, n=8; high dose, thick line, n=4). (B) Drug troughs of trans-
planted monkeys. Eachline represents one of four animals surviving to study termination. High-dose

animals, squares. Low—dose animals, triangles.
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