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1. Introduction
-1 Mech'anisr_n of Immune System'

= T » ol e e+ . 5o ) 7 . . . .
; - »\j;;irf’—lé Yo p & ;W Fig.1-1 Lymphocyte is circulating through blood vessel.
L —RONT R - & ) and lymphatic around body once a day,
' \xj -, and watching over not to be' lnvaded by virus
R ek
P and so on.
Fig.1-2

'The dendritic cells find the invader such as virus or.
" {ransplanted organ, these celis move to lymph node
' ~ to inform the invasion to lymphocytes.

Based on the information from dendritic cells,
-——  T-cells are actlvated and starts to proliferate i in the lymph

node.
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' Transplanted organs are a!so recognlzed as an antlgen and removed by Cytotoxw T- Lymphocytes
This rejection is the problem in regard to transplantatlon

It is necessary to develop lmmunosuppresswe agent
. ,



2. Development of Immunology with FK 506 |
2-1. Immunophilin* Ligands ~ (*Imuunophilin; immunosuppressant binding protein)
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(FK506 (Prograf ) was found to be strong lmmunosuppresswe agent ”)

2 2. Elucidation of immune Response System Using FK506 and |ts Denvatlves
© 2-2-1. How to Punfy FKBP and CyP ‘
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Fig.2-1 R=("c=0)GH; It was determined that FKBP was apprommate[yM kD and CyP was

The'synthesis of FK506 Affinity el @pproximately 20 kD.
- 2- 2—2 Rotamase Actmty of FK506 Bmdlng Protem (FKBP) and Cyclosponn A blndlng protem (CyP)
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2-2-3. Denial of Relationship Between Rotamase Activity and T-Cell Proliferation

‘FK5_C‘}6, Rapamycin, and 506BD which is synthetic' FKBP ligand,
interact with a common domain of FKBP through their common
structural elements by NMR and crystallographic study.

S. L. Schreiber, 4 Am. Chem. Soc. 1991, 7713, 2339,

FK506 - 506BD
- Rapamycin

And these compound inhibit the rotamase activity of FKBP.

J

‘Rapamycin/ FKBP
—_ ] But... _

' ' ~ Rapamygcin does not [nhlblt the same TCR- medlated
@ ' - signaling pathway that is affected by FK506 and CsA.

) : Rather, it blocks a later CaZ*- mdependent pathway

X—C ' - associated with T-cell activation, WhICh is mediated

_ by the IL-2 receptor. ‘
\.. _J .
Y |  And 506BD has no inhibitory effect on either of the

Proliferation- signaling pathways inhibited by FK506 or rapamycin.

FKBP  FKS506  FKBP+FKS08 U

0 e @
RN

Suggestlon @

i "Not eliminating the function of FKBP
i Adding the function to FKBP

'_'Active complex"

' @ Calcineurin (CN)

Carmodurin dépendent

Inhibited by FKBP FK506

% - or CyP-CsA

(mesured with phosphopeptide substrate)

Serin/Threonine protein phosphatase S. L. Schreiber, Cefl 1991, 66, 807.
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CM= Carmodulin
(it binds to calcium ion and then activates CN.)

: - Fig.2-5 Summary of [nﬁmune System
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3. Discovery of Nbvel Immunosuppressant, Myriocin
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It is required that the results /n vitro
reflect correctly the results /n vivo.

Af this poin, MLR screenlng is excellent
method
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4. Total Synthesis of Myriocin

Myriocine has tree stereo centers including one quaternary carbon atom

Synthesis of o-substituted serine is interesting.

N. Chida, Chem. Commun., 2001, 1932
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5. Elucidation of Activities of Myriocin

5-1.Serine Palmitoyl Transferase (SPT) Inhibitor
T. Kawasaki, be_c;hem. Biophys. Res. Commqn. 1995, 277 396.
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OH : ' - : o
S ' It was suggested that Myriocin had
on Ny ——> some relations to sphingolipid
CH
1SP-vmyriocin W\L\/\/\/\/kk c 0on : _ b’OSyntheS’S :
Fig. 5-1 Similarity Between Sphingosine and Myriocin
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o . o 3 It is suggested that SPT inhibition should
Fig. 5-2 Biosynthesis Pathway of Sphingolipid " prevent T-cell from proliferating.

Table 5-1 Growth Recovery = o _
after Various Treatments _ K

" Tabie I. Growth Recovery after Various Treatments

1. Sphlngosm and Sphlngosme 1- phosphate has a great absllty

Effector % Recovery ® - torestore the proliferation.

S gosie osoha 4 ' 2. Ceramide has no ability to restore the proliferation.
phingosine- 1-phosphate . . . e . .
DAL-erpthyo, iveo. Dibydrosphingosine 42 - But.C2 ceramlde has a Iittie ability due to 1’§s permeability.

Bl-erythro-Dihydrosphingosine 59 '

DL-threo-Dihydrosphingosine 7 .

o imethylsphingosinie 0 3. Sphingomyeline and gllCOSphII‘IgOIIpId has no ability to
efamiae . .

C2.ceramide 13 : restore the prollferatlon

Sphingomyelin o - _

Sphingomyelinase 32 i ’ . U .

Galactosylceramide 0

Glucos,]f;eramide 0 : The inhibition of T-cell prohferatlon is derived from the .

GM3 0 i depletion of Sphingosine and Sphlngos;ne 1-phosphate and

Sphingosine +Fumonisin B1 87 . Ceramide

The recovering ability of ceramide is weaker than fhat of sphingosine-1-phosphate.

Fumonisin B1, which is a potent inhibitor of sphingosihe N-acyltransferase and inhibits the
- conversion of sphingosine to ceramide, did not significantly suppress the effects of sphingosine.

Recently it is shown that Sphingosi_'ne-1-phosp‘hate is involvéd in the PDGF pathway.

. PDFG (Platelet-Derived Growth Factor) activated Sphlngosme kinase

and mduced cefi prohferat]on
S.Spiegel, Nature, ‘_1993, 365, 557.

6.



5-12. Identification of Myr,i_ocin—Binding Proteins
S. .. Schreiber, Chem&Biol1999, 6,221,
Direct reiatipnshi p between inhibition of SPT and immunosuppresion is not elucidated.
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(a)

Soluble myriacin
+

=97 kDR (o) Soeluble myfiosin
: +

—66 kDa

Chermistry & Biology

" Detergent-solubilized proteins from CTLL-2 microsomes that hind to
the A-linker myriocin matrix (81), (@) Complete range of matrix-
associated proteins. (b} Close-up view of the 50-80 kDa region.
S$pecific myriocin-binding proteins p&1 and pb5 do not associate with
the affinity matrix in the presence of soluble myriocin. {The €0 I?Da' )

- protein in this gel that appears 1o be able to compets with myriocin is
notreproducible and was not characterized further},

' Fig.5-8"
p51 and p55 is specific myriocin-b

inding
protein. : : :

(B)

@
Soluble + Sowble _ +
- foyriocin —

myriogin
] -
55— A

«lCB2
Chemisry & Bialogy,

a-LCB1

Westem blot analyses of afinity matrix-associated proteins. (a) Recog-
nition of specific myriocin-binding protein p51 by an a-LCB1 antibody.
Cross-reaclive proteins bind 1o the matria nonspecifically arsd_gre atso
i recognized by preimmune sesa (data not shown). (b} Ref:ognltion_of
specific myfiocin-hinding protein p55 by an o-LCB? antibody. Neither
. p&1 or p55 is recognized by preimmune sera.

~ Fig.5-9
- Western blot using the antibody derived from
.CB1 and LCB2. o
p&1 binds to the antibody derived from LCB1. -
p55 binds to the antibody derived from LCB2.

'

p51 is LCB1 and p55 is LCB2. -

It is strongly suggested that
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Fig. 5-10 Subcellular localization of SPT activity.

(a) SPT activity in various lysate fractions
obtained by differential centrafugation.

(b) Solubilization of microsomal SPT activity
by IGEPAL CA 630. :

Chamistry & Bialogy

This result also supports that suggestion shown above.

5-3. Acceptable mechanism of 3-ketodihidrosphingosine biosynthesis
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6 Discovery of FTY720
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7. Elucidation of Activities of FTY720 )
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.ratio at 1 hour indicated dephesphorylation outside blood, See (7) for experimental details. -
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Further Investigation to conquest the side effect of

0“p0332 Compound A
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r FTY720 (A} for 10 min and Ca* flux in response to 200 nM sphingosine-1-phosphate was
measured (n = 3). {8, C) 3°S-GTP~S binding was measured in transfected CHO cells expressing $1p,

“(m} S1P, (@), S1P; {A), S1P, (O), and S1P_ (A) receptors in response to Compound A (B) or

..~ Compound B (C). EC;,, values (nM) were 0.2, 1000, 4.9, 43 and 1.0 for Compound A and 8.2,
~, >10,000, 151, 33, and 178 for compound B on S1P., 1P, STP,, S1P,, and S1P,, respectively (

I 3). See (7} for experimental details,
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Figure 1. SAR summary and rationale for HTS lead utiliza-
tion. .

: Table 2. S1P Receptor Affinities {ICs0, nM)® for “HTS Side
Chain” Analogues .

R, '
F,C 3. @/\N
O ’

b ( n COH

‘compd n R, R; S1P, S1P, S1P,  S1p

vt

S1P 0.67 0.26 34 0.55
2 0.28 6.3 15 0.77
15 8.3% 1000° 1000¢ 16

18 1 H H 12 530 1600 23

19¢ 2 H H 4.3 1000 790 120

20 1 CF3 H 7.7 >10000 340 21

21 1 Br H 13 >10000 2400 53

22 1 Cl H 3.2

23 1 F H

24 1 CHs H 1.8 7500 1500 13

25 1 CH,CH; H 3.5 4300 >10000 10

26 1 OCH; H 33, >10000 - - 2800 77

27 1 CH; CH; 4.0 10000 120 12

28 1 Cl Cl 7.5  =10000 640 33 - -

¢ Displacement of [33P]-labeled sphingosine-1-phosphate (S1PY

by test compounds from human S1P recepiors expressed on CHO

" cell membranes. Data are reported as mean for n = 3 determina-

: tions. 8D were generally + 20% of the average. All new compounds

had 51P; ICs > 10000 nM. See ref 7h for assay protocol, ® ECgg =
0.2 nM. ¢ EC59 = 17 nM. ¢ Racemate. .
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(lﬁ— LAgonist activity of compounds (7). (A) HUVEC were pretreated with Compound A (m), S1p .-
§

n=

FTY720

ARGpus”
ARG G

Fig. T- _
81 - $IPR b}ml‘mz mode |

/NH-L : ’ ‘
N —C |
F g Nt : + C/N.H
‘11 NH:. 7 . @,,NHJ_/- \
F O i VAR N
@ P(’:O A..r%lql. :
o Ny | | |

G“ Dp_i . | thngwﬂhef I- P}st“ﬁf
This ano\rnz WL“ s P”““_“_‘A "~

1P, SIPs, SIP, SIPs

| C}\m\ze ‘l;x\t_:F}‘OS]?)(“"\Q‘tﬁ-_ |
| other Mfwl mo\ie‘{')/,.

R (98 gclmzy agaiost SIPs s Wﬂf

T’mf ﬁove&l ! 7




