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Dosage Regimen of an S1P Receptor Agonist

The present invention relates to a dosage regimen of an S1P receptor modulator or agonist
particularly in the course of the treatment of transplant patients or patients suffering from

autoimmune diseases or disorders.

S1P receptor modulators or agonists are compounds which signal as agonists at one or
more sphingosine-1 phosphate receptors, e.g. S1P1 to S1P8. Agonist binding to a S1P
receptor may e.g. result in dissociation of intracellular heterotrimeric G-proteins into Ga-GTP
and GBy-GTP, and/or increased phosphorylation of the agonist-occupied receptor and

activation of downstream signaling pathways/kinases.

S1P receptor modulators or agonists are valuable compounds for the manufacture of
medication for the treatment of various conditions in mammals, especially in human beings.
For example, efficacy in transplantation has been demonstrated in rats (skin, heart, liver,
small bowel), dogs (kidney), and monkeys (kidney) models. Combination experiments with
cyclosporin A showed synergy in skin and heart transplantation models in rats and in monkey
renal transplantation. S1P receptor agonists or modulators combined with everolimus
prolong survival of cardiac (rat) and renal (monkey) aliografts. Due to their immune-
modaulating potency, S1P receptor modulators or agonists are also useful for the treatment of
inflammatory and autoimmune diseases. Further characteristics of S1P receptor agonists
can be found in the following publications:

Brinkmann V, Chen S, Feng L, et al (2001) FTY720 alters lymphocyte homing and
protects allografts without inducing general immunosuppression. Transplant Proc;
33:530-531.

Brinkmann V, Pinschewer D, Feng L, et al (2001) FTY720: altered lymphocyte traffic
results in allograft protection (review). Transpiantation; 72:764-769.

Pinschewer DD, Ochsenbein AF, Odermatt B, et al (2000) FTY720
immunosuppression impairs effector T-cell peripheral homing without affecting
induction, expansion, and memory. J Immunol; 164:5761.

Yanagawa Y, Sugahara K, Kataoka H, et al (1998) FTY720, a novel
immunosuppressant, induces sequestration of circulating mature lymphocytes by
acceleration of lymphocyte homing in rats. Il. FTY720 prolongs skin allograft survival
by decreasing T cell infiltration into grafts but not cytokine production in vivo. J
Immunol.; 160(11):5493-9.

It has now surprisingly been found that a specific dosage regimen, e.g. a loading dose, will
provide further unexpected benefits.
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The binding affinity of S1P receptor agonists or modulators to individual human S1P
receptors may be determined in following assay:

S1P receptor agonist or modulator activities of compounds are tested on the human S1P
receptors S1P;, S1P2, S1Ps, S1P, and 81Ps. Functional receptor activation is assessed by
quantifying compound induced GTP [7—35S] binding to membrane protein prepared from
transfected CHO or RH7777 cells stably expressing the appropriate human S1P receptor.
The assay technology used is SPA (scintillation proximity based assay). Briefly, DMSO
dissolved compounds are serially diluted and added to SPA- bead (Amersham-Pharmacia)
immobilised S1P receptor expressing membrane protein (10-20ug/well) in the presence of
50 mM Hepes, 100 mM NaCl, 10 mM MgCl,, 10 uM GDP, 0.1% fat free BSA and 0.2 nM
GTP [y-*°S] (1200 Ci/mmol). After incubation in 96 well microtiterplates at RT for 120 min,
unbound GTP [y-*°S] is separated by a centrifugation step. Luminescence of SPA beads
triggered by membrane bound GTP [y-*°S] is quantified with a TOPcount plate reader
(Packard). ECsgs are calculated using standard curve fitting software. In this assay, the S1P
receptor modulators or agonists preferably have a binding affinity to S1P receptor <50 nM.

Preferred S1P receptor agonists or modulators are e.g. compounds which in addition to their
S1P binding properties also have accelerating lymphocyte homing properties, e.g.
compounds which elicit a lymphopenia resulting from a re-distribution, preferably reversible,
of lymphocytes from circulation to secondary lymphatic tissue, without evoking a generalized
immunosuppression. Naive cells are sequestered; CD4 and CD8 T-cells and B-cells from the
blood are stimulated to migrate into lymph nodes (LN) and Peyer’s patches (PP).

The lymphocyte homing property may be measured in following Blood Lymphocyte Depletion
assay:

A S1P receptor agonist or modulator or the vehicle is administered orally by gavage to rats.
Tail blood for hematological monitoring is obtained on day —1 to give the baseline individual
values, and at 2, 6, 24, 48 and 72 hours after application. In this assay, the S1P receptor
agonist or modulator depletes peripheral blood lymphocytes, e.g. by 50%, when

administered at a dose of e.g. < 20 mg/kg.

S1 P receptor modulators or agonists are typically sphingosine analogues, such as 2-
substituted 2-amino- propane-1,3-diol or 2-amino-propanol derivatives, e. g. a compound
comprising a group of formula X
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RaszzN—t__‘CHzRu (X)

wherein Z is H, C.salkyl, Cosalkenyl, C,salkynyl, phenyl, phenyl substituted by OH, C,salkyl
substituted by 1 to 3 substituents selected from the group consisting of halogen, Cs.
scycloalkyl, phenyl and phenyl substituted by OH, or CH,-R4, wherein Ry, is OH, acyloxy or a

residue of formula (a)

ORg,

/

e p (@)
T | TOR,,

wherein Z, is a direct bond or O, preferably O;

each of Rs, and Re,, independently, is H, or Cq.alkyl optionally substituted by 1, 2 or 3

"halogen atoms;

R,, is OH, acyloxy or a residue of formula (a); and each of Ry, and Rgz independently, is H,

Ci.salkyl or acyl.

Group of formula X is a functional group attached as a terminal group to a moiety which may
be hydrophilic or lipophilic and comprise one or more aliphatic, alicyclic, aromatic and/or
heterocyclic residues, to the extent that the resulting molecule wherein at least one of Z and
R, is or comprises a residue of formula (a), signals as an agonist at one of more

sphingosine-1-phosphate receptor.
Examples of appropriate S1P receptor agonists or modulators are, for example:

- Compounds as disclosed in EP627406A1, e.g. a compound of formula |

H,OR,
I
R,R;N——CH,OR,

R

wherein R, is a straight- or branched (C12.22)chain
- which may have in the chain a bond or a hetero atom selected from a double bond a triple
bond, O, S, NRe, wherein Rg is H, Ci4alkyl, aryl-Cy4alkyl, acyl or (C4.4alkoxy)carbonyl, and
carbonyl, and/or
- which may have as a substituent C,_salkoxy, C..salkenyloxy, Ca.salkynyloxy, arylCq.salkyl-
oxy, acyl, Cralkylamino, Cq_alkylthio, acylamino, (C,.4alkoxy)carbonyl, (Cs4alkoxy)-
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carbonylamino, acyloxy, (Calkyl)carbamoyl, nitro, halogen, amino, hydroxyimino,
hydroxy or carboxy; or

R;is

- a phenylalkyl wherein alkyl is a straight- or branched (Ce.o0)carbon chain; or

- a phenylalkyl wherein alkyl is a straight- or branched (C.s0)carbon chain wherein said
phenylalky! is substituted by

- a straight- or branched (Cs.20)carbon chain optionally substituted by halogen,

- a straight- or branched (Cg.20)alkoxy chain optionally substitued by halogen,

- a straight- or branched (Cs.0)alkenyloxy,

- phenyl-C.q5alkoxy, halophenyl-C4_jalkoxy, phenyl-C,.1salkoxy-C.14alkyl, phenoxy-C,_jalkoxy
or phenoxy-C1_4alkyl,

- cycloalkylalky! substituted by Cg.50alkyl,

- heteroarylalky! substituted by Ce.s0alkyl,

- heterocyclic Cg.galkyl or

- heterocyclic alkyl substituted by Co.s0alkyl,

and wherein

the alkyl moiety may have

- in the carbon chain, a bond or a heteroatom selected from a double bond, a triple bond, O,
S, sulfinyl, sulfonyl, or NRs, wherein Rg is as defined above, and

- as a substituent C,_salkoxy, 02_4‘alkenyloxy, C..salkynyloxy, arylCy.4alkyloxy, acyl, C,.salkyl-
amino, Cy_salkylthio, acylamino, (C,.salkoxy)carbonyi, (C,4alkoxy)carbonylamino, acyloxy,
(Ciqalkyl)carbamoyl, nitro, halogen, amino, hydroxy or carboxy, and

each of Ry, Rs, R4 and Rs, independently, is H, Cy4alkyl or acyl

or a pharmaceutically acceptable salt or hydrate thereof;

- Compounds as disclosed in EP 1002792A1, e.g. a compound of formula Il

?HZOR'3 ﬁ
R'4R'5N‘IC'(CH2)24©_— C— (CHz)m—© N
CH,OR/,

wherein m is 1 to 9 and each of R’;, R’;, R’; and R’s, independently, is H, Cyalkyl or acyl,
or a pharmaceutically acceptable salt or hydrate thereof;
- Compounds as disclosed in EP0778263 A1, e.g. a compound of formula 11l
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