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A New Therapeutic Approach for Autoimmune Diseases by the Sphingosine
1-Phosphate Receptor Modulator, Fingolimod (FTY720)
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Fingolimod (FTY720) is the first substance in the new immunomodulator class called sphingosine 1-phosphate
(S1P) receptor modulators. We isolated an immunosuppressive natural product, myrocin, from the culture broth of
Isaria sinclairii, a kind of vegetative wasp. The chemical modification of myriocin yielded a new compound, FTY720,
which has more potent immunosuppressive activity and less toxicity than myriocin. FTY720 has been shown to be highly
effective in experimental allograft models and autoimmune disease models such as autoimmune encephalomyelitis, col-
lagen-induced arthritis, and lupus nephritis. The most striking feature of FTY720 is the induction of a marked decrease
in peripheral blood lymphocytes at doses that show immunosuppressive activity in these models. FTY720 is rapidly con-
verted to FTY720-phosphate (FTY720-P) by sphingosine kinases. FTY720-P acts as a potent agonist at S1P receptor
type 1 (S1P,), internalizes S1P, on lymphocytes, and inhibits the migration of lymphocytes toward S1P. It is highly like-
ly that the reduction of peripheral blood lymphocytes by FTY720 is due to the inhibition of S1P,-dependent lymphocyte
egress from secondary lymphoid organs and thymus. Recently, it has been reported that FTY720 exerted considerable
therapeutic effects in a placebo-controlled clinical trail involving patients with relapsing multiple sclerosis. Patients who
received FTY720 orally had a significant reduction in the clinical disease activity, the number of lesions in the central ner-
vous system, and the relapse rates. Since FTY720 possesses a new mechanism of action that has not been observed with
other immunosuppressive agents, it is believed that FTY720 provides a new therapeutic approach for autoimmune dis-
eases including multiple sclerosis.

Key words——sphingosine 1-phosphate; fingolimod (FTY720) ; autoimmune diseases; multiple sclerosis; autoimmune
encephalomyelitis

1. [IL®IC CD4+CD8* double positive i #ila~ & {L L,
A & IEE C OB OISR TUR OFER R E Db X 512 CD4TCD8~ K 1N CD4-CD8* single positive
BINEIZBWT, LM %E2HE5 TR, D AR RN & b 2 DITE > TR R E

HIRRN ToHE « EAL 72D BITHKD R 2 INHR MO REMESERZBA THENEBETS. 2L
AN EBITT S, RMABITUZa T Ml THIBRBEE N THEEA L 72 T RIS AR 2 5 KRS D
W, W, D S NER RS TIURZE D R Y 2N TR NRMBAN BT S, £, REABIT
FHAE, MmE RN NEOREMEERT 5.0 i U7z Tl i Z @8R L, Mg, v >N
MIZB A U7 i ffi Bk OriEKMAIL, MR E NI i, N TIVREO ZRY 2 ONRMERHL, U

$ 11T CD4-CD8" double negative fiig iz ifffl i 2> 5 SINANEBRMERL, PR EHS S ZBRICREINE %
BlERIT.2 Z2okdiz, A THEDME, —
3l = 25 BUSRD I FT AR SR FE i (72270033 Hix KU SRR O NS IT BT S EERT, 0
HTFPRECHS ST 1000) . BRE AT B L CRAETH .
e-mail: Chiba.Kenji@mk.mt-pharma.co.jp B .

HRELZBDOZPLICHRBLIZEDTHS. VR 2NRMBENNDOBA (F—327) DO



656

Vol. 129 (2009)

BIZI3BAOTENA D EZNSDOZHEKREDHA
TERANEERREZRZLTWSZENHSMTE
N7z 39 —FHT, BREORY) 2 NRREN S O
RN T A O % HEEHE I D W TR B 7S S A3 5 7
o7z &ill, UIEEAT A I—9—THdA7«
>aA3 2 1-J 2V (SIP) EZDZHEED 1Y T
AT T SIP ZEEROHEMERD, KKk
TR IR S O Rk E T ML DR HHERE I
M CEHERKEEZRZLTNWDZENHESMNTE
N7z ¥

T4 >TUER (FTY720)67 1%, AHhEED—
BT dH D Isaria sinclairii BN ELET D RKARY), <1
AT 292 —RELTHEAHRT L EITED
TRWHENZMARY O SIP SARKFH K TH 5.
FTY720 i3AEARNTIRIA 7 v > > FF—HiTk
o THEDRMIZ FTY720 U > (FTY720-P) T4
IN,2OSIP ZRKICY I A MELUTERL,
SIP, ZBERONTELEZRICHEET DI LITL>
THIIR O R Y 2 )RR © DRk > )XERD
Bz EL, REMEHEIER 2T 5,102 Ak
TIX, FTY720 DEH A I Z X AR H O RERE
BEEE L TOMREICDOVWTEEDAIRZED T
T 5.

2. FTY720 QRIEBHEE T ILICEK T S REIH
R

BRI 5 EERE TR 21T S &, @H 10 Haj
BICRMEIEHOSSE 20, BiES Nz @asidiEi
ENTLED. ZoBMEEMRINE, U 2 Bk, K
IR E SR O T Mifa 7y, B S N-ges DR D F
THEA IR 2 AL L TR T 2 &ick
STHIEREI SN SMEERERETH D, 22
T, BVHEMRINOFH ZHIE L, Bk = &
MBS E L0121, T HIC XK 2k s
B ETRINITHEI T E S RBEME RN LT LD,
1980 4EAR 0 & ik &5 # HE IR 0D 2Pk HE S s 22 9
LH70DORBEMEFHE LT, WV Za—1 UHE
ETHHIIOZXR) R0 LABHNS
NDEDITRD, IR D 43 RO REERYIZ Ak
L7z, UL, Bl za—Y CHERI 2R
Bz 2 A ETEENE, HErEs E oRIER
ZRTZEMS, BEROBRBKZEMELTIOY
T/ =IVEET7FI, THEFATY EOMDR
NI & DO FBEN ER E /8> TV D,

1980 FEALEE T, FHE B [(BiHd =25
] Tik, >r7OARY >, ¥ 00U LAREOEE
OHRBIHEE IR LSERAA T Lz2HL, »
DINS OEKE DN TREIRFT U W g il 3
ODRFRZHNE LT, FEKFE AL 2R (4
B KROaHE [B=JF-80Een] &R 2 B
U7z, AR OMEET, dkPETHES L TH
WHONTERAREEO T, 1TV UD
R INCEAT B Isaria sinclairii B O 2308 O H 4>
2, 7 ORARY KD BN IR GREIHNEEZE R
WH U 72.8 Z Z T, Isaria sinclairii & O 55208 )
S5 R IMHIERZ R TWE OB 21TV, i
FNTIEVEAR R Z B RO M & U THEET 5 2 &I1THk
U, ISP-I ta# L7z (Fig. .Y UL, ISP-I
DI EREE 2 i L 2GR, MEREHZE T2
HELTHEINTWAEYA U AT > EFE—YET
HBHZENHSNZB S, —FH, XA UFT2n
FENGEIER 2G5 2 Ld3mESN TN &
ZEms, ARAMEY — R EL TLEEM 1T
W, TOREE, roXRY L, FrOULRE L

o HO HZN_“\COOH

z OH

Myriocin (ISP-l) OH

H,N

\/\/\/\/\/\/\M/OH

Sphingosine

Fingolimod (FTY720)

H,N OH

|
<_O._.OH
£ oH
o

(S)-FTY720-P

Fig. 1. The Chemical Structures of ISP-I, Sphingosine, S1P,
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Table 1. Pharmacological Properties of FTY720 and Calcineurin Inhibitors

Response suppressed Species FTY720 CsA FK506
Allograft rejection Rat (skin) 0.1 mg/kg 3 mg/kg 0.3 mg/kg
Rat (heart) 0.1 mg/kg 3 mg/kg 0.3 mg/kg
Combination with CsA Rat (skin) 0.1 mg/kg
Rat (heart) 0.1 mg/kg
Dog (Kidney) 0.03 mg/kg
Monkey (Kidney) 0.1 mg/kg
Autoimmune disease models
EAE Rat 0.1 mg/kg 10 mg/kg 1 mg/kg
Mouse 0.1 mg/kg
Adjuvant-induced arthritis Rat 0.1 mg/kg 3 mg/kg 1 mg/kg
Collagen-induce arthritis Rat 0.1 mg/kg 3 mg/kg 1 mg/kg
Mouse 0.1 mg/kg 10 mg/kg 1 mg/kg
Lupus nephritis (MRL/Ipr) Mouse 0.1 mg/kg 10 mg/kg 1 mg/kg

CsA: cyclosporin A, FK506: tacrolimus, EAE: experimental autoimmune encephalomyelitis.
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Fig. 2. Effects of SIP and (S)-FTY720-P on the Expression of SIP; on CHO Cells
(A) Human S1P, stably expressed CHO cells were stained with FITC-conjugated anti-human S1P; monoclonal antibody and expression of S1P; on cell surface
was analyzed by flow cytometry. (B) Confocal microscopy of human S1P; stably expressing CHO cells treated with SIP or (S)-FTY720-P (100 nm).
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Fig. 3. Pretreatmen with (S)-FTY720-P Inhibits Migration of CD4 T Cells toward S1P

(A) Mouse CD4 T cells (5X 105 cells) were added to the upper wells of 5 um-pore polycarbonate tissue culture inserts with SI1P dilution in bottom wells. Migra-
tion toward S1P was performed at 37°C for 180 min and the migrated cells were counted by flow cytometry. (B) (S)-FTY720-P was added to upper well just before
the migration assay toward S1P (10 nm) . Each column represents the mean=+S.E. of triplicate determination. Statistical significance was calculated by Dunnett’s
multiple comparison test (**p<(0.01 vs control migration toward 10 nm SIP, #p<0.01 vs migration in the absence of SIP).
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Fig. 4. (S)-FTY720-P Converted from FTY720 Inhibits S1P/S1P;-dependent Lymphocyte Egress from Secondary Lymphoid Or-

gans by Internalization of S1P; on Lymphocytes
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Fig. 5.

Prophylactic and Therapeutic Effects of FTY720 on PLP-induced EAE in SJL/J Mice

SJL/J mice were immunized with PLP in the presence of Freund’s complete adjuvant. (A) FTY720 (0.1 and 0.3 mg/kg) was administered orally (p.o.) to
PLP-immunized SJL/J mice every day from the day of immunization for 6 weeks. (B) EAE-developed mice were pooled, divided into 4 groups and administrations
of FTY720 (0.3 and 1 mg/kg p.o.) and recombinant mouse IFN-A (10000 IU/mouse, intraperitoneally) were started from day 17 after immunization for 6 weeks.
Mice in the control group were administered vehicle only. The results are expressed as the mean £S.E. of 6 to 7 mice. Statistical differences in EAE scores of FTY720
groups were calculated by Steel’s test (*p<{0.05, **p<0.01), and those in rm-IFN-f group were done by Mann Whitney U test (p<0.05).
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PLP %% EAE Y U ZDHRICDONT, AT hF
U IA Y ORAAIC K DG R O CD3 BT
K, ¥ CD4 Hifk, ¥i CDS8 Hifkz F /= eyl ikt
% Fig. 6 IR L7z, XHERETIE CD4 T
Rl D 2 P S RIEMGR E BN BRI N=. ThiC
KLU T, FTY720 @ 1 mg/kg ZigiBi#& 5 U 7= B
Tld, CDAT DMK OBBEITIEEALERD
Sisho7 (Fig. 6). £7/=, SIL Y7 XD PLP
#EH EAE ITB W T, FTY720 DIEMEAKTH
(S)-FTY720-P % 0.1 & O* 1 mg/kg TIBEMIZ K E
MEWEN G L 7285120, 531 EAE O
T3 <FBH 5NN D Tz, 404D

C57BL/6 X7 A1 MOG 200 ug % 7 01 > b 5%
BT VAN REEDITHREL, REOYHKRL2
H#&ICH H™% 7% 200 ng Z# RN G 2 Z &I
Ko THIESH7- BEAE T3, JEROEH EHRD
BOBRLZMESEBHEAIERINL. 22T,
EAE ZJJEL 72~ U A& %% 17 HRIZ A a7 flin
BH—12a2 X 51TH AT, FTYT720 % 0.1 RO
0.3 mg/kg TIHHEMITKERE 5 L. FTY720
RT3 GHMICKE L TEAE R 27 ENE
BICEAL, ENREZRTIENHSNERS
72,4049 MOG #% <~ A BEAE IZB W T, FTY720
% 0.3 mg/kg TTFHICIER %5 U 72RO B
O Thl17 ML O EICH T 5B Fq ML =, =
DfEF, FTY720 O 512X > T EAE OFIEILE
FITMH SN, FHEPAD Th17T fiEOEEHIF &
AERDSaM-o = (Fig. 7).4 £ /=, Thl7 fifig
&, 71— 7 CD4TMifg&FMEkICAEMMRED
SIP IZxf L CiiEEREZ /R L, (S)-FTY720-P % Rijil
H9 % & Th17 fif o SIP 16T 2 EEMNIRE B e
IR ENS 2 ENHBAL = (Fig. 7). —7,
FTY720 U > E21Z Th17 fifas & @ IL-17 pEAE KO
F 4 —J CD4 T fifg7» 5 Thl17 Mg~ DL Did
BIZIZEAEZE LG22 LLOREN

o T
EAE CDS8

EAE control CD4

EAE control H&E

FTY720 1 mglkg H&E FTY720 1 mg/kg CD4

Fig. 6. Therapeutic administration of FTY720 Decreases In-
filtration of CD4 T Cells into Spinal Cords of EAE Mice In-
duced by PLP

SJL/J mice were immunized with PLP in the presence of Freund’s com-
plete adjuvant. Therapeutic administration of FTY720 was started from day
17 and spinal cords of EAE-developed mice were obtained on day 28.
Hematoxylin and eosin staining (H&E) and immunohistochmical staining
were performed.

5, WX B SUR TIE ML S /- CD4 T #Milfie
U > NEIANT Th17 Mgz b L 2o Bz, il
ZM LD SIP, k&2 L T SIP #EELEIC Kb
THIETY NVEITHRBER, 51T, mEE#K
LU CTHRREBANNRETSZLICE> T
EAE N INbdEEZEZLND. FTIYT20 28¢5
L=gaicid, VRENTERS N (S)-
FTY720-P 7% Th17 fifid ® S1P, Z &4k D WAE/L %
MAOCHETLZZEICEST, UNELSD
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Fig. 7. FTY720 Inhibits MOG-induced EAE in C57BL/6 Mice and Decreases Infiltration of Th17 Cells in Spinal Cords of EAE Mice.

(A) C57BL/6 mice were immunized with MOG in the presence of Freund’s complete adjuvant. FTY720 (0.3 mg/kg) was administered orally (p.0.) to MOG-
immunized C57BL/6 mice every day from the day of immunization. The results are expressed as the mean=+S.E. of 12 mice. Statistical differences in EAE scores of
FTY720 group were calculated by Mann Whitney U test (*p<0.05, **p<(0.01). (B) The expression of IL-17 mRNA in spinal cords was determined by real time
PCR on day 16 after MOG immunization. Statistical difference was calculated by Student’s f-test (*p<0.05, n=3). (C) Th17 cells infiltrated in spinal cords of EAE
mice (day 16) were determined by flow cytometry using anti-mouse IL-17 monoclonal antibody. (D) Pretreatment with (S)-FTY720-P inhibits migration of Th17
cells toward SIP (10 nm) . Statistical differences were calculated by Dunnett’s multiple comparison test (**p<{0.01, n=3).

Th17 LD HH & 2 3TH5 < AR FHRE AL P~ D
BEMNHIEI N, Z Ok % EAE ORIE &K HETTIC
KU CHHERMGIER 2R EHRIND.

8. FTY720 DERRARAE

BTE, FTY720 OEFKRBRDFK KO HAIZHB N
THETHTH S, W/ TEEINZE TR TII,
FTY720 @ 0.25-3.5 mg/man O #5512k > T,
ARFN DR T B 2 KM > )NERER D il BAKF 72
WOMBERINZ. B £, BBRHEEEEZXNSE
U T HHERBRICBWT, FTY720 &> 7 O0ARY
CEERMALEBTIE, a7z /V—-IIEET T
FIEOARN) > EOAREE ERS, BN
BB ORI R AR 5N TN S, 4540
BT, ZFMEALAEIC BT D FTYT20 O K i
B DA S I Nz ) W TR S N ERE
D MS B# 255 il xR & LIRS O HBRIC
BWT, FTY720 D 1.25mg K 5mg % 1 H 1 [H],

6 7 HRIRROHRG LHTIE, HRENT TR
EBD 0% L FICAEECHE DL, 7-12 5 AR O
ik TH FTYT20 H#OEKBERRIIHERI N TW
7. F7z, FTY720 %58 T3 D RIAEE DO H
T REEHELHRTHERICETFLTED, 20
RSB AEMS OBEELLTHEHENTNS
IFN-8 % L[R2 Z EMRBINTNS. 9 DX
212, FTYT20 I3BEFR I D bENLH L WL RN
B CAEIRIRERIC 72 5 Z LA a .

9. BHYIC

FTY720 1%, HARNTEH SN FTYT20-P O
SIP, ZHARNTELERICHE DN T kY 2R
o0y NEROBMEHIEL, U 2 /NEROEER
BREZHIH T 2 2 &I X o THREMGIER 2 R 9
5. ZODOXDIZ FTYT720 13BEF O % M3 &1
B MNITERBRDHFRBERAA NI LE2HGT 5 L
M5, HLWT I ZOREHREHEE U THEMNT S
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DOMZYEEZ 5N5. FTY720 13 EAE LIS iC 5

w b7 P a /N> SEER,

a7 —7 2B,

MRL/Ipr X 7 A D) —7 B %% O H R ERE
EFICBWTHBABIHIER Z2RTEn5,
MSIEmD T, BEEYU~F, 2815
N—F 2O HCRERBICHL THENZH L W
BREZRELED EEASNS.
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