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A tration, the following experiments were performed. RIP-GP mice
8 LCMV were treated as described above (Fig. 7) and sacrificed on days 9
| and 20 after infection for histological examination. On day 9 con-
trol mice developed diabetes and exhibited considerable ‘CD8
infiltrates (Fig. 8B), while only very few CD8T cells were visible
. around the pancreatic islets of FTY720-treated mice (Fk. 8
— Corresponding to the degree of diabetes they had developed (Fig.
i A 0.3 mglkg FTY720 IgM 7), a similar reduction of CD8 cytotoxic T cells could also be
2 A Control Igh seen 20 days after infection (Figd8normoglycemic mouse) com-
M 0.3 mg/kg FTY720 IgG pared with dense aggregates in untreated control mice (By. 8
[ Control IgG Parallel to increased CDO8T cell infiltration staining for insulin
j ' decreased (Fig. 8, C, E, andG).

C57BL/6 mice were treated with 0.3 mg/kg FTY720 orally daily
starting 1 day before infection with 200 PFU of LCMV-WE i.v. on
B VSV day 0. On day 13 LCMV-GP33 was injected into the hind footpad,
and the mice were sacrificed 1, 3, 8, and 18 h later. Histological
sections of the footpad were analyzed for infiltrating CDé&nd
CD4" T cells. One hour after peptide injection, some perivascular
CD8" T cells could be found in the s.c. tissue of untreated control
A 0.3 mg/kg FTY720 total Iy mice (Fig. 8l), while no infiltration was seen in FTY720-treated
mice (Fig. 8M). Two hours later massive aggregates of perivascu-
lar CD8" T cells and a beginning infiltration of approximate sweat
glands (Fig. 8J) were considerably reduced by FTY720 (Hiy). 8

antibady titer (-10 x logs) [0.D. 405]

4 8 12 20
time after infection [days]

A Control total Ig
M 0.3 mg/kg FTY720 IgG

neutralizing antibody titer (-40 x log,)
(=)
1

_l . d C°I“"°' G . Eight hours after peptide challenge FTY720 treatment reduced the
4 8 12 20 extensive infiltration of sweat glands (Fig.K8andO) and muscle
time after infection [days] (not shown). Another 10 h later, decreasing numbers of CD8

. . cells had caused considerable destruction and edema in untreate
FIGURE 9. Normal humoral immune responses during FTY720 treat-

ment.A, C57BL/6 mice were either treated from dayl until the end of mlce+ (Fig. 8L), while in the footpad. of FTY720-treated mice
the experiment daily with 0.3 mg/kg FTY720 orally (M) or were left un- CD8" T cells had caused correspondingly less damage (Hy. 8
treated (CJ). On day O they were immunized with 200 PFU of LCMV-WE Only very few to no CD4 T cells were found in the samples
i.v. Serum samples were taken at the indicated time points, and Ab titerabove (Fig. 8Q, R, U, andV, and data not shown) independent of
against LCMV-NP were measured by ELISA as describedaterialsand ~ FTY720 treatment. Present mainly at later time points, CO4
Methqu. Each sym_bol representsagrc_)up_of three mice. One representati¥g||s were probably attracted by the local inflammatory process
experiment of two is shown. Values indicate the meanSD. B, The initiated by CTLs. Footpad injection of theb[])inding immune

experimental groups were set up as describell i@n day 0 the mice were . . . . .
immunized with 2x 10° PFU of VSV-IND i.v. Serum samples were taken dominant VSV peptide NP52 did not cause either swelling (not

at the indicated time points, and Ab titers were measured in a neutralizatio§nOWn) or considerable infiltration of CDgFig. 8,S,T, W, and

assay. One representative experiment of two is shown. Values indicate th§) or CD4" T cells (data not shown) independent of FTY720

mean+ SD. treatment. Similarly, GP33 did not cause infiltration in naive
C57BL/6 mice (data not shown). This suggests that the infiltrates

day before infection with 200 PFU of LCMV-WE i.v. prevented Sh‘?""” in Fig. 8’_|_P’ consist. in the great majority of specifi_c
autoimmune diabetes in six and delayed it in three (onset of dia‘-ﬂ"cuvz_itEd CYtOtOX'C T gells, which are rgsponS|bIe for the swelling
betes>2 days after the last respective control mouse) of 12 mice'€action (Fig. 6) and tissue damage (Fig).8

All 11 control mice developed diabetes early during the observa- 1Nh€se results parallel the data of Yanagawa and collaborators
tion period of 20 days (Fig. 7). Similar results were also obtained(10) demonstrating reduced lymphocytic allograft infiltration un-

in RIP-GP mice after LCMV infection into the footpad (data not der FTY720 treatment. Together with efficient virus control by
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shown). CTL in the spleen (data not shown), where LCMV replication
_ - _ initially predominates (35), the present data suggested that
Reduced tissue infiltration by CD8ytotoxic effector T cells FTY720 impaired emigration/homing of effector CTL to the

To assess whether the suppressive effects of FTY720 treatment &/&MV-GP-expressing pancreatic islets and to the s.c. connective
diabetes development and DTH were due to reduced tissue infitissue of the footpad and thereby reduced immunopathology.

FIGURE 8legend. Reduced tissue infiltration under FTY720 treatméatH, RIP-GP transgenic mice were treated with 0.3 mg/kg FTY720 orally daily
from day —1 until day 9 (EandF) and until day 20, respectively (BndH) or were left untreated (A-D). On day 0 they were immunized with 200 PFU
of LCMV-WE i.v. On day 9 (AB, E, andF) and day 20 (CD, G, andH) mice were sacrificed, and the pancreas was prepared for histological examination.
Sections were stained for insulin (B, C, andG) and CD8 T cells (B,F, D, andH) as described iMaterials and Methods. One representative sample
of four to six per time point and group collected from two different sets of experiments is shown. Original magnifigdinh|—X, C57BL/6 mice were
treated daily with 0.3 mg/kg FTY720 orally starting on day until the end of the experiment (M-dhdU—X) or were left untreated (I-indQ-T). After
infection with 200 PFU of LCMV-WE i.v. on day 0, 3@l of LCMV-GP33 (3 ng/ml; I-R, U, andV) or of VSV-NP52 (1 mg/miS, T, W, andX) solution
dissolved in BSS was injected into both hind footpads on day 13. Mice were sacrificddahdi), 3 h (J,N, Q, andU), 8 h K, O, R, andV), and 18 h

(L, P) later, and feet were prepared for histological analysis. Sections were stained for(GB8 S, T, W, andX) and CD4 T cells as described in
Materials and Methods. One representative sample of five or six per group and time point collected from two different sets of experiments is shown. Original
magnification, X 75.
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FIGURE 10. Transitory FTY720 treatment does not affect the immunological mem@ryC57BL/6 mice were immunized with X 10° PFU of
VSV-IND i.v. on day 0 and either treated from day 23 until day 48 daily with 0.3 mg/kg FTY720 ora)yof left untreated (A). Serum samples were
taken at the indicated time points, and Ab titers were determined in a neutralization assay. Each symbol represents the mean of five (treated) a
(untreated) mice. One of two similar experiments is shown. Values indicate thetn&&nh B andC, C57BL/6 mice were immunized with 2 10° PFU

of VSV-NJ i.v. on day 0. They were then either treated from day 11 until day 17 daily with 0.3 mg/kg FTY720 @allydA) or left untreated (Cand

A). On day 40 the mice were boosted with eithex210° PFU of VSV-NJ (land[J) i.v. (B) or 10' PFU of UV inactivated VSV-IND (AandA) i.v.

(C). Additionally, three naive mice were immunized with the same protocols on day 40d®). Serum samples were taken at the indicated time points
and tested in a neutralization assay against VSV-NJ (land®) or VSV-IND (A, A, andO). All mice mounted the expected IgM (data not shown) and
1gG (B andC) responses to primary infection with VSV-NJ. Bhonly 1gG responses to booster infection with VSV-NJ are shown, whereas the respons
to challenge infection with UV-inactivated VSV-IND i@ consisted mainly of IgM. The symbols represent the mean of three or four mice. One of two
similar experiments is shown. Values indicate the mea8D. D, C57BL/6 mice were immunized with 200 PFU of LCMV-WE i.v. They were then either
treated with 0.3 mg/kg FTY720 orally daily from day 36 until day 48 (M) or left untreated (CJ; control). On day 70 a group of sex- and age-matched nai
mice was added to the experiment (N; naive), and all mice were infected witd@® PFU of LCMV-WE i.v. Four days later mice were sacrificed, and N
LCMYV titers in the organs were determined. The bars represent the mean of three or four mice. Dotted lines indicate the detection limit. One of two similar
experiments is shown. Values indicate the mea&D.

tw

WPuo 1senb Aq /BI@ jounuui i :Mmmy/:dny Wouj papeo umod

Unimpaired Ab responses Unimpaired immunological memory

To study the effects of FTY720 on the humoral immune responseTo address the question of whether the temporarily sequestered
mice were immunized with 200 PFU of LCMV-WE i.v. The anti- lymphocytes remained functional after FTY720 treatment, the fol-
LCMV-NP IgM and IgG response is strictly Th cell dependent. lowing experiments evaluated effects of FTY720 on immunolog-
Compared with untreated control mice, no reduction in Ab pro-ical memory. Mice were immunized with 2 10° PFU of VSV-
duction could be observed in animals treated with 0.3 mg/kgIND i.v. on day 0 and treated with 0.3 mg/kg FTY720 from days
FTY720 daily starting 1 day before infection until the end of the 23—48. No reduction of neutralizing 1IgG Ab titer was observed
experiment (Fig. 9A). Other mice were infected wit 2.0° PFU during the entire observation period up to day 120 (Fig. 10A),
of VSV-IND i.v. The neutralizing IgM response against VSV is Th indicating that memory B cells and plasma cell function were un-
cell independent (TI-1), whereas the switch to IgG production isimpaired (23, 36). The same results were obtained for memory
largely dependent on T cell help. FTY720 treatment as describednti-LCMV-NP Ab titers (data not shown). To evaluate effects of
above did not measurably change Ab responses (Fig. 9B) or thETY720 on recall responses, mice were immunized with VSV-NJ,
survival of infected mice (data not shown). This indicated that Btransiently treated with FTY720 from day 11 until day 17, and then
cell induction and Ab secretion as well as the capacity of ED4  challenged on day 40 with 2 10° PFU of the homologous virus
cells to deliver help to B cells remained intact under treatment with(Fig. 10B). The response was the same as found in immunized but
FTY720. untreated control mice. Mice that had been left unprimed and were
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now immunized with the booster dose, mounted the expected priand B cell levels and did not suppress the generation of primary
mary Ab response with IgM (data not shown) and low delayedvirus-specific CTL in lymph nodes. Again, this may offer new
levels of IgG (Fig. 10B). possibilities of combining immunomodulators with distinct mech-

To evaluate T-helper cell memory, we profited from the fact thatanisms of action that overall interfere less with immunity to in-
VSV-IND and VSV-NJ induce the same specificity of T-helper fection. In addition, these data suggest that lymphocyte effector
cells (37, 38). On the other hand it is well established that Absfunctions in lymphoid organs are largely unimpaired under
raised against VSV-NJ do not neutralize VSV-IND and vice versaFTY720 treatment and that susceptibility to lymphomas should not
(39); by definition they are serologically distinct. Therefore, im- increase.
munological memory to VSV-NJ at the CDAT cell level will Our findings here are compatible and extend recent results (9)
augment neutralizing IgM responses against a very low level VSV-demonstrating accelerated homing of naive lymphocytes to sec-
IND immunization. Because memory B cells and circulating neu-ondary lymphoid organs under FTY720 treatment. In addition,
tralizing Abs induced by VSV-NJ will not neutralize the second they also fit findings on reduced allograft infiltration by T cells and
virus (VSV-IND), the B cell response against the second infectiondelayed allograft rejection in FTY720-treated rats (10).
will not be impaired. Mice were immunized with 2 10° PFU Of course, other possibilities to interfere with the circulation-
VSV-NJ i.v. After treatment with FTY720 from day 11 until day emigration step of effector T cells are being evaluated, e.g. with
17 the mice were boosted with 1@FU of UV-inactivated VSV-  Abs against adhesion molecules or homing receptors including
IND (Fig. 10C). The anti-VSV-IND IgM response was 20 times ICAM-1, LFA-1, or selectins. The mechanism by which FTY720
stronger in mice with primed cross-reactive T cell help comparednodulates lymphocyte emigration and/or homing to peripheral le-
with that in naive mice; it was equal in FTY720-treated and un-sions remains to be investigated. Modification of cell adhesion
treated preimmunized mice, indicating unimpaired Th cell memorymolecules, such as selectins and integrins, chemokines, and other
in FTY720-treated mice. attractants, could be envisaged. A combination of Abs to the clas-

Cytotoxic memory T cell responses were evaluated as followssical adhesion molecules L-selectin and CD11a and CD49d inte-
LCMV-specific CTL are able to clear LCMV early after challenge grins has been shown to effectively inhibit accelerated trafficking
infection (40). After infection with 200 PFU of LCMV-WE i.v., of adoptively transferred naive lymphocytes to lymph nodes of
mice were treated with 0.3 mg/kg FTY720 from day 36 until day FTY720-treated animals (9). Convincing evidence for FTY720-
48 and were challenged with 4®@FU LCMV-WE i.v. on day 70. mediated modulation of the adhesion process or particularly for
Four days later mice were sacrificed, and viral titers were determodification of the above molecules is however missing. Selectins
mined in blood, spleen, liver, kidney, and lung (Fig. 10D). A tem- and integrins are responsible for the homing of naive lymphocytes
porary 12-day treatment with 0.3 mg/kg FTY720 had no effect onto secondary lymphoid organs as well as for the delivery of effector
later efficient viral clearance. Nonimmune mice had high viral titers inT cells to peripheral sites of infection. Therefore, modification of
all organs tested. Taken together, these results show that FTY720 h#tese molecules as a single mechanism could hardly explain the
no significant effect on memory T and B cell responses. one-sided sequestration of effector T cells to secondary lymphoid
organs and reduced infiltration of peripheral tissue at the same
. . time. Preliminary findings suggest that FTY720 may function
Discussion through G protein-coupled receptors on lymphocytes, possibly =
The present data indicate that FTY720 has no measurable effect mihemokine receptors (41) binding to ligands that are expressed in<
induction or expansion of either cytotoxic CDS8T cells or of  secondary lymphoid organs and normally attract preferentially na- <
CD4" Th cells; it seems to mainly impair circulation and emigration ive lymphocytes. FTY720 treatment may thereby result in a g
of effector T cells to the periphery without inducing apoptosis. Thus,changed homing pattern of naive as well as activated lymphocytes. 2
FTY720 reduced immunopathological consequences caused by spe-Taken together the present data show that FTY720 impairs cir-
cific activated effector T cells in peripheral solid organs apparently byculation and homing of effector T cells to peripheral lesions with-
blocking the last steps of a T cell response, recirculation and emigrasut affecting the induction and expansion of immune responses in N
tion to peripheral tissues expressing Ag. Because Ab responses asecondary lymphoid organs. Such a mechanism of action has not
generated in secondary lymphoid organs and do not require circuldeen observed with any other immunosuppressive drug. Therefore,
tion or emigration of B cells or CD4 Th cells to the periphery, the FTY720 may offer new intervention possibilities to treat organ
unimpaired humoral immune responses to both viral infections testedraft rejection and ongoing autoimmune and immunopathological
are compatible with this. diseases.

A number of immunopathological conditions, including allo-
graft rejection, (_:hronic hepatitis caused by hepatiti§ Band C Vir“?Acknowledgments
and some autoimmune diseases are at least partially T cell medi-
ated and directed against peripherally located tissues. Becaud¥e thank Burkhard Ludewig, Andrew Macpherson, Stefan Oehen, and
these disease processes require emigration of effector T cells, th niel Binder for he_lpful discussiops and cargfully reading the manuscript;
may be efficiently treated with FTY720. The findings here, thatA ana Althage, Kann Brduscha—Rlem, Sophie Sierro, and Lenka VIk for
FTY720 impairs DTH or induction of a T cell-mediated autoim- excellent technical assistance; Norbert Wey for photographs; and
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