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day before infection with 200 PFU of LCMV-WE i.v. prevented
autoimmune diabetes in six and delayed it in three (onset of dia-
betes.2 days after the last respective control mouse) of 12 mice.
All 11 control mice developed diabetes early during the observa-
tion period of 20 days (Fig. 7). Similar results were also obtained
in RIP-GP mice after LCMV infection into the footpad (data not
shown).

Reduced tissue infiltration by CD81 cytotoxic effector T cells

To assess whether the suppressive effects of FTY720 treatment on
diabetes development and DTH were due to reduced tissue infil-

tration, the following experiments were performed. RIP-GP mice
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 CD81

infiltrates (Fig. 8B), while only very few CD81 T cells were visible
around the pancreatic islets of FTY720-treated mice (Fig. 8F).
Corresponding to the degree of diabetes they had developed (Fig.
7), a similar reduction of CD81 cytotoxic T cells could also be
seen 20 days after infection (Fig. 8H, normoglycemic mouse) com-
pared with dense aggregates in untreated control mice (Fig. 8D).
Parallel to increased CD81 T cell infiltration staining for insulin
decreased (Fig. 8,A, 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
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 CD81 and
CD41 T cells. One hour after peptide injection, some perivascular
CD81 T cells could be found in the s.c. tissue of untreated control
mice (Fig. 8I), while no infiltration was seen in FTY720-treated
mice (Fig. 8M). Two hours later massive aggregates of perivascu-
lar CD81 T cells and a beginning infiltration of approximate sweat
glands (Fig. 8J) were considerably reduced by FTY720 (Fig. 8N).
Eight hours after peptide challenge FTY720 treatment reduced the
extensive infiltration of sweat glands (Fig. 8,K andO) and muscle
(not shown). Another 10 h later, decreasing numbers of CD81 T
cells had caused considerable destruction and edema in untreated
mice (Fig. 8L), while in the footpad of FTY720-treated mice
CD81 T cells had caused correspondingly less damage (Fig. 8P).
Only very few to no CD41 T cells were found in the samples
above (Fig. 8,Q, R,U, andV, and data not shown) independent of
FTY720 treatment. Present mainly at later time points, CD41 T
cells were probably attracted by the local inflammatory process
initiated by CTLs. Footpad injection of the Db binding immuno-
dominant VSV peptide NP52 did not cause either swelling (not
shown) or considerable infiltration of CD81 (Fig. 8, S,T, W, and
X) or CD41 T cells (data not shown) independent of FTY720
treatment. Similarly, GP33 did not cause infiltration in naive
C57BL/6 mice (data not shown). This suggests that the infiltrates
shown in Fig. 8,I—P, consist in the great majority of specific
activated cytotoxic T cells, which are responsible for the swelling
reaction (Fig. 6) and tissue damage (Fig. 8L).

These results parallel the data of Yanagawa and collaborators
(10) demonstrating reduced lymphocytic allograft infiltration un-
der FTY720 treatment. Together with efficient virus control by
CTL in the spleen (data not shown), where LCMV replication
initially predominates (35), the present data suggested that
FTY720 impaired emigration/homing of effector CTL to the
LCMV-GP-expressing pancreatic islets and to the s.c. connective
tissue of the footpad and thereby reduced immunopathology.

FIGURE 9. Normal humoral immune responses during FTY720 treat-
ment.A, C57BL/6 mice were either treated from day21 until the end of
the experiment daily with 0.3 mg/kg FTY720 orally (f) or were left un-
treated (M). On day 0 they were immunized with 200 PFU of LCMV-WE
i.v. Serum samples were taken at the indicated time points, and Ab titers
against LCMV-NP were measured by ELISA as described inMaterials and
Methods. Each symbol represents a group of three mice. One representative
experiment of two is shown. Values indicate the mean6 SD. B, The
experimental groups were set up as described inA. On day 0 the mice were
immunized with 23 106 PFU of VSV-IND i.v. Serum samples were taken
at the indicated time points, and Ab titers were measured in a neutralization
assay. One representative experiment of two is shown. Values indicate the
mean6 SD.

FIGURE 8 legend. Reduced tissue infiltration under FTY720 treatment.A–H, RIP-GP transgenic mice were treated with 0.3 mg/kg FTY720 orally daily
from day21 until day 9 (EandF) and until day 20, respectively (GandH) or were left untreated (A–D). On day 0 they were immunized with 200 PFU
of LCMV-WE i.v. On day 9 (A,B, E, andF) and day 20 (C,D, G, andH) mice were sacrificed, and the pancreas was prepared for histological examination.
Sections were stained for insulin (A,E, C, andG) and CD81 T cells (B,F, D, andH) as described inMaterials and Methods. One representative sample
of four to six per time point and group collected from two different sets of experiments is shown. Original magnification,3100. I–X, C57BL/6 mice were
treated daily with 0.3 mg/kg FTY720 orally starting on day21 until the end of the experiment (M–PandU–X) or were left untreated (I–LandQ–T). After
infection with 200 PFU of LCMV-WE i.v. on day 0, 30ml of LCMV-GP33 (3mg/ml; I–R,U, andV) or of VSV-NP52 (1 mg/ml;S,T, W, andX) solution
dissolved in BSS was injected into both hind footpads on day 13. Mice were sacrificed 1 h (I andM), 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 CD81 (J–P, S, T, W, andX) and CD41 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,375.
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Unimpaired Ab responses

To study the effects of FTY720 on the humoral immune response,
mice were immunized with 200 PFU of LCMV-WE i.v. The anti-
LCMV-NP IgM and IgG response is strictly Th cell dependent.
Compared with untreated control mice, no reduction in Ab pro-
duction could be observed in animals treated with 0.3 mg/kg
FTY720 daily starting 1 day before infection until the end of the
experiment (Fig. 9A). Other mice were infected with 23 106 PFU
of VSV-IND i.v. The neutralizing IgM response against VSV is Th
cell independent (TI-1), whereas the switch to IgG production is
largely dependent on T cell help. FTY720 treatment as described
above did not measurably change Ab responses (Fig. 9B) or the
survival of infected mice (data not shown). This indicated that B
cell induction and Ab secretion as well as the capacity of CD41 T
cells to deliver help to B cells remained intact under treatment with
FTY720.

Unimpaired immunological memory

To address the question of whether the temporarily sequestered
lymphocytes remained functional after FTY720 treatment, the fol-
lowing experiments evaluated effects of FTY720 on immunolog-
ical memory. Mice were immunized with 23 106 PFU of VSV-
IND i.v. on day 0 and treated with 0.3 mg/kg FTY720 from days
23–48. No reduction of neutralizing IgG Ab titer was observed
during the entire observation period up to day 120 (Fig. 10A),
indicating that memory B cells and plasma cell function were un-
impaired (23, 36). The same results were obtained for memory
anti-LCMV-NP Ab titers (data not shown). To evaluate effects of
FTY720 on recall responses, mice were immunized with VSV-NJ,
transiently treated with FTY720 from day 11 until day 17, and then
challenged on day 40 with 23 106 PFU of the homologous virus
(Fig. 10B). The response was the same as found in immunized but
untreated control mice. Mice that had been left unprimed and were

FIGURE 10. Transitory FTY720 treatment does not affect the immunological memory.A, C57BL/6 mice were immunized with 23 106 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 orally (Œ) or left untreated (‚). 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) and two
(untreated) mice. One of two similar experiments is shown. Values indicate the mean6 SD. B andC, C57BL/6 mice were immunized with 23 106 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 orally (f andŒ) or left untreated (Mand
‚). On day 40 the mice were boosted with either 23 106 PFU of VSV-NJ (fandM) i.v. (B) or 107 PFU of UV inactivated VSV-IND (Œand‚) i.v.
(C). Additionally, three naive mice were immunized with the same protocols on day 40 (FandE). Serum samples were taken at the indicated time points
and tested in a neutralization assay against VSV-NJ (f,M, andF) or VSV-IND (Œ, ‚, andE). All mice mounted the expected IgM (data not shown) and
IgG (B andC) responses to primary infection with VSV-NJ. InB only IgG responses to booster infection with VSV-NJ are shown, whereas the response
to challenge infection with UV-inactivated VSV-IND inC consisted mainly of IgM. The symbols represent the mean of three or four mice. One of two
similar experiments is shown. Values indicate the mean6 SD.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 (f) or left untreated (M; control). On day 70 a group of sex- and age-matched naive
mice was added to the experiment (p; naive), and all mice were infected with 23 106 PFU of LCMV-WE i.v. Four days later mice were sacrificed, and
LCMV 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 mean6 SD.
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now immunized with the booster dose, mounted the expected pri-
mary Ab response with IgM (data not shown) and low delayed
levels of IgG (Fig. 10B).

To evaluate T-helper cell memory, we profited from the fact that
VSV-IND and VSV-NJ induce the same specificity of T-helper
cells (37, 38). On the other hand it is well established that Abs
raised against VSV-NJ do not neutralize VSV-IND and vice versa
(39); by definition they are serologically distinct. Therefore, im-
munological memory to VSV-NJ at the CD41 T cell level will
augment neutralizing IgM responses against a very low level VSV-
IND immunization. Because memory B cells and circulating neu-
tralizing Abs induced by VSV-NJ will not neutralize the second
virus (VSV-IND), the B cell response against the second infection
will not be impaired. Mice were immunized with 23 106 PFU
VSV-NJ i.v. After treatment with FTY720 from day 11 until day
17 the mice were boosted with 107 PFU of UV-inactivated VSV-
IND (Fig. 10C). The anti-VSV-IND IgM response was 20 times
stronger in mice with primed cross-reactive T cell help compared
with that in naive mice; it was equal in FTY720-treated and un-
treated preimmunized mice, indicating unimpaired Th cell memory
in FTY720-treated mice.

Cytotoxic memory T cell responses were evaluated as follows.
LCMV-specific CTL are able to clear LCMV early after challenge
infection (40). After infection with 200 PFU of LCMV-WE i.v.,
mice were treated with 0.3 mg/kg FTY720 from day 36 until day
48 and were challenged with 106 PFU LCMV-WE i.v. on day 70.
Four days later mice were sacrificed, and viral titers were deter-
mined in blood, spleen, liver, kidney, and lung (Fig. 10D). A tem-
porary 12-day treatment with 0.3 mg/kg FTY720 had no effect on
later efficient viral clearance. Nonimmune mice had high viral titers in
all organs tested. Taken together, these results show that FTY720 had
no significant effect on memory T and B cell responses.

Discussion
The present data indicate that FTY720 has no measurable effect on
induction or expansion of either cytotoxic CD81 T cells or of
CD41 Th cells; it seems to mainly impair circulation and emigration
of effector T cells to the periphery without inducing apoptosis. Thus,
FTY720 reduced immunopathological consequences caused by spe-
cific activated effector T cells in peripheral solid organs apparently by
blocking the last steps of a T cell response, recirculation and emigra-
tion to peripheral tissues expressing Ag. Because Ab responses are
generated in secondary lymphoid organs and do not require circula-
tion or emigration of B cells or CD41 Th cells to the periphery, the
unimpaired humoral immune responses to both viral infections tested
are compatible with this.

A number of immunopathological conditions, including allo-
graft rejection, chronic hepatitis caused by hepatitis B and C virus,
and some autoimmune diseases are at least partially T cell medi-
ated and directed against peripherally located tissues. Because
these disease processes require emigration of effector T cells, they
may be efficiently treated with FTY720. The findings here, that
FTY720 impairs DTH or induction of a T cell-mediated autoim-
mune diabetes, support this idea. As revealed by results from sev-
eral experimental allotransplantation model situations (5, 6, 10),
FTY720 synergizes efficiently with other immunomodulating
agents that directly suppress T cell activation; this indicates that
blockade at two different steps of the T cell response, i.e., induc-
tion-proliferation and emigration-homing to the periphery, results
in very potent immunosuppression.

A risk of general immunosuppression may be increased suscep-
tibility to infection and lymphomas. FTY720 impaired neither hu-
moral immune responses nor immunological memory at both the T

and B cell levels and did not suppress the generation of primary
virus-specific CTL in lymph nodes. Again, this may offer new
possibilities of combining immunomodulators with distinct mech-
anisms of action that overall interfere less with immunity to in-
fection. In addition, these data suggest that lymphocyte effector
functions in lymphoid organs are largely unimpaired under
FTY720 treatment and that susceptibility to lymphomas should not
increase.

Our findings here are compatible and extend recent results (9)
demonstrating accelerated homing of naive lymphocytes to sec-
ondary lymphoid organs under FTY720 treatment. In addition,
they also fit findings on reduced allograft infiltration by T cells and
delayed allograft rejection in FTY720-treated rats (10).

Of course, other possibilities to interfere with the circulation-
emigration step of effector T cells are being evaluated, e.g. with
Abs against adhesion molecules or homing receptors including
ICAM-1, LFA-1, or selectins. The mechanism by which FTY720
modulates lymphocyte emigration and/or homing to peripheral le-
sions remains to be investigated. Modification of cell adhesion
molecules, such as selectins and integrins, chemokines, and other
attractants, could be envisaged. A combination of Abs to the clas-
sical adhesion molecules L-selectin and CD11a and CD49d inte-
grins has been shown to effectively inhibit accelerated trafficking
of adoptively transferred naive lymphocytes to lymph nodes of
FTY720-treated animals (9). Convincing evidence for FTY720-
mediated modulation of the adhesion process or particularly for
modification of the above molecules is however missing. Selectins
and integrins are responsible for the homing of naive lymphocytes
to secondary lymphoid organs as well as for the delivery of effector
T cells to peripheral sites of infection. Therefore, modification of
these molecules as a single mechanism could hardly explain the
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
through G protein-coupled receptors on lymphocytes, possibly
chemokine receptors (41) binding to ligands that are expressed in
secondary lymphoid organs and normally attract preferentially na-
ive lymphocytes. FTY720 treatment may thereby result in a
changed homing pattern of naive as well as activated lymphocytes.

Taken together the present data show that FTY720 impairs cir-
culation and homing of effector T cells to peripheral lesions with-
out affecting the induction and expansion of immune responses in
secondary lymphoid organs. Such a mechanism of action has not
been observed with any other immunosuppressive drug. Therefore,
FTY720 may offer new intervention possibilities to treat organ
graft rejection and ongoing autoimmune and immunopathological
diseases.

Acknowledgments
We thank Burkhard Ludewig, Andrew Macpherson, Stefan Oehen, and
Daniel Binder for helpful discussions and carefully reading the manuscript;
Alana Althage, Karin Brduscha-Riem, Sophie Sierro, and Lenka Vlk for
excellent technical assistance; Norbert Wey for photographs; and
Burkhardt Seifert for the statistical analysis of our data.

References
1. Kluepfel, D., J. Bagli, H. Baker, M. P. Charest, and A. Kudelski. 1972. Myriocin,

a new antifungal antibiotic fromMyriococcum albomyces.J. Antibiot. 25:109.
2. Fujita, T., K. Inoue, S. Yamamoto, T. Ikumoto, S. Sasaki, R. Toyama, K. Chiba,

Y. Hoshino, and T. Okumoto. 1994. Fungal metabolites. II. A potent immuno-
suppressive activity found in Isaria sinclairii metabolite.J. Antibiot. 47:208.

3. Suzuki, S., S. Enosawa, T. Kakefuda, T. Shinomiya, M. Amari, S. Naoe,
Y. Hoshino, and K. Chiba. 1996. A novel immunosuppressant, FTY720, with a
unique mechanism of action, induces long-term graft acceptance in rat and dog
allotransplantation.Transplantation 61:200.

5769The Journal of Immunology

 by guest on M
ay 7, 2021

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/


4. Suzuki, S., S. Enosawa, T. Kakefuda, H. Amemiya, Y. Hoshino, and K. Chiba.
1996. Long-term graft acceptance in allografted rats and dogs by treatment with
a novel immunosuppressant, FTY720.Transplant. Proc. 28:1375.

5. Wang, M. E., N. Tejpal, X. Qu, J. Yu, M. Okamoto, S. M. Stepkowski, and
B. D. Kahan. 1998. Immunosuppressive effects of FTY720 alone or in combi-
nation with cyclosporine and/or sirolimus.Transplantation 65:899.

6. Stepkowski, S. M., M. Wang, X. Qu, J. Yu, M. Okamoto, N. Tejpal, and
B. D. Kahan. 1998. Synergistic interaction of FTY720 with cyclosporine or siroli-
mus to prolong heart allograft survival.Transplant. Proc. 30:2214.

7. Shinomiya, T., X. K. Li, H. Amemiya, and S. Suzuki. 1997. An immunosup-
pressive agent, FTY720, increases intracellular concentration of calcium ion and
induces apoptosis in HL-60.Immunology 91:594.

8. Suzuki, S., X. K. Li, S. Enosawa, and T. Shinomiya. 1996. A new immunosup-
pressant, FTY720, induces bcl-2-associated apoptotic cell death in human lym-
phocytes.Immunology 89:518.

9. Chiba, K., Y. Yanagawa, Y. Masubuchi, H. Kataoka, T. Kawaguchi, M. Ohtsuki,
and Y. Hoshino. 1998. FTY720, a novel immunosuppressant, induces sequestra-
tion of circulating mature lymphocytes by acceleration of lymphocyte homing in
rats. I. FTY720 selectively decreases the number of circulating mature lympho-
cytes by acceleration of lymphocyte homing.J. Immunol. 160:5037.

10. Yanagawa, Y., K. Sugahara, H. Kataoka, T. Kawaguchi, Y. Masubuchi, and
K. Chiba. 1998. FTY720, a novel immunosuppressant, induces sequestration of
circulating mature lymphocytes by acceleration of lymphocyte homing in rats. II.
FTY720 prolongs skin allograft survival by decreasing T cell infiltration into
grafts but not cytokine production in vivo.J. Immunol. 160:5493.

11. Zinkernagel, R. M., and P. C. Doherty. 1979. MHC-restricted cytotoxic T cells:
studies on the biological role of polymorphic major transplantation antigens de-
termining T-cell restriction-specificity, function, and responsiveness.Adv. Immu-
nol. 27:51.

12. Buchmeier, M. J., R. M. Welsh, F. J. Dutko, and M. B. A. Oldstone. 1980. The
virology and immunobiology of lymphocytic choriomeningitis virus infection.
Adv. Immunol. 30:275.

13. Lehmann-Grube, F. 1971. Lymphocytic choriomeningitis virus.Virol. Monogr.
10:1.

14. Hotchin, J. 1962. The biology of lymphocytic choriomeningitis infection: virus
induced immune disease.Cold Spring Harbor Symp. Quant. Biol. 27:479.

15. Steinhoff, U., U. Müller, A. Schertler, H. Hengartner, M. Aguet, and
R. M. Zinkernagel. 1995. Antiviral protection by vesicular stomatitis virus-spe-
cific antibodies ina/b interferon receptor-deficient mice.J. Virol. 69:2153.

16. Bachmann, M. F., and R. M. Zinkernagel. 1997. Neutralizing antiviral B cell
responses.Annu. Rev. Immunol. 15:235–70:235.

17. Battegay, M., S. Cooper, A. Althage, J. Baenziger, H. Hengartner, and
R. M. Zinkernagel. 1991. Quantification of lymphocytic choriomeningitis virus
with an immunological focus assay in 24- or 96-well plates.J. Virol. Methods
33:191.

18. Bachmann, M. F., H. Hengartner, and R. M. Zinkernagel. 1994. Immunization
with recombinant protein: conditions for cytotoxic T cell and/or antibody induc-
tion. Med. Microbiol. Immunol. Berlin 183:315.

19. Oehen, S., K. Brduscha-Riem, A. Oxenius, and B. Odermatt. 1997. A simple
method for evaluating the rejection of grafted spleen cells by flow cytometry and
tracing adoptively transferred cells by light microscopy.J. Immunol. Methods
207:33.

20. Kündig, T. M., A. Althage, H. Hengartner, and R. M. Zinkernagel. 1992. Skin test
to assess virus-specific cytotoxic T-cell activity.Proc. Natl. Acad. Sci. USA 89:
7757.

21. Moskophidis, D., and F. Lehmann-Grube. 1989. Virus-induced delayed-type hy-
persensitivity reaction is sequentially mediated by CD81 and CD41 T lympho-
cytes.Proc. Natl. Acad. Sci. USA 86:3291.

22. Zinkernagel, R. M., T. Leist, H. Hengartner, and A. Althage. 1985. Susceptibility
to lymphocytic choriomeningitis virus isolates correlates directly with early and
high cytotoxic T cell activity, as well as with footpad swelling reaction, and all
three are regulated by H-2D.J. Exp. Med. 162:2125.

23. Bachmann, M. F., B. Odermatt, H. Hengartner, and R. M. Zinkernagel. 1996.
Induction of long-lived germinal centers associated with persisting antigen after
viral infection.J. Exp. Med. 183:2259.

24. Battegay, M., D. Moskophidis, H. Waldner, M. A. Brundler, W.-P. Fung-Leung,
T. W. Mak, H. Hengartner, and R. M. Zinkernagel. 1993. Impairment and delay
of neutralizing antiviral antibody responses by virus-specific cytotoxic T cells.
J. Immunol. 151:5408.

25. Ohashi, P. S., S. Oehen, K. Buerki, H. Pircher, C. T. Ohashi, B. Odermatt,
B. Malissen, R. M. Zinkernagel, and H. Hengartner. 1991. Ablation of “toler-
ance” and induction of diabetes by virus infection in viral antigen transgenic
mice.Cell 65:305.

26. Cobbold, S. P., A. Jayasuriya, A. Nash, T. D. Prospero, and H. Waldmann. 1984.
Therapy with monoclonal antibodies by elimination of T-cell subsets in vivo.
Nature 312:548.

27. Huegin, A. W., A. Cerny, H. Hengartner, and R. M. Zinkernagel. 1985. Sup-
pression by cyclosporin A of murine T-cell-mediated immunity against viruses in
vivo and in vitro.Cell. Immunol. 90:464.

28. Jolivet, J., K. H. Cowan, G. A. Curt, N. J. Clendeninn, and B. A. Chabner. 1983.
The pharmacology and clinical use of methotrexate.N. Engl. J. Med. 309:1094.

29. Kahan, B. D. 1989. Cyclosporine.N. Engl. J. Med. 321:1725.
30. Enosawa, S., S. Suzuki, T. Kakefuda, X. K. Li, and H. Amemiya. 1996. Induction

of selective cell death targeting on mature T- lymphocytes in rats by a novel
immunosuppressant, FTY720.Immunopharmacology 34:171.

31. Mackay, C. R. 1991. T cell memory: the connection between function, phenotype
and migration pathways.Immunol. Today 12:189.

32. Butz, E. A., and M. J. Bevan. 1998. Massive expansion of antigen-specific CD81

T cells during an acute virus infection.Immunity 8:167.
33. Zimmermann, C., K. Brduscha-Riem, C. Blaser, R. M. Zinkernagel, and

H. Pircher. 1996. Visualization, characterization and turnover of CD81 memory
T cells in virus-infected host.J. Exp. Med. 183:1367.

34. Kagi, D., B. Odermatt, P. S. Ohashi, R. M. Zinkernagel, and H. Hengartner. 1996.
Development of insulitis without diabetes in transgenic mice lacking perforin-
dependent cytotoxicity.J. Exp. Med. 183:2143.

35. Borrow, P., C. F. Evans, and M. B. Oldstone. 1995. Virus-induced immunosup-
pression: immune system-mediated destruction of virus-infected dendritic cells
results in generalized immune suppression.J. Virol. 69:1059.

36. Vieira, P., and K. Rajewsky. 1988. The half-lives of serum immunoglobulins in
adult mice.Eur. J. Immunol. 18:313.

37. Charan, S., and R. M. Zinkernagel. 1986. Antibody mediated suppression of
secondary IgM response in nude mice against vesicular stomatitis virus.J. Im-
munol. 136:3057.

38. Roost, H.-P., S. Charan, and R. M. Zinkernagel. 1990. Analysis of the kinetics of
antiviral memory T help in vivo: characterization of short-lived cross-reactive T
help.Eur. J. Immunol. 20:2547.

39. Wagner, R. R., A.H. Levy, R. M. Synder, G. A. Ratcliff, and D. F. Hyatt. 1963.
Biologic properties of two plaque variants of vesicular stomatitis virus (Indiana
serotype).J. Immunol. 91:112.

40. Oehen, S., H. Waldner, T. M. Kündig, H. Hengartner, and R. M. Zinkernagel.
1992. Antivirally protective cytotoxic T cell memory to lymphocytic choriomen-
ingitis virus is governed by persisting antigen.J. Exp. Med. 176:1273.

41. Brinkmann, V., D. Pinschewer, K. Chiba, and L. Feng. 2000. FTY720: a novel
transplantation drug that modulates lymphocyte traffic rather than activation.
Trends Pharmacol. Sci. 21:49.

5770 FTY720 IMPAIRS EFFECTOR T CELL PERIPHERAL HOMING

 by guest on M
ay 7, 2021

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/

