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FIGURE 3. Naive CD8 T cell response to IL-15 complex is heteroge-
neous. CD44"° polyclonal CD8 T cells (A) or OT-1, F5, or C4 CFSE-la-
beled CD45.1 CD44'° CD8 T cells (B) were injected i.v. into irradiated
(500 rad) or normal CD45.2 B6 or B10.d2 (for C4) mice. One day later, the
normal B6 mice received PBS or 2.5 g hIL-15 + 15 g mouse IL-15Ra—
Fc i.p. Five days after treatment, donor cell proliferation was examined in
the spleen.

IL-15 complex enhances the naive CD8 T cell response to
cognate peptide

Providing naive CD8 T cells their cognate peptide during acute
homeostatic proliferation enhances their proliferative response (8,
10). Therefore, we examined whether IL-15 complex treatment,
along with cognate peptide, would further enhance the naive CD8
T cell response to IL-15 complex. CFSE-labeled CD45.1 CD44'"°
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OT-I and F5 cells were transferred into separate CD45.2 B6 hosts
on day —1. On day O, hosts were treated with PBS, cognate
peptide, IL-15/IL-15Ra, or cognate peptide and IL-15/IL-15Ra.
On day 5, donor cell division was measured by flow cytometry.
Peptide alone induced significant proliferation in F5 cells, whereas
IL-15 complex was a poor inducer of cell division. However, the
F5 cell response was greatly enhanced when IL-15 complex and
cognate peptide were administered (Fig. 4A4). Similar results were
obtained with OT-I cells, although their response to IL-15 com-
plex alone was much greater than that of F5 cells (Fig. 4B). We
also examined the accumulation of the different cell populations
in each case. Peptide treatment alone, although inducing cell di-
vision, did not result in significant accumulation of responding
cells, likely due to deletion (Fig. 4). Treatment with the combi-
nation of cognate peptide and IL-15 complex seemed to be
synergistic, resulting in substantial accumulation of cells. In ad-
ditional studies in which OT-I cells and F5 cells were cotrans-
ferred, OT-I cells outcompeted F5 in each of the responses
(Supplemental Fig. 1). This finding further supported the concept
that TCR avidity was controlling the response to IL-15/IL-15Ra
complex. Nevertheless, these results suggested that IL-15 complex
acts selectively on Ag-activated CD8 T cells and could serve as
an adjuvant for Ag-specific responses. Furthermore, the cell-
accumulation data illustrated that naive CD8 T cells normally
unresponsive to IL-15 complex were more responsive when TCR
was engaged.

We also examined the effect of peptide and IL-15 complex
treatment on T cell migration to nonlymphoid tissues. CD45.1
CD44'° naive OT-I cells were transferred into CD45.2 B6 hosts on
day —1, and on day O these mice were treated with PBS, SIIN-
FEKL peptide, IL-15 complex, or SIINFEKL peptide and IL-15
complex (peptide/IL-15 complex). Five days posttreatment, mice
were sacrificed, and various tissues were examined for the pres-
ence of the OT-I donor population. IL-15 complex treatment in-
creased OT-I cell numbers in the lung, as well as in the spleen. An
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CD44"° OT-I CD8 T cells were i.v.
transferred into CD45.2 B6 mice. One
day later, mice were treated i.p. with
PBS, 100 g SIINFEKL peptide, 2.5 pg
hIL-15 + 15 pg IL-15Ra—Fc, or 100 pg
SIINFEKL and 2.5 pg IL-15 + 15 pg
IL-15Ra—Fc. Donor cell accumulation
was examined in the spleen, lungs, and
brain. B, Donor cells from the spleen
were analyzed for expression of the in-
dicated proteins by flow cytometry.
Shaded graph =PBS, thin line =1L-15 +
IL-15Ra—Fc, thick line = peptide,
dashed line = peptide + IL-15 + IL-
15Ra—Fc. Data are representative of at
least two experiments (n = 3—4).
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even larger OT-I donor population was present in both tissues of
mice treated with peptide/IL-15 complex compared with IL-15
complex treatment alone (Fig. 5). A similar pattern was seen in
the liver (data not shown). Comparable results were obtained
when F5 cells were transferred and the treatments administered,
although, as expected, fewer total F5 cells compared with OT-I
cells, were recovered from the organs (Supplemental Fig. 2).
When the brain, a more immunoprivileged tissue (37, 38), was
examined, very few OT-I CD8 T cells were present in control,
peptide- or IL-15 complex-treated mice. In contrast, a sizable
population of CDS8 T cells was present in the brains of peptide/IL-15
complex-treated mice (Fig. 5).

The previous data suggested that IL-15 complex treatment,
along with peptide immunization, enhanced lymphocyte migration.
Therefore, we examined the expression of various adhesion molecules
after treatment. All treatments uniformly upregulated CD11a (Fig.
5B). Treatment with IL-15 complex alone weakly upregulated CD43
and did not induce CD62L downregulation, but it modestly enhanced
CD44 expression. Peptide treatment alone strongly induced CDA43
expression, modestly downregulated CD62L expression, and greatly
upregulated CD44 levels. Peptide/IL-15 complex was the most ef-
fective at CD43 induction and CD62L downregulation, and it
strongly induced CD44 expression. Thus, IL-15 complex en-
hanced the proliferative response to cognate Ag, and the combi-
nation of IL-15 complex and Ag also resulted in the modulation of
adhesion receptors involved in migration and enhanced function.

We performed serial adoptive transfers to formally test whether
IL-15 complex altered the migration potential of the responding
CD8 T cells. CD45.1-naive CD44' OT-1 cells were transferred into
CD45.2 B6 hosts on day —1 and then treated with IL-15 complex,
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peptide/IL-15 complex, or VSV-OVA on day 0. VSV-OVA in-
fection causes similar changes in cell-surface phenotype as does
peptide/IL-15 complex (data not shown) and was used as a posi-
tive control for migration potential to tertiary sites. On day 4
posttreatment, splenocytes were harvested and enriched for donor
OT-I cells. A total of 1 X 10° CD45.1 OT-I cells from each group,
including naive CD44" OT-I cells as a control, were transferred
into secondary CD45.2 B6 hosts. Two days after secondary
transfer, hosts were sacrificed, and the presence of donor OT-I
cells was determined in several tissues (Fig. 6). Naive OT-I cells
were mainly found in the spleen and pLNs. In contrast, VSV-
OVA-experienced OT-I cells were found in the spleen, as well
as in the lungs and liver, with few present in the pLNs. Cells
from IL-15 complex-treated mice behaved similarly to naive CD8
T cells, whereas the migration pattern of peptide/IL-15 complex-
treated cells resembled that of virus-activated OT-I cells. Overall,
the data support the notion that IL-15 complex treatment can
augment CD8 T cell activation and enhance migratory capabi-
lities, both of which are necessary outcomes of effective immu-
notherapy.

Discussion

Our previous work highlighted the intriguing ability of IL-15Ra-
complexed IL-15, but not IL-15 alone, to activate naive CD8
T cells (16). This response was Ag independent, but we now show
that the process required expression of MHC class 1. Furthermore,
the ability of a naive CD8 T cell to respond to IL-15 complex
correlated with TCR avidity for self-peptide:MHC class 1. In-
triguingly, the response was augmented, as well as altered, by
providing a stronger TCR stimulus. In particular, IL-15 complex
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treated i.p. with 2.5 pg IL-15 + 15 pg IL-15Ro-Fec, harvest sp{enoc Jtos —————————— x100= % of total
100 pg STINFEKL and 2.5 pg IL-15 + 15 pg IL- total # of OT-lin OT-l per tissue
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induced a lymphoid-migration profile, whereas agonist peptide/IL-
15 complex induced a nonlymphoid-migration profile. These latter
results point out some important considerations for the use of
IL-15 complex as a therapeutic and may help to explain some
recent findings.

Recent work revealed similarities in the naive CD8 T cell re-
sponse to IL-15 complex and IL-2a/IL-2 complex (IL-2 complex).
Similar to the effects of IL-15 complex treatment (16), naive CD8
T cells treated with IL-2 complex in vivo proliferate, acquire an
activated/memory phenotype, produce effector cytokines, and kill
in an Ag-specific manner (39). In apparent contrast to our findings,
IL-2 complex-driven naive CD8 T cell activation is classical MHC
class I independent (39). However, this study used H-2K® and
H-2DP double-deficient mice, which still express other MHC class
I molecules. Indeed, another report found that the CD8 T cell
response to IL-2 complex is MHC class I dependent when using
K®™/~ D°/~ B2m /" triple-knockout mice (35), ensuring that
classical and nonclassical MHC class I molecules are absent. An
additional study found that in CD1327/~ (yC /") mice, in which
IL-2 and IL-15 levels are abnormally high, naive CD8 T cell
proliferation is only modestly affected by the absence of MHC
class I (40), perhaps as a result of the combined effects of both
cytokines. Overall, these findings further illustrate the close re-
lationship between factors controlling lymphopenia-driven and
cytokine complex-driven naive CD8 T cell activation.

One caveat with the use of B2m ™/~ mice to study the response
to an IgG-Fc region-containing molecule is the potential role of
FcRn in IgG catabolism (36). This issue could be a confounding
factor in our studies and that of Cho et al. (35). In fact, we found
that the in vivo half-life of IL-15 was modestly and similarly re-
duced in 2m '~ and FcRn~’~ mice. However, IL-15 complex-
driven naive CD8 T cell proliferation remained robust in FcRn ™/~
mice, whereas it was substantially diminished in 32m '~ mice.
Thus, the absence of FcRn cannot account for the lack of pro-
liferation seen in B2m '~ mice. Not surprisingly, the activity of
IL-2/0—IL-2 was also recently shown to be dependent, in part, on
FcRn (41).

Our data indicated that not all naive CD8 T cells responded with
the same intensity to IL-15 complex. A similar spectrum of pro-
liferation is seen when naive CD8 T cells are placed in a lym-
phopenic environment (9). Recent work noted that TCR avidity for
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self-peptide:MHC class I regulates the CD8 T cell response to
lymphopenia. Thus, in a lymphopenic environment, T cells with
high-avidity TCRs proliferate more vigorously than do T cells
with lower-affinity TCRs (28). Our results demonstrated a direct
correlation between the relative ability of a naive CD8 T cell to
respond to IL-15 complex or to lymphopenia. Furthermore, the
response to IL-15 complex positively correlated with TCR avidity,
as measured by acute homeostatic proliferation. Greater TCR
signaling may confer heightened responsiveness to homeostatic
cytokines, such as IL-7, especially in more competitive situations
(28, 42). Thus, the cytokine-driven response to lymphopenia also
requires a level of tonic TCR signaling, although there is some
evidence of TCR-independent cytokine-mediated proliferation in
lymphopenic settings (29). There is also a link between IL-15
adjuvanticity and TCR avidity, because IL-15 administration
causes the outgrowth of higher-avidity CTLs in response to in-
fection (43). Our cotransfer studies reiterated the concept that
high-avidity clones may outpace low-avidity clones in response to
IL-15 complex in the presence or absence of Ag. Given these
findings, IL-15 complex may operate as an effective immuno-
therapy by preferentially stimulating the expansion of high-avidity
naive or effector CD8 T cells, in part through TCR- and MHC-
mediated signals.

Of particular interest was our finding that IL-15 complex and
peptide/IL-15 complex treatments caused distinct changes in the
expression of surface markers associated with migration. Although
complex and peptide/IL-15 complex caused upregulation of CD11a
and CD44, only peptide/IL-15 complex caused significant down-
regulation of CD62L and upregulation of CD43. CD43 plays a role
in the migration of effector cells from secondary lymphoid tissues
to tertiary sites of inflammation, in particular the brain (44, 45).
Furthermore, the concomitant downregulation of CD62L and up-
regulation of CD44 also promote migration to tertiary sites (46—
48). Overall, the changes in surface expression of the receptors
correlated with the migratory behavior of the cells. CD8 T cells
activated by peptide/IL-15 complex treatment migrated more
readily to nonlymphoid tissues compared with cells activated with
IL-15 complex alone. The efficacy of IL-15 complex in tumor
immunotherapy may hinge, in some cases, on the ability of IL-15
complex to alter effector cell migration. For example, partial
regression of solid tumors is induced by IL-15 complex by
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activation of intratumor tumor-specific CD8 T cells (19). The
investigators noted that IL-15 complex treatment more effectively
stimulated intratumor CD8 T cells than peripheral CD8 T cells, and
IL-15 complex treatment did not enhance CD8 T cell migration
into tumors. Given our current results, the robust response of
intratumor CD8 T cells may be explained by access and interaction
of intratumor, but not peripheral, CD8 T cells with cognate Ag.
Without access to tumor Ag, IL-15 complex-activated tumor-
specific CD8 T cells may not efficiently enter pre-existing tumors
because of the lack of effective modulation of homing receptors
that promote extralymphoid migration. Thus, stronger TCR
stimulation, in conjunction with IL-15R signaling, may help to
spur migration of CTLs into tertiary tissues and, possibly, tumors.

Overall, our findings highlight the ability of IL-15 complex to
specifically induce activation and proliferation of naive CD§ T
cells expressing high-avidity TCRs. This process is dependent on
the expression of self-peptide:MHC class 1. This feature of the
IL-15 complex response may mimic the action of IL-15 during
immune responses, in which higher-avidity T cells may compete
more effectively for homeostatic cytokines. IL-15 complex holds
promise as an immunotherapy, but further study of the synergy
between TCR and IL-15R signaling is required to aid in the design
of therapeutic protocols.

Disclosures

T.A.S. and L.L. have a patent pending related to the IL-15 complex and
have received royalties from Marine Polymers Technology, Inc. All other
authors have no financial conflicts of interest.

References

1. Nesic, D., and S. Vukmanovic. 1998. MHC class I is required for peripheral
accumulation of CD8+ thymic emigrants. J. Immunol. 160: 3705-3712.

2. Murali-Krishna, K., L. L. Lau, S. Sambhara, F. Lemonnier, J. Altman, and
R. Ahmed. 1999. Persistence of memory CD8 T cells in MHC class I-
deficient mice. Science 286: 1377-1381.

3. Tan, J. T., B. Ernst, W. C. Kieper, E. LeRoy, J. Sprent, and C. D. Surh. 2002.
Interleukin (IL)-15 and IL-7 jointly regulate homeostatic proliferation of mem-
ory phenotype CD8+ cells but are not required for memory phenotype CD4+
cells. J. Exp. Med. 195: 1523-1532.

4. Schluns, K. S., W. C. Kieper, S. C. Jameson, and L. Lefrangois. 2000.
Interleukin-7 mediates the homeostasis of naive and memory CD8 T cells
in vivo. Nat. Immunol. 1: 426-432.

5. Goldrath, A. W., P. V. Sivakumar, M. Glaccum, M. K. Kennedy, M. J. Bevan,
C. Benoist, D. Mathis, and E. A. Butz. 2002. Cytokine requirements for acute
and Basal homeostatic proliferation of naive and memory CD8+ T cells. J. Exp.
Med. 195: 1515-1522.

6. Schluns, K. S., K. D. Klonowski, and L. Lefrangois. 2004. Transregulation of
memory CD8 T-cell proliferation by IL-15Ralpha+ bone marrow-derived cells.
Blood 103: 988-994.

7. Wu, T. S., J. M. Lee, Y. G. Lai, J. C. Hsu, C. Y. Tsai, Y. H. Lee, and N. S. Liao.
2002. Reduced expression of Bcl-2 in CD8+ T cells deficient in the IL-15
receptor alpha-chain. J. Immunol. 168: 705-712.

8. Goldrath, A. W., and M. J. Bevan. 1999. Low-affinity ligands for the TCR drive
proliferation of mature CD8+ T cells in lymphopenic hosts. Immunity 11: 183—
190.

9. Ernst, B., D. S. Lee, J. M. Chang, J. Sprent, and C. D. Surh. 1999. The peptide
ligands mediating positive selection in the thymus control T cell survival and
homeostatic proliferation in the periphery. Immunity 11: 173-181.

10. Kieper, W. C., and S. C. Jameson. 1999. Homeostatic expansion and phenotypic
conversion of naive T cells in response to self peptide/MHC ligands. Proc. Natl.
Acad. Sci. USA 96: 13306-13311.

11. Tan, J. T., E. Dudl, E. LeRoy, R. Murray, J. Sprent, K. I. Weinberg, and
C. D. Surh. 2001. IL-7 is critical for homeostatic proliferation and survival of
naive T cells. Proc. Natl. Acad. Sci. USA 98: 8732-8737.

12. Sandau, M. M., C. J. Winstead, and S. C. Jameson. 2007. IL-15 is required for
sustained lymphopenia-driven proliferation and accumulation of CD8 T cells. J.
Immunol. 179: 120-125.

13. Dubois, S., J. Mariner, T. A. Waldmann, and Y. Tagaya. 2002. IL-15Ralpha
recycles and presents IL-15 In trans to neighboring cells. Immunity 17: 537-547.

14. Burkett, P. R., R. Koka, M. Chien, S. Chai, D. L. Boone, and A. Ma. 2004.
Coordinate expression and trans presentation of interleukin (IL)-15Ralpha and
IL-15 supports natural killer cell and memory CD8+ T cell homeostasis. J. Exp.
Med. 200: 825-834.

15. Mortier, E., A. Quéméner, P. Vusio, I. Lorenzen, Y. Boublik, J. Grotzinger,
A. Plet, and Y. Jacques. 2006. Soluble interleukin-15 receptor alpha (IL-15R

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

IL-15/IL-15Roc COMPLEX ACTIVATION OF NAIVE CD8 T CELLS

alpha)-sushi as a selective and potent agonist of IL-15 action through IL-15R
beta/gamma. Hyperagonist IL-15 x IL-15R alpha fusion proteins. J. Biol. Chem.
281: 1612-1619.

. Stoklasek, T. A., K. S. Schluns, and L. Lefrangois. 2006. Combined IL-15/IL-

15Ralpha immunotherapy maximizes IL-15 activity in vivo. J. Immunol. 177:
6072-6080.

. Rubinstein, M. P., M. Kovar, J. F. Purton, J. H. Cho, O. Boyman, C. D. Surh, and

J. Sprent. 2006. Converting IL-15 to a superagonist by binding to soluble IL-
15Ra. Proc. Natl. Acad. Sci. USA 103: 9166-9171.

. Dubois, S., H. J. Patel, M. Zhang, T. A. Waldmann, and J. R. Miiller. 2008.

Preassociation of IL-15 with IL-15R alpha-IgG1-Fc enhances its activity on
proliferation of NK and CD8+/CD44high T cells and its antitumor action. J.
Immunol. 180: 2099-2106.

. Epardaud, M., K. G. Elpek, M. P. Rubinstein, A. R. Yonekura, A. Bellemare-

Pelletier, R. Bronson, J. A. Hamerman, A. W. Goldrath, and S. J. Turley. 2008.
Interleukin-15/interleukin-15R alpha complexes promote destruction of estab-
lished tumors by reviving tumor-resident CD8+ T cells. Cancer Res. 68: 2972—
2983.

Goldrath, A. W., L. Y. Bogatzki, and M. J. Bevan. 2000. Naive T cells transiently
acquire a memory-like phenotype during homeostasis-driven proliferation. J.
Exp. Med. 192: 557-564.

Murali-Krishna, K., and R. Ahmed. 2000. Cutting edge: naive T cells
masquerading as memory cells. J. Immunol. 165: 1733-1737.

Becker, T. C., E. J. Wherry, D. Boone, K. Murali-Krishna, R. Antia, A. Ma, and
R. Ahmed. 2002. Interleukin 15 is required for proliferative renewal of virus-
specific memory CD8 T cells. J. Exp. Med. 195: 1541-1548.

Cho, B. K., V. P. Rao, Q. Ge, H. N. Eisen, and J. Chen. 2000. Homeostasis-
stimulated proliferation drives naive T cells to differentiate directly into memory
T cells. J. Exp. Med. 192: 549-556.

Ge, Q., H. Hu, H. N. Eisen, and J. Chen. 2002. Different contributions of
thymopoiesis and homeostasis-driven proliferation to the reconstitution of
naive and memory T cell compartments. Proc. Natl. Acad. Sci. USA 99: 2989—
2994.

Brossart, P., A. W. Goldrath, E. A. Butz, S. Martin, and M. J. Bevan. 1997. Virus-
mediated delivery of antigenic epitopes into dendritic cells as a means to induce
CTL. J. Immunol. 158: 3270-3276.

Kieper, W. C., A. Troy, J. T. Burghardt, C. Ramsey, J. Y. Lee, H. Q. Jiang,
W. Dummer, H. Shen, J. J. Cebra, and C. D. Surh. 2005. Recent immune status
determines the source of antigens that drive homeostatic T cell expansion. J.
Immunol. 174: 3158-3163.

Kassiotis, G., R. Zamoyska, and B. Stockinger. 2003. Involvement of avidity for
major histocompatibility complex in homeostasis of naive and memory T cells.
J. Exp. Med. 197: 1007-1016.

Kieper, W. C., J. T. Burghardt, and C. D. Surh. 2004. A role for TCR affinity in
regulating naive T cell homeostasis. J. Immunol. 172: 40-44.

Hao, Y., N. Legrand, and A. A. Freitas. 2006. The clone size of peripheral
CD8 T cells is regulated by TCR promiscuity. J. Exp. Med. 203: 1643—
1649.

. Roopenian, D. C., G. J. Christianson, T. J. Sproule, A. C. Brown, S. Akilesh,

N. Jung, S. Petkova, L. Avanessian, E. Y. Choi, D. J. Shaffer, et al. 2003. The
MHC class I-like IgG receptor controls perinatal IgG transport, IgG homeostasis,
and fate of 1gG-Fc-coupled drugs. J. Immunol. 170: 3528-3533.

Moskophidis, D., and D. Kioussis. 1998. Contribution of virus-specific CD8+
cytotoxic T cells to virus clearance or pathologic manifestations of influenza
virus infection in a T cell receptor transgenic mouse model. J. Exp. Med. 188:
223-232.

Morgan, D. J., R. Liblau, B. Scott, S. Fleck, H. O. McDevitt, N. Sarvetnick,
D. Lo, and L. A. Sherman. 1996. CD8(+) T cell-mediated spontaneous diabetes
in neonatal mice. J. Immunol. 157: 978-983.

Hamilton, S. E., M. C. Wolkers, S. P. Schoenberger, and S. C. Jameson. 2006.
The generation of protective memory-like CD8+ T cells during homeostatic
proliferation requires CD4+ T cells. Nat. Immunol. 7: 475-481.

Lyons, A. B., and C. R. Parish. 1994. Determination of lymphocyte division by
flow cytometry. J. Immunol. Methods 171: 131-137.

Cho, J. H., O. Boyman, H. O. Kim, B. Hahm, M. P. Rubinstein, C. Ramsey,
D. M. Kim, C. D. Surh, and J. Sprent. 2007. An intense form of homeostatic
proliferation of naive CD8+ cells driven by IL-2. J. Exp. Med. 204: 1787—
1801.

Roopenian, D. C., and S. Akilesh. 2007. FcRn: the neonatal Fc receptor comes of
age. Nat. Rev. Immunol. 7: 715-725.

Klonowski, K. D., K. J. Williams, A. L. Marzo, D. A. Blair, E. G. Lingenheld,
and L. Lefrangois. 2004. Dynamics of blood-borne CD8 memory T cell mi-
gration in vivo. Immunity 20: 551-562.

Mrass, P., and W. Weninger. 2006. Immune cell migration as a means to control
immune privilege: lessons from the CNS and tumors. Immunol. Rev. 213: 195—
212.

Kamimura, D., and M. J. Bevan. 2007. Naive CD8+ T cells differentiate into
protective memory-like cells after IL-2 anti IL-2 complex treatment in vivo. J.
Exp. Med. 204: 1803-1812.

Ramsey, C., M. P. Rubinstein, D. M. Kim, J. H. Cho, J. Sprent, and C. D. Surh.
2008. The lymphopenic environment of CDI132 (common gamma-chain)-
deficient hosts elicits rapid homeostatic proliferation of naive T cells via IL-
15. J. Immunol. 180: 5320-5326.

Létourneau, S., E. M. van Leeuwen, C. Krieg, C. Martin, G. Pantaleo, J. Sprent,
C. D. Surh, and O. Boyman. 2010. IL-2/anti-IL-2 antibody complexes show
strong biological activity by avoiding interaction with IL-2 receptor alpha
subunit CD25. Proc. Natl. Acad. Sci. USA 107: 2171-2176.

€102 ‘6T 1SNBNY U0 JWB N UONOS|0D/G 17 SMOIS INT 1D UiH INDIIBULOD JO AU T8 /BI0" jounwutu | mammy/:dny woy pepeojumoq


http://www.jimmunol.org/

The Journal of Immunology

42.

43.

44.

45.

Seddon, B., and R. Zamoyska. 2002. TCR and IL-7 receptor signals can operate
independently or synergize to promote lymphopenia-induced expansion of
naive T cells. J. Immunol. 169: 3752-3759.

Oh, S., L. P. Perera, D. S. Burke, T. A. Waldmann, and J. A. Berzofsky. 2004. IL-
15/IL-15Ralpha-mediated avidity maturation of memory CD8+ T cells. Proc.
Natl. Acad. Sci. USA 101: 15154-15159.

Stockton, B. M., G. Cheng, N. Manjunath, B. Ardman, and U. H. von
Andrian. 1998. Negative regulation of T cell homing by CD43. Immunity 8:
373-381.

Onami, T. M., L. E. Harrington, M. A. Williams, M. Galvan, C. P. Larsen,
T. C. Pearson, N. Manjunath, L. G. Baum, B. D. Pearce, and R. Ahmed. 2002.

46.

47.

48.

6865

Dynamic regulation of T cell immunity by CD43. J. Immunol. 168: 6022—
6031.

Arbonés, M. L., D. C. Ord, K. Ley, H. Ratech, C. Maynard-Curry, G. Otten,
D. J. Capon, and T. F. Tedder. 1994. Lymphocyte homing and leukocyte rolling
and migration are impaired in L-selectin-deficient mice. Immunity 1: 247-260.
DeGrendele, H. C., P. Estess, and M. H. Siegelman. 1997. Requirement for
CD44 in activated T cell extravasation into an inflammatory site. Science 278:
672-675.

Stoop, R., I. Gal, T. T. Glant, J. D. McNeish, and K. Mikecz. 2002. Trafficking of
CD44-deficient murine lymphocytes under normal and inflammatory conditions.
Eur. J. Immunol. 32: 2532-2542.

€102 ‘6T 1SNBNY U0 JWB N UONOS|0D/G 17 SMOIS INT 1D UiH INDIIBULOD JO AU T8 /BI0" jounwutu | mammy/:dny woy pepeojumoq


http://www.jimmunol.org/

