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RBCs, there is no requirement for NK cell-T cell contact and that
the T cell-dependent signal can be delivered to the NK cells via
a semipermeable membrane (29). Our data therefore reveal an
jmportant new role for vaccine-induced IL-2-secreting memory
T cells and may, in part, explain the emerging consensus that
polyfunctional T cells, which secrete IL-2 in addition to IFN-y or
TNF-o, are associated with positive outcomes of viral infection
(30-32) and with particularly effective vaccination regimes (33, 34).

It was noticeable that whichever parameter we assayed (CD69
upregulation, IFN-vy production, degranulation), the NK cell response
to rabies vaccination among the vaccinees was remarkably homo-
geneous. Overall, for different parts of the study, we assayed re-
sponses from 30 individuals and in every case there was a robust
and persistent NK cell recall response. This is in marked contrast to
our previous findings for NK cell resf)onses to malaria-infected
RBCs, Mycobacterium bovis bacillus Calmette-Guérin and bacte-
rial LPS where NK IFN-y responses are extremely heterogeneous,
but similar (in homogeneity, if not magnitude) to responses we
observed to high-dose rhIL-12*1L-18 (35). We have proposed that
heterogeneity in NK cell IFN-y responses to pathogens reflects
both differences in the strength of accessory stimuli and variable
expression of polymorphic NK cell receptors (which fine-tune the

degree of activation) (35). The results of this vaccination study sug-
gest that if the accessory cell stimulus is sufficiently strong (which
may require synergism of signals from myeloid cells and T cells)
then the effect of NK cell regulatory receptors may be overcome. If
so, genetic diversity in NK cell regulatory receptors may not repre-
sent a major hurdle to effective vaccination.

Although there are superficial similarities between the “recall”
NK response that we have described and the “memory-like”
NK cells recently described in mice (14-16), there are important
differences between the cytokine-driven response described in this
study and some of the mouse studies. In mice infected with murine
CMV (MCMV), NK cells proliferate, persist at higher than normal
frequencies for several months and show enhanced cytokine and
degranulation responses on reactivation (16); however, NK cell
activation in this model is driven by binding of the activating
NK Ly49H receptor to the m157 viral protein expressed on
MCMV-infected cells (36) and may thus occur independently of
accessory cell stimuli. Indeed, expansion of the Ly49H" NK cell
subset in MCM V™ mice is reminiscent of the expanded population
of NKG2C* NK cells in individuals seropositive for human CMV

" (37). Similarly, the original description of murine memory-like
NK cells, in a contact hypersensitivity model, specifically involved
Ly49C*/Ly491I" cells, which might conceivably be activated by
haptenated MHC class I molecules and, at least inasmuch as
T cells were not required, would appear to be IL-2 independent
(15). Importantly, the “memory” component of the postvaccination
NK response to rabies virus described in this study appears to lie
entirely within the T cell population: NK cells from unvaccinated
individuals were fully able to respond to the virus when mixed with
autologous memory T cells. It is not known whether nonspecific
inflammatory stimuli can maintain human NK cells in a prolonged
hyper-reactive state, as recently described for murine NK cells ac-
tivated in vitro with a mixture of accessory cell-derived cytokines
(14), but this might be interesting to explore in the context of
vaccine adjuvants,

Our study raises interesting questions regarding the functional
significance of enhanced NK cell responses after immunization.
For infections where a protective role for NK cells is established,
evaluation of NK responses postvaccination is likely to be a useful
indicator of vaccine efficacy but for other infections the implica-
tions are less clear and further studies are required. In the case of
rabies virus vaccination, it is widely accepted that neutralizing Abs
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are essential for protection (38) but experimental infections in mice
suggest that cell-mediated immune responses (including signaling
through the IFN-yR) are required for efficient viral clearance 39
apd tpat proinflammatory cytokines (IFN-y and IL-2) enhance vac-
cine .1mmunogenicity, leading to significantly higher neutralizing
A'b titers (40). The potential for NK cell IFN-vy responses to con-
tribute to the efficacy of rabies vaccines thus deserves to be evalu-
awq. The role of the degranulation response is less obvious. In these
particular experiments, using killed virus, it is unlikely that NK
c.ells are degranulating in response to infected cells and degranula-
tion may simply be a marker of NK cell activation,

In summary, we have demonstrated that NK cells are major
contributors to the effector lymphocyte population during the recall
response to rabies vaccination. This should lead us to reconsider the
precise roles of Ag-specific memory T cells in vaccine-induced im-
munity. Assays of CD4* T cell IL-2 production, NK cell IFN-y
production and NK cytotoxicity need to be included in the arsenal
of tools for evaluating correlates of vaccine-induced immunity.
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