1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Immunol. Author manuscript; available in PMC 2015 April 27.

-, HHS Public Access
«

Published in final edited form as:
J Immunol. 2011 February 15; 186(4): 1891-1897. doi:10.4049/jimmunol.1003035.

NK cells and immune “memory”

Joseph C. Sun?1, Sandra Lopez-Verges31, Charles C. Kim#, Joseph L. DeRisi?4, and Lewis
L. Lanier3
2lmmunology Program, Memorial Sloan-Kettering Cancer Center, New York, NY 10065, USA

3Department of Microbiology and Immunology, Cancer Research Institute, University of California
San Francisco, San Francisco, CA 94143, USA

4Howard Hughes Medical Institute, Department of Biochemistry and Biophysics, University of
California San Francisco, San Francisco, CA 94158, USA

Abstract

Immunological memory is a hallmark of the adaptive immune system. However, the ability to
“remember” and respond more robustly against a second encounter with the same pathogen has
been described in organisms lacking T and B cells. Recently, natural killer (NK) cells have been
shown to mediate antigen-specific recall responses in several different model systems. Although
NK cells do not rearrange the genes encoding their activating receptors, NK cells experience a
selective education process during development, undergo a clonal-like expansion during virus
infection, generate long-lived progeny (i.e. memory cells), and mediate more efficacious
secondary responses against previously encountered pathogen — all characteristics previously
ascribed only to T and B cells in mammals. This review describes past findings leading up to these
new discoveries, summarizes the evidence for and characteristics of NK cell memory, and
discusses the attempts and future challenges to identify these long-lived memory NK cell
populations in humans.

Introduction

The innate and adaptive immune systems have traditionally been segregated into well-
defined compartments. Innate immunity features short-lived cells that respond rapidly and
non-specifically against pathogen exposure. Re-encounter with the same pathogen is thought
to result in a qualitatively and quantitatively identical response as the first encounter. In
contrast, adaptive immunity consists of T and B cells, which respond more slowly, but with
high specificity due to somatically rearranged genes that generate an infinitely diverse set of
antigen receptors. The clonal expansion of a pool of antigen-specific effector T and B cells
initiated by pathogen exposure results in a population of long-lived “memory” cells that are
able to respond quicker and more robustly during subsequent encounters with the same
pathogen. The lifespan of many innate immune cells are thought to be on the order of hours
or days - relatively short compared to T and B cells, which persist for months to years -
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making immune memory unimportant, or unnecessary, for short-lived cells comprising the
innate immune system such as granulocytes and dendritic cells. Although frequently
discussed in isolation, these two sides of the immune system rarely act in isolation and the
interplay between cells of the innate and adaptive immune arms contributes to the most
productive overall responses against pathogen invasion.

Evidence for innate immune memory

Although immunological memory has been one of the classical hallmarks that distinguishes
adaptive immune T and B cells from all other cells of the hematopoietic lineage, evidence
has been found in invertebrates (such as crustaceans, flies, beetles, and mosquitoes) and
more primitive species (such as tunicates, sea urchins, and sea sponges) that immune
“memory” exists independently of lymphocytes possessing rearranged antigen receptors (1-
3). Exposure of the copepod Macrocyclops albidus (a minute crustacean) to its natural
pathogen, the parasitic tapeworm Schistocephalus solidus, results in resistance to challenge
with an antigenically similar tapeworm (4), providing evidence for the early existence of
innate immune memory. Drosophila melanogaster injected with a sublethal dose of
Sreptococcus pneumoniae or Beauveria bassiana (a natural fruitfly pathogen) also
demonstrated resistance against subsequent bacterial challenge compared to flies that were
unprimed with bacteria (5). The underlying mechanisms for the observed protection
following priming required activation of the Toll pathway in phagocytes, which was
suggested to mediate the secondary responses and resistance. Specific priming of resistance
against its natural bacterial pathogen Bacillus thuringiensis and the common bacterium
Escherichia coli was observed in the red flour beetle, Tribolium castaneum (6).
Demonstrating specificity in this innate immune response, beetles previously primed with
heat-killed bacteria were more likely to survive a subsequent exposure to the same bacteria
that was used in priming, rather than exposure to a heterologous pathogen. Similarly,
Anopheles gambiae mosquitoes (which are the major vector for malaria spread in Africa)
pre-exposed to Plasmodium falciparum demonstrate enhanced immunity upon parasite re-
infection (7). The protective effect was attributed to circulating granulocytes, whose
numbers are rapidly increased upon primary infection. Together, these reports suggest that
innate immune cells in many simpler organisms (which lack adaptive immune cells) can be
primed by previous infections, and mount stronger secondary responses upon homologous
pathogen challenge.

Evidence for NK cell memory

Natural Killer (NK) cells have long been categorized as a component of innate immunity.
However, several lines of developmental, phenotypic, and functional evidence suggest that
NK cells are closely related to T and B cells mediating adaptive immunity (8-10), with the
exception of recombination-activating gene (RAG)-mediated rearrangement of antigen
receptor genes. First, similar to the generation of T and B lymphocytes, NK cells are derived
from the common lymphoid progenitor (11). Second, like T and B cells, NK cells require
cytokines of the IL-2 receptor common-gamma chain family, particularly 1L-15, for their
development, homeostasis, and survival (12). Third, like thymocytes and pre/pro-B cells,
immature NK cells undergo an “education” process whereby only appropriately selected
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cells (i.e. tolerant to self) are able to be functional effectors in the periphery (13-17). Fourth,
activated NK cells express many of the same surface receptors (CD25, CD43, CD44, CD69,
CD122, Ly6C, CD62L, and KLRG1) as activated T cells (18, 19). Fifth, NK cells are
functionally similar to T cells in their ability to produce IFN-gamma and TNF-alpha
following activating receptor-mediated or cytokine-induced stimulation (18, 19). Sixth, NK
cells are functionally related to CTL through their shared ability to mediate cytotoxicity via
perforin and granzymes (18, 19). With the exception of antigen receptors generated from
somatically rearranged genes, the evidence above suggests that NK cells are evolutionarily
similar to T and B cells of adaptive immunity. In fact, immature T cells that lack one
specific transcription factor (Bcl11b) have been shown to de-differentiate into NK-like
precursor cells (20-22). Taken together, these observations suggest that NK cells may be
developmentally and functionally more closely related to adaptive immune lymphocytes
than innate immune cells. In line with their lymphocytic nature, recent studies have further
demonstrated that NK cells can undergo a clonal-like expansion following virus infection in
both humans and mice, and that previously primed NK cells can mediate secondary memory
responses.

Early studies suggested the possibility that NK cell memory could exist. In a model of F1
hybrid resistance (where the parental bone marrow graft is rejected by F1 recipient mice),
B10 x B10.D2 mice “primed” with parental B10 bone marrow cells rejected a second B10
graft more efficiently (23). When mice were primed with parental B10.D2 or a third party
allogeneic bone marrow prior to the parental B10 graft, the rapid rejection was abrogated. At
the time, NK cells had not yet been identified as the cells mediating hybrid resistance;
however, a retrospective interpretation of these early experiments suggests relevance for NK
cell memory in graft rejection. Recent studies have indicated that NK cell priming can also
occur non-specifically during inflammation induced by TLR triggering on DCs or exposure
to cytokines (24, 25). Thus, although NK cells were initially described by their ability to kill
certain tumor cells without previous sensitization (26-30), NK cells become even more
potent effectors when stimulated. A study using the MHC class I-deficient RMA-S tumor
model showed that NK cells primed by tumors that lacked MHC class | were also more
activated and mediated greater effector responses (31). A significant increase in IFN-y
secretion and cytotoxic activity was measured in the activated NK cells only following
inoculation with RMA-S tumor cells and not with RMA tumor cells expressing MHC class
I, suggesting that in addition to inflammatory signals, NK-sensitive tumor cell targets can
prime resting NK cells for greater effector potential, similar to T cell priming.

A more recent study demonstrated that NK cells mediate contact hypersensitivity responses
to chemical haptens in RAG-deficient mice (32). In mice that lack T and B cells, contact
hypersensitivity responses to 2,4-dinitrofluorobenzene and oxazolone persisted for greater
than 4 weeks, and the responses were only elicited by the hapten to which mice were
originally exposed and not by a different hapten. In the control mice lacking T, B, and NK
cells due to a genetic deficiency in the RAG genes and the IL-2 receptor common gamma
gene, no contact hypersensitivity was measured in previously sensitized mice. Interestingly,
the only population of hapten-specific memory NK cells that could transfer sensitivity
resided in the liver. Further studies are required to determine why only liver NK cells
mediated the secondary response and the nature of the receptor-hapten interaction driving
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the responses. Following this report, our group used the well-characterized NK cell response
to mouse cytomegalovirus (MCMV) to determine whether immune memory could exist in
virus-specific NK cells (33). NK cells in C57BL/6 mice bearing the Ly49H receptor have
been shown to specifically recognize MCMV-infected cells expressing the viral
glycoprotein m157 and undergo a “clonal-like” expansion (34-36). This proliferation was
antigen-specific because infection of mice with a mutant MCMV lacking m157 could not
drive Ly49H* NK cell expansion (33). Using an adoptive transfer system, small numbers of
Ly49H* NK cells were observed to proliferate 100-1000 fold in lymphoid and non-
lymphoid tissues in the recipient following MCMV infection, resulting in a long-lived pool
of memory NK cells (Fig. 1A). This self-renewing population of NK cells was able to
undergo secondary and even tertiary expansion following several rounds of adoptive transfer
and virus infection (37). The memory NK cells recovered from previously infected mice
several months later exhibited more robust effector functions ex vivo and were far more
effective at protection against viral challenge compared to an equal number of resting NK
cells from naive mice, demonstrating a qualitatively different secondary response in NK
cells that had previously encountered viral antigen (33). More recently, another report
showed that memory-like NK cells could be induced in vitro by exposure to inflammatory
cytokines such as IL-12 and IL-18 (38). Following adoptive transfer into recipient mice,
these cytokine-activated NK cells were found to respond more robustly several weeks later
(measured by IFN-y production following activating receptor triggering) compared to
resting NK cells. Altogether, these studies demonstrate that NK cells can persist for far
longer than previously estimated (39-41), and have the potential to contribute alongside
memory T and B cell responses during subsequent encounters with the same pathogen.

Characteristics of NK cell memory

How do memory NK cells differ qualitatively from resting NK cells? We know that CD8* T
cells undergo a programmed differentiation during virus infection that results in dramatic
changes in their gene expression profile at each stage (42). Similarly, we have recently used
gene array technology to profile transcription in Ly49H* NK cells at different stages
following MCMV infection: resting, acute activation, expansion, contraction, and memory
maintenance phases (Fig. 1B). Although much work remains to determine the relative
contributions of specific genes during each particular phase of the NK cell response, the
global signature confirms that the mRNA transcriptional profile of resting NK cells is
different from that of memory NK cells (Fig. 1B). Furthermore, the profiles of resting and
memory NK cells differ greatly from both early activated and clonally expanded Ly49H*
NK cells, demonstrating that NK cells at each phase of the response to MCMYV exhibit a
gene profile that is unique and stage-specific (Fig. 1B). The gene array “roadmaps” that
immunologists studying memory T cell have generated (42-44), along with the
identification of specific transcription factors for T cell differentiation, homeostasis, and
survival (45), are useful tools that can guide the search for the factors that govern
differentiation of NK cells following activation.

T cell studies have shown that during effector-to-memory cell differentiation different
subsets of memory cells are generated, characterized by their anatomical location and
expression of cytokine and homing receptors (46-48) (Fig. 2). Can the central memory
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versus effector memory T cell paradigm be found in memory NK cells as well? Memory NK
cells generated during virus infection were all found to highly express KLRG1 (33), an
inhibitory receptor recognizing e-cadherins, also predominantly expressed on effector
memory CD8* T cells (Fig. 2). Perhaps memory NK cells resemble this more terminally
differentiated subset of memory T cells (Fig. 2). Unlike the overall maintenance of memory
CD8" T cell numbers, which “plateau” following contraction (49), the memory NK cell
population contracts similarly to memory CD4* T cell responses during LCMV infection
(50). Although memory NK cells have been shown to self-renew (measured by BrdU uptake
over the course of several days) (37), absolute numbers steadily decline and in the absence
of secondary infection, memory NK cells in mice are difficult to detect 6 months after
MCMYV infection; however, this represents a relative time span equivalent to decades in
humans (J.C.S. and L.L.L., unpublished observations). Whether the overall long-lived NK
cell population experiences preferential survival of the progeny of a subset of memory cells
remains to be addressed.

Like memory T cells, memory NK cells have been shown to both self-renew and mount
multiple rounds of expansion and contraction in numbers (37). Future studies will determine
whether differences exist in the maintenance of memory NK cells compared to T cells, and
which cytokine signals (e.g. IL-7 and IL-15) and stromal cell interactions play an important
role in the survival of long-lived NK cell populations. Many other outstanding tasks remain,
the foremost of which is to identify a reliable and stable marker (or set of markers) to define
memory NK cells, as has been identified for memory T cells (Fig. 2). This will allow direct
analysis of long-lived NK cells within the endogenous NK cell population and circumvent
the need for adoptive transfer to track antigen-experienced NK cells. Furthermore, we have
observed that memory NK cells reside in both lymphoid and non-lymphoid tissue, but
determining which soluble factors (cytokines and chemokines) modulate organ- and tissue-
specific distribution and phenotype of memory NK cells is warranted. The contribution of
stromal elements and other leukocytes (such as dendritic cells and CD4™ T helper cells)
towards the generation of memory NK cells requires further elucidation. Lastly, the
transcriptional control of NK cell differentiation and memory generation has not been well
characterized, in contrast to the case with T cell differentiation. As more pathogen ligands
recognized by NK cell receptors are characterized, additional infectious disease models will
allow further analysis of the broader principles of NK cell activation, expansion, and
memory.

Do memory NK cells exist in humans?

In humans, NK cells also play a crucial role in the response against CMV. In an early study,
a patient selectively lacking NK cells, but having normal B and T cells, was found to suffer
a life-threatening illness after infection with human CMV (HCMV) (51). Other reports of
specific NK cell deficiencies (or NK cell functional deficiencies) in humans (52, 53)
similarly describe overwhelming fatal infections during childhood or adolescence due to
HCMYV and other herpesviruses such as VZV and EBV, demonstrating the importance of
NK cells in the immune response against certain viral infections. Functional Ly49 genes do
not exist in humans, and thus far there is no evidence that members of the killer-cell
immunoglobulin-like receptor (KIR) family, which encode human NK cell receptors
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analogous to activating and inhibitory Ly49 receptors in mice, can directly recognize
HCMV-infected cells. Moreover, CMV is exquisitely species-specific; each CMV has co-
evolved and adapted within its own specific mammalian host. The CMV genes that are
involved in immune evasion mechanisms, such as genes responsible for downregulation of
MHC class | and NKG2D ligands, and surface expression of decoy MHC ligands for NK
inhibitory receptors have evolved independently in mouse and human CMV and are tailored
to counter the host response (54). Currently, there is no known direct counterpart of the
Ly49H-MCMYV m157 interaction described between a human NK cell receptor and a
HCMYV protein, although evidence suggests the possibility of a viral ligand for CD94-
NKG2C. Healthy blood donors that have previously been exposed to HCMV have an
increased proportion of NK cells bearing the lectin-like heterodimeric receptor CD94-
NKG2C compared to HCMV-seronegative donors (55). HCMV has also been reported to
induce the expansion of CD94-NKG2C* NK cells in healthy adults and children, as well as
in HIV-infected and leukemia patients (56-59). Moreover, HCMV shapes the NK cell
repertoire long after acute infection, as the percentage of CD94-NKG2C* NK cells remains
elevated even after therapeutic intervention and in asymptomatic HCMV™* donors that likely
contracted the virus during childhood (55, 58). The expansion of CD94-NKG2C* NK cells
was observed in vitro when human NK cells were co-cultured with HCMV-infected
fibroblasts, and was abrogated with a blocking CD94-specific mAb, supporting the
involvement of a specific receptor-viral ligand interaction (60). Strikingly, a recent report
showed a prolific expansion of CD94-NKG2C* NK cells (greater than 80% of all NK cells)
in an immunodeficient infant in which the NK cell response was carefully monitored during
an acute infection with HCMV (61), comparable to the 100-fold expansion observed for
mouse Ly49H* NK cells during MCMYV infection. Taken together, the evidence suggests
that CD94-NKG2C receptor on human NK cells might represent the functional counterpart
of the MCMV-specific Ly49H receptor in mice. This potential antigen-specific recognition
might represent an ideal system in which to initiate the search for human memory NK cells.

Similar to Ly49H, the activating CD94-NKG2C receptor complex associates with the
adapter protein DAP12 (62, 63). Both CD94-NKG2C and the highly related inhibitory
CD94-NKG2A receptor complex recognize HLA-E as their ligand (64, 65). However, the
nature of the HCMV-induced ligand that drives CD94-NKG2C™* NK cell expansion remains
elusive. Is HLA-E presenting a processed viral peptide recognized by CD94-NKG2C, or
does HCMV encode a CD94-NKG2C ligand expressed on the cell surface? Alternatively,
could HCMV be inducing a host protein that is subsequently being recognized by CD94-
NKG2C? Recently, a report hinted that CD94-NKG2C, but not CD94-NKG2A, binds
weakly to the HCMV UL18 glycoprotein (65). Our group has also previously shown that
expression of UL18 resulted in increased killing of HCMV-infected cells by human NK cell
clones, but this appeared to not involve CD94 (66). Further investigation is warranted to
conclusively determine whether a CD94-NKG2C - UL18 interaction is mediating expansion
of this NK cell subset during HCMV infection.

The traditional cell surface phenotype defining human NK cells is absence of CD3 and
expression of CD56, the 140-kDa isoform of neural cell adhesion molecule (NCAM) (67,
68). Two NK cell subsets have been characterized according to the cell surface density of
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CD56 and expression of CD16 (low-affinity Fcy receptor I1IA, FcyRIl1a), with
CD5649IMCD16P1 9Nt cells comprising ~90% and CD56PMStCD16Med/dim ce||s constituting
~10% of NK cells in the blood (69). Human NK cells, however, are a heterogeneous
population with respect to the expression of KIR, NKG2A, and natural cytotoxic receptors
(NCR). Recently, our group and others have examined expression of CD57, a carbohydrate
antigen that is expressed on subsets of human NK cells and T cells (70). CD57 is expressed
only on a minor fraction of NK cells in fetal tissues or cord blood (which represent the most
naive NK cells in humans), and the percentage of NK cells and T cells expressing CD57
increases with age (71-73). A recent study showed that CD57 is a marker linked to cellular
maturity of CD8" T cells and NK cells, and that it correlates with high cytolytic potential
(74). CD569MCD57~ NK cells can become CD569MCD57* after stimulation in vitro,
during the reconstitution of the immune system in a humanized mouse model and in patients
undergoing hematopoietic stem cell transplantation (75, 76). These studies suggest that as
mature NK cells differentiate from CD56P119M to CD56™M they lose expression of NKG2A,
NCRs, CD27, and CD62L, while acquiring CD16, LIR-1 (also named CD85J and LILRBL1),
Siglec-9, and KIRs, and the final stage of activation involves the acquisition of CD57 (75—
77).

Is the CD57 activation marker on human NK cells the equivalent of KLRG1 on the mouse
NK cells that have become activated and differentiated into effectors? Because CD8" T cells
expressing CD57 were reported to possess shorter telomeres than CD57 cells and express
an effector/memory phenotype (78, 79), it is possible that NK cells expressing CD57 might
also represent NK cells that have previously been driven into clonal expansion by
encounters with pathogens. The frequency of NK cells expressing CD57 varies in different
adult blood donors. Moreover, the frequency of NK cells expressing CD57 within a given
NK cell subset in an individual is not uniform; the percentages of CD57* and CD57~ NK
cells within the KIR2D, KIR3D, and NKG2A NK cell subsets in a single individual vary
considerably, suggesting that NK cells within these subsets exist at different stages of
activation or differentiation, likely as a consequence of different exposure to environmental
pathogens (75, 76). Further studies are necessary to determine whether the CD94-NKG2C*
NK cells that specifically expand during HCMV infection will upregulate CD57 expression,
and whether CD57 will serve as a marker for NK cells that can form a long-lived memory
cell population that respond against subsequent HCMV exposure.

As mentioned previously, memory NK cells in mice generated following MCMV infection
produce higher amounts of cytokines and degranulate more robustly compared with resting
NK cells (33). Surprisingly, the CD57* NK cell population produced less IFNy than CD57~
NK cells in response to activation by cytokines (i.e. IL-12 and IL18), but had higher
amounts of granzymes (75). Although they degranulated similarly in response to stimulation
via the majority of activating receptors, CD57* NK cells responded better to stimulation
through CD16 compared to CD57~ cells (75). It remains to be determined how CD57* NK
cells bearing a virus-specific receptor such as CD94-NKG2C will behave in vivo during a
secondary infection or HCMV reactivation. Thus, although CD57 is a good candidate as a
marker of highly mature NK cells that may have been driven to expand in response to
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pathogens, further studies are necessary to determine if CD57* NK cells represent a long-
lived memory cell population in humans.

Challenges and barriers

The study of human NK cells poses many challenges and barriers, not least of which are the
logistical difficulties. First, trafficking of NK cells may contribute to their maturation,
function, and longevity, but there is a dearth of information about human NK cells residing
in different organs or at the site of infection as most human studies use NK cells from the
peripheral blood. Second, there is high variability in the expression of NK cell receptors
between individuals, in addition to the extensive polymorphism in the KIRs and their HLA
ligands (80-82), thus making the number of donors or patients analyzed in any study crucial.
Third, most of the functional data is obtained from ex vivo experiments or with cytokine-
activated NK cells, which may alter surface receptor expression and cell function. Finally,
assessing NK cell numbers and function in response to infection with pathogens is
complicated by the fact that in most cases the dose, route, and time of pathogen exposure are
unknown. In addition, treatment of infections with antibiotics and antiviral agents may
adversely influence immune responses and NK cell responsiveness.

To demonstrate that a specific human NK cell population responds to a pathogen and that
antigen-specific NK cells persist after infection, longitudinal studies are required. For
HCMV, like most herpes viruses, the majority of the infections are asymptomatic and occur
during childhood or adolescence, therefore determining when infection was initiated is
difficult. HCMV persists in approximately 60% of the human population and once infected,
the virus is never eliminated, but must constantly be restrained by the immune system.
Although HCMV causes only subclinical disease in healthy humans, it can be life-
threatening in newborns and immunocompromised or immunosuppressed individuals (83—
85). In solid-organ transplant patients, where immunosuppressive drugs are used to prevent
graft rejection, more than half suffer from clinical manifestations of CMV infection if they
are not treated prophylactically with antiviral drugs (83). Therefore, given that many (~30%
for the bone marrow transplant patients) of these people will demonstrate re-activation of
HCMV, transplantation patients could pose an interesting cohort for longitudinal study of
NK cells in response to HCMV infection in vivo. Even so, caveats due to
immunosuppressive therapeutics administered to the transplant patients and/or the immature
differentiation state of the NK cells in the bone marrow transplant patients will likely
influence the NK cell response to reactivation or infection with HCMV, potentially
confounding interpretation of such studies. Moreover, these patients are susceptible to
opportunistic infections in addition to HCMV that may influence the NK cell response.

Conclusions

The study of NK cell memory in mice and humans is just beginning. The identification of
these long-lived NK cells in mice opens up the possibility that similar populations exist in
humans. As specific NK cell responses against many viruses (including herpesviruses,
poxviruses, HIV, and influenza) have been described and more NK cell receptor-viral ligand
interactions are being elucidated, NK cell subsets can be considered in the design of
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adoptive immunotherapy regimens against acute viral infection. Given the current interest in
developing strategies to apply NK cells as therapeutic agents against a broad range of
malignancies (86, 87), and approaches to augment NK cell function during chronic viral
infections (such as HIV-1 and hepatitis C virus), NK cells have the potential to be exploited
as another branch of immunity that can confer long-term protection through vaccination.
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MCMV mouse cytomegalovirus

HCMV human cytomegalovirus

LCMV lymphocytic choriomeningitis virus

vzv varicella zoster virus

EBV Epstein Barr virus

HIV human immunodeficiency virus

KIR killer-cell immunoglobulin-like receptor

NCR natural cytotoxicity receptor

MHC major histocompatibility complex

HLA human leukocyte antigen
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FIGURE 1.
(A) The virus-specific NK cell response to MCMV infection. During MCMV infection,

resting Ly49H"* NK cells become activated and undergo an expansion phase resulting in the
generation of more effector cells. The expansion phase is followed by the contraction of
effectors resulting in long-lived memory NK cells months after initial infection. (B) The
gene array profile of different stages of the Ly49H* NK cell response to MCMYV infection.
Congenic Ly49H" NK cells were adoptively transferred prior to MCMV infection, as
previously described (33). The transcriptional signature of naive (day 0), activated (day 1.5),
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effector (day 7), contracting (day 14), and memory (day 30 and 50) NK cells is unique at
each time point following MCMYV infection. Ly49H" NK cells from 3 separate mice at each
time point were individually sorted on a FACSAria for RNA isolation (except for day 30
and day 50 time points done in duplicate). Samples were hybridized on the MEEBO
microarray platform against reference mouse RNA, as previously described (88). All
microarray data are available through the Gene Expression Omnibus under accession
number GSE25672.
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A comparison of CD8* T cell and NK cell differentiation and memory generation following
viral infection. Phenotypic and functional descriptions of resting, effector, and memory T
and NK cells are shown. (lo, low; int, intermediate; hi, high)
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