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authors have in fact already isolated two different members of the family. The availability
of the entire genome sequence should permit
the resolution of this issue in the very near
future.
The new receptor’s dual specificity for
IgM and IgA was not a predictable feature for
an IgM receptor on B cells and monocytes.
Although the polyspecificity of the pIgR
transporter is easy to rationalize, it is more
difficult to articulate the type(s) of selective
advantage that could be conferred by this
dual specificity in the context of B cells,
monocytes and macrophages. This is especially true in view of the fact that there is
another IgA receptor (CD89) that does not
bind IgM. This receptor does not belong to
the chromosome 1 family although it also
contains
two
immunoglobulin-related
domains. Its gene is found on human chromosome 19 (Fig. 1)1. No mouse counterpart
has been isolated so far. CD89 is expressed
on, among other cells, monocytes where the
new Fcα/µR is also expressed. Therefore
human monocytes express at least two IgA
receptors and their respective functions will
need to be dissected.
Another unexpected feature of the Fcα/µR
relates to the structure of its binding site.
One of the hallmarks of the FcR family is
that these receptors resemble their own

ligands: they contain immunoglobulin-related domains capable of binding the immunoglobulin ligand. Until now, all Fc receptors
in this family have been found to contain at
least two of these immunoglobulin-related
domains. The recent solving of the crystal
structure of two different FcR-immunoglobulin complexes has shown that the FcRimmunoglobulin binding interactions require
more than one of the immunoglobulin-related domains of the FcR7,8. It is therefore
remarkable that the new Fcα/µR contains
only one immunoglobulin-related domain
and is still capable of binding both IgM and
IgA with high affinity. The authors point to
the clear homology between the single
immunoglobulin domain of the FcRα/µR
and the first of the five immunoglobulinrelated domains of the pIgR. It is known that
the latter domain is required for IgM and IgA
binding, but it is thought that the main common component of dimeric IgA and pentameric IgM is binding the J chain9. On that
basis, one would expect that the single
immunoglobulin-related domain of the
FcRα/µR would also bind the J chain, but
this does not appear to be the case.
Monomeric IgA, which does not have J
chain, also binds to Fcα/µR. Therefore, one
can predict that a new type of intermolecular
binding must exist between IgM or IgA and
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cell-cell contact, where they are released to execute the lysis of target cells. In this issue of
Nature Immunology Jiang et al. elucidate this
pathway almost from start to finish1.
NK cells lyse target cells via spontaneous or
antibody-dependent cytotoxicity (ADCC). In
both cases, phosphorylation resulting from
engagement of receptors involved in target cell
recognition results in the activation of specific
protein kinases (the primary kinases being Src
family kinases and Syk2) that are central to NK
cell functions, including granule release. Also,
in both cases, pharmacological inhibition of
members of the mitogen-activated protein
kinase (MAPK) family, specifically extracellular signal-regulated kinase (ERK) and p38, or
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Once natural killer cells identify their targets
they engage their lysis machinery.
Spontaneous, unlike antibody-dependent,
cytotoxicity predominantly uses a
Ras-independent pathway to accomplish this
activation.

BICE PERUSSIA

One mechanism by which sensitive target cells
are lysed by natural killer (NK) cells and cytotoxic T lymphocytes (CTLs) is through the
release of cytotoxic mediators (perforin and
granzymes). These are stored in cytoplasmic
granules preformed in NK cells and generated in
CTLs upon peptide–major histocompatibility
complex (MHC) recognition by the T cell receptor (TCR)-CD3 complex and consequent functional maturation to effector cells. The interaction between cellular ligands on the target cell
and specific receptors on the effector lymphocytes leads to aggregation of the receptors. This
initiates a series of biochemical events responsible for the redistribution of the granules and
their concentrated constituents to the area of

the single immunoglobulin domain of the
Fcα/µR.
Whether a single member or the first-born
in a new family, Fcα/µR (and the potential
siblings) are likely to play a fundamental
role in mediating IgM and IgA effector functions in both innate and adaptive immunity
and may in fact be the missing link between
the two. The genetic targeting of this receptor will help to determine its precise role
regarding these functions and to define its
full functional impact in the immune defense
system.
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overexpression of nonfunctional, mutated
forms of these kinases, inhibits granule redistribution and release after target cell binding.
Several intermediate molecules in the pathway
of MAPK activation have been identified, but
the exact sequence in which these kinases
influence each other’s activity had not been
established. In this issue, Jiang et al. propose
that the redistribution of lytic granules (as
determined by the movement of perforin and
granzymes) in primary NK cells during spontaneous cytotoxicity depends on the receptortriggered sequential recruitment and activation
of a Rac1→p21−activated kinase 1
(PAK1)→MAPK kinase (MEK)→ERK pathway that is activated in a Ras-independent
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The involvement of Ras in FcγIIIRA activaWith the exception of the most proximal
fashion by phosphatidylinositol-3 kinase
(PI3K). This sequence of signal transducers tion is further supported by the transient tyro- events (involving the Src family, ZAP-70 and
functions in a unique pathway in NK cells and sine phosphorylation of the protooncogene Syk kinases in the case of FcγRIIIA, and the
through activation of the MAPK ERK signal- Vav, which associates with Syk4. Additional proline-rich Pyk2 tyrosine kinase in the case of
ing element leads to tumor cell lysis.
complexes identified are those formed by Cbl β2 integrins6) the same type of complexes and
In ADCC, the most relevant receptor signal- in association with Grb2. Interestingly, the kinases discussed for FcγRIIIA-mediated siging for ERK-dependent granule release is Fcγ Shc-Grb2 complexes seem to associate prefer- naling are detected in β1 integrin–stimulated
RIIIA, which recognizes IgG-coated target entially, if not exclusively, to the FcγRIIIA NK cells7. In addition, analogous to what is
cells. In spontaneous cytotoxicity, however, associated with the ζ chain, but not the γ chain. reported by Jiang et al., β1 integrin ligation is
several distinct surface proteins are likely This suggests the possibility that the two types accompanied by the activation of the small G
involved. Only a few of these “activating” of receptor may couple to distinct biochemical protein Rac1 and the Rac guanine nucleotidereceptors have been identified, including the β2 pathways, the role of which in granule, exocy- exchange factor p95 Vav, both of which control
integrin family member CD18-CD11b (also tosis, remains to be established. In both cases, p38 MAPK activation in this case6.
known as Mac-1 or CR3) and NKG2D. however, PI3K is detected associated to the Interestingly, NK cells overexpressing Vav, but
Whether granule redistribution in all cases receptor, and its enzymatic activity is neces- not a mutant without exchange-factor activity,
depends on activation of a single predominant sary for granule release to occur2,4,5. Thus, a mediate significantly increased ADCC and
pathway, or represents the net result of the Ras-dependent pathway, unlike the Rac-1 spontaneous cytotoxicity. Conversely, expresactivation of and crosstalk between several dependent one discussed by Jiang et al. for sion of a dominant-negative Rac-1 correlates
possibly different ones specifically elicited by spontaneous cytotoxicity, seems to correlate with decreased NK–target cell conjugate fordistinct receptors, remains to be established. with ERK activation in ADCC.
mation and decreased polarization of lytic
By examining the pathway
proposed by Jiang et al. one
can begin to establish comTarget cell
mon features and differences
MICA
?
between this and previously
IgG
2
reported pathways, such as
3
3
1
the FcγRIIIA or β integrins
β integrin
β integrin
DAP-10
which are triggered upon
R ?
NKG2-D
engagement of defined
LAT
ζ
γ
NK cell
receptors and which particip56
Lck
pate in granule redistribution
Syk
and/or release in ADCC or
PI3K
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p36
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spontaneous
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(Fig. 1).
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Granule
the GTP-GDP exchange proSoS
Vav Syk
polarization
tein encoded by the Ras protooncogene is also activated,
Cbl
PAK-1
as supported by the transient
Ras
Grb2
accumulation of the GTP?
PI3K
bound form of Ras3. The p52
MEK
and the p46 forms of the
MEK
?
oncoprotein Shc become
phosphorylated and Shc
immunoprecipitates from
Cytotoxic
Erk
Erk
granules
FcγRIIIA-stimulated
NK
polarization
cells containing Grb2, a Src
p38
homology 2 (SH2) and SH3
domain–containing protein,
IL-18
and an undefined 145-kD
IFN-γ
TNF-α
phosphoprotein. Grb2 not
only binds to Shc, but its SH2
domain binds to the p36 LAT
tyrosine
phosphoprotein. Figure 1. Signaling events in NK cell-mediated cytotoxicity. The molecules (receptors, adapters, and kinases) reported to be
Although a direct link involved in signaling pathways activated in NK cells (bottom) upon target cell recognition (top) are schematically indicated. Left: sigbetween Ras activation and naling during ADCC, initiated upon engagement of FcγRIIIA by IgG–target cell immune complexes. Right: signaling during spontaneous
formation of these complexes cytotoxicity, initiated upon engagement of undefined (R?) or defined (NKG2D) “activating” receptors with their undefined (?) or
known (MICA) ligands, respectively. The pathways involved in the signaling initiated upon engagement of β integrins by their target
is not established, the same adhesion molecules are indicated on both sides (arrow pointing toward the effector-target cell contact area). Kinases central to cytotypes of complexes partici- toxic granules polarization are circled; effector functions known to depend on the activity of specific intermediates are boxed; ?, indipate to the activation of Ras. cates steps to be still completely defined.
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granules to the area of contact between killer
and target in those NK cells still capable of
conjugate formation8. In spontaneous cytotoxicity, like during ADCC, LAT is phosphorylated, and the overexpression of LAT results
in enhancement of both ADCC and spontaneous cytotoxicity. Together, these data pinpoint similarities between the pathways
induced during ADCC and spontaneous cytotoxicity. It will be interesting to determine
whether the events leading to ERK activation
in the FcγRIIIA-mediated granule release are
the same as defined by Jiang et al.
The pathway defined by Jiang et al. in NK
cells seems to differ from the classical TCR
signaling pathway triggered by ligation of
peptide-MHC. That pathway involves association of Grb2-Sos complexes with the TCR
and recruitment of Ras, rather than Rac, to the
plasma membrane, with consequent Raf-1
binding to GTP-bound Ras, Raf-1 activation,
phosphorylation of the dual MEK-1 kinase
and ERK phosphorylation and activation.
Two recent reports, however, have presented
data that support similarities with NK cells in
the TCR-induced pathways responsible for
cytoskeletal reorganization in T cells. A Vavdependent Rac-1 phosphorylation event may
be induced upon interaction of the TCR with
peptide-MHC on antigen presenting cells
(APC). This leads to the cytoskeletal reorganization that allows antigen-presenting cell–T
cell conjugate formation and the instigation of
the “immunological synapse”9. In addition,
Rac-1 was found to act both downstream and
upstream of PI3K in the pathway leading to
cytoskeleton rearrangements upon TCR
engagement10.
The results of Jiang et al. show that ERK
activation, and the pathways leading to it, are
abrogated in PI3K–inhibited NK cells. All of
the pathways can be restored in these cells,
except in MAPK-inhibited cells, upon overexpression of wild-type, but not negative-mutant
Rac-1 or PAK-1, which convincingly supports
the conclusion that PI3K plays an essential
role in regulation of the MAPK pathway leading to granule redistribution in spontaneous
cytotoxicity. The lack of effect of pharmacological inhibitors of PI3K on spontaneous
cytotoxicity mediated by cloned human NK
cells2 had previously excluded a role for this
lipid kinase in spontaneous cytotoxicity. We
can speculate and attempt to reconcile Jiang’s
data with the previous inhibitor studies, taking
into consideration several points. The first is
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that conclusions drawn from experiments performed with pharmacological inhibitors suffer
from caveats related to possible unrecognized
effects on proteins that are different to those
for which they are known to be specific. On
the other hand, overexpression of genes
encoding specific kinases or adapter proteins
may significantly alter the physiological balance of the different factors involved in specific cellular functions. Extreme situations
can be created under these conditions.
However, with the combined use of several
approaches and relevant controls, one can reasonably assume that the data obtained under
these experimental conditions reflects actual
possibilities. These may not equate exactly
with the reality, but likely are its best approximation.
Second, cytotoxicity can be measured only
by allowing effector-target cell contact.
Numerous molecules on the effector cells,
including adhesion molecules, are likely to
bind their own ligands on the target cells at
the same time that receptors recognizing specific “activating” ligands are engaged.
Depending on the relative numbers and affinities of the different interactions involved, several biochemical pathways may be elicited,
and their contribution to the observed net
result cannot be dissected independently. For
example, signals are likely to be transduced,
during both ADCC and spontaneous cytotoxicity, by ICAM-1 binding to its ligand LFA-1
(another β2 integrin family member) the neutralization of which results in inhibition of
both ADCC and spontaneous cytotoxicity.
Expression of adhesion molecules on target
cells or on the clonal NK cell populations
used in different laboratories may vary and so,
therefore, may the number and/or interactions
of the pathways generated. Polyclonal cell
populations best approximate physiological
conditions.
Based on these considerations, it seems reasonable to accept that the results of Jiang et al.
at best recapitulate what happens in NK cells.
However, the possibility remains that other
PI3K-independent pathways, possibly with a
minor role in granule release, are elicited during spontaneous cytotoxicity. In this regard,
the data of Jiang et al. actually suggest the
possible existence of a Rac-1 independent
(likely PI3K-independent) pathway induced
upon NK-target cell interaction. Whereas the
levels of active MAPK in the MEK
inhibitor–treated NK92 cell line expressing
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active Rac1 appear similar to those in the
DMSO-treated control cells infected with the
same viral construct, in primary NK cells they
remain lower. The question of whether such a
pathway exists awaits additional work. The
role in granule release of a possible minor
PI3K– and Rac-1–independent pathway could
be addressed by testing whether a nonoptimal
restoration of the cytotoxic potential of the
MEK inhibitor–treated NK cells expressing
active Rac-1 is observed in cytotoxicity assays
with serially lower numbers of effector cells.
Finally, in a broader context, the data of
Jiang et al. may have relevance to the mechanisms underlying functions not only of NK
cells but also of other effectors of innate immunity. “Activating” immune receptors are being
identified on most leukocyte types. They share
accessory signal-transducing subunits that are
associated with distinct ligand binding subunits. Within the cytoplasmic domains of one
of these, DAP-10 (associated with the NKG2D
receptor for stress-induced MICA on NK and T
cells), an SH2 domain-binding site capable of
recruiting PI3K has been identified11.
Additional transmembrane adapter proteins,
like KAP10, that can directly bind PI3K and
Grb2 are being cloned from the effector cells in
innate immunity12. Based on the data by Jiang
et al., it may be possible that pathways similar
to that reported here for granule redistribution
in spontaneous cytotoxicity are induced by
these receptors. It will be important to determine whether PI3K is central to the signal
transduction events elicited upon stimulation
of these receptors, whether it plays a common
role or one more specific to the functions of the
cells expressing them, and to exploit the
knowledge derived from this report to identify
new activating receptors.
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