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Shaping of adaptive immunity by innate interactions
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Abstract

In inflamed tissues, the reciprocal interaction between Natural Killer (NK) cells and Dendritic Cells (DC) results in a potent
activating cross talk that leads to DC maturation and NK cell activation with acquisition of NK-mediated cytotoxicity against
immature DC (iDC). We focused our stedion NK-mediated killing of mnocyte-derived iDC and we provided evidence that
NK cells that express CD94/NKG2A but noitlkr Ig-like receptors (KIR) are able talkautologousiDC. Indeed HLA-E (i.e.
the cellular ligand of CD94/NKG2A) is sharply reduced in iD@hereas it is partially recovered in mDC. The latter are lysed
only by a small fraction of NK clones checterized by low levelsfaCD94/NKG2A expression. Aother NK receptor, whose
surface density is crucial for the abilitg kill iDC, is represented by NKp30, aember of the NCR (Natural Cytotoxicity
Receptor) family. We showed that transforming growth fagtar(TGFB1) treatment results in specific downregulation of
NKp30 expression. This effegrofoundly inhibits the NK-medited killing of DC suggesting a possible mechanism by which
TGFB1-producing DC may acquire resistance to the NK-mediated atfxkite this article: R. Castriconi et al., C. R.
Biologies 327 (2004).
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Natural killer cells are specialized effector cells that cellular ligands. In human NK cells, the inhibitory re-
within the immune system play a major role in hostde- ceptors include KIRs (Killer—Cell Immunoglobulin-
fence against tumour or pathogen-infected dallg]. like receptors) specific for groups of alleles of MHC
In spite of their relevance in defence mechanisms, ma- class |, and the CD94/NKG2A heterodimer specific
jor questions concerning their mode of action and their for non-classical HLA-E moleculeg8-5]. In partic-
precise nature were only recently clarified. Indeed it ular, the three KIRs that bind different subgroups
has been well established that NK cell activity is regu- of HLA-C alleles (KIR2DL1-KIR2DL3)[6-9] and
lated by a complex balantetween inhibitory and ac-  KIR3DL1 [10-13] which is specific for HLA-BW4
tivating signals that are mediated by an array of differ- alleles, seem to play a major role in the inhibitory
ent cell-surface receptors upon engagement by specificcontrol of NK-cell-mediatedytotoxicity against HLA

class I normal target cells. On the other hand, acti-
~* Corresponding author. vating signals take place only in the case of partial or
E-mail address: alemoret@unige.it (A. Moretta). total loss of HLA class | molecules, which occurs for
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example during tumour transformation or viral infec-
tions[5,14,15] A remarkable exception to this rule is
represented by the ability of NK cells to kill normal
autologous HLA classl dendritic cells (DC). In this

context, it has recently been shown that the cognate in-
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ity to kill monocyte-derived iDC. Indeed, consistent
with our hypothesis, only a fraction of NK cell clones
tested showed spontaneous cytotoxicity against autol-
ogous iDC. On the basis of this cytolitic propriety and
considering the phenotype in terms of expression of

teraction between these two cellular types results in a KIR2DL, KIR3DL1 and CD94/NKG2A, we grouped

potent cross signallinfl. 6—21] which results in prim-
ing, proliferation and activation of NK cells. More-
over, once activated, NK cells acquire the ability to kill
immature DC (iDC) and may also induce DC matura-
tion (Fig. 1). The observation that the cytolytic activity
of polyclonal NK cell populations against autologous
iDC could be incremented in the presence of anti-HLA
class | mAb prompted us to investigate whether het-
erogeneity existed among NK cells in their capabil-

TGFB1

these clones into three different functional categories.
A first group (group A) of NK clones was charac-
terized by high spontaneous cytolytic activity against
iDC. These clones expressed the CD94/NKG2A com-
plex but lacked KIR2DL and KIR3DL1 molecules re-
active with self-HLA class | alleles. NK cell clones be-
longing to a second group (group B) were able to spon-
taneously kill iDC. However, at variance with group-A
clones, their cytotoxicity could be increased by mask-
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Fig. 1. Regulation of NK-mediated lysis of immature D@)(The ability to kill iDC is restricted to an NK subset characterized by the

CD94/NKG2AT surface phenotype; indeed the amount of HLA-E molecules expressed by iDC is not sufficient to efficiently engage NKG2A.

This results in NKp30-induced iDC lysis by NK cellsBY TGFS1 treatment induces a strong downregulation of NKp30 molecules and
dramatically reduces the NK-mediated cytotoxicity against iDD). Qptimal interactions between classical HLA-I alleles and KIR prevent

iDC lysis by KIRT NK cells.
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ing HLA class | or NKG2A molecules thus indicat-
ing that the partial inhibition of cytotoxicity was me-
diated by CD94/NKG2A. A third group (group C) of
clones did not display cytotoxicity against autologous
iDC and expressed KIR2DL or KIR3DL1 receptors.
In line with this data, reconstitution of their cytolytic
activity against iDC could be obtained with anti-KIR
mADbs. Finally a minor fraction of group C NK cell
clones was KIR CD94/NKG2A" and their cytotoxi-
city could be reconstituted by mAb-mediated blocking
of CD94 molecules.

Then we tested the cytolitic activity of the var-
ious NK cell clones against iDC derived from al-
logeneic (KIR-mismatched) individual22]. In this
case, KIR", NKG2A~ cells were alloreactive because
their KIRs receptors failed to recognize HLA class |
alleles on allogeneic DC. Otherwise, as expected, in
the case of NKG2A, KIR™ clones no substantial dif-
ference existed in the ability to kill autologous or al-
logeneic iDC. Altogether this analysis indicated that
among different NK cells, the ability to kill autolo-
gous iDC is restricted to an NK subset characterized
by the CD94/NKG2A KIR™ surface phenotype (al-
though all NK cells could lyse iDC in the presence
of anti-HLA class | mAb). This would suggest that
sufficient interactions between classical HLA-I mole-
cules and KIR could occur at the iDC surface while
on the contrary the amount of HLA-E would be in-
adequate to efficiently engage NKG2A molecules on
effector NK cells. Indeed we could verify that HLA-E
(detected by the HLA-E-specific 3D12 mA[3] was
almost undetectable in iDC (downregulated as com-
pared to monocytes), while it was only partially re-
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restored upon mAb-mediated disruption of the HLA
class I/KIR interactions.

The different ability to lyse iDC and mDC dis-
played by NK clones was likely due to the higher
expression of HLA-E in mDC as compared to iDC.
Since the cytolytic activity of a given NK cell clone is
the result of a balance between inhibitory and trigger-
ing receptors, we analysed the levels of expression of
the inhibitory and activating molecules particularly in-
volved in DC interactions. Therefore we focused our
attention on the expression of NKG2A (i.e. the re-
ceptor for HLA-E) and of NKp30, the triggering re-
ceptor belonging to NCR familj24], which plays a
predominant role in the induction of NK-mediated ly-
sis of iDC and mDC[16] This analysis revealed that
KIR-NKG2A™ clones belonging to group C, able to
lyse iDC only upon masking of NKG2A molecules,
expressed very high levels of NKG2A as compared
to group-A and -B clones. Moreover, group-A NK
clones, able to kill spontaneously iDC, were character-
ized by a lower expression of NKG2A as compared to
group-B clones. These data indicate the existence of an
inverse correlation between the levels of NKG2A ex-
pression and the ability to kill DC. The low amounts of
HLA-E molecules expressed in iDC may be differen-
tially sensed by NK cells expressing high or low lev-
els of NKG2A, while mDCs (expressing higher levels
of HLA-E) are susceptible to lysis only by NK clones
characterized by very low NKG2A surface density. At
variance with NKG2A, the expression of NKp30 was
comparable in most NKG2A clones analysed.

The finding that NKp30 represents the major NK
receptor involved in killing of DC[16] led us to in-

expressed on mDC. Based on these results, we con-vestigate whether certain soluble factors (such as cy-
sidered that a better understanding of the role played tokines) could modulate the NKp30 surface expres-
by HLA-E molecules in preventing DC lysis could de- sion impairing the ability of effector NK cells to lyse
rive from the analysis of mDC. Thus these cells were DC. To this end NK cells were cultured in the pres-
assessed for susceptibility to the same panel of NK ence of different immunomodulatory cytokines, in-
clones tested against iDC. Our data indicate that most cluding IL4 and IL10[25-27] The only cytokine
NK clones that lysed iDC did not kill mDC. In par- that exerted a significative effect was represented by
ticular, in the case of group-A clones, lysis of autolo- Transforming Growth Factor beta 1 (TBE) [28].
gous mDC was lower as compared to that of iDC, but Indeed TGIB1-conditioned fresh NK cells showed a
could be increased by mAb-mediated masking of HLA sharp down-regulation of NKp30 surface expression,
class-1 molecules. Regarding group B NK clones, they while the surface density of other receptors includ-
lysed mDC only in the presence of anti-HLA class | or ing NKp46 [24] or co-receptors such as 2H29],
anti-CD94 mAbs. Finally clones belonging to group C NTBA [30] and NKp80[31] was comparable to that
(in most instances KIR), unable to kill iDC, also detected in NK cells cultured with rIL-2-alone. This
failed to kill mDC and cytotoxicity against mDC could  effect was observed also on established polyclonal
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and clonal NK cells, cultured in the presence of rIL-2
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of TGFB1-conditioned NK cells is not significantly re-

for over one month. Further studies revealed that the duced as compared to untreated cells.

TGFB1-mediated downregulation of NKp30 was a

So here we deepened some aspects regarding NK

consequence of gene regulation at the transcriptional cell-DC interaction. First we demonstrated that the

level. The finding that TGB1 selectively inhibited

cytotoxicity against iDC is restricted to a subset of

the surface expression of NKp30 suggested a pos-NKG2ATKIR™ NK cells. These cells are believed to

sible effect on the NK-mediated killing of DC. So
iDC were analysed for their susceptibility to lysis by
polyclonal NK cell populations cultured either in rlL-
2 alone or in the presence of TBE. In agreement
with previous datd16], iDC were efficiently lysed
by rIL-2-cultured NK cells and, as demonstrated by
mAb-mediated interruption of NKp30/NKp30L inter-

mediate a crucial qualitgontrol of DC undergoing
maturation in peripheral tissues keeping in check the
expression of HLA-E at the DC surfa¢&9]. More-
over we showed that TGR, by inducing a dramatic
downregulation of NKp30 molecules, could limit the
NK-mediated attack preserving and regulating the size
of DC pool. In this context, it has been shown that

actions, the lysis was almost completely dependent on TGFS1 is produced by iDC in response to the uptake
the engagement of NKp30 molecules. Remarkably the of apoptotic bodies generated during physiological tis-

TGFB1-treated NK cells displayed a dramatic reduc-
tion of cytotoxicity againstiDC. The residual lysis was
mostly dependent on NKp30sie a further reduction
was detected upon the addition of anti-NKp30 mAb.
We also analysed the effect of T@E-conditioning on
the ability of NK cells to kill mature allogeneic KIR-
mismatched DC (mDC) susceptible to NK-mediated
killing. Unlike NK-mediated lysis of iDC the cyto-
toxicity against mDC was only patrtially inhibited by
anti-NKp30 mAb, thus suggesting that additional ac-
tivating receptors may be involved in triggering of
NK cells upon interaction with mDC. Indeed, differ-
ent fromiDC, lysis of mDC could be inhibited, at least
in part, also by mAb-mediated masking of NKp46.
According to this observation, TGH-conditioning
only partially affected the NK-mediated lysis of mDC.
Moreover, a significant reduction of mDC lysis was
obtained by mAb-mediated masking of both residual

NKp30 and NKp46 molecules. Taken together, these

data provide evidence that the NK-mediated killing of

sue regeneratiof33].
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