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interaction
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SUMMARY

When T effector cells meet antigen-bearing target cells, there is a specific accumulation of T-cell
receptors, co-receptors and structural proteins at the point of cell–cell contact. Ly49 inhibitory
receptors bind to murine major histocompatibility complex (MHC) class I molecules and prevent
natural killer-(NK) cell cytotoxicity. In this study we have tested whether inhibitory receptors
accumulate at the point of cell–cell contact when NK cells encounter target cells bearing MHC
class I ligands for those inhibitory receptors. We have used RNK-16 effector cells that express
Ly49A receptors and have found that there was a specific accumulation of Ly49A receptors at
the point of NK cell–target cell contact when the target cells expressed H-2Dd. We also observed
that engagement of Ly49A on NK cells resulted in an altered redistribution of potential triggering
receptors CD2 and NKR-P1. These data indicate that inhibitory receptors, like activating
receptors, may specifically aggregate at the point of cell–cell contact which may be necessary for
them to mediate their full inhibitory effect.

INTRODUCTION MHC class I molecules on target cells and inhibits lysis of
cells expressing these MHC class I ligands.7,10,11

Natural killer (NK) cells are large granular lymphocytes that
Although many details remain unclear, the general picturecan kill tumour and virus-infected target cells in what has

that has emerged suggests that when an NK cell encounters abeen described as a non-major histocompatibility complex-
target cell there is an initial activation by triggering receptors(MHC) restricted manner.1 The ability of NK cells to kill
that leads to Ca2+ mobilization and activation of varioustarget cells is believed to be determined by both positive
kinases.12–15 These kinases will activate a series of signalling(activating) and negative (inhibitory) signals.2–4 Evidence sug-
events that eventually lead to a co-ordinate repositioning ofgests that there are several activation and/or adhesion receptors
the Golgi apparatus (GA) and microtubule-organizing centrethat can be involved in NK-cell recognition and lysis of
(MTOC) inside the NK cell towards the target cell, resultingdifferent target cells. Which specific activating receptors are
finally in a polarized secretion of cytotoxic granules.16,17 Therequired probably depends on which particular target cell is
release of the granule contents, including perforin and variousencountered. Several putative activation receptors, such as
granzymes, leads to death of the target cell. The inhibitoryCD2, NKR-P1, and FcRcIII, have all been proposed to be
receptors of the Ly49, CD94 and KIR families recognizinginvolved in NK cell recognition of target cells.
MHC class I molecules on target cells recruit specific phospha-Extensive families of inhibitory receptors have been found
tases, notably SHP1, and prevent the lytic process.18–20on mouse, rat and human NK cells.5,6 Inhibitory receptors

In addition to the rearrangement of the MTOC and GA,belonging to the murine Ly49 receptor family have been shown
there is an initial accumulation of specific activating receptorsto transduce a negative signal into NK cells when engaging
and structural proteins at the point of cell–cell contact.21MHC class I ligands on target cells and thereby prevent killing
When cytotoxic T lymphocytes (CTL) recognize target cells,of tumour targets expressing the corresponding ligands for the
the T-cell receptor (TCR) and CD8 co-receptor accumulatereceptor.7–9 Ly49A binds specifically to H-2Dd and H-2Dk
at the point of contact between the CTL and the target cell.17
Secretory granules containing lytic proteins also reorient within

Received 14 December 1998; revised 26 February 1999; accepted the CTL towards the cell–cell contact area.17,22 In the case of
26 February 1999. T helper cells encountering an antigen-pulsed, antigen-

Abbreviations: GA, Golgi apparatus; MTOC, microtubule organiz- presenting cell (APC), the TCR, CD4 and lymphocyte func-
ing centre. tion-associated antigen-1 (LFA-1) all aggregate at the point

of T-cell–APC contact.16 In this case cell differentiation ratherCorrespondence: M. Eriksson, Umeå Center for Molecular
Pathogenesis, Umeå University, S-901 87 Umeå, Sweden. than cell killing is involved, however, intracellular rearrange-
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ments such as a rapid MTOC/GA reorientation and talin allowed to settle on to poly -lysine-coated glass slides. Cells
were incubated together for the indicated time periods at 37°redistribution appear to be similar to those observed in CTL.

Many inhibitory receptors have been identified in the past in a humidified 5% CO2 atmosphere. Cells were subsequently
fixed in acetone for 10 min at 4° or fixed in 2%several years, yet nothing is known about how they are

distributed during cell–cell interactions and how they may paraformaldehyde/PBS for 20 min at 4°, washed and labelled
with primary A1 mAb (anti-Ly49A) followed by FITC-conju-alter the accumulation of other receptors and proteins.

Although triggering receptors have been demonstrated to gated goat anti-mouse antisera, or FITC-conjugated anti-CD2
or FITC-conjugated anti-NKR-P1. After washing, the cellsaccumulate to the point of cell–cell contact, there is no a priori

reason that inhibitory receptors must behave in the same were mounted in p-phenylenediamine (PPD)/glycerol. All
slides in the experiments were coded in a blinded manner andmanner. In this study we addressed these issues by examining

the distribution of murine Ly49A receptors during NK cell– analysed under an immunofluorescence microscope as follows.
The slides were searched for target cells (blue colour) thattarget cell interactions. We also studied the localization of

potential triggering receptors CD2 and NKR-P1 on NK cells were bound to an effector cell (non-blue cell ). The morphology
of the cell couple was checked under phase contrast and finallywhen bound to susceptible target cells compared with resistant

target cells expressing H-2Dd. Our findings indicate that Ly49A the expression and distribution of the cell surface receptors
(green colour) was analysed. Cell couples that met all criteriainhibitory receptors localize to the cell–cell contact point

between NK cells and target cells expressing the MHC class I as acceptable conjugates were scored for distribution of the
FITC label as aggregated or non-aggregated. Digital picturesligand for Ly49A, H-2Dd. Furthermore, our data suggest that

accumulation of Ly49A alters the redistribution of triggering from the conjugation experiments were taken using a Zeiss
Axiophot universal microscope connected to a Hamamatsureceptors CD2 and NKR-P1 upon NK-cell interaction with

resistant target cells compared to susceptible target cells. 3CCD C5810 colour camera. Appropriate filters for immuno-
fluorescence analysis of labelled conjugates were used and
images were aquired using associated software and imported

MATERIALS AND METHODS
into Adobe Photoshop@.

Cell culture and cell lines
Chromium release assaysThe following cells were used in these experiments: the RNK-16
Chromium release assays were performed as previously49.9 rat NK leukaemia (referred to in this paper as RNK-16
described.24 YB and YB-Dd target cells were first surface49A) and the YB2/0 (YB) and YB2/0-Dd (YB-Dd ) rat B-cell
biotinylated as described above, and labelled with 100 mCi oflines have been previously described.20 The cells were cul-
Na251CrO4 (Amersham, Bucks, UK) for 1 hr and washedtured in RPMI-1640 glutamax (Gibco) supplemented with
before their use as targets in subsequent cytotoxicity assays.50×10−6  2-mercaptoethanol (2-ME), 10 U/ml penicillin,
Target cells were then added to the effector cells in triplicate10 mg/ml streptomycin and 10% fetal calf serum (FCS). The
wells of U-bottomed 96-well microtitre plates in a final volumetransfectants were maintained in 1 mg/ml G418 for selection
of 200 ml. After 4 hr of incubation 100 ml of the supernatantpurposes. All cells were mycoplasma free. EL4KK is an
was harvested and its radioactive content was assayed in aLy49A-expressing variant of EL4. EL4-Dd is a stable H-2Dd
gamma-counter. The mean percentage specific lysis of triplicatetransfectant of EL4.23 EL4KK, EL4 and EL4-Dd cells were cul-
wells was calculated using the following formula: % specifictured in RPMI-1640 medium supplemented with 10 U/ml
lysis=[(experimental release−spontaneous release)/ (maxi-penicillin, 10 mg/ml streptomycin, 0·15% sodium bicarbonate,
mum release−spontaneous release)]×100.2 m -glutamine and 5% FCS in 5% CO2 at 37°.

StatisticsAntibodies
Statistical comparisons were done using Fisher’s exact test.A1 (anti-Ly49A) antibodies from hybridoma supernatants
P>0·05 was considered not statistically significant (NS).were affinity purified over a protein G column. The following

fluorescein isothiocyanate (FITC) -conjugated antibodies were
used: MRC OX-34 (anti-CD2; Nordic Biosite, Täby, Sweden), RESULTS
10/78 (anti-NKR-P1; PharMingen, San Diego, CA) and goat

Accumulation of Ly49A at cell–cell interface when target cells
anti-mouse immunoglobulin (IgG+IgM) antisera (Caltag,

express H-2Dd
Burlingame, CA).

Receptor accumulation to the cell–cell contact area has been
demonstrated for activating receptors.16,17 As a first approachImmunofluorescence microscopy

To distinguish target cells from RNK-16 49A or EL4KK cells, to test whether inhibitory receptors aggregate at the point of
cell–cell contact with target cells that express ligands that can500 000 target cells were first labelled with biotin (300 mg/ml )

in 100 ml phosphate-buffered saline (PBS) for 25 min at room engage these receptors, we used a model system using cells
that expressed the Ly49A receptor (EL4KK ) together withtemperature, extensively washed and labelled with

StreptaLite@ Cascade Blue© (Molecular Probes, Leiden, the tumour ‘target’ cells that did or did not express the Ly49A
MHC class I ligand H-2Dd (EL4-Dd and EL4, respectively).Netherlands) for 30 min at 4°. Cells were then washed and

used as target cells in subsequent cytotoxicity assays or cell–cell In order to determine if Ly49A receptor could redistribute
on EL4KK in the presence of H-2Dd MHC molecules on theconjugation experiments. In the conjugation experiments NK

cells and tumour target cells were mixed at a ratio of 151 and target cells, EL4 or EL4-Dd tumour cells were mixed with
EL4KK cells at a 151 ratio and subjected to low speedsubjected to low speed centrifugation (100 g, 5 min) in order

to promote conjugation. Cells were gently resuspended and centrifugation to promote conjugation. Cells were then gently
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Figure 1. Ly49A accumulates at cell–cell contact point on EL4KK cells. EL4KK cells were incubated for 15 min with EL4-Dd
(a–c) or EL4 cells (d–f ). The EL4KK-target conjugates were then acetone fixed and stained for Ly49A (c,f ). (a,d) and (b,e) show
phase contrast images and Cascade Blue© staining on target cells, respectively.

resuspended before being allowed to settle onto glass slides. expression of Ly49A.20 However, to rule out the possibility
that the biotinylation and labelling procedure might interfereTo make it possible to distinguish targets from EL4KK cells

during analysis, EL4 and EL4-Dd tumour cells were surface with target cell recognition by the RNK-16 49A cells, cytotox-
icity assays were performed using surface biotinylated andbiotinylated and labelled with StreptaLite@-Cascade Blue©

prior to conjugation and subsequent staining procedures. labelled YB or YB-Dd cells as targets. This surface labelling
treatment did not affect target recognition since YB cells wereThere was considered to be specific aggregation at the point

of cell–cell contact if the intensity of anti-Ly49A staining was killed (34% at 6051 E : T ratio), whereas expression of H-2Dd
MHC molecules completely inhibited killing of the YB-Ddmuch brighter than the parts of the Ly49A+ cell (EL4KK

cells) not in contact with the target cell. Figure 1 shows typical cells by RNK-16 49A cells (Fig. 2).
Next we tested these RNK-16 49A cells to see whetherexamples of aggregated and non-aggregated Ly49A receptors.

Figure 1(a)–(c) show an EL4KK–EL4-Dd conjugate dem- Ly49A would redistribute to the point of cell–cell contact
between NK cells and H-2Dd-expressing target cells. Analysisonstrating increased Ly49A aggregation at the contact zone

between EL4KK and EL4-Dd. When H-2Dd was absent on of effector–target conjugates using RNK-16 49A cells and YB
or YB-Dd cells as targets showed that at the 2 min time-pointthe target cell there was no aggregation of Ly49A (Fig. 1d–f )

and the staining was evenly distributed around the EL4KK
cells. The results of Ly49A receptor redistribution on all
EL4KK–target conjugates are presented in Table 1. There was
a significant difference in Ly49A staining on EL4KK cells
conjugated to EL4-Dd cells expressing the ligand after 15 min
(EL4-Dd, 43% and EL4, 25%; P<0·001), but not after 5 min
of incubation (EL4-Dd, 18% and EL4, 14%; P>0·05).

To investigate Ly49A receptor redistribution in a func-
tionally active cell system, we used the Ly49A transfected rat
NK-cell leukaemia RNK-16 (RNK-16 49A), together with
YB (a susceptible rat B-cell line) or YB-Dd (H-2Dd-transfected
YB). These Ly49A-transfected RNK-16 cells have been shown
to be unable to kill targets expressing H-2Dd due to the

Table 1. Localization of Ly49A on EL4KK–target cell conjugates

Target*
Time No. conjugates
(min) EL4 EL4-Dd observed P value E:T ratio

6 18 60
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0

YB

YB-D
d

RNK-16 49A.9

5 14 18 620 NS Figure 2. Prelabelling of target cells with Cascade Blue© does not alter
15 25 43 801 <0·001 NK cell recognition. RNK-16 49A effector cells were assayed for their

ability to lyse YB or YB-Dd tumour target cells. The target cells were
surface biotinylated and labelled with Cascade Blue© prior to use in*Numbers represent percentage of EL4KK–target cell conjugates

showing increased specific aggregation of Ly49A at cell–cell contact 4-hr 51Cr-release assays. The results are representative of three indepen-
dent experiments.area after incubation for the time specified.
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the Ly49A receptor had already redistributed to the contact cells. Initially we observed a high proportion (67–74%) of
effector–target conjugates that had aggregated CD2 at the sitearea between effector and H-2Dd targets (Table 2). We found

significantly more aggregation in the RNK-YB-Dd conjugates of cell–cell contact, consistent with CD2 being an activation
receptor for RNK-16 cells.after 2 min (33%), compared to that seen with the YB target

cells (9%), P<0·001 (Table 2 and Fig. 3a–f ). After 15 min we Analysis of RNK-16 49A–target cell conjugates for the
CD2 receptor (Table 2, Fig. 3g–i) showed no target cell-specificalso found a significant difference between the two types of

target cells used in the binding of RNK-16 49A cells. Here we correlation in the redistribution of this molecule at the first
two time-points (2 min, 5 min). However, after 15 min, aobserved specific localization in 45% of the effector–YB-Dd

conjugates, compared to 30% seen with the YB target cells significant difference in the number of effector–target conju-
gates scored positive for CD2 aggregation was found (YB-Dd,(P<0·01). These data differed slightly from the data obtained

in the EL4KK cell system, where after 5 min of incubation no 67% and YB, 52%; P<0·001). The amount of CD2 aggregation
seen with YB-Dd was around 70% after 2 min of incubationsuch specific accumulation of Ly49A could be detected

(Table 1). These findings suggested that in a functionally active and did not change over time, whereas the proportion of
effector–YB conjugates that had CD2 aggregated decreasedcytotoxic NK-cell system, redistribution of inhibitory receptors

may be faster when binding to, and preventing killing of significantly between the 5 min (70%) and 15 min (52%) time-
points. Figure 3 shows an RNK-16 49A cell with increasedH-2Dd expressing targets. The proportion of cell–cell doublets

that were scored positive for Ly49A accumulation on the aggregation of CD2 (Fig. 3j–l ) as well as an effector–target
conjugate demonstrating no specific localization at the cell–celleffector cells increased with both target cell types over time

(9–30%, YB and 33–45%, YB-Dd ). Statistical analysis compar- interface (Fig. 3g–i).
NKR-P1 accumulation at the cell–cell interface wasing the cell types at each individual time-point were found to

be significant in both cases (2 min, P<0·001 and 15 min, observed at the 2 min time-point on RNK-16 49A cells when
using acetone (YB, 47% and YB-Dd, 29%; P<0·001) asP<0·01). These observations indicated that Ly49A inhibitory

receptors specifically redistributed to the cell–cell contact area fixation reagent. Incubation for 5 or 15 min did not show any
significant differences in receptor localization (Table 2).on RNK-16 49A and EL4KK cells upon binding target cells

expressing H-2Dd MHC class I molecules. Interestingly, we also noticed a difference in the intracellular
staining pattern with NKR-P1 which was not observed with
any of the other cell surface molecules tested. Acetone fixation

Analysis of CD2 and NKR-P1 on RNK-16 conjugates
revealed small ‘clouds’ of NKR-P1 inside almost every cell
(Fig. 4c,d), whereas when using no fixation (Fig. 4a,b) orSince Ly49A receptor distribution was different for resistant

and susceptible target cells, we addressed the question whether paraformaldehyde (Fig. 4e,f ), no such ‘clouds’ could be dem-
onstrated. NKR-P1 staining of RNK-16 49A cells permeabil-Ly49A could influence the redistribution of potential triggering

receptors, CD2 and NKR-P1, on the surface on RNK-16 49A ized with Triton-X-100 resulted in a similar intracellular ‘cloud’
staining pattern (data not shown). This suggested that
NKR-P1 is sequestered inside RNK-16 49A cells and that this
molecule localizes to specific regions inside the effector cells,

Table 2. Localization of surface receptors on RNK-16 49A–target
although it cannot be ruled out that this antibody cross-reactsconjugates
with an epitope revealed by acetone fixation or Triton permea-
bilization. A similar intracellular pattern of expression hasTarget*
been observed for CD86.25 To rule out that bright intracellularTime No. conjugates
staining influenced analysis of receptor cell surface distribution,(min) YB YB-Dd observed P value
we analysed NKR-P1 after paraformaldehyde fixation. In

Analysis of Ly49A general, less aggregation was observed when using paraformal-
2 9 33 583 <0·001 dehyde fixation (10–22%) when compared to acetone

15 30 45 342 0·001<P<0·01 (23–47%), which could reflect the brighter staining we found
to be associated with the latter method. However, similar

Analysis of CD2
results with regard to NKR-P1 expression were found using2 74 70 400 NS
paraformaldehyde as fixation method, where significant5 70 67 589 NS
accumulation of NKR-P1 was detected with YB target cells15 52 67 600 <0·001
(YB, 16% and YB-Dd, 10%; P<0·05) at the 2 min time-point
(Table 2 and Fig. 3m–r).Analysis of NKR-P1 (acetone fixation)

2 47 29 360 <0·001
5 27 38 261 NS

DISCUSSION15 35 23 86 NS

In this paper we examined the ability of Ly49 inhibitory
Analysis of NKR-P1 (p-formaldehyde fixation) receptors to alter the distribution of cell surface receptors on

2 16 10 599 0·01<P<0·05
NK cells at various time-points following binding to tumour5 21 22 602 NS
target cells that did or did not express the MHC ligand for15 16 10 372 NS
the inhibitory receptors. This study included analysis of Ly49A
inhibitory receptors as well as localization of potential trig-*Numbers represent percentage of NK–target conjugates showing
gering receptors NKR-P1 and CD2.increased specific aggregation at cell–cell contact area after incubation

for the time specified. To investigate Ly49 receptor distribution on NK cells we

© 1999 Blackwell Science Ltd, Immunology, 97, 341–347
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Figure 3. Analysis of cell surface receptors on RNK-16 49A cells. RNK-16 49A cells were incubated for 2 min with YB-Dd (a–c),
(g–i) and (m–o) or with YB (d–f ), ( j–l ) and (p–r). The effector–target conjugates were then fixed in acetone (a–f ) or in
paraformaldehyde (g–r), and stained for Ly49A (c,f ), CD2 (i,l ) or NKR-P1 (o,r). (a, d, g, j, m and p) show phase contrast images
of effector–target conjugates, and (b, e, h, k, n and q) show Cascade Blue© staining on target cells.

used a cell model system consisting of a rat NK-cell line Ly49 receptors for H-2Dd, such as Ly49G2 and Ly49D. We
demonstrated an increased accumulation of Ly49A receptortransfected with Ly49A (RNK-16 49A) as effector cells, and

a rat B-cell line (YB) as target cells. This allowed us to molecules on rat RNK-16 49A cells conjugated to the H-2Dd-
transfected rat B-cell line YB-Dd, but not with the H-2Dd-examine the surface distribution of Ly49A inhibitory receptors

on RNK-16 49A cells when conjugated to resistant H-2Dd- negative target YB. We also observed an increased redistri-
bution of Ly49A on EL4KK tumour cells after conjugationtransfected target cells (YB-Dd ) as well as effectors bound to

susceptible targets (YB) in the absence of other endogenous to EL4-Dd cells compared to non-transfected EL4 cells. These
data suggest that Ly49A localizes to the cell–cell contact pointmurine molecules. The RNK-16 49A system avoids the com-

plexity of cells expressing multiple inhibitory and/or activating after binding target cells expressing its H-2Dd MHC ligand.

© 1999 Blackwell Science Ltd, Immunology, 97, 341–347
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The involvement of CD2 in cell–cell adhesion as well as in
signalling has been extensively studied.28 Cross-linking of CD2
on RNK-16 cells has been shown to induce intracellular Ca2+
release and phosphatidylinositol signalling and has also been
suggested as a possible NK-cell-activating receptor.29 We
found that a rather high percentage (67–74%) of the RNK-16
49A cells had accumulated CD2 to the point of cell–cell
contact at the 2 and 5 min time-points, but no significant
differences between the two targets could be demonstrated
during the first 5 min of incubation. At the 15 min time-point,
however, the drop in the number of effector–YB conjugates
with specific CD2 accumulation (down to 52%) resulted in a
significant difference when compared to H-2Dd-expressing
targets (67%). The reasons for this could be due to a rather
rapid delocalization of CD2 on the NK cell binding to a YB
target cell, observed at or after a time-point where the NK
cell prepares to detach from the YB target, or alternatively, a
shift into subsequent stages of target lysis where the early
CD2–target cell interactions may be no longer necessary. A
significantly higher proportion of CD2 accumulation upon

RNK-16 49A

Phase contrast NKR-P1

(a) (b)

(c) (d)

None

(e) (f)

Acetone

p-formaldehyde

Fixation

engagement of the Ly49A receptor with H-2Dd on YB-Dd
Figure 4. NKR-P1 accumulates inside RNK-16 49A effector cells. cells at the 15 min time-point, relative to that observed with
Surface- and intracellular staining of NKR-P1 in non-fixed (b),

YB cells, may be due to the fact that Ly49A preventedacetone-fixed (d), and paraformaldehyde fixed (f ) RNK-16 49A cells.
delocalization of CD2 at the contact point, which may be(a, c, and e) show phase contrast images of the antibody-labelled
important for preventing cytotoxicity, or that it stoppedeffector cells.
activation pathways prior to CD2 disengagement. Thus the
effect of inhibition of NK-cell cytotoxicity by Ly49 receptors
may prevent the redistribution of cell surface molecules.

Interestingly, we could detect intercellular staining ofSpecific accumulation of the Ly49A receptor was observed
after only 2 min on RNK-16 49A cells, however, specific Ly49A with EL4KK–EL4, increasing over time from 14% to

25%, and in RNK-16 49A effector–YB target conjugatesLy49A aggregation on EL4KK cells was not observed until
15 min of incubation with EL4-Dd. This may reflect the fact increasing from 9% after 2 min of incubation reaching 30%

after 15 min. This non-H-2Dd-associated staining could resultthat binding of significant amounts of inhibitory receptors to
H-2Dd MHC ligands may take slightly longer in the EL4 cell from several causes, including non-specific binding of anti-

bodies associated with the intercellular structure of the cell–cellsystem compared to the RNK-16 49A–target cell system, where
an active redistribution of the Ly49A receptor may have a contact area or a possible co-localization of Ly49A with some

other molecule or molecules normally expressed on the cellfunctional relevance for the recognition, and the response to,
H-2Dd-expressing target cells. It is possible that engagement surface of NK or EL4KK cells during conjugate binding.

Since it is likely that the level of background staining (non-of Ly49A with its H-2Dd ligand prevented binding of anti-
Ly49A monoclonal antibody to the receptor and led to an H-2Dd-specific) is similar for each type of target cell, an

observed difference between them should be due to specificunderestimation of the amount of Ly49A on effector cells that
accumulated upon interaction with H-2Dd-expressing target Ly49A accumulation related to H-2Dd class I expression on

the target cells. It is also possible that accumulation of Ly49Acells. However, specific aggregation of Ly49A was observed
with both RNK-16 49A and EL4KK cells. receptors may result from the presence of activating receptors

or adhesion molecules colocalizing, through low-affinity bind-Cross-linking of NKR-P1 leads to cell proliferation and
interferon-c release,26 and NKR-P1 has been demonstrated to ing, with the Ly49A inhibitory receptor. These activating

receptors and their associated kinases may be responsible forbe required for killing of some tumour targets by RNK-16
cells.27 Significant accumulation at the binding-site with YB phosphorylating the cytoplasmic tail of the Ly49A inhibitory

receptor following its binding to H-2Dd class I ligand on thetargets was observed for the NKR-P1 receptor at the 2 min
time-point in effector cells fixed either in acetone or in parafor- target cell.

Accumulation/cross-linking of Ly49 receptors at themaldehyde. Since this receptor may have a role in the triggering
of early activating signals in NK cells,27 it is possible that it effector–target interface through interaction with H-2Dd mol-

ecules may serve to concentrate phosphatases near the cellacts early in the cell–cell encounter. Therefore these obser-
vations may simply reflect the kinetics of a molecule that contact area leading to rapid dephosphorylation of early

activating signals that have been initiated by recognition ofmediate most of its function at a time-point where the effector
first meets its target. We also found that NKR-P1 appeared the target cell. The rapid recruitment of intracellular phospha-

tases such as SHP1 and SHP2 by the Ly49A receptor in thisto be localized to specific regions inside RNK-16 49A cells
and that these patches mostly were restricted to one part of way could quickly prevent an NK cell from entering an

activated state by initiating dephosphorylation events andthe cytosol (Fig. 4). Specific localization of CD86 to granules
inside cells has been proposed to be important for regulating terminating the lytic process. Apart from being responsible

for directly abrogating early activating signals in the encounterCD86 expression and function.25

© 1999 Blackwell Science Ltd, Immunology, 97, 341–347
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and requisite signal for the activation of natural killer cell cytotoxicwith resistant targets, cross-linked Ly49A receptors or Ly49A
function. Proc Natl Acad Sci USA 88, 6279.receptor complexes could co-operate in, or allow other path-

14. B A., P C., R V. et al. (1991) Expression ofways to proceed, such as cytoskeletal changes necessary to
lineage-restrticted protein tyrosine kinase genes in human naturalallow detachment from the target, internalization of receptors
killer cells. Eur J Immunol 21, 843.from the surface, or prevention of organelle rearrangements

15. C J.C., L Y., T J.M., B J.M. & P
associated with the lytic process. In summary, our data indi- C.A. (1993) Association of the p56lck tyrosine kinase with the
cate that inhibitory receptors, like activating receptors, may FcgammaIIIA/CD16 complex in human natural killer cells. Eur
specifically aggregate at the point of cell–cell contact which J Immunol 23, 2488.
may be necessary for them to mediate their full inhibitory 16. K A. & S S.J. (1989) Cell biology of cytotoxic and

helper T cell functions: immunofluorescence microscopic studieseffect.
of single cells and cell couples. Annu Rev Immunol 7, 309.

17. B G. (1994) The binding and lysis of target cells by cytotoxic
ACKNOWLEDGMENTS lymphocytes: molecular and cellular aspects. Annu Rev Immunol

12, 735.
This work was supported by grants from the Swedish Medical

18. B B.A., B K.M., D C.J. et al. (1996)
Research Council, the Swedish Cancer Society, and the Umeå
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