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Protein kinase C is involved in 2B4 (CD244)-mediated cytotoxicity
and AP-1 activation in natural Killer cells
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Immunology and Institute for Cancer Research, University of North Texas Health Science Center at Fort Worth,
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SUMMARY

2B4 (CD244) is a member of the CD2 subset of the immunoglobulin superfamily and functions as a
triggering molecule on natural killer (NK) cells. Previously, we have found that 2B4-mediated
activation of NK cells involves complex interactions involving LAT, Ras, Raf, ERK and p38 and
that cytolytic function and cytokine production may be regulated by distinct pathways. Here we
assessed the role of protein kinase C (PKC) in 2B4-mediated cytotoxicity of YT cells, a human NK
cell line. Our data indicate that PKC-6 is activated upon stimulation with monoclonal antibody
against 2B4. Treatment with the PKC inhibitor, bisindolylmaleimide I (G56850), of YT cells or YT
cells depleted of Ca>"-dependent isoforms of PKC prior to 2B4 stimulation, resulted in inhibition of
natural cytotoxicity and redirected antibody-dependent cellular cytotoxicity. However, inhibition of
PKC failed to block 2B4 stimulation of interferon-y secretion as opposed to pretreatment with
LY294002, a phosphoinositide 3-kinase inhibitor. We also examined the effect of phorbol 12-
myristate 13-acetate (PMA) induction on 2B4 gene transcription. PMA induction resulted in a more
than two-fold increase of 2B4 transcription. However, when we introduced a three-base substitution
mutation to disrupt the activator protein-1 binding site at (—106 to —100) in the 2B4 promoter, we
found complete loss of transcriptional activity, including the two-fold increase due to PMA
induction of PKC. The present study indicated that PKC may play an important role in 2B4

signalling and activator protein-1 activation.

INTRODUCTION

Natural killer (NK) cells are bone-marrow-derived lymphocytes
that function as key players in innate immunity by recognizing
viral, bacterial and parasitic infections and neoplastic target
cells."? The major effector functions of NK cells are cytotoxi-
city and cytokine release, including interferon-y (IFN-y),
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tumour necrosis factor-o, granulocyte—macrophage colony-
stimulating factor as well as matrix metalloproteinases.®™®
NK cell recognition is regulated by specific receptors that, upon
interaction with their respective ligands, may send stimulating
or inhibitory signals.”® An important activating receptor
expressed on NK cells is 2B4 (CD244).10 2B4 is a member
of the CD2 subset of the immunoglobulin superfamily.'"'? 2B4
is expressed on NK cells, monocytes, basophils and on subsets
of T-cell receptor (TCR) y8* T cells and CD8" T cells."?
Ligation of 2B4 either by a monoclonal antibody (mAb) or
by its natural ligand, CD48, on NK cells results in increased
cytotoxicity and secretion of IFN-y.%'*~!5 Recent findings
indicate that 2B4 may function as an inhibitory molecule at
early stages of NK cell differentiation.'®

Previously, we investigated the possible role of various
signalling molecules that may be involved in the activation
of NK cells via 2B4. We found through the treatment of YT cells
with various specific inhibitors that 2B4-stimulation of YT cells
in spontaneous and antibody-dependent cytotoxicity is Ras/Raf
dependent and involves multiple mitogen-activated protein
kinase (MAPK) signalling pathways [extracellular regulated
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kinasel/2 (ERK1/2) and p38].17 Inhibition of transcription also
inhibited 2B4-mediated cytotoxicity, implying that there are
transcriptional events critical in regulating NK cell function.
When we examined the effect of these inhibitors on 2B4-
mediated secretion of IFN-y, only inhibitors of transcription
and p38 inhibited 2B4-mediated IFN-y release. These results
indicate that 2B4-mediated activation of NK cell cytolytic
function and cytokine production may be regulated by several
distinct pathways. Thus, our studies on the signalling of 2B4
revealed that NK cell cytolytic function and cytokine produc-
tion may be regulated by distinct pathways in activated NK
cells.'” Another recent study also indicates that receptor signal-
ling in NK cells can be functionally complex depending on the
state of NK cells.'® Rajagopalan er al. observed that the killer
cell immunoglobulin-like receptor KIR2DL4 induced IFN-y
production, but not cytotoxicity by resting NK cells, whereas in
activated NK cells both cytokine production and cytotoxicity
were induced by KIR2DL4 stimulation. This indicates that
resting NK cells may behave differently to activated NK cells,
upon stimulation through specific receptors.

In the current study, we examined the possible role of protein
kinase C (PKC) in the 2B4 signalling pathway in YT cells, a
human leukaemia cell line. Pretreatment using a general PKC
inhibitor, bisindolylmaleimide I (G66850), on YT cells or YT
cells depleted of Ca®*-dependent isoforms of PKC prior to 2B4
stimulation resulted in varying levels of inhibition of cytotoxi-
city and redirected antibody-dependent cellular cytotoxicity
(rADCC). However, when we examined the effect of PKC
inhibition on 2B4-mediated secretion of IFN-y, there was no
decrease as opposed to pretreatment with LY294002, a phos-
phoinositide 3-kinase (PI3K) inhibitor. We also examined the
effect of PKC activation through phorbol ester induction on 2B4
gene transcription. Phorbol 12-myristate 13-acetate (PMA) induc-
tion resulted in a more than two-fold general increase of 2B4
transcription. However, base substitution mutations of the acti-
vator protein-1 (AP-1) binding site at (—106 to —100) in the 2B4
promoter resulted in the complete loss of transcriptional activity,
including the two-fold increase due to PMA induction of PKC.

MATERIALS AND METHODS

Cell lines, antibodies and chemicals

YT (human NK cell line), K562 (human erythroleukaemia cell
line) and P815 (mouse lymphoma cell line) cells were main-
tained in complete medium [RPMI-1640 supplemented with
10% fetal bovine serum (Hyclone, Logan, UT), 2 mM gluta-
mine, 100 U/ml penicillin, 100 U/ml streptomycin, 10 mM
HEPES and 10 mM non-essential amino acids]. Cells were
maintained at 37° in a humidified 5% CO,/95% air incubator.
Cell culture reagents were obtained from Life Technologies
(Gaithersburg, MD) unless otherwise noted. The mAb that
specifically recognizes human 2B4 (C1.7),'"® was purchased
from Coulter (Orlando, FL). All enzymes were purchased from
New England Biolabs (Beverly, MA) unless otherwise stated.
Poly(dI-dC) was purchased from Amersham Pharmacia Biotech
(Piscataway, NJ). All custom synthesized oligonucleotides used
in this study were supplied by Integrated DNA Technologies
(Coralville, IA). All inhibitors used in this study were purchased
from Calbiochem (San Diego, CA).
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>ICr release cytotoxicity assay

Target cells were labelled with Na§1CrO4 (NEN Research
Products, Boston, MA) for 90 min at 37° under 5% CO, in
air. The target cells were then washed three times in culture
media. Ten thousand labelled target cells (in 100 pl) were
incubated with varying amounts of effector YT cell suspension
(100 pl), with and without anti-2B4 mAb (200 ng/ml). After
incubation for 4 hr at 37° under 5% CO, in air, the cells were
pelleted at 250 g for 5 min. One hundred microlitres of the
supernatant was removed and the radioactivity was measured.
The percentage of specific lysis was calculated by the following
equation: (a — b/c — b) x 100, where a is the radioactivity of
the supernatant of target cells mixed with effector cells, b is that
in the supernatant of target cells incubated alone, and c is that in
the supernatant after lysis of target cells with 1% Nonidet P-40.
All data points in each graph represent the average of at least
four independent trials with similar results. Determination of
statistical significance was determined on each data point
representing 2B4-mediated cytotoxicity assays performed with
inhibitor-treated effector cells or target cells compared to assays
conducted with non-treated effector and target cells with the
Student’s r-test. Data groups were considered significantly
different when P < 0-05.

Treatment of cells

In assays using inhibitors, both effector YT cells and target
K562 and P815 cells were subjected to treatment in culture
media as indicated. Cells were incubated in PKC inhibitor,
bisindolylmaleimide I (G66850) in varying concentrations or
PI3K inhibitor, LY249002 (1 pMm), for 1 hr at 37° under 5%
CO; in air. To deplete PMA-sensitive isoforms of PKC, YT cells
were incubated in complete media with PMA (100 ng/ml) for
20 hr prior to use and designated PMA-treated YT (P-YT).

Immunoblot analysis

YT cells were incubated (1 x 107/100 pl; 37°) for the indicated
times with the C1.7 mAb (10 pg/ml). After stimulation, the
cells were lysed with 900 pl of lysis buffer (1% Nonidet P-40,
0-5% deoxycholate, 0-1% sodium dodecyl sulphate, 10 mM
HEPES (pH 7-5), 0-15 M NaCl, 10% glycerol, 1 mM phenyl-
methylsulphonyl fluoride, 1 mM Naz;VOy, 50 mM NaF, 1 mM
ethylenediaminetetraacetic acid and 10 pg/ml each of aprotinin
and leupeptin). Forty micrograms of protein lysate was analysed
in 8% sodium dodecyl sulphate—polyacrylamide gel electro-
phoresis (reducing conditions). Western blots were performed
according to manufacturer’s chemiluminescence detection sys-
tem instructions (Kirkegaard & Perry Laboratories, Gaithers-
burg, MD). Western blots were hybridized with anti-phospho-
PKC-9, anti-phospho-PKC-{ (Cell Signaling Tech. Inc., Bev-
erly, MA) and anti-phospho-PKC-e mAbs (Upstate, Lake Pla-
cid, NY) to detect phosphorylated forms of PKC-0, PKC-{, and
PKC-¢, respectively. The Western blots were then stripped and
re-probed with anti-PKC-9, anti-PKC-{ and anti-PKC-e mAbs
(Santa Cruz Biotechnology Inc., Santa Cruz, CA) to detect total
amounts of PKC-8, PKC-{ and PKC-€, respectively.

IFN-y release assay
Inhibitor-treated or untreated YT cells (500 000) were sti-
mulated or unstimulated with C1.7 mAb (200 ng/ml) in
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flat-bottomed 96-well plates for 1 hr at 37° under 5% CO, in
air. Target K562 cells (50 000) were then added. After incuba-
tion for 16 hr at 37° under 5% CO, in air, 100 pl of cell-free
supernatant was collected. IFN-y concentration was then quan-
tified with an enzyme-linked immunosorbent assay kit accord-
ing to manufacturer’s instructions (CLB, Amsterdam, the
Netherlands). Each condition was tested in at least four inde-
pendent trials.

Transfection and luciferase assays

Nested promoter fragments were derived by polymerase chain
reaction using 7aq polymerase (Promega, Madison, WI) and
using a genomic DNA clone (F5A1) containing the 5’ flanking
sequence of the h2B4 gene as template.?’ The nested promoter
fragments were then cloned upstream of a promoterless and
enhancerless firefly luciferase gene in the pGL,-B vector (Pro-
mega). The numbering of the constructs refers to the first
nucleotide of each promoter construct relative to the start of
transcription. All constructs were verified by nucleotide sequen-
cing. Substitution mutant promoter constructs were generated
by a two-step polymerase chain reaction procedure using over-
lapping internal primers that contain a mutant sequence, as
described previously.?® A Renilla luciferase reporter plasmid,
pRL-CMYV driven by an upstream cytomegalovirus immediate-
early enhancer/promoter region (Promega) was co-transfected
with the pGL, promoter constructs to adjust firefly luciferase
activity for transfection efficiency. All plasmid DNA used in
transient transfection assays was purified by two rounds of
caesium chloride centrifugation.

YT cells were transfected with each of the 4 pg firefly
luciferase reporter constructs, and 400 ng pRL-CMV for inter-
nal normalization of transfection efficiency. The cells were
transfected using the DMRIE-C reagent at a 22 : 3 ratio of
pg DNA : pul DMRIE-C reagent following the manufacturer’s
instructions (Gibco Life Technologies, Gaithersburg, MD).
Cells were stimulated with 50 ng/ml PMA 5 hr post-transfec-
tion. Cell lysates were then harvested 40 hr post-stimulation.
Firefly and Renilla luciferase assays were performed using the
Dual-Luciferase reporter assay system following the manufac-
turer’s instructions (Promega). Each test promoter construct was
co-transfected with pRL-CMV into YT cells in at least four
independent trials.

RESULTS

PKC is involved in 2B4-mediated NK cell cytotoxicity
and rADCC

2B4 stimulation of NK cell lines increases spontaneous cyto-
Iytic and rADCC activity.%'>?!? Recently, immunoprecipita-
tion studies identified linker for activation of T cells (LAT) to be
constitutively associated with the 2B4.%** Ligation of 2B4 not
only results in phosphorylation of 2B4 and LAT but also LAT-
associated proteins including phospholipase Cy (PLCy) and
Grb2.? PLCy activity can lead to the activation of PKC through
diacylglycerol and calcium flux. Thus, we examined whether
PKC modulated 2B4-mediated cytotoxicity. The inhibitor bisin-
dolylmaleimide I (G66850), specifically inhibits many isoforms
of PKC, possibly by competing with ATP binding.>* Pre-treat-
ment of YT cells with G66850 (10 uMm) prior to 2B4 stimulation

and subsequent use in >'Cr release cytotoxicity assays examin-
ing both spontaneous and rADCC lysis resulted in diminished
activities in both scenarios (Fig. la,c). Varying amounts of
G66850 can inhibit specific isoforms of PKC.?> We examined
the effect of incubating YT cells in varying concentrations of
G066850 and found that only higher concentrations of G66850
resulted in significant inhibition (P < 0-05) of YT cytolytic
activity (Fig. 1b,d). This suggests that the G66850-sensitive
PKC isoforms PKCa and PKCI may not be part of the signal
transduction pathway used by 2B4 in activating cytolytic func-
tion because of their sensitivity to G66850 at 8-4 nM and 18 nM
concentrations, respectively. To determine whether inhibition
by G066850 is specific for 2B4 signalling or is general for
inhibition of NK cell cytotoxicity, we determined the lysis of
target cells at low concentrations of G66850. It is evident from
Fig. 1(e,f), that 2B4-mediated signalling is significantly
reduced at lower concentrations of G66850 compared with
the effect on natural cytotoxicity. However, even at low con-
centrations, G66850 shows some inhibition of NK cell cyto-
toxicity. Therefore, at high concentrations, in addition to
inhibiting 2B4 signalling, G66850 may have a general effect
on NK cell cytolytic function.

Several isoforms of PKC are responsive to PMA.» However,
prolonged exposure of YT cells to PMA (20 hr) results in the
depletion of PMA-responsive PKC isoenzymes.26 Using YT
cells whose PMA-responsive PKC isoenzymes were depleted
(P-YT) cells, Go6850 (10 uM) pretreatment prior to 2B4 sti-
mulation resulted in abrogation in cytolytic activity against both
target K562 cells and in rADCC against target P815 cells
(Fig. 2). 2B4-stimulation of both YT cells and P-YT cells
resulted in increased cytolytic activity against both K562 cells
and P815 cells (Figs 1 and 2). However, when we compared the
levels of cytolytic activity between YT cells and P-YT cells, we
observed a decrease in cytolytic activity in P-YT cells against
target K562 cells (Fig. 2c). In tADCC, the effect was even more
evident (Fig. 2d). Taken together, these data suggest that there
are multiple isoforms of PKC, both PMA-sensitive and insen-
sitive, that participate in 2B4 stimulation of NK cell cytolytic
activity. In contrast, it has been reported that the PKC inhibitor,
GF109293X (bisindolylmaleimide I or G66850) did not affect
anti-CD16-induced cytolysis.>’

To identify specific isoforms of PKC that are involved in 2B4
signalling, we observed changes in phosphorylation states. YT
cells were stimulated with anti-2B4 mAb (200 ng/ml) and then
lysed at varying time points and analysed by Western blot. 2B4
engagement by anti-2B4 mAb failed to change the phosphor-
ylation states of PKC-{ (Fig. 3). However, 2B4 stimulation did
result in the tyrosine phosphorylation of PKC-9, 2 min after
2B4ligation (Fig. 3). Experiments performed examining the phos-
phorylation state of PKC-€ in response to 2B4 stimulation showed
no change in phosphorylation of PKC-¢ (data not shown).

2B4-mediated secretion of IFN-y involves PI3K,
but not PKC

Production and secretion of IFN-y is a major function of NK
cells.! We have shown that 2B4 stimulation of NK cells results
in the secretion of IFN-v.%® Using similar inhibitor treatment
protocols in the *'Cr release cytotoxicity assays, we investigated
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Figure 1. Effect of PKC inhibition on 2B4-mediated cytotoxicity. YT cells were incubated (1 hr, 37°) with anti-2B4 mAb, C1.7
(200 ng/ml) (M) or without ([J). YT cells were preincubated (1 hr, 37°) with the indicated concentrations of G66850 prior to
incubation with C1.7 (@) or without (O). The YT cells were incubated with each target cell for 4 hr. (a) Cytotoxicity against K562
target cells. YT cells were incubated with G66850 (10 puM) followed by C1.7 stimulation prior to introduction of the K562 target cells.
(b) Percent inhibition of the cytotoxicity against K562 target cells. (c) rADCC against P815 target cells. YT cells were incubated with
G66850 (10 uMm) followed by C1.7 stimulation prior to introduction of P815 target cells. (d) Percent inhibition of the cytotoxicity
against P815 target cells. All data points in each graph represent the average of four independent trials with similar results. In (e) and (f)
specific inhibition of signalling via 2B4 is demonstrated at lower concentrations of G66850 (1 uM). (e) YT cells incubated with G66850
(1 pMm) followed by C1.7 stimulation prior to introduction of K562 target cells. (f) rADCC against P815 target cells. YT cells incubated
with G66850 (1 uMm) followed by C1.7 stimulation prior to introduction of P815 target cells. All data points in each graph represent the
average of four independent trials with similar results. * indicates significance of P < 0-001.

whether PKC was involved in 2B4-induced IFN-y secretion.
Pretreatment of YT cells with G66850 (10 pMm) failed to inhibit
IFN-y production (Fig. 4). However, pretreatment of YT cells
with LY249002 (1 puM), a phosphoinositide 3-kinase (PI3K)
inhibitor, for 1 hr at 37°, prior to 2B4 stimulation resulted in a
significant (P < 0-001) decrease in IFN-vy secretion. This indi-
cates that PI3K, not PKC is required for 2B4 induction of IFN-y
production.

Up-regulation of transcription of 2B4 by PMA
is through AP-1

Previously, our studies on the transcriptional regulation of the
2B4 gene revealed that promoter regions (—188 to —80) and
(—1151 to —704) had a positive effect on transcription whereas

© 2003 Blackwell Publishing Ltd, Immunology, 109, 432-439

the promoter regions (—414 to —342) and (—704 to —505) had a
negative effect.”’ Transfection of YT cells revealed that max-
imal luciferase activity was achieved with the promoter frag-
ment (p-342), which produced luciferase activity that was
almost four-fold higher than that produced by the smallest
promoter fragment (p-80).%° Here, we performed similar trans-
fection experiments with the same 2B4 promoter constructs and
added PMA (50 ng/ml) 5 hr post-transfection and incubated the
transiently transfected cells for an additional 40 hr before
determining the luciferase activity. We observed a general
increase in luciferase activity from all promoter constructs of
at least seven-fold over the luciferase activity recorded for the p-
80 construct (Fig. 5). The p-342 construct produced a two-fold
increase in luciferase activity under PMA stimulation as com-
pared to transfection experiments conducted without PMA.
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Figure 2. 2B4-mediated cytotoxicity of YT cells depleted of PMA-
sensitive PKC isoforms can still be inhibited by G66850. To deplete
PMA-sensitive isoforms of PKC, YT cells were incubated in complete
media with PMA (100 ng/ml) for 20 hr prior to use. PMA-treated YT
(P-YT) cells were incubated (1 hr, 37°) with () or without (&) C1.7
mAb (200 ng/ml), prior to incubation with target cells. P-YT cells
incubated with 10 pM G66850 were subsequently incubated with C1.7
mADb (200 ng/ml) (A). (a) K562 cells were used as target cells. (b) P815
cells were used as target cells. Effect of PMA depletion of PMA
responsive forms of PKC on 2B4-mediated cytolytic activity is shown
in (c) and (d). YT () or P-YT (@) cells were incubated with anti-2B4
mAb, C1.7, for 45 min prior to 4 hr incubation with target cells. (c)
K562 cells were used as target cells. (d) P815 cells were used as target
cells. All data points in each graph represent the average of four
independent trials with similar results.
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Figure 3. 2B4 stimulation results in phosphorylation of PKC-3. YT
cells were stimulated with anti-2B4 mAb for the indicated times at 37°.
Cell lysates were then prepared and analysed by Western blotting with
anti-PKC-6 or anti-PKC-( as indicated. The membrane was stripped and
reprobed with anti-PKC-8 and PKC-{ to check for total protein amounts.
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Figure 4. PKC inhibition fails to inhibit 2B4-mediated secretion of
IFN-vy. YT cells (1 x 10%) were preincubated in 1 ml of culture media
containing PKC inhibitor, G66850 (10 um), PI3K inhibitor LY294002
(1 puMm) or alone, followed by the addition of anti-2B4 mAb (200 ng/ml).
After 20 hr, the cells were then spun down and 100 pl of supernatant
was assayed for the presence of IFN-y by enzyme-linked immunosor-
bent assay. Values are relative activity of IFN-y secreted from 2B4-
stimulated cells in the absence of any inhibitors.

Previously, we have identified a functional AP-1 site that lies
between —106 and —100 of the h2B4 promoter that strongly
activates transcription. Many studies in different systems have
shown that activation of transcription can involve signalling
pathways that include PKC.**7! To examine whether PKC
influenced 2B4 gene transcription through AP-1, we mutated
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Figure 5. PMA stimulation of YT cells during transient transfection
assays results in elevated transcriptional activity from the 2B4 promoter.
(@) YT cells were transfected with a series of 5’ promoter deletion
mutants in the pGL,B reporter vector, along with a pRL3-CMYV control
plasmid. The 5’ 2B4 promoter base position relative to +1 is denoted on
the right. Each construct ends at the + 126 nucleotide position. Trans-
fected cells were cultured in complete media with PMA (50 ng/ml) for
40 hr. (b) Firefly luciferase activity, following normalization to Renilla
luciferase activity, are expressed as the mean relative luciferase activity
and SE (from a minimum of four independent experiments) to when the
p-80 construct (relative activity = 1) was transfected into YT cells.
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Figure 6. The mutation in the AP-1 binding site inhibits h2B4 pro-
moter function despite PMA stimulation. (a) AP-1 binding site mutant
constructs (TGecgCA) were created and used in the transient promoter
reporter assay in the context of the p-342 and p-188 promoter constructs.
Lower case letters are nucleotides used to mutate the underlined letters
within the AP-1 binding site. (b) Each promoter fragment was inserted
in front of the firefly luciferase gene. Transfected cells were cultured in
complete media with PMA (50 ng/ml) for 40 hr before assaying for
luciferase activity. Firefly luciferase activities, following normalization
to Renilla luciferase activity, are expressed as the mean relative lucifer-
ase activity and SE (from four to six independent experiments) when the
p-80 construct (relative activity = 1) was transfected into YT cells. *
indicates significance of P < 0-001 from the respective wild-type
counterpart.

the (—111 to —89) sequence of the h2B4 promoter with the AP-
1 binding site from TGAGTCA to TGecgCA and synthesized
mutant promoter constructs p-M188 and p-M342 (Fig. 6a).
Transient transfections with the mutant promoter constructs
revealed that the mutation of the AP-1 site significantly reduced
the luciferase activity (P < 0-001) of both constructs to levels
similar to p-80 despite PMA stimulation of the transfected cells
(Fig. 6b). The data suggest that PMA activation of 2B4 gene
transcription involves AP-1.

DISCUSSION

2B4 on NK cells is an activating receptor that increases cyto-
toxicity and IFN-y release, as well as perforin degranulation and
increased matrix metalloproteinase expression.®'* 2B4 stimu-
lation has also been shown to induce calcium flux and phos-
phorylation of PLCy.'** It has been well established that
members of the PKC family can be activated by an increase
in intracellular levels of calcium, diacylglycerol, or phos-
phatidylserine.®® Activation of PLCy results in PLCy hydro-
lysing phosphatidylinositol 4,5-bisphosphate to generate the
second messengers, inositol 1,4,5-trisphosphate and diacylgly-
cerol. Thus, several members of the PKC family may be
involved in 2B4 signalling in NK cells. Since NK cell-mediated
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cytotoxicity has been found to involve PKC,**** we examined

whether 2B4-mediated cytolytic activation of NK cells was also
dependent on PKC. In the present study, we have shown that
ligation of 2B4 receptors on YT cells induces cytotoxicity
following the activation of PKC. Inhibition of PKC in YT cells
and P-YT cells, in which the phorbol ester-sensitive PKC
isoforms were depleted, resulted in a significant decrease in
2B4-induced cytolytic activity. When we examined 2B4-
mediated cytolytic activity in rADCC, PKC inhibitor pretreat-
ment resulted in even more pronounced decrease using both YT
and P-YT cells. These results suggest that there are multiple
isoforms of PKC that are involved in the signal transduction of
2B4. Western blot analysis revealed PKC-6 become activated in
response to 2B4 stimulation of YT cells but PKC-{ and PKC-¢
do not. There may be other PKC isoforms that become activated
by 2B4. PKC-8 belongs to the novel PKC group and possesses
regulatory domains that interact with diacylglycerol and phor-
bol esters. Our cytotoxicity studies have found that 2B4 could
still increase cytolytic activity in YT cells depleted of PMA-
responsive PKC isoenzymes and still be inhibited by G56850.
Thus other isoforms of PKC may be involved in 2B4 signalling.

We also examined whether PKC played a role in regulating
IFN-y production in response to 2B4 stimulation. With pre-
incubation of effector cells with PKC inhibitors, we did observe
a decrease in IFN-y secretion when the effector cells were
pretreated with PI3K inhibitors (Fig. 4). Activation of 2B4
induces  phosphorylation of the 2B4 cytoplasmic
domain.'®?*3*35 This results in the recruitment of SLAM-
associated protein/SH2D1A (SAP/SH2D1A) to the phosphory-
lated tyrosine residues on the 2B4 cytoplasmic tail. Recently, it
has been found that PI3K plays an important role in the
recruitment of SAP to the 2B4 cytoplasmic tail.*® The inhibition
of PI3K not only prevents the recruitment of SAP but also
subsequently results in the inhibition of cytotoxicity. SAP is
expressed in both NK cells and T lymphocytes. Mutations in the
SH2 domain of SAP/SH2D1A have been identified as the
genetic defect in X-linked lymphoproliferative disease and
are known to cause 2B4 defective signalling in this dis-
ease.>”™ Thus, our data showing that inhibition of 2B4-
mediated IFN-y production by PI3K inhibitors correlates well
with these findings, revealing the importance of PI3K in 2B4
signalling.

Although a number of molecules have been shown to play a
role in 2B4-mediated activation of NK cell cytolytic function,
the signal transduction pathway used by 2B4 is not fully
understood. Our earlier studies indicated that 2B4-mediated
activation of NK cells involved complex interactions with LAT,
Ras, Raf, ERK and p38.'7 Recent findings show that LAT may
not be required for natural cytotxicity but is essential for
redirected lysis triggered by 2B4 cross-linking.>* Association
of SAP with the cytoplasmic tail of 2B4 is essential for the
activating role of 2B4, as evident from studies using NK cells
from patients with X-linked lymphoproliferative disease.*
Activation of NK cells via 2B4 requires the phosphorylation
of tyrosine residues present in the cytoplasmic domain. Engage-
ment of NK cell inhibitory receptors prevents the phosphoryla-
tion of 2B4 and thus blocks activation.** It has been reported
that in the absence of SAP, 2B4 functions as an inhibitory
receptor.** This inhibitory role of 2B4 is implicated to prevent
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the killing of autologous cells by differentiating NK cells which
do not express inhibitory receptors for major histocompatibility
complex class I molecules.'® All these data indicate that 2B4
signalling in NK cells is complex and is mediated by several
signalling molecules.

Previously, we have identified a functional AP-1 site that lies
between —106 and —100 of the h2B4 promoter that strongly
activates transcription. AP-1 can be activated by the active c-Jun
NH,-terminal kinase (JNK) pathway, which can be activated by
the PKC pathways. In fact, PKC-0 is selectively expressed in T
lymphocytes and leads to activation of JNK, NFAT and inter-
leukin-2 genes.** It has been also reported that PKC-3 can
activate the JINK pathway in human thyroid cells.** In our study,
PMA stimulation resulted in an increase of promoter activity
and these activities were abolished by mutation of the AP-1
binding site. We could conclude that PKC signalling is also
involved in the regulation of 2B4 transcription.

The results presented in this study reveal the functional role
of PKCs in the signal transduction of 2B4-mediated NK cell
cytotoxicity. While previous studies have implicated PKCs in
other receptor-triggered cytotoxicity such as CD28 and
NCl.l,4648 we have found that PKC-6 becomes activated in
response to 2B4 stimulation of YT cells. While 2B4-mediated
cytotoxicity was dependent on PKC, IFN-y production was
dependent on PI3K. In addition, this study demonstrates that
PMA stimulation of 2B4 gene transcription is mainly mediated
by the AP-1 signal transduction pathway.
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