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CD@9 is a stimulatory receptor for natural killer cell and its cytotoxic effect is

blocked by CD94 inhibitory receptor
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SUMMARY

CD69 is a differentiation antigen expressed shortly after activation on T lymphocytes and other
cells of haematopoietic origin, including natural killer (NK)) cells. The function of CD69 on T
lymphocytes acting as a costimulatory molecule in proliferation and lymphokine secretion is well
established. NK cells express CD69 after activation by different stimuli such as phorbol 12-myristate
13-acetate (PMA), interleukin (IL)-2, IL-12, interferon-o. (IFN-a) or anti-CD16 monoclonal
antibodies (mAbs). However, although it has been shown that CD69 triggers NK-cell-mediated
cytolytic activity, its effect on other NK-cell functions has not been studied. Furthermore, the
possible interaction of CD69 triggering with other C-lectin type inhibitory receptors is not known.
Thus, the objective of this work is to determine whether CD69-mediated NK cytotoxicity can be
regulated by CD94 inhibitory receptor and the role of CD69 on other NK-cell functions different
of cytotoxicity. The results show that CD69-mediated NK cytotoxicity can be abrogated by CD9%4
stimulation in NK cells expressing the CD94 inhibitory form of the receptor, indicating that
CD9%4 regulates the cytotoxic events initiated by a wide variety of NK activatory receptors. We
also show that anti-CD69 mAbs, not only triggered NK cytotoxicity, but also induce NK-cell
proliferation, CD25 and intracellular adhesion molecule-1 (ICAM-1) expression, TNF-a pro-
duction and Ca?* mobilization in preactivated NK cells. These results suggest that CD69 plays a
crucial role in NK-cell function contributing to sustain NK-cell activation, as it has been previously

demonstrated in T cells.

INTRODUCTION

The human CD69 differentiation antigen is one of the earliest
cell surface molecules expressed after activation of T and B
lymphocytes and other cells of haematopoietic origin (for
review see refs 1 and 2). CD69 is a disulphide-linked homodi-
mer with two chains constitutively phosphorylated belonging
to the type II integral protein with an extracellular C-type
lectin superfamily domain.* In humans, the CD69 gene is
located in chromosome 12 at bands pl3-pl2 in a region
known as natural killer (NK) complex,*%” associated with
other C-type lectin genes that control NK-cell activity, such
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as NKG2, CD94 or hNKRP-1 genes,® suggesting that CD69
may have a particular significance in NK-cell function. Once
expressed on T cells, CD69 acts as a costimulatory molecule
leading to cell proliferation, secretion and/or cytotoxicity.
CD69 is rapidly induced in NK cells shortly after activation®!
and its role in NK cytotoxicity has been demonstrated both
in human and mice.!*!3 However, its possible implications on
NK-cell functions other than cytotoxicity, has so far not been
analysed. In this work, we study the potential role of CD69
on other NK biological functions and the regulation of CD69
mediated cytotoxicity by the CD94 inhibitory receptor.

MATERIALS AND METHODS

Reagents and monoclonal antibodies (mAbs)

The following murine mAbs were used: T3 (CD3, immunoglob-
ulin G1; IgGl), interleukin (IL)-2R, (CD25, 1gG2a), NKH1
(CDS56, 1gG1), 12 (HLA-D/DR, IgG2a) and isotype-matched
control mAbs purchased from Coulter (Hialeah, FL), fluoro-
scein isothiocyanate (FITC)-conjugated anti-ICAM-1 (CD54)
purchased from AMAC, Inc. (Westbrook, ME), T1/24T6G12
(CDs5, IgG2a), B1/H299 (CD20, 1gG2a), MY4/322A (CD14,
IgG2b), T11,/101D2-4C1 (CD2, IgGl), Tll;/Ilmono-2A6
(CD2R, IgG3), 3G8 (CD16, I1gGl), 3B8 (CD56, IgM) and
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Leu-23 (CD69, 1gG1) from Becton-Dickinson (San Jose, CA),
(CDY%4, 1gG2a, provided by Dr M. Lépez-Botet) and TP1/8
(CD69, 1gG3, provided Dr F. Sdnchez-Madrid). They were
used as fluorochrome conjugate, purified antibody, or dilutions
of ascites. phorbol 12-nyristate 13-acetate (PMA) was pur-
chased from Sigma Chemical Co. (St. Louis, MO). IL-2 and
IL-12 were kindly provided by Dr Gately (Hoffman-La Roche,
Nutley, NJ).

NK cell enrichment and purification

Briefly, peripheral blood mononuclear cells (PBMC) were
isolated by Ficoll-Hypaque density gradient centrifugation
from heparinized venous blood or from cytopheresis buffy
coats obtained from normal volunteer donors. Adherent
mononuclear cells were depleted by incubation on plastic Petri
dishes for 1 hr at 37°. Enriched NK cells were obtained by
negative selection using T1/24T6G12 (CDS5), MY4/322A
(CD14) and B1/H299 (CD20) mAbs and immunomagnetic
beads, as previously described.!*!> Purified CD56* NK cells
used in the proliferation assays were isolated by flow cytome-
try, as previously described.!* Cells from the NK leucocytosis
221707, previously defined as expressing the inhibitory form
of CD9%4 (CDY%* NKG2A™),!® were used in the redirected
lysis assays.

Proliferation assay

Purified NK cells were plated at 30000 cells/well in 96-well
U-bottomed microtitre plates (Flow Laboratories, McLean,
VA) and [P'H]TdR incorporation in response to various stimuli
was measured using a 1205 Betaplate liquid scintillation coun-
ter (Pharmacia, Turku, Finland) after collecting samples with
a 96 Mach II harvester (Tomtec, Orange, CT).

Immunofluorescence studies

Enriched NK cells were cultured for 48 hr in the presence of
TP1/8 or 3B8 and/or PMA (10 ng/ml). After washing, the
cells were stained with fluorescein-conjugated anti-CD25, anti-
CD54 and anti-HLA-DR or control mAb and analysed by
flow cytometry as previously described.!’

Determination of tumour necrosis factor-o. (TNF-o) production
Enriched NK cells were activated previously with PMA
(10 ng/ml) during 24 hr. After washing, the cells were incu-
bated in 96-well U-bottomed microtitre plates with the follow-
ing anti-CD69 mAbs: TP1/8, 3G1 or BL-Ac/p26 alone or in
combination with control anti-CD56 mAb 3B8. After incu-
bation for 4 or 24 hr, TNF-o0 was measured in cell culture
supernatants with an enzyme immunoassay for the quantitative
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Figure 1. CD69-mediated redirected cytotoxicity is inhibited by anti-CD94 mAb (HP3BI1). Leu-23 (anti-CD69) and 3G8 (anti-
CD16) mAbs induce redirected lysis of P815 target cells when the NK leucocytosis 221707 is used as effector cells (filled symbols).
The addition of HP-3B1 (anti-CD94) to the assay blocks NK-mediated redirected lysis induced by both CD16 and CD69 mAbs
(empty symbols) (a,b). The addition of U7-27, an isotype-matched control (b), did not significantly affect redirected lysis induced

by both CD16 and CD69 mAbs (filled symbols, dashed lines)
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Figure 2. Effect of anti-CD69 mAb TP1/8 on proliferation of CD56*
sorted NK cells induced by (a) PMA (10 ng/ml) (b) IL-12 (10 U/ml)
and (c) IL-2 (100 pm). TP1/8 and 3B8 (anti-CD56) were ascites used
at a final dilution of 1:500. [*H]Thymidine incorporation was meas-
ured on day 5. SD is no more than 10%.

determination of human TNF-o levels (Innotest hTNF-a,
Innogenetics, Zwindrecht, Belgium).

Calcium flux measurements

Enriched NK cells were preactivated overnight with IL-2
(200 U/ml) or PMA (10 ng/ml) to induce CD69 expression.
After washing, the cells (107/ml) were loaded with 20 pg/ml
of Indo-1 (Molecular Probes, Junction City, OR) for
30—60 min at 37°. The Indo-1-loaded cells were washed twice
and labelled with NKH1-phcoerythrin (PE) and incubated
on ice for 30 min. The cells were washed and resuspended in
RPMI-1640 with 5% AB human serum. The analysis was
performed in the gated NKH1* population by using an EPICS
Elite cytofluorimeter (Coulter, Hialeah, FL). For each sample
the 405 nm/485 nm ratio of unstimulated cells was set at 1 and
analysis was performed on cells alone for 3040 s. to obtain a
baseline unstimulated measurement. The different mAbs and
goat anti-mouse, immunoglobulin (GAM) were added and
the analysis was then resumed for a total of 5 min. An increase
in [Ca®*]; was revealed by an increase of the ratio of light
emitted at 405 nm/485 nm.
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NK-redirected lysis assay

NK-redirected lysis assays were performed as previously
described. Briefly, P815 cells were incubated for 60 min at 37°
with Na’!Cr (100 pCi per 10°cells; 1 Ci=37 Gbq) (CIS,
Cedex, France). Labelled cells were washed and 50 pl aliquots
(5 x 10* cells per well) were shed into 96 U-well plates. Cells
from the NK leucocytosis 221707 expressing the inhibitory
form of CD94 (CD94 " NKG2A *)!¢ were used as effector cells
at different effector-:target-cell ratios. This cell line does not
express functionally activatory CD94/NKG2C or E recep-
tors.!® To induce redirected lysis anti-CD69 and anti-
CD16 mAbs were added to the wells. Anti-CD94 mAb
(HP3B1) and the isotype-matched control (U7-27,
Immunotech) were also added to analyse the effect of this
receptor on NK-redirected lysis. All mAbs were used at a final
concentration of 10 pg/ml. After 4 hr at 37° 100 pl of super-
natant were collected from each well and the 3'Cr released
into the supernatant was measured by gamma counting.
Results are presented as the mean of triplicate samples.
Spontaneous and total >'Cr release were calculated by incubat-
ing target cells with culture medium or Triton-X-100, respect-
ively. Specific lysis was calculated as:

(c.p.m. in the presence of effector cells and mAb)—
(c.p.m. spontaneous release)

x 100
(c.p.m. total release) — (c.p.m. spontaneous release)

RESULTS AND DISCUSSION

Our results show that the 221707 NK cells mediate both
CD69-and CD16-redirected lysis of P815 target cells when
incubated in the presence of the appropriate mAb, confirming
previous data showing that anti-CD69 and anti-CD16 mAbs
triggered the cytolytic activity of NK cells. Redirected lysis
has been extensively used to define and analyse NK receptors
able to trigger NK cytotoxicity. Our results indicate that both,
CD16 and CD69 receptors have the capacity to activate the
NK cytolytic machinery in the absence of other NK-target
cell adhesion molecule interactions. In order to analyse whether
this effect could be neutralized by the action of the inhibitory
receptor CD94, redirected lysis by anti-CD69 was measured
after anti CD94 treatment of NK cells. Interestingly, our
results (Fig. 1) demonstrate that the addition of anti-
CD9% mAb to the assay blocks NK-mediated redirected lysis
induced either by CD16 or CD69 mAbs. This effect, mediated
by CD94/NKG?2A, is similar to the inhibitory effect of this
molecule observed after its interaction with HLA-E, suggesting
that, in this experimental model, crosslinking of CD94 also
delivers an inhibitory signal to the NK effector cells. CD9%4 is
a C-type lectin glycoprotein that associates to NKG2 gene
products, constituting a family of NK receptors, CD94/NKG2,
which recognize HLA-E antigens.!®!®1° The CD94/NKG2A
heterodimer, expressed in the 221707 NK cell leucocytosis
used in our experiments is functionally inhibitory.'® This
inhibitory receptor blocks, not only natural cytotoxicity, but
also CDIl6-redirected cytotoxicity in different experimental
models.?*2? Our results indicate that the CD69 triggering of
NK cells can also be blocked by the CD94/NKG?2A inhibitory
receptor at least in the experimental model used. Lanier et al.?
have also shown that the immunoglobulin superfamily
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inhibitory receptor NKB1 (p70 KIR) inhibits CD69 mediated
cytotoxicity. These data further support the hypothesis that
NK cytotoxicity is the result of a delicate balance between
positive and negative signals delivered by activatory and
inhibitory receptors?® and that either immunoglobulin or
C-type lectin inhibitory receptors may independently regulate
NK cytotoxicity triggered by different receptors.

Given the significant role of CD69 as a T-cell costimulatory
receptor, we have also studied its possible comitogenic effect
on preactivated NK cells. Interestingly, the addition of anti-
CD69 mAb TP1/8 strongly enhanced NK-cell proliferation of
PMA or IL-12 preactivated highly purified NK cells (Fig. 2)
while it had a weak synergistic effect on the NK response to
IL-2. The addition of an anti-CD56 control mAb (3B8) did
not affect PMA-, IL-12- or IL-2-induced proliferation, indicat-
ing that the comitogenic effect of TP1/8 is not caused by the
activation of CD16 mediated by the Fc fragment of the mAb.
Furthermore, neither IL-2 or IL-12 are comitogenic with
CD16**% and PMA-treated NK cells downmodulate CD16
expression.?® TP1/8 is an IgG3 anti-CD69 mAb that is strongly
comitogenic for T lymphocytes. This effect does not seem to
be related to the mAb isotype but, on the contrary, to the
epitope recognized, E1, which was defined as immunodominant
and directly involved in the CD69 stimulatory function.?” Our
results showing that anti-CD69 mAb TP1/8 is comitogenic for
NK cells in combination with PMA, are similar to the obser-
vations on T-cell stimulation, where it was demonstrated that
PMA required other costimulatory signals provided either by
Ca?* ionophores or by anti-CD69 mAbs to activate prolifer-
ation.?®?° Anti-CD69 mAbs are also comitogenic for T cells
activated with mAbs against CD2, CD3, CD5 and CD28.30:3!
In NK cells our results show that the addition of the anti-
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CD69 mAbs moderately enhanced IL-2-induced prolifera-
tion, but there was a strong synergistic enhancement of
IL-12-induced proliferation. IL-2 and IL-12 are NK activatory
lymphokines that enhance NK cytotoxicity, adhesion and
cytokine production. However, whereas IL-2 induces strong
NK proliferation, IL-12 only induces a low proliferative
response in highly purified NK cells.!*32-34 Qur results, show-
ing that the addition of anti-CD69 mAb enhanced NK cell
proliferation, support the hypothesis that CD69 costimulation
plays a physiological role, not only in NK cell cytotoxicity,
but also in other aspects of NK-cell activation. Effectively,
anti-CD69 mADb used in combination with PMA, increased
not only the number of NK cells expressing CD25 and ICAM-1
but also the density of these molecules on NK cells (Fig. 3).
CD25 and ICAM-1 are expressed on NK cells when activated
by different interleukins such as IL-2 and IL-12.'*17 It has
been suggested that the expression of these markers will
profoundly alter NK-cell function by promoting NK response
to IL-2 and NK-cell adhesion to target cells.!”3* The finding
that ICAM-1 expression can be induced in a low percentage
of NK cells after treatment with TP1/8 alone, suggests that
the low levels of CD69 expressed on resting NK cells obtained
from healthy donors are also functionally active.

NK cells are also able to produce and release a range of
different cytokines: i.e. TNF-a, interferon-y (IFN-vy), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF).3® We
have found that CD69 induced a strong release of TNF-a
by PMA-preactivated NK cells after stimulation with anti-
CD69 mAb for 24 hr (Fig. 4), whereas incubation with anti
CD56 control mAb did not affect TNF-a production by NK
cells. These results support the possible role of CD69 in the
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Figure 3. Effect of anti-CD69 mAb TP1/8 on CD25, ICAM-1 and HLA-DR antigen expression on enriched NK cells activated
with PMA (10 ng/ml). These results are representative of three different experiments. TP1/8 was used at a final dilution of 1:500.
The addition of 3B8 mAb (anti-CD56) did not affect the expression of CD25, ICAM-1 and HLA-DR induced by PMA (data not
shown). The mean fluorescence channel (MFC) is indicated in parentheses.
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Figure 4. Production of TNF-a by purified NK cells preactivated
overnight with PMA (10 ng/ml) and subsequently incubated with
anti-CD69 mAbs TP1/8 (a), 3G1 (b) and BL-Ac/p26 (c) alone or in
combination with control anti-CD56 mAb 3B8, during 4 and 24 hr.
Results from three representative experiments performed indepen-
dently. The addition of 3B8 (anti-CD56) did not significantly affect
TNF-a production by NK cells.
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control of TNF-a production, as previously shown in T
lymphocytes.?:3¢

The results presented in Fig. 5 show that crosslinking of
CD69 with TP1/8 and GAM induces Ca?* mobilization in
CD69* NK cells previously activated with IL-2 or PMA. As
expected, the addition of T11, + T11; anti-CD2 mAbs (used
as positive control) also induced Ca?* mobilization, while the
anti-CD3 mAb T3 plus GAM or GAM alone (used as negative
controls) did not affect Ca?* flux on these cells. The molecular
basis of the activation process coupled to CD69 activation has
been extensively studied in preactivated T lymphocytes, neutro-
phils, platelets and monocytes and in all cases CD69 triggering
induced Ca?* mobilization.?*3"° This effect is similar to the
observed in T lymphocytes using this mAb (TP1/8), where
it has been shown that soluble mAb triggers proliferation
although the crosslinking of the receptor is required for
calcium mobilization. Our results showing that CD69 also
induces Ca?* mobilization in NK cells support that Ca2*
mobilization acts as a common pathway for CD69 activation
in cells from different haematopoietic lineages.

In summary, in the present work we provide data support-
ing that CD69 mediates NK cytotoxicity that can be inhibited
by CD94 inhibitory receptor. Furthermore, we also show that,
beyond its role in NK cell cytotoxicity, CD69 is involved in
regulating other NK-cell functions such as proliferation,
TNF-a production and the expression of other, functionally
relevant, activation antigens, such as CD25 and ICAM-1 by
a mechanism that involves Ca®* mobilization. This is relevant
not only for a better knowledge of CD69 biology, but also for
understanding the role of the CD94 inhibitory receptor in the
inhibition of the cytotoxicity process triggered by a wide
variety of NK receptors.
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