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Summary

CD66a (CEACAMI), an adhesion molecule that has regulatory function
on T lymphocytes, was found to be expressed on a minority of mouse
natural killer (NK) cells, especially in the liver. CD66a expression on NK
cells depended on their differentiation stage, with highest levels on imma-
ture CD49b " NK cells. Expression of CD66a on NK cells was strongly
enhanced by in vitro activation with interleukin-12 (IL-12) and IL-18.
However, in vivo NK cell stimulation by infection with lactate dehydro-
genase-elevating virus did not lead to strong CD66a expression, even on
activated interferon—y-producing NK cells. These results indicate that
CD66a expression is differently regulated, depending on the NK cell acti-
vation pathway, which may lead to distinct regulatory mechanisms of the
functional subpopulations of these cells.
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Introduction

CD66a or CEACAMI1 (carcinoembryonic antigen-related
cell adhesion molecule 1) is an adhesion molecule that is
expressed, in addition to other cell types, on a large set of
immune cells, and that can regulate some immune func-
tions (reviewed in ref. 1). In the mouse, CD66a is expressed
on macrophages, dendritic cells, thymic epithelial cells, B
lymphocytes and activated T lymphocytes.' On activated
T cells, ligation of CD66a leads to inhibition of effector
functions including allogeneic mixed lymphocyte reaction
and delayed-type hypersensitivity.® CD66a is also expressed
on human natural killer (NK) cells, causing inhibition
of their cytolytic activity by homophilic or hetero-
philic binding with molecules expressed on potential target
cells.”””

Little is known about the expression of CD66a on
mouse NK cells. However, the ability of some mouse hep-
atitis virus (MHV) strains to infect NK cells'® suggests
that CD66a, which serves as the major MHV receptor,’
is expressed on NK cells. The purpose of this study was
to analyse CD66a expression on mouse NK cells.

marker; lactate dehydrogenase-elevating virus; mouse; natural killer cells

Materials and methods

Animals

Specific pathogen-free female BALB/c, 129/Sv and C57/
BL6 mice were bred at the Ludwig Institute for Cancer
Research (Brussels) by G. Warnier and used when they
were 8-20 weeks old. The project was approved by the
local commission for animal care.

Virus

Mice were infected by intraperitoneal injection of approxi-
mately 2 x 107 50% infectious doses (IDs) of lactate dehy-
drogenase-elevating virus (LDV, Riley strain; American
Type Culture Collection, Rockville, MD) in 500 pl saline.

Flow cytometry analysis

Liver immune cells were isolated by two successive centrif-
ugations on 40% Percoll (Amersham Biosciences, Uppsala,
Sweden) containing 100 U/ml heparin (Leo Pharma,

Abbreviations: CEACAMI, carcinoembryonic antigen-related cell adhesion molecule 1; IFN-v, interferon-vy; IL, interleukin; LDV,
lactate dehydrogenase-elevating virus; mAb, monoclonal antibody; MHV, mouse hepatitis virus; NK, natural killer.
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Zaventem, Belgium). After lysis of erythrocytes for 5 min
in ACK lysis buffer (0-15M NH,Cl, 10 mm KHCO;,
0-1 mM Na,EDTA, pH 7-3) liver, spleen or peritoneal cells
were incubated in 100 ul HAFA buffer (137 mm NaCl,
5 mm KCl, 0-4 mm MgSOy, 0-3 mm MgCly, 5 mum glucose,
4 mM NaHCO;, 1 mm EDTA, 1 mm phosphate, 20 mm
NaNj;, 100 U/ml penicillin, 100 pg/ml streptomycin, pH
7-4, supplemented with 3% decomplemented fetal calf
serum) with biotinylated anti-CD66a monoclonal antibody
(mAb) (CC1,"? kind gift of Kathryn V. Holmes) followed
by streptavidin—phycoerythrin  (streptavidin-PE, ref.
349023; BD Biosciences, Erembodegem, Belgium), strepta-
vidin—peridinin chlorophyll-a protein (streptavidin-PerCP,
ref. 554064; BD Biosciences), and with antibodies recogniz-
ing different cell markers: fluorescein isothiocyanate
(FITC) -labelled anti-mouse CD49b mAb (DX5 mAb, ref.
553857; BD Biosciences); PE-labelled anti-mouse CD49b
mAb (ref. 553858, BD Biosciences); FITC-labelled
anti-mouse NKI1.1 mAb (ref. 553164, BD Biosciences);
FITC-labelled anti-mouse Ly-49D mAb (ref. 555313; BD
Biosciences); FITC-labelled anti-mouse Ly-49C/Ly-491
mADb (ref. 553276, BD Biosciences); FITC-labelled anti-
mouse Ly-49G2 mAb (ref. 555315; BD Biosciences); FITC-
labelled anti-mouse NKG2A/C/E mAb (ref. 550520; BD
Biosciences); PE-labelled anti-mouse CD3 mAb (ref.
555275; BD Biosciences). After fixation in 0-62% parafor-
maldehyde, fluorescence was analysed with a FACScan flow
cytometer (Becton Dickinson, Erembodegem, Belgium), as
described previously.”> Interferon-y (IFN-y) producing
cells were detected with a mouse IFN-y secretion assay
detection kit following the manufacturer’s instructions
(Miltenyi Biotec, Bergisch Gladbach, Germany).

In vitro NK cell stimulation

BALB/c spleen cells (3 x 10%/ml) were incubated for
3 days in H16 medium containing 10% fetal calf serum
and supplemented with 0-24 mm L-asparagine, 0-55 mm
L-arginine, 1-5 mM L-glutamine and 0-05 mm 2-mercapto-
ethanol in the presence of 1 ng/ml murine interleukin-12
(IL-12; R&D Systems, Abingdon, UK) and 100 ng/ml
murine IL-18 (Peprotech EC, London, UK).M

IFN-y assay

Interferon-y was measured by enzyme-linked immuno-
sorbent assay using a commercial kit (R&D Systems),
following the manufacturer’s recommendations.

Results

CD66a expression on resting mouse NK cells

CD66a expression was analysed by flow cytometry on
resting BALB/c NK cells, which were identified by CD49b
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Figure 1. CD66a expression by mouse natural killer (NK) cells. Peri-
toneal, spleen and liver cells were analysed by flow cytometry for
CD49b and CD66a expression. The proportion of CD49b* CD66a~
(open columns) and CD49b" CD66a" cells (closed columns) is
shown as mean + SEM for three groups of two BALB/c animals.

expression. The NK cells represented less than 12% of
cells in the spleen and peritoneum, but 23% of immune
cells in the liver (Fig. 1). In all three organs, the majority
of these resting NK cells did not express CD66a. How-
ever, the proportion of CD66a" cells differed from one
organ to another, from 7% of NK cells in the liver to
21% of NK cells in the spleen and 29% in the peritoneal
cavity.

In other mouse strains, a similar high proportion of
CD49b™ NK cells (more than 20%) was found in immune
liver cells when compared with spleen and peritoneal
cells. As in BALB/c animals, low levels of CD66a expres-
sion were observed on liver NK cells (3-13%, Fig. 2). In
the spleen and the peritoneal cavity, the proportion of
CD49b" cells that expressed CD66a was higher in all three
mouse strains, although the majority of the resting NK
cells did not express CD66a (Fig. 2). Similar results were
obtained in three, two and four independent experiments
for BALB/c, 129/Sv and C57/BL6 mice, respectively.

Expression of NKI1.1 and of CD49b antigens defines
distinct NK cell subpopulations so CD66a expression was
analysed on NK cells identified in the liver of C57/BL6
mice with mAbs directed against these markers. As shown
in Fig. 3(a), double-positive CD49b" NK1.1" cells repre-
sented a large majority of NK cells in the liver. Very few
of these double-positive NK cells expressed CD66a
(Fig. 3b). In sharp contrast, CD66a was expressed on
more of the CD49b~ NK1.1" cells, which were a minority
of NK cells in the liver. This pattern of NK cell subpopu-
lations and CD66a expression was also observed in NK
cells from the spleen and from the peritoneum (data not
shown).

CD66a expression was also analysed on CD49b" cells
subpopulations defined by the expression of distinct
markers. As shown in Table 1, there was no difference
in the percentage of these NK cell subpopulations that
expressed CD66a. Similar results were observed in
BALB/c and C57/BL6 mice, in three independent experi-
ments.

© 2008 Blackwell Publishing Ltd, Immunology, 125, 535-540
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Figure 2. CD66a expression by natural killer
(NK) cells from different mouse strains. Pooled
peritoneal, spleen and liver cells from groups
of two to five mice were analysed by flow
cytometry for CD49b and CD66a expression.
BALB/c and 129/Sv cells were analysed in the
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Figure 3. CD66a expression by liver natural killer (NK) subpopula-
tions. Pooled liver cells from groups of five or six C57/BL6 mice
were analysed by flow cytometry for CD49b, NKI.1 and CD66a
expression. (a) Proportion of CD49b" NK1.17, CD49b~ NKI1.1" and
CD49b* NK1.1" cells. (b) Expression of CD66a by each NK sub-
population shown in (a). Results are shown as mean + SEM of three
independent experiments.

CD66a expression on activated mouse NK cells

To determine whether NK cell activation would lead to
enhanced CD66a expression, spleen cells from BALB/c

© 2008 Blackwell Publishing Ltd, /mmunology, 125, 535-540
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Table 1. CD66a expression on natural killer cell subpopulations

DX5" cell Proportion in CD66a expression
subtype’ DX5" cells (%)? (% of subtype)’
LY-49G2 48-6 7-1

Ly-49C 35-7 11-8

Ly-49D 337 84

NK2A/C/E 399 87

'Analysis by flow cytometry of pooled liver immune cells from a
group of 9 C57/BL6 mice.

Percentage of DX5" cells that express the specified marker.
*Percentage of cells positive for DX5 and for the specified marker
that express CD66a.

mice were incubated with IL-12 and IL-18, following a
classical protocol for NK cell stimulation."* This treat-
ment resulted in strong IFN-y production, indicating that
the NK cells were indeed activated (Fig. 4a). Almost all of
these activated NK cells expressed CD66a (Fig. 4b),
whereas no CD66a expression was detected on CD3" cells
in the same culture. Induction of CD66a expression in
activated CD49b" NK cells was observed in three inde-
pendent experiments. No binding of a control antibody
to these NK cells was detected (not shown).

Mouse LDV infection activated NK cells, leading to
enhanced cytotoxicity and IFN-y production.”'® CD66a
expression on NK cells was therefore analysed after LDV
infection. One day after infection, a moderate increase in
the proportion of CD49b" cells was observed in the liver
(Fig. 5). Little or no change in the percentage of NK cells
expressing CD66a was observed at 1 or 2 days after LDV
inoculation (Fig. 5) in four independent experiments with
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Figure 4. CD66a expression by in vitro activated natural killer (NK)
cells. (a) Interferon-y (IFN-y) was measured by enzyme-linked
immunosorbent assay in the supernatant of 3 X 106 BALB/c spleen
cells incubated in the absence or in the presence of interleukin-12
(IL-12) and IL-18. (b) CD66a expression, analysed by flow cyto-
metry, by CD3" and CD49b" BALB/c spleen cells cultured for 3 days
in the presence of IL-12 and IL-18. For each cell population identi-
fied with specific marker, the grey zone represents background fluo-
rescence, the bold line indicates labelling with CCl anti-CD66a
antibody.

BALB/c mice, and three independent experiments with
C57/BL6 mice, using anti-CD49b and anti-NK1.1 anti-
bodies as NK cell markers (data not shown). Moreover,
no significant enhancement of expression of CD66a in the
NK cells was found after inoculation with LDV, either in
splenic or peritoneal NK cells (data not shown).

To determine which NK cells were activated after LDV
infection, cells were identified by flow cytometry by their
IEN-y production and their expression of either CD49b
or NK1.1. Although a slight increase in the proportion of
IFN-y-producing NK cells that expressed CD66a was
observed, the majority of these activated NK cells still did
not express CD66a (Fig. 6). This observation was made in
two independent experiments.

Discussion

CD66a expression has been reported to be enhanced by
activation of murine T lymphocytes,® whereas this adhe-
sion molecule is only weakly expressed by resting T cells.”
Similar results were reported here with murine NK cells.
Few resting NK cells in the liver expressed CD66a. The
specific pathogen-free status of our animals makes it
likely that NK stimuli, such as viruses, were not present
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Figure 5. CD66a expression by mouse liver natural killer (NK) cells
after LDV infection. Liver immune cells were analysed by flow
cytometry for CD49b and CD66a expression in control BALB/c mice
and in animals infected for 1 and 2 days with LDV. (a) Proportion
of CD49b+ cells. (b) Proportion od CD66a+ cells among these
CD49b+ cells. Results are shown as mean £ SEM of three indepen-
dent experiments, each with pooled cells from groups of three mice.
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Figure 6. CD66a expression by activated mouse liver NK cells after
lactate dehydrogenase-elevating virus (LDV) infection. Pooled liver
immune cells from a group of five C57/BL6 mice were analysed by
flow cytometry for CD49b or NKI1.1, and CD66a expression, and
interferon-y (IFN-y) production 1 day after LDV infection. The pro-
portion of CD66a" cells is shown for IFN-y" and IFN-y~ NK cells
identified by expression of CD49b (open columns) or NKI1.1 (closed
columns).

in the liver. In the spleen and in the peritoneal cavity,
where the proportion of NK cells expressing CD66a was
larger, it is quite possible that stimuli, including some
originating from the commensal microflora, provided a
higher level of activation to this cell population.

A previous report has shown that in vitro addition of
IL-12 and IL-18 to spleen cells triggers the activation of
CD3™ CD49b" NK cells, but not of NK/T cells, and

© 2008 Blackwell Publishing Ltd, Immunology, 125, 535-540



induces IFN-y production by these activated NK cells.'*
We confirmed here that NK cells were activated in these
culture conditions, and we showed that this activation led
to CD66a expression by these cells. In contrast, CD3" T
lymphocytes from the same in vitro experiments did not
increase their CD66a expression. Although it cannot be
excluded that indirect mechanisms involving stimulation
of other cell types by IL-12 and IL-18 play a role in this
NK cell activation, this result suggests that the NK cell
activation pathway that is induced by the combination of
these cytokines leads to enhanced CD66a expression. Sim-
ilarly, CD66a expression on human NK cells was
enhanced after IL-2 stimulation.'® However, in vivo, LDV
infection, which has been reported to activate NK cells to
produce both cytokines and cytotoxicity,'? did not lead to
a significant increase of CD66a expression. This difference
may be related to a lesser stimulation of NK cells by this
in vivo stimulus rather than by in vitro culture with IL-12
and IL-18, or to different activation pathways. Indeed, we
have reported that LDV-induced IFN-y production by
NK cells is an IL-12-independent phenomenon in normal
mice."” Therefore, it will be interesting to analyse whether
IL-12 stimulation is required for CD66a expression by
murine NK cells or whether other activation pathways,
such as those induced by tumour growth factor, type I
IFNs, IL-2, or IL-15," may similarly upregulate the
expression of CD66a.

On both murine and human activated T lymphocytes
CD66a acts as an immunoregulatory molecule, and its
ligation triggers inhibition of T-cell effector functions.”'®*°
A similar inhibitory function of CD66a has been reported
on human NK cells.”>?" It is therefore likely that a similar
immunomodulatory role corresponds to increased expres-
sion of CD66a after activation of murine NK cells. How-
ever, we were not able to inhibit murine NK cell function
by CD66a ligation with the specific CC1 antibody (not
shown). Whether this was the result of expression by mur-
ine NK cells of CD66a isoforms lacking immunomodula-
tory function,' in our experimental model, or to the
inability of CD66a to regulate some mouse NK cell func-
tions, like IFN-y production, remains to be determined.

Interestingly, although classical CD49b" NKI1.1" NK
cells from C57/BL6 liver expressed CD66a at very low
levels, the CD49b~ NKI.1" subpopulation expressed high
levels of CD66a. Because these cells have been shown to
correspond to immature NK cells,””** this observation
indicates that CD66a expression is lost with NK cell mat-
uration, and then re-expressed following activation of
mature cells through some pathways. Whether CD66a
plays any regulatory role on these immature NK cells is
to be determined.

CD66a serves as the major receptor for MHV.'" There-
fore, its expression on immature and on some activated
mouse NK cells suggests that MHV infection might selec-
tively suppress these cells. This hypothesis is supported by

© 2008 Blackwell Publishing Ltd, /mmunology, 125, 535-540
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the observation that fulminant MHV-3-induced hepatitis
correlates with NK cell depletion in mice.'"® Whether such
depletion preferentially affects NK subpopulations, and
triggers specific loss of immune functions has yet to be
analysed.
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